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ABSTRACT

Atter  a survey of the methods reported in the l i te ra tu re  tor 

the synthesis of mesembrine and related octahydroindoles, a 

novel synthetic approach to these alkaloids is presented, based 

on the use of the vinylogous urethane, l -m e th y l -3 - (3 ,4 -d i -  

methoxyphenyl)-2-ethoxyc rbonyimethylenepyrrolidine, and i ts  

inroediate precursor. t o V t i i m e t h o x y p h e n y l ) - 2- thiopyrrolidone.  

Since the most convenient approach to the la t t e r  compound is 

via the corresponding lactam, attempts to prepare this  mate­

r ia l  using N-methyl-2-pyrrolidone, and using methyl 3 ,4 - d i - 

methoxypnenylacetate are presented. Ihe synthesis of the th io-  

lactam is achieved by reaction of the dianion of N-metnyl- 

3,4-dimethoxyphenylaceiamide wit.i l-bromo-2-Chloroethane, 

followed by th ia t io n .  The appl ication of the method tor the 

synthesis of lactams in general is then investigated.

Attempts to prepare mesembrine from the 3-aryl vinylogous 

urethane are then preserued, f i r s t l y  by investigation in a 

series of model react ions,  followed by a sequence designed to 

lead to mesembrine i t s e l f .

Thi fa i lu re  to prepare mesembrine from the vinyiogous urethane 

leads to the design of a new synthetic route, the crucial step 

in which is an alkyl at ion on sulphur and sulphide contraction  

with a halomethyl vinyl ketone, to form a vinylogous amide 

intermediate. After  investigation of the sequence with a 

series of model reactions A^-mesembrenone is prepared in 

one step from the 3-aryl thiopyrrolidone and chloromethyl vinyl 

ketone. The synthesis of this compound constitutes a formal 

synthesis of (±)-mesembrine.

The method is then applied to a formal synthesis of
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CHAPTLR 1 ORIGINS AND SYNTHESIS OF MLSEMBRINL AND RELAILD 

ALKALOIDS

1.1 Orig ins

The mesenhnne group of ah i l o i d s , a subgroup < i the xejet_Ll£n 

a lka lo ids ,  named a f te r  the parent a lka lo id  mesembnne are 

characterized by the N-methyl-3d-(3 ,4 -dimethoxyphvriy 1 

octahydroindole skeleton. Sceletium a lka lo ids  occur in the 

plant genus Scelet ium ( fami ly  Aizoaceae), which is  found 

p r in c ip a l l y  in south-west A f r i c a .  In te res t  in these plants 

arose from ear ly  reports [ 1 , 2 ]  of t h e i r  use by the indigenous 

peoples of th is  region in the preparation of the pharmaco­

log ica l  ly  in te res t in g  drug known as 1Channa‘ or roegoea . An

early  study [ 3 ]  of 'Channa' by Meir ing in 1896 suggested the 

pr.sence of a lka lo ids ,  and th is  was confirmed by Zwicky [4 ]  in

1914. The s t ruc tu re  of the parent a lka lo id  meseiibrine \ was

not, however, e luc idat i  u n t i l  1961 [5 j .

A number of S ce le t ium a lka lo ids  have been iso la ted [ 6 ] ,  a 

representat ive sample being (•>)-mesembnne 1, & -mesem-

Drenone 2, (-)-mesernbranol 3, and ( t ) -sce le tenone 4.

Other a lka lo ids  which have been iso la ted from Sceletium species 

include a lka lo ids  possessing the secomesembrane skeleton, 

exempli f ied by joubert iamine b, and the pyr idme-d ihydro-  

pyndone a lka lo ids ,  exempli f ied by scelet ium A4 6.
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1. 2 The Synthesis o f M» sembrme and Other 3d-Ary locta« 

hydroindoles

The mesembrine a lka lo ids  have aroused a great deal ot synthet ic  

in ter*  ,t in recent years, because of t h e i r  in te res t ing  

pharmacological p roper t ies ,  and also because of t h e i r  close 

re la t ionsh ip  to the ftnary l1idaceae a lka lo ids  of the crinane 

type, the parent skeleton of which is  crinane _?• Although 

most ot these a lka lo ids  have a 3,4-methylenedloxyaryl r in g ,  

some, for  example d ihydromar i t id ine  H have a 3 ,4-dimethoxy- 

phenyl r ing .  Another c lose ly  re -d Amaryl1idaceae a lka lo id  is

p re laze t l ine  The sy thes is  of many of these a lka lo ids  

proceed via mesembrine-l ike octahydromdole intermediates. 

In te res t  in these a lka lo ids  has been fu r the r  heightened by
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recent reports of s ig n i f i c a n t  anti  tumour a c t i v i t y  exh ib i ted by 

p re taze t t ine  [ 7 ] .

OOG
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The reported syntheses of mesembrine and related a lka lo ids can 

be c la s s i f i e d  according to the d issec t ions  of the mesembrine 

skeleton. Thus most of the reported syntheses f a l l  in to  the 

four groups represented by the d issect ions of types A, b, C and 

D as shown below.
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1.2.1 Syntheses of Type A

Syntheses of mesmbrine which use the type A dissection require 

an intermediate possessing the essent ia l features of the 

skeleton shown in HJ. These syntheses must then involve the 

intramolecular r ing closure of a n i t rogen- func t iona l ized  

two-carbon side cuain onto an appropr ia te six-membered r ing .

One procedure which has received a great deal of a t ten t ion  is 

the intramolecular  Michael reaction of a nucleophi l ie  ni trogen 

w i th  a 4-ary l substi tu ted cyclonexenone. This approach was 

used in the f i r s t  to ta l  synthesis of (±)-mesembrine, published 

oy bhanina and Kodnguez [ 8 , 9 ] .  The key step in th is  wot k 

involved the dehydration of M to form the t rans ien t  i n t e r ­

mediate 15, which underwent spontaneous r ing closure.  Com­

pound 14 was synthesized by a ra ther lengthy route.

OMe

HCl/EtOH >
Me

Ar

Me

14 15

Ar

no

Me

The only ch i ra l  synthesis of the natura l antipode using th is  

route has been achieved by Wiechers and co-workers [10 ] .  In



t h i s  synthesis the ch i ra l  acetal l b  was used in the amide 

acetal Claisen rearrangement, the key step in the preparation 

of i s ,  a ch i ra l  intermediate corresponding to the skeleton HJ

(scheme 1).
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Of considerable in te re s t  is  the c h i ra l  synthesis by Utani and 

Yamada [11,12] o f  (+)-mesembrine, the unnatural antipode. A 

feature of th is  work is  the use of L -p ro l ine  p y r ro l id id e  19 to 

make the ch i ra l  enamine 20 (scheme 2) .

OMe

OHC
rc.
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r Ar

fUor.
I
Ar

Me

?
20

CO
No

1) CH2CHC0CH3

2) A cO H /h^O /

oN
H

Ar

OHC
Me

38 Z

Scheme 2 70 Z
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Simi lar  syntheses of mesembrine and re la ted a lka lo ids have been 

reported by Mart in [13 ,14 ] ,  Sanchez [15,16] and Muller [ 1 / ]  ana 

t h e i r  co-workers. These vary in  the preparation of the 

appropr ia te ly  funct ional  ized cyclohexenone. The irost high 

y ie ld in g  of these syntheses is  one by Sanchez [16 ] .  In th is  

work the synthesis o f  (t)-mesembrine was achieved in 4? % 

overa l l  y ie ld  from 3 ,4 -d imethoxyphenylaceton i tr i le  21, via 

the N-benzenesulphonamide 22 (scheme 3).

OMe

OMe

CN

nBuLi

Na, NH,., 
DME

N
Me

Me
82%

x PhSO2O '^ ^ 2 ^

Scheme 3

A synthesis of ( i ) - t a z e t t l n e  23 by Uanishefsky and co-workers 

[ l b , 19], which proceeds via the mesembrine-like intermediate ^4 

is  of in te res t  in tha t  i t  uses a O ie ls-A lder reaction fur  

formation of the cyclohexenone mg. Thus, reaction of the 

diene 25 w i th  the dienophi le 26 y ie lded the 4 ,4-d isubs t i tu ted 

cyclohexenone 27 in  54 % y i e l d .  Treatment of 27 wi th 

m e th y l amine afforded the b i c y c l i c  compound 2£ in 80 % y ie ld .
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This was then converted to ( ± ) - t a z e t t 1ne £3 in len steps. The 

r in y  closure reaction of H  to  fonn 24 could occur by one of 

two possible mechanisms: e i th e r  by the intramolecular Michael 

reaction invo lv iny  the intermediate 28.vnich corresponds to 

the SKeletoni^, or by in tennolecular  addi t ion of methyl air. i ne 

to the enone 27, fol lowed by r iny  closure by displacement of 

bromide. This would yive the intermediate 29, which 

corresponds to the skeleton J_2, in which case the synthesis 

w i l l  be of type C, and not of type A.

n o

OMe

+

SOoPh
272625

OMe

Me N
HN

Me
28 

29

HO OMe

Me

23

OMe
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I t  is  notable that  the in tramolecu lar  Michael react ion produces 

exc lus ive ly  the c i s -fused mesembrine, and none or the t ra n s ­

fused product, 7a-ep1mesembr1ne 30. This is  as expected i f  

the react ion is  k i n e t i c a l l y  con t ro l led  because the t r a n s i t i o n  

state fo r  the Michael reaction must involve approach by the 

nitrogen atom to the p-carbon atom at 109 ° to the plane 

defined by the enone system [2 0 ] .  The t ra n s i t io n  state 31_ 

leading to mesembrine, shown in i t s  preferred conformation 32 

[21 ] ,  c le a r ly  f u l f i l l s  t h is  requirement. The t r a n s i t io n  sta te 

33, which would lead to the t rans -fused product i s ,  how­

ever, excluded since i t  cannot achieve the necessary overlap 

and is fu r the r  disfavoured by severe s te r ic  in te rac t ions  

between the substi tuents  on ni trogen and the aryl r ing  (the 

distances shown are as measured from the Dreiding model of th i s  

species). In add i t ion  the c i s -fused compound is thermo­

dynamically more Stable than the t ra n s -fused compound [22] so 

that i f  the reaction is  thermodynamically con t ro l led ,  again the 

c is- fused compound would predominate.

Ar

I e 
32

Ar

33

Me
30



11

Although the in t ramolecu lar  Michael reaction is  so a t t r a c t i v e  

fo r  syntheses using the type A d issec t ion ,  i t  is not tne only 

successful method which has been fol lowed. An example of a 

d i f f e re n t  approach appears in the f i r s t  synthesis of the 

mesenbrane skeleton by Popelack in 1960 [ 6 ] ,  in which treatment 

of 34 with acid formed 3b, which was converted to ( )-mesem- 

brane by c a ta l y t i c  hydrogenation fol lowed by methylat ion.  I t  

was known that  c a ta l y t i c  hydrogenation of 35 would a f fo rd  only 

the ci_s r ing  ju n c t io n ,  from the analogous synthesis of ( i ) - c r i -  

nane, by Wildman [2 3 j .

Another synthesis of meseubrme, due to keck and Webb i<i4,2b],  

u t i l i ze d  the intramolecular ene reaction of the acylnitroso 

compound 36 winch rearranged to form 37. the s te n c  require­

ments of th is per icyclic  reaction ensure that only the c U -  

fuse 1 ring junction could be formed. I he in s ta b i l i ty  of 36 

prevented i ts  use d i r e c t l y ,  so i t  was generated in sj_tu by the 

retro-Uie ls-Alder  reaction of i ts  9 , 10-dimethylanthravene 

(9,10-UMA) adduct 3B (scheme 4) .  The related alkaloids 

( i ) -c n n a n e  and ( t ) -d ihydrom ar l t idm e  [25] have also been 

prepared by this method.

OMe

Me

34 35
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In a sequence by Hoshinl and co-workers [26 ] ,  reductive 

aiuination of 39 yave the b i c y c l i c  compound 40. Ueprotection 

by acid hydro lysis yave ( ± ) -mesenbrine. In th is  synthesis

stereochemical contro l was d ic ta ted  by s imi lar  considerat ions 

to those discussed above fo r  the in tramolecular Michael 

react ion ,  and ayain only the c is - fused  system was obtained.

( t ) - m a r i t i d in e  has also been prepared by th is  method [27 ] .

A re la ted synthesis is  that  of Bachman and Fornefeldt [28] in 

which trie enamine 41 was prepared from 42 by dehydration 

fol lowed by methylat ion.

OMe

39

Ar

40

Me
42 41
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1.2.2 Syntheses of Type b

Syntheses of mesembnne which u t i l i z e  th type B dissection 

proceed via an intermediate possessing the essential features 

of the skeleton shown in _U. ihus a pyrrolidine ring 

suitably f u n c t io n a l ized to e f fec t  ring closure is required.

The f i r s t  reported synthesis of this  type wa< that of Uh-ishi 

and co-workers [2 9 ] .  Compound 43, prepared in f ive steps 

from benzyl cyanide, was eye I ized  on treatment with methyl 

iodide and 10 % hydrochloric acid to give the unsubstituted 

phenyl analogue of (t)-mesembnue 44. he metnoxyphenyl 

analogue of ( t ) -d ih yd ro cn n in e  was also prepared by this method.

43

OH

Ph

Me

44

In vhe preparation of (t)-mesen.brine carried out by Speckamp 

[30,31] compound 4b was prepart from 1-methy1- 3 - ( 3 , 4 - d i - 

rrethoxyphenyl)succinimide and 4-iodobut- l-yne, and regiose.-  

ect ively  reduced with sodium borohydride to 46 in 69 % y ie ld .  

Treatment of 46 (a) with formic arid afforded 4/ in nearly



cjuant ta t iv e  y ie ld .  Compound 47 has been converted by other 

worker to ( i )-mesembrine [ 3 2 ] .  'his procedure has also been 

•applied to the preparation of (±)-dihydromariUdine.

OMe
OMe

0
l

Me

Ar

. i

4 5

O ' N '^ O H  
Me

a 67% 
4

Ar

HOJC
4 6

N ^ O
I

Me

b
1

Ar

4 6 a
0

Me

47 -1 0 0 ;

A synthetic method developed al :<ost simultaneously iy  Stevens 

and co-workers [3 3 .3 4 ,3 5 ] ,  Keely and Tahk [36] and Curphey and 

Kim i 37],  employs the reaction of methyl vinyl ketone with

3- ( 3 ,4 -d imethoxy phenyl )»2!-pyrrol 1 ne 48. In the f i r s t  two 

examoles the pyrroline was prepared by acid catalyzed 

rearrangement of an appropriate cycloproi vl 1mine such as 

(scheme b [3 4 ] ) .
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The Curphey and Kim synthesis [37] d i f f e r s  in that 48 was 

prepared by the react ion of 1-methyl- 3 - pyrrol idone 50 with

4-1 i t h io v e ra t ro le ,  fol lowed by acid catalyzed dehydration of 

the product. This approach has also been used in trie synthesis 

of f tnaryl1idaceae [35 ]  and Sceletium a lka lo ids [38 ] .  Compound 

4b nas also been prepared by Sanchez and co-workers L3^] from 

the N-benzenesulphonamide 22 in a sequence leading to 

mesenbrine and mesembrenone (the dimethoxy analogue of 

sceletenone 4) .
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OMe Ar Ar
OMe

Me
50

48

m al l  three of the type B syntheses discussed above, only a s -  

fused mesenbrine was obtained. The stereochemical course of 

these reactions is determined by the geometric requirements for  

orbi tal overlap in the t ran s i t ion  sta te ,  as in type A 

syntheses.

1.2.3 Syntheses of Type C

Use of the dissection C for the synthesis of mesembrme 

requires an intermediate possessing the essential features of 

the skeleton shown in U.  Takano and co-workers have 

developed syntheses of th is  type for (♦ )-mesembrine [40]

( ♦ ) -mesenbrine [41] tmd < * mesembrine [42 ] .  In th is  work 

reaction of the enone vith aqueous methyl amine afforded a 

mixture of 62 and 2 ( / / -mesembrenone) in 40 t  and 7 % 

yields respectively. Conversion of 62 into 2 was accomplished 

in 86 % y ie ld  by treatment with diethyl a z o d i carboxylatv arid 

triphenylphosphine. The synthesis of mesembrine was completed 

in 77 % y ie ld  by a dissolving metal reduction of 2. Only the 

cis-fused, thermodynamical1y stable product was obtained, as 

expected from the dissolving metal reduction [43] .
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OMe
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51 52
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The three Takano syntheses vary in the preparation ot the er.one 

51, which, while racemic in the preparation of (i)-mesetn- 

brine, must be chiral m the preparation of \ + ) -  and (-)-mesen- 

brine. Thus, for example, in the synthesis of (- ' -mesenbrine, 

51 was prepared in nine steps Startin '  from epoxide 53, which 

was prepared from (D)-mannitul (scheme 6).
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Another synthesis o f  type C Is that developed by Langlois and 

co-workers L44], in which a number of analogues of 

(±)-<nesembrane, inc lud ing the unsubsti tuted phenyl analogue 64 

have been prepared. The pyrro l idone 65 was formed in 71 % 

y ie ld  by condensation of methyl amine wi th the keto-ester 66. 

C a ta ly t ic  hydrogenation of gave the c 1_s-octahydroindolone 

57 exc lus ive ly ,  and the lactam s reduced wi th  l i th ium  

aluminium hydride to give the product 64. In add i t ion ,  

l i th iu m  aluminium hydride reduction of 56 gave the enamine jU 

which on reduction with sodium borohydride gave ^4 in 60 %
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y ie ld ,  together with some of the trans fused product bB. 

V o gues  of cr inane-type a lka lo ids  have also been prepared by

this  method.

PhPh

RO

Me
0

55

Ph

55

Me
57

Ph

Me
54

55

41

Ph

Me

58

A to ta l  synthesis of ( t ) - c r i n i n e  developed by Nuxfeldt and co­

workers [45] proceeded via the hexahydroindole 59. treatment 

of the d iamide 60 with  sodium hydroxide gave 59 in  40 % y i e l d ,  

which was subsequently converted to (- ) - c n n in e  61_. 'he 

isomeric diamide 62 f a i l e d  to  cyc l ize  under the same 

condi t ions.
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1.2.4 Syntheses of Type D

syntheses of mesembnne which use the type U d issect ion require 

an intermediate possessing the essential features of the 

skeleton shown in 13. A synthesis of th is  type is  that 

developed by Whitlock and Smith [46] fo r  ( t ) - c n m n e  6j. and 

related a lka lo ids .  Although mesembnne i t s e l f  was not 

prepared, an intermediate in the route was the mesenbrine-1ike 

3 a - a r y ^  ta hydroindole 63 (a ) .  Thus, the iodide ion i n i t i a t e d  

rearrangement of the N -v ln y la z i r ld in e  64 produced 65, which, 

on c a ta ly t i c  reduction gave 63 ) in 76 % y ie ld  together w i th

a small amount (5.5 %) of  63 (b ) .  The react ion proceeded via 

the intermediate 66, analogous to skeleton B .  Further 

transformations of 63 (a) gave ( t ) - c r i n i r e  61.
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Nal
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Ar
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65 55/f

61 a 76/

1.2.5 Miscellaneous Syntheses

A number of syntheses of mesembrine e x is t  in which the d is ­

section of the r ing system is not read i ly  c la s s i f i a b le  accor­

ding to the above system. This occurs, fo r  example, in those 

systens in which the skeleton is  formed by rearrangement 

reactions.

Overman and co-workers [47,48,49] have developed a sequence for  

the preparation of the mesembrine skeleton which uses the 

aza-Cope rearrangement. Thus t i  tment of 67 w i th  l - ( 3 , 4 -  

methylenedioxypheny1)v iny11i t h iu u  afforded the amino alcohol 

68, which formed 69 on treatment with s i l v e r  n i t r a te .  Only 

the c i s -octahydroindolone r ing  system is formed in th is



reaction because only the intermediate shown in 70 is  

possible.  Although Overman has not. used th is  method to r  the 

synthesis of mesembnne i t s e l f , a formal synthesis of the 

re la ted a lka lo id  (±)- r r in m e  61 [47,49] was completed.

' N C H j C N  

H CHPh2

67

CHPh2

6 9  9 3 /

n c h 2c n

H C H P ^

68 74/

H CHPh^

A synthesis developed by Je f fs  and co-workers of (t)-mesem- 

branol 71 and i t :  6-epimer 72 [50] involves a r ing  expansion 

reaction in the fonn of a modif ied Beckman rearrangement of the 

mtrone produced in ; from compound 73. Since sucn reac­

t ions are known to proceed wi th re tent ion of stereochemistry at 

the a-carbon atom [51 ] ,  the formation of the £n - o c t a -  

hydroindole system is ensured.
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OMe

Li

OBz

4 Steps

OBz

1) ClgCCOBr, Zn-Cu

2) Z n ’Cu, NH4CI,MeOH

l)NHMeOHUCI. ^

OBz 2)p-TsCLHgO

2 Steps 

Ar

OBz

Me

71 
7

A synthesis of mesembrine by Uh-1shi and co-workers [3 2 ] ,  which 

gave r ise  to both ( t)-mesembrine and (t)-/a-eplmesembrine 3C 

re l ied  on the hyd ro ly t ic  c y c l1zat ion In sulphur ic acid at 

140 °C of %4, 7_k or Zk» 3,1 of *hich furnished the hexa- 

hydromdoledione / /  in  60 %, /3 %, and 73 % y ie lds  respec­

t i v e l y .  I t  Is not c lear In what order the bonds are formed in 

th i s  reac t ion ,  although a possw mechanism has been proposed 

[52 ] ,  whereby the c y c l i z a t io n  proceeds via the enaminc 78.

Since 78 does not correspond to any of the skeletal types K) to 

13, t h i s  would mean that th is  synthesis is of a d i f f e r e n t
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type to  types A to D. A f te r  N-methylat ion of 77, c a ta l y t i c  

hydrogenation gave r i s e  to a mixture of ste. L-oisomers of the 

alcohol 79 in  30-46 % y ie ld .  Subsequent transformations and 

separation of the isomers gave the two products.

The mesemorine-like compound 80 was prepared by 1suda and co­

workers [53] by the Die ls-Alder reaction of the pyrrol inedione 

81 with butadiene, in a synthesis which uses a combi nation of 

type B and 0 dissections. Compound 80 has been converted into 

a variety of Ama r y l1idaceae alkaloids [54 ] .

OMe

>

74 X Y= CN
7,j X CN, Y COgMe
76 X= CO^Me.Y CN

H

78
H

77
76 X=CO?Me.Y-

Ar Ar Ar

OH

Me
30

Me Me
79

0 " \

H
H
81

80



CHAPTER 2 BACKGROUND AND OUTLIM Of PROPOSED WORK

The development of a general method for the synthesis of 

alkaloids has been a major interest in these laboratories for 

some time. Prior to the present work the synthesis of a number 

of a lkalo id systems had been achieved, a l l  containing nitrogen 

at the bridgehead position of a fused bicyc I i c system.

Examples of a lka lo id  systems for which formal syntheses of the 

racemates have been developed are the quinol iz id ine alkaloid  

( i ) - lu p in in e  82 [65 ,5b ] ,  the indol iz id ine alkaloids elaeo- 

carpine 83 [57 ,58]  and ipatbidlne 84 [39] and the hexahydro- 

ju lo l id in e  der ivat ive  85 [55 ] .  The synthesis of pyrro l iz id ine  

alkaloids such as isoretronecanol 86 was not accomp11shed in 

these laboratories [6 0 ] ,  but has been achieved by Pinnick [6 1 ] .

82 83

OH
84 85

c h 2o h
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[he synthesis of these fused heterocyc l ic  systems was based on 

the use ot exocycl ic  vinylogous urethanes 87 as precursor j .

The u t i l i t y  of vinyloyous urethanes l ie s  in th e i r  p o te n t ia l l y  

ve rsa t i le  behaviour, both as nucleophi les and as e lec t roph i les

[62] .  This is  i l l u s t r a t e d  in the scheme shown below (n =

carbonyl carbon, while reaction with electrophi les can occur 

through nitrogen, tnrouyh the carbonyl oxygen, and through the 

a-caruon. I t  is known [£3] that acylation and alkyl at ion occur 

readily at the a-carbon. In pr inc ip le ,  reaction with e lectro -  

philes can also take place through the > -carbon, via the endo- 

cyvh enamine tautomer as shown. Reaction is known Li occur 

predominantly through t h e > -carbon, i f  the anion of the 

vinylogous urethane is formed by treatment with a strong base

[63] .  tiryson [ 64] has shown that the anions of vinylogous 

dindes behave s im i la r ly .

The nitrogen bridgehead alkalon were constructed by having 

sui tab ly  func t iona l ized  a lky l  groups attached to nitrogen in 

vinyloyous urethanes IW, using the nuc leoph i l ic iuy  of the 

a-carbon to achieve c y c l i z a t io n .  This is  i l l u s t r a te d  in

87

R Nu

In p n n c u nucleophiles can attack at the 6-carbon or the



tb

general terms in scheme 8. In p r in c ip le ,  i t  can be seen tna- 

by varying the a lky l  group on nit rogen, and the r ing  size of 

the vinylogous urethane, i t  is  possible to construct  a va r ie ty  

of b ic y c l i c  systems. In add i t ion ,  su i tab le  posi t ion ing of 

funct ional  groups would al low fu r the r  elaboration of the 

b ic y c l i c  systems.

Scheme 8

I t  was found that /»;mel A ion  of six membered rings was readily  

accomplished us in1 th is  method. Thus the tosyl compound 88 was 

cyclized oy warm; 'r. a c e to n i t r i l e ,  producing the bicyclic  

vinylogous urethane 89̂ . keduction of 89 using sodiui1 

borohydnde followed by l ithium aluminium hydride gave lupiniru 

2 [5 5 ] .  The ring closure in this case i:  a c . ' . loa lky lat lon  

reaction.

king closure by cycloacyI at ion has also been achieved. I or 

example, treatment of the sodiu i l l  90 with acetic  anhydride 

gave b ic y c l i c  compound 9_1, an intermediate in the synthesis 

of t laeocarpus a lka lo ids  such as elaeocarpine 83 [571.

C 02 Et

88 5 9
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k ^ / C 0 2 N a

Neither anneldtion was found to be suitable for the elaboration 

of l ive membered rings [uO], and thus p , r ro l iz id in e  alka lo ids  

could not be produced in th is  way. the reason tor this  is 

probably tha t ,  being a b-endo-tng ring forming process at the 

a-carbon atom, i t  is geometrically disfavoured according to 

Baldwin's rules [6 5 ] .

Although attent ion had i n i t i a l l y  been focussed on fused 

b u y d i c  systems containing nitrogen at the bridgehead 

position, i t  was f e l t  that the reac t iv i ty  towards electrophi les  

tnrough the x-carbon would allow the construction of systems 

where the nitrogen is one position renoved from the bridgehead 

position as shown in 92.

92

The fe a s i b i l i t y  of producing such systems had alrec.iv been 

i l lus tra ted  in the preparation of the hexahydrojulo me 

derivative Bb [5 5 ,5 6 ] .  In this  synthesis the b icyclic  v iny l -  

ogous urethane 89 prepared as d ribed above, was treated with 

n-butyll ith ium followed by l-bromo-3-Chloropropane to give the 

vinylogous urethane 93 (1U %), together with the endocyclic 

enamine 94 (6 /  %). The major product 94 was cyclized to the
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te t ra h y d ro ju lo l id m e  de r iva t ive  95 by react ion wi th sodium 

iodide in acetone fol lowed by warming in a c e t o n i t n l e .  The 

minor product 93 did not cyc l ize  under these condi t ions.  

Ca ta ly t ic  reduction of  95 gave the stereoisomeric mixture of 

hexahyurojulol idme de r iva t ives  H5.

Cl

C0oEt

89 94 93

C0 2Et

8595

i t  was decided to attempt wo extend the synthet ic  method to 

include fu r th e r  examples of a lka lo ids  containing the r ing 

s y s td  shown in 92, and Sceletium a lka lo ids of the mesem- 

pnne- type  were chosen as the i n i t i a l  targets .  Bond dissection 

of the parent a lka lo id  mesembnne ^  showed that i t  coulu, in 

p r in c ip le ,  be produced by combination of vinylogouS urethane % 

and some oxygenated three carbon un i t  via the hexahydroindole

97.
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rjfx ̂rifX =» ci • ̂
k- N> s < ^ 0  > T  y  ^ 0  N ^ C H C 0 2Me

Ar(0Me)2 Ar^uwe^ Ar(0Me)2 ..A r ( 0 M e ) 2
A r ( 0 M e ) 2  ..

97 96

A number of possible ways of achieving the synthesis of mesem- 

brine using the above route were apparent. One route which 

appeared feas ib le  was by the Michael addi t ion through the >- 

pos i t ion  of 96 to a Michael acceptor such as ethyl ac ry la te ,  to 

produce este r  98. Although thevinylogous urethane i t s e l f  

would not undergo th is  react ion,  i t  was expected that  i t s  anion 

would. I t  was envisaged that ester 98 would eithe i  c y d i z e  

d i r e c t l y  through the a-carbon by a cyc loacy la t ion react ion ,  or , 

i f  not ,  could be cyc lwed  via a mixed anhydride to give 97, 

as fu r  compound 90 in  the Elaeocarpus a lka lo id  synthesis. 

Comparing t h i s  route to those presented in chapter 1 ipage 4) 

i t  can oe seen that 98 does not correspond to any of the 

skeletons 10 to 13, but rather to 99. Ih is  sequence there­

fore represents a d i f f e re n t  approach to the synthesis of 

mesenbrine (type E).

Ar(OMe),

C 0 2 M e

C H C O ^ e

i L Mo

98 99



32

Another possible route to the hexahydroindolone 97 was by 

react ion of the vinylogous urethane 96 w i th  an acy la t ing  agent 

such as acry loyl  ch lo r ide .  Reaction of  vinylogous urethane KMJ 

with acetyl ch lo r ide  had given r ise  to 101 [60] and by analogy 

i t  was expected tha t  react ion of 96 w i th  acry loy l  ch lo r ide  

would occur at the a-carbon thus producing compound 102. 

Completion of the synthesis would be by intramolecular Michael 

reaction through the -carbon in an a lk y la t iv e  r ing closure. 

Compound j02  corresponds to the skeleton shown ir 103, and 

hence is  again not of types A to 0, and represents another new 

approach to mesembrine i type F).

I t  was expected that  the hexahydroindolone 97 could be read i ly  

con.erted to mesembrine U  by hydro lysis  and decarboxylat ion, 

fol lowed by reduction of the double bond.

A p a r t i c u la r l y  a t t r a c t i v e  feature of the synthetic  route 

described above was th a t ,  i f  successful,  i t  would not only be 

appl icable to a va r ie ty  of meSi i re  a lka lo ids ,  but would also 

provide an entry to  other a lka lo id  systems, hor example, the 

octahydroindolone , c lose ly  resembling mesembt me ha a 

been used as an intermediate in the synthesis of the

M f

100 
AriOMe^

CH3COCI ^

101

A K O M e ^ A r (O M e)2

102 103
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cnnane-type AmaryTT idaceae a lka lo id  ( i )-d ihydromar i t i d i  ne

[311.

OMe

I
CH2Ph

104

Tne success of the proposed route c lear ly  depends heaviiy on 

the synthesis of the vinylogous urethane 96. The most 

convenient procedure for preparation of vinylogous urethanes is 

the sulphide contraction sequence o r ig in a l ly  developed by 

bschenmoser and co-workers [66.67.68]  f t r  secondary vinylogous 

urethanes and amides. Work in these laboratories [60] had 

extended the scope of the reaction to include te r t ia ry  

vinylogous urethanes and amides in greatly  improved y i e l d s  

compared to the seconoary analogues. In this extent ion of the 

sulphide contraction sequence, reaction of a thiolactam such as 

106 with an a-bromc ester gives the salt  j06  . Treatment with a 

base such as t r ie th y l  amine, and a th iophi le  such as tn p h e n y l -  

phosphine results in the formation of vinylogous urethane 1U7 

probably via the episulphide 108.



BrCH2C02R
I
R

106

Base

R

105

aN ^ C H C 0 2 R
\
R

107

Thiophile

108

Using the sulphide contract ion sequence vinylogous urethanes of 

type 87 (n « 0 or 1 ) have been prepared in higi, y ie lds  (>70 %). 

I t  was envisaged tha t ,  in  the mesembnne sequence, the sulphide 

contract ion would proceed ro u t ine ly ,  using the th io l  acta,r _lh9. 

The synthesis of  ]09 wa therefore of prime importance, and i t  

was to t h i s  end tnat a t ten t ion  was i n i t i a l l y  turned.

In sunitary, the aims of the project were: a. lo develop a 

method fo r  the preparation of thio lactam 109, and hence the 

vinylogous urethane % ;  b. to use 96 to  prepare the 

a lka lo id  mesembrlne 1_, thus brc m ng  the scope of the 

general method fo r  a lka lo id  synthesis from vinylogous urethanes 

to include a lka lo ids  where nitrogen is removed from the 

bridgehead pos i t ion ;  c. To use the route developed fo r

Me
109



rnesembrine fo r  the preparation of re lated octahydroindoles,  

such as 104, a l lowing fo r  an entry in to  the Amaryl1idaceae 

a lka lo ids .



CHAPTER 3 THE SYNTHESIS OF LACTAMS AND THIOLACIAMS

3.1 Synthetic Strategy

In chapter 2 the need fo r  the vinylogous urethane 96 was 

discussed. Although the d i re c t  preparation of the thio lactam 

1U9 i t s e l f  was possible in p r in c ip le ,  the most convenient 

approach was to develop a synthesis of the lactam , which 

could then be th ia ted ,  using one of the convenient methods 

ava i lab le [ 6 9 , /0 ] .

OMe
OMe

CHCOoCH

Me

96

g;
Me Me

109 110

Examination of the lactam UO revealed that six one-bond 

disconnections were poss ib le, as shown in t i g  1 for lactams in 

g -e ra I .  A survey of the l i t e r a t u r e  was undertaken to inves­

t iga te  the f e a s i b i l i t y  of u t i l i z i n g  each of the disconnections 

fo r  synthesis of UO. However, in order to discern how best 

to approach the problem from ava i lab le  s ta r t in g  mater ia ls ,  

considerat ion of two or even three bond disconnections was 

necessary.



A representat ive sample of lactam syntheses is shown below, 

fo r  convenience the fo l low ing  notat ion has been adopted: where

two disconnections, fo r  example, bond one and then bond th iee ,  

are considered sequent ia l ly  the ynthetic  route associated with 

th is  disconnect ion,  in which f i r s t  bond three is  formed, and 

then bond one, w i l l  be a 3,1 synthet ic  approach.
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Bond 1 as final bond formed

1
Ho

A r -M -C -O /

B u 3 P I
H

[71]

I 1  —
C n ^ K n E t 2)

1) H g /N i

C o ^ O E t  2) NH3 /E tO H  
m u
N H

[72l

V 7
N
i
R

R — CH
/ C° 2 Et EtO

C 0 2Et

3 ,1-approach

; COgEI

R N "  E t O ^ 0

R

N

6

113

-C 02Et 

^ 0  \7$

Bond 3 as final bond formed

Pd(PPh3)4 /

O M F

CH2Ph
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Bond 4 as final bond f o r med

B r

E ,° 2 C - C H  t  S —  E , ° 2 C X H  ^
EtO gC  "NH C| A >  Et02C 0

P h  °  p h

Base ,

1 , 4 - a p p r o a c h  E l 0 2 C  ^  °

P h

Bond 5 a s  f i n a l  b o n d  f o r m e d

-  -  = » o  ^  L- ~ > l76:
PhNH2 Ph

P h

1 , 5 - a p p r o a c h

0 ^  O H O ^ O
[77]

I
n h 2  r

R

1,5 -approach



8
3 HI

Beckmann Rearrangement

Bond 6 as final bond formed

N a N H 2 N H j

:0

HO

50)

\
Me

111

Me

112

The br ie f  survey of the l i t e ra tu re  described above did not 

reveal any examples of lactam syntr which formed bond two 

for the f ina l  ring closure.

In evaluat ing the various routes fo r  t h e i r  possible app l ica t ion  

to the present problem, one which appeared a t t ra c t i v e  wa.> chat 

using bond disconnection s ix ,  that i s ,  d i rect ary l a.:on of 

h-methyl-?-pyrro l idone 1_U. This is c lea r ly  a more complex 

problem than the a lky l  at ion of pyrrol idones i l l u s t r a t e d  in the 

formation of N-methy l-3-ethyl-7-pyrro l idone U2 ( reac t ion  n 

[7 B ] ) ,  since an aryl cat ion equivalent is  required. A number 

of methods are, however, known fo r  the reaction of nucleophi «es 

wi th aryl r ings .  Since N-methy / -pyr ro l idone is  an inexpen­

s ive, f re e ly  ava i lab le m a te r ia l , th is  route, i f  successful , 

should be short and convenient.
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Apart from the above route,  no other s ing le  route was 

p a r t i c u la r l y  a t t ra c t i v e .  I t  was c lea r ,  however, that a 

s ta r t in g  material  possessing the 3 , 4 -dimethoxyphenyl r ing and 

appropr ia te ly  funct iona l ized fo r  e laboration to the lactam was 

required. A readi ly  ava i lab le substance which f i t t e d  these 

c r i t e r i a  is  3 , 4 -dimethoxyphenylacetu. acid. Perusal of the 

bond disconnections involved in using th i s  s ta r t in g  material 

revealed tha t  ^ond three and bond ^ne would have to be fonned 

in the synthesis ( f i g  2).

