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ABSTRACT

The s y n th e s is  and c h e m is try  o f  s u lp h im id e s  a re  b r i e f l y  re v ie w e d .  

Exam ples o f  c y c l ic  s u lp h im id e s  a re  exam ined  and th e  r e a c t io n s  o f  th e s e  

system s com pared w ith  th o s e  o f  th e  th ia b e n z e n e s .

S e v e r a l 1 H -1 , 2 - t h ia z i n e s  a re  s y n th e s is e d  by th e rm a l d e c o m p o s itio n  

o f  a r y l  a z id e s  w h ich  have an a l k y l t h i o  o r  a r y l t h i o  s u b s t i tu e n t  1 ,4  

c o n ju g a te d  to  th e  a z id e  f u n c t io n .  The th e rm a l and p h o to c h e m ic a l 

re a rra n g e m e n ts  o f  th e s e  c y c l ic  s u lp h im id e s  a re  a ls o  in v e s t ig a t e d .  

T h e r m a lly ,  th e  t h ia z in e s  r e a r r a n g e  by a [ 1 , 4] s h i f t  o f  th e  s u lp h u r  

s u b s t i t u e n t .  I f  th e  s u lp h u r  s u b s t i tu e n t  is  a m e th y l group th e n  

a r in g  e x p a n s io n  r e a c t io n  a ls o  o cc u rs  to  g iv e  a 1 , 3 - t h ia z e p in e . 

P h o to c h e m ic a lly , s u lp h u r -n i t r o g e n  bond c le a v a g e  o c c u rs  g e n e r a t in g  a 

n i t r e n e  in te r m e d ia te  w h ich  a f t e r  c y c l is a t io n  and re a rra n g e m e n t g iv e s  

a p y r r o le  d e r i v a t i v e .  P h o to ly s is  o f  a p p r o p r ia t e ly  s u b s t i tu t e d  

a z id e s  a ls o  g iv e s  p y r r o le  d e r iv a t i v e s .

U t i l i s i n g  th e  p h o to ly s is  r e a c t io n s ,  o b s e rv a t io n s  a re  made on th e  

r e l a t i v e  r a te s  o f  m ig r a to r y  a p t i t u d e  o f  s u b s t i tu e n t  g ro u p s . F o r th e  

fo r m y l ,  a c e t y l  and e th o x y c a rb o n y l groups th e  o b s e rv a t io n s  a re  in  

a c c o rd  w ith  th o s e  r e p o r te d  in  th e  l i t e r a t u r e  f o r  o th e r  s ys te m s . I t  

is  fo u n d  by com parison  t h a t  s u lp h u r  g ro u p s  a re  f a s t e r  m ig ra to r s  and  

in  a l l  c a s e s , e x c e p t w here th e  c o m p etin g  g ro u p  was h y d ro g e n , e x c lu s iv e  

m ig r a t io n  o f  th e  s u lp h u r  s u b s t i tu e n t  is  o b s e rv e d .
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1 .  INTRODUCTION

In  r e c e n t  y e a rs  s u lp h u r -n i t r o g e n  y l id e s  have been a so u rc e

1 2
o f  c o n s id e r a b le  i n t e r e s t .  ’ The c h e m is try  o f  s u lp h o x id e s  and  

s u lp h u r -c a rb o n  y l id e s  is  w e l l  known. However u n t i l  r e c e n t ly  th e  

c h e m is tr y  o f  s u lp h u r -n i t r o g e n  y l id e s  has been th e  s u b je c t  o f  

r e l a t i v e l y  l i t t l e  i n v e s t i g a t io n .

Scheme 1 shows th e  c la s s e s  o f  s u lp h u r -n i t r o g e n  y l i d e s .  These

3
a re  named a c c o rd in g  to  I . U . P . A . C .  c o n v e n t io n s .

r\ .  .
S-NR

R27

Sulphimide

0

11
S+

R - I  3 R
NR

Sulphoximide 

Scheme 1

NRii

R -I 3R 
NR

ulphodi-imide

T h is  in t r o d u c t io n  c o n c e n tra te s  on th e  s y n th e s is  and c h e m is try

o f  s u lp h im id e s  ( s u lp h i l im in e s  and im in o s u lp h u ra n e s  a re  names a ls o

in  use in  th e  c u r r e n t  l i t e r a t u r e ) .  By d e f i n i t i o n  th e  g roups  

2
and R a re  o rg a n ic  w ith  th e  s u lp h u r  bonded to  c a rb o n . O th e r  c lo s e ly  

r e la t e d  system s w h ich  a re  n o t s u lp h im id e s  b u t  possess s t r u c t u r a l  

f e a tu r e s  o f  i n t e r e s t  h a v e , h o w ev e r, been in c lu d e d .

2
The s u b je c t  has been c o m p re h e n s iv e ly  re v ie w e d  up to  1 9 7 6 . 

N e v e r th e le s s ,  an a c c o u n t o f  th e  s y n th e s is  and r e a c t io n s  o f  s u lp h im id e s ,  

w ith  p a r t i c u l a r  em phasis on th e  r e l a t i v e l y  l i t t l e ,  more r e c e n t  w o rk , 

is  in c lu d e d .

1 .1  S y n th e s is  o f  S u lp h im id e s

1 . 1 . 1  N u c le o p h i l ic  A t ta c k  a t  N it r o g e n

The f i r s t  method d is c o v e re d  f o r  p r e p a r in g  s u lp h im id e s  is  a ls o  

th e  m ethod g e n e r a l ly  used f o r  p r e p a r in g  N -s u lp h o n y ls u lp h im id e s .
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R ap er r e p o r te d  in  1917  t h a t  a c r y s t a l l i n e  p ro d u c t was o b ta in e d  

fro m  th e  r e a c t io n  o f  m u s ta rd  gas and c h lo r a m in e -T . N ic o l e t  and

5
W i l la r d  p ro p o sed  th e  s u lp h im id e  s t r u c t u r e  a f t e r  s i m i l a r  e x p e r im e n ts

u s in g  c h lo r a m in e -T  and d ie th y l^ -s u lp h id e . F i n a l l y  i t  was Mann and 

0
Pope who d e v e lo p e d  th e  r e a c t io n  and s y n th e s is e d  s e v e r a l  s u lp h im id e s .  

The Mann and Pope r e a c t i o n ,  as i t  i s  som etim es c a l l e d ,  p ro ce ed s  as 

o u t l in e d  in  Scheme 2 .

4

rJ „ 2
RSR + r3son (

2 \

Cl

Na

T2+ - 3
RRS-NSOR

2

Scheme 2

O th e r N -h a lo  compounds a ls o  r e a c t  w ith  s u lp h id e s .  When N -h a lo

d e r iv a t iv e s  o f  a m id es , a m id in e s , g u a n id in e s , u re a s  and u re th a n e s

w ere re a c te d  w ith  s u lp h id e s  in  th e  p re s e n c e  o f  a b a s e , good y ie ld s

2
o f  s u lp h im id e s  w ere  o b ta in e d . An exam ple o f  t h i s  is  th e  r e a c t io n

betw een  N -c h lo ro p h e n y la m id in e  and d im e th y l s u lp h id e  as shown in  

7
Scheme 3 .

Ph's •NH* (i)

NCI

'NHS(Me)2

NH

+
Cl (ii) P h \ /N -S (M e )2

N H

Me2S [ii) Na OH

Scheme 3

R e c e n tly  Japanese  w o rk e rs  have r e p o r te d  an e f f i c i e n t  s y n th e s is  

o f  N -a c y ls u lp h im id e s  u s in g  N - [ ( t r i f lu o r o m e t h a n e s u lp h o n y l ) ] oxy
Q

c arb a m ate  (Scheme 4 ) .  The r e a c t io n  is  s i m i la r  to  t h a t  o f
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c h lo r a m in e -T  w ith  s u lp h id e s ,  b u t  h e re  t r i f lu o r o m e th a n e s u lp h o n ic  

a c id  is  e l im in a te d .

