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Abstract

The 6-azabicyclo[3.2.1]octane ring system is found in a wide variety of biologically active
natural and non-natural products. The aim of this project is to prepare the 7,8-diketo-6-
azabicyclo[3.2.1]octane structure via a semipinacol rearrangement of ring-fused 3-lactams.
Chapter 1 introduces the pinacol and semipinacol rearrangement, including the use of cyclic
sulfites and phosphoranes, and ring expansion of B-lactams. Previous work in the Grainger
group for the synthesis of lactams via tandem radical cyclisation-dithiocarbamate group
transfer is also discussed.

Chapter 2 describes the methodology developed for the semipinacol rearrangement of B-
lactams. Access to suitable precursors for the semipinacol rearrangement is achieved through
a sequence of 4-exo trig radical cyclisation, base-mediated dithiocarbamate group elimination
and dihydroxylation. Formation of the 7,8-diketo-6-azabicyclo[3.2.1]octane ring system occurs
through semipinacol rearrangement of the corresponding cyclic sulfites and phosphoranes.

In Chapter 3, the scope and limitations of the methodology are explored. Different
substituents on the nitrogen of the B-lactam, groups on the cyclohexane moiety (methyl and
oxygenation) and ring sizes are investigated.

An original approach to the total synthesis of peduncularine is described in Chapter 4.
Synthesis of a suitably functionalised B-lactam and attempts to further transform it into the
desired 7,8-diketo-6-azabicyclo[3.2.1]oct-3-ene structure are reported.

Work towards the total synthesis of calyciphylline D, calyciphylline F and caldaphnidine M is
described in Chapter 5. Reductive amination and stereoselective reduction of piperitone are
investigated. Use of a model system for the addition of nucleophiles into thiolactams is also

described.
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Chapter one: Introduction
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1.1 The pinacol rearrangement

An acid-catalysed reaction of a vicinal diol, which results in dehydration and migration of an
alkyl or aryl group or a hydrogen atom to form an aldehyde or a ketone is known as the pinacol
rearrangement.’ The name is derived from the earliest example recorded by Fittig in 1860

which described the transformation of pinacol 1 into pinacolone 2 (Scheme 1).2

HO OH H,SO, O
R —
1 2
Scheme 1

All classes of 1,2-diols (primary, secondary, tertiary, alkyl- or aryl-substituted), a wide variety of
acid catalysts and various solvents have been used in the pinacol rearrangement. Carbon-13
labelling studies on the rearrangement of triphenylethylene glycol 3 demonstrated that four

different reaction pathways are possible (Table 1 and Scheme 2).2

% Contribution of path

Entry Catalyst 1 > 3 2
1 conc. H,S0, 25 117 0 85.8
2 HCOOH 47 39.0 0 56.3
3 (COOH), 27 453 126 394
4 dilute H,S0O, 32 674 165 129

5 HCl in dioxane-H,0 0 96.1 3.9 0

Table 1: Influence of the nature of the acid towards the product outcome
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phenyl
mlgratlon o,  Ph

H
Ph%—QOH e %( . H Path 1
5

/ *PH PH Ph

_ OH OH 6
Ph}—éH
* hydride  «
\ H,0Y OH _W,0 'Ph  OH migration Ph O
H* *Ph H =—> . + H —» Path 2

*Ph  Ph Ph  Ph  -H* *Ph  Ph

7 8 9

phenyl 1
migration
* *
Ph O+H _p+ Ph 0]
Ph—y— oy Ph—— Path 3

*Phr H a *Ph H
10 1
phenyl ﬂ b
migration .
* hydride
Ph O7H migration  Ph 0]
~—H —> Path 4
Ph *Ph  -H" PH  *Ph
12 13
Scheme 2

Either of the hydroxyl groups may be protonated by the acid to give 4 and 7 which, after
dehydration, form 5 and 8 (Scheme 2). The secondary carbocation 5 was found to be less
stable than the tertiary one and so path 1 made a lower contribution in the semipinacol
rearrangement of triphenylethylene glycol 3.

When concentrated sulfuric acid or formic acid was used as the catalyst, pathway 4 was
favoured. In this case, formation of the stable carbocation 8 was followed by two 1,2-
migrations of phenyl groups and then one hydride shift to give ketone 13. On the other hand,
the use of dilute H,SO, and HCI in dioxane-H,0 as a catalyst provided mainly ketone 9 which
resulted from hydride migration to stable cation 8. Aldehyde 11 resulted from the minor
pathway 3 via a single 1,2-migration of a phenyl group. This study showed that the nature of

the acid and therefore the carbenium ion formed affects the product outcome.

In the pinacol rearrangement, the relative migratory tendency of aryl > alkenyl > hydride >

alkyl is generally observed. However, a general migratory aptitude is difficult to define because
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the energy of the transition state depends on the aptitude of the migrating group and on the

electronic and/or steric effects of the non-migrating substituents.

The formation of side products such as epoxides and alkenes is an additional inconvenience in
the pinacol rearrangement. However, a careful choice of acid catalyst can reduce, or even
eliminate their appearance, as reported by Sands.*® Cyclopentylcyclopentane-1,1’-diol 14
rearranged to give 85% of ketone 15 and 15% of undesired diene 16 when treated with 25%
H,SO,. In order to suppress the formation of side product 16, BF;-Et,0 was used in a sub-
stoichiometric amount with MgS0O, as a dehydrating agent; full conversion to ketone 15 was
observed under these conditions (Scheme 3).
HO OH Q
A) 25% H2$O4 &
{ i ‘ > - +
or B) cat BF3.Et,0, MgSO,4 Q_@
15 16

14

A=85+15%
B =100 + 0%

Scheme 3

Few conclusions regarding the pinacol rearrangement can be made that are general for all
diols under all reaction conditions. However, the following facts were reported in 1960 by
Collins:*
= |tis exclusively an intramolecular rearrangement.
= The course of the reaction depends on which hydroxyl group is most easily removed,
which is linked to the stability of the carbenium ion intermediate.
= The group which migrates is the one which more effectively stabilizes a positive
charge.
= Either racemisation or inversion may be observed. Racemisation may be explained by
the formation of a carbocation intermediate or by further reaction of the product due

to all the steps of the reaction mechanism being reversible.

(4]



1.2 The semipinacol rearrangement

The semipinacol rearrangement was originally defined by Tiffeneau in 1923 as a special case of
the pinacol rearrangement, in which migration occurred towards the carbon of a tertiary or
secondary diol. However, the term semipinacol is now used generally to describe all such

rearrangements which are related to, or reminiscent of, the pinacol rearrangement.®

The main issue regarding the synthetic utility of the pinacol rearrangement is the lack of
stereoselectivity. The formation of an achiral carbenium ion intermediate from an enantiopure
starting material will allow the formation of a racemic mixture of products. In the semipinacol
rearrangement, a concerted mechanism is postulated which does not involve the formation of
a carbocation. Therefore, elimination of the leaving group is concomitant with 1,2-migration
and leads to stereospecific inversion of configuration via an Sy2-type mechanism. In 1983,
Suzuki used this feature to synthesize chiral ketones. Enantiopure diol 17 was first
regioselectively mesylated at the less substituted secondary alcohol. Subsequent treatment

with triethylaluminium afforded enantiopure ketone 19 in 83% yield over 2 steps (Scheme 4).”

MsCI, EtsN Et;Al, CH,Cl, o
OH  CH,CI, 0°C -\. :OH -78 °C, 5 min
HO=—%<Ph —————» MsO=—%<Ph ————» ~~Ph
H Ph H Ph 83% H™S
over 2 steps Ph
17 18 19
Scheme 4

The largest classes of semipinacol rearrangement are those derived from 2-heterosubstituted
alcohols such as halohydrins, 2-amino alcohols, 2-hydroxy sulfides and 2-hydroxy selenides
(Figure 1).

halohydrin: X =Br, Cl
HQ Rs 2-amino alcohol: X =NH,
R1R> EXR“ 2-hydroxy sulfide: X = SR
’ 2-hydroxy selenide: X =SeR

Figure 1

(5]



A specific example of the semipinacol rearrangement is the Tiffeneau-Demjanov
rearrangement.® This reaction involves treatment of a primary 2-amino alcohol with nitrous
acid and acetic acid. In general, the rearrangement is most effective when the hydroxyl group
is tertiary. It is often associated with the formation of five- to eight-membered rings and

generally a decrease in yield is observed as the ring size is increased.’

Studies also showed that the least substituted group has a greater tendency to migrate in ring
expansion reactions. In 1980, Ford synthesized 21 via a Tiffeneau-Demjanov transposition to
investigate its radical behaviour upon irradiation (Scheme 5).'° Treatment of 1,2-amino alcohol
20 with nitrous acid gave a mixture of ketones 21 and 22. Migration of the less substituted

bond bearing the cyclopropane gave the major regioisomer 21 in 37% yield.

HO o
\ >_< NH2 - 1ino, O
—_— +
20 21 37% 22 12%
Scheme 5

Conformational effects are as important as migratory aptitude in a semipinacol
rearrangement. Indeed, the work by Shoppee on the rigid steroidal framework demonstrated
that different isomers of a 1,2-amino alcohol gave a range of products originating from diverse

bond transposition when submitted to the same reaction conditions (Scheme 6)."**2

Migration
of the methyl group was observed when homosteroid 23 was submitted to nitrous acid to give
24 in 58% vyield. Under the same reaction conditions, amino alcohol 25, the diastereomer of
23, underwent Tiffeneau-Demjanov rearrangement with ring contraction to give ketone 26.

Finally, when epimer 27 was subjected to the same conditions, epoxide 28 was formed

because for this isomer the hydroxyl group is now antiperiplanar to the primary amine. This

(6]



work demonstrated the importance of having both the leaving and migrating group

antiperiplanar to each other for a semipinacol rearrangement to proceed.

NH, 0
_ \#/ _NaNO/AcOH 3
sv 2
A '
24 ketone
o)
N—
NaNOyAcOH <
g'l NH2 _
: 41% :
1 on o o

26 ring contraction

NH, \\O
. NaNOz/ACOH
3=
4 OH 63%

27 28 epoxide

Scheme 6

Another feature of the semipinacol rearrangement is that it may be carried out under basic
conditions. The anionic semipinacol rearrangement was first reported in 1961 by Mazur and
Nussi.”® 10-Methyl-decal-1,9-diol 1-tosylate 29 was transformed into cis-10-methylbicyclo-
[5.3.0]decan-1-one 31 using tBuOK in tBuOH (Scheme 7). The bond migrating must be
antiperiplanar to the tosylate leaving group and so cis-ketone 31 was formed as the sole

isomer.

(7]



Y
5o| ( j;
: tBUOK, tBUOH, 25 °C 30 31
> or
H
29 % —m
Co
32

Scheme 7

Basic reaction conditions were subsequently used in 1982 by Heathcock in the synthesis of
sesquiterpene antitumour lactones.” Tosylate 33 was reacted with an excess of LiOH or
tBuOK, in dry tBuOH. Keto acetate 34 or a 1:4 mixture of cis:trans keto alcohol 35 were

obtained depending on the base used (Scheme 8).

H o SO on o o O
/> LiOH, tBuOH /> KOH, tBuoH  H />
0 «——— 0 ——— » o
87% 81%
AcO OAc
34 33 OH 35

cis:itrans = 1:4

Scheme 8

The results obtained for this rearrangement were explained through conformational
arguments (Scheme 9). The vicinal C-C bond which migrated during the rearrangement needed
to be antiperiplanar to the tosylate.

When lithium hydroxide was used as the base, the rearrangement occurred without any
saponification of the acetate functional group. The conformation adopted by the fused bicycle
favoured the formation of bridged ketone 34 via migration of the C-CH, bond (Scheme 9).
When potassium hydroxide was used as the base, saponification took place before
rearrangement. A hydrogen bond between the two hydroxyl groups changed the conformation

of intermediate 37 which placed the C-CCH; bond antiperiplanar to the tosylate group. Trans-
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fused bicyclic ketone 35 was initially formed as a single diastereomer. The cis:trans mixture

arose via subsequent base-catalysed enolate formation of trans-35.

_ H
o) o 0/>
Tsa\ ) />
o | — o)
LiOH
OAc
34

t-BuOH
TsO OH O/> / AcO 36

0]
(@)
OAc H O/>
33 -, o
OH 35

Scheme 9

A few conclusions have been drawn for the semipinacol rearrangement:

= They are more selective than pinacol rearrangements in terms of regiochemistry.

= The reaction conditions used are usually milder than for a pinacol rearrangement.

= The carbon atom bearing the migrating group is usually tertiary, while the migration
terminus can be primary, secondary or tertiary.

= Migratory aptitude is not such an important factor in the semipinacol rearrangement.
Electronic factors, relief of ring strain and substrate stereochemistry all influence the
course of the migration.

= |nversion of configuration is observed in most cases, and this feature has been utilized

in stereoselective synthesis.

1.3  Semipinacol rearrangement of cyclic sulfites

The first formal semipinacol rearrangement of cyclic sulfites was described in 1972 by Griffin
and Manmade.” Their study on the formation of arylcarbenes using either light irradiation or

thermolysis of cyclic sulfites demonstrated that 1,2-aryl migration was a competing pathway
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during carbene synthesis. Fluorenopinacol sulfite 38 gave only ketone 39 and none of the

desired cyclopropane fluorene 40 (Scheme 10).

Scheme 10

In 1995, Fukumoto and co-workers published their work on the synthesis of (—)-filiformin
(Scheme 11).'® This sesquiterpene was isolated in 1976 from Laurencia filiformis, an Australian
red algae.”’ Their synthetic approach to this natural product utilized a semipinacol
rearrangement of a cyclic sulfite intermediate 42 which was formed in situ by reacting diol 41
with thionyl chloride and triethylamine. The cyclic sulfite could not be isolated and 1,2-
migration occurred over 12 h at 0 °C in CH,Cl,. Presumably, relief of ring strain is an additional

driving force for this rearrangement to take place and to give cyclobutanone 43 in an excellent

96% vyield.
OH 1)
SOCl, Et;N W] <s=0 ©

OH CH,Cl, 0°C, 12 h o} S

L — W

OTBS 96% OTBS OTBS 0
41 42 43 (-)filiformin

Scheme 11

1.4  Semipinacol rearrangement of cyclic phosphoranes
In 1972, Applequist described the semipinacol rearrangement of cis-diol 44 by reacting it with
PPh; in CCl, (Scheme 12)."® Cyclic phosphorane 45, although not isolated, was a likely

intermediate and would give ketone 46 via a 1,2-hydride shift.

(10]



OH ph.p, ccCl,
—_—
OH 61%

44 46

Scheme 12

Submitting trans-diol 47 to the same reaction conditions gave only trans-chlorohydrin 50
(Scheme 13). The abnormal retention of stereochemistry in 50 suggested the formation of
epoxide 49 as an intermediate in this reaction. Cyclisation to form oxirane 49 was favoured

over the formation of the trans-cyclic phosphorane due to the high ring strain in the latter.

~OH Ph.p ccl, ~OH _pPh,PO , cl ~OH
—_—» ‘) —> \39
OH GO Cl
*PPhg
50

47 48 e 49

Scheme 13

In 1991, DeCamp and Mills used similar conditions to achieve the synthesis of L-679.336, a
cholesterol-reducing drug.”® After screening a variety of conditions for the transformation of
diol 51 into ketone 53, they discovered that the use of triphenylphosphine dichloride, formed
in situ by reacting PPh; and hexachloroethane, in combination with Hinig's base, gave the

desired ketone product 53 in 87% yield (Scheme 14).
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L-679.336

Scheme 14

In 2000, Barrero and co-workers used Mitsunobu conditions to conduct semipinacol
rearrangements using a variety of 1,2-diols.”® Acyclic and trans-1,2-diols reacted with PPh; and
DEAD to form epoxides. In contrast, either cyclic phosphoranes or a product arising from
semipinacol rearrangement were obtained from the corresponding cis-1,2-diols. For example,
diol 54 gave ketone 55 as a single isomer in 95% yield whereas 2-phenylpropane-1,2-diol 56

gave a mixture of 2-phenylpropanal 57 and 2-methyl-2-phenyloxirane 58 (Scheme 15).

H
HO Q
OoTBS o
PPh; DEAD PPh; DEAD (@]
WOH benzene, rt, 4 h benzene, rt, 4 h
—_— —_— +
“IOH 95%
54 56 57 85% 58 10%

Scheme 15
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In 2012, Grainger and co-workers published the synthesis of the core structure of dictyoxetane
via the semipinacol rearrangement of cyclic phosphorane 60 (Scheme 16).>* The major product
obtained via 1,2-hydride shift was trans-hydrindanone 61. A small amount of cis-hydrindanone

62 was also isolated.

PhsP, C,Clg
DIPEA
CHsCN
0°Ctolf,2h
o —> o | O + O,
HA HO o\> H“o‘ji,o oj L OJ L o\>
N
7\ Ph
Ph Ph
59 60 61 80% 62 8%
Scheme 16

Investigations were conducted to establish how the unexpected product 62 might have arisen.
The reaction was monitored using *'P-NMR spectroscopy. This study demonstrated the in situ
formation of triphenylphosphine dichloride from PPh; and hexachloroethane and the rapid
reaction with diol 59 to form cyclic phosphorane 60 at rt. Heating to 60 °C was required to
drive the reaction to completion and this was visualized by the formation of
triphenylphosphine oxide. A small amount of enol phosphonium 63 was observed in the
reaction mixture; hydrolysis of 63 and subsequent tautomerisation would lead to the more

stable cis-structure 62 (Scheme 17).

H,0
o —>» QO —> (@)
Ph.+ 0\7 OJ o H OJ
62

-0 HO
PhF;{P 63 64

Scheme 17

1.5  Semipinacol rearrangement of B-lactams

In 1987, Vogel reported studies into the relative migratory aptitude of acyl groups compared
to alkyl groups in the Wagner-Meerwein transposition.”> Treatment of epoxyketone 65 with
acid followed by Ac,0 gave rise to three acetate derivatives, with 70 being the major product
in 59% yield (Scheme 18). This indicated that stabilisation of the opened epoxide 67 or 71 was
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occurring mainly through acyl bond, and not alkyl bond, transposition. Alternatively, if the
Wagner-Meerwein rearrangement was considered as a concerted process, an “energetically
unbiased” situation would be obtained and therefore, the intrinsic higher migratory aptitude

of the acyl group would give 70 as the major product.

O AcO
acyl bond AcO
*O\ZW _»HO\ZW migration HO\Aj ) +]&OAQO 0]
70 59%
H+$
0]
o7°
AcO

“y o 227

H (0] QO aIkyI bond 74 049
Ny O 0] t OAC O 0.4%
+‘_/
66 71 OAc
AcO o OAc
75 1%
Scheme 18

The first reported semipinacol rearrangement of B-lactams came from Williams in 1992
(Scheme 19).” Starting from the dispiro-epoxy-B-lactam 76, he described the formation of an
intermediate carbocation using BF;.Et,0 as a Lewis acid, followed by a 1,2-migration of the acyl
group to give spiro ketolactam 78 in 67% yield. On the other hand, when y-lactam 79 was
subjected to the same reaction conditions, only alkene 81 was formed, suggesting that a

driving force for the rearrangement is the release of ring strain in the B-lactam.
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In 1999, Paquette et al. reported progress towards the synthesis of analogues of (+)-
hydantocidin, a potent herbicide extracted from Streptomyces hygroscopicus.** A semipinacol
rearrangement was used to access the unusual spiro-furanose nucleoside structure (Scheme
20). Treatment of allylic alcohol 82 with PPTS in refluxing benzene gave a cyclic oxonium
intermediate which adopted two different conformations 83 and 84 required for the

rearrangement to occur. Exclusive migration of the acyl group gave a 1.0:1.6 mixture of

79

spirolactams 85:86.

OTBS Q
HO
@) NBn
Y

82

(0)
a) (@]
N
Et\©/Et
76
b) © ZE/
R

BF3.Et,0

67%

BF5.Et,0

54%

PPTS
benzene, 92%

OH
o. BN

HO OHO

(+)-hydantocidin

O

NH

Scheme 19
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More recently, Alcaide and Almendros described the synthesis of a variety of fully substituted
pyrrolidine-2,4-diones via controlled B-lactam ring expansions.” The regio- and stereoselective
halogenation of allene 87 followed by a semipinacol rearrangement via migration of the acyl
group gave 89 in 96% yield as a single diastereomer. Again, it was the C2-C3 bond of the j3-

lactam which migrated giving a single product.

X

@] ‘\- o O Br
NBS, CH,Cl, I ) \\/

_—
N 96% 0 N1

OH

\\/O

Scheme 21

1.6 A radical cyclisation approach to lactams: previous work in the Grainger

group

In 2004, Grainger and Innocenti described a dithiocarbamate group transfer cyclisation
reaction of carbamoyl radicals (Scheme 22).%° Dithiocarbamate 91 was readily prepared in high
yield by reacting sodium diethyldithiocarbamate trihydrate with carbamoyl chloride 90.%” The
radical process was initiated with a 500 W halogen lamp. 5-Exo trig cyclisation of carbamoyl
radical 94 led to primary alkyl radical 92 which was then able to react with a molecule of
starting material 91 to afford the desired lactam 93 in 96% vyield and to propagate the chain

process by reforming 94.
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cl acetone, rt, 14 h S/&S n
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Bn Bn Bn
90 91 92
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N7 O N"So
Ll%n Bn
93 96% 94
Scheme 22

This radical cyclisation was used to form different ring sizes and fused-systems such as f3-
lactam 97 which was obtained as a single isomer in 92% vyield (Scheme 23). The
stereochemistry of the molecule was confirmed by X-ray crystallography (Figure 4). 4-Exo trig
cyclisation of carbamoyl radical 98 formed secondary cyclohexyl radical 96. Dithiocarbamate

group transfer then occurred from the less hindered convex face to afford 97.

i ’
N__O H Bn
JT =R
S S q _
h N~
T v Bn TR O
2 0] 96
95
H ,Bn
N Bln
N__O
H O e
EtzN\n/S
S 9792 % 98

Scheme 23

This efficient carbamoyl radical cyclisation — dithiocarbamate group transfer reaction was then
used as a synthetic tool for natural product synthesis. In 2007, Welsh and Grainger published a
formal synthesis of (-)-aphanorphine using this methodology (Scheme 24).°® This alkaloid,

extracted from the cyanobacteria Aphanizomenon flos-aquae, possesses a 6-
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azabicyclo[3.2.1]octane structure. Irradiation of dithiocarbamate 99 gave a single isomer of y-

lactam 100 in 71% yield, the structure of which was confirmed by X-ray crystallography.

NEt, hv (500 W
halogen lamp) aant
s g cyclohexane, !1,1.5h EtoN HO \N\Me
"'r?l’go 71% H
Me
99 100 (-)-aphanorphine

Scheme 24

This reaction could occur via either a 5-exo trig or 6-endo trig cyclisation of carbamoyl radical
101 (Scheme 25). The &-lactam 104 which could be formed via 6-endo trig addition onto the
alkene was not observed. Dithiocarbamate group transfer to the intermediate carbon-centred

radical 102 gave 100 as a single stereoisomer.

Et N
— N 5-exo trlg . \( 2 \(
7 \ S H
N"So )\N

h Me
O
Et,N_ S
(‘— — 6-endo tr/g { S {O
‘, N
’N X N. >
° (e e
01 o) 103 104

Scheme 25

In 2008, the total synthesis of (+)-ferrugine, an alkaloid found in the brown silky oak Darlingia
ferruginea, was achieved in 9 steps.” Irradiation of dithiocarbamate 105 with a 500 W halogen
lamp gave a 6.4:1.0 mixture of the bicyclic structures 106:107 via a 6-exo trig cyclisation
(Scheme 26). The transfer of the dithiocarbamate group was therefore only moderately
selective in this case. Thermal elimination of the dithiocarbamate moiety via a Chugaév-like
mechanism formed alkene 108 in 89% yield from 106 and 70% yield from 107. The by-product

for this reaction is diethylaminodithiocarbamic acid 109 which breaks down to diethylamine
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and carbon disulfide. Addition of PhLi onto lactam 108 formed lithiated intermediate 110
which, upon quenching with a dilute solution of NaOH, formed keto amine 111. Isomerisation

to form the conjugated alkene 112 followed by Michael addition gave ferrugine in 66% vyield.

Me
N
(@) Cs,
+
Et,NH
EL,N_ S R
S 0 Th 89% Me
_Me S N

EtN™ "8~ "N 106 64% 02& s
hv Ph,0
> i1,2h > 7 EtZNJ\SH

Me
105 o N % 108 109
[\

@ PhLi, THF

107 10%
M M Me
e e
N
" TOnN O HN Ph/L-OLi
N Ph—Aa$~) NaOH Ph H,0
- s -— ) - P
o) 66% H H
Ph

(x)-ferrugine 112 111 110

Scheme 26

1.7  Aims and objectives

The 6-azabicyclo[3.2.1]octane ring system is present in a wide range of biologically active
synthetic and naturally occurring molecules (Figure 2). Representative examples include
azaprophen,® aphanorphine,®* a cocaine analogue 113,** lyconadin A,* caldaphnidine M,**
peduncularine,35 sarain A,*® nominine®” and actinobolamine.*®

The core structure present in these molecules has diverse origins. For example,
actinobolamine®® is the main degradation product from actinobolin, a potent broad spectrum

antibiotic whereas caldaphnidine M was extracted from the twigs of Daphnyphyllum

calyciphyllum, a tree found in mainland China.**
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(0]
lyconadin A nominine
Figure 2

The 8-position of the 6-azabicyclo[3.2.1]ring system can bear a wide variety of functional

aphanorphine

113

synthetic cocaine
analogue, inhibitor of
dopamine reuptake

or
o7 HN

H/\‘/

OH

actinobolamine

groups. Lyconadin A, nominine and sarain A have a tertiary sp’ carbon centre and a quaternary

carbon is found in caldaphnidine M. Moreover, peduncularine bears a terminal alkene at this
position whereas actinobolamine carries a carbon-oxygen single bond. It is therefore desirable
to access structures which allow for further incorporation of various functional groups at the
C-8 position. One way to incorporate a large variety of functional groups would be to install a

ketone at the 8-position, making the 7,8-diketo-6-azabicyclo[3.2.1]octane ring system 114 a

suitable target core structure for methodology development (Figure 3).

ring system

Figure 3
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This bicyclic ketone could potentially be accessed using a pinacol or semipinacol
rearrangement of a suitably functionalised cis-fused B-lactam 115 (Scheme 27). Migration may
occur either from the “orange” or the “pink” bond and could therefore give respectively the
desired 6-azabicyclo[3.2.1]octane-7,8-dione ring system 114 or the

hexahydrocyclopenta[b]pyrrole-2,3-dione ring system 116.

R
X 0 x_ & LA
by 9~ 0
INSR N N~R
R
4 H'O
(0] o (0]
115 114 115 116
X = leaving group X = leaving group

Scheme 27

Previous work in the Grainger group described facile access to cis-fused B-lactam 97 via a 4-
exo trig radical cyclisation of a dithiocarbamate derivative.”® The X-ray crystal structure of 97
shows that the cis-ring junction forces the cyclohexane ring to adopt a boat conformation,
placing the axial dithiocarbamate group antiperiplanar to the acyl group (Figure 4).>” The acyl
group in a B-lactam is known to have an intrinsically higher migratory aptitude than the alkyl
group (section 1.5).”> Moreover, if a hydroxyl group can be incorporated at the bridging carbon
of B-lactam such as 97, the dithiocarbamate moiety is a potential leaving group X for the

semipinacol rearrangement of 115 (Scheme 27).%

[21]



97

Figure 4

Starting from the known B-lactam 97, it is possible to access 119 using 2 different pathways
(Scheme 28). a-Hydroxylation of 97 to form 117 will first be considered. The dithiocarbamate
group will then be used as a leaving group or be transformed into one. An alternative would be
to form conjugated alkene 120 via elimination of the dithiocarbamate moiety. Subsequent
oxidation of the double bond will give epoxide 121 which will also be a suitable substrate for

the semipinacol rearrangement.

,Bn ,Bn
[ tN N
----- >
OH O | OH ©
EtzN\n/S LG A
H Bn v g 117 118 o
N -
(@) Bn’N
EtZN\n/S 0
97 . vy 19
S N
H ,Bn H ,Bn
O O
----- »
(¢} o ©O
120 121
Scheme 28
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Chapter two:
Methodology development towards

the semipinacol rearrangement of 3-lactams
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2.1 Synthesis of cis-fused f-lactams

Cis-fused B-lactams are intermediates in the proposed synthesis of the 6-
azabicyclo[3.2.1]octane-7,8-dione ring system (Chapter 1, Scheme 28). The Grainger group has
previously reported the synthesis of benzyl derivatives using radical chemistry.?*%’

The literature synthetic sequence was reproduced starting with alkylation of commercially
available 3-bromocyclohexene 122 using benzylamine and K,CO; in CH3;CN at rt to give N-
benzylcyclohex-2-enamine 123 in quantitative yield (Scheme 29). Amine 123 was reacted with
triphosgene and pyridine in toluene to give carbamoyl chloride 125 in 95% yield.
Dithiocarbamate derivative 95 was obtained in 95% yield by treatment of carbamoyl chloride
125 with commercially available sodium diethyldithiocarbamate trihydrate in acetone at rt.

Irradiation of 95 with a 500 W halogen lamp for 4 h gave B-lactam 97 in 86% yield.

RNH,, K,CO4 $ triphosgene, pyridine I?

CHCN, 1, 2:6h N. PhCHy, t, 181 N\(O
Br o o cl
= OMe
122 O EO

commerciall 123 100% (R=Bn) 125 95% (R=Bn)
. y 124 99% (R=PMP) 126 92% (R=PMP)
available
Et,NC(S)SNa.3H,0 R hv T
(CH3):CO, rt or reflux, 18 h N\(O CgH1z, reflux, 3-4 h N’
o S.__S o
H O
NEt, EtzN\n/S
S
95 95% (R=Bn) 97 86% (R=Bn)
127 100% (R=PMP) 128 84% (R=PMP)
Scheme 29

This reaction sequence was also applied to the synthesis of the PMP derivatives (Scheme 29).
The alkylation of 122 with para-anisidine and the subsequent carbamoyl chloride formation
steps gave 124 and 126 in 99 and 92% yield respectively. Conversion of carbamoyl chloride 126
to dithiocarbamate 127 required additional heating compared to the conversion of 125 to 95.
The lower reactivity of N-aryl compared to N-alkyl or N-benzyl carbamoyl! chlorides towards

dithiocarbamate nucleophiles has previously been observed in the group.” Irradiation of
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dithiocarbamate 127 for 3 h afforded B-lactam 128 as a single isomer in 84% yield. Similar
chemical shifts were observed for key proton and carbon environments in 128 compared with
previously synthesized 97 (Figure 5). The relative stereochemistry of 128 was therefore

assigned as shown, by analogy with 97.

TH-NMR chemical shifts in ppm: 13C-NMR chemical shifts in ppm:

4.52-4.54~ 50.3

3.68-3.76"\‘ 52.2\
H\\‘ H (@] H\‘ H\O

ELNL LS ) Et,N_ _S
hd 3.60-3.63 hd 44.4
S 97 S 97
4.60-4.637Y 50.4
H pvp NV
N N
3.70-3.817 518~

WY

H H (¢} H“ H\O
ELNL LS ) Et,N_ _S
Y 4.26-4.30 N 44.3
S

S 128

Figure 5

2.2  a-Hydroxylation of the [f-lactam

An a-hydroxylation method developed in 1975 which uses a lithium base, molecular oxygen

40-42

and triethylphosphite was applied to B-lactam 97 (Scheme 30 and Table 2, entry 1). Only

degradation of the reaction mixture was obtained. A new product was observed by tlc analysis

when LHMDS was used in combination with the Davis oxaziridine.***

However, only
degradation was observed, both upon aqueous work-up or alternatively upon attempted
direct purification of the concentrated reaction mixture by column chromatography (entries 2
and 3). An alternative oxidant, MoOPD, was then used in combination with LHMDS. Again, only

degradation was observed.**
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H a-hydroxylation
o (Table 2) N
H O /BN MoOs.pyridine.DMPU | OH ©
EtzN\“/S Ph ~S0,Ph EtzN\n/S
S 097 Davis oxaziridine MoOPD S 117
Scheme 30
Entry Reagents work-up T/ time Result
LHMDS (1.5 eq), THF -78°Cto0°C/1h
1 then O, (1 atm) brine, Et,0 then-78°C/2.5h degradation
then P(OEt); thenrt/2h
LHMDS (1.5 eq), THF -78°Cto0°C/1h
( a) brine, Et,0 / degradation

then Davis oxaziridine (1.5 eq)

then-78°C/2.5h

LHMDS (1.5 eq), THF
then Davis oxaziridine (1.5 eq)

-78°Cto0°C/1h

concentration
then-78°Ctort/2h

degradation

LHMDS (1.5 eq), THF
then MoOPD (1.5 eq)

-78°Cto0°C/1h

concentration
then-78°Ctort/2h

degradation

Table 2: a-Hydroxylation of f-lactam 97

In parallel to the a-hydroxylation of B-lactam 97, the elimination of the dithiocarbamate group

to give conjugated alkene 120 was investigated.

2.3

Elimination of the dithiocarbamate group

Elimination of the dithiocarbamate group of B-lactams 97 and 128 to give conjugated alkenes

120 and 129 was attempted under a range of conditions (Scheme 31). Most of the attempts

were carried out on the PMP derivative. This N-substituent was preferred over benzyl because

it visualized well under UV irradiation and with KMO, and vanillin tlc solutions, making tlc

analysis of the reaction mixture easier.
H R
N
; H O
S
hig 97 (R=Bn)
S 128 (R=PMP)

Et,N

elimination H R H R

(Table 3-5) ©l:1 C(:l
—_— +

(@] H O

120 (R=Bn) 129 (R=Bn)

130 (R=PMP) 131 (R=PMP)

Scheme 31
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Entry Reagents work-up T/ time Result

1 LDA (1.1 eq), THF H,0, EtOAC -78°Ctort/18h 128
2 quinoline (excess) concentration 120°C/18h 128
3 NaH (1.1 eq), THF H,0, EtOAc rt/26h 128
4 tBuOK (1.1 eq), THF 1 M HCI, EtOAc rt/6h 128
128 22%
5 tBuOK (1.1 eq), THF neutral rt/6h
13037%
6 tBuOK (1.1 eq), THF dry loading reflux /4 h degradation

Table 3: Base screening for the elimination of the dithiocarbamate on 128

Treatment of dithiocarbamate 128 with LDA in THF at low temperature did not afford any of
the desired conjugated alkene 130 (Table 3, entry 1). The use of quinoline at high temperature,
or NaH at rt, gave the same results (entries 2 and 3). Partial conversion was observed by tlc
analysis when the reaction was ran with tBuOK as a base. However, only starting material 128
was recovered after an acidic work-up (entry 4). A neutral quench was then attempted,
followed by purification by column chromatography. Only 37% of alkene 130 was isolated
along with 22% of recovered starting material 128 (entry 5). Some of the organic components
remained in the aqueous layer even after multiple extractions using a range of different
solvent.

Refluxing THF was used in an attempt to drive the reaction to completion (Table 3, entry 6).
After 4 h, the elimination appeared complete by tlc analysis and the reaction mixture was
loaded onto silica to avoid the loss of material during the work-up. Unfortunately, alkene 130
was not isolated after purification.

The elimination procedures described hereafter were not subjected to an aqueous work-up.
The solvent was first removed under reduced pressure and the crude mixture obtained was

dissolved in CH,Cl, and purified by column chromatography.
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Entry Reagents T/ time Result

128 22%
1 NaHMDS (1 eq), THF  -78°C/4.5h

130 46%
2 NaHMDS (1.5eq), THF  -78°C/4.5h 130 47%
3 NaHMDS (2 eq), THF  -78°C/4.5h 130 50%

4 NaHMDS (3 eq), THF -78°C/4h 1:1 130:131 46%

-78°C (4 h) .
5 NaHMDS (3 eq), CH,Cl, t (1 h) degradation

6 NaHMDS (3 eq), THF -78°C/1h 1:1130:131 42%

-78°C(7.5h)
7 NaHMDS (1.5 eq), THF 1:1130:131 46%
rt (18 h)

Table 4: Elimination of the dithiocarbamate group using NaHMDS to form 130

NaHMDS, a soluble and stronger base than tBuOK, was then investigated. Treatment of 128
with 1 eq of NaHMDS in THF at low temperature gave the desired alkene 130 in 46% yield
along with 22% of starting material 128 (Table 4, entry 1). The yield stayed moderate when 1.5
and 2 eq of NaHMDS were used (entry 2 and 3). An inseparable mixture of products was
obtained after 4 h at -78 °C with 3 eq of base. After analysis of the '"H-NMR spectrum, it

appeared that the second product formed was alkene 131.

Thermal elimination of dithiocarbamates is possible when a B-hydrogen is present on the
molecule. It can be compared to the Chugaév reaction which corresponds to the thermolysis of
O-alkyl dithiocarbonates or thiocarbonates. It was developed in the Grainger group using
refluxing Ph,0.” To confirm the structure of the second product formed, the thermal
elimination of 128 was carried out in refluxing Ph,0 (Scheme 32). Alkene 131 was produced as
a single isomer in 80% yield and the 'H-NMR spectrum obtained matched with the extra peaks

present in the mixture formed when using NaHMDS for the elimination of the dithiocarbamate

group.
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E;(:’l Ph,0O, reflux, 4 PL C(:l
80%
H O

Scheme 32

The influence of the solvent on the isomerisation of the double bond was examined (Table 4,
entry 5). When CH,Cl, was used instead of THF, only SM was observed after 4 h at -78 °C,
possibly because the base was not soluble in this solvent at low temperature. The reaction
mixture was warmed up to rt but only degradation was detected after 1 h.

The effect of the reaction time on the isomerisation was also investigated. Using 3 eq of base
at low temperature, similar results were obtained with a reaction time of 1 h or 4 h (Table 4,
entry 4 and 6). Using 1.5 eq of NaHMDS for 7.5 h at -78 °C and 18 h at rt, a mixture of the two

isomers was obtained whereas only 130 was isolated after 4.5 h at -78 °C (entry 2 and 7).

Various reactions were carried out to fully understand the isomerisation (Scheme 33). The
effect of HMDS, a side product of the reaction, was investigated. Alkene 130 was reacted with
HMDS for 4 h at rt. Only starting material was recovered indicating that HMDS is not
detrimental to the stability of 130. Both alkene isomers were then separately treated with
NaHMDS for 6 h at rt. B-Lactam 130 gave a 1:1 mixture of isomers indicating that the
isomerisation of the double bond probably happened after the elimination. On the other hand,
only starting material was recovered for alkene 131, confirming it was the more stable isomer.
In conclusion, in order to avoid the synthesis of 131, the reaction needed to be carried out
with no more than 2 eq of base, at low temperature and for a short period of time to minimise

isomerisation.
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130

NaHMDS (1.1 eq)

" PvP THF, rt, 6 h H pMP
0 0
131 130
Scheme 33

Some other reaction parameters were then examined to improve the yield of the elimination
reaction. The influence of the counter ion of the base was investigated. Lithium, the smallest
cation tested, proved to be the most favourable affording 130 in 61% vyield, whereas it was
obtained in 46% and 60% yield with the sodium and potassium counter ion, respectively (Table

4, entry 1 and Table 5, entries 1 and 2).

Entry Reagents T/ time Result

1 KHMDS (1.1 eq), THF  -78°C/5.75h 130 60%

2 LHMDS(l.leq), THF  -78°C/4h 130 61%

3 LHMDS (1.1 eq), THF rt/2.75h degradation

4 LHMDS (1.1 eq), THF 0°C/275h 130 16%

5  LHMDS(l.leq), THF  -40°C/2.5h 130 39%

Table 5: Influence of the base counterion and the temperature on the synthesis of 130

Using LHMDS, the effect of temperature was studied (Table 5). Addition of the base at rt gave
only degradation (entry 3). At 0 °C, 16% of product was isolated, along with a significant

amount of degradation products (entry 4). At -40 °C, the yield was 39% and no starting
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material was recovered (entry 5). The best yield was therefore obtained at -78 °C with 61% of

alkene 130 formed (entry 2).

Further attempts to improve the yield of the elimination involved activation of the
dithiocarbamate group as previously described by Hayashi and Oishi in 1977.% The elimination
of the pyrrolidinecarbodithioate group was performed using Li,CO;, LiF and an excess of Mel
with HMPA as the solvent. After 24 h at rt, alkene 135 was formed in an excellent 95% vyield
(Scheme 34). The elimination was believed to proceed via alkylated intermediate 133/134.
This activated group can be directly eliminated under the basic conditions (path B) or displaced

by iodine which is subsequently expelled by the base (path A).

) Sst- s
! oy
SJ\N Mel S3ON (SJ_\l D
— -
Ph\)\Ph Ph 1 ph Ph -
H

132 (' 133 134
Base ¢ path B Base¢ path A

|
Ph~p, < Phwjkph
H

135 136

Scheme 34

Similar conditions were used on -lactam 128. Two different reagents were examined for the
alkylation: Mel and Meerwein’s salt, Me;OBF, (Scheme 35).” Running the reaction at low
temperature and using LHMDS as the base, alkene 130 was obtained as a single isomer and in
99% vyield with Mel whereas only 26% of 130 was formed with Me;OBF,. The low yield could
be explained by the instability of this alkylating agent. Indeed, it is sold as a white solid and it
was found as a brown slightly fuming solid even when stored under argon and in the fridge. It

was therefore decided to use Mel to drive the elimination reaction to completion.
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Me3OBF, (1.05 eq) Mel (1.05 eq)

©l:§o N 26% ! o % ©l:&o
130 EtZN\ﬂ/S 128 130
S
Scheme 35

Similar conditions were applied in parallel to the benzyl derivatives. Isomer 129 was formed
when the dithiocarbamate derivative 97 was treated with tBuOK in THF at rt for 18 h (Scheme
36). In order to confirm the structure formed, thermal elimination in refluxing Ph,O was also

conducted and alkene 129 was obtained as a single isomer in 48% vyield.

B Bn tBuOK, THF BN Bn Pho B Bn
Ctl t, 18 h N 11,5h C(:l
- TV
19% 48%

H O ELN. S © H O
2
129 M o7 129
S
Scheme 36

Activation of the dithiocarbamate group with Mel gave alkene 120 in 93% yield and when
using a fresh batch of Meerwein’s salt, alkene 120 was formed in 73% yield (Scheme 37).

H gy Me;OBF, LHMDS H g Mel, LHMDS H

B
Qlj\i THF,-78°C, 8.5 N' | THF,-78°C,8h Ol:l n
0, 0,
5 73% ' %o 93% o
120 EtZN\H/S o7 120
S
Scheme 37

2.4  Synthesis and semipinacol rearrangement of epoxide
As previously described in Chapter 1 (Section 1.5), in 1992, Williams reported a semipinacol
rearrangement of epoxy B-lactams with BF;.Et,0.%® In order to apply the chemistry described,

epoxidation of the double bond in lactam 130 was investigated under a range of conditions

(Scheme 38 and Table 6).
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H PMP epoxidation H pup

@ (Table 6) (:I:l
o) o)
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(@]
130 137
Scheme 38
Entry Reagents work-up T/ time Result
tBuOOH in toluene (1.5 eq) -78°Ctort
. Na,SO; 130
nBuli (1.1 eq), THF 18 h
tBuOOH in toluene (1.5 eq) -78°Ctort
Na,S0; 130
LHMDS (1.1 eq), THF 18 h
VO(acac), (0.02 eq)
3 isovaleraldehyde (8 eq) / rt/18 h 130
0, (1 atm), 1,2-DCE
H,O0 O°Ctort . .
4 mCPBA (1.1 eq), CH,Cl, no isolation
EtOAc 3h
0°C 130 42%
5 mCPBA (1.1 eq), CH,Cl, KF
6h 137 23%
0°C 130 23%
6 mCPBA (2.2 eq), CH,Cl, KF
6.5h 137 52%
0°C
7 mCPBA (3 eq), CH,Cl, KF 6.5 h 137 55%
O°Ctort
8 mCPBA (3 eq), CH,Cl, KF o 137 70%

Table 6: Epoxidation of alkene 130

Due to the electron-deficient nature of the double bond, the first attempts were carried out
using nucleophilic conditions as described in the procedure developed by Kumari and Vankar
(Table 6, entries 1 and 2).® Although that procedure used tBuOOH in benzene, it was decided
to use tBUOOH in toluene as this reagent had been reported to be more stable.* Following the
literature procedure, nBuli was used but without any success. Treatment of alkene 130 with
LHMDS, an alternative base chosen for its efficiency in the elimination reaction, also resulted

in no reaction and recovered starting material.

An epoxidation method specific for a,B-unsaturated carboxamides, developed in 1991 by

Mukaiyama, was then investigated.”® The communication described an oxygenation of a,B-
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unsaturated carboxamides such as 138 into 2,3-epoxycarboxamide 139. After optimisation of
the reaction conditions, 139 was obtained in 84% yield using 1 atm of molecular oxygen as the
oxidant, isovaleraldehyde as the reductant and oxovanadium(lV) complex as a catalyst
(Scheme 39). The study showed that epoxidation of the double bond is promoted by the
interaction of VO(acac), with the amide group. The optimal conditions described by
Mukaiyama were applied to alkene 130. However only starting material was recovered after
18 h at rt (Table 6, entry 3).

VO(acac), (0.02 eq)
isovaleraldehyde (8 eq)
O, (1 atm)

/QOL o 1,2-DCE, rt, 12 h /k?/ﬁ oh
NN an N
Me ° Me
138 139
Scheme 39

Further attempts for the epoxidation of alkene 130 were made using mCPBA as the oxidant in
CH,Cl,. The reaction was incomplete with 1.1 eq of mCPBA but isolation was attempted
nevertheless to confirm that the desired product 137 was formed. As for the elimination
reaction, an aqueous work-up resulted in loss of the material (Table 6, entry 4). The use of KF
to remove the residual mCBA formed during the reaction enabled isolation of epoxide 137 in
23% yield (entry 5).°"°% An increase in yield was observed when a slight excess of mCPBA was
used (entries 6 and 7). The best yield was obtained with 3 eq of mCPBA and when the reaction

mixture was allowed to warm to rt over 1 h after addition of the oxidant (entry 8).

With access to epoxide 137 in good yield, Williams’ reaction conditions were attempted for its
rearrangement (Scheme 40). No consumption of starting material was observed on tlc analysis
with 0.1 eq of BF;.Et,0 at low temperature. One equivalent of Lewis acid was then added and

the reaction mixture was progressively warmed to rt. Disappearance of starting material
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occurred in 1 h at rt. However, only degradation products were obtained after attempted

purification.
H BF3.Et,0 (0.1 then 1.1 eq)
@PMP CH,Cl, -78 °Cto rt, 2.5 h o
5 O pmp-N
(0]
137 140
Scheme 40

Titanium(IV) chloride was then tested for the rearrangement of epoxide 137 (Scheme 41). This
Lewis acid had been previously used by Cha and co-workers for the semipinacol
rearrangement of an epoxysilyl ether in the total synthesis of (+)-asteltoxin.”® The reaction was
complete after 1.5 h at -78 °C. However, the product isolated in 62% yield was a-hydroxy
chloride 141. It resulted from the opening of the epoxide by chloride anion, presumably on the
less hindered tertiary carbon. Coupling constants for the proton next to Cl were 5.2 and 9.6 Hz
which suggested an axial-axial and an axial-equatorial coupling thus indicating a trans
configuration, assuming the cyclohexyl ring sits in a boat conformation to accommodate the cis

ring fusion of the B-lactam as observed for dithiocarbamate 97 (Scheme 23 and Figure 4).

H TiCly (1.1 eq) H
PMP o PMP H
. CH,Cl, -78°C,1.5h . H
T Yo 62% =40 c’  |[N-pvp
Cl
137 141 o)
Scheme 41

PPTS was subsequently used to catalise the reaction (Scheme 42). Disappearance of the
starting material did not occur at rt or 50 °C when using 1.1 eq of this weak acid. The reaction
appeared complete on tlc after 2.25 h in refluxing toluene. However, the product isolated was
not the desired bicyclic ketone 140 but the trans a-hydroxy tosylate 142, presumably obtained
via opening of the epoxide with the para-toluenesulfonate anion. The trans configuration was
assigned using "H-NMR spectroscopic analysis. Coupling constants for the proton adjacent to

the tosylate were 5.8 and 11.8 Hz which implied an axial-axial and an axial-equatorial coupling
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thus indicating a trans configuration. Increasing the reaction time to 18 h resulted in the
formation of 140 in a moderate 33% vyield.

H pup  PPTS (1.1eq) H pvp PPTS(1.1eq)

(:Lk_i toluene, 110 °C, 2.25 h Cll:l toluene, 110 °C, 18 h o
=V o 42% L 33% pmp-N
TsO O
142 137 140
Scheme 42

2.5  Synthesis and pinacol rearrangement of diol

The problems encountered during the isolation of alkene 130 and epoxide 137 using aqueous
work-up indicated significant water solubility or hydrolytic instability for these compounds. It
was therefore decided to use anhydrous conditions for the dihydroxylation of alkene 130. In
1988, Narasaka et al. described a convenient anhydrous methodology using a combination of
0s0, and dihydroxyphenylborane.* In this procedure, phenylboronic acid replaces water as
the agent which “strips” the diolate from the osmium in the NMO/OsO, dihydroxylation
complex. Treatment of alkene 130 with phenylboronic acid, NMO and cat. OsO, afforded
phenylboronic ester 143 in a moderate 65% yield (Scheme 43). Further transformation of 143
would involve transformation to cyclic sulfite 144 using Matteson’s reaction conditions™ and

subsequent semipinacol rearrangement as described in Chapter 1 (Section 1.3).

PhB(OH), .
H pyp NMO, 0sO, H  pwp SOCk pyridine H  pmp o
N’ CH.Cly rt, 3 h N’ borosilicate glass N’

—» | | |  ceeemeemeeeee-e- - SRtE .

e} then N628203 o o) o) [0) PMP/N
rt,2h O O i

"B =S o
\ A\
Ph @)
130 143 65% 144 140

Scheme 43

In parallel to the synthesis of phenyl boronic ester 143, Upjohn dihydroxylation was also

carried out using catalytic OsO, with NMO as a co-oxidant in a mixture of H,0, acetone and
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tBUOH (Scheme 44).>® Surprisingly, diol 146 was obtained in 81% vield. It is worth mentioning
that the quality of OsO, influences the yield of the dihydroxylation. Indeed the best yields were
obtained with new batches of reagent, when the aqueous solution was still a pale yellow
colour instead of brown. The same conditions were applied to alkene 120 and diol 145 was

obtained in 74% yield.

H R NMO, OsO, R H R
(i’l Hzo, (CH3)ZCO, tBUOH, 40 C, 18 h @1
then Na,S,05 40°C, 2h
[e) 292U3, OH [0)
OH
120 (R=Bn) 145 74% (R=Bn)
130 (R=PMP) 146 81% (R=PMP)
Scheme 44

With access to the B-lactam diols, their subsequent pinacol rearrangement was investigated.
Previous studies showed that epoxy lactam 137 required high temperature, long reaction
times and the use of a Brgnsted acid to rearrange to 140 (Section 2.3). The first attempt was
therefore conducted in toluene at 80 °C for 18 h using PPTS to induce the reaction (Scheme 45
and Table 7, entry 1). Only starting material was recovered. It was then decided to use a
stronger acid, PTSA, to catalise the reaction. Only degradation was obtained when refluxing
diol 146 with PTSA in toluene for 18 h (entry 2). To avoid degradation, PTSA was used at rt but
146 was not soluble in toluene at this temperature (entry 3). The solvent was changed to THF.
After 7 h at rt, no conversion was observed and the same result was obtained after refluxing
the reaction mixture for 18 h (entry 4).

H pinacol rearrangement
NP (Table 7) o

-

-N
OH © PMP

OH o)

146 140

Scheme 45
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Entry Reagents T/ time Result

1 PPTS (1.2 eq), toluene 80°C/18h 146
2 PTSA (1.1 eqg), toluene reflux /18 h degradation
3 PTSA (1.1 eq), toluene rt/5h 146
4 PTSA (1.1 eq), THF rt then reflux /6.5 h 146

Table 7: Attempts to form 140 from a pinacol rearrangement of 146

The final attempt at the pinacol rearrangement of diol 146 was made under anhydrous
conditions as described by Kita et al. in 1997.>” Treatment of diol 146 with trimethyl
orthoformate and BF;.Et,0 formed formate ester 147 in 41% yield instead of the desired
bicyclic ketone 140 (Scheme 46).

HC(OMe); (1.1 eq)

H BF3.Et,0 (1.1 eq) H
(;(:’\L,PMP CH,Cl, -25°Ctort, 18 h El:tl,PMP

41%

OH © OH O

OH H O
146 \ﬂ/ 147
(@)

Scheme 46

2.6  Activation of the secondary alcohol and semipinacol rearrangement

The lack of success for the pinacol rearrangement of diol 146 suggested that activation of the
secondary alcohol was needed for the rearrangement to occur. The first activating group
envisioned was methanesulfonate (Scheme 47). Treatment of diol 146 with 1.05 eq of MsCl
and 2 eq of Et3N in dry CH,Cl, for 18 h only gave partial conversion. Therefore an additional
equivalent of reagents was added and after a further 3 h, the starting material was completely
consumed. Dimesylate 149 and monomesylate 150 were obtained in 58% and 9% vyield
respectively after purification. Formation of the dimesylated compound appeared to be
favoured over the monomesylated because it was the main compound evident by tlc analysis

even when some starting material remained.
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H pyp  MsCL EGN H  pmp H  pmp H  pmp
(l:(:’l CH,Cl, rt, 215 h (;(:,L (;(:l (;(:,L
» + +
OH © OH © Ooms© OMs©
OH MsO MsO OH
146 148 0% 149 58% 150 9%
Scheme 47

The larger para-toluenesulfonate group was then investigated. Two different procedures were
tested in parallel (Scheme 48). The reaction performed in pyridine using 3 eq of TsCl and cat.
DMAP gave monotosylate 151 and ditosylate 152 in 50% and 11% yield respectively after 60 h
at rt. On the other hand, when the reaction was carried out with cat. DMAP, 1.1 eq of TsCl and
Et;N in dry CH,Cl,, some starting material remained after 18 h. Therefore 1.1 eq of reagents
were added and the reaction was complete after a further 4 h. Purification by column

chromatography gave monotosylated 153 as the sole product in 71% yield.

N’ pyridine, rt, 60 h N’ N’
» +
OH © OH © oTs ©
OH TsO TsO
146 151 50% 152 11%
H pmp TsCl, EtzN, DMAP H pmp
N’ CH.Cl, rt, 22 h N’
OH © OTs©
OH OH
146 153 71%
Scheme 48

The two different sets of procedures gave different 'H- and “C-NMR spectra of the
monotosylated compound. Furthermore, the data did not match with the previously
synthesized trans monotosylated compound 142 obtained from PPTS promoted opening of
epoxide 137 (Scheme 42). This suggested that depending on the conditions used, the
tosylation reaction was selective for one hydroxyl group and therefore two regioisomers were

formed. Careful analysis of the *C-NMR data showed a 10 ppm downfield shift on the carbon
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bearing the tosylate group in comparison with diol 146 (Figure 6). It was concluded that when
the tosylation was performed with Et;N only the tertiary hydroxyl group was activated giving
153 whereas with pyridine it was the secondary alcohol and 151 was formed. The same
comparison was made with the monomesylated compound obtained using EtsN and similar

selectivity for the tertiary hydroxyl group was discovered.

H o pvP H o pvP H o pvP H o pvP H o pvP
N N N N N
OH © OMs© OH © OTs O : OH O
H OH OH
146 150 151 153 142
C-167.6 C-167.1 c-1 C-166.9 c-1
C-282.2 C-2913 c-282.3 C2916 C-2835
Figure 6

The selective formation of 150 and 153 was surprising because the activation of tertiary
alcohols is usually difficult due to steric hindrance. This presumably is not true for diol 146
because the cis-ring junction is expected to force the cyclohexane ring to adopt a boat
conformation (Figure 7). The secondary alcohol is more hindered than expected as it resides in
the flagstaff position. In contrast, the tertiary alcohol may be more accessible as it is on the
convex face and pseudo-equatorial on the 6-membered ring. It may also be that using the
stronger base Et;N promotes tosyl group migration from the secondary to the tertiary alcohol,

although this was not tested.

H o pvp 0
— |
N~
T On 0 PMP
0]
146
Figure 7

The semipinacol rearrangement of 151 was attempted under basic conditions. Pyridine, DIPEA
and LHMDS gave 140 in 65%, 53% and 13% yield respectively (Scheme 49 and Table 8). These

results demonstrated that a strong base like LHMDS was detrimental to the reaction.
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H PMP Base

N (Table 8) o
—_—
el pmp-N

OTs

151 140O
Scheme 49
Entry Reagents T/ time Result
1 pyridine (5 eq), toluene reflux /8 h 140 65%
2 DIPEA (5 eq), toluene reflux /8 h 140 53%
3 LHMDS (1.1 eq), THF 0°Ctort/4.5h 140 13%

Table 8: Influence of the base for the semipinacol rearrangement of 151

The difference in reactivity of the cis and trans monotosylated compound was explored further

(Scheme 50). Both isomers were refluxed in parallel in pyridine for 4 h. Hydrogen-NMR analysis

of the crude product for trans isomer 142 showed a 1:1 mixture of starting material and

another unknown product. Cis isomer 151 gave a 5:1 mixture of 140 and of the same mystery

compound. This structure possesses two protons in the ethylenic region suggesting it could be

alkene 154, the product formed by elimination of the tosylate group.

H H H
PMP idi PMP PMP
C(:i pyridine, 11,4 h . Ctl . C(:l
: OH O : OHO OH ©
OTs OTs
142 142 1:1 154
H H
N'PNIP pyridine, it, 4 h O (:(:’L’PMP
o +
OH © P'V'P/Ni OH ©
OTs o)
151 140 5:1 154

Scheme 50

One-pot activation and semipinacol rearrangement of diol 146 was attempted because the

reaction procedures to form the tosylate and react it further were similar. Treatment of diol
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146 with 3 eq of TsCl and a sub-stoichiometric amount of DMAP in refluxing pyridine for 18 h
gave 140 in 58% vyield (Scheme 51). The same conditions were applied with microwave
irradiation instead of normal heating. The reaction appeared complete on tlc after three 10-

minute periods at 130 °C. However 140 was obtained in 40% yield along with 35% of starting

material 146.
TsCl (3 eq)
H DMAP (0.2 eq)
N'PMP pyridine, reflux, 18 h 0
OH O 58% PMP/N
OH \
146 140
TsCl (3 eq)
H DMAP (0.2 eq) H
NPMPpwwma130%3mwx3x10mm NPMP 0
> +
-N
OH © O ©  PMP
OH OH
(e}
146 146 35% 140 40%
Scheme 51

This one-pot reaction proceeded in a moderate 58% yield even if all the starting material
seemed consumed and no side products were isolated after purification. To improve the yield,
a better activating group such as triflate, known to be 2.10 to 2.10° times more reactive than
the comparable tosylate,”® could be employed. The transformation of the secondary alcohol
into a triflate leaving group was carried out using Tf,0 and pyridine. Because this leaving group

is known to be highly reactive, isolation of triflate 155 was not attempted (Scheme 52 and

Table 9).
H Tf,0, pyridine H
PMP T2 PMP
N’ (Tabie 9) N O
» —_— T
~-N
OH © OH © PMP
OH OTf e}
146 155 140
Scheme 52
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Entry Reagents T/ time Result

" T6,0 (105 eq) " O°Ctort 146 16%
.05 eq), pyridine
2 al Py 3h 140 33%
o -40°Cto0°C 146 33%
2 Tf,0 (1.05 eq), pyridine
8h 140 41%
3 Tf,0 (1.05 eq) idi -0°C 140 49%
.05 eq), pyridine
2 al Py 4.25h °
- -40 °C 146 61%
4 Tf,0 (1.05 eq), 2,6-lutidine
4.25h 140 12%
Tf,0 (1.05 eq), pyridine (2.1 e 0°C
5 20 ( a), py (2.1 eq) 140 35%
CH,Cl, 4.25 h
Tf,0 (1.05 eq), pyridine (2.1 e -78°Cto 0 °C
20 ( a), py (2.1eq) 140 42%
CH,Cl, 5.25h
Tf,0 (2 x 1.05 eq), pyridine (5 e -40 °C
20 ( a), py (5eq) 140 59%
CH,Cl, 7h
Tf,0 (2.1 eq), pyridine (5 e -40°Cto-5°C
20 (2.1 eq), pyridine (5 eq) 140 22%
CH,Cl, 6.5h

Table 9: Semipinacol rearrangement of diol 146 using in situ triflate activation

The first attempts were carried out using 1 eq of Tf,0 in pyridine. The base was used as a
solvent as in the one-pot rearrangement with the tosylated compound. When Tf,0 was added
at 0 °C, the reaction mixture turned black indicating that some degradation may be occurring
and 140 was obtained in 33% yield along with 16% of the starting material after 3 h (Table 9,
entry 1). The addition was then carried out at -40 °C (entries 2 and 3). When the reaction
mixture was progressively warmed to 0 °C, 140 was isolated in 41% yield, whereas a slightly
better 49% yield was achieved when maintaining the temperature at -40 °C. The semipinacol
rearrangement via triflate 155 was investigated using 2,6-lutidine, a less nucleophilic base than
pyridine.”® The reaction occurred more slowly with 2,6-lutidine giving 140 in only 12% vyield
along with 61% of recovered starting material 146 after 4.25 h, compared to the 49% yield

obtained when pyridine was used (entries 3 and 4).

Further reactions were carried out in dry CH,Cl, with a slight excess of pyridine. When the

reaction was conducted at 0 °C, a low yield of 35% was obtained which was similar to the yield
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obtained using pyridine as the solvent (Table 9, entries 1 and 5). No reaction was observed at -
78 °C, it was therefore necessary to warm the reaction to -40 °C and then to 0 °C for the
reaction to proceed to completion and give 42% of 140 (entry 6).

After 4 h at -40 °C, some starting material was still present with 1.05 eq of Tf,0 and 5 eq of
pyridine. A further equivalent of Tf,0 was added and after 3 h, the reaction appeared
complete by tlc analysis and gave 140 in 59% vyield after purification (Table 9, entry 7). The
yield being improved by the use of 2 eq of Tf,0, it was decided to use 2 eq of Tf,0 from the
start of the reaction in the hope that this might decrease the reaction time (entry 8).
Unfortunately, a precipitate appeared during the addition which did not dissolve even when
warming the reaction mixture to -5 °C. No rearranged product was obtained and only 22% of

starting material 146 was recovered.

The optimum reaction conditions were also applied to the benzyl derivative 145 using 1.5 eq of
Tf,0, providing 119 in 84% vyield (Scheme 51). However when trying to reproduce the
procedure, 119 was obtained in only 35% vyield along with 59% of the starting material.

H Bgn Tf,0, pyridine

N’ CH,Cl, -40 °C, 6.5 h O
L o 84% Bn-N

OH
145 119

Y

Scheme 53

The use of Tf,0 gave the best yield so far for the semipinacol rearrangement of B-lactam diols.
However, the reaction procedure was hard to reproduce. The temperature of the reaction
mixture was definitely an important parameter. The addition needed to be done at -40 °C
otherwise the reaction mixture turned black immediately. The low temperature was also

required throughout the reaction to avoid degradation but resulted in a sluggish conversion.
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2.7  Cyclic activation and semipinacol rearrangement

To avoid regioselective issues in activating the secondary over the tertiary alcohol, cyclic
activation of B-lactam diols was investigated. Cyclic sulfites were first considered because they
have been used in a semipinacol rearrangement (Section 1.3) and because the only by-product
formed is sulfur dioxide which is a gas. Therefore there is no need for a work-up and no loss of
material.

Two bases, pyridine and Et;N, were tested in combination with thionyl chloride in the synthesis

%061 |n each case both isomers of 144 were formed as a 1:1 mixture. When

of cyclic sulfite 144.
pyridine was used, a 91% combined yield was obtained whereas with Et;N, a slightly lower 83%

combined yield was found (Scheme 54).

H SOCI, base H H
PMP 2 PMP PMP
N/ CH20|2’ 0 °C then rt, 4 h N' N'
> +
10 91% (base=pyridine) R e} R o

no O 83% (base=Et;N) H'8 @ H'L O
S °S
\ +

o] o

146 144a 144b

Scheme 54

It was possible to separate the isomers by a careful column chromatography. Proton-NMR
analysis enabled to identify the sulfinyl stereocentre in sulfites 144a and 144b (Figure 8). The
anisotropy of the sulfinyl group results in a downfield shift of the proton adjacent to oxygen
for 144b (5.41 ppm) compared with 144a (5.04 ppm).*>®

1H-NMR chemical shifts in ppm:

458 X 437 X
H pvP H pvp
N N
YR o 7 A o
504 H 0o 541 H 0
O\ / o !
+S\ +S"
o o
144a 144b
Figure 8
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The relative stereochemistry was also confirmed by X-ray crystallography analysis (Figure 9 and
Figure 10). In both cases the C2-C7 bond is shorter than the C2-C3 bond (Table 10). In addition,
as seen in the 02-C1-C2-C7 and the 02-C1-C2-C3 torsion angles, the migrating C2-C7 bond is

better aligned with the breaking C1-O2 bond than the C2-C3 bond.

144a

Figure 9

144b

Figure 10
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144a 144b

C2-c7 1.5394(17) 1.542(2)
Bond length

C2-C3 1.5617(17) 1.558(2)

02-C1-C2-C7  147.23(11)  140.95(13)
Torsion angle

02-C2-C2-C3  -108.61(12) -117.46(14)

Table 10: Selected bond lengths and torsion angles for 144a and 144b

The isolation of 144a and 144b showed that spontaneous semipinacol rearrangement does not
occur under the reaction conditions used for the synthesis of cyclic sulfite 144 (Section 1.3,
Scheme 11).% Different conditions were tested to promote the rearrangement of 144 (Scheme
55 and Table 11). Five relatively high-boiling solvents with different chemical properties were
first investigated. CH3;CN is a polar solvent whereas toluene, triethylbenzene and Ph,0 are non-
polar. Pyridine was also used because this base was enabling the rearrangement of tosylate
151. Refluxing the mixture of cyclic sulfite 144 in CH;CN and toluene led to recovery of the
starting material (Table 11, entries 1 and 2). When pyridine was used as a solvent, the reaction
was complete by tlc analysis but only 23% of diol 146 was isolated (entry 3). Some conversion
was observed when the temperature was raised to 150 °C. However, the reaction rate
increased at 190 °C and bicyclic ketone 140 was obtained in 77% yield after 3.5 h when using

triethylbenzene (entry 4). A 91% yield of 140 was observed after only 2 h with Ph,0 (entry 5).

semipinacol
H H rearrangement
N'PMP N'PMP (Table 11) O
+ >
) ‘ pmp-N
HIT o © T o ©
o/ o1
+S\ +S" S
e} o.
144a 144b 140

Scheme 55
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Entry Reagents work-up T/ time Result
1 CH;CN concentration reflux /5 h 144
2 toluene concentration reflux /5 h 144
3 pyridine concentration reflux /23 h 146 23%
4 triethylbenzene / 190°C/3.5h 140 77%
5 Ph,0 / 190°C/2h 140 91%
6 DMEF H,0, EtOAc reflux /4 h 144 31%
7 DMSO H,0, EtOAc 150°C/18 h  degradation
. 144 4%
8 DMF concentration reflux /6 h
156 58%
BF;.Et,0 (2.1 e MeOH
9 »E£60 (21 eq) , reflux /4 h 157 50%
toluene then concentration
BF3.Et,0 (2.1 eq) ) )
10 concentration reflux/ 18 h degradation
toluene
BF;.Et,0 (2.1 e
11 »£0 (21 eq) H,0, EtOAc reflux / 6 h 140 49%
toluene

Table 11: Semipinacol rearrangement of cyclic sulfite 144

The difference in reactivity for both isomers of the cyclic sulfite was investigated (Scheme 56).
Quantitatively, it was observed that 144a required a longer reaction (135 min) time than 144b
(45 min) for the reaction to go to completion and the yield for the semipinacol rearrangement
was also lower. Analysing the X-ray data, this difference in rate is counterintuitive. Indeed, the
migrating C2-C7 bond in 144a is shorter than in 144b (1.5394(17) vs. 1.542(2)). Moreover, the
02-C1-C2-C7 torsion angle shows a better antiperiplanar alignment between the leaving group
and the migrating group in 144a than in 144b (147.23(11) vs. 140.95(13)). On the other hand,
the S=0 and C=0 dipoles in 144b are more closely aligned than in 144a. Reduction in the
overall dipole moment may rationalize the faster and higher yielding rearrangement of 144b

compared to 144a.
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H pup PN Ph,0 H pmp

N 190 °C, 135 min O 190 °C, 45 min N’
\ 87% -N 100% N
H\‘O /O (@] 0 PMP 0 H 5 ,O (@]
\+S\ (e} :rS_’
o o
144a 140 144b
Scheme 56

The semipinacol rearrangement of cyclic sulfite 144 occurred in an excellent yield at 190 °C in
Ph,0, a non-polar solvent. Further attempts were made using high-boiling polar solvents to
stabilize a possible cation intermediate in order to lower the reaction temperature. Refluxing
144 in DMF for 4 h followed by an aqueous work-up afforded only 31% of recovered starting
material (Table 11, entry 6). A similar result was observed when heating the reaction mixture
to 150 °C in DMSO. None of the rearranged product was obtained and the reaction mixture
was degraded (entry 7). Surprisingly, a second attempt at refluxing cyclic sulfite 144 in DMF
followed by purification of the concentrated reaction mixture afforded amine 156 in 58% yield

(Figure 11 and Table 11, entry 8).5°°’

N OMe
OMe
pmp-N pmp-N

o} o}
156 157

Figure 11

The semipinacol rearrangement of cyclic sulfite 144 in polar solvents did not prove successful.
Another possibility to reduce the temperature for this reaction would be to use a non-polar
solvent like toluene and a Lewis acid to catalise the reaction. Refluxing a mixture of 144 and
BF3.Et,0 in toluene for 4 h, followed by a work-up with MeOH to avoid losing the product in
the aqueous layer, afforded acetal 157 in 50% vyield suggesting that 140 was formed in situ
using these conditions (Table 11, entry 9 and Figure 11). When the reaction mixture was

concentrated without quenching the acid, only degradation was observed (entry 10).
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Surprisingly, the rearranged product 140 was obtained in 49% yield when carrying out the

reaction with BF;.Et,0 for 3 h in refluxing toluene followed by an aqueous work-up (entry 11).

The best conditions developed for the semipinacol rearrangement of N-PMP cyclic sulfite 3-
lactam 144 were then applied on the N-Bn derivative (Scheme 57). Treatment of diol 145 with
thionyl chloride and pyridine in CH,Cl, afforded a 1:1 mixture of sulfite 158 in 92% vyield.

Heating 158 for 2.25 h at 190 °Cin Ph,0 gave bicyclic ketone 119 in an excellent 90% vyield.

H SOCI, pyridine H H Ph,O

B 2 B B 2
El:(:l’ " CH,Cl, 0°C then t, 4.5 h (I:(:l n (;(:1 " 490°C, 2.25h 0o

> + >
92% \ N 90% N
OH OH O ° H\\O /O O H\O P O ° Bn
o o
145 158a 158b 119
Scheme 57

The use of a cyclic phosphorane as first outlined in 1972 by Applequist was also considered
(Section 1.4).18 Treatment of diol 146 with a mixture of DIPEA and PhsPCl,, formed in situ from
PPh; and C,Cls, in refluxing CH5CN for 18 h as described in the literature procedure by DeCamp,
afforded bicyclic ketone 140 in a moderate 53% yield (Scheme 58)."

PPh; (1.5 eq)
C2C|6 (1 5 eq)
DIPEA (3 eq) H

H
N P CHaCN, 1T, 18 h NP O
= v
o) 53% 5 0 pmp-N
OH O-g-Ph O
Ph" Ph
146 159 140
Scheme 58

The work previously carried out on this reaction indicated that bicyclic ketone 140 was quite
robust to acids and sensitive to polar reagents. It was therefore decided to run the reaction
without DIPEA previously used to neutralize the HCI liberated in situ by the reaction of PPh;

with C,Clg. This time the semipinacol rearrangement occurred in an excellent 94% vyield for N-
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PMP derivative 140 and 97% vyield for N-Bn derivative 119 (Scheme 59). The formation of
Ph3PO as a side product did not prove to be a problem for the purification.

PPhs (1.5 eq)
C,Cls (1.5 eq)

N CH4CN, i1, 18 h
Lo — PhsPO

Y

OH
145 (R=Bn) 119 97% (R=Bn)
146 (R=PMP) 140 94% (R=PMP)

Scheme 59

Finally, cyclic carbonates were also investigated as a potential activating group.®® As for the
cyclic sulfites, the rearrangement would be particularly interesting because the only by-
product formed would be gaseous carbon dioxide. Treatment of diol 145 with triphosgene and
pyridine in CH,Cl, afforded 160 in quantitative yield (Scheme 60). Unfortunately, progressively
heating (85 °C to 260 °C) 160 in Ph,0 did not afford the desired bicyclic ketone 119, whereas it

was formed in 90% yield at 190 °C from cyclic sulfite 158 (Scheme 57).

triphosgene
H pgn pyridine H pgn Ph,O
N CH,Cl, 0°Ctort, 1.5 h N 85°Ctolt O
’ > — X
by O 100% 5 O Bn-N
OH o ol
6]
145 160 119
Scheme 60

2.8 Structural assignment of the rearranged product and further
functionalisation

Two different isomers could be obtained via the semipinacol rearrangement of the cis-fused [3-
lactams (Figure 12). Migration may occur either from the “orange” or the “pink” bond and
could therefore give respectively the desired 6-azabicyclo[3.2.1]octane-7,8-dione ring system
140 or the hexahydrocyclopenta[b]pyrrole-2,3-dione ring system 161. As mentioned in the
introduction, it is the bond antiperiplanar to the leaving group which generally migrates, i.e.
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the “orange” bond in the B-lactams synthesized due to the boat conformation adopted.
Moreover, the literature also states that N-acyl groups migrate more readily than alkyl groups

in B-lactams which would favour migration of the “orange” bond.

X

o) 0 0«
Lo L7
N~ ~ N<
" N-pmp pmp-N ' N-pmp
14
X=Ts, Tf 0 Y=S(0), PPhs
X PMP
o
PS)) — 0O - P:)
N~pmp N~-pmp
H o
o 161 o}
Figure 12

It was not possible to determine which isomer was formed in the rearrangement reaction
using NMR or IR spectroscopy. Comparison with similar molecules from the literature was

attempted but it did not permit the unambiguous assignment of the structure.®”*

Crystallographic analysis of the compound formed from the semipinacol rearrangement would
unambiguously assign its structure. Attempts to crystallize 140 proved originally unsuccessful
as the product was an amorphous solid, even after purification by column chromatography.
Tosylhydrazones and oximes generally possess crystalline structures. Treatment of 140 with
tosylhydrazine in refluxing EtOH led only to degradation (Scheme 61).”” The synthesis of oxime
162 was carried out using 7 eq of hydroxylamine hydrochloride and NaOAc in a mixture of H,0
and CH;CN.” These conditions gave an inseparable 1:1 mixture of the E:Z isomers of oxime 162
in 77% yield. Unfortunately, NMR spectroscopic analysis of 162 did not aid in the identification

of the rearranged product, and since 162 was an oil it could not therefore be crystallized.
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NH»-OH.HCI, CH3COONa TsNHNH,

_N...  HyOICH;CN, 100 °C, 20min O EtOH, i1, 18 h

- - 7 “NHTs
pmp-N 77% pmp-N pmp-N
0 0 o
162 140 163
Scheme 61

The final transformation carried out on the rearrangement product 140 was the selective
reduction of the ketone to the secondary alcohol. Treatment of 140 with NaBH,, LiBEt;H or L-
selectride® gave alcohol 164 as a single isomer in 76%, 83% and 80% yield respectively

(Scheme 62).

a) NaBH4
MeOH,0°Ctort,6 h
or b) LiBEtzH OH
THF,0°Ctort,6 h condition a, 76%
I > I condition b, 83%
pvp-N or c) L-selectride® pmp-N condition c, 80%
O THF,0°Ctort, 18 h O
140 164
Scheme 62

An nOe NMR experiment was conducted on 164 to determine which isomer was formed
(Figure 13). When the proton next to the hydroxyl group was excited, it did not show any nOe
enhancement to the axial proton of the 6-membered ring whereas a very small nOe was
observed to the aromatic protons. This suggested that the hydroxyl group was axial. The **C-
NMR spectrum of the secondary alcohol indicated that it was probably the 8-hydroxy-6-(4-
methoxyphenyl)-6-azabicyclo[3.2.1]octan-7-one 164 which was formed rather than 3-hydroxy-
1-(4-methoxyphenyl)hexahydrocyclopenta[b]pyrrol-2(1H)-one 165. Indeed, the downfield peak
at 46.4 ppm on the *C-NMR spectrum corresponded to a carbon next to a carbonyl group. It

was possible to find this arrangement of atoms in 164 but not in 165 (Figure 13).
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nOe analysis

H ¥ OH
H/ﬁs}

H

N
+small
MeO H O . effect
~. ..

164

X-ray crystallography analysis confirmed that the 6-azabicyclo[3.2.1]octane ring system 140
was formed during the semipinacol rearrangement (Figure 14). Surprisingly, the hydrate
crystallized instead of the ketone, suggesting that the formation of a sp’ instead of a sp’
hybridized bridging carbon releases ring strain. Moreover, the hydroxyl groups were involved
in intermolecular hydrogen bonds which stabilized the structure (Figure 15 and Table 12). This

crystal was grown in acetone which often contains traces of water which could attack the

ketone.

hydrate of 140

13C-.NMR analysis

68.2
46.4
61.2 HO /
\ OH \5& O
- 682 N
PPN \46.4 L
o) 61.2
164 165

Figure 13

Figure 14
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Figure 15

D-H...A d(D-H) d(H..A) d(D..A)  <(DHA)
O(1)-H(1A)..02)¥1  0.84 1.97  2.768(7) 157.3
0(2)-H(2A)...0(3)¥2  0.84 1.88  2.706(7) 168.6

Table 12: Hydrogen bonds for 140

2.9 Conclusions

The synthesis of the 6-azabicyclo[3.2.1]octane ring system was successfully achieved in seven
steps via a semipinacol rearrangement of cyclic phosphorane or in eight steps when using
cyclic sulfites (Scheme 63). Elimination of the dithiocarbamate group was achieved through the
combination of LHMDS, a strong base, and methyl iodide. The resulting alkene was

dihydroxylated to give a diol as a single diastereomer which was then rearranged.
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1. RNHZ’ K2003 | hv H R
©/Bf CH4CN, rt ©/N O (500 W halogen lamp) N’
2. (Cl5C0),CO S\(S cyclohexane, 1t o
pyridine NEt, ELN. 8 |
PhCHj, rt N
3. Et,NC(S)SNa S
I
acetone, rt or 95 91% (R=Bn) 97 86% (R=Bn)
122 127 90% (R=PMP) 128 84% (R=PMP)
Mel, LHMDS
THF, -78 °C
cat. 0sO, NMO
PhsP, CI3CCCly H R acetone, H,O H R
CH3CN, 1,18 h N 40°C,18h Qil
OH © 0
OH
119 97% (R=Bn) 145 74% (R=Bn) 120 93% (R=Bn)
140 94% (R=PMP) 146 81% (R=PMP) 130 99% (R=PMP)
SOCly, pyridine
H R CH2C|2
Ph,0, 190 °C N’ 0°Ctort
119 90% (R=Bn) b O 15892% (R=Bn)
140 91% (R=PMP) O.J 144 91% (R=PMP)
N\
o)

Scheme 63
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Chapter three:

Methodology scope and limitations
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The 7,8-diketo-6-azabicyclo[3.2.1]octane ring systems 119 and 140 were successfully
synthesized via a semipinacol rearrangement of cis-fused B-lactam diols 145 and 146 (Scheme

64).

145 (R=Bn) 119 (R=Bn)
146 (R=PMP) 140 (R=PMP)

Scheme 64

In this Chapter, additional R groups (iPr, CgH,;, PMB, Ts, H) on the nitrogen will be investigated
in order to determine if electron-withdrawing or electron-donating groups will influence the
rearrangement. The complexity on the cyclohexane ring will be increased with incorporation of
methyl groups and oxygenation. Finally, the synthesis and rearrangement of different

cycloalkane-fused -lactams will be attempted.

3.1 Use of different N-substituents

3.1.1 N-Isopropylamine derivative

Peduncularine, an alkaloid formed of a 6-azabicyclo[3.2.1]oct-3-ene ring system, possesses an
isopropyl substituent on the nitrogen (Figure 2, Section 1.7). The effect of this alkyl group on
the methodology was investigated. Alkylation of 3-bromocyclohexene 122 using
isopropylamine and K,CO; in CH3;CN initially proved problematic (Scheme 65). Full conversion
was observed after 4 h at rt but only 28% of 166 was isolated after a work-up using EtOAc to
extract the aqueous layer. This was attributed to the low molecular weight of amine 166 (MW
139 g.mol™) which conferred a high volatility for this molecule. Using Et,O instead of EtOAc for
the extraction solved the problem and 166 was isolated in 95% vyield on a 1.5 g scale.

Purification was not attempted because column chromatography would have required using
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EtOAc or Et;N to elute the desired product 166. However, repetition of this reaction proved

difficult even when carefully concentrating Et,0 under reduced pressure.

iPr iPrNH,, K,CO; iPrNH, K,CO;, iPr
©/NH CH5CN, rt, 4 h ©/Br CH5CN, rt, 4 h ©/NH
w/u: EtOAc, H,O w/u: Et,0, H,O
166 28% 122 166 95%
Scheme 65

As it was difficult to isolate 166, the reaction was carried out using acetone instead of CH;CN
because of its lower boiling point which should facilitate the work-up (Scheme 66). Even after
6.5 h at rt, the reaction was not complete and heating to reflux for 18 h was required. Some

degradation was observed and purification of the crude mixture gave amine 166 in a low 23%

yield.
iPrNH, K,COs5 ir
©/Br (CH5),CO, rtto It, 18 h ©/NH
w/u: Et,0, H,O
122 166 23%
Scheme 66

Synthesis of carbamoyl chloride 167 was attempted using triphosgene and pyridine in toluene
(Scheme 67). After 18 h at rt, complete consumption of the starting material was observed but
tlc analysis did not show any new components. Poor mass recovery was obtained after work-
up.

iFI’r triphosgene, pyridine iF:r

NH toluene, rt, 18 h NYO
J - (JT

166 167

Scheme 67

Another strategy was developed to access carbamoyl chloride 167. It was decided to isolate
isopropylamine 166 as its hydrochloride salt to avoid any volatility issues (Scheme 68). Amine
hydrochloride 168 was obtained as a viscous oil in 93% vyield after work-up and further

purification was not required.
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iPrNH, K,CO; JBr(c1,c0),cO iPr

Br  CH4CN, rt, 4 h NHz (Table 13) N\fo
> Cl Cl
w/u: Et,0, H,O
122 then HCI in dioxane 168 93% 167

Scheme 68

When 168 was treated with 2.5 eq of pyridine and 0.37 eq of triphosgene, consumption of the
starting material was observed but only degradation was obtained after 18 h at 60 °C or 115 °C
(Table 13, entries 1 and 2). A new product was observed on tlc when a mixture of triphosgene
and nBuli in THF was used (entry 3). However, a different product was detected after the

work-up indicating possible hydrolytic instability of carbamoyl chloride 167.

Entry Reagents T/ time Result

Cl;C0O),CO (0.37 eq), pyridine (2.5 e
(ClsCO);CO ( a, py ( a) 60°C/18 h degradation

toluene
Cl;C0O),CO (0.37 eq), pyridine (2.5 e
2 (CCO)CO a). py ( a reflux / 18 h degradation
toluene
Cl;C0),CO (0.37 eq), nBuLi (2.2 e
(CLCo)CO THIC:) ( a) -78°Ctort/5h  degradation

Table 13: Attempts to synthesize carbamoyl chloride 167 from 168

Formation of dithiocarbamate 169 in one pot from 168 was then investigated (Scheme 69).
Amine hydrochloride 168 was treated with triphosgene and pyridine in toluene at rt for 18 h.
The reaction mixture was concentrated, the residue obtained was re-suspended in acetone
and sodium diethyldithiocarbamate trihydrate was added. After 18 h at rt, 10% of
dithiocarbamate 169 was formed. The yield was improved to 44% when the reaction was
carried out using nBuli in THF and when the dithiocarbamate salt was added directly to the
ethereal mixture along with a small amount of acetone to improve solubility.

iPr (ClsCO),CO, pyridine SR (C1,0),C0, nBuLi iPr

Q/NYO toluene, rt 18 h ©/N'jz THF,-78°Ctort, 4.5h Q/NYO
SYS then Et,NC(S)SNa.3H,0 €l then Et,NC(S)SNa.3H,0 S S
acetone, rt, 18 h acetone, rt, 18 h

NEt, NEt,
169 10% 168 169 44%

Scheme 69
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Irradiation of 169 with a 500 W halogen lamp gave B-lactam 170 in 69% vyield after 4.5 h in
cyclohexane and in 42% yield after 3 h in chlorobenzene (Scheme 70).

|I?r H p
N\(O hv (500 W halogen lamp) N’I '
©/ S\®  69% Y
\I¢ o (cyclohexane, 11, 4.5 h) e}
0,
NEt, 42% (chlorobenzene, 11, 3 h) Et,N S
169 \g/ 170

Scheme 70

Elimination of the dithiocarbamate group in 170 proved problematic (Scheme 71 and Table
14). Alkene 171 was formed in 33% yield when 1.1 eq of LHMDS and Mel were used (entry 1).
The yield increased to 56% with 1.6 eq but the reaction did not go to completion with 28% of
starting material being recovered (entry 2). Interestingly, isomerisation to the non-conjugated
alkene did not occur even when warming the reaction to rt. Increasing the amount of base and
alkylating agent did not drive the reaction to completion (entry 3).

Diol 172 was synthesized in 15% yield when alkene 171 was treated with cat. 0sO, and NMO
for 18 h at 40 °C (Scheme 71). This reaction was carried out only once. With only a small

amount of diol 172 formed, the semipinacol rearrangement could not be attempted.

0sO, NMO
H . elimination H . (CH3),CO, H,0, tBuOH H .
(l:(:'l,lPr (Table 14) Ct{lpr 40 °C, 18 h (;Lk_lilpr
e -
o,
Et,N_ _S OH
\g/ 170 171 172
Scheme 71
Entry Reagents in THF T/ time Result
170 43%
1 Mel, LHMDS (1.1 eq) -78°C/7.5h
171 33%
170 28%
2 Mel, LHMDS (1.6 eq) -78°Ctort/18h
171 56%
1:1 mixture
3 Mel, LHMDS (3 eq) -78°Ctort/18 h
170:171

Table 14: Synthesis of alkene 171 via elimination of the dithiocarbamate group
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In summary, with an isopropyl substituent on the nitrogen, the synthetic sequence to obtain
diol 172 was poor yielding throughout. Due to its low molecular weight, amine 166 was
difficult to handle and it was poorly reactive towards the formation of carbamoyl chloride 167.
Radical cyclisation to form B-lactam 170 was efficient and stereoselective, but elimination of

the dithiocarbamate group and subsequent oxidation of alkene 171 were problematic.

3.1.2 N-Octylamine derivative

The semipinacol rearrangement could not be attempted for the N-isopropyl substituent due to
the difficulty in accessing diol 172. It was therefore decided to explore the influence of a linear
alkyl chain which will still be electron-donating but less sterically demanding. Reaction of 3-
bromocyclohexene 122 with 1-octylamine afforded 173 in 76% yield (Scheme 72). Treatment
of secondary amine 173 with triphosgene and pyridine in toluene at rt for 18 h gave carbamoyl
chloride 174 in 97% vyield after work-up. Formation of the radical cyclisation precursor 175
occurred in 82% yield using sodium diethyldithiocarbamate trihydrate in acetone at rt for 18 h.
Irradiation of 175 in cyclohexane for 4 h with a 500 W halogen lamp gave B-lactam 176 as a

single isomer in an excellent 91% yield.

CH3(CH,);NH, K,CO4 (CH2)7CH3  triphosgene, pyridine (CH2);CH3
@\ CH4CN, 1t, 4.25 h ©/N\H PhCH,, rt, 18 h NYO
Br 76% 97% Cl
122 173 174
Et,NC(S)SNa.3H,0 (CH2)7CH3 1\, (500 W halogen lamp) H  craen
(CH3),CO, 1t, 18 h Q/NYO CeHiz U1, 4 h y (CHa)CHs
82% S\ 91% o
H
NEt, EtZN\n/S
175 g 176
Scheme 72

As for the N-isopropyl B-lactam 170, the elimination of the dithiocarbamate group in 176
proved to be problematic (Scheme 73 and Table 15). Conversion from dithiocarbamate 176 to

alkene 177 was very slow when using 1.1 eq of Mel and LHMDS (entry 1). To drive the reaction
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to completion, 0.5 eq of reagents were added and the mixture was warmed from -78 °C to rt
over 18 h. Unsurprisingly, a 1.0:0.58 mixture of alkenes 177:178 was obtained in 89% yield.
Separation of the isomers by column chromatography was difficult but nevertheless possible.
The portionwise addition of 1.6 eq of LHMDS and Mel to a solution of dithiocarbamate 176 in
THF at -78 °C followed by warming to rt over 5 h gave alkene 177 in 72% yield contaminated

with 22% of starting material 176 (entry 2).

H elimination H H
CH,),CH CH,),CH CH,),CH
N/( 2)7CH3 (Table 15) N’( 2)7CH3 N/( 2)7CH3
—_— > | +
) 0 Ne)
Eth\n/S
17 177 17
S 6 8
Scheme 73
Entry Reagents in THF T/ time Result

1 Mel, LHMDS (1.1+0.5eq) -78°Ctort/18h 177:178 1.0:0.58 89%

177 72%
2 Mel, LHMDS (1.6 eq) -78°Ctort/36h . )
mixed with 176 22%
176 13%
3 Mel, LHMDS (10 eq) -78°C/2.5h
177 51%
4 Mel, LHMDS (10 eq) -78°C/5h 177:178 1.0:0.29 74%
177 73%
5 Mel, LHMDS (10 eq) -78°Ctort/4h . ]
mixed with 13% 176:178
6 Mel, LHMDS (2 x 1.5 eq) -78°C/10h 177 67%
7 Mel, LHMDS (4 x 1 eq) -78°C/9h 177 68%

Table 15: Synthesis of alkene 177 via elimination of the dithiocarbamate group

An excess of reagents was required to drive the elimination to completion. The use of 10 eq of
base and Mel at -78 °C gave partial conversion after 2.5 h and full conversion after 5 h (Table
15, entries 3 and 4). When the reaction was allowed to warm to rt over 4 h, the conversion
was good affording 73% of alkene 177 mixed with a small amount of 176 and 178 (entry 5).

Finally, it was decided to keep the reaction mixture at -78 °C and to add the reagents
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portionwise. Alkene 177 was isolated cleanly in 67% yield and 68% yield when using 3 or 4 eq

respectively (entries 6 and 7).

Dihydroxylation of alkene 177 using NMO and a sub-stoichiometric amount of OsO, afforded
diol 179 in 80% vyield (Scheme 74). Formation of cyclic sulfites 180 proceeded in 83% yield
using thionyl chloride and pyridine in CH,Cl, for 4 h. The 1:1 mixture of isomers was separated
to allow characterisation.”? The semipinacol rearrangement of a 1:1 mixture of 180 gave
bicyclic ketone 181 in 93% yield after 2 h at 190 °C, 77% yield over 2 steps from 179. Treatment

of diol 179 with PPh; and C,Clg for 18 h in refluxing CH;CN afforded bicyclic ketone 181 in 80%

yield.
03041 NMO
H (CH3),CO, H,O, tBuOH H PPhs C,Clg
ij N Ok CHs 40°C, 18 h N OO cpen i e ©
0 80% by O 80% HaC(H,C);~ N
OH Y
177 179 181
SOCly, pyridine Ph,O
CH,Cl, 0°Ctort, 4 h 190 °C, 2 h
83% @CHz 7CH3(|:(:QCH2)7CH3 93%
H\“ WY IO
S,
o_ o_
180a 180b

Scheme 74

In summary, 7,8-diketo-6-azabicyclo[3.2.1]octane ring structure 181 was obtained in an overall
24% vyield from 3-bromocyclohexene 122 via a semipinacol rearrangement with cyclic
phosphorane activation. A similar overall 23% yield was obtained using cyclic sulfite activation.
Apart from the elimination of the dithiocarbamate group, all of the steps afforded the desired
compounds in high yield. The basic elimination required optimisation and the yield was

improved even if it was lower than that obtained with the N-Bn and N-PMP derivatives.
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3.1.3 N-Tosylamine derivative

An electron-withdrawing group on the nitrogen might influence the semipinacol
rearrangement of cis-fused PB-lactam diols. Moreover, it could play a role in the radical
cyclisation-dithiocarbamate group transfer. Indeed, Rigby and co-workers described in 1998
the formation of N-Ts carbamoyl radicals from Se-phenyl selenocarbamates and subsequent 5-
exo trig cyclisation.”* Their results contrasted with the work from Barrett et al. which showed
that non-fully substituted carbamoyl radicals obtained from Se-phenyl selenocarbamates
afforded only formamides.”

Reaction of tosylamine with 3-bromocyclohexene 122 and K,CO; in refluxing acetone afforded
sulfonamide 182 in 67% yield (Scheme 75).”° Formation of the carbamoy! chloride derivative
183 proved difficult (Table 16). Reacting tosylamine 182 with triphosgene and pyridine in
toluene afforded only starting material after 18 h at rt (entry 1). Refluxing the reaction mixture
for 4.5 h after 18 h at rt did not improve the conversion (entry 2). Spagnolo and co-workers
published the synthesis of tosyl-substituted carbamoyl chlorides using a mixture of
triphosgene and pyridine in benzene.”” Unfortunately, changing the solvent to benzene did not
afford the desired carbamoyl chloride 183 (entry 3). Increasing the temperature to 40 °C or
115 °C only resulted in recovered starting material after 18 h (entry 4 and 5).”

Use of a stronger base than pyridine was considered. NaH, LHMDS, DBU and nBuli in toluene

79-80

at different temperatures gave no reaction (Table 16, entry 6-10). When using 2.5 eq of
nBuLi or LHMDS in THF, no conversion was observed (entry 11 and 12).®* Finally, using NaH in

DMF at 115 °C did not afford the desired product (entry 13).

TsNH, K;CO3 Ts triphosgene TS
©/Br (CH3),CO, 0 °C to i1, 18 h ©/N\H (Table 16) NYO
> —
67% Cl
122 182 183
Scheme 75

[65]



Entry Reagents T/ time Result
Cl;C0),CO (0.37 eq), pyridine (1.2 e
1 (ClsCO),CO ( a), py ( a) t/ 18 h 182
toluene
5 (ClsC0),CO (0.37 eq), pyridine (1.2 eq) rt (18 h) 182
toluene then reflux (4.5 h)
Cl;C0),CO (0.37 eq), pyridine (1.2 e
3 (ClsCO),CO ( a), py ( a) 0°Ctort/5h 182
benzene
Cl;C0),CO (0.37 eq), pyridine (1.2 e
4 (ClsCO),CO ( a), py ( a) 40°C/18h 182
toluene
Cl;C0),CO (0.37 eq), pyridine (1.2 e
5  (ChCORCO(0.37eq) pyridine (1.2eq) o /1o 182
toluene
Cl;C0),0 (0.37 eq), NaH (1.2 e
(CsCO)0 ( a) ( a) rt to reflux /18 h 182
toluene
Cl;C0),0 (0.37 eq), LHMDS (1.2 e
(C1CO)0 ( A (1.2 eq) 0°Ctort/4.5h 182
toluene
Cl;C0),0 (0.37 eq), LHMDS (2.5 e
8 (C1sCO)0 ( a) ( a) rt to reflux /5 h 182
toluene
Cl;C0),0 (0.37 eq), DBU (5 e
9 (C1C0)0 ( a (5 eq) reflux / 18 h 182
toluene
Cl;C0),0 (0.37 eq), nBuLi (2.5 e
10 (CCO)0 ( a (25ea)  gecto rt/18h 182
toluene
Cl;C0),0 (0.37 eq), nBuLi (2.5 e
11 (C1COR0 a (25ea)  gecto rt/18 h 182
THF
Cl;C0),0 (0.37 eq), LHMDS (2.5 e
12 (C1COR0 al (25ed)  gecto rt/18 h 182
THF
Cl;C0),0 (0.37 eq), NaH (5 e
13 (Cl3C0),0 ( DMI(:l) (5eq) 115°C/18 h 182

Table 16: Attempts to synthesize carbamoyl chloride 183

The difficulty in forming carbamoyl chloride 183 might be due to the product being highly
unstable. Formation of dithiocarbamate 185 followed by reaction with 3-bromocyclohexene
122 to form dithiocarbamate 186 was considered as an alternative strategy to avoid the use of

a carbamoyl chloride intermediate (Scheme 76).
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Scheme 76

The first attempt to synthesize 185 involved treatment of a solution of commercially available
isocyanate 184 with sodium diethyldithiocarbamate trihydrate with the exclusion of light
(Scheme 77). Consumption of the isocyanate was observed at rt but 185 was not isolated.
When the same reaction was attempted with dry acetone as solvent and P,0s-dried
dithiocarbamate salt, a yellow solid was obtained. Unfortunately, the *H-NMR spectrum did
not show any aromatic protons, ruling out the formation of 185.

Et,NC(S)SNa.3H,0 o s

0 (CH3),CO,0°Ctort, 8 h
1 3)2 ’ y
@—S—Nzczo > TS\HJ\SJ\NEQ

1
exclusion of light
184 185

Et,NC(S)SNa o s

o dry (CH;),CO, rt, 18 h

n 3/2 » Ih Tso
@S—N=C=O > S NJ\SJ\NEtZ

3 H

exclusion of light
184 185

Scheme 77

The lack of success for the formation of dithiocarbamate 185 might also be due to its
instability. A one-pot procedure for the formation of 186 was attempted using tosyl isocyanate
184, dry sodium diethyldithiocarbamate and K,CO; in dry acetone (Scheme 78). The reaction
mixture turned bright yellow upon addition of the dithiocarbamate sodium salt. However after
five seconds, a white suspension reformed. After 18 h at rt, full consumption of the starting

material was observed and dithiocarbamate 187 was obtained in quantitative yield.
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Et,NC(S)SNa

K,CO3
Br dry (CH3),CO, rt, 18 h S S
+ Ts—N=C=0 - Y
NEt,
100%
122 184 187
Scheme 78

In summary, the influence of a tosyl substituent on the nitrogen of the lactam functional group
for the radical cyclisation and the semipinacol rearrangement could not be assessed. Indeed, it
was not possible to form carbamoyl chloride 183 or dithiocarbamate 186 under a wide range
of conditions, suggesting the electron-withdrawing nature of the tosyl group reduces the

nucleophilicity of the nitrogen and/or decreases the stability of 183.

3.1.4 N-para-Methoxybenzylamine derivative

The scope of the methodology was extended to a PMB protecting group on the nitrogen. This
group is of particular interest because it can be deprotected under generally mild oxidative
conditions, orthogonal to the reducing conditions required for the removal of a benzyl group
from nitrogen.®> Further functional group transformation of the lactam after the
rearrangement would then be facilitated. Treatment of 3-bromocyclohexene 122 with
PMBNH, and K,CO; afforded secondary amine 188 in 89% vyield (Scheme 79). Complete
conversion to form carbamoyl chloride 189 was observed when 188 was reacted with a
mixture of triphosgene and pyridine in toluene. However, after purification by column
chromatography, 189 was formed in only 39% yield. To avoid degradation, it was decided to
treat crude carbamoyl chloride 189 with sodium diethyldithiocarbamate trihydrate and
dithiocarbamate 190 was now obtained in an excellent 83% yield over 2 steps. Irradiation of
190 in cyclohexane for 4 h with a 500 W halogen lamp gave B-lactam 191 in 80% yield as a

single isomer.
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PMBNH, K,CO3 P'Y'B triphosgene, pyridine P'YlB
@\ CH4CN, rt, 7.5 h ©/N\H PhCH,, rt, 18 h ©/NYO
Br 89% Cl
122 188 189
Et,NC PMB
H>NC(S)SNa.3H,0 | hv (500 W halogen lamp) H puvB
(CH3),CO, rt, 18 h NYO CgHip, I, 4 h N’
83% S\(S 80% o
H
over 2 steps NEt, Et,N S
190 \[S]/ 191
Scheme 79

Low-temperature elimination of the dithiocarbamate group with LHMDS and Mel gave
conjugated alkene 192 in 88% vyield (Scheme 80). Dihydroxylation using cat. 0sO, and NMO

afforded diol 193 in 80% vyield as a single isomer.

0sO, NMO
Mel, LHMDS H (CH3),CO, H,0, tBUOH H
PMB F 78°C. 8 h FPMB 40°C, 18 h .PMB
N L N . N
N 88% o 80% L 0
EtzN\n/S OH
I 101 192 193
Scheme 80

Cyclic sulfites 194a and 194b were obtained as a 1:1 mixture in 93% vyield and subsequent
heating at 190 °C for 2.25 h in Ph,0 afforded 195 in 83% yield or 77% yield over 2 steps from
193 (Scheme 81). Finally, the semipinacol rearrangement of diol 193 using cyclic phosphorane
activation to form the 7,8-diketo-6-azabicyclo[3.2.1]octane structure 195 proceeded in 80%

yield upon treatment of 193 with PPh; and hexachloroethane in refluxing CH;CN.
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H pvB

SOCI, pyridine (;(:K
’ N ) Ph,O
(: (: o, i\ \\ o,
H2 |2 3A) 3A) 190°C 225h

. 0.9
O0°Ctort,4h S,
H pvB 0.
N’ 194a 194b .
PMB-
OoH ©
OH
193 195
PPh; C,Clg
CH4CN, i, 18 h T
80%
Scheme 81

In summary, bicyclic ketone 195 can be synthesized in 32% or 33% overall yield from 3-
bromocyclohexene 122 via a semipinacol rearrangement of cyclic sulfites 194 or cyclic
phosphorane activation of diol 193, respectively. All of the steps were high yielding (>80%) and

apart from carbamoyl chloride 189, all of the intermediates were stable.

3.1.5 N-H derivative by deprotection of the PMB group

Finally, the semipinacol rearrangement of a non-protected [(-lactam was investigated.
Deprotection of the PMB group was first considered because on an amide it can be removed
under neutral oxidative conditions with CAN.**®** In the reaction sequence developed, it was in
theory possible to deprotect the amide functional group either on alkene 192 or diol 193.
Treatment of alkene 192 with 4.5 eq of CAN in a 2:1 mixture of CH;CN:H,0 for 4 h at rt did not
afford secondary lactam 196 (Scheme 82).* The starting material was completely consumed
and para-methoxybenzaldehyde 197 was isolated in 92% yield, thus indicating that 196 was

probably unstable under the reaction conditions.

H PMB CAN H Q
e 0O MeO
192 196 197 92%
Scheme 82
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The same behaviour was observed when diol 193 was treated with CAN in a 2:1 mixture of
CH3CN:H,0 for 1 h at rt (Scheme 83). Using a 2:1 mixture of CH;CN:MeOH as described by

Isobe did not enable the isolation of diol 198.2°

H CAN H puB CAN H
Qtt_' fH3CN, H,O, rt, 4 h q:tl CH3CN, MeOH, rt, 3 rL (l:tt_'
OHOH © OHOH © OHOH ©
198 193 198
Scheme 83

In summary, it was not possible to investigate the semipinacol rearrangement in the absence
of a substituent on nitrogen. Formation of 197 indicates that deprotection was probably taking

place. However, isolation of strained alkene 196 or polar diol 198 proved impossible.