The reaction of az i r id ines  w,kh malonates g iv ing ^-subst i tu ted 

pyrrol idones JJJ (react ion 3 [73 ] )  is  an example of a lactam 

synthesis which u t i l i z e s  the 3,1 synthetic  approach. By 

analogy, i f  the anion of methyl 3 ,4 -dimethoxyphenyl acetate U4 

could be reacted with N-methy laz indine i t  should then give the

A r l O W e ^

0

A K O M e j

Me
Fig 2

3-aryl pyrro l idone 110.
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A r ( O M e ^
KOMe).

Me

114 HO

Although no examples had been found in the l i t e r a tu r e  of a 

lactam preparation which used the 1.3 synthetic approach, this  

route was nevertheless f e l t  to be feasible .  For example

3 ,4 -dimethoxyphenylacrtyl chloride Ub might react wnn a 

halo-amine such as 116 forming the amide 117 which could be 

cyclued on treatment with a base. A l te rna t ive ly ,  the reaction 

of az ir id ines with acid chlorides is known to produce

2-chloroethyl amides [7 9 ] ,  so that amide 117 could possibly be 

prepared from 3 , 4 -dinethoxyphenylacetyI chloride and 

N-methylazi r id ine .

Ar(OMe'2v„:
if

T 7
V
Me

Ar(0Me)2 XrlOM e^

ArfoMek

- c
Me Me
117 HO

Cl

115 H 6
z
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A read i ly  accessible de r iva t ive  of 3 ,4 .dimethoxyphenylacetic 

acid is  i t s  N-methyl amide. Use of t h i s  s ta r t in g  material  

would provide two fu r th e r  approaches to the lactam. As above, 

bond three would have to  be formed, but in th is  case the other 

bond involved would be bond f ive  ( f i g  3).

Use of the 5,3 synthetic  approach would necessitate the 

intermediacy of the amide U7 which appeared above in the 1,3 

approach. This amide could conceivably be prepared by the 

react ion of the anion of N-methyl- ( 3 , 4-dimetnoxyphenyl)- 

acetaude w i th  a su i tab le  1 ,2 -d isubs t i tu ted  ethane. ' ut th is  

route did not seem to  o f fe r  any advantages over the 1,o

E x a m i n a t i o n  o f  t h e  3,5 a p p r o a c h  showed i t  would i n v o l v e  the 

in tramolecular a lk y la t io n  of the a n i o n  o f  an amide such as 

118. This r ing  closure is  anal h i s  t o  that developed b y  

Heine and co-workers ( reaction 6 [7 6 ] ) .  the preparation of U8 

was not an t ic ipa ted to be problematic, since amide dianions, 

formed b y  treatment with a base such as n - b u t y l l i t h iu m ,  are

Ar(OMe^2

Ar(OMe)2Ar(OMe),

AiiOMe>2

Me

Fig 3

approach.
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known to be a lky la ted at the a-carbon [80 ,81 ] .  Thus U8 could 

probably be obtained from the react ion of the dianion of 

N-methyl-  ( 3 ,4-dimethoxyphen.yl )acetamide 119 w i th  a 1,2 -d isub­

s t i t u te d  ethane. Furthermore, since th is  reaction would in the 

f i r s t  instance produce the anion of 118, i t  was l i k e l y  thul 

r ing  closure would occur d i r e c t l y ,  forming the lactam in one 

step from amide 119.

Ar(OM#)AKOMe^ AriOMe>2

c •> -  X
119 118 110

The choice of e i th e r  h-methyl-2-pyrro l idone or 3,4-dimethoxy- 

phenylacetic acid as precursors thus presents a wide range of 

possible approaches to the lactam i lO which could be explored. 

Although the strategy has been derived to r  th is  lactam, the 

same arguments would api y fo r  other 3-aryl lactams. In 

p a r t i c u la r ,  since the N-bewzyl lactam 120 could s c  ve as an 

intermediate in a route to d ihydromari t id ine 8, i t  would be 

prudent to deal with th is  synthet ic  problem concurrently .

x A r (O M e )2

X-
C H 2 P h

120



3.2 The Bond Six Synthetic Approach: Attempted Synthesis^

3-Aryl at ion of the Pyrrol idone Riny

3.2.1 Aryl at ion by Aryl lead Tr iat t t a les

Aryl lead tr iaceta tes  have been shown to be useful C-arylation  

agents for  a wide range of compounds, including a-dtcarbonyl 

compounds, nitroalkanes, and the salts of ketones and maIonic 

ester: [8 2 ] .  Thus i t  was f e l t  that i f  3 .4 -dimethoxyphenyl 1ead 

t r ia c e ta te  coulu be prepared, i ts  reaction with the lithium 

salt of N-methyl-2-pyrrol idone 111 could provide the lactam 1_Uj.

Lead tn a c e ta te s  of aryl ethers including 4-methoxyphenyllead 

t r ia c e ta te  and 2 ,4 -dimethoxyphen>1 lead t r iace ta te  had been 

prepared by a variety of methods [83-ti6].  The desired compound 

had not, however, been reported. Unfortunately, although these 

procedures wore applied to the synthesis of 3,4-dimethoxy- 

pnenyllead t r ia c e ta te ,  none of than proved successful.

Treatment of 1,2-oimcthoxybenzene with lead tetraacetate in 

benzene in tne presence of mercuric acetate, according to the 

method of de Vos and co-workers [86] gave a very small amount 

of an intractable  orange solid a f te r  a f ive day reflux and 

aqueous work-up. when the reaction time was shortened to five  

hours, only lead oxide was obtained. Using a large exce o,

1,2-dimethoxybenzene, and no solvent, again no product w 

obtained a f ter  heating at t,J °C overnight and aqueous work-up.

The attempted plumbylation of 1 ,2-dimethoxybenzene with lead 

tetraacetate  in the presence of r ichloroacettc acid [83] also 

did not give any of the desired product. Similarly the use of 

mono- and dichloroacetic acids proved unsuccessful.
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Aryl lead t r ica rbo xy la tes  have also been prepared by a s i l i c o n  - 

lead exchange which occurs on treatment of a ry l t r im e th y ls i  lanes 

with lead te t raacetate  and t r i f l u o r a i  ti< acid [S2 ] . Thus

3 .4 -dimethoxyphenyIt r imethylsi lane was prepared by treatment of

3.4-dimethoxyphenylmagnesiui bromide *<ith tn m e th y lch lo ro -  

s i lane. Treatment of the si lane in t r i f l u o r a c e t i c  acid wi th 

lead te t raacetate  gave an uncharactenzable black o i l .

Subsequent to the completion of the above work the preparation 

of 3 ,4 -diitiethoxyphenyl lead t r ia c e ta te  was reported, using a t i n  

- lead exchange reaction [87 ] .  The successful synthesis of the 

lactam HO by other means (vide i n f r a ) rendered fu r the r  

attempts to prepare i t  using the lead reagent unnecessary, so 

th is  route was not pursued.

3.2.? A ry la t ion  Using S^..l Aromatic Subst i tu t ion

Aromatic sub s t i tu t io n  by the S ^ l  mechanis’ was f i r s t  d i s ­

covered in 1970 by J F jnnet and co-workers [ 8 8 ] .  A wide 

var ie ty  of carbon nucleophi le inc luding ester  and ketone 

enolates have been found to react with aryl halides and other 

substi tu ted benzenes, although s tab i l ized  carbanions such as 

those of malonic ester and nitronethane do not react. I t  has 

also been found that SkNl  reactions are to le ran t  of a l k y l ,  

a lkoxy, and other substi tuents  on the aryl r ing .  Since the 

1 reaction proceeds via a radical mechanism, some form 

of I n i t i a t i o n  is required. This has been achieved using 

various methods inc luding the use of a lk a l i  metals in ammonia, 

and by photostimulat ion.

I t  was f e l t  tha t ,  since the desired pyrro l idone anion was 

c lose ly re la ted to ketone and ester enolates, the 6^1  

reaction might prove sucessful fo r  synthesis of the lactam
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Aryl lead t r ica rboxy la tes  have also been prepared by a s i l i c o n  - 

lead exchange which occurs on treatment of a ry l t r im e th y ls i la n e s  

with lead te t raaceta te and t r i f l u o r a -  e t ic  acid [ <2 . Thus

3.4-d imethoxyphenyltnmethylsi lane was prepared by treatment of

3 . 4 - d i m e t h o x y p h e n y Imaynesiun bromide with t r im e thy lch lo ro -  

s i lane. Treatment of the si lam in t r i f l u o r a c e t i c  acid w i t h  

lead te t raaceta te  gave an uncharacterizable black o i l .

Subsequent to the completion of the above work the preparation 

of 3 ,4 -dimethoxyphenyllead t r ia c e ta te  was reported, csiny a t in  

- lead exchange reaction [8 7 ] .  The successful synthesis of the 

lactam UO by other means (vide i n f r a ) rendered fu r the r  

attempts to prepare i t  using the lead reagent unnecessary, so 

th is  route was not pursued.

3.2.2 Aryl at ion Using 5%,! Aromatic Substitution

Aromatic subs t i tu t io n  by the S ^ l  mechanism was f i r s t  d is ­

covered in 1970 by J f Bunnet and co-workers [88 ] .  A wide 

var ie ty  of carbon nucleophi les inc luding ester and ketone 

enolates have been found to react with ary l ha iues and Other 

substi tu ted benzenes, although s ta b i l ize d  carbamons such as 

those of maIonic ester and nitromethane do not react. I t  has 

also been found that SkN1 reactions are to le ran t  of a lk y l ,  

alkoxy, and other subst i tuents on the aryl r ing .  Since the 

1 react ion proceeds via a radical m.'chanism, some form 

of i n i t i a t i o n  is required. This has been achieved using 

various methods including the use of a lk a l i  metals in ammonia, 

and by photostimulat ion.

I t  was f e l t  t h a t ,  since the desired pyrrol idone anion was 

closely  re la ted to ketone and ester enolates, the S ^ l  

reaction might prove sucessful fo r  synthesis of the lactam
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1 1 0 , or the th io lactam 109. These expectat ions were 

unfor tunate ly  not real ized.

In a l l  the attempts made in th is  series of react ions, 

photost imulat ion was used fo r  i n i t i a t i o n ,  and 1-bromo- 

4-methoxybenzene was used as a mode 1 fo r  the less readi ly  

ava i lab le  l-bromo-3,4-dimethoxybenzene.

The anion of  N-methyl-2-pyrrol idone 1_U was generated using 

potassium amide in armonia at -78 °C fo r  ten minutes. Addit ion 

of 1 -bromo-4-methoxybenzene was fol lowed by f i f t e e n  minutes of 

i r r a d ia t i o n .  Aqueous work-up gave only a mixture of the 

s ta r t ing  mate r ia ls .  The same resu l t  was obta ine i  when the 

anion was generated at -33 °C fo r  one hour.

With the use of potassium t-butox ide in ammonia at -33 °c for 

one hour, fol lowed by addi t ion of l-bromo-4-methoxybenzene and 

f ive  hours of i r r a d ia t i o n ,  again a mixture of s ta r t in g  mate­

r i a l s  was obtained. Generation of the anion with n -bu ty l -  

l l t h i j n  in TUT at 0 °C and twenty minutes of i r r a d ia t io n  also 

fa i le d  to y ie ld  any products.

Fai lure to achieve zsul ts  using the anion of N-methyl-2-pyr­

rol idone l_n led to the attempt using the anion of 

H-methyl-2-th iopyrrol idone 121. Using potassium amide in 

an,noma at -33 6C fo r  t h i r t y  minutes fol lowed by f i f t e e n  

minutes of i r r a d ia t i o n  no new product was d isce rn ib le .  No 

improvement was obtained using potassium t-butoxide as base and 

i r r a d ia t i n g  fo r  f i ve  hours. Using n-butyI l i th ium  in 11 1 at 0 

°C with t h i r t y  minutes of i r r a  ' ion a mixture was obtained, 

consis t ing of the s ta r t in g  mater ia ls  N-methyl-2-th iopyrrol idone 

121 and l-bromo-4-methoxybenzene in  3b % and bQ % respect ive ly ,  

as well as the dimer 122 which was obtained in 18 % y ie ld .
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Ihe obtention of compound \2'l was unexpected, but the dimer- 

iz t ion of N-methyl-2-thlopyrrolidune 121. has been reported to 

occur in 83 % y ie ld  on treatment with sec-b'tyl l i thium and 

iodine [8 9 ] .  I t  was proposed that N-methyl-2-thiopyrrolidone  

was oxidized by a radical mechanism, to the divinyl  disulphide 

123, which undergoes a Cope-type rearrangement, giving L22.

In the present case, th* radical reaction cov > 1 have been 

in i t ia te d  by photolysis.

Tne uniformly negative results obtained in the above series of 

reactions was disappointing, and i t  was decided to attempt 

another method tor the arylution.

3 .2 .3  Aryl at ion Using [)i aryl lodoni urn Salts

Uiaryliodonii in salts have been used for d e l a t i o n  of carbanions 

of a variety  of compounds, including dimedone, 1 , 3-indanediones 

and esters [90 ,91 ] .

Previous work in these laboratories [92] had shown that the 

vinylogous urethane 124, prepared from N-methyl.2-pyrrolidone
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UJ. could be phenyl ated at the - -p o s it io n  to  give 125 in  23 % 

y ie ld .  In the present study, a s im i la r  re s u lt  was obtained. 

Treatment o f 124 w ith n -b u ty l l i th iu m  in 7HF at 0 °C followed by

at room temperature fo r  two days. I t  was decided to  attempt to 

Improve the y ie ld  of th is  model reaction since u l t im a te ly ,  the 

a ry la ted vinylogous urethane 96 was required. 3,4-Dimethoxy- 

pheny l- iodom jn  ch lo ride  was i t s e l f  not a known compound and i t  

was not f e l t  worthwhile to attempt i t s  preparation u n t i l  the 

model reactions gave c lear ind ica tions  of success.

Using the o r ig in a l  conditions, except tha t te tram ethy l- 

ethylenediamine (TMEDA) was added to the reaction mixture 

before the add it ion  of the diphenyliodonium ch lo r ide , th in  

layer zhromatography ( TlC) showed th a t ,  a f te r  three hc jrs  of 

heating only a small amount of the product was formed, and a 

large amount of unchanged s ta r t in g  m ateria l was s t i l l  present. 

On using ether as solvent in place of THF s im i la r  re su lts  were 

obtained, ho change was observed using THF as solvent but w ith 

the add it ion  of hexamethyIphosphoramide (HMPA) instead of 

TMLUA. Using dimethylsulphoxide (UMbO) as so lvent, with the 

add it ion  of TMLUA, 1LC again showed tha t only a small amount of 

the vinylogous urethane J/4 had been phenylated. Using simply 

dimethyltormainide (UMF) as solvent ILL indicated tnat none of 

the product was formed.

Treatment of the vinylogous urethane 124 w ith  potassium amide 

in ammonia, followed by diphenyliodonium ch lo r id e , gave the

d ipheny l iodomun ch lo r ide  gave l j!5 i n  23 % y i e l d  a f t e r  s t i r r i n g

N ^ C H C 0 2 Et N ^ :C H C 0 2 E t

Me

124

Me
125
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phenyl ateu urethane l^b in  4 % yield.

I t  seetned tha t the conditions to r  phei i t  ion of urethane 124 

which had been used o r ig in a l ly  could not be improved on. The 

reaction was therefore attempted w ith the anion of N-methvl-2- 

th io p y r ro 1idone 121.

Treatment of 121 w ith  n - b u t y l l i th iu m  in I HI at 0 t ,  fu l I owed 

by diphenyliodoniun ch lo ride  gave, however, not the thiolactam 

126, but ra ther diphenyl d isu lph ide , in 1 % y ie ld ,  as well 

as the dimeric compound 1_22 in  6 % y ie ld .  I he obteni i  on ot trie 

dimer j_22 under these conditions is  understandable, since 

di phenyl lodom tin ch lo ride  is known tc react w i t h  anions by a 

radica l mechanism [9 0 ] .  The formation of t.ne diphenyl 

di ? pnide probably also arises via a r a d i i *1 reac tion , 

although tn is  is not eas ily  understood.

Ph

Me
126

The unsatis fac tory  resu lts  obtained w ith the use of 

diphenyliodonion ch lo r id e , together w ith  the problems which 

would have arisen in the preparation of 3 ,4-dimethoxyphenyl- 

iodonium ch lo ride  led to the abandonment of th is  route.

2.2.4 AryI ations Using Organocopper keagen s

I t  is known tha t a wide va r ie ty  of organocopper reagents react 

re ad ily  w ith  aryl lodiui provi ng a route to substitu ted 

aror.atic compound'. [93 ].  Although most of the reported 

reagents KCu have R as an a lk y l ,  a lk e n y l, or alkynyl group, the 

reaction seems to oe l im ited  p r im a r i ly  by the j v a i l a b i l i t y  of



such reagents [9 4 ] .  I t  was f e l t  tha t th is  reaction could 

possibly be applied successfully in the present w rk. In a 

series o f model reactions the phenyl a. ion , using iodobenzene, 

of both N -m ethy l-2-th iopyrro lidone 121 and the vinylogous 

urethane J24 was attempted.

Thiopyrrolidone J_21 was reacted w ith  n -b u ty l l i th iu m  and cuprous 

iodide at 0 °C in THF to form the organocopper reagent. A fte r 

the add it ion  of iodobenzene, the reaction so lu tion was heated 

under re f lu x  fo r  four hours. An in tra c ta b le  ta r  was obtained 

a f te r  aqueous work-up.

The use of dimethyl sulphide as a solubi l iz ing agent to avoid 

unwanted side reactions .as been recomnerK ed v  reactions of 

organo-copper reagents [ 9 5 ] . The above reaction was repeated, 

adding dimethyl sulphide tc the th io p y r ro l i  done so lu t ion . In 

order to avoid decomposition, a temperature of -78 °C was used, 

and complete homogeneity of the reaction mixture was ensured 

before the add it ion  of the iodobenzene. Again an in tra c ta b le  

ta r  was obtained.

Tne reaction was then performed on the vinylogous urethane 124 

using the same cond it ions, and again a ta r  was obtained.

I t  became c lea r that the use of organocopper reagents would not 

be su itab le  fo r  the J -a ry la t io n  of the required compounds, and 

no fu r th e r  attempts were made in th is  area.
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such reagents [9 4 ] .  I t  was f e l t  tha t th is  reaction could 

possibly be applied successful1_ in the present work. In a 

series of model reactions the phenylation, using iodobenzene, 

of both N-m ethy l-2-th iopyrru lidone 121 and the vinylogous 

urethane 124 was attempted.

Thiopyrrol idone 1_21 was reacted w ith n-butyl l i th iu m  and cuprous 

iodide at 0 °C in THF to form the organocopper reagent. A fte r 

the add it ion  of iodobenzene, the reaction so lu tion  was heated 

under re f lu x  fo r four hours. An in tra c ta b le  ta r  was obtained 

a f te r  aqueous work-up.

The use of dimethyl sulphide as a s o lu b i l iz in g  agent to avoid 

unwanted side reactions has been reconinendad in reactions of 

organo-copper reagents [9 5 ] .  The above reaction was repeated, 

adding dimethylsulphide to the th iopyrro l idone  so lu t ion . In 

order to  avoid decomposition, a temperature of -78 °C was used, 

and complete homogeneity of the reaction mixture was ensured 

before the add ition  of the iodobenzene. Again an in trac tab le  

ta r  was obtained.

Trie reaction was then performed on the v iny l ogous urethane 124 

using the same cond it ions, and again a ta r  was obtained.

I t  became c lea r tha t the use of organocopper reagents would not 

be su itab le  fo r the j - a r y la t io n  of the required compounds, and 

no fu r th e r  a tta r, ts  were made in th is  area.
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3.3 Attempted Synthesis From Methyl 3,4-Dintethoxyphenyl- 

acetate : The 3.1 Approach

I t  was shown in section 3.1 tha t the anion of methyl 3 ,4 -d i-  

methoxyphenylacetate was expected to form a lactam on reaction 

w ith an a z ir id in e .  The f e a s ib i l i t y  of th is  approach was inves­

t iga ted  using N -benzy laz ir id ine , prepared from N-benzylethanol- 

anine [96,97] in  a sequence aimed at lactam 120. The ester 

anion was formed at -83 °C by treatment w ith l i th iu m  d i is o -  

propyl amide fo r  ten minutes. h-Renzylaz indm e was added, and 

the mixture was warmed to room temperature and s t i r re d  to r t ive  

hours. Unchanged ester was recovered nearly q u a n t ita t iv e ly  

a f te r  aqueous work-up. Generation of the anion at -4b C t ;r 

one hour, followed by overnight s t i r r in g  at room temperature 

gave a mixture of unchanged ester and a z ir id in e ,  as judged by 

TLC and PMR.

Trie fa i lu re  of N -benzylaz ir id ine to a lky la te  the ester was 

su rp r is ing , and i t  was decided to attempt the a lk y la t io n  using 

h-benzyl-2-bromoethylamine. I t  was found, however, that th is  

reagent also fa i le d  to a lky la te  the es te r.

Using sodium hydride both to generate the ester anion, and to 
3 amine

l ib e ra te  the N-t n z v l-  - ■' 1. from i t s  hydrobromide salt

gave only s ta r t in g  materia l a f te r  s t i r r in g  at room temperature

fo r  two days. When 1 , 8 -d ia z a b ic y c lo - [5 .4 .0 ] -u n d e c - / -e n e  (DB'J)

was used as a base, again only s ta r t in g  materia l was recovered.

Using l i th iu m  di isopropyl amide to generate the ester anion, and

UBU to release the N-benzyl-2-bt e thy l amine, again no

a lk y la t io n  was observed.

The f a i l u r e  of  the e s te r  anion to r e a c t  wi th  e i t h e r  the
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3.3 Attempted Synthesis From Methyl 3,4-Dimethoxyphen^N 

acetate: The 3,1 Approach

I t  was shown in section 3.1 tha t the anion of methyl 3 ,4 -d i-  

methoxyphenylacetate was expected to form a lactam on reaction 

w ith an a z ir id in e .  The f e a s ib i l i t y  of th is  approach was inves­

tiga ted  using N -benzy laz indm e, prepared from N-benzylethanol- 

anine [96,97] in  a sequence aimed at lactam 120. Ihe ester 

anion was formed at -83 °C by treatment w ith l i t h i im  d n so -  

propyl amide fo r  ten minutes. N-Benzylazirid ine was added, and 

the mixture was warmed to room temperature and s t i r re d  tor f ive  

hours. Unchanged ester was recovered nearly quan tita t ive ly  

a f te r  aqueous work-up. Generation of the anion a^ -4b C tor 

one hour, followed by overnight s t i r r in g  at room temperature 

gave a mixture of unchanged ester and a z ir id in e ,  as judged by 

TLC and PMR.

The fa i lu re  of N -benzylaz ir id ine to  a lky la te  the ester was 

su rp r is ing , and i t  was decided to attempt the a lk y la t io n  using 

N -b enzy l-2 -b rom oethy lamine. I t  was found, however, that th is  

reagent also ta i le d  to a lky la te  the ester.

Using sodi an hydride both to  generate the ester anion, and to
amine

l ib e ra te  LheN-l . /I -t .1 from i t s  hydrobromide sa 't

gave only s ta r t in g  materia l a f te r  s t i r r in g  at room temperature 

fo r  two days. When 1 ,8 -d iazab icyc lo -[5 .4 .0 ]-undec-/-ene  (DBU) 

was used as a base, again only s ta r t in g  material was recovered. 

Using l i th iu m  diisopropy I amide to  generate the este r anion, and 

UBU to release the N-benzyl-2-b ethyl amine, again no 

a lk y la t io n  was observed.

The f a i l u r e  of the e s te r  anion to  reac t  w i th  e i t h e r  the
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N-benzyl-2-broinoeth,y 1 amine or the N-benzy 1 a z ir id in e  was 

su rp r is in g . To c la r i f y  whether an anion was indeed being 

generated, i t s  reaction with a simple a lk y la t in g  agent, methyl 

iod ide, was investigated. Accord ingly, treatment of the ester 

anion, formed using l i t i r u n  di isopropyl amide at -45 °C, with 

methyl iodide gave e s t e v  1 in 81 % y ie ld .  I t  seems therefore 

tha t ne ither the N - b e n z y I -2-bromoethyiamine, nor the a z ir id in e  

were su itab le  a lk y la t in g  agents fo r  tm s  ester.

3.4 Attempted Synthesis from 3 .4-Dimethoyyphenylacetyl 

ch lo r id e : The 1.3 Approach

I t  has been shown (section 3.1) th a t using the .,3  synthetic  

approach, the f i r s t  ta rget would be an amide such as 117, 

which could probably be produced from 3 .4-dime*. uhenylacetyl

ch lo r ide  Uj> and a halo-amine such as H 6 . In a >• uence 

aimed at lactam 120, treatment of the acid ch lo r ide  of

3,4-dimethoxyphenylacetic acid jAb w ith  N-benzyl-2-bromoethyl- 

amine y ie lded an o i l  which subsequently c ry s ta l l iz e d ,  and which 

was recrys ta l 1ized from acetone to give a so l id  of molting 

point 123 - 124 °C. I his so l id  did not have the in f ra  red 

c h a ra c te r is t ic s  of an amide, but ra ther those of an ester (\C=0 

= 1730 cm"1) and an arnnomum s a l t ,  i t  was proved to be the 

ester amine hydrochloride 1_2H by comparison w ith an authentic 

sample prepared from reaction < he acid ch lo r ide  115 with 

N-benzylethanol amine hydrochloride. The obtention of compound 

128 was e n t i re ly  unexpected, but could possibly be explained by 

the occurrrr a of an equ il ib r ium  between the desired amide

A r t O M e ^

1 2 7
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129 (X = br) and the imininn ether as shown. Hydrolysis of the 

im iniun ether would occur re ad ily  in the presence of water and 

would lead to  the ester amine sa lt  128.

tOM e)2 A r x ^ A ^  J + *

I
CK2Ph

h 2o/ h c i

N i

0

lOMe^Ar _
CH2Ph

128

Support fo r  th is  suggestion was obtained when a sample of the 

anide 129 iX * C l j , prepared by another method (vide in f r a ;  

was observed by PMR and IR to cnanye to the ester aj. int _i_t8 

over the course of a few days.

I t  see-ed tha t the amide 12Q (X - ^  ) could not be prepared in 

th is  way, so the a lte rn a t ive  approach using the a z i r id in e ,  in 

th is  case N -benzy laz ir id ine , was attempted. When the a z ir id in e  

and acid ch lo r ide  were s t i r re d  together fo r  four hours, a two 

component mixture was obtained, as judged by ILC analys is. 

Separation of the components by column chromatography gave the 

este r amine s a l t  128 in  15 % yi< , together w ith another 

compound, which was probably the d iacyla ted compound l_3(i 

obtained in 47 % y ie ld .  The Ik of th is  compound showed the 

ch a ra c te r is t ic s  of both an este r ( C=0 = 1730 cm 1) and an

(OMe)2 ArJ f*
CH2Ph

129



&nide (vC=U = 1640 cm '1) , while the mass spectrum showed a 

molecular ion at m/e = b0. , corresponding to C^gH ^NO/.

0 
(O M e)2 A r X x / j l x^ / x s^ ^ / ^ A r (0 M e )2 

CH2Ph 0 

130

I t  was subsequently found that desired amide 1Z9 ( X - Cl) couio 

be formed i f  the reaction time was shorteneu to f iv e  minutes. 

Treatment of th is  materia l w ith I t t .n t iw  di isopropyl amide in THF 

at -45 °C did not, however y ie ld  the desired lactam 120,

toe s ta r t in g  amide being recovered in 93 y ie ld .

3 . 5 Synthesis o f Lactams From N-methyl-3,4-dimethoxyphenyI- 

aceiamide: The 3.5 Approach

3.5.1 The Preparation of N-Methyl-3-(3.4-dimethoxyphenyl) -  

2 -pyrrolidone 110

Trie possible route to the lactam using the 3,5 synthetic  

approach was presented in section 3.1. I t  was shown that 

conceivably, the lactam could be produced in one step from the 

dianion of a 3 ,4 -dimethoxypheny1acetamide w ith a 1 ,2-disub­

s t i tu te d  ethane. l-Bromo-2-chloroethanr was chosen fo r  a f i r s t  

attempt, although a wide range of possible 1 ,2-d i substitu ted 

ethane* was ava ilab le .

N - M e t h y l - ( 3 , 4 - d i m e t h o x y p h e n y l  )ai n i d e  j_19 [ 9 8 ] ,  prepared from

3,4-dimethoxyphenylacetyl c h l o r i d e  and m e t h y l  a m i n e ,  was t r e a t e d  

with two e q u i v a l e n t s  o f  n-butyl 1 i th i  i tn a t  0 1 C , and  the d i  a m  on 

so formed was treated w i t h  l-bromo-2-chloroethane. A fte r
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131

aqueous work-up, TIC analysis showed a three component m ixture, 

w ith  one of the components seemingly the s ta r t in g  m a te ria l.  

Chromatographic separation and cha rac te r iza tion  of th is  mixture 

showed i t  to consist of the lactone 131, the chloroarnide 12/ 

and the desired lactam HO, contaminated with a small amount 

of the s ta r t in g  amide.

AriOMe' ..  /ArOMe.i2

ĉ Xo 'V”
Me Me

132 110

The lactone 131 was characterized by its  IR spectrum ( C=0 

1760 cm**) and i ts  mass spectrum which showed a molecular 

ion at m/e * 222, corresponding to ihe chloroamide

132 showed an amide carbonyl at 1630 cm'*, as well as an 

N-H absorption (3^80 cm*1) in i ts  IR spectrum. The mass 

spectrum showed a molecular ion at m/e = 1 1  corresponding to 

Cj - H NovCl. The PMR spectrum snowed the two characterist ic  

c is  and trans N-methyl peaks ( 2 . ’ 5  and 2.82 ppm) j + an open 

chain amide.

Thr lactam j_10 showed a carl nyl absorption at 1670 cm'* in 

i t s  li< spectrum as expected fo r  a -lactam, and no N-H 

absorption was present, in add it ion  the PMR showed only one 

N-metnyl peak (2.93 ppm), consis tent with a cy c l ic  amide. Ihe 

mass spectrum showed a molecular ion at m/e 235, as expected 

fo r  the formula OjjH /NO  ̂ I he lactam 110 was found to have the 

same Rf as the s ta r t in g  amide U_9 in  a va r ie ty  of solvents, 

so that sa t is fa c to ry  p u r i f i c a t i  of the lactam proved 

exceedingly d i f f i c u l t .  Since the th io lactam 109 was the actual 

compound required, p u r i f ic a t io n  was in most cases only 

undertaken a f te r  th ia t io n  (vide i n f r a ).
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The lactone L31_ was recognized as being produced by ring 

closure through oxygen ra ther than n itrogen, followed by 

hydro lys is  of the imine thus formed during the aqueous work-up. 

The chioroaniide 132 arises when the dianion is a lky la ted , but, 

r ing  closure does not tJxe place.

Over a number of attempts at th is  reaction under seemingly 

ide n t ica l conditions the y ie ld s  of the three products were 

found to be extremely va r iab le . Inus the lactone KH was 

obtained in 9 - 19 % y ie ld ,  tne chloroamide 122 in  4 - 2/ % 

y ie ld ,  and the lactam HO in  33 - 65 % y ie ld ,  although In at 

least one attempt none of the lactam was formed at a l l .  Ine 

u n r e l ia b i l i t y  of the above reaction  led to search fo r  be tte r 

conditions fo r  the reaction . One possible m odif ica tion  was to 

vary the 1 , 2 -d isu b s t i tu te d  ethane, and a range of possible 

compounds was testea.

Using 1,2-dibromoethane in conditions e sse n t ia l ly  the same as 

those described above, the dimer 133 was obtaine - as the only 

product, in 79 % y ie ld .  The obtention of th is  compound is 

probably due to a kurtz -type  coupling reaction re su lt ing  from a 

l i th ium  - halogen exchange. The dimer was characterized by i t s  

Ik spectrum, the carbonyl at 1640 cm '1, and the h-H peak at 

3300 cm"1 showed i t  to be an open-chain amide. The mass 

spectrum showed a molecular ion at m/e = 416, consistent with 

the formula I  . The PMR spectrum and microanalysis

provided fu r th e r  confirmation of the s truc tu re  of V33*

(CMe)->Ar Ar(OMeJ?

133



5b

Using U-tosyl-2-bromoethanol under s i m i l a r  cond it ions, a I Mk of 

the product obtained was messy, but none of the peaks 

c h a ra c te r is t ic  of the lactam JJO were present. On sub s t itu t io n  

of Q -tosyl-^-ch loroethano l a PMK of the product c lose ly  

resembled tha t o f the amide U 9 , and again none of the peaks 

c h a ra c te r is t ic  of the lactam were present. In a f in a l  attempt, 

0 ,0 ’ -d itosy le thaned io l was used. In th is  case the reaction 

mixture was heated under re f lu x  fo r  two days. A PMK spectrum 

of the crude product obtained ind icated the presence of the 

amioe 1_19, together with a small amount of the lactam 1_10.

I t  was c lea r from the above series o f reactions that only

l-brcmu-2-chlfvoethane was useful fo r  production of the desired 

lactam IK ), even i f  th is  reaction was un re liab le  and the 

y ie ld  was low. A feature of th is  reaction was tha t the three 

products obtained a l l  resulted from a lk y la t io n  of the dianion 

of (fnide U 9 ,  and the to ta l  y ie ld  of these products was 

usually greater than 70 %. I t  seemed there fore  tha t the 

i n i t i a l  phase of the reaction was successfu l, and tha t problems 

arose la te r  when the chloroamide 132 e i th e r  fa i le d  to cyc l ize ,  

or cyclized through oxygen instead of n itrogen.

I t  was f e l t  tha t the use of the d ip o la r  ap ro tic  solvent DMSO 

would aid the c y c l iz a t io n  step, and increase the y ie ld  of the 

desired product, the lactam 110. In the f i r s t  attempt to do 

th is ,  the i n i t i a l  phase of the reaction was done in the same 

way as p rev ious ly , but a f te r  ninety minutes, the mixture having 

been warmed to  room temperature, the THk was removed under 

vacuum, substitu ted  w ith UMbU, and heated at lb ' i fo r  f ive  

hours, t-rom th is  reaction , the iloroamide JJI2 was obtained in 

11 % y ie ld ,  together w ith the 1ndane 134 (4 %) and the 

hydroxy lactam 13b (37 %).
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The IK spectrum ot 135 ( C=0 * 16/5 cm" ) showed that i t

was a v-lactam, and this was also apparent from the PMK

spectrum, which has a si iy.e N-neth>l at 2.99 ppm. Both the IR

(34t;J cm"1) and the PMk ( s , 3 . 1 3  ppm) showed in addition the

press ce of a hydroxy group, and this was confirmed by the mass

spectrum, which has a molecular ion at m/e =- 251, corresponding 

to C1 .HphQ4 . 1 he absence of a met nine proton in the PMK 

spectrum indicated the structure to be as shown. This product 

must have arisen front oxidation, under the mildly oxidising 

effect  of the DM50, of the la. f an 110 , which must have been 

funned in the i n i t i a l  phases of the reaction.

The PMK spectrum of showed an Ati s p l i t t in g  pattern for the 

aromatic protons (6.78 and 6.9b ppm,2xd,J = 8 Hz), indicating a

1,2 ,3 ,4-substUuted ring. Ine mass spectrum showed incor­

poration of the ethyl group by the presence of a m o l e c u l a r  ion 

at m/e 235, corresponding to 6 3HJ7NO . The IR showed the 

compound to be a secondary amide ( <1=0 = 1640, NH * 3280 cm"1).  

This data was a l l  consistent with the structure of indane 134. 

The a l ternat ive  indane 136 was c lear ly  excluded by the PMR 

spectrum.
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The obtention of the indane _1_34 could possibly be explained as 

a reaction via U 7 , a mesomer of the diamon which would form 

i f  the a lky la ted  dianion was deprotonated. A l te rn a te ly , the 

reaction might be via 138 which could form by direct. 111 h i a v i uri 

of the aromatic r ing . An ortho-1 i t h io  species such as Jl3_8 

would be s ta b i l ize d  by both the amide and the methoxy s u b s t i t ­

uents [9 9 ],  and th is  could possibly expla in the obtention of 

the indane 134, as opposed to 136.

OMe
OMe

Cl

OMe

MeN

C l

OMe

MeN

137

H

138

Tne reaction was next attempted simply using DMSU as solvent, 

at room temperature, and s t i r r in g  to r  t h i r t y  minutes, w ith the 

o r ig in a l conditions otherwise unchanged. Only the s ta r t in g  

amide 119 was recovered as shown by FLC.