(I) (III) 1 2+ -
H0NHC02Et r*T f0N H C 0 2E t-^ R R S -N C 0 2Et

(i) TIOEt or NaOEt (ii) Tf20  (iii) F̂ SR2 
Tf=CF3Sqi

Scheme U

S i m i l a r l y ,  m e s ity le n e s u lp h o n y lh y d ro x y la m in e  i s  used to  p ro d u ce

9
N -u n s u b s t i tu te d  s u lp h im id e s  (Scheme 5 ) .  The r e a g e n t  r e a c ts  w ith  

s u lp h id e s  to  g iv e  an a zas u lp h o n iu m  s a l t  w h ich  on t r e a tm e n t  w ith  

base y ie ld s  th e  s u lp h im id e .

(i)
H2N0S02Me —

t 1 2
(i) RSR

M.eszMeS02

1 24
r r s - n h 2 OMes

(ii) 1 2 + “
RRS-NH

(ii) Na OH

Scheme 5

1 . 1 . 2  N u c le o p h i l ic  A tta c k  a t  S u lp h u r

1 . 1 . 2 . 1  O xosulphonium  S a lts

O xosulphonium  s a l t s  a re  r e a c t i v e  s p e c ie s  and can be g e n e ra te d

by th e  r e a c t io n  o f  s u lp h o x ia e s  w ith  e l e c t r o p h i l i c  r e a g e n ts .

Subsequent t r e a tm e n t  w ith  an a m in a t in g  a g e n t p ro d u ces  an a za s u lp h o n iu m

s a l t ,  w h ich  is  r e a d i l y  c o n v e r te d  in t o  th e  s u lp h im id e  on t r e a tm e n t  w ith

base (Scheme 6 ) .  A c e t ic  a n h y d r id e , t r i f l u o r o a c e t i c  a n h y d r id e ,

phosphorus p e n to x id e , phosphorus o x y c h lo r id e ,  o x a ly l  c h lo r id e  and

tr if lu o r o m e th a n e s u lp h o n ic  a n h y d r id e  a re  some o f  th e  r e a g e n ts  w h ich

2 10 11 12have been used to  p re p a re  s u lp h im id e s  by t h i s  r o u t e .  ’ ’ '



1 2
RRSO

♦ -
XY

1 2+
RRS-OX

r 12 3“
RRS-NHR Y

(i) RNH2

1 2 + - 3
RRS-NR

Scheme 6

O xosulphonium  s a l t s  have been used in  th e  s y n th e s is  o f  c h i r a l

13
s u lp h im id e s  v ia  a sy m m etric  in d u c t io n .  The s u lp h id e  is  i n i t i a l l y  

r e a c te d  w ith  t - b u t y l  h y p o c h lo r i t e  in  th e  p re s e n c e  o f  1 -m e n th o l.  

S u b sequent r e a c t io n  o f  th e  in te r m e d ia te  s a l t  w ith  sodium  

p -to ly ls u lp h o n a m id e  y ie l d s  th e  c h i r a l  s u lp h im id e  in  15-30%  o p t i c a l  

p u r i t y  (Scheme 7 ) .  The s u lp h im id e  can th e n  be made 100% o p t i c a l l y  

p u re  by one r e c r y s t a l l i s a t i o n .

RRS-NTs 

(iii) Na NHTs

I f  an a m in a t in g  a g e n t is  used in  p la c e  o f  _ l-m e n th o l th e n  th e

c o rre s p o n d in g  a zas u lp h o n iu m  s a l t  is  g e n e ra te d  d i r e c t l y  w h ich  p ro v id

14
a good r o u te  to  s u lp h im id e s .

1 . 1 . 2 . 2  S u lp h u ra n es

When d i a r y l  s u lp h id e s  a re  t r e a t e d  w ith  b ro m in e  and p o ta s s iu m

„ (i)RSR [ r r s - o- Ment Cl
- (iii)

(i) t-BuOCI (ii) 1-Menthol

Scheme 7

h e x a f lu o r o -2 -p h e n y l -2 -p r o p o x id e  an in s o lu b le  s u lp h u ra n e  is  p ro d u ced
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S u b sequent r e a c t io n  w i t h  ammonia, p r im a ry  a m in es , p r im a ry  am ides

15
and su lph o n am id es  g iv e s  good y ie l d s  o f  s u lp h im id e s  (Scheme 8 ) .

Ar->S OC(CF3)2Ph RNH. Ar2S
OC(CF3)2Ph

\ PhC(CF3)2OH
NHR

I

PhC(CF3)2OH + Ar2S-NR Ar2S-NHR OC(CF3)2Ph

Scheme 8

The p r e p a r a t io n  o f  N -u n s u b s t i tu te d  s u lp h im id e s  by th e  r e a c t io n  

o f  ammonia w ith  S , S - d is u b s t i t u t e d  s u lp h u r  d ih a l id e s  is  an a lo g o u s  

( Scheme 9 ) . ^

R2SX2 + 3 NH3

(a) R : Ar X = Cl

R2S-NH + 2 NHaX

(d) R : CF3 X : F

Scheme 9

1 . 1 . 2 . 3  S u lp h o x id e s  w ith  Is o c y a n a te s

The s in g le  s te p  t r e a tm e n t  o f  a s u lp h o x id e  w ith  an a re n e s u lp h o n y l

is o c y a n a te  has been used to  a f f o r d  v a r io u s  s u lp h im id e s  in  h ig h  y i e l d  

18(Scheme 1 0 ) .  S u lp h u r d iim id e s  and s u lp h in y la m in e s  r e a c t  in  a

s i m i l a r  m an ner.^
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1 2_
RRSO R

RS02N=C=0

R\ so2r
" S - N

0-C<v.
0

1 2+ - 3
rrs-nso2r

c o 2

Scheme 10

1 . 1 . 3  S u lp h im id e s  fro m  A z id e s  and N i t r e n e  P re c u rs o rs

When o rg a n ic  a z id e s  a re  p h o to ly s e d  in  th e  p re s e n c e  o f  s u lp h id e s ,

s u lp h im id e s  may be i s o la t e d .  T h is  is  o f t e n  th e  c ase  w ith  s u lp h o n y l 

2
and a c y l a z id e s .  T h erm al d e c o m p o s itio n  o f  o rg a n ic  a z id e s  in  th e

p re s e n c e  o f  s u lp h id e s  p ro v id e s  an a l t e r n a t i v e  m ethod o f  p r e p a r in g

s u lp h im id e s . H ow ever, as th e  s u lp h im id e s  p roduced  o f t e n  te n d  to

be u n s ta b le  a t  th e  te m p e ra tu re s  r e q u ir e d  f o r  d e c o m p o s itio n  o f  th e

a z id e ,  t h i s  r o u te  is  g e n e r a l ly  le s s  s u c c e s s fu l .  R ec en t w ork has

shown t h a t  c o p p er c a t a ly s is  may re d u c e  th e  te m p e ra tu re  r e q u ir e d

19
f o r  d e c o m p o s itio n  and so p o s s ib ly  re d u c e  t h i s  p ro b le m .

O th e r  r e a c t io n s  b etw een  s u lp h id e s  and n i t r e n e  p re c u rs o r s  a re

known. When 5 - p h e n y l - l , 3 , 4 -d io x a z o l - 2 - o n e  (1 )  is  p h o to ly s e d  in

d im e th y l s u lp h id e  s o lu t io n ,  N -b e n z o y l-S , S -d im e th y ls u lp h im id e  (2 )

20is  is o la t e d  in  34% y i e l d .