3.2  Presence of methyl groups on the cyclohexane moiety

Isophorone 199 is a readily available ketone possessing a gem-dimethyl and a methyl-
substituted cyclic alkene which made it an ideal starting point to incorporate methyl groups on
the cyclohexane ring fused to the B-lactam. The synthesis of imine 200 was attempted using
TiCl, and an excess of benzylamine (Scheme 84 and Table 17, entry 1).* Degradation was
obtained after 1 h in refluxing hexane. Only starting material was observed when the reaction
was carried out with TiCl, in solution in toluene for 18 h at 75 °C (entry 2). The same result was
observed using 4 A molecular sieves as a desiccant in CH,Cl, (entry 3).%

Imine formation

0] (Table 17)
Bn

Y

199 200

Scheme 84

[71]



Entry Reagents T/ time Result

BnNH, (6 eq), TiCl, (1.3 eq)

1 O°Ctoreflux/1h  degradation

hexane
BnNH, (1.05 eq), TiCl, in PhCH; (1.3 e

2 2 a), Ticla 3(1.3eq) 0°Cto75°C/ 18 h 199

PhCH,
BnNH, (1.05 eq), MS 4A t(3h

3 nNH, ( eq) rt (3 h) 199

CH,Cl, then reflux (3 h)

Table 17: Benzylimine formation on isophorone

Imine 200 may be quite unstable which made its isolation difficult. Reductive amination to
form benzylamine 201 was therefore attempted (Scheme 85 and Table 18). Using 1.05 eq of
BnNH, and Ti(OiPr),;, no conversion was observed at rt and heating was required to observe
some conversion. An additional equivalent of benzylamine was needed to drive the imine
formation to completion. Subsequent reduction with NaBH, gave amine 201 in a modest 38%
yield (entry 1). Using 3 eq of benzylamine from the start did not afford complete formation of
imine 200 and an additional 3 eq were necessary. Amine 201 was obtained in 68% yield after in
situ reduction of the imine which required 3 eq of NaBH, in refluxing MeOH (entry 2). With 9
eq of benzylamine from the beginning, the imine synthesis was complete after 7.5 h and
subsequent reduction afforded amine 201 in 57% yield (entry 3). This particular reaction was

carried out on a larger scale (10 times) than for entry 2, which might explain the lower yield.

reductive amination Bn

O (Table 18) NH

-

199 201

Scheme 85
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Entry Reagents in MeOH T/ time Result

BnNH, (2 x 1.05 eq), Ti(QiPr), (1.05 eq) rt to reflux /18 h

201 38%
then NaBH, (1.05 eq) then0°Ctort/2h 0
BnNH, (2 x 3 eq), Ti(OiPr), (1.05 e reflux /18 h
2 ( a), Ti(OiPr)4 ( a) / 201 68%
then NaBH, (1 + 2 eq) then reflux /18 h
BnNH, (9 eq), Ti(OiPr), (1.05 e reflux /7.5 h
3 2 (9 eq), Ti(OiPr), ( a) / 201 57%
then NaBH, (4 eq) then reflux /18 h

Table 18: Reductive amination of isophorone199

Treatment of amine 201 with triphosgene and pyridine in toluene for 18 h at rt afforded a
carbamoyl chloride which proved unstable to purification on silica gel. Repeating the reaction
and submitting the crude material obtained to sodium diethyldithiocarbamate in acetone at rt
for 18 h afforded 202 in 81% yield over 2 steps (Scheme 86). When dithiocarbamate 202 was
irradiated with a 500 W halogen lamp in cyclohexane or in isopropanol, the starting material
was recovered (Table 19, entries 1 and 2). Degradation of the reaction mixture was observed

when chlorobenzene was used as the solvent (entry 3).

Bn Bn

7 1. triphosgene, pyridine ] hv B
NH  PhCHa, rt, 18 h, 91% NYO (Table 19) N
> ——
2. Et,NC(S)SNa.3H,0 S\ ""l\\o
(CH53),CO, rt, 18 h, 89% NEt, Et,N_ S O
201 202 \[S]/ 203
Scheme 86
Entry Solvent T/ time Result

1 hv, cyclohexane reflux / 4.25 h 202

2 hv, iPrOH reflux /4.25 h 202

3 hv, CgHsCl reflux /7 h degradation

Table 19: Attempts to synthesize f-lactam 203 via radical cyclisation

Previous work in the Grainger group had shown that a dithiocarbamate group transfer on a
tertiary radical is possible even if it decreases the overall efficiency of the process. Indeed,

irradiation of 204 in cyclohexane afforded y-lactam 205 via a 5-exo trig cyclisation in 96% vyield
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whereas 207 which bears two geminal methyl groups was obtained in only 52% vyield from
dithiocarbamate 206 (Scheme 87).°*?” Moreover, when the 4-exo trig radical cyclisation was
studied, only trace amounts of B-lactam 211 were formed compared to 209 being obtained in
70% yield. This shows that the combination of a slower and potentially reversible 4-exo trig
cyclisation with a less efficient group transfer on a tertiary radical did not allow the formation

of B-lactam 203.

S
Bn EtzN/lkS Bn EtzNJ(S
N0 hv /\/N © —>
- N
S. s 96% o0 i, S__S 70% 7 g
204 205 208 Y 209
NEt, NEt,
S
Bn Et,N~ Ng Bn Et,N
)\/\/N o _hv y \KVN\(O LG
S. s 52% o, S._S 5%
206 207 210 211
NEt, NEt,
Scheme 87

An alternative for the incorporation of methyl groups on the cyclohexane ring fused to the [3-
lactam was to start from isophorol 212 which is also commercially available. Reacting 212 with
NaH and trichloroacetonitrile formed imidate 213 which was used directly in the next step
without any purification (Scheme 88). Refluxing 213 in xylenes afforded trichloroacetamide

214 in 47% yield over 2 steps via an Overman rearrangement.89

NaH, Cl;CCN i ] xylenes H
Et,0,10°Ctort, 6 h 11, 1h ﬁ/NYo
» —_
47% CCls
OH clC. O over 2 steps
3
212 \[1\1174 213 214
Scheme 88

In 2003, Wynne demonstrated that thioesters could be formed from trichloroacetyl chlorides

via nucleophilic substitution with thiols.® Displacement of the trichloromethyl group of 214
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with sodium diethyldithiocarbamate was therefore investigated. When acetamide 214 was
treated with sodium diethyldithiocarbamate for 5.5 h in refluxing acetone, starting material
was recovered (Scheme 89). Thinking that the trichloroacetyl group could act as a protecting
group, it was decided to form carbamoyl chloride 216 by reacting 214 with triphosgene and

pyridine in toluene. After 18 h at rt, only starting material was observed.

Cl,C__O
H Et,NC(S)SNa H triphosgene, pyridine \f
N__O (CH3),CO, 11,55h N\[&o PhCHs rt, 18 h NYO
SYS - CCl, o cl
215 NEb 214 216
Scheme 89

Hydrolysis of the trichloroacetamide functional group is possible under strongly basic or acidic

91-94

conditions. No reaction was observed when 214 was refluxed for 18 h in a 1 M aqueous

solution of NaOH (Scheme 90 and Table 20, entry 1).

H hydrolysis
NYO (Table 20) NH>
——>
CCl3

214 217
Scheme 90
Entry Reagents T/ time Result
1 NaOH (1 M aq), EtOH reflux / 18 h 214
2 NaOH (6 M aq), EtOH 85°C/8h 214
3 NaOH (6 M aq), EtOH reflux /18 h degradation

4 NaOH (6 M aqg), EtOH 150 °C (uw)/1.5h degradation

5 NaOH (2.5 eq), EtOH reflux/3 h 214

6 HCI (6 M ag), MeOH reflux /4 h 214

Table 20: Hydrolysis of the trichloroacetyl group in 214

The same result was obtained when 214 in a 1:1 mixture of EtOH and 6 M agq. solution of NaOH

was heated at 85 °C for 8 h (Table 20, entry 2). After 18 h at reflux or 1.5 h at 150 °C,
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degradation was observed (entries 3 and 4). Under anhydrous conditions, no reaction was
observed after 3 h in refluxing ethanol (entry 5). Finally, strongly acidic conditions did not

afford any of the desired allylic amine 216 (entry 6).

In 2010, Tomkinson and co-workers described a selective reduction of the
trichloroacetimidate group over a carbamate functional group using NaBH,.>> Treatment of
acetamide 214 with 4 eq of NaBH, added portionwise did not afford any of the reduced
product 217 (Scheme 91). An alternative reduction procedure was treatment of 214 with
BH,.”® Starting material was recovered after 18 h in refluxing THF instead of the expected
protected amine 218.

BQHs in THF

NaBH, H
NH; MeOH rt,3h N 0 THF, !1, 18h W
CCl3 CCl,

217 218

ZT

Scheme 91

The degradation observed during the attempted hydrolysis of acetamide 214 suggested that
amine 217 might be unstable. It was therefore decided to alkylate acetamide 214 prior to
transformation of the amide functional group (Scheme 92).>* A 1.0:0.5 ratio of 214:219 was
obtained when 1.2 eq of NaH and 1.4 eq of Mel in combination with a sub-stoichiometric
amount of 18-crown-6 were used (Table 21, entry 1). NaH was introduced at -15 °C and the
reaction mixture was progressively allowed to warm to rt. Increasing the temperature to reflux
of THF improved the conversion and a greater amount of 219 was formed when an excess of
reagents was used (entry 2). Complete methylation was observed with 5 eq of base and 10 eq
of Mel (entry 3). Unfortunately, degradation of the reaction mixture also increased and

acetamide 219 was isolated in only 19% yield.
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Me Me

H o methylation lll o lll o
----- »
ﬁ/ CCl, ﬁ/ CCl; 777 > S\(S

214 219 220 NEt,

\j

Scheme 92

Entry Reagents in THF T/ time Result

-15°Cthenrt (2 h) 1.0:0.5
then reflux (21 h) 214:219
-15 °Cthen rt (3.5 h) 1.0:3.8
then reflux (18 h) 214:219

1 NaH (1.2 eq), Mel (1.4 eq)

2 NaH (2.5 eq), Mel (5 eq)

3 NaH (5 eq), Mel (10 eq) -15°Cthenrt/5.5h 219 19%

Table 21: N-methylation of acetamide 214

Another strategy for the synthesis of the trimethylcyclohexane substrate was considered. In
1997, Ichikawa described the preparation of amino sugars through an allyl cyanate to
isocyanate rearrangement (Scheme 93).”” Carbamate 222 was dehydrated to give allyl cyanate
223 which then underwent a [3,3]-sigmatropic rearrangement to form isocyanate 224.

Addition of a nucleophile such as MeOH gave carbamate 225.

carbamate
formatlon Q/ dehydration [3,3] (j/ MeOH (j/

O \\\N
221 222 223 224 225

Scheme 93

Following the literature procedure, isophorol 212 was reacted with commercially available
trichloroacetyl isocyanate and subsequent methanolysis gave carbamate 226 (Scheme 94).
Dehydration under Appel reaction conditions followed by nucleophilic addition of methanol

gave carbamate 227 in 62% yield.”®
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1. ClsCC(O)NCO, CH,Cl, 1. Et;N, PPhs CBr, H
0°Ctort, 2 h CH,Cl, 0°Ctort, 1h >©/NYO

OMe
2. K,CO3 MeOH, H,0O 2. BuzSnOMe
OH 0°Ctort,3.5h o) NH, MeOH, rt, 18 h
(0]
212 226 227 62%
Scheme 94

The reduction of the carbamate group proceeded in 71% yield with 4 eq of LiAlH, in refluxing
THF (Scheme 95).” However, a much lower 17% yield was obtained when the reaction was
carried out on a large scale which was ascribed to the potential volatility of amine 228.
Carbamoyl chloride 229 was formed in 58% yield of the crude material. Purification by column

chromatography was attempted and afforded only degradation.

Me . . Me
H o LiAlH, (4 eq) | triphosgene, pyridine lll o
)(j/ ¢~ _THF 11, 18h )(j/NH toluene, rt, 18 h )(j/ NG
—_—> =
OMe 17-71% 58% Cl
227 228 229
Scheme 95

As it was difficult to repeatedly synthesize amine 228 in high yield, an alternative strategy was
necessary to access a sufficient quantity of carbamoyl chloride 229. It was decided to isolate
methylamine 228 as its hydrochloride salt 230 (Scheme 96). On a small scale, hydrochloride
amine 230 was formed in 75% vyield. Unfortunately, the yield decreased again when the
reduction was carried out on a larger scale. Treatment of 230 with 4.4 eq of Et;sN and 0.7 eq of
triphosgene did not afford the desired carbamoyl chloride 229. After 18 h at rt, degradation of
the reaction mixture was observed. The same result was obtained when 230 was reacted with

carbonyldiimidazole and K,COj; in refluxing CH,Cl,.?®
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I
O
triphosgene, Et;N
toluene, rt, 18 h |
H LiAIH, (4 eq) /
)(j/"‘\(o THF, 11,18 h ﬁ(j/NHz

then HCI '
4 M in dioxane N O
227 ( ) CDI, K,COs
35- 75% CHyCly, rtto i1, 18 h
¢ W
231 N
Scheme 96

Treatment of carbamoyl chloride 229 with sodium diethyldithiocarbamate in acetone for 18 h
at rt gave 220 in 68% yield (Scheme 97). To improve the yield, the reaction mixture was heated
at reflux for 18 h. Surprisingly, 232 was formed in 29% yield along with some degradation
instead of the desired dithiocarbamate 220. This product may arise from the decomposition of

dithiocarbamate 220.*

M M
Ne Et,NC(S)SNa ,{le o ELNC(S)SNa
><;|/ O (CH,),CO, 1t, 18 h )(j/ PO _(CHCO, 1, 18
SYS 68% cl 29%
NEt, Et,N
220 229 \fsr23z
Scheme 97

Formation of B-lactam 233 via a 4-exo trig radical cyclisation proceeded in a modest 38% yield
after 18 h of irradiation (Scheme 98). No further conditions were tried to improve the yield of
the cyclisation and carry on the synthesis to form bicyclic ketone 234 because there was
insufficient material available. Moreover, all the difficulties encountered for these derivatives

did not provide an efficient route for the synthesis of 233.

Me hv (500 W
I halogen lamp) Me
)@/N o cyclohexane, 11,18 h - N . - °
N N A > '
S\]&S 39% ¥ o N
/
NEt, EtzN__S Me o}
220 \[S]/ 233 234

Scheme 98

[79]



In summary, the semipinacol rearrangement of the trimethyl derivatives was not attempted
because it was not possible to access an appropriate cis-fused B-lactam diol. Starting from
isophorone 199, reductive amination afforded N-Bn amine 201 in moderate yield. High-
yielding synthesis of dithiocarbamate 202 was achieved but the radical cyclisation-
dithiocarbamate group transfer only gave degradation of the reaction mixture or recovered
starting material. Starting from isophorol 212, B-lactam 233 was formed in 7% yield via
carbamate 227. The subsequent synthetic pathway was not investigated because of the poor

overall yield obtained.

3.3  Oxygenation on the cyclohexane ring

Further functionalisation of the 6-azabicyclo[3.2.1]octane ring structure is desirable for target
synthesis. For example, actinobolamine bears a ketone functional group at the 3-position of
the 6-azabicyclo[3.2.1]octane ring system (Figure 2, Section 1.7).

Incorporation of a functional group on the cyclohexane moiety was first investigated on the N-
PMB derivatives. Thermal elimination of the dithiocarbamate group gave alkene 235 in 80%
yield after 7 h in refluxing Ph,0 (Scheme 99). Treatment of 235 with 3 eq of mCPBA and
subsequent work-up using potassium fluoride afforded epoxide 236 in 72% vyield as a single
isomer. The relative stereochemistry could not be assigned based on the *H-NMR spectrum of
epoxide 236, however the stereoselective formation of cis epoxide 236 was proposed based on

attack of mCPBA on the less hindered convex face of alkene 235.

mCPBA, 3 eq
¥ N'PMB E h27?1 C(EL'PMB ”?;2%__2:3 eg,tg %,61hh ﬁ;(H:iPMB
— »
%‘3 80% H O 2% o H ©
EtzN\n/S 191 235 236
S

Scheme 99

The base-catalysed ring opening of epoxide 236 did not occur using 0.1 eq of K,CO3 in MeOH as
described by Stevenson (Scheme 100 and Table 22, entry 1).'* Starting material was also
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recovered when 1.6 eq of NaH was used, even in refluxing THF (entry 2). Full conversion to
alcohol 237 was observed when using 1.6 eq of LHMDS. However, only moderate yields were
obtained after a mildly acidic work-up or when the reaction mixture was directly purified by

column chromatography (entries 3 and 4).

H PV (Tabtjzezz) /Ei'iPMB
.
236 237
Scheme 100
Entry Reagents work-up T/ time Result
1 K,COs (0.1 eq), MeOH H,0/Et,0 rt/4h 236
2 NaH (1.6 eq), THF H,0/Et,0 0°Ctoreflux/ 4 h 236

3 LHMDS (1.6 eq), THF  NH.Cl/Et,0  -78°Cto0°C/3h  23752%

preabsorb
4 LHMDS (1.6 eq), THF o -78°Cto0°C/15h  23752%
onto silica

Table 22: Base-catalysed ring-opening of epoxide 236

The moderate yield for the synthesis of alcohol 237 suggested that the product was either
partially water soluble and/or unstable on silica gel. One-pot epoxide ring-opening and alcohol
protection was therefore investigated and protecting groups like benzyl and methyl were first
considered. Treatment of epoxide 236 with LHMDS and BnBr at rt afforded degradation of the
reaction mixture (Scheme 101 and Table 23, entry 1). When the reaction mixture was cooled
to 0 °C, alcohol 237 was the only product formed in 26% vyield (entry 2). Finally, traces (<10%)
of the desired benzyl-protected alcohol 238 were obtained when using LHMDS and BnBr in

combination with TBAI (entry 3).'*
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H PMB LHMDS, BnBr H PMB

E:tl (Table 23) /(;LI_’L
H O BnO

Y

0 (@)
236 238
Scheme 101
Entry Reagents in THF T/ time Result
1 LHMDS (1.6 eq), BnBr (1.2 eq) rt/6.25h degradation
2 LHMDS (1.6 eq), BnBr (1.2 eq) 0°Ctort/7h 237 26%

LHMDS (2.5 eq)
BnBr (1.2 eq), cat. TBAI
Table 23: Synthesis of benzyl-protected alcohol 238

0°Ctort/18h 238 <10%

Treatment of epoxide 236 with NaHMDS for 1.5 h at -78 °C and subsequent addition of Mel
gave methyl ether 239 in 23% vyield (Scheme 102). Reversing the addition of the reagents to
allow the activation of the epoxide prior to its ring-opening resulted in degradation of the

reaction mixture.

Mel (1.5 eq)
H PMB NaHMDS (2.5 eq) H

PMB NaHMDS (2.5 eq) H
THF,-78 °C,1.5h ‘ THF, -78 °C tort, 18 h
N B N L N
MeO then Mel (1.5 eq) MeO
© 78°Ctort, 18h O7 H ©
239 23% 236 239

Scheme 102

Silyl protecting groups were also investigated. Treatment of epoxide 236 with DBU and
TMSOTTf as described by Noyori afforded mainly starting material at rt and degradation of the
reaction mixture in refluxing toluene (Scheme 103)."*® Using NaHMDS and TMSOTf proved
more successful and TMS ether 240 was obtained in 28% yield. However, this compound

proved to be quite unstable even when stored at 4 °C under an argon atmosphere.
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H puvB TMSOTf, DBU H NaHMDS H

‘ toluene, rtto 11, 23 h PMB THF, -78 °C, 1.5 h PMB
TMSO TMSOTf (1.1 eq) TMSO
0 0 H O g°Ciort 3h 0
240 236 240 28%
Scheme 103

The TBS protecting group, known to be more stable under acidic and basic conditions, was

104
d.

then considere Unfortunately, only degradation of the reaction mixture was obtained

when epoxide 236 was reacted with NaHMDS in combination with TBSC| or TBSOTf (Scheme

104).
H NaHMDS (2.5 eq) H NaHMDS (2.5 eq) H
PMB THF, -78°C, 1.5 h PMB THF, -78°C, 1.5 h VB
N N . N
TBSO TBSCI (1.2 eq) TBSOTf (1.1eq) TBSO
0 -78°Ctort,5h O H © -78°Ctort,1.5h o
241 236 241
Scheme 104

In parallel to the experiments carried out on the N-PMB derivatives, the N-PMP reactivity was
studied. Epoxidation of alkene 131 using mCPBA gave epoxide 242 in 92% yield as a single
isomer. The relative stereochemistry could again not be assigned based on the basis of the 'H-
NMR spectrum of epoxide 242 and the relative stereochemistry was confirmed on a later
compound. Low-temperature ring-opening of the epoxide using 1.6 eq of LHMDS afforded 243

in 88% yield without the need for additional purification.

mCPBA, 3 eq
H CHyCl, 0°Ctort,3h H LHMDS, 1.6 eq H
(:(:,'\LPMP thenKF,9eq,0°C,2h E:(:,L’PMPTHF, -78°Cto0°C,2h @PMP
92% 88%
H (0] ° 0o H O ° HO o)
131 242 243
Scheme 105

Dihydroxylation of alkene 243 using a sub-stoichiometric amount of OsO, and NMO as a co-
oxidant gave triol 244 in 28% vyield (Scheme 106). This compound was difficult to solubilise in

organic solvents and the NMR analysis had to be performed in DMSO-ds. This solubility issue
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can explain the low vyield for this reaction. In 1988, Narasaka described a dihydroxylation
procedure under anhydrous conditions which involved formation of a boronic ester, which
would avoid solubility problems as they are generally soluble in organic solvents.>
Unfortunately, treatment of alkene 243 with phenylboronic acid, NMO and cat. OsO, afforded

degradation of the reaction mixture.

0sO, NMO
N' 40 °C,18 h /@1 CHZC|2 rt, 7.5 h N’
HO b © 28% HO o HO %
OH O\B'
Ph
244 243 245

Scheme 106

It was therefore decided to protect the secondary alcohol before dihydroxylation of the alkene
(Scheme 107). The benzoyl protecting group was chosen because it can be easily cleaved
under mildly basic conditions.'®®> Reacting 243 with an excess of benzoyl chloride and pyridine
in CH,Cl, afforded benzoate 246 in 85% yield.'”® The Upjohn dihydroxylation reaction then

gave diol 247 in 81% yield as a single diastereomer.

0s0, NMO
H pmp  BzCl pyridine H  pyp (CH3)CO, H;0, tBuOH H pup
/@l:l CH,Cl, 0 Ctort,18[/©l:l 40°C,18h N
HO o) 85% BzO 0 81% BzO LYo
OH
243 246 247
Scheme 107

Cyclic sulfites 248a and 248b were obtained as a 1:1 mixture in 87% vyield and subsequent
heating to 190 °C for 5 h in Ph,0 afforded 249 in 83% yield or 75% yield over 2 steps from 247
(Scheme 108). Finally, the semipinacol rearrangement of diol 247 via cyclic phosphorane
activation to form the 6-azabicyclo[3.2.1]octane structure 249 proceeded in 77% yield upon

treatment with PPh; and hexachloroethane in refluxing CH;CN.
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H pmP H PP

N
+
SOClj,, pyridine
CHCl, |87%  BZOwT ¢ "0 BZO°wT 4 86% 190'3 i
0°Ctort, 1.5h 0 !
+S\ S’
H o pvP o (o}
N 248a 248b L
B PMP-
zO OH e}
OH
247
PPhs, C,Clg
CH4CN, 11, 18 h T
77%
Scheme 108

The relative stereochemistry of the O-benzoyl substituent was confirmed by analysis of the 1H-
NMR spectrum of cyclic sulfite 248a (Figure 16). The proton adjacent to the OBz is seen as a
ddd with coupling constants of 2.4 Hz, 3.9 Hz and 9.4 Hz suggesting two axial-equatorial
interactions and one axial-axial interaction. If the other isomer was formed, there would be
only small J values corresponding to two equatorial-equatorial and one axial-equatorial

interactions.

o
H +&
H pvp 0S¢
N _ H O
— BzO I{]
BzO", e} H ~PMP
H'L 9 248a Ho
)
\
o)
Coupling constants:
,3.9Hzand 9.4 Hz
Figure 16

In summary, the synthesis of oxygenated bicyclic ketone 249 was achieved in six or seven steps
and 34% or 33% overall yield from dithiocarbamate 128. Protection of the secondary alcohol
was necessary to pursue the synthetic plan. The N-PMP derivatives gave better results for the

epoxide ring-opening under basic conditions than did the N-PMB compounds.
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3.4  Construction of the core structure of gelsedine

Gelsedine is an indole alkaloid found within the plant genus Gelseminium (Scheme 109). The
sole asymmetric total synthesis was achieved in 1999 by Hiemstra and co-workers.’”’
Construction of the 7-azabicyclo[4.2.1]nonane ring system 251 using the new methodology

was investigated.

250 251 (+)-gelsedine

Scheme 109

The initial strategy to synthesize B-lactam 253 was via a palladium-catalysed intramolecular
carbonylative coupling of bromobenzylamine 252 as previously described by Mori and co-

workers in 1985 (Scheme 110).'%®

Bn
|
CHBr, tBUOK X RNH, NH  Pd(0), cCO N/B”
------------ » R = R ELEEEEE
Br Br ')

X=Br, OH, OAc 252 253

Scheme 110

Treatment of cyclohexene with 3 eq of bromoform and tBuOK gave 6,6-
dibromobicyclo[4.1.0]hexane 254 in 54% yield (Scheme 111).'”° The rearrangement of 254 into
dibromo cycloheptene 255 did not occur in refluxing CH;CN (Table 24, entry 1). Increasing the
temperature by using a 1:1 mixture of toluene:CH;CN or using microwave irradiation gave the
same result (entries 2 and 3). Degradation was obtained when 254 in DMF or NMP was heated

to reflux (entries 4 and 5).
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CHBr3 tBuOK rearrangement

@ cyclohexane, 0 °Ctort, 7 h (><Br (Table 24) Br
> — X
54% Br Br

254 255
Scheme 111
Entry Solvent T/ time Result
1 CH5;CN reflux /3 d 254
2 1:1 CH;CN:toluene reflux /2 d 254
3 CHsCN 150 °C (uw) /1.5 h 254
4 DMF reflux /3 d degradation
5 NMP 200°C(uw)/2h degradation

Table 24: Synthesis of 255 via thermal rearrangement

Dibromobicyclohexane 254 was then treated with silver(l) perchlorate in a refluxing 9:1
mixture of acetone:H,0 as described by Jones in 1980 (Scheme 112)."° The desired 2-bromo-
2-cyclohepten-1-ol 256 was formed in 24% yield. Unfortunately, when the reaction was carried
out on a larger scale, only degradation was observed. An alternative literature procedure was
to react 254 with silver(l) nitrate in a 5:1 mixture of DMF:CH;COOH at 60 °C for 26 h.'*!

Degradation of the reaction mixture was obtained using this procedure.

AgCIO, AgNO;
(CH3),CO, H,0 DMF, CH;COOH
Q:OH I, 18 h ©><Br 60 °C, 26 h Q:OH
Br 24% Br Br
256 254 256
Scheme 112

Following Sandler’s procedure, cyclopropane 254 was reacted with silver(l) nitrate in CH;COOH

109 After refluxing the reaction mixture for 5 h,

in order to form acetate 257 (Scheme 113).
degradation was observed. Starting material was recovered when using sodium acetate in

CH;COOH.
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AgNO; NaOAc

Q:OAC CH5COOH, I, 5h (><Br CH3COOH, i1, 5h Q:OAC
Br Br Br

257 254 257

Scheme 113

The synthetic strategy had to be rethought because of the problems encountered for the
rearrangement of 6,6-dibromobicyclo[4.1.0]hexane 254. Allylic acetate 258 was formed in 73%
yield via a palladium-catalysed acetoxylation as described by Heumann and Akermark in 1990
(Scheme 114)."*? Palladium-catalysed amination using benzylamine afforded allylic amine 259
in 12% yield after 72 h at rt (Table 25, entry 1)."*™* Full conversion was not observed after 18
h at rt when the catalyst loading was increased to 20 mol%. However, when the reaction
mixture was heated at 50 °C for 28 h, benzylamine 259 was obtained in 44% vyield (entry 2). A
similar yield was obtained after only 18 h in refluxing THF (entry 3).

Pd(OAC),, MnO,

benzoquinone amination I?n
CH;COOH, 60 °C, 24 h OAc  (Table 25) NH
> _—
73%
258 259
Scheme 114
Entry Reagents in THF T/ time Result
Pd(OAc), (5 mol%), PPhs (25 mol%
(OAc: { 6), PPh | ‘) rt/72h 259 12%
BnNH, (1.2 eq)
Pd(OAc), (20 mol%), PPh; (1.0 e rt (18 h
(OAc); (20 mol%), PPh; (1.0 eq) 1R
BnNH, (1.5 eq) then 50 °C (28 h)

Pd(OAc), (20 mol%), PPh; (1.0 eq)
BnNH, (1.5 eq)
Table 25: Palladium-catalysed amination of 258

reflux / 18 h 259 46%

Dithiocarbamate 260 was isolated in 73% vyield over 2 steps from benzylamine 259 (Scheme

115). Irradiation of 260 for 7 h with a 500 W halogen lamp gave an inseparable mixture of 3-

lactams 261a and 261b.
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hv (500 W

||3” 1. triphosgene, pyridine ||3” halogen lamp) H Bp H Bn
Q/NH PhCHj, rt, 18 h, 84% O/N\fo CeHiz, 11,7 h N’ C:Lk_l
» _— +
2. Et,NC(S)SNa.3H,0 SYS 91% T 1%
(CH53),CO, rt, 18 h, 87% R
ELN Et,N—" Et,N— >
259 260 oN—(" 2612 Et2 261b
S S
Scheme 115

Treatment of the mixture of isomers 261 with 1.1 eq of LHMDS and Mel gave a 1.6:1.0
inseparable mixture of starting material 261 and conjugated alkene 262 (Scheme 116 and
Table 26, entry 1). Conversion was improved when 2.1 eq of reagents were used and the
reaction mixture was warmed progressively to rt (entry 2). Suprisingly, non-conjugated alkene
263, generally obtained with an excess of base and/or higher temperature, was not observed.
Only degradation of the reaction mixture was recovered when 4.2 eq of LHMDS and Mel were

utilised or when nBuLi was used as a base (entries 3 and 4).

H H elimination H H
N,Bn N,Bn (Table 26) N,Bn N,Bn
+ . +
H O tH © © H ©
Et,N S Et,N S
N—~( 261a Eb 261b 262 263
S S
Scheme 116
Entry Reagents T/ time Result
1 Mel, LHMDS (1.1 eq), THF -78°C/8h 1.6:1.0 261:262
2 Mel, LHMDS (2.1 eq), THF -78°Ctort/18h 0.8:1.0 261:262
3 Mel, LHMDS (2x2.1eq), THF  -78°Ctort/ 18 h degradation
4 Mel, nBuli (2 eq), THF -78°C/3.5h degradation
5 Ph,0 reflux /1 h 1.9:7.9:1.0 261:262:263
6 Ph,0 reflux/3 h 1.0:0.65 262:263 84%

Table 26: Synthesis of alkene 262 via elimination of the dithiocarbamate group
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Refluxing the mixture of isomers 261 in Ph,0 for 1 h afforded a complex mixture of starting
material and alkenes (Table 26, entry 5). After 3 h, the elimination proceeded in 84% yield and
gave a 1.0:0.65 mixture of isomers 262:263 which could be partially separated by column
chromatography (entry 6).

Isomerisation of the double bond into conjugation was attempted with 1.5 eq of LHMDS

(Scheme 117). Only starting material was recovered after 18 h.

H LHMDS, 1.5 eq H
BN THE 78°Ctort, 18 h Bn
N h N
L o o
263 262
Scheme 117

Dihydroxylation of conjugated alkene 262 afforded diol 264 in 74% vyield as a single isomer
(Scheme 118). Treatment of 264 with PPh; and C,Cls in refluxing CH;CN gave 265, the core

structure of gelsedine, in 78% vyield.

0sO, NMO o)
H g, (CH3):CO. H,0, tBuOH H g, _PPhsCxCls \
N’ 40°C, 18 h X N CHCN.IT,18h Bn-y,
o 74% L0 78% o)
H
262 264 265

Scheme 118

In parallel to the work on the N-Bn, the reactivity of the N-PMP derivatives was investigated.
Knowing there were some difficulties in the formation of benzylamine 259 (Scheme 114 and
Table 25), it was decided to adopt a different approach (Scheme 119). Bromocycloheptene 266
was obtained in 56% yield when cycloheptene was reacted with NBS and benzoyl peroxide in
refluxing CCl, for 1.5 h.'® Alkylation with para-anisidine gave secondary amine 267 in 74%
yield. Synthesis of carbamoyl chloride 268 and subsequent reaction with the commercially

available dithiocarbamate salt in refluxing acetone formed 269 in 84% yield over 2 steps.
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NBS, (BzO), PMPNH,, K,CO;, PMP

|
Q CCly i1,1.5h Q/Br CH3CN, rt, 10 h Q/NH
_— >
56% 74%

266 267

triphosgene, pyridine P'\I/'P Et,NC(S)SNa.3H,0 PMP

PhCHa, rt, 18 h N0 (CHiCO. 1, 18+ N0
B cl 81 SYS

over 2 steps Et,N
268 269

Scheme 119

Irradiation of dithiocarbamate 269 in chlorobenzene for 5 h with a 500 W halogen lamp gave

cis B-lactam 270 in 39% yield and trans 3-lactam 271 in 29% yield (Scheme 120). It was possible

to separate both epimers by column chromatography and the relative stereochemistry was

confirmed by X-ray crystallography of the cis isomer 270 (Figure 17).

hv (500 W halogen lamp)

PP ' '
N__O CeHsCl, 11, 5 h PMP PMP
N _ N N
> +
S__S
b o) o)

Et,N S : :é H
2
EtzN\\< Et,N
S S
269 270 39% 271 29%
Scheme 120
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270

Figure 17

Interestingly, both epimers had different reactivities towards elimination of the
dithiocarbamate group (Scheme 121). Cis B-lactam 270 did not react under basic conditions
and conjugated alkene 272 was obtained in 85% isolated yield along with 10% of the non-
conjugated isomer 273 after 2.5 h in refluxing Ph,0. The formation of the conjugated isomer
272 from the thermal elimination of cycloheptane-fused -lactam 270 stands in contrast to the
thermal elimination of cyclohexane-fused systems which are always observed to give the non-
conjugated alkene (Chapter 2). Presumably, the greater flexibility of the seven-membered ring
means the conjugated alkene is no longer strained and represents the thermodynamic
product. On the other hand, trans B-lactam 271 gave conjugated alkene 272 in 93% yield when
Mel and LHMDS were used whereas thermal elimination afforded 273 in 89% yield after 2.5 h

in refluxing Ph,0. It was therefore possible to obtain conjugated alkene 272 from both cis
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isomer 270 and trans 271 using thermal or basic elimination respectively. Rationalisation of
the elimination of the dithiocarbamate group will be discussed in Chapter four (Section 4.13).

H pwvp Mel, LHMDS PMP
Ql:l THF -78°C,8h n 25h % %
0

Et,N
272 2 \\<S 270 272 85% 273 10%

Mel, LHMDS
%PMPTHF -78°C,7h % n 25h Q(:(’MP
93% 9%

Et,N 5"
272 \ 271 273

Scheme 121

Diol 274 was obtained in 77% yield when conjugated alkene 272 was reacted with a sub-
stoichiometric amount of OsO, and NMO as a co-oxidant (Scheme 122). The semipinacol
rearrangement of 274 via cyclic phosphorane activation gave 276 in 98% vyield. Treatment of
diol 274 with pyridine and thionyl chloride in CH,Cl, for 4 h formed cyclic sulfite 275 as a 1:1
mixture of diastereomers in 87% yield. Heating the mixture to 190 °C for 2 h in Ph,0 afforded
276, the core structure of gelsedine, in 94% vyield.

SOCly, pyridine

CH,Cl, H pyp PhO
0°Ctort, 4 h N’ 190 °C, 2 h
87% L Yo 94%
0s0, NMO 0~é; .
N 40 °C 18 h N 275 \
—y > PMP—y:-
0
o) OH O
OH o
272 274 276
PPh; C,Clg
CH4CN, T, 18 h T

98%

Scheme 122

In summary, it was possible to synthesize the core structure of gelsedine in seven steps

starting from cycloheptene. Radical cyclisation-dithiocarbamate group transfer of
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cycloheptane-fused B-lactams 260 and 269 was not as stereoselective as for the cyclohexane-
fused systems. Indeed, both cis and trans isomers were formed with trans 3-lactams being the
minor component. Fortunately, both cis and trans isomers could be converged to alkene 272

via elimination of the dithiocarbamate group under appropriate conditions.

3.5  Application to cyclopentane-fused S-lactam

For the synthesis of the core structure of gelsedine, the semipinacol rearrangement of the
fused 7-membered system was achieved in excellent yield. It was therefore decided to study
the semipinacol rearrangement of a fused 5-membered B-lactam. Treatment of cyclopentene
with NBS and a sub-stoichiometric amount of benzoyl peroxide in refluxing CCl, for 1.25 h
afforded 3-bromocyclopentene 277 in 53% yield (Scheme 123).** The alkylation reaction using
para-anisidine and K,COs3 proceeded in 71% vyield. The substrate for the radical reaction 279
was formed in 80% yield over 2 steps and subsequent irradiation in cyclohexane for 6 h

afforded B-lactam 280 in 92% yield as a single isomer.

NBS, (BzO), PMPNH,, K,CO; PMP
@ CCly 11,1.25h Br  CH4CN, 1, 8.5 @/NH
53% 71%
277 278
1. triphosgene, pyridine hv (500 W halogen lamp) H pup
PhCHjs, rt, 18 h, 86% : _N \f cyclohexane, 1, 6 h N’
2. Et,NC(S)SNa.3H,0 92%  Et,N 4 o
(CH3),CO, 11, 18 h, 93% EtzN S
279 S 280
Scheme 123

Thermal elimination of the dithiocarbamate group was attempted and alkene 281 was formed
in 77% vyield after 1 h in refluxing Ph,O (Scheme 124). Elimination under basic conditions
proved more problematic (Table 27). The starting material was recovered when 280 was
treated with 1.1 eq of LHMDS and Mel, even when the reaction mixture was warmed to rt

(entry 1). Some conversion was observed when 5 eq of reagents were used. Unfortunately,
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methylated B-lactam 283 was synthesized in 9% yield instead of conjugated alkene 282 (entry
2). The literature conditions reported in 1977 by Hayashi et al. were applied to 280 and the

elimination did not occur (entry 3).%°

H PMP H PMPbasic elimination H PMP H PMP
N Ph,O, if,1h N (Table 27) - N NG
7% : &
b O EeN Sl 0 O EN I ¢y, 0
281 S 280 282 S 283
Scheme 124
Entry Reagents T/ time Result
1 Mel, LHMDS (1.1 eq), THF -78°Ctort/7h 280
280 49%
2 Mel, LHMDS (5 eq), THF -78°Ctort/7.5h
283 9%
3 Mel, LiF, Li,CO;3 (1.1 eq), DMF  rttoreflux /18 h 280

Table 27: Attempts to synthesize alkene 282 via elimination of the dithiocarbamate group

Direct elimination was impossible suggesting that alkene 282 was a very strained fused bicyclic
system. An alternative would be to a-hydroxylate the B-lactam to form 284 and then to
alkylate the dithiocarbamate moiety in order to make it a suitable leaving group which would

allow formation of 286 via a semipinacol rearrangement (Scheme 125).

_ _ (0]
H H H pmp
,\IIDIMP hydroxylation ,\IID'MP Mel, it N’ (0]
------------- » R --»>
EtN_ ¢ 50 N
Et,N (e} Et,N (@] 2 R
2 ‘7]/8 H 2 ‘7]/8 OH \7//8 o<y PMP
+
s 280 s 284 -'sd 285 286
L Me _
Scheme 125

Starting material was recovered when 280 was treated with 1.5 eq of LHMDS and the Davis
oxaziridine (Scheme 126).* An alternative a-hydroxylation method developed in 1975 which
uses a lithium base, molecular oxygen and triethylphosphite was also applied to -lactam

280.°*! Only starting material was observed during this reaction.
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o)
LHMDS, , & N-so,Ph

H H
PMP THF,-78 °Ctort, 7.5 h PMP
N _ N
Et,N 0 or LHMDS, P(OEt); Et.N o
? ?7/8 H O, (1 atm) 2 ‘7],3 OH
[ 280 THF, -78 °Ctort, 7.5 h S 284
Scheme 126

In summary, the semipinacol rearrangement of the cyclopentane-fused B-lactam was not
attempted because it was not possible to access a suitably functionalised PB-lactam. Base-
mediated elimination of the dithiocarbamate group on 280 proved impossible, suggesting that
alkene 282 was a very strained bicyclic structure. Alternatively, the formation of o-

hydroxylactam 284 was unsuccessful.

3.6 Semipinacol rearrangement of a norbornene derivative

Norbornene is a bridged cyclic hydrocarbon which can be easily transformed thanks to its
reactive double bond. In order to increase structural complexity, the semipinacol
rearrangement of a norbornene derivative was investigated. Addition of dibromocarbene,
formed in situ from bromoform and tBuOK, onto norbornene gave a dibromocyclopropane
structure, which  rearranged immediately to afford the known exo-3,4-
dibromobicyclo[3.2.1]oct-2-ene 287 in 25% yield (Scheme 127)."° According to Moser and co-
workers, molecular models of the endo and exo isomers show that the dihedral angle between
H-4 and H-5 should be around 44° and 78°, respectively.'” Following the Karplus equation,
these dihedral angles should give a coupling constant between 7-8 Hz with a 45° angle or 2-3
Hz with a 78° angle. Proton-NMR spectroscopic analysis showed H-4 as a doublet with a J value
of 2.8 Hz, confirming that the exo isomer was formed. Attack from the more hindered endo
face is also predicted to be less favourable. Subsequent treatment with benzylamine and K,CO;
in CH3CN for 6.5 h at rt gave allylic amine 288 in 90% yield."® A similar coupling constant of 2.4

Hz was found between H-4 and H-5 indicating that the exo amine was formed. The initial
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strategy to synthesize B-lactam 289 was via a palladium-catalysed intramolecular

carbonylative coupling as described by Mori and co-workers in 1985.'%

CHBr; tBuOK H Bn
pentane 5 H BnNH, K,COj3 5 | Pd(0), CO

° 2.Br ' NH Bn
—30 Ctort,3h CH4CN; rt, 6.5 h - (Table 29) N
> — ¢ >
5% Br 90% Br o

287 288 289

Scheme 127

Before applying the literature conditions to amine 288, a representative example was

repeated. Amine 291 was synthesized in quantitative yield by reacting commercially available

2,3-dibromopropene 290 with benzylamine and K,CO; in DMF at rt.

BnNH,, K,CO3 Pd(0), CO 0
Br DMF,0°Ctort, 18 h Br (Table 28)
> N
Br 100% NHBn *Bn
290 291 292
Scheme 128
Entry Reagents under CO (1 atm) T/ time Result

Pd(OAc), (2 mol%), PPhs (8 mol%) .
1 100 °C/ 70 min 292 27%
nBusN (1.2 eq), DMF

Pd(OAc), (2 mol%), PPh; (8 mol%)
2 100°C/2h 292 30%
nBusN (1.2 eq), DMF

Pd(OAc), (2 mol%), PPh; (8 mol%) .
3 100°C/5h 292 34%
nBuszN (1.2 eq), HMPA

Pd(OAc), (10 mol%), PPh; (40 mol%) .
4 85°C/4.5h 292 34%
nBusN (2 eq), DMF

Pd(OAc), (10 mol%), PPh; (40 mol%) .
5 100°C/4.5h 292 37%
nBusN (2 eq), HMPA

Pd(PPh 10 mol%
6 (PPhs)a ‘) 65°C/2.5h 291
nBusN (2 eq), CH3CN

Pd(PPh3)s (10 mol%
7 (PPhs)q (10 mol%) 65°C/2.5h 291
EtsN (2 eq), CHsCN

Pd(PPhs)s (10 mol%), PPh; (40 mol%
8 (PPhs), ( mOB °)N 3 (40 mol%) 120°C/5h 292 15%
nBus

Table 28: Synthesis of f-lactam 292 via palladium-catalysed carbonylation
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The palladium-catalysed reaction was first run with 2 mol% of Pd(PPhs),, formed in situ from
Pd(OAc), and PPhs, and tributylamine in DMF for 70 min (Table 28, entry 1). B-Lactam 292 was
formed in 27% yield. After 2 h at 100 °C, 292 was obtained in 30% yield and when the reaction
was carried out in HMPA, 34% of 292 was isolated (entries 2 and 3). Increasing the catalyst
loading to 10 mol% and the quantity of amine to 2 eq gave a slightly better yield of 292 in

HMPA (37% vs. 34%) and in DMF (34% vs. 30%) (entries 4 and 5).

In 1990, Meyer and Crisp described the synthesis of a,-unsaturated lactam 292 using freshly
prepared Pd(PPhs),, nBusN in CH;CN at 65 °C and under CO (1 atm)."**° The literature
procedure was applied to amine 291, unfortunately the carbonylative coupling did not occur
when using nBusN or Et;N, as a non-toxic substitute (Table 28, entries 6 and 7). The final
attempt to increase the yield for this reaction followed a procedure described by Guiry in the
synthesis of lipoxin A, and B, analogues.'?* The reaction was carried out in nBusN at 120 °C for

5 h and B-lactam 292 was obtained in 15% yield (entry 8).

In parallel to the synthesis of B-lactam 292, the same procedures were applied to amine 288
(Scheme 127 and Table 29). Treatment of amine 288 with freshly prepared Pd(PPh;), and Et;N
in DMF or DMPU at 100 °C did not give any of the desired product 289 (entries 1 and 2). The
combination of palladium-tetrakis(triphenylphosphine) and nBusN as the solvent afforded only
degradation of the reaction mixture (entry 3). The same behaviour was observed when the

active catalyst was formed in situ and using DMF as the solvent (entry 4).
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Entry Reagents under CO (1 atm) T/ time Result

Pd(PPhs), (5 mol%), PPh; (10 mol%
1 (PPhs)a { 6), PPhs O Jo0°c /6h 288
EtsN (1.2 eq), DMF

Pd(PPhs), (5 mol%), PPh; (10 mol%)
2 100°C/6h 288
EtsN (1.2 eq), DMPU

Pd(PPhs), (10 mol%), PPhs (40 mol%
3 (PPhs)a ( . °)N s ‘) 120°C/7.5h degradation
nbus

Pd(OAc), (10 mol%), PPh; (40 mol%
4 ( 2 ‘) s ‘) 100°C/2h degradation
nBusN (2 eq), DMF

Table 29: Attempts to synthesize fused f-lactam 289 via palladium-catalysed carbonylation

An alternative to palladium catalysis was explored. In 2010, Yamane described the
carbamoylation of aryl halides using molybdenum hexacarbonyl Mo(CO)s, TEAC and nBusN in
diglyme at 150 °C."* The formation of y- and &-lactams 295 and 296 in moderate yield via an
intramolecular aminocarbamoylation was also presented (Scheme 129).

Mo(CO)s (0.2 eq)

Et,NCI (0.2 eq) 0
' nBusN (1.1 eq)
> NH
NH, diglyme n
n
293 (n=1) 120°C,1h 29562%
294 (n=2) 140°C,2h 296 70%
Scheme 129

Before applying the literature conditions to amine 288, the catalysis was repeated using readily
available materials. Amide 297 was synthesized in 42% vyield (lit. yield 52%) proving the ability
to carry out the reaction (Scheme 130). Unfortunately, when the same conditions were applied

to benzylamine 288, the starting material was recovered after 4 h at 150 °C.
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Mo(CO)g (0.2 eq)

Et4NCI (0.2 eq)
Br NH, nBusN (1.1 eq) H\/@
©) diglyme, 150 °C, 4 h mN
+ '
42% 0

297
Mo(CO)g (0.2 eq)
Bn Et,NCI (0.2 eq)
1 nBu3N (1.1 eq) Bn
@[NH diglyme, 150 °C, 4 h @:l
Br 0
288 289
Scheme 130

An alternative route was considered for the synthesis of -lactam 289. In 2005, Couture and
co-workers published the total syntheses of phytotoxins zinnimidine and cichorine (Scheme
131)." Formation of y-lactam 300 was achieved in 55% yield by treatment of 298 in THF at -
100 °C with tBuli. The lithiated intermediate 299 formed could react with the carbamate
functional group which acted as an internal electrophile. Further work on this cyclisation
reaction showed that it was possible to use nBuli on its own or in combination with TMEDA

instead of tBuLi.*****

: 0
. tBuLi, THF . . .
iPrO Br PMB 100 °C. 30 min iPrO Li PMB iPrO
lll o > lll o — N—PMB
Me \( 55% Me \f Me
OMe OMe OMe OMe OMe
298 299 300
0 0
= O HO.
NH NH
Me Me
OMe OMe
zinnimidine cichorine
Scheme 131

This chemistry was first applied to the synthesis of known [B-lactam 292 (Scheme 132).
Carbamate 301 was formed in 87% yield using an excess of methylchloroformate and Et;N in

CH,Cl,. Degradation was observed when 301 in THF at -78 °C was treated with nBuli and
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TMEDA and a complex mixture was obtained after 15 min at -78 °C when nBulLi was used on its

own.

0
nBuLi, TMEDA (3 eq) tf
THF, -78°C, 3 h N,
ClCOZMe Et;N 202 'Bn
TBF CH,Clp 0°Ctort, 48 h /

NHBn 87% J\

nBuLi (3 eq)

291 THF, -78 °C, 15 min

292 B”

Scheme 132

Carbamate 302 was obtained in 85% yield using an excess of methyl chloroformate and Et3N in
CH,Cl, (Scheme 133). Cyclisation to form [-lactam 289 did not occur when 302 was treated
with 3 eq of nBuli in THF at -78 °C. Amide 304 was obtained instead. Carbamoyl chloride could
facilitate the reaction as chloride is a better leaving group. Treatment of amine 288 with
triphosgene and pyridine in toluene gave 303 in 91% yield. Unfortunately, 304 was formed in

25% vyield along with some degradation when 303 was treated with nBuli in THF at -78 °C.

CICO,Me, Ets;N Bn OMe nBuLi, THF
CH,Cl, 0°Ctort, 48 h @[N\( -78°C, 2.5 h
‘ 85% Br 0
B 302

NH Bn
Jx O
N
Br % @’ nBu
288 0
289 304

triphosgene Bn

‘ pyridine U nBuLi, THF T
PhCHj rt, 39 h ~ -78°C. 25 h
91% @[Br 0
303
Scheme 133

Treatment of 288 in THF at -78 °C with an excess of nBuli should in theory form doubly
lithiated intermediate 305 (Scheme 134). Subsequent addition of methylchloroformate could
afford 289. However, degradation of the reaction mixture was observed.
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Bn ; Bn o
7 nBuLi (3 eq) 7
QZNH THF, -78 °C to rt @[N\L. ci”'ome NGl
i
- —x—> %
Br Li e}
288 305 289
Scheme 134

An alternative to a cyclisation via lithiated intermediates would be to use radicals. Walton and
co-workers described the synthesis of B-lactam 292 in 7% vyield via a 4-exo dig cyclisation of

amide 306 (Scheme 135)."* Formamide 307 was the major product obtained.

(BzO),, benzene 0
I[ 0 11,24 h |H e}
+

— - Ly L
N Bn N H
Bn Bn

306 292 7% 307 64%
Scheme 135

Similarly, formation of B-lactam 292 from amide 309 via 4-exo trig radical cyclisation and

27 Treatment

subsequent B-elimination of bromine radical could be considered (Scheme 136).
of benzylamine 291 with acyl chloride 308, Ets;N and a sub-stoichimetric amount of DMAP in
CH,Cl, gave amide 309 in 67% yield. Treatment of 309 with portionwise addition of (BzO), in

refluxing benzene only afforded degradation of the reaction mixture.

B EtsN, DMAP (BzO), (4 x 0.2 eq) o
r CHZCIZ 1,18 h benzene, 11, 8 tl \]\t(
)‘\b 67% J\b - N
292
Scheme 136

An alternative substrate for the radical reaction could be dithiocarbamate 310, which was
synthesized in 94% overall yield from amine 291 (Scheme 137). Degradation was obtained via

chemically- or light-induced radical initiation (Table 30).
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1. triphosgene, pyridine initiation

TBF PhCHs, rt, 18 h, 94% \[Bro s (Table 30) vo
= AL ~ L

NH 2. ENC(S)SNa.3H;0 N“ 87 NE *Bn
Bn  (CH3),CO, rt, 18 h, 100% Bn
291 310 292
Scheme 137
Entry Reagents T/ time Result

1 DLP (7 x0.2 eq), cyclohexane  reflux/4.25h  degradation

2 hv, cyclohexane reflux /7 h degradation

3 hv, chlorobenzene reflux/ 7 h degradation

Table 30: Attempts to synthesize B-lactam 292 via radical cyclisation

Another approach to the study of the semipinacol rearrangement of norbornene derivatives
would be with the synthesis of 3-lactam 289 via the radical cyclisation-dithiocarbamate group
transfer methodology developed. Full conversion to amine 311 was observed when vinyl
bromide 288 in THF was treated with nBuli. Unfortunately, purification of this secondary
amine proved difficult (Scheme 138).

nBuLi (3 eq)
BN THE 78°Ctort, 8h Bn

®:NH then NH,CI @,NH
Br crude yield: 93%

288 311

Scheme 138

This alternative strategy was applied to the N-PMP derivatives which were generally easier to
purify (Scheme 139). Treatment of 3,4-dibromobicyclo[3.2.1]oct-2-ene 287 with para-anisidine
and K,CO3 in CH;CN gave bromo amine 312 in 88% vyield. As for allylic amine 288, a small
coupling constant of 2.0 Hz was found between H-4 and H-5 suggesting that the exo amine was
formed."”” No conversion was observed when amine 312 was treated with nBuli in THF at -78
°C. Warming the reaction mixture to rt afforded allylamine 313 in 49% yield along with 18% of

tertiary alkene 314 (Table 31, entry 1). When the reaction was carried out at 0 °C for 1 h, a
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1.0:1.0:0.7 complex mixture of 312:313:314 was obtained (entry 2). The yield was improved to
88% of 313 when nBulLi was added at -78 °C and the reaction mixture was allowed to

progressively warm to 10 °C over 4.5 h (entry 3).

nBulLi
PMPNH,, K,COj3 PMP" then NH,CI
@:Br CHyCN, rt,8h @[ (Table 31) @, @[
Br 88%
287 312 313 314
Scheme 139
Entry Reagents T/ time Result
313 49%
1 nBuli(3eq), THF  -78°C(1h)thenrt (3 h) >
314 18%
. 1.0:1.0:0.7
2 nBuli (3 eq), THF 0°C/1h
312:313:314
3 nBuli (3 eq), THF -78°Cto10°C/4.5h 313 88%

Table 31: Formation of allylic amine 313 via debromination of 312

Dithiocarbamate 315 was obtained in an overall 91% yield from amine 313 in 2 steps (Scheme
140). Irradiation of 315 in cyclohexane with a 500 W halogen lamp for 3.5 h gave 316 in 65%
yield and 317 in 16% vyield (Table 32, entry 1). A similar overall yield, but with a greater amount
of 317 formed, was observed when the radical cyclisation reaction was carried out in
chlorobenzene (entry 2). It was possible to conduct the irradiation at rt using a flask which was
enclosed in a water jacket. No conversion was observed when cyclohexane or isopropanol
were used at rt because dithiocarbamate 315 was not soluble in these solvents at this
temperature (entries 3 and 4). When 1,2-DCE was used, the substrate was soluble but only
degradation was observed after irradiating the reaction mixture for 3.5 h at rt (entry 5). The
relative stereochemistry of each isomer was originally unknown. Assignment was made after
further functional group transformation and X-ray crystallography of a subsequent

intermediate.
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hv (500 W

PMP 1 _ triphosgene, pyridine PMP  halogen lamp)
| ’ | H H
NH  PhCHs, rt, 18 h, 99% N__O (Table 32) s P s PMP
> — +
2. Et,NC(S)SNa.3H,0 S\fs <%, o
(CH3),CO, 11,18 h, 92% Et,N S S
313 315 EN—("316  FN~( 317
S S
Scheme 140
Entry Solvents T/ time Result
1 h loh flux /3.5 h 316 65%
v, cyclohexane reflux / 3.
Y 317 16%
316 62%
2 hv, chlorobenzene  reflux/4.5h
317 20%
3 hv, cyclohexane rt/4h 315
4 hv, iPrOH rt/3h 315
5 hv, 1,2-DCE rt/3.5h degradation

Table 32: Radical cyclisation-dithiocarbamate group transfer of 315

Thermal elimination of the dithiocarbamate functional group via a Chugaév-like reaction did
not proceed for either isomer (Scheme 141). After 3.5 h in refluxing Ph,0, degradation was
obtained with 316 whereas the starting material was recovered with 317. These results were
unsurprising given the mechanism for the Chugaév elimination via a syn-elimination with a 6-
membered cyclic transition state. Elimination under basic conditions gave alkene 318 as a
single isomer in 78% yield when [B-lactam 316 was reacted with 1.5 eq of LHMDS and Mel in
THF at -78 °C for 6 h. Applying the same reaction conditions to trans isomer 317 gave
methylated B-lactam 319 in 82% yield whose structure was confirmed by X-ray crystallography
(Figure 18). This structure also defines the relative stereochemistry for B-lactams 316 and 317.
Rationalisation of the elimination of the dithiocarbamate group will be discussed in Chapter

four (Section 4.13).
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@1 I1,35h i N THF,-78°C,6h N%
--—— _—
o %, 78%

Mel, LHMDS

MP
i N° 0 U,35h THF, -78°C,6 h
- _—
o 82%

318

Scheme 141

319

Figure 18

Alkene 318 was treated with a sub-stoichiometric amount of OsO, and 2.4 eq of NMO in a
mixture of H,0, acetone and tBuOH for 18 h at 40 °C (Scheme 142 and Table 33, entry 1). Diol
320 was formed in 93% yield as a single diastereomer but it was contaminated with 14% of a-
hydroxyketone 321. The stereochemistry of 320 and 321 was assigned on the basis that syn-
dihydroxylation from the opposite face would give a highly strained B-lactam. The two
products 320 and 321 were not separable by column chromatography. In 1989, the kinetics of

the Os0,-catalysed dihydroxylation of cyclohexene and a-pinene were studied by Matteson
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and Erdik."”® The results showed that the over-oxidation pathway was disfavoured when
pyridine was added or when a greater ratio of co-oxidant was used. Treatment of 318 with 5
eq of NMO rather than 2.4 eq gave an inseparable mixture of diol and ketone in a similar ratio

as before (entry 2). Addition of pyridine gave diol 320 as the sole product but only in 12% yield

(entry 3).
H pmp ©OsOs NMO H pmp
@l (Tabie 33) @
_— +
e} 2 DH O
OH
318 320
Scheme 142
Entry Reagents T/ time Result

Os0, (cat.), NMO (2.4 eq)
(CHs),CO, H,0, tBuOH
Os0, (cat.), NMO (5 eq)
(CHs),CO, H,0, tBuOH
Os0, (cat.), NMO (2.4 eq)
3 pyridine (10 eq) 40°C/18h 320 12%
(CHs),CO, H,0, tBuOH
Table 33: Dihydroxylation of alkene 318

40°C/18 h  320:32193%

40°C/18 h  320:32187%

Full conversion was not observed when diol 320 contaminated by a-hydroxyketone 321 was
treated with Ph;3PCl,, formed in situ from a 1:1 mixture of PPh; and C,Clg, in refluxing CH;CN
(Scheme 143 and Table 34, entry 1). After 18 h at 40 °C, the starting material was recovered in
38% vyield along with 30% of halohydrin 323. Benzonitrile, a higher-boiling solvent compared to
CH:CN, was then used (entry 2). Complete conversion and formation of 323 as the sole
product were observed by tlc analysis. However, isolation from benzonitrile was not possible.
Further attempts to effect the semipinacol rearrangement were carried out using microwave
irradiation to heat the reaction mixture because they allow higher temperature than the set
boiling point of the solvent. After 2 h at 120 °C, no more starting material was observed and

323 was isolated in 17% yield (entry 3). Formation of 323 increased after 5 h at 120 °Cor 3 h at
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150 °C (entries 4 and 5). However, tricyclic ketone 322 was never produced via the semipinacol

rearrangement of diol 320 using cyclic phosphorane activation.

Ph3PC|2 O
(Table 34)
N\
\ PMP
o)
322
Scheme 143
Entry Reagents T/ time Result
PPhs, C,Clg (1.5 € 320:321 38%
1 » GCs (1.5 eq) reflux / 18 h °
CH,CN 323 30%
PPhs, C,Clg (1.5 e
2 » Gls(15eq) g /18 h 323
PhCN
PPhs, C,Clg (1.5 e
3 » Gl (1.5 eq) 120 °C (uw) /2 h 323 17%
CHCN
PPhs, C,Cls (1.5 €
4 s CGCle (1.5 eq) 120 °C (uw) /5 h 323 24%
CHCN
PPhs, C,Cls (1.5 €
5 » Gl (L5ea)  ohecw) /3 32323%
CHCN

Table 34: Attempts to form 322 via a semipinacol rearrangement using cyclic phosphoranes

In 1972, Applequist described the formation of a halohydrin with retention of configuration
from a trans diol (Scheme 13, Section 1.4).® Formation of an epoxide intermediate would
afford retention of the stereochemistry. However, it is unlikely that cis diol 320 would form a
highly strained trans epoxide on an already strained ring system. Inversion of the configuration
via a S\2 displacement is therefore more likely (Scheme 144). In addition, the 1H-NMR
spectrum of halohydrin 323 shows that the proton adjacent to the chlorine appears as a singlet
at 4.64 ppm suggesting that the dihedral angle between H-A and H-B is around 90°. This would

be consistent with the molecular model of 323.
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PMP

m Ph3PC|2
—_—
(0]

H
H

o
o

320

Scheme 144

The synthesis of the cyclic sulfites 325a and 325b in a 1:1 ratio allowed the separation of a-
hydroxyketone 321. The overall yield for this transformation was 71% from alkene 318
(Scheme 145). No conversion was observed when 325 was heated in Ph,0 at 190 °C for 3 h or
at 220 °C for 1 h. However after only 2 h in refluxing Ph,0, the semipinacol rearrangement of

325 was complete and tricyclic ketone 322 was obtained in 90% vyield.

OSO4Y NMO
H pmp  (CH5)CO, HyO, tBuOH H pup
=N’ 40°C, 18 h s\
> +
© z :bH ©
OH
318 320
SOCly, pyridine 71%
CH,Cl, o
0°Ctort, 6.5h over 2 steps
o H ’
Ph,O, it,2h s VP & PV
N - N
\ PMP 90% /N N
@] o\é{ O\é,
o) Ke)
322 325a 325b
Scheme 145

In summary, tricyclic ketone 322 was synthesized in nine steps and 23% overall yield from
known dibromooctene 287. Attempts to form N-Bn alkene 289 via a palladium-catalysed
intramolecular carbonylative coupling or various lithiation and radical cyclisations were
unsuccessful. Alternatively, N-PMP alkene 318 was formed by basic elimination of the
dithiocarbamate functional group of B-lactam 316. Further transformation afforded a 1:1
mixture of cyclic sulfites 325 which rearranged in refluxing Ph,0. However semipinacol

rearrangement via cyclic phosphorane activation of diol 320 did not occur.
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3.7 Application of the methodology to a non-fused [-lactam

The semipinacol rearrangement of fused 6- or 7-membered ring B-lactams has been described.
The investigation of a non-fused system was then considered. Indeed, this should indicate if
the ring-fusion favours the alignment between the leaving and migrating group and/or if the
release of the ring strain in the fused system plays a role.

The first approach chosen was to synthesize alkene 327 via the palladium-catalysed
intramolecular carbonylative coupling as previously described by Mori (Scheme 146).'% Allylic
amine 326 was synthesized in 83% vyield by reacting commercially available 2,3-
dibromopropene with para-anisidine and K,CO3; in DMF. Unfortunately, the synthesis of p-
lactam 327 proceeded in only 30% vyield using 10 mol% Pd(PPh;), formed in situ in combination
with nBuzN in DMF at 85 °C. In order to use 326 which was synthesized in gramme quantities,
the debromination was attempted via lithium-halogen exchange. However, alkyne 329 was
obtained in 80% vyield instead of alkene 328. A similar transformation has been observed by
Barluenga et al., and is proposed to occur through decomposition of the deprotonated amine

by elimination of hydrogen bromide.'*

d(OAc), PPhs, nBugN

DMF 85°C,5h
PMPNH, K,COj
Br DMF,0°Ctort, 18 h Br 30% PMP
327
Br 83% NS \ It
290 nBuLi, THF \L L
o PMP _PMP
-78°C,2h N N
328 329 80%
Scheme 146

Alkene 328 was alternatively formed in 72% vyield by alkylation of allyloromide with para-
anisidine and K,CO; in DMF at 80 °C for 8 h (Scheme 147). Dithiocarbamate 330 was obtained

in 84% over two steps.
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PMPNH, K,COs
DMF, 0°Ctort, 18 h

-
L

1. triphosgene, pyridine
toluene, rt, 18 h, 87%

-
L

Et,N

al . A&

Br 72% NH 2. E;NC(S)SNa NI
pmp  (CH3),CO, 11,18 h, 96% PMP
328 330
Scheme 147

Irradiation of dithiocarbamate 330 in cyclohexane with a 500 W halogen lamp for 2 h gave B-
lactam 331 in 86% yield (Scheme 148). Low-temperature elimination of the dithiocarbamate
group proceeded in 99% yield using 1.5 eq of Mel and LHMDS in THF for 4.5 h. Overall, alkene

326 was formed in 58% yield over 5 steps from commercially available allyl bromide.

S
EtoN hv (500 W halogen lamp) EtzN/( o Mel, LHMDS o
\L s/&s cyclohexane, i1, 2 h SV THF, -78 °C, 4.5 h
I}IAO 86% Newe 9% N
PMP
330 331 327

Scheme 148

Diol 332 was obtained in 58% yield using a sub-stoichiometric amount of OsO, and NMO as a
co-oxidant (Scheme 149). Cyclic sulfites 333a and 333b were formed in 30% vyield and 38%
yield respectively using thionyl chloride and pyridine in CH,Cl,. Only starting material was
observed when 333 was heated at 190 °C for 2.5 h in Ph,0. Refluxing the reaction mixture for 1
h afforded degradation suggesting that the semipinacol rearrangement of cyclic sulfites 333
might be occurring but that the product formed 334 was probably unstable at this high
temperature. Treatment of diol 332 with PhsPCl; in refluxing CHsCN gave 85% of halohydrin
335. Inspection of a molecular model suggested that the alignment of the leaving group and
the migrating group was not optimal. In addition, Sy2 attack on the primary carbon of the
cyclic phosphorane is expected to be more favourable than attack on the secondary carbon of

the fused systems. Hence, this alternative reaction pathway dominates.
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o
0s0, NMO é+

(CH53),CO, H,0, tBUOH OH SOCl, pyridne  o7~~0 oo
\‘ (O 40°C, 18 h HOWOCHzcb,mC tort, 3h \{ (O \f fo
> » +
N N N N
‘PMP 58% ‘pvp  68% ‘PMP ‘PMP
327 332 333a 333b

PhsP, C,Clg

Ph,O

CH4CN, 11,18 h i an

Cl OH o 0
o)
N, :CN(
PMP PMP
335 85% 334
Scheme 149

In summary, the precursor for the semipinacol rearrangement, diol 332, was obtained in 30%
yield from allyl bromide 290 via six straightforward transformations. However, activation via a

cyclic phosphorane or cyclic sulfite did not afford the desired 3-ketolactam 334.

3.8 Conclusions

The scope of the semipinacol rearrangement of cis-fused 3-lactams developed in Chapter one
has been extended. Indeed, bicyclic diols 181 and 195 were efficiently formed via formation of
cyclic sulfites or in situ rearrangement of cyclic phosphoranes (Scheme 150). It was also
possible to incorporate a protected alcohol on the cyclohexane moiety and therefore to
synthesize benzoate-protected bicyclic ketone 249.

1. SOCIy, pyridine

H R CH,Cl, 0 °Ctort
N 2. Ph,0, 190 °C 181 77% or 80% (R=CgH47, R'=H)
> 195 77% or 80% (R=PMB , R'=H)
R o O PPhg C;Clg 249 75% or 77% (R=PMP, R'=OBz)
on°H CH4CN, i1, 18 h
Scheme 150

However, access to the precursor for the semipinacol rearrangement in good yield proved
impossible for N-Ts and N-iPr derivatives. The same issue was faced when starting from

isophorone 199 and isophorol 212.
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The methodology was also applied to different ring sizes (Scheme 151). The core structure of
gelsedine 265/276 was formed in excellent yield viag activation with either cyclic phosphorane
or cyclic sulfite intermediates. The complex tricyclic structure 322 was also synthesized via the
semipinacol rearrangement of cyclic sulfites 325a and 325b. However, the semipinacol
rearrangement of fused-cyclopentane B-lactam could not be attempted because the synthesis

of alkene 282 and a-hydroxylactam 284 were unsuccessful.

SOCIZ’ pyridine, CH2C|2 H R thO
0°Ctort, 4h N 190°C,2h
87% Y Yo 94% ¢
H R O\‘S+ (@]
N’ % - \
o R
275 (R=PMP) N,
OH ©
OH o]
264 (R=Bn) 265 78% (R=Bn)
= 9 =
274 (R=PMP) PPh; C,Clo 276 98% (R=PMP)
| CHACN. If, 18 h T
o}
+ > N
z Z 909 PMP
20 (0] 20 O % N
O\é{ O\é{ O
0 o)
325a 325b 322
Scheme 151

Non-fused B-lactam 332 did not afford -ketolactam 334 (Scheme 152). Halohydrin 335 was
instead synthesized in 85% vyield suggesting that a better antiperiplanar alignment was
obtained in the fused structures or that the competing Sy2 pathway was not occurring because

of increased steric hindrance.

OH O Ph3P, Czcle OH O
Ho/\t( CH4CN, T, 18 h :C(O C'/\t(
N, > 0 N, N,
PMP PMP PMP
332 334 335 85%
Scheme 152
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Chapter four:

Studies towards the synthesis of peduncularine
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4.1 Peduncularine: background and significance

Peduncularine was first isolated from the small Tasmanian tree Aristotelia peduncularis in 1971
by Bick and co-workers (Figure 19).* They reported the first structure elucidation of this
natural product in the same year and corrected their structural analysis in 1992 after the first

total synthesis by Speckamp et al. was reported.”***

(-)-peduncularine possible biosynthetic building blocks

Figure 19

This natural product is the main alkaloid found in different species from the genus Aristotelia.
It has been isolated as the free amine or as the hydrochloride salt in the form of a crystalline
solid. It is made up of a synthetically challenging 6-azabicyclo[3.2.1]oct-3-ene ring system with
a 3-indolyl methyl substituent. The biosynthesis of this molecule is thought to be derived from
tryptophan and a non-rearranged geranyl subunit as building blocks.

Tribes from the southern hemisphere have been using plants of the genus Aristotelia for their
medicinal properties. It has also been reported in 1985 that peduncularine displays some

biological activity against breast cancer cell lines.”"

4.2  Speckamp’s total synthesis of (—)-peduncularine

The first total synthesis of (—)-peduncularine was reported in 1989 by Speckamp et al.”
Reaction of inexpensive (S)-malic acid with acetyl chloride followed by isopropylamine and
acetyl chloride gave enantiomerically pure imide 336 in 68% yield over three steps (Scheme
153). Lactam 337 was obtained via regioselective reduction using NaBH, followed by
ethanolysis of the acetate functional group. Low-temperature alkylation of lactam 337 with 5-

iodo-1-(trimethylsilyl)-2-pentyne was achieved with good stereoselectivity in 50% yield.
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Treatment of lactam 338 with formic acid protonated the ethoxy group which was eliminated
with concomitant formation of N-acyliminium ion 340 which can undergo an intramolecular
reaction with the propargyl silane. Treatment of a mixture of 341 and 342 with methanolic
ammonia formed the core structure 343 of peduncularine in an excellent 87% yield along with

a small amount of allene 344.

1. AcCl
2. IPI"NHZ AcO 1. NaBH4 H2804
HO, 3. AcCl )\1 2. NaOEt, EtOH n
>—\ —_—
HOOC COOH 58% @) N~ O 90%
I
s i id iPr
(S)-malic aci 336 337

— S HCOOH S \
> — . —>
EtO 0 E 0 N 0

50% N Q) N N
iPr Hoipr iPr
338 L 339 340 _J
HCOz = —r—
- Z  HCO, ) / OH )
/Pr\N‘ : 23 NH3 MeOH /Pr\ 7 S
— A= ol s
o HO ,Tl O HO 'Tj @)
iPr iPr
341 342 343 87% 344 6%
Scheme 153

Ozonolysis gave ketone 345 which was then reduced and the resulting alcohol was protected
to give diacetate 346 (Scheme 154). This lactam was subjected to flash vacuum thermolysis at
600 °C followed by ethanolysis to give alcohol 347 in 45% yield. Swern oxidation of the alcohol
followed by Wittig olefination gave alkene 348, a key intermediate in the synthesis of
peduncularine. The final steps in the synthesis involved formation of the corresponding
thiolactam and alkylation with methyl iodide to give the iminium salt 349. Grignard addition

followed by reduction with NaBH;CN gave 350 in a modest 35% yield (42% of the C-7 isomer
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was also formed). Finally, Fischer-indole synthesis using phenylhydrazine gave (-)-

peduncularine in 19 steps and 0.7% overall yield.

1. NaBH, 1. flash vacuum
_HO o 105 HO 2. Ac,0, DMAP  AACO thermolysis, 600 °C
'PF\N- 7 2.MeyS 'PF\N_ O  pyridine 'PF\N_ OAc 2. NaOEt, EtOH
—_— >
0o o ° o 45%
343 345 346
I : I HO
iPr 1. Lawesson's reagent iPr 1. DMSO, (CICO), Et3N iPr
e 2. Mel, Et,0 \ 2. Ph3P*CH, Br", nBulLi o
I N < N ~ : N
MeS 87% o 82% " ar
349 348
o)
.
2. NaBH;CN PhNHNH, H,SO,
35% 44%
(-)-peduncularine
Scheme 154

4.3 Woerpel’s total synthesis of peduncularine

132

Having reported a formal synthesis of (t)-peduncularine in 2000, Roberson and Woerpel

133

published the second total synthesis in 2002.”> Cyclohexadienylsilane 352 was prepared by
deprotonation of 1,4-cyclohexadiene 351 using sBuli and TMEDA followed by trapping of the
lithiated intermediate with chlorodimethylphenylsilane (Scheme 155).

The construction of the core structure 357 was achieved via a [3+2]-cycloaddition using
cyclohexadienylsilane 352 and chlorosulfonyl isocyanate. Due to steric hindrance, the attack
occurred on the opposite face of the silyl group to give 353. Following a 1,2-migration of the
silyl moiety, allylic cation 354 cyclised to afford a 91:9 mixture of regioisomers 355:356. The

core structure of peduncularine 357 was obtained in 68% yield after in situ reduction using

sodium sulfite.
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SiMe,Ph SiMe,Ph
1. sBuLi, TMEDA 2 oA S0.ClI
; —= +
@ 2. PhMe,SiCl 7= B
> N 7‘—’ CIO,SN_
89% Y
351 352 o 353
SlMezPh SiMe,Ph SiMe,Ph
N82803
4 +
68°/ ' '
° clo,s N cio,s-N
3580 9:91 3570 3550 3560
Scheme 155

Protection of the lactam with a Teoc group and selective reduction with DIBAL-H in EtOH
provided hemiacetal 359 (Scheme 156). This intermediate was selectively alkylated under
Hosomi-Sakurai reaction conditions to give terminal alkene 360 as a single diastereomer. Cyclic
acetal 361 was obtained in three straightforward steps: regioselective hydroboration using 9-

BBN, Swern oxidation and acid-catalysed acetal formation.

1. nBulLi T™MS
SiMe;Ph - 2. TMS(CH,),0COCI SiMe,Ph 2 SiMe,Ph
3. DIBAL-H, EtOH, CSA BF3.Et,0
- _
HN 81% _N 88% _N
Teoc OEt Teoc
3570 359 360 —_
1. 9-BBN, H,0,
2. (CICO), DMSO, Et;N SiMe,Ph 1. TBAF SiMe,Ph
3. HO(CH2)3OH PTSA 2. acetone, NaBH3;CN
55% ~ 81% o ~
Teoc/N o) iPr/N o
361
362
(0] (0]
1. tBuOOH, KH, TBAF OH 1. SO4.pyridine
2. Ac,0, DMAP EtsN, DMSO
3. PhANHNH,, H,SO0, I 2. Cp,TiCH,AICIMe,
43% ipr= 38%
N
H
363 (¥)-peduncularine
Scheme 156
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Deprotection of the Teoc group using TBAF followed by reductive amination with acetone and
NaBH;CN formed isopropylamine 362. The dimethylphenylsilyl group was oxidized to give a
secondary alcohol which was transformed in situ to the acetate to facilitate purification. The
Fischer-indole synthesis gave alcohol 363 which was oxidized to the ketone and subsequent

use of the Tebbe reagent gave (t)-peduncularine in 16 linear steps and 5.5% overall yield.

4.4  Kitamura’s total synthesis of peduncularine

In 2006, Kitamura and co-workers described the third total synthesis of (+)-peduncularine.**
The synthesis started with ester 364 which was previously synthesized by Kotsuki in 55%
yield." Reduction of ester 364 with LiAlH, followed by Swern oxidation and Grignard addition
onto the aldehyde gave alcohol 365 in 68% yield over 3 steps (Scheme 157). Ketone formation
from the secondary alcohol and further treatment with NH,OH.HCI gave an oxime functional

group which was reacted with perfluorobenzoyl chloride and triethylamine to afford O-

pentafluorobenzoyloxime 366.

1. LIAIH, 1. (COCI),
2.( COCl)2 Et;N, DMSO Et;N, DMSO
2. NH,OH.HCI
<: h 0] pyridine
vgB: 3. CgF5COCI, EtsN
7 7 - /7
62% 68%
M
o e S IINE oa e
364 365 o CGFs\H/O 366 O
o)
Scheme 157

The synthesis of the 6-azabicyclo[3.2.1]oct-3-ene ring structure was achieved via a radical
cyclisation of oxime 366 followed by a reductive ring opening (Scheme 158). Reaction of oxime
366 with a Cu(l) salt gave, via electron transfer, radical anion 367 which can cyclise to form a
1:2.2 mixture of epimers of cyclic imine 368 in 98% vyield. Treatment of bromide 368 with

lithium naphthalenide gave alcohol 370 as a single isomer via B-elimination. The readily

[119]



hydrolysed imine 370 was reacted with AllocCl and pyridine to afford stable protected

enamine 371 in 75% vyield over 2 steps.

Cu'-OCOCgF5
Cu'-Br Cu'-Br - 1
0 \ /A — o) gr O
/ (Br /
Q 98%

NZR Rzé_\_<0:> c|:u“ (YR R
C4F5sCOO 5 /N8

CeFsCOO
366 - 367 368
lithium L) OH AllocCl OH
naphthalenide N\ pyridine
— —
q 75% :
N R N (over 2 steps) Alloc=N
369 370 371

Scheme 158

Parikh-Doering oxidation of alcohol 371 followed by stereoselective Grignard addition gave
tertiary alcohol 372 (Scheme 159). Reduction of enamine 372 with NaBH;CN and Peterson
olefination using KH afforded amine 373 in 40% yield (20% of the C-7 isomer was also formed).
Tertiary amine 350 was obtained via deprotection of the allyloxycarbonyl group and
isopropylation using isopropyliodide and DIPEA. Finally, Fischer-indole synthesis using
phenylhydrazine produced (+)-peduncularine in a 3.6% overall yield and 15 steps from known

ester 364.
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1. SOg3.pyridine

OH OH
Et;N, DMSO 1. NaBH5CN
2. Et3SiCH,MgCI CH,SiEt; 2. KH
/N 0, /N [ /N
Alloc” N o 65% Alloc” = 40% Alloc

O O
371 :> 372 :> 373 :>
0o 0o O

1. Pd(PPhs),

piperidine PhNHNH,.HCI
2. iPrl, DIPEA cat. H,SO4
72% N o 63%
L
350 (x)-peduncularine
Scheme 159

4.5  Hodgson’s total synthesis of peduncularine

The most recent total synthesis of (+)-peduncularine was published in 2010 by Hodgson and

co-workers.**®

Synthesis of epoxytropone 375 was performed in two steps via a [4+3]-
cycloaddition of pyrrole 374 with tetrabromoacetone followed by a debromination and a
stereoselective epoxidation (Scheme 160). Epoxide 375 was rearranged via a Lewis acid-
catalysed 1,2-shift to give iminium 377 which was trapped with allyltrimethylsilane as in
Robertson and Woerpel’s synthesis to give 378, the core structure of peduncularine, as the

required single stereoisomer in an excellent 80% vyield.

1. (BrzCH)2CO, EtZZn
COOMe then Zn/Cu, NH4C|

i 2. F;CCOMe CO,Me CO,Me
Oxone® '{l TMSOTf ,ll
O A A
31% o -0 o K_'\‘}\LA
374 375 376
OH TMS™N 0
o N o *N| (A
s 80% J/
MeOOC ° MeOOC
378 = 377
Scheme 160
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Protection of the secondary alcohol with a TBS group gave 379 in 95% vyield (Scheme 161).
Regioselective bromination via the corresponding silyl enol ether afforded the desired bromo
regioisomer 381 in 51% vyield. The other isomer 380 formed in 25% vyield was recycled to
ketone 379 in 90% yield. Completion of the total synthesis was achieved in a similar manner to
the work previously described by Woerpel (Section 4.3). Overall, Hodgson synthesized (+)-
peduncularine in 15 steps and 1.16% yield. Although the overall yield is lower than Woerpel’s
synthesis, the lowest yielding reaction is the [4+3]-cycloaddition which is the first step in the

synthesis and scaling it up was presumably not a problem.

1. LTMP, TMSCI
2. NBS, NaHCO,

OTBS

\ Zn/Cu
379 \

95%
1. 9-BBN, H,0, NaOH
2. TPAP, NMO 1. NaBH,4
3. HO(CH,),0H, TsOH 2.Zn, AcOH
OTBS = OTBS ==
N 55% N 74%
MeOOC~ o MeOOC~
383 j 382 \—
O
1. KOH, iPrOH
569 2. acetone, 1. SO5.pyridine
° NaBH;CN Et;N, DMSO
3. PhNHNH,, H,SO, [ OH 2. Tebbe reagent [
> ipr-N 44% > ipr-N
N N
H H
384 (+)-peduncularine
Scheme 161

4.6 Formal syntheses of peduncularine

In 1999, Rigby and Meyer designed a synthesis of the core structure of peduncularine using a
[6+2]-cycloaddition followed by a TI(lll) oxidative rearrangement to form the 6-

137-139

azabicyclo[3.2.1]ring system (Scheme 162). A loss of a carbon monoxide ligand from Cr-

complexed cycloheptatriene 385 occurred via light irradiation and allowed coordination with
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isopropyl isocyanate to give intermediate 387. Cycloaddition followed by capture of a molecule
of carbon monoxide and decomplexation gave 390 in a modest 37% vyield. The
azabicyclo[4.3.1]nonane ring system then underwent an oxidative ring contraction to give the
core structure 391 in 36% vyield. A succession of functional group transformations afforded
alkene 348, an intermediate synthesized originally in Speckamp’s synthesis. It was formed in
only eight steps from commercially available tropylium fluoroborate complex compared to the

14 steps required by Speckamp.

OBn O. OBn,iPr
—N’
hv
_—
-CO
"Cr(CO); Cr(CO), ~ /N\IP
(co Cr(CO),
385 ~ 386 387 388

O, OBn,iPr O, OBn,iPr

+CO Ej Et,0 @ TI(NOg); MeOH MeQ
—>
370/ 36%
° ° MeO |Pr

Cr(CO);
389

Scheme 162

In 2000, Weinreb reported the shortest at the time, albeit low-yielding, formal synthesis of

19 |ntermediate 347 from Speckamp’s synthesis was accessed in only five steps

peduncularine.
compared to the original twelve steps outlined above (Section 4.2). The key step was to

subject hydroxamic acid 392 to amidyl radical cyclisation conditions to give 395 as a single

diastereomer in 30% yield (Scheme 163).

oMe {BUSOCI OMe? SePh
= u e
\\“J\N/OH (PhSe), DIEA ( J\ : oH

) R —" . | _> OMe| OMe —»

iPr o : - N

30% o N o N P
0 0O 0O
392 ~ 393 394 - 395 347

Scheme 163
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In 2003, Martin et al. proposed a concise route for the formal synthesis of (—)-peduncularine

141

using ring-closing metathesis (Scheme 164).”" The known secondary alcohol 347 was obtained

from 336, an intermediate in Speckamp’s synthesis, in five steps and 32% yield compared to
the original nine steps and 8.9% yield (section 4.2).

1. NaBH, EtOH/HCI
iPr 2. PhSO,H, CaCl,
| 3. CH,=CHMgBr, ZnCl,

o\v\b;o 4. LDA, CH,=CHCH,Br

Acd 34%
336

Scheme 164

4.7  Winkler’s approach to the bicyclic core of peduncularine

In 2006, Ragains and Winkler synthesized (+)-peduncularine’s core structure.'**

The synthesis
started with D,L-homoserine which, after a succession of transformations, afforded 397. The

formation of the 6-azabicyclo[3.2.1]octane ring structure 401 was achieved in 65% yield via an

acid-catalysed retro-Mannich/Mannich reaction (Scheme 165).

M\ - +oH
\H o_ 0O (K O,)
2
COOH . ,COOMe TsOH . .COOMe
OH Et 65% Et
D,L-homoserine 397 398
COOMe - 1 COOMe
0 Et Et
Et HA
1 A N+ N
(0] N & \ R
401 COOMe MeOOC 400 MeOOC 399
Scheme 165
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4.8 Aims and objectives

A novel formal synthesis of (t)-peduncularine was envisaged around creation of the known
intermediate 402 from Speckamp’s synthesis via a semipinacol rearrangement of diol 403
(Scheme 166). This diol could be obtained by dihydroxylation of a conjugated alkene formed
via elimination of the dithiocarbamate group in 404. B-Lactam 404 would be synthesized using
a 4-exo trig radical cyclisation-dithiocarbamate group transfer of cyclohexadiene 405 and the
precursor for this reaction could potentially be prepared in two straightforward steps from the
novel isopropylamine 406. Diene 406 was proposed to arise from the photocyclisation of

benzene and isopropylamine.

0 " ipr
N
p— p— @
/Pr/N /Pr/N OH ©
o) o) OH
(x)-peduncularine 348 402 403
iPr iPr l£
NH NYO N,iPr
= O, &
\I\Et EtoN S H O
2 2
406 405 404
S
Scheme 166

4.9  Photoaddition of benzene to amines

In 1967, Bryce-Smith and Gilbert published the first 1,4-photoaddition of piperidine or
cyclohexylamine onto benzene.'* Their work was extended in 1977 with the incorporation of
tBuNH, in order to simplify NMR spectra analysis."** Irradiation of a 1:1 mixture of
benzene:tBuNH, for 24 h with a low-pressure mercury lamp gave a 1:1:2:5 mixture of
409:410:407:408 and unreacted starting material (Scheme 167). The major components were

amine 407 and 408 which were primary photoadducts. Conjugated diene 407 was not light-
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stable and further irradiation produced secondary photoadducts 409 and 410 as minor

components.

NH NH
+ NH 254 nm primary
2 photoadducts
hv/A /

NH
NH
hv/A AN ;
. geometrical secondary
d | pZ ~ isomers photoadducts

Scheme 167

Irradiation of benzene and tBuNH, produces an excited state complex formed of excited state
benzene (S,) and ground state amine (Sy). Single electron transfer gives benzene radical anion
and amine radical cation, which, after proton transfer, generates cyclohexadienyl and aminyl

radicals which combine to give amine 408, the main product from this reaction.

* .
hv SET +
+ NHy, ——» NHy [ —— + NH,
exciplex

H* transfer \ . radical recombination NH
— = + 7 NH >

H 408

Scheme 168

In 2010, Russell et al. employed this photoamination in their total synthesis of (%)-

145196 They used a low-pressure mercury lamp with a falling film

conduramine E (Scheme 169).
photochemical reactor. This set-up allowed the reaction to be run on a large scale (200 mL)

and to get a high exposure to the light by having a consistent thin-film flow. Only 2.5%
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conversion was observed for this photoamination after irradiating the mixture for 16 h.
However, as the reaction was run on a large scale and the non reacted starting materials were
easily removed by distillation, this was not an issue. The desired diene 408 was contaminated

with conjugated diene 407 even after purification by Kugelrohr distillation.

N -
254 nm NH NH HO,,, N\(O
N LN +
2.5% HO™ H

conversion

100 mL 100 mL 408 407 (x)-conduramine E

Scheme 169

Results and discussion

4.10 Synthesis of N-isopropylcyclohexa-2,5-dienamine

The photoamination of benzene and tBuNH, was repeated successfully with the equipment
available in the Grainger laboratory: a quartz immersion well reactor and a low-pressure
mercury lamp (Scheme 170). After 21 h of irradiation, 1.1% conversion was observed and a

3.3:1 mixture of 408:407 was obtained after purification.

. \*/ \*/
254 nm NH NH
+ %NHz e +
1.1%
conversion
408 407
Scheme 170

Having established conditions for the photoaddition of tBuNH, to benzene, the analogous
addition of iPrNH, was investigated (Scheme 171, Table 35). The reaction was first carried out
without any cooling of the lamp (entry 1). After 18 h, considerable evaporation was noticed
and the side of the well closer to the lamp was coated with what was assumed to be polymeric
compound which prevented the light from passing through into the reaction mixture. To avoid

evaporation and coating, cooling with a water jacket was used for the next attempt and the
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reaction proceeded in a similar conversion giving an inseparable mixture of amines 406 and
411 (entry 2).

Knowing the photoamination occurred even at room temperature with a water jacket, the
reaction time was increased to 87 h without any risk of evaporation. An increase in conversion

was observed and 2.81 g of material was synthesized (Table 35, entry 3).

254 nm NH NH
>7NH2
Table 35)

411
Scheme 171
Entry Reagents Cooling Time Product
0.623
1 1:1 benzene:iPrNH, (300 mL) x  18h 8
(1.0:0.5 406:411)
2 1.85:1 benzene:iPrNH, (200 mL) 4 18 h 0412¢g
3 1:1 benzene:iPrNH, (340 mL) v 87h 281¢g
1.51
4 1:1 benzene:iPrNH, (340 mL) 4 62 h 8

(1.00:0.17 406:411)

Table 35: Photoamination of benzene and iPrNH,

The mixture of isopropylamines 406 and 411 was unstable, with the pale yellow oil obtained
after purification by distillation turning black after 30 min at room temperature. Only partial
characterisation was therefore possible and the amines had to be reacted further immediately

after purification.

4.11 Synthesis of the isopropylamine S-lactam

The inseparable mixture of isopropylamines 406 and 411 was treated with triphosgene and
EtsN to give a mixture of carbamoyl chlorides 412 and 413 in 73% vyield (Scheme 172).
Purification via column chromatography was attempted at this stage but degradation occurred
and it was therefore decided to use the crude product in the next step. Formation of the

radical cyclisation precursor using three equivalents of sodium diethyldithiocarbamate in
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acetone at rt gave 405 in 66% yield as a single isomer after careful separation of the other
regioisomer by column chromatography. Irradiation with a 500 W halogen lamp provided 404
in 55% vyield. The reaction was complete after 5 h and one major product was formed by tlc
analysis. The stereochemistry of 404 was assigned by analogy to similar systems but has not
been unambiguously determined (Section 2.1).

iP iP iP iP
iPr iPr (CI4C0),0, EtsN ipr iPr

|
NH NH N O N O
toluene, rt, 18 h
+ - Y . Y
73% Cl Cl

(used crude)

406 411 412 413
Et,NC(S)SNa
[ 2
6661 acetone, rt, 18 h
iPr
H hv I
N”Pr cyclohexane, i1, 5h NYO
D 55% S S
H (@]
Et,N_ _S NEt,
3 404 405
S

Scheme 172

4.12 Elimination towards a cyclohexadiene S-lactam

Elimination of the dithiocarbamate group in 404 to give 414 was first attempted using 1.1 eq of
iodomethane and LHMDS at -78 °C (Scheme 173). The reaction mixture was warmed to rt
when no product of elimination could be observed after 5.5 h at -78 °C. However, only starting
material was obtained even after leaving the reaction for 18 h at rt (Table 36, entry 1). The
same result was observed using a Meerwein salt to activate the dithiocarbamate (entry 2).
When using ten equivalents of iodomethane and LHMDS or 1.1 equivalents of LDA, some
conversion was observed after warming the reaction mixture to rt (entries 3 and 4).
Unfortunately, the product isolated was N-isopropylbenzamide 415. Increasing the amount of
LDA in solution only resulted in a larger amount of this side product being formed (entries 5

and 6).
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elimination

H

(Table 36) ©l:1

il?r
NH

(@]
Et,N_ _S o)
Y 404 414 415
S
Scheme 173
Entry Reagents eq T/ time Result
-78°Ctort
1 Mel, LHMDS, THF 1.1 404
18 h
-78 °Ctort
2 Me;OBF,, LHMDS, THF 1.1 404
18 h
-78 °Ctort 404 98%
3 Mel, LHMDS, THF 10
18 h 415 2%
-78 °Cto rt 404 65%
4 Mel, LDA, THF 1.1
18 h 415 22%
-78 °Ctort
5 Mel, LDA, THF 2.0 1.0:0.5 404:415
18 h
-78 °Ctort
6 Mel, LDA, THF 5.0 1:2 404:415
18 h
. -78 °Cto rt
7 Mel, tBuli, THF 1.1 6.5 h 1.00:0.19 404:415
o rt to reflux
8 Mel, LiF, Li,CO3, DMF 1.1 404
18 h
rt to reflux
9 Mel, tBuOK, THF 1.1 7h 404

Table 36: Elimination of the dithiocarbamate group in 404

The formation of amide 415 could be explained by further deprotonation of the desired

conjugated lactam 414 (Scheme 174). A strong driving force for the reaction to occur is

opening of the B-lactam and formation of a benzene ring. The same result was observed when

using tBuli as a base (Table 36, entry 7).

H

N/
; EH Yo

Et,N__S

Y 404

S

[130]

ipr Mel iPr
—> | 4 —
CHTT o
B 414 416
Scheme 174

+

iPr H iPr
| —_— |
N NH

(0]
415




A different set of conditions was reported in 1977 by Hayashi et al. for the elimination of the
pyrrolidine dithiocarbamate moiety.39 It uses LiF, Li,CO; and iodomethane. However, the
elimination of the diethyl dithiocarbamate group was not successful for B-lactam 404, even in
refluxing DMF (Table 36, entry 8). When using tBuOK as a stronger heterogeneous base, only

the starting material was recovered (entry 9).

Formation of the potential intermediate 417 using different solvents and temperature was

attempted (Scheme 175, Table 37). Unfortunately, only starting material was recovered each

time.
H pr S-alkylation H pr
C(:i (Table 37) (;(:l
................ >
Et,N S O Et,N S O
2N 404 N a7
S MeSe -
Scheme 175
Entry  Reagents Solvent T/ time Result
1 Mel (5 eq) THF rt/2h 404
2 Mel (excess) Mel rt/18 h 404
3 Mel (5 eq) CH5CN reflux / 18 h 404
4 Mel (5 eq) toluene reflux / 18 h 404

Table 37: Attempts to S-alkylate dithiocarbamate 404

An alternative to dithiocarbamate elimination was to a-hydroxylate the B-lactam to form 418
and then to alkylate the dithiocarbamate moiety in order to make it a suitable leaving group
for the semipinacol rearrangement (Scheme 125, Table 38). Treatment of 404 with 1.5 eq of
|.43

LHMDS and the Davis oxaziridine resulted in some consumption of starting materia

However N-isopropylbenzamide 415 and unreacted starting material 404 were the only
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products isolated after purification (entries 1 and 2). Interestingly, a higher yield of side
product 415 is obtained using only 1.5 eq of LHMDS and Davis oxaziridine compared to using
10 eq of LHMDS and Mel (Table 36, entry 3). An alternative o-hydroxylation method
developed in 1975 which uses a lithium base, molecular oxygen and triethylphosphite was also

40-41

applied to B-lactam 404 (entry 3). Only starting material was observed during this reaction.

H ;5. hydroxylation H H
C(:l’lpr (Table 38) C(:’ilpr Mel, It @N{,/Pr 0
--------- » Rt e
o o) = o N
EtzN\n/S : EtzN\n/S OH EtzN$S o iPr \
s 404 s 418 +'S) 419 402
Me/ |_
Scheme 176
Entry Reagents in THF T/ time Result
1 LHMDS (1.5 eq) -78 °Ctortto reflux 404 59%
Davis oxaziridine (1.5 eq) 18 h 415 41%
) LHMDS (1.5 eq) 0°Ctort 404 11%
Davis oxaziridine (1.5 eq) 18 h 415 89%
LHMDS (1.5 eq), O, -78 °Cto rt
3 404
P(OEt); (2 eq) 5h

Table 38: Attempts to a-hydroxylate 404

Refluxing B-lactam 404 in Ph,0 to achieve a Chugaév-like elimination of the dithiocarbamate
moiety resulted in the formation of urea 422 in 34% yield (Scheme 177). Upon elimination,
diene 420 was presumed to undergo a retro [2+2]-cycloaddition to form isocyanate 421 and
benzene. The isocyanate can then react with diethylamine, a side product from the elimination

reaction, and give urea 422.

H . .
iPr iPr
N PhyO, it N’ €))! Q
\r| —> + C — /U\
A\
N Et,N NH
H (0] (0] NI |
sd¢s " iPr P

404 420 421 422
NEt, - -
HS S — EtzNH + CSQ
NEt,
Scheme 177
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A benzyne-induced alkene formation was proposed as an alternative to the use of
iodomethane and a strong base for the elimination of the dithiocarbamate group. Recent work
from Hwu and Hsu described that 1,3-thiazolidine-2-thiones 423 can react in a [3+2]-
cycloaddition fashion to form a tricyclic structure 424 which can then undergo a retro [3+2]-

cycloaddition to give alkene 425 in 77% yield (Scheme 178)."*’

N
Bn\Ni _/‘|© Bn\NA‘Q _ Ph . N=<SI>
Ph Bi S

S (S +
‘, [3+2] 77%
Ph Ph Ph Ph
423 424 425 426
Scheme 178

If applied to lactam 404, the [3+2]-cycloaddition of the dithiocarbamate group onto benzyne
would give tetracyclic structure 428 which could abstract the acidic proton o to the carbonyl

and give diene 414 and benzo-1,3-dithiol 429 as a side product (Scheme 179).

P JiPr AP s
N N
................ - V- O O

H O 0 °
S.__NEt, NEt
¥ @Y |

A

404 414 429

Scheme 179

Before attempting this unprecedented elimination, it was decided to confirm the formation of
benzyne in situ through reaction with easily accessible starting materials using literature
conditions. The recent work by Chandrasekhar et al. for the synthesis of benzotriazole 431 was
selected.”® Microwave irradiation of benzyl bromide and sodium azide in water at 120 °C for

%9 Eormation of triazole

30 min afforded benzyl azide 430 in quantitative yield (Scheme 180).
431 was achieved in a moderate 39% yield (lit. yield 82%) proving the formation of benzyne in

situ from 2-(trimethylsilyl)phenyl trifluoromethanesulfonate 427 and cesium fluoride.
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NaN3’ H2O 427, CsF

©/\Br 120 °C (pw), 30 min‘ ©/\N3 CH4CN, 1t, 4.5 h‘ @ENN
100% 39% N

430 431

Scheme 180

The same reaction conditions were applied to B-lactam 97 (Scheme 181). This substrate was
chosen in preference to lactam 404 because previous work had shown that conjugated alkene
120 was a stable compound which could be formed in excellent yield. Unfortunately, only the
starting material was recovered even when an excess of benzyne was present in solution. Due

to the lack of success for this reaction, it was not attempted on unsaturated B-lactam 404.

427 (1 eq) 427 (2.2 eq)
CsF (2 eq) CsF (6.7 eq)
H H H
BN CH,CN, 1t,5h BN CHLCN, it, 4.5 h Bn
o) b O o)
Et,N_ _S
120 2 o7 120
S
Scheme 181

The isolation of benzamide 415 suggested that the desired diene 414 was formed in the
reaction mixture but was unstable. It was envisaged that a precursor for the semipinacol
rearrangement could be formed by in situ trapping of unstable 414.

In 2002, Dubkov and co-workers reported the oxidation of cyclopentene to cyclopentanone
using nitrous oxide (Scheme 182)."° This reaction was postulated to proceed via a 1,3-dipolar
cycloaddition followed by a Wagner-Meerwein rearrangement through loss of N, as a driving
force.™

+ 1,3-dipolar m Wagner-Meerwein
/N '.\.l cycloaddition N, rearrangement
Q- fmm -,
;\/ o 25 atm o -N, o
3 H

Scheme 182
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Due to the difficulty in accessing gaseous nitrous oxide, it was decided to run the 1,3-dipolar
cycloaddition using a stable nitrile oxide. It was proposed that diene 414 would react with
benzonitrile N-oxide 432 to form tricyclic 433 which could then rearrange to give bicyclic

ketone 402 along with an aromatic nitrile by-product (Scheme 183).

H . Mel H .
N,/Pr Base N,/Pr 432
..... > i i
H O (e}
EtzN\n/S
s 404 L 414

Scheme 183

The synthesis of nitrile oxide 432 was achieved in 2 steps following the literature procedure
developed by Bode (Scheme 184)."°*'** Oxime 435 was formed in 92% yield by condensing
hydroxylamine onto aldehyde 434. Treatment of the oxime with NCS and triethylamine gave

stable benzonitrile oxide 432 in 64% yield.

+ O
NHZOH HCI, pyridine NCS, EtzN _N
EtOH, rt, 2 h CHzClz ,3h ~
92% 4%
432
Scheme 184

It was decided to try the 1,3-dipolar cycloaddition on alkene 120 as a model system. The

addition proceeded in 83% yield and gave 436 as a single isomer (Scheme 185).

+ -
H g, Mes—=N-0O H g,

Qi’l CH,Cly rtto i1,7.5h N’
e} 83% 0

y/

O~N Mes

120 436

Scheme 185

Analysis of the "H-NMR spectrum showed a downfield proton at 5.13 ppm which corresponds

to a hydrogen adjacent to an electronegative atom and particularly an oxygen. The same
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analysis was made for the *C-NMR spectrum where a CH carbon found at 79.6 ppm is too
downfield to correspond to a carbon adjacent to a C=N group (Figure 20). It was concluded
that the tricyclic structure formed corresponded to the regioisomer 436 that cannot undergo
the desired semipinacol rearrangement. The cycloaddition was not attempted on lactam 404

because 433 would not be obtained.

Figure 20

4.13 Elimination of the dithiocarbamate group: summary

These final experiments on the elimination of the dithiocarbamate group in 404, particularly
the failure to observe S-alkylated 417, taken together with results described in Chapters 2 and
3 allow some tentative conclusions to be drawn on the mechanism of the reaction.

The basic elimination of the dithiocarbamate group on the PMP derivative 128 occurred in a
moderate 61% yield when LHMDS was used on its own. Addition of iodomethane allowed the

reaction to go to completion and alkene 130 was formed in 99% yield (Scheme 186).

H PMP LHME)S H PMP Mel, L"JMDS H PMP
QIZ,L' THF, -78 °C, 4 h N’ THF, -78 °C,6.5h @l
o 61% I, 0 99% o}
Et,N__S
130 128 130
S
Scheme 186

The presence of the lactam functional group suggests that the elimination may occur via a E;cB
mechanism (Scheme 187). Another hypothesis would be that the alkylation occurs on the

deprotonated -lactam 438 instead of 128.
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Scheme 187

The vyield of the elimination was excellent with PMP, Bn and PMB groups on the nitrogen

whereas only moderate yields were obtained for the N-iPr and N-(CH,),CH; derivatives

(Scheme 188). Alkyl chains add electron density to a system and therefore destabilize an anion

intermediate. The branched isopropyl group is more electron-donating than the octyl group

which could explain the lower yield obtained for this reaction.

H R Mel, LHMDS
N’ THF, -78 °C, 6.5

H 0 99%

EtzN\n/S
S
97 (R=Bn)/ 170 (R=iPr)
176 (R=(CH,);CH3) / 191 (R=PMB)
Scheme 188

H

(0]

120 93% (R=Bn)
171 56% (R=iPr)
177 67% (R=(CH,);CH)
192 88% (R=PMB)

Basic elimination of the dithiocarbamate on the cycloheptane-fused system occurred in 93%

yield on trans 271 whereas only the starting material was recovered from cis 270 (Scheme

189). Inspection of molecular models of deprotonated epimers 440 and 441 shows that the

dithiocarbamate group is in an axial position for 440, generating 1,3-diaxal interactions. On the

other hand, the dithiocarbamate group is in an equatorial position in 441 and therefore the

elimination will be possible.
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For the norbornene derivatives, the bridge forces the molecule to adopt a specific

conformation (Scheme 190). This time, isomer 316 will have the dithiocarbamate group in a

pseudo-axial position, away from the bridge. The steric interactions will be minimal for

deprotonated 442 and elimination will

be possible. This hypothesis was confirmed

experimentally. Indeed alkene 318 was obtained in 78% yield from 316. On the other hand, the

steric clash between the pseudo-equatorial dithiocarbamate group and the bridge will not

allow the formation of the flat intermediate 443 for isomer 317. Elimination will therefore not

be possible and the lithiated intermediate 444 will be trapped by iodomethane to form 319 in

82% vyield.
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4.14 Dithiocarbamate cyclisation onto activated alkenes

H pwp
=N
—_—
78% o
318
H pwp
=N
-
0
318

An alternative strategy to synthesize the substrate for the semipinacol rearrangement would

be to activate the double bond in -lactam 404 in order to form tricyclic structure 446 which

would be prone to elimination to give conjugated alkene 447 (Scheme 191). Dihydroxylation of

the double bond followed by manipulation of the dithiocarbamate and X groups to install an

alkene would give 402. Alternatively the double bond could be installed after semipinacol

rearrangement.
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Scheme 191

According to the work published by Saidi et al. it is possible to activate a double bond with

iodine and form a 1,3-dithiolane derivative via intramolecular attack of a dithiocarbamate
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group onto the iodonium cycle.”" Before applying the literature conditions to dithiocarbamate

404, a representative example was repeated (Scheme 192).