The use of HMPA or TMLDA as co-solvent in the a lk y la t io n  of 

anide dianions has been recoimended [8 0 ] .  A fte r  generation of 

the amide dianion using n -b u ty l l i th iu m , four equivalents of



HMPA were added before the add it ion  of the l-bronio-2-chloro- 

ethane. A fte r  s t i r r in g  at room temperature overn ight, the 

reaction was worked up as usual, and the HMPA was d i s t i l l e d  

o f f ,  leaving an o i l  which appeared from TLC and PMR analysis to 

be the lactan jJO. This m ateria l was th ia ted  using Lawes- 

son's reagent in re f lu x in g  toluene (see section 3.6) to give 

the thio lactam m  in  71 % y ie ld  from the amide U 9 .

Tne y ie ld  of lactan _UU produced under these conditions is 

c le a r ly  appreciably more than that obtained previously. In 

add it ion , th is  y ie ld  was reproducib le . Thus these conditions 

provided a high y ie ld in g  and re l ia b le  method fo r  the synthesis 

of the th io lac tan  109.

I t  was, however, decided to attempt to synthesize the 

th io lac tan  109 using the above cond it ions, from the thioanide 

139, since i f  the thio lactam could be prepared d i r e c t ly ,  in 

high y ie ld ,  th is  would obviate the need fo r the th ia t io n  step 

a f te r  preparation of tne lactam. Ine y ie ld  of th io lac tan  _109 

from th is  reaction was, however, less than A 1 and trie 

reaction was extremely messy, so c le a r ly  there was no advantage

to  th is  procedure.

5

139

3.5.2 Synthesis of N-benz ! - 3 - ( "»,4 -d imethoxyphenyl } -

2-pyrro lidone 120

The successful method developed fo r  the preparation of lactam 

110 was now extended to the N-benzyl lactam 120 s ta r t in g  trom 

N-benzyl-(3,4-d1methoxyphenyl)acetamide, prepared from



3,4-dimethoxyphenylacetyl  chlor ide and benzyldmine (Although 

th is  compound has been reported in the l i t e r a t u r e  [100 ] ,  only a 

melting point (148 °C) is quoted, which does not correspond to 

that  obtained in the present work (99.5 - 101.5 UC). Since no 

other data is  quoted, is seems reasonable to assume that  the 

structure of the reported compound was not correc t ly  assigned.

For comparison purposes the reaction was attempted both with 

and without HMPA. In the absence of HMPA, the only i d e n t i ­

f i a b le  product obtained was the lactone 131, the y ie ld  oeing 

40 %. Using HMPA in the reaction and th ia t in g  the product 

outained d i r e c t l y  gave the thiolactai!  140 in 54 » y ie ld ,  ihe 

chromatographic behaviour of the lactam was subject to the same 

problems as in the N-methyl case, so tha t  p u r i f i c a t io n  of the 

lactan i t s e l f  was not ser iously  attempted. As in the h-methyl 

case, t h ia t io n  was accomplished by treatment with Lawesson s 

reagent in re f lu x !n g  toluene.

3.5.3 Extent ion to < t her lactam;.

I t  seemed that the conditions developed for the synthesis of 

lactams U 0 and JV0 could possi iy serve for the preparation of 

a range of lactams. I t  was therefore decided to test the 

generality of this method. Thus the synthesis of N-methyl-3- 

pheny1-2-pyrrolidone 14] [101] was attempted. Treatment of

ArtOMe)2

CH2Ph

140
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N-methy1pheny1acetami de [102] with n-butyI l i thium followed by 

l-bromo-2-c h loroethane gave the lactone M2 [103],  the 1 acta:n 

141 in 16 % and 28 % yie lds respectively as well as a compound 

which was probably the bis-substi tuted compound j_43 (22 %)• 

Although 143 could not be obtained pure, oespite repeated 

attempts at recrystal 1izat ion,  and hence was not fu l ly  

characterized, the data obtained were consistent with this  

structure. The 1R showed an open chain amide ( C=0 •- 1640 

cm"1) ,  and the RMR spectrum was as expected for this  

compound. No molecular ion was apparent In the mass spectrum 

but the highest molecular mass peak (m/e = 162) corresponded to 

a synrtetrical cleavage of the molecule, while the peak at m/e = 

148 corresponded to a cleavage off  of PhCHU NHCĤ  In the 

presence of HMPA the y ie ld  of lactam JM1 was 26 % and a small 

amount of the lactone 142 ( I K 0 0  = 1/70 cm 1) and another 

compound were obtained. 1 his compound was probat 1y the cimer 

144, analogous to compound obtained in the preparation (

110. The compound could not be properly puri f ied ,  but i ts  

physical characterist ic  , namely i ts  high melting point and low 

so lub i l i ty  in most solvents, together with what data were 

available indicated structure 144, although some anomalies 

existed, for example a peak at m/e * 324 in the mass spectrum, 

when the molecular ion was at m/e * 296 for  'he

addition of HMPA in this case was thus not bene f ic ia l .

Me

141 14? 143
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Attempts were uade to improve this reaction by othei neans.

Thus treatment with n -b u ty l li thium in 1 HI , followed by 

l-bromo-2-chloroetliane, and heating the mixture under reflux  

increased the yie ld of lactam 141 to 3b %. bn using benzene Uj 

solvent, only start ing material was recovered. Un using ether 

as solvent the y ie ld  of 1 actam 141 was 31 I . On using I HI as 

solvent but with substitution of 1 ,2-dibromoethane for  

l-bromo-2-chloroethane, gave only the dimer 144 in 91 % y ie ld ,  

this result being paralle l to that obtained in the 

?,4 -dimethoxyphenyl case. Returning to the original conditions 

but with the addition of TMtOA, the yie ld  of lactam was 40 », 

this being the highest .yield obtained in this series of 

reactions.

This method was therefore successful in the preparation of the 

lactam L41, although th- yields were low.

Another lactam to which the method was applied was 

1, 3-diphenyl-2-pyrrol idcnv ]_4j> [101] . Thus, treatment of 

N-phenylphenylacetamide [104] with two equivalents of 

n-butyl l i th iu n  in Thf , followed by 1 -bromo-2-ch 1 orocf.nane gave 

a solid product which was probably the the dialkylated product 

146 in 3b % y ie ld ,  together with a mixture of unreacted 

start ing material and the lactam 146, which was not 

separated. Compound 146 was characterized by IK* KMK, MS and 

nKMS, the mass spectrum showed, however, a tew anomalous peaks. 

Thus peaks at m/e 299(56) an 1(41) were present as 

expected tor the molecular ion, out the peak at 301 was too 

large. In addition peaks at 345(10),  344(10) and 343(10) could 

not be explained. Addition of HMPA to the reaction mixture
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jave compound 14d in 36 % y ie ld ,  together with a mixture of the 

lactam and amide in approximately 24 % and 20 % yie lds  

respectively. The mixture could not be chromatographically 

separated, but was p a r t ia l l y  separated by fractional  

c ry s ta l l i z a t io n .  The lactam ]45 could not, however, be 

obtained pure.

Compound H 6  must result t n  jeprc onation of the lactam MIS 

by the aa ide cianion, fo i l  ‘ .ed by reaction with l-bromo-2- 

chloroethane s t i l l  present. This mechanism explains the large 

amounts of unreacted start ing material -ecovered.

Iii an attempt to exteuo the procedure to the synthesis of a 

secondary 1 actum, phenylacetamide was reacted under conditions 

described above (without HMPm)• The result was a mixture of 

compounds one of which was a n i t n l e  as shown by Ik -

2230 cm'1) .  Although obtention of this product was unex­

pected, this sort of e limination is known [ 105). No attempts 

were made to improve this reaction.

Application of the reaction procedure to N-methy1acetamide 

using the same conditions as described above (without BMPA) 

gave only start ing m ater ia l . Again no attempts were made to 

improve th is  reaction.

I t  thus became apparent tha t ,  while the method developed for  

N-methy1-3-(J.A-dimethoxynhenyl)-2-pyrrolidone 110 could be
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used in the preparation of some other lactams, the procedure 

was unfortunately by no means general.

h is to r ic a l ly  [ 106] thioamides have been prepared uy refluxmg  

the corresponding amide with excess phosphorus pcntasulphide in 

various solvents. More recently, however, two improveo 

procedures have been described. These are f i r s t l y ,  the use of 

the dimer of v-methoxypheny11hionopnosphine sulphide 14/

( Lawesson1s reagent) [6 9 ] ,  and secondly, the use of ultrasound 

to promote th ia t ion  with pnosphorus pentasulphide, thus enab­

ling these reactions to be carried out at low temperatures 

[70 . All three of the above procedures haw been used in the 

present work for the th iat ion  of lactams.

M eo \  ')> >• -OMe

s
147

Thiolactair. 1C9 was obtained in ob * y ie ld  ; > tm at ion  of < act am 

110 by treatment witn phosphorus pentasulphide in refluxino  

carbon bisulphide tor fourteen hour s. I  sing Lawesson‘ s reagent 

in dinethoxyethane (UML) at reflux for sixteen hours the y ie ld  

of thiolactam was 40 * .  Using Lawesson's reagent in toluene at 

reflux for eight hour , the yield of trnolactam was improved to 

66 %.

The procedures us mg Lawesson1s reagent were somewhat messy 

with large amounts of phosphor; obtaining by-products being 

obtained. I t  was fe l t  that this problem could pos ibly be 

al lev iated by placing the lawesson's reagent in a boxhlet 

thimble, and allowing i t  to be slowly extracted into the
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ret 1uxiny solvent. In toluene the amount of by-products was 

reduced, but the y ie ld  ot th io lactam was also reduced (to  4b 

%). in U h t, using th is  technique, no th io lactam  was obtained 

at a l l .  I t  was therefore f e l t  tha t simply using Lawesson's 

reagent in  re f lu x in g  toluene was the most usetu1 method.

Th iu tion of h-methyl-3-(3,4-dimethoxyphenyl )acetamicie U9 was 

accomplished by treatment w ith phosphorus pentasulphide in IMF 

at 30 - 4u °C under u ltrason ic  i r ra d ia t io n  fo r  three hours.

The th io lactam  13b was obtained in 69 % y ie ld .



CHAPTER 4 ATTEMPTED SYNTHESIS OF MESEMBRINL USING VINYLOGOUS 

URETHANES

In chapter 2 a synthesis of mesembrine was proposed using the 

Michael reaction of the anion of vmyloyous urethane 96 w ith 

ethyl acry la te  to provide a route to the b ic y c l ic  compound 97 

which i t  was expected coulo re a d ily  be converted to mesembrine. 

Obtention of th io lactam H)9 as described in chapter 3 allowed 

fo r  the preparation of vmyloyous urethane 96 in  76 % y ie ld ,  

using the standard sulphide con tract ion  conditions. The route 

was, however, f i r s t  tested using vmyloyous urethanes JJX) [60] 

and 148 as models. Vmyloyous urethane _148 was prepared from 

N-methylthiopiperidone in  91 % y ie ld .

N
i

Me

A rC O M e^

C02Me EtO

96

AKOMe),

c
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i

Me
100

C02Et C02 Me

148

In the model sequence, the anion of unsubstituted vinylogous 

urethane, 100, formed by treatmn with n -b u ty l l i th iu m , 

fa i le d  to react in a 1:1 fashion w ith e thyl ac ry la te , under a 

va r ie ty  of conditions [6 0 ].  In these attempts, s ta r t in g  

material was la rge ly  recovered, together with polymerized
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acry la te . In the sequence which would have led to mesenibr ine  

i t s e l f , formation of the anion of 96 as in the model sequence, 

followed by treatment w ith  methyl ac ry la te , again gave only 

s ta r t in g  m a te r ia l,  together with polymerized Michael acceptor.

I t  is known [107] tha t the use of organocopper reagents g rea tly  

f a c i l i t a te s  1,4 add it ion  to a.B-unsaturated carbonyl compounds, 

and an attempt was made to  improve the reaction using th is  

method. Accord ingly, the l i th iu m  anion of vinylogous urethane 

100 was treated at -7ti °C with one equivalent of an ethereal 

so lu tion of a copper ( I )  lod ide-tr i-n -bu ty lphosph ine  complex 

fo r 20 minutes, and the organocopper reagent thus formed was 

treated w ith e thyl a c ry la te , and then slowly warmed to room 

temperature. Ine o i l  obtained a f te r  acid /  base work-up was 

shown to be la rge ly  the s ta r t in g  m a te r ia l,  and none of the 

desired product was obtained.

In view of these fa i lu re s  the a lte rn a t iv e  route to  97 proposed 

in chapter 2 whereby reaction of 96 with acryloyl choride would 

produce 102, which could undergo c y c l iz a t io n  to 97 as snown, 

was investiga ted. This route was again tested w ith a series of 

model reactions.

Treatment of vinylogous i'e thane 100 w ith acryloyl ch lo ride  in 

benzene at room temperature fo r  n inety minutes resulted in the 

p re c ip i ta t io n  of an o i l y  substance. Work-up with aqueous

Ai!.OMe)2 Ar(OMe)2 Ar(OMe)2
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sodium bicarbonate yave an o i l .  ihe PMR spectrum oi th is  

compound showed tha t i t  could not be the expected product 14y 

(c f .  102), because no e thy len ic  protons were present, and i t  

was in general consistent w ith that expected to r  tne cyc l '^ed  

compound jbO (c f .  97). A molecular ion at m/e = 223 corres­

ponding to  C ,H]-NO in the mass spectrum was also consistent

w ith th is .

Iht- Ik of the product showed not only absorptions in the region 

expected to r  vinylogous urethane / vinylogous amides (1520, 

1560, and 1600 cm"1) [108], but in add it ion , an absorption 

at 1730 cm"1 ascribable to the carbonyl group of a normal 

sa tu n te d  ester was present. The only s truc tu re  which was 

consistent w ith th is  data was struc tu re  151, in which the 

three carbon un it  from tne acry loy l ch lo ride  was incorporated 

but with the opposite o r ie n ta t io n  to tha t expected. The 

a lte rn a t ive  double bond isomer 152 d id  not seem feas ib le  from 

the Ik data, which belied the presence cf a saturated ketone. 

The low f ie ld  RMk spectrum of tM s  compound could not be used 

to d is t in gu ish  between these s truc tu res.

2
149 150

0 0

151 152
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Further corroborative data fo r  s truc tu re  151 was obtained from 

the carbon-13 NMR spectrum, and rom UV data, as shown in tab le  

1. The UV spectra of the cross-conjuyated compounds 91. and HU 

showed two bands, wnich contrasts  w ith the presence of only one 

band ( x,1iax = 326 nm) in  the spectrum of 1_51. Furthermore 

the UV behaviour of 151 on ad d it ion  of acid (peaks s h i f ts  to 

-Snax = 306 nm) is  consistent w ith  a vinyloyous amide (c f .

154^, and is  contrary to  that expected fo r  a vinyloyous 

urethane, where the peak would vanish on addition of acid \ cf .  

100).

The carbon-13 NMR spectrum of j51 showed the presence of four 

unsaturated quaternary carbon atoms at 189./, 169.4, 163./, and 

109.7 ppm (see table 1). The low f ie ld  peak at 189./ ppm was 

assigned as a vinyloyous amide carbonyl, that is C -(c ) , by 

analogy to C-(c) of 164'(190.15 ppm), and comparison with C-(c) 

of 100 (169.3) showed tha t th is  could not be a vinylogous 

urethane.

Tne obtention of compound 15i was unexpected, but could be 

explained i f  the i n i t i a l  reaction of tne vinyloyous urethane 

100 w ith acry loy l ch lo r ide  was through oxygen ra ther than 

carbon, g iv ing  r ise  to 163 a-> the f i r s t  fonned product. A 

{.3 , 3 j-s iym a trop ic  s h i f t  would give the ketene 154, which 

would be ra p id ly  captured by the endocyclic enamine tautomer, 

g iv ing the b ic y c l ic  compound 151. The reaction could occur 

in a s im ila r manner i f  the i n i t i a l  reaction was through 

nitrogen. Hickrnott a no co-workers [109] have proposed a 

s im ila r  mechanism fo r  the reaction of enamino ketones w ith 

acryloyl cn lo r id e , and they hav ryued tha t reaction through 

oxygen is most 1ik e ly .
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Compound

0

155'

C02Et

^ C 0 2 E t

Me C0oEt
ri

tJV 'max('max)

318(15500)
> HC104: 308(9200)

326(24600)
+ HC1: 306(18300)

Carbon-13 NMR Ref

a; 168.93 
b; 92.91 
c; 190.15

a; 159.08 
b; 87.97 
c; 21.73 
d; not observed

a; 64.56 
b; 56.37 
c; 70.88 
d; 173.18

a; 163.7 
b; 109.7 
c; 189.7 
d; 169.4

56

56

56

I
'*'■4OJ

151
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A:, an a l te rn a t iv e ,  Hickmott has considered the p o s s ib i l i t y  of 

an Sri2 ' mechanism. In th is  case the ketene jb4  would be 

formed d i r e c t ly ,  by reaction of the vinylogous urethane with 

acry loy l choride through carbon d i r e c t ly .  A 1,4 addition of 

the vinylogous urethane to acry loy l ch lo r id e , forming 155, is  

considered u n l ik e ly .

I t  was decided tha t a va r ia t io n  of the solvent used fo r the 

above reaction couid possibly e lurage reaction throigh carbon 

ra ther than oxygen, and to th is  end the reaction was repeated 

using a c e to n l t r i le  ra ther than benzene. Again none of the 

desired compound was obtained, the major product being

0

Me C02Et 
155
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characterized as compound 15b (83 %). A small amount of 151 

was also present. Compound j_56 was characterized by i t s  mass 

spectrum, the molecular ion beiny at m/e = 392, corresponding 

to a molecular formula of I  H -,N,U: . The PMk spectrum showed 

tne presence of two ester groups in  d i f fe re n t  environments, by 

overlapping t r i p le t s  at 1.05 - 1.33 ppm, in te g ra t ing  fo r s ix  

protons, and overlapping quartets at 4.1 ppm, in te g ra t ing  fo r  

four protons. In add it ion  the Ik showed only vinylogous ure­

thane /  vinylogous amide type peaks (1550, 1610, and 1660 cm"1).

156

Tne formation of ]_56 can again be explained by the formation of 

tne ketene _154, which could then be captured in te rm o lecu la r ly  

by unreacted vinylogous urethane 100. The intenmolecu Iar 

reaction was fa c i l i t a te d  oy the use of a c e to n i t r i le ,  because 

the reaction m ixture remained homogeneous throughout. This 

reaction must be extremely rap id , since 156 formed in high 

y ie ld  despite the presence of a two fo ld  excess of acryloyl 

Chloride. Further support fo r  the mechanism proposed is V 

observation by Hicxmott and co-workers [110] of the in te r -  

molecular capture by an enamine of a ketene formed in an 

analogous manner.

Although none of the desired compou id 150 was obtained in the 

above reactions since th is  was wdel system i t  was never­

theless worthwhile to inves tiga te  the e ffec ts  of some 

va r ia t ions  of the reactants. In the f i r s t  such attempt made, 

ci nnamoyl ch lo r ide  was used in pi act of acryloyl ch lo r id e , and.
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using a c e to m t r i le  as so lvent, the uncyclized but properly 

-.Minted compound 157 was obtained in 47 % y ie ld ,  as the only 

characterizable product (only one of the two possible geometric 

isomers was obtained, but which one could not read ily  be 

d is tingu ished). S im ila r re su lts  were obtained using both 

benzene, and dichloromethane as so lvent. Compound 157 was 

shown to be uncyclized by i t s  PMK spectrum, which showed a 

t r i p le t  at 3.20 ppm (J = 3 Hz), in teg ra ting  fo r  two protons, 

fo r  the t-carbon. In ad d it io n , two ethylenic protons were 

present, being strong ly  deshielded, and appearing as a 

m u it ip le t  (6.90 - 7.60 ppm) in te g ra t in g  fo r seven, together 

with the aromatic protons, as is  common to r  cinnamoyl systems 

[111]. Ihe mass spectrum, showing a molecular ion at m/e = 299 

as expected fo r  C^H , NO y , provided fu r the r confirmation of 

th is  s tru c tu re , as did the 1R spectrum, which showed no 

carbonyl peaks above 1700 cm "'.

Ph

157

An attempt was made to  induce cy c l iz a t io n  of 157 by heating 

under re f lu x  in benzene, but th is  was not successful.

In a fu r th e r  in ve s t iga t io n  of the reaction under discussion, 

the vinylogous urethane UJ0 was reacted with crotonuyl 

ch lo ride . Using a c e to m t r i le  as so lvent, the uncycl ized 

product 158 was obtained as a s ing le  isomer in 21 % y ie ld  as 

the only characte rizab le  compound. The PMR spectrum of ljb8 was 

analogous to tha t of 157, ihowing a t r i p le t  at 3.06 ppm fo r 

the protons at the Y-carbon, and an eight l in e  m u it ip le t  (6.15 

-  6.75 ppm) fo r  the e thy len ic  protons. The IR spectrum showed 

no carbonyl bands above 1700 cm '*, as expected fo r  a cross
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conjugated system of th is  so r t .  The mass spectrum was fu r th e r  

confirmation fo r  th is  s tru c tu re , showing a molecular ion at m/e 

= 237, corresponding to a molecular formula of C .

On using crotonoyl ch lo r ide  w ith benzene as solvent the y ie ld  

of j_58 was reduced to 6 %, but again no other products were 

cha rac te r i/db le .

The obtentton of the correctly  oriented products 157 and 158 

was encouraging and investigations into the reaction were 

therefore continued. To this  end piperidine vinylogous 

urethane H 8  was treated with acryloyl chloride. In benzene, 

this reaction gave the wrongly oriented bicyclic compound 159 

in 64 % y ie ld ,  in an analogous reaction to tnat of the 

pyrrolidine vinylogous urethane IOC. The UV uenaviour of 159 

was similar to tnat of 100 { sec table 1 ) ,  witn tne A1T)ax =

326 nm shif t ing to 305 nm on addition of acid, while the 

carbon-13 NMk spectrum of 1_69 provided further evidence for 

this structure.

158

0

d

c, 192.5

d, : 71.3

a, 155.8 ppm

b, 107.2

159

In a c e to n i t r i le ,  again only 159 was obtained, a f te r
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chromatography on s i l i c a  g e l , but the y ie ld  was 4.5 %, and any 

other products which may have been present did not survive.

In the sequence which was intended to lead to mesembrine 

i t s e l f ,  vinylogous urethane % was i n i t i a l l y  treated with 

acryloyl ch lo r id e , using THK a , so lvent, and the product, an 

unstable white s o l id ,  was found to be the wrongly or ienta ted 

compound H>0, the y ie ld  being 68 %. The IK of th is  compound 

showed, unexpectedly, not only a saturated ketone carbonyl 

(1710 cm-1 ) ,  but also an ester carbonyl (1725 cm"1) .  A 

Ureidiny model showed tha t the p e n - in te ra c t io n  between the 

h-methyl and the methoxycarbony1 groups does not allow fo r  the 

planar con figu ra tion  norma! fo r  the vinylogous urethane, so 

that a separate IK absorption is seen fo r  the ester carbonyl. 

The other spectral data were a l l  coimiensurate with s truc tu re

160.

Using benzene, dichloromethane, or DMf as solvent, 160 was the 

only product obtained, as indicated by TLC. Using a c e to n i t r i le  

as solvent fo r  the reaction gave, a f te r  aqueous work-up, a 

mixture of unstable products which could not be separated, 

being immobile on TLC. The PMR spectrum of th is  mixture showed 

that the methoxy (s , 3.79 ppm) and the aromatic (m, 6.50 - 6.80 

ppm) groups were s t i l l  present. There appeared to be two peaks 

due to  N-methyl protons, at 2.99 ppm and 3.43 ppm. The rest of 

the spectrum was un in te rpre tab le . The IK spectrum of th is  

mixture showed vinylogous urethane /  vinylogous amide peaks, as

Me C 02Me 
160
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well as small ester (1725 cm"*) and ketonic (1710 cm *) 

carbonyl absorption bands.

This d isappointing re su lt  s ig n i f ie d  that the b ic y c l ic  compound 

97 could not be synthesized from the vinylogous urethane 96. 

This meant that i f  mesembrine were to  be synthesized a new 

approach would have to be found.
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CHAPTER 5 SULPHIDE CONTRACTIONS WITH CHLOROMETHYL VINYL KETONE

5.1 An A lte rna tive  _Ajiproach to Mesetnbrine

5.1.1 Intro d u c t io n

In chapter 4. the necessity fo r  developing a new approach to 

mesembnno was established, and accord ingly, an examination of 

possible a lte rn a t ive  routes was in i t ia te d .  Vinylogous 

urethanes, prepared by sulphide con traction of sa lts  formed by 

reaction of thiolactams with a-bromoacetates, had h ith e r to  been 

the focal point of the general route fo r  a lka lo id  synthesis in 

these labora to r ies . I t  was recognized th a t,  using th is  

approach, the product of r ing  closure would have been the 

b ic y c l ic  compound 9_/, and hydro lys is - decarboxylation steps 

would nave been necessary to give A^-mesembrenone 2, the 

precursor of mesernbrine i t s e l f .  A more d ire c t  route would be 

achieved i f  th is  step could be avoided, and a tten tion  was 

therefore turned away from the vinylogous urethanes.

bond disconnection of mesernbrine revealed th a t , i f  the 

thio lactam 109 was used as a synthon fo r  the p y r ro l id in e  r ing , 

the remainder of the molecule c< i ld  be constructed from a four 

carbon chain oxygenated at the 2 -p o s it io n .

2

Ar(OMel

97 2
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AKOMe^
Ar(0Me)2

Me
1

Me
109

The presence of a haloyen a- to the carbonyl at carbon 1 in the 

four carbon synthon required would allow i t  to be introduced by 

the sulphide contraction sequence. The compound used for the 

contraction would furthermore have to oe appropriately func­

t iona l i zed for ring closure, and by analogy with the urethane 

sequence, an a.g-unsaturated carbonyl function would allow for 

ring closure by intramolecular Michael reaction. Compounds 

complying with these conditions were halomethyl vinyl ketones

161. I t  wa envisaged that the salt formation and sulphide 

contraction of thiopyrrolidone 109 with a halomethy1 vinyl 

ketone would form which should undergo ring closure by 

intramolecular Michael addition. Referring back to the 

c lass i f ica t ion  of synthetic routes to mesembnne developed in 

chapters 1 and 2, the envisaged intermediate j62 corresponds to 

a skeleton such as 103 (see p. 32),  and th is  route is therefore 

of type F. The key intermediate, 162, in this  approach is 

thus .i vinylogous amide, rather than a vinylogous urethane.

Ar(OMe)2
AriOMe^

N

AKOMe^

Me

109 161 162
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A survey of the l i te ra tu re  revealed tha t of the possible 

haloniethyl v iny l ketones 161, only the ch lo r ide  [112] and the 

f lu o r id e  [113] were known. The broino compound was considered 

to  be the most su itab le  fo r  formation of the ba it required fo r 

the sulphide contraction. Thioamides can, however, be a lk y l ­

ated on sulphur using alkyl ch lo rides [114 ], so tha t conditions 

could probably be found fo r the sa lt  formation using the more 

accessible chloromethyl v iny l ketone. In ad d it io n , i f  

necessary, a simple halogen exchange reaction would provide 

iodomethyl v iny l ketone, and w ith th is  the sa lt  formation 

should be more fa c i le .  I t  was decided to investigate the 

f e a s ib i l i t y  of the synthetic strategy with a series of model 

reactions, and h-methyl-2-thiopyrrol idone _12J_ was chosen as a 

su itab le  model for the 3-aryl thiopyrrolidone 109.

5.1.2 Modei Studies

For th is  work chloromethyl vinyl ketone was prepared by the 

F r ie d e l-L ra f ts  reaction f cnloroacetyl chloride with ethylene, 

giving B-chloropropiunyl chloride (63 %) [115].  D is t i l la t io n  

o f f  f Hum carbonate, with elimination of hydrogen ch lo r ide , 

accc ng to the method used by Uamshefsky and co-workers 

[116] fo r  the preparation of b-chloroethyl v iny l ketone, gave 

chli : omethyl vinyl ketone in 80 % y ie ld .

The formation of the sa lt from chloromethyl v iny l ketone and 

h-m etny l-2-th iopyrro lidone in a small amount of a c e tc n i t r i le  at 

room te><verature was not complete a f te r  t h i r t y  hours, as judged 

by TLC. On using iodometh,". v iny l ketone, produced from 

chloromethyl v inyl ketone by halt n exchange reaction in 

a c e to n i t r i le ,  TLC showed complete disappearance of s ta r t in g  

materia l a f te r  four hours. The reaction mixture was then 

d i lu te d  w ith  a ce to n i^ n ie ,  and treated at 0 °C with a solu tion
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of triphenylphosphine and t r ie th y l  ami ne. Acid /  base work-up, 

followed by chromatography of the product mixture, gave two 

products, neither of which could be f u l ly  characterized because 

of the ir  in s ta b i l i t y .  They were however, assigned the struc­

tures L63 (28 %) and 164 (13 %) respectively , on the basis of 

the l imited data obtained. In addition, a third product, which 

could not be id en t i f ied ,  was obtained in small quantit ies.

P(Ph)
iMe C lM e

164 163

The structure  of the uncyclized compound 164 was indicated by 

the presence of a strong C=C band in i t s  Ik  spectrum (159b

cm 'l) and three o le f in ic  protons in the PMR spectrum (5.28

and 5.45 ppm (2 j . I )  and 5.65 to  6.65 ppm (m,2)), in addition

to the features expected fo r  the vinyloyous amide system,

namely bands a ;3U and 163:' cm '1 (although these banos 

have been designated as C=L and 0 0  respective ly  [108], they 

are combination bands, and nave there fore  been re ferred to as 

being due to Nl=COO). The pos it ions of the two bands ind icate 

that the geometry of th is  compound is probably as shown [108].

Tin !k spectrum of the phosphonium sa lt  163 showed typ ica l 

vinyloyous amide bands (1555, 1630 cm '1) ,  as well as 

absorptions due to the aromatic r ings (1440, 1490 cm '1).

The PMk spectrum showed the presence of f i f te e n  aromatic 

protons. Although the mass spectrum did not feature a 

molecular ion, peaks a t t r ib u ta b le  to the tnphenylphosphine 

portion (m/e = 262), and the remaining portion  of the molecule 

(m/e = 152, corresponding to CgHj; N0) were present. No 

ind ica tion  of counterion could be ascertained from the spectral 

data, but i t  was thought that ch lo r id e , a r is in g  from the
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woric-iijj procedure, was most l i k e l> ,  and this was suppor ed by 

positive s i lver  n i t ra te  and be i ls te in  tests. The phosphonium 

salt j_o3 is thought to ar ise from Michael addition of t r i ­

phenyl phosphine to the uncyclized compound 164. Phosphines 

are known to readily add to a,B-unsaturated carbonyl compounds, 

forming y l id s .  In this case, the y l id  formed is ^hably  

protonated by tiie t r ie th y l  ammonium ion present, thus forming 

the phosphonium salt [117].

Ine spectra of tiie th ird compound siiowed that tne vinylogous 

amide portion of the molecule was present ( IK ,  1545 and 1640 

cm"*), but no indication of other functionali ty  could be 

ascertained. The . >; spectrum ^m/e * 279) belied the pos­

s ib i l i t y  that U.is _uuld be * he cyclized compound j_65. No 

coherent structure could be formulated.

The obtention of contracted products in tnt above reaction was 

en co u rag in g ,  but the incorporation of phosphorus was a problem. 

In an e f fo r t  to avoid th is  the reaction was repeated as above, 

e*; t that the contraction was carried out at -45 °C. Again 

163 was obtained, the yield increasing to 44 %, while the y ie ld  

of the uncyclized compound 164 was also increased, tc 18 %. 

Substitution of trimethyl phosphite tor tnphenylphosphine gave 

no charactenzable products. Using tr ibuty l  phosphine gave 164 

in 4 % y ie ld ,  together with a compound which was not purif ied  

or charactenzeu, but the PMR trum of which showed clearly  

the presence of butyl groups, thus indicating the incorporation 

of phosphorus. This compound was probably loo by analogy with 

the tripheny1phosphine-1ncorporated product 163.

Me

165
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P(Bu).

Me
166

5.1.3 Towards Me^Liiibruie

The model studies on the sulphide contraction with lodomethy1 

vinyl ketone had shown that the proposed route to mesembrine 

was viable, ho tyclized products nad been obtained, but the 

presence ot the aryl ring in the proposed mesembrine in te r ­

mediate lu2 would increase the percentage of the endocyclic 

enamine tautomer, as compared with i ts  analogue in the 

nodel study, thus fa c i l i t a t i n g  ring closure. Although 

stenca l  l y , the aryl ring could hinder cycl iza t ion ,  because the 

reaction is intramolecular, th is was unlikely to be a serious 

d i f f i c u l t y .  The main problem, then, was that of phosphorus 

incorporation. In the ael studies, contracted products 

formed had combined with pnosphine present in the reaction 

solution in yields of up to 44 i .  This implied that the 

phosphine was not s ig n i f i ra n t ly  involved in the contraction,  

since only small quantities of triphenylphosphine sulphide 

couid nave been formed. Sulphide contractions giving r ise to 

te r t ia ry  vinylogous amides [118] and urethanes [6U] had been 

reported in the absence of a th iophi le ,  but th<> yields were 

less than 50 %. Under these conditions, undesirable side 

reactions leading to regeneration of starting mater ia l,  and 

production ot disulphides, were observed. These results were 

attriouted to the nucleophi1ic I iviour of the base. The use 

of a hindered, non-nuc1eophi1i c , base could therefore, possibly 

circumvent this problem. The contractions were thus attempted 

using diisopropylethyl amine, and in the absence of a phosphine
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thiophi le . When a solution of iodomethyl vinyl ketone, 

produced from chloromethyl vinyl ketone by halogen exchange in 

a ce to n i t r i le ,  was added to the arylthiopyrrolidone _1U9, the 

salt formation did not go to completion within three days at 

room temperature, as indicated by the continuing presence of 

starting material observed by TIC. In addition the reaction 

solution had become black and ta r ry .

The reaction was next attempted using chloromethyl vinyl ketone 

i t s e l f .  After a mixture of thiopyrrolidone 109, chloromethyl 

vinyl ketone and a few drops of aceton it r i le  was heated at 40 

°C overnight, TLC showed a small amount of thiop>rrolidone 

s t i l l  present, together with a new compound. The mixture was 

treated with di isopropyl ethyl amine, and then subjected to an

aqueous work-up. Column chromatography gave in 10 % yield a

product characterized as ( t ) -A  -mesembrenone 2.

Clearly the >ield of the reaction would have to be improved for

the synthesis to be vi< le. To determine the best conditions, 

a series of small scale reactions was performed, and monitored 

b> following the disapp.arance of starting m ater ia l , and the 

appearance of a -mesembrenone, which the previous reaction 

had shown was formed even before the audition of base, using 

TLC. with DMF and toluene as solvents the salt formation had 

not gone to completion, despite the presence of a three fold 

excess of chloromethyl vinyl ketone, a f ter  heating at 100 °C 

for eight hours, and none of trie product had appeared. Using 

benzene as solvent, and heating under re f lu x , the same results 

were obtained. Using chloroform, ethyl acetate or THF, and 

heating under re f lux ,  although of the product w,i>

observed, again the salt formation did not go to completion. 

Similar results were obtained using benzene in the presence of 

two equivalents of HMPA. In nitromethane, a f te r  einht hours,
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no s ta r t in g  material remained, and appreciable q u an t it ie s  of 

a ' -mesembrenone had formed.

The reaction was then performed on a large scale using 

nitromethane as solvent. A small amount of hydroquinone was 

added to suppress possible radical polymerization of the 

chloromethyl vinyl ketone. After  heating unuer reflux for 

twelve hours, diisopropyl ethyl amine was added at room 

temperature, and the mixture was s t i r red  overnight, Wcrk-up 

was by direct column chromatography of the black o i l  obtained 

af te r  removal of solvent, giving chromatographical ly pure 

( t )-£ -mesembrenone 2 in 72 % y ie ld .

The formation of -mesembrenone 2 in this reaction even 

before the addition of the base, that is ,  the spontaneous 

sulphide contraction under the conditions of the salt  formation 

is unexpected. To investigate t in s ,  tne reaction was performed 

witnout tne addition of diisopropylethyl amine. In th is  case,

Az-mesemnrenone was obtained, in reduced yield (46 %), and 

was only eluted from the colunn with d i f f i c u l ty .  This may 

suggest that the appearance of the product as shown by TLC, 

prior to the addition of the base is misleading, and that the 

s i l ic a  gel may have some role to play in the contraction under 

t' >e circumstances.

( - ) - A ' -Mesembrenone 2 was id en t i f ied  as a minor constituent 

of Seeletiurn namaquensc by ueffs and co-workers in 1974 [119].  