N -0
P h - <  ^

(i)

i) Me2:

O x id a t io n  o f  N -a m in o p h th a lim id e  by le a d  t e t r a a c e t a t e  in  th e

p re s e n c e  o f  d im e th y l s u lp h id e  o r  d ie t h y l  s u lp h id e  le a d s  to  fo r m a t io n

21
o f  th e  c o r re s p o n d in g  s u lp h im id e s .

Me2S-NC0Ph + C02

(2)

S i m i l a r i l y ,  c y a n a m id e /
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io d o b en zen e  d ia c e ta te  has been shown to  be a c o n v e n ie n t r e a g e n t  w h ich

22
r e a c ts  w ith  s u lp h id e s  to  g iv e  N -c y a n o s u lp h im id e s  (Scheme 1 1 ) .

(i) NCNH2/PhI(OAc)2

PNB

Scheme 11

1 . 1 . 4  P r e p a r a t io n  o f  N -S u b s t i tu te d  S u lp h im id e s  fro m  N -U n s u b s t itu te d  

S u lp h im id e s

S e v e ra l m ethods e x is t  f o r  th e  s y n th e s is  o f  N -u n s u b s t i tu te d  s u lp h 

im id e s . Two o f  th e s e  have a lr e a d y  been d is c u s s e d  in  s e c t io n s  1 . 1 . 1  and  

1 . 1 . 2 . 2 .  A t h i r d  im p o r ta n t  m ethod u t i l i s e s  th e  r e a d i l y  o b ta in a b le  

N -to s y ls u lp h im id e s . C le a v a g e  o f  th e  t o s y l  group w ith  c o n c e n tra te d  

s u lp h u r ic  a c id  fo l lo w e d  by n e u t r a l i s a t i o n  and e x t r a c t io n  o f  th e  c o ld  

s o lu t io n  p ro v id e s  a c o n v e n ie n t p r e p a r a t io n  o f  N -u n s u b s t i tu te d  s u lp h im id e s  

( Scheme 1 2 ) . ^

RF^S-NTs RF?S-NH2 OTs ^  f^S-NH  

(i) H2SOa (ii) base

Scheme 12

The t r e a tm e n t  o f  N -u n s u b t itu te d  S , S -d ia r y ls u lp h im id e s  w ith  a



v a r i e t y  o f  e l e c t r o p h i l i c  re a g e n ts  has been u t i l i s e d  as a m ethod

2
o f  s y n th e s is in g  a w id e  ra n g e  o f  N -s u b s t i t u t e d  s u lp h im id e s . An

exam ple o f  t h i s  is  th e  r e a c t io n  o f  S ,S -d ip h e n y ls u lp h im id e  w ith

24
is o th io c y a n a te s  shown in  Scheme 1 3 .

Ph2S-NH + RNCS * Ph2S -N —̂
NHR

(i)

li) Mel

Ph2SN♦ _ /
~ \

SMe

NHR

+ - SMe
Ph2S - N ^ \

NR

lii) base

Scheme 13

An in v e s t i g a t io n  o f  th e  l i t h i a t i o n  o f  S , S - b i s ( t r i f l u o r o m e t h y l ) -

s u lp h im id e s  and su b seq u en t r e a c t io n  w ith  e le c t r o p h i l e s  has a ls o  been

17
r e p o r te d  (Scheme 1 4 ) .

+ -  (i) + -  (jj) + -
(CF3)2S-NH —*■ (CF3l2S-NLi — • (CF3)S-NR + LiX

li)n-CAH9Li (ii) RX - (CH3)3SiCI,CNCI,
CF3C0CI.S02CI2

Scheme 1U
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1 .2  CHEMISTRY OF SULPHIMIDES

1 . 2 . 1  T h erm al R e a c tio n s  o f  S -A lk y ls u lp h im id e s

1 . 2 . 1 . 1  Q C-Hydrogen atom s -  [1 , 2] S h i f t s  and S o m m ele t-H au s er R e a c tio n s  

In  th e  case  o f  S -a lk y ls u lp h im id e s  p o s s e s s in g  a h yd ro g en  atom

oc to  s u lp h u r , a re a rra n g e m e n t can o c c u r in v o lv in g  a [1 ,2 ]  s h i f t  

o f  n i t r o g e n .  The r e a c t io n  is  th o u g h t to  in v o lv e  is o m e r is a t io n  o f  

th e  s u lp h im id e  to  th e  su lph o n iu m  y l i d e  fo l lo w e d  by 1 ,2 - m ig r a t io n  o f  

th e  n it r o g e n  group fro m  s u lp h u r  to  c a rb o n  (Scheme 1 5 ) .

r f c H2S ( l ^ ) - N R W r f c H S ( f ? ) N H F ? — > r’ c h IN H F^ S F?

Scheme 15

N -A r y l- S - a lk y ls u lp h im id e s  r e a c t  d i f f e r e n t l y  when th e rm o ly s e d  

in  a p r o t ic  s o lv e n ts  in  th e  p re s e n c e  o f  base o r in  p r o t i c  s o lv e n ts  

w ith o u t  b a s e . The i n i t i a l  s ta g e  o f  th e  r e a c t io n  is  th o u g h t to  be 

is o m e r is a t io n  to  th e  su lph o n iu m  y l i d e  as ab o ve . H ow ever, in s te a d  

o f  r e a r r a n g in g  by a [1 , 2 ] s h i f t  o f  n i t r o g e n ,  a S o m m ele t-H au ser  

re a rra n g e m e n t, in v o lv in g  a [ 2 , 3] s h i f t ,  o cc u rs  as shown in  Scheme 1 6 .

^ \ / N - S M e 2
+
S
\ -
CH 2

f ^ f NH

t H 2SMe

NH-

^ ^ C H 2SMe

Scheme 16



16.

As s u lp h im id e s  a re  r e a d i l y  a v a i la b l e  fro m  a n i l in e s  t h i s  r e a c t io n

p ro v id e s  a u s e fu l  r o u te  to  o r t h o - s u b s t i t u t e d  a n i l in e s  (Scheme 1 7 ) .
2 6 ,2 7

^ \ n h 2 (i) x ^ = \

X = c h 3, H, Cl, co2c h 3

sc h3 X^^'v

N'
H ,

H->
H

r ^ ^ NH2

X
1L
N

H

N > s
Cl

L

(v) (vi^

Ivifl.lviii)

;ho

s ^ s
(i)t-BuOCl (ii)CH3SCH2COCH3,Et3N (iii) RaNi (iv) \ J  

(v)NaOCH3 M  (CH£0)20 . pyr ('/ii)HgO,BF3.OEt2 (viii) Na2C03

Scheme 17

An in t e r m o le c u la r  e x te n s io n  o f  t h i s  ty p e  o f  r e a c t io n  has been  

d e m o n s tra te d  in  th e  r e a c t io n  betw een  s u lp h im id e s  and p h en o ls  (Scheme

18).
28



Scheme 18

1 . 2 . 1 . 2  S -A l ly ls u lp h im id e s  -  [ 2 , 3 ]  S h i f t s

W ith  S -a l ly s u lp h im id e s  th e  c o u rs e  o f  r e a c t io n  is  d i f f e r e n t

from  o th e r  S -a lk y ls u lp h im id e s .  When h e a te d , a [ 2 , 3 ] s ig m a tro p ic

s h i f t  o c c u rs . S i m i l a r i l y ,  w ith  S -p r o p a rg y ls u lp h im id e s  th e  same

2
p ro ce ss  p re d o m in a te s  (Scheme 1 9 ) .