>_N+
I, (1.5eq.) S

I Et

CH,Cl, rt, 2.5 h
Et,NC(S)SNa 95% 450
/\/Br acetone, rt, 1.5 h= /\/S\H/NEtz
100% S
449 o
NIS m s  Et
CH.Cly 1t,2h T >:N:+ . NH
S " Et
(0]
451 452

Scheme 192

Allyl dithiocarbamate 449 was synthesized in quantitative yield from allyl bromide and sodium

diethyldithiocarbamate in acetone. Following the literature procedure, treatment of 449 with
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iodine in CH,Cl, at rt for 2.5 h and subsequent concentration of the reaction mixture gave 1,3-
dithiolane 450 in 95% vyield (lit. yield: 100%). Use of NIS instead of iodine gave an inseparable
mixture of methylene 1,3-dithiolane 451 and succinimide 452. This latter reaction was
consistent with elimination of iodide from 450 presumably by the succinimidate anion acting
as a base. This behaviour appeared ideal for the proposed transformation of 404 to form

conjugated alkene 447 in one pot (Scheme 191).

No consumption of starting material was observed when treating B-lactam 404 with iodine in
CH,Cl, at -78 °C, at rt or at reflux (Scheme 193 and Table 39, entries 1 and 2). Increasing the
reaction temperature by changing the solvent (1,2-DCE, chlorobenzene) only resulted in

recovered starting material or degradation (entries 3 and 4).

IlEt
S
H ipr iodination S
NG (Table 39) H
............ >
|
o I N~iPr
Et,N_ _S 4
s 404 453
Scheme 193
Entry  Reagents Solvent T/ time Result
1 I, (1.5 eq) CH,Cl, -78°C/4.5h 404
2 I, (1.5 eq) CH,Cl, rt to reflux / 18 h 404
3 l, (1.5 eq) 1,2-DCE reflux / 4.5 h 404
4 I, (1.5 eq) chlorobenzene reflux /1.5 h degradation
5 I, (1.5 eq) THF rt 404
6 NIS (1.5 eq) CH,Cl, rt to reflux /5 h degradation

Table 39: Dithiocarbamate cyclisation onto activated alkene in 404
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The use of THF, a more polar solvent, did not favour the salt formation (Table 39, entry 5).
Finally, NIS gave similar results as iodine. Only starting material was seen at rt and the reaction

mixture degraded when the temperature was raised to 40 °C (entry 6).

Instead of iodine, it is possible to use strong acids to activate a double bond towards
nucleophilic attack. The work published in 1994 by Hartke and Timpe shows that a
dithiocarbamic ester 454 can cyclize intramolecularly onto the alkene in a 1,4-addition fashion

to give iminium salt 457 (Scheme 194).>

Scheme 194

Treatment of lactam 404 with anhydrous HCl at 0 °C and rt resulted in recovered starting
material. Refluxing the reaction mixture in THF afforded degradation (Scheme 195).
Et

N*
Et”
&SS

H pr HCI in dioxane

N’ THF, 0 °C to i1 H
—X—>
' Yo Mo N~ipr
EtZN\”/S o
g 404 458
Scheme 195

4.15 Protection of the double bond

Elimination of the dithiocarbamate group produced amide 415 and urea 422 as side products
instead of the expected alkenes 414 and 420 under basic and thermal conditions respectively
(Scheme 174 and Scheme 177). In both cases, the main driving force was the formation of an

aromatic ring and this undesired pathway occurred because of the double bond present in the
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carbocycle of 404 compared to previous systems (Sections 2.2 and 3.1). Protection of the

double bond was therefore explored towards the proposed formal synthesis of peduncularine.

The first reaction investigated was bromination of the double bond (Scheme 196).*® Addition
of bromine to a solution of 404 in CH,Cl, at 0 °C gave degradation of the reaction mixture after
30 min (Table 40, entry 1). When the addition was carried out at -78 °C, there was no
consumption of the starting material, even when warming the solution to 0 °C. However,
degradation occurred at rt (Table 40, entry 2). Finally, use of a 2:1 mixture of CCl,;:CHCI;, a
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mixed solvent described by Hakimelahi, afforded recovery of 404 even after stirring at rt for

3 h, because 404 was not soluble in this solvent combination (Table 40, entry 3).

H bromination Br H
T (Table 40) Br N
____________ >
b O b O
EtzN\n/S EtzN\”/S
S 404 S 459
Scheme 196
Entry  Reagents Solvent T/ time Result

1 Br, (1.4 eq) CH,Cl, 0°Cto rt/ 30 min degradation
2 Br, (1 eq) CH,Cl, -78°Ctort/4.5h degradation
3 Br, (1 eq) 2:1 CCl,:CHCl4 rt/1.5h 404

Table 40: Attempts to brominate the double bond in 404

The unsuccessful control of the bromination led to an investigation into oxygenation of the
alkene, with the view that a diol or an epoxide could be subsequently reduced back to an
alkene at a later stage of the synthesis. However, neither dihydroxylation nor epoxidation
occurred, with only starting material 404 recovered. This suggested again that the double bond
in 404 is relatively unreactive (Scheme 197). Notably the dithiocarbamate functionality was not

oxidised under these conditions.”>”**°
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Scheme 197

4.16 Conclusions

B-Lactam 404 was successfully synthesized as a possible intermediate in the synthesis of (t)-
peduncularine. However, the double bond in 404, required for the natural product, opened up
alternative reaction pathways which meant 404 could not be converted to a semipinacol
rearrangement precursor.

In order to complete the formal synthesis of this natural product via a semipinacol
rearrangement, selective protection of the double bond prior to the radical cyclisation will be
necessary. This could potentially be achieved via desymmetrisation of isopropylamine 406 and
would possibly allow for an asymmetric synthesis, although the additional steps required make

this approach less attractive.
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Chapter five:
Studies towards the synthesis of

calyciphylline D, calyciphylline F and caldaphnidine M
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5.1 Calyciphylline D, calyciphylline F and caldaphnidine M: background and
significance
In 2007, calyciphylline D and F were isolated by Kobayashi and co-workers from the leaves of

160181 A vear later, they

Daphniphyllum calycinum, a tree found in mainland China (Figure 21).
discovered caldaphnidine M in the roots of the same tree.** These natural products possess a

fused-pentacyclic skeleton containing a 8-azatricyclo-[4.2.1.0.**]nonane ring system. To date, a

total synthesis of calyciphylline D, calyciphylline F or caldaphnidine M has not been achieved.

iPr iPr

calyciphylline D calyciphylline F caldaphnidine M

Figure 21

Biosynthetically, these natural products are proposed to be generated from amide 462 via an
oxidative degradation of C-7 followed by formation of nitrogen to C-6 bond (Figure 22)."*
Amide 462 could itself be derived from daphnimacropin, which was discovered in 1966 by
Nakano et al.”®* Daphnimacropine possesses a daphnane skeleton. In 1990, Heathcock and co-
workers proposed that the daphnane structure was biosynthetically generated from

164 proto-daphniphylline

secodaphniphylline which itself originated from proto-daphniphylline.
is thought to be the first pentacyclic alkaloid to be formed in the biosynthesis of the

Daphnyphyllum alkaloids and it has been suggested that it is biosynthesized from squalene.

[146]



calyciphylline D daphnimacropine

secodaphniphylline proto-daphniphylline squalene

Figure 22

5.2  Aims and objectives

The intricate fused pentacyclic skeleton of the recently isolated Daphniphyllum calycinum
alkaloids caldaphnidine M, calyciphylline F and calyciphylline D represents a considerable
synthetic challenge. A proposed synthesis of these natural products would start from the
commercially available monoterpene piperitone 463 (Scheme 198). The reductive amination
onto piperitone will have to be stereoselective to allow the isopropyl group and the amine to
be cis to each other. Alkene 465 will be obtained via radical cyclisation of cyanamide (464,
R,=CN, X=Br, 1) or via radical cyclisation-dithiocarbamate group transfer and subsequent
elimination of the dithiocarbamate group (464, R,=C(O)SC(S)NEt,, X=H). The synthesis of the
7,8-diketo-6-azabicyclo[3.2.1]octane core structure 466 will be achieved via dihydroxylation of
the double bond and semipinacol rearrangement. Carbonyl functional group transformation
will afford alkylated thioamide 467. Grignard addition followed by a reduction will give amine

468 which after deprotection and subsequent reaction with 1-oxa-2-oxo-3-thiaindolizinium
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chloride will give Barton ester 469, a suitable substrate for a tandem aminium radical

165-166

cyclisation. Initiation of the reaction followed by decarboxylation will give aminium

radical 471 which will undergo two successive 5-exo trig radical cyclisations to form primary
radical 473 which will react with 469 to give pyridylsulfide 474 and propagate the chain
process. Subsequent functional group transformation will afford caldaphnidine M,

calyciphylline F and calyciphylline D.

iPr iPr Ry . iPr
=z l radical < R
O “‘N‘R cyclisation N~ 1. dihydroxylation  iPr
----- > 2 R ERREEEEEEEREEES o
X 2. semipinacol
rearrangement
463 464 465
1. PhsP=CH, iPr XMg .
------------ » ; B Rt
2. Lawesson's R/L\‘ then reduction
reagent |
3. Mel SMe
467
5-exo0
hv + i
______ » |iPr ( e \/ M9 iy
AcOH \ -CO, HN HN{—=
‘ + +
471 472 473
N R = COOH caldaphnidine M
B R = COOMe calyciphylline F
| o

R= 0O o calyciphylline D

Scheme 198

Results and discussion

5.3 Towards the total synthesis via radical cyclisation of cyanamide
The first route investigated to access 465 was via radical cyclisation of a cyanamide. This
reaction was first considered because of the prior difficulties encountered for the radical-

cyclisation dithiocarbamate group transfer onto a trisubstituted alkene (Section 3.2). Malacria
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and co-workers described the use of N-acylcyanamide 475 in the total synthesis of luotonin A,
a natural product extracted from a medicinal plant from China, Peganum nigellastrum (Scheme

199).%%” A tandem 5-exo dig and 6-endo trig radical cyclisation afforded luotonin A in 43% yield.

0]
BugSny sun lamp
mN tquene i
/
N 1l 5 -exo dig @
6-endo trig

then aromatisation N 0
> N
N

luotonin A

Scheme 199

lodination of piperitone 463 and subsequent reductive amination will give 477. Reaction with
cyanogen bromide should afford radical cyclisation precursor 478. The synthesis of alkene 465
would arise from a 4-exo dig cyclisation of cyanamide 478 to form iminyl radical 479. After H-

abstraction, the resulting imine could be hydrolysed to form B-lactam 465 (Scheme 200).

iPr iPr F|{1 iPr I|?1
O 1. iodination wNH BrCN \‘\N\\\
----------- » EEEEERE 3 N
2. reductive | |
amination
463 477 478
"?r R H-abstraction |l§r R
Bu;SnH N | then hydrolysis AN
-------- » e EREEEEEE =
N (0]
479 465
Scheme 200

The iodination did not occur when piperitone 463 was treated with 2 eq of iodine and 20 eq of
pyridine or EtsN in CH,Cl, (Scheme 201 and Table 41, entries 1 and 2)."%® A 1:1 mixture of
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pyridine:CCl, was then used as a solvent.” Some conversion was observed after 21 h at rt and

heating was required to drive the reaction to completion. Unfortunately, the desired
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halogenated ketone 480 was not formed. Instead, thymol 481 was obtained in 61% yield (entry
3)."° Using a sub-stoichiometric amount of DMAP and making sure the reaction mixture was
carried out in the exclusion of light allowed the formation of 480 in 21% yield (entry 4)."”* The

yield was improved to 31% when the reaction concentration was increased (entry 5).'”2

iPr T iPr iPr
iodination
O (Table 41) O OH
—_— >
|
463 480 481
Scheme 201
Entry Reagents Solvent T/ time Result
Lb(2e CH,CI
,2,( a 22 0°Ctort/18h 463
pyridine (20 eq) (0.1M)
Lb(2e CH,CI
(2 eq) 22 0°Ctort/18h 463
Et;N (20 eq) (0.1 M)
CCl, pyridine 0°Ctort/21h
3 Lb(2e ' 481 61%

(2 eq) (0.1 M) then reflux /24 h °
Lb(2e ccl ridine 49°C/18h

2(2eq) 4, PY . / . 480 20%

DMAP (0.2 eq) (0.4 M) exclusion of light
CH,Cl,, pyridine 40°C/18h
5 I, (2 eq) 2 Py /18t 480 31%
(0.66 M) exclusion of light

Table 41: lodination of piperitone to synthesize 480

Bromination of piperitone 463 was also investigated (Scheme 202).'”* Addition of bromine to a
solution of piperitone in CH,Cl, cleanly formed a new product by tlc analysis after 2.5 h at rt.
Subsequent addition of Et;N at 0 °C and warming the reaction mixture to rt over 18 h did not
afford halogenated ketone 482. Thymol 481 was obtained in 22% yield after purification and

some degradation was also observed.'”
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iPr B'..2 (11 eq) iPr iPr

O CHyCly rt,2.5h 0] OH
then EtsN Br
0°Ctort,18 h
463 482 481 22%
Scheme 202

Sulfinimine formation from halogenated ketone 480 to form 484:485 was attempted using
enantiopure (R)-tBuSONH, 483 in combination with Ti(OEt), (Scheme 203)."**”®> No conversion

was observed by tlc analysis and the starting material was recovered after 18 h in refluxing

THF.
. i .
iPr ) Ti(OEt), |?r - iPr _
O . 0 THF, 11, 18 h N-§-© . N-§-0
| HNTBu o | tBu | tBu
480 483 484 485
Scheme 203

Before trying to optimise the formation of 480 and 484:485, it was decided to try the radical
cyclisation on a model system. Treatment of cyclopentene with bromoform and tBuOK
afforded dibromocyclopropane 486 in 48% vyield after purification by distillation (Scheme
204)."%'"7 Degradation was obtained when 486 was heated at reflux for 18 h in DMF whereas

after 4 h in refluxing CHsCN, 2,3-dibromocyclohexene 487 was isolated in 27% yield.

Br
DMF, i1,18 h (;[
CHBr; tBuOK / Br
Br

pentane, -30 °Ctort, 18 h
a - (O
Br
48%
486 \ Br
CH3CN, i1, 4 h
Br

487 27%

Scheme 204

One-pot rearrangement of dibromocyclopropane 486 and alkylation was also attempted
(Scheme 205). Refluxing 486 in CH;CN for 1.25 h and subsequent addition of PMPNH, and

K,CO; afforded bromo amine 488 in 91% vyield after 6 h at rt. Unfortunately, 489 was not
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isolated using 121 under the same reaction conditions. Only the rearrangement occurred and

487 was obtained in 74% yield.

PMP CHLCN, 11,125 h CHACN, 11, 1.25 h SOtBu
@[NH then PMPNH, K,COj3 rt, 6 h Br then483,K,CO;3 1t,7h NH
Br 91% (j :Br [ :[ .
488 486 489
Scheme 205

Reaction of bromoamine 488 with 1 eq of sodium hydride and 3 eq of cyanogen bromide in
THF at rt for 18 h did not afford the desired cyanamide 490 (Scheme 206). Starting material
was also recovered when 2 eq of Na,COj; in combination with 1 eq of BrCN were used. Because
of the difficulties encountered for the halogenation of piperitone and the lack of reactivity of
bromoamine 488 towards cyanogen bromide, it was decided not to pursue the synthesis of [3-

lactam 465 via a radical cyclisation onto cyanamide 478.

PMP NaH, BrCN PMP Na,CO;3 BrCN PMP
N\\\ THF, rt, 18 h NH Et,0,-15°Ctort, 6 h N\\\
N -—X—— XK > N
Br Br Br
490 488 490
Scheme 206

5.4 Towards the total synthesis via reductive amination of piperitone

Synthesis via a reductive amination was first investigated using Ellman’s sulfinamide

chemistry.7#'7®

The use of enantiomerically pure sulfinamide 483 should allow for the
resolution of racemic piperitone 463 through formation of diastereomeric sulfinimines 491 and
492. The resulting sulfinyl stereocentre in 491 and 492 should further direct reduction to set
the cis configuration between the isopropyl group and the nitrogen on the cyclohexene ring
although the extent of induction will also depend on the neighbouring isopropyl stereocentre.
Reaction of piperitone 463 with (R)-2-methyl-2-propanesulfinamide 483 and Ti(OEt), in

refluxing THF for 40 h afforded a separable mixture of the sulfinimes 491 and 492 in 25%

overall yield (Scheme 207 and Table 42, entry 1)."””> When the reaction was carried out for 78
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h, the yield was improved to 44% (entry 2). Increasing the amount of reagents affected the
yield and imines 491:492 were formed in 56% optimum vyield using 2.1 eq of 483 and 4.2 eq of

Ti(OEt), after 72 h in refluxing THF (entries 3-6).

iPr N . iPr iPr
sulfinimide synthesis B N+ O -
0 X +(é) (Table42) Mg N-§-0
HoN”> " tBu o tBu tBu
463 483 491 492
Scheme 207
Entry Reagents Solvent T/ time Result
483 (1.1e
. ( a) THF reflux /40 h 2.6:1.0491:492 25%
Ti(OEt), (2.2 eq)
483 (1.1e
. ( a THF reflux / 78 h 3:1491:492 44%
Ti(OEt), (2.0 eq)
483 (2x1.1e
83 a THF reflux / 24 h 5:1 491:492 30%
Ti(OEt), (2 x 2.2 eq)
483 (2.1 e 463 56%
) ( a) THF reflux /36 h °
Ti(OEt), (4.2 eq) 5.3:1.0 491:492 25%
483 (2.1 e
. ( A THF reflux /72 h 2.7:1.0 491:492 56%
Ti(OEt), (4.2 eq)
483 (2.1e 463 28%
6 ) ( a) THF reflux/7d i
Ti(OEt), (4.2 eq) 491:492 48%
483 (1.1e 463 26%
7 ) ( a) CPME reflux /6 h i
Ti(OEt), (2.2 eq) 491:492 39%
483 (1.1
8 ) (1.1 eq) CPME reflux / 60 h degradation
Ti(OEt), (2.2 eq)
483 (1 e 493 55%
9 483 (1 eq) / 70°C (uw) /6 h °
Ti(OEt), (2 eq) 3.5:1.0491:492 8%
483 (1 e 463 24%
10 483 (1eq) / 70°C (uw) / 14 h °
Ti(OEt), (2 eq) 6:1491:492 14%
483 (1 e
11 , (1 eq) / 105 °C (uw) /5h  3.7:1.0 491:492 28%
Ti(OEt), (2 eq)
483 (1 e
12 (1 eq) / 140 °C (uw) /5 h degradation

Ti(OEt), (2 eq)

Table 42: Synthesis of sulfinimines 491 and 492

The solvent was changed from THF to CPME, a higher boiling ethereal solvent. Imines 491:492
were obtained in 39% vyield along with 26% of recovered starting material after only 6 h in

refluxing CPME (Table 43, entry 7). However, only degradation was observed after 60 h (entry
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7% poor

8). Finally, sulfinimine formation was carried out neat under microwave irradiation.
conversion was observed at 70 °C, even after 14 h (Table 43, entries 9 and 10). Increasing the
temperature to 105 °C gave 491:492 in 28% yield whereas only degradation was obtained after
5 hat 140 °C (entries 11 and 12).

As described by Guijarro and co-workers, steric hindrance probably affected the yield and
complete conversion was never observed for this reaction, explaining the moderate vyields
obtained.'”® Notably, sulfinimine formation is moderately diastereoselective, suggesting either
one enantiomer of piperitone 463 reacts faster with sulfinamide 483 or that 491 is the more
thermodynamically stable diastereomer.

Only one imine geometry was obtained for 491 and 492. The bulky isopropyl group should
favour the formation of Z-imines because of the steric clash that would be obtained in E-
ketimines. Analysis of "H-NMR spectrum shows an olefinic proton at 6.75 ppm for 491 and 6.91
ppm for 492 (Figure 23). Comparison with Z-ketimine 493 and E-ketimine 494 previously
synthesized by Guijarro confirmed the Z-stereochemistry.”’”® Indeed, the olefinic protons are
seen at 6.89 ppm for the Z-isomer compared to an upfield proton at 6.07 ppm for the E-
isomer. The relative stereochemistry between the iPr and tBu groups could not be assigned at
this stage of the synthesis, but was subsequently determined by X-ray crystallography on a

later intermediate.

tBu + y
iPr ) iPr . . \?/O
/N \é,o /N\é,O /N\é,o _N
(HtBu (HtBu (HtBu (H
6.75 ppm 6.91 ppm 6.89 ppm 6.07 ppm
491 492 493 494

Figure 23

Reduction of the sulfinimine functional group was carried out on both isomers and was first

attempted using 3 eq of L-selectride® in THF (Scheme 208).*® After 3.5 h, over-reduction was
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observed and amine 495 was isolated in 30% vyield as a single isomer with undefined

stereochemistry from 491, whereas degradation occurred with isomer 492.

iPr _ L-selectride® (3 eq) iPro B
/N\ézo THF,0°Ctort, 3.5h N\é/o
tBu 30% o tBu
491 495
iPr _ L-selectride® (3 eq) iPro B
N +x_O °
R THF,0°Ctort, 3.51 * N\é,o
tBu - tBu
492 496
Scheme 208

The reduction was then attempted using 3 eq of DIBAL-H in THF. After 1.5 h at -78 °C, amine
497 was obtained in 79% vyield as a single isomer from sulfinimine 491. On the other hand,

isomer 492 afforded 2 epimers, cis sulfinamide 498 in 25% yield and trans sulfinamide 499 in

47% yield.
i iPr
H - DIBAL-H (3 eq) - H -
/N\é/o THF, '78 OC, 15 h ‘\\N\é/o
tBu 79% tBu
491 497
iPr P P
N+ G DIBALH@Beq) oy By
Z 87 THF, -78°C, 1h N\g,o ‘\\N\é/o
H > . ;
tBu tBu By
492 498 25% 499 47%
Scheme 209

The stereochemistry of the minor product 498 was assigned by X-ray crystallography (Figure
24). This also corroborated the stereochemistry of its epimer 499 and by deduction the

stereochemistry of sulfinimines 491 and 492 were also defined.
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498

Figure 24

Comparison of the 'H-NMR spectra for the different sulfinamides gave some information for
the stereochemistry of 497 (Figure 25). Similar chemical shifts were found for 497 and 498,
especially for the isopropyl group and the proton next to the nitrogen. This suggested that the

same cis stereochemistry was present.

1.47-1.61 ppm 1.68-1.76 ppm
0.93 ppm ~y H v/ 3.72-3.88 ppm 8:82 ng“' H '/ 3.62-3.76 ppm
) NRo
= +
\S/ K\ \$/
HtBu HtBu
498 ‘\5.63-5.79 ppm 499 ‘\5.35 ppm
1.53-1.61 ppm
0.94 ppm )
0.98 ppm—\' H '/ 3.86-3.97 ppm
THH -
AJaNEO
W\ $
HtBu

497 ‘\5.57-5.66 ppm

Figure 25
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The reduction of the sulfinimine functional group with DIBAL-H has been described to proceed
via a closed transition state such as 500 where the sulfinyl oxygen participates in the delivery
of the hydride (Figure 26)."™! The larger group, the carbon bearing the isopropyl for imines
491 and 492, needs to be in the pseudo equatorial position.

Sulfinimide 492 could be reduced via two closed transition states (Figure 26). Pathway B will be
more favoured than pathway A because 501 has the iPr and tBu groups in equatorial positions.
On the other hand, 500 has the iPr group in an equatorial but the tBu in an axial position which

is less favoured. This could explain why trans sulfinamide 499 is the main product formed from

H3CW[>
tE‘Su iPr H . O_
iIPry==\—S-_ ~s”
A :
A H o tBu
iPr

o) 500 498

8
u \ H3C
492 B |

the reduction of 492.

iPr

501 499

Figure 26

Two transition states are also possible for isomer 491. Sulfinamide 503, which was not
obtained experimentally, would be formed by pathway A. However, intermediate 502 will be
the least favoured because both bulky groups are in axial positions on their respective rings.
On the other hand, pathway B forms 504 which bears the iPr group in axial position but the
bigger tBu group will be equatorial. This could explain why only cis sulfinimide 497 was isolated

after the reduction of sulfinimide 491.

[157]



N\é/o_ 502 503

504 497

Figure 27

Sulfinimine 491 is the major product from the imine formation reaction and it gave the best
stereoselectivity towards the formation of the cis sulfinamide by reduction of the sulfinimide
functional group. As the separation of 491 and 492 was difficult by column chromatography,
the isomerisation of the isopropyl group was considered (Scheme 210 and Table 43).
Deprotonation of sulfinimines and reaction of the resulting metalloenamine s
precedented.”’®'** However, no examples have been reported for o,B-unsaturated systems.
Treatment of imine 492 with LHMDS in THF afforded only the recovered starting material
(entry 1). The same result was observed when using KHMDS, even in excess (entries 2 and 3).
Some isomerisation was seen on tlc analysis when LDA, a stronger base, was used (entry 4).
However, 492 was recovered after the work-up. Better results were obtained using DBU in
refluxing CH;CN (entry 5). Indeed, a 1:1 mixture of isomers was formed but complete

conversion to isomer 491 was not observed when the reaction time was increased.

iPr . o iPr
N+ O isomerisation H -
AN (Table 43) N§-0
tBu o téu
492 491
Scheme 210
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Entry Reagents T/ time Result

1 LHMDS (3 eq), THF 0°Ctort/5h 492
2 KHMDS(1.5eq), THF  -78°Ctort/8h 492
3 KHMDS(10eq), THF -78°Ctort/10h 492
4 LDA (1.5 eq), THF 0°Ctort/3h 492
5  DBU (1.5eq), CHsCN reflux /9 h 1:1491:492

Table 43: Isomerisation of imine 492

With access to cis sulfinamide 497, subsequent transformation to access dithiocarbamate 506
was considered (Scheme 211). Treatment of 497 with triphosgene and pyridine in toluene did
not give the desired carbamoyl chloride 505 but afforded a 3:1 mixture of cis:trans thioimine

507 in 80% yield. This product might arise from a Pummerer-like reaction of 497.'%*

iPr H _ iPr §OtBu iPr §OtBu
A N0 N0 EpNG(s N0
~Thg PP ENC(S)SNa N
z N N N B i »
tBu Cl S S
(Cl3C0O),0, pyridine
toluene, rt, 18 h
497 505 506 NEt,
80% IEr
0 <
/N“"'?
tBu
507
Scheme 211

Oxidation of 497 to form Bus-protected amine 508 should improve the stability. Treatment of
497 with 1.3 eq of mCPBA in CH,Cl, at rt afforded 508 in 52% vyield (Scheme 212)."*
Unfortunately, as for the tosyl derivatives, treatment of 508 with pyridine and triphosgene in

toluene gave only recovered starting material.
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Pro _ mcPBA IBr | 5 (ClCO),CO, pyridine  1=r  $O2tBu

N .0 , WN ~.N o
wN-& CH.Cl, rt, 3 h . SI:O toluene, rt, 18 h X \f
H e I >
tBu 52% tBu Cl
497 508 509
Scheme 212

An alternative strategy to form sulfonamides would be via oxime formation as originally
described by Hudson in 1978."® This radical rearrangement process was used more recently by
Weinreb and co-workers to synthesize Bus-protected N-sulfonylimine 511 which was obtained
in 48% yield from oxime 510 using tBuSOCI and Et;N in Et,0 (Scheme 213)."%°

tBuSOCI, EtzN

N -35° N
O// ““OH Et,0,-35°Ctort _ O// "“SOztBu
48%

510 511

Scheme 213

Synthesis of oxime 512 was achieved in a moderate 56% yield by treatement of piperitone 463
with 7 eq of hydroxylamine hydrochloride in combination with sodium acetate (Scheme 214).”
The yield was improved when 14 eq were added in two portions. A 3:1 mixture of Z:E oxime
512 was obtained in 72% yield after 18 h. This synthetic route was not pursued any further
because of the prior difficulties which were found for the formation of carbamoyl chloride 509
from 508. However, the synthesis of oxime 512 in good yield showed it was worth exploring
the formation of other imines or oximes.

NH,OH.HCI (7 eq) NH,OH.HCI (2 x 7 eq)

" CH,COONa (7eq) ™" CH.COONa(2x7eq)
/Nv.,OH ‘CH3CN, H,O, 11,6 h O] CH3CN, H,0, i1, 182 /Nv."OH
56% 72%
512 463 512
Scheme 214

A 3:1 mixture of Z:E oxime 512 was obtained. The bulky isopropyl group should favour the

formation of Z-oxime because a higher steric interaction would be obtained for E-oxime.
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Analysis of the "H-NMR spectrum shows an olefinic proton at 6.83 ppm for 512a and 5.83 ppm
for 512b (Figure 23). The oxygen is closer to the olefinic proton for the Z-isomer which explains

the higher chemical shift.

iPr iPr QH
Neon N
H H
( 6.53 ppm ( 5.83 ppm
512a PP 512b PP
Figure 28

The synthesis of methyl oxime 513 and subsequent reduction was also investigated (Scheme
215). Treatment of piperitone 463 with methoxylamine hydrochloride and sodium acetate in a
5:1 mixture of MeOH:H,0 did not give any oxime 513 when the reaction was carried out at a
concentration of 0.02 M (Table 44, entry 1)."®’ Increasing the concentration to 0.1 M and 1.0 M

gave a 3.5:1.0 mixture of Z:E oxime 513 in 24% and 59% vyield respectively (entries 2 and 3).

MeONH,.HCI iPr reduction iPr

H
(Table 44) /NV.AONIe (Table 45) - N<ome
— -
513 514
Scheme 215
Reagents in . .
Entry Concentration T/ time Result
5:1 MeOH:H,0
MeONH,.HCI (10 eq) rt/18 h
1 0.02 M 463
AcONa (11 eq) then reflux /4 h
MeONH,.HCI (5 e
2 »HCl (5 eq) 0.1M reflux/66h 513 24%

AcONa (5.1 eq)
MeONH,.HCI (5 e

3 >HCl (5 eq) 1.0M reflux/18h 513 59%
AcONa (5.1 eq)

Table 44: Synthesis of methyl oxime 513

The reduction of methyl oxime 513 proved difficult. Treatment of 513 with NaBH;CN in AcOH
afforded only starting material (Table 45, entry 1)."*® The same result was obtained when TFA,

a stronger Brgnsted acid, or BFs;.Et,0, a strong Lewis acid, were used in combination with
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NaBH;CN (entries 2 and 3)."*°'® No reaction was also observed with B,Hg in refluxing THF

191

(entry 4).”" No conversion was obtained when LiAlH,, a stronger reducing agent, was used in

192 Disappearance of the starting material was

refluxing THF or 1,4-dioxane (entries 5 and 6).
observed in diglyme, a higher boiling ether. Unfortunately, alkoxyamine 514 was not isolated

after the work-up and attempts to form the hydrochloride salt of alkoxyamine 514 afforded

only degradation (entries 7 and 8).

Entry Reagents T/ time Result
NaBHs;CN (2 e
1 sCN (2 eq) rt to reflux /9 h 513
CH;COOH
NaBH3;CN (3 e
2 SCN (3 eq) 0°C to reflux /4.5 h 513

CF3COOH (2 eq), DMF

NaBHCN (1.6 e
3 sCN (1.6 eq) 0°Cto reflux/ 18 h 513
BF3.Et,0 (2.5 eq), MeOH

4 B,H¢ (3 eq), THF rt to reflux /18 h 513
5 LiAlH, (3 eq), THF reflux /8 h 513
6 LiAlH, (3 eq), 1,4-dioxane reflux /8 h 513
7 LiAlH, (3 eq), diglyme reflux /18 h degradation

LiAlH, (3 eq), diglyme
8 < .q) ] g reflux / 2.5h degradation
then HCl in dioxane

Table 45: Attempts for the reduction of methyl oxime 513

Because of the difficulties found in reducing methyl oxime 513, imine formation was
considered. Ammonia was first investigated as it is the smallest amine and hence a good
nucleophile (Scheme 216)."”> However, no conversion was observed when piperitone 463 was
treated with Ti(OiPr), and NHj3 in solution in EtOH, even when refluxing the reaction mixture
(Table 46, entry 1). Using Ti(OEt),, a Lewis acid which catalysed the synthesis of sulfinimines
491 and 492, did not give any of the desired product (entry 2). Starting material was also
recovered after refluxing a solution of ammonia in THF in combination with Ti(OEt), for 22 h or

when the reaction mixture was heated at 150 °C in a sealed tube for 24 h (entries 3 and 4).
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iPr NH3 iPr

O  (Table 46) NH
—K—
463 515
Scheme 216
Entry Reagents T/ time Result

NH, in EtOH (2 M. 5 e
1 31n EtOH a) reflux / 18 h 463
Ti(OiPr), (2 eq)

NH, in EtOH (2 M. 5 e
2 3N ( a) reflux / 18 h 463
Ti(OEt), (2 eq)

NH; in THF (0.5 M, 5 e
3 > ( a reflux /22 h 463
Ti(OEt), (2 eq)

NH, in THE (0.5 M, 5
4 3in THF A 50ec/24h 463
Ti(OEt), (2 eq)

Table 46: Attempts to synthesize imine 515

The lack of success for the synthesis of 515 might be due to the primary imine being unstable
to the reaction conditions as it was not seen on tlc analysis. Synthesis of N-Ts imine 516 as a
single isomer was then achieved in 10% yield by treating piperitone 463 with 1.1 eq of TsNH,
and 2.2 eq of Ti(OEt), in refluxing THF for 48 h (Scheme 217). Under the same reaction
conditions, PMP imine 517 was synthesized in 41% yield as a 1:7.6 mixture of E:Z isomers
(Table 47, entry 1). Using an excess of amine improved the yield to 73% (entry 2). However,
517 was difficult to purify by column chromatography as some close running by-products by tlc
analysis were also formed. Microwave irradiation was then used to avoid degradation of the
reaction mixture. Imine 517 was formed in a moderate 39% yield after 18 h at 65 °C (entry 3).
The conversion improved at 85 °C and 517 was obtained in 47% vyield (entry 4). Unfortunately,

the by-products were still formed and the purification was as difficult.
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iPr TsNH,, Ti(OEt), iPr PMPNH, iPr

Nets B THF, 11,48 h O (Table 47) /N\PMP
10%
516 463 517
Scheme 217
Entry Reagentsin THF T/ time Result
PMPNH, (1.1e
1 MPNHz (1.1ed)  qx/48h  51741%
Ti(OEt), (2.2 eq)
PMPNH, (3 e
2 , 2 (3 eq) reflux/12h 517 73%
Ti(OEt), (2.2 eq)
PMPNH, (3 e
3 2B3ea) oo °C(uw)/18h 517 39%

Ti(OEt), (2.2 eq)
PMPNH, (3 eq)

Ti(OEt), (2.2 eq)
Table 47: Synthesis of imine 517 from piperitone 463

85°C (uw)/14h 517 47%

Low-temperature reduction of imine 517 with LiAlH, or DIBAL-H afforded only recovered
starting material instead of amine 518 (Scheme 218). Treatment of 517 with NaBH;CN and TFA

in DMF afforded a mixture of two products which did not bear any alkene proton, therefore

suggesting over-reduction of imine 517 to give 519.'*°

P P NaBH3CN (3 eq)
e DIBAL-H (3 eq) T CF3COOH (2 eq) H

H
N -78° N. ° N.
PMP THF -78 °Ctort, 18 h N-pyp DMF,0 Ctort, 4.5 rL PMP
or LiAlH, (3 eq)
THF, -78 °C, 1.5 h
518 517 519

Scheme 218

One-pot imine formation and subsequent reduction was also attempted using sodium

194-195

triacetoxyborohydride formed in situ from NaBH, and AcOH. No conversion was observed

and the starting material was recovered after 18 h in refluxing 1,2-DCE.
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iPr PMPNH, (1.5 eq), NaBH, (1.4 eq) Pr
O AcOH, 1,2-DCE, 0 °Ctortto I, 18 h N

o

“PMP

463 518

Scheme 219

5.5  Towards the total synthesis via cis and trans piperitol

An alternative approach to the natural products was required because of unsuccessful or low-
yielding access to imines and their subsequent reduction (Scheme 220). Trans piperitol 519
could be obtained by a stereoselective reduction of piperitol 463. Activation of the alcohol and
subsequent nucleophilic displacement via a Sy2 mechanism would then give cis amine 520.
Mitsunobu reaction could also be considered as it should also give cis amine 520 after

deprotection.

iPr iPr 1. activation iPr Ry
O reduction ~_-CH 2. R{NH, ~_NH
-------- » S EEEEEEEEEEEEEEEEEEPE
or 1. Mitsunobu R4NHR,
2. deprotection
463 519 520

Scheme 220

Treatment of piperitone 463 with 1 eq of LiAlH, in Et,0 at 0 °C afforded trans piperitol 519 in
55% yield and cis piperitol 521 in 19% yield (Scheme 221 and Table 48, entry 1)."**" The
relative stereochemistry was assigned by comparison with the literature as these molecules
have been previously synthesized by Serra and co-workers.’®® The ratio was reversed under
Luche reaction conditions and 519 was obtained in 22% yield along with 51% of 521 (entry
2).1992%% As separation by column chromatography was quite difficult, Meerwein-Pondorf-
Verley reduction was also attempted in the hope that only the more stable isomer would be

formed.?®** However, a 6.5:1.4 ratio of 519:521 was obtained after 46 h in refluxing iPrOH

(entry 3).
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iPr reduction iPr iPr
o} (Table 48) A_OH A OH
_— +
463 519 521
Scheme 221
Entry Reagents T/ time Result
1 LiAlH, (1 eq), Et,0 0°C/3h >1955%
i eq),
¢ 15 eqh B 521 19%
NaBH, (2x1e 519 22%
< a 0°C /3.5h °
CeCl;.7H,0 (1 eq), MeOH 521 51%
6.5:1.4 519:521
3 (iPrO);Al (20 eq), iPrOH reflux /46 h
60%

Table 48: Reduction of piperitone 463

Mesylation of trans piperitol 519 was first considered (Scheme 222). Treatment of 519 with
MsCl, EtsN and a sub-stoichiometric amount of DMAP afforded degradation of the reaction
mixture after 5.5 h at rt (Table 49, entry 1). The same result was observed under similar
conditions with the temperature kept at 0 °C (entry 2).°>> The mesylation was also carried out
with MsCl in pyridine and mesylate 523 was the sole product isolated in 6% yield. Reduction of
the double bond was unexpected and a mechanism for this transformation under these

reaction conditions has not been defined.

|||'U

MsCI
(Table 49) Ms

|||'U
|||'U

Scheme 222
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Entry Reagents T/ time Result

MsCl (1.5 eq), Et;N (2.3 eq)

1 0°Ctort/5.5h degradation
DMAP (0.1 eq), CH,Cl,

MsCl (1.7 eq), EtsN (1.3 eq) . .
2 0°C/3h degradation
DMAP (0.2 eq), CH,Cl,

3 MsCl (1.5 eq), pyridine rt/3h 523 6%

Table 49: Attempts to synthesize mesylate 522

Degradation of the reaction mixture indicated that if mesylate 522 was formed, it was quite
unstable under the reaction conditions. A one-pot reaction was therefore attempted to form
benzylamine 524 (Scheme 223).204 Trans piperitol 519 was first reacted with MsCl and DMAP in
CH,Cl,. After rapid filtration through celite, the crude product was dissolved in DMSO and

BnNH, was added. Again, only traces of mesylate 523 were observed.

. MsCI (5 eq) .
g DMAP (10 eq) i BnNH,(10eq) o' H
OH CH,Cl, 0°Ctort, 2.25h OMs | DMSO, rt, 18 h wNeg,
> — X
519 L 522 i 524
Scheme 223

The tosylation of trans piperitol 519 was subsequently investigated (Scheme 224). No
conversion was observed when 1.1 eq of TsCl and Ets;N in combination with a sub-
stoichiometric quantity of DMAP were added to 519 in CH,Cl, at rt. Heating the reaction
mixture to reflux for 18 h did not afford the desired tosylate 525. Proton-NMR of the crude
material showed mainly TsCl. Using an excess of reagents did not improve the conversion and

again the only product observed by tlc analysis was TsCl.

TsCl (1.1 eq) TsCl (3 eq)
_ Et;N (1.1 eq) _ Et;N (3 eq) _
iPr DMAP (0.2 eq) iPr DMAP (0.2 eq) iPr
A OTs CH,Cl, rtto 11,26 h A_OH CH,CI, l1,48h A _OTs
525 519 525
Scheme 224
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An alternative route to amine 520 is via formation of azide 526 (Scheme 225 and Table 50).
Treatment of trans piperitol 519 with Ms,0 and DIPEA in THF followed by addition of
tetrabutylammonium azide afforded degradation and 28% of the starting material 519 was

recovered (entry 1).°”

When using Tf,0 as a substitute to Ms,0 to activate the alcohol, the
reaction mixture degraded after 18 h at rt (entry 2). The same result was obtained with DPPA

and DBU in toluene or using TFA and NaN3; in chloroform (entries 3 and 4).206'207

FE) substitution il?r 1. reduction iF;r R
(Table 50) «N3 2. alkylation «NH
----------- -
526 520
Scheme 225
Entry Reagents T/ time Result

Ms,0, DIPEA, THF

1 -60°Ctort/21h 519 28%
then BU4NN3

2 Tf,0, pyridine, BuyNN; CH,Cl, -78°Ctort/18h  degradation

3 DPPA, DBU, toluene 0°Ctort/2h degradation

4 CF3COOH, NaN; CHCl3 rt / 20 min degradation

Table 50: Attempts to synthesize azide 526

The Mitsunobu reaction was then considered. Preparation of the nucleophile TsNHBoc 527
was achieved in 54% yield by treatment of TsNH, with Boc,0, Et;N and a sub-stoichiometric
quantity of DMAP (Scheme 226).®® An alternative procedure was to react commercially
available tosylisocyanate 184 in tBuOH at rt for 18 h.”® TsNHBoc 527 was obtained in

guantitative yield without the need for purification.
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Boc,O, EtsN, DMAP (o)

o CH,Cly, rt, 18 h o
Oﬁ—NHz - Oﬁ—u OtBu
O 54% o)

527
o} o
Y tBuOH, rt, 18 no L
S-N=C=0 - S—-N" ~OtBu
O 100% oH
184 527
Scheme 226

Reaction of trans piperitol 519 with TsNHBoc 527, PPh; and DIAD in THF gave fully protected
amine 528 in 20% vyield after 43 h at rt (Scheme 227 and Table 51, entry 1).>® The vyield
increased to 26% when the mixture was stirred for 52 h at rt (entry 2). The same yield was
obtained when heating to reflux for 7 h after 18 h at rt (entry 3). The low yield obtained for the
synthesis of 528 was surprising because complete consumption of the starting material was
observed by tlc analysis. Subsequent Boc-deprotection was attempted using microwave

irradiation in DMSO.*° Unfortunately, degradation was observed.

iPr TsNHBoc, PPh,  1ErTs DMSO iPrTs
A _OH (Table 51) A wNe 160 °C, 14 min A NH
Boc
- N
519 528 529
Scheme 227
Entry Reagents T/ time Result
PPhs (3 eq), 527 (1.5 e
s (3 ea), 527 (1.5 eq) rt/43h 528 20%
DIAD (2.5 eq), THF
PPhs (3 eq), 527 (1.5 e
s (3 ea), 527 (1.5 eq) rt/52h 528 24%
DIAD (2 eq), THF
PPh; (3 eq), 527 (1.5 e rt /43 h
3(3 eq) ( a) / ——
DIAD (2 eq), THF then reflux /7 h

Table 51: Synthesis of 528 via a Mitsunobu reaction

Phthalimide 530 was also considered as a suitable nucleophile for the Mitsunobu reaction as it

could be easily deprotected with hydrazine.’’! Treatment of 519 with 1.3 eq of PPh,,
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phthalimide 530 and DIAD in THF did not afford 531 (Scheme 228). Conversion was observed

without the formation of a new component by tlc analysis.

i o PPh; DIAD lay i
OH THF, 1t, 18 h ~NPhth  H,NNH, wNHz
+ NH I [ N »
o)
519 530 531 532
Scheme 228

Finally, the Mitsunobu reaction was attempted on 519 using diphenylphosphoryl azide as the
nucleophile (Scheme 229).2> With 1 eq of DPPA, PPh; and DIAD, no reaction was observed.
Complete conversion was seen after 6 h at rt with 3 eq of reagents. However, the desired azide
526 was not isolated and only traces of a by-product bearing three protons in the ethylenic

region of the 'H-NMR spectrum were isolated.

g DPPA, PPh; DIAD (3eq) =" DPPA, PPh; DIAD (1eq) ="
N3 THF, rt, 18 h OH THF, rt, 18 h N3
526 519 526
Scheme 229

The formation of azide 526 via acetates 533:534 was also investigated (Scheme 230).
Treatment of cis piperitol 521 with Ac,0 in pyridine afforded cis acetate 533 in 78% yield.*"
Trans acetate 534 was obtained from 519 in 67% yield under the same reaction conditions.

Treatment of each isomer with an excess of LiClIO, and TMSN; afforded the same unknown

214

product.”® Unfortunately, both "H-NMR spectra showed a mixture of two products which

possess two protons in the ethylenic region, ruling out the formation of 526.
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g Ac,0, pyridine 1 LiCIO, TMSN; g
wOH rt 18 hthen I,2h wOAC Et,0,0°Ctort, 2h N3
78%
521 533 526
Iy Ac,0, pyridine 12 LiCIO, TMSN; I
OH rt, 18 h OAc Et,0,0°Ctort,2h N3
67%
519 534 526
Scheme 230

The formation of this by-product was intriguing. It was therefore decided to apply the same
procedure onto isophorol 212 (Scheme 231). Acetate 535 was formed in 81% yield and
subsequent treatment with LiCIO, and TMSN; afforded azide 536 in quantitative yield without
the need for purification. This proved the reliability of Pearson’s procedure and that it was not

suitable for piperitone derivatives, possibly because of the steric hindrance of the isopropyl

group.
Ac,0, pyridine TMSN3 LiCIO4
OH it 18 h OAc gectort 6h N3
81% 100%
212 535 536
Scheme 231

As it was easy to access 536, it was decided to further transform the azide functional group to
form tosyl amine 537 (Scheme 232). Subsequent modification of 537 would afford
dithiocarbamate 538 which could be a suitable model substrate to attempt the 4-exo trig
radical cyclisation-dithiocarbamate group transfer on a trisubstituted alkene to form B-lactam

539.
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1. triphosgene

1. reduction I pyridine
N3 2. tosylation NH 2 Et,NC(S)SNa
---------- > LR
536 537 538
Scheme 232

Reduction of 536 with LiAlIH, in Et,0 afforded primary amine 540 which was assumed to be

215

volatile due to its low molecular weight (MW 139 g.mol™).** It was therefore reacted directly

with NaH and TsCl to give tosylamine 537 in 35% yield over the two steps.

LiAIH, NaH, TsCl
3 Et,0,rt,3.5h NH>  Et,0,1t, 18 h NHTs
> —_—
35%
over 2 steps
536 540 537
Scheme 233

Further transformation of tosylamine 537 into carbamoyl chloride 541 was investigated
(Scheme 234 and Table 52). Starting material 537 was recovered when pyridine and
triphosgene in toluene were used (entry 1). Addition of DMAP to catalyse the reaction or
heating the mixture to reflux also afforded starting material (entries 2 and 3). When using a
stronger base, KHMDS or LHMDS, in combination with pyridine and triphosgene, no conversion
was observed (entries 4 and 5).

triphosgene Ts
NHTs  (Table 52) N__O

537 541

Scheme 234
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Entry Reagents in toluene T/ time Result

1 (Cl5C0),CO, pyridine rt/18h 537
2 (Cl5C0),CO, pyridine, DMAP rt/18 h 537
3 (Cl;C0),CO, pyridine, DMAP reflux /18 h 537
KHMDS then
4 o rt/18h 537
(ClsC0),CO, pyridine
LHMDS then
5 rt/18 h 537

(Cl5C0),CO, pyridine
Table 52: Attempts to synthesize carbamoyl chloride 541

Treatment of tosylamine 537 with CDI and K,CO; in combination with a sub-stoichiometric
amount of DMAP in refluxing CH,Cl, or toluene again afforded recovered starting material 537

instead of 542 (Scheme 235).2%%¢

Ts CDI, K,CO3 DMAP Ts  CDI, K,CO3 DMAP Ts
N\(O CH,Cl, 11,18 h NH toluene, !, 18 h NYO
N7 ‘ - N7
) (;/
W W
542 537 542
Scheme 235

Surprisingly, Boc-protected tosylamine 543 was synthesized in 97% vyield using Boc,0 with
DMAP in CH;CN at rt (Scheme 236).%” Reaction of 543 with sodium diethyldithiocarbamate did
not afford the desired dithiocarbamate 538 but gave 232 in 56% yield. This product may arise

1% The route using azide 526 for the total

from decomposition of dithiocarbamate 538.
synthesis of calyciphylline D, calyciphylline F and caldaphnidine M was not developed any

further because of the difficulty in forming dithiocarbamate 538 on the model system.
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N\(O
SYS
Et,N
538
Boc,0, DMAP Ts

H
Ners  CHiCN.rt 18h N\(O Et,NC(S)SNa
> O (CHa)CO, It, 18 h
97% Bu
537 543 \ SYS
NEt,
232 56%
Scheme 236

An alternative route was therefore developed and it was decided to react cis acetate 533 with
Pd(0) to form allylic Bn or PMP amines (Scheme 237). The palladium-catalysed allylic amination
of 533 with 10 mol% of freshly prepared Pd(PPh;),, 20 mol% of PPh; and 3 eq of BnNH, in

refluxing CH;CN afforded degradation of the reaction mixture.*®

Using the same reagents in
THF, the starting material was recovered after 18 h at rt followed by 3 h at reflux. Para-
anisidine was then considered for the allylic amination.?’® Reaction of 533, PMPNH,, K,COs,
TBAB and PdCl, in toluene at 85 °C for 6 h gave only starting material.

Pd(PPhg), PPhg Pd(PPhg), PPhg

iBr Bn BnNH, i BnNH, igr Bn
«NH CcH.CN, 11,26 h wOAC THF, 1t, 18 h then I, 3 h wNH

544 533 544

. PdCl, K,COs3 .

g PMPNH, TBAB Bro

wOAc toluene, 85 °C, 6 h “‘N\PMP
533 545
Scheme 237
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All the efforts to functionalise piperitone 463 to create suitable intermediates for the
formation of bicyclic ketone 466 were unsuccessful (Scheme 238). On the other hand, bicyclic
ketone 140 had previously been synthesized successfully from commercially available 3-
bromocyclohexene 122. It was therefore decided to investigate the construction of the fused
pentacyclic core structure 546 of calyciphylline D, calyciphylline F and caldaphnidine M starting

from bicyclic ketone 140.

iPr R =COOH caldaphnidine M
B o o R = COOMe calyciphylline F
—» P77 .. » iPr O
r-N R= O o calvciphyline D
o yww
463 466
Br O
— /- »
pmp-N
o
122 140 546

Scheme 238

5.6 Bridgehead functionalisation of the 7,8-diketo-6-azabicyclo[3.2.1]octane ring
system

In order to get closer to the structure of the natural product, functionalisation of the 1-position
through bridgehead deprotonation on the 7,8-diketo-6-azabicyclo[3.2.1]octane structure 140
was investigated. Computational analysis of the bridgehead deprotonation reaction was first
conducted. The geometry optimisations were performed by Professor Chris Hayes from the
University of Nottingham using the B3LYP/6-31G*//B3LYP/6-31G* computational method. This
calculation method had been previously used in predicting the bridgehead deprotonation of a

variety of ketones, lactams, lactones and imides.?*°

The study showed that if a positive AE,,
was obtained, the deprotonation was unfavourable whereas if it was a negative value, the

deprotonation would be thermodynamically feasible. There are also borderline situations with

small positive AE,, values which indicated that the deprotonation was possible but poor
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control was obtained with condensation with the starting material occurring instead of
alkylation. These theoretical results were reproduced experimentally.

Ketone 547 showed a positive AE,,, (AE,=4.65 kcaI.moI'l) indicating that the deprotonation
was unfavourable (Scheme 239). Bridgehead lithiation and subsequent alkylation using either
LDA or LTMP as a base in combination with TMSCI proved impossible experimentally. Self-

condensation was not observed in the absence of TMSCI.

0 AE ,=4.65 kcal.mol” o

% + Me,N = = % + Me,NH

547 548
LDA or LTMP

O TMmsCl, THF o
4?7 > gifﬂws

547 549

Scheme 239

Camphelinone 550 showed a small positive AE,, (AE,=0.976 kcal.mol™) indicating that the
deprotonation was unfavourable (Scheme 240). However, aldol adduct 552 was obtained in
90% yield experimentally, suggesting that deprotonation to form 551 was occurring and it was

followed by condensation with 550.

AE,=0.976 kcal.mol!

+ Me,N = - + Me,NH
\ _
550 551
LTMP, THF
—_— O
90% HO
550 552
Scheme 240

A relevant structure for comparison with 140 is ketoindole 553, synthesized by Simpkins and

221

co-workers, as it possesses a ketone carbonyl carbon as the sole bridging atom.”" Its

0

deprotonation had been investigated towards the total synthesis of welwistatin®’ and a
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negative AE,,, was obtained using the calculation (AE,,=-12.4 kcal.mol™), suggesting that the
metallation was possible (Scheme 241). This was confirmed experimentally as TMS-substituted

555 was obtained in 54% yield using LTMP and TMSCI in THF.

v AE py=-12.4 kcal. mol! a
O A\ MeZN_ = - O N+ Me,NH
N N

' T™S
v LTMP, TMSCI w
THF
Ly ——
N 54%

Scheme 241

The calculations conducted by Professor Chris Hayes showed negative AE,, (AE.,=-20.0
kcal.mol-1 for 557 and -29.1 kcal.mol™ for 559) for the deprotonation of phenyl- and methyl-
substituted bicyclic ketones 556 and 558. Bridgehead deprotonation should therefore be
thermodynamically favourable. However, it is not possible to say from this calculation if the
deprotonation is kinetically feasible.

Me O

N
@ + Me,N —<—= a + Me,NH AE,,,, = -20.0 kcal.mol!

557
Ph O

\

N
+ Me,N —<—> @ + Me,NH AE 1y, = -29.1 kcal.mol

559

Figure 29

Following Simpkins’ procedure, bicyclic ketone 140 was treated with 2 eq of LTMP formed in
situ from TMP and nBulLi and 10 eq of TMSCI at -78 °C (Scheme 242).°>*** The starting material

was only sparingly soluble in THF at this temperature. No conversion was observed by tlc
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analysis even when the reaction mixture was warmed to rt (Table 53, entry 1). Quenching the
reaction with D,0 did not show any deuterium incorporation and the starting material was
recovered. The same result was observed using LHMDS, another non nucleophilic strong base,
in CH,Cl, (entry 2). Methylation of the bridgehead position in 140 was then investigated.
Treatment of 140 with LHMDS followed by addition of Mel afforded only starting material in

CH,Cl, and 25% of lactam 561 in DMF (entries 3 and 4).

bridgehead
functionalisation
O (Table 53)
pmp-N
(0]
140
Scheme 242
Entry R Reagents T/ time Result
TMP, nBuli, LiCl (2 eq) -78 °Cto rt
1 140
TMSCI (10 eq), THF 18 h
TMS
LHMDS (2 eq) 0°Ctort
2 140
TMSCI (10 eq), CH,Cl, 18 h
LHMDS (2 eq), CH,CI O°Ctort
3 (2 eq) 2Ll 140
then Mel (10 eq) 7h
LHMDS (2 eq), DMF 0°Ctort
4 561 25%
then Mel (10 eq) 4h
NaH (2 eq), DMF rt
5 561 90%
oH then Mel (10 eq) 3h
} NaH (2 eq), DMF rt
6 561 81%
then Me;0BF, (10 eq) 3h
. 3 AMS, NaH (2 eq), THF rtto40°C  unidentified
then Mel (10 eq) 3.5h products
g 3 A MS, NaH (2 eq), THF rt to 40 °C unidentified
then Mel (10 eq) 18 h + 15 min products

Table 53: Bridgehead functionalisation of 140

It was then decided to use thermodynamic conditions for the deprotonation. When 140 was
reacted with NaH in DMF, lactam 561 was obtained in 90% yield with Mel and 81% yield with

Me;OBF, (Table 53, entries 5 and 6). This product is likely to arise from deprotonation of the
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hydrated form of bicyclic ketone 140 (Scheme 243). The ring-opening probably releases the

strain present in the bicyclic structure and is a possible driving force for this reaction.

o OH
H20 NaH, Mel
_— OH OMe
pmp-N pmp-N MP’N
y 3

(0]
hydrate of 140
PMP
COOMe HO COOMe H COOMe
U U
564
Scheme 243

The same yields for the formation of lactam 561 were observed when Mel was distilled or DMF
was dried over molecular sieves prior to use, in order to remove any traces of H,0. When the
bicyclic ketone 140 was stirred for 30 min over 3 A molecular sieves in DMF prior to the
addition of the base, three unidentified products were formed in small yields (Table 53, entry
7). Increasing the stirring time over molecular sieves to 18 h, one compound was formed but
the data collected did not correspond to lactam 561 or to the desired methylated bicyclic
ketone (entry 8).

Alkylation was also attempted on freshly prepared N-CgH; bicyclic ketone 181 which was more
soluble in organic solvents. Addition of 3 eq of NaH and 10 eq of Mel to a mixture of 181 in THF

did not afford bridgehead methylated 565 but lactam 566 in 88% vyield.

NaH (3 eq), Mel (10 eq) o (NCHZ)fgéMe

O THF, rtto40°C, 18 h o U
H3C(H,C);~ N HaC(H,C);~ N

(0] (0]
181 565 566 88%

Scheme 244

The formation of the hydrate of 140 being an issue for the bridgehead methylation, it was

decided to form alkene 567 prior to alkylation. Treatment of 140 with 1.6 eq of
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methyltriphenylphosphonium bromide and nBuli in THF afforded alkene 567 in 40% yield after
an aqueous work-up (Scheme 245 and Table 54, entry 1).”° Using the same procedure, alkene
567 was obtained in 24% vyield after a work-up with hexane and a filtration to remove the
triphenylphosphine oxide by-product (entry 2). Direct purification of the concentrated reaction
mixture gave 567 in an improved 60% yield (entry 3). Finally, the use of 2.1 eq of reagents
afforded alkene 567 in 93% yield (entry 4).

Low-temperature methylation of the bridgehead position on alkene 567 was then attempted
using 2.5 eq of LDA prepared in situ and 5 eq of Mel (Scheme 245). Only starting material was
obtained, even after the reaction mixture was warmed to rt. Bridgehead alkylation was then
carried out using 2 eq of NaH and an excess of Mel in DMF. No conversion was observed and

the starting material 567 was recovered after 18 h at rt.

nBuLli, (iPr),NH, Mel

THF, -78 °C to rt _N
o  PhsP=CH, PMP
(Table 54) 0

: : 568
e et \\
(0] @)
NaH, Mel
140 567 DMF,tt,18h _
pmp-N
(0]
568
Scheme 245
Entry Reagents in THF work-up T/ time Result

1 PhsP*CH,,Br’, nBuli (1.6 eq) NH,Cl, CH,Cl, reflux/18h 567 40%

N i . hexane
2 Ph3P"CH3,Br’, nBuli (1.6 eq) . . reflux / 18 h 567 24%
filtration

3 PhsP*CH3,Br, nBuli (1.6 eq)  concentration  reflux/18h 567 60%

4 PhsP'CH;,Br;, nBuli (2.1 eq)  concentration reflux/18h 567 93%

Table 54: Synthesis of alkene 567
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Another option to incorporate a methyl at the bridgehead position of the 7,8-diketo-6-
azabicyclo[3.2.1]octane structure would be to introduce it prior to the semipinacol
rearrangement (Scheme 246). Oxidation of diol 569 would give o-hydroxyketone 570 which
could then be reacted with Meli or MeMgBr to give 571 and/or 572. Semipinacol

rearrangement of the cis diol 571 would then give the desired alkylated bicyclic ketone 573.

H R H R
’ oxidation ‘
CRG - CR
OH © OH O ' Meli
OH o ' or MeMgBr
569 570 '
Y

Py
\
z
(@)
A
:'U
|3-
w
' g
ie!
:|\)
I
O
T z
S 8
+
O
Igz
O

Scheme 246

Oxidation of diol 145 was first attempted with 1.2 eq of PCC at rt and degradation of the
reaction mixture was observed (Scheme 247 and Table 55, entry 1).** Using DMP in
combination with pyridine or NaHCO; provided trace amounts of a-hydroxyketone 574 among

products of degradation (entries 2 and 3).?**

Swern oxidation of diol 145 afforded protected
ketone 575 in 35% yield (entry 4).”>?* To avoid the formation of 575, iPrOH was added in the
same time as Et;N. Unfortunately, tlc analysis showed that 575 was the main component after
the work-up (entry 5). Finally, diol 145 was reacted with RuO, formed in situ from a mixture of
RuCls, NaHCO; and Oxone® as described by Plietker in 2004 (entry 6).?”’ a-Hydroxyketone 574

was formed in a moderate 38% yield and was contaminated with some degradation products

even after an attempted purification by column chromatography.
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oxidation
H H Bn H Bn

Bn
N (Table 55) N’ N’
; OH © OH © | o_©

OH (0] (@] \
145 574 575 S~\e
Scheme 247
Entry Reagents T/ time Result
1 PCC (1.2 eq), CH,Cl, rt/1.5h degradation
DMP (2 eq), pyridine (5 e
2 (2 ea), py (5 ea) 0°Ctort/4.5h 574 traces
CH,Cl,
DMP (2 eq), NaHCO; (5 e
3 (2 eq) s (5 eq) O0°Ctort/1h 574 traces
CH,Cl,
CICO), (3 eq), DMSO (9 e
4 (CICO) (3 ea) (5 ea) 78°C/2h 575 35%

EtsN (20 eq), CH2C|2
(CICO), (3 eq), DMSO (9 eq)

5 _ -78°C/2h 575 35%
Et;N (20 eq), iPrOH (20 eq), CH,Cl,
RuCl; (10 mol%), NaHCO5 (2.5 e 574 38%
6 3 (® 0) 3 a) 0°C/4h . o
Oxone™ (5 eq), H,0, CH;CN, EtOAc (impure)

Table 55: Oxidation of diol 145

Deprotection of the methylthiomethyl group was attempted with TsOH in a refluxing 1:1
mixture of H,O:toluene (Scheme 248).>® No reaction occurred and the starting material was
recovered.

TsOH (2 eq) H gp

N’ PhCHg/H,0, I, 2 h N
< >
o_© OH ©

(0] \ (0]
Me 574

Scheme 248

Plietker described the formation of a-hydroxyketones from oxidation of alkenes. Treatment of
alkene 130 with 10 mol% RuO, gave 576 in 23% vyield. Even if low-yielding, the product was
obtained pure. Full conversion was observed by tlc analysis. Increasing the catalyst loading to
20 mol% did not improve the vyield for this oxidation. Insufficient quantities of o-

hydroxyketone 576 were formed and addition of a nucleophile could not be attempted.
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RuCl3 (10 mol%)
NaHCO; (2.5 eq), Oxone® (5 eq)

H H
@PMP EtOAc, CHsCN, H,0, 0 °C to rt, 18 h N
23% -
o 5 O
130 576
Scheme 249

5.7 Towards the synthesis of 546: nucleophilic addition to lactams and
thiolactams

The addition of nucleophiles into lactam 567 was considered. However, before reacting 567,
the reactivity of a representative readily available substrate, 1-phenyl-2-pyrrolidinone 577, was
investigated. Formation of thiolactam 578 was achieved in 85% vyield using 0.6 eq of
Lawesson’s reagent in refluxing toluene for 1.5 h (Scheme 250).>* Treatment of 578 with an

excess of Mel in Et,O for 18 h at rt afforded S-alkylated thiolactam 579 in 91% yield.”

Me
O Lawesson's reagent S -
toluene, i1,1.5h Mel, Et,0O, rt, 18 h +
dEN,Ph - d&N,Ph - C\:N:Ph
85% 91% |
577 578 579
Scheme 250

Addition of a Grignard reagent, allylmagnesium chloride, in combination with Ti(OiPr), to 578,
as recently described by Six and co-workers, afforded a 2.3:1.0 mixture of monoalkylated 580
and dialkylated 581 (Scheme 251).*° Treatment of 578 with allylmagnesium chloride followed
by in situ reduction with NaBH;CN gave a 1.0:4.3 mixture of 580:581.”° On the other hand,
monoalkylated 580 was obtained in 50% yield as the sole product when 579 was treated at -78
°C with 1.5 eq of allylmagnesium chloride whereas dialkylated 581 was formed in 52% vyield

when the reaction mixture was warmed to 0 °C before the reduction.
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allylMgCl, Ti(OiPr), S 1. allylMgCl, CH,Cl,

THF,0°Ctort, 1 h 78°C,15h
N-Ph N-Ph < n-Ph >
2. NaBH5CN, AcOH
580 2.3:1.0 581 578 -78°Ctort, 1.5h  5gg 1.0:4.3581
_Me
1. allyIMgCl, CH,Cl, S 1. allyIMgCl, CH,Cl,
\-Ph - 78°C,15h NP 78°Cto 0 °C, 1.5h=
2. NaBH3CN, AcOH | 2.NaBHsCN, AcOH
580 50% '78 OC to rt, 15 h 579 '78 oC: to rt, 15 h 581 52%
Scheme 251

Addition of an organolithium species such as nBuli was also considered (Scheme 252).
Treatment of thiolactam 578 with 2 eq of nBulLi followed by reduction with NaBH;CN afforded
only starting material. On the other hand, the same procedure on alkylated thiolactam 579

gave pyrrolidine 582 in 21% vyield.

_Me
S 1. nBulLi, THF S 1. nBulLi, THF
-78°Ctort, 4 h + -78°C,1.5h
fN,ph - N-Ph /\E N-Ph - n-Ph
2. NaBH;CN, AcOH | 2.NaBH;CN, AcOH
578 -78 °C to rt, 2h 582 579 -78 °C to rt, 45 min 582 21%

Scheme 252

In summary, addition of allyIMgCl on thiolactam 578 gave a mixture of mono and dialkylated
phenylpyrrolidines 580 and 581. The addition was more selective on methylated thiolactam
579. Indeed, dialkylation was observed when the reaction mixture was allowed to warm to 0
°C before reduction, whereas monoalkylated pyrrolidine 580 was formed in 50% yield when
the mixture was kept at -78 °C. On the other hand, no reaction was observed when nBuli was

added into thiolactam 578 whereas butyl pyrrolidine 582 was formed in 21% yield with 579.

As it was possible to selectively add commercially available nucleophiles on alkylated
thiolactam 579, it was decided to synthesize a nucleophile which upon addition to 567 would

generate a suitable substrate to undergo the tandem radical cyclisation (Section 5.2, Scheme
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198). Treatment of cyclopentanone with 1 eq of trimethylphosphonoacetate 583 and NaH in
MeOH at rt for 18 h, as described by Briickner in 2006, gave methyl ester 584 in 29% yield after
purification by distillation (Scheme 253 and Table 56, entry 1).2* Using 1.5 eq of 583 and NaH,
the Horner-Wadsworth-Emmons reaction did not go to completion. However, purification by
column chromatography improved the isolated vyield, giving 43% of 584 (entry 2). A similar
yield was obtained when the reaction mixture was heated at reflux or when 583 was used as
the limiting reagents (entries 3 and 4). Using Na instead of NaH to form NaOMe in situ

afforded 584 in 68% yield (entry 5).

HWE
0O o (Table 56) COOMe
o . MeO\B —
MeO” OMe
583 584
Scheme 253
Entry Reagents in MeOH T/ time Purification Result
cyclopentanone (1 e
yelop (1 ea) rt/18h distillation 584 29%

583 (1 eq), NaH (1.2 eq)
cyclopentanone (1 eq)
583 (1.5 eq), NaH (1.5 eq)
cyclopentanone (1 eq)
583 (1.5 eq), NaH (1.5 eq)
cyclopentanone (2 eq)
583 (1 eq), NaH (1 eq)
cyclopentanone (1 eq)
583 (1.5 eq), Na (1.5 eq)

Table 56: Synthesis of methyl ester 584

rt/18 h chromatography 584 43%

reflux /18 h  chromatography 584 38%

rt/18 h chromatography 584 37%

rt/18 h chromatography 584 68%

Low-temperature isomerisation of the double bond was first achieved using 1.2 eq of LDA

formed in situ as described in the literature.?!

The non-conjugated alkene 585 obtained in 86%
was contaminated with a small amount (<10%) of ketone 586 which arose from attack of
residual nBulLi onto the ester functional group. When conjugated ester 584 was reacted with

1.2 eq of LHMDS, ester 585 was isolated in 87% yield. Reduction of the ester functional group

using 3 eq of LiAlH, in Et,0 at 0 °C gave alcohol 587 in 93% yield.
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o)

COOMe Bu
nBuLi, (iPr),NH
THF, -78 °C, 35 h +
COOMe %' 585 586

o
86% .
584 LHMDS COOMe LIAH, OH
THF, -78°C,15h / Et,0, 0 °C, 50 min i /
93%
585 587

Scheme 254

Formation of different halogen derivatives from alcohol 587 was investigated (Scheme 255 and
Table 57). Treatment of 587 with triphenylphosphine, iodine and imidazole gave iodide 588 in

59% vyield (entry 1).2**** Using 2 eq of reagents afforded 588 in an improved 79% yield (entry

2).
OH halogenation X
(Table 57) 588 (X=I)
> 589 (X=Br)
590 (X=CI)
587
Scheme 255
Entry Halogen Reagents T/ time Result
PPhs, I, Imid. (1.1 e
1 ¥ (1.1 eq) 0°Ctort/2h 588 59%
EtzOCHgCN
PPhs, I, Imid. (2 e
2 12 (2 eq) rt/3h 588 79%
EtzOCHgCN
3 PBr; (0.4 eq), Et,0 0°C/1h degradation
Br
4 PBr; (3 x 0.4 eq), Et,0 -78°C/4.5h degradation
5 cl SOCl,, pyridine, CH,Cl, 0°Ctort/9.5h degradation

Table 57: Halogenation of alcohol 587
Addition of PBr; to a solution of alcohol 587 in Et,0 at 0 °C afforded degradation of the

234

reaction mixture (Table 57, entry 3).”> When the reaction was carried out at -78 °C, a new

component was seen by tlc analysis. However, it could not be isolated after the work-up (entry
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4). Isolation of chloride 590 was also impossible. Consumption of the starting material was
observed when 587 was treated with thionyl chloride and pyridine.”*> However, 'H-NMR
spectroscopic analysis of the product obtained after purification showed only degradation

(entry 5).

Treatment of 588 in Et,0 with Mg at rt and subsequent addition at low temperature of
thiolactam 578 in CH,Cl, did not afford the desired pyrrolidine derivative 591 (Scheme 256).
Starting material 578 was also recovered when the procedure was repeated using THF and
when the reaction mixture was refluxed. Finally, addition of alkylated thiolactam 579 into a
solution of the Grignard in Et,0 afforded pyrrolidine 592 in 41% vyield after reduction instead of
591. The difficulty in forming the Grignard reagent in situ might explain the lack of reactivity.

Indeed, the magnesium was not solubilised, even when iodine was used to activate the in situ

formation.
588, Mg, Et,0, CH,Cl, S 588, Mg, THF, CH,Cl,
-78°Ctort,55h Ph rtto I11,3.5h
NPh - N~ > NPh
591 578 591
_Me
S 1. 588, Mg, I,
f + Et,0, -78 °C, 2 h
SN-Ph - CN,Ph
[ 2. NaBH3CN, AcOH
579 -78°Ctort, 3h 592 41%
Scheme 256

Addition of an organolithium species into 579 was then examined (Scheme 257). tBulLi was
added to a solution of 588 in THF at -78 °C. After 30 min, the reaction mixture was warmed to
0 °C and cooled back to -78 °C after 15 min at 0 °C. Alkylated thiolactam 579 was added and
the mixture was treated with NaBH;CN after 1.5 h at -78 °C. Unfortunately, pyrrolidine 592

was again the only isolated product, in 48% yield.
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_Me
S 1. 588, tBuLi
f ¥ THF, -78 °C, 2.25 h
N N:Ph - C :N,Ph
I 2. NaBH;CN, AcOH

579 -78°Ctort, 6h 592 48%

Scheme 257

In summary, the addition of lithium or Grignard derivatives, in situ formed from 588, on
thiolactam 578 or methylated thiolactam 579 was not successful. Only reduction of the
starting material was observed. It was therefore decided to only add allylMgCl and nBuli to the

bicyclic alkylated thiolactam to get an insight into the stereoselectivity of the reaction.

Formation of thiolactam 593 was achieved in 91% vyield using 0.6 eq of Lawesson’s reagent in

22 Treatment of 593 with an excess of Mel in Et,0 for

refluxing toluene for 1.5 h (Scheme 258).
18 h at rt afforded S-alkylated thiolactam 594 in quantitative yield.”

Lawesson's reagent

toluene, {1, 3 h Mel, Et,0O, rt, 18 h
pmp-N 92% pmp-N 100%  pyp-N
o) S ! S-Me
567 593 594
Scheme 258

Treatment of alkylated thiolactam 594 with nBuli and subsequent reduction gave an
inseparable 1.0:1.3 mixture of butylated amine 595 and amine 596 (Scheme 259). Addition of
allylmagnesium chloride at low temperature followed by reduction with NaBH;CN afforded

amine 597 in 45% vyield as a single diastereomer.

1. nBuLi, THF 1. allylMgCl, CH,Cl,
/  -78°C,15h -78°C,1.5h
+ - >
-N -N 2. NaBH5CN, AcOH -N 2. NaBH5CN, AcOH -N
PMP PMP 78°Ctort,5h MP_* 78°Ctort,5h VP
Bu H | / H
S-Me

595 1.0:1.3 596 594 597 45%

Scheme 259

An nOe NMR experiment was conducted on 597 to determine which isomer was formed

(Figure 30). When the proton next to the nitrogen and the allyl group was excited, an nOe
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enhancement to the axial proton was not observed whereas it would be expected for the
desired isomer 598. This tentatively suggested that the allyl group was located under the

cyclohexyl ring. The stereochemistry of butylated amine 595 was assigned by analogy to 597.

nOe analysis:

598

Figure 30

This stereoselectivity could be explained via the formation of intermediate 600. Addition of
hydride occurred from the presumably less hindered face to give 597 (Scheme 260). The
opposite stereochemistry is desired for the tandem radical cyclisation to take place (Section
5.2, Scheme 198). It would therefore be necessary to reduce the thiolactam prior to the
addition of a nucleophile.

allylMgCl
—_—

pmp-N

|
S-Me
594

Scheme 260

5.8 Conclusion and future work

The total synthesis of calyciphylline D, calyciphylline F and caldaphnidine M was attempted via
transformation of piperitone 463, a readily available terpene which possesses an isopropyl and
methyl group in the same position as the natural products. Unfortunately, the reactivity of
piperitone towards halogenation or reductive amination was quite poor (Scheme 261). The

best yield was obtained with the formation of sulfinimines 491 and 492.
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ier I, CH,Cl, pyridine ier
o 40°C, 18 h o
31% |
463 480
iPr Ti(OEY) iPr iPr
_ i . : _ _
o Q THF, 11,72 h N0 N-§-0
" H Nts"’tB - 7 =
2 u 56% tBu tBu
463 483 491 2.7:1 492
Scheme 261

Selective reduction of sulfinimine 491 to sulfinamide 497 was achieved in 79% vyield with
DIBAL-H (Scheme 262). However, further functional group transformation in order to

synthesize dithiocarbamate 506 was not successful.

iPr iPr iPr  SOtBu iPr  SOtBu
= N+ O DIBAL-H H H S H [{j o = l{l o
~ ~g”~ THF,-78°C,1.5h Wisgo o K
: > T x> ] T - -
tBu tBu Cl S S
79% Y
491 497 505 506 NEt,
Scheme 262

The synthesis of the fused pentacyclic core structure from bicyclic ketone 140 was then
investigated. Bridgehead methylation of bicyclic ketone 140 using NaH and Mel in DMF did not
afford 560 but lactam 561 was formed in 90% vyield (Scheme 263). Further investigation on the
oxidation of alkene 130 towards a-hydroxyketone 576 and subsequent addition to

stereoselectively form cis diol 601 will be required.
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PMP
NaH, Mel I

_—
pmp-N pmp-N U

(0] (0]
140 560 561 90%
H pwup H pyp MeMgBr H pump
N’ oxidation N’ or MelLi N’
--------- » R,
0 OH O ~T OH O
(0] OH
130 576 601

Scheme 263

Finally, addition of allylmagnesium chloride into methylated thiolactam 594 afforded the
desired amine 597 but as the wrong isomer to pursue the synthesis (Scheme 264). It will
therefore be necessary to examine the reduction of the thiolactam prior to the addition of a
suitable nucleophile.

1. allylMgCl, CH,Cl,

-78°C,1.5h
-N 2. NaBH;CN, AcOH -N
PMPI-* -78°Ctort,5h PMP H
S‘Me /
594 597 45%
TMS/\/
----------- »

Lewis acid PMP/N

598

Scheme 264
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Chapter six:

Experimental part
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6.1 General experimental

'H and C NMR spectra were recorded on a Bruker AVIIl 300, Bruker AVIII 400 spectrometer.
Spectra were recorded in D,0 referenced to residual H,0 (*H, 4.79 ppm; B¢, SR=161.3,
corresponding to external TSP capillary set at 0 ppm), DMSO-d¢ referenced to residual DMSO
(*H, 2.50 ppm; C, 39.4 ppm), MeOD-D, referenced to residual MeOH (*H, 3.31 ppm; *C, 49.0
ppm) and deuterochloroform referenced to residual CHCl; (*H, 7.26 ppm; *C, 77.2 ppm).
Chemical shifts (6) are reported in ppm and coupling constants (J) are reported in Hz. The
following abbreviations are used to describe multiplicity; s-singlet, d-doublet, t-triplet, g-
guartet, hept-heptet, m-multiplet, br-broad, ap. apparent. Mass spectra were recorded on a
LCT spectrometer or on a LTQ Orbitrap spectrometer (NMSSC Swansea) utilising electrospray
ionisation (recorded in the positive mode) with a methanol mobile phase, or electron impact
ionisation, or chemical ionisation and are reported as (m/z (%)). HRMS were recorded on a LCT
spectrometer or on a LTQ Orbitrap spectrometer (NMSSC Swansea) using lock mass
incorporated into the mobile phase. IR spectra were recorded neat on Perkin Elmer 100-series
FT-IR spectrometer. Melting points were determined using open glass capillaries on a
Gallenkamp melting point apparatus and are uncorrected. Analytical t.l.c. was carried out on
Merck 60 F245 aluminium-backed silica gel plates. Short-wave UV radiation (245 nm), KMnO,
and vanillin were used to visualise components. Compounds were purified by flash column
chromatography using Merck silica gel 60 (0.040-0.063 nm) or Merck alumina oxide 90
standardised. The following cooling baths were used; 0°C (ice/water) and -78 °C (dry
ice/acetone). All reactions in non-aqueous solvents were carried out under argon in oven-dried
glassware. Solvents were degassed by bubbling argon through a needle immersed in the
solvent for the stated length of time.

Solvents and reagents were purified as follows:

Pyridine and triethylamine were distilled from potassium hydroxide. NBS was recrystallised

from H,0, PPh; was recrystallised from conc. HCl and H,0. Piperitone, Ti(OEt), and Ti(OiPr),
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were purified by bulb-to-bulb distillation under reduced pressure. THF, Et,0, toluene, CH;0H,
CH,Cl, and CH3;CN were dried by passing through activated alumina columns.

nBulLi was purchased as a 1.6 M solution in hexanes and the solution was titrated with menthol
in the presence of 1-(biphenyl-4-yl)-3-phenyl-2-azapropene (“BLUE”).

mCPBA was purified by washing with a pH 7 phosphate buffer unless otherwise stated: A
buffer solution was prepared from 0.1 M NaOH (154 mL) and 0.2 M KH,PO, (94 mL) and made
up to 376 mL with distilled water. mCPBA (77% w/w, 10 g) was dissolved in diethyl ether (100
mL) and washed four times with the buffer solution. The organic extract was dried over MgSO,

and carefully evaporated under reduced pressure to yield pure mCPBA (7.3 g).

All other reagents and solvents were purchased from Aldrich, Alfa Aesar, Fisher Scientific,

Merck or TCI Europe and were used as received. LHMDS in solution in THF was purchased only

from Aldrich.
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6.2  Experimental procedures and analytical data for Chapter two

> — O

122 123

=  N-Benzylcyclohex-2-enamine 123

A known compound®® prepared according to the literature procedure.”’ A solution of
benzylamine (9.73 mL, 89.1 mmol) in CH;CN (90 mL) was treated with 3-bromocyclohexene
122 (3.80 mL, 33.0 mmol) and K,CO; (4.79 g, 34.7 mmol). After 2 h at rt, the reaction mixture
was quenched with H,0 (50 mL) and extracted with EtOAc (2 x 75 mL). The combined organic
extracts were washed with brine (50 mL), dried over MgSQO,, filtered, evaporated under
reduced pressure and purified by column chromatography (CH,Cl, to CH,Cl,:EtOH 9:1) to give
amine 123 (6.18 g, 100%) as a colourless oil (lit. yield 76%). R; 0.45 (CH,Cl,:EtOH 49:1); Viax
(neat)/cm™: 3063, 2926, 1452, 1106, 723, 696; 6, (400 MHz, CDCl;) 1.38 (1H, br s, NH), 1.47-
1.63 (2H, m, CH,), 1.73-1.81 (1H, m, CH,), 1.89-1.97 (1H, m, CH,), 1.99-2.06 (2H, m, CH,), 3.20-
3.26 (1H, m, NCHCH,), 3.84, 3.88 (2H, ABq, J 13.0 Hz, NCH,Ph), 5.75-5.82 (2H, m, CH=CH), 7.23-
7.38 (5H, m, Ar H); 8¢ (100 MHz, CDCls) 20.3 (CH,), 25.5 (CH,), 29.6 (CH,), 51.1 (CH,, NHCH,Ph),
52.5 (CH, CH,CHN), 126.9 (CH, Ar), 128.3 (2 x CH, Ar), 128.4 (2 x CH, Ar), 129.1 (CH, CH,CH=CH),
130.1 (CH, CH=CHCHN), 140.9 (C, Ar); m/z (ES) 188 ([M+H]*, 100%). Literature data:*** &, (400
MHz, CDCls) 7.36-7.20 (m, 5H), 5.78-5.65 (m, 2H), 3.87 (d, J = 13.0 Hz, 1H), 3.83 (d, J = 13.0 Hg,
1H), 3.22 (m, 1H), 1.99 (m, 2H), 1.89 (m, 1H), 1.72 (m, 1H), 1.48 (m, 2H), 1.31 (br s, 1H); 6. (100

MHz, CDCl;) 140.87, 130.03, 129.03, 128.46, 128.24, 126.92, 52.48, 51.10, 29.59, 25.45, 20.33.
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=  N-(Cyclohex-2-en-1-yl)-4-methoxyaniline 124
H
Br N
: : : : : :\O/
122 124

A known compound®’ prepared according to a literature procedure.”’ A solution of 4-
methoxyaniline (2.89 g, 23.5 mmol) in CH;CN (24 mL) was treated with 3-bromocyclohexene
122 (1.00 mL, 8.69 mmol) and K,CO; (1.32 g, 9.56 mmol). After 6 h at rt, the reaction mixture
was quenched with H,0 (25 mL) and extracted with Et,0 (2 x 25 mL). The combined organic
extracts were washed with brine (50 mL), dried over MgSQO,, filtered, evaporated under
reduced pressure and purified by column chromatography (Pet ether:EtOAc 9:1) to give amine
124 (1.76 g, 99%) as a yellow oil. R; 0.48 (Pet ether:EtOAc 9:1); Viax (neat)/cm'lz 3382, 2931,
1617, 1507, 1228, 815, 723; 6, (400 MHz, CDCl5) 1.55-1.76 (3H, m, CH,), 1.87-1.94 (1H, m, CH,),
2.01-2.05 (2H, m, CH,), 3.31 (1H, br's, NH), 3.75 (3H, s, OCHs), 3.89-3.96 (1H, m, NCHCH,), 5.76
(1H, dd, J 2.7 and 9.9 Hz, CH,CH=CH), 5.83 (1H, dtd, J 1.8, 3.3 and 9.9 Hz, CH=CHCHN), 6.60 (2H,
d, J 9.0 Hz, Ar H), 6.77 (2H, d, J 9.0 Hz, Ar H); 8. (100 MHz, CDCl5) 19.9 (CH,), 25.3 (CH,), 29.2
(CH,), 49.1 (CH, CH,CHN), 56.0 (CHs;, OCHs), 115.0 (2 x CH, Ar), 115.1 (2 x CH, Ar), 129.0 (CH,
CH,CH=CH), 130.0 (CH, CH=CHCHN), 141.5 (C, ArCN), 152.2 (C, ArCO); m/z (El) 203.1306 (M*
Cy3H17NO requires 203.1310), 203 (M, 100%), 175 (39), 160 (22), 123 (56), 108 (57). Literature
data:**" 8, (CDCl5) 6.76 (m, 2H), 6.58 (m, 2H), 5.80 (m, 1H), 5.74 (m, 1H), 3.89 (br s, 1H, CHN),
3.73 (s, 3H, OCHs), 3.26 (br's, 1H, NH), 2.01 (m, 2H), 1.88 (m, 1H), 1.69 (m, 1H), 1.57 (m, 2H); &¢
(CDCls) 152.1, 141.5, 130.0, 129.0, 115.1, 115.0, 55.9 (OCHs), 49.1 (CHN), 29.1, 25.4, 19.9; m/z

203, 175, 160, 123, 108, 81.
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= Benzyl(cyclohex-2-enyl)carbamic chloride 125

I?n EIBn
NH N__O
g — U7
123 125

A known compound prepared according to a literature procedure.”’” A solution of triphosgene
(0.852 g, 2.87 mmol) in toluene (50 mL) was treated with pyridine (0.750 mL, 9.30 mmol) and
subsequently with a solution of amine 123 (1.46 g, 7.78 mmol) in toluene (5 mL). The reaction
was stirred for 18 h at rt, quenched with NaHCO; (40 mL of a saturated aqg. solution) and
extracted with Et,0 (2 x 50 mL). The combined organic extracts were washed sequentially with
HCI (40 mL of a 0.25 M ag. solution), H,0 (40 mL) and brine (40 mL), dried over MgSQ,, filtered
and evaporated under reduced pressure to give carbamoyl chloride 125 (1.85 g, 95%) as a
white solid (lit. yield 74%). mp 73-75 °C; R¢ 0.55 (Pet ether:EtOAC 85:15); Vmax (neat)/cm™: 2920,
1607, 1477, 1419, 727, 697; &, (400 MHz, CDCl3) 1.57-1.71 (2H, m, CH,), 1.80-1.92 (2H, m, CH,),
2.02 (2H, brs, CH,), 4.16-4.37 (2H, m, NCH,Ph), 4.48-4.50 (1H, m, NCHCH,), 5.52-5.54 (1H, m,
CH,CH=CH), 5.88-5.91 (1H, m, CH=CHCHN), 7.21-7.32 (5H, m, Ar H); 8¢ (100 MHz, CDCl;) (as a
mixture of rotamers) 21.8, 22.0 (CH,), 24.7 (CH,), 28.0 (CH,), 47.0 (CH,, NCH,Ph), 57.2 (CH,
CH,CHN), 126.6 (CH, Ar), 127.1, 127.2 (2 x CH, Ar), 128.2 (2 x CH, Ar), 129.0, 129.1 (CH,
CH,CH=CH), 131.5 (CH, CH=CHCHN), 140.3 (C, Ar), 164.9 (C, NC(O)Cl); m/z (ES) 423 (100%).
Literature data:*’ &y (360 MHz, CDCl;) 1.49-1.99 (6H, m, CHCH,CH,CH,CH=), 4.46-4.75 (2H, m,
PhCH,N), 4.92-4.99 (1H, m, NCH), 5.46-5.51 (1H, m, NCHCH=), 5.87-5.95 (1H, NCHCH=CH),
7.24-3.36 (5H, m, Ph); 8¢ (90 MHz, CDCl;) (mixture of rotamers) 21.0 (t), 191 21.1 (t), 24.26 (t),
24.32 (t), 27.2 (t), 28.3 (t), 49.4 (t), 50.8 (t), 56.8 (d), 58.6 (d), 126.0 (d), 126.2 (d), 127.0 (d),
127.2 (d), 128.4 (d), 128.5 (d), 132.6 (d), 132.7 (d), 137.2 (s), 137.4 (s), 149.9 (s), 150.2 (s); m/z

(El) 249 (M"; 11), 168 (16), 158 (60), 133 (22), 91 (100), 81 (78), 65 (17).
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= Cyclohex-2-en-1-yl(4-methoxyphenyl)carbamic chloride 126

PMP PMP
NH N.__O
- b
cl
124 126

A novel compound prepared according to a literature procedure.”” A solution of triphosgene
(2.16 g, 7.29 mmol) in toluene (100 mL) was treated with pyridine (1.91 mL, 23.7 mmol) and
subsequently with a solution of amine 124 (4.01 g, 19.7 mmol) in toluene (30 mL). The reaction
mixture was stirred for 18 h at rt, quenched with NaHCO; (100 mL of a saturated aq. solution)
and extracted with Et,0 (2 x 100 mL). The combined organic extracts were washed sequentially
with HCI (100 mL of a 0.25 M ag. solution), H,O (100 mL) and brine (100 mL), dried over
MgSQ,, filtered, evaporated under reduced pressure and purified by column chromatography
(Pet ether to Pet ether:EtOAc 85:15) to give carbamoyl chloride 126 (4.82 g, 92%) as a white
solid. mp 68-70 °C (CH,Cl,); R; 0.33 (Pet ether:EtOAc 9:1); Vimax (neat)/cm™: 2935, 1728, 1510,
1212, 739; & (400 MHz, CDCl;) 1.44-1.61 (3H, m, CH,), 1.77-2.00 (3H, m, CH,), 3.83 (3H, s,
OCHs), 5.04-5.10 (1H, m, CH,CHN), 5.65-5.67 (1H, m, CH,CH=CH), 5.76-5.81 (1H, m,
CH=CHCHN), 6.88 (2H, d, J 8.8 Hz, Ar H), 7.06 (2H, d, J 8.8 Hz, Ar H); 6. (100 MHz, CDCl5) 21.0
(CH,), 24.3 (CH,), 27.6 (CH,), 55.5 (CHs, OCHs), 57.1 (CH, CH,CHN), 114.2 (2 x CH, Ar), 127.0 (CH,
CH,CH=CH), 130.9 (2 x CH, Ar), 131.5 (CH, CH=CHCHN), 131.9 (C, ArCN), 150.1 (C, ArCO), 159.7

(C, NC(O)Cl); m/z (ES) 288.0770 ([M+Na]* C14H1¢>CINNaO, requires 288.0767), 288 (100%).
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= Diethylthiocarbamic acid-[benzyl(cyclohex-2-enyl)carbamic acid]-thioanhydride 95

I?n I|3n
N O N (0]
JT — (JT.,
Y
125 95 NEt,

A known compound prepared according to the literature procedure.”’” A solution of carbamoyl
chloride 125 (4.79 g, 19.2 mmol) in acetone (120 mL) was treated with sodium
diethyldithiocarbamate trihydrate (17.3 g, 77.0 mmol). The solution was stirred at rt for 18 h
quenched with H,O (75 mL) and extracted with Et,0 (3 x 75 mL). The combined organic
extracts were washed with brine (150 mL), dried over MgSQ,, filtered, evaporated under
reduced pressure and purified by column chromatography (Pet ether:EtOAc 95:5 to Pet
ether:EtOAc 85:15) to give dithiocarbamate 95 (6.58 g, 95%) as a yellow oil (lit. yield 96%). R;
0.57 (Pet ether:EtOAC 85:15); Vs (n€at)/cm™: 2931, 1663, 1492, 1418, 1271, 916, 725; &, (400
MHz, CDCl;) (as a mixture of rotamers) 1.19-1.34 (6H, m, CH,CH;), 1.42-1.74 (3H, m, CH,), 1.90
(3H, br s, CH,), 3.62-3.94 (4H, m, CH,CH3), 4.38-5.13 (3H, m, CH,CHN and NCH,Ph), 5.43-5.46
(1H, m, CH,CH=CH), 5.80-5.82 (1H, m, CH=CHCHN), 7.08-7.33 (5H, m, Ar H); &; (100 MHz,
CDCl;) (as a mixture of rotamers) 11.3 (CH3, CH,CHs), 13.4 (CH3, CH,CHs), 21.4 (CH,), 24.5 (CH,),
27.5 (CH,), 48.9 (CH,, NCH,Ph), 50.0 (CH,, CH,CHs), 52.1 (CH,, CH,CHs), 54.8 (CH, CH,CHN),
126.2 (3 x CH, Ar), 127.1 (2 x CH, Ar), 128.5 (CH, CH,CH=CH), 132.5 (CH, CH=CHCHN), 138.4 (C,
Ar), 163.0 (C, C(O)N), 185.3 (C, SC(S)); m/z (ES) 385 ([M+Na]", 100%). Literature data:*’ Vs
(neat)/cm'lz 2933, 1746, 1667, 1494, 1419, 1271, 916, 728; 6,,(360 MHz, CDCl;) 1.19-1.34 (6H,
m, 2 X CH,CHs), 1.48-1.97 (6H, m, CHCH,CH,CH,CH=), 3.69-3.83 (2H, br m, CH,CHs), 4.01 (2H,
br s, CH,CHs), 4.51-5.13 (3H, m, PhCH,N, NCHCH=), 5.52 (1H, d, J 10.1, NCHCH=), 5.88 (1H, d, J
7.8, NCHCH=CH), 7.26-7.30 (5H, m, Ph); &¢ (125 MHz, CDCl;) (mixture of rotamers) 11.1 (q),
13.2 (q), 21.2 (t), 24.4 (t), 27.5 (t), 28.6 (t), 47.9 (t), 48.7 (t), 49.1 (t), 49.8 (t), 54.65 (d), 57.1 (d),

126.0 (d), 126.9 (d), 128.4 (d), 132.4 (d), 138.2 (s), 163.0 (s), 184.7 (s), 185.5 (s); m/z (El) 362
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(M+; 8), 229 (29), 214 (19), 149 (75), 116 (58), 91 (32), 81 (100); HRMS (ESI): calcd for

Cy9H,6N,0S;,Na [M+Na]": 385.1379; found 385.1354.

= Diethyldithiocarbamic acid-[(4-methoxyphenyl)(cyclohex-2-enyl)carbamic acid]-

thioanhydride 127

PI\I/IP PI\I/IP
N 0] N (0]
Y . Y
Cl SYS
126 127 NEt,

A novel compound prepared according to a literature procedure.”’” A solution of carbamoyl
chloride 126 (4.60 g, 17.3 mmol) in acetone (120 mL) was treated with sodium
diethyldithiocarbamate trihydrate (15.7 g, 69.4 mmol). The reaction mixture was heated at
reflux for 18 h, quenched with H,0 (60 mL) and extracted with Et,O (3 x 60 mL). The combined
organic extracts were washed with brine (100 mL), dried over MgSQ,, filtered, evaporated
under reduced pressure and purified by column chromatography (Pet ether to Pet ether:EtOAc
9:1) to give dithiocarbamate 127 (6.54 g, 100%) as a yellow oil. R; 0.55 (Pet ether:EtOAc 3:1);
Vmax (Neat)/cm™: 2933, 1666, 1507, 1242, 1194, 740; &, (400 MHz, CDCl;) 1.22 (3H, t, J 7.2 Hz,
CH,CH3), 1.32 (3H, t, J 7.2 Hz, CH,CH;), 1.40-1.59 (3H, m, CH,), 1.74-1.98 (3H, m, CH,), 3.75-3.82
(5H, m, CH,CH;and OCH3), 3.99 (2H, q, J 7.2 Hz, CH,CHs), 5.22 (1H, br s, CHN), 5.62-5.65 (1H, m,
CH,CH=CH), 5.73-5.77 (1H, m, CH=CHCHN), 6.86 (2H, d, J 9.2 Hz, Ar H), 7.13 (2H, d, J 9.2 Hz, Ar
H); &¢ (100 MHz, CDCl5) 11.1 (CHs, CH,CHs), 13.6 (CHs, CH,CHs), 21.1 (CH,), 24.4 (CH,), 27.8
(CH,), 48.7 (CH,, CH,CHs), 50.4 (CH,, CH,CHs), 54.5 (CH, CH,CHN), 55.6 (CH;, OCHs), 114.3 (2 x
CH, Ar), 127.7 (CH, CH,CH=CH), 129.5 (C, ArCN), 131.1 (CH, CH=CHCHN), 132.4 (2 x CH, Ar),
160.3 (C, ArCO), 164.5 (C, C(O)N), 185.7 (C, SC(S)); m/z (ES) 401.1337 ([M+Na]" C;5H,6N,Na0,S,

requires 401.1333), 417 (18%), 401 (100).
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= (1)-(1R,2S,65)-7-Benzyl-8-oxo-7-azabicyclo[4.2.0]octan-2-yl diethylcarbamodithioate 97

g y
N__O N,Bn
Y .

(T

H O
NEt, EtzN\n/S
95 97

A known compound prepared according to the literature procedure.® A solution of
dithiocarbamate 95 (6.58 g, 18.2 mmol) in cyclohexane (180 mL) was degassed for 10 min and
irradiated with a 500 W lamp which generated enough heat to bring the solution to reflux.
After 5 h, the solvent was removed under reduced pressure and the crude product obtained
was purified by column chromatography (Pet ether:EtOAc 9:1 to Pet ether:EtOAc 1:1) to give
lactam 97 (5.63 g, 86%) as a light green solid (lit. yield 92%). mp 86-89 °C (CH,Cl,); R; 0.38 (Pet
ether:EtOAc 85:15); Vmax (n€at)/cm™: 2926, 1729, 1208, 722; &, (400 MHz, CDCls) 1.27 (6H, t, J
7.2 Hz, CH,CH;), 1.41-1.61 (2H, m, CH,), 1.71-1.84 (3H, m, CH,), 2.26-2.35 (1H, m, CH,), 3.60-
3.63 (1H, m, C(O)CHCH), 3.68-3.76 (3H, m, CH,CH; and CH,CHS), 3.96-4.07 (2H, m, CH,CHs),
4.16, 4.60 (2H, ABq, J 15.0 Hz, NCH,Ph), 4.52-4.54 (1H, m, NCHCH,), 7.28-7.38 (5H, m, Ar H); &
(100 MHz, CDCl5) 11.7 (CHs, CH,CHs), 12.6 (CHs, CH,CH3), 15.3 (CH,), 22.2 (CH,), 25.3 (CH,), 44.4
(CH, CHC(0)), 44.6 (CH,, NCH,Ph), 46.7 (CH,, CH,CHs), 49.2 (CH,, CH,CHs), 50.3 (CH, CH,CHN),
52.2 (CH, CH,CHS), 127.7 (CH, Ar), 128.4 (2 x CH, Ar), 128.9 (2 x CH, Ar), 136.0 (C, Ar), 168.0 (C,
C(O)N), 193.6 (C, SC(S)); m/z (ES) 385 ([M+Na]", 100%). Literature data:*® vm., (neat)/cm™ 3434,
2931, 1746, 1486, 1415, 1267, 1206; 6, (360 MHz; CDCl;) 1.26 (6H, t, J = 7.1 Hz), 1.45-1.54 (2H,
m), 1.65-1.83 (3H, m), 2.24-2.34 (1H, m), 3.59-3.61 (1H, m), 3.64-3.74 (3H, m), 3.92-4.06 (2H,
m), 4.15 (1H, d, J = 15.1 Hz), 4.50-4.54 (1H, m), 4.59 (1H, d, J = 15.1 Hz), 7.23-7.36 (5H, m); &¢
(100 MHz; CDCl5) 11.5 (CHs), 12.4 (CHs), 15.0 (CH,), 21.9 (CH,), 25.0 (CH,), 44.1 (CH), 44.4 (CH,),
46.5 (CH,), 49.0 (CH,), 50.1 (CH), 51.9 (CH), 127.6 (CH), 128.2 (CH), 128.6 (CH), 135.8 (C), 167.8
(C), 193.4 (C); m/z (El) 362 (M*; 13), 214 (100), 149 (27), 116 (57), 81 (62); HRMS (ESI): calcd for

C1oH26N,NaOS, [M+Na]": 385.1379; found 385.1361.
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= (%)-(1R,2S,6S5)-7-(4-Methoxyphenyl)-8-oxo-7-aza-bicyclo[4.2.0]octan-2-yl

diethylcarbamodithioate 128

@(Y_.

NEt2 Et2

H PMP

127
S

A novel compound prepared according to a literature procedure.”® A solution of
dithiocarbamate 127 (5.86 g, 15.5 mmol) in cyclohexane (155 mL) was degassed for 10 min and
irradiated with a 500 W lamp which generated enough heat to bring the solution to reflux.
After 4 h, the solvent was removed under reduced pressure and the crude product obtained
was purified by column chromatography (Pet ether to Pet ether:EtOAc 1:1) to give lactam 128
(4.93 g, 84%) as a light green solid. mp 78-81 °C (CH,Cl,); R; 0.41 (Pet ether:EtOAc 3:1); Viax
(neat)/cm™: 2929, 1721, 1508, 1243, 826; &,; (400 MHz, CDCl;) 1.25-1.31 (6H, m, CH,CH3), 1.57-
1.64 (2H, m, CH,), 1.83-2.03 (2H, m, CH,), 2.09-2.16 (1H, m, CH,), 2.30-2.39 (1H, m, CH,), 3.70-
3.81 (6H, m, CH,CHs, CH,CHS and OCH,), 3.95-4.06 (2H, m, CH,CHs), 4.26-4.30 (1H, m,
CH,CHN), 4.60-4.63 (1H, m, CHC(O)), 6.86 (2H, d, J 8.8 Hz, Ar H), 7.33 (2H, d, J 8.8 Hz, Ar H); &
(100 MHz, CDCl3) 11.7 (CHs, CH,CHs), 12.7 (CHs, CH,CH3), 15.2 (CH,), 22.5 (CH,), 25.5 (CH,), 44.3
(CH, CH,CHC(O)), 46.8 (CH,, CH,CHs), 49.3 (CH,, CH,CHs), 50.4 (CH, CH,CHN), 51.8 (CH,
CH,CHS), 55.6 (CHs, OCHs), 114.6 (2 x CH, Ar), 118.4 (2 x CH, Ar), 131.2 (C, ArCN), 156.1 (C,
ArCO), 164.9 (C, C(O)N), 193.5 (C, C(S)S); m/z (ES) 401.1329 ([M+Na]* CysH,sN,Na0,S, requires

401.1333), 401 (100%).
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= 7-Benzyl-7-azabicyclo[4.2.0]oct-1-en-8-one 120

H ,Bn H ,Bn
O, — O
_—
H ©O (@)
EtzN\n/S
s 97 120

A novel compound prepared according to a modified literature procedure.®® A solution of
lactam 97 (1.00 g, 2.76 mmol) in THF (20 mL) was cooled to -78 °C and then treated with
methyl iodide (189 uL, 3.04 mmol). The reaction mixture was stirred at -78 °C for 2.75 h,
LHMDS (3.0 mL of a 1.0 M solution in THF, 3.0 mmol) was added over 2 min. After 5 h at -78 °C,
the solvent was removed under reduced pressure and the crude product obtained was purified
by column chromatography (Pet ether:EtOAc 95:5 to Pet ether:EtOAc 3:1) to give lactam 120
(0.544 g, 93%) as a yellow oil. R; 0.36 (Pet ether:EtOAc 3:1); Vimax (neat)/cm"l: 2942, 1735, 1495,
1454, 1374, 698; &, (400 MHz, CDCl;) 0.88-0.98 (1H, m, CH,), 1.30-1.42 (1H, m, CH,), 1.82-1.90
(2H, m, CH,), 2.04-2.17 (1H, m, CH,), 2.29-2.36 (1H, m, CH,), 3.62-3.66 (1H, m, NCHCH,), 4.42,
4.52 (2H, ABq, J 14.8 Hz, NCH,Ph), 6.23-6.25 (1H, m, CH,CH=C), 7.27-7.36 (5H, m, Ar H); 6.(100
MHz, CDCl5) 20.2 (CH,), 25.3 (CH,), 28.0 (CH,), 46.0 (CH,, NCH,Ph), 56.8 (CH, CH,CHN), 124.8
(CH, CH,CH=C), 127.8 (2 x CH, Ar), 128.5 (2 x CH, Ar), 128.8 (CH, Ar), 136.5 (C, Ar), 141.9 (C,
CH=CC(0)), 163.9 (C, C(O)N); m/z (ES) 236.1041 ([M+Na]" C1,H1sNNaO requires 236.1051), 236

(100%).