Prior to this i t  had been prepared by the same workers [120] 

by reaction of natural mesembnne with diethyl a/odicarbox- 

ylate .  The natural antipode w.i found to be non-crystal 11ne, 

unlike the racemic product obtained in the present study, which 

was obtained as a solid of melting point 139 - l4 l  ( l i t .  138 °C 

[122]) a f te r  d i s t i l l a t io n  and recrystal 11zation from ethyl
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acetate. The (±)-V-uiesembrenone obtained was charac­

terized b> comparison with spectral data quoted in the 

l i te ra tu re  for (-)-j/-mesembrenone [119,120] and by direct  

comparison with spectra of (±)-A -mesembrenone obtained by 

Takano^ and co-workers in the ir  synthesis of (+)-A^-  

mesembrine [40 ] .  In addition, a sample of i-)-z.  -<nes- 

embrenone was prepared from (-)-mesembnne (kindly supplied by 

Prof A Wiechers^) according to the method of Jeffs  [120],  

and the spectra of this were compared to thos obtained tor  

(±)-A-mesembrenone. The PMR spectrum showed a singlet for  

the h-methyl protons at 2.96 ptm ( l i t .  2.9b ppm) and tf,e 

vinylogous proton appeared at 5.18 ppm ( l i t .  5.19 ppm). A peak 

at 1 87 ppm ( l i t .  3.8b ppm [120]) was attributed to the 

a omativ methoxyls. The mass spectrum of i  -mesembrenone 

showed three prominent ions: a molecular ion at m/e = 287, an 

ion at m/-> - Zbu corresponding to loss of ethylene, and an ion 

at m/t = z44, resulting from the loss of a methyl group from 

the m/e = 259 ion. This fragmentation pattern is charac­

te r is t ic  of a -mesembrenone [121].  The Ik spectrum, in the 

solid state (kbr) showed the two peaks characteristic  of the 

vinylogous amide system at 1610 and 1560 err- - , ( l i t .  1605,

1565 cm" , n u jo l ) A carbon-13 NMR spectrum of this  com­

pound, the assignments of which are shown in f ig  4, provided 

fu> her support for this structure. The methiodide salt of

1 The provision of spectra of this compound by Prof. S Takano, 

Tohoku University, is gra te fu l ly  acknowledged.

2 I he provision of a sample of ) -mesembn ne by Prof. A 

Wiechers, Umveis ity of Pretoria , is gratefu lly  

acknowledged.
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(±j-A^-mesembrenone was prepared, and found to have a melt

ing point (157 - 16U °C) higher than that of the natural 

antipode (146 - 147 °C [120] ) .  Microanalytical and other data 

supported the structural assignment.

re la t ive ly  minor importance. The aim of the project was to 

develop a synthesis of mesembrine i t s e l f ,  and in order to do

lithium aluminium hydride in Thl at room temperature overnight 

a !y starting material was obtained. A similar result was 

obtained when the reaction mixture was Heated under reflux for 

six hours. Substitution of diglyme for THf, and heating at 150 

°C again gave only start ing mater ia l.  Ihe use of l i thium  

borohydnde gave the same result .  The reaction was next 

attempted using sodium cyanoborohydnde in acid if ied methanol, 

and again no reduced products w< obtained, further negative 

results were obtained when / '-mt iembrenone was heated to 50 

°C in the presence of formic acid [123] for two hours and also 

when potassium formate was used in formic acid at 150 °C for

p

a; 52.79, c ; 52.51 

b or d; 33.10 or 35.97, i ;  32.69

e; 39.00 

f;  196.36 

g; 93.45 

h; 170.72 

j ;  133.60

k, 1 or oi 119.34, 109.97 or 110.82 

m or n; 148.05 or 148.89 

p or q; 55.95 or 55.87

Although A -mesembronone is a natural product, i t  is one of

th is ,  a ' -mesembrenone would have to be reduced to mesem­

brine. Accordingly a ' -mesembrenone was treated with
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f i f teen  hours.

At this time the synthesis of mesembrine by Takano and 

co-workers [40,41,42] including the reduction of a''-mesem- 

brenone, appeared in the l i te r a tu r e .  This obviated th( need 

for further e f for ts  to develop a method for the reduction, and 

thus completed the lonnal synthesis of (^-mesembrine, f u l f i l ­

l ing trie primary aim of the present study.

Inis  synthesis of mesembrine represented u new procedure for  

annelation of a six-membered ring. The importance of this  

would be established i f  i t  could be shown to be of general use. 

Accordingly, work was undertaken to apply the method to relater

Formal Synthesis of m -Pihvdromaritidine

.hapter 2 (p. 33) i t  was noted that the octahydroindolone 

has been used in a synthesis of the crinane-type

.

l f'4 is closely related to mesembrine, so that the method 

developed for the synthesis of mvsembnne could probably also 

be applied to i t ,  thus providing an extention of the method to 

the Amary11idaceae alkaloids.
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s
CH2Ph

104

D o S '"
8

A nur.ibet vnthetic approaches to Anar;, 11 idaceae alkaloids of 

toe cnnane t e have been reported. Representative of these 

is the work by kametam [ 124], Kotam [125],  Schwartz [126],  

Yanada [127] and hinomiyu [12 ] .  ^part fro these syntheses, ; 

nunber of groups have exploited the strucural s im ilar i ty  of the 

Anary11idaceae alkaloids to the S(e let ior  alkaloids of the 

meseiibnne-type in the ir  syntheses of crinane-type alkaloids,  

w h proceed via 3a-aryloctahydroindole intermediates. The 

approaches to these intermediates have been discussed at some 

length in chapter 1. To recapitula te , the following workers 

have prepared crinane-type alkaloids in this manner: keck

[24,25];  Hoshini [27];  Lanylois [44];  Muxfeldt [45 ] ;  Uh-ishi 

[29];  Overman [49];  Speckamp [2 1 ] ;  Stevens [35]; lakano 

[40,41 ,42] ; Tsuda [53] ; Wmtlocl l b ] ; ki Idman [23 ] ,  and th e i r  

respective co-workers.

OMe

OMe

CH2Ph

The conversion of a 3a-aryloctahydroindole to the 5,10b-ethano-



phenanthridine nucleus of the crinane-type alkaloids involves 

the introduction of a one carbon bridge from nitrogen onto the 

aryl ring. This has been achieved by Hictet-bpengler 

cycl ization of the N-H octahydroinJole. In a number of cases 

protection of the amine was necessary during i ts  synthesis, and 

although demethyl at ion of mesembrine has been achieved [129] ,  

i t  is problematic, and the use of the more easily removed 

N-benzyl group has been preferred [31,29,35,46] .  Thus, for  

example, in the work by bpeckamp [31] ,  the 3a-aryloctahydro- 

indole H)4 was prepared from l-benzyl-3-(3,4-dimethoxyphenyl )- 

succimmide in a route paralle l to that used for mesembrine 

(see chapter 1, page 15). Debenzyl at ion of 104, followed by 

Pictet-Spengler cycl izat ion gave { t)-riihy'-'romantidine.

In the present work, the octahydroindolone H14 was a suitable  

target for an attempt to apply the synthesis developed for 

mesembrine to another system.. I t  was envisaged that the 

sulphide contraction sequence using thiolactam ]40  with chloro- 

methyl vinyl ketone wov d yield the nexahydroindolone 167, 

which could be reduced using l ithium in ammonia to j_04. This 

sequence would thus constitute a formal synthesis of ( i ) - d i -  

hyaromaritidine b. The presence of the N-benzyl protecting 

group was necessary to f a c i l i t a t e  the sulpmde contraction,  

si? such reactions with secondary thioamides have been found 

to require far  more stringent conditions than those employed 

here [67]

Ar(OMe)2AKOMe) Ar(OMe

Ck^Ph ci CH2Ph

140 167

CK2Ph

104
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N-Benz>l- ( 3,4-dimL-thoxyphenyl )-2-thiopyrrol idone 140, pre­

pared as described in chapter 3, was heated under reflux for 

eight hours with two equivalents of chlorotnethyl vinyl ketone 

in nitroinethane. After  cooling to room temperature, di iso­

propyl ethyl amine was added and the reaction mixture was allowed 

to s t i r  overnight. Column chromatography of tne residue 

obtained a f te r  removal of solvent gave the hexahydromdolone 

167 in 37 % y ie ld  as the only iden t i f iab le  product. The Ik 

spectrum of compound k^7 showed an absorption for the v iny l -  

ogous amide system at 158b cm"', the PMR spectrum showed a 

singlet at 4.45 ppm for the benzylic protons, and singlet at 

5.40 ppm for the ethylenic proton. The position of this  

absorption is very similar to tne corresponding absorption for 

A mesembrenone (5.18 ppm). Tne mass sped : showed a 

molecular ion at m/e * 363 for C23H>',I> , th the f i r s t

fragmentation being loss of ethylene ,ve an ion at m/e = 

335, this again being analogous to t  mass spectrum of 

6 -mesembrenone. rurther confirmation of the structure was 

obtained from a carbon-13 NMk spectrum, tne assignments for  

whicn are shown in f ig  5.

a or i ; 51.17 or 5U.18

b, d, or e; 39.03, 36.24 or 33.11

C; 52.72 

f;  196.6 

94.04
p

h; i 70.20 

j ;  133.4?

k and o, 1 and n, or m; 128.90, 127.97

or 127.86 

p; 13b.1 

q; 119.26

r or u; 110.37 or 111.1/

s or t ;  148.81 or 148.01
v and w; 55.89

Fig 5 C-13 NMR of 167
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[he hexahydroindole 167 was reduced according to the procedure 

developed by Takano for (± ) - & ' -inesembrenone [122].  Thus, a 

solution of 16_Z m THF /  annionia at -78 °C under argon was 

treated with l i thium. After one hour the reaction was quenched 

with ammonitin chlorid- . Aqueous work-up, followed by column 

chromatography gave a s i i  - product, the octahydroindole H14 

in "/6 k y ie ld .  It  is t ected that this reduction procedure 

woul . give rise only to the cis-fused compound since dissol­

ving metal reductioi are known to lead exclusively to thermo- 

dyrv Cflly  preferred products [4J ] ,  and in the present case 

thr ;r'.nmdyndmical ly stable product was expected to be the cj_s 

i somer.

The s.ructure of compound 104 was ver i f ied  by comparison with 

Ik and PMR data in the l i te ra tu re  [31 ] ,  d ' d  by a direct com­

parison of the Ik and PMk spectra of an authentic sample of 

this compoui 1 obtained uy Professor Speckamp". further  

support for the structure came from mass spectral and carbon-13 

Wk data ( th is  la t te r  is show? in f ig  6) .

1 The provision of spectra of this compound by Prof. k N 

Speckamp, University of Amsterdam, is gratefully  

acknowledged.
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n; 51.67

b, d, e, or g; 40.65, 38.64, 36.23, 34.81

o c h 3
c; 47.19 

f ;  211.2 

h; 68.18 

i ;  57.40 

j ;  138.75

N 9
k and o, 1 and n, or in; 128.78, 128.17 

or 126.92

p; 140.3U 

q; 117.85

r or u; 110.08 or 111.13 

s or i ;  149.02 or 147.51 

v or w; 55.90 or 56.02
Fig 6: C-13 NMR of 104

Evidence of the preferred confonnation for octahydroindole 104 

was obtained from the PMR spectrum, which also provided further  

conftnrdtion that the compound was the c is -fused compound and 

not its  trans-fused iscr r  jjfc - . For the cis isomer, two 

conformations are possible, as shown in j_69 and i_70. The

C-7a methine proton appears as a t r ip l e t  at 3.27 ppm in the PMR

spectrum. This is hardly conceivable for either 1^9 or 168, 

where tne Newman projections as viewed along the C-7a - C-7 

boi 1 snow large differences in tne dihedral angles between the

C-7a proton ann the fwo C-7 protons. On the other hand, in 170

tne dihedral angles are s imilar ,  being 70 * j  d 50 * respec­

t iv e ly ,  which would allow for the t-7a proton absorption to 

appear as a t r i p l e t .  The preference tor the conformation \J0 

where the six-membered ring is in a chair form and aryl ring is 

in the axial position is expect. by analogy with mesembrine

[ 2 1 ] .
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169 R
170

168

C6

C3a
H C6

R= CH2Ph A r-3 ,4 -d im ethoxypheny l

The above work represents a formal synthesis of ( t ) -d ihydro-  

marn tdi ne 8, by analogy with the Speckamp work [31] and 

shows that the sulphide contraction with chlorometnyl vinyl 

ketone can be used tor systems cI ly related to mesembrme, 

but more general application of the method f,as yet to be 

established. I t  was f c  this purpose that attention was turne 

to another alkaloid system, r amely the Aspidospenna alkaloids.
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CHARTLR 6 THL SYNTHESIS OF AN ASPIUOSPLRMA ALKALOID PRECURSOR

6.1 Intioduction

The Aspidospenna alkaloids are a large group of alkalo.ds the 

parent of wTich is ( 4 ) -aspidospvnmnc 1/1.

OMe Ac
171

The f i r s t  reported synthesis of aspidospermine, that of Stork 

and u o l f i m ,  appeared in 1963 [ 1 3 0 ] .  In this  work the pernydro- 

quinolinone !_/£ wdS used 1n The preparation of the t r ic y c l ic  

ketoamine V73. Fischer indole cychzation of the o-meth- 

oxyphenylhydrazone of V’3 gave (tj-aspidospemnne 171.

HN

172 173

A number of groups [131,132,133] have developed approaches to 

Aspidospenna alkaloids which are similar to that developed by 

Stork in that they proceed via perhydroquinolinones related to 

172. Thus, in the synthesis by ban and co-workers [131],  the 

trans-fused compound, epimeric v 1_72, was used as an 

intermediate [134].  In the synthesis developed by otevens 

[133],  the Stork intermediate W2 was prepared by methyl vinyl 

ketone annexation of piperidine J_/4, giving 17S, followed
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by debenzylation. This sequence was closely related to the 

same worker's preparation of mesembrine [35] .

The Stork Intermediate \]2 was a possible target to which the 

method for annelat'on of a six-inembered ring using chloromethyl 

vinyl ketone, developed in the synthesis of mesembrine could 

probably be applied. A protecting group such as a benzyl group 

would however be necessary. I t  was thus envisaged that the 

sulphide contraction of thiolactam _176 with chloromethyl vinyl 

ketone would y ie ld  J7_7, which could be reduced by a dissol­

ving metal reduction to 175, which was recognized as being 

the Stevens intermediate, so that preparation of this compound 

would constitute a formal synthesis of (±)-aspidospermine. As 

had been the case in the mesembrine synthesis, the i n i t i a l  

problem would be the preparation of the thiolactam 176.

174 175 172

175 177 176
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6.2 Synthesis of N - b e n z y l -3-eth.y1-2-thi opipendone 176

The readily avai lable compound 2-pipendone was a convenient 

start ing material tor the synthesis of the thiolactam 176.

The preparation would involve benzyl ation at nitrogen, 

ethylation at the a-carbon, and tm at ion .  I f  the dianion of

2-piperidone was formed, i t  should react f i r s t  through the 

a-carbon, and then through nitrogen, so that i t  the dianio.i w.is 

treated with an ethyl at mg agent, followed by a benzyl ating 

agent, the product of the reaction would be expected to be 

N-benzy I -3-ethyl -2-pi pendone I ! / f i l iation of 177' would 

give ]_76, in two steps from 2-pi pendone.

177' 176
The reaction was attempted by treating 1-piperidone with two 

equivalents of n-butyl l i th ium at -v3 °C to form tne dianion, 

which was treated with ethyl iodide, followed by benzyl 

bromide. After work-up i t  was found that none of the desired 

compound had been obtained. Similar unsuccessful results were 

obtained when ethyl iodide was substituted by diethyl sulphate, 

and by ethyl tosylate.

The fa i lu re  of the dianion route to N-benzy1-3 -e thy l -2 -p i  peri - 

done 177'meant that the reaction would have to be performed in 

two stages, by benzyl at ion of z -piperi done, followed by

3-ethylation of the N-benzyl-2-  neridone j_/8 [135] thus 

obtained. Following th is ,  N-brnzyl-3-ethyl-2-piperidone 1777 

was obtained, anu was not pur i f ied ,  but was thiated d i re c t ly ,  

giving N-benzyl -3-ethyl -2 - th iop i  pendone _l_7h in 91 % overall
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6.2 Synthesis of N-Benzvl-3-ethyl-2-thiopipendone 176

The readily avai lable compound 2-pi peridone was a convenient 

start ing material for the synthesis of the t.hiolactam 176.

The preparation would involve benzyl at ion at nitrogen, 

ethylation at the a-carbon, and th iat ion .  I f  the dianion of

2 -pi peridone was formed, i t  should react f i r s t  through the 

a-carbon, and then through nitrogen, sc that if  the di anion was 

treated with an ethyl ating agent, followed by a oenzylating 

agent, the product of the reaction would be expected to be 

h-benzyl-3-ethyl-2-piparidone 17 / .' Thiation of 177'would 

give LTb, in two steps from 2-pi pendone.

The reaction was attempted by treating 1-piperidone with two 

equivalents of n-bctyll ith ium at -b3 ° t  to form the dianion, 

which was treated with ethyl iodide, followed by benzyl 

bromide. After  work-up i t  was found that none of the desired 

compound had been obtained. Similar unsuccessful results were 

obtained when ethyl iodide was substituted by diethyl sulphate, 

and by ethyl tosy1 ate.

The fa i lu re  of the dianion route to N-benzyl-3-ethyl- 2 - p ip e r i ­

done 177'meant that the reaction would have to be performed in 

two stages, by benzyl at ion of 2-piperidone, followed by

3-ethyl at ion of the N-benzyl-2-p ridone 1/b [135] thus 

obtained. Following 1 his, N-benz,y 1 -3-ethyl-2-piperidone M l ' 

was obtained, and was not pur i f ied ,  but was thiated d i re c t ly ,  

giving N-benzyl -  3-ethyl -2 - th  i op i pendone J_76 in 91 % overall

H CH2 Ph 

176177
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y ie ld ,  based on 2-pipendone.

The reaction was also attempted by th iat ion of N-benzyl-2-  

piperidone 178 to give N-benzyl- 2 - 1hi opi peri done, which was 

then treated with n-butyl l i thium at 0 °C, followed by ethyl 

iodide at -78 °C. No recognizable products were obtained a f te r  

aqueous work-up of the reaction. Previous work in these 

labr a tones has shown that in the alkylat ion of N-methyl- 2 - thio 

piperiaone under comparable conditions, only S-alkyl products 

were obtained [92] .  I f  this occurred in the present case, i t  

is l ike ly  that such products would be hydrolysed in the work-up 

procedure. This would explain tne fa i lu re  to obtain 

recognizable products in this reaction.

6.3 Sulphide Contractions of N-Benzyl-3-ethyl-2-thiopiperidone 

176 w i th Chloromethyl Vinyl Ketone

The salt formation and sulphide contraction of N-benzyl-3-  

ethyl-2-thiopiperidone V  with hpromcthyl vinyl ketone was 

performed using the conditions developed in the mesembrine 

sequence, that is ,  a solution of Wb and chloromethyl vinyl 

ketone in nitromethane was heated under reflux for ten hours, 

then cooled to room temperature and treated with diisopropyl- 

ethyl ami ne. After  s t i r r in g  ovei ght, the residue obtained 

once the solvent had been removed was chromatographed, giving 

the desired bicyclic  compound 'JJ in 40 % y ie ld .

C H 2 P h  

178
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The y 'e ld  of the reaction was ' ow, and attempts were therefore 

made to modify the conditions to improve th is .  When the sa lt 

formation was attempted in benzene instead of mtromethane, 

after  overnight s t i r r ing  at room temperature, TIC indicated 

that no reaction had occurred. On using DMF as solvent and 

heating to 100 °C for twelve hours, before treatment with 

diisopropyl ethyl amine at room temperature, the product, 17 / , 

was obtained in 12 % y ie ld .  When the salt formation was 

performed using lodomethyl vinyl ketone, generated jm situ by 

halogen exchange of chioromethyl vinyl ketone with sodium 

iodide, in a c e to n i tn le  at room temperature for one hour, an 

intractable tar was obtained. The salt formation was tnen 

performed using a l iv e - fo ld  excess of chioromethyl vinyl ketone 

in tne absence of solvent, the mixture being heated to 100 °C 

for eight hours. This was then dissolved in nitromethane and 

treated with onsopropylethylamine in the usual way. The 

product was obtained in 10 % y ie ld .  In f inal attempt to 

improve conditions, the salt formation was a^ain attempted 

without solvent, but f m  ti * contraction, tne mixture was taken 

into ace to m tr i le  and treated with a solution of t r i  phenyl - 

phospmne and d i i  sopropylethyl amine in acetoni t r i  le.  The y ie ld  

of 176 in this case was 17 %. I t  thus seemed that the highest 

yield attainable (40 %) was under the original conditions.

Compound 17 7 was characterized by i ts  IR spectrum, which showed 

two bands, at 1540 and 1585 cm"*, as expected for an 

s-trans vinylogous amide of this type [108].  The RMR spectrum 

showed a singlet at 5.10 ppm for the o lef in ic  proton, while the 

benzylic protons appeared as two doublets at 4 .1 /  and 4.50 ppm. 

The mass spectrum showed a molt ar ion at m/e 269, 

corresponding to C^H^NO, the f i r s t  fragmentation being loss 

of ethylene, to give a peak at m/e = 241. F ina l ly ,  a carbon-13 

NMk was obtained, shown in f ig  7, whi, hwas found to be fu l ly
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compatible wiV the structure. 1 he assignments were made with 

the aid of a UEP1 experiment.

a; 171.69 

b; .-d.38 

c; 196.25

d, e. g or h; 32.69, 31.94, 29.02 or

26.89

f ;  36.81

i ;  4 9 . 5 2

j ;  54.95

k; 135.68

1 and p, m and o or n; 128.72, 127.36 

or 126.72 

q; 18.46 

r; 7.91

Fig 7 C-13 NMR of 177

l ( ]C;-en-9-one 177

h

To complete the synthesis of tfie Stevens asoidospeni.ine in te r ­

mediate 175, compound 17/ had to be reduced. This was

ac ieved, by analogy to the 1 akano mesemtirine sequence [122],

by dissolving metal reduction. Accordingly, l i th m n  was added 

to a solution of 1_77 in IHF /  ammonia at -78 °C under argon. 

Aftr  s t i r r in g  for one hour, the reaction was quenched with 

ammonium chloride, aqueous work-up a f te r  removal of solvents 

gave the reduced product, 1/5 in 54 % yield. In the Stevens

work, a melting point of 81.5 - > °C, but no spectral data was

reported fur 175. In the presen work this compound fa iled  

to c r y s ta l l i z e ,  but spectral evidence for the structure was 

obtained. I hus, the IK spectrum showed a saturated ketone
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carbonyl at 1710 cm- 1 . The PMk spectrum of the compound 

showed no o le f in ic  protons, and showed an Ab pattern, as two 

doublets, centred at 3.00 and 3.87 ppm respectively. The mass 

spectrum showed a molecular ion at m/e * 271, corresponding to 

C|gHpi.NU, and this was further supported by the HRMS. F in a l ly ,  

a Carbon-13 NMk spectrum was obtained, which is i l lus t ra te d  in 

f ig  8. The spectral data indicate that 1_75 had been obtained 

as a single isomer, which was as expected, by analogy to the 

mesembrine work.

a; 6b.81

b or d; 42.44 or 37.13 

c; 210.61

e, g or h; 21.41, 34.0b or 32.32 

f;  36.22 

O i or j ;  b4.62 or 57.32 

k; 140.33

1 and p, m and o, or n; 128.36 128.20 

or 126.65 

q; 17.82 

r; 6.89 

Fig 8: C-13 "MR of 175

6.5 '.ore I us io n

The synthesis of compound l_/5 constituted a fo r w !  synthesis of 

( i)-aspidospermine, and demonstrated that the salt formation 

and sulphide contraction sequence of thiolactams with chloro- 

methyl vinyl ketone could be used for systems other than those 

of the mesembrine type.

In the mesembrine synthesis the yield for the reaction sequence 

was good ( /U %); however, in the synthesis both the
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Ainaryl 1 idaceae and Aspidospemid precursors, the yields were low 

(37 % and 40 % respect ive ly) .  In order for the method to be 

real ly useful these yields would have to be improved. A major 

cause of the low yields is undoubtedly the harsh conditions 

required tor the salt formation reaction. This results in some 

decomposition of the thiolactams, part icular ly  tor the 

sensitive N-benzyl thiolactams. In addition these conditions 

are probably conducive to polymerization of the chloromethyl 

vinyl ketone. Thus i f  the salt formation could be achieved 

under milder conditions, i t  is l ike ly  that the yields could be 

improved.

In most cases the salt formations were perfc  -ed us’ ng 

chloromethyl vinyl ketone. Attempts had, however, been made to 

use iodomethyl vinyl ketone as a substitute but without 

success. The most suitable nalomethyl vinyl ketone for the 

salt formation was probably the Dromo-compound, and i f  this 

could be prepared, its  use in the reaction would probably allow 

for n Ider conditions. A l te rna t ive ly ,  i f  the halogen were 

substituted for some d i f fe re n t ,  better  leaving group, this 

could possibly result in an improvement. The acetate has been 

reported [136],  Put i ts  use is unlikely to be benef ic ia l . I t  is 

possible that use of the V i t i a t e s  might enable the reaction to 

be carried out under milder conditions, since Rapuport and 

co-workers have reported that salt formations with t n f l a t e s ,  

leading to sulphide contractions occur more readily than the 

corresponding reactions with the Promo compounds [137].

The salt formation and sulphide contraction sequence between 

thiolactams and chloromethyl vi ketone represents a new 

procedure for annotation of six membered r ’ ngs. The widespread 

occurronceof alkaloids possessing fused six membered rings 

means that,  part icu lar ly  i f  more favourable conditions could be



found fo r the reaction , the method could be applied to a range 

of a lka lo id  systems. 1 lie sequence thus constitu tes  a useful

addition to the general methods fo r  synthesis of these 

compounds.



APPENDIX

Tne sulphide contraction sequence has proved its  worth in the 

synthesis of a variety of alkaloids. The scope of the reaction 

is ,  however, very wide, and a large number of alkaloid systems 

may be accessible by suitable exploitation of this route. In 

chapter 2, a br ief  summary of the work achieved prior to the 

mesembnne synthesis was presented. Amongst others, the syn­

thesis of the quinolizidrne alkaloid lupinine B2 «ds noted. A 

closely related system is that of lamprolobine 1 /9 t although 

i ts  stereochemistry is opposite to that of lupinine.

The substitution in lamprolobine : j  of a mtroaen function­

a l i t y  for the oxygen in K2 presented an interesting synthetic 

problem. Two compound types which could possibly provide an 

e’ t r .  into this system are vinylogous cvana ides such as 180, 

end vinylogous ureas 181.

0

82
179

180 181

In general lerrrs, i t  was envisaged that,  i t  .-ither JjBO or U[1 

with the appropriate funct ionali ty  on nitrogen could be induced
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to uni go dlkylat  ive ring closure at the a-carbon. by analog) 

to the lupmine B? synthesis (see page 28),  reduction of the 

vinylogous cyunamide or vinylogous urea obtained could provn 

the amine 182. This would complete a formal synthesis of 

lamprolobine 179 since Wenkert and co-workers [1381 have 

converted 182 to lamprolobme by treatment with glutaric  

anhydride.

NH

182

The f e a s ib i l i t y  of the proposed routt depends f i r s t l y  on the 

synthesis of the required vinylogous cyanamides and vinylogous 

ureas, and secondly, on the react iv i ty  of these compounds 

towards intramolecular alkylation.

Tor an i n i t i a l ,  exploratory study into the f e a s i b i l i t y  of this  

proposed route, i t  was decided to attempt to prepare simple 

analogues of these compounds, and to investigate the ir  re la t ive  

re ac t iv i t ies  towards simple alkylat ing agents, with respect to 

e n other and with respect to the behaviour of the vinylogous 

urethanes under comparable conditions.

The vinylogous cyanamide 183, which could serve as a model 

for 180, had previously been prepared in these laboratories 

[60] by salt formation of N-methyl-2-thiopyrrolidone with lodo- 

a c e to m tr i le  in acetom tn  le, f lowed by sulphide contraction 

in the presence of i r ie th ' lam im  and tripheny1phosphine, giving 

183 in 90 % y ie ld .
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C = N N M e 2

Me
183

Me
184

"Ihe viny 1 ogous urea 1H4 was chosen as a suitable model tor 

I t i l .  I n i t i a l l y  the preparation of this compound was 

attempted using conditions similar  to those used in the 

preparation of the vinylogous cyanamide. Accordingly, the salt 

formed between N-methyl-2-thiopyrrolidone and a-bromo-N,h-di- 

methylacetamide [139] was treated with tnphenylphosphine and 

t r i  ethyl ami re in acetoni t r i  1 e. 1 fie only iden t i f iab le  produce 

was bis(N,N-dimethyldcetamide)di sulphide 185 (18 %). The 

reaction was repeated as before, using the non-nuc1eophi1ic 

Dase UbU. In this casv the bisulphide was formed in a 

quantitative y ie ld .  I t  was l ike ly  that the sulphide 

contractions did go not under the above conditions because 

neither t r ie th y l  amine nor DBU was a strong enough base to 

ueprotonate the salt formed. The reaction was therefore 

performed using a stronger base. Accordingly potassium 

t-butoxide in t -butyl alcohol was used, witn conditions 

otherwise unchanged. In this case the desired vinylogous urea 

was obtained in 84 % y ie ld .

The methyl at ion of tin vinylogous urethane 100 had been 

investigated in these 1aborator , the best conditions found 

being treament of 100 with excess methyl iodide in DMS0 at 50 

°C for ninety minutes [60].  In the present study DMS0 was 

avoided because of i ts  susceptib i l i ty  to alkyl at ion. Ihus, 100

O

185
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was treated with an excess of methyl iodide in a c e to m tr i le  at 

50 °C for fourteen hours. Ihe oil obtained a fter  aqueous 

work-up was shown, by comparison of i ts  PMH spectrum with that  

of the pure compound, to be a mixture of start ing material and 

methylated product J86 with the methylated product comprising 

approximately 80 % of the mixture.

The vinylogous urea 184 was methylated under conditions similar  

to tnose used for the urethane. In this case, the reaction was 

complete a f te r  ten hoc s. A PMR of the methylated product 187 

inti1cated that i f  was a mixture of geometric isomers, and these 

could not readily be separated.

Trie vinylogous cyanamide 183, when treated with methyl iodide 

under similar conditions, formed only about 40 % of the

a.kylated product as a mixture of cis and trans isomers 

after  f i f t y  hours, as judged hy comparison of the PMR spectrum 

of the o i l  obtained with those of the pure compound [92].

Me
100 186

187

188
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The results of the above studies indicate that the vinylogous 

cyanamide is considerably less reactive than the vinylogous 

urethane, and as such would be expected to not be very useful 

in a synthesis of lamprolobine 179. The vinylogous urea, on 

the other hand, is more reactivt than the vinylogous urethane, 

and thus i t  could be anticipated that i t  would readily par t ic ­

ipate in the intramolecular alkyl at ion reaction required in the 

proposed route.

A Note on Structurv-hiedct i v 11 y (or r el at ions

In the characterization of tne various extended enamines i t  was 

noticed that a large variation occurred in the chemical shifts  

of the o le f in ic  orotons in these systems (see table Z). Thus 

the o le f in ic  proton in the vinylogous urea 184 appeared at 4.7b 

ppm, while that in the vinylogous cyanamide appeared at 

3.57 ppm. This e f fect  was even more apparent wUh the other 

known extended enamines of similar structure. Thus the 

olef in ic  proton of vinylogous amide 191 [60] adsorbed at 5.62 

ppm, while that of the vinylogous nitr^mine 1_92 appeared at

6.67 ppm [ I4 u ] . , ince tne chemical shif t  of a proton is

dependent on the amount of shielding supplied oy ’ he electrons 

in i ts  inmediate enviromiient, the wide variations in tne 

[ sit ions of absorption must be some ref lect ion of the electron 

densities on the the olef in ic  carbon atoms in these compounds. 

Naively, one might expect a correlation to exist between 

electron density on a given carbon atom and tne nucleophilicity  

of that carbon atom. Since the carbon-13 NMK spectra are a 

more accurate ref lect ion of the electron densities on carbon 

than the PMK spectra, these spectra of the compounds in 

question were obtained. I t  wa und that the positions of 

absorption of the o le f in ic  carbon atoms in these compounds show 

a similar trend to that found in the PMK spectra (see table 2 ) .
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TABU 2 Proton and Carbon-13 Chemical Shifts for the "-position in extended enamines 
and related model compounds‘

Series A

Compound 
6 (C) (ppm) 
S (H)

Series B

6 (C) ( re f  141) 
6 (H) ( re f  142)

Series C

6 (C) ( re f  141)
6 (H) ( re f  142)

Art (C) (Series B

Art (C) (Series C

A )

A )

L •

100
77.71
4.41 (ref  60)

OMe

122.9
5.8

t
OMe

129.6
6 . 2

45.2

51.9

I

= N

183
53.7
3.57 ( re f  60)

- C = N
t

101.1 
5.2 - 5.6

C N
t

108
5.3 - 5.7 

47.4

54.3

I .

184
77.6
4.8

NMe,

NHMe

t
NH2

6.3 (acetone) 

47.4



TABLE 2 (contd .)

M e

0

Ph

120.7

S e r ie :A  N ' T ' ^ P h  ‘ 'N  ^

M e  M e

Compound 191 192 193
6 (L) 85.9 108.82 ( re f  140)
6 (H) 5.62 ( re f  60) 6.67 ( re f  140) 4.77 (ref  60)

Series B

6 (C) ( r e f  141)
6 (H) ( r e f  142) - 4.0

133

A6 (C) (Series B - A) 34.8

i All spectra were run in CDCl unless otherwise stated



The absorption positions must depend on both the enamino 

nitrogen and the functional group, and in oroer to determine 

the ir  re la t ive  effects ,  a comparison was made with a series of 

model compounds. However, on making this comparison, i t  was 

found that the e f fect  of the enamino nitrogen was roughly 

constant, so that the variation in absorption depended 

predominantly on the functional group present (see table 2 ) .

On examination of the carbon-13 data, using the above argument 

a react iv i ty  order towards alkylation was expected to be: 

vinylogous urethane vinylogous urea < vmylogous cyanamide. 

Tnis order is in contrast to that found in the r j th y la t io n  

eactions winch was: vmylogous cyanamide < viny,ogous urethane 

< vinylogous urea. Clearly the electron densities of these 

carbon atoms, as indicated by the positions of absorptions in 

the carbon-13 NMrt spectra do not correlate d irect ly  with the 

nucleopni l ic i t ies .

A nxme careful consider( ' ion of the factors involved showed 

tnat the NMR absorptions are a ref lect ion of the total electror 

density on the carbon atom, and this is only one factor a f fec­

ting the nucleophi1ic i t y  of the atom.

In the reaction of a nucleophile with an eiectrophi le , the 

react iv i ty  does not depend solely on the charge of the involved 

carbon atoms of both the eiectrophile and the nucleophile.

Also important are energies of the f ront ie r  orbitals involved, 

namely the HOMO of the nucleophile and the LUMD of the e iectro­

phi le ,  and the coeff ic 'ents of the atomic orbitals  in these 

molecular o rb i ta ls .  The re ta t i  hip between these factors is 

governed by the Klopman - Salem equation, a simplif ied form of 

which is shown below [14)1 .



AC nuc î?1ec  ̂ ^nuc ^ele c _____At  ---------------------- + —----------------r -
HOMO(nuc) " LUMO(elec)

>  rnrnim m ^ m  i i ^  /

Coulombic Term Frontier Orbital Term

aE is the energy gained r~ lost when the orbitals

of one reactant ovi '’ lap with those of another. 

Qnuc and Q , (a are respectively the total charges of

the carbon atoms involved of the nucleophile 

and electrophi le.

Cnuc and Cvl(li are the coeff icients of the atomic

orbitals on the carbon atom involved in the 

HOMO of the nucleophile and the LOMU of the 

electrcohi le respectively,  

it. the d ie lectr ic  constant.

ĤOMtn n u f ) 15 the energy of the HOMO of the nucleophile

t-LUMUielec' 1 s the energy of the LUMu of the electrophi le .

k is the oistance between the atoms reacting.

6 is a resonance overlap integral

In the case of the f i r s t  (coulombic) term being dominant in an 

interaction tne reaction would then be charge controlled. Such 

a case would occur in the interaction of a hard nucleophile 

with a hard electrophile.  On the other hand, i f  the second 

( f ro n t ie r  o rb i ta l )  term Is dominant, the reaction is orbital  

control led,  and reflects the interaction between cf a soft 

nucleophile and a soft electrophile.

The electron density oi t.h« carbon atoms in question, as 

indicated by the NMR spectra, can unly be a ref lect ion of the 

f i r s t  term of this equation, an, nly it  th is  term is dominant 

can this  possibly be a reflect ion of the nucleophi lic it ies of 

these atoms.
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In the part icu lar  reactions studied here, the electrophile used 

was methyl iodide, which is a soft electrophi le ; that is ,  the

ELUM0(elec) wi11 be 1ow« dnd charge, Qe1ec wi ll  be 

small. Thus in t ins case the second term of the equation wi ll  

be dominant, and the reactions w i l l  be orbita l controlled 

rather than charge controlled. The re ac t iv i t ie s  wi l l  then 

depend less on the electron density on carbon, than on the 

coeff ic ient  of the atomic o r N ta l  on this atom in the HOMO of 

the vinylogous system.