R v ^ ^ /S tR l- N R  — RSN( R)

R

HCECCH2S(Ph)-NR — ► PhSN(R)CH=C=CH2

Scheme 19

1 . 2 . 1 . 3  P -H y d ro g e n  atom s -  O le f in  F o rm a tio n

S -A lk y ls u lp h im id e s  p o s s e s s in g  P -h y d ro g e n  atoms undergo  

c y c lo e l im in a t io n  r e a c t io n s  to  g iv e  h ig h  y ie ld s  o f  o l e f i n s .  O fte n  

th e  r e a c t io n  is  c a r r ie d  o u t u s in g  N - to s y ls u lp h im id e s  as th e s e  a re



p ro c e e d s  w ith  h ig h  s t e r e o s e l e c t i v i t y  as shown in  th e  f o l lo w in g

29
exam ple  (Scheme 2 0 ) .

simple to prepare and relatively stable. The reaction generally

Ph

OMe

• Ph H
to \_y  

/ ~ \
MeO Ph 

100% trans

Ph Ph
+ 5% trans

MeO7 H 
9i-5% cis 

(i) 80°C 5h

Scheme 20

I t  has been o b se rve d  t h a t  th e  o r ie n t a t i o n  o f  e l im in a t i o n  shows

some s o lv e n t  dependence as o u t l in e d  in  Scheme 2 1 . 30

■vi/CH(CH 3)CH?CH3 ch 2zCHC2H5
_l (a)
NTs +

c h 3c h =c h c h3
(b)

Solvent Temperature Ratio (a)/(b)

neat 115-120°C 2/1
neat 160-170°C 17/1
Me2S0 115-120°C 1-5/1
C6H6 115-120°C 0-57/1

Scheme 21
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O th e r s tu d ie s  have shown t h a t  th e  r a t e  o f  e l im in a t io n  can be

a c c e le r a te d  by th e  p re s e n c e  o f  an e le c t r o n  w ith d ra w in g  g roup  a t

1 31
e i t h e r  th e  GC o r  p o s i t io n s .  ’

As th e  o th e r  p ro d u c t fro m  t h i s  r e a c t io n  is  a s u lp h e n a m id e , 

in c lu s io n  o f  a s u i t a b le  R group ( e . g .  t -B u )  to  f o r c e  e l im in a t io n  in  

one d i r e c t io n  can g iv e  h ig h  y ie l d s  o f  s p e c i f i c  s u lp h e n am id e s  (Scheme

RX + t-BuSH
(i) ♦ - (ii)

t-BuSR — ► t-BuRS-NTs — ► RSNHTs

(CH3)2C=CH2

Scheme 22

1 . 2 . 1 . 4  N -A c y ls u lp h im id e s  and R e la te d  Compounds -  Is o c y a n a te  

F o rm a tio n

33
T h e rm o ly s is  o f  N -a c y ls u lp h im id e s  g iv e s  is o c y a n a te s . The

r e a c t io n  is  th o u g h t to  p ro c e e d  v ia  a C u r t iu s - ty p e  re a r ra n g e m e n t.

N -A c y l-S , S -d ip h e n y ls u lp h im id e s  a re  o f t e n  used in  t h i s  ty p e  o f

r e a c t io n  as th e y  a re  s im p ly  g e n e ra te d  fro m  th e  N -u n s u b s t i tu te d

s u lp h im id e  by t r e a tm e n t  w ith  a c y la t in g  a g e n ts .

In  c o n t r a s t ,  th e r m o ly s is  o f  N - th io a c y ls u lp h im id e s  does n o t

g iv e  th e  c o rre s p o n d in g  is o th io c y a n a t e .  N i t r i l e s  and e le m e n ta l

s u lp h u r  a re  p roduced  in  th e  r e a c t io n  w h ic h  is  th o u g h t to  p ro ce ed  by

3 4 , 3 5
a s i m i l a r  pathw ay (Scheme 2 3 ) .



2 0 .

+ -
Ph,S-NC0R*-— Ph,S-N=C-R— ■ R-N=C=0 + Ph,S

I
O'

+ - + -
Ph2S-NCSR Ph,S-N=C-R —  R-CiN-S + Ph2S

I I
S *

R-CEN

Scheme 23

1 . 2 . 2 .  P h o to c h e m is try

In  g e n e r a l th e  p h o to c h e m ic a l r e a c t io n s  o f  s u lp h im id e s  in v o lv e  

c le a v a g e  o f  th e  n i t r o g e n - s u lp h u r  bond. C o n s e q u e n tly , p ro d u c ts  

o b ta in e d  fro m  th e s e  r e a c t io n s  a r e  o f te n  s i m i la r  to  th o s e  o b ta in e d  

from  th e  c o rre s p o n d in g  a z id e s  o r  s i m i la r  n i t r e n e  s o u rc e s  (Scheme 2 4 ) .



Ph 21.

Ph
P h N ^ N

/ } ~ Q  

0 Ph

PhN

liii)_

(ivL

- +-
N-NMe-

N :
Ph

I
v - N

l  T h
‘N
H

(i) hv, -SMe2 (ii) hv, -N2 

liii'A , -C02 (iv) A , -NMe3

Scheme 2U

1 . 2 . 3  R e a c tio n s  as N u c le o p h ile s

1 . 2 . 3 . 1  W ith  A lken es

N -U n s u b s titu te d  s u lp h im id e s  a re  good n u c le o p h ile s  and as such  

undergo  M ic h a e l a d d i t io n  to  e n o n e s . W ith  c e r t a i n  o le f in s  re a s o n a b le  

y ie l d s  o f  a z i r id in e s  a re  is o la t e d ,  a lo n g  w ith  en am in o keto nes  (Scheme

Ph2S-NH
PhCO
+

H

H
V _ /

PhCO

COPh
N
H

PhCO H

+ Ph2S

Scheme'25
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D im e th y l a c e ty le n e d ic a r b o x y la te  and o th e r  e l e c t r o p h i l i c

2
a c e ty le n e s  have been shown to  r e a c t  w i t h  s u lp h im id e s . The 

m ain p ro d u c ts  a re  th o s e  d e r iv e d  fro m  n u c le o p h i l ic  a d d i t io n  o f  th e  

s u lp h im id e  to  th e  a c e ty le n e  and t h i s  is  th o u g h t to  p ro c e e d  v ia  a 

f o u r  c e n t r e d  in te r m e d ia te  (Scheme 2 6 ) .

1.2.3.2 With Acetylenes

1 + -  2
r 2s-nr £-C=C-£

E = C02Me

R2S NR
-  £w £

, / " A  !
R ,S + -NR

Jh 2o

ECH: C(£)NHR

Scheme 26

1 . 2 . 3 . 3  W ith  P h e n y lis o c y a n a te

As in  th e  r e a c t io n  o f  s u lp h im id e s  w ith  d im e th y l a c e ty le n e  -

d ic a r b o x y la t e , th e  r e a c t io n  b etw een  S , S -d ip n e n y l-N -m e th y ls u lp h im id e

(3 )  and p h e n y l is o c y a n a te  has been p ro p o sed  to  p ro ce ed  by a fo u r

c e n t r e  in te r m e d ia te  (4 )  w h ich  a c c o u n ts  f o r  th e  p ro d u c t io n  o f  m e th y l 

, 15is o c y a n a te .

PhNCO ^ Ph2s_NMe _ ^ Ph2S-NPh 

Ph2S-NMe P hN -C <>Q MeNCO

(4)(3)
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The r e a c t io n  o f  an N -u n s u b s t i tu te d  s u lp h im id e  w ith  an a ld e h y d e  

in  r e f l u x i n g  b en zen e p ro d u ces  a n i t r i l e  in  good y i e l d .  A ld eh yd es  

o f  v a r io u s  ty p e s  can e a s i ly  be c o n v e r te d  to  n i t r i l e s  by t h i s  m ethod  

(Scheme 2 7 ) . ^

1.2.3.4 With Aldehydes

+ -
Ph2S-NH RCHO RCN + Ph2S + H20

Scheme 27

1 . 2 . 3 . 5  W ith  N i t r i l e - N - o x i d e s

The r e a c t io n  o f  N -a r y ls u lp h im id e s  w ith  n i t r i l e - N - o x i d e s  is  

d ep en d en t on th e  n a tu re  o f  th e  a r y l  s u b s t i t u e n t .