=  (1)-(1S,6R)-7-Benzyl-7-azabicyclo[4.2.0]oct-2-en-8-one 129

H ,Bn H Bn
R @
_—
o H ©
EQN\H/S
s 97 129

A known compound prepared according to the literature procedure.”® A solution of lactam 97

(0.200 g, 0.550 mmol) in Ph,0 (4 mL) was heated to reflux. After 4 h, the reaction mixture was
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directly purified by column chromatography (Pet ether to Pet ether:EtOAc 7:3) to give lactam
129 (95 mg, 48%) as a brown oil (lit. yield 79%). R; 0.41 (Pet Ether:EtOAc 75:25); Vimax (neat)/cm’
1. 2927, 1733, 1383, 703; &, (400 MHz, CDCl;) 1.21-1.36 (1H, m, CH,), 1.80-1.89 (2H, m, CH,),
1.96-2.04 (1H, m, CH,), 3.64-3.66 (1H, m, CHCHC(O)), 3.86-3.88 (1H, m, CH,CHN), 4.24, 4.53
(2H, ABg, J 15.0 Hz, NCH,Ph), 5.82-5.87 (1H, m, CH,CH=CH), 5.97-6.02 (1H, m, CH=CHCHN),
7.27-7.42 (5H, m, Ar H); 8¢ (100 MHz, CDCls) 19.4 (CH,), 22.5 (CH,), 44.0 (CH,, NCH,Ph), 48.5
(CH, =CHCHC(0)), 51.0 (CH, CH,CHN), 121.5 (CH, CH,CH=CH), 127.7 (CH, Ar), 128.4 (2 x CH, Ar),
128.8 (2 x CH, Ar), 130.8 (CH, CH=CHCHN), 136.2 (C, Ar), 167.1 (C, C(O)N); m/z (ES) 236.1044
([IM+Na]*, Ci4sHsNNaO requires 236.1051), 236 (100%). Literature data:®® Vi (neat)/cm'lz
2927, 1744, 1384, 1243, 1153, 706; &, (360 MHz; CDCl5) 1.30-1.35 (1H, m), 1.79-2.02 (3H, m),
3.63-3.66 (1H, m), 3.84-3.86 (1H, m), 4.22 (1H, d, J = 15.0), 5.53 (1H, d, J = 15.0), 5.81-5.86 (1H,
m), 5.96-6.01 (1H, m), 7.27-3.37 (5H, m); 6¢ (100 MHz; CDCls) 19.4 (CH,), 22.5 (CH,), 43.9 (CH,),
48.5 (CH), 51.0 (CH), 121.5 (CH), 127.7 (CH), 128.4 (CH), 128.7 (CH), 130.8 (CH), 136.1 (C), 167.1
(C); m/z (EI) 214 ([M+1]%; 12), 91 (82), 81 (99), 77 (100), 65 (84); m/z (ES) 236.1050 ([M+Na]’,

Ci14H1sNNaO requires 2361051)

= 7-(4-Methoxyphenyl)-7-azabicyclo[4.2.0]oct-1-en-8-one 130

H o pmp o PP
T
e

H O 0
EtZN\n/S
S 128 130

A novel compound prepared according to a modified literature procedure.*® A solution of
lactam 128 (0.864 g, 2.29 mmol) in THF (18 mL) was cooled to -78 °C and treated with methyl
iodide (157 L, 2.52 mmol). The reaction mixture was stirred at -78 °C for 1.5 h, LHMDS (2.5 mL
of a 1.0 M solution in THF, 2.5 mmol) was added dropwise over 2 min. After 6.5 h at -78 °C, the
solvent was removed under reduced pressure and the crude product obtained was purified by
column chromatography (Pet ether to Pet ether:EtOAc 3:1) to give lactam 130 (0.519 g, 99%)
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as a light yellow solid. mp 60-62 °C (CH,Cl,); R 0.29 (Pet ether:EtOAc 4:1); Vmax (neat)/cm™:
2942, 1722, 1509, 1242, 1119, 811; 6, (400 MHz, CDCl;) 1.18-1.32 (1H, m, CH,), 1.51-1.63 (1H,
m, CH;), 1.99-2.06 (1H, m, CH,), 2.16-2.27 (1H, m, CH;), 2.38-2.47 (2H, m, CH,), 3.77 (3H, s,
OCHs), 4.11-4.15 (1H, m, CH,CHN), 6.34-6.35 (1H, m, CH,CH=C), 6.87 (2H, d, J 9.0 Hz, Ar H),
7.35 (2H, d, J 9.0 Hz, Ar H); 8¢ (100 MHz, CDCl5) 19.8 (CH,), 25.3 (CH,), 27.8 (CH,), 55.3 (CHs,
OCHs), 57.0 (CH, CH,CHN), 114.3 (2 x CH, Ar), 117.2 (2 x CH, Ar), 125.7 (CH, CH,CH=C), 132.5 (C,
ArCN), 140.8 (C, CH=CC(0)), 155.6 (C, ArCO), 159.8 (C, C(O)N); m/z (El) 229.1104 (M* C14H:sNO,

requires 229.1103), 229 (M", 100%), 214 (7), 201 (6), 186 (9), 173 (7), 107 (8).

= (1)-(1R,6S)-7-(4-Methoxyphenyl)-7-azabicyclo[4.2.0]oct-2-en-8-one 131

H o pvP " pvP
! CHL
—_—
EtzN\n/S
s 128 131

A novel compound prepared according to a literature procedure.” A solution of lactam 128
(1.22 g, 3.23 mmol) in diphenyl ether (25 mL) was heated to reflux. After 4.5 h, the reaction
mixture was directly purified by column chromatography (Hexane to Hexane:EtOAc 7:3) to give
lactam 131 (0.593 g, 80%) as a brown solid. mp 72-75 °C; R; 0.47 (Pet ether:EtOAc 3:1); Viax
(neat)/cm™ : 2943, 1722, 1509, 1243, 1119, 1030, 842, 804; &, (400 MHz, CDCl;) 1.48-1.57 (1H,
m, CH,), 1.93-2.10 (2H, m, CH,), 2.28-2.32 (1H, m, CH,), 3.78-3.83 (4H, m, CHCHC(O) and OCHj),
4.42-4.44 (1H, m, CH,CHN), 5.87-5.91 (1H, m, CH,CH=CH), 6.04-6.09 (1H, m, CHCH=CH), 6.87
(2H, d, J 9.0 Hz, Ar H), 7.33 (2H, d, J 9.0 Hz, Ar H); 8¢ (100 MHz, CDCl5) 19.5 (CH,), 22.8 (CH,),
48.2 (CH, =CHCHC(0)), 51.3 (CH, CH,CHN), 55.6 (CHs;, OCHs), 114.6 (2 x CH, Ar), 118.8 (2 x CH,
Ar), 121.3 (CH, CH,CH=CH), 130.8 (C, ArCN), 131.5 (CH, CH=CHCH), 156.2 (C, ArCO), 164.4 (C,

C(O)N); m/z (ES) 252.0989 ([M+Na]" C14H;sNNaO, requires 252.1000), 284.2 (5%), 252 (100).
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= (4)-(1R,3S,75)-8-(4-Methoxyphenyl)-2-oxa-8-azatricyclo[5.2.0.0"*|nonan-9-one 137

H o pmp H  puvp
" —
—_—

o) 5 O
130 137

A novel compound prepared according to a literature procedure.®® A solution of lactam 130
(0.300 g, 1.31 mmol) in CH,Cl, (9 mL) was cooled to 0 °C, treated with recrystallised mCPBA
(0.677 g, 3.93 mmol) and allowed to warm to rt over 1 h. After 4 h at rt, the reaction mixture
was cooled to 0 °C, diluted with CH,Cl, (9 mL) and treated with KF (0.686 g, 11.8 mmol). After
stirring at 0 °C for 1 h, the reaction mixture was filtered through a pad of celite (eluent CH,Cl,),
the filtrate was evaporated under reduced pressure and purified by column chromatography
(Pet ether:EtOAc 9:1 to Pet ether:EtOAc 4:1) to give epoxy lactam 137 (0.224 g, 70%) as a
white solid. mp 98-100 °C; R¢ 0.43 (Pet ether:EtOAc 3:1); Vmax (neat)/cm™ : 2923, 1740, 1514,
1242, 825; &, (300 MHz, CDCl5) 1.21-1.30 (2H, m, CH,), 1.64-1.72 (1H, m, CH,), 1.76-1.88 (1H,
m, CH,), 2.19-2.26 (1H, m, CH,), 2.32-2.39 (1H, m, CH,), 3.68 (1H, d, J 2.4 Hz, CH,CHO), 3.79
(3H, s, OCH), 4.11-4.16 (1H, m, CH,CHN), 6.88 (2H, d, J 9.2 Hz, Ar H), 7.37 (2H, d, J 9.2 Hz, Ar
H); 6¢ (100 MHz, CDCl;) 16.8 (CH,), 25.1 (CH,), 27.2 (CH,), 54.0 (CH, CH,CHO), 55.6 (CHs, OCHj),
56.4 (CH, CH,CHN), 66.9 (C, CHCOC(0)), 114.7 (2 x CH, Ar), 118.3 (2 x CH, Ar), 131.6 (C, ArCN),
156.4 (C, ArCO), 164.2 (C, C(O)N); m/z (El) 245.1048 (M* C1,H1sNO; requires 245.1052), 245

(100%), 217 (6), 189 (49), 174 (10), 149 (27), 134 (28).
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= (%)-(1S,2R,6S5)-2-Chloro-1-hydroxy-7-(4-methoxyphenyl)-7-azabicyclo[4.2.0]octan-8-one

141
H  pmp H o pvP
R — it
—_—
(@] z (e}
0 : OH
Cl
137 141

A novel compound prepared according to a modified literature procedure.”® A solution of
epoxy lactam 137 (30 mg, 0.12 mmol) in toluene (9 mL) was cooled to -78 °C and treated with
TiCl, (14 pL, 0.13 mmol). After 1 h, the solution was carefully quenched with H,0 (4 mL) and
extracted with EtOAc (2 x 5 mL). The combined organic extracts were washed with brine (10
mL), dried over MgSQ,, filtered and evaporated under reduced pressure to give chloro hydroxy
lactam 141 (21 mg, 62%) as a yellow solid. mp 108-111 °C; R; 0.24 (Pet ether:EtOAc 7:3); Vimax
(neat)/cm™ : 3350, 2946, 1709, 1511, 1245, 832; &, (400 MHz, CDCl5) 1.28 (1H, br s, OH), 1.55-
1.66 (1H, m, CH,), 1.68-1.79 (1H, m, CH,), 1.83-2.02 (2H, m, CH,), 2.12-2.19 (1H, m, CH,), 2.23-
2.32 (1H, m, CH,), 3.78 (3H, s, OCHs), 4.28 (1H, dd, J 5.2 and 9.6 Hz, CH,CHCI), 4.30-4.32 (1H, m,
CH,CHN), 6.87 (2H, d, J 9.0 Hz, Ar H), 7.31 (2H, d, J 9.0 Hz, Ar H); 6. (100 MHz, CDCls) 16.4 (CH,),
20.3 (CH,), 28.0 (CH,), 55.6 (CH;, OCHs), 60.3 (CH, CH,CHN), 62.0 (CH, CH,CHCI), 84.5 (C,
CHCOH), 114.7 (2 x CH, Ar), 119.0 (2 x CH, Ar), 130.1 (C, ArCN), 156.8 (C, ArCO), 163.8 (C,

C(O)N); m/z (ES) 304.0702 ([M+Na]" C14H16>>CINNaO; requires 304.0716), 306 (24%), 304 (100).

= (1)-(1R,2R,6S5)-1-Hydroxy-7-(4-methoxyphenyl)-8-oxo-7-azabicyclo[4.2.0]octan-2-yl  4-

methyl benzene sulfonate 142

H pmp H pmP
-l
—_—
o © - OH O
TsO
137 142

A novel compound prepared according to a modified literature procedure.”® A solution of

epoxy lactam 137 (0.163 g, 0.665 mmol) in toluene (4 mL) was treated with PPTS (0.184 g,
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0.733 mmol) and refluxed for 2.25 h. The reaction mixture was quenched with H,0 (4 mL) and
extracted with EtOAc (2 x 4 mL). The combined organic extracts were washed with brine (5
mL), dried over MgSQ,, filtered, evaporated under reduced pressure and purified by column
chromatography (Pet ether:EtOAc 4:1 to Pet ether:EtOAc 7:3) to give trans hydroxy tosyl
lactam 142 (0.116 g, 42%) as a white solid. mp 121-123 °C; R; 0.34 (Pet ether:EtOAc 7:3); Vimax
(neat)/cm™ : 3433, 2949, 1730, 1512, 1172, 816; & (400 MHz, CDCl;) 1.59-1.72 (2H, m, CH,),
1.77-1.92 (2H, m, CH,), 2.02-2.11 (2H, m, CH,), 2.44 (3H, s, PhCHs), 3.78 (3H, s, OCHs), 4.22 (1H,
br s, OH), 4.24 (1H, t, J 3.0 Hz, CH,CHN), 4.98 (1H, dd, J 5.8 and 11.8 Hz, CH,CHOTs), 6.86 (2H,
d,J9.0 Hz, Ar H), 7.22 (2H, d, /9.0 Hz, Ar H), 7.34 (2H, d, J 8.2 Hz, Ar H), 7.88 (2H, d, J 8.2 Hz, Ar
H); 6¢ (100 MHz, CDCl3) 16.0 (CH,), 20.7 (CH,), 21.8 (CHs, PhCHs), 24.7 (CH,), 55.6 (CH;, OCHa),
61.8 (CH, CH,CHN), 80.9 (CH, CH,CHOTs), 83.5 (C, CHCOH), 114.7 (2 x CH, Ar), 119.0 (2 x CH,
Ar), 128.1 (2 x CH, Ar), 130.0 (2 x CH, Ar), 133.4 (C, ArCN), 145.3 (2 x C, Ar), 156.8 (C, ArCO),
163.1 (C, C(O)N); m/z (ES) 440.1147 ([M+Na]" C,H,sNNaOS requires 440.1144), 456 (18%),

440 (100), 423 (19), 268 (21).

= (1)-(3aR,5aS,8aS)-5-(4-Methoxyphenyl)-2-phenylhexahydro-4H-[1,3,2]dioxaborolo
[4’,5":2,3]benzo [1,2-b]azet-4-one 143

H o pmP H o pmp

130 143
A novel compound prepared according to a literature procedure.®® A solution of lactam 130
(0.100 g, 0.437 mmol) in CH,Cl, (2 mL) was added dropwise over 2 min to a mixture of
PhB(OH), (59 mg, 0.48 mmol), NMO (56 mg, 0.48 mmol) and OsO, (2 mg, 0.09 mmol) in CH,Cl,
(4 mL). After 3 h at rt, Na,SOs (2 mL of a 10% ag. solution) was added and the reaction mixture

was stirred for 2 h. The organic layer was separated and the aqueous layer was extracted with
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CH,Cl, (2 x 5 mL). The combined organic extracts were washed with brine (10 mL), dried over
MgS0,, filtered, evaporated under reduced pressure and purified by column chromatography
(Pet ether:EtOAc 4:1 to Pet ether:EtOAc 7:3) to give boronic ester 143 (0.100 g, 65%) as a
white solid. mp 78-81 °C; R¢ 0.21 (Pet ether:EtOAc 3:2); Vinax (neat)/cm™: 2937, 1742, 1511,
1346, 1242, 701; 6,, (400 MHz, CDCl5) 1.36-1.46 (1H, m, CH,), 1.52-1.64 (2H, m, CH,), 1.82-1.91
(1H, m, CH,), 2.15-2.19 (1H, m, CH,), 2.32-2.39 (1H, m, CH,), 3.82 (3H, s, OCHs), 4.50 (1H, dd, J
1.6 and 6.0 Hz, CH,CHN), 4.96 (1H, dd, J 6.8 and 8.8 Hz, CH,CHO), 6.93 (2H, d, J 8.8 Hz, Ar H),
7.35-7.43 (5H, m, Ar H), 7.85 (2H, d, J 6.8 Hz, Ar H); 6. (100 MHz, CDCls) 15.8 (CH,), 24.7 (CH,),
30.6 (CH,), 55.6 (CHs, OCHs), 60.4 (CH, CH,CHN), 75.6 (CH, CH,CHO), 87.5 (C, CHCO), 114.7 (2 x
CH, Ar), 119.6 (2 x CH, Ar), 128.0 (2 x CH, Ar), 129.5 (C, ArCN), 132.0 (CH, Ar), 135.1 (2 x CH, Ar),
156.8 (C, ArCO), 164.9 (C, C(O)N); m/z (ES) 372.1377 ([M+Na]" CyH,0BNNaO, requires

372.1383), 372 (59%), 286 (100).

= (%)-(1R,2S,6S)-7-Benzyl-1,2-dihydroxy-7-azabicyclo[4.2.0]octan-8-one 145

H ,Bn H ,Bn
CH CE
—_—

0 OH O
HO
120 145

A novel compound prepared according to a literature procedure.”® A solution of lactam 120 (84
mg, 0.39 mmol) in a 5:5:2 mixture of H,0:acetone:tBuOH (2.2 mL) was treated with NMO
(0.111 g, 0.945 mmol) and OsO, (2 L of a 4 wt% agq. solution, cat). After 5 h at 40 °C, sodium
bisulfite was added (0.225 g, 1.18 mmol) to quench the reaction. After 45 min at 40 °C, the
reaction mixture was diluted with H,O (2 mL) and extracted with Et,0 (2 x 3 mL). The
combined organic extracts were washed with brine (5 mL), dried over MgSO,, filtered,
evaporated under reduced pressure and purified by column chromatography (Pet ether:EtOAc
1:1 to EtOAc) to give diol 145 (76 mg, 74%) as a white solid. mp 118-120 °C (CH,Cl,); R; 0.65

(Pet ether:EtOAC 2:3); Vimax (neat)/cm™: 3486, 3216, 2914, 1710, 1350, 1108, 694; &, (400 MHz,
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CDCl3) 1.19-1.31 (1H, m, CH,), 1.54-1.65 (2H, m, CH,), 1.66-1.87 (3H, m, CH,), 3.60 (1H, br s,
OH), 3.70-3.72 (1H, m, NCHCH,), 4.07-4.10 (1H, m, CH,CHOH), 4.18, 4.56 (2H, ABq, J 14.8 Hz,
NCH,Ph), 4.92 (1H, br s, OH), 7.26-7.37 (5H, m, Ar H); 8¢ (100 MHz, CDCl;) 14.6 (CH,), 21.6
(CH,), 25.8 (CH,), 44.5 (CH,, NCH,Ph), 61.2 (CH, CH,CHN), 67.8 (CH, CH,CHOH), 82.5 (C,
CHCOH), 128.0 (CH, Ar), 128.5 (2 x CH, Ar), 129.0 (2 x CH, Ar), 135.3 (C, Ar), 171.2 (C, C(O)N);

m/z (ES) 270.1100 ([M+Na]* C14H;7,NNaO; requires 270.1106), 270 (100%).

= (£)-(1R,2S,6S5)-1,2-Dihydroxy-7-(4-methoxyphenyl)-7-azabicyclo[4.2.0]octan-8-one 146

H o pmp H o pmp
CH — CH
—_—
0 OH ©
HO
130 146

A novel compound prepared according to a literature procedure.”® A solution of lactam 130
(1.27 g, 5.53 mmol) in a 5:5:2 mixture of H,0:acetone:tBuOH (31 mL) was treated with NMO
(1.56 g, 13.3 mmol) and OsO, (10 pL of a 4 wt% agq. solution, cat). After 18 h at 40 °C, sodium
bisulfite (3.15 g, 16.6 mmol) was added to quench the reaction. After 2 h at 40 °C, the reaction
mixture was diluted with H,0 (30 mL) and extracted with CH,Cl, (2 x 45 mL). The combined
organic extracts were washed with brine (50 mL), dried over MgSQ,, filtered, evaporated
under reduced pressure and purified by column chromatography (Pet ether:EtOAc 7:3 to Pet
ether:EtOAc 1:9) to give dihydroxy lactam 146 (1.18 g, 81%) as an off-white solid. mp 90-92 °C
(CH,Cl,); Rf 0.13 (Pet ether:EtOAC 3:2); Vmax (neat)/cm™: 3314, 2936, 1713, 1512, 1246, 1163,
831; &, (400 MHz, CDCl5) 1.36-1.47 (1H, m, CH,), 1.61-1.71 (1H, m, CH,), 1.79-1.85 (2H, m, CH,),
1.97-2.04 (1H, m, CH,), 2.09-2.18 (1H, m, CH,), 3.26 (1H, br s, OH), 3.79 (3H, s, OCHs), 4.17-4.20
(1H, m, CH,CHN), 4.20-4.22 (1H, m, CH,CHOH), 4.61 (1H, br s, OH), 6.86 (2H, d, J 9.0 Hz, Ar H),
7.29 (2H, d, J 9.0 Hz, Ar H); 6¢ (100 MHz, CDCl5) 14.1 (CH,), 21.6 (CH,), 25.4 (CH;), 55.6 (CH;s,

OCHs,), 61.8 (CH, CH,CHN), 67.6 (CH, CH,CHOH), 82.2 (C, CHCOH), 114.7 (2 x CH, Ar), 119.4 (2 x
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CH, Ar), 130.2 (C, ArCN), 156.8 (C, ArCO), 167.4 (C, C(O)N); m/z (ES) 286.1046 ([M+Na]’

C1sH17NNaOQ, requires 286.1055), 286 (100%).

= (+)-(1R,2S,6S5)-1-Hydroxy-7-(4-methoxyphenyl)-8-oxo-7-azabicyclo[4.2.0]octan-2-yl

formate 147

H  pmp H pmp
[ iN [ iN
—_—
OH © OH ©
HO H\H/O
146 O 147

A novel compound prepared according to a literature procedure.’’ A solution of dihydroxy
lactam 146 (0.100 g, 0.380 mmol) in CH,Cl, (3 mL) at -35 °C was treated with trimethyl
orthoformate (46 uL, 0.42 mmol) and BF;.Et,0 (53 pL, 0.42 mmol). The reaction mixture was
progressively warmed to rt over 18 h. NaHCO; (3 mL of a saturated ag. solution) was then
added to quench the reaction mixture and it was extracted with CH,Cl, (2 x 5 mL). The
combined organic extracts were washed with brine (5 mL), dried over MgSO,, filtered,
evaporated under reduced pressure and purified by column chromatography (Pet ether:EtOAc
4:1 to Pet ether:EtOAc 3:2) to give formate 147 (45 mg, 41%) as a yellow solid. mp 94-97 °C; R;
0.19 (Pet ether:EtOAC 3:2); Vmay (neat)/cm™ : 3336, 2956, 1708, 1512, 1439, 1160, 832; &, (400
MHz, CDCl3) 1.39-1.50 (1H, m, CH,), 1.58-1.68 (1H, m, CH,), 1.86-1.99 (2H, m, CH,), 2.12-2.17
(2H, m, CH,), 3.78 (3H, s, OCHs), 4.19 (1H, t, J 3.2 Hz, CH,CHN), 4.37 (1H, br s, OH), 5.47 (1H, t, J
3.6 Hz, CH,CHO), 6.86 (2H, d, J 9.0 Hz, Ar H), 7.30 (2H, d, J 9.0 Hz, Ar H), 8.18 (1H, s, HC(O)O); &
(100 MHz, CDCl;) 12.6 (CH,), 20.8 (CH,), 22.8 (CH,), 55.6 (CH3, OCHs), 61.3 (CH, CH,CHN), 70.4
(CH, CH,CHO), 82.4 (C, CHCOH), 114.7 (2 x CH, Ar), 119.1 (2 x CH, Ar), 130.2 (C, ArCN), 156.9 (C,
ArCO0), 161.1 (CH, HC(0)0), 164.8 (C, C(O)N); m/z (ES) 314.1000 ([M+Na]" C,sH,,NNaOs requires

314.1004), 314 (100%).

[211]



= (%)-(1R,2S,65)-7-(4-methoxyphenyl)-8-oxo-7-azabicyclo[4.2.0]octan-1,2-diyl
dimethanesulfonate 149 and (£)-(1R,2S,65)-2-Hydroxy-7-(4-methoxyphenyl)-8-oxo-7-

azabicyclo[4.2.0]octan-1-yl methane sulfonate 150

H o pmp H o pup H o pup
[ iN [ :(:N [ :(:N
—_— +
OH © OMsC Oms©
HO MsO HO
146 149 150

Novel compounds prepared according to a literature procedure.”®® A solution of dihydroxy
lactam 146 (0.100 g, 0.380 mmol) in CH,Cl, (1 mL) was treated with Et;N (0.11 mL, 0.80 mmol)
and MsCl (31 pL, 0.40 mmol). After 18 h at rt, further EtsN (0.11 mL, 0.80 mmol) and MsCl (31
pL, 0.40 mmol) were added to drive the reaction to completion. After 3 h, the reaction mixture
was quenched with HCI (2 mL of a 1 M aq. solution) and extracted with CH,Cl, (2 x 3 mL). The
combined organic extracts were washed with brine (4 mL), dried over MgSO,, filtered,
evaporated under reduced pressure and purified by column chromatography (Pet ether:EtOAc
7:3 to Pet ether:EtOAc 3:7) to give dimesyl lactam 149 (93 mg, 58%) as a white solid and cis
hydroxyl mesyl lactam 150 (11 mg, 9%) as a colourless oil.

149: mp 86-88 °C; R; 0.50 (Pet ether:EtOAc 1:1); Vmax (neat)/cm'l: 2963, 1736, 1513, 1358,
1252, 1171, 824; &, (400 MHz, CDCl5) 1.41-1.52 (1H, m, CH,), 1.73-1.84 (1H, m, CH,), 1.94-2.03
(1H, m, CH,), 2.17-2.33 (3H, m, CH,), 3.15 (3H, s, SO,CH3), 3.33 (3H, s, SO,CH3), 3.80 (3H, s,
OCH;), 4.72-4.73 (1H, m, CH,CHN), 5.28-5.30 (1H, m, CH,CHOMs), 6.91 (2H, d, J 9.0 Hz, Ar H),
7.33 (2H, d, J 9.0 Hz, Ar H); & (100 MHz, CDCl5) 12.0 (CH,), 20.2 (CH,), 24.0 (CH,), 39.1 (CHs,
SO,CHs), 40.9 (CHs, SO,CHs), 55.7 (CHs, OCH3), 60.7 (CH, CH,CHN), 77.0 (CH, CH,CHOMs), 88.7
(C, CHCOMs), 114.9 (2 x CH, Ar), 119.6 (2 x CH, Ar), 129.1 (C, ArCN), 157.7 (C, ArCO), 158.4 (C,
C(O)N); m/z (ES) 442.0601 ([M+Na]* Ci¢H,:NNaOgS, requires 442.0606), 442 (100%), 229 (23),
197 (38).

150: R; 0.22 (Pet ether:EtOAc 1:1); Vmax (neat)/cm'1 : 3485, 2937, 1741, 1511, 1357, 1245, 830;
84 (400 MHz, CDCl;) 1.34-1.45 (1H, m, CH,), 1.68-1.76 (1H, m, CH,), 1.79-1.88 (1H, m, CH,),
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1.98-2.13 (2H, m, CH,), 2.28-2.37 (1H, m, CH,), 2.65 (1H, br s, OH), 3.33 (3H, s, SO,CH;), 3.80
(3H, s, OCHs), 4.39 (1H, br s, CH,CHN), 4.66-4.67 (1H, m, CH,CHOH), 6.90 (2H, d, J 9.0 Hz, Ar H),
7.34 (2H, d, J 9.0 Hz, Ar H); 8¢ (100 MHz, CDCl3) 12.4 (CH,), 20.1 (CH,), 20.9 (CH,), 40.7 (CHs,
SO,CH;), 55.7 (CH3, OCHs), 60.8 (CH, CH,CHN), 67.1 (CH, CH,CHOH), 91.3 (C, CHCOMs), 114.8 (2
x CH, Ar), 119.5 (2 x CH, Ar), 129.6 (C, ArCN), 157.3 (C, ArCO), 160.4 (C, C(O)N); m/z (ES)

364.0826 ([M+Na]* C15H:9NNaOgS requires 364.0831), 364 (100%), 268 (17).

= (1)-(1R,2S,6S)-1-Hydroxy-7-(4-methoxyphenyl)-8-oxo-7-azabicyclo[4.2.0]octan-2-yl
methylbenzene sulfonate 151 and (%)-(1R,2S,6S)-7-(4-methoxyphenyl)-8-oxo-7-azabicyclo

[4.2.0]octan-1,2-diyl bis(4-methylbenzenesulfonate) 152

H o pmP H o pmP H o pmP
[ :tN [ iN [ iN
e +
OH © OH © oTs ©
HO TsO TsO
146 151 152

Novel compounds prepared according to a literature procedure.* A solution of dihydroxy
lactam 146 (0.300 g, 1.14 mmol) in pyridine (6 mL) was treated with DMAP (28 mg, 0.23 mmol)
and TsCl (0.652 g, 3.42 mmol). After 60 h at rt, the reaction mixture was quenched with H,0 (3
mL) and extracted with EtOAc (2 x 5 mL). The combined organic extracts were washed
sequentially with HCI (5 mL of a 1 M agq. solution) and brine (5 mL), dried over MgSQ,, filtered,
evaporated under reduced pressure and purified by column chromatography (Pet ether:EtOAc
9:1 to Pet ether:EtOAc 1:1) to give cis hydroxyl tosyl lactam 151 (0.238 g, 50%) as a colourless
oil and cis ditosyl lactam 152 (75 mg, 11%) as a white solid.

151: R; 0.22 (Pet ether: EtOAc 1:1); Vmax (neat)/cm'l: 3403, 2942, 1740, 1511, 1246, 871; &4
(300 MHz, CDCl5) 1.30-1.44 (1H, m, CH,), 1.54-1.67 (1H, m, CH,), 1.71-1.83 (1H, m, CH,), 1.89-
2.00 (1H, m, CH,), 2.09-2.15 (2H, m, CH,), 2.45 (3H, s, PhCHs), 3.47 (1H, br s, OH), 3.78 (3H, s,
OCHs), 4.21-4.23 (1H, m, CH,CHN), 4.94 (1H, t, J 3.3 Hz, CH,CHOTSs), 6.87 (2H, d, J 9.0 Hz, Ar H),

7.29 (2H, d, J 9.0 Hz, Ar H), 7.36 (2H, d, J 8.3 Hz, Ar H), 7.85 (2H, d, J 8.3 Hz, Ar H); 8¢ (100 MHz,
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CDCl5) 12.1 (CH,), 20.4 (CH,), 21.8 (CHs, PhCHs), 23.5 (CH,), 55.6 (CHs;, OCHs), 61.6 (CH,
CH,CHN), 79.1 (CH, CH,CHOTSs), 82.3 (C, CHCOH), 114.7 (2 x CH, Ar), 119.0 (2 x CH, Ar), 128.1 (2
x CH, Ar), 130.1 (2 x CH, Ar), 133.3 (C, ArCN), 145.4 (2 x C, Ar), 156.9 (C, ArCO), 163.4 (C,
C(O)N); m/z (ES) 440.1138 ([M+Na]* C,;H,sNNaOgS requires 440.1144), 440 (100%), 300.2 (3).

152: mp 126-129 °C; R; 0.76 (Pet ether: EtOAC 1:1); Vs (neat)/cm™ : 2967, 1757, 1512, 1358,
1259, 1174, 855; 5, (400 MHz, CDCls) 1.35-1.46 (1H, m, CH,), 1.69-1.88 (2H, m, CH,), 2.17-2.34
(3H, m, CH,), 2.42 (3H, s, PhCHs), 2.45 (3H, s, PhCHs), 3.81 (3H, s, OCH,), 4.84-4.87 (2H, m,
CH,CHN and CH,CHOTSs), 6.90 (2H, d, J 8.8 Hz, Ar H), 7.25-7.32 (6H, m, Ar H), 7.63 (2H, d, J 8.4
Hz, Ar H), 7.79 (2H, d, J 8.4 Hz, Ar H); 8 (100 MHz, CDCl5) 11.9 (CH,), 20.1 (CH,), 21.8 (2 x CH;,
PhCH3), 23.2 (CH,), 55.6 (CHs;, OCHs), 60.3 (CH, CH,CHN), 76.8 (CH, CH,CHOTs), 88.7 (C,
CHCOTs), 114.8 (2 x CH, Ar), 119.5 (2 x CH, Ar), 128.0 (2 x CH, Ar), 128.3 (2 x CH, Ar), 129.4 (C,
Ar), 129.6 (2 x CH, Ar), 129.8 (2 x CH, Ar), 133.2 (C, ArCN), 134.3 (C, Ar), 144.9 (C, Ar), 145.2 (C,
Ar), 157.4 (C, ArCO), 158.5 (C, C(O)N); m/z (ES) 594.1219 ([M+Na]" C,sH,sNNaOgS, requires

594.1232), 594 (100%).

= (1)-(1R,2S,6S5)-2-Hydroxy-7-(4-methoxyphenyl)-8-oxo-7-azabicyclo[4.2.0]octan-1-yl

methylbenzene sulfonate 153

H o pmp H o pmp
[ iN [ iN
—_—
oH © oTs©
HO OH
146 153

A novel compound prepared according to a modified literature procedure.”®® A solution of
dihydroxy lactam 146 (0.100 g, 0.380 mmol) in CH,Cl, (2 mL) was treated with Et;N (58 L, 0.42
mmol), DMAP (10 mg, 0.082 mmol) and TsCl (78 mg, 0.42 mmol). After 18 h at rt, further Et;N
(58 pL, 0.42 mmol) and TsCl (78 mg, 0.42 mmol) were added to drive the reaction to
completion. After 4 h, the reaction mixture was quenched with H,0 (2 mL) and extracted with

Et,0 (2 x 3 mL). The combined organic extracts were washed with brine, dried over MgSQ,,
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filtered, evaporated under reduced pressure and purified by column chromatography (Pet
ether:EtOAc 4:1 to Pet ether:EtOAc 3:2) to give cis hydroxyl tosyl lactam 153 (0.113 g, 71%) as
a white solid. mp 84-86 °C; R 0.29 (Hexane:EtOAcC 3:2); Vma (neat)/cm™: 3524, 2968, 1746,
1512, 1172, 1048, 856; & (300 MHz, CDCl5) 1.32-1.42 (1H, m, CH,), 1.62-2.15 (4H, m, CH,),
2.28-2.38 (1H, m, CH,), 2.43 (3H, s, PhCHs), 2.88 (1H, br s, OH), 3.80 (3H, s, OCHs), 4.30 (1H, t, J
3.3 Hz, CH,CHN), 4.78 (1H, t, J 2.9 Hz, CH,CHOH), 6.89 (2H, d, J 9.0 Hz, Ar H), 7.31-7.35 (4H, m,
Ar H), 7.89 (2H, d, J 8.4 Hz, Ar H); 8¢ (100 MHz, CDCl5) 12.2 (CH,), 20.1 (CH,), 21.7 (CHs, PhCH;),
23.8 (CH,), 55.5 (CHs, OCH;s), 60.0 (CH, CH,CHN), 66.9 (CH, CH,CHOTSs), 91.6 (C, CHCOH), 114.7
(2x CH, Ar), 119.3 (2 x CH, Ar), 128.1 (2 x CH, Ar), 129.8 (2 x CH, Ar), 134.1 (C, ArCN), 145.4 (2 x
C, Ar), 157.0 (C, ArCO), 160.2 (C, C(O)N); m/z (ES) 440.1141 ([M+Na]" C,;H,3NNaOgS requires

440.1144), 440 (100%).

= (%)-(3aR,5aS$,8aS)-5-(4-Methoxyphenyl)hexahydro-4H-[1,3,2]dioxathiolo[4',5":2,3]

benzo[1,2-b]azet-4-one 2-oxide 144a and 144b

H pup " pmp H o pvP
[ :(:N [ :(:N [ iN
_— +
el 0 H“‘O O 0 H“‘O 0 0O
S 7S
\ - -
o o
146 144a 144b

Novel compounds prepared according to a literature procedure.®® A solution of dihydroxy
lactam 146 (0.100 g, 0.380 mmol) in CH,Cl, (2 mL) at O °C was treated with pyridine (138 L,
1.71 mmol) and SOClI, (55 pL, 0.76 mmol). The ice bath was removed after 25 min and stirring
was continued for 3.5 h at rt. The reaction mixture was diluted with H,0 (2 mL) and extracted
with CH,Cl, (2 x 3 mL). The combined organic extracts were washed sequentially with HCI (3 mL
of a 1 M ag. solution) and brine (3 mL), dried over MgSQ,, filtered, evaporated under reduced
pressure and purified by column chromatography (Pet ether:EtOAc 9:1 to Pet ether:EtOAc

65:35) to give 144a (50 mg, 43%) and 144b (50 mg, 43%) as white solids.
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144a: mp 66-68 °C; R; 0.90 (Pet ether:EtOAc 1:1); Viax (neat)/cm™: 2933, 1749, 1511, 1198,
820, 653; 6, (400 MHz, CDCl;) 1.48-1.58 (1H, m, CH,), 1.74-1.84 (1H, m, CH,), 1.89-1.97 (1H, m,
CH,), 2.11-2.26 (3H, m, CH,), 3.79 (3H, s, OCHs), 4.58 (1H, dd, J 3.6 and 6.8 Hz, CH,CHN), 5.04
(1H, t, J 5.8 Hz, CH,CHO), 6.89 (2H, d, J 9.0 Hz, Ar H), 7.30 (2H, d, J 9.0 Hz, Ar H); 6. (100 MHz,
CDCl;) 15.5 (CH,), 25.4 (CH,), 28.3 (CH,), 55.6 (CHs, OCHs), 60.6 (CH, CH,CHN), 81.8 (CH,
CH,CHO), 87.9 (C, CHCOS), 114.8 (2 x CH, Ar), 119.5 (2 x CH, Ar), 129.3 (C, ArCN), 157.2 (C,
ArCO), 159.4 (C, C(O)N); m/z (ES) 332.0560 ([M+Na]" Ci,H1sNNaOsS requires 332.0569), 332
(100%), 304 (9).

144b: mp 96-99 °C; R; 0.74 (Pet ether:EtOAc 1:1); Viax (neat)/cm™: 2947, 1738, 1511, 1206,
831, 655; 6, (400 MHz, CDCl;) 1.48-1.68 (2H, m, CH,), 1.87-2.09 (3H, m, CH,), 2.16-2.25 (1H, m,
CH,), 3.78 (3H, s, OCHs), 4.37 (1H, dd, J 3.6 and 6.8 Hz, CH,CHN), 5.41 (1H, t, J 5.8 Hz, CH,CHO),
6.89 (2H, d, J 9.0 Hz, Ar H), 7.31 (2H, d, J 9.0 Hz, Ar H); 6¢ (100 MHz, CDCl3) 15.3 (CH,), 25.1
(CH,), 26.6 (CH,), 55.6 (CH;, OCHs), 59.4 (CH, CH,CHN), 77.1 (CH, CH,CHO), 89.3 (C, CHCOS),
114.8 (2 x CH, Ar), 119.4 (2 x CH, Ar), 129.3 (C, ArCN), 157.1 (C, ArCO), 160.2 (C, C(O)N); m/z

(ES) 332.0574 ([M+Na]" C14H1sNNaOsS requires 332.0569), 364 (92%), 332 (100).

= (%)-(1R,55)-6-(4-Methoxyphenyl)-6-azabicyclo[3.2.1]octane-7,8-dione 140

H pmp 0 HN,PMP HN,PMP
N [EE— - +
; OH O pvp-N H“\O; o © H“\O; o ©
HO o) 3 3s
o) o)
146 140 144a 144b

A novel compound prepared according to a literature procedure.” A solution of PPh; (1.76 g,
6.70 mmol) and hexachloroethane (1.59 g, 6.70 mmol) in CH;CN (10 mL) was stirred at rt for 30
min before being added dropwise to a solution of dihydroxylactam 146 (1.18 g, 4.47 mmol) in

CH3CN (20 mL). The reaction mixture was heated at reflux for 18 h, evaporated under reduced
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pressure and purified directly by column chromatography (Pet ether to Pet ether:EtOAc 1:1) to
give bicyclic ketone 140 (1.03 mg, 94%) as a white solid.

A solution of cyclic sulfites 144 (0.161 g, 0.520 mmol) in diphenyl ether (3 mL) was heated to
190 °C. After 2 h, the reaction mixture was directly purified by column chromatography (Pet
ether to Pet ether:EtOAc 1:1) to give bicyclic ketone 140 (0.116 g, 91%) as a white solid.

A solution of cyclic sulfites 144a (98 mg, 0.32 mmol) in diphenyl ether (1.9 mL) was heated to
190 °C. After 2.25 h, the reaction mixture was directly purified by column chromatography (Pet
ether to Pet ether:EtOAc 1:1) to give bicyclic ketone 140 (68 g, 87%) as a white solid.

A solution of cyclic sulfites 144b (98 mg, 0.32 mmol) in diphenyl ether (1.9 mL) was heated to
190 °C. After 0.75 h, the reaction mixture was directly purified by column chromatography (Pet
ether to Pet ether:EtOAc 1:1) to give bicyclic ketone 140 (78 mg, 100%) as a white solid.

mp 61-63 °C; R; 0.20 (Pet ether:EtOAc 1:1); Viax (neat)/cm'l: 2955, 1778, 1687, 1509, 1388,
1241, 824; &, (400 MHz, CDCl3) 1.77-1.84 (2H, m, CH,), 1.91-2.06 (2H, m, CH,), 2.40-2.49 (2H,
m, CH,), 3.00-3.02 (1H, m, C(O)CHC(0)), 3.79 (3H, s, OCHs), 4.27-4.28 (1H, m, C(O)CHN), 6.80
(2H, d, J 9.2 Hz, Ar H), 7.48 (2H, d, J 9.2 Hz, Ar H); 6. (100 MHz, CDCl;) 17.4 (CH,), 31.9 (CH,),
32.4 (CH,), 54.1 (CH, C(O)CHC(0)), 55.6 (CH;, OCHs), 57.2 (CH, CH,CHN), 114.6 (2 x CH, Ar),
122.9 (2 x CH, Ar), 129.9 (C, ArCN), 157.4 (C, ArCO), 169.1 (C, C(O)N), 208.3 (C, CHC(O)CH); m/z
(ES) 268.0937 ([M+Na]* Cy4H1sNNaO; requires 268.0950), 300 (61%), 286 (33), 268 (8), 246

(100).
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= (%)-(1R,5S5,85)-8-(Dimethylamino)-6-(4-methoxyphenyl)-6-azabicyclo[3.2.1]octan-7-one

156
N
H  pup H o pmp N
N N
+ —>
H“‘ o) (0] H\“ o) (@] PMP/N
Ot O.J
N 3S o}
\ - % -
o} o}
144a 144b 156

A novel compound prepared according to a modified literature procedure.’® A solution of cyclic
sulfites 144 (47 mg, 0.19 mmol) in DMF (1 mL) was heated to reflux. After 6 h, the reaction
mixture was evaporated under reduced pressure and purified by column chromatography (Pet
ether:EtOAc 7:3 to Pet ether:EtOAc 2:3) to give dimethyl amine 156 (59 mg, 58%) as a light
orange oil. R; 0.11 (Pet ether:EtOAc 1:1); Viax (neat)/cm'1 : 2954, 2877, 2827, 2781, 1692, 1509,
1243, 1033, 826; &, (400 MHz, CDCl5) 1.60-1.71 (4H, m, CH,), 1.85-1.94 (2H, m, CH,), 2.21 (6H,
s, N(CHs),), 2.50 (1H, t, J 4.8 Hz, CHCHN(CHs),), 2.57 (1H, br s, C(O)CHCH,), 3.77 (3H, s, OCHs),
4.05 (1H, t, J 4.4 Hz, CH,CHN), 6.87 (2H, d, J 9.0 Hz, Ar H), 7.49 (2H, d, J 9.0 Hz, Ar H); & (100
MHz, CDCl5) 17.7 (CH,), 18.7 (CH,), 19.7 (CH,), 42.7 (2 x CHs, N(CHs),), 44.8 (CH, CH,CHC(O)),
55.6 (CHs, OCH3), 59.8 (CH, CH,CHN), 66.8 (CH, CHN(CHs),), 114.3 (2 x CH, Ar), 122.5 (2 x CH,
Ar), 131.8 (C, ArCN), 156.7 (C, ArCO), 174.7 (C, C(O)N); m/z (ES) 297.1585 ([M+Na]'

Ci6H2,N,NaO, requires 297.1579), 298 (18%), 297 (100), 275 (11).

= (£)-(1R,5S5)-8,8-Dimethoxy-6-(4-methoxyphenyl)-6-azabicyclo[3.2.1]octan-7-one 157

H o pvP H o pmp OMe
N N
+ — T/ OMe
N e N e pmp-N
O J O J
3s 3S O
\_ - -
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144a 144b 157

A novel compound prepared according to a modified literature procedure.'® A solution of cyclic

sulfites 144 (0.113 g, 0.366 mmol) in toluene (2.2 mL) was treated with BF;.Et,O dropwise over
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2 min (99 pL, 0.78 mmol) and then refluxed. After 4 h, the reaction mixture was quenched with
MeOH (2 mL), evaporated under reduced pressure and purified by column chromatography
(Pet ether:EtOAc 7:3 to Pet ether:EtOAc 1:1) to give methoxy acetal 157 (54 mg, 50%) as a
yellow oil. R; 0.28 (Pet ether:EtOAC 7:3); Vs (n€at)/cm™ : 2941, 1697, 1509, 1241, 1120, 827;
84 (400 MHz, CDCls) 1.44-1.55 (1H, m, CH,), 1.57-1.66 (1H, m, CH,), 1.70-1.79 (1H, m, CH,),
1.84-1.92 (3H, m, CH,), 2.69-2.71 (1H, m, CH,CHC(O)), 3.26 (3H, s, OCHs), 3.27 (3H, s, OCH),
3.77 (3H, s, PhOCHs), 4.14-4.15 (1H, m, CH,CHN), 6.87 (2H, d, J 9.0 Hz, Ar H), 7.45 (2H, d, J 9.0
Hz, Ar H); 6¢ (100 MHz, CDCl5) 16.7 (CH,), 22.3 (CH,), 23.4 (CH,), 47.7 (CH, CH,CHC(O)), 48.8
(CHs, C(OCHs),), 49.2 (CHs, C(OCHs),), 55.6 (CHs, PhOCHs), 61.1 (CH, CH,CHN), 103.3 (C,
C(OCHs),), 114.4 (2 x CH, Ar), 122.7 (2 x CH, Ar), 131.6 (C, ArCN), 156.8 (C, ArCO), 173.0 (C,

C(O)N); m/z (ES) 314.1375 ([M+Na]* C:6H»NNaO, requires 314.1368), 315 (16%), 314 (100).

= (%)-(3aR,5aS$,8aS)-5-Benzylhexahydro-4H-[1,3,2]dioxathiolo[4',5":2,3]benzo[1,2-b]azet-

4-one 2-oxide 158a and 158b

H ,Bn H ,Bn H ,Bn
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Novel compounds prepared according to a literature procedure.®* A solution of diol 145 (0.237
g, 0.960 mmol) in CH,Cl, (5 mL) at 0 °C was treated with pyridine (349 pL, 4.32 mmol) and
SOCI, (140 pL, 1.92 mmol). The reaction mixture was allowed to warm to rt over 18 h, diluted
with H,0 (5 mL) and extracted with CH,Cl, (2 x 5 mL). The combined organic extracts were
sequentially washed with HCI (10 mL of a 1 M ag. solution) and brine (10 mL), dried over
MgS0,, filtered, evaporated under reduced pressure and purified by column chromatography
(Pet ether to Pet ether:EtOAc 7:3) to give 158a (0.131 g, 47%) as a colourless oil and 158b

(0.127 g, 45%) as a white solid.

[219]



158a: R; 0.79 (Pet ether:EtOAcC 1:1); Vpma (neat)/cm™: 2946, 1762, 1405, 1204, 955, 699; &, (400
MHz, CDCls) 1.32-1.43 (1H, m, CH,), 1.62-1.85 (3H, m, CH,), 1.90-1.99 (1H, m, CH,), 2.21-2.29
(1H, m, CH,), 4.06-4.14 (1H, m, CH,CHN), 4.18, 4.68 (2H, ABq, J 15.2 Hz, NCH,Ph), 4.96 (1H, dd,
J 6.4 and 7.6 Hz, CH,CHO), 7.27-7.40 (5H, m, Ar H); 8¢ (100 MHz, CDCl;) 15.4 (CH,), 24.3 (CH,),
29.5 (CH,), 44.6 (CH,, NCH,Ph), 60.2 (CH, CH,CHN), 81.6 (CH, CH,CHO), 88.3 (C, CHCOS(0)),
128.3 (3 x CH, Ar), 129.1 (2 x CH, Ar), 134.4 (C, Ar), 163.6 (C, C(O)N); m/z (ES) 316.0620
(IM+Na]" Cy4H:sNNaO,S requires 316.0619), 348 ([M+Na+CH;0H]", 33%), 317 (9), 316 (100),
301 (7).

158b: mp 56-57 °C (CH,Cl,); Rf 0.63 (Pet ether:EtOAc 1:1); Vimax (neat)/cm™: 2940, 1761, 1404,
1219, 1202, 954, 665; 6, (400 MHz, CDCl;) 1.34-1.45 (1H, m, CH,), 1.54-1.68 (3H, m, CH,), 1.72-
1.79 (1H, m, CH,), 2.24-2.32 (1H, m, CH,), 3.89 (1H, dd, J 2.4 and 5.6 Hz, CH,CHN), 4.15, 4.72
(2H, ABq, J 15.2 Hz, NCH,Ph), 5.31 (1H, t, J 7.0 Hz, CH,CHO), 7.28-7.40 (5H, m, Ar H); 6. (100
MHz, CDCl;3) 15.0 (CH,), 24.2 (CH,), 27.2 (CH,), 44.5 (CH,, NCH,Ph), 58.5 (CH, CH,CHN), 76.9
(CH, CH,CHO), 89.3 (C, CHCOS), 128.2 (CH, Ar), 128.3 (2 x CH, Ar), 129.1 (2 x CH, Ar), 134.5 (C,
Ar), 164.2 (C, C(O)N); m/z (ES) 316.0620 ([M+Na]" Ci;H1sNNaO,S requires 316.0619), 348

(IM+Na+CH50H]*, 5%), 332 (17), 317 (14), 316 (100), 294 (6).

= (4)-(1S,5R)-6-Benzyl-6-azabicyclo[3.2.1]octane-7,8-dione 119

H Bn 0 H ,Bn H Bn
N [ tN [ tN
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A novel compound prepared according to a literature procedure.” A solution of PPh; (0.162 g,
0.618 mmol) and hexachloroethane (0.145 g, 0.618 mmol) in CH;CN (1.0 mL) was stirred at rt
for 30 min before being added dropwise to a solution of diol 145 (0.102 g, 0.412 mmol) in

CH;CN (1.7 mL). The reaction mixture was heated at reflux for 18 h, concentrated under
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reduced pressure and purified directly by column chromatography (Pet ether to Pet
ether:EtOAc 3:2) to give bicyclic ketone 119 (92 mg, 97%) as a white solid.

A solution of cyclic sulfites 158 (0.175 g, 0.597 mmol) in diphenyl ether (3.5 mL) was heated to
190 °C. After 2.25 h, the reaction mixture was directly purified by column chromatography (Pet
ether to Pet ether:EtOAc 3:2) to give bicyclic ketone 119 (0.123 g, 90%) as a white solid.

mp 58-61 °C (CH,Cl,); R¢ 0.30 (Pet ether:EtOAC 1:1); Vmax (neat)/cm™: 2943, 1780, 1686, 1448,
1252, 1033, 701; 8y (400 MHz, CDCl5) 1.51-1.78 (3H, m, CH,), 1.88-1.97 (1H, m, CH,), 1.98-2.04
(1H, m, CH,), 2.34-2.41 (1H, m, CH,), 2.91-2.93 (1H, m, C(O)CHC(0)), 3.67-3.69 (1H, d, J 4.8 Hz,
C(O)CHN), 4.37, 4.89 (2H, ABq, J 14.8 Hz, NCH,Ph), 7.27-7.37 (5H, m, Ar H); 6. (100 MHz, CDCls)
17.5 (CH,), 30.8 (CH,), 31.9 (CH,), 44.5 (CH,, NCH,Ph), 53.0 (CH, C(O)CHC(O)), 64.0 (CH,
CH,CHN), 128.2 (CH, Ar), 128.6 (2 x CH, Ar), 129.0 (2 x CH, Ar), 135.7 (C, Ar), 170.4 (C, C(O)N),
209.1 (C, CHC(O)CH); m/z (ES) 252.0992 ([M+Na]" C14H;sNNaO, requires 252.1000), 284 (26%),

270 (100), 252 (10).

= (+)-(3aR,5aS,8aS)-5-Benzylhexahydro-4H-[1,3]dioxolo[4',5":2,3]benzo[1,2-b]azete-2,4-
dione 160

H Bn H Bn

[ iN’ [ :(:N’
—_—
HO OH © o{) °

o}
145 160

A novel compound prepared according to a literature procedure.”® A solution of diol 145 (81
mg, 0.33 mmol) in CH,Cl, (1.6 mL) at 0 °C was treated with pyridine (132 uL, 1.64 mmol) and
triphosgene (79 mg, 0.27 mmol). The reaction mixture was allowed to warm to rt after 40 min
at 0 °C, stirred at rt for 50 min, quenched with NH,CI (5 mL of a saturated ag. solution) and
extracted with CH,Cl, (3 x 5 mL). The combined organic extracts were washed sequentially

with HCl (10 mL of a 1 M aq. solution) and brine (15 mL), dried over MgSQ,, filtered,
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evaporated under reduced pressure and purified by column chromatography (Pet ether to Pet
ether:EtOAc 1:1) to give 160 (90 mg, 100%) as a white solid. mp 100-101 °C; R 0.52 (Pet
ether:EtOAc 1:1); Viax (neat)/cm'lz 2955, 1812, 1766, 1362, 1165, 1067, 732; &, (400 MHz,
CDCl3) 1.19-1.38 (1H, m, CH,), 1.45-1.84 (4H, m, CH,), 2.20-2.35 (1H, m, CH,), 3.92 (1H, dd, / 2.0
and 5.6 Hz, CH,CHN), 4.15, 4.65 (2H, ABq, J 15.2 Hz, NCH,Ph), 4.97 (1H, dd, J 7.0 and 8.7 Hz,
CH,CHO), 7.21-7.42 (5H, m, Ar H); 8¢ (100 MHz, CDCls) 14.7 (CH,), 24.2 (CH,), 28.1 (CH,), 44.4
(CH,, NCH,Ph), 57.9 (CH, CH,CHN), 74.4 (CH, CH,CHO), 85.0 (C, CHCOC(0)), 128.3 (2 x CH, Ar),
128.4 (CH, Ar), 129.2 (2 x CH, Ar), 134.2 (C, Ar), 152.6 (C, OC(0)0), 164.1 (C, C(O)N); m/z (ES)

274.1074 ([M+H]* C1sH1sNO, requires 274.1074), 292 (16%), 291 (100), 274 (51).

= (£)-(1R,5S5)-8-(Hydroxyimino)-6-(4-methoxyphenyl)-6-azabicyclo[3.2.1]octan-7-one 162

A novel compound prepared according to a literature procedure.”® A solution of hydroxylamine
hydrochloride (60 mg, 0.86 mmol) and sodium acetate (70 mg, 0.86 mmol) in H,O (0.30 mL)
was treated with a solution of bicyclic ketone 140 (30 mg, 0.12 mmol) in a 1:1 mixture of
H,0:CH5CN (0.30 mL). After 20 min at 100 °C, the reaction mixture was extracted with CH,Cl, (2
x 1 mL). The combined organic extracts were washed with brine (1 mL), dried over MgSQ,,
filtered, evaporated under reduced pressure and purified by column chromatography (CH,Cl,
to CH,Cl,:EtOH 98:2) to give a 1:1 mixture of Z:E oxime 162 (24 mg, 77%) as a colourless oil. R¢
0.18 (CH,Cly:EtOH 98:2); Vinae (neat)/cm™: 3263, 2935, 1673, 1509, 1245, 826; &, (400 MHz,
CDCl;) (as a mixture of isomers) 1.72-1.97 (4H, m, CH,), 2.17-2.35 (2H, m, CH,), 3.18-3.21,
3.81-3.84 (1H, br s, C(O)CHC(N)OH), 3.80 (3H, s, OCHs), 4.63, 5.26 (1H, d, J 4.0 Hz, NCHC(N)OH),

6.90 (2H, d, J 9.2 Hz, Ar H), 7.47-7.55 (2H, m, Ar H), 8.34, 8.51 (1H, br s, OH); &¢ (100 MHz,
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CDCl3) (as a mixture of isomers) 17.7 (CH,), 28.2, 28.4 (CH,), 30.6, 31.0 (CH,), 43.7, 46.9 (CH,
C(O)CHC(N)OH), 55.6 (CH;, OCHs), 57.1, 61.4 (CH, CH,CHN), 114.5, 114.6 (2 x CH, Ar), 122.6,
122.7 (2 x CH, Ar), 130.3, 130.4 (C, ArCN), 157.1 (C, ArCO), 160.8, 161.0 (C, C(O)N), 171.1, 171.5
(C, C(N)OH); m/z (ES) 283.1056 ([M+Na]® Ci;H1sN,NaO; requires 283.1059), 315 (8%), 283

(100), 261 (5).

= (%)-(1R,5S,8S)-8-Hydroxy-6-(4-methoxyphenyl)-6-azabicyclo[3.2.1]octan-7-one 164

OH

pmp-N PMp-N

o] @)
140 164

A novel compound prepared according to a modified literature procedure.”® A solution of
bicyclic ketone 140 (47 mg, 0.19 mmol) in THF (1 mL) was cooled to 0 °C and treated with L-
selectride (0.29 mL of a 1.0 M solution in THF, 0.29 mmol). The reaction mixture was
progressively allowed to warm to rt. After 6.25 h, the reaction mixture was quenched with H,0
(1 mL) and extracted with EtOAc (2 x 3 mL). The combined organic extract were washed with
brine (2 mL), dried over MgSQ,, filtered, evaporated under reduced pressure and purified by
column chromatography (Pet ether:EtOAc 7:3) to give hydroxy lactam 164 (39 mg, 83%) as a
white solid. mp 116-118 °C; R; 0.33 (Pet ether:EtOAc 2:3); Viax (neat)/cm"1 1 3327, 2947, 1661,
1511, 1245, 1113, 803; &y (400 MHz, CDCl5) 1.46-1.59 (1H, m, CH,), 1.62-1.73 (3H, m, CH,),
1.92-2.04 (2H, m, CH,), 2.55 (1H, br s, C(O)CHCH,),3.43 (1H, br s, OH), 3.77 (3H, s, OCHs), 3.97-
4.00 (1H, m, CH,CHN), 4.34-4.37 (1H, m, CHCH(OH)CH), 6.87 (2H, d, J 8.8 Hz, Ar H), 7.45 (2H, d,
J 8.8 Hz, Ar H); 6¢ (100 MHz, CDCl;) 17.3 (CH,), 18.5 (CH,), 19.6 (CH,), 46.4 (CH, C(O)CHCH,),
55.6 (CHs, OCH;s), 61.2 (CH, CH,CHN), 68.2 (CH, CHCHOH), 114.4 (2 x CH, Ar), 122.9 (2 x CH, Ar),
131.3 (C, ArCN), 156.9 (C, ArCO), 174.3 (C, C(O)N); m/z (ES) 270.1111 ([M+Na]" Cy4H;;NNaO;

requires 270.1106), 270 (100%).
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6.3  Experimental procedures and analytical data for chapter three

=  N-isopropylcyclohex-2-enamine 166

iFI’r

Br NH
g — U
122 166

A novel compound prepared according to a literature procedure.”’” A solution of
isopropylamine (2.56 mL, 30.0 mmol) in CH3;CN (30 mL) was treated with 3-bromocyclohexene
122 (1.29 mL, 11.2 mmol) and K,CO; (1.63 g, 11.8 mmol). After 4 h at rt, the reaction was
quenched with H,0 (30 mL) and extracted with Et,0 (2 x 30 mL). The combined organic
extracts were washed with brine (60 mL), dried over MgSQ,, filtered and evaporated under
reduced pressure to give amine 166 (1.48 g, 95%) as a light brown oil. Rt 0.26 (CH,Cl,:EtOH
49:1); Vmax (neat)/cm™ : 3219, 2929, 1444, 1378, 1172, 723; &y (400 MHz, CDCl;) 1.03-1.06 (6H,
m, CH(CHs),), 1.20 (1H, m, NH), 1.34-1.42 (1H, m, CH,), 1.50-1.60 (1H, m, CH,), 1.66-1.74 (1H,
m, CH,), 1.83-1.90 (1H, m, CH,), 1.92-2.04 (2H, m, CH,), 2.96-3.05 (1H, m, NHCH(CHs),), 3.21
(1H, br s, CH,CHNH), 5.67-5.74 (2H, m, CH=CH); &. (100 MHz, CDCl;) 20.4 (CH,), 23.2 (CHs,
CH(CHs),), 23.6 (CH;, CH(CHs),), 25.4 (CH,), 30.1 (CH,), 45.1 (CH, NHCH(CHs),), 49.9 (CH,
CH,CHNH), 128.7 (CH, CH,CH=CH), 130.6 (CH, CH=CHCHNH); m/z (EI) 139.1358 (M*, CH;N

requires 139.1361), 139 (21%), 124 (20), 111 (77), 96 (100), 81 (14).

= N-lsopropylcyclohex-2-enaminium chloride 168

iFI’r
Br +NH,
o — s
122 168

A novel compound prepared according to a modified literature procedure.”” A solution of
isopropylamine (2.50 mL, 108 mmol) in CH;CN (110 mL) was treated with 3-bromocyclohexene

122 (5.00 mL, 40.1 mmol) and K,CO; (6.10 g, 44.1 mmol). After 8 h at rt, the reaction was
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quenched with H,0 (110 mL) and extracted with Et,0 (3 x 100 mL). The combined organic
extracts were washed with brine (150 mL), dried over MgSO,, filtered and HCl (20 mLofa 4 M
solution in dioxane, 80 mmol) was carefully added. The solvent was removed under reduced
pressure to give amine hydrochloride 168 (6.54 g, 93%) as a white solid. &6, (400 MHz, D,0)
1.33 (6H, t, J 6.2 Hz, CH(CH;),), 1.59-1.72 (2H, m, CH,), 1.73-1.87 (1H, m, CH,), 2.00-2.16 (3H,
m, CH,), 3.59 (1H, m, J 6.2 Hz, NHCH(CHs),), 3.94 (1H, br s, CH,CHN), 5.69 (1H, d, J 10.1 Hz,
CH,CH=CH), 6.16 (1H, d, J 10.1 Hz, CH=CHCHN); & (100 MHz, CDCl;) 18.2 (CHs, CH(CHs),), 18.6
(CH,), 18.7 (CHs, CH(CH3),), 24.1 (CH,), 25.2 (CH,), 47.3 (CH, NHCH(CHzs),), 50.4 (CH, CH,CHNH),
120.7 (CH, CH,CH=CH), 135.8 (CH, CH=CHCHNH); m/z (El) 139.135637 (M* CgH;;N requires

139.136100), 139 (41%), 124 (38), 111 (99), 96 (100), 81 (58), 44 (70).

= Diethyldithiocarbamic acid-[isopropyl(cyclohex-2-enyl)carbamic acid]-thioanhydride
169
iFI’r iFl’r
NH, N__O
©/Cf - ©/ f\fs
168 169 NEt,
A novel compound prepared according to a modified literature procedure.”” A solution of
amine hydrochloride 168 (0.716 g, 4.08 mmol) in THF (27 mL) was cooled to -78 °C, nBulLi (9.07
mL of a 1.01 M solution in hexanes, 8.98 mmol), was added dropwise over 5 min. After 70 min
at -78 °C, triphosgene (0.447 g, 1.51 mmol) was added and the reaction mixture was allowed
to warm to rt. After 3 h, acetone (10 mL) and sodium diethyldithiocarbamate trihydrate (3.67
g, 16.3 mmol) were added. After 18 h at rt, the reaction mixture was quenched with H,0 (30
mL) and extracted with Et,0 (3 x 30 mL). The combined organic extracts were washed with
brine (50 mL), dried over MgSQ,, filtered, evaporated under reduced pressure and purified by
column chromatography (Pet ether to Pet ether:Et,0 4:1) to give dithiocarbamate 169 (0.562

g, 44%) as a yellow oil. R; 0.36 (Pet ether:Et,0 4:1); Vnay (neat)/cm™ : 2933, 1741, 1671, 1487,
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1415, 1247, 1196, 977, 808; &, (400 MHz, CDCl;) (as a mixture of rotamers) 1.15-1.41 (12H, m,
CH(CHs), and CH,CH;), 1.49-1.66 (2H, m, CH,), 1.72-1.86 (1H, m, CH,), 1.72-1.86 (3H, m, CH,),
3.31-3.57 (1H, m, CH,CHN), 3.76 (2H, g, J 7.2 Hz, CH,CH;), 3.87-4.07 (2H, m, CH,CHs), 4.30-4.49
(1H, m, NCH(CHs),), 5.52 (1H, d, J 8.4 Hz, CH,CH=CH), 5.86 (1H, br s, CH=CHCHN); & (100 MHz,
CDCl;) (as a mixture of rotamers) 11.3 (CH;, CH,CH;), 13.4 (CHs;, CH,CH;), 20.1 (2 x CH;,
NCH(CHs),), 21.6 (CH,), 24.3 (CH,), 28.4 (CH,), 48.8 (CH,, CH,CHs), 49.8 (CH, CH,CHN), 50.0 (CH,,
CH,CHs), 58.0 (CH, NCH(CHs),), 127.3 (CH, CH,CH=CH), 131.3 (CH, CH=CHCHN), 159.7 (C,
C(O)N), 186.0 (C, SC(S)); m/z (ES) 337.1380 ([M+Na]" CysH,6N,NaOS, requires 337.1384), 353

(13%), 337 (100).

= (%)-(1S,2R,6R)-7-Isopropyl-8-oxo-7-azabicyclo[4.2.0]octan-2-yl diethylcarbamodithioate

170
il?r H
N__O N,iPr
Y .
©/ S S
H O
NEt, Et,N_ _S
169 \g/ 170

A novel compound prepared according to a literature procedure.”® A solution of carbamoyl
dithiocarbamate 169 (0.422 g, 1.34 mmol) in cyclohexane (13.5 mL) was degassed for 10 min
and irradiated with a 500 W lamp which generated enough heat to bring the solvent to reflux.
After 4.5 h, the solvent was removed under reduced pressure and the crude product obtained
was purified by column chromatography (Pet ether to Pet ether:EtOAc 3:2) to give lactam 170
(0.293 g, 69%) as a pale yellow oil. R; 0.27 (Pet Ether:EtOAc 7:3); Vma (neat)/cm™ : 2933, 1733,
1486, 1414, 1266, 1205, 981, 916, 831; &, (400 MHz, CDCl;) 1.20-1.28 (12H, m, CHsCH, and
CH(CH;),), 1.58-1.88 (5H, m, CH,), 2.25-2.34 (1H, m, CH,), 3.44 (1H, app t, J 4.6 Hz, CHCHC(O)),
3.65-3.76 (2H, m, CH,CHs), 3.82-3.88 (2H, m, CH,CHs and CH,CHS), 3.91-4.07 (2H, m, NCH(CHjs),
and CH,CHs), 4.48 (1H, app dd, J 5.2 and 9.6 Hz, CH,CHN); 6. (100 MHz, CDCl;) 11.7 (CHs,

CH,CHs), 12.7 (CHs, CH,CH3), 15.5 (CH,), 20.3 (CHs, NCH(CHs),), 21.7 (CHs, NCH(CHs),), 24.1
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(CHy), 25.2 (CH,), 43.8 (CH, CH,CHS), 44.6 (CH, CH,CHN), 46.7 (CH,, CH,CH3), 49.2 (CH,, CH,CH3),
49.4 (CH, NCH(CHs),), 51.2 (CH, CH,CHC(O)), 167.4 (C, C(O)N), 193.8 (C, SC(S)); m/z (ES)

337.1387 ([M+Na]* CysH,6N,NaOS, requires 337.1384), 453 ([M+Na+H,0]", 4%), 337 (100).

= 7-Isopropyl-7-azabicyclo[4.2.0]oct-1-en-8-one 171

H JiPr H LiPr
@ CH
—_—

H ©O (e}
EtzN\n/S
s 170 171

A novel compound prepared according to a modified literature procedure.® A solution of
lactam 170 (0.291 g, 0.925 mmol) in THF (7.2 mL) was cooled to -78 °C and treated with methyl
iodide (92.0 uL, 1.48 mmol). The reaction mixture was stirred at -78 °C for 1.5 h, then LHMDS
(1.5 mL of a 1.0 M solution in THF, 1.5 mmol) was added dropwise over 2 min. The reaction
mixture was allowed to warm to rt over 18 h. The solvent was removed under reduced
pressure and the crude product obtained was purified by column chromatography (Pet ether
to Pet ether:EtOAc 7:3) to give lactam 171 (88 mg, 56%) as a pale yellow oil. R; 0.36 (Pet
Ether:EtOAC 7:3); Vmax (neat)/cm™: 2935, 1731, 1364, 1310, 1229, 812, 712; &4 (400 MHz,
CDCl;) 1.05-1.16 (1H, m, CH,), 1.19 (3H, d, J 6.7 Hz, CH(CHs),), 1.22 (3H, d, J 6.7 Hz, CH(CHs),),
1.39-1.55 (1H, m, CH,), 1.89-2.00 (1H, m, CH,), 2.06-2.19 (2H, m, CH,), 2.28-2.40 (1H, m, CH,),
3.74-3.80 (1H, m, CH,CHN), 3.99 (1H, sept, J 6.7 Hz, NCH(CHs),), 6.11-6.25 (1H, m, CH,CH=C); &
(100 MHz, CDCl3) 20.6 (CH;), 20.9 (CHs, NCH(CHs),), 22.3 (CHs, NCH(CHs),), 25.4 (CH,), 29.7
(CHy), 44.2 (CH, CH,CHN), 55.0 (CH, NCH(CHs),), 124.0 (CH, CH,CH=C), 141.4 (C, CH=CC(O)),
163.2 (C, C(O)N); m/z (ES) 166.1225 ([M+H]" Ci0H16NO requires 166.1226), 167 (10%), 166

(100), 149 (10).

[227]



= (£)-(1S,2R,6R)-1,2-Dihydroxy-7-isopropyl-7-azabicyclo[4.2.0]octan-8-one 172
N ipr N ipr
N
o) ; Otho
HO
171 172

A novel compound prepared according to a literature procedure.”® A solution of lactam 171 (91
mg, 0.55 mmol) in a 5:5:2 mixture of H,O:acetone:tBuOH (3.1 mL) was treated with NMO
(0.155 g, 1.32 mmol) and OsO, (2 pL of 4 wt% agq. solution, cat). After 18 h at 40 °C, sodium
bisulfite (0.314 g, 1.32 mmol) was added to quench the reaction. After 1.5 h at 40 °C, the
reaction mixture was diluted with H,O (5 mL) and extracted with EtOAc (3 x 5 mL). The
combined organic extracts were washed with brine (10 mL), dried over MgSO.,, filtered,
evaporated under reduced pressure and purified by column chromatography (Hexane:EtOAc
1:1 to EtOAc) to give dihydroxy lactam 172 (17 mg, 15%) as a white solid. mp 78-79 °C; R; 0.13
(Pet Ether: EtOAC 2:3); Vmax (neat)/cm™ : 3491, 3196, 2939, 1716, 1353, 1204, 1186, 1104, 828,
727; 64 (400 MHz, CDCls) 1.22 (3H, d, J 6.8 Hz, CH(CHs),), 1.28 (3H, d, J 6.8 Hz, CH(CH53),), 1.46-
1.60 (1H, m, CH,), 1.63-1.83 (4H, m, CH,), 1.29-2.04 (1H, m, CH;), 3.32-3.90 (4H, m, CH,CHN,
NCH(CHs), and 2 x OH), 4.04 (1H, dd, J 4.3 and 6.1 Hz, CH,CHOH); 6. (100 MHz, CDCl;) 15.0
(CH,), 20.1 (CHs, NCH(CHs),), 21.6 (CH3;, NCH(CHs),), 23.4 (CH,), 25.6 (CH,), 44.0 (CH,
NCH(CHs),), 60.3 (CH, CH,CHN), 67.5 (CH, CH,CHOH), 81.4 (C, CHCOH), 171.0 (C, C(O)N); m/z

(ES) 200.1281 ([M+H]" C10H1sNO; requires 200.1281), 222 (67%), 200 (100), 166 (11).
10H18NU3 req ’ , ’

=  N-octylcyclohex-2-enamine 173

M

Br NH
o — O
122 173

A novel compound prepared according to a literature procedure.”’ A solution of octylamine

(23.3 mL, 141 mmol) in CH3CN (140 mL) was treated with 3-bromocyclohexene 122 (6.00 mL,
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52.2 mmol) and K,CO; (7.94 g, 57.4 mmol). After 4.25 h at rt, the reaction mixture was
quenched with H,0 (140 mL) and extracted with Et,0 (2 x 140 mL). The combined organic
extracts were washed with brine (200 mL), dried over MgS0O,, filtered, evaporated under
reduced pressure and purified by column chromatography (Hexane:EtOAc 75:25 to EtOAc) to
give amine 173 (8.34 g, 76%) as a golden oil. R; 0.15 (Pet ether:EtOAc 9:1); Vmax (neat)/cm™:
3677, 2922, 1454, 1115, 722; 6, (400 MHz, CDCls) 0.86 (3H, t, J 7.0 Hz, (CH,)sCH;), 1.03 (1H, br
s, NH), 1.18-1.31 (10H, m, CH,), 1.36-1.59 (4H, m, CH,), 1.67-1.75 (1H, m, CH,), 1.83-1.89 (1H,
m, CH,), 1.94-2.00 (2H, m, CH;), 2.57-2.67 (2H, m, NCH,(CH,),CH3), 3.10-3.15 (1H, m, NCHCH,),
5.66-5.75 (2H, m, CH,CH=CHCHN); 6. (100 MHz, CDCls) 14.3 (CHs, (CH,),CHs), 20.5 (CH,), 22.8
(CHy), 25.5 (CH,), 27.7 (CH,), 29.5 (CH,), 29.7 (CH,), 29.8 (CH,), 30.8 (CH,), 32.0 (CH,), 47.2 (CH,,
NCH,(CH,)sCHs), 53.3 (CH, CH,CHN), 128.8 (CH, CH,CH=CH), 130.4 (CH, CH=CHCHN); m/z (El)

209.2141 (M* Cy4H,7N requires 209.2144), 209 ([M+H]", 13%), 181 (100), 110 (79), 81 (39).

= Cyclohex-2-en-1-yl(octyl)carbamic chloride 174

CgH1z CgHi7
NH N (@)
. Y
J {
173 174

A novel compound prepared according to a literature procedure.”” A solution of triphosgene
(2.31 g, 7.79 mmol) in toluene (100 mL) was treated with pyridine (2.05 mL, 25.3 mmol) and
subsequently with a solution of amine 173 (4.41 g, 21.1 mmol) in toluene (62 mL). The reaction
was stirred for 18 h at rt, quenched with NH,Cl (160 mL of a saturated aq. solution) and
extracted with Et,0 (2 x 150 mL). The combined organic extracts were washed sequentially
with HCI (150 mL of a 0.25 M ag. solution), H,O (150 mL) and brine (150 mL), dried over
MgS0,, filtered and evaporated under reduced pressure to give carbamoyl chloride 174 (5.66
g, 97%) as a golden oil. R; 0.76 (Pet ether:Et,0 9:1); Vimax (neat)/cm'lz 2925, 1730, 1458, 1398,

1236, 1104, 917, 726; &y (400 MHz, CDCl;) 0.86-0.90 (3H, m, (CH,)sCH;), 1.18-1.36 (10H, m,
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CH,), 1.36-1.55 (4H, m, CH,), 1.76-1.89 (1H, m, CH;), 1.93-2.09 (3H, m, CH,), 3.14-3.31 (2H, m,
NCH,(CH,);CHs), 4.71-4.89 (1H, m, NCHCH,), 5.49-5.53 (1H, m, CH,CH=CH), 5.89-5.98 (1H, m,
CH=CHCHN); &¢ (100 MHz, CDCl;) (as a mixture of rotamers) 14.3 (CH3, (CH,);CHs), 21.4 (CH,),
22.8 (CH,), 24.5, 24.6 (CH,), 27.1, 27.2 (CH,), 27.6, 28.4 (CH,), 28.9, 29.2 (CH,), 29.4 (CH,), 30.6
(CH,), 31.9 (CH,), 47.0, 47.9 (CH,, NCH,(CH,)sCHs), 56.7, 58.4 (CH, CH,CHN), 126.8, 127.0 (CH,
CH,CH=CH), 132.3, 132.4 (CH, CH=CHCHN), 161.7 (C, NC(O)Cl); m/z (El) 271.1709 (M*

CusH,6 CINO requires 271.1703), 271 (2%), 236 (6), 126 (12), 112 (23), 99 (65), 79 (100).

= Diethyldithiocarbamic acid-[octyl(cyclohex-2-enyl)carbamic acid]-thioanhydride 175
CgH17 CgHi7
N__O N__O
Y . Y
Cl S\(S
175

174 NEt

A novel compound prepared according to a literature procedure.”’” A solution of carbamoyl
chloride 174 (5.04 g, 18.5 mmol) in acetone (140 mlL) was treated with sodium
diethyldithiocarbamate trihydrate (16.7 g, 74.1 mmol). The reaction mixture was stirred at rt
for 18 h then heated at reflux for 1.5 h, quenched with H,0 (100 mL) and extracted with Et,0
(3 x 100 mL). The combined organic extracts were washed with brine (150 mL), dried over
MgS0O,, filtered, evaporated under reduced pressure and purified by column chromatography
(Pet ether:CH,Cl, 1:1 to CH,Cl,) to give dithiocarbamate 175 (5.83 g, 82%) as a green/yellow oil.
R¢ 0.48 (Pet ether:CH,Cl, 1:4); Vs (neat)/cm™: 2926, 1663, 1487, 1417, 1268, 1199, 917, 751;
64 (400 MHz, CDCls) (as a mixture of rotamers) 0.86 (3H, t, J 6.8 Hz, (CH,)sCH;), 1.16-1.34 (17H,
m, CH,), 1.57-1.66 (3H, m, CH,), 1.80 (1H, m, CH,), 1.88-2.06 (3H, m, CH,), 3.14-3.18 (2H, m,
NCH,(CH,),CHs), 3.79 (2H, g, J 7.0 Hz, CH,CHs), 4.01 (2H, g, J 7.0 Hz, CH,CHs), 4.43, 4.93 (1H, 2 x
br s, NCHCH,), 5.52 (1H, d, J 10.0 Hz, CH,CH=CH), 5.83-5.95 (1H, m, CH=CHCH,N); & (100 MHz,
CDCl;) (as a mixture of rotamers) 11.3 (CH;, CH,CH3), 13.5 (CH3, CH,CH3), 14.2 (CH;, (CH,),CHs),

21.6 (CH,), 22.8 (CH,), 24.5 (CH,), 24.6 (CH,), 27.7 (CH,), 28.7 (CH,), 29.4 (CH,), 31.3 (CH,), 31.9

[230]



(CHy), 45.7, 46.1 (CH,, NCH,(CH,)sCHs), 48.9 (CH,, CH,CHs), 50.2 (CH,, CH,CHs), 54.4, 57.0 (CH,
CH,CHN), 127.6 (CH, CH,CH=CH), 131.8, 132.1 (CH, CH=CHCHN), 161.6, 162.4 (C, C(O)N), 185.4
(C, SC(S)); m/z (ES) 407.2162 ([M+Na]" CyH3sN,NaOS, requires 407.2167), 423 (9%), 408 (14),

407 (100), 210 (4).

= (%)-(1S,2R,6R)-7-Octyl-8-ox0-7-azabicyclo[4.2.0]octan-2-yl diethylcarbamodithioate

176
98"'17 H
N__O N,C8H17
Y .
©/ S S
\IEt Et,N S H ©
2 2
175 \n/ 176
S

A novel compound prepared according to a literature procedure.”® A solution of
dithiocarbamate 175 (3.14 g, 8.16 mmol) in cyclohexane (82 mL) was degassed for 10 min and
irradiated with a 500 W lamp which generated enough heat to bring the solution to reflux.
After 4 h, the solvent was removed under reduced pressure and the crude product obtained
was purified by column chromatography (Hexane to Hexane:EtOAc 3:2) to give lactam 176
(2.85 g, 91%) as a dark green oil. R; 0.50 (Pet ether:EtOAc 7:3); Vmax (neat)/cm™: 2925, 1740,
1486, 1413, 1266, 1206, 982, 916, 730; 64 (400 MHz, CDCl;) 0.86 (3H, t, J 7.0 Hz, (CH,)sCH3),
1.21-1.30 (16H, m, CH, and CH,CH5), 1.44-1.64 (4H, m, CH,), 1.75-1.88 (3H, m, CH,), 2.24-2.33
(1H, m, CH,), 2.94 (1H, ddd, J 6.2, 7.6 and 13.8 Hz, NCH,(CH,),CHs), 3.33 (1H, dt, / 7.6 and 13.8
Hz, NCH,(CH,),CHs), 3.53 (1H, t, J 4.4 Hz, CH,CHS), 3.70 (2H, septet, J 6.9 Hz, CH,CHs), 3.79 (1H,
dt, J 3.4 and 5.4 Hz, C(O)CHCH), 3.99 (2H, d nonet, /5.2 and 6.9 Hz, CH,CHs), 4.72 (1H, dt, J 3.8
and 5.4 Hz, NCHCH,); 6. (100 MHz, CDCls) 11.7 (CHs, CH,CH3), 12.7 (CHs, CH,CH;), 14.2 (CH;s,
(CHy);CHs), 15.4 (CH,), 22.5 (CH,), 22.8 (CH,), 25.4 (CH,), 27.3 (CH,), 28.2 (2 x CH,), 29.3 (CH,),
31.9 (CH,), 40.4 (CH, CH,CHN), 44.4 (CH,, NCH,(CH,)sCHs), 46.8 (CH, CHC(O)), 49.2 (CH,
CH,CHS), 50.4 (CH,, CH,CHs), 51.8 (CH,, CH,CH3), 168.0 (C, C(O)N), 193.8 (C, SC(S)); m/z (ES)

407.2152 (M" CyH36N,;Na0S, requires 407.2167), 408 (16%), 407 (100).
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= 7-Octyl-7-azabicyclo[4.2.0]oct-1-en-8-one 177

A CaMiy H CgHyy
R — it
—
b O 0
Et,N_ _S
T 176 177
S

A novel compound prepared according to a modified literature procedure.®® A solution of
lactam 176 (0.143 g, 0.372 mmol) in THF (3.7 mL) was cooled to -78 °C and treated with methyl
iodide (35 pL, 0.56 mmol) and LHMDS (0.56 mL of a 1.0 M solution in THF, 0.56 mmol). After
5.5 h at -78 °C, LHMDS (0.56 mL of a 1.0 M solution in THF, 0.56 mmol) was added to drive the
reaction to completion. After a further 4.5 h, the solvent was removed under reduced pressure
and the crude product obtained was purified by column chromatography (Pet ether to Pet
ether:EtOAc 4:1) to give lactam 177 (59 mg, 67%) as a pale yellow oil. R; 0.45 (Pet ether:EtOAc
4:1); Vi (neat)/cm™: 2924, 1741, 1697, 1376, 720; &, (400 MHz, CDCl5) 0.83 (3H, t, J 6.8 Hz,
(CH,)sCH5), 0.98-1.08 (1H, m, CH,), 1.16-1.32 (10H, m, CH,), 1.36-1.55 (3H, m, CH,), 1.89-1.96
(1H, m, CH,), 2.04-2.14 (2H, m, CH,), 2.31 (1H, tdd, J 1.2, 7.0 and 19.8 Hz, CH,), 3.24 (2H, d
septet, J 7.0 and 15.8 Hz, NCH,(CH,),CHs), 3.66 (1H, ddd, J 1.2, 4.6 and 10.2 Hz, NCHCH,), 6.15-
6.16 (1H, m, CH,CH=C); 6. (100 MHz, CDCls) 14.1 (CHs, (CH,);,CHs), 20.3 (CH,), 22.7 (CH,), 25.2
(CHy), 27.2 (CH,), 28.4 (CH,), 28.9 (CH,), 29.2 (CH,), 29.3 (CH,), 31.8 (CH,), 41.8 (CH,,
NCH,(CH,)sCHs), 57.1 (CH, CH,CHN), 123.9 (CH, CH,CH=C), 141.9 (C, CH=CC(0)), 163.9 (C,
C(O)N); m/z (El) 235.1941 (M Cy5H,5NO requires 235.1936), 235 (10), 206 (9), 192 (12), 179

(11), 164 (8), 150 (22), 136 (25), 107 (100), 79 (44).
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= (£)-(1R,6S)-7-Octyl-7-azabicyclo[4.2.0]oct-2-en-8-one 178

H /C8H17 H ,C8H17
O™ — it
—_—

I, o \, o
Et,N_ _S
\”/ 176 178
S

A novel compound prepared according to a modified literature procedure.* A solution of
lactam 176 (1.15 g, 2.98 mmol) in THF (30 mL) was cooled to -78 °C and treated with methyl
iodide (204 uL, 3.28 mmol). After 2 h at -78 °C, LHMDS (3.3 mL of a 1.0 M solution in THF, 3.3
mmol) was added dropwise over 2 min. After 4 h at -78 °C, another portion of LHMDS (1.5 mL
of a 1.0 M solution in THF, 1.5 mmol) was added to drive the reaction to completion. After a
further 3 h, LHMDS (3.3 mL of a 1.0 M solution in THF, 3.3 mmol) and methyl iodide (204 pL,
3.28 mmol) were added dropwise. The reaction mixture was allowed to warm to 10 °C over 18
h. The solvent was removed under reduced pressure and the crude product obtained was
purified by column chromatography (Pet ether to Pet ether:EtOAc 7:3) to give a 1.00:0.58
mixture of lactams 177:178 (0.624 g, 89%) as a yellow oil. R; 0.34 (Pet ether:EtOAc 4:1); Viax
(neat)/cm™: 2924, 1742, 1505, 1385, 702; &, (400 MHz, CDCls) 0.87 (3H, t, J 6.7 Hz, (CH,)sCHs),
1.51-1.62 (14H, m, CH,), 1.79-2.13 (3H, m, CH, and =CHCHC(0O)), 3.00 (1H, ddd, J 6.3, 7.6 and
14.0 Hz, NCH,(CH,),CHs), 3.27 (1H, dt, J 7.6 and 14.0 Hz, NCH,(CH,),CHs), 3.52-3.58 (1H, m,
NCHCH,), 5.56 (1H, dd, J 2.8 and 10.1 Hz, CH,CH=CH), 5.84-5.95 (1H, m, CH=CHCH); &, (100
MHz, CDCl5) 14.2 (CHs, (CH,),CHs), 19.5 (CH,), 19.6 (CH, CHCHC(0)), 22.5 (CH,), 22.7 (CH,), 27.2
(CHy), 28.4 (CH,), 29.3 (CH,), 31.9 (CH,), 39.5 (CH,), 52.6 (CH,, NCH,(CH,)sCHs), 59.2 (CH,

CH,CHN), 127.9 (CH, CH,CH=C), 129.4 (C, CH=CHCH), 170.6 (C, C(O)N).
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= (£)-(1S,2R,6R)-1,2-Dihydroxy-7-octyl-7-azabicyclo[4.2.0]octan-8-one 179
H CgHyy H CgHyy
@i Ch
— >
(0] OH O
HO
177 179

A novel compound prepared according to a literature procedure.®® A solution of lactam 177
(0.265 g, 1.13 mmol) in a 5:5:2 mixture of H,0:acetone:tBuOH (6.2 mL) was treated with NMO
(0.317 g, 2.70 mmol) and OsO, (2 uL of a 4 wt% agq. solution, cat). After 18 h at 40 °C, sodium
bisulfite (0.644 g, 3.39 mmol) was added to quench the reaction. After 1 h at 40 °C, the
reaction mixture was diluted with brine (6 mL) and extracted with EtOAc (2 x 6 mL). The
combined organic extracts were dried over MgSO,, filtered, evaporated under reduced
pressure and purified by column chromatography (Pet ether:EtOAc 1:1 to EtOAc) to give
dihydroxy lactam 179 (0.243 g, 80%) as a colourless oil. Rt 0.25 (Pet ether:EtOAc 3:7); Vmax
(neat)/cm™: 3354, 2925, 1723, 1107, 728; &y (400 MHz, CDCl;) 0.88 (3H, t, J 6.8 Hz, (CH,)sCHs),
1.21-1.37 (10H, m, CH,), 1.38-1.60 (3H, m, CH,), 1.64-1.83 (4H, m, CH,), 1.90-2.00 (1H, m, CH,),
2.96 (1H, ddd, J 6.4, 7.6 and 14.0 Hz, NCH,(CH,),CHs), 3.24 (1H, d, J 3.2 Hz, OH), 3.34 (1H, dt, J
7.6 and 14.0 Hz, NCH,(CH,),CHs), 3.52 (1H, t, J 3.4 Hz, NCHCH,), 4.03-4.06 (1H, m, CH,CHOH),
4.53 (1H, s, OH); 6¢ (100 MHz, CDCls) 14.1 (CHs, (CH,),CHs), 14.5 (CH,), 21.4 (CH,), 22.7 (CH,),
25.5 (CH,), 27.1 (CH,), 27.9 (CH,), 29.2 (2 x CH,), 31.8 (CH,), 40.2 (CH,, NCH,(CH,)sCHs), 61.1
(CH, CH,CHN), 67.2 (CH, CH,CHOH), 82.2 (C, CHCOH), 171.1 (C, C(O)N); m/z (ES) 292.1888

([IM+Na]* C15H,7,NNaO; requires 292.1889), 293 (11%), 292 (100).

[234]



= (%)-(3aS,5aR,8aR)-5-(0ctyl)hexahydro-4H-[1,3,2]dioxathiolo[4',5":2,3]benzo[1,2-b]azet-

4-one 2-oxide 180a and 180b

M CgHiy M CgHiy " CeHyy
N N N
OH (0] H\“ (0] H\“ (@]
HO

o7 o7
~s ~s
EXN +
o} o
179 180a 180b

Novel compounds prepared according to a literature procedure.®® A solution of dihydroxy
lactam 179 (68 mg, 0.25 mmol) in CH,Cl, (1.3 mL) at 0 °C was treated with pyridine (92 pL, 1.1
mmol) and SOCI, (37 uL, 0.51 mmol). The ice bath was removed after 30 min and stirring
continued at rt for 4 h. The reaction mixture was diluted with H,0 (1 mL) and extracted with
CH,Cl, (2 x 2 mL). The combined organic extracts were washed sequentially with HCI (3 mL of a
1 M agq. solution) and brine (3 mL), dried over MgSQ,, filtered, evaporated under reduced
pressure and purified by column chromatography (Pet ether to Pet ether:EtOAc 7:3) to give
180a (34 mg, 42%) and 180b (33 mg, 41%) as colourless oils.

180a: R; 0.64 (Pet ether:EtOAC 7:3); Vma (neat)/cm™: 2926, 1765, 1409, 1207, 956, 847; &, (400
MHz, CDCl3) 0.87 (3H, t, J 6.8 Hz, (CH,)sCHs), 1.20-1.31 (10H, m, CH,), 1.39-1.70 (3H, m, CH,),
1.70-1.83 (2H, m, CH,), 1.89-2.02 (2H, m, CH,), 2.19-2.27 (1H, m, CH,), 2.98 (1H, ddd, J 6.4, 7.6
and 14.2 Hz, NCH,(CH,),CHs), 3.42 (1H, dt, J 7.6 and 14.2 Hz, NCH,(CH,),CHs), 4.14 (1H, dd, J 2.6
and 5.8 Hz, NCHCH,), 4.91 (1H, dd, J 6.4 and 7.2 Hz, CH,CHOS); & (100 MHz, CDCl5) 14.2 (CH;,
(CH,);CHs), 15.6 (CH,), 22.8 (CH,), 24.7 (CH,), 27.1 (CH,), 27.8 (CH,), 29.2 (CH,), 29.2 (CH,), 29.5
(CHy), 31.9 (CH,), 40.4 (CH,, NCH,(CH,)sCHs), 60.4 (CH, CH,CHN), 81.6 (CH, CH,CHOS), 88.1 (C,
CHCOS), 163.6 (C, C(O)N); m/z (ES) 338.1393 ([M+Na]" C;sH,sNNaO,S requires 338.1402), 370
([IM+Na+CH;0H]", 22%), 338 (100).

180b: R; 0.40 (Pet ether:EtOAc 7:3); Vimax (neat)/cm'l: 2925, 1763, 1221, 1203, 958, 780, 665; &,
(400 MHz, CDCl;) 0.86 (3H, t, J 7.8 Hz, (CH,)sCH3), 1.21-1.36 (10H, m, CH,), 1.40-1.85 (6H, m,

CH,), 2.22-2.30 (2H, m, CH,), 2.94 (1H, ddd, J 6.0, 7.8 and 14.2 Hz, NCH,(CH,),CHs), 2.94 (1H, dt,
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J 7.8 and 14.2 Hz, NCH,(CH,),CHs), 3.94 (1H, dd, J 2.8 and 5.6 Hz, NCHCH,), 5.25 (1H, t, ] 6.8 Hz,
CH,CHOS); ¢ (100 MHz, CDCls) 14.2 (CHs, (CH,),CHs), 15.0 (CH,), 22.7 (CH,), 24.5 (CH,), 27.1
(CH,), 27.3 (CH,), 27.7 (CH,), 29.2 (2 x CH,), 31.8 (CH,), 40.4 (CH,, NCH,(CH,)sCHs), 58.8 (CH,
CH,CHN), 77.4 (CH, CH,CHOS), 89.1 (C, CHCOS), 164.1 (C, C(O)N); m/z (ES) 338.1411 ([M+Na]*

C1sH2sNNaO,S requires 338.1402), 354 (14%), 338 (100).

= (%)-(1R,5S5)-6-Octyl-6-azabicyclo[3.2.1]octane-7,8-dione 181

H N,Cus 0 ; Hl N,Cus ; Hl N,Cus
+
; OH (0] CSH17/N H\\\ o H\\\ 0
HO o)

o. % o %
s s
£ N +-
o 0]
179 181 180a 180b

A novel compound prepared according to a literature procedure.” A solution of PPh; (0.147 g,
0.561 mmol) and hexachloroethane (0.133 g, 0.561 mmol) in CH;CN (1.0 mL) was stirred at rt
for 30 min before being added dropwise to a solution of dihydroxylactam 179 (0.101 g, 0.375
mmol) in CH;CN (1.5 mL). The reaction mixture was heated at reflux for 18 h, concentrated
under reduced pressure and purified directly by column chromatography (Pet ether:EtOAc 3:1
to Pet ether:EtOAc 1:1) to give bicyclic ketone 181 (75 mg, 80%) as a white solid.

A solution of cyclic sulfites 180 (72 mg, 0.23 mmol) in diphenyl ether (1.3 mL) was heated to
190 °C. After 2 h, the reaction mixture was directly purified by column chromatography (Pet
ether:EtOAc 3:1 to Pet ether:EtOAc 1:3) to give bicyclic ketone 181 (53 mg, 93%) as a white
solid.

mp 59-61 °C (CH,Cl,); R¢ 0.41 (Pet ether:EtOAC 1:1); Vimax (neat)/cm™ (mixture with the hydrate):
3309, 3205, 2923, 1781, 1656, 1451, 1242, 1146, 1083, 955, 656; &, (400 MHz, CDCl;) 0.82 (3H,
t, J 6.8 Hz, (CH,)gCH;), 1.15-1.30 (10H, m, CH,), 1.42-1.90 (6H, m, CH,), 2.18-2.31 (2H, m, CH,),
2.78-2.80 (1H, m, C(O)CHC(0)), 3.08 (1H, ddd, J 5.4, 9.0 and 14.0 Hz, NCH,(CH,),CHs), 3.64 (1H,

ddd, J 7.0, 9.0 and 14.0 Hz, NCH,(CH,),CHs), 3.73 (1H, d, J 4.8 Hz, NCHCH,); 8. (100 MHz, CDCls)
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14.1 (CHs, (CH,);CH3), 17.5 (CH,), 22.7 (CH,), 27.0 (CH,), 28.0 (CH,), 29.2 (CH,), 29.2 (CH,), 31.1
(CH,), 31.6 (CH,), 31.8 (CH,), 40.6 (CH,, NCH,(CH,)sCHs), 52.9 (CH, C(O)CHC(0)), 64.5 (CH,
CH,CHN), 170.3 (C, C(O)N), 209.4 (C, CHC(O)CH); m/z (El) 251.1883 (M* CisH»sNO, requires

251.1885), 252 (16%), 223 (81), 195 (100), 152 (59), 97 (85).

=  N-(cyclohex-2-en-1-yl)-4-methylbenzenesulfonamide 182

H o

Br N
J (J e
_—
122 182

A known compound®** prepared according to a literature procedure.”® A solution of para-
toluenesulfonamide (2.12 g, 11.3 mmol) in acetone (30 mL) was cooled to 0 °C, treated with
K,CO; (2.34 g, 17.0 mmol), stirred at 0 °C for 30 min, treated with 3-bromocyclohexene 122
(1.29 mL, 11.3 mmol), stirred at 0 °C for 5 min and then heated to reflux. After 18 h, the
reaction mixture was quenched with H,0 (30 mL) and extracted with Et,0 (2 x 30 mL). The
combined organic extracts were washed with brine (50 mL), dried over MgSO,, filtered,
evaporated under reduced pressure and purified by column chromatography (Pet Ether to Pet
Ether:EtOAc 4:1) to give amine 182 (1.89 g, 67%) as white crystals. mp 98-100 °C; R; 0.24 (Pet
Ether:EtOAc 9:1); Vmax (neat)/cm™ : 3270, 3031, 2915, 1446, 1417, 1318, 1154, 1065, 889, 808,
669; 6, (400 MHz, CDCl;) 1.48-1.64 (3H, m, CH,), 1.69-1.77 (1H, m, CH,), 1.84-1.98 (2H, m, CH,),
2.42 (3H, s, ArCHs), 3.74-3.83 (1H, m, NCHCH,), 4.68 (1H, d, J 8.0 Hz, NH), 5.34 (1H, m,
CH,CH=CH), 5.74 (1H, m, CH=CHCHN), 7.29 (2H, d, J 8.0, Ar H), 7.77 (2H, d, J 8.0, Ar H); &, (100
MHz, CDCl3) 19.5 (CH,), 21.7 (CHs, ArCHs), 24.6 (CH,), 30.4 (CH,), 49.1 (CH, CH,CHN), 127.1 (2 x
CH, Ar), 127.2 (CH, CH,CH=CH), 129.8 (2 x CH, Ar), 131.7 (CH, CH=CHCHN), 138.5 (C, Ar), 143.4
(C, ArCS); m/z (El) 251.0992 (M" Cy3H17NO,S requires 251.0980), 251 (M*, 7%), 223 (100), 187
(100), 155 (85), 96 (65), 91 (88). Literature data:*** mp 98-100 °C; Rf 0.23 (Hexane:EtOAc 95:5);

IR (neat)/cm™ 3282, 2927, 1597, 1427, 1327, 1157, 1072; &y (400 MHz, CDCl;) 7.79 (d, J = 7.6
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Hz, 2H), 7.31 (d, J = 7.6 Hz, 2H), 5.76 (d, J = 10 Hz, 1H), 5.36 (d, J = 9.8 Hz, 1H), 4.66 (d, J = 8.4
Hz, 1H), 3.82 (s, 1H), 2.44 (s, 3H), 2.10-1.45 (6H); & (100 MHz, CDCl;) 143.2, 138.3, 131.5,
129.6, 127.06, 127.00, 48.9, 30.2, 24.4, 21.5, 19.3; m/z (ES) 274.0881 ([M+Na]* C45H;;NNaO,S

requires 274.0878).