Conceivably, a correlation could exist between the electron 

densities on carbon and the react iv i ty  with a hard electrophile  

wnere the coulombic term would be dominant, for example in the 

protonatiun of these compounds. A convenient method by which 

tnese reactions might be examined is UV spectroscopy, since the 

UV absorption of the extended enamine would disappear on 

protonation, the conjugation being disrupted , vide i n f r a ).

This method fur following the reactions would, however, only oe 

meaningful n  a kinetic product and not a thermodynamic product 

is observed.

The results obtained are shown in table 3. Only for the 

vinylogous urethane 100 and vinylogous urea 184 is the expected 

disappearance of the absorption on protonation observed, and in 

both cases this occurred extremely rapidly. The small changes 

in the spectra observed in the ot r cases must indicat" that 

protonation does not take place on carbon. A possible 

explanation of these results is that ,  because these reactions 

are charge controlled, the proton would be expected to react at
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TABLE 3 

Compound

100

183
184 

191

112
193

ClSL •^S / P

R = CO ,Et 

R = C=N 

R = C0oMMe, 
R COPh

R = NO.,
R = COCH

'max^ max̂

280(22900)
269 (25000)
284(26000)
243(135000),
334(26900)
354(12000)

304(26300)

On addition 
of 11 M MCI

Peak vanishes
Slight decrease
Peak vanishes
230(7400), 243(5500) 
321(28200)
Slight decrease
291(24500)

Compounds 100, 191 and 193: Reference 60

O'
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the site  of highest elecro' density in the nolecule. In the 

extended enamines, this s i te  is unlikely to be Cordon because 

of the high e lectronegativ it ies of the hetero atoms present.

The protonation on carbon in the vinylogous urethane jOO and 

vinylogous urea is indeed somewhat surprising, but this 

anomaly is probably because, since the reactions are extremely 

rapid, i t  is l ike ly  that the thermodynamic products, and not 

the k inet ic  products are observed. Thus in these cases, an 

indication of the total charge on a l l  the atoms would be needed 

in order to predict the sites and rates of re a c t iv i ty .

Clearly no indication of th is  could be obtained from NMK 

spectra, and thus the NMR spectra of these compounds could in 

no way be expected to correlate with the ir  nucleophi1ic i t i e s .
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EXPERIMENTAL 

GENERAL DETAILS

AH solvents used for preparative chromatography were d i s t i l ­

led. For reactions, ether. THE, DME, diglyme and benzene were 

dried by d i s t i l l a t i o n  from sodium /  benzophenone Immediately 

prior to use. Acetomtri le .  di isopropyl amine. HMRA, DMSO, DMF, 

and TMEDA were d is t i l l e d  from calcium hydride and stored over 

molecular sieves (4A). Nitron ethane was d is t i l le d  from sodium 

sulphate /  urea [144].  /Wnoma was d is t i l le d  through a 

potassium hydroxide column. Dichloromethane was f i l te re d  

through Merck aluminium oxide (basic, act iv i ty  grade 1 ) .  dried 

over molecular sieves (4A). and then stored over fresh 

molecular sieves. Toluene was d is t i l le d  from sodium 

immediately prior to use. Molecular sieves were activated for 

3 h at 301 °C before being used.

b. Chromatographic Separations

Thin layer chromatograms (TLC's) were run on Merck DC-Fertig-  

platten Kieselgel F-2b4 plates. Merck kieselgel 60 (pa r t ic le  

size 0.063 - 0.2 mm) was used as the adsorbent tor column 

chromatography. Preparative layer chromatograms were run on 

Merck Aluminium oxide ;type T) F-2C4 plates.

c. Spectral and Physical Da

All melting points were obtained on a micro hotstage apparatus 

and are uncorrected.

1— /
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IK spectra were recorded on e ither  a Pye-Unicam SP3-300 

spectrophotometer, or on a Uasco IRA-1 spectrophotometer. 

Liquids were run either  as films between sodium chloride 

plates, or as 7 % solutions in chloroform, using a cell with a 

path length of U.l mm, and sodium chloride windows. The 

potassium bromide dispersion technique was used for solids.

Band positions are given in cm l . Abbreviations used in 

quoting spectra: s = strong, m = mediun, w « weak, br = broad,

sh = shoulder.

PMR spectra were recorded in oeuteriochlorotoni; (unless 

otherwise stated) on one of the following spectrometers: a 

Hitachi-Perkin-Elmer R-20A high resolution spectrometer (60 

M z ) ;  a Varian LM-360A spectrometer (60 MHz); a brucker WP-80 

spectrometer (80 MHz); a Varian XL-200 spectrometer (200 MHz) 

or a brucker WM-500 spectrometer (500 MHz'. Chemical shif ts  

are reported on the scale re la t ive  to tetramethylsilane. In 

nest cases coupling constants were estimated from the l ine  

separati ,ns on the chart paper. The chemical snivts are 

reported: value (description of absorption, number of protons, 

coupling constant (where appl icable),  assignment ( i f  

unambiguous)). Abbreviations used: s = s ing le t ,  d = doublet, t 

r t r i p l e t ,  q * quartet,  m * m u l t ip le t ,  br = broad.

Carbon-13 NMR spectra were recorded in deuteriochloroform on 

either a Varian CTT-20 spectrometer (20 MHz), a Varian XL-2U0 

spectrometer (50.4 MHz) or a Brucker WM-500 spectrometer (1^6 

MHz). Chemical shifts are reported on a ‘ scale re la t ive  to 

tetramethylsilane. Assignment were in most cases made with 

the aid of e ither  btURO or DIPT experiments. Abbreviations 

used: s = s inglet ,  d = doublet, t  = t r i p l e t ,  q = quartet.
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UV spectra were recorded in ethanol so lu tion  on e i th e r  a 

Pye-Unicam SP8-10U spectrophotometer or a Varian CARY 219 

spectrophotometer. Absorption maxima are quoted as.

\iidx(cmax)* Wavelenyths are given in nm.

Low reso lu t ion  mass spectra were recorded on e ith e r  a Varian 

CH-5 or CH-7 mass spectrometer or a Varian MAI 212 mass 

spectrometer in conjunction with a Varian SS-18H data 

c o l le c t io n  system. This last spectrometer was also used to 

obtain high reso lu tion  mass spectra. In each case the eight 

peaks in the higher mass ranges w ith the largest re la t iv e  

abundance are quoted. Data are quoted: m/e value ( re la t iv e  

abundance, %, assignment ( i f  app licab le )) .

d. Other General Procedures

Unen aqueous solu tions were extracted with an organic solvent, 

the organic phase a f te r  separation was dried over anhydrous 

magnesium sulphate before removal of solvent.

Removal of solvent from solutions was always pertonneo under 

reduced pressure.

Yields are calculated trom the mass of the immediate synthetic 

precursor used unless otherwise stated.

*  *



121

EXPERIMENTAL PROCEDURES RELATING 10 CHAPTER 3

1 procedures Relating to Attempted Syntheses of Lactams by 

3-Arylatlon of The Pyrrolidone Ring

1.1 Attempted Preparation of Aryl lead Triacetates

1.1.1 Treatment of lead tetraacetate with 1, 2-dimethoxybenz^rie 

in the presence or mercuric acetate as catalyst

a. Method of de Vos and co-workers [86 ] .  1,2-Dimethoxybenzene 

(0.4 ml, 3.1 mmoIs) was added to lead tetraacetate (80 % m 

acetic acM) (1.6 y, 2.E nirols) in 20 rr.L dry benzene under 

nitrogen, together with mercuric acetate (28 mg, C.09 mmols). 

After being heated under reflux for B days, the mixture was 

poured into water and extracted with chloroform. The organic 

phase was f i l t e r e d  through c e l i e  and the solvents wire remo­

ved. An attempt to precipitate the product using hexane gave 

an intractable orange solid (37 my) which did not melt below 

250 UC and could not be recrystal 1ized.

b. Using conditions similar to those in (a) but with a reflux 

time of only 5 h, a white solid, probably lead oxide, which 

turned brown on addition of water precipitated from the reac­

tion solution.

c. Using conditions similar to those in (a) excepting that an

eight fold excess of 1 ,2-dimethoxybenzene was used in place of

the solvent, and the mixture w treated at 80 0L for 11 h,

again no product was obtained.
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1.1.2 Treatment of lead tetraacetate with 1, 2-dimethoxx i  

benzene in the presence of haloacetic aculs

Trichloroacetic acid (6.25 g. 32 mmols) was added to lead 

tetraacetate (80 % in acetic acid) (2.21 g. 4 mmols) in dry 

chloroform (10 ml) under nitrogen. The addition ot 1 ,2 -d i -  

methoxybenzene (3.1 ml. 24 mmols) resulted in a black mixture,  

which was st irred overnight at room temperature, and then 

poured into water. The organic phase was separated, and the 

solvent was removed. The residue was taken into chloroform (2 

ml), and hexane (50 ml) was added in an u n s u u t .. ful attempt to 

precipitate the product.

Similar unsuccessful results were obtained us ig mono- and 

dichloroacetic acid under similar cond .ions.

1.1.3 Attempted preparation of aryl)-'ad . ricarboxylates via_ 

silanes [82]

l-Bromo-s,4-dimetnoxyt • zer (3 uL, 3.0 mmols ) was treated 

with magnesium (81 mg, 3 3 mmols) in THF under nitrogen. ;-nen, 

after 3 l», most oi tne magnesiun had disappeared, t rime thy 1 - 

chlorosilane (420 wl, 3.3 mmols) was added, resulting in a 

rapid precipitat ion of magnesiun salts. After JV mm the 

mixture was poured into water, and neutralized with ammonia 

solution. Lxtraction of the aqueous phase yielded 3,4-dm  

methoxyphenyltrimethvlsi lane (506 mg 2.4 mmols) m 80 % y ie ld ,  

which was used in the following reaction without further  

purificaton.
Ik ( f i lm )  825(s,5i-C) 885(m,CH,Ar) 1025(s.ArUMe)

1220(s,bi- 1243(s,ArUMe) 1460(m,C=C,Ar)

lbUU(s,t=C,Ar) 15b5(w,C=L,Ar) 

lh80(m.C L.Ar)
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lo a dark purple solution of lead tetraacetate (dried over 

potassium hydroxide under vacuum) (787 my, 1.8 mmols) in 

t r i f lu oroace t ic  acid (2.6 ml) ,  was added dropwise a solution of 

3 ,4 -dimethoxypheryltrimethyl si lane (372 my, 1.8 mmols) in 

chloroform (10 ml) .  The reaction was quenched with acetic acid 

(1.5 ml) a f te r  5 min. Uichloromethane was added, and the 

organic phase was washed with water. I he residual black oil  

obtained a f te r  removal of solvent was dissolvec in benzene (2 

ml) and pentane (50 ml) was added in an unsuccessful e f fo r t  to 

precipitate out the product.

1.2 Experimental procedures re la t ing to SR̂ 1 Reaction 

Attempts

1.2.1 Reaction of the am on ->f N-methyl-2-pyrrol idone 111 with 

l-Dromo-4-metho> v! on zero■

a. Potassium (669 mg, 17.0 mmols) together with a l i t t l e  

fe rr ic  n i t ra te  was dissolved in dry ammonia (30 ml) at -78 °C, 

to give a grey solution. Compound 111 (1.45 ml, 15.0 mmols) 

was added, and a f te r  10 min the colour had changed to yellow,  

so l-bromo-4-methoxybenzene (2.1 ml, 16,5 nmo1s ) was added.

Tne r ixture was irradiated with a 125 W Hg lamp for 15 min, the 

heat generated from the lamp warming the mixture up to reflux  

temperature. After evaporation of the ammonia, the mixture was 

poured into water and extracted with dichlorcmtthane. Removal 

of the solvent gave a black oil  (3.2 y ),  iLC and IR analysis ot 

which proved i t  to be a mixture of start ing materials.

b. The procedure followed was similar to that described in (a) 

except that the anion was le f t  to generate for 1 h at -33 °C.

A black o i l  was obtained which again proved to be a mixture of
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starting materia ls.

c. Compound I H  (1 .45 ml, 15.0 mmols) was added to potassium 

t-butoxide (2.1 y, 18.3 mmols) in dry antnoma (50 ml) at -33 

°C. After  s t i r r in g  for 1 h, 1 -brofno-4-methoxybenzenv (2.1 nil,

16.5 mmols) was added and the mixture was irradiated using a 

150 w tungsten f loodlight for 5 h. The amnwnia was evaporated 

o f f ,  and the residue poured into ammonium chloride solution.

The aqueous phase was extracted with dichloromethane. Removal 

of the solvent gave an oil (3.8 g) which again proved to be a 

mixture of start ing mater ia ls ,

d. lo compound IH .  (480 yt ,  5.0 mmols) in dry THF (20 ml) was 

added 5.5 mnols n-butyl l i thium in hexane. After 10 min

l-bromo-4-methoxybenzene (690 yL, 5.5 mmols) was added, trie 

mixture was irradia ted for ^0 min with the 125 U Hg lamp, then 

poured into ammonium chloride solution. he aqueous phase was 

extracted with dichloromethane. Removal of the solvent gave

1.1 g of an oi l  which again consisted of a mixture of start ing

materials.

.

121 with l-bromo-4-metnoxybenzene

a. Potassium (662 mg, 17 mmols) together with a l i t t l e  fe rr ic  

nitra te  was dissolved in dry ammonia at - 8 ‘ 1 he mixture

was s t ir red for t> h, then warmed to -33 ’C and the thiolactam 

121 (1.74 g, 15 mmols) was added, followed by l-bromo-4- 

methoxybenzene (2.1 ml., 16.5 mmols) a f te r  30 min. Hie reaction 

was irradiated for 15 min usi the 125 W Hg lamp. Ihe ammonia 

was allowed to evaporate, and the residue was poured into 

aimonium chloride solution, txtraction with dichloromethane 

and removal of solvent yielded a black oi l  consisting primarily
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of a mixture of the starting materia ls, as judged by ILC 

analysis.

b. The procedure followed was similar  to that described in (a) 

except that potassium t-butoxioe (?.02 g, 18 itnnols) was the 

base used, and the mixture was ir radiated for 5 h using the 

150 k tungsten f loodlight. Again an oil  was obtained (4.46 g) 

which consisted of a mixture of starting materials.

c. Trie addition of n-butyl l i thium in hexane (5.5 nmols) to 

thiolactam Ml  (560 mg, 5 mmols) in dry IHf at 0 °C yielded a 

yellow solution out of which the salt precipi tated.  After 20 

min l-bromo-4-metnoxybenzene (690 uL, 5.5 mmols) was udded and 

the mixture was irradiated for 30 min with the 125 W Hg lamp. 

Aimomum chloride solution was added, and tne aqueous phase was 

extracted with dichloromethane. Removal of the solvent yielded

1.2 g of an o i l .  TLC analysis showed a new compound together 

with tne start ing Materials. Chromatography on s i l ic a  gel 

eluting with hexane - ethyl acetate gave l-bromo-4-methoxy- 

Penzene (511 my, 50 % recovery) (TLC, hexane - ethyl acetate,  

2:3, Kf  = 0.9d) thiolactam 121 (220 mg, 38 V recovery

I , = 0.55) and j  . 1' -d in - th y i - 2 .2 ' -d i th io x o -3 ,3 '-bipyrrol i ­

dine 122 (104 mg, 0.46 mols) (Rf * 0.43) as a solid in 18 % 

yield which was recrystal I ized from acetone (mp 203 -  204 °C 

( l i t  201 - 202 °C 189]) ) .

Ik (CHC13) 15I5(s,NC=S)

MS 228(100,M+) 196(79) 163(24) 126(82)

125(68) 82(32) 81(29) 7L(24)

HRMS 228.07552 (C10H16N2s2 requires 228.07549)
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1.3 Arylations using Diphenyliodonium Chloride

1.3.1 Phenyl at ion of Vinylogous Urethane 124

a. lo a solution of vinylogous urethane 124 (525 mg, 3.1 

niiio 1 s) in dry Thi (50 mL) under nitrogen at 0 °C was added 

n-butyll ithium in hexane (3.3 mmols) followed by diphenyl- 

iodonium chloride (1.1 g, 3.5 mmols) a f ter  3 min. !he mixture 

was st ir red at room temperature for 2 days, then poured into 

saturated sodium chloride solution. After extraction with 

ethyl acetate, removal of the solvent gave an o i l ,  which was 

chromatographed on s i l ica  gel,  elut ing with benzene - ethyl 

acetate. Unchanged vinylogous urethane J24 (101 mg, 0.60  

mnols) was recovered (19 *) (TIC, hexane - ether, 1:4, kf = 

0.6u) together with the phenyl vinylogous urethane 1_25 (168 

mg, 0.70 mmols), obtained in 23 % y ie ld  (U C ,  kf * 0 .63 ) ,

as the only characterizable con pounds. Ine product 125 was 

purified by recrys ta l l iza t ion  from benzene - hexane, to give a 

colourless solid mp 119 - 121.5 °C ( l i t  119 - 123 °C [9 2 ] ) .

The spectral deta i ls  are reported a f ter  (g).

b. conditions used were <ts in (a) except for the addition of 

TlitDA (2 equivalents) before the addition c> the di phenyl-

oi itm chloride. The reaction mixture was heated under 

reflux for 3 h. TIC analysis showed formation of only a small 

anount of product.

c. On using the conditions as in (b ) except that ether was 

used in place of THI, a f te r  s t i r r in g  at room temperature tor 3 

days, again TLI showed formatv of only u small amount of 

product.

d. Un using conditions as in (a) except tor the addition of
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HMPA (5 equivalents) before the addition of the n-butyl l i th ium,  

again TLC analysis showed only a small amount of product.

e. By maintaining the conditions used in (b) except for the 

substitution of DMMJ fur THF, the same results were obtained.

f .  Substitution of UMl as solvent in place of THF, with 

conditions as in (a) otherwise unchanged, again only a small 

amount of product was formed, as judged by ILL.

g. Vinylogous urethane 124 (20U mg, 1.2 mmols) m ury ltd (2 

ml) under nitrogen was added to a solution of potassium amiue 

(1.26 nmols) in dry ammonia (30 ml) at - /b  % ,  resulting m a 

pink solution. After  2 min diphenyliodomun chloride (420 mg,

1.3 innols) was adoed, the colour of the solution changing to 

yellow. The reaction mixture was st irred for 1 h, then waned 

to room temperature, evaporating off  the solvent. Water was 

added to the residue, which was then extracted with e tn e i . 

Renoval of solvent gave an oi l  which was chromatograph>t a 1ly 

separated into unchanu d starting material ]24 (140 mg, 0.63 

m o ls ) ,  recovered in 70 V y ie ld ,  together with the phenylated 

product 125 (26 mg, 0.11 nmols) obtained in 9 '» y ie ld .

N-methyl -2 -e th jxvcdrbony lmethylene-3- i )henyl pyrrol  id ine 125

IR (Kbr) 705(m,U,Ar) 790(m,CH,Ar) 159U(s,hC=CC=0)

160U(s,NC=U>U) 1690(S,C=0)

PMR (60 MHZ) 1 .13 ( t ,3 ,J  * 8 HZ, CHg)

1.65 - 2.74(m,2)

3 .00(s , 3 .NCh })

3.20 - 3. l;n,2,NCH2)

4.02(2xq,2,J = 6HZ,0CH2)

4.6ti(s.1 ,=CH)
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4.90 -  5.16(m.l,CH)

7.10 - ? .48(m,5 ,arcwMc)

KS 245(59,M+) 200(62) 199(56) 198(67)

173(100) 172(59} 115(49) 56(56)

HRKS 245.14183 (C15Hi g N02requires 245.14157)

1.3.2 Attempted Phenylation of Nnnethyl-2-thiop^rrol idone 121

To a solution of N-meth>l-2-thiop>r roll  done 121. (366 my, 3.2 

imols) in dry THF (20 ml) under nitrogen at 0 °C was added 

n-Putyll ithium in hexane (3.2 mmols) ,  followed by dipheny1 - 

lodomun cnloride (1.0 y , 3.2 mmols) a f te r  3 min. lne reaction 

solution was s t i r red  at room temperature tor 3 days, then 

poured into saturated sodium chloride solution. After  

extraction with ethyl acetate, removal of the solvent gave an 

oil wnich was chromatographed on s i l ica  gel,  eluting with 

benzene - ethyl acetate. The only characterizable compounds 

obtained were diphenyl bisulphide (98 my, 0.53 mmols) ( lo %) 

(TLC, hexane -  ether, 4 :1 ,  kf  = 0 .95) ,  unchanged h-methyl-

2-thiopyrrolidone 121 (92 my, 0.81 mnols, 25 «) (■LC, hf *

0.32) and the dimeric compound 1_? (44 my 0.20 mmol.,, 6 %) (TlC, 

-. = 0.09) characterized by Ik and MS.

[ iche rv l bisulphide

Ik (CHC1 j )  1430(s,(,=C,Ar) 1470(s,L=C,Ar)

1570(s,C-0,Ar) 1580(m,C=C,Ar)

MS 218(45,M4) 119(33) 185(71) lb4(29) 

180(100) lu 9 (40) 77(21) 65(2a)



1.3.3 Attpmptpri Arvlat ions Using Urganocopper Reagents

a. A solution of N-methyl -? - th i  opyrrol i done \j?l_ (Zbi) my, Z. 2 

innols) in dry THF (12 ml) at 0 °t under nitrogen was treated 

with n-butyll ith ium in hexane (2.2 mmols), t.uprous iodide (427 

mg, 2.2 mnols), flamed under vacuum before use, was added to 

the solution a f te r  3 mm. followed by lodobenzene (250 wL, 2.2 

nmols) a f te r  a further / mm. The mixture was heated under 

reflux for 10 h, then poured into amnoniurn chloride solution.

An emulsion was obtai’ • filch wu eventually f i l t e r e d ,  and 

the resultant mixtui -racted with cnchlorometnane.

Removal of solvent yaw or intractable ta r ,  which was shown by 

ft  to contain some of the start ing materials, viz .  iodobenzene 

TIC, hexane - ether , 1:4, Rf « 0.92) and thiopyrrolidone 

.21 i TIC, kf * 0.44) together with large amounts of 

Baseline m ater ia l .

b. The conditions used in (a) were repeatk  , :pt th - t  

dimethyl sulphide (3 equivalents) was addeu to the thiopyr­

rol idone solution. The reaction was performed at

After 40 mm, the mixture was homogeneous and the 

iodobenzene was added. After  warming to room temperature, 

again an intractable tar  was obtained.

c. using conditions as in (b) except that the reaction was 

performed on the vinylogous urethane \2A, and not the th io-  

lactam 121, again a tar  was obtained, consisting primarily of 

baseline material on TIC, together with a small amount of the 

starting vinylogous urethane _124 (TLC, hexane - ether , 1:4,  

kp = 0.54) .



2 Experimental Procedures Relating to the Attempted Prepay 

ration of Lactams From Methyl 3 , 4-Uimethoxyphenylacetate

2.1 Preparation of N-ltenzyla/irichne

N-tienzylaziridine was prepared according to the modification ot 

Wenker's method [97] developed o.y Leighton anu co-workers [96] 

for the synthesis of az ir id ine.  N-benzylethanclamine (50 . /  mL, 

0.36 mols) and 95 % sulphuric acid (19.8 mL) were separately 

diluted with 14 mL and 10 mL water respectively. The amine was 

added slowly to the acid with cooling, and the mixture was 

boiled under reduced pressure until  c rys ta l l iza t ion  Uok place. 

The N-benzylami noethyl sulphuric acid thus obtained was 

recrystal 11zed from ethanol to give the solid (59.3 g, 0.2o 

mols) in 72 % yie ld  [145].

To N-benzylaminoethylsulphuric acid (9.28 g, 40 mmols) was 

added sodium hydroxice (7.99 y , 200 nmols, in water (20 mL).

The mixture was stea o is t i l le d .  Potassium hydroxide (2.5 g) 

was added to the d i s t i l l a t  which was then extracted with 

ether. The ethereal phase was dried over potassium hydroxide, 

and after  removal of solvent, was d is t i l l e d  at bU L, b nr Hg

M t .  86 - 88 °C, 12 m, Hy [146 ] ) ,  from calcium hydride to give

N-benzylaziridine in 65 % y ie ld .

IK ( f i lm )  695(s,CH) 725(s,CH) 1450(m,C-C,Ar)

1595(w,C«C,Ar) 1600(w,sh,C=C,Ar)

PMK ( 60MHz) 1.12 - 1.3U(m,2)

1.70 - 1.1 n.2)

3.35(s,2,PhCH2)

7.32(s,5 ,aromatic)
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2.2 The Reaction of the Anion of Ester 114 With N-BenzyT- 

azir idine

a. To a solution of dry diisopropyl amine (155 y l ,  1.1 mmols) in 

dry 1HF (20 ml) at -83 °C was added n-butyl l i thium in hexane 

(1.1 mmols). After s t i r r ing  for 10 min, the ester Hjl 1.147]

(211 mg. 1,0 mmols) was added, followed by N-benzyl aziridine  

(144 mg, 1.1 nniols) a f te r  a further 10 min. The mixture was 

wanned to room temperature and st irred for 5 h, then poured 

into a solution of ammonium chloride. The aqueous phase was 

extracted with dichloromethane. Removal of the solvent gave an 

oil (196 mg, 0.93 mmols) which proved to be the starting 

material (93 % recovery) by TLC and PMR analyses.

b. On using similar conditions to those d ^ r i b e d  in (a) 

except that the anion was generated at -45 c , for 1 h, and the 

reaction solution was st irred overnight at room temperature 

after  the addition of the a z i r id ine ,  again only the ester was 

recovered.

2.3 The Reaction of the Anion r z ter  114 with N-benzyl-2-  

bromoethylamire

a. Ester U_4 (315 mg, 1.5 mmols) dissolved in dry THE (10 ml) 

under nitrogen was treated with sodium hydride (80 % in 

paraffin o i l )  (98 mg, 3.3 mmols) washed twice with portions of

THF to remove the o i l ,  for 45 min at room temperature.

N - b e n z y l -2-bromoethylamine hydrobromide (442 mg, 1.5 mmols) was 

then added and the mixture was st ir red for 2 days. The solvent 

was then removed, and the re • partit ioned between water and 

dichloromethane, the organic phase was separated, and the 

aqueous phase was extracted with dichloromethane. The combined

organic phase was concentrated, giving an oil  (45b mg, 1.47
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2.2 The Reaction of the Anion o f Ester 114 With N-Benzyl- 

d / in c l in e

a. To a so lu tion  of dry di isopropylamine (155 uU 1.1 mmols) m 

dry THF (20 ml) a t -83 °C was added n -b u ty l l i th iu m  in hexane 

(1.1 mmols). A fte r  s t i r r in g  fo r  10 min, the ester 1_M [147]

(211 my, 1,0 mmols) was added, followed by N-benzyl az ir id in e  

( 1 4 4  mg, 1.1 im ols) a f te r  a fu r th e r  10 min. The mixture was 

wanned to room temperature and s t i r re d  fo r  5 h, then poured 

in to a so lu tion  of ammonium ch lo r ide . 1 he aqueous phase was 

extracted with dichloromethane. Removal of the solvent gave an 

o i l  (196 mg, 0.93 mmols) which proved to be the s ta r t in g  

material (93 % recovery) by TLC and PMK analyses.

b. On using s im ila r  conditions to those described in (a) 

except tha t the amon was generated at -45 V  , for 1 h, an<, the 

reaction so lu tion  was s t i r re d  overnight at room temperature 

a fte r  the addition of the a z ir id in e ,  again only the ester was 

recovered.

2.3 The Reaction of the Anion of ts te r  114 with N-benzyl-2- 

bromoethylamine

a. Lster Uj4 (315 mg, 1.5 mmols) dissolved in dry THF (10 ml; 

under nitrogen was treated w ith sodium hydride (80 in 

para ff in  o i l )  (98 mg, 3.3 (imols) washed twice with portions of

THF to remove trie o i l ,  fo r  45 min at room temperature.

N - b e n z y l -2-broiroethylamine hydrobromide (442 mg, 1.5 mmols) was 

then added and the mixture was s t i r re d  fo r  c days. The solvent 

was then removed, and the resi ie pa rt it ioned  between water and 

dichloromethane, the organic phase was separated, and the 

aqueous phase was extracted w ith dichloromethane. The combined

organic phase was concentrated, g iv ing  an o i l  (456 mg, 1.4/
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mmols) which wi'S proved by TLC and PMR analysis to be the ester 

(98 % recovery).

b. UBU (447 uL, 3 mmols) was added to u mixture of the ester 

(310 mg, 1.5 mmols) and the hydrobromide salt (442 my, 1.5 

mnols) in dry benzene (30 ml) under nitrogen, resulting in the 

precipitation of a white solid which was probably UBU 

hydrobromide. After heating under reflux tor 8 h, HC analysis 

showed no appearance of any new products.

c. The nydrobromide salt (443 mg, 1.5 mmols) was treated with 

UBU (223 yl., 1.5 nmols) in dry THF under nitrogen, resulting in 

the appearance of DBU hydrobromide as a heavy white preci­

pi tate .  lo a solution of diisopropylamine (233 y l ,  1.65 mmols) 

in dry THF under nitrogen at 0 °C, was added n-butyll ithium in 

hexane (1.65 nmols). After 10 mm, ester UA (316 mg, 1.5 

nmols) was added as a solution in THF, and a f ter  a further 10 

min the an me solution was f i l te re d  into the mixture, ho new 

products had appeared as judged by 1LC, af ter  overnight 

s t i r r ing  at roc temperature.

2.4 Methyl at ion of the Anion of Lster 114

•n ration of the ester am on was as in 2.2 (b ) above. Methyl 

iodide (69 yL, 1.1 mmols) was added, and the mixture was 

allowed to warn to room temperature and stirred overnight. 1 he 

solvent was removed, and the residue was partit ioned between 

aimonlun chloride solution and dichloromethane. After sepa­

ration of the organic phase, the aqueous phase was extracted 

with further portions of dich omethane. The organic phases 

were combined, and the solvent removed, giving methyl 

2-( 3 ,4-dimet.hoxyphenyl) propionate 12/ (181 mg) as a pale yellow 

oil in 81 % y ie ld  (TLC, ethyl acetate, Rf = 0.83).
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1028(s,Ar0Me) 1250(s.ArUMe) l460(s,C=C,Ar) 

lblO(m,C=C,Ar) 1590(m,OC,Ar)

1600(m,C«L,Ar) 1730(s,C=0)

1.5 0 (d ,3 ,J = 7 Hz)

3.23 - 3.70 and 3.6b(m and s,4,CH and 

coulh3)

3 .87(s ,6,0CH3)

6 .85 (s ,3 ,a rom atic )

224 (4 ,M4) 165(20) 150(6) 135(4) 121(3)

105(3) 91(b) 77(8) 28(100)

224.10465 (C1?H16U4 requires 224.10485).

3 Procedures Relating to the 1.3 Synthetic Approach

3.1 Preparation of N-Denzyl-2-bromoethylan'ine hydrobromide

Hydrooromic acid (12 t .) was added to N-benzylethanolamine (2.6

g, 17 nmols) and the resultant solution was refluxed tor 1.25

h. The hydrobroniic acid was d is t i l le d  oft and the residue 

recrystal 1ized from ethanol, tc give the product as a pale 

orange solid in 51 % y ie ld  mp 179 - 190 VC ( h t .  190 0 [ H t i j / .

3 . 2  Reaction of 3 . 4 -Oimetnoxypnenylacetyl Chloride W i t h  

t.-benzyl - 2 -bromoethyl amine

3,4el)imethoxy phenyl acetic acid (297 my, 1.5 mmols) was rvfluxt-d 

for 2.5 h with thionyl ch lor ic  (108 pL, 1.5 mmols) and a drop 

of UMF in dry chloroform (20 is ) ,  then cooled to U °C. Ihe 

hydrobromide salt of N - b e n z y l -2-bromoethylamine (441 mg, 1.5 

mnols) was treated with UBU (447 pL, 3.0 mmols) m ch1 or of onr,

Ik ( f i lm)

PMR (60 MHz)

MS

HRMS



134

and added to the acid chloride solution a f ter  10 min. After  

2 h the reaction solution was washed with sodium bicarbonate 

solution, then 1.5 M hydrochloric acid. Removal of the solvent 

gave an o i l  (540 mg) (TIC, hexane - acetone, 1:1, Rf 

0.69) which subsequently c rys ta l l ized ,  and on recrystal I izat ion  

gave a solid mp 123 - 124.5 °L (kf -  0.23) which had spec­

t ra l  characteristics identical in every respect to those of trie 

ester amine 128 prepared by another route ( vide in f r a )

3 . 3 Preparation of the Lster Amine Hydrochloride 126

3,4-Dimethoxyphenylacetic acid (294 my, 1.5 mmols) was refluxed 

for 2.5 h with thionyl chloride (108 pL, 1.5 mmols) and a drop

of DMF in chloroform (15 ml) ,  then cooled to room temperature.

A solution of N-benzylethanol amine in chloroform was saturated 

with hydrogen chloride, and then added to the above n ix tu r t .  

After 2 h the reaction solution was washed with a sodium 

bicarbonate solution, then a 1.5 h hydrochloric acid solution,  

kemoval of the solvent gave 2-(benzy lam ino je thyHS^dj^  

methoxyphenyl I acetate hydrochloride sa l t 12i: which was 

recrystall ized from acetone - methanol to give a solid mp 123.E 

- 125 °C (TIC, hexane - acetone, 1:1, Rf * U.t l)

1R rRk) 3E5(w) 410(w) 460(w) 48b(w) 525(w) 545(w)

6UO(w) 695(w) 750(w) 765(w) 780(w) 795(w)

825(w) 835(w) 860(w) 90C(w) 940(w) 975(w)

990(w,sh) 1020(s,Ar0Me) 1050(w) 1135(s) 

1155(s,sh) 1200(m) 1240(m) l260(s,Ar0Me) 

133U(m) 1360(w) 1390(w) 1410(m) 1135(m)

1450(s) 1 (s) 1585(m) 1600(w) 1730(s,C=0)

235U(w) 241U(w) 2470(w) 2540(m) 2620(m)

2670(w) 2760(s,br) 2920(s,br) 3440(m,br)
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PMR (60 MHz) 2.83 - 3.2b(m,2.Ct^CO)

3.72(s,2,NCH2Ph)

3.82(s,b,0CH3)

3.99 - 4.2U(m,2,NCH2)

4.27 - 4.72(m.2,0CH: )

6.61 - 6 .99(m,3 , aromatic)

7.17 - 7 . 78(m,5 ,aromatic)

MS 329(lO.M-HLl) 179(33) 151(20) 133(15)

120(56) 106(15) 91(100,8600,)

3.4 The Reaction of 3,4-l)imethoxyphenvlacetyl Chloride with 

N-henzylaziridine

a. 3,4-Lh methoxyphenyl acetic acid (293 mg, 1.5 rmols) was 

refiuxed for 3.5 h with thionyl chloride (108 uL, 1.5 mmols) 

and a drop of UMF in chloroform (20 mL), then cooled to 0 °C. 

N-Denzylazindine (199 mg, . .5 nmols) was adoed and the mixture 

wa> warmed to room temperature and st ir red tor 4 h. 1 he reac­

tion solution was tnen poured i nto sodium bicarbonate solution 

and extracted with dichlorometnane. Renova I of the solvent 

gave an c i l  (518 mg), TLC analysis of which snowed two major 

ct ,>onents. Column chromatography gave a high kf compo­

nent, an o i l ,  (82 mg) ( ILL, hexane - acetone, 1:1, Rf  *

0.69) which crysta l l ized on standing, and on recrystal l izat ion  

from acetone gave a solid mp 123 - 125 (11 , Rf = 0 .2 j )

which proved to be the ester amine hydrochloride L28 (15 % 

y ie ld ) ,  together with a low Rf component (178.9 mg, 0.35 

mmols, 47 %) which was probably N-( 3 ,4-dimethox.yphenyl acetyl ) -  

N-benzyl-2-aminoelhyl 3 ,4-dimet noxyphenylacetate 130 (TLC, 

kf = 0.56)
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4.00

00

Proton count uncertain
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3.5 Reaction of Amide 129 (X=C1) With Base

To a solution of di isopropylamine (250 yL, 1.8 mmols) in dry 

THF (20 mL) at room temperature under nitrogen was added 

n-butyl l i thium in hexane (1.6 mmols). After 10 min the mixture 

was cooled to -45 °C. and the amide 129 (X-Cl) (512 mg. 1.5 

nmols) was added. The reaction solution was warmed to room 

temperature and st irred tor 3 h. After removal of the solvent, 

the residue was partit ioned between ammonium chloride solution 

and dichloromethane. Lxtraction of the aqueous phase with 

further portions of dichloromethane, followed by evaporation of 

the solvent gave an oi l  (47b mg) which was shown by TLC, PMk 

and Ik to lie the starting amide 1_29 (X=C1) recovered in 53 %

yie ld .