F o r s im p le  N - a r y l  compounds in  w h ich  th e r e  a re  no o r t h o -

39 40
s u b s t i tu e n ts  th e  p ro d u c t i s  m a in ly  th e  1 , 2 , 4 -b e n z o x a d ia z in e  ( 5 ) .  ’

-  +
f^ ^ - N - S M e 2

However w ith  th e  n i t r o g e n  c o n ta in in g  h e t e r o a r y l - s u b s t i t u t e d

s u lp h im id e s  shown in  Scheme 2 8 , th e  p re d o m in a n t p ro d u c ts  a re  th e  

41
t r i a z o l e - N - o x i d e s .
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Scheme 28

When th e  o r t h o - p o s it io n s  o f  th e  N - a r y l  s u b s t i tu e n t  a re  b lo c k e d

by h a lo g e n  a to m s, th e  r e a c t io n  p ath w ay  is  b lo c k e d . The p ro d u c t

is o la t e d  fro m  t h i s  r e a c t io n  is  a b e n z o x a z o le  d e r i v a t i v e .  As y e t

th e  mechanism o f  t h i s  r e a c t io n  is  unknown. H ow ever, i t  has been

s u g g e s ted  t h a t  th e  i n i t i a l  s te p  is  a c y c l is a t io n  s te p  s i m i l a r  to

th e  one o b s e rv e d  in  b e n z o x a d ia z in e  fo r m a t io n .  T h en , a f t e r  h y d r o ly s is

and r in g  o p e n in g , c y c l is a t io n  w ith  lo s s  o f  a n i t r o s o  g ro u p  o ccu rs  

42 43
(Scheme 2 9 ) .  ’

Br

B r ^ V

Br

N-SMeo + Br<

Br ArC=N-0 \ t (  / > *
Br 0 -N

(i) Br

(i) H20

HNO

HO 0 -N H 0 0=N

Scheme 29
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I n  c o n t r a s t  w ith  th e  r e a c t io n  o f  n i t r i l e - N - o x i d e s , th e  p ro d u c t

fro m  th e  r e a c t io n  o f  N - ( 2 - p y r id y l ) - S ,S - d im e t h y ls u lp h im id e  w ith

d ip h e n y lk e te n e  is  one d e r iv e d  fro m  a t t a c k  by th e  p y r id y l  n i t r o g e n  

44
(Scheme 3 0 ) .

1.2.3.6 With Diphenylketene

Ph£=C=0 +

Ph2C-(X)
r ^ 'N - 'N -  +

x= o.s
XyN-SMe-

Scheme 30

1  *

Ph
N

1 . 2 . 4 .  R e a c tio n  o f  S u lp h im id e s  w ith  O rg a n o m e ta ll ic s

1 . 2 . 4 . 1  M e ta la t io n  o f  S -A lk y l  S u lp h im id e s

When N - p - t o s y l -S -a lk y l - S - p h e n y ls u lp h im id e s  a re  t r e a t e d  w ith

an a l k y l l i t h i u m  o r  sodium  h y d r id e  th e  r e a c t iv e  O C -carb an io n  is

g e n e ra te d . T h is  a n io n  can be quenched v /ith  v a r io u s  e le c t r o p h i l e s :

in  p a r t i c u l a r ,  r e a c t io n  w ith  c a rb o n y l compounds le a d s  to  h ig h  y ie l d s

45 46
o f  e p o x id e s  (Scheme 3 1 ) .  ’



Ph c h 2r Ph CHR 2

+ lii).
1 1 1 3,
NTs 'NTs 1

. . 2 3

R o RA
R H

(i) NaH or RLi 

Scheme 31'

ii) RRCO

1 . 2 . 4 . 2  R e a c tio n  w ith  S - V in y l  S u lp h im id e s

When S - v in y l  s u lp h im id e s  a re  t r e a t e d  w ith  an a l k y l l i t h i u m ,

th e  p ro d u c ts  a re  m a in ly  th o s e  o f  a p o ly m e r ic  n a t u r e .  H ow ever, when

a G r ig n a rd  r e a g e n t  is  u s e d , s u b s t i t u t e d  v in y l  s u lp h id e s  a re  o b ta in e d

47
in  h ig h  y i e l d  (Scheme 3 2 ) .

Ph
V  -

S-NTs + RLi
- J

R A r ^ n

JS -N Ts
P h ^

PhS-NHTs
li)

(PhS)2 + TsNH2

* PhM9Br —  ph/ ' S- ^ ^ ph ♦ TsNH2

(i) H20
Scheme 32

1 . 2 . 5  O x id a t io n  and R e d u c tio n  o f  S u lp h im id e s  

1 . 2 . 5 . 1  O x id a t io n

The o x id a t io n  o f  s u lp h im id e s  g iv e s  th e  c o r re s p o n d in g  s u lp h o x im id e s .

R eag en ts  m ost commonly used a re  m -c h lo ro p e rb e n z o ic  a c id  o r  p o ta s s iu m  

2
p e rm a n g a n a te . The use o f  a two phase system  w ith  sodium  h y p o c h lo r i t e

48as o x id a n t  has a ls o  been r e p o r te d .
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1 . 2 . 5 . 2  R e d u c tio n

S e v e r a l m ethods e x i s t  f o r  th e  r e d u c t io n  o f  s u lp h im id e s  to  th e

2
c o rre s p o n d in g  s u lp h id e s .  A few  o f  th e  more r e c e n t ly  r e p o r te d  

m ethods a re  p re s e n te d  in  T a b le  1 .

T a b le  1 R e d u c tio n  o f  S u lp h im id e s  to  S u lp h id e s

R eagent %  Y ie ld R e f .

T iC l^ /Z n /e th e r /C H ^ C l^ 6 5 -1 0 0 49

(F 3C C 0)20 /N a I / ( C H 3 ) 2C0 8 0 -9 8 49

P4S1 0 /C H 2C12 7 7 -9 8 50

p -T o lS O  NO 5 4 -9 0 51

t-B u S N 02 80 51

RSH/Me3 S iC l 7 2 -9 1 52

1 .3  C y c lic  S u lp h im id e s  and R e la te d  Compounds

S u lp h im id e s  in  w h ich  th e  s u lp h u r  and n i t r o g e n  atoms fo rm  p a r t  

o f  a r in g  system  a re  o f  in t e r e s t  as th e  p r o p e r t ie s  a s s o c ia te d  w ith  

m o le c u le s  o f  t h i s  ty p e  o f t e n  show s u b s t a n t ia l  d i f f e r e n c e s  from  th o s e  

o f  t h e i r  a c y c l ic  c o u n te r p a r ts .  Those s u lp h im id e s  in  w h ich  th e  s u lp h u r  

and n it r o g e n  atoms form  p a r t  o f  a f u l l y  u n s a tu r a te d  r in g  system  a re  o f  

p a r t i c u l a r  i n t e r e s t ;  i f  th e  s u lp h u r -n i t r o g e n  l in k a g e  is  re g a rd e d  as 

h a v in g  some d o u b le  bond c h a r a c te r  th e n , in  a p la n a r  a rra n g e m e n t o f  th e
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r in g  a to m s, o v e r la p  o f  th e  l Y - o r b i t a l  system  can o c c u r le a d in g  to  th e  

p o s s i b i l i t y  o f  a ro m a t ic  o r  a n t ia r o m a t ic  p r o p e r t ie s .

In  t h i s  c h a p te r  c y c l ic  system s p o s s e s s in g  some o f  th e s e  fe a tu r e s  

a re  d is c u s s e d . As an in t r o d u c t io n ,  th e  s y n th e s is  and c h e m is try  o f  

th ia b e n z e n e s  is  o u t l in e d .