= Cyclohex-2-en-1-yl diethylcarbamodithioate 187

Br S S
©/ - ©/ \’fEtz
122 187

A novel compound prepared according to a modified literature procedure.”’” A solution of 3-
bromocyclohexene 122 (0.10 mL, 0.87 mmol) in CH;CN (2.4 mL) was treated with K,CO; (0.181
g, 1.31 mmol), tosylisocyanate 184 (0.200 mL, 1.31 mmol) and sodium diethyldithiocarbamate
trihydrate (1.03 g, 3.48 mmol). After 18 h at rt, the reaction mixture was quenched with H,0 (3
mL) and extracted with Et,0 (2 x 10 mL). The combined organic extracts were washed with
brine (5 mL), dried over MgSQ,, filtered, evaporated under reduced pressure and purified by
column chromatography (Pet Ether to Pet Ether:EtOAc 85:15) to give dithiocarbamate 187
(0.199 g, 100%) as a light yellow oil. R; 0.84 (Pet Ether:EtOAc 85:15); Vpax (neat)/cm™ : 2931,
1482, 1412, 1265, 1207, 1139, 380, 916, 722; 6, (300 MHz, CDCl;) 1.27 (6H, td, J 1.8 and 7.1 Hz,
CH,CH3), 1.67-1.77 (2H, m, CH,), 1.94-2.13 (4H, m, CH,), 3.74 (2H, qd, J 1.8 and 7.1 Hz, CH,CHs),
4.02 (2H, qd, J 1.8 and 7.1 Hz, CH,CHs), 4.60-4.78 (1H, m, CHS), 5.72-5.84 (1H, m, CH,CH=),
5.84-5.96 (1H, m, =CHCHS); &, (100 MHz, CDCl;) 11.8 (CHs, CH,CH3), 12.7 (CHs, CH,CHs), 20.1
(CHy), 25.1 (CH,), 29.3 (CH,), 46.9 (CH,, CH,CHs), 48.0 (CH, CHS), 49.4 (CH,, CH,CHs), 126.3 (CH,

CH,CH=), 131.6 (CH, =CHCHS), 195.5 (C, C(S)S).
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= N-(4-Methoxybenzyl)cyclohex-2-enamine 188

MeO

Br NH
g — U
122 188

d**® prepared according to a literature procedure.”’ A solution of 4-

A known compoun
methoxybenzylamine (12.3 mL, 93.9 mmol) in CH3CN (94 mlL) was treated with 3-
bromocyclohexene 122 (4.00 mL, 34.8 mmol) and K,CO; (5.05 g, 36.5 mmol). After 8 h at rt,
the reaction was quenched with H,0 (100 mL) and extracted with Et,0 (2 x 100 mL). The
combined organic extracts were washed with brine (150 mL), dried over MgSQ,, filtered,
evaporated under reduced pressure and purified by column chromatography (Hexane:EtOAc
4:1 to Hexane:EtOAc 1:1) to give amine 188 (6.76 g, 89%) as a yellow oil. R; 0.21 (Pet
ether:EtOAc 4:1); Vmax (neat)/cm™: 3019, 2929, 1611, 1509, 1242, 1035, 822, 722; 6, (400 MHz,
CDCls) 1.39 (1H, br s, NH), 1.45-1.62 (2H, m, CH,), 1.72-1.80 (1H, m, CH;), 1.87-2.04 (3H, m,
CH,), 3.18-3.24 (1H, m, NCHCH,), 3.77, 3.82 (2H, ABq, J 12.8 Hz, NCH,Ar), 3.80 (3H, s, OCHs),
5.70-5.80 (2H, m, CH=CH), 6.86 (2H, d, J 8.6 Hz, Ar H), 7.27 (2H, d, J 8.6 Hz, Ar H); & (100 MHz,
CDCl3) 20.4 (CH,), 25.5 (CH,), 29.7 (CH;), 50.6 (CH,, NCH,Ar), 52.4 (CH, CH,CHN), 55.4 (CH;,
OCHs), 113.9 (2 x CH, Ar), 129.0 (CH, CH,CH=CH), 129.4 (2 x CH, Ar), 130.1 (CH, CH=CHCHN),
133.1 (C, ArCCH,N), 158.7 (C, ArCO); m/z (El) 217.1461 (M* C4H1sNO requires 217.1467), 218
(IM+H]", 5%), 217 (M*, 50), 121 (100). Literature data:*** &,; (400 MHz, CDCl;) 7.28 (d, J = 8.7
Hz, 2H), 6.86 (d, J = 8.7 Hz, 2H), 5.80-5.68 (m, 2H), 3.81 (d, J = 10.5 Hz, 1H), 3.77 (s, 3H), 3.70
(overlapped d, J = 10.5 Hz, 1H), 3.18 (m, 1H), 1.98 (m, 2H), 1.88 (m, 1H), 1.72 (m, 1H), 1.48 (m,
2H), 1.22 (br's, 1H); &¢ (100 MHz, CDCl;) 158.71, 133.07, 130.13, 129.51, 129.11, 113.94, 55.47,
52.49, 50.59, 29.69, 25.54, 20.45; Anal. Calcd for C14H1sNO: C, 77.38; H, 8.81; N, 6.45. Found: C,

77.57;H, 8.74; N, 6.38.
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=  Cyclohex-2-en-1-yl(4-methoxybenzyl)carbamic chloride 189

PMB PMB
NH N._O
_—
J J T
188 189

A novel compound prepared according to a literature procedure.”” A solution of triphosgene
(1.33 g, 4.50 mmol) in toluene (65 mL) was treated with pyridine (1.17 mL, 14.5 mmol) and
subsequently with a solution of amine 188 (2.64 g, 12.1 mmol) in toluene (15 mL). The reaction
was stirred for 18 h at rt, quenched with H,0 (100 mL) and extracted with Et,0 (2 x 80 mL). The
combined organic extracts were washed sequentially with HCI (50 mL of a 0.25 M aqg. solution),
H,O (50 mL) and brine (75 mL), dried over MgSQ,, filtered and evaporated under reduced
pressure to give carbamoyl chloride 189 (3.19 g, 95%) as a colorless oil. R; 0.85 (Pet
ether:EtOAC 4:1); Vmax (neat)/cm™: 2938, 1724, 1618, 1512, 1245, 1175, 1146, 1032, 728, 666,
628; 6y (400 MHz, CDCl;) (as a mixture of rotamers) 1.52-1.64 (2H, m, CH,), 1.70-1.79 (1H, m,
CH,), 1.89-2.01 (3H, m, CH,), 3.80 (3H, d, J 6.4 Hz, OCHzs), 4.40-4.69 (2H, m, NCH,Ar), 4.85, 4.96
(1H, 2 x br s, CH,CHN), 5.48 (1H, t, J 12.8 Hz, CH,CH=CH), 5.83-5.95 (1H, m, CH=CHCHN), 5.83-
5.89 (2H, m, Ar H), 7.16-7.21 (2H, m, Ar H); 6¢ (100 MHz, CDCl;) (as a mixture of rotamers) 21.2
(CH,), 24.4 (CH,), 27.3, 28,4 (CH,), 49.0, 50.7 (CH,, NCH,Ar), 55.3 (CH;, OCHs), 57.0, 58.7 (CH,
CH,CHN), 113.9, 114.0 (2 x CH, Ar), 126.5, 126.6 (CH, CH,CH=CH), 127.6, 128.8 (2 x CH, Ar),
129.4, 129.5 (C, ArCCH;,N), 132.5 (CH, CH=CHCHN), 150.0 (C, ArCO), 158.9 (C, C(O)Cl); m/z (ES)
302.0915 ([M+Na]* CysH;5>°CINNaO, requires 302.0924), 302 (18%), 298 (70), 239 (10), 219

(10), 218 (100).
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= Diethyldithiocarbamic acid-[(4-methoxybenzyl)(cyclohex-2-enyl)carbamic acid]-

thioanhydride 190
PMB PMB
N__O N__O
Y _— >
cl ©/ s\(s
189 190 NEb

A novel compound prepared according to a literature procedure.”” A solution of carbamoyl
chloride 189 (3.19 g, 11.5 mmol) in acetone (72 mL) was treated with sodium
diethyldithiocarbamate trihydrate (10.4 g, 46.0 mmol). The solution was stirred at rt for 18 h,
qguenched with H,0 (60 mL) and extracted with Et,0 (3 x 60 mL). The combined organic
extracts were washed with brine (100 mL), dried over MgS0,, filtered, evaporated under
reduced pressure and purified by column chromatography (Pet ether to Pet ether:EtOAc
85:15) to give dithiocarbamate 190 (3.93 g, 87%) as a yellow oil. R¢ 0.24 (Pet ether:EtOAc 4:1);
Vmax (n€at)/cm™: 2935, 1662, 1511, 1418, 1243, 1174, 967, 726; &, (400 MHz, CDCl;) (as a
mixture of rotamers) 1.11-1.36 (6H, m, CH,CH;), 1.44-1.76 (3H, m, CH,), 1.88-2.00 (3H, m, CH,),
3.66-3.85 (5H, m, CH,CHs and OCHs), 3.90-4.04 (2H, m, CH,CHs), 4.29-4.56, 5.03 (3H, m and br
s, NCH,Ar and CHN), 5.47 (1H, d, J 10.4 Hz, CH,CH=CH), 5.74-5.92 (1H, m, CH=CHCHN), 6.81
(2H, br s, Ar H), 7.15 (2H, br s, Ar H); &¢ (100 MHz, CDCl;) (mixture of rotamers) 11.2 (CH;,
CH,CHs), 13.3 (CHs, CH,CHs), 21.3 (CH,), 24.4 (CH,), 27.5 (CH,), 47.4 (CH,, NCH,Ar), 48.8 (CH,,
CH,CHs), 50.1 (CH,, CH,CHs), 54.7, 57.1 (CH, CH,CHN), 55.2 (CHs;, OCHs), 113.8 (2 x CH, Ar),
127.0 (2 x CH, Ar), 128.7 (CH, CH,CH=CH), 130.1 (C, ArCCH,N), 132.2 (CH, CH=CHCHN), 158.6 (C,
ArCO), 162.9 (C, C(O)N), 184.6, 185.3 (C, C(S)S); m/z (ES) 415.1480 ([M+Na]" C,oH,sN,NaO,S,

requires 415.1490), 431 (6%), 416 (13), 415 (100), 292 (14).
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= (%)-(1R,2S,65)-7-(4-Methoxybenzyl)-8-oxo-7-azabicyclo[4.2.0]octan-2-yl

diethylcarbamodithioate 191

H  pvB
[ ] Y — t
NEt2 Et2
190 s 191

A novel compound prepared according to a literature procedure.”® A solution of
dithiocarbamate 190 (1.12 g, 2.86 mmol) in cyclohexane (150 mL) was degassed for 10 min and
irradiated with a 500 W lamp which generated enough heat to bring the solution to reflux.
After 5 h, the solvent was removed under reduced pressure and the crude product obtained
was purified by column chromatography (Pet ether to Pet ether:EtOAc 7:3) to give lactam 191
(0.899 g, 80%) as a white solid. mp 97-99 °C (CH,Cl,); R; 0.35 (Pet ether:EtOAc 7:3); Vmax
(neat)/cm™: 2938, 1738, 1615, 1493, 1248, 1090, 832, 589; &y (400 MHz, CDCl;) 1.23 (6H, t, J
7.2 Hz, CH,CH;), 1.36-1.79 (5H, m, CH,), 2.19-2.29 (1H, m, CH,), 3.53-3.57 (1H, m, CH,CHS),
3.64-3.72 (3H, m, CH,CH; and CHCHC(O)), 3.77 (3H, s, OCHs), 3.91-4.10 (3H, m, CH,CH; and
NCH,Ar), 4.45-4.51 (2H, m, CH,CHN and CH,CH:), 6.83 (2H, d, J 8.4 Hz, Ar H), 7.16 (2H, d, J 8.4
Hz, Ar H); 8¢ (100 MHz, CDCl3) 11.7 (CHs, CH,CHs), 12.6 (CHs, CH,CHs), 15.2 (CH,), 22.2 (CH,),
25.2 (CH,), 44.0 (CH,, NCH,Ar), 44.4 (CH, CHCHC(0)), 46.7 (CH,, CH,CHs), 49.2 (CH,, CH,CHs),
50.2 (CH, CH,CHN), 52.0 (CH, CH,CHS), 55.4 (CHs, OCHs), 114.2 (2 x CH, Ar), 128.0 (C, ArCCH;N),
129.7 (2 x CH, Ar), 159.2 (C, ArCO), 167.9 (C, C(O)N), 193.6 (C, SC(S)); m/z (ES) 415.1498

([M+Na]" C,oH,sN,Na0,S, requires 415.1490), 415 (100%).
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= 7-(4-Methoxybenzyl)-7-azabicyclo[4.2.0]oct-1-en-8-one 192

H pvB H pvB
" — i
—_—
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EtzN\n/S
4 191 192

A novel compound prepared according to a modified literature procedure.®® A solution of
lactam 191 (0.800 g, 2.04 mmol) in THF (17 mL) was cooled to -78 °C and treated with methyl
iodide (139 uL, 2.24 mmol). The reaction mixture was stirred at -78 °C for 2 h, then LHMDS (2.2
mL of a 1.0 M solution in THF, 2.2 mmol) was added dropwise over 2 min. After 8 h at -78 °C,
the solvent was removed under reduced pressure and the crude product obtained was purified
by column chromatography (Pet ether to Pet ether:EtOAc 3:2) to give lactam 192 (0.408 g,
88%) as a white solid. mp 57-58 °C (CH,Cl,); Rs 0.22 (Pet ether:EtOAc 7:3); Vmax (neat)/cm™:
3018, 2941, 1730, 1692, 1511, 1358, 1238, 1179, 1027, 816, 735; &,,(400 MHz, CDCl;) 0.82-0.92
(1H, m, CH,), 1.25-1.38 (1H, m, CH,), 1.77-1.86 (2H, m, CH,), 2.00-2.11 (1H, m, CH,), 2.24-2.31
(1H, m, CH,), 3.56-3.60 (1H, m, CH,CHN), 3.76 (3H, s, OCHs), 4.32, 4.42 (2H, ABq, J 14.8 Hz,
NCH,Ar), 6.18-6.19 (1H, m, CH,CH=C), 6.83 (2H, d, J 8.6 Hz, Ar H), 7.16 (2H, d, J 8.6 Hz, Ar H); &
(100 MHz, CDCls) 20.2 (CH,), 25.3 (CH,), 28.0 (CH,), 45.3 (CH,, NCH,Ar), 55.3 (CHs, OCHs), 56.6
(CH, CH,CHN), 114.1 (2 x CH, Ar), 124.5 (CH, CH,CH=CH), 128.4 (C, ArCCH;N), 129.8 (2 x CH, Ar),
141.8 (C, CH=CC(0)), 159.2 (C, ArCO), 163.7 (C, C(O)N); m/z (ES) 266.1161 ([M+Na]

C1sH1,NNaO, requires 266.1157), 279 (10%), 266 ([M+Nal*, 100), 244 (10), 218 (6).
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= (£)-(1R,2S,6S5)-1,2-Dihydroxy-7-(4-methoxybenzyl)-7-azabicyclo[4.2.0]octan-8-one 193
H  pmB H  pmB

" — Ol
0 Oy O
HO
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A novel compound prepared according to a literature procedure.®® A solution of lactam 192
(0.498 g, 1.79 mmol) in a 5:5:2 mixture of H,0:acetone:tBuOH (9.7 mL) was treated with NMO
(0.505 g, 4.31 mmol) and OsO, (2 uL of a 4 wt% agq. solution, cat). After 23 h at 40 °C, sodium
bisulfite (1.02 g, 5.37 mmol) was added to quench the reaction. After 30 min at 40 °C, the
reaction mixture was diluted with H,0 (5 mL) and extracted with EtOAc (2 x 5 mL). The
combined organic extracts were washed with brine (10 mL), dried over MgS0,, filtered,
evaporated under reduced pressure and purified by column chromatography (Pet ether:EtOAc
3:1 to EtOAc) to give dihydroxy lactam 193 (0.398 g, 80%) as a white solid. mp 98-100 °C
(CH,Cl,); R 0.22 (Pet ether:EtOAc 2:3); Vmax (neat)/cm™: 3484, 3222, 2958, 2869, 1709, 1613,
1514, 1251, 1176, 1105, 1032, 628; 6, (400 MHz, CDCl;) 1.14-1.26 (1H, m, CH,), 1.50-1.58 (2H,
m, CH,), 1.66-1.71 (2H, m, CH,), 1.75-1.84 (1H, m, CH,), 3.65 (1H, t, J 3.6 Hz, CH,CHN), 3.76 (3H,
s, OCHs), 4.03-4.06 (1H, m, CH,CHOH), 4.08-4.17 (2H, m, NCH,Ar and OH), 4.45 (1H, d, J 14.8
Hz, NCH,Ar), 5.37 (1H, br's, OH), 6.83 (2H, d, J 8.4 Hz, Ar H), 7.17 (2H, d, J 8.4 Hz, Ar H); 6. (100
MHz, CDCl3) 14.5 (CH,), 21.5 (CH;), 25.6 (CH,), 43.9 (CH,, NCH,Ar), 55.3 (CHs, OCH3), 61.2 (CH,
CH,CHN), 67.4 (CH, CH,CHOH), 82.5 (C, CHCOH), 114.3 (2 x CH, Ar), 127.3 (C, ArCCH,N), 129.7
(2 x CH, Ar), 159.3 (C, ArCO), 171.1 (C, C(O)N); m/z (ES) 300.1209 ([M+Na]® CysH1sNNaO,

requires 300.1212), 300 (100%).
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= (%)-(3aR,5aSs,8aS)-5-(4-Methoxybenzyl)hexahydro-4H-[1,3,2]dioxathiolo[4',5":2,3]

benzo[1,2-b]azet-4-one 2-oxide 194a and 194b

H  pvB H pmB H  pvB
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Novel compounds prepared according to a literature procedure.®* A solution of dihydroxy
lactam 193 (0.150 g, 0.542 mmol) in CH,Cl, (2.8 mL) at 0 °C was treated with pyridine (196 uL,
2.35 mmol) and SOCI, (78.0 uL, 1.05 mmol). The ice bath was removed after 30 min and
stirring continued at rt for 4.25 h. The reaction mixture was diluted with H,0 (3 mL) and
extracted with CH,Cl;, (2 x 4 mL). The combined organic extracts were washed sequentially
with HCl (5 mL of a 1 M agq. solution) and brine (5 mL), dried over MgSQ,, filtered, evaporated
under reduced pressure and purified by column chromatography (Pet ether:EtOAc 4:1 to Pet
ether:EtOAc 1:1) to give 194a (83 mg, 47%) and 194b (82 mg, 46%) as colourless oils.

194a: R; 0.71 (Pet ether:EtOAc 1:1); Viax (neat)/cm'lz 2946, 1761, 1612, 1512, 1204, 955, 850,
772, 648; &,,(400 MHz, CDCl5) 1.29-1.40 (1H, m, CH,), 1.60-1.83 (3H, m, CH;), 1.88-1.97 (1H, m,
CH,), 2.18-2.26 (1H, m, CH,), 3.80 (3H, s, OCHs), 4.02 (1H, dd, J 2.6 and 5.8 Hz, CH,CHN), 4.10,
4.60 (2H, ABq, J 15.2 Hz, NCH,Ar), 4.93 (1H, dd, J 6.4 and 7.6 Hz, CH,CHOS), 6.87 (2H, d, J 8.8
Hz, Ar H), 7.17 (2H, d, J 8.8 Hz, Ar H); 8¢ (100 MHz, CDCls) 15.5 (CH,), 24.5 (CH,), 29.5 (CH,),
44.2 (CH,, NCH,Ar), 55.4 (CHs, OCHs), 60.1 (CH, CH,CHN), 81.7 (CH, CH,CHOS), 88.2 (C, CHCOS),
114.6 (2 x CH, Ar), 126.4 (C, ArCCH,N), 129.7 (2 x CH, Ar), 159.6 (C, ArCO), 163.6 (C, C(O)N); m/z
(ES) 346.0721 ([M+Na]" C;5H1;NNaOsS requires 346.0725), 378 (92%), 346 (100), 282 (26).
194b: R; 0.51 (Pet ether:EtOAc 1:1); Vs (neat)/cm™: 2937, 1761, 1612, 1512, 1201, 954, 778,
664; 6, (400 MHz, CDCl3) 1.30-1.41 (1H, m, CH,), 1.50-1.64 (3H, m, CH,), 1.67-1.74 (1H, m, CH,),
2.20-2.28 (1H, m, CH,), 3.78 (3H, s, OCHs), 3.83 (1H, dd, J 2.2 and 5.8 Hz, CH,CHN), 4.05, 4.62

(2H, ABq, J 15.2 Hz, NCH,Ar), 5.27 (1H, t, J 7.0 Hz, CH,CHOS), 6.86 (2H, d, J 8.8 Hz, Ar H), 7.17
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(2H, d, J 8.8 Hz, Ar H); 8¢ (100 MHz, CDCl3) 15.0 (CH,), 24.3 (CH,), 27.3 (CH,), 44.0 (CH,,
NCH,Ar), 55.4 (CHs, OCHs), 58.4 (CH, CH,CHN), 77.6 (CH, CH,CHOS), 89.3 (C, CHCOS), 114.4 (2 x
CH, Ar), 126.4 (C, ArCCH,N), 129.7 (2 x CH, Ar), 159.5 (C, ArCO), 164.1 (C, C(O)N); m/z (ES)

346.0720 ([M+Na]* C4sH;,NNaOsS requires 346.0725), 362 (9%), 346 (100).

= (%)-(1R,55)-6-(4-Methoxybenzyl)-6-azabicyclo[3.2.1]octane-7,8-dione 195
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A novel compound prepared according to a literature procedure.” A solution of PPh; (0.312 g,
1.19 mmol) and hexachloroethane (0.282 g, 1.19 mmol) in CH;CN (2.0 mL) was stirred at rt for
30 min before being added dropwise to a solution of dihydroxylactam 193 (0.220 g, 0.794
mmol) in CH;CN (3.3 mL). The reaction mixture was heated at reflux for 18 h, concentrated
under reduced pressure and purified directly by column chromatography (Pet ether:EtOAc 7:3
to Pet ether:EtOAc 3:7) to give bicyclic ketone 195 (0.206 g, 80%) as a white solid.

A solution of cyclic sulfites 194 (0.165 g, 0.510 mmol) in diphenyl ether (3 mL) was heated to
190 °C. After 2.25 h, the reaction mixture was directly purified by column chromatography (Pet
ether to Pet ether:EtOAc 1:3) to give bicyclic ketone 195 (0.109 g, 83%) as a white solid.

mp 86-88 °C (CH,Cl,); R¢ 0.21 (Pet ether:EtOAC 1:1); Vimax (neat)/cm™ (mixture with the hydrate):
3290, 2946, 1778, 1661, 1512, 1417, 1236, 1081, 1031, 809; &,,(400 MHz, CDCl5) 1.43-1.71 (3H,
m, CH,), 1.86 (1H, dtd, J 2.0, 7.2 and 20.4 Hz, CH,), 1.89-1.95 (1H, m, CH,), 2.27-2.34 (1H, m,
CH,), 2.83-2.85 (1H, m, C(O)CHC(0)), 3.62 (1H, d, J 4.4 Hz, C(O)CHN), 3.75 (3H, s, OCHs), 4.34,
4.70 (2H, ABq, J 14.6 Hz, NCH,Ar), 6.82 (2H, d, J 8.4 Hz, Ar H), 7.19 (2H, d, J 8.4 Hz, Ar H); 6¢
(100 MHz, CDCls) 17.4 (CH,), 30.8 (CH,), 31.8 (CH,), 43.9 (CH,, NCH,Ar), 52.9 (CH, C(O)CHC(0O)),

55.3 (CHs, OCH5), 64.0 (CH, CH,CHN), 114.3 (2 x CH, Ar), 127.7 (C, ArCCH,N), 129.9 (2 x CH, Ar),
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159.5 (C, ArCO), 170.1 (C, C(O)N), 209.0 (C, CHC(O)CH); m/z (ES) (as the hydrate) 300.1219

M+Na]" C1sH1sNNaO, requires 300.1212), 314 (33%), 300 (100).
([ I" CisHio 4req ), 314 (33%), 300 (100)

= N-Benzyl-3,5,5-trimethylcyclohex-2-enamine 201

©

(0] NH

199 201
A known compound prepared according to a modified literature procedure.?”® A solution of
benzylamine (14.2 mL, 130 mmol) in MeOH (100 mL) was treated with Ti(OiPr), (4.51 mL, 15.2
mmol) and isophorone 199 (2.17 mL, 14.5 mmol). After 7.5 h at reflux, the reaction mixture
was cooled to rt, treated with NaBH, (2.19 g, 58.0 mmol) portionwise over 10 min and heated
to reflux. After 18 h, the excess of NaBH, was carefully quenched with H,O (40 mL) and the
mixture was extracted with EtOAc (2 x 100 mL). The combined organic extracts were washed
with NaOH (50 mL of a 5% ag. solution) and brine (50 mL), dried over MgSQ,, filtered,
evaporated under reduced pressure and purified by column chromatography (Pet ether:EtOAc
9:1 to Pet ether:EtOAc 4:1) to give amine 201 (1.90 g, 57%) as a light yellow oil. R; 0.70
(CH,Cly:EtOH 9:1); Vpnax (neat)/cm™: 2949, 2865, 1453, 1363, 1101, 729, 696; &y (400 MHz,
CDCls) 0.93 (3H, s, C(CHs),), 1.05 (3H, s, C(CHs),), 1.15-1.20 (1H, m, CH,), 1.45 (1H, br s, NH),
1.65, 1.92 (2H, ABq, J 17.2 Hz, CH,), 1.73 (3H, s, =CCH3), 1.77 (1H, dd, J 5.6 and 12.4 Hz, CH,),
3.26-3.38 (1H, m, NCHCH,), 3.91 (2H, s, CH,Ph), 5.50 (1H, br's, =CH), 7.27-7.42 (5H, m, Ar H); &¢
(100 MHz, CDCl3) 23.9 (CHs;, C(CHs),), 25.9 (CHs, C(CHs),), 30.8 (C, C(CHs),), 31.0 (CH3, =CCHs),
43.4 (CH,), 44.5 (CH,), 51.2 (CH,, NHCH,Ph), 52.6 (CH, CH,CHN), 122.3 (CH, =CH), 127.0 (CH,
Ar), 128.4 (2 x CH, Ar), 128.5 (2 x CH, Ar), 134.8 (C, =CCH3;), 141.0 (C, Ar); m/z (ES) 229.1826 (M*
Ci6H3N requires 229.1830), 229 (M*, 35%), 214 (100), 173 (21), 158 (43), 107 (15), 91 (28).

Literature data:*** v, (neat)/cm™: 1360, 1600, 1670, 3020, 3400; &, (300 MHz, CDCl;) 0.86
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(3H, s), 0.98 (3H, s), 1.55-1.86 (4H, m), 1.66 (3H, s), 3.18-3.28 (1H, broad), 3.81 (2H, d, J = 12
Hz), 4.17-4.22 (1H, broad), 5.40-5.43 (1H, m), 7.25-7.36 (5H, m); 8¢ (75 MHz, CDCl3) 23.5 (CH3),
26.1 (CHs), 30.0 (C), 31.8 (CHs), 44.2 (CH,), 45.1 (CH,), 53.0 (CH,), 66.5 (CH), 122.5 (CH), 123.8
(2 CH), 126.9 (CH), 128.3 (2 CH), 134.7 (C), 140.4 (C). Anal. Calcd for C16H,3N: C, 83.79; H, 10.11;

N, 6.11. Found: C, 84.01; H, 10.21; N, 6.40.

= Benzyl(3,5,5-trimethylcyclohex-2-en-1-yl)carbamic chloride 201’

Elin ?n
NH N (@]
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A novel compound prepared according to a literature procedure.”” A solution of triphosgene

201

(0.907 g, 3.06 mmol) in toluene (45 mL) was treated with pyridine (0.800 mL, 9.91 mmol) and
subsequently with a solution of amine 201 (1.90 g, 8.26 mmol) in toluene (10 mL). The reaction
mixture was stirred for 18 h at rt, quenched with H,0 (30 mL) and extracted with Et,O (2 x 50
mL). The combined organic extracts were washed sequentially with HCI (50 mL of a 0.25 M aq.
solution), H,0 (50 mL) and brine (50 mL), dried over MgSQ,, filtered and evaporated under
reduced pressure to give carbamoyl chloride 201’ (2.19 g, 91%) as a yellow oil. R; 0.73 (Pet
ether:EtOAc 95:5); Viax (neat)/cm’lz 2953, 1727, 1672, 1454, 1229, 1142, 969, 715, 694; &y
(400 MHz, CDCl5) 0.95 (6H, t, J 12.0 Hz, C(CHs),), 1.28 (1H, g, J 11.4 Hz, CH,), 1.54-1.73 (5H, m,
=CCH; and CH,), 1.81-1.96 (1H, m, CH,), 4.38-4.71 (2H, m, CH,Ph), 4.86-5.08 (1H, m, NCHCH,),
5.14-5.27 (1H, m, =CH), 7.22-7.46 (5H, m, Ar H); 6. (100 MHz, CDCl;) (as a mixture of rotamers)
23.9 (CHs, =CCHs), 25.1, 25.2 (CHs, C(CHs),), 31.2, 31.3 (C, C(CHs),), 31.8 (CHs, C(CHs),), 39.3,
40.1 (CH,), 43.8 (CH,), 49.7, 51.1 (CH,, NCH,Ph), 57.0, 58.6 (CH, CH,CHN), 119.2 (CH, =CH),
126.4 (CH, Ar), 127.3, 127.4 (2 x CH, Ar), 128.6, 128.7 (2 x CH, Ar), 137.7, 137.8 (C, =CCHs),
138.9, 139.0 (C, Ar), 150.1, 150.4 (C, NC(O)Cl); m/z (ES) 314.1282 ([M+Na]

C17H2>°CINNaOrequires 314.1282), 314 (4%), 282 (8), 230 (100).
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= Diethyldithiocarbamic acid-[benzyl(3,5,5-trimethylcyclohex-2-en-1-yl)carbamic acid]-
thioanhydride 202
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A novel compound prepared according to a literature procedure.”” A solution of carbamoyl
chloride 201’ (2.19 g, 7.53 mmol) in acetone (47 mL) was treated with sodium
diethyldithiocarbamate trihydrate (6.79 g, 30.1 mmol). The reaction mixture was stirred for 18
h at rt, quenched with H,0 (40 mL) and extracted with Et,0 (3 x 40 mL). The combined organic
extracts were washed with brine (100 mL), dried over MgS0O,, filtered, evaporated under
reduced pressure and purified by column chromatography (Pet ether to Pet ether:EtOAc 95:5)
to give dithiocarbamate 202 (2.70 g, 89%) as a yellow oil. R; 0.57 (Pet ether:EtOAc 85:15); Vimax
(neat)/cm™ : 2935, 1659, 1488, 1418, 1270, 1143, 962, 718, 695; &, (400 MHz, CDCl;) (as a
mixture of rotamers) 0.93 (3H, s, C(CHs),), 0.95 (3H, s, C(CH3),), 1.11-1.40 (8H, m, CH,CH; and
CH,), 1.53-1.77 (4H, m, =CCHs and CH,), 1.86 (1H, d, J 17.3 Hz, CH,), 3.62-4.15 (4H, m, CH,CH3
and NCH,Ph), 4.48-4.66 (3H, m, CH,CH; and CHN), 5.22 (1H, br s, =CH), 7.29 (5H, br s, Ar H); 6
(100 MHz, CDCl;) (as a mixture of rotamers) 11.1 (CH;, CH,CH3), 13.3 (CH3, CH,CH3), 23.6 (CH3,
=CCHjs), 24.8 (CHs, C(CHs),), 30.9 (C, C(CHs),), 31.6 (CHs, C(CHs),), 39.2, 40.3 (CH,), 43.5 (CH,),
48.7 (CH,, NCH,Ph), 49.9 (CH,, CH,CHs), 50.3 (CH,, CH,CHs), 54.4, 56.5 (CH, CH,CHN), 119.5 (CH,
=CH), 126.1 (CH, Ar), 126.9, 127.2 (2 x CH, Ar), 128.3 (2 x CH, Ar), 138.3 (C, Ar), 138.4 (C,
CH=CCH;), 162.9, 163.1 (C, C(O)N), 184.5, 185.3 (C, C(S)S); m/z (ES) 427.1847 ([M+Na]"

Cy,H3,N,NaOS, requires 427.1854), 443 (22%), 427 (100).
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= 3,5,5-Trimethylcyclohex-2-en-1-yl 2,2,2-trichloroacetimidate 213 and 2,2,2-trichloro-N-

(1,5,5-trimethylcyclohex-2-en-1-yl)acetamide 214

N__O
- . Y
CCl,

OH O _CCl,

NH
212 213 214

A known compound®*® prepared according to a literature procedure.®® A suspension of NaH
(0.226 g of a 60% dispersion in mineral oil, 5.89 mmol), which had been previously washed
with hexane (2 x 2 mL), in Et,0 (30 mL) was treated dropwise with a solution of 3,5,5-
trimethyl-2-cyclohexen-1-ol 212 (9.00 mL, 58.9 mmol) in Et,0 (15 mL). After the evolution of
hydrogen had ceased, the reaction mixture was cooled to -10 °C and trichloroacetonitrile (5.91
mL, 58.9 mmol) was added dropwise over 15 min. The reaction mixture was allowed to warm
to rt over 1 h. After 5 h at rt, the solvent was evaporated under reduced pressure, pentane was
added (55 mL) and the insoluble material was removed by gravity filtration. The filtrate was
concentrated under reduced pressure to give crude imidate 213 as an orange oil which was
used in the next step without further purification. R; 0.29 (Pet Ether:EtOAc 9:1); Viax (Neat)/cm’
' 3306, 2954, 1692, 1514, 1446, 1365, 1278, 1156, 1066, 843, 817, 721; &, (400 MHz, CDCls)
0.97 (3H, s, C(CHs),), 1.03 (3H, s, C(CHs),), 1.57-1.67 (2H, m, CH,), 1.72 (3H, s, =CCHs), 1.83-1.93
(2H, m, CH,), 5.42-5.51 (1H, m, OCHCH,), 5.57 (1H, br s, =CH), 8.21 (1H, br s, =NH); & (100
MHz, CDCls) 23.0 (CH3, =CCHs), 27.9 (CHs, C(CH3),), 30.1 (CHs, C(CHs),), 33.2 (C, C(CHs),), 40.1
(CH,), 44.4 (CH,), 75.3 (CH, CH,CHO), 92.2 (C, CCl3), 118.3 (CH, =CH), 139.4 (C, =CCHs), 162.7 (C,
OC(NH)CCl3); m/z (ES) 284.0375 ([M+H]" C1;H4;>°CIsNO requires 284.0370), 305 (29%), 303 (99),
301 (100), 288 (27), 286 (29), 284 (92). Literature data:** &, (300 MHz, CDCl;) 0.98 (3H, s), 1.04
(3H, s), 1.60 (1H, dd, J = 13, 7 Hz), 1.73 (3H, s), 1.74 (1H, br d, J = 18 Hz), 1.86 (1H, dd, J = 13, 6

Hz), 1.91 (1H, br d, J = 18 Hz), 5.46 (1H, m), 5.57 (1H, m), 8.22 (1H, br s).
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A solution of imidate 213 in xylenes (540 mL) was refluxed for 1 h. The solvent was removed
under reduced pressure and the crude residue obtained was purified by column
chromatography (Pet ether to Pet ether:EtOAc 95:5) to give acetamide 214 (7.94 g, 47%) as a
pale yellow oil (lit. yield 19%). R; 0.76 (Pet ether:EtOAc 9:1); Vimax (neat)/cm™: 3304, 2954,
1692, 1514, 1446, 1365, 1278, 1156, 817, 721; 6,4 (400 MHz, CDCl;) 0.99 (3H, s, C(CH3),), 1.01
(3H, s, C(CHs),), 1.47 (1H, d, J 14.6 Hz, CCH,C), 1.51 (3H, s, =CCH5), 1.82-1.93 (2H, m, CH,), 2.19
(1H, d, J 14.6 Hz, CCH,C), 5.79-5.87 (2H, m, CH=CH), 6.53 (1H, br s, NH); & (100 MHz, CDCl;)
27.5 (CHs, C(CHs),), 27.6 (CH3, C(CHs),), 29.4 (C, C(CHs),), 31.6 (CH3, NHCCH3), 39.0 (CH,), 46.0
(CH,), 54.4 (C, NHCCHs), 93.6 (C, CCls), 128.9 (CH, CH,CH=CH), 129.6 (CH, CH=CHC), 159.8 (C,
NHC(O)CCls); m/z (ES) 338 (9%), 310 (18), 308 (93), 306 (100), 184 (13). Literature data:**® vy
(KBr)/cm™: 3429, 3349, 2954, 1717, 1506; &y (300 MHz, CDCl;) 0.99 (3H, s), 1.01 (3H, s), 1.48
(1H, d, J = 15 Hz), 1.52 (3H, s), 1.88 (2H, m), 2.21 (1H, br d, J = 15 Hz), 5.78-5.89 (2H, m), 6.54
(1H, br); &¢ (75 MHz, CDCl5) 27.2, 27.3, 29.1, 31.3, 38.7, 45.7, 54.2, 93.4, 128.8, 129.4, 159.8;
m/z (El) 268 (M-CH;), 248 (M-Cl), HR-MS (FAB) for C1oH13-ONCl; (M-CHs), calculated 268.0062,

found 268.0060.

= 2,2,2-Trichloro-N-methyl-N-(1,5,5-trimethylcyclohex-2-en-1-yl)acetamide 219

H Me
N__O N__O
—_—
CCls CCl
214 219

A novel compound prepared according to a modified literature procedure.” A solution of NaH
(0.101 g of a 60% dispersion in mineral oil, 2.64 mmol) in THF (1.33 mL) was cooled to -15 °C,
treated with acetamide 214 (0.150 g, 0.527 mmol), 18-crown-6 (cat.) and methyl iodide (0.328
mL, 5.27 mmol). The reaction mixture was allowed to warm to rt and after 5.5 h, it was
carefully quenched with HCI (2 mL of a 1 M aq. solution) and extracted with Et,0 (3 x 10 mL).

The combined organic extracts were washed sequentially with NaHCO; (20 mL of a saturated
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aqg. solution), and brine (20 mL), dried over MgSQ,, filtered, evaporated under reduced
pressure and purified by column chromatography (Pet ether to Pet ether:Et,0 96:4) to give
acetamide 219 (30 mg, 19%) as a colourless oil. R; 0.77 (Pet ether:EtOAC 9:1); Vimax (neat)/cm™ :
2953, 1681, 1454, 1364, 1080, 832, 809, 669; 6, (300 MHz, CDCl3) 0.90 (3H, s, C(CHs),), 0.95
(3H, s, C(CHs),), 1.43-1.55 (4H, m, CH, and =CCHs), 1.74-1.97 (2H, m, CH,), 2.66 (1H, dt, J 1.1
and 14.7 Hz, CH,), 3.22 (3H, s, NCHs), 5.59 (1H, ddd, J 2.0, 3.3 and 10.2 Hz, CH,CH=CH), 5.79-
5.91 (1H, m, CH=CHC); 8¢ (100 MHz, CDCl5) 26.7 (CHs, C(CHs),), 28.0 (CHs, C(CHs),), 29.4 (C,
C(CHs),), 31.2 (CH3, NCCHs), 35.6 (CH3, NCH3), 39.2 (CH,), 43.5 (CH,), 62.2 (C, NCCH3), 129.6 (CH,
CH,CH=CH), 129.8 (CH, CH=CHC), 159.4 (C, NC(0)CCl3); m/z (ES) 320.03530 ([M+Na]"
C1oH15>°CIsNNaO requires 320.0352), 324 (16%), 322 (98), 320 (100), 202 (11), 200 (85), 198

(99).

=  Methyl (1,5,5-trimethylcyclohex-2-en-1-yl)carbamate 227

OH O\n/NHZ
0
212 226 227

A novel compound prepared according to a literature procedure.”” A solution of 3,5,5-
trimethyl-2-cyclohexen-1-ol 212 (2.00 mL, 13.1 mmol) in CH,Cl, (66 mL) was cooled to 0 °C and
treated with trichloroacetyl isocyanate (1.87 mL, 15.7 mmol). After 2 h at rt, the solvent was
removed under reduced pressure and the residue was dissolved in MeOH (33 mL), cooled to O
°C, treated with H,0 (33 mL) and K,CO; (5.25 g, 37.9 mmol). After 3.5 h at rt, the reaction
mixture was quenched with H,0 (70 mL) and extracted with CH,Cl, (2 x 70 mL). The combined
organic extracts were washed with brine (100 mL), dried over MgSQ,, filtered and evaporated
under reduced pressure to give crude carbamate 226 as a white solid which was used in the

next step without further purification.
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A solution of carbamate 226 in CH,Cl, (100 mL) was treated with EtsN (7.30 mL, 52.4 mmol)
and PPh; (8.59 g, 32.8 mmol), cooled to 0 °C and a solution of CBr, (12.2 g, 36.7 mmol) in
CH,Cl, (15 mL) was added dropwise over 15 min. After 1 h at rt, MeOH (26 mL) and Bu;SnOMe
(0.38 mL, 1.31 mmol) were added. After 18 h at rt, the reaction mixture was diluted with
CH,Cl, (100 mL), washed sequentially with HCI (100 mL of a 1 M agq. solution), NaHCO; (100 mL
of a saturated ag. solution) and brine (150 mL), dried over MgSQ,, filtered, evaporated under
reduced pressure and purified by column chromatography (Pet ether to Pet ether:EtOAc 3:2)
to give carbamate 227 (1.60 g, 62%) as a colourless oil. Ry 0.46 (Hexane:EtOAc 2:1); Vmax
(neat)/cm™ : 3351, 2952, 1703, 1499, 1447, 1277, 1100, 1061, 738; &, (400 MHz, CDCl;) 0.95
(3H, s, C(CHs),), 0.98 (3H, s, C(CHs),), 1.41 (1H, d, J 14.2 Hz, CCH,C), 1.41 (3H, s, =CCH,), 1.76-
1.88 (2H, m, CH,), 2.07 (1H, d, J 14.2 Hz, CCH,C), 3.60 (3H, s, C(O)OCHs), 4.62 (1H, br s, NH),
5.67-5.75 (2H, m, CH=CH); 6. (100 MHz, CDCl;) 28.1 (CH3, C(CHs),), 28.8 (CH3, C(CHs),), 29.6 (C,
C(CHs),), 31.3 (CH3, NHCCHs), 39.0 (CH,, =CHCH,C), 46.9 (CH,, CCH,C), 52.6 (CH3, C(O)OCHs),
52.0 (C, NHCCH3), 127.7 (CH, CH,CH=CH), 130.7 (CH, CH=CHC), 154.5 (C, NHC(O)OCH,); m/z (El)

197.1410 (M* C13H:oNO, requires 197.1416), 197 (1%), 182 (100), 141 (19), 122 (24), 107 (31).

= N-1,5,5-Tetramethylcyclohex-2-enamine 228

H Ve
N O NH
\T7  —
OMe

227 228
A novel compound prepared according to a literature procedure.” A solution of carbamate
227 (0.169 g, 0.860 mmol) in THF (8.6 mL) was treated with LiAlH, (0.130 g, 3.43 mmol) and
heated at reflux for 18 h. The reaction mixture was cooled to 0 °C, carefully quenched with H,0
(1 mL) and filtered through a pad of celite (eluent Et,0). The filtrate was dried over MgSQ,,
filtered and evaporated under reduced pressure to give amine 228 (94 mg, 71%) as a light
yellow oil. Vi (neat)/cm'1 : 3293, 2951, 1458, 1364, 1154, 1099, 992, 723; 6, (400 MHz, CDCl;)
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0.92 (3H, s, C(CHs),), 0.93 (3H, s, C(CHs),), 1.09 (3H, s, NHCCH;), 1.20 (1H, br's, NH), 1.25, 1.58
(2H, ABq, J 13.8 Hz, CCH,C), 1.65-1.78 (2H, m, =CHCH.C), 2.23 (3H, s, NCH), 5.41 (1H, dt, J 1.6
and 10.2 Hz, CH,CH=CH), 5.63 (1H, ddd, J 3.2, 4.4 and 10.2 Hz, CH=CHC); &¢ (100 MHz, CDCl;)
28.2 (CHs, C(CHs),), 28.6 (CHs, C(CHs),), 29.1 (CHs, NHCCHs), 30.5 (C, C(CHs),), 30.9 (CHs,
HNCH5), 38.9 (CH,, =CHCH,C), 46.2 (CH,, CCH,C), 52.9 (C, NHCCHs), 126.2 (CH, CH,CH=CH),
133.2 (CH, CH=CHC); m/z (El) 153.1520 (M" CyoH1sN requires 153.1517), 153 (1%), 138 (100),

122 (28), 107 (87), 97 (33), 91 (45), 82 (40), 79 (29).

=  Methyl(1,5,5-trimethylcyclohex-2-en-1-yl)carbamic chloride 229

I\l/le I\l/le
NH N @)
\(
Cl
228 229

A novel compound prepared according to a literature procedure.”” A solution of triphosgene
(0.197 g, 0.664 mmol) in toluene (10 mL) was treated with pyridine (0.174 mL, 2.15 mmol) and
subsequently with a solution of amine 228 (0.275 g, 1.79 mmol) in toluene (2 mL). The reaction
mixture was stirred for 18 h at rt, quenched with H,0 (15 mL) and extracted with Et,O (2 x 15
mL). The combined organic extracts were washed sequentially with HCI (15 mL of a 1 M aq.
solution) and brine (50 mL), dried over MgSQ,, filtered and evaporated under reduced
pressure to give carbamoyl chloride 229 (0.223 g, 58%) as a yellow oil. R; 0.60 (Pet ether:EtOAc
7:3); 64 (400 MHz, CDCl5) 0.92 (3H, s, C(CHs),), 0.93 (3H, s, C(CHa),), 1.39 (1H, d, J 14.7 Hz, CH,),
1.47 (3H, s, NCCH3), 1.74-1.93 (2H, m, CH,), 2.54 (1H, dt, J 1.2 and 14.7 Hz, CH,), 3.08 (3H, s,
NCHs), 5.56 (1H, ddd, J 2.1, 3.1 and 10.2 Hz, CH,CH=CH), 5.78-5.90 (1H, m, CH=CHC); & (100
MHz, CDCls) 27.2 (CHs, C(CHs),), 27.4 (CHs, C(CHs),), 29.2 (C, C(CHs),), 31.2 (CHs, NCCHs), 37.0
(CHs, NCHs), 39.1 (CH,), 44.1 (CH,), 62.0 (C, NCCHs), 129.5 (CH, CH,CH=CH), 139.8 (CH,

CH=CHC); 147.9 (C, NC(0O)Cl).
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= Diethyldithiocarbamic acid-[(4-methyl)(cyclohex-2-enyl)carbamic acid]-thioanhydride

220
I\I/Ie I\I/Ie
N 0] N (0]
\( —_— \(
Cl SYS
NEt,
229 220

A novel compound prepared according to a literature procedure.”’” A solution of carbamoyl
chloride 229 (0.185 g, 0.856 mmol) in acetone (5.5 mlL) was treated with sodium
diethyldithiocarbamate trihydrate (0.773 g, 3.43 mmol). After 18 h at rt, the reaction mixture
was quenched with H,0 (6 mL) and extracted with Et,0 (3 x 6 mL). The combined organic
extracts were washed with brine (10 mL), dried over MgSQ,, filtered, evaporated under
reduced pressure and purified by column chromatography (Pet ether to Pet ether:EtOAc 93:7)
to give dithiocarbamate 220 (0.192 g, 68%) as a yellow oil. R; 0.61 (Pet Ether: EtOAc 85:15);
Vmax (Neat)/cm™ : 2973, 1670, 1486, 1416, 1268, 1199, 1052, 979, 916, 739; &y (400 MHz, CDCl,)
0.85 (3H, s, C(CHs),), 0.88 (3H, s, C(CHs),), 1.26 (6H, dt, J 7.1 and 14.1 Hz, CH,CH;), 1.40 (1H, d, J
14.6 Hz, CH,), 1.46 (3H, s, NCCHs), 1.69-1.87 (2H, m, CH,), 2.57 (1H, d, J 14.6 Hz, CH,), 2.91 (3H,
s, NCHs), 3.76 (2H, g, J 7.1 Hz, CH,CHs), 3.98 (2H, q, J/ 7.1 Hz, CH,CH3), 5.52 (1H, dd, J 1.1 and
10.2 Hz, CH,CH=CH), 5.76 (1H, dt, J 3.9 and 10.2 Hz, CH=CHC); & (100 MHz, CDCl5) 11.2 (CHs,
CH,CHs), 13.4 (CH;, CH,CHs), 27.5 (2 x CH3, C(CHs),), 29.2 (C, C(CHs),), 31.0 (CHs, NCCH,), 34.3
(CHs, NCH;s), 38.9 (CH,), 44.4 (CH,), 48.6 (CH,, CH,CHs), 50.0 (CH,, CH,CHs), 61.1 (C, NCCHs),
128.8 (CH, CH,CH=CH), 130.1 (CH, CH=CHC); 161.1 (C, C(O)N), 185.7 (C, C(S)S); m/z (ES)

351.1543 ([M+Na]" CigH,sN,NaOS, requires 351.1541), 351 (100%).
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= 3,5,5-Trimethylcyclohex-2-en-1-yl diethylcarbamodithioate 232
'Irs I\I/Ie
N O S S N (@)
O\|< (Nj Cl
232

543 229

A novel compound prepared according to a modified literature procedure.”’” A solution of
carbamoyl chloride 229 (0.449 g, 2.08 mmol) in acetone (13 mL) was treated with sodium
diethyldithiocarbamate trihydrate (1.88 g, 8.33 mmol) and heated to reflux. After 18 h, the
reaction mixture was quenched with H,0 (10 mL) and extracted with Et,0 (3 x 10 mL). The
combined organic extracts were washed with brine (15 mL), dried over MgSO.,, filtered,
evaporated under reduced pressure and purified by column chromatography (Pet ether to Pet
ether:Et,0Ac 4:1) to give thiocarbamate 232 (0.162 g, 29%) as a pale yellow oil.

A solution of Boc protected tosylamine 543 (52 mg, 0.13 mmol) in acetone (1.0 mL) was
treated with sodium diethyldithiocarbamate trihydrate (89 mg, 0.40 mmol) and heated to
reflux. After 18 h, the reaction mixture was quenched with H,0 (1.0 mL) and extracted with
Et,0 (3 x 2 mL). The combined organic extracts were washed with brine (5 mL), dried over
MgS0,, filtered, evaporated under reduced pressure and purified by column chromatography
(Pet ether to Pet ether:EtOAc 9:1) to give thiocarbamate 232 (20 mg, 56%) as a pale yellow oil.
Rf 0.86 (Pet ether:EtOAC 4:1); Vmay (neat)/cm™ : 2930, 1483, 1412, 1264, 1206, 983, 917; &, (400
MHz, CDCl;) 0.88 (6H, s, C(CHa),), 1.27 (6H, t, J 7.0 Hz, CH,CH3), 1.45 (1H, dd, J 9.9 and 12.8 Hz,
CCH,C=), 1.60 (1H, d, J 16.7 Hz, CCH,CHS), 1.68 (3H, s, =CCHs), 1.85 (1H, d, J 16.7 Hz, CCH,CHS),
1.97 (1H, dd, J 6.2 and 12.8 Hz, CCH,C=), 3.72 (2H, q, J 7.0 Hz, CH,CHs), 3.81-4.15 (2H, m,
CH,CHs), 4.66-4.80 (1H, m, CHS), 5.50 (1H, br s, CH=); 6. (100 MHz, CDCl5) 11.9 (CHs, CH,CHs),
12.6 (CHs, CH,CHs), 24.1 (CHs, =CCHs), 26.0 (CHs, C(CHs),), 31.0 (CHs, C(CHs),), 31.1 (C, C(CHs),),
41.8 (CH,, CCH,CHS), 44.1 (CH,, CCH,C=), 46.8 (CH,, CH,CHs), 48.1 (CH, CHS), 49.4 (CH,, CH,CHj),
120.7 (CH, =CH), 136.5 (C, =CCHs), 195.7 (C, SC(S)); m/z (ES) 272.1507 ([M+H]" Ci4H,6NS,
requires 272.1501), 297 (76%), 275 (100), 272 (67), 182 (20), 150 (92).
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= (%)-(1S,2R,6R)-7-Methyl-8-ox0-7-azabicyclo[4.2.0]octan-2-yl  diethylcarbamodithioate

233

Me

N__O Me
Y . N
S__S

H O

NEt, EtzN\n/S

220 S 233

A novel compound prepared according to a literature procedure.?® A solution of carbamoyl
dithiocarbamate 220 (0.192 g, 0.584 mmol) in cyclohexane (5.8 mL) was degassed for 10 min
and irradiated with a 500 W lamp which generated enough heat to bring the solvent to reflux.
After 16 h, the solvent was removed under reduced pressure and the crude product obtained
was purified by column chromatography (Pet ether to Pet ether:EtOAc 1:1) to give lactam 233
(74 mg, 39%) as a colourless oil. R; 0.24 (Pet ether:EtOAc 3:2); Viax (neat)/cm"l: 2928, 1740,
1419, 1264, 1204, 978, 915, 828; &, (400 MHz, CDCls) 0.99 (6H, d, J 3.4 Hz, C(CHs),), 1.17-1.27
(6H, m, CH3CH,), 1.30 (3H, s, NCCHs), 1.49 (1H, d, J 15.2 Hz, CH,), 1.60-1.73 (2H, m, CH,), 2.03
(1H, dd, J 4.7 and 14.6 Hz, CH,), 2.63 (3H, s, NCH3), 3.10 (1H, d, J 4.7 Hz, CHS), 3.54-3.76 (2H, m,
CH,CHs), 3.83-4.09 (2H, m, CH,CH;), 4.52 (1H, dt, J 4.7 and 7.3 Hz, CHC(O)); 6. (100 MHz, CDCl,)
11.6 (CHs, CH,CH3), 12.6 (CH3, CH,CHs), 23.6 (CHs, NCHs), 25.2 (CHs, NCCHs), 29.4 (C, C(CH3),),
31.0 (CHs, C(CHs),), 34.0 (CH3, C(CHs),), 40.0 (CH,), 42.4 (CH,), 45.2 (CH, CHCHC(O)), 46.6 (CH,,
CH,CHs), 49.2 (CH,, CH,CH3), 57.7 (C, NCCH;), 58.3 (CH, CH,CHS), 167.1 (C, C(O)N), 193.5 (C,

C(S)S); m/z (ES) 329.1722 ([M+H]" C1H,5N,0S, requires 329.1716), 329 (100%).
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= (£)-(1R,6S)-7-(4-Methoxybenzyl)-7-azabicyclo[4.2.0]oct-2-en-8-one 235

H pvB H pvB
e
_—
) b O
EtZN\n/S
g 191 235

A novel compound prepared according to a literature procedure.” A solution of lactam 191
(3.10 g, 7.89 mmol) in diphenyl ether (61 mL) was heated to reflux. After 7 h, the reaction
mixture was directly purified by column chromatography (Pet ether to Pet ether:EtOAc 3:1) to
give lactam 235 (1.54 g, 80%) as a pale yellow oil. Rt 0.22 (Pet Ether: EtOAc 7:3); Vinax (Neat)/cm’
':2930, 1734, 1611, 1511, 1241, 1175, 1030, 831, 693; &, (400 MHz, CDCl;) 1.21-1.34 (1H, m,
CH,), 1.79-1.87 (2H, m, CH,), 1.94-2.01 (1H, m, CH,), 3.62 (1H, t, / 5.4 Hz, CHCHC(O)), 3.80-3.84
(4H, m, CH,CHN and OCHs), 4.17, 4.45 (2H, ABq, J 14.8 Hz, NCH,Ar), 5.80-5.85 (1H, m,
CH,CH=CH), 5.95-6.00 (1H, m, CHCH=CH), 6.87 (2H, d, J 8.4 Hz, Ar H), 7.21 (2H, d, J 8.4 Hz, Ar
H); 8¢ (100 MHz, CDCl3) 19.7 (CH,), 22.8 (CH,), 43.6 (CH,, NCH,Ar), 48.6 (CH, =CHCHC(0)), 51.1
(CH, CH,CHN), 55.5 (CHs, OCH;), 114.3 (2 x CH, Ar), 121.7 (CH, CH,CH=CH), 128.5 (C, ArCCH;N),
129.9 (2 x CH, Ar), 131.5 (CH, CH=CHCH), 159.3 (C, ArCO), 167.2 (C, C(O)N); m/z (ES) 266.1153

([M+Na]* C;5H,;;,NNaO, requires 266.1157), 267 (10%), 266 (100).

= (4)-(15,2R,4S,75)-8-(4-Methoxybenzyl)-3-oxa-8-azatricyclo[5.2.0.0%*]nonan-9-one 236
H pvB N pvB

S0 — Pt
—
H O o H ©
235 236
A novel compound prepared according to a literature procedure.” A solution of lactam 235
(0.812 g, 3.34 mmol) in CH,Cl, (22 mL) was cooled to 0 °C, treated with recrystallised mCPBA
(1.73 g, 10.0 mmol) and allowed to warm to rt over 1 h. After 5 h at rt, the reaction mixture

was cooled to 0 °C, diluted with CH,Cl, (22 mL) and treated with KF (1.75 g, 30.1 mmol). After

stirring at 0 °C for 1 h, the reaction mixture was filtered through a pad of celite, the filtrate was
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evaporated under reduced pressure and purified by column chromatography (Pet
ether:EtOAC:Et;N 75:25:5 to Pet ether:EtOAc:Et;N 60:35:5) to give epoxy lactam 236 (0.627 g,
72%) as a colorless oil. R; 0.33 (Pet ether:EtOAC 3:2); Vi (neat)/cm™ : 2935, 1736, 1611, 1512,
1242, 1175, 1029, 805, 731; &, (400 MHz, CDCl;) 1.42-1.48 (1H, m, CH,), 1.60-1.78 (2H, m, CH,),
1.85-1.91 (1H, m, CH,), 3.17-3.19 (1H, m, CH,CHO), 3.30-3.32 (1H, m, CHCHO), 3.52-3.56 (2H,
m, CHCHC(O) and CH,CHN), 3.77 (3H, s, OCHs), 4.11, 4.39 (2H, ABq, J 14.8 Hz, NCH,Ar), 6.84
(2H, d, J 8.8 Hz, Ar H), 7.16 (2H, d, J 8.8 Hz, Ar H); 6. (100 MHz, CDCl;) 18.3 (CH,), 18.4 (CH,),
44.0 (CH, NCHAr), 47.6 (CH, CHC(O)), 49.3 (CH, CHCHO), 49.5 (CH, CH,CHN), 52.2 (CH,
CH,CHO), 55.4 (CHs, OCH3), 114.3 (2 x CH, Ar), 127.8 (C, ArCCH;N), 129.8 (2 x CH, Ar), 159.3 (C,
ArC0), 166.3 (C, C(O)N); m/z (ES) 282.1108 ([M+Na]* CysH,;,NNaO; requires 282.1106), 282

(100%).

= (1)-(3S,6S5)-3-Hydroxy-7-(4-methoxybenzyl)-7-azabicyclo[4.2.0]oct-1-en-8-one 237

H  pmvB H pmB
CH— O
— >
oo H © Ho 0
236 237

101 A solution of

A novel compound prepared according to a modified literature procedure.
epoxy lactam 236 (0.123 g, 0.475 mmol) in THF (1.9 mL) was cooled to -78 °C, treated with
LHMDS (0.76 mL of a 1.0 M solution in THF, 0.76 mmol) and allowed to warm progressively to
rt. After 3 h, the reaction mixture was quenched with NH,CI (2 mL of a saturated aq. solution),
and extracted with Et,0 (2 x 3 mL). The combined organic extracts were washed with brine (5
mL), dried over MgSQ,, filtered, evaporated under reduced pressure and purified by column
chromatography (Pet ether:EtOAc 2:3 to Pet ether:EtOAc 1:4) to give hydroxy lactam 237 (64
mg, 52%) as a white solid. mp 105-108 °C; R 0.15 (Pet ether:EtOAC 1:1); Vmax (n€at)/cm™ : 3351,

2956, 1722, 1688, 1513, 1392, 1245, 1173, 1028, 809, 552; &, (400 MHz, CDCl;) 1.11-1.38 (2H,

m, CH,), 1.76-1.82 (1H, m, CH,), 2.12-2.18 (1H, m, CH,), 2.92 (1H, s, OH), 3.75 (1H, ddt, J 1.4,
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4.6 and 10.2 Hz, CH,CHN), 3.78 (3H, s, OCHs), 4.30-4.42 (3H, m, CH,CHOH and NCH,Ar), 6.12
(1H, d, J 3.6 Hz, CHCH=C), 6.84 (2H, d, J 8.8 Hz, Ar H), 7.15 (2H, d, J 8.8 Hz, Ar H); 8¢ (100 MHz,
CDCl3) 29.1 (CH,), 30.4 (CH,), 45.6 (CH,, NCH,Ar), 55.4 (CHs;, OCH3), 56.9 (CH, CH,CHN), 68.1
(CH, CHOH), 114.3 (2 x CH, Ar), 124.7 (CH, CHCH=C), 127.7 (C, ArCCH,N), 129.9 (2 x CH, Ar),
145.4 (C, CH=CC(0)), 159.4 (C, ArCO), 163.5 (C, C(O)N); m/z (ES) 282.1107 ([M+Na]’

C1sH17NNaO; requires 282.1106), 282 (100%).

= (£)-(3S,65)-3-Methoxy-7-(4-methoxybenzyl)-7-azabicyclo[4.2.0]oct-1-en-8-one 239

H pmB H pmB
CHC = O
o H O MeO e

236 239

A novel compound prepared according to a modified literature procedure.”** A solution of
epoxy lactam 236 (0.121 g, 0.467 mmol) in THF (1.9 mL) was cooled to -78 °C, treated with
NaHMDS (1.2 mL of a 1.0 M solution in THF, 1.2 mmol) and allowed to warm progressively to 0
°C. After 1.5 h, the reaction mixture was cooled to -78 °C, treated with methyl iodide (32 uL,
0.51 mmol) and progressively allowed to warm to rt. After 18 h, it was quenched with water (2
mL) and extracted with Et,0 (2 x 3 mL). The combined organic extracts were washed with brine
(5 mL), dried over MgSQ,, filtered, evaporated under reduced pressure and purified by column
chromatography (Pet ether:EtOAc 3:2 to Pet ether:EtOAc 2:3) to give methoxy lactam 239 (29
mg, 23%) as a white solid. mp 87-90 °C; R; 0.27 (Pet ether:EtOAc 1:1); Viax (neat)/cm"1 : 2932,
1731, 1695, 1613, 1513, 1360, 1239, 1090, 1022, 948, 809, 743; &, (400 MHz, CDCl5) 1.11-1.21
(1H, m, CH,), 1.33-1.43 (1H, m, CH;), 1.80-1.86 (1H, m, CH,), 2.11-2.18 (1H, m, CH,), 3.35 (3H, s,
CHOCH;), 3.75 (1H, ddt, J 1.4, 4.6 and 10.2 Hz, CH,CHN), 3.79 (3H, s, ArOCH;), 4.00-4.06 (1H, m,
CH,CHOCH;), 4.34, 4.43 (2H, ABqg, J 14.8 Hz, NCH,Ar), 6.19 (1H, d, J 2.8 Hz, CHCH=C), 6.85 (2H,
d, J 8.4 Hz, Ar H), 7.17 (2H, d, J 8.4 Hz, Ar H); &; (100 MHz, CDCl;) 26.0 (CH,), 28.9 (CH,), 45.5

(CH,, NCH,Ar), 55.4 (CHs, ArOCH;), 56.1 (CH;, CHOCH3;), 56.8 (CH, CH,CHN), 76.4 (CH, CHOCH;),

[260]



114.3 (2 x CH, Ar), 121.6 (CH, CH,CH=CH), 127.9 (C, ArCCH;N), 129.9 (2 x CH, Ar), 147.0 (C,
CH=CC(0)), 159.4 (C, ArCO), 163.2 (C, C(O)N); m/z (ES) 296.1256 ([M+Na]® C;sH;oNNaO;

requires 296.1263), 296 (100%).

= (+)-(35,6S)-7-(4-Methoxybenzyl)-3-((trimethylsilyl)oxy)-7-azabicyclo[4.2.0]oct-1-en-8-

one 240
H pmB H pmB
CH CH
—_—
0 h 0O TMSO e}
236 240

A novel compound prepared according to a modified literature procedure.”** A solution of
epoxy lactam 236 (0.116 g, 0.447 mmol) in THF (1.8 mL) was cooled to -78 °C, treated with
NaHMDS (1.1 mL of a 1.0 M solution in THF, 1.1 mmol) and allowed to warm progressively to 0
°C over 1.5 h. The reaction mixture was cooled to -40 °C and TMSOTf (74 uL, 0.49 mmol) was
added. The reaction mixture was allowed to warm to rt over 3 h, quenched with H,0 (0.5 mL)
and extracted with Et,0 (2 x 3 mL). The combined organic extracts were dried over MgSQ,,
filtered, evaporated under reduced pressure and purified by column chromatography
(Hexane:EtOAc:EtsN 5:4:1 to Hexane:EtOAc:Et;N 4:5:1) to give TMS protected hydroxyl lactam
240 (42 mg, 28%) as a yellow oil. This compound is highly unstable and attempt to fully
characterise it gave data corresponding to hydroxyl lactam 237. §, (400 MHz, CDCl;) 0.12 (9H,
s, Si(CHs)s), 1.06-1.30 (1H, m, CH;), 1.33-1.46 (1H, m, CH,), 1.78 (1H, ddd, J 4.2, 7.0 and 11.5 Hz,
CH,), 1.96-2.09 (1H, m, CH,), 3.72-4.83 (4H, m, CH,CHN and OCHs), 4.30-4.46 (3H, m, CH,CHO
and NCH,Ar), 6.04 (1H, d, J 4.0 Hz, CHCH=C), 6.83 (2H, d, J 9.1 Hz, Ar H), 7.16 (2H, d, /9.1 Hz, Ar
H); &¢ (100 MHz, CDCls) 0.4 (3 x CHs, Si(CHs)s), 29.3 (CH,), 30.7 (CH,), 45.6 (CH,, NCH,Ar), 55.4
(CHs, OCHs), 56.7 (CH, CH,CHN), 68.9 (CH, CHOSI(CHs);), 114.3 (2 x CH, Ar), 124.8 (CH,
CH,CH=CH), 128.0 (C, ArCCH;N), 129.9 (2 x CH, Ar), 145.4 (C, CH=CC(0O)), 159.4 (C, ArCO), 163.4

(C, C(O)N).
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= (4)-(15,2R,4S,75)-8-(4-Methoxyphenyl)-3-oxa-8-azatricyclo[5.2.0.0>*lnonan-9-one 242
H pmp H  pwmp

CHC — i
—_—

@)
131 242
A novel compound prepared according to a literature procedure.®® A solution of lactam 131
(0.158 g, 0.690 mmol) in CH,Cl, (4.6 mL) was cooled to 0 °C, treated with recrystallised mCPBA
(0.357 g, 2.07 mmol) and allowed to warm to rt over 1 h. After 2 h at rt, the reaction mixture
was cooled to 0 °C, diluted with CH,Cl, (10 mL) and treated with KF (0.361 g, 6.21 mmol). After
stirring at 0 °C for 2 h, the reaction mixture was filtered through a pad of celite (eluent CH,Cl,),
the filtrate was evaporated under reduced pressure and purified by column chromatography
(Pet ether to Pet ether:EtOAc 7:3) to give epoxy lactam 242 (0.156 g, 92%) as a yellow solid.
mp 98-100 °C (CH,Cl,); R 0.43 (Pet ether:EtOAc 3:1); Vpna (neat)/cm™ : 2955, 1725, 1513, 1398,
1243, 1226, 1028, 828; &, (400 MHz, CDCl3) 1.90-2.02 (4H, m, CH,), 3.29 (1H, t, J 3.6 Hz,
CH,CHO), 3.41 (1H, dd, J 3.2 and 4.0 Hz, CHCHO), 3.73 (1H, dd, J 2.8 and 5.2 Hz, CHCHC(O)),
3.79 (3H, s, OCHj3), 4.17-4.19 (1H, m, CH,CHN), 6.89 (2H, d, J 9.0 Hz, Ar H), 7.30 (2H, d, J 9.0 Hz,
Ar H); 6¢ (100 MHz, CDCls) 18.0 (CH,), 18.2 (CH,), 47.1 (CH, CHC(0)), 49.2 (CH, CHCHO), 49.6
(CH, CHN), 51.9 (CH, CH,CHO), 55.6 (CHs;, OCH3), 114.6 (2 x CH, Ar), 118.8 (2 x CH, Ar), 130.4 (C,
ArCN), 156.4 (C, ArCO), 163.2 (C, C(O)N); m/z (ES) 268.0938 ([M+Na]*, C;4HsNNaO; requires

258.0950), 314 (9%), 300 (8), 269 (7), 268 (100).

= (4)-(3S,6S5)-3-Hydroxy-7-(4-methoxyphenyl)-7-azabicyclo[4.2.0]oct-1-en-8-one 243

H pvpP H  pvP
o —
o2 H O Ho 0

242 243

A novel compound prepared according to a modified literature procedure.™ A solution of

epoxy lactam 242 (0.496 g, 2.02 mmol) in THF (13 mL) was cooled to -78 °C and LHMDS (3.2 mL
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of a 1.0 M solution in THF, 3.2 mmol) was added dropwise over 2 min. The reaction mixture
was allowed to warm to 0 °C over 2 h, quenched with H,0 (10 mL) and extracted with EtOAc (3
x 10 mL). The combined organic extracts were washed with brine (15 mL), dried over MgSQ,,
filtered and evaporated under reduced pressure to give hydroxyl lactam 243 (0.438 g, 88%) as
a white solid. mp 164-165 °C (CH,Cl,); R 0.26 (Pet ether:EtOAc 3:1); Vi (Neat)/cm™: 3416,
2960, 1714, 1689, 1512, 1245, 1121, 984, 825; 6,,(300 MHz, CDCls) 1.47-1.69 (2H, m, CH,), 1.84
(1H, d, J 6.7 Hz, OH), 2.30-2.55 (2H, m, CH,), 3.79 (3H, s, OCHs), 4.26-4.38 (1H, m, CH,CHN),
4.47-4.61 (1H, m, CH,CHOH), 6.29 (1H, dd, J 0.6 and 4.2 Hz, CHCH=C), 6.88 (2H, d, J 9.0 Hz, Ar
H), 7.32 (2H, d, J 9.0 Hz, Ar H); 6:(100 MHz, CDCls) 29.3 (CH,), 30.8 (CH,), 55.7 (CH3, OCHs), 57.5
(CH, CH,CHN), 68.5 (CH, CH,CHOH), 114.8 (2 x CH, Ar), 117.7 (2 x CH, Ar), 125.2 (CH, CHCH=C),
132.1 (C, ArCN), 145.2 (C, CH=CC(0O)), 156.4 (C, ArCO), 159.6 (C, C(O)N); m/z (ES) 246.1128

(IM+H]* C14H1sNO; requires 246.1125), 268 (M*, 75%), 246 (100), 199 (19), 149 (56).

= (%)-(1R,2S,3S5,65)-1,2,3-Trihydroxy-7-(4-methoxyphenyl)-7-azabicyclo[4.2.0]octan-8-one

244
H o pmP H o pmP
R — Ol
—_—
HO O HO bH ©
HO
243 244

A novel compound prepared according to a literature procedure.”® A solution of hydroxyl
lactam 243 (0.178 g, 0.728 mmol) in a 5:5:2: mixture of H,0:acetone:tBuOH (3.0 mL) was
treated with NMO (0.204 g, 1.74 mmol) and OsO, (2 uL of a 4 wt% aq. solution, cat). After 18 h
at 40 °C, sodium bisulfite (0.416 g, 2.19 mmol) was added to quench the reaction. After 2 h at
40 °C, the reaction mixture was diluted with H,0 (3 mL) and extracted with EtOAc (3 x 5 mL).
The combined organic extracts were washed with brine (8 mL), dried over MgSQ,, filtered and
evaporated under reduced pressure to give trihydroxy lactam 244 (57 mg, 28%) as a white

solid. mp 94-96 °C; R; 0.38 (EtOAC); Vimax (neat)/cm'l: 3277, 3180, 2862, 1727, 1454, 1170, 1055,
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742, 700; 6, (400 MHz, DMSO-dg) 1.43-1.53 (2H, m, CH,), 1.90-2.01 (1H, m, CH,), 2.04-2.17
(1H, m, CH,), 3.65 (1H, t, J 7.2 Hz, CHOH), 3.73 (3H, s, OCHs), 3.77 (1H, br s, CHOH), 4.04 (1H, t,
J2.8 Hz, CH,CHN), 4.65 (1H, br s, OH), 4.90 (1H, br s, OH), 6.18 (1H, br s, OH), 6.94 (2H, d, J 9.0
Hz, Ar H), 7.31 (2H, d, J 9.0 Hz, Ar H); 8 (100 MHz, DMSO-dg) 19.4 (CH,), 23.8 (CH,), 55.1 (CH;,
OCH;), 60.5 (CH, CH,CHN), 65.4 (CH, CHOH), 70.8 (CH, CHOH), 83.8 (C, CHCOH), 114.4 (2 x CH,

Ar), 118.4 (2 x CH, Ar), 129.9 (C, ArCN), 155.6 (C, ArCO), 166.5 (C, C(O)N).

= (£)-(3S,6S5)-7-(4-Methoxyphenyl)-8-oxo-7-azabicyclo[4.2.0]oct-1-en-3-yl benzoate 246

H o pvp H o pmp
J@ni J@ni
_—
HO e} BzO (o)
243 246

A novel compound prepared according to a literature procedure.'® A solution of hydroxyl
lactam 243 (0.109 g, 0.444 mmol) in CH,CI, (5.6 mL) was cooled to 0 °C and treated with BzCl
(206 L, 1.78 mmol) and pyridine (0.180 pL, 2.22 mmol). The reaction mixture was allowed to
warm to rt over 18 h, quenched with NaHCO; (6 mL of a saturated ag. solution) and extracted
with CH,Cl, (3 x 6 mL). The combined organic extracts were dried over MgSQ,, filtered,
evaporated under reduced pressure and purified by column chromatography (Pet ether to Pet
ether:EtOAc 4:1) to give benzoyl protected lactam 246 (0.132 mg, 85%) as a white solid. mp
167-169 °C; R 0.48 (Pet ether:EtOAc 4:1); Vpax (neat)/cm'lz 2943, 1747, 1710, 1506, 1240,
1111, 1020, 947, 832, 705; &, (400 MHz, CDCl3) 1.61-1.89 (2H, m, CH,), 2.47-2.63 (2H, m, CH,),
3.79 (3H, s, OCHs), 4.34-4.45 (1H, m, CH,CHN), 5.72-5.84 (1H, m, CH,CHO), 6.38 (1H, dd, J 1.2
and 4.5 Hz, CHCH=C), 6.89 (2H, d, J 9.0 Hz, Ar H), 7.35 (2H, d, J 9.0 Hz, Ar H), 7.42-7.51 (2H, m,
Ar H), 7.54-7.64 (1H, m, Ar H), 8.02-8.15 (2H, m, Ar H); 8¢ (100 MHz, CDCl3) 26.8 (CH,), 29.1
(CH,), 55.7 (CHs, OCH3), 57.1 (CH, CH,CHN), 70.5 (CH, CH,CHOBz), 114.8 (2 x CH, Ar), 117.8 (2 x
CH, Ar), 121.6 (CH, CHCH=C), 128.6 (2 x CH, Ar), 129.9 (2 x CH, Ar), 130.0 (C, Ar), 132.1 (C,

ArCN), 133.4 (CH, Ar), 147.4 (C, CH=CC(0)), 156.5 (C, ArC0), 159.0 (C, C(O)N), 166.3 (C, C(0)O);
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m/z (ES) 372.1218 ([M+Na]" C;H;sNNaO, requires 372.1212), 721 (100%), 404 (32), 372 (75),

228 (17).

= (+)-(1R,2S,3S,65)-1,2-Dihydroxy-7-(4-methoxyphenyl)-8-oxo-7-azabicyclo[4.2.0]octan-

3-yl benzoate 247

H  PmP H pvp
_—
BzO 0 BzO Lo
HO
246 247

A novel compound prepared according to a literature procedure.®® A solution of lactam 246
(0.162 g, 0.464 mmol) in a 5:5:2:2 mixture of H,0:acetone:tBuOH:CH,Cl, (3.0 mL) was treated
with NMO (0.130 g, 1.11 mmol) and OsO, (2 pL of a 4 wt% aq. solution, cat). After 3 h at 40 °C,
sodium bisulfite (0.264 g, 1.39 mmol) was added to quench the reaction. After 1 h at 40 °C, the
reaction mixture was diluted with H,0O (3 mL) and extracted with CH,Cl, (3 x 5 mL). The
combined organic extracts were washed with brine (10 mL), dried over MgSO,, filtered,
evaporated under reduced pressure and purified by column chromatography (Pet ether:EtOAc
3:1 to Pet ether:EtOAc 1:3) to give dihydroxy lactam 247 (0.144 g, 81%) as a colourless oil. R;
0.26 (Pet ether:EtOAC 1:3); Vmax (neat)/cm™: 3396, 2938, 1717, 1512, 1273, 1246, 1112, 905,
725; 6, (400 MHz, CDCl5) 1.71-1.97 (2H, m, CH,), 1.99-2.13 (1H, m, CH,), 2.17-2.34 (1H, m, CH,),
3.75 (3H, s, OCHs), 4.29 (1H, dd, J 2.3 and 4.0 Hz, CH,CHN), 4.44 (1H, d, J 2.7 Hz, CHCHOH), 5.11
(2H, br's, OH), 5.30 (1H, td, J 2.7 and 6.5 Hz, CH,CHOBz), 6.81 (2H, d, J 9.0 Hz, Ar H), 7.22 (2H, d,
19.0 Hz, Ar H), 7.34 (2H, t, J 7.7 Hz, Ar H), 7.43-7.52 (1H, m, Ar H), 7.99-8.09 (2H, m, Ar H); &¢
(100 MHz, CDCl5) 19.3 (CH,), 21.8 (CH,), 55.6 (CHs, OCHs), 61.0 (CH, CH,CHN), 68.7 (CH,
CHCHOH), 70.6 (CH, CH,CHOBz), 82.4 (C, CHCOH), 114.6 (2 x CH, Ar), 119.6 (2 x CH, Ar), 128.4
(2 x CH, Ar), 129.5 (2 x CH, Ar), 129.9 (C, ArCN), 130.0 (C, Ar), 133.1 (CH, Ar), 156.9 (C, ArCO),
166.1 (C, C(0)0O), 167.3 (C, C(O)N); m/z (ES) 406.1266 ([M+Na]® C,;H,;NNaOg requires

406.1267), 790 (48%), 789 (74), 407 (33), 406 (100), 384 (10).
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= (%)-(3aR,5as,8S,8aS)-5-(4-Methoxyphenyl)-2-oxido-4-oxohexahydro-4H-[1,3,2]

dioxathiolo[4',5":2,3] benzo[1,2-b]azet-8-yl benzoate 248a and 248b

H pmp H pvp H pvp
e +

BzO o) BzO e} BzO e}
Ho O o.f 0.8
+S +S,
\ ~

o_ o_
247 248a 248b

Novel compounds prepared according to a literature procedure.®® A solution of dihydroxy
lactam 247 (93 mg, 0.26 mmol) in CH,Cl, (1.4 mL) at 0 °C was treated with pyridine (93 uL, 1.2
mmol) and SOCl, (37 pL, 0.51 mmol). The ice bath was removed after 1 h and stirring
continued for 30 min at rt. The reaction mixture was diluted with H,O (2 mL) and extracted
with CH,CI, (2 x 3 mL). The combined organic extracts were washed sequentially with HCl (3 mL
of a 1 M aqg. solution) and brine (3 mL), dried over MgSQ,, filtered, evaporated under reduced
pressure and purified by column chromatography (Pet ether to Pet ether:EtOAc 7:3) to give
248a (49 mg, 47%) as a white solid and 248b (41 mg, 40%) as a colourless oil.

248a: mp 190-191 °C; R; 0.59 (Pet ether:EtOAC 7:3); Vimax (neat)/cm™: 2935, 1729, 1511, 1243,
1027, 834; &, (400 MHz, CDCl;) 1.83-1.93 (1H, m, CH,), 1.95-2.07 (1H, m, CH,), 2.22-2.33 (1H,
m, CH,), 2.43-2.54 (1H, m, CH,), 3.81 (3H, s, OCHs), 4.61 (1H, dd, J 3.6 and 7.6 Hz, CH,CHN),
5.19 (1H, d, J 3.9 Hz, CHCHOS), 5.53 (1H, ddd, J 2.4, 3.9 and 9.4 Hz, CH,CHOBz), 6.93 (2H, d, J
9.0 Hz, Ar H), 7.32 (2H, d, J 9.0 Hz, Ar H), 7.46 (2H, t, J 7.7 Hz, Ar H), 7.59 (1H, tt, J 1.2 and 7.4
Hz, Ar H), 8.07-8.15 (2H, m, Ar H); 8. (100 MHz, CDCl3) 21.4 (CH,), 21.4 (CH,), 55.7 (CHs, OCHs),
59.5 (CH, CH,CHN), 67.0 (CH, CH,CHOBz), 81.4 (CH, CHCHOS), 90.3 (C, CHCOS), 115.0 (2 x CH,
Ar), 119.6 (2 x CH, Ar), 128.6 (2 x CH, Ar), 129.1 (C, Ar), 129.4 (C, Ar), 130.2 (2 x CH, Ar), 133.7
(CH, Ar), 157.5 (C, ArCO), 158.5 (C, C(O)N), 165.6 (C, C(0)O); m/z (ES) 452.0781 ([M+Na]*
C,1H19NNaO,S requires 452.0780), 881 (13%), 453 (25), 452 (100), 258 (39), 212 (38).

248b: R; 0.30 (Pet ether:EtOAc 7:3); Vimax (neat)/cm'l: 2935, 1754, 1728, 1511, 1245, 1027, 830,

820; 64 (400 MHz, CDCl5) 1.68-1.80 (1H, m, CH,), 2.12-2.27 (3H, m, CH,), 3.80 (3H, s, OCHjs),
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4.67 (1H, t, J 3.9 Hz, CH,CHN), 5.40 (1H, d, J 3.9 Hz, CHCHOS), 5.61-5.68 (1H, m, CH,CHOBz),
6.92 (2H, d, J 9.0 Hz, Ar H), 7.33 (2H, d, J 9.0 Hz, Ar H), 7.48 (2H, t, J 7.6 Hz, Ar H), 7.62 (1H, tt, J
1.2 and 7.6 Hz, Ar H), 7.95-8.04 (2H, m, Ar H); 8¢ (100 MHz, CDCl3) 18.0 (CH,), 20.9 (CH,), 55.7
(CHs, OCHs), 57.8 (CH, CH,CHN), 66.3 (CH, CH,CHOBz), 79.4 (CH, CHCHOS), 89.7 (C, CHCOS),
115.0 (2 x CH, Ar), 119.9 (2 x CH, Ar), 128.9 (2 x CH, Ar), 128.9 (C, Ar), 129.3 (C, Ar), 129.8 (2 x
CH, Ar), 133.9 (CH, Ar), 157.4 (C, ArCO), 160.9 (C, C(O)N), 165.2 (C, C(O)O); m/z (ES) 452.0786

(IM+Na]" C;;H1sNNaO-S requires 452.0780), 484 (16%), 453 (25), 452 (100).

= (4)-(1R,2S,55)-6-(4-Methoxyphenyl)-7,8-dioxo-6-azabicyclo[3.2.1]octan-2-yl benzoate

249
H o pmP H pmp H  pmp
| @ % - J i J to !
N
Y%. o_
247 249 248a 248b

A novel compound prepared according to a literature procedure.’® A solution of PPh; (50 mg,
0.19 mmol) and hexachloroethane (45 mg, 0.19 mmol) in CH;CN (0.7 mL) was stirred at rt for
30 min before being added dropwise to a solution of diol 247 (49 mg, 0.13 mmol) in CH;CN (0.3
mL). The reaction mixture was heated at reflux for 18 h, concentrated under reduced pressure
and purified directly by column chromatography (Pet ether to Pet ether:EtOAc 4:1) to give
bicyclic ketone 249 (36 mg, 77%) as a white solid.

A solution of cyclic sulfites 248 (66 mg, 0.15 mmol) in diphenyl ether (1.5 mL) was heated to
190 °C. After 5 h, the reaction mixture was directly purified by column chromatography (Pet
ether to Pet ether:EtOAc 7:3) to give bicyclic ketone 249 (48 mg, 86%) as a white solid.

mp 163-164 °C (CH,Cl,); R; 0.68 (Pet ether:EtOAc 1:1); Vima (neat)/cm™: 2933, 1784, 1718, 1695,
1512, 1389, 1245, 1090, 816, 701; 6, (400 MHz, CDCl;) 2.08-2.36 (3H, m, CH,), 2.43-2.54 (1H,

m, CH,), 3.49 (1H, dd, J 1.3 and 5.6 Hz, C(O)CHC(0O)), 3.81 (3H, s, OCH3), 4.42 (1H, m, C(O)CHN),
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5.83-5.92 (1H, m, CH,CHO), 6.94 (2H, d, J 9.1 Hz, Ar H), 7.42-7.53 (4H, m, Ar H), 7.58 (1H, tt, J
1.2 and 7.4 Hz, Ar H), 7.97-8.03 (2H, m, Ar H); 8¢ (100 MHz, CDCls) 23.9 (CH,), 27.6 (CH,), 55.7
(CHs, OCH3), 57.9 (CH, C(O)CHC(0)), 67.1 (CH, CH,CHN), 74.1 (CH, CH,CHO), 114.8 (2 x CH, Ar),
123.0 (2 x CH, Ar), 128.7 (2 x CH, Ar), 129.5 (2 x C, ArCN and Ar), 129.9 (2 x CH, Ar), 133.7 (CH,
Ar), 157.8 (C, ArCO), 165.2 (C, C(0)0), 165.7 (C, C(O)N), 202.6 (C, CHC(O)CH); m/z (ES) 388.1158

(IM+Na]" C»H19NNaOs requires 388.1161), 420 (15%), 389 (29), 388 (100).

= 7,7-Dibromobicyclo[4.1.0]heptane 254

Br
—_— >
@ (<
254

109 A solution of

A known compound*® prepared according to a literature procedure.
cyclohexene (4.00 mL, 39.5 mmol) in cyclohexane (12 mL) was treated with tBuOK (13.3 g, 119
mmol), cooled to 0 °C and CHBr; (10.4 mL, 119 mmol) was added dropwise over 45 min. The
reaction mixture was warmed to rt over 1 h. After a further 6 h, the reaction mixture was
quenched with H,0 (100 mL) and extracted with hexane (2 x 100 mL). The combined organic
extracts were washed with brine (150 mL), dried over MgSQ,, filtered, evaporated under
reduced pressure and purified by fractional distillation to give dibromocyclopropane 254 (5.25
mg, 54%) as a colourless oil (lit. yield 35%). Viax (neat)/cm'l: 2938, 1461, 1443, 1333, 1164,
1019, 728; &4 (300 MHz, CDCls) 1.10-1.27 (2H, m, CH,), 1.29-1.44 (2H, m, CH,), 1.50-1.64 (2H,
m, CH,), 1.77-1.88 (2H, m, CH,), 1.92-2.09 (2H, m, CHCBr,); Literature data:** Rf 0.72 (hexane);
IR (neat)/cm™: 2936, 2852, 1462, 1444, 1334, 1165, 1020, 729 ; & (300 MHz, CDCl;) 1.00-1.25
(m, 2 H), 1.30-1.43 (m, 2H), 1.50-1.62 (m, 2H), 1.76-1.90 (m, 2H), 1.92-2.07 (m, 2H); & (75.3
MHz, CDCl3) 20.1, 20.6, 27.0, 40.7; Elemental analysis calcd (%) for C;H,oBr, : C 33.11, H 3.97;

found: C 33.20, H 3.95.
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= 2-Bromocyclohept-2-enol 256

Ot —
— >
Br
OH
254 256

10 A solution of

A known compound®*® prepared according to a literature procedure.
dibromocyclopropane 254 (0.320 g, 1.31 mmol) in a 9:1 mixture of acetone:H,0 (2.3 mL) was
treated with AgClO,4.xH,0 (0.407 g, 1.97 mmol) which was previously dried between two pieces
of filter paper. After 18 h at reflux, the reaction mixture was quenched with H,0O (5 mL),
filtered through a pad of celite (eluent CH,Cl,). After removal of the organic layer, the aqueous
layer was extracted with CH,Cl, (2 x 5 mL). The combined organic extracts were washed with
brine (10 mL), dried over MgSO,, filtered, evaporated under reduced pressure and purified by
column chromatography (Pet ether to Pet ether:EtOAc 4:1) to give 256 (60 mg, 24%) as a
yellow oil (lit. yield 80%). R 0.70 (Pet Ether:EtOAc 4:1); Vinay (neat)/cm™ : 3395, 2928, 1637,
1443, 1417, 1082, 997, 891; &,,(400 MHz, CDCl3) 1.56-1.69 (3H, m, CH,), 1.80-1.96 (3H, m, CH,),
2.02-2.11 (1H, m, CH,), 2.16-2.24 (1H, m, CH,), 2.34 (1H, br s, OH), 4.44 (1H, d, J 8.0 Hz,
CHCHOH), 6.31 (1H, t, J 6.8 Hz, CH,CH=C); & (100 MHz, CDCl;) 23.3 (CH,), 25.0 (CH,), 28.1
(CHy), 32.5 (CH,), 75.6 (CH, CH,CHO), 129.0 (C, CH=CBr), 134.6 (CH, CH,CH=CH). Literature
data:*** &, (60 MHz, CCl,) 6.10 (t, J = 7 Hz, 1 H), 4.70 (s, 1 H), 4.30 (br t, J = 3 Hz, 1 H), 2.30-1.30
(M, 8 H); Vmax (neat)/cm™ : 3400, 2940, 1720, 1240; m/z (El) 192 ([M*+2], 5), 190 (M*, 51), 174

(35), 172 (35), 150 (20), 148 (20), 111 (100), 93 (90).

= Cyclohept-2-en-1-yl acetate 258
o
O — OF
258

A known compound prepared according to the literature procedure.’*> A slurry of Pd(OAc),

(0.193 g, 0.860 mmol), p-benzoquinone (0.370 g, 3.42 mmol) and MnO, (1.78 g, 20.5 mmol) in
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CH3;COOH (43 mL) was stirred at 60 °C. After 30 min, cycloheptene (2.00 mL, 17.1 mmol) was
added. After 24 h at 60 °C, the reaction mixture was cooled to rt, diluted with a 1:1 mixture of
pentane:Et,0 (25 mL), stirred for 30 min and filtered through a pad of celite which was washed
with H,0 (2 x 25 mL) and a 1:1 mixture of pentane:Et,0 (2 x 25 mL). After separation of the
organic layer, the aqueous layer was extracted with a 1:1 mixture of pentane:Et,0 (3 x 50 mL).
The combined organic extracts were washed sequentially with NaOH (150 mL of a 1 M aq.
solution), H,0 (150 mL) and brine (150 mL), dried over MgSQ,, filtered, evaporated under
reduced pressure and purified by column chromatography (Pet ether to Pet ether:Et,0 9:1) to
give acetate 258 (1.93 g, 73%) as a pale yellow oil (lit. yield 73%). R; 0.70 (Pet Ether:EtOAc 4:1);
Vmax (n€at)/cm™ : 2927, 1732, 1445, 1370, 1236, 1021, 677; &4 (400 MHz, CDCl3) 1.35-1.45 (1H,
m, CH,), 1.61-1.73 (3H, m, CH;), 1.81-1.96 (2H, m, CH,), 2.06 (3H, s, OC(O)CHs), 2.07-2.13 (1H,
m, CH,), 2.16-2.24 (1H, m, CH,), 5.40 (1H, d, J 8.8 Hz, CHCHO), 5.61-5.65 (1H, m, CH,CH=CH),
5.78-5.85 (1H, m, CH=CHCHO); & (100 MHz, CDCl5) 21.6 (CH;, OC(O)CHs), 26.7 (CH,), 26.8
(CH,), 28.6 (CH,), 33.0 (CH,), 74.5 (CH, CH,CHO), 131.7 (CH, CH,CH=CH), 133.8 (CH,
CH=CHCHO), 170.6 (C, C(0)0O)CHs); m/z (ES) 154 (M*, 6%), 112 (26), 94 (26), 79 (100). Literature
data:*'? &, (200 MHz, CDCl;) 5.82 (m, 1 H), 5.65 (m, 1 H), 5.40 (m, 1 H), 2.05 (s, 3 H), 2.30-1.30
(m, 8 H); 6¢ (100 MHz, CDCl5) 170.24, 133.56, 131.38, 74.13, 32.70, 28.33, 26.48, 26.43, 21.20;

Anal. Calcd for C4H140,: C, 70.10; H, 9.15, Found: C, 70.18; H, 9.07.

=  N-Benzylcyclohept-2-enamine 259

0)
NH
oY — O
258 259

A known compound prepared according to a modified literature procedure.'™ A slurry of
Pd(OAc), (0.471 g, 2.10 mmol) and PPh; (2.75 g, 10.5 mmol) in THF (12 mL) was stirred at rt for

15 min. The slurry was treated with a solution of acetate 258 (1.62 g, 10.5 mmol) in THF (12
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mL). The reaction mixture was cooled to 0 °C and benzylamine (1.71 mL, 15.7 mmol) was
added over 5 min. After 10 min, the solution was heated to reflux. After 21 h, the reaction
mixture was quenched with NH,CI (50 mL of a saturated aq. solution) and extracted with Et,0
(2 x 50 mL). The combined organic extracts were washed with brine (100 mL), dried over
MgSQ,, filtered, evaporated under reduced pressure and purified by column chromatography
(Pet ether to Pet ether:EtOAc 1:3) to give amine 259 (0.977 g, 46%) as a yellow oil. vy,
(neat)/cm'lz 3272, 2920, 1649, 1451, 1119, 731, 693; &, (400 MHz, CDCl;) 1.25-1.40 (1H, m,
CH,), 1.45-1.74 (4H, m, CH, and NH), 1.75-1.85 (1H, m, CH,), 1.93-2.25 (3H, m, CH,), 3.38-3.44
(1H, m, NCHCH,), 3.79, 3.84 (2H, ABq, J 13.0 Hz, NCH,Ph), 5.70-5.78 (1H, m, CH,CH=CH), 5.79-
5.87 (1H, m, CH=CHCHN), 7.22-7.39 (5H, m, Ar H); 6. (100 MHz, CDCls) 26.9 (CH,), 28.7 (CH,),
29.1 (CH,), 34.2 (CH,), 51.8 (CH,, NHCH,Ph), 58.4 (CH, CH,CHN), 127.0 (CH, Ar), 128.4 (2 x CH,
Ar), 128.6 (2 x CH, Ar), 131.2 (CH, CH,CH=CH), 137.8 (CH, CH=CHCHN), 140.8 (C, Ar); m/z (El)
201.1517 (M*, CisHiN requires 201.1517), 201 (36%), 172 (44), 91 (100), 79 (21). Literature
data:*® R¢ 0.20 (Hexane:EtOAc 3:2); Vs (neat)/cm™: 3315, 3085, 3062, 3024, 2922, 2850,
2802, 1944, 1869, 1734, 1652, 1605, 1495, 1453, 1394, 1351, 1310, 1267, 1200, 1123, 1074,
1028, 974, 906, 820, 788, 733, 697; &, (500 MHz, CDCl3) 7.32 (m, 4H), 7.25 (m, 1H), 5.83 (m,
1H), 5.73 (m, 1H), 3.83 (d, 1H, J = 13.0 Hz), 3.77 (d, 1H, J = 13.0 Hz), 3.39 (m, 1H), 2.17 (m, 1H),
2.07 (m, 1H), 1.97 (m, 1H), 1.78 (m, 1H), 1.66 (m, 1H), 1.58 (m, 1H), 1.50 (m, 1H), 1.31 (m, 1H);
6¢ (125 MHz, CDCls) 140.6, 137.6, 131.0, 128.4, 128.2, 126.8, 64.8, 58.2, 51.6, 46.1, 34.0, 29.0,

28.5, 26.6; m/z (El) 201.1525 (M", C14H1oN requires 201.1517).
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= Benzyl(cyclohept-2-en-1-yl)carbamic chloride 259’
53n 53n
Q/NH . Q/N\F o
Cl
259 259’
A novel compound prepared according to a literature procedure.?’ A solution of triphosgene
(0.559 g, 1.88 mmol) in toluene (20 mL) was treated with pyridine (0.494 mL, 6.11 mmol) and
subsequently with a solution of amine 259 (1.02 g, 5.09 mmol) in toluene (14 mL). The reaction
mixture was stirred for 18 h at rt, quenched with NaHCO; (30 mL of a saturated ag. solution)
and extracted with Et,0 (2 x 30 mL). The combined organic extracts were washed sequentially
with HCI (50 mL of a 0.25 M agq. solution), H,O (50 mL) and brine (50 mL), dried over MgSQ,,
filtered and evaporated under reduced pressure to give carbamoyl chloride 259’ (1.13 g, 84%)
as an orange oil. R¢ 0.70 (Pet ether:EtOAc 9:1); Vi (neat)/cm™ : 2925, 1724, 1385, 1138, 963,
693; 6, (400 MHz, CDCl3) 1.27-1.42 (1H, m, CH,), 1.45-1.61 (1H, m, CH,), 1.66-2.14 (5H, m, CH,),
2.20-2.32 (1H, m, CH,), 4.53-5.04 (3H, m, CH,Ph and NCHCH,), 5.59-5.66 (1H, m, CH,CH=CH),
5.80-5.89 (1H, m, CH=CHCHN), 7.27-7.41 (5H, m, Ar H); 8¢ (100 MHz, CDCls) (mixture of
rotamers) 26.3 (CH,), 27.5, 27.8 (CH,), 28.3 (CH;), 32.4, 33.7 (CH,), 50.4, 52.8 (CH,, NCH,Ph),
62.3, 63.4 (CH, CH,CHN), 126.6 (2 x CH, Ar), 127.3, 127.5 (CH, Ar), 128.6, 128.7 (2 x CH, Ar),
132.1, 132.2 (CH, CH,CH=CH), 132.6, 132.8 (CH, CH=CHCHN), 136.9, 137.23 (C, Ar), 149.6, 149.7
(C, NC(0)Cl); m/z (ES) 286.0952 ([M+Na]*, C1sH1s>>CINNaO requires 286.0975), 288 (18%), 286

(88), 282 (100), 202 (11).
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= Diethylthiocarbamic acid-[benzyl(cyclohept-2-enyl)carbamic acid]-thioanhydride 260

Br‘n o Bq o
N \g N \g ]
259" 260

A novel compound prepared according to a literature procedure.”” A solution of carbamoyl
chloride 259’ (0.971 g, 3.68 mmol) in acetone (23 mL) was treated with sodium
diethyldithiocarbamate trihydrate (3.32 g, 14.7 mmol). The reaction mixture was stirred at rt
for 18 h, quenched with H,0 (25 mL) and extracted with Et,0 (3 x 25 mL). The combined
organic extracts were washed with brine (40 mL), dried over MgSQ,, filtered, evaporated
under reduced pressure and purified by column chromatography (Pet ether to Pet ether:Et,0
9:1) to give carbamoyl dithiocarbamate 260 (1.21 g, 87%) as a yellow oil. R 0.33 (Pet
ether:EtOAc 85:15); Vima (neat)/cm™: 2929, 1664, 1488, 1418, 1269, 1188, 961, 725; &y (400
MHz, CDCl3) (mixture of rotamers) 1.17-1.41 (7H, m, CH, and CH,CH;), 1.45-1.57 (1H, m, CH,),
1.62-1.97 (4H, m, CH,), 1.98-2.29 (2H, m, CH,), 3.61-3.94 (2H, m, CH,CHs), 4.03 (2H, br s,
CH,CHN and CH,Ph), 4.42-5.03 (3H, m, CH,CHs and CH,Ph), 5.52-5.90 (2H, m, CH=CH), 7.31 (5H,
br s, Ar H); 6¢ (100 MHz, CDCl;) (mixture of rotamers) 11.2 (CHs;, CH,CH;), 13.3 (CH;, CH,CHj5),
26.4 (CH,), 27.7 (CH,), 28.3 (CH,), 32.4, 33.9 (CH,), 48.7 (CH,, CH,Ph), 49.8 (CH,, CH,CHs), 51.1
(CH,, CH,CHs), 60.2, 61.7 (CH, CH,CHN), 126.4 (CH, Ar), 127.2 (2 x CH, Ar), 128.5 (2 x CH, Ar),
132.2 (CH, CH,CH=CH), 132.6 (CH, CH=CHCHN), 137.7, 138.3 (C, Ar), 162.2, 162.7 (C, C(O)N),
184.6, 185.6 (C, C(S)S); m/z (ES) 399.1546 ([M+Na]" CyH,sN,NaOS, requires 399.1541), 399

(100%).
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= (£)-(1R,7S)-8-Benzyl-9-oxo-8-aza-bicyclo[5.2.0]nonan-2-yl 261

B
O
N\( H /Bn
\( —_—
S
BN~
S
260 261

Novel compounds prepared according to a literature procedure.”® A solution of carbamoyl
dithiocarbamate 260 (0.872 g, 2.32 mmol) in cyclohexane (23 mL) was degassed for 10 min and
irradiated with a 500 W lamp which generated enough heat to bring the solvent to reflux. After
5 h, the solvent was removed under reduced pressure and the crude product obtained was
purified by column chromatography (Pet ether to Pet ether:EtOAc 3:2) to give lactam 261
(0.794 g, 91%) as a pale yellow oil. Rf 0.35 (Pet ether:EtOAC 7:3); Vimax (neat)/cm"1 12924, 1737,
1413, 1265, 1205, 982, 698; &, (400 MHz, CDCls) (as a mixture of isomers) 1.22-1.31 (6H, m,
CH,CH;), 1.32-2.21 (8H, m, CH,), 3.63-3.86 (4H, m, CH,CH;, C(O)CHCH and CH,CHS), 3.86-4.21
(4H, m, CH,CHs, CH,Ph and NCHCH,), 4.55-4.86 (1H, m, CH,Ph), 7.21-7.37 (5H, m, Ar H); & (100
MHz, CDCl;) (as a mixture of isomers) 11.6 (CH3, CH,CHs), 12.5 (CH3, CH,CHs), 23.1 (CH,), 28.6,
29.2 (CH,), 30.1 (CH,), 34.2 (CH,), 44.1, 44.3 (CH,, CH,Ph), 46.8 (CH,, CH,CHs), 49.3 (CH,,
CH,CHs), 49.8 (CH, CH,CHS), 55.0, 55.6 (CH, CH,CHN), 57.2, 58.1 (CH, CHCHC(0)), 127.6, 127.6
(CH, Ar), 128.2, 128.3 (2 x CH, Ar), 128.7 (2 x CH, Ar), 136.6, 136.7 (C, Ar), 167.3, 168.1 (C,
C(O)N), 193.8, 194.5 (C, C(S)S); m/z (ES) 399.1558 ([M+Na]", C»oH2sN,Na0S, requires 399.1541),

399 (100%).
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= 8-Benzyl-8-azabicyclo[5.2.0]non-1-en-9-one 262 and (£)-(1R,7S)-8-benzyl-8-

azabicyclo[5.2.0] non-2-en-9-one 263

H  Bn N Bn H Bn
—_— +
Yo o \, Yo
S
EtN~(
S
261 262 263

Novel compounds prepared according to a literature procedure.” A solution of lactam 261
(0.450 g, 1.19 mmol) in Ph,0 (9.2 mL) was heated to reflux. After 3 h, the reaction mixture was
directly purified by column chromatography (Pet ether to Pet ether:EtOAc 9:1) to give
conjugated lactam 262 (0.124 g, 46%) as a yellow solid and non-conjugated lactam 263 (75 mg,
28%) as a brown oil.

262: mp 49-53 °C; R 0.34 (Pet Ether:Et,0 2:3); vy (neat)/cm™ : 2928, 1735, 1708, 1385, 1266,
1069, 694; &, (400 MHz, CDCl5) 1.11-1.37 (3H, m, CH,), 1.81-1.87 (1H, m, CH,), 1.90-1.99 (2H,
m, CH,), 2.05-2.14 (1H, m, CH,), 2.29-2.36 (1H, m, CH,), 3.81-3.84 (1H, m, NCHCH,), 4.30, 4.65
(2H, ABq, J 15.2 Hz, CH,Ph), 6.40 (1H, ddd, J 1.4, 4.0 and 8.2 Hz, CH,CH=C), 7.28-7.37 (5H, m, Ar
H); 6¢ (100 MHz, CDCls) 26.9 (CH,), 27.5 (CH,), 28.7 (CH;), 31.5 (CH,), 44.9 (CH,, CH,Ph), 60.4
(CH, CH,CHN), 126.3 (CH, CH,CH=C), 127.7 (2 x CH, Ar), 128.3 (2 x CH, Ar), 128.7 (CH, Ar), 136.3
(C, Ar), 145.6 (C, CH=CC(0)), 162.8 (C, C(O)N); m/z (ES) 228.1383 ([M+H]" C;sH1sNO requires
228.1383), 455 (14%), 279 (10), 228 (100).

263: R; 0.38 (Pet Ether:Et,0 2:3); Vma (Neat)/cm™ : 2929, 1735, 1397, 697; 6, (400 MHz, CDCls)
1.36-1.45 (1H, m, CH,), 1.51-1.62 (2H, m, CH,), 1.82-1.89 (1H, m, CH,), 2.11-2.16 (2H, m, CH,),
3.59-3.65 (1H, m, CHCHC(O)), 3.95-4.00 (1H, m, CH,CHN), 4.09, 4.59 (2H, ABqg, J 15.1 Hg,
CH,Ph), 5.58-5.70 (2H, m, CH=CH), 7.25-7.37 (5H, m, Ar H); 6.(100 MHz, CDCl;) 19.2 (CH,), 27.6
(CH,), 28.1 (CH,), 44.3 (CH,, CH,Ph), 53.3 (CH, CH,CHN), 55.0 (CH, =CHCHC(O)), 121.4 (CH,

CH,CH=CH), 127.8 (CH, Ar), 128.4 (2 x CH, Ar), 128.5 (CH, CH=CHCHN), 128.9 (2 x CH, Ar), 136.2
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(C, Ar), 168.6 (C, C(O)N); m/z (ES) 250.1215 ([M+Na]®*, C;sH;;NNaO requires 250.1208), 251

(10%), 250 (100).

= (%)-(1R,2S,7S)-8-Benzyl-1,2-dihydroxy-8-azabicyclo[5.2.0lnonan-9-one 264

H ,Bn H ,Bn
C}l !
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262 264

A novel compound prepared according to a literature procedure.®® A solution of lactam 262
(0.124 g, 0.55 mmol) in a 5:5:2 mixture of H,0:acetone:tBuOH (3.1 mL) was treated with NMO
(0.153 g, 1.31 mmol) and 0sO, (3 mg, 0.01 mmol). After 18 h at 40 °C, sodium bisulfite was
added (0.314 g, 1.65 mmol) to quench the reaction. After 45 min at 40 °C, the reaction mixture
was diluted with brine (5 mL) and extracted with CH,Cl, (2 x 10 mL). The combined organic
extracts were washed with brine (10 mL), dried over MgSQ,, filtered, evaporated under
reduced pressure and purified by column chromatography (Pet ether:EtOAc 3:1 to EtOAc) to
give dihydroxy lactam 264 (0.106 g, 74%) as a colourless oil. R; 0.15 (Pet Ether:EtOAc 1:1); Vimax
(neat)/cm™ : 3361, 2927, 1722, 1412, 1248, 1063, 981, 727, 697; &y (400 MHz, CDCl;) 1.13-1.45
(3H, m, CH,), 1.52-1.83 (3H, m, CH,), 1.88-1.95 (1H, m, CH,), 2.04-2.14 (1H, m, CH,), 3.51-3.54
(1H, m, NCHCH,), 4.12, 4.56 (2H, ABq, J 15.2 Hz, CH,Ph), 4.17 (1H, d, J 10.0 Hz, CH,CHOH), 4.37
(1H, br's, OH), 5.26 (1H, br's, OH), 7.28-7.37 (5H, m, Ar H); 6. (100 MHz, CDCl5) 23.8 (CH,), 27.3
(CHy), 29.7 (CH,), 32.0 (CH,), 44.2 (CH,, CH,Ph), 63.8 (CH, CH,CHN), 71.5 (CH, CH,CHOH), 87.5
(C, CHCOH), 127.8 (CH, Ar), 128.3 (2 x CH, Ar), 128.8 (2 x CH, Ar), 135.2 (C, Ar), 170.9 (C, C(O)N);

m/z (ES) 284.1269 ([M+Na]* C;sH;sNNaO; requires 284.1263), 285 (6%), 284 (100).
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= (£)-(1R,6S)-7-Benzyl-7-azabicyclo[4.2.1]nonane-8,9-dione 265

3
H ,Bn
N Bn\N‘
e
OH O ©
HO
264 265

A novel compound prepared according to a literature procedure.” A solution of PPh; (0.158 g,
0.603 mmol) and C,Clg (0.143 g, 0.603 mmol) in CH3CN (1 mL) was stirred at rt for 30 min and
then added dropwise over 2 min onto a solution of dihydroxy lactam 264 (0.105 g, 0.402
mmol) in CH;CN (1.7 mL). After heating to reflux for 18 h, the reaction mixture was
concentrated under reduced pressure and directly purified by column chromatography (Pet
ether to Pet ether:EtOAc 3:2) to give bicyclic ketone 265 (76 mg, 78%) as a colourless oil. R¢
0.53 (Pet Ether:EtOAC 3:2); Vmax (neat)/cm™ : 2930, 1767, 1685, 1419, 1244, 699; &, (300 MHz,
CDCl;) 1.33-1.62 (4H, m, CH,), 1.70-2.11 (4H, m, CH,), 3.02 (1H, dd, J 2.9 and 7.0 Hz,
C(O)CHC(0)), 3.85 (1H, app t, J 2.9 Hz, CH,CHN), 4.04, 4.15 (2H, ABq, J 14.8 Hz, CH,Ph), 7.20-
7.40 (5H, m, Ar H); 6. (100 MHz, CDCls) 22.9 (CH,), 24.7 (CH,), 27.2 (CH,), 27.7 (CH,), 43.8 (CH,,
CH,Ph), 50.9 (CH, C(O)CHC(0)), 65.3 (CH, CH,CHN), 128.2 (CH, Ar), 128.6 (2 x CH, Ar), 129.1 (2 x
CH, Ar), 135.4 (C, Ar), 173.0 (C, C(O)N), 207.8 (C, CHC(O)CH); m/z (ES) 244.1330 ([M+H]"

CisH1sNO, requires 244.1332), 487 (65%), 244 (100).