4 Procedures Relating to tne Preparation pf  Lactams from

3.4-D1methoxyphenylacetamides

4 . i The synthesis of ‘'-methyl-3-( 3 , 4- dimethoxyphenyl 

p y r r o l idone 110

a. To a solution of h-methyl- ( 3 ,4-di nethoxyphenyl)acetamide 

(prepared according to the method of Finkelstein and 

Brossi [98])  (211 mg. 1.0 mmols) in ory THF under nitrogen at 

0 °C was addedn-butyllithium in hexane ( 2.2 mmols), followed by

l-bromu-2-chloroethane (90 wl, 1.1 nmols) a f ter  10 min. IK.  

analysis of the reaction solution showed appearance of a new 

compound, apparently the chloroamide j_32 ( ILL,  eihyl acetate, 

kf = 0 . 68) alnxist immediately, followed by slow (2-3 h) 

apparent reversion to starting material (k f = 0 . 20) as the 

mixture was wanned to room temperature, f in a l ly  showing this as 

an a 1most chromatographically pure material with two minor
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impurities (Kf = 0.78 and 0 .68) .  The solvent was thei 

removed, and ammon,urn chloride solution was added, txtraction  

of this mixture witn dichloromethane yielded an oil  (21% m9) 

which was chromatographed on s i l ic a  gel eluting with nexane 

ethyl acetate. The lactone 131. (43 mg Rf ■ 0.78) was 

obtained as a white solid in 19 % y ie ld ,  the chloroamide 132 

(11 mg) (Rt = 0.68) in 4 % y ie ld ,  and the lactam U 0  (116 

mg) (Rf = 0.20) in 49 % y ie ld .  I t  was thus clear that the 

lactam j_10 and the start ing amide US had the same Rt 's,  

and indeed the lactam HO was contaminated with some amide.

The lact and amide were found to inseparable by 

chromatography despite attempts to do this using a wide var iet/  

of solvent mixtures and using alumina as well as s i l ica  gel 

plates.

N-methyl-3 -f  3 . 4-dimethoxyphen.yl) -2-pyrrol idone HO

Ik (CHCl3) 600(w) 6b0(w) 860(w) 886(w) 915(w)

<-,5(w) 990(w' 1028(s,Ar0Me) 1076(w) 1100(w) 

1143(5) ilbO(m) 1260(s,ArUMe) 1260(s) 

1290(m) 1336(w) 1400(m) I420(m) 1440(m) 

1456( 1: ,sh) 1460(m) 1500(m) 1590(w) 1610(w) 

1670(5,0=0) 2840(w) <880(w) 2910(w) 2940(m) 

?i60(n) 3000(m)

RMR (80 Muz) 1.93 - 2.65(m,2.CMCH^)

2.90(s,3,hCH3)

3.15 - 3.73(m,3,NCH2 and CH)

3.85 and 3.68(2s,6,0CH3) 

6.81( s ,3, natic)

Carbon-1 a NMR 

(20 MHz)

27 .85(CH? ) 29 .58 (C H )  30.0n(NCH3 ) 

47.52(0083) 47.40(0083) 55.86(808?)
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m .31(A r ,C H )  111.51(Ar,CH) 119.73( Ar.CH) 

132.42(Ai,C) 148.10(Ar,C0) 149.08( Ar,C0) 

174.8b(C=0)

MS 236(20)  2 3 5 ( 100 ,M+) 220(19) 209(32)

1 7 8 ( 3 1  163(22) 151(73) 97(42)

HRMS 235.12075 (C., .H; / NU i requires 235.12084)

2-( 3 , 4-l)imethox.vphenyl )butyrol actont' 131 wd̂  further puri f ied  

by recrystdl1izdtion from acetone to give a whi’ e solid of mp 

83-87 0C.

IR (CHC1j) 600(w) 620(w) 660(w) 695(w) 850(w)

885(w) 915(w) 95U(w) 1025(S.ArOMe) 1090(w) 

1145(s) 1250(s,ArOMe) 1335(w) 1370(m) 

1415(w) 1440(m) 1460(m) 1505(m) lj90(m) 

1605(w,sh) 1760(S,C=0) 2840 w) 287U(w)

2905 u) . j j0(m) 296Uir 30000%) 3020(w,sh)

PMk (80MHz) 2.25 - 3.02(m,2)

3.63 - 3.84(m,l,Ch)

3.87 and 3 .88 (2xs.6 ,0CH3)

4.1o - 4.62(m.2,0CH2 l 

6 .84(s,3 ,  aro.iidtic)

hiS 222( 100) 153(75) 147(52) 107(84) 103(50)

91(75) 77(60) 51(38)

HRMS 222.08800 (' . ,H]404 requires 222.08920)

An ana ly tica l sample, mp 105-107 °C of N-methy1 • 2 - (3 ,4 -d i -  

methuxypfienyl) -4 -ch lore butyramide 132 was obtained by
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111.31(Ar ,CH) 111.51(Ar,CH) 119.73(Ar,CH) 

132.42(Ar,C) 148.10(Ar.CO) 149.08(Ar,C0) 

174.88(C=0)

MS 236(20) 235(100,M+) 220(19) 209(32)

178(37) 163(22) 151(73) 97(42)

rlRMS 235.12075 (Cj requires 235.12084)

2-(3,4-[)imethoxyphenyl )butyrolactQne 131 wus fur ther  pur i f ied  

by recrysta l l lza t ion  from acetone to yive a white solid of mp 

83-87 VC.

IP. \CHC13) 6 0 0 ( w ) 6 2 0 ( w ) 660(w) 695(w) 850(w)

885(w) 915(w) 950(w) 1025(s,Ar0Me) 1090(w) 

1145(s) 1250(s,Ar0Me) 1335(w) 1370(m) 

U5(w) 1440(m) 1460(m) 1505(m) 1590(m) 

1605(w,sh) 1760(s.C=0) 2840(w) 2870(w) 

290b(m) 2930(m) 296U(m) 3000tm) 3020(w,sh)

PMk (80MHz) 2.25 - 3.02(m,2)

3.63 - 3.84(n>,l ,CH)

3.87 and 3.88(2xs,6,0th ,)

4.1b - 4.62(m,2,JCH2)

6 .84(s ,3 ,  aromatic)

MS 222( 100) 153(75) 147(52) 107(84) 103(50)

91(75) 77(60) 51(38)

HRMS 222.08800 (( requires 222.08920)

An analytical sample, mp 105-107 °C of N-methyl- 2 . (3 ,4 -d i -

methox.yphenyl )-4-chloro-butyramide 132 was obtained by
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recrystal 1ization from ethyl acetate.

1R (Kbr) 320(w) 365(w) 425(w) 470(w) 510(w) b95(w)

675(w) 705(m) 740(m) 765(m) 790(m) 805(sh) 

820(w) 855(m) B80(w) 895(w) 910'w) 935(w) 

9ti0(w) lU30(s,Ar0Me) 1060(w) 1100(w) 

1145(s) 1155(s) 1190(s) 1230(s) 124U^s) 

1250(s,ArUMe) 1280(sh) 1340(m) 136b(m) 

I4 l0 (S ) 144u(s) 1450(S) 1460(sh) lb05(s) 

lb55(s,Nh) lb90(s) 1610(s) lb30(s,C=0) 

2840(m) 286U(m) 2920(s) 3010(w) 3070(m) 

328U(s)

PMR (80MHz) 1 o - 2.85(m,2)

2. t> and ?.82(2xs,3,NCH3)

3.22 - 3.80(.n,3,ClCH^ and CH)

3.90(s,6.0CH3)

5.50(s,br,NH)

6 .90 (s ,3 , aromatic)

MS 2 / l ( M \ 3 2 )  2ib(41) 213(100) lbl(99)

107(68) 103(43) 91(68) 77(55) 58(58)

C h and N analysis: C, 57.1b; H, 6.76; h, 5.11. ^  ? H, NO, Cl

requires C b7.41; H. 6 . 68; N, 5.1b %.

b. The conditions used were essentia lly  the cjne as in (a) 

except that 1 ,2-dibromoethane was used in place of l-bromo-2- 

chloroethane. On addition of the ammonium chloride solution an 

emulsion resulted, which was repeatedly extracted with 

chloroform. Removal ui the ’ vent gave N,N'-dimethyl-2 ,3 -  

bls(3,4-dimethoxyphenyl)butanedlamide 133 as a white solid in 

79 % y ie ld ,  which proved to be insoluble in most solvents, but 

was recrystal 1 ized from nitroiiiethane, with large losses, to
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give a solid of mp 234.5 -  235.5 °C.

Ik (KBr) 370(w) 460(w,sh) 475(w) 535(wj 565(w)

600(w) 635(w) GbO(w) 705(w) 725(w) 765(m) 

7y5(w) tilO(m) bJ5(w) 855(w) 920(w) 935(w) 

955(w) 975(w) lU25(s.ArOMe) 1055(w.sh) 

1145(s,sh) 1150(s) 1190(m) 121U(m) 1220(m) 

1240(,n,sh) 1260(s,ArUMe) 1300(m) 1330(m) 

13601w) 1390(m) 1410(m) 1450(m) 1460(m) 

1510(s) 1540(m,sh) 1550(s,NH) 1560(m,sh) 

1590(m) lu05(n.) 1640(s,C=0) 1660(s,sh) 

2ti40(in) 2900(m,sh) 2940(m) 3000(m) 3080(m) 

3j00(s , br)

PMR (80MHz) 2.76 and 2.83(2xs,6,NCH.)

3.73 and 3.77(2xs.12,CvH3)

3.99(s,2,CH)

5.58(s.br,2,Nh)

6.63 - 6 .69(m,6 .aromatic)

Mi, 416(39,M+) 386(23) 385(91) 209(20)

208(100) 180(.00) 151(53) 42(24)

H; , 416.19472 (C^ .H requires 416.19472).

C H and N analysis: C, 62.95; H, 6.78;  N, 6.76. ^ ^ 6

requires L , 63.45; H, 6.78; N, 6.73 %.

c. Ihe conditions were essent ly the same as in (a) except 

that 0- to s y l -2-bromoethanol was used in place of 1-broinu-2- 

chloroethane. A PMk of the product obtained was broad and 

uninterpretable, but lacked the peaks characteristic of the
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lactam.

d. A fte r maintaining the above conditions, except fo r the 

subs t itu t io n  of 0 - tosy l-2 -ch lo roe thano l, a PMR of the product 

mixture obtained was essen tia lly  the same as tha t of the amide 

119. Again, none of the peaks ch a ra c te r is t ic  of the lactam 

were present.

e. The use of u ,0 '-ditosylethanediol resulted in an oi ly  

prouuct, the PMR of which was not readily interpretable, but 

did indicate the presence of amide 119, together with a small 

amount of the lactam 110.

f .  The conditions used were as in (a) except that af ter  90 min, 

arter  warming to room temperature, the IMF was renoved under 

vacuum and replaced with dry UMbU (b ml) .  After heating at 75 

°C for 5 h, ammonium chloride solution was added, and the 

aqueous phase was extracted with dichloromethane. Removal of 

the solvent gave an oi l  (441 mg), which was chromatographed on 

s i l ic a  gel, with hexane - ethyl acetate as eluant. Three 

products were obtained: Ine chloroamide ^32 (74 mg) in 11 % 

yie ld  (TIC, ethyl acetate, Rf = 0 .68) ,  indane 134 (23 mg)

, = 0.39) in 4 % y ie ld ,  and h-methyl-3-(j,4-dimethoxy- 

phenyl)-3-hydroxy-2-pyrrolidone 13b (223 mg) in 39 % yie ld  

(Rf = 0.23).

Trio N -me t hy 1-4 . 5-di me t h o x y i n <1 a m ■ - i - c . i r ho x a mi. ie 134 was obtained 

as a white solid mp 168 -168.b °C a f ter  sublimation at 140 °C, 

0.5 mm Hg followed y recrystal 1izat ion from acetone.

IK ( Kbr) 465(w) b3U(w) 635(w) 6Ub(m) 70b(m) 730(w) 

740(m) ’ 70(m) bl0(m) 86b(w) 890(w) 91b(w)
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97(j(m) 100U(w) 1030(m) lU4U(s,ArUMe)

1080(s) 11401m) 1160(m) 118U(m) 1200(m) 

1220(s) 12b5(s,ArUMe) 1275(sh) 1300(s) 

1320(m) 1360(m) 1405(s) 1430(s) 1440(s) 

14b0(s) 1465(s) ]485(s) 1640(s,NH) 160b(m) 

1640(s,C=0) 2830(m) 2850(m) 2920(sh)

2940(m) 3080(w) 328U(s)

PMR (80MHz) 2.23 - 2.63(m,2,LHCH2)

2.70 - 3.1b, 2.78 and 2.83(m and 

2xs,5,ArCH2 and NCH3)

3.62 - 4.03 and 3. 86(m and s,7,ArCH and

och3)

6.78 and 6.96(2xd,2,0 « 8 hz.arommc)

^  23b(b9,M>) 1/8(31) 166(100) 162(10)

147(13) 146(40) 131(10) 44(11)

HkMS 236.12075 ( t l j H17NU3 requires 23b.12084)

Inconsistent analyses were obtained

%ne hydroxy 1 actam 1.'6 was obtained as an analyt ically  pure 

solid mp 130 - 132 °C a f te r  recrys ta l l iza t ion  from acetone.

IH (Kbr) 310(w) 420(w) 47b(m) b20(m) 630(w) 660(m)

690(w) 74b(m) 770(m) 79b(w) 820(m) 860(m)

930(w) 960(w) 990(w) 1025(s,AruMe) 10b0(s)

1100(m) 114b(s) 1190(m) I200(m) 1235(s) 

1240( s ) 125b( s .ArOMe) 1300(s) 1330(.n) 

1350(m) 14f (s) 1440(s) I4b0(s) 1495(s) 

158b(m) IbOU(m) 167b(s,L=0) 2840(sh)

2b70(m) 2930(m) 2970(sh) 300U(sli) 3460(s)
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PMR (80MHz) 2 .4 4 ( t ,2 ,J  = 6 hz)

2 . 9 9 ( s , 3 , N C H j )
3.13(S,1,OH)

3.27 - 3.99(m,2,NCH2 )

3.86 and 3.89(2xs,6,OCH3)

6.77 - 7 .10(,n,3 ,aromatic)

MS 251(96,M+) 192(39) 180(100) 165(68)

86(39) 58(75) 55(39) 44(96)

C H and N analysis C, 61.82; H, 6.85; N, 5.53. ( .^h ,

requires C, 62.19; H, b .82; N, 5.57 %.

e. To i soluuon of amide 119 (z00 my, 0.96 nmols) in dry OMSO 

( Id ml) wos added n-Dutyll ithium in hexane (1.13 mmols), fo l -  

low~d by l-bromi-2-chloroethane (i03 uL, 1.2 mmols) a f te r  15 

min. The mixture wa.. st ir red for 30 mm. then poured into 

aranoniun chloride solution. Ihe aqueous phase was extracted 

n t h  dichloi omethane, a d the solvent wa, removed leaving an 

oil which was shown by TLC to be primarily the start ing amide 

119.

4.2 Synthesis of N-methy1-3-(3,4-dimethoxypheny1) - 2 - t h i o -  

Lz. £11'. l idone 1 0 9

To a cold solution of h-methyl-2-(3,4-dimethoxyphenyl)acetamide 

119 (627 mg, 3 mmols) in dry THF (75 ml) under nitrogen was 

added n-butyll ithium in hexane (6.6 nmoIs). Ihe solution was 

Stirred for 10 min, then dry HMPA (z .3 ml, 13 nriols) was added. 

After a further 10 min, 1-brom chit' oethane (322 uL, 3.9 

rmiols) was added. The mixture was wanned to room temperature 

and stir red overnight. The solvents were removed under reduced 

pressure and saturated ammonium chloride solution was added to
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Vie; residue. I he mixture was extracted with d i ch 1 orome thane, 

and the solvent and HMPA removed under vacuum, leaving a pale 

yellow o i l .  I he o i l  was dissolved in dry toluene, and 

Lawerson's reagent ( b93 mg, l .b  mmols) was added. I he mixture 

w .> heated under reflux tor 8 h, the solvent was then removed, 

id the res .due chromatographed on s i l ica  gel eluting with 

hexane ethyl acetate, h -m ethy l3 ,4 -d im ethoxyphenyl  ) - th io -  

acetamide 139 (oZ.2 mg, 0.28 mmols) was obtained, representing 

9 % recovery of starting material (ILC, ethyl acetate, Rf = 

0.83) ,  together with the thiolactam ]09 (532 mg, c.\  mmols) in 

71 % y ie ld  (30 * from consumed starting m ater ia l ) (TIC, kf  

= 0.39).

An ana ly t ica l ly  i re sample of thioacetannde 139 was obtained 

as a white solid mp 131 - 131.5 °C by recrystal l izat ,on from 

acetone.

IR (RBr) 380(w) 57U(w) 600(w) (30(w) 695(w) 730(m)

76 ,w) 775(w) 825(w) bfcO(m) 925(w) 945(w)

10281s.ArOHe) 1055(s; 114b(s) 1165(s) 

1180(m) 11950) 12400)  1265( s .ArOMe) 

1280(s) 1335(m) 1370im) HzOim) 1440(s) 

1455(m) 14651m) 1510(s,sh) 1520(s) 

1550(s,NC=v) 15951w) 1610(w) 2840(w) 

2910(w) 2940(m) 29601m) 2970(m) 2990(m) 

3030(w) 3050(w) 3320(s,NH)

PMR (80MHz) 3.10 and j .16  (2xS,3,NCH3)

3.8 / and 3.88(2xs,6,0CH3)

4.1 ( s ,2 ,Ct

b.bb - 6. jJ ( n,3 ,aromatic)

MS 225(74,M+) 194(21) 152(40) 151(100)
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137(57) 74(58)

C H and N analysis: C, 58.24; H, 6.72; N, 6.37. CjjH^NU^S

requires C. 58.69; H, 6.71; N, 6.22 %.

An analyt ica l ly  pure sample of thiolactam 109 was obtained as a 

solid mp 109 -110 °C a f te r  recrysta l1ization from ethyl acetate

IR (KBr) 465(w) 500(w) 540(w) 625(w) 715(w) 740(w)

76b(m) 785(w) 810(m) 860(w) 920(w) 980(w) 

1026(s,ArUMe) 1035(m,sh) 1060(m) 1085(w) 

1145(5) 1165(s) 1185(m) l230(s) 1245(s,sh) 

l26u( s .ArOi'ie) 1275(m.sh) 1285(m) 1300(s) 

1320(m) 1350(w) 1390(m) 14U0(w) 1420(m) 

1440(m) 1450(rti) 1465(m) 1520(s,br,C=L and 

CN) 1590(m) 1605iw) 2830(m) 2870(m) 291U(m) 

2930(m) 2950(m) 2970(w,sh) 2990(w)

PMR (80MHz) 1. 0 -  2.85(m,2 .CHCn?)

3.3b(s.3.NCn3)

3.73 - 4.28, 3 .8 /  and 3.86(n and 2xs,9)

6.76 - 7.00(m,3 ,aromatic)

Mb 251(100,M+) 236(4o) 163(48) 147(52)

113(61) 107(54) 91(51)

C H and if analysis: C, 61.97; H, 6.85; N, 5.53.

requires v , 62.12; H, 6.82; N, 5.57 %.

amide 139

A solution of the thioamide 1_39 (114 my, 0.5 mmols) in dry IMF



147

(20 mL) at 0 °C was treated with n-buty)l ithium (1.1 nmols) 

followed by HMPA (380 uL, 2.2 nmols) and l-bromu-2-chloroethane 

(83 yL, 0.65 nmols). Trie mixture was warmed to room temperature 

and st ir red overnight, then poured into ammonium chloride 

solution and extracted with dichloromethare. After removal of 

tne solvent and HMPA under vacuum a black oi l  (91 mg) was 

obtained. Chromatography on s i l ica  gel,  with hexane - ethyl 

acetate as eluant gave 25 my of impure thiolactam HJ9 in a 

yie ld of 20 %.

4.4 Preparation of N-hetuyl - ( 3,4-dimethoxypnenyl )dcet.amide

A mixture of 3 ,4-dimethoxyphenyiacetic acid (4.9 y , 25 mmols), 

thionyl chloride (2 ml, 28 mmols), chloroform (50 m l) ,  and a 

drop of DMF was heated under reflux for 3.5 h, then cooled to 

room temperature, benzylainine (5.9 ml, 55 nmols) was added 

dropwise as soi m in chloroform (20 ml.). Tne mixture was 

stirred for 45 n rn, then poured into water (4i ml).  The 

organic pnase was separated, and the aqueous phase was 

extracted with dichloromethane. Keiioval of solvent from the 

combined organic phase gave N-benzyl~(3 ,4-dimethoxyphenyl) -  

aceta: uk- (7.1 g, 2b mmols) in 70 . y ie lo ,  which was 

recrystal 11zed from ethanol to giv ■ a solid mp 99.5 -  lUl.5 °C 

( l i t .  148 °C 030], see text tor c nient).

IR (Kbr) 1035(s,ArOhe) 1260(s.ArUMe) 14o0(s,C=C,Ar)

1510(s,C=C,Ar) 1535(s,Nh) 1590(s,C=C,Ar) 

1605(s,C«C,Ar) 1635(s,C-0) 3310(S,NH)

PMR (60 MHz) 3.55(S,2,U -,)

3.81(s,6,0CH3)

4.31 and 4.45(2xs,2,NCH2 )

5.75(br s ,1 ,NH)
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6.8 0 (s ,3 ,aromatic)

7 .2 7 ( s ,5 , aromatic)

MS Z85(53,M+) 152(52) 151(100) 137(37)

107(17) 91(47,PhCH )̂ 77(10) 65(18)

HKf4S 285.13650 (C1 ,HigN0, Requires 285.13648)

4.5 Preparation of N-benzyl-3-(  3,4-dimethox.yphervyl )-2-p.yr- 

rolidune 120

a. To a solution of N-benzyl- ( 3 , 4-dimethoxyphenyl)acetam1de 

(285 mg, 1.0 mmols) in dry TH1 at U °C under nitrogen was added 

n-butyll ithium in hexane (2.2 mmols), followed by l-bromo-2- 

chloroethane (91 p i ,  1.1 nmols) a f te r  15 min. The mixture was 

warmeo to room temperature and st ir red overnight. The solvent 

was removed, ammonium chloride solution was added to the 

residue, and the aqueous phase was extracted with dichloro-  

methane. Removal of solvent gave an oi l  (335 mg) which was 

chromatographed on s i l ica  gel,  with hexane - ethyl acetate as 

eluent. The only ident i f iab le  produce obtained was the lactone 

131, (82 mg) (TIC, ethyl acetate, Rf • 0.78) the yield

being 40 %.

b. editions used were similar to those in (a) except tor the 

addition of HMPA (4 equivalents) before the addition of

l-brumo-2-cn1oroethane. The crude oi l  obtained was subjected 

directly  to thiat ion using Lawesson's reagent (0.5 equivalents) 

in toluene, and heating under > flux overnight. The solvent 

was removed, and the residue chromatographed on s i l ica  gel,  

eluting with hexane - ethyl acetate. N-benzyl-3-(3 ,4-di­

methoxyphenyl )-2-thiopyrro1idone 110 was obtained as the only
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identi f iable product in b4 % y ie ld ,  a f te r  recrystal l izat ion  

from ethyl acetate (TLC, ethyl acetate, Kf = 0.86). An 

analytical1y pure sample mp 105 - 106 °C was obtained by 

further recrystal 1i zat ions.

IK (KBr) 480(w) 510(w) 550(w) 620(w) 645(w) 715(w)

730(w) 750(w) 765(w) 783(w) 815(w) 850(w) 

920(w) 980(w) 995(w) 10?5(s.ArOMe) 1060(w) 

1080(w) 1105(w) 1140(s) 1155(m) 1190(m) 

1220(s) 1230( s') 1260(s,Ar0Me) 1300(m) 

1315(w) 1340(w) 1415(w) 1430(s) 14450(m) 

1460(m) 1495(s,CN) 1515(s,C=C) 1590(w) 

1605(w) 284U(w) 28801w) 29l0(w) 2930(w) 

2960(w) 3000(w) 3030(w) 30P w)

PMR (80MHZ) 1.78 - 2.80 (m,2)

3.40 - 3.88, 3.85 a,, 3.82(m and

2xs,8,NCH^ and OCH3)

4 .5 0 ( t , 1 ,J = 8 Hz.CH)

4.98 and 6.28(2xd,2,J * 14 

Hz,NCHAHl;Ph)

6.73 - 7.00(m,3 , aromatic)

7.35(s ,5 ,aromatic)

MS 327(90,M+) 189(75) 179(33) 177(21)

164(37) 151(26) 91( lU0,PhO2) 65(24)

HKMS 327.12900 (l ; ( NÔ S requires 327.12928)

C H and h analysis: C, 69.2^ , 6,43; N, 4.39. CjgH^NUjS

requires C, 69.70; H, 6.46; N, 4.28 %.
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4.6 Preparation of N-methyl-3-phenyl-2-p.yrrol idone 141 [101]

a. To a solution of N-methyl phenyl acetarni de [102] (44b mg, 3 

nmols) in cold THF under nitrogen was added n-butyll ithium in 

hexane (6.6 nmols), fol low J by l-bromo-2-chloroethane (271 pi ,

3.3 n-mo 1 s ) a f te r  10 mm. 1 te ure was wanned to roan 

temperatu-u, stir red fi  ̂ T h , then poured into ammonium 

chloride solution. The aqueous phase was extracted with 

dichloromethane, and the oI vent was removed, to give an oil 

(516 mg', which was a mixture of at least three components as 

judged , LI .  Chromatography on s i ’ ica gel,  eluting with 

hexane - ethyl acetate gave the lactone M2 [ 1031 (7% mg, 0.5 

mmols) in 16 % y ie ld  (TLC, ethyl acetate ,kf = 0 .87) ,  the 

lactam 14;. (149 mg, 0.8b mmols) in 28 % y ie ld  (Rf 3 0.36)

and a compound thought to be the bis-substituted compound ^43 

(107 mg, 0.33 mmols) in 22 % yie ld  (k f * 0.76) as well as a 

small amount of the dimer 144. Spectral data for these 

compounds appear at the end of this section.

b. Repeating the reaction as in (a) except for adding HMPA 

(four equivalents), and alloving to s t i r  for 10 min before the 

addition of tne l-bromo-2-chloroethane gave the lactam 141 in 

26 I  y ie ld ,  together with lactone M2 (5 %) and dimer 144,

ttv yield of which was uncertain because of i ts  highly 

insoluble nature.

c. Using conditions described in (a) but heating the mixture 

under reflux for 4.5 h gave the lactone M2, bis-substituted 

M3 and lactam M l  in 16 %, 24 %, and 38 % respectively.

d. On maintaining the conditions as in (a ) ,  out substituting  

benzene for IMF, the starting material was recovered 

quantitat ively .
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e. Un substituting ether for the THF used in (a ) ,  a 31 % yield  

of the lactam _M1 was obtained, together with small amounts of 

th>> lactone \M  and 143.

f .  Substitution of 1 ,2-dibromoethane tor l-brouo-2-chloro-  

ethane gave the dimer 144 in 91 % yie ld .

g. Using the sane conditions as in (a) except for the addition 

of 3 equivalents of TMLDA before the addition of the n-butyl-  

li thium resulted in the lactone VV,compound J_43 and lactam

141 being produced in 10 1, 23 %, and 40 % respectively.

N-Methyl -3-pheny'i -2-pyrrol idone 141 was recrystal 11 zed from 

benzene - hexane to give a white solid mp 58 - 58.5 t,C ( l i t  58

2-Pnenylbutyrolactonr 142 [103] was obtained as an o i l ,  which 

could not readily be p i , 1 t ied.

- 59 °C [101]) .

:K (Kbr) 700(m) 750(m) 1280(m) 1400(m) 1430(m)

,

PHH (80MHZ) 1,66 - 2.7 7(m,2,CHCH2 ) 

2.94(s,3,NChJ)

3.30 - 3.78(;n,3,NCH: and CM) 

7.08 - 7 .45(m,5 ,aromatic)

IK (ChCl3) 1030(s) 1150(s,CU) 16U0(w,C=C,Ar) 

1770(s,Cr i

PMK (60MHz) 2.15 - 2.90(m,2,CHLH2 ) 

3.55 - 3.93(m,l,CH)



152

4.00 - 4.69(m,2,0CH2)

7 .20(s,5 ,aromatic)

Mb 162(83,M+) 149(74) 118(90) 117(100)

106(80) 91(93) 77(81,Pn)

HRMS 162.06803 (C^^H^O, requires 162.06807)

N, N1-Dimethyl -2,5-chplvnyl hexanedi ainiOe 143 was recrysta 111 zed 

from di i sop ropy 1 at tier to give a white sol id, mp 70 - 74 v.

1R (K8r) 355(w) 520(w) 595(w) 665(w,sh) 693(s)

7)5(m) 728(m) 765(w) 835(w) 875(w) 915(w) 

940(w) 960(w) 975(w) 1000(w) 1030(w)

10S0(w) 1070(w) 1105(w) 1155(m) 1185(w)

lz00(w) 1220(m) 1250(m) 1270(m) 1290(w)

13C5(w) 1330(m) 1370(m) 1405(s) I450(m)

1460(m) 1490(m) l r J(s) 1600(w) 1640(s,C=0)

2b60(s) 2930(s) .960(s) 3030(m) 3090(s)

32<U(s,br)

PMK (80 MHz) 1.67 - 2.40(m,4,CH2 )

2.77 ano 2.7 i(2xs, .NCh3)

3.12 - 3.33(4 l ine  m,2,CH)

5.30(br s,2,NH)

7.26 (s ,10,aromatic)

MS 162(12) 148(91) 147(19) I V (19) 105(47)

92(76) 91(100) 58(62)

N.fi-Dimethyl - 2 , 3-d i phenyl hut.u i amide 144 was sublimed at 0.1 

mu Hg, 250 °C, then recrystal 11zed from DM1, with large losses 

of materia l,  to give a white solid mp 2 78 * 279 1C.
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IR (Kbr) 37U(w) blO(w) 538(w) 572(w) 625(w)

66ti(w,sh) 680(m,sh) 7UO(,n) 715(m) 730(m) 

77b(w) 795(w) 932(w) 103b(w) lU40(w) 

lU78(w) 11163(m) 1180(w) 119U(w) 1215(w) 

12bO(m) 1270(m) 130C(w) 1335(m) 1375(m) 

140b(s) 14bO(m) 149b(m) lb60(s,CN) 1600(m) 

164(J(s,C*0) 28UU(w) 28c0(w) 290U(m) 2930(m) 

3UOO(m) 3020(m) 3U80(m) 330U(s,br)

PMK (80 MHz, DMSO) 3.29( S .NCH-j)

4.20(S,CH)

6.92 - 7.25(m,aromatic)

7.70 - e . 60( m , N H )

Proton count uncertain

Mb 324(52) 296(39,M+) 266(46) 265(58)

239(100) 181(74) 149(68) 103(76) 91(98)

HR MS 296.15253 (C] H .,QN; 02 requires 296.15253)

4.7 Preparation of 1. 3-cnpneny1-2-pyrrolidone 145 [101]

a. To a cold solution of N-phenyl phenylacetamide [104] (420 

ft ., 2.0 mmols) in IMF under nitrogen was added n-butyll ithium  

(4.4 itmols) followed by l-bromu-2-chloroethane (181 pL, 2.2 

inDols) a f te r  10 mm. Tne mixture was wanned to room 

temperature and stirred overnight, then poured into dtnnoniun 

chloride solution. The aqueous phase was extracted with 

dichloromethane, and solvent was removed, giving an oil (491 

mg), which was chromatographc i s i l ica  gel, eluting with 

hexane - ethyl acetate. A compound, probably the d i - iky l  

product 146 (although some anomalous peaks were present in the 

MS) (228 my, 0.76 mmols) was obtained in 38 % y ie ld  (TIC,



154

hexane - ethyl acetate, 7:3, kf = 0.80) together with a 

mixture (152 mg) of the amide and lactam 145 as shown by PMR 

(TLC, Kt = 0.50) .  The spectra of tnese compounds are 

reported a f te r  (b).

b. The conditions used were as in (a) except that HMPA (4.4 

equivalents) was added before the l-bromo-2-chloroethane. 

compound 146 was obtained in 36 % y ie ld ,  together with a 

mixture of amide and lactam 145. These were separated by 

fract ional crysta l l iza t ion  from uiisopropyl ether - ethyl 

acetate, and the yields were found to be approximately 24 % for 

the lactam 145 and zO % for the recovered amide.

1 ,3-diphenyl- 3 - ( 2 -chioroethyl) -2-pyrrolidone 146 was 

recrystal l ized from ethanol to give a solid mp yi - 92 °C

Ik {KBr) 500(w) b23(w) 665(w) 700(m) 710(w) 723(w)

728(w) 755(m) 7d8(w) 825(w) 885(w) 905(w)

1 10(w) 1035(w) 107U(w) 1078(w) llOO(w)

ll lOiw) 1155(w) 1170(w) 1I85(w) 1195(w)

1225(m) 1250(w) 1283(m) 1300(s) 1310(m)

1320(m) 1345(w) 1400(s) 1445(m) 1450(m)

1465(m) 1475(,n) 1495(s) 1595(m) 1620(w)

168U(s,C=U) 2860(m) 2890(m) 2950(m) 2980(m) 

3010(m) 3060(m)

PMR i8t)MHz) 2.14 -  2.91 (m,4)

3.13 - 3.93(m,4,NCH^ and ClCH^)

7.03 - 7.75(m,10,aromatic)

345(10) 344(10) 343(10) 301(41,M+) 

300(26) 299(56,M+) 238(56) 237(58) 

117(81) 115(39) 91( 59) 77(67,Ph)
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HRMS 299.10755 (CigHjgNOCl requires 299.10769)

1,3-Pi phenyl-2-pyrrolidone ’ could not be obtained pure, the 

best meltinil point obtained was 80 - 85 ° l  ( l i t  81 - 82 °C 

[ 101].

IK (KBr) 690(S) 720(s) 750(s) 1440(s) 1495(s)

1550(0 1600(s,L=C,Ar) 1670(s,C=0)

PMR (60MHz) 1.85 - 2.99(m,2)

3.61 - 4.1b and 3.68(m and s,3,NCH., ,CH, s 

from small amide impurity)

6.82 - 8 .00im,12,aromatic)

MS 237(99,M+) 118(95) 117(100) 107(90)

105(75) 93(83) 51(82) 77(78,Ph)

HkMS 2 .11531 (C'^H-. NO requires 237.11535)

4.8 Attempted preparation of 3-phenyl-2-pyrrolidone

To a mixture of phenyl acetanide (407 my, 3 mmols) and dry IHF 

(the amide was only sparingly soluble) at room temperature, 

under nitrogen, was added n-butyl li thium in hexane (6.6 rmtoIs). 

The reaction mixture was stirred for 30 min, then treated with 

l-bromo-2-chlor ,ethane (270 vL, 3.3 mmols). St ir r ing was 

continued for 3 days, and the reaction mixture was then poured 

into ammonium chloride solution. After extraction with 

dichloromethane, an oi l  was o: ned (400 mg), out of which

start ing material (98 my, 24 % recovery) was separated by 

fractional c rys ta l l iza t ion .  Chromatography of the mother 

liquor on s i l i c a  gel witii hexane - ethyl acetate as eluant gave
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a n i t r i l e  (170 mg) as indicated by IK ( f i lm )  2230(m,CsN). 

(Phenylacetonitri le has IK 2250(m,L=N)).

4.9 Attempted Preparation of N-Methyl-2-pyrrolidone

A solution of N-methylacetamide (216 my, J miiols) in dry 1HF 

(20 ml) at 0 °C was treated with n-butyl l i thium in hexane (6.6 

mrols) After s t i r r ing  for 45 min, l-bromu-2-chloroethane (270 

mL, 3.3 mmols) was added. The mixture was warmed to room 

temperature and st irred overnight, and then poured into 

snmonium chloride solution. The aqueous phase was separated 

and the solvent : moved, giving an oi l  (8b my), the IK of which 

was comparable to that of the start ing matenal

4.10 Tmation o4 tam 110

a. Lactam HO (475 mg, 2.0 nmols) was uissolved in carbon 

disulphide (10 mL) and phosphorus pentasulphide (450 mg, 2.0 

nmols) was added. The mixture was heated under reflux for

14 h. The organic phase was decanted, and the remaining sticky 

brown residue was treated with water and dlchloromethane tor 5 

h in an e f fo r t  to ex‘ ract a ll  the product. The combined 

organic phases were concentrated, and the residue (230 mg) was 

purified by chromatography on s i l ica  gel,  eluting with hexane - 

ethyl acetate. The thiolactam 109 (175 my, 0.70 mmols) was 

obtained in 35 % yield ( TIC, ethyl acetate, kf = 0 .39) ,  

together with some phosphorus-containing material (107 mg) 

which was not characterized. The thiol act am 109 was purif ied  

by recrystal 11zation from acetone, giving a white solid mp 109 

-110 °C.

b. Lactam U 0  (471 mg, 2.0 miiols) was dissolved in OML and 

Lawesson1s reagent (414 mg, 1.0 mmols) was added. I he mixture
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was heated under reflux tor 7 h. The solvent was removed, and 

the residue chromatographed on s i l ic a  gel. Thiolactam 109 (262 

mg, 1.0 mmols) was obtained in 40 % y ie ld ,  together with 390 mg 

of by-products.

c. On using conditions as in (b) except that toluene was used 

as solvent in place of DHL, a yield of 65 % of the thiolactam 

109 w obtained, together with 192 mg of by-products.

d. The lactam U 0  (470 mg, 2.0 mmols) was oissolved in toluene 

(20 ml),  lawesson's reagent (411 mg, 1.0 mmols) was placed in 

a boxhlet thimble, and extracted wtih the toluene for lb h. 