1 . 3 . 1  T h iab e n zen e s

In  1 9 6 1 , P r ic e  e t  a l  r e p o r te d  th e  f i r s t  s y n th e s is  o f  a th ia b e n z e n e  

53
d e r i v a t i v e .  V/hen th e  th io p y r y l iu m  p e r c h lo r a te  ( 6 )  was t r e a t e d  w ith

p h e n y l l i th iu m  a deep re d  s o lu t io n  o f  th ia b e n z e n e  ( 7 )  was o b ta in e d .

On s ta n d in g  f o r  s e v e r a l  h o u rs  th e  s o lu t io n  d e c o lo u r is e d  and th e  

re a rra n g e m e n t p ro d u c t (8 )  was o b ta in e d .

Ph

(0

P.h P'ru /Ph

25°C

■;S'"Th P I T ' S "t
CIO* Ph
(6) [7) (8)

ii! PhLi

Soon a f t e r  t h i s ,  P r ic e  and co w o rke rs  r e p o r te d  th e  s y n th e s is

o f  s e v e r a l  th ia b e n z e n e  d e r iv a t i v e s .  U n lik e  compound ( 7 ) ,  th e s e  new

d e r iv a t i v e s ,  shown in  Scheme 3 3 , w ere  r e p o r te d  as b e in g  s t a b le ,

5 4 , 5 5is o la b le  compounds.



Scheme 33

I t  was Hortm ann and H a r r is  who f i r s t  e x p re s s e d  d o u b ts  c o n c e rn in g

t h a t  when th e  su lph o n iu m  t e t r a f lu o r o b o r a t e  (9 )  was t r e a t e d  w ith  base  

a t  low  te m p e ra tu re  an o ran g e  s o lu t io n  was o b ta in e d . The p ro d u c t  

was o n ly  s ta b le  a t  low  te m p e ra tu re s  and c o u ld  be r e a d i l y  r e c o n v e r te d  

i n t o  ( 9 )  u s in g  t e t r a f lu o r o b o r ic  a c id .  N . m . r .  d a ta  o b ta in e d  f o r  

t h i s  in te r m e d ia te  w ere  n o t in  ag reem en t w ith  p re v io u s  r e p o r ts  b u t  

d id ,  h o w ever, s u g g e s t t h a t  th e  p ro d u c t was th e  th ia b e n z e n e  ( 1 0 )  and , 

fu r th e r m o r e ,  in d ic a t e d  t h a t  th e  b o n d in g  in  t h is  system  was y l i d i c  

in  n a tu r e ,  where c h a rg e  l o c a l i s a t i o n  o cc u rs  on th e  s u lp h u r  and th e  

2 - ,  4 -  and 6 -  carb o n  a tom s.

56 57
th e s e  r e p o r te d ly  s ta b le  th ia b e n z e n e s . ’ T h e ir  r e s u l t s  showed

Ph

(ii)

(i)

!9!
Me

(10)

(i) Base (ii)HBFA

These in c o n s is te n c ie s  prom pted  M is lo w  e t  a l  to  r e in v e s t ig a t e

58th e  s y n th e s is  and p r o p e r t ie s  o f  th ia b e n z e n e s . They c o n firm e d  t h a t
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th ia b e n z e n e s  c o u ld  be g e n e ra te d  by th e  p u b lis h e d  m eth o d s. H o w ever,

5 4 , 5 5
in  c o n t r a s t  to  th e  r e s u l t s  d e s c r ib e d  by P r ic e  e t  a l ,  th e s e

m o le c u le s  w ere n o t s t a b le .  O f te n  th e  te c h n iq u e s  used to  p u r i f y  th e

th ia b e n z e n e s  had r e s u l t e d  in  t h e i r  d e c o m p o s itio n  and th e  r e p o r te d

p ro d u c ts  w ere  n o t th ia b e n z e n e s  b u t  w ere a c t u a l l y  o lig o m e rs .

F u r th e rm o re , M is lo w  a g re e d  w ith  th e  f in d in g s  o f  H ortm ann and H a r r is

and s u p p o rte d  t h e i r  th e o ry  o f  y l i d i c  ty p e  b o n d in g .

A f t e r  th e  p u b l ic a t io n  o f  t h i s  w o rk , i t  was shown t h a t ,  by

in c o r p o r a t io n  o f  e le c t r o n  w ith d ra w in g  s u b s t i tu e n ts  in  e i t h e r  th e

2 -  o r  4 -  p o s i t io n  o f  th e  th ia b e n z e n e  r i n g ,  i t  was p o s s ib le  to  i s o l a t e

59
th e  s ta b le  th ia b e n z e n e s  shown in  Scheme 3 4 .

R
(11 a-c)

[a) R - CN (b) R- COPh

CN

Me

(c! R = C6 F5

Scheme 3£

T h is  s t a b i l i s a t i o n  o f  th e  r in g  system  by e le c t r o n  w ith d ra w in g

s u b s t i tu e n t s ,  a lo n g  w ith  X - r a y  d a ta  f o r  ( l i b ) ,  c o n f irm  th e  y l i d i c

b o n d in g  in  th e s e  th ia b e n z e n e s . The c h e m ic a l p r o p e r t ie s  o f  th e s e

system s a ls o  r e f l e c t s  t h e i r  y l i d i c  n a tu r e .

I t  i s  w e l l  docum ented t h a t  upon th e r m o ly s is ,  th ia b e n z e n e s

undergo  re a rra n g e m e n t to  g iv e  p ro d u c ts  d e r iv e d  fro m  e i t h e r  [ 1 , 2 ]

o r  [ l , 4 ]  m ig r a t io n  o f  th e  R g ro u p  (Scheme 3 5 ) .  C ro s s o v e r e x p e r im e n ts

SO 61
have shown th e s e  re a rra n g e m e n ts  to  be in t r a m o le c u la r .  ’
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Ph

Ph
px

Ph Ph1̂ Ph

Ph

Ph •Dh

R

Scheme 35

R e c e n t ly ,  th e  th e rm a l re a rra n g e m e n t o f  th ia a n th r a c e n e s  was 

r e p o r te d  by H o r i £ t  a l . ^ ’ ^  These a ls o  e x h ib i t  th e rm a l [ 1 , 4] 

re a rra n g e m e n ts . H ow ever, S - a lk y l t h ia a n th r a c e n e s  w ith  a b u lk y  

s u b s t i tu e n t  a t  th e  9 -  p o s i t io n  r e a r r a n g e  to  g iv e  3 - a l k y l - 9 -  

a ry th io x a n th e n e s  ( 1 2 )  in s te a d  (Scheme 3 6 ) .

R = H.Me.Ar
2

R = alkyl, aryl

R3- mesityl,duryl 
R4- Me.Et. i-Pr

112)

(i) Base

Scheme 36
The r e a c t io n s  o f  th ia b e n z e n e s  w ith  e l e c t r o p h i l i c  r e a g e n ts  such  

as d im e th y l a c e ty le n e d ic a r b o x y la te  and te t r a c y a n o e th y le n e  have a ls o
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been r e p o r te d .  As shown in  Scheme 3 7 , th e s e  r e a c t io n s  d e m o n s tra te  

th e  y l i d i c  n a tu r e  o f  th e s e  s y s te m s .