= 3-Bromocycloheptene 266
Br
O — U
266

prepared according to the literature procedure.'

d*’ A mixture of

A known compoun
cycloheptene (10.3 g, 107 mmol), NBS (7.61 g, 42.7 mmol) and benzoyl peroxide (70%, 0.125 g,
0.52 mmol) in CCl, (36 mL) was heated to reflux. After 1.5 h, the reaction mixture was allowed

to cool to rt and filtered (eluent CH,Cl,). The filtrate was concentrated under reduced pressure
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and purified via Kugelrohr distillation (0.8 mmHg, 115 °C) to give 266 (4.15 g, 56%) as a
colourless oil (lit. yield 58%). 64 (400 MHz, CDCl3) 1.45-1.54 (1H, m, CH,), 1.74-1.91 (2H, m,
CH,), 1.96-2.09 (2H, m, CH,), 2.15-2.28 (3H, m, CH,), 4.92-4.96 (1H, m, CH,CHBr), 5.73-5.96 (2H,
m, CH=CH); & (100 MHz, CDCl5) 26.6 (CH,), 26.8 (CH,), 28.5 (CH,), 36.5 (CH,), 54.0 (CH, CHBr),
132.5 (CH, CH,CH=CH), 135.7 (CH, CH=CHCHBr). Literature data:* Vi (neat)/cm™: 3025,
2928, 1642, 1444, 763; &, (300 MHz, CDCl5) 5.92 (dd, J = 11.5, 6.0 Hz, 1H, H-2), 5.83 (dt, J =
11.4, 5.7 Hz, 1H, H-1), 4.93 (t (distorted), J = 6.0 Hz, 1 H, H-3), 2.27-1.40 (m, 8 H, allylic,

homoallylic, and H-5); 6¢ (75 MHz, CDCl;) 135.27, 132.22, 53.56, 36.24, 28.22, 26.58, 26.36.

=  N-(4-Methoxyphenyl)cyclohept-2-enamine 267

H
Br N\©\
S — O W
266 267

A novel compound prepared according to a literature procedure.”’ A solution of 4-
methoxyaniline (7.35 g, 59.7 mmol) in CH;CN (60 mL) was treated with 3-bromocycloheptene
266 (3.87 g, 22.1 mmol) and K,CO; (3.36 g, 24.3 mmol). After 10 h at rt, the reaction mixture
was quenched with H,0 (60 mL) and extracted with Et,0 (2 x 60 mL). The combined organic
extracts were washed with brine (100 mL), dried over MgS0Q,, filtered, evaporated under
reduced pressure and purified by column chromatography (Hexane to Hexane:EtOAc 96:4) to
give amine 267 (3.57 g, 74%) as a brown oil. R; 0.76 (Pet ether:EtOAc 9:1); Vmax (neat)/cm™:
3406, 2920, 1509, 1237, 1029, 812; 6, (400 MHz, CDCls) 1.34-1.44 (1H, m, CH,), 1.51-1.60 (1H,
m, CH,), 1.65-1.79 (2H, m, CH,), 1.92-2.04 (2H, m, CH,), 2.15-2.27 (2H, m, CH,), 3.75 (3H, s,
OCHs), 3.80 (1H, br s, NH), 4.04 (1H, br d, J 10.0 Hz, CH,CHN), 5.69 (1H, d, J 11.6 Hg,
CH,CH=CH), 5.82-5.88 (1H, m, CH=CHCHN), 6.61 (2H, d, J 9.0 Hz, Ar H), 6.79 (2H, d, J 9.0 Hz, Ar
H); 6¢ (100 MHz, CDCl;) 26.7 (CH,), 28.7 (CH,), 28.8 (CH,), 33.9 (CH,), 55.2 (CHs;, OCH3), 55.8

(CH, CH,CHN), 115.0 (2 x CH, Ar), 115.3 (2 x CH, Ar), 131.3 (CH, CH=CHCHN), 137.3 (CH,
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CH,CH=CH), 141.1 (C, ArCN), 152.3 (C, ArCO); m/z (El) 217.1470 (M" CyyHisNO requires

217.1467), 218 ([M+H]", 13%), 217 (100), 188 (33), 123 (38), 108 (15).

=  Cyclohept-2-en-1-yl(4-methoxyphenyl)carbamic chloride 268

PMP PMP
NH N__0O
- > ¥
cl
267 268

A novel compound prepared according to a literature procedure.”” A solution of triphosgene
(1.79 g, 6.02 mmol) in toluene (100 mL) was treated with pyridine (1.58 mL, 19.6 mmol) and
subsequently with a solution of amine 267 (3.53 g, 16.3 mmol) in toluene (25 mL). The reaction
mixture was stirred for 18 h at rt, quenched with NaHCO; (100 mL of a saturated aq. solution)
and extracted with Et,0 (2 x 100 mL). The combined organic extracts were washed sequentially
with HCI (100 mL of a 0.25 M ag. solution), H,O (100 mL) and brine (100 mL), dried over
MgSO0.,, filtered and evaporated under reduced pressure to give carbamoyl chloride 268 (1.85
g, 100%) as a white solid. mp 49-51 °C; R 0.56 (Pet ether:EtOAc 9:1); Vs (neat)/cm™: 2939,
1725, 1511, 1380, 1209, 1036, 834, 733; &, (400 MHz, CDCl3) 1.21-1.31 (1H, m, CH,), 1.52-1.73
(3H, m, CH,), 1.89-2.07 (3H, m, CH,), 2.08-2.16 (1H, m, CH,), 3.81 (3H, s, OCHs), 4.97 (1H, d, J
8.8 Hz, CH,CHN), 5.75-5.83 (2H, m, CH=CH), 6.90 (2H, d, J 9.0 Hz, Ar H), 7.12 (2H, d, J 9.0 Hz, Ar
H); 6¢ (100 MHz, CDCl;) 26.3 (CH,), 27.9 (CH,), 28.2 (CH,), 33.2 (CH,), 55.5 (CHs;, OCH3), 62.6
(CH, CH,CHN), 114.3 (2 x CH, Ar), 130.6 (2 x CH, Ar), 132.1 (CH, CH,CH=CH), 132.6 (CH,
CH=CHCHN), 132.9 (C, ArCN), 149.5 (C, ArCO), 159.6 (C, NC(0)Cl); m/z (El) 279.1017 (M*

CisH15 CINO, requires 279.1026), 185 (6%), 149 (100), 134 (70), 106 (32), 79 (35).
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= Diethylthiocarbamic acid-[(4-methoxyphenyl)(cyclohept-2-enyl)carbamic acid]-

thioanhydride 269

?MP ?MP
N 0 N (o)
\]& \f
Cl SYS
Et,N
268 269

A novel compound prepared according to a literature procedure.”” A solution of carbamoyl
chloride 268 (4.40 g, 15.7 mmol) in acetone (120 mlL) was treated with sodium
diethyldithiocarbamate trihydrate (14.2 g, 62.9 mmol). The reaction mixture was heated at
reflux for 18 h quenched with H,0 (100 mL) and extracted with Et,0 (3 x 100 mL). The
combined organic extracts were washed with brine (100 mL), dried over MgSQ,, filtered,
evaporated under reduced pressure and purified by column chromatography (Pet ether to Pet
ether:EtOAc 4:1) to give dithiocarbamate 269 (5.21 g, 84%) as a pale yellow solid. mp 86-89 °C
(CH,Cl,); R 0.54 (Pet ether:EtOAC 7:3); Vmax (neat)/cm™: 2929, 1678, 1506, 1417, 1239, 1198,
839, 794, 734; 6, (400 MHz, CDCl5) 1.21 (3H, t, J 7.2 Hz, CH,CH;), 1.31 (3H, t, J 7.2 Hz, CH,CH5),
1.44-1.71 (4H, m, CH,), 1.87-1.92 (2H, m, CH,), 1.97-2.14 (2H, m, CH,), 3.77 (2H, q, J 7.2 Hz,
CH,CHs), 3.82 (3H, s, OCH3), 3.99 (2H, q, J 7.2 Hz, CH,CHs), 5.17 (1H, d, J 11.2 Hz, CH,CHN),
5.69-5.79 (2H, m, CH=CH), 6.88 (2H, d, J 8.6 Hz, Ar H), 7.19 (2H, d, J 8.6 Hz, Ar H); & (100 MHz,
CDCls) 11.3 (CHs, CH,CH3), 13.6 (CHs, CH,CHs), 26.4 (CH,), 28.0 (CH,), 28.4 (CH;), 33.5 (CH,),
46.8 (CH,, CH,CHs), 50.4 (CH,, CH,CH3), 55.6 (CHs, OCH3), 59.9 (CH, CH,CHN), 114.5 (2 x CH, Ar),
130.3 (C, ArCN), 131.9 (2 x CH, Ar), 132.1 (CH, CH,CH=CH), 133.3 (CH, CH=CHCHN), 160.1 (C,
ArCO), 164.1 (C, C(O)N), 185.6 (C, SC(S)); m/z (ES) 415.1482 ([M+Na]* C,0H,sN,Na0O,S, requires

415.1490), 416 (15%), 415 (100).
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= 8-(4-Methoxyphenyl)-9-ox0-8-aza-bicyclo[5.2.0lnonan-2-yl diethyldithiocarbamate 270

and 271
PMP
! H pPmP H pPmP
N__O N’ N’
G .
S._S
g H O 7y O
EtN Et,N— S Et,N— S
2 \‘( 2
S
269 270 271

Novel compounds prepared according to a modified literature procedure.® A solution of
dithiocarbamate 269 (2.02 g, 5.15 mmol) in chlorobenzene (52 mL) was degassed for 10 min
and irradiated with a 500 W lamp which generated enough heat to bring the solution to reflux.
After 2 h, the solvent was removed under reduced pressure and the crude product obtained
was purified by column chromatography (Pet ether to Pet ether:EtOAc 9:1) to give (%)-
(1S,2R,7R) lactam 270 (0.779 g, 39%) and (%)-(1S,2R,7S) lactam 271 (0.587 g, 29%) as off-white
solids.

270: mp 113-115 °C (CH,Cl,); R; 0.28 (Pet ether:EtOAc 4:1); Vs (neat)/cm™: 2929, 1728, 1513,
1298, 1247, 1196, 916, 818; &, (400 MHz, CDCl;) 1.23-1.33 (6H, m, CH;CH,), 1.38-2.40 (8H, m,
CH,), 3.69-4.13 (8H, m, CH,CHs, OCH; and CHCHC(O)), 4.33 (1H, br s, CH,CHS), 4.78 (1H, br s,
CH,CHN), 6.86 (2H, d, J 9.0 Hz, Ar H), 7.33 (2H, d, / 9.0 Hz, Ar H); 6. (100 MHz, CDCls) 11.5 (CHs,
CH,CHs), 12.5 (CHs, CH,CHs), 23.4 (CH,), 28.5 (CH,), 28.8 (2 x CH,), 46.7 (CH,, CH,CHs), 49.0 (CH,
CH,CHS), 49.3 (CH,, CH,CHs), 55.3 (CH;, OCHs), 56.1 (CH, CH,CHN), 56.5 (CH, CHCHC(O)), 114.2
(2 x CH, Ar), 118.4 (2 x CH, Ar), 130.9 (C, ArCN), 155.8 (C, ArCO), 164.4 (C, C(O)N), 193.4 (C,
SC(S)); m/z (ES) 415.1482 ([M+Na]" CyoH,sN,NaO,S, requires 415.1490), 416 (12%), 415 (100),
266 (11).

271: mp 108-110 °C (CH,Cl,); R¢ 0.35 (Pet ether:EtOAC 4:1); Vmay (neat)/cm™: 2928, 1717, 1509,
1238, 1138, 828; &, (400 MHz, CDCl3) 1.21-1.42 (7H, m, CHsCH, and CH,), 1.58-1.67 (2H, m,
CH,), 1.76-1.94 (3H, m, CH,), 2.19 (1H, d, J 12.8 Hz, CH,), 2.44-2.57 (1H, m, CH,), 3.68-3.83 (5H,

m, CH,CHs; and OCHs), 3.94-4.12 (3H, m, CH,CH; and CHCHC(O)), 4.26 (1H, d, J 11.6 Hz
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CH,CHS), 4.41 (1H, t, J 4.8 Hz, CH,CHN), 6.87 (2H, d, J 9.2 Hz, Ar H), 7.34 (2H, d, J 9.2 Hz, Ar H);
8¢ (100 MHz, CDCl3) 11.6 (CHs, CH,CHs), 12.5 (CHs, CH,CHs), 22.6 (CH,), 28.4 (CH,), 30.0 (CH,),
34.2 (CH,), 46.8 (CH,, CH,CHs), 49.3 (CH,, CH,CH;), 49.5 (CH, CH,CHS), 55.4 (CHs, OCHs), 55.6
(CH, CH,CHN), 57.4 (CH, CHCHC(O)), 114.4 (2 x CH, Ar), 118.4 (2 x CH, Ar), 131.3 (C, ArCN),
155.9 (C, ArCO), 165.3 (C, C(O)N), 194.3 (C, SC(S)); m/z (ES) 415.1495 ([M+Na]* CxH,sN,Na0,S,

requires 415.1490), 416 (18%), 415 (100), 266 (8), 244 (7).

= 8-(4-Methoxyphenyl)-8-azabicyclo[5.2.0]lnon-1-en-9-one 272

H pmp H pmpP H pmpP
0 0 0

H L H
Et,N EtN
1 1

271 272 270

\

mll

A novel compound prepared according to a modified literature procedure® and the literature
procedure.”

A solution of lactam 271 (0.112 g, 0.285 mmol) in THF (2.9 mL) was cooled to -78 °C and
treated with methyl iodide (20 pL, 0.31 mmol). The reaction mixture was stirred at -78 °C for
1.5 h, LHMDS (0.31 mL of a 1.0 M solution in THF, 0.31 mmol) was added over 2 min. After 7 h
at -78 °C, the solvent was removed under reduced pressure and the crude product obtained
was purified by column chromatography (Pet ether to Pet ether:EtOAc 7:3) to give lactam 272
(64 mg, 93%) as a white solid.

A solution of lactam 270 (0.412 g, 1.05 mmol) in diphenyl ether (10.5 mL) was heated to reflux.
After 2.5 h, the reaction mixture was directly purified by column chromatography (Pet ether to
Pet ether:EtOAc 4:1) to give lactam 272 (0.217 g, 85%) as a white solid and non-conjugated
lactam 273 (26 mg, 10%) as a light green solid.

mp 112-114 °C (CH,Cl,); R; 0.64 (Pet ether:EtOAc 7:3); Vma (neat)/cm™: 2930, 2840, 1731, 1712,

1509, 1242, 1126, 1028, 826, 809; &, (400 MHz, CDCl;) 1.25-1.41 (2H, m, CH,), 1.50-1.61 (1H,
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m, CH,), 1.88-1.95 (1H, m, CH,), 2.03-2.11 (1H, m, CH,), 2.16-2.25 (1H, m, CH,), 2.35-2.43 (1H,
m, CH,), 2.46-2.52 (1H, m, CH,), 3.78 (3H, s, OCH;), 4.34-4.37 (1H, m, CH,CHN), 6.52 (1H, ddd, J
1.6, 4.2 and 8.2 Hz, CH,CH=C), 6.86 (2H, d, J 8.8 Hz, Ar H), 7.35 (2H, d, J 8.8 Hz, Ar H); ¢ (100
MHz, CDCl3) 27.2 (CH,), 27.7 (CH,), 29.0 (CH,), 31.4 (CH,), 55.7 (CHs, OCH3), 61.0 (CH, CH,CHN),
114.6 (2 x CH, Ar), 118.0 (2 x CH, Ar), 127.9 (CH, CH,CH=C), 132.1 (C, ArCN), 144.6 (C,
CH=CC(0)), 156.0 (C, ArCO), 159.7 (C, C(O)N); m/z (ES) 266.1149 ([M+Na]* CisHi;NNaO,

requires 266.1157), 298 (7%), 282 (13), 267 (4), 266 (100), 244 (5).

= (£)-(1R,7S)-8-(4-Methoxyphenyl)-8-azabicyclo[5.2.0]non-2-en-9-one 273

H pmp H PvP
o '\ o
EtzN\‘(
S

271 273
A novel compound prepared according to a literature procedure.” A solution of lactam 271
(0.106 g, 0.270 mmol) in diphenyl ether (2.7 mL) was heated to reflux. After 2.5 h, the reaction
mixture was directly purified by column chromatography (Pet ether to Pet ether:EtOAc 7:3) to
give lactam 273 (59 mg, 89%) as a light green solid. mp 94-96 °C; R; 0.54 (Pet ether:EtOAc 7:3);
Vmax (Neat)/cm™: 2939, 1723, 1510, 1382, 1243, 1030, 825; &, (400 MHz, CDCl;) 1.50-1.80 (3H,
m, CH,), 2.15-2.29 (3H, m, CH,), 3.76 (3H, s, OCHs), 4.05-4.08 (1H, m, =CHCHC(0)), 4.15-4.20
(1H, m, CH,CHN), 5.64-5.72 (2H, m, CH=CH), 6.85 (2H, d, J 9.0 Hz, Ar H), 7.30 (2H, d, J 9.0 Hz, Ar
H); 6¢ (100 MHz, CDCl3) 19.2 (CH,), 27.2 (CH,), 28.2 (CH,), 52.7 (CH, =CHCHC(0)), 55.2 (CH,
CH,CHN), 55.6 (CHs, OCHs), 114.5 (2 x CH, Ar), 118.5 (2 x CH, Ar), 121.0 (CH, CH,CH=CH), 128.9
(CH, CH=CHCH), 131.2 (C, ArCN), 156.0 (C, ArCO), 165.5 (C, C(O)N); m/z (ES) 266.1156 ([M+Na]*

CisH1;NNaO; requires 266.1157), 415 (17%), 298 (10), 267 (5), 266 (100).
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= (£)-(1S,2R,7R)-8-(4-Methoxyphenyl)-1,2-dihydroxy-8-azabicyclo[5.2.0]nonan-9-one 274

o PvP H pPmP
CH !
D
(¢} oH O
OH
272 274

A novel compound prepared according to a literature procedure.®® A solution of lactam 272
(0.309 g, 1.27 mmol) in a 5:5:2 mixture of H,0:acetone:tBuOH (7.0 mL) was treated with NMO
(0.402 g, 3.43 mmol) and OsO, (10 uL of a 4 wt% aqg. solution, cat). After 18 h at 40 °C, sodium
bisulfite was added (0.0.724 g, 3.81 mmol) to quench the reaction. After 1.5 h at 40 °C, the
reaction mixture was diluted with brine (10 mL) and extracted with EtOAc (2 x 10 mL). The
combined organic extracts were washed with brine (10 mL), dried over MgS0O,, filtered,
evaporated under reduced pressure and purified by column chromatography (Pet ether:EtOAc
3:1 to Pet ether:EtOAc 1:3) to give diol 274 (0.272 g, 77%) as a white solid. mp 168-170 °C
(CH,Cl,); R¢ 0.24 (Pet ether:EtOAC 2:3); Vmax (neat)/cm™: 3436, 3349, 2925, 2849, 1721, 1512,
1248, 1108, 973, 821; 6, (400 MHz, CDCl3) 1.30-1.49 (3H, m, CH,), 1.70-1.90 (3H, m, CH,), 2.04-
2.14 (1H, m, CH,), 2.43 (1H, br s, CH,), 3.11 (1H, br s, OH), 3.78 (3H, s, OCHs), 4.08 (1H, dd, J 4.8
and 10.8 Hz, CH,CHN), 4.10-4.26 (2H, dd and br s, J 1.6 and 10.4 Hz, CH,CHOH and OH), 6.85
(2H, d, J 8.8 Hz, Ar H), 7.28 (2H, d, J 8.8 Hz, Ar H); 6. (100 MHz, CDCls) 24.3 (CH,), 27.3 (CH,),
29.5 (CH,), 31.7 (CH,), 55.7 (CHs, OCHs), 64.4 (CH, CH,CHN), 72.1 (CH, CH,CHOH), 86.6 (C,
CHCOH), 114.6 (2 x CH, Ar), 119.6 (2 x CH, Ar), 130.3 (C, ArCN), 156.7 (C, ArCO), 167.7 (C,

C(O)N); m/z (ES) 300.1209 ([M+Na]" C;5H1sNNaO, requires 300.1212), 301 (10%), 300 (100).
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= (%)-(3aR,5aS,9aS)-5-(4-Methoxyphenyl)hexahydro-[1,3,2]dioxathiolo[4',5":2,3]
cyclohepta[1,2-b]azet-4(5H)-one 2-oxide 275a and 275b

H  pmP
N

OH ©
OH

275b

274
Novel compounds prepared according to a literature procedure.®® A solution of diol 274 (0.149
g, 0.537 mmol) in CH,Cl, (2.8 mL) at 0 °C was treated with pyridine (195 uL, 2.42 mmol) and
SOCl, (78 uL, 1.07 mmol). The ice bath was removed after 30 min and stirring continued at rt
for 4 h. The reaction mixture was diluted with H,0 (2.5 mL) and extracted with CH,Cl, (2 x 4
mL). The combined organic extracts were washed sequentially with HCI (5 mL of a 1 M aq.
solution) and brine (5 mL), dried over MgSQ,, filtered, evaporated under reduced pressure and
purified by column chromatography (Pet ether to Pet ether:EtOAc 7:3) to give 275a (65 mg,
38%) and 275b (86 mg, 49%) as white solids.
275a: mp 147-148 °C (CH,Cl,); R; 0.48 (Pet ether:EtOAC 7:3); Vimax (neat)/cm™: 2940, 1747, 1510,
1245, 1220, 948, 930, 836, 655; &, (300 MHz, CDCl;) 1.46-1.68 (3H, m, CH,), 1.75-1.96 (2H, m,
CH,), 2.02-2.27 (3H, m, CH,), 3.79 (3H, s, OCHs), 4.01 (1H, dd, J 3.9 and 7.8 Hz, CH,CHN), 5.35
(1H, dd, J 3.6 and 7.2 Hz, CH,CHOS), 6.88 (2H, d, J 9.0 Hz, Ar H), 7.33 (2H, d, J 9.0 Hz, Ar H); &
(100 MHz, CDCl3) 22.4 (CH,), 23.7 (CH,), 27.6 (CH,), 28.8 (CH,), 55.6 (CHs;, OCHs), 64.3 (CH,
CH,CHN), 82.1 (CH, CH,CHOS), 95.6 (C, CHCOS), 114.7 (2 x CH, Ar), 119.6 (2 x CH, Ar), 129.6 (C,
ArCN), 157.1 (C, ArCO), 160.5 (C, C(O)N); m/z (ES) 346.0736 ([M+Na]" CisH,;NNaOsS requires
346.0725), 362 (29%), 346 (100).
275b: mp 128-130 °C (CH,Cl,); R; 0.67 (Pet ether:EtOAc 7:3); Vmax (neat)/cm™: 2934, 1740,
1513, 1396, 1204, 947, 928, 660; 6, (300 MHz, CDCl;) 1.49-1.68 (3H, m, CH,), 1.81-1.98 (2H, m,
CH,), 2.05-2.14 (1H, m, CH,), 2.33-2.44 (2H, m, CH,), 3.79 (3H, s, OCHs), 4.59 (1H, dd, J 3.8 and

9.8 Hz, CH,CHN), 4.92 (1H, dd, J 2.7 and 9.0 Hz, CH,CHOS), 6.90 (2H, d, J 9.3 Hz, Ar H), 7.31 (2H,
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d, J 9.3 Hz, Ar H); 8¢ (100 MHz, CDCl3) 22.8 (CH,), 24.5 (CH,), 27.9 (CH,), 30.9 (CH,), 55.6 (CHs,
OCH;), 64.5 (CH, CH,CHN), 83.9 (CH, CH,CHOS), 94.9 (C, CHCOS), 114.8 (2 x CH, Ar), 119.9 (2 x
CH, Ar), 129.4 (C, ArCN), 157.2 (C, ArCO), 160.5 (C, C(O)N); m/z (ES) 346.0723 ([M+Na]’

Ci1sH17;NNaOsS requires 346.0725), 378 (29%), 346 (100).

= (%)-(1R,6S5)-7-(4-Methoxyphenyl)-7-azabicyclo[4.2.1]nonane-8,9-dione 276

3
H pmp
N PMP~p
—
OH O ©
OH
274 276

A novel compound prepared according to a literature procedure.” A solution of PPh; (0.157 g,
0.599 mmol) and hexachloroethane (0.142 g, 0.599 mmol) in CH3CN (1 mL) was stirred at rt for
30 min and then added dropwise over 2 min onto a solution of diol 274 (0.111 g, 0.401 mmol)
in CH3CN (1.7 mL). After heating to reflux for 18 h, the reaction mixture was concentrated
under reduced pressure and directly purified by column chromatography (Pet ether to Pet
ether:EtOAc 3:2) to give bicyclic ketone 276 (0.102 g, 98%) as a yellow solid.

A solution of cyclic sulphites 275 (0.151 g, 0.467 mmol) in diphenyl ether was heated to 190 °C.
After 2 h, the reaction mixture was directly purified by column chromatography (Pet
ether:EtOAc 3:1 to Pet ether:EtOAc 1:3) to give bicyclic ketone 276 (0.113 g, 94%) as a yellow
solid.

mp 116-119 °C; R; 0.61 (Pet ether:EtOAc 1:1); Vmay (neat)/cm™: 2934, 1764, 1687, 1507, 1389,
1244, 1128, 1020, 827, 797; 64 (400 MHz, CDCl5) 1.47-1.68 (4H, m, CH,), 1.78-1.88 (2H, m, CH,),
1.93-2.01 (1H, m, CH,), 2.07-2.15 (1H, m, CH,), 3.08 (1H, dd, J 2.6 and 7.0 Hz, C(O)CHC(0)), 3.78
(3H, s, OCHs), 4.52 (1H, t, J 3.0 Hz, C(O)CHN), 6.91 (2H, d, J 9.0 Hz, Ar H), 7.40 (2H, d, J 9.0 Hz,
Ar H); 6 (100 MHz, CDCls) 23.2 (CH,), 24.6 (CH,), 27.6 (CH,), 28.4 (CH,), 51.9 (CH, C(O)CHC(0O)),

55.6 (CHs, OCHs), 68.7 (CH, CH,CHN), 114.7 (2 x CH, Ar), 124.7 (2 x CH, Ar), 129.1 (C, ArCN),
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157.8 (C, ArCO), 171.9 (C, C(O)N), 207.2 (C, CHC(O)CH); m/z (ES) 282.1100 ([M+Na]

CisHi;NNaO; requires 282.1106), 314 (39%), 282 (100).

= 3-Bromocyclopentene 277
Br
a — g
277

A known compound'”’ prepared according to the literature procedure.'” A mixture of
cyclopentene (13.3 mL, 150 mmol), NBS (10.7 g, 60.0 mmol) and benzoyl peroxide (70%, 0.150
g, 0.433 mmol) in CCl, (50 mL) was heated at reflux for 1.25 h. The reaction mixture was
filtered (eluent CH,Cl,, 30 mL). The filtrate was concentrated under reduced pressure and
purified via Kugelrohr distillation (0.8 mmHg, 60 °C) to give allyl bromide 277 (4.72 g, 53%) as a
colourless oil (lit. yield 12%). 64 (400 MHz, CDCl3) 2.31-2.40 (3H, m, CH,), 2.57-2.68 (1H, m,
CH,), 5.13-5.19 (1H, m, CH,CHBr), 5.99-6.05 (2H, m, CH=CH); & (100 MHz, CDCls) 31.2 (CH,),
35.6 (CH,), 58.3 (CH, CHBr), 133.5 (CH, CH,CH=CH), 136.6 (CH, CH=CHCHBr); m/z (El) 280 (5%),
278 (5), 211 (5), 213 (5), 199 (7), 133 (100). Literature data:*’’ &, (400 MHz, CDCl;) 2.38 (m,

3H), 2.62 (m, 1H), 5.16 (m, 1H), 6.04 (m, 2H); 6. (100 MHz, CDCl;) 31.1, 35.5, 58.4, 133.3, 136.6.

= N-(Cyclopent-2-en-1-yl)-4-methoxyaniline 278
H
Br N\©\
g g o”
277 278

A novel compound prepared according to a literature procedure.”’” A solution of 4-
methoxyaniline (1.50 g, 12.2 mmol) in CH3;CN (12 mL) was treated with allyl bromide 277
(0.662 g, 4.50 mmol) and K,CO; (0.684 g, 4.95 mmol). After 8.5 h at rt, the reaction mixture
was quenched with NH,Cl (10 mL of a saturated ag. solution) and extracted with Et,0 (2 x 15

mL). The combined organic extracts were washed with brine (20 mL), dried over MgSQ,,
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filtered, evaporated under reduced pressure and purified by column chromatography (Hexane
to Hexane:EtOAc 96:4) to give amine 278 (0.601 g, 71%) as an orange oil. R; 0.52 (Pet
ether:EtOAC 9:1); Vinax (neat)/cm'lz 3375, 2933, 1507, 1229, 1034, 816, 722; 6, (400 MHz, CDCl;)
1.61-1.70 (1H, m, CH,), 2.28-2.40 (2H, m, CH,), 2.43-2.53 (1H, m, CH;), 3.26 (1H, br s, NH), 3.76
(3H, s, OCHs), 4.46-4.54 (1H, m, CH,CHN), 5.85 (1H, dq, J 2.2 and 5.8 Hz, CH,CH=CH), 5.94-5.97
(1H, m, CH=CHCHN), 6.62 (2H, d, J 9.0 Hz, Ar H), 6.79 (2H, d, J 9.0 Hz, Ar H); 8¢ (100 MHz, CDCls)
31.3 (2 x CH,), 55.9 (CH3, OCH;), 60.6 (CH, CH,CHN), 115.0 (2 x CH, Ar), 115.1 (2 x CH, Ar), 132.3
(CH, CH,CH=CH), 134.0 (CH, CH=CHCHN), 142.0 (C, ArCN), 152.3 (C, ArCO); m/z (ES) 190.1225

([M+H]" C1,H16NO requires 190.1226), 190 (100%).

= Cyclopent-2-en-1-yl(4-methoxyphenyl)carbamic chloride 278’

PMP PMP

\ \

NH N\(O

g’ — a1
278 278'

A novel compound prepared according to a literature procedure.”” A solution of triphosgene
(1.20 g, 4.04 mmol) in toluene (74 mL) was treated with pyridine (1.06 mL, 13.1 mmol) and
subsequently with a solution of amine 278 (2.06 g, 10.9 mmol) in toluene (10 mL). The reaction
mixture was stirred for 18 h at rt, quenched with NH,CI (70 mL of a saturated aq. solution) and
extracted with Et,0 (2 x 70 mL). The combined organic extracts were washed sequentially with
HCI (100 mL of a 0.25 M ag. solution), H,0 (100 mL) and brine (100 mL), dried over MgSQ,,
filtered and evaporated under reduced pressure to give carbamoyl chloride 278’ (2.36 g, 86%)
as a yellow solid. mp 66-69 °C; R; 0.76 (Pet ether:EtOAc 4:1); Viax (neat)/cm"l: 2933, 1727,
1509, 1458, 1394, 1212, 1030, 930, 739; 6, (400 MHz, CDCl;) (as a mixture of rotamers) 1.80-
1.96 (2H, m, CH,), 2.07-2.19 (1H, m, CH,), 2.21-2.30 (1H, m, CH,), 3.81 (3H, s, OCHs), 5.46-5.59
(1H, m, CH,CHN), 5.65-5.68 (1H, m, CH,CH=CH), 5.81-5.86 (1H, m, CH=CHCHN), 6.85 (2H, d, J

8.0 Hz, Ar H), 6.92-7.13 (2H, m, Ar H); 6. (100 MHz, CDCls) 28.3 (CH,), 31.4 (CH,), 55.5 (CHs,
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OCH;), 66.6 (CH, CH,CHN), 114.1 (2 x CH, Ar), 129.2 (CH, CH,CH=CH), 131.1 (2 x CH, Ar), 131.8
(C, ArCN), 136.7 (CH, CH=CHCHN), 149.8 (C, ArCO), 159.6 (C, NC(O)Cl); m/z (ES) 274.0608
(IM+Na]* C13H1,>>CINNaO, requires 274.0605), 276 (33%), 274 (100), 252 (22), 186 (17), 172

(38).

= Diethylthiocarbamic acid-[(4-methoxyphenyl)(cyclopent-2-enyl)carbamic acid]-

thioanhydride 279

PMP PMP
N._O N_ O
\( \(
Cl > s_ .S
278" 279 NEb

A novel compound prepared according to a literature procedure.”’” A solution of carbamoyl
chloride 278’ (0.658 g, 2.61 mmol) in acetone (20 mlL) was treated with sodium
diethyldithiocarbamate trihydrate (2.36 g, 10.5 mmol). The solution was heated at reflux for 18
h, quenched with H,0 (20 mL) and extracted with Et,O (3 x 20 mL). The combined organic
extracts were washed with brine (70 mL), dried over MgSQ,, filtered, evaporated under
reduced pressure and purified by column chromatography (Pet ether to Pet ether:EtOAc 7:3)
to give dithiocarbamate 279 (0.885 g, 93%) as a yellow oil. R; 0.32 (Pet ether:EtOAc 4:1); Vimax
(neat)/cm™: 2933, 1742, 1667, 1508, 1417, 1242, 1028, 916, 741; & (400 MHz, CDCl;) (as a
mixture of rotamers) 1.21 (3H, t, J 7.0 Hz, CH,CH;), 1.31 (3H, t, J 7.0 Hz, CH,CH;), 1.74-1.81 (1H,
m, CH,), 1.85-1.93 (1H, m, CH,), 2.08-2.15 (1H, m, CH,), 2.17-2.27 (1H, m, CH,), 3.77 (2H, q, J
7.0 Hz, CH,CHs), 3.80 (3H, s, OCHs), 3.99 (2H, q, J 7.0 Hz, CH,CHs), 5.62-5.72 (2H, m, CH,CHN
and CH,CH=CH), 5.79-5.82 (1H, m, CH=CHCHN), 6.83 (2H, d, J 8.4 Hz, Ar H), 7.04-7.13 (2H, m,
Ar H); 8¢ (100 MHz, CDCl3) 11.1 (CH;, CH,CH3), 13.6 (CHs, CH,CH3), 28.3 (CH,), 31.4 (CH,), 48.7
(CH,, CH,CHs), 50.4 (CH,, CH,CHs), 55.5 (CHs3, OCHs), 64.0 (CH, CH,CHN), 114.2 (2 x CH, Ar),

129.3 (C, ArCN), 129.8 (CH, CH,CH=CH), 132.4 (2 x CH, Ar), 136.1 (CH, CH=CHCHN), 160.2 (C,

[289]



ArCO), 164.1 (C, C(O)N), 185.7 (C, SC(S)); m/z (ES) 365.1356 ([M+H]" C15H,sN,0,S, requires

365.1352), 397 (34%), 365 (100), 289 (53), 150 (10).

= (%)-(1R,2S,55)-6-(4-Methoxyphenyl)-7-oxo-6-azabicyclo[3.2.0]heptan-2-yl

diethylcarbamodithioate 280

PMP
N\(O i VP
g S\(s
Et,N
NEt, 2 H O
279 S 280

A novel compound prepared according to a literature procedure.”® A solution of
dithiocarbamate 279 (2.87 g, 7.86 mmol) in cyclohexane (79 mL) was degassed for 10 min and
irradiated with a 500 W lamp which generated enough heat to bring the solution to reflux.
After 4 h, the solvent was removed under reduced pressure and the crude product obtained
was purified by column chromatography (Pet ether to Pet ether:EtOAc 1:1) to give lactam 280
(2.62 g, 92%) as a beige solid. mp 117-119 °C; R; 0.45 (Pet ether:EtOAc 7:3); Vima (neat)/cm™:
2929, 1721, 1509, 1398, 1206, 1031, 914, 830, 800; &, (300 MHz, CDCls) 1.27 (6H, dt, J 2.6 and
7.1 Hz, CH,CH;), 1.71-1.84 (1H, m, CH,), 2.12-2.35 (3H, m, CH,), 3.70 (2H, q, J 7.1 Hz, CH,CHs),
3.78 (3H, s, OCH3), 3.80-3.85 (1H, m, CHCHC(0)), 4.01 (2H, q, J 7.1 Hz, CH,CHs), 4.48 (1H, t,J 4.2
Hz, CH,CHS), 4.61 (1H, d, J 5.4 Hz, CH,CHN), 6.88 (2H, d, J 9.0 Hz, Ar H), 7.35 (2H, d, J 9.0 Hz, Ar
H); 8¢ (100 MHz, CDCls) 11.7 (CHs, CH,CHs), 12.7 (CHs, CH,CHs), 25.8 (CH,), 30.2 (CH,), 46.8
(CH,, CH,CHs), 49.1 (CH,, CH,CHs), 49.2 (CH, CHCHC(O)), 55.6 (CHs, OCHs), 57.1 (CH, CH,CHS),
59.9 (CH, CH,CHN), 114.6 (2 x CH, Ar), 118.1 (2 x CH, Ar), 130.9 (C, ArCN), 156.2 (C, ArCO),
163.2 (C, C(O)N), 193.5 (C, SC(S)); m/z (ES) 365.1356 ([M+H]* C15H,5N,0,S, requires 365.1352),

365 (100%).
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= (£)-(1R,5S5)-8-(4-Methoxyphenyl)-6-azabicyclo[3.2.0]hept-2-en-7-one 281

B pmp H pup
oy o
_—
Et,N o) e)
2 Y-S H

S 280 281
A novel compound prepared according to a literature procedure.” A solution of lactam 280 (73
mg, 0.20 mmol) in diphenyl ether (2.0 mL) was heated to reflux. After 1 h, the reaction mixture
was directly purified by column chromatography (Pet ether to Pet ether:EtOAc 7:3) to give
lactam 281 (33 mg, 77%) as a green solid. mp 89-91 °C (CH,Cl,); R; 0.54 (Pet ether:EtOAc 7:3);
Vimax (neat)/cm'lz 2937, 1732, 1511, 1297, 1231, 1031, 826, 806, 691; &, (400 MHz, CDCl3) 2.51-
2.58 (2H, m, CH,), 3.77 (3H, s, OCHs), 4.15-4.24 (1H, m, CH,CHN), 4.55 (1H, t, J 5.4 Hz,
CHCHC(0)), 5.85-5.87 (1H, m, CH,CH=CH), 5.92-5.95 (1H, m, CH=CHC(O)), 6.85 (2H, d, J 9.2 Hz,
Ar H), 7.29 (2H, d, J 9.2 Hz, Ar H); 6. (100 MHz, CDCl;) 33.7 (CH,), 54.3 (CH, =CHCHC(0)), 55.6
(CHs, OCHs), 62.7 (CH, CH,CHN), 114.6 (2 x CH, Ar), 118.0 (2 x CH, Ar), 126.4 (CH, CH,CH=CH),
130.9 (C, ArCN), 133.3 (C, HC=CHCHC(0)), 156.0 (C, ArCO), 167.1 (C, C(O)N); m/z (El) 215.0943

(M* C13H13NO; requires 215.0946), 215 (8%), 149 (100), 134 (25).

= (%)-(1R,2S,55)-6-(4-Methoxyphenyl)-1-methyl-7-oxo-6-azabicyclo[3.2.0]heptan-2-yl

diethylcarbamodithioate 283

H pvp H pmp
m Q@
—_—
Et,N o) Et,N o)
2 s H 2

S
S 280 S 283

A novel compound prepared according to a modified literature procedure.®® A solution of
lactam 280 (99 mg, 0.27 mmol) in THF (2.7 mL) was cooled to -78 °C and treated with methyl
iodide (85 pL, 1.4 mmol) and LHMDS (1.4 mL of a 1.0 M solution in THF, 1.4 mmol). After 3 h at
-78 °C, the reaction mixture was allowed to warm to rt. After 4.5 h at rt, the solvent was

removed under reduced pressure and the crude product obtained was purified by column
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chromatography (Pet ether to Pet ether:EtOAc 4:1) to give methyl lactam 283 (9 mg, 9%) as a
colourless oil. R; 0.27 (Pet ether:EtOAc 4:1); 64 (400 MHz, CDCl5) 1.23-1.33 (6H, m, 2 x CH,CH3),
1.53 (3H, s, CHs), 1.74-1.86 (1H, m, CH,), 2.06-2.21 (2H, m, CH,), 2.30-2.42 (1H, m, CH,), 3.75
(2H, q, J 6.9 Hz, CH,CHs), 3.79 (3H, s, OCHs), 4.02 (2H, g, J 6.9 Hz, CH,CH), 4.08 (1H, d, J 4.4 Hz,
CH,CHS), 4.78 (1H, d, J 5.6 Hz, CH,CHN), 6.88 (2H, d, J 9.0 Hz, Ar H), 7.35 (2H, d, J 9.0 Hz, Ar H);
8¢ (100 MHz, CDCl5) 11.8 (CHs, CH,CHs), 12.8 (CHs, CH,CHs), 15.2 (CHs, CCHs), 26.1 (CH,), 33.0
(CH,), 46.9 (CH,, CH,CHs), 49.6 (CH,, CH,CHs), 53.9 (CH, CH,CHN), 55.7 (CHs;, OCHs), 63.9 (CH,
CH,CHS), 64.1 (C, CHC(CH3)C(0)), 114.7 (2 x CH, Ar), 118.4 (2 x CH, Ar), 131.0 (C, ArCN), 156.2
(C, ArCO), 167.3 (C, C(O)N), 194.1 (C, SC(S)); m/z (ES) 379.1507 ([M+H]" C19H,7N,0,S, requires

379.1508), 379 (27), 366 (21), 365 (100).

= (£)-(1S,5R)-3,4-Dibromobicyclo[3.2.1]oct-2-ene 287
Br
O —
Br
287

A known compound prepared according to a literature procedure.™®

A solution of norbornene
(10.0 g, 106 mmol) and tBuOK (16.7 g, 149 mmol) in pentane (70 mL) at -30 °C was treated
with a solution of CHBr; (12.1 mL, 138 mL) in pentane (12 mL) over 30 min. The reaction
mixture was allowed to warm to rt and quenched with H,0 (80 mL) after 2 h. The organic layer
was washed sequentially with H,0 (2 x 80 mL), brine (80 mL), dried over MgSQ,, filtered and
evaporated under reduced pressure. The solvent and excess of CHBr; were removed under
reduced pressure. The residual crude product obtained was purified by column
chromatography (Hexane) to give dibromo bicycle 287 (7.04 g, 25%) as a pale yellow oil. R; 0.81
(Hexane:Et,0 95:5); Viax (neat)/cm'1 12951, 2867, 1719, 1445, 1299, 1153, 1042, 859, 695, 622;
84 (400 MHz, CDCl) 1.44-1.52 (2H, m, CH,), 1.70-1.75 (2H, m, CHCH,CH), 1.95-2.04 (1H, m,
CH,), 2.19 (1H, d, J 12.0 Hz, CH,), 2.58-2.67 (1H, m, =CHCHCH,), 2.81-2.91 (1H, m, CH,CHCHBr),
4.53 (1H, d, J 2.8 Hz, CHCHBr), 6.33 (1H, dd, J 1.0 and 7.0 Hz, CH=CBr); 6. (100 MHz, CDCl;) 23.8

[292]



(CHy), 27.4 (CH,), 30.9 (CH,, CHCH,CH), 37.8 (CH, =CHCHCH,), 43.7 (CH, CH,CHCHBr), 61.3 (CH,
CHCHBr), 121.0 (C, =CBr), 139.2 (CH, CHCH=); m/z (El) 266 (M", 5%), 264 (3), 187 (68), 185 (74),

159 (99), 157 (100), 105 (44), 78 (41), 77 (64).

= (%)-(2R,5S5)-N-Benzyl-3-bromobicyclo[3.2.1]oct-3-en-2-amine 288

Ll%n

x, o
—_—
Br Br
287 288

A novel compound prepared according to a literature procedure.”” A solution of benzylamine
(7.81 mL, 71.5 mmol) in CH3;CN (72 mL) was treated with dibromo bicycle 287 (7.04 g, 26.5
mmol) and K,CO; (4.03 g, 29.1 mmol). After 6.5 h at rt, the reaction was quenched with H,0
(70 mL) and extracted with Et,0 (2 x 70 mL). The combined organic extracts were washed with
brine (90 mL), dried over MgSQ,, filtered, concentrated under reduced pressure and purified
by column chromatography (Hexane:Et,0 98:2 to Hexane:Et,0 9:1) to give amine 288 (6.98 g,
90%) as a pale yellow oil. R¢ 0.32 (Pet ether:Et,0 95:5); Vinax (neat)/cm™ : 3332, 2940, 1630,
1452, 1331, 1107, 1027, 882; &, (400 MHz, CDCl3) 1.28-1.40 (2H, m, CH,), 1.60-1.69 (1H, m,
CH,), 1.73-1.79 (2H, m, CH, and NH), 1.86-1.95 (2H, m, CH,), 2.51-2.59 (2H, m, CH,CHCHN and
CH,CHCH=), 2.96 (1H, d, J 2.4 Hz, CHCHN), 3.88, 3.98 (2H, ABq, J 13.2 Hz, NCH,Ph), 6.31 (1H, d,
J 6.8 Hz, CH=CBr), 7.26-7.44 (5H, m, Ar H); &¢ (100 MHz, CDCls) 26.5 (CH,), 30.7 (CH,), 32.6
(CH,), 38.2 (CH), 38.3 (CH), 52.3 (CH,, NCH,Ph), 68.5 (CH, CHCHN), 124.3 (C, =CBr), 127.0 (CH,
Ar), 128.3 (2 x CH, Ar), 128.5 (2 x CH, Ar), 138.1 (CH, CHCH=CBr), 140.6 (C, Ar); m/z (ES)

292.0704 (M*, CysH1o°BrN requires 292.0701), 294 (89%), 292 (100), 187 (33), 185 (28).
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=  N-Benzyl-2-bromoprop-2-en-1-amine 291
Br Br
T — X
Br NH
290 291©

A known compound prepared according to a literature procedure.'® A solution of benzylamine
(4.75 mL, 43.5 mmol) and K,CO; (2.20 g, 16.0 mmol) in DMF (36 mL) was cooled to 0 °C and
treated with 2,3-dibromopropene 290 (1.50 g, 14.5 mmol). The reaction mixture was allowed
to warm progressively to rt over 18 h, diluted with Et,0 (40 mL) and washed with brine (2 x 40
mL). The combined organic extracts were dried over MgSQ,, filtered, evaporated under
reduced pressure and purified by column chromatography (Pet ether to Pet ether:EtOAc 4:1)
to give amine 291 (3.28 g, 100%) as a pale yellow oil (lit. yield 92%). R; 0.47 (Pet ether:Et,0
3:2); Vmax (Neat)/cm™ : 3356, 3027, 2829, 1625, 1453, 1105, 892, 732; &, (400 MHz, CDCl;) 1.76
(1H, br s, NH), 3.48 (2H, s, NCH,C=), 3.75 (2H, s, NCH,Ph), 5.61 (1H, d, J 1.8 Hz, CH,=C), 5.80
(1H, d, J 1.8 Hz, CH,=C), 7.24-7.39 (5H, m, Ar H); 8¢ (100 MHz, CDCl;) 51.7 (CH,, NCH,Ph), 56.8
(CH,, NCH,C=), 118.1 (CH,, CH,=C), 127.3 (CH, Ar), 128.5 (2 x CH, Ar), 128.6 (2 x CH, Ar), 133.7
(C, CH,=CBr), 139.9 (C, Ar); m/z (El) 226 (5%), 224 (5), 146 (13), 120 (18), 91 (100). Literature
data:'® vy, (neat)/cm™ : 3320 (NH), 1625 (C=C); 64 (60 MHz, CDCl5) 1.80 (s, 1 H, NH), 3.45 (s,
2H, NCH,CBr), 3.72 (s, 2H, PhCH,N), 5.60 (d, 1H, J = 1 Hz, vinyl), 5.80 (d, 1H, J = 1 Hz, vinyl),

7.28-7.45 (m, 5H, aromatic); m/z 227, 225 (M*), 146 ([M-Br]").
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= 1-Benzyl-3-methyleneazetidin-2-one 292

T —

'}‘H "Bn
Bn
291 292

A known compound prepared according to a literature procedure.'®® A solution of amine 291
(0.207 g, 0.880 mmol) in HMPA (1.7 mL) was treated with nBusN (0.422 mL, 1.77 mmol),
Pd(OAc), (20 mg, 0.088 mmol) and PPh; (92 mg, 0.35 mmol). The reaction mixture was
saturated with CO (1 atm) for 5 min and heated to 100 °C under CO (1 atm). After 4.5 h, the
reaction mixture was quenched with H,0 (2 mL) and extracted with Et,0 (2 x 4 mL). The
combined organic extracts were washed sequentially with HCI (5 mL of a 1 M agq. solution) and
brine (50 mL), dried over MgSQ,, filtered, evaporated under reduced pressure and purified by
column chromatography (Pet ether:EtOAC 9:1 to Pet ether:EtOAc 3:2) to give lactam 292 (59
mg, 37%) as a yellow oil (lit. yield 62%). R; 0.57 (Pet ether:EtOAc 1:1); Vima (neat)/cm™ : 2960,
1735, 1396, 1355, 1216, 928, 696; &4 (400 MHz, CDCl;) 3.65 (2H, t, J 1.4 Hz, NCH,C=), 4.52 (2H,
s, NCH,Ph), 5.16 (1H, d, J 1.4 Hz, CH,=C), 5.74 (1H, d, J 1.4 Hz, CH,=C), 7.25-7.38 (5H, m, Ar H);
6¢(100 MHz, CDCl3) 46.2 (CH,, NCH,Ph), 48.0 (CH,, NCH,C=), 109.8 (CH,, CH,=C), 128.0 (CH, Ar),
128.3 (2 x CH, Ar), 129.0 (2 x CH, Ar), 135.5 (C, Ar), 145.3 (C, CH,=CC(0)), 163.7 (C, C(O)N); m/z
(EI) 173 (28%), 172 (36), 133 (32), 105 (29), 91 (100), 65 (16). Literature data:'* vy, (neat)/cm’
1. 1740(C=0); 6y (60 MHz, CDCls) 3,65 (t, J = 1 Hz, 2H, H-4), 4.54 (s, 2H, NCH,Ph), 5.17 (dd, J =
3,1 Hz, 1H, vinyl), 5.75 (dd, J = 3,1 Hz, 1H, vinyl), 7.20-7.50 (m, 5H, aromatic); & (15 MHz,
CDCl;) 45.9, 47.7, 109.2, 127.8, 135.1, 144.9, 163.0; m/z (El) 173 (M"), 172, 133, 91 (Found: C,

76.44; H, 6.42; N, 8.07. Calcd for Cy;H,;NO: C, 76.28; H, 6.40; N, 8.09%).
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=  N-Benzyl-2-phenylacetamide 297

oY
297
A known compound prepared according to the literature procedure.’” A solution of benzyl
bromide (71 uL, 0.60 mmol), benzylamine (55 uL, 0.50 mmol), Mo(CO)¢ (26 mg, 0.10 mmol),
Et,NCI (18 mg, 0.10 mmol) and nBusN (131 pL) in diglyme (6.0 mL) was heated to 150 °C. After
5.5 h, the reaction mixture was concentrated under reduced pressure and the crude residue
obtained was purified by column chromatography (Pet ether to Pet ether:EtOAc 3:2) to give
amide 297 (47 mg, 42%) as a white solid (lit. yield 52%). mp 114-115 °C (CH,Cl,); R; 0.13 (Pet
ether:EtOAcC 4:1); Vmax (neat)/cm™ : 3284, 2925, 1636, 1547, 1453, 1026, 691; &, (400 MHz,
CDCls) 3.64 (2H, s, CH,C(0)), 4.43 (2H, d, J 5.8 Hz, NCH,Ph), 5.87 (1H, br s, NH), 7.18-7.23 (2H,
m, Ar H), 7.24-7.41 (8H, m, Ar H); 6¢ (100 MHz, CDCl;) 43.7 (CH,, NHCH,Ph), 43.9 (CH,,
CH,C(0)), 127.5 (CH, Ar), 127.5 (CH, Ar), 127.6 (2 x CH, Ar), 128.8 (2 x CH, Ar), 129.2 (2 x CH,
Ar), 129.6 (2 x CH, Ar), 135.0 (C, ArCCH,C(0)), 138.2 (C, ArCCH,N), 171.0 (C, C(O)N); m/z (ES)
226.1228 ([M+H]" CisHisNO requires 226.1226), 226 (100%). Literature data:**®* Rf 0.35
(Hexane :EtOAc 1:1); &, (400 MHz, CDCl3) 7.30 (m, 10H), 5.90 (s, 1H), 4.43 (d, J=5.8 Hz, 2H),
3.64 (s, 2H); 6: (100 MHz, CDCl3) 171.0, 138.2, 134.9, 129.5, 129.1, 128.7, 127.5, 127.4, 127 .4,

60.4, 43.8, 43.6; Vmax (NaCl)/cm™: 3320, 3100, 1660, 1070; m/z (ES) 226.1 ([M+H]*); HRMS

calcd for CisHigNO ([M+H]") 226.1232, found 226.1245.
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=  Methyl benzyl(2-bromoallyl)carbamate 301
T, — U3
I?IH ITIJJ\OMe
Bn Bn
291 301
A novel compound prepared according to a literature procedure.’”® A solution of amine 291
(0.609 g, 2.69 mmol) and Et;N (3.00 mL, 21.5 mmol) in CH,Cl, (38 mL) was cooled to 0 °C and
treated with methylchloroformate (1.56 mL, 20.2 mmol). After 5 min at 0 °C, the solution was
allowed to warm to rt. After 18 h, the reaction mixture was diluted with CH,Cl, (30 mL),
washed sequentially with H,O (40 mL) and brine (40 mL), dried over MgSO,, filtered,
evaporated under reduced pressure and purified by column chromatography (Pet ether to Pet
ether:Et,0 4:1) to give carbamate 301 (0.666 g, 87%) as a colorless oil. R 0.48 (Pet ether:Et,0
4:1); Vmax (neat)/ecm™ : 2955, 1700, 1466, 1453, 1235, 1121, 947, 895, 734; &, (400 MHz, CDCls)
(mixture of rotamers) 4.06 (3H, s, OCH3), 4.29, 4.40 (2H, s, NCH,C=), 4.79, 4.81 (2H, s, NCH,Ph),
5.87 (1H, br s, CH,=C), 5.96-6.01 (1H, m, CH,=C), 7.47-7.64 (5H, m, Ar H); 6. (100 MHz, CDCl;)
(mixture of rotamers) 49.4, 49.8 (CH,, NCH,Ph), 53.3 (CHs, OCHs), 56.7 (CH,, NCH,C=), 117.6,
118.6 (CH,, CH,=C), 127.6, 128,3 (CH, Ar), 127.7 (2 x CH, Ar), 128.8 (2 x CH, Ar), 129.0 (C,
CH,=CBr), 137.1 (C, Ar), 157.1 (C, C(O)N); m/z (ES) 284.0286 ([M+H]" Ci;H:5°BrNO, requires

284.0281), 287 (14%), 286 (99), 285 (14), 284 (100).

= (£)-Methyl benzyl((1S,2R,5R)-bromobicyclo[3.2.1]oct-3-en-2-yl)carbamate 302

Elin I?n
NH N O
., — (L
Br BrONIe

288 302

A novel compound prepared according to a literature procedure.’”® A solution of amine 288
(0.372 g, 1.27 mmol) and Et3N (1.42 mL, 10.2 mmol) in CH,Cl, (18 mL) was cooled to 0 °C and

treated with methylchloroformate (0.511 mL, 6.62 mmol). After 5 min at 0 °C, the solution was
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allowed to warm to rt. After 18 h, the reaction mixture was cooled to 0 °C,
methylchloroformate (0.785 mL, 7.62 mmol) and EtsN (0.354 mL, 2.54 mmol) were added to
drive the reaction to completion. After 18 h, the reaction mixture was diluted with CH,Cl, (20
mL). The organic layer was washed sequentially with H,O (20 mL) and brine (20 mL), dried over
MgS0O,, filtered, concentrated under reduced pressure and purified by column
chromatography to give carbamate 302 (0.380 g, 85%) as a white solid. mp 149-151 °C; R; 0.44
(Pet ether:EtOAc 95:5); Vmax (neat)/cm'lz 2953, 1687, 1449, 1398, 1261, 1202, 1116, 742; &4
(400 MHz, CDCl;) (mixture of rotamers) 0.99-1.03 (1H, m, CH,), 1.26-1.60 (3H, m, CH,), 1.65-
1.74 (1H, m, CH,), 1.88-1.97 (1H, m, CH,), 2.42-2.64 (2H, m, CH,CHCHN and CH,CHCH=), 3.66,
3.79 (CHs, s, OCHs), 4.14-4.22 (1H, m, NCH,Ph), 4.48-4.68 (1H, m, CHCHN), 4.79-4.94 (1H, m,
NCH,Ph), 6.45-6.59 (1H, m, CH=CBr), 7.17-7.32 (5H, m, Ar H); 6 (100 MHz, CDCl;) (mixture of
rotamers) 28.3, 28.4 (CH,), 30.3 (CH,), 32.3 (CH,), 37.6 (CH, CH,CHCHN), 40.7, 41.0 (CH,
CH,CHCH=), 47.6 (CH,, NCH,Ph), 53.0, 53.1 (CHs;, OCH3), 66.1 (CH, CH,CHN), 120.3 (C, =CBr),
125.9 (CH, Ar), 126.3, 126.5 (2 x CH, Ar), 128.4 (2 x CH, Ar), 139.2, 139.5 (C, Ar), 141.6 (CH,
CHCH=CBr), 157.2, 157.7 (C, C(O)N); m/z (ES) 372.0564 ([M+Na]®, Ci;H °BrNNaO, requires

372.0575), 374 (100%), 372 (85).

= (£)-Benzyl((1R,2R,5S)-bromobicyclo[3.2.1]oct-3-en-2-yl)carbamic chloride 303

Elin I|3n
NH N O
., — rx
Br BrCI

288 303

A novel compound prepared according to a literature procedure.”’” A solution of triphosgene
(0.102 g, 0.343 mmol) in toluene (3.2 mL) was treated with pyridine (90 uL, 1.1 mmol) and
subsequently with a solution of amine 288 (0.272 g, 0.931 mmol) in toluene (3 mL). After 36 h
at rt, triphosgene (0.102 g, 0.343 mmol) and pyridine (90 pL, 1.1 mmol) were added to drive

the reaction to completion. After 3 h, the reaction was quenched with H,0 (7 mL) and
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extracted with Et,0O (2 x 10 mL). The combined organic extracts were washed sequentially with
HCl (15 mL of a 0.25 M agq. solution) and brine (15 mL), dried over MgSQ,, filtered and
concentrated under reduced pressure to give carbamoyl chloride 303 (0.299 g, 91%) as a
yellow oil. Rf 0.51 (Pet ether:EtOAc 95:5); Vmax (ne€at)/cm™ : 2945, 1722, 1453, 1390, 1324,
1235, 1138, 966, 719; 6,4 (400 MHz, CDCl;) (mixture of rotamers) 0.88-0.98 (1H, m, CH,), 1.10-
1.19 (1H, m, CH,), 1.26-1.35 (1H, m, CH,), 1.39-1.50 (1H, m, CH,), 1.54-1.63 (1H, m, CH,), 1.77-
1.90 (1H, m, CH;), 2.35-2.54 (2H, m, CH,CHCHN and CH,CHCH=), 4.16-4.34 (1H, m, NCH,Ph),
4.51-4.63 (1H, m, CHCHN), 4.81-4.91 (1H, m, NCH,Ph), 6.44-6.47 (1H, m, CH=CBr), 7.06-7.23
(5H, m, Ar H); 8¢ (100 MHz, CDCl;) (mixture of rotamers) 28.4 (CH,), 30.2, 30.3 (CH,), 32.1 (CH,),
37.6 (CH, CH,CHCHN), 40.0, 41.1 (CH, CH,CHCH=), 50.3, 51.2 (CH,, NCH,Ph), 68.3, 70.2 (CH,
CH,CHN), 118.2, 118.3 (C, =CBr), 125.9, 126.0 (2 x CH, Ar), 127.1, 127.2 (CH, Ar), 128.7 (2 x CH,
Ar), 136.6, 137.2 (C, Ar), 142.7, 142.8 (CH, CHCH=CBr), 150.0, 151.6 (C, NC(0)Cl); m/z (ES)
371.0527 ([M+NH,]*, CyH,1"°Br*°CIN,O requires 371.0520), 373 (62%), 371 (47), 352 (97), 350

(100).

= (%)-N-Benzyl-N-((1S,2R,5R)-3-bromobicyclo[3.2.1]oct-3-en-2-yl)pentanamide 304

I?n I?n
N__O N__O
\,é . \f
B Cl Bu
r
303 304

A novel compound prepared according to a literature procedure.’” A solution of nBulLi (0.90
mL of a 1.1 M solution in hexanes, 0.96 mmol) in THF (4.6 mL) was cooled to -78 °C and treated
with carbamoyl chloride 303 (0.113 g, 0.319 mmol). After 1.5 h at -78 °C, the reaction mixture
was quenched with NH,Cl (5 mL of a saturated aq. solution) and extracted with Et,0 (2 x 5 mL).
The combined organic extracts were washed with brine (10 mL), dried over MgSQ,, filtered,
concentrated under reduced pressure and purified by column chromatography to give amide

304 (24 mg, 25%) as a colorless oil. R¢ 0.48 (Pet ether:EtOAc 9:1); Vs (neat)/cm™ : 2952, 1641,
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1406, 1195, 1170, 728; &, (400 MHz, CDCl5) 0.81 (3H, t, J 7.2 Hz, (CH,)sCH;), 1.17-1.98 (11H, m,
CH,), 2.06-2.24 (1H, m, CH,), 2.37-2.61 (2H, m, CH,CHCHN and CH,CHCH=), 4.58-4.75 (3H, m,
NCH,Ph and CHCHN), 5.24-5.33 (1H, m, CH,CHCH=), 6.11-6.18 (1H, m, CH=CHCHN), 7.13-7.34
(5H, m, Ar H); 6 (100 MHz, CDCl;) (mixture of rotamers) 14.0 (CHs, (CH,);CH;3), 22.6 (CH,), 27.5
(CH,), 28.2 (CH,), 30.1 (CH,), 32.7(CH,), 33.9 (CH,), 35.0, 35.6 (CH, CH,CHCHN), 39.2, 41.1 (CH,
CH,CHCH=), 47.3, 48.9 (CH,, NCH,Ph), 58.4, 59.1 (CH, CH,CHN), 122.6, 122.7 (CH, CHCH=CH),
125.6 (2 x CH, Ar), 126.6, 127.0 (CH, Ar), 128.4, 128.8 (2 x CH, Ar), 139.3, 140.1 (CH,
CH=CHCHN), 139.8 (C, Ar), 174.3 (C, C(O)N); m/z (ES) 298.2171 ([M+H]", CyH:sNO requires

298.2165), 320 (14%), 300 (25), 298 (100).

= N-Benzyl-N-(2-bromoallyl)-1-methylcyclohexa-2,5-dienecarboxamide 309

(0]

Br Br

X @A — X
+
_Bn
I?JH N
Bn O)\b
291 308 309

A novel compound prepared according to a literature procedure.’” To solution of amine 291
(0.128 g, 0.566 mmol), Et3N (86 uL, 0.63 mmol) and DMAP (cat) in CH,Cl, (1.7 mL) was added
acyl chloride 308 (0.115 g, 0.734 mmol) dropwise over 1 min. The reaction mixture was heated
at reflux for 18 h, quenched with H,0 (2 mL) and extracted with CH,Cl, (2 x 3 mL). The
combined organic extracts were washed with brine (5 mL), dried over MgSQ,, filtered and
evaporated under reduced pressure to give amide 309 (0.131 g, 67%) as a colourless oil. R;
0.50 (Pet ether:Et,0 4:1); Viax (neat)/cm'l: 2931, 1639, 1397, 1223, 866, 697; &, (400 MHz,
CDCl;) (mixture of rotamers) 1.40 (3H, s, CH3), 2.57-2.77 (2H, m, =CHCH,CH=), 4.13, 4.25 (2H, s,
NCH,C=), 4.62, 4.79 (2H, s, NCH,Ph), 5.58-5.86 (6H, m, CH,=C and CH=CH), 7.13-7.36 (5H, m, Ar
H); &¢ (100 MHz, CDCl;3) (mixture of rotamers) 25.7 (CH,, CH=CH,CH=), 28.7 (CH;, =CHCCHy),

45.2 (C, =CHCCH,), 49.4, 50.7 (CH,, NCH,Ph), 52.7, 54.4 (CH,, NCH,C=), 116.1, 117.9 (CH,,
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CH,=C), 123.4 (2 x CH, CH=CH), 127.1, 127.8 (CH, Ar), 127.4 (2 x CH, Ar), 128.7 (2 x CH, Ar),
128.8 (C, CH,=CBr), 129.9, 130.2 (2 x CH, CH=CH), 136.9, 137.3 (C, Ar), 174.0, 174.1 (C, C(O)N);
m/z (ES) 368.0615 ([M+Na]* CisH,o°BrNNaO requires 368.0626), 371 (12%), 370 (89), 368

(100).

= Benzyl(2-bromoallyl)carbamic chloride 291’
TBr ﬁBrO
ITIH I}IJJ\CI
Bn Bn
291 291'
A novel compound prepared according to a literature procedure.”” A solution of triphosgene
(0.726 g, 2.45 mmol) in toluene (30 mL) was treated with pyridine (0.632 mL, 7.93 mmol) and
subsequently with a solution of amine 291 (1.50 g, 6.61 mmol) in toluene (14 mL). After 18 h at
rt, the reaction mixture was quenched with H,0 (30 mL) and extracted with Et,0 (2 x 30 mL).
The combined organic extracts were washed sequentially with HCI (30 mL of a 0.25 M aq.
solution) and brine (45 mL), dried over MgS0O,, filtered and evaporated under reduced
pressure to give carbamoyl chloride 291’ (1.80 g, 94%) as a yellow oil. R; 0.65 (Pet ether:Et,0
4:1); Vmax (neat)/cm™: 2934, 1726, 1391, 1188, 1166, 981, 905, 698; &, (400 MHz, CDCls)
(mixture of rotamers) 4.19, 4.24 (2H, s, NCH,C=), 4.63, 4.78 (2H, s, NCH,Ph), 5.70-5.72 (1H, m,
CH,=C), 5.79 (1H, br s, CH,=C), 7.26-7.41 (5H, m, Ar H); &; (100 MHz, CDCl;) (mixture of
rotamers) 51.8, 53.5 (CH,, NCH,Ph), 55.1, 56.8 (CH,, NCH,C=), 119.2, 120.4 (CH,, CH,=C), 126.3,
126.7 (C, CH,=CBr), 127.5 (CH, Ar), 128.5 (2 x CH, Ar), 129.2 (2 x CH, Ar), 134.9, 135.1 (C, Ar),

150.2, 150.6 (C, NC(0)Cl); m/z (El) 286.9724 (M" C1;H11°Br*CINO requires 286.9713), 210 (7%),

208 (35), 125 (7), 91 (100).
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= Diethyltiocarbamic acid-[benzyl(2-bromoallyl)carbamic acid]-thioanhydride 310

\[BrO BrO S
Ao T LA

Bn Bn
291’ 310

NEt,

A novel compound prepared according to a literature procedure.”’” A solution of carbamoyl
chloride 291’ (1.62 g, 5.61 mmol) in acetone (35 mL) was treated with sodium
diethyldithiocarbamate trihydrate (5.05 g, 22.4 mmol). The solution was stirred at rt for 18 h,
quenched with H,0 (30 mL) and extracted with Et,0 (3 x 30 mL). The combined organic
extracts were washed with brine (50 mL), dried over MgSQO,, filtered, evaporated under
reduced pressure and purified by column chromatography (Pet ether to Pet ether:EtOAc 7:3)
to give dithiocarbamate 310 (2.16 g, 100%) as a yellow solid. mp 76-78 °C; R; 0.51 (Pet
ether:EtOAC 4:1); Vnax (neat)/ecm™ : 2977, 1666, 1488, 1272, 1139, 976, 902, 699; &5, (400 MHz,
CDCl;) (mixture of rotamers) 1.28-1.37 (6H, m, CH,CHj5), 3.82 (2H, g, J 7.0 Hz, CH,CH;), 4.04 (2H,
q,J 7.0 Hz, CH,CHs), 4.18 (2H, br's, NCH,C=), 4.77 (2H, br s, NCH,Ph), 5.68-5.92 (2H, m, CH,=C),
7.36 (5H, br's, Ar H); 6¢ (100 MHz, CDCl;) (mixture of rotamers) 11.1 (CH;, CH,CHs), 13.4 (CH;,
CH,CH;), 48.8 (CH,, NCH,Ph), 49.6, 50.0 (CH,, CH,CHs), 50.2, 51.8 (CH,, CH,CHs), 53.2, 55.4
(CH,, NCH,C=), 119.3 (CH,, CH,=C), 126.4 (C, CH,=CBr), 127.3 (CH, Ar), 127.9 (2 x CH, Ar), 128.7
(2 x CH, Ar), 134.9, 135.2 (C, Ar), 162.9 (C, C(O)N), 183.7, 184.6 (C, C(S)S); m/z (ES) 401.0352

(IM+H]" C16H,,"°BrN,0S, requires 401.0351), 403 (100%), 401 (96), 371 (41), 176 (53).

= (4)-(1S,2R,55)-N-Benzylbicyclo[3.2.1]oct-3-en-2-amine 311

EISn I|3n

NH NH
., — O
Br
288 311

A novel compound prepared according to a literature procedure.””® A solution of amine 288

(0.150 g, 0.510 mmol) in THF (5.1 mL) was cooled to -78 °C. nBulLi (1.45 mL of a 1.06 M solution
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in hexane, 1.54 mmol) was added dropwise over 2 min. The reaction mixture was allowed to
warm to rt over 8 h, quenched with NH,Cl (10 mL of a saturated aq. solution) and extracted
with Et,0 (2 x 10 mL). The combined organic extracts were washed with brine (15 mL), dried
over MgS0O,, filtered, evaporated under reduced pressure and purified by column
chromatography (Pet ether:Et;N 97:3 to Pet ether:EtOAc:Et;N 77:20:3) to give amine 311
(0.101 g, 93%) as a yellow oil. R 0.42 (Pet ether:EtOAc 85:15); Vimay (Neat)/cm™ : 3024, 2933,
1453, 1102, 756, 732; 8, (300 MHz, CDCl3) 0.77-2.05 (7H, m, CH,), 2.33-2.78 (2H, m, CH,CHCHN
and CH,CHCH=), 2.79-2.94 (1H, m, CHCHN), 3.85, 3.97 (2H, ABq, J 13.2 Hz, NCH,Ph), 5.50 (1H,
ddd, J 1.7, 3.9 and 9.5 Hz, CHCH=CH), 5.97-6.10 (1H, m, CH=CHCHN), 7.21-7.51 (5H, m, Ar H);
6c (100 MHz, CDCl3) 27.3 (CH,), 31.2 (CH,), 32.8 (CH,), 36.0 (CH, CH,CHCH=), 37.0 (CH,
CH,CHCHN), 51.5 (CH,, NCH,Ph), 61.0 (CH, CH,CHN), 125.8 (CH, CHCH=CH), 127.1 (CH, Ar),
128.3 (2 x CH, Ar), 128.6 (2 x CH, Ar), 136.8 (CH, CH=CHCHN), 140.8 (C, Ar); m/z (ES) 214.1592

(IM+H]", C1sHyoN requires 214.1590), 425 (16%), 326 (26), 270 (82), 214 (100).

= (4)- (2R,55)-3-Bromo-N-(4-methoxyphenyl)bicyclo[3.2.1]oct-3-en-2-amine 312

PMP

Br NH
r, — (x
Br Br
287 312
A novel compound prepared according to a literature procedure.”’” A solution of 4-
methoxyaniline (6.28 g, 38.9 mmol) in CH3CN (51 mL) was treated with dibromo octene 287
(5.02 g, 18.9 mmol) and K,CO; (2.87 g, 20.8 mmol). After 7 h at rt, the reaction mixture was
quenched with H,0 (50 mL) and extracted with Et,0 (2 x 50 mL). The combined organic
extracts were washed with brine (75 mL), dried over MgSO,, filtered, evaporated under
reduced pressure and purified by column chromatography (Pet ether to Pet ether:Et,0 4:1) to
give amine 312 (5.11 g, 88%) as a beige solid. mp 105-108 °C; R; 0.59 (Pet ether:Et,0 4:1); Vax

(neat)/cm™ : 3381, 2935, 1509, 1229, 1032, 815, 761; &, (400 MHz, CDCl;) 1.28-1.35 (1H, m,
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CH,), 1.41-1.51 (1H, m, CH,), 1.60-1.73 (2H, m, CH,), 1.79 (1H, ddt, J 2.3, 9.0 and 11.6 Hz, CH,),
1.94 (1H, dddd, J 2.6, 7.9, 10.6 and 13.5 Hz, CH,), 2.54-2.60 (1H, m, CH,CHCH=), 2.63 (1H, t, J
6.3 Hz, CH,CHCHN), 3.61 (1H, d, J 2.0 Hz, CHCHN), 3.70 (1H, br s, NH), 3.75 (3H, s, OCH;), 6.39
(1H, d, J 7.1 Hz, CH=CBr), 6.62 (2H, d, J 8.9 Hz, Ar H), 6.80 (2H, d, J 8.9 Hz, Ar H); 6. (100 MHz,
CDCl3) 26.0 (CH,), 31.0 (CH,), 32.4 (CH,), 38.1 (CH, CH,CHCH=), 38.9 (CH, CH,CHCHN), 56.0 (CHs,
OCHs), 65.5 (CH, CHCHN), 114.8 (2 x CH, Ar), 115.2 (2 x CH, Ar), 122.3 (C, =CBr), 139.3 (CH,
CHCH=CBr), 141.4 (C, ArCN), 152.5 (C, ArCO); m/z (ES) 330.0453 ([M+Na]* CisH;5"°BrNNaO

requires 330.0469), 332 (100%), 330 (100), 310 (43),308 (43).

= (£)-(2R,5S)-N-(4-Methoxyphenyl)bicyclo[3.2.1]oct-3-en-2-amine 313

PMP PMP

@[NH @NH
— >
Br
312 313

A novel compound prepared according to a literature procedure.”® A solution of amine 312
(1.46 g, 4.73 mmol) in THF (47 mL) was cooled to -78 °C. nBulLi (12.7 mL of a 1.12 M solution in
hexane, 14.2 mmol) was added dropwise over 10 min. The reaction mixture was allowed to
warm to 10 °C over 4.5 h, quenched with NH,C| (50 mL of a saturated aq. solution) and
extracted with Et,0 (2 x 50 mL). The combined organic extracts were washed with brine (75
mL), dried over MgSQ,, filtered, evaporated under reduced pressure and purified by column
chromatography (Pet ether to Pet ether:Et,0 9:1) to give amine 313 (0.958 g, 88%) as a yellow
solid. mp 78-79 °C; R 0.54 (Pet ether:Et,0 4:1); Vi, (neat)/cm™ : 3369, 2932, 2867, 1616, 1507,
1225, 1034, 814, 770; 6, (400 MHz, CDCl;) 1.22-1.30 (1H, m, CH;), 1.30-1.41 (1H, m, CH,), 1.59
(1H, d, J 11.1 Hz, CH,), 1.62-1.75 (2H, m, CH,), 1.85-1.97 (1H, m, CH,), 2.46-2.57 (2H, m,
CH,CHCHN and CH,CHCH=), 3.45 (1H, br s, NH), 3.52-3.57 (1H, m, CHCHN), 3.76 (3H, s, OCHs),
5.47 (1H, ddd, J 1.7, 4.0 and 9.4 Hz, CHCH=CH), 6.09 (1H, ddt, J 1.2, 6.7 and 9.4 Hz,

NCHCH=CH), 6.60 (2H, d, J 8.9 Hz, Ar H), 6.80 (2H, d, J 8.9 Hz, Ar H); 5. (100 MHz, CDCl3) 26.7
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(CH,), 31.4 (CH,), 32.7 (CH,), 35.8 (CH, CH,CHCH=), 36.7 (CH, CH,CHCHN), 56.0 (CHs, OCHs),
57.6 (CH, CHCHN), 114.6 (2 x CH, Ar), 115.2 (2 x CH, Ar), 124.8 (CH, CHCH=CH), 137.9 (CH,
NCHCH=CH), 141.4 (C, ArCN), 152.0 (C, ArCO); m/z (ES) 230.1542 ([M+H]", C1sH,0NO requires

230.1539), 532 (16%), 445 (15), 371 (52), 355 (16), 230 (100), 149 (11).

= (%)-(2R,5S5)-3-Butyl-N-(4-methoxyphenyl)bicyclo[3.2.1]oct-3-en-2-amine 314

Fl’MP Fl’MF’
NH NH
@/\/
Br
312 314

A novel compound prepared according to a literature procedure.””® A solution of amine 312
(0.150 g, 0.487 mmol) in THF (4.9 mL) was cooled to -78 °C. nBuli (1.00 mL of a 1.46 M solution
in hexane, 1.46 mmol) was added dropwise over 1 min. The reaction mixture was stirred at -78
°C for 1 h then warmed to rt. After 3 h at rt, the reaction mixture was quenched with NH,CI (5
mL of a saturated ag. solution) and extracted with Et,0 (2 x 5 mL). The combined organic
extracts were washed with brine (10 mL), dried over MgSQ,, filtered, evaporated under
reduced pressure and purified by column chromatography (Pet ether to Pet ether:Et,0 9:1) to
give amine 313 (55 mg, 49%) as a yellow solid and alkylated amine 314 (25 mg, 18%) as a
yellow oil. R; 0.75 (Pet ether:Et,0 4:1); Viax (neat)/cm'1 : 3395, 2929, 2862, 1617, 1508, 1228,
1038, 815; 6y (400 MHz, CDCls) 0.88 (3H, t, J 7.1 Hz, (CH,)sCH;), 1.17-1.48 (6H, m, CH,), 1.58-
1.67 (3H, m, CH,), 1.79-1.98 (2H, m, CH,), 2.02-2.04 (1H, m, CH,), 2.43 (1H, d, J 3.7 Hz,
CH,CHCH=), 2.50 (1H, t, J 5.5 Hz, CH,CHCHN), 3.41 (1H, d, J 1.7 Hz, CHCHN), 3.49 (1H, br s, NH),
3.76 (3H, s, OCHs), 5.76 (1H, d, J 6.7 Hz, =CH), 6.59 (2H, d, J/ 8.9 Hz, Ar H), 6.79 (2H, d, J 8.9 Hz,
Ar H); 6¢ (100 MHz, CDCl3) 14.0 (CHs, (CH,)sCHs), 22.5 (CH,), 26.3 (CH,), 30.7 (CH;), 31.6 (CH,),
33.1 (CH,), 33.3 (CH,), 35.4 (CH, CH,CHCH=), 36.7 (CH, CH,CHCHN), 56.1 (CHs, OCHs), 59.5 (CH,

CHCHN), 114.3 (2 x CH, Ar), 115.3 (2 x CH, Ar), 131.9 (CH, =CH), 135.6 (C, =C(CH,)sCHs), 142.2
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(C, ArCN), 151.8 (C, ArCO); m/z (ES) 286.2170 ([M+H]’, CisH,sNO requires 286.2165), 532

(10%), 445 (13), 388 (10), 371 (42), 355 (11), 286 (100), 163 (96).

= (%)-(2R,5S5)-Bicyclo[3.2.1]oct-3-en-2-yl(4-methoxyphenyl)carbamic chloride 313’

PMP PMP
NH N__O
— > Y
c
313 313"

A novel compound prepared according to a literature procedure.”” A solution of triphosgene
(0.556 g, 1.87 mmol) in toluene (10 mL) was treated with pyridine (0.492 mL, 6.08 mmol) and
subsequently with a solution of amine 313 (1.16 g, 5.07 mmol) in toluene (20 mL). The reaction
mixture was stirred for 18 h at rt, quenched with NH,Cl (20 mL of a saturated agq. solution) and
extracted with Et,0 (2 x 30 mL). The combined organic extracts were washed sequentially with
HCl (50 mL of a 0.25 M agq. solution) and brine (50 mL), dried over MgSQ,, filtered and
evaporated under reduced pressure to give carbamoyl chloride 313’ (1.46 g, 99%) as a brown
solid. mp 73-74 °C; R; 0.54 (Pet ether:Et,0 4:1); Vmax (neat)/cm"l: 2940, 1723, 1509, 1246, 1203,
1033, 735; &, (400 MHz, CDCls) 0.36 (1H, d, J 11.2 Hz, CH,), 0.98 (1H, dddd, J 1.1, 3.8, 4.8 and
11.2 Hz, CH,), 1.36-1.43 (1H, m, CH,), 1.57-1.62 (2H, m, CH,), 1.88-2.01 (1H, m, CH,), 2.28-2.32
(1H, m, CH,CHCH=), 2.58 (1H, t, J 6.1 Hz, CH,CHCHN), 3.81 (3H, s, OCHs), 4.61-4.69 (1H, m,
CHCHN), 5.43 (1H, ddd, J 1.7, 3.6 and 9.5 Hz, CHCH=CH), 6.06 (1H, tdd, J 1.4, 6.9 and 16.4 Hz,
NCHCH=CH), 6.83-7.19 (4H, m, Ar H); 6. (100 MHz, CDCl;) (as a mixture of rotamers) 29.3 (CH,),
30.3 (CH,), 32.8 (CH,), 34.7 (CH, CH,CHCH=), 38.8 (CH, CH,CHCHN), 55.6 (CH3, OCH3), 62.6 (CH,
CHCHN), 113.9, 114.2 (2 x CH, Ar), 122.3 (CH, CHCH=CH), 131.2, 132.0 (2 x CH, Ar), 132.6 (C,
ArCN), 139.5 (CH, NCHCH=CH), 150.1 (C, ArCO), 159.7 (C, NC(O)Cl); m/z (ES) 314.0934
(IM+Na]*, C1H15>°CINNaO, requires 314.0934), 316 (13%), 314 (76), 310 (26), 241 (18), 239

(100).
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= (%)-(2R,5S)-Diethyldithiocarbamic  acid-[(4-methoxyphenyl)(bicyclo[3.2.1]oct-3-en-2-

yl)carbamic acid]-thioanhydride 315

PMP PMP
N__O N.__O
D ¥
cl S\Tﬁs
Et,N
313" 315

A novel compound prepared according to a literature procedure.”” A solution of carbamoyl
chloride 313’ (0.223 g, 0.764 mmol) in acetone (5.9 mL) was treated with sodium
diethyldithiocarbamate trihydrate (0.517 g, 2.29 mmol). The reaction mixture was heated at
reflux for 18 h, quenched with H,0 (6 mL) and extracted with Et,O (3 x 6 mL). The combined
organic extracts were washed with brine (10 mL), dried over MgS0O,, filtered, evaporated
under reduced pressure and purified by column chromatography (Pet ether to Pet ether:EtOAc
4:1) to give dithiocarbamate 315 (0.285 g, 92%) as a yellow solid. mp 131-132 °C (CH,Cl,); R¢
0.37 (Pet ether:EtOAC 4:1); Vmax (neat)/cm'lz 2946, 1673, 1507, 1486, 1424, 1228, 1191, 821; 64
(400 MHz, CDCls) (as a mixture of rotamers) 0.86 (1H, d, J 11.2 Hz, CH,), 0.92-1.00 (1H, m, CH,),
1.20 (3H, t, J 7.1 Hz, CH,CH;), 1.29 (3H, t, J 7.1 Hz, CH,CH;), 1.32-1.40 (1H, m, CH,), 1.49-1.57
(2H, m, CH,), 1.82-1.94 (1H, m, CH,), 2.17-2.29 (1H, m, CH,CHCH=), 2.53 (1H, t, J 6.0 Hz,
CH,CHCHN), 3.76 (2H, q, J 7.1 Hz, CH,CHs), 3.79 (3H, s, OCHs), 3.97 (2H, q, J 7.1 Hz, CH,CHs),
4.76 (1H, br s, CHCHN), 5.36 (1H, ddd, J 1.7, 3.7 and 9.5 Hz, CHCH=CH), 6.00 (1H, t, J 8.2 Hz,
NCHCH=CH), 6.83 (2H, t, J 6.8 Hz, Ar H), 7.03 (1H, d, J 8.4 Hz, Ar H), 7.21 (1H, d, J 8.4 Hz, Ar H);
6c¢ (100 MHz, CDCl3) (as a mixture of rotamers) 11.1 (CH;, CH,CHs), 13.6 (CHs;, CH,CH3), 29.1
(CH,), 30.4 (CH,), 32.7 (CH,), 34.7 (CH, CH,CHCH=), 38.9 (CH, CH,CHCHN), 48.7 (CH,, CH,CHs),
50.4 (CH,, CH,CHs), 55.5 (CHs;, OCHs), 60.0 (CH, CHCHN), 114.1 (2 x CH, Ar), 122.7 (CH,
CHCH=CH), 130.0 (C, ArCN), 132.5, 133.1 (2 x CH, Ar), 139.1 (CH, NCHCH=CH), 160.2 (C, ArCO),
164.3 (C, C(O)N), 185.7 (C, C(S)S); m/z (ES) 427.1491 ([M+Na]®, CyH,sN,Na0,S, requires
427.1490), 854 (28%), 833 (42), 832 (74), 831 (100), 690 (11), 506 (56), 450 (45), 427 (46), 405
(17), 256 (19).
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= (+)-(1S,2R,5S,6R,7R)-3-(4-Methoxyphenyl)-4-oxo-3-azatricyclo[5.2.1.0*°]decan-6-yl
diethyldithiocarbamate 316 and (%£)-(1S,2R,5S,6S,7R)-3-(4-methoxyphenyl)-4-oxo-3-

azatricyclo[5.2.1.0>°]decan-6-yl diethyldithiocarbamate 317

PMP |
N. O tpuP
v .
e :H O
Et,N 5
Et,N
315 (316
S

Novel compounds prepared according to a literature procedure.”® A solution of
dithiocarbamate 315 (1.65 g, 4.07 mmol) in cyclohexane (41 mL) was degassed for 10 min and
irradiated with a 500 W lamp which generated enough heat to bring the solution to reflux.
After 3.5 h, the solvent was removed under reduced pressure and the crude product obtained
was purified by column chromatography (Pet ether to Pet ether:EtOAc 85:15) to give cis-
lactam 316 (1.07 g, 65%) and trans-lactam 317 (0.265 g, 16%) as pale yellow solids.

316: mp 160-162 °C; R; 0.50 (Pet ether:EtOAc 7:3); Vimax (neat)/cm™: 2932, 1739, 1512, 1243,
825; &, (400 MHz, CDCl3) 1.19-1.33 (6H, m, CH,CH3;), 1.43-1.56 (2H, m, CH,), 1.64-1.91 (4H, m,
CH,), 2.71 (1H, t, J 5.2 Hz, CH,CHCHS), 2.79 (1H, q, J 5.6 Hz, CH,CHCHN), 3.19 (1H, t, J 5.1 Hz,
CHCHC(0)), 3.70 (2H, q, J 7.0 Hz, CH,CHs), 3.75 (3H, s, OCH3), 3.83-4.12 (3H, m, CH,CH; and
CHCHS), 4.71 (1H, t, J 4.8 Hz, CHCHN), 6.84 (2H, d, J 9.0 Hz, Ar H), 7.33 (2H, d, J 9.0 Hz, Ar H); 6¢
(100 MHz, CDCl3) 11.6 (CHs, CH,CHs), 12.6 (CHs, CH,CH3), 24.7 (CH,), 27.5 (CH,), 31.1 (CH,), 34.5
(CH, CH,CHCHS), 37.1 (CH, CH,CHCHN), 46.7 (CH,, CH,CHs), 48.2 (CH, CHCHC(O)), 49.2 (CH,,
CH,CHs), 50.8 (CH, CHCHN), 55.6 (CHs, OCHs), 57.9 (CH, CHCHS), 114.5 (2 x CH, Ar), 118.6 (2 x
CH, Ar), 130.9 (C, ArCN), 156.1 (C, ArCO), 166.0 (C, C(O)N), 193.4 (C, C(S)S); m/z (ES) 427.1485
([IM+Na]" Cy;1H,sN,Na0,S, requires 427.1490), 833 (19%), 832 (37), 831 (59), 428 (27), 427
(100), 405 (34).

317: mp 134-136 °C; R; 0.70 (Pet ether:EtOAc 7:3); Vmax (Neat)/cm™: 2935, 1729, 1511, 1242,

1027, 835; 6, (400 MHz, CDCl3) 1.27 (3H, t, J 7.1 Hz, CH,CH;3), 1.33 (3H, t, J 7.1 Hz, CH,CH;),

[308]



1.53-1.63 (1H, m, CH,), 1.75-2.03 (5H, m, CH,), 2.50 (1H, t, J 6.1 Hz, CH,CHCHN), 2.73 (1H, t, J
5.7 Hz, CH,CHCHS), 3.71-4.14 (6H, m, CH,CH5;, CHCHC(O) and CHCHS), 3.77 (3H, s, OCHs), 4.32
(1H, d, J 10.7 Hz, CHCHN), 6.86 (2H, d, J 9.0 Hz, Ar H), 7.35 (2H, d, J 9.0 Hz, Ar H); 8¢ (100 MHz,
CDCl3) 11.7 (CHs, CH,CH3), 12.8 (CHs, CH,CHs), 26.7 (CH,), 27.6 (CH,), 31.9 (CH,), 35.0 (CH,
CH,CHCHS), 41.9 (CH, CH,CHCHN), 45.1 (CH, CHCHC(O)), 47.2 (CH, CH,CHs), 49.6 (CH,,
CH,CHs), 51.1 (CH, CHCHN), 55.7 (CHs, OCHj), 57.4 (CH, CHCHS), 114.6 (2 x CH, Ar), 118.6 (2 x
CH, Ar), 130.9 (C, ArCN), 156.1 (C, ArCO), 165.2 (C, C(O)N), 195.2 (C, C(S)S); m/z (ES) 427.1485

(IM+Na]" Cy1H,sN,Na0,S; requires 427.1490), 428 (18), 427 (100), 405 (15).

= (4)-(15,2R,7R)-3-(4-Methoxyphenyl)-3-azatricyclo[5.2.1.0>°*]decan-5-en-4-one 318

H pwp H puwp
—_—
ZH O o
Et,N— >
\\gsw 318

A novel compound prepared according to a modified literature procedure.® A solution of
lactam 316 (0.139 g, 0.344 mmol) in THF (3.4 mL) was cooled to -78 °C and treated with methyl
iodide (32 uL, 0.52 mmol). The reaction mixture was stirred at -78 °C for 30 min, LHMDS (0.52
mL of a 1.0 M solution in THF, 0.52 mmol) was added over 2 min. After 5.5 h at -78 °C, the
solvent was removed under reduced pressure and the crude product obtained was purified by
column chromatography (Pet ether to Pet ether:EtOAc 9:1) to give lactam 318 (69 mg, 78%) as
a white solid. mp 120-121 °C; R 0.69 (Pet ether:EtOAc 7:3); Vimax (neat)/cm™: 2942, 1738, 1507,
1370, 1235, 833; 6,4 (400 MHz, CDCl;) 1.42 (1H, d, J 11.6 Hz, CH,), 1.51 (1H, ddd, J 3.1, 4.4 and
11.6 Hz, CH,), 1.60-1.75 (2H, m, CH,), 1.75-1.88 (1H, m, CH,), 1.94-2.07 (1H, m, CH,), 2.72-2.82
(2H, m, CH,CHCH= and CH,CHCHN), 3.78 (3H, s, OCH3), 4.18 (1H, d, J 1.4 Hz, CHCHN), 6.87 (2H,
d, J 9.0 Hz, Ar H), 6.95 (1H, dd, J 1.4 and 7.5 Hz, CHCH=C), 7.31 (2H, d, J 9.0 Hz, Ar H); & (100
MHz, CDCl;) 30.1 (CH,), 31.8 (CH,), 34.2 (CH), 34.6 (CH), 35.8 (CH,), 55.7 (CHs, OCHs), 65.5 (CH,
CHCHN), 114.7 (2 x CH, Ar), 117.4 (2 x CH, Ar), 132.9 (C, ArCN), 137.2 (C, =C), 140.4 (CH, =CH),
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155.8 (C, ArCO), 162.1 (C, C(O)N); m/z (ES) 278.1154 ([M+Na]®, CiH:;NNaO, requires

278.1154), 279 (12%), 278 (100).

= (+)-(1S,2R,5S,6S,7R)-3-(4-Methoxyphenyl)-5-methyl-4-oxo-3-azatricyclo[5.2.1.0%°]

decan-6-yl diethyldithiocarbamate 319

S
Et,N
\Kg 317

A novel compound prepared according to a modified literature procedure.®® A solution of
lactam 317 (64 mg, 0.16 mmol) in THF (1.6 mL) was cooled to -78 °C, treated with methyl
iodide (4.9 uL, 0.79 mmol) and LHMDS (0.79 mL of a 1.0 M solution in THF, 0.79 mmol). After
6.5 h at -78 °C, the solvent was removed under reduced pressure and the crude product
obtained was purified by column chromatography (Pet ether to Pet ether:EtOAc 7:3) to give
lactam 319 (54 mg, 82%) as a yellow solid. mp 150-151 °C; R; 0.39 (Pet ether:EtOAc 4:1); Viax
(neat)/cm™: 2931, 1733, 1514, 1487, 1250, 829; &y (400 MHz, CDCl3) 1.17-1.37 (7H, m, CH, and
CH,CH;), 1.53 (3H, s, CH3CC(0)), 1.55-1.61 (1H, m, CH,), 1.76-2.01 (4H, m, CH,), 2.45 (1H, t, J
5.9 Hz, CH,CHCHN), 2.71 (1H, t, J 5.2 Hz, CH,CHCHS), 3.76 (1H, s, CHCHS), 3.78 (3H, s, OCHs),
3.76-4.10 (4H, m, CH,CHs), 4.12 (1H, s, CHCHN), 6.87 (2H, d, J 8.9 Hz, Ar H), 7.35 (2H, d, J 8.9
Hz, Ar H); &: (100 MHz, CDCls) 11.8 (CHs, CH,CHs), 12.8 (CHs, CH,CHs), 24.6 (CHs, CH5CC(O)),
26.5 (CH,), 26.7 (CH,), 31.6 (CH,), 35.1 (CH, CH,CHCHS), 42.7 (CH, CH,CHCHN), 47.0 (CH,,
CH,CHs), 49.6 (CH,, CH,CH3), 51.1 (C, CH5CC(0)), 55.7 (CHs, OCH3), 59.1 (CH, CHCHN), 65.5 (CH,
CHCHS), 114.6 (2 x CH, Ar), 118.9 (2 x CH, Ar), 130.9 (C, ArCN), 156.2 (C, ArCO), 168.2 (C,
C(O)N), 195.8 (C, C(S)S); m/z (ES) 419.1823 ([M+H]*, Cx,H31N,0,S, requires 419.1821), 854

(18%), 441 (12), 419 (100).
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= (+)-(1S,2R,5S,6R,7R)-5,6-Dihydroxy-3-(4-methoxyphenyl)-3-azatricyclo[5.2.1.0*’]
decan-4-one 320 and (+)-(1S,2R,5S,7R)-5-Hydroxy-3-(4-methoxyphenyl)-3-azatricyclo[5.2.1.0*°]

decane-4,6-dione 321

H pwp
R,
— >
o)

318

Novel compounds prepared according to a literature procedure.”® A solution of lactam 318 (95
mg, 0.37 mmol) in a 5:5:2 mixture of H,O:acetone:tBuOH (2.1 mL) was treated with NMO
(0.105 g, 0.893 mmol) and OsO, (2 puL of a 4 wt% ag. solution, cat). After 18 h at 40 °C, sodium
bisulfite (0.212 g, 1.12 mmol) was added to quench the reaction. After 1 h at 40 °C, the
reaction mixture was diluted with H,O (5 mL) and extracted with EtOAc (2 x 5 mL). The
combined organic extracts were washed with brine (10 mL), dried over MgSO.,, filtered,
evaporated under reduced pressure and purified by column chromatography (Pet ether:EtOAc
3:1 to Pet ether:EtOAc 1:1) to give diol 320 (0.100 g, 93%) as a yellow solid contaminated with
16% of hydroxyl ketone 321.

320: mp 162-165 °C; R; 0.35 (Pet ether:EtOAc 1:1); Vimax (neat)/cm'lz 3492, 3274, 2925, 1702,
1515, 1399, 1251, 1082, 1021, 827, 816; 64 (400 MHz, CDCls) 1.35-1.47 (1H, m, CH,), 1.54 (1H,
d, J 13.0 Hz, CH,), 1.57-1.71 (2H, m, CH,), 1.72-1.93 (2H, m, CH,), 2.45 (1H, dd, J 6.4 and 11.6
Hz, CH,CHCHOH), 2.67 (1H, t, J 4.4 Hz, CH,CHCHN), 3.78 (3H, s, OCHs), 4.02 (1H, t, J 1.6 Hz,
CHCHN), 4.23 (1H, s, CHOH), 4.99 (2H, br s, OH), 6.87 (2H, d, J 9.0 Hz, Ar H), 7.32 (2H, d, J 9.0
Hz, Ar H); 6¢ (100 MHz, CDCl;) 20.5 (CH,), 24.9 (CH,), 27.7 (CH,), 29.6 (CH, CH,CHCHO), 33.9
(CH, CH,CHCHN), 55.7 (CH;, OCH;s), 68.3 (CH, CHCHOH), 69.2 (CH, CHCHN), 79.4 (C, CHCOH),
114.6 (2 x CH, Ar), 119.8 (2 x CH, Ar), 130.1 (C, ArCN), 156.9 (C, ArCO), 170.6 (C, C(O)N); m/z
(ES) 290.1389 ([M+H]", Ci6H,0NO, requires 290.1387), 312 (24%), 307 (20), 305 (16), 291

(17),290 (100).
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321: mp 149-150 °C; R; 0.41 (Pet ether:EtOAC 1:1); Vs (neat)/cm™: 3308, 1753, 1687, 1514,
1251, 1151, 1015, 833; &, (300 MHz, CDCl;) 1.52-1.87 (3H, m, CH,), 2.00-2.19 (3H, m, CH,),
2.91-3.06 (2H, m, CH,CHCHN and CH,CHC(0)), 3.80 (3H, s, OCH;), 3.96-4.28 (2H, m, CHCHN and
OH), 6.91 (2H, d, J 9.0 Hz, Ar H), 7.38 (2H, d, J 9.0 Hz, Ar H); 8¢ (100 MHz, CDCl5) 24.9 (CH,), 27.7
(CH,), 29.6 (CH,), 34.1 (CH), 48.8 (CH), 55.7 (CHs, OCH;), 63.2 (CH, CHCHN), 85.8 (C, CHCOH),
114.9 (2 x CH, Ar), 119.5 (2 x CH, Ar), 129.9 (C, ArCN), 157.1 (C, ArCO), 161.4 (C, C(O)N), 207.3
(C, CHC(O)C); m/z (ES) 305.1503 ([M+NH,]" Ci6H»1N,0, requires 305.1496), 371 (19%), 305

(100), 139 (68).

= (+)-(1S,2R,5S,6S,7R)-6-Chloro-5-hydroxy-3-(4-methoxyphenyl)-3-azatricyclo[5.2.1.0%°]

decan-4-one 323

g\\\
o
T

@)

320 323
A novel compound prepared according to a literature procedure.” A solution of PPh; (0.111 g,
0.425 mmol) and hexachloroethane (0.100 g, 0.425 mmol) in CH;CN (1.0 mL) was stirred at rt
for 20 min before being added dropwise to a solution of diol 320 (82 mg, 0.28 mmol) in CH;CN
(0.9 mL). The reaction mixture was heated at reflux for 18 h, evaporated under reduced
pressure and purified directly by column chromatography (Pet ether to Pet ether:EtOAc 1:1) to
give chloro hydroxyl lactam 323 (26 mg, 30%) as a white solid. mp 224-225 °C; R; 0.67 (Pet
ether:EtOAC 3:2); Vmax (neat)/cm™: 3294, 2936, 1696, 1513, 1248, 1159, 1026, 819; &, (400
MHz, CDCl3) 1.50-1.66 (2H, m, CH,), 1.86 (1H, dd, J 5.3 and 15.4 Hz, CH,), 2.05 (1H, tdd, J 2.6,
5.6 and 13.4 Hz, CH,), 2.18-2.36 (2H, m, CH,), 2.42 (1H, d, J 3.1 Hz, CH,CHCHCI), 2.54 (1H, t, J
4.2 Hz, CH,CHCHN), 3.51 (1H, br s, OH), 3.78 (3H, s, OCHs), 4.02 (1H, d, J 1.2 Hz, CHCHN), 4.64
(1H, s, CHCHCI), 6.83 (2H, d, J 9.0 Hz, Ar H), 7.28 (2H, d, J 9.0 Hz, Ar H); 6. (100 MHz, CDCl;) 24.5

(CH,), 27.8 (CH,), 27.8 (CH,), 33.8 (CH, CH,CHCHCI), 43.4 (CH, CH,CHCHN), 55.8 (CH;, OCH;),
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59.0 (CH, CHCHCI), 67.3 (CH, CHCHN), 91.4 (C, CHCOH), 114.7 (2 x CH, Ar), 119.0 (2 x CH, Ar),
130.0 (C, ArCN), 156.9 (C, ArCO), 165.8 (C, C(O)N); m/z (ES) 330.0867 ([M+Na]’,

Ci6H1s> CINNaO; requires 330.0873), 364 (13%), 362 (59), 332 (42), 330 (100), 308 (8), 294 (7).

= (%)-(3aS,5aR,6S,9R,9aS)-5-(4-Methoxyphenyl)hexahydro-6,9-methanol[1,3,2]

dioxathiolo[4',5":2,3] cyclohepta[1,2-b]azet-4(5H)-one 2-oxide 325a and 325b

-z - b
- H'z
OH 0§,
K¢}
320 325b

Novel compounds prepared according to a literature procedure.®® A solution of diol 320 (65
mg, 0.23 mmol) in CH,Cl, (1.2 mL) at 0 °C was treated with pyridine (82 uL, 1.0 mmol) and
SOCl, (33 uL, 0.45 mmol). The ice bath was removed after 30 min and stirring continued at rt
for 6.5 h. The reaction mixture was diluted with H,0 (2 mL) and extracted with CH,Cl, (2 x 3
mL). The combined organic extracts were washed sequentially with HCI (3 mL of a 1 M aq.
solution) and brine (3 mL), dried over MgSQ,, filtered, evaporated under reduced pressure and
purified by column chromatography (Pet ether to Pet ether:EtOAc 3:2) to give 325a (31 mg,
41%) and 325b (26 mg, 35%) as white solids and hydroxyl ketone 321 (9 mg, 14% based on
recovered SM), an impurity from the dihydroxylation reaction, as a colourless oil.

325a: mp 170-173 °C; R; 0.37 (Pet ether:EtOAC 7:3); Vmax (neat)/cm™: 2957, 1745, 1510, 1244,
971, 798, 660; 64 (300 MHz, CDCl5) 1.51-1.75 (5H, m, CH;), 1.83-1.97 (1H, m, CH,), 2.67-2.75
(1H, m, CH,CHCHO), 2.78 (1H, t, J 5.5 Hz, CH,CHCHN), 3.79 (3H, s, OCHs), 4.16-4.19 (1H, m,
CHCHN), 5.33 (1H, d, J 5.8 Hz, CHCHO), 6.90 (2H, d, J 9.0 Hz, Ar H), 7.37 (2H, d, J 9.0 Hz, Ar H);
6c (100 MHz, CDCl5) 21.1 (CH,), 26.8 (CH,), 27.9 (CH,), 33.6 (CH, CH,CHCHO), 35.1 (CH,

CH,CHCHN), 55.6 (CHs, OCHs), 66.1 (CH, CHCHN), 81.6 (CH, CHCHOS), 88.3 (C, CHCOS), 114.8 (2
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x CH, Ar), 119.5 (2 x CH, Ar), 129.6 (C, ArCN), 157.1 (C, ArCO), 161.6 (C, C(O)N); m/z (ES)
336.0906 ([M+H]" C;6H1sNOsS requires 336.0900), 371 (17%), 353 (45), 336 (100).