Work-up as in (c) gave the thiolactan _109 (240 my, 0.95 mmols) 

in 48 % y ie ld ,  together with 95 mg of b -prouucts.

e. on using the conditions described in (d) Qxcept that DMC 

was used as solvent, none of the thiolactan 109 was obtained.

Phosphorus pentasulphide ( 1 .1 1 g, 5 mmols) was added to a 

solution of amide U9 (1.0 g, 5 nmols) in dry ThF. The mixture 

was st ir red and irradiated in an ultrasonic laboratory cleaner 

bath at 30 - 40 VC tor 45 mm, a f ter  which a further portion of 

pnosphorus pentasulphide (1.11 g, 5 mmols) was added. 

Irradiat ion was continued foi a further 2 h. The mixture was 

f i l t e r e d ,  the solid residue was washed with dichloromethane, 

and the solvents removed. Chromatography on s i l ica  gel of the 

oily product, with ethyl acetate us eluant, gave h-methyl- 

( 3,4-dimethoxyphenyl)thioacet !e 139 (778 my, 3.5 mmols) in 

69 % y ie ld  (TLC, ethyl acetate, Kf  ̂ 0.83) (see section 4.2 

for spectra).
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LXPEKIMtNTAL PRODEDURES RELATING TU CHAPTER 4 

1 Preparation of Vinylocjous Urethanes

1.1 Preparation of l-methyl-L-methoxycurbonylmethylene-S- 

( 3 , 4-dimetHoxyphen>1 )-pyrrolic)nie 96

Methyl bromoacetate (94 pL, l .U nuioIs) was added to thiopyr-  

rolidone 109 (153 mg, 1.0 mmols) in dry a c e to n i tn le  (1 ml) and 

the mixture was st irred at room temperature overnight, and then 

diluted with acetonitn  le (20 ml).  Tnphenylphosphine (262 mg,

1.0 mmols) was added, then tr ie thy l  amine (152 uL, 1.1 mmols). 

After  ̂ h the solvent was removed under reduced pressure, and 

the residue taken v 2 M hydrochloric acid. The mixture was 

washed with dichloromethane, Gasified with amnoma and 

extracted with dichloromethane. The solver, was removed and 

the product chromatographed on s i l ica  gel using hexane -  ethyl 

acetate as eluant, giving 9t 20 my, 0.76 mmols, 76 %) as a 

write solid (TEC, hexane - ethyl acetate, 2:3, kf = 0 .55) .

An analytical sample, mp 94 - 91 % ,  war obtained by recrys- 

ta lh z a t io n  from diisopropyl ether -  benzene.

i tbr) 375(w) 530(w) 590(w) 620(w) 670(w) 730(w)

765(w) 780(m) 820(w) 645(w) 865(w) 910(w) 

930(w) 950(w) 975(w) 1020(m,ArOMe) 103b(m) 

1045(m) 1060(m) 110S(m) 114b(s) 118b(m) 

1200(m) 1230(a) 1245(s,Ar0Me)1288(m) 

1298(,n) 1315(m) 1330(w) 1365(w) ]405(m) 

1445(m) 14' (m) 1505(m,OC,Ar) lb60(sh) 

1595(s,NC-CC-0) 1685(s,NC*CC"0) 2840(sh) 

2850(m) 2870(w) 2940(m) 2960(m) 2990(m) 

3060(w)
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LXPLRIMLNTAL PRODhDURtS RLLAIINU TU CHAPTLR 4 

1 Preparation of Vinylogous Ur anes

1.1 preparat ion of l-iiiethyN^-methox.vcdrbonylmethylene-3- 

(3,4-oimethoxypnenyl/-pyrrolidine 9b

Methyl bromoacetate (94 pL, 1.U nrnoIs) was added to thiopyr-  

rolidone K)9 (253 mg, 1.0 mmols) in dry aceton it r i le  (1 ml) and 

the mixture was stirred at room temperature overnight, and then 

diluted with aceton itr i le  (20 ml) .  Iriphenylphosphine (262 mg,

1.0 mmols) was added, then t r te thyl  amine (152 uL, 1.1 mmols). 

After 2 h the solvent was removed under reduced pressure, and 

the residue taken into 2 M hydrochloric acid. The mixture was 

washed with dichloromethane, basitied with anwoma and 

extracted with dichloromethane. The solvent was removed and 

the product chromatographed on s i l ic a  gel using hexane - ethy1. 

acetate as eluant, g ivng 9b (220 mg, 0.76 mmols, 76 %) as a 

white solid (TIL, hexane - ethyl acetate, 2:3, kf = 0.55) .

An analytical sample, mp 94 - 98 6L, was obtained by recrys­

tal 1izat ion from diisopropy1 ether - benzene.

II (Kbr) 375(w) 530(w) 590(w) 620(w) 67U(w) 730(w)

765(w) 780(m) 820(w) 845(w) 865(w) 910(w) 

930(w) 950(w) 975(w) 1020(m,ArOMe) 1035(m) 

1045(m) 1060(m) 1105(m) 1145(s) 1185(m) 

1200(m) 1230(5) 1245(s,ArUMe)1288(m) 

1298(m) 1315(m) 1330(w) I365(w) 1405(m) 

1445(m) 14 (m) 1505(m,OC,Ar) IbbO(sh)

1B95(S,NC=CC=U) 1685(S,NC«CC=0) 2840(sh) 

2850(m) 2870(w) 2940(m) 2960(m) 2990(m) 

3060(w)
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PMK (tiU MHz) 1.61 - 2.56(m,2,Ch2)

2.91(s ,3,NCH3)

3.10 - 3.66 and 3.49(m and s.B.NCHj, and

cu2ch3)

3.82 and 3.85(2xs,6,0CH3)

4 .5 5 ( s , l , eCH)

4.80 - b.OO(m.l.LH)

6.44 - 6 . /9(m,3 , aromatic)

MS 292(18) 291(97,M4-) 276(32) 260(36)

259(70) 245(20) 244(100) 216(19)

HRMS 291.14700 (CjgH; :NQ4 requires 291.14705)

C H and N analysis: C, 66.06; H, 7.29; N 4.81.

requires: C, 65.96; H, 7.26; N, 4.31 %.

1.2 Preparation of i nthyI-2-metnoxycarbonylmethylene- 

piperidme 143

Meth>l bromuacetate 0.75 ml, 8.0 mmols) wa> added to h-methyl-

2-tniopiperidone (998 my, 7.7 mrols) in dry aceton it r i le  

(1 ', ) .  The mixture was allowed to stand at room temperature

for 4 days, and then diluted with acetonit r i le  (15 r L ) . l n -  

pnenylphosphine (2.0 y, 7.8 mmols) was added, then t r ie th y l -  

amine (1.2 mL, 8.5 mmols). After 30 mm, during which time 

tnphenylphosphine sulphide precipitated out, the mixture was 

f i l t e r e d .  Solvent was removed from the f i l t r a t e ,  and the 

resiuual paste was lissolved 1.5 M hydrochloric acid. Ihe 

aqueous phase was extracted with ether, basified with ammonia 

solution and extracted with dichloromethane. Removal of the 

solvent gave %48 (1.2 g, 7.1 mmols, 91 %) as a chromatograph-
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ica i ly  pure pale yellow oil  ( ILL, hexane - ether, 1:4, =

0.62?). lurther  puri f icat ion was accomplished by d i s t i l l a t io n  

in a Kugelrohr apparatus.

IR (CHC13) 790(w) 820(w) 850(w) 890(w) 930(w)

97b(w) 1050(s) 114S(S1 1180(m) 1220(w) 

1275(rr, 1325(m) 1350(m) 1380(w) 1410(m) 

1430(m) 14b0(m; 1460(w) 1470(w) 1490(w) 

lb70(s,NOCOO) 1670(S,NC-CC-C) 2860(w) 

2940(m) 3UU0(m) 3020(w)

PMk (60 MHz) 1.4b - c.02(m,4>

2.82(s,3,hCH3)

2.9b - 3.431n,4 , NCĤ  and =CCH2 ) 

3.62(s,3,0CH3)

4.55(s,l ,CH)

MS 169(42,M*) 178(100) 111(22) 110(57)

82(32) 55(18) 44(21) 42(29)

HRMS 169.11033 (1 ,11,^0 requires 169.11027)

2. Michael Reaction of Vmylogous Urethanes with Acrylates

a. To a solution of aryl vmylogous urethane 96 (87 my, U.30 

mmols) in dry THF (5 ml) at -78 °L under nitrogen, was added 

n-butyll ithium in hexane (0.3U ninols) ,  followed by methyl 

acrylate (38 p i ,  0.4c mmols) a f te r  lb min. The mixture was 

warmeu to room temperature, and st irred for b days, then poured 

into ammonium chloride soluti and extracted with dichloro-  

methane. After removal of solvent, an oi l  was obtained (110 

my), which was shown by TIC and IR analyses to consist 

primarily of vinylogous urethane, together with polymerized
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methyl acrylate mater ia l.

b. To a suspension of cuprous lodiue (279 mg, 1.6 mmols) 

(flamed under vacuum immediately prior to use) in dry etner at 

room temperature under nitrogen, was added t r i -n -b u ty 1phosphine 

(0.81 mL, 3.3 .nmols). After 10 nun, a homogeneous solution was 

obtained, which was cooled to -78 °L. Vinylogous urethane 1_0U 

(248 mg, 1.6 mmols) was treated with n-butyll ithium in hexane 

(1.6 nmols) at -78 °C in ether, and then added to the copper- 

pnosphme solution. After ^0 min, ethyl acrylate (160 yL, 1.6 

mnols) was acded. Ihe resultant mixture was stirred at -78 °C 

for 1 h, at -40 °C for 3 h, and at room temperature for 2 h. A 

solution of hydrochloric acid (2 M) was added, and the aqueous 

phase was washed wVh ether, to remove the phosphi ne, basin ed 

with ammonia and extracted with further  portions of ether. 

Removal of solvent gave an oil (196 my), which was mown by I k 

and TLC (hexane - ethyl acetate, 4 :1 ,  Rf = 0.35) to be 

vinylogous urethane i n

3 Reactions of Vinylogous Urethanes wit.h - m  ir,lerioes

3.1 Reactions of Vinylogous Urethane 100

Vinylogous urethane HjU (99 mg, 0.60 mmols) was dissolved 

in dry benzene (2 mL) at room temperature under nitrogen, and 

acryloyl chloride (68 uL, 0.72 mmols) was added. The mixture 

was stir red at room temperature for 1.6 h, during which time an 

oil precipitated out. After the addition of sodium bicarbonate 

solution, the mixture was extiacted with dichloromethane. 

ken oval of the solvent under v uum gave the chromatogra- 

phically pure product, ethyl -im-thyi-p-cxo- ' -azabicyclo- 

[4 .3 .0 ]non^-l (f ) ) -ene-h-carboxylute 11 (94 mg, 0.42 mnols) in 

70 % y ie ld  (TLC, benzene -methanol, 1:4, Rf = 0.23).
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Further puri f icat ion was accomplisnea d is t i l l a t io n  at 200

°C, 0.4 mm Kg, in a Kugelrohr apparatus.

IK (CHCl3) 670(w) 600(w) 860(w) 910(w) 980(w)

1010(sh) 1030(w) 1160(m) 1180(m) 1230(m) 

1280(m) 1290(sh) 1310(m) 1370(w) 1410(s) 

1450(m) 1460(m) lb20(s) 1560lS,NC=CC=0) 

160U(s,NC*COO) 1730(s,ester C*0) 2850(w) 

2980(m) 3020(w)

PMK (60 MHz) 1 .27(t,3 ,J  = 7 HZ.CHg)

1.71 - 2.6b(m,6)

2.71 - 2.85(m,l,CH, 

2.96(S,3.NCH3)

3.35 - 3.97(m,2,NCH2) 

4.25(q.2,J ' 7H’ .0CH2)

.arbon-13 NMR 

(20MHZ)

13.f.'o(q.LH3) 24.10(t )  r,6 .05 ( t )  32 .73(t )  

33.61(q,HvH3) 38.50(d,CH) 54.13(t,NCH2) 

61.39(t ,UCH | 109.74( --C) 163.7(NO)  

169.4(ester ( -0 )  189.6b(ketone 0)

The assignments were ruade with the aid of 

•>n SFUKO spectrum

UV 326(24600) shifts to 306(18300) on addition 

of acid.

MS 223(92.M+) 195(29,M - LH Ch ) lb7(70) 

1501 ) 148(47) 123(100) 121(72) 94(59)

Hi .Mb 223.12075 (C, ,Hi ;N0 3 requires 223.12084)

b. Vinylogous urethane 100 (248 my, 1.5 mmols) was dissolved
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m dry acetonitr i1e i8 ml) under nitrogen, and acryloyl 

chloride (144 ul ,  3.0 ninuls) was added. After 30 min, the 

aceton itr i le  was removed under vacuum and trie residue W "  n 

into sodium bicarbonate solution. The mixture was extracted 

with dichloromethane, the solvent was removed, and the oil  

obtained was chromatographed on s i l ica  gel, eluting with 

benzene - methanol. Diethyl 2,6-bis( 1-methyl -2-p.yrrol id m -  

ylidene)-3-oxoheptanedioate 166 (240 my, 0.61 mmols) was 

obtained in 83 % yie ld  (TLC, benzene - methanol, 7:3, kf = 

0.4b), contaminated with a small amount of 151, as shown by 

TLC (Rf = 0.55).

IR (CHC13) 8 7 0 ( w ) 94b(w) 975(w) lC60(s) 1110(w)

1150(m) 1165(m) 1220(s,br) I280(s) 1320(m) 

1365(w) : 10(m) 1435(m) 1460tm) 1480(m) 

1550iS,br) 1610(s,br) 1660(s) 1710(w,sh)

2980(5)

PMi-, (80 MHz) 1.05 - 1.33(2 x overlapping t,6,CH3)

1 .50  -  2 .0 3 ( m ,4 )

2.24 - 3.65, 2.70 and 2.99(m and 2xs,18,s 

from NCHj)

4.10(2 x overlapping q,4,0CH^)

MS 392(23,M*) 347(10) 196(98) 195(36)

182(100) 154(50) 124(52) 108(44) 97(30)

HR MS 392.23125 requires 392.23111)

C. Vinyloqous urethane JOO ( my, 0.61 mmols) was d’ s- 

solved in dry acetonit r i le  (5 m.) at room temperature unuer 

nitrogen and oinna:' yl chloride ^119 mg, 0.72 mmols) was added. 

After s t i r r in g  for 2 h, the solvent was removed under vacuum,
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sodium bicarbonate solution was added, and the aqueous phase 

was extracted with dichloromethane. Chromatography of the 

resultant oil  on s i l ic a  gel with acetone - benzene as eluant 

gave ethyl 1-methyl-^-pyrrolidinylidene)-3-oxo-5-phenylpent

4(E)-enoate 167 (82 my, 0,28 mmols) (TLC, benzene - acetone, 

3:1, Rf = 0.40) in 47 % y ie ld ,  as the only ident i f iab le  

product. Similar results were obtained using benzene and 

dichloromethane as solvent.

IR (CHC1j) 970(w) 1030(w) 1065(m) 1110(w) 118U(m)

12U0(m) 1230(m) 1260(m) 1270(s) 1320(m) 

1360(w) 1400cm) 14b0tm) 1500(w) lb4b(s) 

lb /5 (s)  1590(s) 1610(s) 1630(s) 1670(s) 

2870(w) 29b0(m) 2990(m) 3050(w)

PMk (60 MHz) 1 .22 ( t ,3 ,J  = 3 Hz ,CH3)

1.80 - 2.35(m,2)

2.75ls,3,NCH3)

3 . 2 0 ( t , 2 , J  = 2 .7  Hz ,0CH2 )

3 .b8(t ,2 ,J  = 3 i:,NCH2)

4.15(q ,2 ,J = v hz,0CHp)

6.90 - 7.60(m,7,CH*CH and aromatic)

MS 299(4b,M*) 253(100) 226(43) 197(91)

124(92) 123(36) 103(62) 77(69)

HR MS 299.15208 (C. NO. requires 299.15213)

d. Lrotonoyl chloride (68 uL, 0.70 mmols) was added to a 

solution of vinyloyous uretha 100 (103 mg, 0.61 mmols) in dry 

acetonitr i le  (5 ml) under nitrogen at room temperature. After  

3 h, TLC analysis of the reaction solution showeu complete 

disappearance of 100. The acetonit r i le  was removed under
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vacuum, sodium bicarbonate solution was added, and the mixture 

was extracted with dichlcromethane. Removal of the solvent 

gave an oil (136 mg), which was purif ied by preparative layer 

chromatography on alumina (type T).  The only ident i f iable  

product obtained was, ethyl ' / -(1-methyl-2-pyrrol iomyl idene)-

3-oxohex-4(t)-enoate 158 (3U ug, U.13 mo Is ) ,  the yie ld  being 21 

% (TLC, s i l ica  gel,  benzene - acetone, 3:1, Kf = 0.27).

IK (CMC13) 800(w) B30(w) 84b(w) 868(w) 910(w)

94u(w) 975(w) 990(w,sh) 1080(s) 1110(m)

1118(m) U80(m) 1220(m) 1240(m) 1292(s)

1330(m) 1375(w) 1415(m) 1430(m,sh) 1450(m)

1470(m) 1555(s) I600(s) 1658(s) 1670(s,sh)

171U(w,sh) 2900(w,sh) 2950(m,sh) 3000(m) 

3020(w.sh)

PMR (80 MHz) 1 .15 ( t ,3 ,J  = 6.3 Hz.CH^CHg)

1.48 - 2.12(m and d,5,J = 5 Hz.CHg and

chch3)

2 .66(s .3,NCH3)

3 .0 6 ( t ,2 ,J = 7.5 Hz,CCh2)

3 .47 ( t ,2 ,J  = 6.8 HZ,N0H2 )

4.03(q,2,J - 6.3 Hz.COCh.,)

6.15 -  6.75(eight line m,2,CH=CH)

M3 237(3,M+) , 191(10) 149(11) 125(17)

97(33) 95(33) 81(40) 71(52) 69(62) 57(88) 

41(100)

HR M3 237.13656 , hjgNO^ requires 237.13648)

e. The reaction as in (d ) was repeated, except that dry 

benzene was used as solvent. In this case 1_58 was again the
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only ident i f iab le  product, but the yield was only 6 %.

3.2 Reaction of Vinyloyous Urethane 148

a. Acryloyl chloride (144 uL, 1.8 minols) was added to the 

vinylogous urethane 148 (252 mg, 1.5 mmols) in dry benzene 

(8 ml) under nitrogen. The mixture was stirred at room tem­

perature for 1 h, then sodium bicarbonate solution was adaed, 

and the aqueous phase was extracted with dichloromethane. 

Removal of the solvent, followed by chromatography on s i l ica  

gel, e'uting with benzene - methanol gave methyl 2-methyl-7 - 

oxo-2-azahicyclo[4.4.0]dec-■(6)-ene-10-carpcxylate 159 (214 mg, 

0.96 mmols) as a pale yellow oil in 64 % y ie ld .

IR (CHClj) 58U(w) 660(w) 670(sh) 830(w) 855(w)

88U(w) 900(w) 938(w) 985(w) 1015(w) 1040(w) 

1060(w) 10o5(w) 110S(w) 1180(S) 1255(.m. 

1275(m) 1305(m) 1325(s) 1345(w) 1360(w, 

1395(s) 1420(sh) 1435(w) 1455(w) 1490(w) 

156J(s,br) 1606\w) 1735(s,ester C=0)

2860(w) 2960(s) 30U0(s) 303U(w)

PMR (8U MHZ) 1.52 - 2.00(m,2.CH^Lh^CH^)

i . l 6  - Z.53(m,6)

2.95(s ,3,NCH3)

3 .2 4 ( t , 2 ,J = b hz.NCH^)

3.51 - 3.68(m,l,CH)

3.75(s,3,OCH3)

Carbon-13 NMR 19.59(t)  2( 7/(1) 25.50(t)  32.45(t )

(20 MHz) 38.74(q,NCli3 ) 41.75(d,CH) bl.bbft.NCH,)

52.37(q,0Chj) 107.2(s, = C) 155.8(NC=) 

171.3(ester L-0) 192.5(ketone C=0)
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The assignments were made with the aid of 

an Sl-URU spectrum

UV 325U200U). Shifts to 305(19000) on 

addition of acid.

223(6 ) 206(47) lu7(5b) 164(45)

136(85) 120(4b) 108(72) 42(100)

HRMS 223.12100 (C._H.J,0_ requires 223.12083)12 17""3

b. Using the same conditions as in (a) except that 

aceton it r i le  was used as solvent instead of benzene, the yie ld  

obtained a f ter  column chromatography was only 4.5 %.

3.3 Reaction of Vinylogous Urethane 96

a. Aryl vinylogous urethane 9c (103 my, 0.36 mmols) was 

dissolved in dry ThT ,0 ml) under nitrogen and acryloyl 

chloride (40.5 uL, 0.50 mmols) was added. 1 he resultant 

mixture was st ir red at roon temperature for 3 h, out u , „t,ich 

time an oi l  separated out. Saturated sodium bicarocnaf 

solution was aoded, and the mi> ure was extracted with 

uichlorometiiane. The solvent w.v, removed, and the product 

chromatographed on s i l ica  gel , eluting with hexane - ethyl 

i ■ ■

1,2 ,3 ,3 a , 5 , 6-hexahyfirijUKlol -4 -one 160 (84 mg, 0.24 mmols) was 

obtained in 68 % yield as an unstable white solid mp 120 - 124 

°C (ILL, hexane - ethyl acetate, 2:3, Rf = 0.56)

IK (CHC13 ) 660(w) 860\w) 910(w) 940(w) 97U(w) 

1025(s,ArUMe) lU80(w) 1100(m) 1145(s) 

1255,s.ArUMe) 1290(sh) 1315(w) 1400(w)
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l440(m) 146U(m) 1510(s,aromatic) I590(s)  

loU5(s,sh) 1665(m) 1705(s,ketone C=0) 

1725(s,ester C=U) 2840(w) 2860(w) 2930(m) 

295U(m) 3000(m) 3020(w,sn)

PMR (80 Khz) 1.90 - 2.90(m,6)

3.10(S,3,NCH3)

3.20 - 3.40(m,2,NCH^)

3.73(s,3,C02CH3)

3.83 and 3.85(2xs,6,ULH3)

6.68 - 6 .85(m,3 , aromatic)

UV 304(14000) 290(12000). After addition of
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EXPEKIMLNTAL PROCEDURES RELATING TO CHAPTER 5

1 Preparation of Chloromethyl Vinyl Ketone

Method of Daddeley et al [ 1 1 ' ] .  Finely powdered aluminium 

chloride (40 g , 0.30 mo 1s ) was dissolved in dry dichloromethane 

(150 ml) at room temperature under nitrogen, giving a dark red 

solution. The mixture was cooled to 0 "C and chloroacetyl 

chloride (20 mL, 0.25 mols) was added dropwise. The mixture 

was cooled further using a dry ice /  acetone bath and ethylene 

was buboled through while an internal temperature of -5 to -15 

°C was maintained. Once the required amount of ethylene had 

been added (7 g, 0.30 mols) the dark brown mixture was poured 

into d i lute  hydrochloric acid /  ice. The organic phase was 

separated, and the dichloromethane was d is t i l le d  o f f .  The 

residue was d is t i l le d  at 70 °C, 1 mm Hg giving e-chloro- 

propionyl chlonae (22 g, 0.16 mols) in 63 % .yield.

Freshly prepared 6-chloropropionvl chloride (5 ml, 37 mmols) 

was avaed to sodium carbonate (3.9 g, 37 mmols) and the mixture 

was slowly d is t i l le d  at 56 °C , 30 mm Hg, allowing the oil  bath 

temperature to rise to 150 eC. Chloromethyl vinyl ketone (3.1 

g, 3C iinols) was obtained in b0 » y ie ld .

Ik ( f i lm )  1620(m,C=C) 1700(s,C«U)

2 Sulphide Contractions Using N-Methyl-2-thiopyrrolidone 121

2.1 Attempted Salt Formation 11 j  Chi or (miethyl Vinyl Ketone

To thiopyrrolidone |?1 (501 mg, 4.4 mmu 1s ) was added chloro­

methyl vinyl ketone (400 p i , 5.5 nmols). The mixture gradually
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thickened, and a f te r  I  h acetonitr i le  (1 mL) was added, 

dissolving the thick o i l .  The mixture was stir red at room 

temperature tor 30 h, a f ter  which time the salt formation was 

not complete, as judged by the continued presence of starting  

material on the TLO.

Lhloromethyl vinyl ketone (475 yL. 5.5 mnols) was added to a 

solution of sodium iodide (814 mg, 5.5 mrnols) in acetonitr i le  

(20 ml) at room temperature, resulting in the precipitation of 

sodium chloride. After 5 mm thiopyrrol idone 1 1̂ (502 mg, 4.4 

nmols) was added, and the mixture was st irred at room temper­

ature for 4 h, by which tim° ILL showed complete disappearance 

of s tart  Tig materia l.  A solution of triphenylphosphine (1.5 g,

5.7 mmols) and t r ie th y 1 amine (790 yL, 5.6 nmols) in acetonit­

r i l e  (10 mL) was added to the ice-cooled reaction mixture. Tne 

reaction appeared to be complete af ter  10 min. The solvent was 

removed and the residue partit ioned between dichloromethane and 

hydrochloric acid (1.5 K). Tne aqueous phase was washed with 

dichloromethane, Lasified witn anmoniu hydroxide solution, and 

extracted with further portions of dichloromethane. Removal of 

solvent from this base extract gave an oil (857 mg) which was 

cnr< atographed on s i l ica  gel, w methanol - benzene as 

eluant, giving an oil (132 mg), and a solid foam (546 mg, 1.21 

rmols) which was shown to be the phosphonium salt j_63 (28 %) 

( ILL, benzene - methanol, 4:1. = U.26j. The oil  was

separated by preparative layer chromatography on alumina, with 

ethyl acetate as eluant, into the uncychzed compound 164 (82 

mg, U.55 mmols, 13 %) ( TLC, si 1 gel, benzene - methanol,

4:1, Rf = 0.45) and a th ird ,  uncnaracterizable, compound 

(13 mg), hone of these compounds could be properly purif ied.
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( L)-4-( 1-Methyl-2-pyrrol idinyi idene)-3-oxobutyHnphen>1 - 

phos[ihonium chloride 16; was recryst-:! 1 ized, with decomposi­

tion, from acetone - methanol, to yive an unstable, yellow 

solid mp 167 - 171.5 °C. A s i lver  n i tra te  tes t ,  and a 

Beilste.n test indicated the counterion to be chloride.

IR (CHtl j)  1440(m,C=C,Ar) 1490(m,t=C,Ar)

1555(s,NC»CL'0) 159rtw,C C,Ar) 

1630(NC=CC=0)

PMR (60 MHz) 1.57 - ^.2z(m,2,CHL,CĤ CH2)

2.43 - 3.28 and 2.95 pm and s,7, s from 

NcH3)

3.50 and 3 .9 0 i2 x t , 4 ,J = 7 Hz and 7 Hz,

NCĤ  and *CCH2 )

5.U0(s.) ,*CH)

7.45 - 8 .1 5 (n ,15,aromatic)

MS 262(14,PPh3) 183(19) 153(5) 152(5,M -

PPh3) 151(5) 128(8) 124(5) 108(12)

51(4)

t ) - l - ( 1-Methyl- 2 - pyr rolidinyl idene)-but-3-*ne-2-one 164

IR (CHClj) 1300(s) 1410(s) 1480(5) 1530(s,br

NO a * 0 )  1595(S,C C) 1635(NC«CC»0) 1715(w)

PMR (60 MHz) 1.60 - 2.22(m,2)

2.88(s,3,NLH3)

3.00 - 3.61 .4.NCH, and =CCH2)

5.05(s,l,C~CH)

5.35(2 x dvl 5 and J 10 Hz, 1, CH? CH) 

5.65 - 6.65(m,2,SCHV)



The umharacterized compound obtained had the following 

spectral features.

Ik (CHClj) 13U0(s) 141b(m) 14tib(s)

lb45(s,br,NC=CC=0) 1630(m,NC=CC=0) 1720(w)

PMR (tiO MHz) 1.71 - 2.31(m,j)

2.54 - 3.07 aid 2.85(m and s,7, s from

nch3)

3.07 - 3.56(m,b)

4.18 - 4.49(m,l)

4.99(S,1,=CH)

7.48 - 7.91(m.0.6)

Integration figures are a l l  approximate.

Ms 279(02) 157(40) 150(20) 149(100) 113(44)

71(60) 69(37) 57(93)

b. The reaction w. s repeated, maintaining the same conditions 

as in (a) except that the contraction was carried out at -4b 

°C, and the solution was allowed to warm ta room temperature

iefore work-up. Column chromatography of the product on sil ica  

gel gave uncyclized compound 164 in 18 % y ie ld ,  and the 

phosphoniurn salt 163 in 44 % y ie ld .

c. On substitution of trimethyl phosphite for triphenylphos- 

phine, with conditions as in (b ) otherwise unchanged, only a 

small amount of the uncharacterized product as in (a) was 

obtained.

d. The use of tributylphos"h in place of trimethyl phosphite 

with conditions otherwise the same gave 164 in 4 t y ie ld .
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together with a compound thought to be ( L) - 4 - ( 1-methyl-?-pyr- 

rol idinyl idene)-3-oxobutyltnbutyl phosphomum chloride 166.

IK (CHC1j) 1545(NC=CC=U) 1625(NC=CC=0)

PMR (6U MHZ) Broad humps with butyl groups clearly

present.

N-methyl-
3 Sulphide Lontrdel ions With 3-(3,4-dimethoxyphenyl)pyr-

r °  ' L i l ' ;)J L £ - , r 1 ’ n e  1 U 9

Sodium iodide (74 mg, U.mO mmols) was dissolved in acetonitr i le  

(2 mL) and ch' oromethy1 vinyl ketone (44 y l ,  0.60 mg) was

added, resulting in the precipitation of sodium chloride. This

mixture was combined with a solution of arylthiopyrrolidone UM 

(100 mg, 0.4u rmols) in acetonitr i le  (6 mt). hfter  s t i r r ing  at 

room temperature overt qnt th< reaction solution was black and 

t a r r y , and TLC indicate.- ,ie continued presence of starting  

material (TLC, ethyl acetate, kf - 0 .83) .

3.2 Sulphide Contraction wi th Chioromethy1 Vinyl Ketone

a. Chioromethy1 vinyl ketone (66 pL, 0.76 mmols) and a ry l th io ­

pyrrolidone 109 (100 mg, 0.40 mmols) were mixed together with a 

few drops of ace to n i t r i le ,  and heated at 40 cC overnight. TLC

indicated that the reaction had gone almost to completion, in

that the starting material had a l l  but disappeared. Further­

more, a new spot ( iLC, ethyl at a te , * 0 .20),  la ter  shown

to be A' -mesembrenone 2, had appeared. After cooling to 

room temperature, the mixture was treated with ui isopropy 1 - 

ethyl ami ne (136 pL, 0.80 nnio 1 s ) and st irred tor 3 h. The
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fvent was removed, and hydrochloric acid adde< the 

residue. The mixture was washed with ethyl acetate, basified 

with ammonium hydroxide solution end extracted with dichloro- 

nethane. The oil obtained (44 mg) a f te r  removal of solvent was 

chromatographed on s i l ica  gel yii Iding -niesetnbrenone

1/ mg. 11.04 mmols, 10 %) as the only characterizable product, 

ine data for 'his compound are reported a fter  (d).

o. TU survey undertaken for optimization of reaction 

conditions

Ihiopyrrolidone 109 20 my, C.O mmols) and chIoromethyl vinyl

ketone (20 uL. 0.24 mmols) were mixed together in the 

part icular  solvent. In all  cases, except for DMF and toluene, 

where the reactions were heated to 100 °C, the reactions were 

uerformed at reflux temperatures. The T IC s  were examined at 

nrervaIs tor the disappearance of starting material (TLC,

: hy acetate, 0.83) and the appt ' ..nee of a '-mes-

-snbrenom (r-.̂  c .2 0 ) . The results notec are those observed

i f  ter h .

incoT.olete res t io n ,  no appearance of product: UMi , toluene,

benzene.

incomplete reaction, appearance of product: chloroform, ethyl

acetate, IH and benzene in the presence of two equivalents of

leaction complete, product present: nitromethane.

niopyrrolidone b ) (251 mg, 1.0 mmols) was dissolved in dry 

nitromethane (a ml) containing a few milligrams of hydroquin- 

one, under nitrogen, and chioromethyl vinyl ketone (174 p i ,  2 

nmols) was added. After heatir idor reflux for 12 h the 

mixture was cooled to room temperature and diisopropyl ethyl-  

amine (17U pL, 1 mmole) was added. 1 he mixture was stirred  

overnight, the solvent was removed and the residue
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chromatographed on s i l ica  gel eluting with ethyl acetate 

followed by acetone. /V-Mesembrerione (206 mg, 0.72 mmols) 

was obtained chromatoyraphically pure in 72 % yield (ILL,  

acetone, h, = 0 .20).

d. The reaction was repeated aa above, except for the omission 

of tlie di isopropylethylamine. A 46 % yie ld  of impure a ' - 

mesanbrenone was obtained after  elution from the column with 

copious amounts of acetone.

( +)-A -Kesembrenone 2 was obtained as a solid mp 139 - 

141 °C ( l i t  138 °C [122]) after  d i s t i l l a t io n  in a Kuyelrohr 

apparatus at 210 °C, 0.5 mm Hg, followed by recrystal l izat ion  

from ethyl acetate.

IK ( KBr) 420(w) 490(w) 530(w) 550(w) blb(w) 648(m)

660(m) 685(w) 711(w) 740(w) 770(sh) 774(m) 

815(m) 839(n) 850(m) 864(w) 905(w) 925(w) 

w) 9 5(w) 1020(s,Ar0Me) 1040(m) 1078(m) 

1096(m) 1125(m,sh) 1150(s) 1185(m) 1210,s) 

1215(s) 1230 s) 1260(s,br,ArOMe) 1278(s) 

1295(s) 1310,m) 1325(m) 1350(m) 1370(s) 

1414(s) 146U(s,br) 1515(s,br,C=C aromatic) 

1360(s,br,hC=CL=0) 1590(s) 1610(s,C=0) 

1670(m) 2i 20(m, 2950(m) 30U0(m) 3025(w) 

3310(m) 3444(s,br)

IK (LHLlj) 660(w) 850(w) 860(w) 920(w) 955(w)

965(w) 1033(m,ArOMe) 1103(w) 115b(m)

H87(w) 12* .ArOMe) 1295(w) 1310(w) 

1328(w) 1360(w) 1418(m) 14b0(m) 1465(m,sh) 

1472(m) 1520(m) 158b(s,sh) 1595( s.NOLOO) 

2850(w) 2b70(w) 2940(m) 3010(m) 3015(w,sh)
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PMk (200 MHz) 1.96 - 2.46(m,6)

2.96(s.3,NCH3)

3.25 - 3.42(m,2,NCH3)

3 .87(s ,6,0CH3)

5.18(s,l ,CH)

6.72 - b.84(iu,3,aromatic)

Carbon-13 NMR 32.69(q,NCH3) i . l O ( t )  35.97(t)  39.00(1)

(50.4 MHz) 52.51(s) 52.79(t,NCH2) 55.87(q,0CH3)

55.95(q,0CH3) 93.45(d,=LH) 109.97(d) 

110.82(d) 119.34(d) 133.60(5) 146.06(s) 

148.89(5) 170.72(5,NC) 196.36(5,0=0)

The assignments were made with tne aid of 

an SFOkO spectrum

UV W  '  2 9 2 > s h i f t s  t 0  >TT,ax = 284 on 
addition of 11 M H C 1 .

MS 287(43,M+) 259(4u) 245(15) 244(70)

215(17) 77(18) 42(44) 28(100)

HRMS 287.15383 (C-yH- NO requires 287.15215)

nd l< analysis: Inconsistent analyses were obtained.

Ihe methiodide salt of (±)-A -meser irenone 2 was prepared 

by treatment with an excess of methyl iodide at room 

temperature for 2 days, and recrystal 11zed from ether - 

methanol, giving a solid mp 157 - 160 °C.

IR (KbR) 320(m) 4o5(w) 525(w) 575(w) 62b(w) 640(w) 

665(w) 700(w) 76b(w) 77b(w) 805(s) 820(m) 

B50(m) 950(w) 970(m) 1000(w) 1015(w,sh)
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lU35(s,AROhe) 1075(w) 1090(w) 1100(w) 

l l lb (w )  llbO(s) 1185(m) 1205(s) 1230(m) 

1255(s,AKUMe) 128b(s) 1298(m) 13lU(m) 

1330(w) 1340(w) 1350w) 1390(w) 1418(s) 

1430(s) 1450(w,sh) 1460(s,sh) 1470(s) 

151b(sh) lb20(s,C=C,Ar) lb7b(s) 164b(s) 

284U(w) 294U(w) 2950(w) 300U(w) 3U20(w) 

34b0(w,br)

PMR (80 MHz) 2.20 - 2.82(m,6)

3.73 - 4.7b, 3.91, 3.89 and 3.87(m and 3xs, 

11,2xOCH , ,NCH . and NCH%)

4.22(s ,3,0CH3)

6.50 - 6.90(n,4,=CH and aromatic)

C H and N analysis: C, 50.11; H, 5.58; N, 3.26. ( . gH...N0 I

requires C, 50.36; H, 5.63; N, 3.26%.