CN

Me

i i L
or (ii)

NC R

(i) Me02CC=CC02Me
MeC^C ,C02Me 

R -
/  H

M e02C 
and )

MeOoC CO?MeV
C02Me

4

lii) (NC)2 C=C(CN)2 R : -CH!CN)2

Scheme 37

More r e c e n t ly ,  a s e r ie s  o f  p ap e rs  by Weber and c o w o rkers  have

d e t a i le d  how some o f  th e  e a r l i e r  u n s ta b le  th ia b e n z e n e s  may be is o la t e d

as t h e i r  s ta b le  chrom ium —, m olybdenum - and tu n g s te n -  t r ic a r b o n y l  

65 66 6*7
c o m p lexes . ’ * The m ethods o f  p r e p a r a t io n  o f  th e s e  com plexes

and some o f  t h e i r  p r o p e r t ie s  a re  shown in  Scheme 3 8 .
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P h ^ v ^ P h  ij]
(CH3CN)3M(CO)3 -

P h / ^ P h

■is- 
R BF̂

M= Cr.Mo.W R= Me.Et

MICO)-

R +3CH3CN 

(i)KOt-Bu.DMSO
+ -

R
c h 3

S :0

R2!
M(CO]3 M(CO).

M^Cr r R=Ph Ph Ph
{ 2
1 R= Ph Me t-Bu

M = Mo.W

(ii) Red-al ,C6 H6 

t-Bu 

t-Bu
1 2

R=R= t-Bu

P h ^ P h  |jj|) Phr^ ^ P h  y P h ^ P h  

• ^ s > M (C O )3
c h 3

■ 'MtCOlj 
CH2Li CH2R

MICO),
3

t-BuLi (iv) RX

M = Cr.Mo.W 

M = Cr

RX= Mel

RX= C3H5Br.PhCH2Br.Me3SiCl, 
Me3GeCl

Scheme 38
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F i n a l l y ,  th ia b e n z e n e s  have been shown to  be u n s ta b le  m o le c u le s ,  

y l i d i c  in  s t r u c t u r e ,  w h ic h  a re  s t a b i l i s e d  by e le c t r o n  w ith d ra w in g  

g ro u p s . They may, t h e r e f o r e ,  be c o n s id e re d  as c y c l ic  su lp h o n iu m  

y l i d e s .  S in c e  s u lp h im id e s  a re  in  g e n e r a l more s t a b le  th a n  th e  

c o rre s p o n d in g  su lp h o n iu m  y l i d e s ,  c y c l ic  s u lp h im id e s  w ith  th e  same 

s t r u c t u r a l  f e a tu r e s  w ou ld  be e x p e c te d  to  be is o la b le  m o le c u le s .

1 . 3 . 2  T h ia z in e s  (a z a th ia b e n z e n e s )

S ix  membered r in g s  c o n ta in in g  s u lp h u r -n i t r o g e n  y l id e s  w here  

c o n ju g a t io n  e x is t s  b etw een  s u lp h u r  and n i t r o g e n  have  a t t r a c t e d  

s p e c ia l  i n t e r e s t .  C h em ica l and p h y s ic a l  s tu d ie s  have been  u n d e rta k e n  

to  in v e s t ig a t e  w h e th e r th e s e  system s possess  a ro m a tic  p r o p e r t ie s  

s i m i l a r  to  th e  b e n z e n o id  m o le c u le s  o f  w h ic h  th e y  a re  a z a t h i a -  

a n a lo g u e s .

W ith in  th e  C^NS r in g  c la s s  th e r e  a re  two system s o f  m ain i n t e r e s t .  

These a re  th e  1 H -1 , 2 - t h ia z i n e s  ( 1 3 )  and th e  1 H - 1 , 4 - t h i a z in e s  ( 1 4 ) .  

A lth o u g h  th e  l a t t e r  a re  n o t s u lp h im id e s  th e y  possess  im p o r ta n t  

s t r u c t u r a l  f e a tu r e s  and w i l l  be c o n s id e re d  h e r e .

R R

u
(13] (U)

U n lik e  th e  c o r re s p o n d in g  s u lp h o x im id e s  ( 1 5 ) ,  th e  u n o x id is e d  

1H - 1 , 2 - t h i a z i n e  system  is  r a r e  w ith  o n ly  r in g  fu s e d  d e r iv a t i v e s  b e in g

know n.



(15)

The f i r s t  s y n th e s is  o f  th e s e  n o v e l h e te r o c y c le s  was r e p o r te d  by 

68H o r i e t  a l  in  1 9 7 9 . The s ta b le  9 -m e th y l-1 0 -a z a -9 - th ia p h e n a n th r e n e

( 1 7 )  was o b ta in e d  fro m  2 -a m in o -2 -m e th y lth io b ip h e n y l ( 1 6 )  by r e a c t io n  

w ith  N -c h lo ro s u c c in im id e  fo l lo w e d  by t r e a tm e n t  w ith  b a s e . A z a s u l-  

phonium  s a l t s  ( 1 8 )  w ere  a ls o  is o la t e d ,  and th e s e  w ere  r e a d i l y  

c o n v e r te d  in t o  th e  s u lp h im id e  ( 1 7 )  on t r e a tm e n t  w ith  b a s e .

(17)

(i) NCS (ii) AgC10A (iii) KOH (iv) picric acid

U s in g  th e  same p ro c e d u re , c i s -o - a m in o s t y r y l  m e th y l s u lp h id e  ( 2 1 )  

was c o n v e rte d  in t o  th e  2 -m e t h y l - l - a z a - 2 - t h ia n a p h t h a le n e  ( 2 2 ) .  The 

t r a n s - o l e f i n  c o u ld  n o t  be c o n v e rte d  in t o  th e  s u lp h im id e  ( 2 2 ) .

o -  A m in o s ty ry l m e th y l s u lp h id e  was s y n th e s is e d  fro m  o - n i t r o b e n z a l -



36.

dehyde ( 1 9 )  in  two s te p s .  R e a c t io n  w ith  tr ip h e n y lp h o s p h o n iu m  

m e th y lth io m e th y lid e  y ie ld e d  th e  o - n i t r o s t y r y l  m e th y l s u lp h id e  ( 2 0 )  

w hich  was re d u c ed  to  th e  c o r re s p o n d in g  am ine ( 2 1 )  w ith  z in c /c a lc iu m  

c h lo r id e .  Column c h ro m ato g rap h y  a f fo r d e d  b o th  c is  and t r a n s  is o m e rs .

r -^ N C H O
.  I

(19) ( 20)

^ ^ N H 2

(21)

cis (2 1 ) X
H

(22) (23)

(i) Ph3P-CHSMe (ii) Zn-CaCI2 (iii) NCS

(iv) KOH (v) picric acid (vi) AgClO^

In  com pariso n  w ith  th e  a z a th ia p h e n a n th re n e  ( 1 7 ) ,  th e  

a z a th ia n a p h th a le n e  ( 2 2 )  is  o n ly  m o d e ra te ly  s ta b le  and decomposes 

s lo w ly  on s ta n d in g  a t  room te m p e r a tu r e . The s u lp h u r -n i t r o g e n  

b o n d in g  in  th e s e  m o le c u le s  is  c o n s id e re d  to  be y l i d i c .  E v id e n c e  

f o r  t h i s  can be seen in  th e  p ro to n  n . m . r .  spectru m  o f  th e  

a z a th ia n a p h th a le n e  ( 2 2 )  w h ich  shows a d o u b le t  in  th e  o l e f i n i c  re g io n s  

f o r  H ( see  o v e r l e a f ) .



37.

A t  1 4 0 °C , 9 -m e th y la z a th ia p h e n a n th re n e  ( 1 7 )  u n d erw e n t r in g  

e x p a n s io n  to  g iv e  th e  1 , 3 - t h ia z e p in e  ( 2 4 ) .

!i) mcpba

Scheme 39

A tte m p ts  to  p re p a re  th e  c o r re s p o n d in g  s u lp h o x im id e  from

s u lp h im id e  ( 1 7 )  f a i l e d ,  th e  o n ly  p ro d u c ts  is o la t e d  a r is i n g  fro m

c le a v a g e  o f  th e  s u lp h u r -n i t r o g e n  bond (Scheme 3 9 ) .