325b: mp 152-153 °C; R; 0.62 (Pet ether:EtOAC 7:3); Vmax (n€at)/cm™: 2943, 1749, 1511, 1206,
974, 823, 791, 649; 5, (300 MHz, CDCl;) 1.50-1.78 (4H, m, CH,), 1.87-1.99 (1H, m, CH,), 2.14-
2.30 (1H, m, CH,), 2.71 (1H, g, J 6.2 Hz, CH,CHCHO), 2.78 (1H, t, J 6.0 Hz, CH,CHCHN), 3.80 (3H,
s, OCH;), 4.25-4.30 (1H, m, CHCHN), 5.12 (1H, d, J 6.8 Hz, CHCHO), 6.91 (2H, d, J 9.0 Hz, Ar H),
7.36 (2H, d, J 9.0 Hz, Ar H); 8¢ (100 MHz, CDCl;) 23.8 (CH,), 25.5 (CH,), 27.4 (CH,), 34.0 (CH,
CH,CHCHO), 35.5 (CH, CH,CHCHN), 55.7 (CHs, OCHs), 68.1 (CH, CHCHN), 85.8 (CH, CHCHOS),
88.1 (C, CHCOS), 114.8 (2 x CH, Ar), 119.7 (2 x CH, Ar), 129.4 (C, ArCN), 157.3 (C, ArCO), 160.9
(C, C(O)N); m/z (ES) 336.0906 ([M+H]" C;6H:5NOsS requires 336.0900), 532 (14%), 445 (12), 353

(35), 336 (100).

= (4)-(15,2R,6R)-3-(4-Methoxyphenyl)-3-azatricyclo[4.2.1.1*°]decan-4,10-dione 322

H pwp H pwvp o)
<Z :E N <z :]: N
+ — N
% o PMP

4 e
H 0§ H' o 8 o)
+UN +
o) ko)
325a 325b 322

A novel compound prepared according to a modified literature procedure.*® A solution of cyclic
sulphites 325 (59 mg, 0.18 mmol) in diphenyl ether (1.8 mL) were heated to reflux. After 2 h,
the reaction mixture was directly purified by column chromatography (Pet ether to Pet
ether:EtOAc 4:1) to give tricyclic ketone 322 (43 mg, 90%) as pale yellow crystals. mp 112-114
°C; R; 0.35 (Pet ether:EtOAC 7:3); Vma (n€at)/ cm™: 2959, 1774, 1692, 1510, 1375, 1215, 1027,
831; 64 (400 MHz, CDCls) 1.45 (1H, dt, J 3.2 and 12.7 Hz, CH,), 1.64-1.90 (4H, m, CH;), 1.93 (1H,
d, J 12.7 Hz, CH,), 2.77-2.85 (1H, m, CH,CHCHN), 2.97-3.03 (1H, m, CH,CHCHC(0)), 3.05 (1H, dd,
J2.3 and 7.1 Hz, CHCHC(O)), 3.79 (3H, s, OCHs), 4.08 (1H, dd, J 2.3 and 6.2 Hz, CHCHN), 6.89

(2H, d, J 9.1 Hz, Ar H), 7.44 (2H, d, J 9.1 Hz, Ar H); 8¢ (100 MHz, CDCl3) 27.0 (CH,), 27.7 (CH,),
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31.7 (CH,), 40.4 (CH, CH,CHCHC(O)), 41.8 (CH, CH,CHCHN), 55.6 (CHs;, OCHs), 60.1 (CH,
CHCHC(0)), 69.9 (CH, CHCHN), 114.5 (2 x CH, Ar), 122.2 (2 x CH, Ar), 130.5 (C, ArCN), 157.1 (C,
ArCO), 168.0 (C, C(O)N), 201.3 (C, CHC(O)CH); m/z (ES) 272.1283 ([M+H]", C;sH1sNO5 requires

272.1281), 565 (10%), 543 (56), 272 (100).

= N-(2-Bromoallyl)-4-methoxyaniline 326
|
Br Br 0]
T — O
Br N
H
290 326

18 A solution of 4-

A known compound prepared according to the literature procedure.
methoxyaniline (3.08 g, 25.0 mmol) and K,CO; (1.27 g, 9.16 mmol) in DMF (21 mL) was cooled
to 0 °C and treated with 2,3-dibromopropene 290 (1.67 g, 8.33 mmol). The reaction mixture
was allowed to warm progressively to rt over 18 h, diluted with Et,0 (20 mL) and washed with
brine (2 x 20 mL). The combined organic extracts were dried over MgSO.,, filtered, evaporated
under reduced pressure and purified by column chromatography (Pet ether to Pet ether:Et,0
9:1) to give amine 326 (1.66 g, 83%) as a yellow oil (lit. yield 76%). R; 0.24 (Pet ether:Et,0 9:1);
Vmax (neat)/cm™ : 3408, 2933, 1636, 1509, 1230, 1033, 890, 816; &, (300 MHz, CDCl;) 3.75 (3H,
s, OCHs), 3.95 (3H, brsand t, J 1.4 Hz, NH and CH,N), 5.55 (1H, m, CH,=C), 5.85 (1H, dd, J 1.4
and 3.5 Hz, CH,=C), 6.59 (2H, d, J 9.0 Hz, Ar H), 6.79 (2H, d, J 9.0 Hz, Ar H); 6. (75 MHz, CDCl;)
53.1 (CH,, NCH,), 55.9 (CHs, OCHs), 114.6 (2 x CH, Ar), 115.0 (2 x CH, Ar), 117.0 (CH,, CH,=C),
131.7 (C, CH,=CBr), 140.8 (C, ArCN), 152.7 (C, ArCO); m/z (ES) 242.0176 ([M+H]" CyoH15"°BrNO
requires 242.0175), 245 (12%), 244 (100), 243 (11), 242 (95), 240 (20). Literature data:"*® v .
(neat)/cm™: 3410 (NH), 1630 (C=C); &, (60 MHz, CDCls) 3.71 (1H, s, NH), 3.73 (s, 3H, OCH,), 3.94
(t, J = 1.5 Hz, 2H, NCH,), 5.54 (m, 1H, vinyl), 5.83 (m, 1H, vinyl), 6.52-6.83 (m, 4H, aromatic);

m/z (E) 243, 241 (M), 228, 226, 162 ([M-Br]"), 122.
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= 1-(4-Methoxyphenyl)-3-methyleneazetidin-2-one 327

EtZNJ< Br

- — \[

331 327 326
A known compound prepared according to a modified literature procedure® and according to
the literature procedure.’®
A solution of amine 326 (0.365 g, 1.51 mmol) in DMF (3.0 mL) was treated with Pd(OAc), (34
mg, 0.15 mmol), nBusN (0.719 mL, 3.02 mmol) and PPh; (0.158 g, 0.604 mmol). The reaction
mixture was saturated with CO (1 atm) for 5 min and heated to 85 °C under CO (1 atm). After 5
h, the reaction mixture was diluted with EtOAc (15 mL), washed sequentially with HCl (2 x 5 mL
of a 1 M aq. solution), brine (10 mL), dried over MgSQ,, filtered, evaporated under reduced
pressure and purified by column chromatography (Pet ether to Pet ether:EtOAc 4:1) to give
lactam 327 (86 mg, 30%) as a pale yellow solid.
A solution of lactam 331 (0.312 g, 0.922 mmol) in THF (9.2 mL) was cooled to -78 °C and
treated with methyl iodide (86 uL, 1.4 mmol) and LHMDS (1.4 mL of a 1.0 M solution in THF,
1.4 mmol). After 4.5 h at -78 °C, the solvent was removed under reduced pressure and the
crude product obtained was purified by column chromatography (Pet ether to Pet ether:EtOAc
7:3) to give lactam 327 (0.173 g, 99%) as a pale yellow solid.
mp 87-90 °C; R 0.64 (Pet ether:EtOAc 1:1); Vpay (neat)/cm™ : 2951, 1720, 1510, 1383, 1239,
1144, 1030, 933, 824; &,,(300 MHz, CDCls) 3.79 (3H, s, OCHs), 4.09 (2H, t, J 1.4 Hz, CH;N), 5.31
(1H, dd, J 1.4 and 3.2 Hz, CH,=C), 5.83 (1H, dd, J 1.4 and 3.2 Hz, CH,=C), 6.89 (2H, d, J 9.0 Hz, Ar
H), 7.34 (2H, d, J 9.0 Hz, Ar H); 8¢ (100 MHz, CDCl;) 48.0 (CH,, NCH,), 55.7 (CHs, OCH;), 110.7
(CH,, CH,=C), 114.6 (2 x CH, Ar), 117.8 (2 x CH, Ar), 132.1 (C, CH,=C), 143.7 (C, ArCN), 156.4 (C,
ArC0), 159.9 (C, C(O)N); m/z (ES) 190.0862 ([M+H]* C1;H1,NO, requires 190.0863), 190 (100%).

Literature data:*>° vy, (CHCl5)/cm™ : 1738 (CO); 6, (300 MHz, CDCl5) 3.77 (3 H, s, OMe), 4.08 (2
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H, dd, J=1.5 and 2 Hz, C4-H,), 5.28 (1 H, dd, J = 1.5 and 2 Hz, =CHH), 5.80 (1 H, dd, J = 2 and 2
Hz, =CHH), 6.84 (2 H, d, J =9 Hz, 2 x Ar H), 7.30 (2 H, d, J = 9 Hz, 2 x Ar H); m/z (EI) 189 (M")
(Found: C, 69.52; H, 5.77; N, 7.37. Calc for C;;H;;NO;: C, 69.82; H, 5.86; N, 7.40%).

= N-(4-Methoxyphenyl)prop-2-yn-1-amine 329
NH

Br AN | |
o, L
NH NH
PMP PMP PMP
326 328 329

A known compound®* prepared according to a modified literature procedure.’”® A solution of
amine 328 (0.671 g, 2.77 mmol) in THF (28 mL) was cooled to -78 °C. nBuli (6.87 mL of a 1.21
M solution in hexane, 8.31 mmol) was added dropwise over 5 min. After 2 h at -78 °C, the
reaction mixture was quenched with NH,Cl (20 mL of a saturated ag. solution) and extracted
with Et,0 (2 x 20 mL). The combined organic extracts were washed with brine (30 mL), dried
over MgS0O,, filtered, evaporated under reduced pressure and purified by column
chromatography (Pet ether to Pet ether:EtOAc 9:1) to give propynamine 329 (0.355 g, 80%) as
a yellow oil. R; 0.29 (Pet ether:Et,0 9:1); Viax (neat)/cm'1 : 3675, 3261, 2918, 2109, 1506, 1233,
1031, 824, 686; 6, (400 MHz, CDCls) 2.76 (1H, t, J 2.4 Hz, HC=C), 3.52 (1H, br s, NH), 3.76 (3H, s,
OCHs), 3.95 (2H, d, J 2.4 Hz, CH;N), 6.68 (2H, d, J 8.9 Hz, Ar H), 6.82 (2H, d, J 8.9 Hz, Ar H); &
(100 MHz, CDCls) 34.8 (CH,, NCH,), 55.9 (CHs, OCHs), 71.4 (CH, HC=C), 81.5 (C, HC=C(), 115.0 (2 x
CH, Ar), 115.3 (2 x CH, Ar), 141.0 (C, ArCN), 153.2 (C, ArCO); m/z (Cl) 162.0912 ([M+H]
C1oH12NO requires 162.0913), 162 (100%). Literature data:*' vim., (neat)/cm™: 3378, 2160,
1514; 6, (90 MHz, CDCl3) 2.11 (1H, t, J 2.0 Hz), 3.71 (3H, s), 3.91 (2H, d, J 2.0 Hz), 6.60-6.98 (5H,

m); m/z (El) 161 (100), 146 (57), 122 (94).
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= N-Allyl-4-methoxyaniline 328
I
. O
— >
Br N
H
328

d®? prepared according to a literature procedure.”’ A solution of 4-

A known compoun
methoxyaniline (3.21 g, 26.0 mmol) and K,CO; (1.89 g, 13.6 mmol) in DMF (28 mL) was treated
with allyl bromide (1.50 g, 12.4 mmol). After 18 h at 80 °C, the reaction mixture was quenched
with H,0 (30 mL) and extracted with EtOAc (3 x 30 mL). The combined organic extracts were
washed with brine (50 mL), dried over MgSQ,, filtered, evaporated under reduced pressure
and purified by column chromatography (Pet ether to Pet ether:EtOAc 4:1) to give amine 328
(1.45 g, 72%) as a yellow oil. R; 0.41 (Pet ether:Et,0 9:1); Vimax (neat)/cm"1 : 3394, 2934, 1509,
1229, 1034, 816; 6, (300 MHz, CDCl;) 3.46 (1H, br s, NH), 3.74 (2H, dt, J 1.6 and 5.5 Hz, CH;N),
3.75 (3H, s, OCHs), 5.15 (1H, dgq, J 1.6 and 10.3 Hz, CH,=CH), 5.85 (1H, dqg, J 1.6 and 17.2 Hz,
CH,=CH), 5.88-6.06 (1H, m, CH,=CH), 6.61 (2H, d, J 9.0 Hz, Ar H), 6.79 (2H, d, J 9.0 Hz, Ar H); &
(100 MHz, CDCls) 47.7 (CH,, NCH,), 56.0 (CHs, OCHs), 114.5 (2 x CH, Ar), 115.0 (2 x CH, Ar),
116.3 (CH,, CH,=CH), 135.9 (CH, CH,=CH), 142.4 (C, ArCN), 152.4 (C, ArCO); m/z (ES) 165 (13%),
164 (100), 163 (84). Literature data:*>* v,y (neat)/cm™ : 1643; &, (300 MHz, CDCl;) 6.80-6.75
(m, 2H), 6.62-6.58 (m, 2H), 6.00-5.91 (m, 1H), 5.30-5.24 (m, 1H), 5.17-5.12 (m, 1H), 3.73-3.70

(m with a singlet at 3.73, total 6H); 6. (75 MHz, CDCl;) 152.6, 142.6, 136.2, 116.5, 115.2 (2),

114.7 (2), 56.1, 49.9; Anal. Calcd for CyoH43NO: C, 73.62; H, 7.97. Found: C, 73.37; H, 7.77.
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= Allyl(4-methoxyphenyl)carbamic chloride 328’
N, — 3
NH N/M\CI

PMP PMP

328 328’
A novel compound prepared according to a literature procedure.”” A solution of triphosgene
(0.686 g, 2.31 mmol) in toluene (35 mL) was treated with pyridine (0.607 mL, 7.50 mmol) and
subsequently with a solution of amine 328 (1.01 g, 6.25 mmol) in toluene (13 mL). After 18 h at
rt, the reaction mixture was quenched with H,0 (40 mL) and extracted with Et,O (2 x 40 mL).
The combined organic extracts were washed sequentially with HCl (40 mL of a 0.25 M aq.
solution) and brine (50 mL), dried over MgS0,, filtered, evaporated under reduced pressure
and purified by column chromatography (Pet ether to Pet ether:EtOAc 4:1) to give carbamoyl
chloride 328’ (1.23 g, 87%) as a pale orange oil. R; 0.49 (Pet ether:EtOAc 9:1); Viax (neat)/cm"1 :
2936, 1728, 1510, 1217, 1034, 834, 787; 6,,(300 MHz, CDCls) (mixture of rotamers) 3.82 (3H, s,
OCHs), 4.14-4.34, 4.39 (2H, m, CH;N), 5.09-5.32 (2H, m, CH,=CH), 5.79-6.01 (1H, m, CH,=CH),
6.90 (2H, d, J 8.9 Hz, Ar H), 7.07-7.24 (2H, m, Ar H); 6. (100 MHz, CDCl;) (mixture of rotamers)
54.3, 55.9 (CH,, NCH,), 55.6 (CHs, OCH3), 114.5, 114.7 (2 x CH, Ar), 119.2, 119.7 (CH,, CH,=CH),
128.4, 128.6 (2 x CH, Ar), 131.4, 131.9 (CH, CH,=CH), 132.7, 134.8 (C, ArCN), 148.4, 149.7 (C,
ArCO), 159.0, 159.6 (C, NC(O)Cl); m/z (ES) 248.0447 ([M+H]" Cy;Hy,>°CINNaO, requires

248.0449), 250 (31%), 248 (100).

= Diethylthiocarbamic acid-[allyl(4-methoxyphenyl)carbamic acid]thioanhydride 330

\L o \L O S
Lo T LI
PMP PMP
328’ 330

NEt,

A novel compound prepared according to a literature procedure.”” A solution of carbamoyl

chloride 328" (1.06 g, 4.68 mmol) in acetone (36 mL) was treated with sodium
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diethyldithiocarbamate trihydrate (3.17 g, 14.1 mmol). The solution was heated at reflux for 18
h, quenched with H,0 (30 mL). Acetone was removed under reduced pressure. The aqueous
layer was extracted with Et,O (3 x 30 mL). The combined organic extracts were washed with
brine (50 mL), dried over MgSQ,, filtered, evaporated under reduced pressure and purified by
column chromatography (Pet ether to Pet ether:EtOAc 4:1) to give dithiocarbamate 330 (1.52
g, 96%) as a bright yellow oil. R 0.27 (Pet ether:EtOAC 4:1); Vimax (neat)/cm™ : 2974, 1668, 1509,
1419, 1245, 1196, 918, 833, 730; 6, (400 MHz, CDCl3) 1.23 (3H, t, J 7.1 Hz, CH,CH;), 1.32 (3H, t,
J 7.1 Hz, CH,CH;), 3.78 (2H, g, J 7.1 Hz, CH,CHs), 3.82 (3H, s, OCHs), 4.00 (2H, g, J 7.1 Hg,
CH,CHs), 4.27 (2H, d, J 6.4 Hz, NCH,CH=), 4.99-5.21 (2H, m, CH,=CH), 5.85 (1H, ddt, J 6.4, 10.2
and 16.7 Hz, CH,=CH), 6.88 (2H, d, J/ 8.9 Hz, Ar H), 7.18 (2H, d, J 8.9 Hz, Ar H); & (100 MHz,
CDCls) 11.2 (CHs, CH,CH3), 13.7 (CHs, CH,CHs), 48.9 (CH,, CH,CHs), 50.5 (CH,, CH,CHs), 54.1
(CH,, NCH,CH=), 55.7 (CHs, OCHs), 114.8 (2 x CH, Ar), 119.1 (CH,, CH,=CH), 130.8 (2 x CH, Ar),
132.4 (CH, CH,=CH), 133.6 (C, ArCN), 153.8 (C, ArCO), 160.1 (C, C(O)N), 185.3 (C, C(S)S); m/z

(ES) 339.1197 ([M+H]" C16H»3N,0,S; requires 339.1195), 341 (9%), 340 (18), 339 (100).
16M23N2055; req ’ ’ ’

= 1-(4-Methoxyphenyl)-2-oxoazetidin-3-yl)methyl diethylcarbamodithioate 331

S
ey —
A N
N™ °S™ "NEt PMP
PMP
330 331
A novel compound prepared according to a literature procedure.”® A solution of
dithiocarbamate 330 (0.961 g, 2.84 mmol) in cyclohexane (28 mL) was degassed for 10 min and
irradiated with a 500 W lamp which generated enough heat to bring the solution to reflux.
After 2 h, the solvent was removed under reduced pressure and the crude product obtained

was purified by column chromatography (Pet ether to Pet ether:EtOAc 4:1) to give lactam 331

(0.823 g, 86%) as a dark orange oil. R; 0.27 (Pet ether:EtOAc 4:1); Vmax (neat)/cm™ : 2974, 1735,
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1510, 1241, 1143, 826; &, (400 MHz, CDCls) 1.23-1.29 (6H, m, CH,CH;), 3.50 (1H, dd, J 1.9 and
5.7 Hz, SCH,CH), 3.68-4.16 (11H, m, CH,CHs;, NCH,CH, SCH,CH, CH,CHC(O)), 6.86 (2H, d, J 9.0
Hz, Ar H), 7.29 (2H, d, J 9.0 Hz, Ar H); 8¢ (100 MHz, CDCl3) 11.7 (CHs, CH,CHs), 12.7 (CH,
CH,CHs), 35.2 (CH,), 44.0 (CH,), 47.0 (CH,), 48.3 (CH, CHC(O)), 50.1 (CH,), 55.7 (CHs, OCHs),
114.5 (2 x CH, Ar), 117.8 (2 x CH, Ar), 132.0 (C, ArCN), 156.3 (C, ArCO), 165.0 (C, C(O)N), 194.7
(C, C(S)S); m/z (ES) 339.1196 ([M+H]" C1¢H23N,0,S, requires 339.1195), 341 (8%), 340 (17), 339

(100).

= 3-Hydroxy-3-(hydroxymethyl)-1-(4-methoxyphenyl)azetidin-2-one 332

0 HO OH o
Y —
N\ N\
PMP PMP
327 332

A novel compound prepared according to a literature procedure.>® A solution of lactam 327
(0.152 g, 0.803 mmol) in a 5:5:2 mixture of H,0:acetone:tBuOH (4.5 mL) was treated with
NMO (0.226 g, 1.93 mmol) and OsO, (2 pL of a 4 wt% aqg. solution, cat). After 18 h at 40 °C,
sodium bisulfite (0.456 g, 2.41 mmol) was added to quench the reaction. After 70 min at 40 °C,
the reaction mixture was diluted with H,0 (5 mL) and extracted with CH,Cl, (2 x 10 mL). The
combined organic extracts were washed with brine (15 mL), dried over MgSO,, filtered,
evaporated under reduced pressure and purified by column chromatography (Pet ether:EtOAc
1:1 to Pet ether:EtOAc 1:3) to give dihydroxy lactam 332 (0.104 g, 58%) as a white solid. mp
138-140 °C; R; 0.19 (Pet ether:EtOAc 1:3); Vmay (neat)/cm™: 3352, 3294, 2969, 2488, 2447,
1713, 1513, 1233, 1044, 825; &, (400 MHz, CD;0D) 3.54, 3.92 (2H, ABq, J 5.8 Hz, CH;,N), 3.72,
3.82 (2H, ABq, J 11.4 Hz, CH,0H), 3.77 (3H, s, OCHs), 4.87 (2H, br s, OH), 6.92 (2H, d, J 9.0 Hz, Ar
H), 7.35 (2H, d, J 9.0 Hz, Ar H); & (100 MHz, CD;0D) 53.0 (CH,, NCH,), 55.9 (CHs, OCH;), 63.3

(CH,, CH,OH), 85.0 (C, COH), 115.4 (2 x CH, Ar), 119.3 (2 x CH, Ar), 132.8 (C, ArCN), 158.1 (C,
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ArCO), 168.7 (C, C(O)N); m/z (ES) 224.0915 ([M+H]* Cy;H14,NO, requires 224.0917), 246 (55%),

241 (18), 224 (100), 199 (17).

= (4)-(4S)-2-(4-Methoxyphenyl)-5,7-dioxa-6-thia-2-azaspiro[3.4]octan-1-one 6-oxide

333a and 333b

o o
OH /StO 'étO
HO 0 O\ 0 O\ o)
||||t( . uut(
N\ N\ N\
PMP PMP PMP
332 333a 333b

Novel compounds prepared according to a literature procedure.®* A solution of dihydroxy
lactam 332 (52 mg, 0.23 mmol) in CH,CI, (1.2 mL) at 0 °C was treated with pyridine (85 puL, 1.1
mmol) and SOCI, (34 uL, 0.47 mmol). The ice bath was removed after 1 h and stirring was
continued for 1.75 h at rt. The reaction mixture was diluted with H,0 (2 mL) and extracted
with CH,Cl, (2 x 3 mL). The combined organic extracts were washed sequentially with HCI (3
mL of a 1 M aq. solution) and brine (3 mL), dried over MgSQ,, filtered, evaporated under
reduced pressure and purified by column chromatography (Pet ether to Pet ether:EtOAc 4:1)
to give 333a (19 mg, 30%) and 333b (24 mg, 38%) as white solids.

333a: mp 157-159 °C; R; 0.19 (Pet ether:EtOAC 7:3); Vmax (neat)/cm™ : 2953, 1744, 1511, 1216,
948, 828, 766; 6, (400 MHz, CDCl3) 3.80 (3H, s, OCH3), 3.89, 3.91 (2H, ABq, J 6.5 Hz, CH;,N),
4.84,5.05 (2H, ABqg, J 9.6 Hz, CH,0S), 6.90 (2H, d, /9.0 Hz, Ar H), 7.31 (2H, d, J 9.0 Hz, Ar H); &
(100 MHz, CDCl3) 52.4 (CH,, NCH,), 55.7 (CH3, OCHjs), 70.3 (CH,, CH,0S), 90.5 (C, COS), 114.8 (2
x CH, Ar), 118.5 (2 x CH, Ar), 130.8 (C, ArCN), 157.3 (C, ArCO), 159.0 (C, C(O)N); m/z (CI)
287.0694 ([M+NH,4]* C11H15N,0s5S requires 287.0696), 287 (100%), 207 (49).

333b: mp 147-148 °C; R; 0.38 (Pet ether:EtOAc 7:3); Vmax (neat)/cm'lz 2953, 1744, 1511, 1216,
948, 828, 766; 6 (400 MHz, CDCls) 3.81 (3H, s, OCHs), 4.03, 4.18 (2H, ABq, J 6.8 Hz, CH;N),

4.75,5.02 (2H, ABg, J 9.1 Hz, CH,0S), 6.91 (2H, d, J 9.0 Hz, Ar H), 7.31 (2H, d, J 9.0 Hz, Ar H); &
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(100 MHz, CDCl;) 52.4 (CH,, NCH,), 55.7 (CHs, OCHs), 71.5 (CH,, CH,0S), 88.8 (C, COS), 114.8 (2
x CH, Ar), 118.6 (2 x CH, Ar), 130.7 (C, ArCN), 157.4 (C, ArCO), 158.9 (C, C(O)N); m/z (ClI)

287.0694 ([M+NH,]" C1;H15N,05S requires 287.0696), 287 (100%), 207 (58).

= 3-(Chloromethyl)-3-hydroxy-1-(4-methoxyphenyl)azetidin-2-one 335

o]
HO OH o cl OH o
1 < N-PMP !
PMP 3 PMP
334

332 335

A novel compound prepared according to a literature procedure.'® A solution of PPh; (65 mg,
0.25 mmol) and hexachloroethane (59 mg, 0.25 mmol) in CH;CN (0.71 mL) was stirred at rt for
30 min before being added dropwise to a solution of diol 332 (37 mg, 0.17 mmol) in CH;CN
(0.40 mL). The reaction mixture was heated at reflux for 18 h, concentrated under reduced
pressure and purified directly by column chromatography (Pet ether to Pet ether:EtOAc 7:3) to
give chloro hydroxyl lactam 335 (34 mg, 85%) as pale yellow crystals. mp 117-118 °C; R; 0.54
(Pet ether:EtOAc 1:1); Viax (nea‘c)/cm':l 13192, 2958, 1705, 1510, 1242, 1167, 1025, 822; &, (400
MHz, CDCls) 3.71, 3.90 (2H, ABq, J 6.0 Hz, CH;N), 3.79 (3H, s, OCHs), 3.88 (2H, s, CH,Cl), 5.04
(1H, br s, OH), 6.86 (2H, d, J 9.0 Hz, Ar H), 7.27 (2H, d, J 9.0 Hz, Ar H); 6. (100 MHz, CDCl;) 45.3
(CH,, CH,CI), 52.6 (CH,, NCH,), 55.7 (CH3;, OCHs), 83.1 (C, COH), 114.6 (2 x CH, Ar), 118.5 (2 x
CH, Ar), 130.8 (C, ArCN), 157.0 (C, ArCO), 165.0 (C, C(O)N); m/z (ES) 242.0579 ([M+H]"

C1:H1:*CINO; requires 242.0578), 264 (39%), 244 (32), 242 (100).
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6.4  Experimental procedures and analytical data for chapter four

= N-(tert-butyl)cyclohexa-2,5-dienamine 408

tBlu

NH

© + %—NHZ —_— > ©/
408

A known compound prepared according to a modified literature procedure.'*®

A solution of
benzene (150 mL) and tBuNH, (150 mL) was degassed under argon for 30 min, before
irradiating with a low pressure mercury lamp for 21 h. A few crystals of 3-tert-butyl-4-hydroxy-
5-methylphenyl sulfide were added and the solvent was removed under reduced pressure. An
orange oil was obtained and purification by Kugelrohr distillation gave amine 408 (1.46 g) as a
yellow oil. 64(300 MHz, CDCl5) 0.12 (9H, s, C(CHs)s), 1.82 (1H, d, J 7.1 Hz, NH), 2.51-2.64 (2H, m,
=CHCH,CH=), 3.55-3.71 (1H, m, CHN), 5.61-5.83 (4H, m, =CH). Literature data:**® V.,
(neat)/cm'lz 3029, 2964, 2866, 2814 (=C-H stretch), 1230 (C-N stretch); 6, (250 MHz, CDCls)
1.06 (10H, s, C(CH3)s, NH), 2.48-2.54 (2H, m, CH,), 3.54-3.58 (CHN), 5.61-5.72 (4H, m, =CH); &
(63 MHz, CDCl5) 26.25 (CH,, =CHCH,CH=), 30.22 (CH; C(CHs)s), 44.97 (CH, CHN), 51.67 (C,

C(CHs)3), 124.84 (2 x CH), 130.21 (2 x CH).

= N-lIsopropylcyclohexa-2,5-dienamine 406

iFI’r iFI’r

NH NH
[:::] + >F—NFQ e [:::]/ + [:::]/
406 411

A novel compound prepared according to a modified literature procedure.’*® A solution of
benzene (170 mL) and iPrNH, (170 mL) was degassed under argon for 30 min, before
irradiating with a low pressure mercury lamp for 87 h. A few crystals of 3-tert-butyl-4-hydroxy-
5-methylphenyl sulfide were added and the solvent was removed under reduced pressure. A

brown oil was obtained and purification by Kugelrohr distillation gave a mixture of amines 406
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and 411 (2.81 g) as a yellow oil. 6, (400 MHz, CDCl;) (mixture of 406 and 411) 1.00 (6H, t, J 6.1
Hz, CH(CH;), for 411), 1.03 (6H, d, J 6.2 Hz, CH(CH5), for 406), 2.32 (2H, qddd, J 1.6, 4.4, 7.9 and
17.7 Hz, =CHCH,CHN for 411), 2.50-2.70 (2H, m, =CHCH,CH= for 406), 2.95 (1H, hept, J 6.1 Hz,
CH(CHs), for 411), 3.07 (1H, hept, J 6.2 Hz, CH(CHs), for 406), 3.29-3.40 (1H, m, CHN for 411),
3.59-3.72 (1H, m, CHN for 406), 5.73-5.95 (8H, m, =CH); &c (100 MHz, CDCl5) (mixture of
406:411) 23.2 (CHs, CH(CH5), for 411), 23.4 (CHs, CH(CHs), for 411), 23.7 (2 x CHs, CH(CHs), for
406), 26.6 (CH,, =CHCH,CH= for 406), 30.0 (CH,, =CHCH,CHN for 411), 44.8 (CH, CH(CHs), for
411), 45.1 (CH, CH(CHs), for 406), 47.2 (CH, CH,CHN for 411), 47.8 (CH, CH,CHN for 406), 124.1
(CH, =CH for 411), 124.3 (CH, =CH for 411), 125.5 (2 x CH, =CH for 406), 128.3 (2 x CH, =CH for

406), 129.8 (2 x CH, =CH for 411).

= Diethyldithiocarbamic acid-[isopropyl(cyclohexa-2,5-dien-1-yl)carbamic acid]-

thioanhydride 405

|F|’r iFI’r |F|’r
NH N O N O
—_— \f —_— >
Cl S S
406 412 405 NEt,

A novel compound prepared according to a literature procedure.”’” A solution of triphosgene
(1.20 g, 4.03 mmol) in toluene (68 mL) was treated with pyridine (1.82 mL, 13.1 mmol) and
subsequently with a solution of amines 406 and 411 (1.49 g, 10.9 mmol) in toluene (15 mL).
The reaction mixture was stirred for 18 h at rt, quenched with NH,CI (50 mL of a saturated aq.
solution) and extracted with Et,0 (2 x 50 mL). The combined organic extracts were washed
sequentially with HCI (75 mL of a 0.5 M ag. solution) and brine (50 mL), dried over MgSQ,,
filtered and evaporated under reduced pressure to give carbamoyl chloride 412 and 413 (1.58
g, 73%) as a brown oil.

A solution of carbamoyl chloride 412 and 413 (1.58 g, 7.92 mmol) in acetone (61 mL) was

treated with sodium diethyldithiocarbamate trihydrate (7.13 g, 31.7 mmol). The reaction
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mixture was stirred at rt for 18 h, quenched with H,0 (60 mL) and extracted with Et,0 (3 x 60
mL). The combined organic extracts were washed with brine (100 mL), dried over MgSQ,,
filtered, evaporated under reduced pressure and purified by column chromatography (Pet
ether to Pet ether:EtOAc 9:1) to give carbamoyl dithiocarbamate 405 (1.63 g, 66%) as a yellow
solid. mp 108-111 °C; R¢ 0.50 (Pet ether:Et,0 4:1); Vmax (neat)/cm™: 2969, 1682, 1673, 1486,
1414, 1250, 1198, 1183, 1071, 912, 812, 772; &, (400 MHz, CDCl5) 1.25-1.38 (12H, m, CH(CHs),
and CH,CH;), 2.53-2.83 (2H, m, =CHCH,CH=), 3.46 (1H, s, CH(CHs),), 3.77 (2H, g, J 7.1 Hz,
CH,CHs), 4.00 (2H, q, J 7.1 Hz, CH,CHs), 4.98 (1H, s, =CHCHN), 5.67 (2H, d, J 9.2 Hz, =CH), 5.99
(2H, d, J 8.6 Hz, =CH); 6. (100 MHz, CDCls) 11.4 (CH3, CH,CHs), 13.4 (CHs, CH,CHs), 20.4 (2 x CH3,
CH(CHs),), 26.0 (CH,, =CHCH,CH=), 48.9 (CH,, CH,CHs), 49.6 (2 x CH, CHN), 50.0 (CH,, CH,CH3),
124.8 (2 x CH, =CH), 128.9 (2 x CH, =CH), 186.4 (C, C(S)S); m/z (ES) 335.1221 ([M+H]"

C1sHasN,NaOS, requires 335.1228), 394 (17%), 384 (10), 335 (100).

= (+)-(1R,2S,6S)-7-Isopropyl-8-oxo-7-azabicyclo[4.2.0]oct-4-en-2-yl

diethylcarbamodithioate 404

iPr
| H
ohe v
S S ' Yo
NEt, Et,N S
405 S 404

A novel compound prepared according to a literature procedure.”® A solution of carbamoyl
dithiocarbamate 405 (1.60 g, 5.10 mmol) in cyclohexane (51 mL) was degassed for 10 min and
irradiated with a 500 W lamp which generated enough heat to bring the solvent to reflux. After
5 h, the solvent was removed under reduced pressure and the crude product obtained was
purified by column chromatography (Hexane to Hexane:EtOAc 7:3) to give lactam 404 (0.877 g,
55%) as as a yellow brown oil. R; 0.56 (Pet ether:Et,0 7:3); Vinax (neat)/cm™: 2972, 1732, 1486,
1415, 1267, 1205, 1005, 982; 6, (400 MHz, CDCl3) 1.16 (3H, d, J 6.7 Hz, CH,CHs), 1.18-1.28 (9H,

m, CH,CH; and CH(CH;),), 2.50-2.71 (2H, m, =CHCH,CHS), 3.66 (2H, q, J 7.0 Hz, CH,CH,), 3.70-
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3.72 (1H, m, CHS), 3.87 (1H, hept, J 6.7 Hz, CH(CHs),), 3.93-4.07 (3H, m, CH,CH; and CHC(0)),
4.67-4.79 (1H, m, =CHCHN), 6.00-6.15 (2H, m, =CH); &¢ (100 MHz, CDCls) 11.7 (CHs, CH,CHs),
12.7 (CHs, CH,CH3), 20.5 (CHs, CH(CHs),), 22.0 (CHs, CH(CHs),), 28.2 (CH,, =CHCH,CH=), 44.4
(CH, CH(CHs),), 46.5 (2 x CH, CHN, CHC(0)), 46.8 (CH,, CH,CHs), 49.3 (CH,, CH,CHs), 53.3 (CH,
CHS), 127.6 (CH, =CH), 132.7 (CH, =CH), 167.1 (C, C(O)N), 186.4 (C, C(S)S); m/z (ES) 313.1408

(IM+H]" C;5H,5N,0S, requires 313.1403), 313 (100%).

= N-lsopropylbenzamide 415

HN,iPr
H
h O : I SiPr
Et,N.__S ¢
\[l,/ 404 415

A known compound®? prepared according to a modified literature procedure.” A solution of
B-lactam 404 (35 mg, 0.11 mmol) in THF (1.1 mL) was cooled to 0 °C and LHMDS (0.17 mL of a
1.0 M solution in THF, 0.17 mmol) was added dropwise over 1 min. After 1 h at 0 °C, Davis
oxaziridine (44 mg, 0.17 mmol) was added. The reaction mixture was allowed to warm to rt
and after 18 h, it was evaporated under reduced pressure. The crude material obtained was
purified by column chromatography (Pet ether to Pet ether:EtOAc 3:2) to give amide 415 (16
mg, 89%) as a white solid. mp 101-103 °C; R; 0.58 (Pet ether:EtOAc 65:35); Vmax (neat)/cm"l:
3295, 2971, 1630, 1531, 1346, 1288, 1168, 1137, 692; &, (400 MHz, CDCls) 1.25 (6H, d, J 6.6 Hz,
CH(CHs),), 4.18-4.73 (1H, m, CH(CHs),), 6.04 (1H, br s, NH), 7.36-7.43 (2H, m, Ar H), 7.44-7.49
(1H, m, Ar H), 7.71-7.77 (2H, m, Ar H); 8¢ (100 MHz, CDCl5) 23.0 (2 x CH3, CH(CHs),), 42.0 (CH,
CH(CHs),), 127.0 (2 x CH, Ar), 128.6 (2 x CH, Ar), 131.4 (CH, Ar), 135.1 (C, Ar), 166.9 (C, C(O)N).
Literature data:*>* Light yellow solid. mp 101-103 °C ; Vmax (KBr)/cm™: 3299, 3064, 2972, 2929,
1633, 1542, 1492, 1461, 1352, 1289, 1169, 931, 884, 702 ; 6,4 (400 MHz, CDCl;) 7.74 (d, J = 8.4

Hz, 2H), 7.48-7.37 (m, 3H), 6.12 (br. s, 1H), 4.33-4.21 (m, 1H), 1.24 (d, J = 6.4 Hz, 6H) ; 6. (100
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MHz, CDCl;) 166.7, 134.9, 131.2, 128.4, 126.8, 41.8, 22.7 ; m/z (El): 28, 51, 77, 105, 117, 148,

163.

= 1,1-Diethyl-3-isopropylurea 422

H .
iPr
W NN
~~ \n/ SiPr
H O
Et,N S o
\g/ 404 422

A novel compound prepared according to a literature procedure.” A solution of lactam 404 (86
mg, 0.28 mmol) in Ph,0 (2.8 mL) was heated to reflux. After 1 h, the reaction mixture was
directly purified by column chromatography (Pet ether to Pet ether:EtOAc 85:15) to give urea
422 (15 mg, 33%) as a white crystal. mp 54-57 °C; R; 0.18 (Pet ether:EtOAc 7:3); vmax (neat)/cm’
':3390, 2972, 1609, 1529, 1491, 1268, 1200, 1079, 765; 5, (400 MHz, CDCl;) 1.06-1.17 (12H, m,
CH,CH3 and CH(CHs),), 3.22 (4H, q, J 7.1 Hz, CH,CHs), 3.98 (1H, hept, J 6.7 Hz, CH(CHs),), 4.04
(1H, br's, NH); &¢ (100 MHz, CDCls) 14.0 (2 x CHs, CH,CHs), 23.8 (2 x CH3, CH(CHs),), 41.2 (2 x
CH,, CH,CH3), 42.5 (CH, CH(CH3),), 156.8 (C, C(O)N); m/z (El) 158.1412 (M* CgH1sN,O requires

158.1419), 158 (73%), 100 (90), 72 (39), 70 (47), 58 (100).

=  (Azidomethyl)benzene 430
©/\Br ©/\N3
430
A known compound®* prepared according to a literature procedure.’® A solution of benzyl
bromide (0.238 mL, 2.00 mmol) and sodium azide (0.325 g, 5.00 mmol) in H,0 (4 mL) was
heated at 120 °C with microwave irradiation for 30 min. The reaction mixture was extracted

with Et,0 (3 x 5 mL), washed with brine (10 mL), dried over MgS0,, filtered and evaporated

under reduced pressure to give (azidomethyl)benzene 430 (0.266 g, 100%) as a colourless oil
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(lit. yield 100%). R¢ 0.85 (Pet ether:EtOAc 9:1); Vmay (neat)/cm™: 3032, 2090, 1496, 1454, 1252,
875, 735, 695; &y (400 MHz, CDCl5) 4.35 (2H, s, CH,Ns), 7.31-7.44 (5H, m, Ar H); 8¢ (100 MHz,
CDCls) 55.0 (CH,, CH,N;), 128.4 (2 x CH, Ar), 128.5 (CH, Ar), 129.0 (2 x CH, Ar), 135.5 (C, Ar); m/z
(E1) 133 (8%), 105 (69), 104 (100), 91 (29), 77 (39). Literature data:*** &, (400 MHz, CDCl5) 7.25-

7.43 (m, 5H), 4.35 (s, 2H); 6¢ (100.59 MHz, CDCls) 135.5, 129.3, 128.3, 128.2, 54.8.

= 1-Benzyl-1H-benzo[d][1,2,3]triazole 431

OTf N
o O — O
T™S NLPh
427 430 431

A known compound®™* prepared according to a literature procedure.® A solution of 2-
(trimethylsilyl)phenyl trifluoromethanesulfonate 427 (0.260 g, 0.871 mmol) in CH;CN (12.5 mL)
was treated with (azidomethyl)benzene 430 (0.116 g, 0.871 mmol) and cesium fluoride (0.265
g, 1.74 mmol). After 4.5 h at rt, the reaction mixture was diluted with EtOAc (15 mL), washed
with brine (30 mL), dried over MgSQ,, filtered, evaporated under reduced pressure and
purified by column chromatography (Pet ether to Pet ether:EtOAc 7:3) to give triazole 431 (71
mg, 39%) as a colourless oil (lit. yield 82%). R; 0.17 (Pet ether:EtOAc 9:1); Vpax (neat)/cm™:
2921, 1496, 1456, 1224, 1095, 1060, 946, 744, 718; &, (400 MHz, CDCls) 5.85 (2H, s, NCH,Ph),
7.26-7.45 (8H, m, Ar H), 8.09 (1H, d, J 8.2 Hz, Ar H); 8¢ (100 MHz, CDCls) 52.3 (CH,, NCH,Ph),
109.8 (CH, Ar), 120.1 (CH, Ar), 124.0 (CH, Ar), 127.4 (CH, Ar), 127.6 (2 x CH, Ar), 128.5 (CH, Ar),
129.0 (2 x CH, Ar), 132.9 (C, Ar), 134.8 (C, ArCN), 146.4 (C, ArCN); m/z (ES) 301 (13%), 264 (16),
232 (100), 210 (30). Literature data:*** mp 114-115 °C; 6, NMR (400 MHz, CDCl;) 8.07 (d, J = 8.0
Hz, 1H), 7.26-7.41 (m, 8H), 5.85 (s, 2H); 6¢ (100.59 MHz, CDCls) 146.3, 134.7, 132.8, 129.0,
128.4, 127.6, 127.4, 123.9, 120.0, 109.7, 52.2; m/z (El) 209.0945 (M" Cy3H;:N; requires

209.0953).
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= Mesitaldehyde oxime 435

OH

434 435
A known compound®® prepared according to a literature procedure.’” A solution of aldehyde
434 (0.519 g, 3.50 mmol) in EtOH (27 mL) was treated with a solution of H,NOH.HCI (0.365 g,
5.25 mmol) in pyridine (27 mL). After 2 h at rt, the solvent was evaporated under reduced
pressure. The reaction mixture was quenched with H,0 (30 mL) and extracted with EtOAc (3 x
30 mL). The combined organic extracts were washed with brine (60 mL), dried over MgSQ,,
filtered and evaporated under reduced pressure to give oxime 435 (0.519 g, 92%) as a white
solid. mp 119-122 °C; R 0.56 (Pet ether:EtOAc 9:1); Vs (neat)/cm™: 3208, 2918, 1610, 1438,
1298, 943, 842, 722; 6, (300 MHz, CDCls) 2.29 (3H, s, CHs), 2.40 (6H, s, CHs), 6.89 (2H, s, Ar H),
8.43 (1H, s, C(N)H), 8.56 (1H, br s, OH); 8. (100 MHz, CDCl5) 21.2 (3 x CH5), 126.5 (C, CC(N)OH),
129.5 (2 x CH, Ar), 137.7 (2 x C, Ar), 139.1 (C, Ar), 150.0 (CH, C(N)H); m/z (ES) 164.1069 ([M+H]*
C10H1aNO requires 164.1070), 594 (36%), 445 (26), 371 (52), 164 (100). Literature data:*>> mp
124-127 °C (lit. 124 °C); Vimax (CH,Cly)/cm™: vou = 3600, 3560-3100; &, (200 MHz, CDCls) 7.91 (s,

1H), 6.72 (s, 2H), 4.58 (bs, 1H exchange with D,0), 2.31 (s, 6H), 2.20 (s, 3H).

=  Mesityl nitrile oxide 432

435 432

A known compound prepared according to the literature procedure.” A solution of oxime 435
(0.178 g, 1.09 mmol) and EtzN (0.167 mL, 1.20 mmol) in CH,Cl, (9 mL) was stirred at rt for 30

min. N-Chlorosuccinimide (0.153 g, 1.15 mmol) in solution in CH,Cl, (2 mL) was added
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portionwise every 5 min over 30 min. After 2 h at rt, another portion of N-chlorosuccinimide
(73 mg, 0.54 mmol) was added to drive the reaction to completion. After 1 h at rt, the reaction
mixture was evaporated under reduced pressure, diluted with Et,0 (10 mL) and the white
precipitate formed was filtered through celite (eluent Et,0). The filtrate was evaporated under
reduced pressure and purified by column chromatography (Pet ether to Pet ether:EtOAc 95:5)
to give nitrile oxide 432 (113 mg, 64%) as a white solid (lit. yield 99%). mp 83-88 °C; R; 0.80 (Pet
ether:EtOAc 9:1); Vmax (neat)/cm™: 2918, 2290, 1607, 1376, 1329, 1175, 1066, 867; &, (300
MHz, CDCl;) 2.30 (3H, s, CHs), 2.41 (6H, s, 2 x CH3), 6.90 (2H, s, Ar H); & (100 MHz, CDCls) 20.9
(2 x CH3), 21.6 (CH5), 111.2 (C, C=N"-0), 128.5 (2 x CH, Ar), 141.1 (C, Ar), 141.9 (2 x C, Ar); m/z
(ES) 162.0914 ([M+H]" C1oH1,NO requires 162.0913), 179 (34%), 162 (100). Literature data:**
m.p. 112-113 °C (from methanol); Vmax (paste)/cm"l: 2285; 6, (220 MHz, CDCl3) 2.30 (3 H, s,)
2.39 (6 H, s), 6.90 (2 H, s); 6¢ (55 MHz, CDCls) 20.7 (q), 21.4 (qg), 110.9 (s), 128.3 (d), 140.9 (s),

and 141.5 (s).

= (+)-(3aR,5aS,8aS)-5-Benzyl-3-mesityl-5,5a,6,7,8,8a-hexahydro-4H-azeto([3',2":1,6]

benzo[1,2-d] isoxazol-4-onemesitaldehyde oxime 436

H ,Bn H ,Bn
CE N
—_—

o) . O
O-N Mes
120 436

A novel compound prepared according to a literature procedure.’?

A solution of conjugated
lactam 120 (66 mg, 0.31 mmol) in CH,Cl, (3.1 mL) was treated with nitrile oxide 432 (55 mg,
0.34 mmol) and heated to reflux. After 5 h, the reaction mixture was evaporated under
reduced pressure and the crude residue obtained was purified by column chromatography (Pet
ether to Pet ether:EtOAc 7:3) to give oxazoline 436 (96 mg, 83%) as a white solid. mp 123-127
°C; R; 0.55 (Pet ether:EtOAc 7:3); Vimax (neat)/cm'l: 2921, 1751, 1450, 1407, 871, 851, 734, 700;

84 (400 MHz, CDCl5) 1.33-1.65 (4H, m, CH,), 1.79-1.90 (1H, m, CH,), 2.10 (3H, s, CHs), 2.26-2.36
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(1H, m, CH,), 2.38 (3H, s, CH3), 2.43 (3H, s, CH3), 3.56 (1H, dd, J 1.5 and 5.7 Hz, CHN), 3.89, 4.65
(2H, ABq, J 15.9 Hz, NCH,Ph), 5.13 (1H, dd, J 7.1 and 9.2 Hz, CHO), 6.69 (2H, d, J 7.4 Hz, Ar H),
6.89 (1H, s, Ar H), 7.01 (1H, s, Ar H), 7.09 (2H, t, J 7.5 Hz, Ar H), 7.19 (1H, t, J 7.4 Hz, Ar H); &¢
(100 MHz, CDCl3) 15.0 (CH,), 20.1 (CHs), 20.3 (CH), 21.2 (CHs), 24.9 (CH,), 28.2 (CH,), 43.5 (CH,,
NCH,Ph), 52.9 (CH, CH,CHN), 71.8 (C, CC(0)), 79.6 (CH, CH,CHO), 123.9 (C, Ar), 127.1 (2 x CH,
Ar), 127.5 (CH, Ar), 128.4 (CH, Ar), 128.7 (2 x CH, Ar), 129.0 (CH, Ar), 134.4 (C, Ar), 137.1 (C, Ar),
138.6 (C, Ar), 139.2 (C, Ar), 154.1 (C, C(N)), 165.9 (C, C(O)N); m/z (ES) 375.2071 ([M+H]"

Ca4H27N,0, requires 375.2067), 771 (10%), 749 (33), 397 (26), 375 (100), 242 (47).

= Allyl diethylcarbamodithioate 449

A Br . /\/S\H/ NEt,

S
449

257 154
d

A known compoun prepared according to a literature procedure.”™ A solution of allyl
bromide (0.173 mL, 2.00 mmol) in acetone (12.5 mL) was treated with sodium
diethyldithiocarbamate trihydrate (1.80 g, 8.00 mmol). After 1.5 h at rt, the reaction mixture
was quenched with H,0 (15 mL) and extracted with Et,0 (3 x 15 mL). The combined organic
extracts were washed with brine (15 mL), dried over MgSQ,, filtered, evaporated under
reduced pressure and purified by column chromatography (Pet ether to Pet ether:Et,0 9:1) to
give dithiocarbamate 449 (0.379 g, 100%) as a brown yellow oil. R; 0.67 (Pet ether:Et,0 9:1);
Vmax (Neat)/cm™: 2976, 1635, 1484, 1413, 1266, 1203, 1141, 983, 915, 830; 6, (400 MHz, CDCl,)
1.27 (6H, q, J 7.0 Hz, CH,CH3), 3.74 (2H, q, J 7.0 Hz, CH,CH3), 3.95-4.10 (4H, m, CH,CH3,
=CHCH,S), 5.14 (1H, d, J 10.0 Hz, =CH,), 5.30 (1H, dd, J 1.3 and 17.0 Hz, =CH,), 5.93 (1H, ddt, J
7.0, 10.0 and 17.0 Hz, =CH); &, (100 MHz, CDCl) 11.7 (CH3, CH,CHs), 12.6 (CH3, CH,CHs), 40.5
(CH,, =CHCH,S), 46.9 (CH,, CH,CHs), 49.7 (CH,, CH,CHs), 118.6 (CH,, =CH,), 132.9 (CH, =CH),
195.2 (C, C(S)S); m/z (El) 189.0651 (M" CgH1sNS, requires 189.0646), 189 (44%), 148 (39), 116

(100), 88 (75), 76 -46), 72 (51), 60 (29).
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= N-Ethyl-N-(4-(iodomethyl)-1,3-dithiolan-2-ylidene)ethanaminium iodide 450

/\/S\H/NEtz N+=< j/\
s —/ -8
449 450

14 A solution of

A known compound prepared according to the literature procedure.
dithiocarbamate 449 (0.193 g, 1.02 mmol) in CH,Cl, (10 mL) was treated with iodine (0.388 g,
1.53 mmol). After 2.5 h at rt, the reaction mixture was concentrated under reduced pressure.
The residue was triturated with a 1:3 mixture of CH,Cl,:Et,0. Filtration of the precipitate
(eluent: Et,0) gave 1,3-dithiolane 450 (0.431 g, 95%) as a yellow solid. mp 171-173 °C; Viax
(neat)/cm™: 2937, 1566, 1513, 1461, 1265, 1191, 1172, 908, 779, 730; & (400 MHz, MeOD)
1.43 (6H, td, J 5.2 and 7.3 Hz, CH,CH;), 3.76 (1H, dd, J 6.1 and 10.5 Hz, CH,l), 3.82 (1H, dd, /9.0
and 10.5 Hz, CH,l), 3.89-3.98 (4H, m, CH,CH3), 4.24 (2H, q, J 4.9 and 12.6 Hz, CH,S), 4.87-4.97
(1H, m, CHS); 6¢(100 MHz, MeOD) 2.7 (CH,, CH,l), 11.9 (CHs, CH,CHs), 12.0 (CHs, CH,CHs), 45.5
(CH,, CH,S), 56.0 (CH,, CH,CHs), 56.2 (CH,, CH,CHs), 60.0 (CH, CHS), 194.7 (C, SC(N)S); m/z (ES)

315.9686 ([M-1]" CgH15 >'INS, requires 316.9691), 316 (100%).
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6.5  Experimental procedures and analytical data for chapter five

= 2-lodo-6-isopropyl-3-methylcyclohex-2-enone 480

463 480
A novel compound prepared according to a modified literature procedure.'’? lodine (0.501 g,
1.97 mmol) was dissolved slowly in a 1:1 mixture of pyridine:CH,Cl, (1.4 mL). The reaction
mixture was wrapped in foil to keep away from the light and piperitone 463 (0.143 g, 0.939
mmol) was added dropwise. After 19 h at 40 °C, the reaction mixture was diluted with EtOAc
(10 mL) and washed with Na,S,0;5 (2 x 10 mL of a saturated ag. solution). The aqueous layer
was extracted with CH,Cl, (3 x 10 mL). The combined organic extracts were washed with brine
(20 mL), dried over Na,SQ,, filtered, evaporated under reduced pressure and purified by
column chromatography (Hexane to Hexane:EtOAc 9:1) to give iodo ketone 480 (82 mg, 31%)
as a yellow solid. mp 33-35 °C; R; 0.75 (Pet ether:Et,0 4:1); Vimax (neat)/cm'l: 2958, 1665, 1595,
1367, 1215, 777, 711; 6,,(300 MHz, CDCl;) 0.83 (3H, d, J 6.8 Hz, CH(CHs),), 0.91 (3H, d, J 6.8 Hz,
CH(CHs),), 1.72-1.88 (1H, m, CH,), 1.89-2.01 (1H, m, CH,), 2.20 (3H, s, =CCHs), 2.22-2.66 (4H, m,
CH,, CH(CHs), and CHC(O)); 6¢ (100 MHz, CDCl;) 18.6 (CH;, CH(CH3),, 20.8 (CH3, CH(CHs),, 22.8
(CH,, CHCH,CH,C=), 26.9 (CH, CH(CH3),, 31.6 (CH;, =CCHs), 33.6 (CH,, CHCH,CH,C=), 51.8 (CH,
CHC(0)), 107.5 (C, IC=CCH3), 165.0 (C, IC=CCHs), 193.9 (C, C(0)); m/z (ES) 279.0243 ([M+H]"

CioH16'2710 requires 279.0240), 279 (100%), 151 (44), 109 (12).
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= Thymol 481

463 481

172 A solution of

A known compound®® prepared according to a modified literature procedure.
piperitone 463 (2.00 g, 13.1 mmol) in a 1:1 mixture of pyridine:CCl, (50 mL) was cooled to 0 °C
and a solution of iodine (6.67 g, 26.3 mmol) in a 1:1 mixture of pyridine:CCl, (50 mL) was
added dropwise. The reaction mixture was allowed to warm to rt over 1 h. After 20 h at rt, the
reaction mixture was heated to 96 °C to drive the reaction to completion. After 24 h at 96 °C,
the brown solution was diluted with Et,0 (100 mL), washed sequentially with H,O (100 mL),
HCI (2 x 100 mL of a 1 M ag. solution), Na,SO; (100 mL of a 20% ag. solution) and brine (100
mL), dried over MgSQ,, filtered, evaporated under reduced pressure and purified by column
chromatography (Pet ether to Pet ether:Et,O 4:1) to give thymol 481 (1.21 g, 61%) as a
colourless oil. Rf 0.45 (Pet ether:Et,0 4:1); Vimax (neat)/cm™: 3383, 2961, 1617, 1585, 1418,
1289, 1152, 1088, 945, 808; &, (300 MHz, CDCl;) 1.25 (6H, d, J 6.9 Hz, CH(CHs),), 2.28 (3H, s,
=CCHs), 3.17 (1H, sept, J 6.9 Hz, CH(CHs),), 4.71 (1H, s, OH), 6.59 (1H, d, J 0.7 Hz, Ar H), 6.75
(1H, dd, J 0.7 and 7.7 Hz, Ar H), 7.10 (1H, d, J 7.7 Hz, Ar H); m/z (El) 150 (28%), 136 (9), 135
(100), 117 (9), 115 (11), 91 (11). Literature data:*>® vuma, (CH,Cl,)/cm™: 3586 (OH), 2965, 2933,
2869, 1671, 1606; 6, (400 MHz, CDCls) 7.22 (dd, 1H, J; = 8.4 Hz), 7.08 (td, 1H, J; = 7.7 Hz, J, =
1.7 Hz), 6.93 (td, 1H, J; = 7.5 Hz, J, = 1.1 Hz), 6.76 (dd, 1H, J, = 8.0 Hz, J, = 1.2 Hz), 4.79 (s, 1H,
OH), 3.23 (septet, 1H, J = 6.96), 1.27 (d, 6H, J = 6.8 Hz); 6:(100.6 MHz, CDCl3) 152.9, 134.6,

126.9, 126.6, 121.2, 115.4, 27.2, 22.8; m/z (El) 135.9025 (M* CoH1,0 requires 136.0888), 121

(100), 103 (20), 77 (18).
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= 6,6-Dibromobicyclo[3.1.0]hexane 486
a <
—_—
Br
486

259 116
d

A known compoun prepared according to a literature procedure.”™ A solution of
cyclopentene (4.63 g, 67.9 mmol) and tBuOK (10.7 g, 95.1 mmol) in pentane (40 mL) was
cooled to -30 °C and a solution of bromoform (8.50 mL, 88.4 mmol) in pentane (12 mL) was
added dropwise. The reaction mixture was allowed to warm to rt over 18 h, washed with H,0
(3 x 50 mL) and brine (50 mL), dried over MgSQ,, filtered, evaporated under reduced pressure
and purified by Kugelrohr distillation (90 °C, 0.8 mmHg) to give dibromo hexane 486 (7.75 g,
48%) as a colourless liquid. R 0.85 (Pet ether); &4 (300 MHz, CDCl;) 1.67-1.78 (2H, m,
CH,CH,CH,), 1.82-1.93 (2H, m, CHCH,CH,), 1.97-2.17 (2H, m, CHCH,CH,), 2.20-2.29 (2H, m,
BrCCHCH,); Literature data:*>° &, (300 MHz, CDCl5) 2.23 (m, 2 H), 2.11-1.97 (complex m, 2 H),
1.93-1.81 (complex m, 2 H), 1.78-1.64 (complex m, 2 H); & (75 MHz, CDCl;) 40.8 (C), 39.9 (CH),
29.5 (CH,), 25.9 (CH,); Vmax (KBr)/cm™: 2930, 2860, 1467, 1441, 1318, 1285, 1074, 1005, 969,
890, 746; m/z (El) 237.8982 (M" C¢Hg'°Br, requires 237.8993), 241.8954 (M" CgHg 'Br,

requires 241.8952242), 240 and 238 (M* 6 and 3%), 201, 199 and 197 (5, 10 and 6), 161 and

159 (36 and 35), 79 (100), 57 (42).

= 1,6-Dibromocyclohex-1-ene 487
o= L,
—_—
Br
Br
486 487

A known compound®® prepared according to a modified literature procedure.'’® A solution of
dibromohexane 486 (0.118 g, 0.492 mmol) in CH;CN (4.9 mL) was heated to reflux. After 4 h,
the reaction mixture was concentrated under reduced pressure to give dibromocyclohexene

487 (32 mg, 27%) as a pale yellow oil. R; 0.73 (Pet ether:EtOAc 9:1); 6, (300 MHz, CDCl5) 1.71-
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1.81 (1H, m, CH,CH,CH,), 1.93-2.07 (1H, m, CH,CH,CH,), 2.10-2.37 (4H, m, CH,), 4.78 (1H, br s,
CHBr), 6.19 (1H, dd, J 3.1 and 5.0 Hz, =CH); 8¢ (100 MHz, CDCl3) 16.5 (CH,, CH,CH,CH,), 27.6
(CH,), 33.9 (CH,), 54.1 (CH, CHBr), 122.5 (C, =CBr), 134.0 (CH, =CH). Literature data:**® Vi,
(neat)/cm™: 2953 (w), 2935 (w), 2832 (w), 1634 (w), 1437 (w), 1319 (w), 1191 (m), 996 (w),
943 (w), 907 (s), 889 (m), 847 (w), 730 (s), 638 (m). 6, (400 MHz, CDCl;) 6.19 (m, 1H; alkene-H),
4.78 (m, 1H; CHBr), 2.09-2.38 (m, 6H; CH,), 2.00 (m, 1H; CH,), 1.76 (m, 1H; CH,); 8. (100 MHz,

CDCls) 133.7,122.2, 53.9, 33.6, 27.4, 16.3.

=  N-(2-Bromocyclohex-2-en-1-yl)-4-methoxyaniline 488
N
O3 L
—_—
Br
Br (0]
486 488 |

A novel compound prepared according to a modified literature procedure.”’'’®

A solution of
dibromohexane 486 (2.57 g, 10.7 mmol) in CH;CN (29 mL) was heated at reflux for 1 h. The
reaction mixture was allowed to cool to rt, treated with K,CO; (1.63 g, 11.8 mmol) and 4-
methoxyaniline (3.56 g, 28.9 mmol). After 6.5 h at rt, the reaction mixture was quenched with
NH,CI (30 mL of a saturated aq. solution and extracted with Et,O (3 x 30 mL). The combined
organic extracts were washed with brine (50 mL), dried over MgSO,, filtered, evaporated
under reduced pressure and purified by column chromatography (Hexane to Hexane:EtOAc
95:5) to give bromo amine 488 (2.74 g, 91%) as a yellow oil. R; 0.65 (Pet ether:EtOAc 9:1); Viax
(neat)/cm™: 3393, 2932, 1507, 1229, 1177, 1035, 986, 815, 725; &, (300 MHz, CDCl3) 1.59-1.70
(2H, m, CH,CH,CH,), 1.74-1.90 (1H, m, CH,), 1.97-2.25 (3H, m, CH,), 3.62 (1H, br s, NH), 3.76
(3H, s, OCH3), 4.00 (1H, br s, CHN), 6.26 (1H, t, J 4.0 Hz, =CH), 6.64 (2H, d, J 9.0 Hz, Ar H), 6.81
(2H, d, J 9.0 Hz, Ar H); 8¢ (100 MHz, CDCl3) 17.1 (CH,, CH,CH,CH,), 27.8 (CH,), 29.9 (CH,), 55.8

(CHs, OCHs), 56.1 (CH, CHN), 114.9 (2 x CH, Ar), 115.0 (2 x CH, Ar), 123.9 (C, ArCN), 133.1 (CH,
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=CH), 141.4 (C, ArCO), 152.4 (C, =CBr); m/z (ES) 282.0487 ([M+H]" C;3Hi;"°BrNO requires

282.0488), 284 (98%), 282 (100).

= (R,Z)-N-((S)-6-Isopropyl-3-methylcyclohex-2-en-1-ylidene)-2-methylpropane-2-
sulfinamide 492 and (R,2)-N-((R)-6-isopropyl-3-methylcyclohex-2-en-1-ylidene)-2-methyl

propane-2-sulfinamide 491

463 492 491

Novel compounds prepared according to a literature procedure.'” A solution of piperitone 463
(0.110 g, 0.723 mmol) and Ti(OEt), (0.621 mL, 2.96 mmol) in THF (1.0 mL) was treated with
sulphonamide 483 (0.184 g, 1.52 mmol) and heated to reflux. After 72 h, the reaction mixture
was concentrated under reduced pressure and directly purified by column chromatography
(Pet ether to Pet ether:EtOAc 4:1) to give sulfinyl ketimine 492 (27 mg, 15%) and 491 (76 mg,
41%) as yellow oils.

492: Rf 0.36 (Pet ether:EtOAc 4:1); Vmax (neat)/cm'lz 2956, 1627, 1568, 1456, 1360, 1068; 64
(400 MHz, CDCls) 0.89 (3H, d, J 6.8 Hz, CH(CH5),), 0.95 (3H, d, J 6.8 Hz, CH(CH3),), 1.24 (9H, s,
SC(CHs)s), 1.72-1.93 (5H, m, =CCHs and CH,), 2.08-2.21 (2H, m, CH, and CHC(N)), 2.21-2.34 (2H,
m, CH, and CH(CHs),), 6.91 (1H, s, =CH); 6 (100 MHz, CDCl;) 19.0 (CHs, CH(CHs),), 21.5 (CHs,
CH(CHs),), 22.7 (3 x CHs, SC(CHs)3), 23.2 (CH,, CHCH,CH,C=), 24.6 (CH;, =CCHs), 26.7 (CH,
CH(CHs),), 30.1 (CH,, CHCH,CH,C=), 50.1 (CH, CHC(N)), 56.9 (C, SC(CHs);), 130.1 (CH, HC=CCHz),
156.1 (C, HC=CCHs), 178.7 (C, C(N)); m/z (ES) 278.1557 ([M+Na]" C14sH,sNNaOS requires
278.1555), 278 (100%), 256 (20), 222 (28), 200 (45); [a]*% -346.5° (c 0.86, CHCl3), -390.6° (c
0.43, CHCl3).

491: Rf 0.25 (Pet ether:EtOAc 4:1); Vmax (neat)/cm'lz 2956, 1628, 1567, 1383, 1360, 1069; &4

(400 MHz, CDCl;) 0.85 (3H, d, J 6.9 Hz, CH(CH;),), 0.90 (3H, d, J 6.9 Hz, CH(CH3),), 1.20 (9H, s,
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SC(CHs)s), 1.68-1.81 (1H, m, CH,), 1.83-1.94 (4H, m, =CCH; and CH,), 2.08-2.20 (2H, m, CH, and
CHC(N)), 2.20-2.34 (2H, m, CH, and CH(CHs),), 6.75 (1H, s, =CH); 8 (100 MHz, CDCls) 18.9 (CHs,
CH(CHs),), 21.3 (CHs, CH(CHs),), 22.3 (3 x CH3, SC(CHs)s), 23.1 (CH,, CHCH,CH,C=), 24.6 (CHs,
=CCHs), 26.7 (CH, CH(CHs),), 29.9 (CH,, CHCH,CH,C=), 49.9 (CH, CHC(N)), 56.2 (C, SC(CHs)s3),
119.8 (CH, HC=CCHs), 156.7 (C, HC=CCHs), 179.3 (C, C(N)); m/z (ES) 278.1558 ([M+Na]*
C14H2sNNaOS requires 278.1555), 278 (100%), 256 (22), 222 (32), 200 (33); [a]*% -131.0° (c

1.05, CHCly).

= (R)-N-((2R)-2-Isopropyl-5-methylcyclohexyl)-2-methylpropane-2-sulfinamide 495

7
P s

\_/
A UNEO N_+_O
-
= —_—
tBu t
491

495

T+
o+

[vel

u

A novel compound prepared according to a literature procedure.'®® A solution of (R,2)-N-(R)-
sulfinyl ketimine 491 (59 mg, 0.23 mmol) in THF (0.58 mL) was cooled to 0 °C and treated with
L-Selectride (0.69 mL of a 1.0 M solution in THF, 0.69 mmol). The reaction mixture was allowed
to warm to rt over 3.5 h, quenched with NH,CI (3 mL of a saturated aq. solution) and extracted
with EtOAc (3 x 5 mL). The combined organic extracts were washed with brine (10 mL), dried
over MgSO,, filtered, evaporated under reduced pressure and purified by column
chromatography (Hexane to Hexane:EtOAc 7:3) to give sulfinamide 495 (18 mg, 30%) as a
white solid. R; 0.52 (Pet ether:EtOAc 7:3); Viax (neat)/cm"l: 3330, 2914, 1455, 1371, 1159, 1060,
941; &, (400 MHz, CDCls) 0.85 (3H, d, J 6.5 Hz, CH(CHj3),), 0.93 (3H, d, J 6.5 Hz, CH(CH3),), 0.98
(3H, d, J 6.6 Hz, CHCH3), 1.00-1.12 (4H, m, CH,, CH,CHCHN and CH,CHN), 1.21 (9H, s, SC(CHs)s),
1.34-1.44 (1H, m, CH(CHs),), 1.56-1.77 (3H, m, CH, and CHCH,), 1.98 (1H, ddd, J 3.3, 5.6 and
13.8 Hz, CH,CHN), 3.07 (1H, br s, NH), 3.67-3.77 (1H, m, CHN); & (100 MHz, CDCls) 20.5 (CHs,

CHCH;), 21.5 (CHs, CH(CHs),), 22.4 (CHs, CH(CHs),), 22.8 (3 x CHs, SC(CHs);), 24.8 (CH,), 25.7
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(CH, CHCHs), 29.0 (CH, CH(CHs),), 35.3 (CH,), 40.3 (CH,, CH,CHN), 47.9 (CH, CH,CHCHN), 50.8

(CH, CHN), 55.4 (C, SC(CH3)3).

= (R)-N-((1S,6R)-6-Isopropyl-3-methylcyclohex-2-en-1-yl)-2-methylpropane-2-sulfinamide

497

N N~
: - oM -
_N.£.0 WN_x O
S > >
tBu tBu
491 497

A novel compound prepared according to a literature procedure.’ A solution of (R,2)-N-(R)-

@XWinn+
w+

Wi

sulfinyl ketimine 491 (0.144 g, 0.564 mmol) in Et,0 (5.6 mL) was cooled to -78 °C and treated
with DIBAL-H (1.7 mL of a 1.0 M solution in hexanes, 1.7 mmol). After 1.5 h, the reaction
mixture was quenched with NH,Cl (10 mL of a saturated aq. solution) and extracted with
CH,Cl, (3 x 10 mL). The combined organic extracts were washed sequentially with H,O (15 mL),
brine (15 mL), dried over MgSQ,, filtered, evaporated under reduced pressure and purified by
column chromatography (Hexane to Hexane:EtOAc 7:3) to give cis sulfinamide 497 (0.114 g,
79%) as a colourless oil. R; 0.19 (Pet ether:EtOAc 7:3); Vimax (neat)/cm'lz 3435, 3223, 2955, 1473,
1363, 1048, 969; &, (400 MHz, CDCl3) 0.94 (3H, d, J 6.6 Hz, CH(CH;),), 0.98 (3H, d, J 6.6 Hz,
CH(CHs),), 1.03-1.12 (1H, m, CH,), 1.18 (9H, s, SC(CHs)3), 1.22-1.35 (1H, m, CH,), 1.53-1.61 (1H,
m, CH(CHs),), 1.67-1.76 (4H, m, =CCH; and CH,CHCHN), 1.86-2.04 (2H, m, CH,), 3.26 (1H, d, J
6.1 Hz, NH), 3.86-3.97 (1H, m, CHN), 5.57-5.66 (1H, m, =CH); & (100 MHz, CDCls) 20.6 (CH,,
CHCH,CH,C=), 21.2 (2 x CHs, CH(CHs),), 23.0 (3 x CHs, SC(CHs)3), 23.5 (CH3, =CCHs), 28.0 (CH,
CH(CHs),), 31.6 (CH,, CHCH,CH,C=), 46.5 (CH, CH,CHCHN), 51.0 (CH, CHN), 55.9 (C, SC(CHs)s),
121.8 (CH, HC=CCH,), 139.3 (C, HC=CCHs); m/z (ES) 280.1708 ([M+Na]" C1,H,;NNaOS requires

280.1711), 280 (100%); [0]*% -194.3° (c 0.97, CHCl,).
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= (R)-N-((1S,6S)-6-Isopropyl-3-methylcyclohex-2-en-1-yl)-2-methylpropane-2-sulfinamide

499 and (R)-N-((1R,6S)-6-isopropyl-3-methylcyclohex-2-en-1-yl)-2-methylpropane-2-

Novel compounds prepared according to a literature procedure.’® A solution of (R,2)-N-(S)-

sulfinamide 498

.(/)+
CUII (/)+
WIl (/)+

w..

492

sulfinyl ketimine 492 (45 mg, 0.18 mmol) in THF (1.8 mL) was cooled to -78 °C and treated with
DIBAL-H (0.53 mL of a 1.0 M solution in hexanes, 0.53 mmol). After 1 h, the reaction mixture
was quenched with NH,Cl (5 mL of a saturated aqg. solution) and extracted with CH,Cl, (3 x 5
mL). The combined organic extracts were washed with brine (10 mL), dried over MgSO,,
filtered, evaporated under reduced pressure and purified by column chromatography (Pet
ether to Pet ether:EtOAc 4:1) to give trans sulfinamide 499 (21 mg, 47%) as a yellow solid and
cis sulfinamide 498 (11 mg, 25%) as a yellow oil.

trans sulfinamide 499 : mp 46-50 °C; Rf 0.24 (Pet ether:EtOAc 7:3); Viax (neat)/cm'l: 3478,
3114, 1455, 1364, 1023, 1011; &, (400 MHz, CDCls) 0.84 (3H, d, J 6.8 Hz, CH(CH5),), 0.96 (3H, d,
6.8 Hz, CH(CH;),), 1.20 (9H, s, SC(CHs)3), 1.30-1.48 (2H, m, CH,), 1.67 (3H, s, =CCHs), 1.68-1.78
(1H, m, CH,), 1.91 (2H, m, CH, and CH,CHCHN), 1.94-2.06 (1H, m, CH(CHs),), 3.15 (1H, d, J 7.6
Hz, NH), 3.62-3.76 (1H, m, CHN), 5.35 (1H, dd, J 1.5 and 3.0 Hz, =CH); &, (100 MHz, CDCl5) 17.7
(CHs, CH(CHs),), 20.7 (CH,, CHCH,CH,C=), 21.6 (CHs, CH(CHs),), 22.8 (3 x CHs, SC(CHs)s), 23.6
(CHs3, =CCHs), 26.0 (CH, CH(CHs),), 29.2 (CH,, CHCH,CH,C=), 46.6 (CH, CH,CHCHN), 55.5 (CH,
CHN), 55.8 (C, SC(CHs)s), 123.6 (CH, HC=CCHs), 137.9 (C, HC=CCHs); [a]*’p -69.5° (c 1.0, CHCls).
cis sulfinamide 498: R; 0.33 (Pet ether:EtOAc 7:3); 64 (400 MHz, CDCl;) 0.93 (6H, dd, J 4.6 and
6.6 Hz, CH(CH;),), 1.02-1.16 (2H, m, CH,), 1.20 (9H, s, SC(CHs)s), 1.47-1.61 (1H, m, CH(CHs),),
1.65 (3H, s, =CCH3), 1.77-1.86 (1H, m, CH,), 1.89-1.98 (2H, m, CH, and CH,CHCHN), 2.85 (1H, d,
J 9.3 Hz, NH), 3.72-3.88 (1H, m, CHN), 5.63-5.79 (1H, m, =CH); & (100 MHz, CDCl;) 21.0 (CHs,
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CH(CHs),), 21.1 (CHs;, CH(CHs),), 21.7 (CH,, CHCH,CH,C=), 23.1 (3 x CHs, SC(CHs)3), 23.5 (CH;,
=CCH3), 28.3 (CH, CH(CHs),), 31.2 (CH,, CHCH,CH,C=), 46.3 (CH, CH,CHCHN), 53.4 (CH, CHN),

56.3 (C, SC(CHs)s), 125.0 (CH, HC=CCHs), 137.4 (C, HC=CCH;).

= (R,2)-S-(tert-Butyl)-N-(6-isopropyl-3-methylcyclohex-2-en-1-ylidene)thiohydroxylamine

507

e PR
TS ~ S
| E—— |
tBu tBu
497 507

A novel compound prepared according to a literature procedure.”” A solution of (R)-N-((1S,6R)-
sulfinamide 497 (0.104 g, 0.404 mmol) in toluene (1.1 mL) was added dropwise to a solution of
triphosgene (44 mg, 0.15 mmol) and pyridine (39 uL, 0.49 mmol) in toluene (2.0 mL). After 18
h at rt, the reaction mixture was quenched with NH,Cl (3 mL of a saturated ag. solution) and
extracted with Et,0 (3 x 5 mL). The combined organic extracts were washed sequentially with
HCl (10 mL of a 0.25 M agq. solution) and brine (10 mL), dried over MgSQ,, filtered and
evaporated under reduced pressure to give a 3.2:1 mixture of Z:E imine 507 (97 mg, 80%) as a
colourless oil. Ry 0.49 (Pet ether:CH,Cl, 9:1); Vimax (neat)/cm™: 2957, 1634, 1568, 1454, 1379,
1359, 1167, 724; &6, (400 MHz, CDCl;) (as a mixture of isomers) 0.89, 0.94 (3H, d, J 6.7 Hz,
CH(CHSs),), 0.91, 0.97 (3H, d, J 6.7 Hz, CH(CH;),), 1.36, 1.38 (9H, s, SC(CHs);), 1.68-2.00 (5H, m,
CH; and =CCHj,), 2.02-2.24, 2.39-2.46 (4H, m, CH,, CH,CHC(N) and CH(CHz),), 5.91, 6.09 (1H, dd,
J 1.4 and 2.9 Hz, =CH); 6, (100 MHz, CDCl;) (as a mixture of isomers) 19.4, 20.7 (CH3, CH(CHs),),
21.4, 21.5 (CHs, CH(CHs),), 23.6, 24.0 (CHs, =CCHs), 23.9, 24.4 (CH,, CHCH,CH,C=), 26.9 (CH,
CH(CHs),), 27.1, 29.5 (CH,, CHCH,CH,C=), 29.2, 29.3 (3 x CHs, SC(CHs)s), 45.5, 49.8 (CH,
CH,CHC(N)), 45.9, 46.1 (C, SC(CHs)s), 119.1, 125.6 (CH, HC=CCHs), 142.3, 148.9 (C, HC=CCHs),
162.2, 166.5 (C, C(N)); m/z (ES) 240.1787 ([M+H]" C14HNS requires 240.1786), 241 (65%), 240

(100), 184 (25); [a]*° +177.2° (c 1.03, CHCls).
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= N-((1S,6R)-6-Isopropyl-3-methylcyclohex-2-en-1-yl)-2-methylpropane-2-sulfonamide

~N y
.0 N
* S:O
—_— [
u @ tBu
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A novel compound prepared according to a literature procedure.’® A solution of (R)-N-

508

7
I H
\\\N

Wi+

t

497

((1S,6R)-sulfinamide 497 (55 mg, 0.21 mmol) in CH,Cl, (3.1 mL) was treated with mCPBA (48
mg, 0.28 mmol). After 2.5 h at rt, the reaction mixture was quenched with Na,SO; (5 mL of a
saturated aq. solution), NaHCO; (5 mL of a saturated aqg. solution) and extracted with CH,Cl, (3
x 10 mL). The combined organic extracts were dried over MgSQ,, filtered, evaporated under
reduced pressure and purified by column chromatography (Pet ether to Pet ether:Et,0 9:1) to
give sulfonamide 508 (30 mg, 52%) as a colourless oil. R; 0.38 (Pet ether:Et;0 7:3); Vmax
(neat)/cm™: 3282, 2957, 1430, 1296, 1125, 985, 910, 823, 689; &, (400 MHz, CDCl;) 0.94 (3H, d,
1 6.6 Hz, CH(CHs),), 0.99 (3H, d, J 6.6 Hz, CH(CHs),), 1.05-1.26 (2H, m, CH,CHCHN and CH,), 1.40
(9H, s, SC(CHs)3), 1.66 (3H, s, =CCH3), 1.70-1.86 (2H, m, CH(CHs), and CH,), 1.88-2.04 (2H, m,
CH,), 3.48 (1H, d, J 9.6 Hz, NH), 4.02 (1H, dt, J 4.4 and 9.1 Hz, CHN), 5.59-5.76 (1H, m, =CH); &¢
(100 MHz, CDCl3) 20.5 (CHs, CH(CHs),), 20.8 (CH,, CHCH,CH,C=), 21.9 (CHs, CH(CHs),), 23.5 (CHs,
=CCHs), 24.6 (3 x CHs, SC(CHs)s), 27.9 (CH, CH(CHs),), 31.2 (CH,, CHCH,CH,C=), 45.5 (CH,
CH,CHCHN), 50.7 (CH, CHN), 59.9 (C, SC(CHs)3), 123.6 (CH, HC=CCH3), 138.2 (C, HC=CCH3); m/z
(ES) 296.1653 ([M+Na]" C14H,,NNaO,S requires 296.1660), 296 (100%); [0]*% -164.9° (c 0.65,

CHCly).
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= 6-Isopropyl-3-methylcyclohex-2-enone oxime 512

N
Z "OH

463 512
A novel compound prepared according to a literature procedure.” A solution of piperitone 463
(0.157 g, 1.03 mmol) in CH3;CN (2.6 mL) was added onto a solution of hydroxylamine
hydrochloride (0.501 g, 7.21 mmol) and sodium acetate (0.591 g, 7.21 mmol) in H,0 (2.6 mL).
The reaction mixture was heated to reflux. After 4.5 h, hydroxylamine hydrochloride (72 mg,
1.0 mmol) and sodium acetate (84 mg, 1.0 mmol) were added to drive the reaction to
completion. After 18 h, the reaction mixture was extracted with CH,Cl, (3 x 5 mL). The
combined organic extracts were washed with brine (10 mL), dried over MgSO.,, filtered,
evaporated under reduced pressure and purified by column chromatography (Pet ether to Pet
ether:EtOAc 9:1) to give a 3:1 mixture of Z:E oxime 512 (0.124 g, 72%) as an orange oily solid.
Rf 0.58 (Pet ether:EtOAC 4:1); Vmax (neat)/cm™: 3186, 2956, 1639, 1431, 1379, 1366, 1150, 939,
886, 857; 6y (400 MHz, CDCl;) (as a mixture of isomers) 0.90, 0.91 (3H, d, J 6.7 Hz, CH(CHs),),
0.93, 0.98 (3H, d, J 6.7 Hz, CH(CH3),), 1.59-1.97 (2H, m, CH,), 1.77, 1.84 (3H, s, =CCH3), 1.97-
2.07,2.98 (2H, m, CH, and CHC(N)), 2.13-2.26 (2H, m, CH, and CH(CHs),), 5.83, 6.53 (1H, d, /0.7
Hz, =CH), 9.66 (1H, br s, OH); &6, (100 MHz, CDCl;) (as a mixture of isomers) 20.1, 20.9 (CH;,
CH(CHs),), 21.5, 21.6 (CH3, CH(CHs),), 23.9, 24.2 (CHs, =CCHs), 24.1, 24.3 (CH,, CHCH,CH,C=),
26.9, 27.1 (CH, CH(CHs),), 27.6, 28.6 (CH,, CHCH,CH,C=), 36.9, 44.1 (CH, CHC(N)), 112.9, 119.4
(CH, HC=CCH;), 144.4, 148.8 (C, HC=CCH;), 156.1, 159.8 (C, C(N)); m/z (ES) 168.1389 ([M+H]"

C10H1sNO requires 169.1388), 232 (100%), 190 (31), 168 (23).
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=  6-Isopropyl-3-methylcyclohex-2-enone O-methyl oxime 513

0 N...
OMe

463 513
A novel compound prepared according to a literature procedure.”®” A solution of piperitone
463 (0.150 g, 0.985 mmol) in a 5:1 mixture of CH;OH:H,0 (1.0 mL) was treated with
methoxylamine hydrochloride (0.720 mL of a 25% wt ag. solution, 4.93 mmol) and sodium
acetate (0.684 g, 5.02 mmol). The reaction mixture was heated at reflux for 18 h and MeOH
was evaporated under reduced pressure. The aqueous reaction mixture was diluted with H,0
(5 mL) and extracted with EtOAc (3 x 5 mL). The combined organic extracts were washed with
brine (10 mL), dried over MgSQ,, filtered, evaporated under reduced pressure and purified by
column chromatography (Pet ether to Pet ether:Et,0 9:1) to give a 3.5:1.0 mixture of Z:E oxime
513 (0.105 g, 59%) as a pale yellow oil. R; 0.62 (Pet ether:Et,0 9:1); Viax (neat)/cm'l: 2955,
1639, 1435, 1054, 902, 865; &6, (400 MHz, CDCl;) (as a mixture of isomers) 0.85, 0.91 (3H, d, J
6.7 Hz, CH(CH;),), 0.94, 0.97 (3H, d, J 6.7 Hz, CH(CH;),), 1.57-1.85 (6H, m, CH,, =CCH; and
CH(CHs),), 1.86-2.06, 2.83-2.93 (2H, m, CH, and CHC(N)), 2.12-2.27 (1H, m, CH,), 3.81, 3.85
(3H, s, OCH3), 5.81, 6.40 (1H, d, J 0.9 Hz, =CH); 6. (100 MHz, CDCl;) (as a mixture of isomers)
20.4, 20.9 (CHs, CH(CHs),), 21.4, 21.5 (CHs, CH(CHs),), 24.0, 24.2 (CHs, =CCHs), 24.5 (CH,,
CHCH,CH,C=), 26.9, 27.4 (CH, CH(CHs),), 27.1, 28.5 (CH,, CHCH,CH,C=), 37.6, 44.0 (CH, CHC(N)),
61.2, 61.5 (CH;, OCH3), 113.2, 119.3 (CH, HC=CCHs), 144.7, 148.9 (C, HC=CCHs), 156.2, 159.8 (C,

C(N)); m/z (ES) 182.1535 ([M+H]" C11H,0NO requires 182.1539), 182 (100%).
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= (2)-N-(6-Isopropyl-3-methylcyclohex-2-en-1-ylidene)-4-methylbenzenesulfonamide

516

463 516
A novel compound prepared according to a modified literature procedure.'” A solution of
piperitone 463 (0.114 g, 0.749 mmol) and TsNH, (0.141 g, 0.824 mmol) in THF (1.0 mL) was
treated with Ti(OEt), (0.528 mL, 1.65 mmol) and heated to reflux. After 36 h, the reaction
mixture was quenched with H,0 (25 uL) and filtered through a pad of celite (eluent EtOAc).
The filtrate was concentrated under reduced pressure and the crude product obtained was
purified by column chromatography (Pet ether to Pet ether:EtOAc 4:1) to give tosyl imine 516
(24 mg, 10%) as a colourless oil. Rf 0.49 (Pet ether:EtOAc 4:1); Vs (neat)/cm™: 2952, 1728,
1438, 1367, 1237, 1018, 940; &, (400 MHz, CDCl;) 0.88 (6H, t, J 6.9 Hz, CH(CH3),), 1.82-1.99 (2H,
m, CH,), 2.00 (3H, s, =CCH3), 2.05-2.40 (4H, m, CH,, CHC(N) and CH(CHs),), 2.41 (3H, s, ArCHs),
7.06 (1H, s, =CH), 7.29 (2H, d, J 8.1 Hz, Ar H), 7.85 (2H, d, J 8.1 Hz, Ar H); 6 (100 MHz, CDCl)
19.4 (CHs, CH(CHs),), 21.1 (CHs, CH(CHs),), 21.7 (CHs, ArCHs), 23.2 (CH,, CHCH,CH,C=), 25.1
(CHs, =CCHs), 27.5 (CH, CH(CHs),), 29.7 (CH,, CHCH,CH,C=), 49.4 (CH, CHC(N)), 121.0 (CH,
HC=CCHs), 126.9 (2 x CH, Ar), 129.5 (2 x CH, Ar), 139.5 (C, ArCCHs), 143.1 (C, ArCS), 163.0 (C,
HC=CCH;), 181.1 (C, C(N)); m/z (ES) 306.1523 ([M+H]* C;,H,,NO,S requires 306.1522), 306

(100%), 258 (50), 249 (83), 195 (72), 137 (48), 123 (60), 95 (84).
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= (2)-N-(6-lsopropyl-3-methylcyclohex-2-en-1-ylidene)-4-methoxyaniline 517

N.
Z " “PMP

463 517

175 A solution of

A novel compound prepared according to a modified literature procedure.
piperitone 463 (0.114 g, 0.749 mmol) and 4-methoxyaniline (0.101 g, 0.824 mmol) in THF (1.0
mL) was treated with Ti(OEt), (0.528 mL, 1.65 mmol) and heated to reflux. After 36 h, the
reaction mixture was quenched with H,0 (25 pL) and filtered through a pad of celite (eluent
EtOAc). The filtrate was concentrated under reduced pressure and the crude product obtained
was purified by column chromatography (Pet ether to Pet ether:EtOAc 9:1) to give a 1.0:7.6
mixture of E:Z aniline imine 517 (77 mg, 41%) as a golden oil. Rf 0.58 (Pet ether:EtOAc 4:1);
Vmax (n€at)/cm™: 2956, 1634, 1605, 1500, 1237, 1034, 827; &, (300 MHz, CDCl;) (Z isomer) 0.97
(3H, d, J 6.4 Hz, CH(CH5),), 1.03 (3H, d, J 6.4 Hz, CH(CH5),), 1.73 (3H, s, =CCHs), 1.89-2.33 (6H,
m, CH,, CHC(N) and CH(CHs),), 3.77 (3H, s, OCHs), 5.78 (1H, s, =CH), 6.70 (2H, d, J 8.9 Hz, Ar H),

6.83 (2H, d, J 8.9 Hz, Ar H); m/z (ES) 258.1851 ([M+H]" C;;H4NO requires 258.1852), 258 (23%),

169 (100), 151 (30), 124 (78).

= (%)-(1S,6R)-6-Isopropyl-3-methylcyclohex-2-enol or cis piperitol 521 and (t)-(1R,6R)-6-

isopropyl-3-methylcyclohex-2-enol or trans piperitol 519

<
<

o) WOH OH
_— +

463 521 519

Known compounds prepared according to the literature procedure.™® A slurry of LiAlH, (50 mg,
1.3 mmol) in Et,0 (2.1 mL) was cooled to 0 °C and a solution of piperitone 463 (0.200 g, 1.31

mmol) in Et,0 (0.5 mL) was added dropwise over 3 min. After 3 h at 0 °C, the reaction mixture
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was carefully quenched with H,0 (3 mL) and extracted with Et,0 (3 x 5 mL). The combined
organic extracts were washed with brine (10 mL), dried over MgSQ,, filtered, evaporated
under reduced pressure and purified by column chromatography (Hexane to Hexane:Et,0 4:1)
to give cis piperitol 521 (38 mg, 19%) as a white solid and trans piperitol 519 (0.111 g, 55%) as
a colourless oil.

cis piperitol 521: mp 29-30 °C; R; 0.65 (Pet ether:EtOAC 4:1); Vmax (neat)/cm™: 3336, 2910, 1669,
1390, 953, 904; &, (400 MHz, CDCl3) 0.92-1.02 (7H, m and 2 x d, J 6.7 Hz, CH(CH;), and
CH,CHCHOH), 1.11 (1H, brs, OH), 1.32 (1H, tdd, J 6.3, 11.3 and 13.6 Hz, CH,), 1.58-1.77 (5H, m,
CH(CHs),, CH, and =CCHs), 1.87-2.05 (2H, m, CH,), 4.12 (1H, br s, CHOH), 5.55-5.58 (1H, m,
=CH); 6¢ (100 MHz, CDCls) 20.8 (CH,, CHCH,CH,C=), 21.0 (CHs, CH(CHs),), 21.2 (CHs, CH(CHs),),
23.6 (CHs, =CCH3), 28.6 (CH, CH(CHs),), 31.7 (CH,, CHCH,CH,C=), 46.4 (CH, CH,CHCHOH), 65.2
(CH, CHOH), 123.9 (CH, HC=CCHs), 139.8 (C, HC=CCH;); m/z (ES) 153.1270 ([M-H]* CyoH4,0
requires 153.1274), 154 (10%), 138 (12), 137 (100). Literature data:'* &, (300 MHz, CDCl3) 5.6
(d, J = 6 Hz, 1H, H-2), 4.1 (m, 1H, H-3), 1.9 (m, 2H, H-6), 1.7 (s, 3H, CHs), 1.8-1.6 (m, 2H, H-4 +
(CH3),CH), 1.3 (m, 2H, H-5), 1.0 and 0.9 (d+d, J = 7 Hz, 6H, (CHs),CH); &¢ (75 MHz, CDCl;) 139.5
(C1), 123.6 (C;), 64.9 (C3), 46.1 (C4), 31.4 (Ce), 28.3 (CH3),CH), 23.3, 20.9, 20.7 (3xCH3) and 20.4
(Cs); m/z 154 (M*, 7.0), 139 (69), 121 (10), 112 (27), 111 (21), 95 (14), 93 (28), 91 (20), 84 (100),
83 (74), 79 (18), 77 (17), 69 (18), 55 (33) and 41 (64).

trans piperitol 519: R; 0.58 (Pet ether:EtOAc 4:1); Viax (neat)/cm'lz 3307, 2928, 1434, 1367,
1026, 984, 898; 6, (400 MHz, CDCls) 0.83 (3H, d, J 6.9 Hz, CH(CHs),), 0.96 (3H, d, J 6.9 Hz,
CH(CHs),), 1.18-135 (2H, m, CH, and CH,CHCHOH), 1.38 (1H, br s, OH), 1.63-1.71 (4H, m, CH,
and =CCHs), 1.83-2.07 (3H, m, CH(CH3), and CH,), 4.00 (1H, br s, CHOH), 5.32-5.44 (1H, m,
=CH); 6¢ (100 MHz, CDCl3) 17.8 (CHs, CH(CHs),), 21.1 (CH,, CHCH,CH,C=), 21.4 (CH;, CH(CHs),),
23.3 (CHs, =CCH3), 26.7 (CH, CH(CHs),), 30.3 (CH,, CHCH,CH,C=), 48.2 (CH, CH,CHCHOH), 69.3
(CH, CHOH), 125.4 (CH, HC=CCHs), 137.8 (C, HC=CCHs); m/z (ES) 153.1270 ([M-H]" CyoH4,0

requires 153.1274), 138 (12), 137 (100), 81 (32). Literature data:'*® 6,;(300 MHz, CDCl;) 5.4 (br
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s, 1H, H-2), 4.0 (m, 1H, H-3), 2.1-1.9 (m, 4H, H-4 + H-6 + (CH5),CH), 1.6 (s, 3H, CHs), 1.2 (m, 2H,
H-5), 0.9 and 0.8 (d+d, J = 7 Hz, 6H, (CH;),CH); 8¢ (75 MHz, CDCls) 137.2 (C,), 125.4 (C,), 68.8
(C3), 47.6 (Ca), 30.0 (Cs), 26.3 (CH3),CH), 23.0, 21.1, 17.1 (3xCHs) and 20.7 (Cs); m/z 154 (M, 7),
139 (61), 121 (7), 112 (24), 111 (24), 93 (30), 91 (22), 84 (100), 83 (73), 81 (18), 79 (17), 77 (18),

69 (16), 55 (34) and 41 (65).

= (1)-(1S,2R)-2-Isopropyl-5-methylcyclohexyl methanesulfonate 523

--<
-

OH O. /(/)

519 523

A known compound®® prepared according to a literature procedure.’®® A solution of trans-
piperitol 519 (67 mg, 0.43 mmol) in pyridine (4.3 mL) was treated with MsCl (50 pL, 0.65
mmol). After 3 h at rt, the reaction mixture was quenched with H,0 (5 mL) and extracted with
EtOAc (3 x 5 mL). The combined organic extracts were washed with H,0 (3 x 10 mL), dried over
Na,SO,, filtered and evaporated under reduced pressure to give mesylated piperitol 523 (6 mg,
6%) as a yellow oil. R; 0.53 (Pet ether:EtOAc 4:1); Vimax (neat)/cm'lz 2928, 1456, 1351, 1332,
1171, 938, 911; 64 (300 MHz, CDCl;) 0.83 (3H, d, J 7.0 Hz, CHCH;), 0.96 (6H, dd, J 2.5 and 6.8 Hz,
CH(CHs),), 0.96-1.64 (5H, m, CH,, CH,CHCH; and CH,CHCHO), 1.62-1.68 (2H, m, CH,), 2.07 (1H,
dtd, J 2.5, 6.8 and 9.4 Hz, CH(CHs),), 2.22-2.31 (1H, m, CH,), 3.01 (3H, s, SCHs), 4.55 (1H, dt, J
4.6 and 10.9 Hz, CHOMs); 6¢ (100 MHz, CDCl3) 15.9 (CHs, CHCHs), 21.0 (CH;, CH(CHs),), 22.0
(CHs, CH(CHs),), 23.3 (CH,), 26.1 (CH, CHCHs), 31.8 (CH, CH(CHs),), 34.0 (CH,), 39.3 (CHs, SCHs),
42.4 (CH, CH,CHCHO), 47.6 (CH,, CH,CHO), 83.6 (CH, CHOMs). Literature data:*®* V.
(neat)/cm™: 2960, 2875, 1460, 1350, 1175, 920, 865, 750, 536. &, (500 MHz, CDCl;) 0.84 (d, J =
6.9 Hz, 3H), 0.85-0.90 (m, 1H), 0.93 (d, J = 6.7 Hz, 3H), 0.95 (d, J = 6.5 Hz, 3H), 1.02-1.11 (m,
1H), 1.23-1.30 (m, 1H), 1.39-1.50 (m, 2H), 1.67-1.75 (m, 2H), 2.06-2.09 (m, 1H), 2.24-2.28 (m,
1H), 3.01 (s, 3H), 4.51-4.57 (m, 1H); m/z 234 (M"), 132, 78.
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= tert-Butyl tosylcarbamate 527

0]
O (@)
(@) (0] H
184 527

A known compound®®® prepared according to a literature procedure.”® Tosylisocyanate 184
(1.00 mL, 6.72 mmol) in tBuOH (6.7 mL) was stirred at rt. After 18 h, the excess of solvent was
removed under reduced pressure and TsNHBoc 527 (1.82 g, 100%) was obtained as a white
solid. mp 87-89 °C; R 0.65 (Pet ether:EtOAc 1:1); Vs (neat)/cm™: 3257, 2935, 1748, 1509,
1438, 1230, 1125, 1033, 816; 6, (400 MHz, CDCl) 1.39 (9H, s, C(CHs)s), 2.44 (3H, s, ArCHs),
7.32 (2H, d, J 8.3 Hz, Ar H), 7.66 (1H, s, NH), 7.89 (2H, d, J 8.3 Hz, Ar H); & (100 MHz, CDCl)
21.8 (CHs, ArCHs), 28.0 (3 x CHs, C(CHs)3), 84.2 (C, OC(CHs)s), 128.4 (2 x CH, Ar), 129.6 (2 x CH,
Ar), 136.1 (C, ArCCHs), 144.9 (C, ArCS), 149.4 (C, C(0)); m/z (ES) 272.0955 ([M+H]" C1,H15NO,4S
requires 272.0951), 316 (53%), 289 (98), 272 (17), 238 (31), 216 (100), 155 (24). Literature
data:*®* mp 115-116 °C; Vs (KBr)/cm™: 3225, 1750, 1439, 1340, 1234, 1149; &, (200 MHz,
CDCl;) 1.47 (s, 9H), 2.46 (s, 3H), 7.30 (s, 1H), 7.38 (AA' part of the AA'BB' system, J = 8.2 Hz,
2H), 7.93 (BB' part of the AA'BB' system, J = 8.2 Hz, 2H); 6. (50 MHz, CDCl;) 21.6, 27.7, 84.0,

128.1, 129.4, 135.9, 144.6, 149.4; m/z (El) 171 ([M-COOtBu]", 85%), 155 (80), 91 (100).

= (&)-tert-Butyl ((1S,6R)-6-Isopropyl-3-methylcyclohex-2-en-1-yl)(tosyl)carbamate 528

~~ ~ Ts

Z__OH 2 WN.

O O
—_—

519 528

A novel compound prepared according to a modified literature procedure.’® A solution of
trans-piperitol 519 (80 mg, 0.52 mmol), TsNHBoc 527 (0.211 g, 0.778 mmol) and PPh; (0.408 g,
1.56 mmol) in THF (7.4 mL) was wrapped in foil and treated with DIAD (0.204 mL, 1.04 mmol).

After 52 h at rt, the reaction mixture was concentrated under reduced pressure and purified
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by column chromatography (Pet ether to Pet ether:Et,0 9:1) to give Boc-protected tosylamine
528 (56 mg, 26%) as a yellow oil. R; 0.50 (Pet ether:EtOAc 9:1); Vimax (neat)/cm™: 2958, 1723,
1349, 1250, 1147, 1087, 994; &, (400 MHz, CDCl;) (as a mixture of rotamers) 0.87, 0.91 (3H, d,
J 6.8 Hz, CH(CHs),), 0.94, 1.04 (3H, d, J 6.8 Hz, CH(CH;),), 1.28, 1.32 (9H, s, C(CHs)3), 1.44 (1H,
dd, J 6.6 and 14.9 Hz, CH,), 1.66, 1.71 (3H, s, =CCH3), 1.73-1.80 (1H, m, CH,), 1.85-2.10 (3H, m,
CH, and CH(CHs),), 2.10-2.21 (1H, m, CH,CHCHN), 2.43 (3H, s, ArCHs), 4.90-4.99 (1H, m, CHN),
5.16, 5.25 (1H, s, =CH), 7.30 (2H, d, J 8.3 Hz, Ar H), 7.81, 7.84 (2H, d, J 8.3 Hz, Ar H); & (100
MHz, CDCl;) (as a mixture of rotamers) 15.9, 18.7 (CH;, CH(CHs),), 19.4, 22.4 (CH,,
CHCH,CH,C=), 21.6, 23.3 (CHs, CH(CHs),), 21.8, 23.9 (CHs, =CCHs), 23.2 (CHs, ArCHs), 26.5 (CH,
CH(CHs),), 28.1 (3 x CHs, C(CHs)s), 30.7 (CH,, CHCH,CH,C=), 42.3, 44.3 (CH, CH,CHCHN), 57.1,
60.2 (CH, CHN), 83.6, 83.8 (C, OC(CHs)s), 120.2, 123.6 (CH, HC=CCHs), 128.1, 128.4 (2 x CH, Ar),
129.3 (2 x CH, Ar), 136.5 (C, HC=CCHs), 138.0, 138.6 (C, ArCCHs), 143.7, 143.9 (C, ArCS), 151.2,
151.7 (C, C(0)); m/z (ES) 430.2022 ([M+Na]" C,,H33NNaO,S requires 430.2028), 430 (50%), 294

(100), 238 (80).

= (%)-(1S,6R)-6-Isopropyl-3-methylcyclohex-2-en-1-yl acetate 533

\_/ \_/
A WOH R e
() — (J7
521 533

A known compound'®® prepared according to a literature procedure.’”®> A solution of cis
piperitol 521 (0.402 g, 2.61 mmol) in pyridine (2.6 mL) was treated with Ac,0 (0.492 mL, 5.21
mmol). After 18 h at rt, the reaction mixture was heated at reflux for 1 h, poured onto H,0 (15
mL) and extracted with Et,0 (3 x 20 mL). The combined organic extracts were washed
sequentially with HCI (30 mL of a 1 M ag. solution) and brine (30 mL), dried over MgSQ.,,
filtered, evaporated under reduced pressure and purified by column chromatography (Pet
ether to Pet ether:Et,0 96:4) to give allylic acetate 533 (0.401 g, 78%) as a colourless oil. R;
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0.68 (Pet ether:EtOAC 9:1); Vmay (neat)/ecm™: 2959, 1727, 1369, 1238, 1015, 950, 900; &, (400
MHz, CDCl;) 0.87 (3H, d, J 6.6 Hz, CH(CH),), 0.93 (3H, d, J 6.6 Hz, CH(CH;),), 1.08-1.18 (1H, m,
CH,CHCHO), 1.38-1.63 (2H, m, CH, and CH(CHs),), 1.70 (3H, s, =CCH), 1.72-1.80 (1H, m, CH,),
1.89-2.08 (5H, m, CH, and CH5C(0)0), 5.21 (1H, br s, CHOAc), 5.63 (1H, dd, J 1.3 and 3.2 Hz,
=CH); 8¢ (100 MHz, CDCl;) 20.9 (CHs, CH(CHs),), 21.0 (CHs, CH(CHs),), 21.4 (CH,, CHCH,CH,C=),
21.6 (CH;, CH;C(0)0), 23.5 (CHs, =CCHs), 28.6 (CH, CH(CHs),), 31.4 (CH,, CHCH,CH,C=), 44.6
(CH,, CH,CHCHO), 68.8 (CH, CHOAc), 120.0 (CH, HC=CCH;), 141.6 (C, HC=CCH;), 171.1 (C, C(0));
m/z (ES) 219.1369 ([M+Na]* C;,H,oNaO, requires 219.1361), 251 (26%), 219 (100), 170 (27).
Literature data:**® 8, (300 MHz, CDCl5) 5.6 (d, J = 7 Hz, 1H, H-2), 5.2 (m, 1H, H-3), 2.0-1.8 (m,
2H, H-4), 1.9 (s, 3H, CH5CO), 1.8-1.7 (m, 2H, H-6 + (CH3),CH), 1.6 (s, 3H, CH,), 1.6-1.3 (m, 2H, H-
5), 0.9 and 0.8 (d+d, J = 7 Hz, 6H, (CH;),CH); 8¢ (75 MHz, CDCl;) 170.8 (CO), 141.4 (Cy), 119.8
(C,), 68.5 (C3), 44.3 (C4), 31.2 (Cg), 28.3 (CH3),CH), 23.3 (CH), 21.3 (Cs), 20.7 and 20.6 (CH;),CH);

m/z 154 (11), 137 (76), 136 (94), 121 (100), 93 (59), 81 (42), 43 (80) and 41 (39).