4 Preparation of (-'i-^'-Mesembrenone from (-)-Mesembrine

Method of Jeffs and co-workers [120].  ^-)-Mesembrine (89 my, 

0.31 mmols) was dissolved in acetone (8 ml) and diethylazodi- 

carboxylate (98 ul,  0.62 mmols) was added. Conversion of 

mesembrine (TLC, acetone, R̂  = 0 . /4 )  to -mesembrenone 

Rf ■ 0.20) was complete a f ter  heatiny under reflux for 2.5 

h. After removal of solvent the residue was chromatoqraphed on 

s i l ica  yel with hexane - acetone as eluant. ( - ) -A ' -Mesem- 

brenone (87 mg, 0.30 mmols) was obtained as an oil in 95 % 

yield and was further puri f ied d i s t i l l a t io n  at 210 °C, 0.5 

inn Hg in a Kugelrohr apparatus. The product gave spectra 

identical to those obtained from the sulphide contraction.
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75 Attempted Reduction of [±)- L -Mesembrenone to 

(±)-Mesefnbrine

a. A solution of a z-mesemorenone (2b my, 0.10 miriu 1 s ) in 

dry THF at room temperature under nitrogen was treated with 

lithium aluminium hydride ( j . 8 my, 0.10 mmols). After 

overnight s t i r n n y ,  water was added and the mixture was 

extracted with dichloromethane. The oil obtained after  removal 

of solvent (26 my) was shown by IK and TLC to be starting 

materia l.

b. The same reaction was carried out, except that 1.3 

equivalents of lithium aluminium hydride was used, and the 

mixture was heated unoer reflux for b h. Again only starting  

material (12 mg) was recovered.

c. On substitution of oiylyme for THF, and heating at 160 °C, 

with conditions as in (b ) otherwise unchangeu, again IK and TLC 

of tne product indicate i that no reduction had occurred, 15 mg 

of starting material being recovered.

d. On maintaining conditions as in (c) except that lithium 

borohydnde was used in place of li thium aluminium hydride, 

a;ain only starting material (20 mg) was recovered.

e. 6 z-Mesembrenone (28 my, 0.10 mmols) was dissolved in 

methanol and acidi fied to a pH of 6 with hydrochloric acid. 

Sodium cyanoborohydride (13 my, 0.2 mmols) was added, and the 

mixture was stirred at room temperature for 2 days. No 

reduction occurred.

f . A mixture of a ' - mesembrenone (20 my, 0.07 mmols) and 

formic acid (100 ul, 2.7 mmols) was heated at 50 °C for 2 h. A
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solution of ammonium hydroxide was added, and the aqueous phase 

was extracted with dichloromethane. Removal of the solvent 

gave back 20 mg of starting material.

g. Potassium formate (56 mg, 0.65 mmols) and formic acid (50 

uL, 1.44 mmols) were added to t  '-mesembrenone (20 mg, 0.07 

mnols) and the mixture was heated at 150 °C for 15 h. The 

resulting brown solid was partit ioned between dichloromethane 

and ammonium hydroxide solution. The product obtained (14 mg) 

after  removal of solvent from the organic phase was shown by 

1L(, to be starting materia l.

6 Preparation of 1-benzyl- -f3,4-dimetno> phenyl)-  

1 , 2 , 3 ,3a ,4,5-hexahydroindol —6-one 167

Thiopyrrol idone J_40 (982 mg, 3.< mi' Is) was dissolved in ury 

nitromethane (10 ml) under nitrogen, containing a few m i l l i ­

grams of hydroquinone, and chloromethyl vinyl ketone (522 yl.,

6.0 mmols) was added. Afte. heating under reflux for 8 h, the 

mixture was cooled to room temperature, and diisopropylethyi- 

amine (510 y l ,  o.O mols) was added. The mixture was stirred  

overnight, the solvent was removed and the residue chromato­

graphed on s i l ica  gel eluting with hexane - acetone. The 

bicyclic compound In7 (400 mg, 1.1 mmols, 37 %) was obtained as 

the only ident if iable  product (TLC, acetone, Rf = 0.40).

Further puri f ication, achieved by d is t i l l a t io n  at 210 °C,

0.0001 mm Hg, in a kugelrohr apparatus, gave the product as a 

brown solid foam.

IK (CHC13) 590(w) 610'v 6o0(w) 700(w) 840(w)

845(w) 855(w) 920(w) 975(w) 990(w) 1010(w) 

1028(s,ArOMe) 1080(w) 1115(w) 1150(s) 

1180(m) 1245(s) 1260(s.ArOMe) 1290(m)
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HMK (6u Nhz)

Carbon-13 NMK 

(126 MHz;

1310(w) 1325(m) 1350(m) 1370(w) 1410(w,sh) 

1430(m) !44b(m) 1455(m) 1465(m) 1510(s,C=C 

Ar) 1540(m,sh) lbti5(s,NC=CC=0) 17U0(w) 

2b40(w) 2870(w) 2910lw,sh) 2940(m) 3000(m) 

3u30(w,sh) 3U50(w,sh)

1.9b - 2.o8(m,6)

3.17 - J.49(;n,2,NCh2 )

3.70 and 3.85(2xs,6,0CH3)

4.4b(s,2,PhLH2)

5.40(S,1,CH)

b.76(s,3.aromatic)

7.30(s,5,aromatic)

W

m

a or i ,  51.17 or 50.1b; b, d, or e. 39.03,

36.24 or 33.11; c, 52.72; f ,  196.6; g, 

94.04; h. 170.20; j .  133.43; k and o, 1 

and n, or m, 128.90, 127.97 or 127.86; p, 

135.50; q, 119.26; r or u, 110.37 or 

111.17; S i t ,  148.82 or 148.01; v and 

w, 55.89.

The assignments were made with the aid of a 

0LP1 experiment
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MS 864(lb) j63(60,M+) 335(45,M-CH?CH2)

320(31) 307(11) 244(38) 91(100) 65(19)

HRMS 303.18349 (C nH-; . NU-.. requires 363.18343)

3a
7 Preparation of l-benzyl- /-(3,4-cliinethox> j'henyl )-  

l ,2,3,3a,4,5,7,7a-octdhydroindol —6-one 104

Ire reduction was carried out according to the procedure 

described by lakano for a -mesembrenone [122].  Compound 

167 (80 mg, 0.2<: mno 1 s ) was dissolved in cry INF (3 mL) under 

argon, and cooled to -78 °C. Dry ammonia (30 mL) was added, 

followed by lithium (3.5 mg, 0.50 mmols weighed under argon). 

The mixture was st irred at -78 °C tor 1 h, then quenched with 

awnonium chlorine. The solvents were removed and water was 

added to the residue, The mixture was extracted with 

dichloromethane, and the solvent removed. Chromatography on 

s i l ica  gel with hexane - ethyl acetate as eluant gave recovered 

starting material i !7 mg, 0.05 mmols) ( U . , acetone, hf =

0.40) together with the reduced product 104 50 m3, 0.13 mmols)

(TlC, chloroform - acetone, 21:1, Kt = 0.73) in 76 % yield  

(from consumed starting m ater ia l ) as a pale brown o i l ,  the 1R

a.d PMR spectra of which were identical to those obtained by 

Speckamp [31].

IK (CHCI3) 645(w) 695(w) 845(w) 855(w) 910(w)

1028(s,ArUMe) 1075(w) 1110(w) 1145(m) 

1175(w) I ?1 s.ArUMe) 1325(w) 1350lw) 

1375(w) 1410(m) 1440(m,sh) 1450(:n) 1460(m) 

1495(m,sh) 15l0(m,C»C ,Ar) 1590(w,C=C,Ar) 

1605(w,C--C,Ar) 1718(S,C=0) 2800(w) 2830(w)
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PMK (600 MHz)

CarDon-13 NMk
(126 MHz)

2870(w) 2910(m) 2940(m) 2960(m) 3000(m) 

3020(w,sh)

1.9b - 2.02(m,2)

2.0b - 2 .1 l ( m , l )

2.16 - 2.29(m,4)

2.47 - z.53(m,l)

2.63 - 2.73(m,2)

2.91 - 2.96(m,1)

3.13 and 4.07(2xd,2,J = 12.8 Hz, 

NCHAHBPh)

3 .2 7 ( t , 1 ,J = 3.4 Hz .CH)

3.86 and 3.86 (2 x b ,6,0CH3)

6.83(d, l ,J  = 8.4 Hz,aromatic)

6 .8d(d, l ,J  = 2.3 hz,aromatic)

6.92 and b.93(2xd,l ,J  = 2.3 and 8.4 

Hz,aromatic)

7.19 - 7.29(m,6,a-omatic)

W
OCH

i

a, 51.67; b,d,e or y, 40.65, 38.64, 36.23, 

or 34.81; c, 47.19; f ,  211.2; h, 68.18; 

1, 57.40; j ,  138.75; k and o, 1 and n or
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m, 1*8 .78 ,  128.17 or 126.92; p, 140.30;  

q, 117.85; r  or u, 110.08 or 111.13; s or 

t ,  149.02 or 147.51; v or w 55.90 or 56.02 

The assignments were made with the aid of a 

DFPT experiment

365(66,M+) 364(38) 296(63) 295(90)

204(40) 173(42) 172(98) 91(100)

365.19841 ((,...,Ho7NO , requires 365.19908)



1 3 ; o r

1 4 9 . 0 2  o r
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EXPLR1MENTAL PROCEDURES RELATING TU CHAPTER 6 

1 Preparation of N-Benzyl-S-eUvyl-^-thiopiperidone 176

1.1 Attempted Prepara non Via the Uiamon of 2-Piperidone

a. A solution of 2-piperioone (499 mg, 5.0 mmols) in dry THF

(50 ml) under nitrogen at -84 °C was treated with n-butyl- 

l i thium in hexane (11.0 mmols). After 10 min, ethyl iodide 

(4u3 uL, 5.0 mmols) was added, followed by benzyl bromide (598

uL, 5.0 mmols) a f te r  1 h. The mixture was warmed to room

temperature over 4 h, tiie THE was then removed, and anmonium 

chloride solution was added to the residue. The mixure was . 

extracted with oichloromethane, and the solvent removed. An 

o i 1 was obtained (1.13 y ) which was shown uy PMR to consist 

mainly of N-benzyl-2-piperidone 178, contaminated with 

unreacted benzyl bromide.

b. The reaction was repeated as above, except that diethyl 

sulphate was Used in place of ethyl iodide. Tne PMR spectrum 

snowed no evidence of ethyl groups.

c. On maintaining conditions as in (a) except that ethyl 

tosylate was used in place of ethyl iodide, an oil was obtained 

(1.31 g ), which was shown by PMR to be a mixture of ethylated 

and Di-nzylated products. A small amount of the desired product 

177 was present, however, as indicated by the MS, which showed 

a molecular ion at m/e = 217.
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1.2 Preparation From 2-Pi peri clone

A solution of 2-piperidone (2.98 g , 3U.0 tnniols) in dry IMF (100 

ml) at 0 °C under nitrogen was treated with n-butyll ithium in 

hexane (30.0 nmols), followed oy benzyl bromide (3.6 ml, 30.0 

nmols) a f te r  lu rain. The mixture was warmed to room temp­

erature and stirred overnight, and the IMF was then removed. 

Ammonium chlonce solution was added to the residue, and the 

mixture was extracted with dichloromethane. Removal of solvent 

gave N-benzyl - 2 - 1 12.", which was not purif ied

further [135].

1R ( f i lm )  700(m,CH,Ar) 706(n.CH.Ar) 1450(m,C=C,Ar)

1490( s ,O C ,A r ) 1600(m,Sh,C«C ,Ar)

1640(s,C=U)

PMK (60 MHz) 1.6b - 1.93(m,4)

2.30 - 2.60(m,2,LL

3.0 ' - j.32(m,Z,NCH2 )

4.60(s,2,PhCH2)

7.15 - 7.43(m,5 , aromatic)

n-buty111thium in hexane (10.0 mmols) was added to diisopropyl- 

amine (1.4 mL, 10.0 nmols) in dry THF under nitrogen at -78 °C. 

After 15 min, 1-benzyl-2 - pi peri done 1/8 (1.7 g, 9.1 mmols) was

added as a solution in THI . After a further 10 min, ethyl

iodide (0.9 mL, 9.0 mmols) was added. I he mixture was wanned

to room temperature, the solvent was removed and saturated 

ammonium chloride solution added to the residue which was then 

extracted with uichlorometham , - b e n z y l -3-ethyl-2-piperidone  

H I , was obtained and was not purif ied further and was used

11rectiy in the following reaction.

PMK (60 MHz) 0.95(1,3,0  = 7 Hz.CH^)
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A solution of 2-piperidone (2.98 g , 3U.0 mmols) in dry IMF (100 

mL) at 0 °C under nitrogen was treated with n-butyll ithium in 

hexane (30.0 nmols), followed by benzyl bromide (3.6 mL, 30.0 

nmols) a f te r  lu min. The mixture was warmed to room temp­

erature and stirred overnight, and the THF was then renoved. 

Anmonium chloride solution was added to the residue, arid the 

mixture was extracted with dichloromethane. Removal of solvent 

gave N-benzyl-2-piperidone 17c . wiiich was not purified 

further [135].

Ik ( f i lm )  700(m,CH,Ar) 705(n,CH,Ar) 1450(m,C- ,Ar)

1490(s,C«C,Ar) 16U0(m,sh,C=C,Ar)

1640(s,C-0)

PMR (60 MHz) 1.6b - 1.93(m,4)

2 .-0  - 2.60(m,2,CCH2)

3.0 - o.32im,2,NCH2 )

4.60(s,2,PhCH2)

7.15 - ' .43(m,5 ,aromatic)

n-Butyl1ithium in hexane (10.0 mmols) was added to diisopropyl­

amine (1.4 ml, 10.0 ntno 1S) in ury THF under nitrogen at -78 °C. 

After 15 "in, 1-benzyl-2-pi peri done 178 (1.7 g, 9.1 nmols) was

added as a solution in TH1. After a further 10 min, ethyl

iodide (0.9 mL, 9.0 mmols) was added. The mixture was wanned 

to room temperature, the culvent was removed and saturated 

ammonium chloride solution added to the residue which was then 

extracted with di chlorometham Bt n z y l  -3-ethyl - 2-pi pen done 

1 7 7 , was obtained and was not puri f ied further and was used

directly  in the following reaction.

PHK (60 MHz) 0 .95(1,3 ,0  = 7 Hz.CH^)
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1.17 - 2.55(m,7)

3.0b - 3.33(m,2,NCH2)

4.55(s,2,PhCH2)

7.10 - 7.3b(m,5 ,aromatic)

l-Benzyl-3-ethyl-2-piperidone was dissolved in dry ThF, and 

ir radia t ion with ultrasound was begun. Phosphorus penta- 

sulphide (2.0 g, 9.0 mmols) was added to the st irred solution 

in portions over a few hours. After  16 h, the solution was 

f i l t e r e d ,  the solvent wis removed, and the residue chromato­

graphed on s i l ica  gel, eluting with dichloromethane. The

1-benzy l-3 -e tny l-2 - th io i iperi done 176 ( 1.93 g, 8.3 mmols) was 

obtained in 91 % overall yield as an o i l .  After d is t i l la t io n  

at 165 °C, 0.5 mm Hg in a kugelronr apparatus, the product 

crysta l l ized,  and was recrystal l ized from ethyl acetate, giving 

a solid rnp 45 - 46 *C.

Ik (CHC13) 6 6 0 ( w ) 6 9 5 ( w ) 8 3 0 ( w ) 8 9 0 ( w ) 9 4 0 ( w )

9; (w) 1030(m) 1040(w) 1075(s) 1115(w)

1135(w) 1170(s) 1280(w) 1335(s) 1350(a) 

1380( w) 1450(s.N:,=S) 1500(s,C=C,Ar)

1610(w,C=C 288U(m) 2960(s)

PMI (60 MHz) 0.67 - 1.95 and 0.95(m and t ,9 ,J  = 3 Hz)

2.62 - 3.lU(ai, l ,CH)

3.10 - 3.50(m,2,NCH2 )

5.15 and 5.55(2xd,2,J = 13 Hz,

NCHAHbPh)

7.3 , ( s ,5 ,aromatic)

M5 233(30,M+) 205(25) 204(11) 172(33) 

118(11) 91(>100,PhCH2) 65(24) 55(23)
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HKMS 233.12388 (C14h19NS requires 233.12381)

C h and N Analysis C, 72.54; H, 8.48; N, 6.14.

requires; C, 72.US; H, 8.21; N, 6.00%.

1.3 Attempted Preparation via N-benzyl-2-thiopiperidone

A solution of N-benzyl-2-piperidone (572 mg, 3.0 mmols) 

(prepared as described in 1.2) in dry IMF ( "3U ml) was treated 

witn phosphorus pentasulphide (6/U mg, 3.0 ns;ioisj ut'oer 

ultrasonic ir radiat ion, with s t i r r in g  tor 3U min. A further 

portion of phosphorus pentasulphide (670 my, 8.0 mmo 1s ) was 

tnen added, and ir radiation was continued for 1 h. The mixture 

was then f i l te re d ,  and solvent removed from the f i l t r a t e .  A 

f i l t r a t io n  column of the residue gave N-benzyl-2-thiopiperidone 

(313 mg, 1.5 nmols, 50 %) which was not purif ied further.

PMR (60 MHz) 1.60 -  1.98(m,4)

2.92 - 3.50(m,4,NCH2 and CCH2)

5.33(s,2,PhCH2 )

7.19 - 7.43(m,5 ,aromatic)

A solution of N-benzyl-2-thiopiperidone (296 , 1.4 mmols) in

dry i n  at o °C under nitrogen was treated with n-butyl1ithi  

in hexane (1.6 nmols) for 10 min. The mixture was then cooled 

to -78 °C and ethyl iodide (139 p i ,  1.7 nmols) was added, ine 

reaction solution was slowly warmed to room temperature, the 

solvent was then removed, and ammoniuni chloride solution was 

added to the residue. 1 he aqueous ! hase was extracted with 

dichlorumethane, and the solve? removed, giving an oil (382 

mg) which was a mixture, and could not be separated or 

characterized.
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2 Sulphide Contractions of N-Benzyl-3-ethyl-2-thiopiperidone 

176 With Ha Tomethyl vinvl ketones

a. Thiopiperidone 176 (242 mg, 1.0 mmols) was dissolved in dry 

nitromethane (10 ml) ,  containing a few milligrams of hydro- 

quinone, under nitrogen, and cl) lo route thyl vinyl ketone (180 pi,

2.1 mito 1 s ) was added. After a 10 h reflux the mixture was 

cooled to room temperature and diisopropylethylamine (177 gl, 

1.0 mmols) was added. The mixture was stirred overnight, the 

solvent was removed and the residue was cnromatographed on 

s i l ica  gel, eluting with petroleum ether - acetone. 2-benzyl - 

6 -e th y l -2-azabicyclo[A.4 .0]dec-1(10)-en-9-one 177 was obtained 

in 40 % yie ld  ( T i l ,  acetone, kf = 0 .30) .  Further puri­

f icat ion was accomplished by d i s t i l l a t io n  at 195 °C, 0 . .  mm hg, 

in a Kugelrohr apparatus.

In (CHC13) 655(w) 690(w) 805(w) 865(w) 905(w)

955(w) 1028(w) 1075(w) 1130(w,br) 1150(w) 

1190(s) 1235(s) 1275(s) 1325(s) 1360(m) 

1375(m) 1435(m) 1450(m) 1460(m,sh) 

I490(w,sh) 1540(s,NC*CC«O) 1585(s,hC=CC=0) 

2800(m) 2950(s)

PMH (60 MHz) 0 .8b( t ,3 ,J  » 8 Hz ,CH3)

1.10 - 2.15(m,8)

2.15 - 2.55(m,2,C0CH2)

3.25 and 3.37(m,2,NCH2)

4.17 and 4.50(2xd,2,J * 14 

Hz,NCHAHBPh)

5 .1 8 ( s , l , l

7.00 - 7.49(m,b,aromatic)
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>rbon-13 NMR 

(126 MHz)

a, 171.69; b. 98.38; c. 196.25; d, e. g 

or h, 32.69, 31.94, 29.02 or 26.89; f ,

36.81; i ,  49.52; j ,  54.95; k, 135.68; 1

and p, m and o, ur n, 128.72, 127.36 or 

126.72; q, 18.46; r ,  7.91.

The assignments were made with the aid of a 

DIPT experiment

Ms 269(30,M*) 241(90,M-Cm2CH2,) 240(40)

226(22) 212(32) 198(20) 91(100,PhCH2)

65(37)

HR ms 269.177CU (C^oK^NO requires 2b9.17796)

b. Thiopiperidone 176 (56 my, 0.24 mmo's) was dissolve' in xy 

benzene (0.2 ml) containing i tew milligrams of hydroquinone, 

under nitrogen and chloromethyl vinyl ketone (42 uL, 0.4c inn.il.-) 

was added. After s t i r r ing  the mixture at room temperature over­

night, TIC indicated that very l i t t l e  reaction had occurreo.

c. I he reaction was repeated as in (a ) ,  except that LiMf was 

used in place of THF, and the reaction was heated at 100 *( tor 

12 h before the addition of b Work-up by column chroma­

tography gave 177 in 22 % y le lc .

d. Sodium iodide (151 mg, 1.0 mmols) was added to a solution
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of chioromethy 1 vinyl ketone (87 yL, 1.0 nimols) in aueto- 

n i t r i l e  (2 ml),  resulting in precipi tat ion of sodium chloride.  

After 1 h, the mixture was added to a solution of th iopiperi -  

done V76 (114 mg. 0.5 mols) in ac e to n i tn le  (1 mL). After  

s t i r r ing  the mixture at room temperature lor 1 h, 1LC indicated 

complete disappearance of starting material.  Ui isopropyl - 

ethyl amine (85 yL, U.5 mmols) was added, and the mixture wa> 

stirred overnight. Work-up as in (a) gave an intractable dark 

red o i 1 (37 mg).

e. Thiopiperi done 17o (115 mg, 0.5  mmols; was treat ec with 

chioromethy1 vinyl ketone (218 y l ,  2.5 inmols) at 10L L for 10 

h. The mixture was then cooled to room temperature, dissolved 

in mtromethane and treated as in â j . 1 he product was 

obtaned in 10 y ie ld .

f .  The salt formation was performed as in (e ) .  After cooling 

to room temperature, acetonit r i1e was adoed to the mixture, 

which was then treate with a solution of tnphenylphosphine 

(one equivalent) and dt isopropylethylamine (one equivalent) in 

acetonit r i le .  The mixture was st ir red at room temperature for

2 days, ‘ nen worked-up as before. Compound \7J_ was obained in 

17 % y ie ld .

3 Reduction of /-honz y i - 6-euhy1 - /  -a zabicyc 1 o[ 4.1. Qjdec -1 (1 ■'

I / /

Compound 171_ (77. mg, 0.29 nmols) was dissolved in dry ThF (2 

mL) under argon, and cooled to -78 C. Dry ammonia (30 mLj was 

added, followed by lithium (4. my, 0.69 nmols). The mixture 

was stir red at -78 °C for 1 h, then quenched with ammonium 

chloride. The solvents were removed, and water was added to 

the residue. The mixture was extracted with dich1oromethane,
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and the solvent wus removed. Chromatography on s i l ica  gel with 

hexane - acetone as eluant gave 14.1 mg (0.05 mmols) of re­

covered starting material (TLC, acetone, Rf = 0.33) toge­

ther with 2-benzyl-6-ethy 1 - 2-azat>ieye 1 o [ 4 . 4 . 0 jdecan-^-one 1_7_j 

(36.5 mg, 0.13 mmols) in 54 % yield (from consumed starting 

material)  as a chromatographically pure pale brown oil  (TLC, 

hexane - acetone, 1 :1 , Rf = 0.82)

IR (CHC13) 7l0(w) 850(w) 900(w) 920(w) 960(w)

97b(w) 10UO(w) 1020(w) 1035(w) 1060(w) 

1083(w) 110b(m) 1140(m) 1155(m) 1170(m)

1260(m) 1290(m) 1335(m) 1365(n) 1385(m)

1420(m) 1455(m) 1465(a) lb00(m )

1610(w,C=C,Ar) 1710(s,C=0) 2BlO(m) 2d70(m) 

2ti90(m) 2910(m) 2950(s) 2980vs) 3020(m) 

3u40(w,sh) 3080(w) 3100(w)

PMR (60 MHz)

Carbon-13 NMR 

(126 MHz)

0 .83 (1 ,3 ,J = I  Hz,CH3)

1.0b - 2.95 (m.lb)

3.00 and 3.87(2xd,2,J » 14 

hz,NCHAH(,Ph)

7.27 (s ,5 ,aromatic) 

r

m

a, 6H.81; or d, 42.44 or 37.13; C, 

210.61; e, g or h, 21.41, 34.05 or 32.32; 

f ,  36.22; i or j ,  54.52 or 57.32; k, 

140.33; 1 and p, m and 0 , or n; 128.36,
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and the solvent wus removed. Chromatography on s i l ica  gel with 

hexane - acetone as eluant gave 14.1 mg (0.05 mmols) of re­

covered starting material (TLC, acetone, Rf  = 0.33) toge­

ther with 2 - b e n z y l -6 -e th y l -2-azabieyelo[4.4.0jdecan-9-one 175 

(36.5 mg, 0.13 mmols) in 64 % yie ld (from consumed starting  

material)  as a chromatographically pure pale brown oil  (1LC, 

hexane - acetone, 1:1, Rf “ 0.82)

IK (CHC1 -,) 710(w) 850(w) 900(w) 920(w) 960(w)

975(w) 10U0(w) 1020(w) 1035(w) 1060(w) 

1083(w) 1105(m) 1140(m) 1155(m) 1170(m)

1260(m) 1290(m) 1335(m) 1365(n) 1385(m)

142U(m) 1456(m) 1465(m) IbOO(rn)

1610iw,C=C,Ar) 1710(s,C=0) 28l0(m) 2d70(m) 

2890(m) 2910(m) 2950(s) 298U(s) 3020(m) 

3u40\w,sh) 3080(w) 3100(w)

PMR (60 MHz) 0 .83 ( t ,3 ,J  = b Hz,CH3)

l.(  > - 2.95 (m,15)

3.00 and 3.87(2xd,2,J « 14 

Hz,NCHAilBPh)

7.2 7 (s ,5 ,aromatic)

Carbon-13 NKR 

(126 MHz)

O

h

m

a, 68.81; or d, 42.44 or 37.13; c, 

210.61; e, g or h, 21.41, 34.05 or 32.32; 

f ,  36.22, i or j ,  54.52 or 57.32; k, 

140.33: 1 and p, m and o, or n; 128.36,
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128.20 or 126.65; q, 1 / .82 ;  r ,  6.89.

The assignments were made with the aid o' a 

DEPT experiment

271(12,M+) 242(12) 201(19) 200(29)

186(23) 91(100,PhCH2) 65(14) 55(15)

HRMS 271.19349 (C , H , NO requires 271.19360)
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EXPE.RIMENIAL PRUCLUUKES RLLA1INU TU APPLUDIX

1 Preparation of a-bromo-N.N-dimethylacetaniide

A cooled solution of dimethyl amine (7 y , 155 nriols) in dry 

ether (50 ml) was added to a solution of bromoacetyl bromide (5 

mL, 58 mmols) in dry ether (100 ml) at 0 ' t . 1 he mixture was

stirred and warmed to room temperature over 3 h, and then

f i l te re d  to remove the dimethyl ami re hydrochloride which had 

precipitated. The f i l t r a t e  was washed with sodium bicarbonate 

solution, and the solvent was removed, q-i romo-N.N-dimethy>- 

acetamide [139] (3.5 g. 22 mmols, 37 %) was obtained and was

d is t i l le d  at 63 °C, 0.5 mm hg.

IR ( f i lm)  1640(s,C»0)

PMk (60 M.mz) 3.00 and 3.15(2xs,6,NCH2)

3.95(S,2,CH2)

2 Preparation of N.N-dimethyl-2-(N-methyl-2- fy r ro l id in -  

ylidenelacetamide 184

a. a -5romo-N,N-dmethylacetamide (129 uL, 1.2 mmols) was added 

to h-methyl-2-thiopyrrolidone (117 my, 1.0 iimoIs), ihe mixture 

was allowed to s t i r  at room temperature overnight, then dissol­

ved in dry acetonitr i le  (30 ml).  Triphenylphosphine (266 my,

1.0 nmols) was added, followed by tn e th y l  amine (16b pL, 1.2 

rnnols). After s t i r r ing  tor a further 4 h, trie acetonitr i le  was 

removea, and tne residue partit ioned between hydrochloric acid 

(5 M) and dicnloromethane. ki va! of solvent gave an oil (73 

mg), which was chromatographed on s i l ica  gel, eluting with 

ethyl acetate - methanol. A compound probably bis(N,N-di-
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EXPERIMENTAL PROCEDURES RELATING TO APPENDIX

1 Preparation of a-bromo-N,N-dimethyIaceiamide

A coolea solution of di.nethylamine (7 y, 155 mnols) in dry 

ether (50 ml) was added to u solution of broinoacetyl bromide (5 

ml, 58 mmols) in dry ether (100 ml) at 0 °C. The mixture was

stirred and wanned to room temperature over 3 h, and then

f i l te re d  to remove the dimethyl amine hydrochloride wmch had 

precipitated. The f i l t r a t e  was washed with sodium bicarbonate 

solution, and the solvent was removed, a- bromo- N, N- dimethyJ_Z 

acetamiue [139] (3.5 g, l i  mriwls, 37 %, was obtained and was

d is t i l le d  at 63 ° l , 0.5 mm ng.

IK ( f i lm )  1640(s,00)

PMK (60 Khz) 3.00 and S.lSfZxs.b.NUbg)

3,95(s,i:.CH2)

■L preparation of N , N - d i m e t h y l - c- (N -metny  i - 2 - pyrro l  idm-  

ylidene)acetamide 1R4

a. a-bromo-N,N-dnnethylacetamide (129 uE, 1.2 mrrols) was added 

to N-methyI-2-thiopyrrolidone (117 my, 1.0 mmols). 1 he mixture 

was allowed to s t i r  at room temperature overnight, then dissol­

ved in dry acetor.itri le (30 mL). Tnphenylphosphine (266 my,

1.0 im u l .) w.s added, followed by t r ie thy l  a nine (166 y l ,  1.2 

nmols). After s t i r r ing  tor a further 4 h, the acetonitri  1 v was 

runoveo, and tne residue partit ioned between hydrochloric acid 

(5 H) and dicnloromethane. Removal of solvent gave an oil (73 

my), wincn was chromatographed on s i l ica  go! , eluting with 

ethyl acetate - methanol. A compound probably bis(N,N-di-
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meUiylacetamlde)disulphide 18b was obtained (17.4 my, 0.09 

nmols, 18 %) (ILL, ethyl acetate - methanol, 19:1, Rf =

0.13) (spectra of this compound are reported after  (b ) ) .

b. The reaction was repeated as in (a) except that UBU was 

suostituted for tnethylamine. Bis(N,N-dimethyI acet- 

amide)disulphide 185 was obtained, quantitatively, as the only

identif iable product.

1R (CHC13) 1640(5,0=0)

PMR (60 MH/) 2.9b and 3.0b(2xs,12,CH3)

3.b0(s,4,CH2)

MS 236(12,M+) 203(46) 158(100) 131(39)

118(46) 66(100) 85(68) 71(100)

c. The salt formation was carried out under the same conditions 

as in (a) .  The salt was then dissolved in t-butyl alcohol, and 

tnphenylphosphine was added, followed by potassium t-butoxide. 

After s t i r r ing  at room temperature overnignt, the reaction was 

worked up as before. N,N-1 imethyl-2-(N-methy1-2-pyrro l id in-

ylidene)acetamide 164 ^1.8 g, 10 mmols, 84 %) was obtained.

I j r tner puri f icat ion was accomplished by d is t i l l a t io n  at 195 

°C, 0.5 mm Hg, in a Kugelrohr apparatus [149J .

Ik (CHC13) 635(w) 660(w) 840(w) 858(w) 895(w)

91b(w) 940(w) 970(w) 101b(w) 1035(w)

1063(w) 1110(m) 1145(s) 1255(h ) I300(s) 

1345(m) 14' n) 1420(s) 1455(m) 149b(m) 

1560(s,br) 1630(s,br) ,.H80(m,sh) 2950(m,sh) 

2990(s)
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PMR (60 MHz) 1.65 - 2 . 2 8 ( n i . C H ^ C H

2.91(s ,3,NCH3)

3 .10(s,6 ,C0NCH3)

3.1b - 3.36(m,4)

4.75(s , 1 ,=CH)

Carbon-13 NMR 20.90(CH?CH Ch2) 31.81(=CCH2) 32.83(NCH3)

(126 MHz) 35.33(CONCH.) 37.34(CONCH3) 53.65(NCHz)

77.64(=CH) 163.07(C=0) lb9.62(NC=)

The assignments were niade with the aid of a 

DCRT experiment

UV '84(25000) peak vanishes on addition of

11 M MCW

Mb 168(15,M+) 149(8) 124(100) 94(20)

81(10) 72(38) 68(25) 55(38)

3 Methylation of Vinylogous 'irethane 100

Methyl i juide (excess) was added to a solution of vinylogous 

urethane (83 my, 0.49 mnols) in dry acetonitr i le  (2 ml).  The 

mixture was heated at 50 VC tor 14 h. The solvent was removed 

and the residue partit ioned between ammonia solution and 

dichioromethane. The organic phase wuS separated and tne 

solvent removed, giving an oil (85 my), which consisted of a 

mixture of starting material (TLC, benzene - methanol, 10:1,

Rt = 0.22) together with ethyl ( 1-methyl-2-pyrrolidin-  

ylidene)propanoate [60] (Rf = 0.09) .  A PMR spectrum of the 

mixture showed that the methylation was approximately 80 % 

complete.
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4 Methylation of Vinylogous Cya, ,ude 183

The conditions used were as for the vinylogous urethane, except 

that the vi nylogous cyanamide 183 (prepared as described by J P 

hicnael [60]) (84 mg, U.7U mmols) was used and the mixture was 

heated at 60 °C for 50 h. An oil (69 mg) was obtained which 

was shown by PMR to be a mixture of approximately 6u % starting  

material,  and 40 % methylated product, as a mixture of cj_s and

trans isomers, by comparison with authentic spectra of these

compounds [9%].

5 Methylation of Vinylouous Urea 184

Tne conditions used were used for as in (3) above, except that 

the vinylogous urethane was substituted by vinylogous urea 184 

(99 mg, 0.6 nmols). After aqueous work-up, an oil was obtained 

(76 ng, 0.42 nmols, 70 %), which was d is t i l le d  at 135 CC, 0.5 

nrn hg in a Kugelronr apparatus. The product was characterized 

as a mixture of ueometric i sonars of 'i,A-dimetnyl - 2-( N-methyl -

2-pyrrol idin>liderie)propioni‘ • i. •- 1! 7 in a ratio of about 2:1.  

The i S' .meric mixture could not be readily separated by TIC

(acetone - methanol, 10:1, Kf = 0.34)

Ik ( f i lm )  740(s) 1590(s) 1625(s)

PMR (60 MHz) 1.20 - 2.20(m and s,5,s from CH3)

2.19 - 2.75(m and s, 4 .5 ,  s from NCH^,

m from -CLH  ̂ of c 1s isomer)

2.99(s,6,C0N(CH3 ) 2)

3.02 -  3.50(m,2.5,NCH2 and «CCHZ of 

trans isomer).

Integration figures are all  approximate
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MS 182(7,M+) 138(74) 110(31) 108(39)

82(20) 72(34) 68(29)

HRMb 182.14192 (C;v -  N̂ O requires 182.14191)

6 1-Methyl-2»cyanometh>1enepyrrolidine 183

A sample of 183 prepared according to the method of J P Michael 

[60] gave the following carbon-13 UMK (<;0 MHz):

2u.7(t,CH?CH .CH2) 32.5 (t ,CtH2) 32.9(q,NCH3 ) 

53.2(d,=CH) 55.5(t.NCh2 ) 122.8(s,CSN)

Tne absorptions were assigned with the aid 

of an S'tORD spectrum

7 1-Methyl-2-benzoylmethylenepyrrolidine 191

A sample of compound I j j  prepared by J P Michael [60] gave the 

following carbon-13 NM, (20 hiHz ):

m

.CH

a, 167.3; a or e, 33.4 or

d, 84.3; f , 86.9; y , 187.1; h, 141.8; i 

and ii., j  and 1, or k, 126.9, 127.2 or 129.9

8 1-Methyl-2-mi tromethy1enepyr ■ l idine 192

A sample of 1JJ2 prepared according to the method of Hart and 

co-workers [140] gave the following spectra:



mtfc
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