= (%)-(1R,6R)-6-Isopropyl-3-methylcyclohex-2-en-1-yl acetate 534

\_/ \_/
- _OH __0__0
(Y — (J7T
519 534

A known compound'®® prepared according to a literature procedure.””® A solution of trans
piperitol 519 (45 mg, 0.29 mmol) in pyridine (0.29 mL) was treated with Ac,0 (50 uL, 0.52
mmol). After 18 h at rt, the reaction mixture was poured onto H,0 (1.5 mL) and extracted with
Et,0 (3 x 2 mL). The combined organic extracts were washed sequentially with HCl (3 mLof a 1
M agq. solution) and brine (3 mL), dried over MgSQ,, filtered, evaporated under reduced
pressure and purified by column chromatography (Pet ether to Pet ether:Et,0 92:8) to give
allylic acetate 534 (38 mg, 67%) as a colourless oil. R; 0.64 (Pet ether:EtOAc 9:1); Vpmax
(neat)/cm™: 2959, 1729, 1369, 1235, 1016, 903; &y (400 MHz, CDCl5) 0.83 (3H, d, J 6.9 Hz,
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CH(CH;),), 0.94 (3H, d, J 6.9 Hz, CH(CHs),), 1.34-1.52 (2H, m, CH, and CH,CHCHOAC), 1.67 (3H, s,
=CCH;), 1.68-1.76 (2H, m, CH, and CH(CHs),), 1.88-2.00 (2H, m, CH,), 2.04 (3H, s, CH;C(0)0),
5.21-5.28 (1H, m, CHOAC), 5.28-5.34 (1H, m, =CH); ¢ (100 MHz, CDCl5) 18.1 (CHs, CH(CH),),
21.0 (CHs, CH(CHs),), 21.3 (CH,, CHCH,CH,C=), 21.6 (CHs, CH5C(0)0), 23.4 (CHs, =CCH5), 27.0
(CH, CH(CHs),), 29.7 (CH,, CHCH,CH,C=), 44.1 (CH, CH,CHCHOAC), 72.2 (CH, CHOAc), 121.0 (CH,
HC=CCH,), 139.9 (C, HC=CCHs), 171.3 (C, C(O)); m/z (ES) 219.1370 ([M+Na]* CiHxNaO,
requires 219.1361), 251 (12%), 219 (100), 170 (26). Literature data:'*® &, (300 MHz, CDCl;) 5.2
(br s, 1H, H-2), 5.1 (m, 1H, H-3), 1.9 (s, 3H, CH5CO), 1.8 (m, 2H, H-6), 1.7-1.5 (m, 2H, H-4 +
(CH3),CH), 1.5 (s, 3H, CHs), 1.4-1.2 (m, 2H, H-5), 0.8 and 0.7 (d+d, J = 7 Hz, 6H, (CH;),CH); &¢ (75
MHz, CDCl;) 170.5 (CO), 139.1 (C,), 120.6 (C,), 71.5 (Cs), 43.5 (C4), 29.1 (Cq), 26.4 (CHs),CH),
22.7 (CHs), 20.8 (Cs), 20.9, 20.4 and 17.5 (3xCHs); m/z 154 (11), 139 (10), 137 (4), 136 (25), 121

(85), 93 (100), 91 (40), 84 (85), 81 (35), 79 (38), 77 (37), 43 (85), and 41 (40).

= 3,5,5-Trimethylcyclohex-2-en-1-yl acetate 212
OH O O

— T

212 535
A known compound®® prepared according to a literature procedure.”™ A solution of 3,5,5-
trimethylcyclohex-2-enol 212 (1.96 g, 14.4 mmol) in pyridine (14 mL) was treated with Ac,0
(3.94 mL, 42.0 mmol). After 18 h at rt, the reaction mixture was poured onto H,0 (20 mL) and
extracted with Et,0 (3 x 40 mL). The combined organic extracts were washed sequentially with
HCI (70 mL of 1 M agq. solution), NaHCO; (70 mL of a saturated aq. solution) and brine (70 mL),
dried over MgSQ,, filtered, evaporated under reduced pressure and purified by column
chromatography (Pet ether to Pet ether:Et,0 9:1) to give allyl acetate 535 (2.07 g, 81%) as a
colourless oil. R 0.87 (Pet ether:Et,0 4:1); vy (neat)/cm™: 2952, 1728, 1438, 1373, 1235,

1018, 940; 64 (400 MHz, CDCl3) 0.93 (3H, s, C(CHs),), 0.99 (3H, s, C(CHs),), 1.38 (1H, dd, J 8.1
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and 12.8 Hz, CCH,C=), 1.61-1.71 (4H, m, CH;C= and CCH,CHOAc), 1.74 (1H, dd, J 6.1 and 12.8
Hz, CCH,C=), 1.87 (1H, d, J 17.7 Hz, CCH,CHOAc), 2.03 (3H, s, C(O)CHs), 5.29-5.36 (1H, m,
CHOAC), 5.37 (1H, br s, CH=); 8. (100 MHz, CDCls) 21.6 (CHs, CH5C(0)0), 23.8 (CHs, =CCH5), 27.0
(CHs, C(CH3),), 30.6 (CH3, C(CHs),), 30.8 (C, C(CHs),), 40.8 (CH,, CCH,CHOAC), 44.2 (CH,, CCH,C=),
70.3 (CH, CHOAc), 119.4 (CH, =CH), 138.6 (C, =CCH;), 171.1 (C, C(0)0); m/z (El) 182.1316 (M"
Ci1:H150, requires 182.1307), 140 (5%), 122 (39), 107 (100), 91 (44), 79 (21). Literature data:***
84 (90 MHz, CDCl3) 0.96 and 1.01 (two s, CHs at C-5), 1.72 (m, CH; at C-1), 2.06 (s, OCOCH;),
5.45 (m, H-3), 5.53 (m, H-2); 8¢ (22.5 MHz, CCl,) 20.6, 23.2, 26.7, 30.1, 30.1, 40.4, 43.8, 68.8,

119.8, 136.7, 168.7; m/z 182 (M").

= 3-Azido-1,5,5-trimethylcyclohex-1-ene 536

0__0O N3
A[ 7Y ——
535 536

A known compound®®* prepared according to a literature procedure.”** A solution of allylic
acetate 535 (2.04 g, 11.2 mmol) and TMSN; (4.45 mL, 33.5 mmol) in Et,0 (41 mL) was cooled
to 0 °C and treated with LiClO,4 (13.1 g, 123 mmol). The reaction mixture was allowed to warm
to rt after 10 min. After 6 h at rt, the reaction mixture was quenched with H,0O (40 mL) and
extracted with Et,0 (3 x 40 mL). The combined organic extracts were washed with brine (60
mL), dried over MgSQ,, filtered and evaporated under reduced pressure to give allylic azide
536 (1.85 g, 100%) as a colourless oil. R; 0.93 (Pet ether:Et,0 85:15); Vimax (neat)/cm'l: 2955,
2086, 1244, 906; &, (400 MHz, CDCls) 0.89 (3H, s, C(CHs),), 1.00 (3H, s, C(CHs),), 1.33 (1H, dd, J
9.7 and 12.7 Hz, CCH,C=), 1.58-1.76 (5H, m, CCH,CHNs, CCH,C= and CH;C=), 1.87 (1H, d, J 17.4
Hz, CCH,CHN3), 3.83-3.97 (1H, m, CHN3), 5.37-5.39 (1H, m, CH=); 6. (100 MHz, CDCl3) 23.8 (CHjs,
=CCH3), 26.0 (CHs, C(CHs),), 30.8 (C, C(CHs),), 31.1 (CHs, C(CHs),), 40.9 (CH,, CCH,CHN3), 44.0

(CH,, CCH,C=), 57.3 (CH, CHN3), 118.6 (CH, =CH), 138.6 (C, =CCH3); m/z (El) 137.1210 ([M-N,]"
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CoHisN requires 137.1204), 137 (6%), 123 (63), 122 (50), 107 (100), 91 (53), 81 (28), 79 (28).
Literature data:*** &, (250 MHz, CDCl5) 0.89 (s, 3 H), 1.01 (s, 2 H), 1.26-1.38 (m, 1 H), 1.60-1.92
(m, 1 H), 1.70 (s, 6 H), 3.90 (br m, 1 H), 5.38 (d, J 0.93 Hz, 1 H); 6. (62.9 MHz, CDCl;) 24.0 (q),
26.2 (q), 31.0 (s), 31.3 (q), 41.1 (t), 44.2 (t), 57.6 (d), 118.9 (d), 138.8 (S); Vmax (Neat)/cm™ : 2100

(Ns); m/z (Cl) 166 (M*, 6), 138 ((M+H-N,]*, 14), 123 ([M-N,]*, 100).

= 4-Methyl-N-(3,5,5-trimethylcyclohex-2-en-1-yl)benzenesulfonamide 537

H
N3 NH, N

/
\S:o
—_— —_—

536 540 537

A novel compound prepared according to a literature procedure.”> A solution of allylic azide
536 (1.92 g, 11.6 mmol) in Et,0 (116 mL) was treated with LiAlH, (0.486 g, 12.8 mmol). After
3.5 h at rt, the reaction mixture was cooled to 0 °C and quenched with dropwise addition of
H,O (0.496 mL), NaOH (0.496 mL of a 15% aq. solution) and H,O (1.46 mL). The white
precipitate formed was filtered and the filtrate was concentrated under reduced pressure to
give allyl amine 540. A solution of amine 540 in Et,0 (40 mL) was treated with NaH (0.408 g of
a 60% dispersion in mineral oil, 12.1 mmol) and a solution of TsCl (2.31 g, 12.1 mmol) in Et,0
(21 mL) was added dropwise over 30 min. After 18 h at rt, the reaction mixture was carefully
qguenched with H,0 (3 mL), diluted with H,0 (40 mL) and extracted with EtOAc (3 x 40 mL). The
combined organic extracts were washed with brine (80 mL), dried over MgSO,, filtered,
evaporated under reduced pressure and purified by column chromatography (Hexane to
Hexane:EtOAc 4:1) to give tosylamine 537 (1.21 g, 35% over 2 steps) as a white solid. mp 97-
100 °C; R; 0.59 (Pet ether:EtOAc 4:1); Viax (neat)/cm'lz 3256, 2913, 1432, 1320, 1157, 1092,
1064, 808, 659; 6, (400 MHz, CDCl;) 0.80 (3H, s, C(CHs),), 0.89 (3H, s, C(CHs),), 1.11 (1H, dd, J
10.0 and 12.6 Hz, CCH,C=), 1.48-1.61 (5H, m, CCH,CHNTs, CCH,C= and CHsC=), 1.74 (1H, d, J

16.5 Hz, CCH,CHNTSs), 2.42 (3H, s, ArCHs), 3.72-3.88 (1H, m, CHNTs), 4.59 (1H, d, J 8.9 Hz, NH),
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5.04 (1H, d, J 0.8 Hz, CH=), 7.29 (2H, d, J 8.2 Hz, Ar H), 7.77 (2H, d, J 8.2 Hz, Ar H); 6. (100 MHz,
CDCl3) 21.7 (CHs, ArCHs), 23.7 (CHs, =CCHs), 25.7 (CHs, C(CHs),), 30.8 (C, C(CHs),), 31.1 (CHs,
C(CHs),), 43.6 (CH,), 43.7 (CH,), 50.0 (CH, CHNTs), 120.9 (CH, =CH), 127.1 (2 x CH, Ar), 129.8 (2 x
CH, Ar), 137.3 (C, ArCCHs), 138.6 (C, =CCH;), 143.3 (C, ArCSO,); m/z (ES) 316.1357 ([M+Na]’

C16H23NNaO,S requires 316.1347), 317 (15%), 316 (100), 194 (30).

= t-Butyl tosyl(3,5,5-trimethylcyclohex-2-en-1-yl)carbamate 543

18 18
NH N._O
A(%f — A(%f L
537 543

A novel compound prepared according to a literature procedure.”’

A solution of tosylamine
537 (0.326 g, 1.11 mmol) in CH3;CN (22 mL) was treated with Boc,0 (0.291 g, 1.33 mmol) and
DMAP (27 mg, 0.22 mmol). After 18 h at rt, the reaction mixture was concentrated under
reduced pressure and purified directly by column chromatography (Pet ether to Pet ether:Et,0
4:1) to give Boc protected tosylamine 543 (0.426 g, 97%) as a white solid. mp 81-83 °C; R; 0.73
(Pet ether:EtOAC 4:1); Vmax (neat)/cm'1 : 2954, 1726, 1351, 1245, 1148, 1088, 812, 726; 6, (400
MHz, CDCl3) 0.96 (3H, s, C(CHs),), 0.99 (3H, s, C(CHs),), 1.31 (9H, s, C(CHs)s), 1.44-1.73 (5H, m,
CH, and CH5C=), 1.81-2.01 (2H, m, CH,), 2.42 (3H, s, ArCHs), 4.96-5.12 (1H, m, CHN), 5.17 (1H,
brs, CH=), 7.30 (2H, d, J 8.2 Hz, Ar H), 7.81 (2H, d, J 8.2 Hz, Ar H); 8¢ (100 MHz, CDCl5) 21.7 (CHs,
ArCHjs), 23.7 (CHs, =CCHs), 25.5 (CHs, C(CHs),), 28.0 (3 x CHs, C(CHs)s), 31.8 (C, C(CHs),), 31.9
(CHs, C(CH3),), 40.7 (CH,), 43.6 (CH,), 55.9 (CH, CHN), 83.5 (C, OC(CHs)s), 121.1 (CH, =CH), 127.9
(2 x CH, Ar), 129.4 (2 x CH, Ar), 134.6 (C, ArCCHs), 138.1 (C, =CCHs), 143.9 (C, ArCSO,), 151.1 (C,
NC(0)O); m/z (ES) 394.2048 ([M+H]" C,1H3,NO,S requires 394.2047), 416 (13%), 394 (6), 338

(36), 294 (16), 238 (8), 216 (28).
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=  Methyl 1-(4-methoxyphenyl)-7-oxoazepane-2-carboxylate 561

PMp OMe
o O N o
‘ _—
pmp-N
140 O 561

22 A solution of rearranged

A novel compound prepared according to a literature procedure.’
product 140 (54 mg, 0.22 mmol) in DMF (2.2 mL) was treated with NaH (15 mg, 0.44 mmol).
After 1 h at rt, iodomethane (0.137 mL, 2.20 mmol) was added. After 3 h at rt, the reaction
mixture was quenched with brine (2 mL) and extracted with EtOAc (2 x 4 mL). The combined
organic extract were washed with brine (5 mL), dried over MgSQ,, filtered, evaporated under
reduced pressure and purified by column chromatography (Pet ether:EtOAc 3:1 to Pet
ether:EtOAc 1:3) to give lactam 561 (55 mg, 90%) as a colourless oil. R; 0.36 (Pet ether:EtOAc
3:2); Viax (neat)/cm'lz 2935, 1737, 1655, 1508, 1423, 1240, 1030, 826, 727; 6, (400 MHz,
CDCls) 1.55-1.66 (2H, m, CH,), 1.80-2.03 (3H, m, CH,), 2.40-2.55 (2H, m, CH,), 2.72 (1H, dd, J 7.6
and 14.8 Hz, CH,), 3.78 (3H, s, PhOCH;), 3.81 (3H, s, C(O)OCHs), 4.40 (1H, dd, J 3.2 and 5.6 Hz,
CH,CHN), 6.87 (2H, d, J 8.8 Hz, Ar H), 7.14 (2H, d, J 8.8 Hz, Ar H); 8¢ (100 MHz, CDCls) 22.8 (CH,),
26.2 (CH,), 31.2 (CH,), 38.2 (CH,), 52.6 (CH5, C(O)OCHs), 55.5 (CHs, PhOCH;), 64.8 (CH, CH,CHN),
114.6 (2 x CH, Ar), 127.8 (2 x CH, Ar), 138.6 (C, ArCN), 158.4 (C, ArCO), 171.3 (C, C(O)N), 176.0
(C, C(0)0); m/z (ES) 300.1217 ([M+Na]* C;sH1oNNaO, requires 300.1212), 301 ([M+Na+H]", 6%),

300 (100), 278 (14).
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=  Methyl 1-octyl-7-oxoazepane-2-carboxylate 181

CgHiz OMe
0 O _N 0
—
CaHy N
(0]
181 566

A novel compound prepared according to a literature procedure.””> A solution of rearranged
product 181 (30 mg, 0.12 mmol) in THF (1.2 mL) was treated with NaH (15 mg, 0.37 mmol).
After 1 h at rt, iodomethane (76 uL, 1.2 mmol) was added and the solution was refluxed. After
18 h, the reaction mixture was quenched with brine (2 mL) and extracted with EtOAc (2 x 2
mL). The combined organic extract were washed with brine (5 mL), dried over MgSQ,, filtered
and evaporated under reduced pressure to give 566 (30 mg, 88%) as a colorless oil. R; 0.61 (Pet
ether:EtOAc 1:1); Viax (neat)/cm'1 :2924,1742, 1639, 1426, 1171, 1085, 992, 708; 6, (400 MHz,
CDCl5) 0.86 (3H, t, J 6.8 Hz, (CH,)sCHs), 1.17-1.32 (10H, m, CH,), 1.37-1.57 (4H, m, CH,), 1.65-
1.86 (3H, m, CH,), 2.27 (1H, ddd, J 1.8, 12.6 and 14.8 Hz, CH,), 2.44-2.50 (1H, m, CH,), 2.59 (1H,
dd, J 7.0 and 14.6 Hz, CH,), 3.20 (1H, ddd, J 6.2, 9.0 and 13.4 Hz, NCH,(CH,),CHs), 3.57 (1H, ddd,
J 6.6, 9.0 and 13.4 Hz, NCH,(CH,),CHs), 3.77 (3H, s, OCHs), 4.09 (1H, dd, J 3.6 and 5.6 Hz,
NCHCH,); 6¢ (100 MHz, CDCls) 14.3 (CHs, (CH,);CHs), 22.9 (CH,), 26.1 (CH,), 27.1 (CH,), 28.1
(CHy), 29.4 (CH,), 29.6 (CH,), 29.9 (CH,), 31.1 (CH,), 32.0 (CH,), 38.1 (CH,), 50.3 (CH,,
NCH,(CH,)sCHs), 52.6 (CHs;, OCHs), 61.3 (CH, CH,CHN), 171.5 (C, C(O)N), 175.7 (C, C(0)0O); m/z

(ES) 384.2224 ([M+H]" C16H30NO3 requires 284.2220), 306 (17%), 284 (100).
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= (1)-(1R,55)-6-(4-Methoxyphenyl)-8-methylene-6-azabicyclo[3.2.1]octane-7-one 567

pmp-N pmp-N

140 © 567 ©

A novel compound prepared according to a modified literature procedure.”” A solution of
Ph3P"-CH3,Br (0.291 g, 0.816 mmol) in THF (1.0 mL) was cooled to 0 °C, nBuli (0.51 mL of a 1.6
M solution in hexane, 0.82 mmol) was added dropwise over 2 min. The reaction mixture was
stirred for 25 min at rt and a solution of rearranged product 140 (95 mg, 0.39 mmol) in THF
(1.6 mL) was added. The reaction mixture was heated at reflux for 18 h, evaporated under
reduced pressure and purified directly by column chromatography (Pet ether to Pet
ether:EtOAc 7:3) to give lactam 567 (87 mg, 93%) as a pale yellow solid. mp 105-107 °C; R; 0.78
(Pet ether:EtOAC 1:1); Vmay (neat)/cm™: 2934, 1676, 1610, 1509, 1381, 1243, 1031, 817, 829; 6,
(300 MHz, CDCl5) 1.62-1.81 (4H, m, CH;), 2.04-2.23 (2H, m, CH,), 3.02 (1H, m, CCHC(0O)), 3.76
(3H, s, OCHs), 4.49 (1H, d, J 3.7 Hz, CH,CHN), 4.76 (1H, s, =CH,), 4.84 (1H, s, =CH,), 6.87 (2H, d, J
9.1 Hz, Ar H), 7.52 (2H, d, J 9.1 Hz, Ar H); 8 (100 MHz, CDCl5) 18.4 (CH,), 30.3 (CH,), 30.6 (CH,),
50.1 (CH, CCHC(O)), 55.7 (CHs, OCHs), 64.4 (CH, CH,CHN), 101.1 (CH,, =CH,), 114.5 (2 x CH, Ar),
122.2 (2 x CH, Ar), 131.4 (C, ArCN), 151.0 (C, =C), 156.7 (C, ArCO), 173.8 (C, C(O)N); m/z (ES)

266.1145 ([M+Na]* CysH;,NNaO, requires 266.1157), 266 (100%).

= (£)-(1R,6S)-7-Benzyl-1-((methylthio)methoxy)-7-azabicyclo[4.2.0]octane-2,8-dione 575

H ,Bn H ,Bn
R R
—_—

OH © o _©
HO o Y
S\
145 575

22! .
> A solution of oxalyl

A novel compound prepared according to a literature procedure.
chloride (64 pL, 0.76 mmol) in CH,Cl, (2.4 mL) was cooled to -60 °C and treated with a solution
of DMSO (0.164 mL, 2.28 mmol) in CH,Cl, (0.6 mL). The reaction mixture was stirred for 30 min
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at -60 °C and diol 145 (63 mg, 0.25 mmol) was added. After 25 min, EtsN (0.705 mL, 5.06
mmol) was added. The reaction mixture was stirred for 5 min at -60 °C and 40 min at rt. It was
guenched with H,0 (3 mL) and extracted with CH,Cl, (3 x 5 mL). The combined organic extracts
were washed with brine (10 mL), dried over MgS0O,, filtered, evaporated under reduced
pressure and purified by column chromatography (Pet ether to Pet ether:EtOAc 3:1) to give
lactam 575 (27 mg, 35%) as a pale yellow oil. R; 0.51 (Pet ether:EtOAc 1:1); Vi (neat)/cm™:
2923, 1754, 1706, 1404, 1239, 1074, 982, 699; &, (400 MHz, CDCl;) 1.71-1.88 (3H, m, CH,),
1.92-2.02 (1H, m, CH,), 2.14 (3H, s, SCH3), 2.33-2.46 (1H, m, CH,), 2.58-2.68 (1H, m, CH,), 4.03
(1H, t, J 2.4 Hz, NCHCH,), 4.11, 4.77 (2H, ABq, J 15.1 Hz, NCH,Ph), 4.87-4.96 (2H, m, OCH,S),
7.28-7.40 (5H, m, Ar H); 6.(100 MHz, CDCl;) 14.8 (CHs, SCHs), 16.5 (CH,), 23.8 (CH,), 38.9 (CH,),
45.0 (CH,, NCH,Ph), 60.1 (CH, CH,CHN), 73.3 (CH,, OCH,S), 90.8 (C, C(O)COCH,), 128.4 (CH, Ar),
128.6 (2 x CH, Ar), 129.2 (2 x CH, Ar), 134.5 (C, Ar), 161.6 (C, C(O)N), 202.8 (C, CH,C(O)C); m/z

(ES) 328.0979 ([M+Na]" C;6H15NNaOsS requires 328.0983), 344 (50%), 329 (36), 328 (100).

= (%)-(1R,6S)-1-Hydroxy-7-(4-methoxyphenyl)-7-azabicyclo[4.2.0]octan-2,8-dione 576
H  pmp H pmP
R @
—_—

(0] OH O

(0]

130 576

A novel compound prepared according to a literature procedure.””’” NaHCO; (53 mg, 0.63
mmol) and RuCl; (25 pL of a 0.1 M agq. solution, 2.5.10° mmol) were dissolved in a 1:2:2
mixture of H,0:CH;CN:EtOAc (3.2 mL). Oxone® (0.389 g, 1.27 mmol) was added and the bright
yellow reaction mixture was cooled to 0 °C. Lactam 130 (58 mg, 0.25 mmol) was added. After
1.5 h, the reaction mixture was allowed to warm to rt. After 1.5 h at rt, RuCl; (0.25 mL of a 0.1
M ag. solution, 0.025 mmol) was added to drive the reaction to completion and stirring was

continued for 18 h. The reaction mixture was diluted with EtOAc (5 mL), filtered, washed with

Na,SO; (5 mL of a saturated aq. solution), dried over MgSO,, filtered, evaporated under
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reduced pressure and purified by column chromatography (Pet ether:EtOAc 3:1 to Pet
ether:EtOAc 1:1) to give keto hydroxy lactam 576 (15 mg, 23%) as a brown oil. R; 0.27 (Pet
ether:EtOAc 3:2); &y (300 MHz, CDCl5) 1.48-2.12 (3H, m, CH,), 2.39 (1H, dq, J 3.0 and 14.8 Hz,
CH,), 2.48-2.64 (1H, m, CH,), 2.70-2.86 (1H, m, CH,), 3.81 (3H, s, OCHs), 4.49 (1H, br s, OH),
4.51-4.60 (1H, m, CH,CHN), 6.93 (2H, d, J 9.1 Hz, Ar H), 7.38 (2H, d, J 9.1 Hz, Ar H); 8. (100 MHz,
CDCls) 16.5 (CH,), 23.2 (CH,), 35.9 (CH,, CH,C(0)), 55.7 (CHs, OCH;), 62.8 (CH, CH,CHN), 88.2 (C,
COH), 114.9 (2 x CH, Ar), 119.4 (2 x CH, Ar), 129.7 (C, ArCN), 157.2 (C, ArCO), 160.4 (C, C(O)N),
205.3 (C, CHC(O)C); m/z (ES) 262.1076 ([M+H]" C14H1sNO, requires 262.1074), 316 (14%), 300

(25), 294 (66), 278 (100), 262 (35).

= 1-Phenylpyrrolidine-2-thione 578

o S
(::N,Ph 5 N-Ph

577 578
A novel compound prepared according to a literature procedure.””® A solution of Lawesson’s
reagent (3.02 g, 7.48 mmol) and 1-phenyl-2-pyrrolidinone 577 (2.01 g, 7.48 mmol) in toluene
(125 mL) was heated to reflux. After 75 min, the reaction mixture was concentrated under
reduced pressure. The precipitate that appeared upon addition of CH,Cl, (30 mL) was filtered.
The filtrate was concentrated under reduced pressure and purified by column chromatography
(Pet ether to Pet ether:EtOAc 9:1) to give thiolactam 578 (1.86 g, 85%) as a pale yellow solid.
mp 81-83 °C; R; 0.49 (Pet ether:Et,0 7:3); Vmax (Neat)/cm™: 2948, 1594, 1494, 1438, 1252, 1140,
1041, 760, 689; &, (300 MHz, CDCl3) 2.13-2.32 (2H, m, CH,CH,CH,), 3.22 (2H, t, J 7.9 Hz,
CH,C(S)), 4.21 (2H, t, J 7.3 Hz, CH;,N), 7.28-7.36 (1H, m, Ar H), 7.40-7.54 (4H, m, Ar H); 6. (100
MHz, CDCl;) 20.8 (CH,, CH,CH,CH,), 46.5 (CH,, CH,C(S)), 58.9 (CH,, CH,N), 125.1 (2 x CH, Ar),
127.9 (CH, Ar), 129.2 (2 x CH, Ar), 140.7 (C, Ar), 202.9 (C, C(S)N); m/z (El) 177.0603 (M" CyoH;1NS

requires 177.0612), 178 (8%), 177 (46), 176 (100), 148 (8).
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= 5-(Methylthio)-1-phenyl-3,4-dihydro-2H-pyrrol-1-ium iodide 579

~

S S
C :N’Ph > \,trlfh
|
578 579

A novel compound prepared according to a literature procedure.” A solution of thiolactam
578 (0.499 g, 2.81 mmol) and iodomethane (2.97 mL, 47.8 mmol) in Et,0 (6.0 mL) was stirred
at rt. After 18 h, the reaction mixture was diluted with CH,Cl, (10 mL) and concentrated under
reduced pressure (3 times) to give iminium salt 579 (0.815 g, 91%) as a yellow solid. mp 181-
183 °C; Voa (neat)/cm™: 2973, 1581, 1297, 1148, 1032, 766, 692; &, (300 MHz, CDCls) 2.64 (2H,
quint, J 7.8 Hz, CH,CH,CH,), 2.79 (3H, s, SCHs), 3.93 (2H, t, J 7.8 Hz, CH,C(SCH3)=N), 4.56 (2H, t, J
7.8 Hz, CH,N), 7.39-7.57 (3H, m, Ar H), 7.64-7.76 (2H, m, Ar H); 6¢ (100 MHz, CDCl;) 17.7 (CHs,
SCHs), 20.0 (CH,, CH,CH,CH,), 42.0 (CH,, CH,C(SCHs)=N), 65.2 (CH,, CH,N), 124.6 (2 x CH, Ar),
130.5 (2 x CH, Ar), 131.2 (CH, Ar), 136.5 (C, Ar), 197.5 (C, =CSCHs); m/z (ES) 210.0949 ([M-
I+H,0]" C1;H14,NOS requires 210.0947), 239 (14%), 232 (21), 210 (29), 184 (42), 162 (68), 161

(100).

= 2-Allyl-1-phenylpyrrolidine 580

s
é/,*\'rl:_’h > N/Ph
|

579 580
A novel compound prepared according to a literature procedure.’® A solution of iminium salt
579 (96 mg, 0.30 mmol) in CH,Cl, (3.3 mL) was cooled to -78 °C, allylmagnesium chloride (0.23
mL of a 2.0 M solution in THF, 0.46 mmol) was added dropwise over 1 min. After 1.5 h at -78
°C, NaBH;CN (0.60 mL of a 1.0 M solution in THF, 0.60 mmol) and CH;COOH (1.7 mL) were
added and the reaction mixture was allowed to warm to rt. After 1.5 h, NaOH (10 mL of a 10%

ag. solution) was added and the reaction mixture was extracted with CH,Cl, (3 x 10 mL). The
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combined organic extracts were washed with brine (10 mL), dried over MgSO,, filtered,
evaporated under reduced pressure and purified by column chromatography (Pet ether to Pet
ether:CH,Cl, 95:5) to give allyl amine 580 (23 mg, 50%) as a colourless oil. Vmay (neat)/cm™:
2967, 1595, 1503, 1361, 1157, 990, 911, 743, 690; &, (400 MHz, CDCl;) 1.86-2.17 (5H, m,
CH,CH,CH,, NCHCH,CH, and CH,CH=CH,), 2.49-2.59 (1H, m, CH,CH=CH,), 3.20 (1H, td, J 6.9 and
9.0 Hz, CH,N), 3.40-3.53 (1H, m, CH,N), 3.73-3.85 (1H, m, CH,CHN), 5.07-5.20 (2H, m, CH=CH,),
5.78-5.94 (1H, m, CH=CH,), 6.62 (2H, d, J 8.0 Hz, Ar H), 6.69 (1H, d, J 7.3 Hz, Ar H), 7.22-7.32
(2H, m, Ar H); 6¢ (100 MHz, CDCls) 23.4 (CH,), 29.9 (CH,), 37.5 (CH,, CH,CH=CH,), 48.5 (CH,,
CH;N), 58.2 (CH, CH,CHN), 112.0 (2 x CH, Ar), 115.5 (CH, Ar), 117.1 (CH,, CH=CH,), 129.4 (2 x
CH, Ar), 135.8 (CH, CH=CH,), 147.2 (C, Ar); m/z (El) 187.1363 (M" Cy3Hy;N requires 187.1361),

187 (10%), 147 (11), 146 (100), 104 (12), 77 (16).

= 2,2-Diallyl-1-phenylpyrrolidine 581

579 581
A novel compound prepared according to a literature procedure.”® A solution of iminium salt
579 (98 mg, 0.30 mmol) in CH,Cl, (3.4 mL) was cooled to -78 °C, allylmagnesium chloride (0.23
mL of a 2.0 M solution in THF, 0.46 mmol) was added dropwise over 1 min. The reaction
mixture was allowed to warm to 0 °C over 35 min, stirred at 0 °C for 35 min and warmed to rt.
After 75 min at rt, NaBH;CN (0.60 mL of a 1.0 M solution in THF, 0.60 mmol) and CH;COOH (1.7
mL) were added. After 1.75 h, NaOH (15 mL of a 10% ag. solution) was added and the reaction
mixture was extracted with CH,Cl, (3 x 6 mL). The combined organic extracts were washed
with brine (15 mL), dried over MgSQ,, filtered, evaporated under reduced pressure and
purified by column chromatography (Pet ether to Pet ether:CH,Cl, 9:1) to give diallyl amine

581 (36 mg, 52%) as a colourless oil. Vmay (Neat)/cm™: 2972, 1597, 1502, 1342, 992, 910, 744,
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691; 6 (400 MHz, CDCl3) 1.84-1.93 (2H, m, CH,CH,CH,), 2.02 (2H, t, J 7.4 Hz, CCH,CH,), 2.46
(2H, dd, J 8.6 and 14.2 Hz, CH,CH=CH,), 2.82 (2H, ddt, J 1.1, 5.9 and 14.2 Hz, CH,CH=CH,), 3.34
(2H, t, J 6.6 Hz, CH,N), 5.00-5.09 (4H, m, CH=CH,), 5.62-5.74 (2H, m, CH=CH,), 6.69 (1H, t, J 7.2
Hz, Ar H), 6.81 (2H, d, J 8.1 Hz, Ar H), 7.18-7.26 (2H, m, Ar H); & (100 MHz, CDCls) 22.4 (CH,,
CH,CH,CH,), 37.1 (CH,, CCH,CH,), 42.7 (2 X CH,, CH,CH=CH,), 51.4 (CH,, CH,N), 65.9 (C, CH,CN),
113.7 (2 x CH, Ar), 115.9 (CH, Ar), 117.7 (2 x CH,, CH=CH,), 129.1 (2 x CH, Ar), 134.9 (2 x CH,

CH=CH,), 146.7 (C, Ar); m/z (ES) 228.1751 ([M+H]" C1sH,,N requires 228.1747), 228 (100%).

= 2-Butyl-1-phenylpyrrolidine 582

s

(\iﬁzPh > N-Ph
|

579 582

25 A solution of

A novel compound prepared according to a modified literature procedure.
iminium salt 579 (0.115 g, 0.360 mmol) in THF (4.0 mL) was cooled to -78 °C, nBulLi (0.340 mL
of a 1.59 M solution in THF, 0.540 mmol) was added dropwise over 1 min. After 1.5 h at -78 °C,
NaBH;CN (0.72 mL of a 1.0 M solution in THF, 0.72 mmol) and CH;COOH (2.0 mL) were added
and the reaction mixture was allowed to warm to rt. After 45 min, NaOH (10 mL of a 10% aq.
solution) was added and the reaction mixture was extracted with CH,Cl, (3 x 10 mL). The
combined organic extracts were washed with brine (10 mL), dried over MgSO,, filtered,
evaporated under reduced pressure and purified by column chromatography (Pet ether to Pet
ether:CH,Cl, 9:1) to give pyrrolidine 582 (15 mg, 21%) as a colourless oil. Vya (neat)/cm™
2927, 1595, 1503, 1362, 1157, 990, 742, 690; 64 (400 MHz, CDCl;) 0.94 (3H, t, J 7.0 Hz,
(CH,)sCHs), 1.20-1.47 (5H, m, CH,), 1.65-1.79 (1H, m, CH,), 1.80-1.89 (1H, m, CH,), 1.89-2.12
(3H, m, CH,), 3.11-3.21 (1H, m, CH,N), 3.38-3.47 (1H, m, CH;,N), 3.59-3.71 (1H, m, CH,CHN),
6.58 (2H, d, J 8.0 Hz, Ar H), 6.66 (1H, d, J 7.3 Hz, Ar H), 7.18-7.30 (2H, m, Ar H); &.(100 MHz,

CDCl;) 14.4 (CHs, (CH,)3CHs), 23.1 (CH,), 23.7 (CH,), 29.1 (CH,), 30.5 (CH,), 33.0 (CH,), 48.4 (CH,,
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CH3N), 58.8 (CH, CH,CHN), 111.9 (2 x CH, Ar), 115.3 (CH, Ar), 129.3 (2 x CH, Ar), 147.5 (C, Ar);

m/z (ES) 204.1749 ([M+H]" Ci4H,N requires 204.1747), 204 (100%).

=  Methyl 2-cyclopentylideneacetate 584

0 COOMe
/
—_—
584

A known compound®®® prepared according to a modified literature procedure.”®' Sodium
(0.449 g, 19.6 mmol) was added portionwise to MeOH (10 mL). After complete dissolution, the
NaOMe solution was treated with trimethyl phosphonoacetate 583 (2.83 mL, 19.6 mmol).
After 50 min at rt, cyclopentanone (1.10 g, 13.1 mmol) was added and vigorous stirring was
applied for 18 h. The reaction mixture was concentrated under reduced pressure, carefully
diluted with H,0 (10 mL) and Et,0 (10 mL) and extracted with Et,O (3 x 10 mL). The combined
organic extracts were washed with brine (30 mL), dried over MgSQ,, filtered, evaporated
under reduced pressure and purified by column chromatography (Pet ether to Pet ether:Et,0
95:5) to give conjugated ester 584 (1.25 g, 68%) as a colourless oil. R; 0.61 (Pet ether:Et,0
95:5); Vmax (n€at)/cm™: 2952, 1713, 1653, 1197, 1120, 1030, 856; &,;(300 MHz, CDCl;) 1.59-1.81
(4H, m, CH,CH,CH,CH,), 2.38-2.49 (2H, m, =CCH,), 2.69-2.82 (2H, m, =CCH,), 3.67 (3H, s, OCHs),
5.76-5.83 (1H, m, =CH); 6. (100 MHz, CDCl5) 25.7 (CH,, =CCH,CH,), 26.6 (CH,, =CCH,CH,), 32.8
(CH,, =CCH,), 36.1 (CH,, =CCH,), 50.9 (CHs;, OCHs), 111.4 (CH, =CH), 167.5 (C, =C), 169.6 (C,
C(0)OCHs); m/z (El) 140.0835 (M" CgH;,0, requires 140.0837), 140 (100%), 109 (29), 79 (36).
Literature data:*®® v, (neat)/cm™: 1714.3, 1651.7; 6, (300 MHz, CDCl3) 5.78 (m, 1H), 3.66 (s,
3H), 2.74 (m, 2H), 2.41 (m, 2H), 1.75-1.61 (m, 4H); 6. (100 MHz, CDCl;) 169.51, 167.31, 111.18,
50.76, 35.94, 32.64, 26.39, 25.49; m/z (El) 140.0832 (calcd for CgH;,0, 140.0837), 140 (100),

109 (77), 105 (52), 79 (13), 57 (22), 41 (31), 32 (22), 28 (100).
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=  Methyl 2-(cyclopent-1-en-1-yl)acetate 585

COOMe COOMe
/
— >

584 585

A known compound®’ prepared according to a modified literature procedure.”®* A solution of
conjugated ester 584 (1.86 g, 13.3 mmol) in THF (20 mL) was cooled to -78 °C and treated with
LHMDS (16 mL of a 1.0 M solution in THF, 16 mmol). After 1.5 h at -78 °C, the reaction mixture
was carefully quenched with NH,CI (20 mL of a saturated aq. solution) and extracted with Et,0
(2 x 20 mL). The combined organic extracts were washed with brine (30 mL), dried over MgSQ,,
filtered, evaporated under reduced pressure and purified by column chromatography (Pet
ether to Pet ether:Et,0 95:5) to give unconjugated ester 585 (1.60 g, 86%) as a colourless oil. R;
0.61 (Pet ether:Et,0 95:5); Vimax (neat)/cm'lz 2952, 1737, 1435, 1156, 1013; 6, (400 MHz, CDCl;)
1.84-1.95 (2H, m, CH,CH,CH,), 2.27-2.38 (4H, m, =CCH, and =CHCH,), 3.12 (2H, s, =CCH,C(0)),
3.68 (3H, s, OCHs), 5.44-5.61 (1H, m, =CH); &¢ (100 MHz, CDCls) 23.6 (CH,, CH,CH,CH,), 32.7
(CH,), 35.3 (CH,), 37.0 (CH,, CH,C(0)), 51.9 (CHs, OCH;3), 128.5 (CH, =CH), 136.7 (C, =C), 172.1
(C, C(0)OCHs); m/z (El) 140.0833 (M" CgH1,0, requires 140.0837), 140 (100%), 108 (39), 80 (93),
67 (31). Literature data:**’ &, (CDCls, 90 MHz) 5.48 (br s, 1 H, CH), 3.62 (s, 3 H, CH;), 3.07 (s, 2
H, CH,), 2.74-2.13 (m, 4 H, C5' and Cs'), 2.03-1.72 (m, 2 H, C/); 8¢ (CDCls, 25 MHz) 23.4 (C,),

32.4(C4'), 35.0 (Cs'), 36.7 (CH,), 51.6 (CH3), 128.2 (C,'), 136.4 (Cy'), 171.7 (C=0).

= 2-(Cyclopent-1-en-1yl)ethanol 587

OH
COOMe

[EE—.

585 587

A known compound®® prepared according to a modified literature procedure.'®® A solution of

unconjugated ester 585 (1.68 g, 12.0 mmol) in THF (120 mL) was added dropwise over 30 min
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onto a slurry of LiAlH, (1.36 g, 35.9 mmol) in Et,0 (120 mL) at 0 °C. After a further 20 min at 0
°C, the reaction mixture was quenched with H,0 (1.36 mL), NaOH (1.36 mL of a 15% aq.
solution) and H,0 (4.09 mL). The reaction mixture was allowed to warm to rt and the white
precipitate formed was filtered. The filtrate was dried over MgSQ,, filtered and evaporated
under reduced pressure to give alcohol 587 (1.25 g, 93%) as a colourless oil. R; 0.40 (Pet
ether:EtOAC 4:1); Vs (n€at)/cm™: 3321, 2844, 1441, 1045, 1019; 6,, (400 MHz, CDCl5) 1.67 (1H,
br's, OH), 1.81-1.93 (2H, m, CH,CH,CH,), 2.26 (2H, t, J 7.3 Hz, CH,), 2.29-2.39 (4H, m, CH,), 3.70
(2H, td, J 1.7 and 6.3 Hz, CH,0OH), 5.40-5.54 (1H, m, =CH); 6. (100 MHz, CDCl;) 23.5 (CH,,
CH,CH,CH,), 32.7 (CH,), 34.6 (CH,), 35.1 (CH,), 60.7 (CH,, CH,0H), 126.4 (CH, =CH), 141.0 (C,
=C); m/z (El) 112.0891 (M* C;Hy,0 requires 112.0888), 112 (18%), 94 (14), 79 (100), 67 (15).
Literature data:**® vay (liquid film)/cm™: 3337 (OH), 3046, 2950, 2894, 2847, 1445, 1048, 1022;
84 (CDCl3) 5.49 (1H, m, CH=), 3.73 (2H, t, J = 6.2 Hz, CH,0), 1.50-2.48 (9H, m, (CH,)) and OH);

Anal. Calcd for C;H,0: C, 74.96; H, 10.78. Found: C, 74.94; H, 11.03.

= 1-(2-lodoethyl)cyclopent-1-ene 588

OH |

587 588
A known compound prepared according to a modified literature procedure.”? A solution of
PPh; (2.56 g, 9.77 mmol) and imidazole (0.665 g, 9.77 mmol) in a 3:1 mixture of Et,0:CH;CN
(20 mL) was cooled to 0 °C. I, (2.48 g, 9.77 mmol) was added with vigorous stirring in 4
portions over 20 min. The reaction mixture was warmed to rt, stirred for 30 min, cooled to 0
°C, treated with alcohol 587 (0.548 g, 4.89 mmol) over 3 min and warmed to rt. After 2 h at rt,
the slurry was cooled to 0 °C, diluted with pentane (30 mL) and stirred vigorously for 5 min.
The top layer was decanted. NaHCO; (30 mL of a 5% agq. solution) was added and the aqueous

layer was extracted with pentane (3 x 30 mL). The combined organic extracts were washed
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with brine (30 mL), dried over MgSO,, filtered, evaporated under reduced pressure and
purified by column chromatography (Pet ether) to give iodocyclopentene 588 (0.856 g, 79%)
as a colourless oil. Rt 0.78 (Pet ether); Vs (neat)/cm™: 2949, 2842, 1440, 1232, 1167, 1037,
949, 819; 6, (300 MHz, CDCl;) 1.81-1.95 (2H, m, CH,CH,CH,), 2.20-2.36 (4H, m, CH,), 2.66 (2H,
t, J 7.5 Hz, =CCH,CH,l), 3.25 (2H, t, J 7.5 Hz, =CCH,CH,l), 5.40-5.49 (1H, m, =CH); & (100 MHz,
CDCl3) 3.9 (CH,, CH,l), 23.3 (CH,, CH,CH,CH,), 32.4 (CH,), 34.4 (CH,), 35.7 (CH,, =CCH,CH,l),
125.9 (CH, =CH), 142.8 (C, =C); m/z (ES) 222.9975 ([M+H]* C;H.,**I requires 222.9972), 317
(64%), 222 (100). Literature data:*** 8, (CDCls) 5.44 (s, 1H), 3.25 (t, 2H), 2.68 (t, 2H), 2.26 (m,

4H), 1.89 (m, 2H).

= 1-Phenylpyrrolidine 592

~

S
f + -Ph (: -Ph
\N,Ph +> N N
|
579 591 592

d*®® prepared according to a modified literature procedure.”® A solution of

A known compoun
iodocyclopentene 588 (0.140 g, 0.630 mmol) in THF (4.7 mL) was cooled to -78 °C, tBuli (0.37
mL of a 1.7 M solution in THF, 0.63 mmol) was added dropwise over 1 min. After 35 min, the
iminium salt 579 (0.134 g, 0.420 mmol) was added in one portion. After 35 min at -78 °C,
NaBH;CN (0.84 mL of a 1.0 M solution in THF, 0.84 mmol) and CH;COOH (2.3 mL) were added
and the reaction mixture was allowed to warm to rt. After 40 min, NaOH (15 mL of a 10% aq.
solution) was added and the reaction mixture was extracted with CH,Cl, (3 x 15 mL). The
combined organic extracts were washed with brine (20 mL), dried over MgSO,, filtered,
evaporated under reduced pressure and purified by column chromatography (Pet ether to Pet
ether:CH,Cl, 9:1) to give pyrrolidine 592 (30 mg, 48%) as a colourless oil. V. (neat)/cm™

2965, 2828, 1593, 1504, 1365, 1183, 1156, 991, 742, 688; 6, (300 MHz, CDCl;) 1.95-2.10 (4H,

m, NCH,CH,), 3.25-3.37 (4H, m, NCH,CH,), 6.60 (2H, d, J 6.6 Hz, Ar H), 6.69 (1H, d, J 7.3 Hz, Ar
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H), 7.20-7.33 (2H, m, Ar H); 8¢ (75 MHz, CDCl3) 25.6 (2 x CH,, NCH,CH,), 47.7 (2 x CH,,
NCH,CH,), 111.8 (2 x CH, Ar), 115.5 (CH, Ar), 129.3 (2 x CH, Ar), 148.1 (C, Ar); m/z (ES) 148.1118
(IM+H]* CioH1aN requires 148.1121), 148 (100%). Literature data:*** &, (270 MHz, C¢D)
1.45-1.50 (m, 4H), 2.91 (t, J = 6.5 Hz, 4H), 6.53 (d, J = 8.1 Hz, 2H), 6.81 (t, J = 7.0 Hz, 1H), 7.31
(t, J = 7.0 Hz, 2H); 8¢ (67.5 MHz, C¢Dg) 25.4, 47.4, 112.1, 115.9, 129.3, 148.3; m/z (El) calcd for

CoH13N: 147.1048, found 147.1037.

= (+)-(1R,55)-6-(4-Methoxyphenyl)-8-methylene-6-azabicyclo[3.2.1]octane-7-thione 593

pmp-N pmp-N

o S
567 593

229 A solution of Lawesson’s

A novel compound prepared according to a literature procedure.
reagent (48 mg, 0.12 mmol) and lactam 567 (48 mg, 0.20 mmol) in toluene (2.0 mL) was
heated to reflux. After 3 h, the reaction mixture was concentrated under reduced pressure and
purified directly by column chromatography (Pet ether to Pet ether:EtOAc 9:1) to give
thiolactam 593 (47 mg, 92%) as a pale yellow solid. mp 76-78 °C; R; 0.76 (Pet ether:EtOAc 7:3);
Vmax (N€at)/cm™: 2941, 1685, 1606, 1584, 1510, 1431, 1250, 1021, 890, 827, 738; &, (400 MHz,
CDCls) 1.67-1.88 (4H, m, CH,), 2.01-2.12 (1H, m, CH,), 2.17-2.31 (1H, m, CH,), 3.53 (1H, br s,
CCHC(S)), 3.81 (3H, s, OCHs), 4.50 (1H, d, J 4.0 Hz, CH,CHN), 4.83 (1H, s, =CH,), 4.86 (1H, s,
=CH,), 6.95 (2H, d, J 9.0 Hz, Ar H), 7.44 (2H, d, J 9.0 Hz, Ar H); 6. (100 MHz, CDCls) 18.3 (CH,),
29.6 (CH,), 32.1 (CH,), 55.6 (CHs;, OCHs), 61.0 (CH, CCHC(S)), 72.0 (CH, CH,CHN), 101.4 (CH,,
=CH,), 114.6 (2 x CH, Ar), 126.8 (2 x CH, Ar), 132.1 (C, ArCN), 152.0 (C, =C), 158.8 (C, ArCO),

203.8 (C, C(S)N); m/z (ES) 282.0922 ([M+Na]" CisH1,NNaOS requires 282.0929), 283 (12%), 282

(100).
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= (1)-(1R,55)-6-(4-Methoxyphenyl)-8-methylene-7-(methylthio)-6-azabicyclo[3.2.1]

octan-6-en-6-ium iodide 594

—_—
pvp-N pmp- N 1
S SCH,
593 594

A novel compound prepared according to a literature procedure.” A solution of thiolactam
593 (94 mg, 0.36 mmol) and iodomethane (0.383 mL, 6.15 mmol) in Et,0 (0.77 mL) was stirred
at rt. After 18 h, the reaction mixture was diluted with CH,Cl, (1.0 mL) and concentrated under
reduced pressure (3 times) to give iminium salt 594 (0.145 g, 100%) as a bright yellow foam.
mp: degradation above 60 °C; Vpn.y (neat)/cm™: 3434, 2949, 1602, 1505, 1255, 1019, 845, 827;
84 (400 MHz, CDCl;) 1.66-1.84 (1H, m, CH,), 1.85-1.97 (1H, m, CH,), 1.99-2.18 (3H, m, CH,),
2.24-2.36 (1H, m, CH,), 3.06 (3H, s, SCH3), 3.83 (3H, s, OCHs), 4.80 (1H, br s, CCHCSCHs)), 4.99
(1H, d, J 3.7 Hz, CH,CHN), 5.28 (1H, s, =CH,), 5.39 (1H, s, =CH;), 7.04 (2H, d, J 9.0 Hz, Ar H), 7.47
(2H, d, J 9.0 Hz, Ar H); 6. (100 MHz, CDCls) 18.3 (CHs, SCHs), 18.6 (CH;), 28.4 (CH,), 29.2 (CH,),
54.0 (CH, CCHCSCH;s), 56.0 (CHs, OCHs), 76.8 (CH, CH,CHN), 107.9 (CH,, =CH,), 116.1 (2 x CH,
Ar), 125.8 (2 x CH, Ar), 127.5 (C, ArCN), 145.6 (C, =C), 161.6 (C, ArCO), 196.9 (C, =CSCH3); m/z
(ES) 292.1369 ([M-1+H,0]" C1¢H,,NO,S requires 292.1366), 314 (52%), 298 (100), 292 (40), 282

(39), 276 (72), 244 (56), 216 (62).

= (%)-(1R,5S,7R)-7-Butyl-6-(4-methoxyphenyl)-8-methylene-6-azabicyclo[3.2.1] 595 and

(£)-(1R,55)-6-(4-methoxyphenyl)-8-methylene-6-azabicyclo[3.2.1]octane 596

Novel compounds prepared according to a modified literature procedure.”” A solution of

iminium salt 594 (73 mg, 0.18 mmol) in THF (2.0 mL) was cooled to -78 °C and nBulLi (0.40 mL
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of a 0.69 M solution in THF, 0.27 mmol) was added dropwise over 1 min. After 1.75 h at -78 °C,
NaBH;CN (0.36 mL of a 1.0 M solution in THF, 0.36 mmol) and CH3;COOH (1.0 mL) were added
and the reaction mixture was allowed to warm to rt. After 5 h, NaOH (5 mL of a 10% aq.
solution) was added and the reaction mixture was extracted with CH,Cl, (3 x 2 mL). The
combined organic extracts were washed with brine (5 mL), dried over MgSQ,, filtered,
evaporated under reduced pressure and purified by column chromatography (Pet ether to Pet
ether:Et,0 96:4) to give a 1.3:1.0 mixture of butyl amine 595 : bicyclic amine 596 (33 mg) as a
colourless oil. vinay (neat)/cm™: 2933, 1508, 1236, 1040, 883, 809; 5, (400 MHz, CDCl5) (mixture
of 595:596) 0.96 (3H, m, (CH,);CH; for 595), 1.24-2.02 (17H, m, CH,), 2.05-2.23 (1H, m, CH,),
2.24-2.34 (1H, m, CH,), 2.68 (1H, d, J 2.8 Hz, CHC=CH, for 595), 2.2.81-2.90 (1H, m, CHC=CH, for
596), 3.17 (1H, d, J 8.4 Hz, NCH,CH for 596), 3.41-3.51 (2H, m, NCH,CH for 596 and
NCH(CH,)3CHs for 595), 3.73-3.80 (6H, s, OCHs), 3.98 (1H, d, J 4.0 Hz, CH,CHN for 595), 4.20 (1H,
d, J 3.8 Hz, CH,CHN for 596), 4.56 (1H, s, =CH,), 4.64 (1H, s, =CH, for 595), 4.75 (1H, s, =CH, for
596), 4.79 (1H, s, =CH, for 596), 6.51 (2H, d, J 9.0 Hz, Ar H for 596), 6.58 (2H, d, J 9.0 Hz, Ar H
for 595), 6.77-6.89 (4H, m, Ar H); 8. (100 MHz, CDCl;) (mixture of 595:596) 14.4 (CH,, (CH,)sCH;
for 595), 18.7 (CH,), 19.9 (CH,), 23.2 (CH, for 595), 26.6 (CH,), 29.1 (CH,), 29.3 (CH, for 595),
32.0 (CH,), 34.7 (CH,), 35.9 (CH,), 41.9 (CH, CH,=CCH for 596), 44.0 (CH, CH,=CCH for 595), 52.8
(CH,, CHCH;N for 596), 56.1 (CHs, OCHj; for 595), 56.2 (CH3, OCH; for 596), 60.1 (CH, CHCHN for
596), 68.1 (CH, CHCHN for 595), 62.3 (CH, NCH(CH,)sCH; for 595), 98.8 (CH,, C=CH, for 595),
99.5 (CH,, C=CH, for 596), 111.5 (2 x CH, Ar for 596), 114.4 (2 x CH, Ar for 595), 114.9 (2 x CH,
Ar for 595), 115.4 (2 x CH, Ar for 596), 140.9 (C, ArCN for 596), 143.3 (C, ArCN for 595), 150.4
(C, ArCO for 596), 151.5 (C, ArCO for 595), 154.7 (C, =C), 155.0 (C, =C); m/z (ES) 230.1535
([M+H]" CisH;NO requires 230.1539), 286.2161 ([M+H]" CigH,sNO requires 286.2165), 286

(29%), 230 (100).
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= (1)-(1R,5S,7R)-7-Ally-6-(4-methoxyphenyl)-8-methylene-6-azabicyclo[3.2.1]octane 597

SCH;
594 597

A novel compound prepared according to a literature procedure.” A solution of iminium salt
594 (73 mg, 0.18 mmol) in CH,Cl, (2.0 mL) was cooled to -78 °C, allylmagnesium chloride (0.14
mL of a 2.0 M solution in THF, 0.28 mmol) was added dropwise over 1 min. After 1.75 h at -78
°C, NaBH;CN (0.36 mL of a 1.0 M solution in THF, 0.36 mmol) and CH;COOH (1.0 mL) were
added and the reaction mixture was allowed to warm to rt. After 5 h, NaOH (5 mL of a 10% aq.
solution) was added and the reaction mixture was extracted with CH,Cl, (3 x 2 mL). The
combined organic extracts were washed with brine (5 mL), dried over MgSQ,, filtered,
evaporated under reduced pressure and purified by column chromatography (Pet ether to Pet
ether:Et,0 9:1) to give bicyclic amine 597 (22 mg, 45%) as a colourless oil. R; 0.68 (Pet
ether:EtOAc 9:1); Vs (neat)/cm™: 2941, 1506, 1236, 1040, 815; &, (400 MHz, CDCl3) 1.62-1.79
(3H, m, CH,), 1.84-1.97 (1H, m, CH;), 1.99-2.15 (2H, m, CH,), 2.32 (1H, ddd, J 7.5, 10.9 and 14.6
Hz, CHCH,CH=CH,), 2.65-2.78 (2H, m, CH,CHC=CH, and CHCH,CH=CH,), 3.52-3.62 (1H, m,
CHCHN), 3.77 (3H, s, OCHs), 4.00 (1H, d, J 4.2 Hz, CH,CHN), 4.57 (1H, s, =CH,), 4.64 (1H, s,
=CH,), 5.09-5.26 (2H, m, CH=CH,), 5.87 (1H, ddt, J 7.1, 10.2 and 17.1 Hz, CH=CH,), 6.61 (2H, d, J
9.0 Hz, Ar H), 6.85 (2H, d, J 9.0 Hz, Ar H); &: (100 MHz, CDCl;) 19.8 (CH,), 29.4 (CH,), 31.6 (CH,,
CH,CH=CH,), 35.7 (CH,), 44.2 (CH, CHC=CH,), 56.1 (CH;, OCHs), 61.6 (CH, CHCHN), 68.2 (CH,
CH,CHN), 99.1 (CH,, C=CH,), 114.6 (2 x CH, Ar), 115.0 (2 x CH, Ar), 116.9 (CH,, CH=CH,), 135.6
(CH, CH=CH,), 143.0 (C, ArCN), 151.7 (C, ArCO), 154.3 (C, =C); m/z (ES) 270.1853 ([M+H]*

C1sH24NO requires 270.1852), 270 (100%), 228 (37), 199 (97).

[372]



References

[373]



1. Rickborn, B.; The pinacol rearrangement in Comprehensive Organic Synthesis, Trost, B. M.;
Fleming, |. Pergamon: Oxford, 1991, 721-732.

2. Fittig, R. Liebigs Ann. Chem. 1860, 114, 54-63.

3. Collins, C. J. Q. Rev. Chem. Soc. 1960, 14, 357-377.

4. Sands, R. D. J. Org. Chem. 1994, 59, 468-471.

5. Sands, R. D. J. Chem. Educ. 1992, 69, 667.

6. Coveney, D. J.; The Semipinacol and Other Rearrangements in Comprehensive Organic
Synthesis, Pergamon: Oxford, 1991, 777-801.

7. Suzuki, K.; Katayama, E.; Tsuchihashi, G.-i. Tetrahedron Lett. 1983, 24, 4997-5000.

8. Smith, P. A. S.; Baer, D. R. Org. React. 1960, 11, 157-188.

9. Blicke, F. F.; Azuara, J.; Doorenbos, N. J.; Hotelling, E. B. J. Am. Chem. Soc. 1953, 75, 5418-
5419.

10. Murray, R. K.; Ford, T. M. J. Am. Chem. Soc. 1980, 102, 3194-3198.

11. Prins, D. A.; Shoppee, C. W. J. Chem. Soc. 1946, 494-499.

12. Cremlyn, R. J. W.; Garmaise, D. L.; Shoppee, C. W. J. Chem. Soc. 1953, 1847-1852.

13. Mazur, Y.; Nussim, M. J. Am. Chem. Soc. 1961, 83,3911-3912.

14. Heathcock, C. H.; DelMar, E. G.; Graham, S. L. J. Am. Chem. Soc. 1982, 104, 1907-1917.

15. Griffin, G. W.; Manmade, A. J. Org. Chem. 1972, 37, 2589-2600.

16. Nemoto, H.; Miyata, J.; Hakamata, H.; Nagamochi, M.; Fukumoto, K. Tetrahedron 1995, 51,
5511-5522.

17. Kazlauskas, R.; Murphy, P.; Quinn, R.; Wells, R. Aust. J. Chem. 1976, 29, 2533-2539.

18. Applequist, D. E.; Gebauer, P. A.; Gwynn, D. E.; O'Connor, L. H. J. Am. Chem. Soc. 1972, 94,
4272-4278.

19. DeCamp, A. E.; Mills, S. G.; Kawaguchi, A. T.; Desmond, R.; Reamer, R. A.; DiMichele, L.;

Volante, R. P. J. Org. Chem. 1991, 56, 3564-3571.

[374]



20. Barrero, A. F.; Alvarez-Manzaneda, E. J.; Chahboun, R. Tetrahedron Lett. 2000, 41, 1959-
1962.

21. Defaut, B.; Parsons, T. B.; Spencer, N.; Male, L.; Kariuki, B. M.; Grainger, R. S. Org. Biomol.
Chem. 2012, 10, 4926-4932.

22. Le Drian, C.; Vogel, P. Tetrahedron Lett. 1987, 28, 1523-1525.

23. Williams, E. L. Synth. Commun. 1992, 22, 1017-1021.

24. Paquette, L. A.; Brand, S.; Behrens, C. J. Org. Chem. 1999, 64, 2010-2025.

25. Alcaide, B.; Almendros, P.; Luna, A.; Torres, M. R. Adv. Synth. Catal. 2010, 352, 621-626.

26. Grainger, R. S.; Innocenti, P. Angew. Chem. Int. Ed. 2004, 43, 3445-3448.

27. Innocenti, P. PhD Thesis, University of London, 2004.

28. Grainger, R. S.; Welsh, E. J. Angew. Chem. Int. Ed. 2007, 46, 5377-5380.

29. Ahmed, S.; Baker, L. A.; Grainger, R. S.; Innocenti, P.; Quevedo, C. E. J. Org. Chem. 2008, 73,
8116-8119.

30. Carroll, F. I.; Abraham, P.; Parham, K.; Griffith, R. C.; Ahmad, A.; Richard, M. M.; Padilla, F.
N.; Witkin, J. M.; Chiang, P. K. J. Med. Chem. 1987, 30, 805-809.

31. Gulavita, N.; Hori, A.; Shimizu, Y.; Laszlo, P.; Clardy, J. Tetrahedron Lett. 1988, 29, 4381-
4384.

32. Quirante, J.; Vila, X.; Bonjoch, J.; Kozikowski, A. P.; Johnson, K. M. Bioorg. Med. Chem. 2004,
12,1383-1391.

33. Kobayashi, J. i.; Hirasawa, Y.; Yoshida, N.; Morita, H. J. Org. Chem. 2001, 66, 5901-5904.

34. Zhang, C.-R.; Yang, S.-P.; Yue, J.-M. J. Nat. Prod. 2008, 71, 1663-1668.

35. Bick, I. R. C.; Bremner, J. B.; Preston, N. W.; Calder, I. C. J. Chem. Soc., Chem. Commun.
1971, 1155-1156.

36. Cimino, G.; Mattia, C. A.; Mazzarella, L.; Puliti, R.; Scognamiglio, G.; Spinella, A.; Trivellone,

E. Tetrahedron 1989, 45, 3863-3872.

[375]



37. Sakai, S.; Yamamoto, |.; Yamaguchi, K.; Takayama, H.; Ito, M.; Okamoto, T. Chem. Pharm.
Bull. 1982, 30, 4579-4582.

38. Munk, M. E.; Sodano, C. S.; McLean, R. L.; Haskell, T. H. . Am. Chem. Soc. 1967, 89, 4158-
4165.

39. Hayashi, T.; Sakurai, A.; Qishi, T. Chem. Lett. 1977, 6, 1483-1486.

40. Wasserman, H. H.; Lipshutz, B. H. Tetrahedron Lett. 1975, 16, 1731-1734.

41. Corey, E. J.; Ensley, H. E. J. Am. Chem. Soc. 1975, 97, 6908-6909.

42.Kim, M. Y.; Starrett, J. E.; Weinreb, S. M. J. Org. Chem. 1981, 46, 5383-5389.

43. Davis, F. A.; Mancinelli, P. A.; Balasubramanian, K.; Nadir, U. K. J. Am. Chem. Soc. 1979, 101,
1044-1045.

44. Ferguson, M. D.; Meara, J. P.; Nakanishi, H.; Lee, M. S.; Kahn, M. Tetrahedron Lett. 1997,
38, 6961-6964.

45. Anderson, J. C.; Smith, S. C. Synlett 1990, 107-108.

46. Dolle, R. E.; McNair, D.; Hughes, M. J.; Kruse, L. |.; Eggelston, D.; Saxty, B. A.; Wells, T. N. C.;
Groot, P. H. E. J. Med. Chem. 1992, 35, 4875-4884.

47. Pichlmair, S. Synlett 2004, 195-196.

48. Meth-Cohn, O.; Moore, C.; Taljaard, H. C. J. Chem. Soc., Perkin Trans. 1 1988, 2663-2674.
49. Hill, J. G.; Rossiter, B. E.; Sharpless, K. B. J. Org. Chem. 1983, 48, 3607-3608.

50. Inoki, S.; Takai, T.; Yamada, T.; Mukaiyama, T. Chem. Lett. 1991, 20, 941-944.

51. Camps, F.; Coll, J.; Messeguer, A.; Pericas, M. A. Tetrahedron Lett. 1981, 22, 3895-3896.

52. Adams, H.; C. Anderson, J.; Bell, R.; Neville Jones, D.; R. Peel, M.; C. O. Tomkinson, N. J.
Chem. Soc., Perkin Trans. 1 1998, 3967-3974.

53. Eom, K. D.; Raman, J. V.; Kim, H.; Cha, J. K. J. Am. Chem. Soc. 2003, 125, 5415-5421.

54. lwasawa, N.; Kato, T.; Narasaka, K. Chem. Lett. 1988, 17, 1721-1724.

55. Matteson, D. S.; Hiscox, W. C.; Fabry-Asztalos, L.; Kim, G.-Y.; Siems, W. F. Organometallics

2001, 20, 2920-2923.

[376]



56. Kumari, N.; Vankar, Y. D. Org. Biomol. Chem. 2009, 7, 2104-2109.

57. Kita, Y.; Yoshida, Y.; Mihara, S.; Fang, D.-F.; Higuchi, K.; Furukawa, A.; Fujioka, H.
Tetrahedron Lett. 1997, 38, 8315-8318.

58. Sarkar, S. Synlett 2004, 390-391.

59. Binkley, R. W.; Ambrose, M. G. J. Org. Chem. 1983, 48, 1776-1777.

60. Gao, Y.; Sharpless, K. B. J. Am. Chem. Soc. 1988, 110, 7538-7539.

61. van Woerden, H. F. Chem. Rev. 1963, 63, 557-571.

62. Rebiere, F.; Samuel, O.; Ricard, L.; Kagan, H. B. J. Org. Chem. 1991, 56, 5991-5999.

63. Aggarwal, V. K.; Grainger, R. S.; Newton, G. K.; Spargo, P. L.; Hobson, A. D.; Adams, H. Org.
Biomol. Chem. 2003, 1, 1884-1893.

64. Bedford, S. T.; Grainger, R. S.; Steed, J. W.; Tisselli, P. Org. Biomol. Chem. 2005, 3, 404-406.
65. Tanaka, S.; Sugihara, Y.; Sakamoto, A.; Ishii, A.; Nakayama, J. J. Am. Chem. Soc. 2003, 125,
9024-9025.

66. Cechova, L.; Jansa, P.; Sala, M.; Draéinsky, M.; Holy, A.; Janeba, Z. Tetrahedron 2011, 67,
866-871.

67. Muzart, J. Tetrahedron 2009, 65, 8313-8323.

68. Blanchard, A. N.; Burnell, D. J. Tetrahedron Lett. 2001, 42, 4779-4781.

69. Kollenz, G.; Penn, G.; Theuer, R.; Fabian, W. M. F.; Abd EI-Nabi, H. A.; Zhang, X.; Peters, K;
Peters, E. M.; von Schnering, H. G. Tetrahedron 1996, 52, 5427-5440.

70. Klaver, W. J.; Hiemstra, H.; Speckamp, W. N. J. Am. Chem. Soc. 1989, 111, 2588-2595.

71. Li, M.; Zhou, P.; Roth, H. F. Synthesis 2007, 55-60.

72. Lee, J. H.; Kim, W. H.; Danishefsky, S. J. Tetrahedron Lett. 2009, 50, 5482-5484.

73. Harwood, L. M.; Moody, C. J.; Percy, J. M. Experimental Organic Chemistry; Blackwell
Science Ltd: Oxford, 1999, 254.

74. Rigby, J. H.; Danca, D. M.; Horner, J. H. Tetrahedron Lett. 1998, 39, 8413-8416.

75. Barrett, A. G. M.; Kwon, H.; Wallace, E. M. J. Chem. Soc., Chem. Commun. 1993, 1760-1761.

[377]



76. Wang, Y.; Wang, J.; Su, J.; Huang, F.; Jiao, L.; Liang, Y.; Yang, D.; Zhang, S.; Wender, P. A,; Yu,
Z.-X.J. Am. Chem. Soc. 2007, 129, 10060-10061.

77. Benati, L.; Bencivenni, G.; Leardini, R.; Minozzi, M.; Nanni, D.; Scialpi, R.; Spagnolo, P;
Zanardi, G. J. Org. Chem. 2006, 71, 3192-3197.

78. Del Signore, G.; Fioravanti, S.; Pellacani, L.; Tardella, P. A. Tetrahedron 2001, 57, 4623-4627.
79. Chapuis, C.; Laumer, J.-Y. D. S.; Marty, M. Helv. Chim. Acta 1997, 80, 146-172.

80. Gouverneur, V.; McCarthy, S. J.; Mineur, C.; Belotti, D.; Dive, G.; Ghosez, L. Tetrahedron
1998, 54, 10537-10554.

81. Yamamoto, Y.; Onuki, S.; Yumoto, M.; Asao, N. Heterocycles 1998, 47, 765-780.

82. Wuts, P. G. M.; Greene, T. W.; Protection for the Amino Group in Greene's Protective
Groups in Organic Synthesis, John Wiley & Sons, Inc.: Hoboken (New Jersey), 2006, 696-926.
83. Yoshimura, J.; Yamaura, M.; Suzuki, T.; Hashimoto, H. Chem. Lett. 1983, 12, 1001-1002.

84. Yamaura, M.; Suzuki, T.; Hashimoto, H.; Yoshimura, J.; Okamoto, T.; Shin, C.-G. Bull. Chem.
Soc. Jpn. 1985, 58, 1413-1420.

85. Williams, R. M.; Armstrong, R. W.; Dung, J. S. J. Med. Chem. 1985, 28, 733-740.

86. Isobe, K.; Mohri, K.; Takeda, N.; Suzuki, K.; Hosoi, S.; Tsuda, Y. Chem. Pharm. Bull. 1994, 42,
197-203.

87. Carlson, R.; Larsson, U.; Hansson, L. Acta Chem. Scand. 1992, 46, 1211-1214.

88. Diaba, F.; Ricou, E.; Bonjoch, J. Org. Lett. 2007, 9, 2633-2636.

89. Overman, L. E. J. Am. Chem. Soc. 1976, 98, 2901-2910.

90. Wynne, J. H.; Jensen, S. D.; Snow, A. W. J. Org. Chem. 2003, 68, 3733-3735.

91. Curran, D. P.; Tamine, J. J. Org. Chem. 1991, 56, 2746-2750.

92. Demay, S.; Kotschy, A.; Knochel, P. Synthesis 2001, 863-866.

93. O'Brien, P.; Childs, A. C.; Ensor, G. J.; Hill, C. L.; Kirby, J. P.; Dearden, M. J.; Oxenford, S. J.;
Rosser, C. M. Org. Lett. 2003, 5, 4955-4957.

94. Casara, P. Tetrahedron Lett. 1994, 35, 3049-3050.

[378]



95. Porzelle, A.; Woodrow, M. D.; Tomkinson, N. C. O. Org. Lett. 2010, 12, 1492-1495.

96. Bailey, J. M.; Booth, H.; Al-Shirayda, H. A. R. Y. J. Chem. Soc., Perkin Trans. 2 1984, 583-587.
97. Ichikawa, Y.; Osada, M.; I. Ohtani, |.; Isobe, M. J. Chem. Soc., Perkin Trans. 1 1997, 1449-
1456.

98. Appel, R.; Kleinstlick, R.; Ziehn, K.-D. Angew. Chem. Int. Ed. 1971, 10, 132.

99. Kresze, G.; Muensterer, H. J. Org. Chem. 1983, 48, 3561-3564.

100. Tarbell, D. S.; Scharrer, R. P. F. J. Org. Chem. 1962, 27, 1972-1974.

101. O'Mahony, G.; Nieuwenhuyzen, M.; Armstrong, P.; Stevenson, P. J. J. Org. Chem. 2004, 69,
3968-3971.

102. Denmark, S. E.; Edwards, J. P. J. Org. Chem. 1991, 56, 6974-6981.

103. Murata, S.; Suzuki, M.; Noyori, R. J. Am. Chem. Soc. 1979, 101, 2738-2739.

104. Wuts, P. G. M.; Greene, T. W.; Protection for the Hydroxyl Group, Including 1,2- and 1,3-
diols in Greene's Protective Groups in Organic Synthesis, John Wiley & Sons, Inc.: Hoboken
(New Jersey), 2006, 16-366.

105. Mashimo, K.; Sato, Y. Tetrahedron 1970, 26, 803-812.

106. Matsuo, J.-i.; Takeuchi, K.; Ishibashi, H. Org. Lett. 2008, 10, 4049-4052.

107. Beyersbergen van Henegouwen, W. G.; Fieseler, R. M.; Rutjes, F. P. J. T.; Hiemstra, H.
Angew. Chem. Int. Ed. 1999, 38, 2214-2217.

108. Mori, M.; Chiba, K.; Okita, M.; Kayo, I.; Ban, Y. Tetrahedron 1985, 41, 375-385.

109. Sandler, S. R. J. Org. Chem. 1967, 32, 3876-3881.

110. Balci, M.; Jones, W. M. J. Am. Chem. Soc. 1980, 102, 7607-7608.

111. Boz, M.; Caliskan, H.; Zaim, O. Turk. J. Chem. 2009, 33, 73-78.

112. Hansson, S.; Heumann, A.; Rein, T.; Aakermark, B. J. Org. Chem. 1990, 55, 975-984.

113. Evans, D. A.; Campos, K. R.; Tedrow, J. S.; Michael, F. E.; Gagné, M. R. J. Am. Chem. Soc.
2000, 122, 7905-7920.

114. Ruckert, A.; Deshmukh, P. H.; Blechert, S. Tetrahedron Lett. 2006, 47, 7977-7981.

[379]



115. Vogel, A. I.; Tatchell, A. R.; Furnis, B. S.; Hannaford, A. J.; Smith, P. W. G. Textbook of
Practical Organic Chemistry; Longman; Longman: Harlow, 1978, 401.

116. Jefford, C. W.; Mahajan, S.; Waslyn, J.; Waegell, B. J. Am. Chem. Soc. 1965, 87, 2183-2190.
117. Moore, W. R.; Moser, W. R.; LaPrade, J. E. J. Org. Chem. 1963, 28, 2200-2205.

118. Grigg, R.; Sridharan, V.; Stevenson, P.; Sukirthalingam, S.; Worakun, T. Tetrahedron 1990,
46, 4003-4018.

119. Crisp, G. T.; Meyer, A. G. Tetrahedron 1995, 51, 5585-5596.

120. Sunagawa, M.; Matsumura, H.; Kitamura, Y. Crystalline palladium tetrakis (triphenyl-
phosphine) and a process for preparing the same. EP0493032 (A2), 1992.

121. O'Sullivan, T. P.; Vallin, K. S. A.; Ali Shah, S. T.; Fakhry, J.; Maderna, P.; Scannell, M.;
Sampaio, A. L. F.; Perretti, M.; Godson, C.; Guiry, P. J. J. Med. Chem. 2007, 50, 5894-5902.

122. Ren, W.; Yamane, M. J. Org. Chem. 2010, 75, 8410-8415.

123. Moreau, A.; Couture, A.; Deniau, E.; Grandclaudon, P.; Lebrun, S. Org. Biomol. Chem.
2005, 3, 2305-2309.

124. Lamblin, M.; Couture, A.; Deniau, E.; Grandclaudon, P. Org. Biomol. Chem. 2007, 5, 1466-
1471.

125. Moreau, A.; Couture, A.; Deniau, E.; Grandclaudon, P. Tetrahedron 2006, 62, 5787-5790.
126. Franco Bella, A.; Jackson, L. V.; Walton, J. C. Org. Biomol. Chem. 2004, 2, 421-428.

127. Binmore, G.; Cardellini, L.; C. Walton, J. J. Chem. Soc., Perkin Trans. 2 1997, 757-762.

128. Erdik, E.; Matteson, D. S. J. Org. Chem. 1989, 54, 2742-2748.

129. Barluenga, J.; Canteli, R. M.; Florez, J. J. Org. Chem. 1994, 59, 602-606.

130. Dragar, C.; Bick, I. R. C. Phytochemistry 1992, 31, 3601-3603.

131. Bick, I. R. C. H., M. A. The Alkaloids; Academic Press: New York; 1985, 24, 113.

132. Roberson, C. W.; Woerpel, K. A. Org. Lett. 2000, 2, 621-623.

133. Roberson, C. W.; Woerpel, K. A. J. Am. Chem. Soc. 2002, 124, 11342-11348.

134. Kitamura, M.; lhara, Y.; Uera, K.; Narasaka, K. Bull. Chem. Soc. Jpn. 2006, 79, 1552-1560.

[380]



135. Kotsuki, H.; Asao, K.; Ohnishi, H. Bull. Chem. Soc. Jpn. 1984, 57, 3339-3340.

136. Hodgson, D. M.; Shelton, R. E.; Moss, T. A.; Dekhane, M. Org. Lett. 2010, 12, 2834-2837.
137. Rigby, J. H.; Ahmed, G.; Ferguson, M. D. Tetrahedron Lett. 1993, 34, 5397-5400.

138. Rigby, J. H.; Meyer, J. H. Synlett 1999, 860-862.

139. Rigby, J. H.; Pigge, F. C. Synlett 1996, 631-632.

140. Lin, X.; Stien, D.; Weinreb, S. M. Tetrahedron Lett. 2000, 41, 2333-2337.

141. Washburn, D. G.; Heidebrecht, R. W.; Martin, S. F. Org. Lett. 2003, 5, 3523-3525.

142. Ragains, J. R.; Winkler, J. D. Org. Lett. 2006, 8, 4437-4440.

143. Bellas, M.; Bryce-Smith, D.; Gilbert, A. J. Chem. Soc., Chem. Commun. 1967, 862-863.

144. Bellas, M.; Bryce-Smith, D.; Clarke, M. T.; Gilbert, A.; Klunkin, G.; Krestonosich, S.;
Manning, C.; Wilson, S. J. Chem. Soc., Perkin Trans. 1 1977, 2571-2580.

145. Chappell, D.; Drew, M. G. B.; Gibson, S.; Harwood, L. M.; Russell, A. T. Synlett 2010, 517-
520.

146. Gibson, S. PhD Thesis, University of Reading, UK, 2004.

147. Hwu, J. R.; Chang Hsu, Y. Chem. Eur. J. 2011, 17, 4727-4731.

148. Chandrasekhar, S.; Seenaiah, M.; Rao, C. L.; Reddy, C. R. Tetrahedron 2008, 64, 11325-
11327.

149. Sander, K.; Kottke, T.; Tanrikulu, Y.; Proschak, E.; Weizel, L.; Schneider, E. H.; Seifert, R.;
Schneider, G.; Stark, H. Bioorg. Med. Chem. 2009, 17, 7186-7196.

150. Dubkov, K. A.; Panov, G. I.; Starokon, E. V.; Parmon, V. N. React. Kinet. Catal. Lett. 2002,
77,197-205.

151. Banert, K.; Plefka, O. Angew. Chem. Int. Ed. 2011, 50, 6171-6174.

152. Bode, J. W.; Carreira, E. M. J. Org. Chem. 2001, 66, 6410-6424.

153. Bode, J. W.; Hachisu, Y.; Matsuura, T.; Suzuki, K. Tetrahedron Lett. 2003, 44, 3555-3558.
154. Halimehjani, A. Z.; Maleki, H.; Saidi, M. R. Tetrahedron Lett. 2009, 50, 2747-2749.

155. Hartke, K.; Timpe, C. Liebigs Ann. Chem. 1994, 183-187.

[381]



156. Hakimelahi, G. H.; Jarrahpour, A. A. Helv. Chim. Acta 1989, 72, 1501-1505.

157. Chevrie, D.; Metzner, P. Tetrahedron Lett. 1998, 39, 8983-8986.

158. Watanabe, Y.; Ishimura, Y. J. Org. Chem. 1988, 53, 2119-2120.

159. Lawrence, R. M.; Biller, S. A.; Dickson, J. K.; Logan, J. V. H.; Magnin, D. R.; Sulsky, R. B.;
DiMarco, J. D.; Gougoutas, J. Z.; Beyer, B. D.; Taylor, S. C.; Lan, S.-J.; Ciosek, C. P.; Harrity, T. W,;
Jolibois, K. G.; Kunselman, L. K.; Slusarchyk, D. A. J. Am. Chem. Soc. 1996, 118, 11668-11669.
160. Saito, S.; Kubota, T.; Fukushi, E.; Kawabata, J.; Zhang, H.; Kobayashi, J. i. Org. Lett. 2007, 9,
1207-12009.

161. Saito, S.; Kubota, T.; Kobayashi, J. i. Tetrahedron Lett. 2007, 48, 3809-3812.

162. Yang, S.-P.; Yue, J.-M. Org. Lett. 2004, 6, 1401-1404.

163. Kamijo, N.; Nakano, T.; Terao, Y.; Osaki, K. Tetrahedron Lett. 1966, 7, 2889-2892.

164. Piettre, S.; Heathcock, C. H. Science 1990, 248, 1532-1534.

165. Newcomb, M.; Marquardt, D. J.; Deeb, T. M. Tetrahedron 1990, 46, 2329-2344.

166. Newcomb, M.; Marquardt, D. J.; Udaya Kumar, M. Tetrahedron 1990, 46, 2345-2352.

167. Servais, A.; Azzouz, M.; Lopes, D.; Courillon, C.; Malacria, M. Angew. Chem. Int. Ed. 2007,
46, 576-579.

168. Moriya, M.; Kamikubo, T.; Ogasawara, K. Synthesis 1995, 187-190.

169. Johnson, C. R.; Adams, J. P.; Braun, M. P.; Senanayake, C. B. W.; Wovkulich, P. M.;
Uskokovi¢, M. R. Tetrahedron Lett. 1992, 33, 917-918.

170. Read, J.; Watters, A. J.; Robertson, G. J.; Hughesdon, R. S. J. Chem. Soc. 1929, 2068-2076.
171. Myers, A. G.; Herzon, S. B. J. Am. Chem. Soc. 2003, 125, 12080-12081.

172. Ruel, F. S.; Braun, M. P.; Johnson, C. R. Org. Synth. 1998, 75, 69.

173. Easton, C. J.; Heath, G. A.; Hughes, C. M. M.; Lee, C. K. Y.; Savage, G. P.; Simpson, G. W.;
Tiekink, E. R. T.; Vuckovic, G. J.; Webster, R. D. J. Chem. Soc., Perkin Trans. 1 2001, 1168-1174.
174. Liu, G.; Cogan, D. A.; Owens, T. D.; Tang, T. P.; Ellman, J. A. J. Org. Chem. 1999, 64, 1278-

1284.

[382]



175. Datta, G. K.; Ellman, J. A. J. Org. Chem. 2010, 75, 6283-6285.

176. Stevens, C. L.; Valicenti, J. A. J. Am. Chem. Soc. 1965, 87, 838-842.

177. Langlois, J.-B.; Alexakis, A. Adv. Synth. Catal. 2010, 352, 447-457.

178. Robak, M. T.; Herbage, M. A.; Ellman, J. A. Chem. Rev. 2010, 110, 3600-3740.

179. Collados, J. F.; Toledano, E.; Guijarro, D.; Yus, M. J. Org. Chem. 2012, 77, 5744-5750.

180. Liu, Z.-J.; Liu, J.-T. Chem. Commun. 2008, 5233-5235.

181. Colyer, J. T.; Andersen, N. G.; Tedrow, J. S.; Soukup, T. S.; Faul, M. M. J. Org. Chem. 2006,
71, 6859-6862.

182. Kochi, T.; Ellman, J. A. J. Am. Chem. Soc. 2004, 126, 15652-15653.

183. Isola, M.; Ciuffarin, E.; Sagramora, L.; Niccolai, C. Tetrahedron Lett. 1982, 23, 1381-1384.
184. Sun, P.; Weinreb, S. M.; Shang, M. J. Org. Chem. 1997, 62, 8604-8608.

185. Brown, C.; Hudson, R. F.; Record, K. A. F. J. Chem. Soc., Perkin Trans. 2 1978, 822-828.

186. Artman lii, G. D.; Bartolozzi, A.; Franck, R. W.; Weinreb, S. M. Synlett 2001, 232-233.

187. Allan, G. M.; Lawrence, H. R.; Cornet, J.; Bubert, C.; Fischer, D. S.; Vicker, N.; Smith, A.;
Tutill, H. J.; Purohit, A.; Day, J. M.; Mahon, M. F.; Reed, M. J.; Potter, B. V. L. J. Med. Chem.
2006, 49, 1325-1345.

188. Stierly, D.; Walter, H. Pyrazol-4-yl carboxamide derivatives as macrobiocides.
W02012093100 (A1), 2012.

189. Liu, S.; Yu, Y.; Liebeskind, L. S. Org. Lett. 2007, 9, 1947-1950.

190. Musicki, B. Novel heterocyclic compounds, preparation process and intermediates, and
use as medicaments, in particular as -lactamase inhibitors and antibacterials. US2004097490
(A1), 2004.

191. Kawase, M.; Kikugawa, Y. J. Chem. Soc., Perkin Trans. 1 1979, 643-645.

192. Ferrero, L.; Geribaldi, S.; Rouillard, M.; Azzaro, M. Can. J. Chem. 1975, 53, 3227-3239.

193. Miriyala, B.; Bhattacharyya, S.; Williamson, J. S. Tetrahedron 2004, 60, 1463-1471.

[383]



194. Abdel-Magid, A. F.; Carson, K. G.; Harris, B. D.; Maryanoff, C. A.; Shah, R. D. J. Org. Chem.
1996, 61, 3849-3862.

195. Fournier, A. M.; Clayden, J. Org. Lett. 2011, 14, 142-145.

196. Cantin, A.; Lull, C.; Primo, J.; Miranda, M. A.; Primo-Yufera, E. Tetrahedron: Asymmetry
2001, 12, 677-683.

197. Macbeth, A. K.; Shannon, J. S. J. Chem. Soc. 1952, 2852-2856.

198. Serra, S.; Brenna, E.; Fuganti, C.; Maggioni, F. Tetrahedron: Asymmetry 2003, 14, 3313-
3319.

199. Luche, J. L. J. Am. Chem. Soc. 1978, 100, 2226-2227.

200. Poe, S. L.; Morken, J. P. Angew. Chem. Int. Ed. 2011, 50, 4189-4192.

201. Lund, H. Ber. Dtsch. Chem. Ges. 1937, 70, 1520-1525.

202. Sano, T.; Toda, J.; Maehara, N. Can. J. Chem. 1987, 65, 94-98.

203. Borisova, S. A.; Guppi, S. R.; Kim, H. J.; Wu, B.; Penn, J. H.; Liu, H.-W.; O’Doherty, G. A. Org.
Lett. 2010, 12, 5150-5153.

204. Uenishi, J.; Hamada, M. Synthesis 2002, 625-630.

205. Burgard, A.; Lang, H.-J.; Gerlach, U. Tetrahedron 1999, 55, 7555-7562.

206. Thompson, A. S.; Humphrey, G. R.; DeMarco, A. M.; Mathre, D. J.; Grabowski, E. J. J. J.
Org. Chem. 1993, 58, 5886-5888.

207. Zhou, X. M.; Wang, Z. Q.; Chang, J. Y.; Chen, H. X.; Cheng, Y. C,; Lee, K. H. J. Med. Chem.
1991, 34, 3346-3350.

208. Barrett, S.; O'Brien, P.; Steffens, H. C.; Towers, T. D.; Voith, M. Tetrahedron 2000, 56,
9633-9640.

209. Henry, J. R.; Marcin, L. R.; McIntosh, M. C.; Scola, P. M.; Harris, D. G.; Weinreb, S. M.
Tetrahedron Lett. 1989, 30, 5709-5712.

210. Kaloko, J. J.; Teng, Y.-H. G.; Ojima, I. Chem. Commun. 2009, 4569-4571.

211. Sen, S. E.; Roach, S. L. Synthesis 1995, 756-758.

[384]



212.

213.

214.

215.

216.

217.

218.

219.

220.

Am.

221.

222.

223.

224.

357

225

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

Lal, B.; Pramanik, B. N.; Manhas, M. S.; Bose, A. K. Tetrahedron Lett. 1977, 18, 1977-1980.
Griesbeck, A. G.; Bondock, S. J. Am. Chem. Soc. 2001, 123, 6191-6192.

Pearson, W. H.; Schkeryantz, J. M. J. Org. Chem. 1992, 57, 2986-2987.

Magnus, P.; Bailey, J. M.; Porter, M. J. Tetrahedron 1999, 55, 13927-13936.

Welsh, E. J. PhD Thesis, University of Birmingham, 2007.

Ankner, T.; Hilmersson, G. Org. Lett. 2009, 11, 503-506.

Kok, S. H. L.; Lee, C. C.; Shing, T. K. M. J. Org. Chem. 2001, 66, 7184-7190.

Adak, L.; Chattopadhyay, K.; Ranu, B. C. J. Org. Chem. 2009, 74, 3982-3985.

Hayes, C. J.; Simpkins, N. S.; Kirk, D. T.; Mitchell, L.; Baudoux, J.; Blake, A. J.; Wilson, C. J.
Chem. Soc. 2009, 131, 8196-8210.

Baudouyx, J.; Blake, A. J.; Simpkins, N. S. Org. Lett. 2005, 7, 4087-4089.

Rodeschini, V.; Ahmad, N. M.; Simpkins, N. S. Org. Lett. 2006, 8, 5283-5285.

Karthikeyan, K.; Perumal, P. T. Synlett 2009, 2366-2370.

Cuzzupe, A. N.; Florio, R. D.; White, J. M.; Rizzacasa, M. A. Org. Biomol. Chem. 2003, 1,
2-3577.
. Schultz, A. G.; Harrington, R. E.; Holoboski, M. A. J. Org. Chem. 1992, 57, 2973-2976.

Imamura, P. M.; Ruveda, E. A. J. Org. Chem. 1980, 45, 510-515.

Plietker, B. J. Org. Chem. 2004, 69, 8287-8296.

Bull, J. R.; Floor, J. J. Chem. Soc., Perkin Trans. 1 1981, 437-446.

Michael, J. P.; Hosken, G. D.; Howard, A. S. Tetrahedron 1988, 44, 3025-3036.
Augustowska, E.; Boiron, A.; Deffit, J.; Six, Y. Chem. Commun. 2012, 48, 5031-5033.
Kapferer, T.; Briickner, R. Eur. J. Org. Chem. 2006, 2119-2133.

Haddad, N.; Rukhman, I.; Abramovich, Z. J. Org. Chem. 1997, 62, 7629-7636.
Millar, J. G.; Underhill, E. W. J. Org. Chem. 1986, 51, 4726-4728.

Tekavec, T. N.; Louie, J. Tetrahedron 2008, 64, 6870-6875.

Roberts, J. D.; Mazur, R. H. J. Am. Chem. Soc. 1951, 73, 2509-2520.

[385]



236. Pawlas, J.; Nakao, Y.; Kawatsura, M.; Hartwig, J. F. J. Am. Chem. Soc. 2002, 124, 3669-
3679.

237. Lober, O.; Kawatsura, M.; Hartwig, J. F. J. Am. Chem. Soc. 2001, 123, 4366-4367.

238. Shing, T. K. M.; Lee, C. M.; Lo, H. Y. Tetrahedron 2004, 60, 9179-9197.

239. Gentric, L.; Le Goff, X.; Ricard, L.; Hanna, I. J. Org. Chem. 2009, 74, 9337-9344.

240. Oppolzer, W.; Radinov, R. N. Tetrahedron Lett. 1988, 29, 5645-5648.

241. Das, B. G.; Nallagonda, R.; Ghorai, P. J. Org. Chem. 2012, 77, 5577-5583.

242. Ranu, B. C.; Majee, A.; Sarkar, A. J. Org. Chem. 1998, 63, 370-373.

243. Nishikawa, T.; Asai, M.; Ohyabu, N.; Isobe, M. J. Org. Chem. 1998, 63, 188-192.

244. Posner, G. H.; Wettlaufer, D. G. J. Am. Chem. Soc. 1986, 108, 7373-7377.

245. Inoue, A.; Kondo, J.; Shinokubo, H.; Oshima, K. Chem. Eur. J. 2002, 8, 1730-1740.

246. Nwokogu, G. C. J. Org. Chem. 1985, 50, 3900-3908.

247. Sellen, M.; Baeckvall, J. E.; Helquist, P. J. Org. Chem. 1991, 56, 835-839.

248. Lee, H.-L.; Aubé, J. Tetrahedron 2007, 63, 9007-9015.

249. Kittaka, A.; Tanaka, H.; Odanaka, Y.; Ohnuki, K.; Yamaguchi, K.; Miyasaka, T. J. Org. Chem.
1994, 59, 3636-3641.

250. lhara, M.; Haga, Y.; Yonekura, M.; Ohsawa, T.; Fukumoto, K.; Kametani, T. J. Am. Chem.
Soc. 1983, 105, 7345-7352.

251. Yoshida, Y.; Tanabe, Y. Synthesis 1997, 533-535.

252. Ranu, B. C.; Dutta, J.; Guchhait, S. K. J. Org. Chem. 2001, 66, 5624-5626.

253. Jiang, H.; Liu, B.; Li, Y.; Wang, A.; Huang, H. Org. Lett. 2011, 13, 1028-1031.

254. Campbell-Verduyn, L.; Elsinga, P. H.; Mirfeizi, L.; Dierckx, R. A.; Feringa, B. L. Org. Biomol.
Chem. 2008, 6, 3461-3463.

255. Di Nunno, L.; Scilimati, A. Tetrahedron 1987, 43, 2181-2189.

256. Evans, A. R.; Taylor, G. A. J. Chem. Soc., Perkin Trans. 1 1983, 979-983.

257. Azizi, N.; Aryanasab, F.; Saidi, M. R. Org. Lett. 2006, 8, 5275-5277.

[386]



258. Jones, R. M.; Van De Water, R. W.; Lindsey, C. C.; Hoarau, C.; Ung, T.; Pettus, T. R. R. J.
Org. Chem. 2001, 66, 3435-3441.

259. Banwell, M. G.; Ma, X.; Taylor, R. M.; Willis, A. C. Org. Lett. 2006, 8, 4959-4961.

260. De Simone, F.; Andres, J.; Torosantucci, R.; Waser, J. Org. Lett. 2009, 11, 1023-1026.

261. Shi, X.-X.; Shen, C.-L.; Yao, J.-Z.; Nie, L.-D.; Quan, N. Tetrahedron: Asymmetry 2010, 21,
277-284.

262. Masllorens, J.; Moreno-Mafias, M.; Pla-Quintana, A.; Roglans, A. Org. Lett. 2003, 5, 1559-
1561.

263. Lessard, J.; Tan, P. V. M.; Martino, R.; Saunders, J. K. Can. J. Chem. 1977, 55, 1015-1023.
264. Malkov, A. V.; Spoor, P.; Vinader, V.; Kocovsky, P. J. Org. Chem. 1999, 64, 5308-5311.

265. Klaver, W. J.; Hiemstra, H.; Speckamp, W. N. Tetrahedron Lett. 1987, 28, 1581-1584.

266. Molander, G. A.; Harris, C. R. J. Org. Chem. 1997, 62, 7418-7429.

267. Wentrup, C.; Gross, G.; Berstermann, H. M.; Lorencak, P. J. Org. Chem. 1985, 50, 2877-
2881.

268. Maruoka, K.; Concepcion, A. B.; Murase, N.; Oishi, M.; Hirayama, N.; Yamamoto, H. J. Am.
Chem. Soc. 1993, 115, 3943-3949.

269. Shimasaki, T.; Tobisu, M.; Chatani, N. Angew. Chem. Int. Ed. 2010, 49, 2929-2932.

[387]



Appendices

[388]



X-ray data for 130

Table 1: Crystal data and structure refinement for 130

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.48°
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

130
C14H15N02

229.27

120(2) K

0.71073 A

Monoclinic

P 2(1)/n

a=9.0675(3) A a=90°.

b =6.0052(2) A B=98.657(2)°.
c=21.3783(8) A y=90°.
1150.83(7) A3

4

1.323 Mg/m3

0.089 mm-1
488

0.56 x 0.28 x 0.09 mm3

3.40t0 27.48°.

-11<=h<=11, -7<=k<=7, -27<=I<=27
12191

2628 [R(int) = 0.0413]

99.5 %

Semi-empirical from equivalents
0.9921 and 0.9520

Full-matrix least-squares on F2
2628 /0/ 155

1.015
R1=0.0435, wR2 =0.1219
R1=0.0563, wR2 =0.1314

0.287 and -0.263 e.A-3
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X-ray data for 144a

Table 1. Crystal data and structure refinement for 144a.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 68.24°
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

144a
CiaHisN Os S

309.33

120(2) K

1.54178 A

Orthorhombic

P bca

a=11.0852(2) A o= 90°.
b = 7.98040(10) A B=90°.
c=31.3518(5) A ¥ =90°.
2773.52(8) A3

8

1.482 Mg/m3

2.288 mm-1
1296

0.24 x 0.22 x 0.20 mm3

6.92 to 68.24°.

-13<=h<=12, -9<=k<=8, -32<=I<=36
20175

2528 [R(int) = 0.0212]

99.5%

Semi-empirical from equivalents
0.6576 and 0.6097

Full-matrix least-squares on F2
2528 /0/191

1.068
R1=0.0281, wR2 =0.0752
R1=0.0285, wR2 = 0.0755

0.241 and -0.310 e.A-3
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X-ray data for 144b

Table 1. Crystal data and structure refinement for 144b.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.48°
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

144b

CuuHisNOsS

309.33

120(2) K

0.71073 A

Monoclinic

C2/c

a=16.1951(4) A o= 90°.
b=7.5226(3) A B=107.623(2)".
c=23.5755(9) A v=90°.
2737.39(17) A3

8

1.501 Mg/m3

0.258 mm-1
1296

0.32x0.30x0.22 mm3

3.01to0 27.48°.

-20<=h<=20, -9<=k<=9, -30<=I<=30
14480

3120 [R(int) = 0.0371]

99.3%

Semi-empirical from equivalents
0.9453 and 0.9219

Full-matrix least-squares on F2
3120/0/191

1.029
R1=0.0384, wR2 =0.1129
R1=0.0474, wR2 =0.1213

0.274 and -0.404 e.A-3
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X-ray data for 140

Table 1. Crystal data and structure refinement for 140.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.03°
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

140

C14 H17 N 04

263.29

120(2) K

0.71073 A

Monoclinic

P2./c

a=6.0349(17) A o= 90°.
b =6.944(2) A B=95.570(11)".
c=29.781(9) A y=90°.
1242.0(6) A3

4

1.408 Mg/m3

0.103 mm-1
560

0.24 x 0.09 x 0.02 mm3

3.01 to 25.03".

-7<=h<=7, 0<=k<=8, 0<=I<=35
2187

2187 [R(int) = 0.0000]

94.8 %

Semi-empirical from equivalents
0.9979 and 0.9756

Full-matrix least-squares on F2
2187/0/ 176

1.188
R1=0.1102, wR2 =0.3248
R1=0.1170, wR2 = 0.3347

0.566 and -0.591 e.A-3
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X-ray data for 262

Table 1. Crystal data and structure refinement for 262.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.02°
Absorption correction

Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on F2
Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

262

CisH7NO

227.30

100(2) K

0.71075 A

Monoclinic

P2./c

a=12.953(15) A o= 90°.
b=5.736(7) A B=90.89(2)°.
c=16.756(18) A y=90°.
1245(2) A3

4

1.213 Mg/m3

0.076 mm-1
488

0.08 x 0.01 x 0.01 mm3

2.92 to 25.02°.

-14<=h<=15, -6<=k<=6, -19<=I<=19
8486

2164 [R(int) = 0.0989]

98.5 %

Semi-empirical from equivalents
1.000 and 0.615

Full-matrix least-squares on F2
2164 /0/ 154

1.130
R1=0.0983, wR2 =0.2413
R1=0.1399, wR2 =0.2760

0.341 and -0.333 e.A-3

[393]



X-ray data for 270

Table 1. Crystal data and structure refinement for 270.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Crystal

Crystal size

Arange for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to 8= 66.43°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters

Goodness-of-fit on F*
Final R indices [F* > 20{F?)]
R indices (all data)
Extinction coefficient
Largest diff. peak and hole

270
CZOHZSNZOZSZ
392.56
100(2) K
1.54187 A
Triclinic

P-1

a=6.3563(16) A
b = 7.9604(13) A
c=20.414(4) A

o = 87.759(12)°
B = 89.300(18)°
y = 74.762(18)°

995.8(4) A

2

1.309 Mg/ m?

2.553 mm™

420

Block; Colourless

0.10 x 0.10 x 0.08 mm>

2.17 - 66.43°
—7<h<6,-9<k<9,-24<[<24
10836

3410 [R;,; = 0.0555]

96.7 %

Semi—empirical from equivalents
0.8218 and 0.7844

Full-matrix least-squares on F
3410/0/ 239

0.986

R1=0.0408, wR2 =0.1029
R1=0.0441, wR2 =0.1057
0.0320(16)

0.380 and —0.355e A~
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X-ray data for 319

Table 1. Crystal data and structure refinement for 319.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 66.60°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

319
C22H30N20252

418.60

100(2) K

1.54187 A

Orthorhombic

P na2;

a=45.85(7) A @=90°.
b=6.260(11) A @=90°.
c=7.640(13) A =90°.
2193(6) A3

4

1.268 Mg/m3

2.351 mm-1
896

0.28 x 0.18 x 0.02 mm3

6.97 to 66.60°.

-34<=h<=54, -5<=k<=7, -8<=I<=9
13394

3417 [R(int) = 0.1247]

95.2 %

Semi-empirical from equivalents
0.9545 and 0.5589

Full-matrix least-squares on F2
3417 /1/ 259

1.455
R1=0.1215, wR2 = 0.3230
R1=0.1435, wR2 = 0.3709
0.00(6)

0.010(2)

1.078 and -0.618 e.A-3
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X-ray data for 498

Table 1. Crystal data and structure refinement for 498.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Crystal

Crystal size

Arange for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to = 25.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [F* > 20(F?)]
R indices (all data)
Absolute structure parameter
Largest diff. peak and hole

498

CuH,7NOS

257.43

150(2) K

0.71075 A

Orthorhombic

P212121

a=5.970(3) A a.=90°
b=13.234(7) A B =90°
c=19.291(9) A ¥ =90°
1524.1(13) A®

4

1.122 Mg/ m?

0.200 mm™*

568

Needle; yellow

0.30 x 0.03 x 0.02 mm?

3.25 - 25.00°
—4<h<7,-15<k<14,-22<[<22
6541

2657 [Rin: = 0.0501]

99.5 %

Semi—empirical from equivalents
0.9960 and 0.9424

Full-matrix least-squares on F
2657/0/ 164

1.124

R1=0.0563, wR2 = 0.0890
R1=0.0679, wR2 = 0.0932
-0.10(11)

0.193 and —0.247 e A
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