An a l t e r n a t i v e  r o u te  to  1 H -1 , 2 - t h ia z i n e s  has been d e v e lo p e d  

6 9 , 7 0
in  th e s e  L a b o r a to r ie s .  T h is  w i l l  be d is c u s s e d  in  a l a t e r  s e c t io n .
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S tu d ie s  o f  some o f  th e  p r o p e r t ie s  o f  th e s e  new h e te r o c y c le s  have  a ls o  

been u n d e rta k e n  by t h i s  g ro u p .

The X - r a y  s t r u c t u r e  o f  an a z a th ia b e n z e n e  d e r iv a t i v e  was o b ta in e d

and fro m  t h i s  i t  was a p p a re n t t h a t  th e  1H 1 , 2 - t h i a z i n e  r in g  is  n o t  

69
p la n a r .  T h is  c o n firm s  t h a t  th e s e  compounds a re  y l i d i c  in  n a t u r e .

F u r th e rm o re , th e  r e a c t io n s  o f  th e s e  t h ia z in e s  w ith  d im e th y l a c e t y le n e -

d ic a r b o x y la te  w ere r e p o r te d  and i t  was c o n c lu d e d  t h a t  th e s e  h e t e r o -

71
c y c le s  r e a c t  as s u lp h im id e s . In  a p r o t ic  s o lv e n ts  th e  t h ia z in e s

(2 5  -  2 7 ) re a c te d  to  g iv e  th e  1 A ,4 - t h ia z o c in e s  ( 2 8 ) .

CO,Me CO,Me.

'/

'X

N v s R

C02Et

N
'/

X ^ \

^sCOjMe
r NV 'S R ^ V l  SR

C02Et C02Et

OMe

25-27) 128)

(25) X = CH2-CH2 R = Ph

(25a) X :: S R = Ph

(27a) X = 0 R = Ph

(27b) X ■= 0 P.= Me

(i) Me02CC=CC02Me

U nder p r o t ic  c o n d it io n s  a 2 :1  a d d u c t ( 3 0 )  was o b ta in e d . T h is  

i s  th o u g h t to  be d e r iv e d  from  p r o to n a t io n  o f  th e  i n i t i a l  in te r m e d ia te  

( 2 9 )  fo l lo w e d  by a t t a c k  o f  a second m o le c u le  o f  ( 2 5 ) .
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N +
' ^SPh (i)

C02Et

Me02C^>vC02Me
N ♦

'SPh

C02Et
(28)

(25) (29)

(29)

H

M e 0 2 C 'y ^ C  0 2 Me

N'S P h  (25)

C02Et

C02Et

C02Et

P h S '^ i 9°2Mer^:r''Ti

(30)

(i) Me02CC=CC02Me

In  th e  s tu d y  o f  a z a th ia -a n a lo g u e s  o f  b en ze n e , 1 H -1 , 4 - t h ia z i n e s

a re  a ls o  o f  i n t e r e s t .  Fused 1 H -1 , 4 - t h ia z i n e s  have been s y n th e s is e d

fro m  th e  c o rre s p o n d in g  4 H -1 , 4 - t h ia z i n e s  by t r e a tm e n t  w ith  a l k y l

72 73
h a l id e s  and sodium  h y d r id e .  ’ G i l c h r i s t  e t  a l  have d e m o n s tra te d

t h a t  s u lp h o x id e s  ( 3 1 )  can be c y c l is e d  w ith  t r i f l u o r o a c e t i c

a n h y d r id e  to  g iv e  m o d erate  y ie ld s  o f  1 H -1 , 4 - t h ia z i n e s  (Scheme 4 0 ) .
74



H
N

G
^ y ] H 2

^ ^ S M e

J) Mel

(0

r ^ N H 2

k ^ S O M e

H

+ S^
Me

'R

H
N> iR

k;^ S O M e

(31)

R

^ ^ S - M e  

(ii) NaH

R

iiii) (CF3C0)20

Scheme AO

T h e rm o ly s is  o f  1 H -1 , 4 - t h ia z i n e s  has been shown to  cause

[ l , 2 ]  and [ l , 4 ]  re a rra n g e m e n ts  o r  f )  - e l i m i n a t i o n ,  d ep e n d in g  on th e

75
n a tu r e  o f  th e  s u b s t i tu e n t  p re s e n t  a t  s u lp h u r  (Scheme 4 1 ) .

-3

Scheme A1
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P h o to ly s is  o f  1 H -1 , 4 - t h ia z i n e s  has a ls o  been s tu d ie d .  The

r e s u l t s  show t h a t  when th e  d e r iv a t i v e s  ( 3 2 )  w ere i r r a d i a t e d ,

1 ,4 - t h ia z e p in e s  ( 3 4 )  w ere  is o la t e d  in  90% y i e l d .  S h o r te n in g  th e

r e a c t io n  t im e  le d  to  th e  i s o l a t i o n  o f  th e  [ l , 2 ]  re a rra n g e m e n t

p ro d u c ts  ( 3 3 ) .  I r r a d i a t i o n  o f  th e s e  u n d er th e  same c o n d it io n s

gave th e  1 , 4 - t h ia z e p in e s . I t  was t h e r e f o r e  c o n c lu d e d  t h a t  th e

i n i t i a l  r e a c t io n  o f  ( 3 2 )  was a p h o to -S te v e n s  re a rra n g e m e n t to  g iv e

( 3 3 )  w h ich  th e n  re a r r a n g e s  v ia  a f r e e - r a d i c a l  p ath w ay  to  g iv e  th e  

73
p ro d u c t ( 3 4 ) .

Me Me Me
(33)

As y e t ,  th e  p a r e n t  th ia b e n z e n e  system  has n o t been r e p o r te d ,  

h a s , h o w ever, been a r e p o r t  o f  an a z a t h ia h e x a -1 , 4 - d ie n e . B lu d ssu s  

Mews d e s c r ib e d  th e  r e a c t io n  o f  t h i a z y l  f lu o r id e  ( 3 6 )  w i t h  p e r f lu o r o  

b u ta d ie n e  ( 3 5 ) .  The r e s u l t in g  p e r f lu o r o - lA  , 2 - t h i a z a c y c l o h e x a - l ,4 ' 

d ie n e  ( 3 7 )  was form ed  in  a lm o s t q u a n t i t a t i v e  y i e l d  and was shown to

T h ere

and
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r e a c t  w ith  s i l i c o n  t e t r a c h lo r id e  to  g iv e  th e  c o r re s p o n d in g  S -c h lo r o  

76
compound ( 3 8 ) .

F^ 2

+

F
S
HI — *
N

F F
F r j^ S F  (i) r

F > < N'
F F

F F
F r ^ S C l

i .
F ^ N  

F F

(35) (36) (37) (38)
(i) SiCfe

T h ia z y l  f lu o r id e  r e a c ts  e x p lo s iv e ly  w ith  a lk y lb u ta d ie n e s  and  

c o n s e q u e n tly  a l k y l  d e r iv a t iv e s  c o u ld  n o t be p re p a re d  by t h i s  r o u t e .

1 . 3 . 3  T h ia d ia z in e s

3 , 4 - D i h y d r o - l H - l , 2 ,4 - b e n z o t h ia d ia z in - 3 -o n e  ( 4 1 )  was th e  f i r s t

system  b e lo n g in g  to  t h i s  c la s s  o f  compounds to  be d e s c r ib e d . In

1964 Wagner £ t  a l  r e p o r te d  t h a t  t r e a tm e n t  o f  2 - a l k y l t h i o -  o r  2 - a r y l t h i o -

a n i l in e s  ( 3 9 )  w ith  p o ta ss iu m  c y a n a te  gave th e  c o r re s p o n d in g  u re a s  ( 4 0 ) .

77
These w ere th e n  c y c l is e d  v ia  th e  N-brom o compound to  g iv e  ( 4 1 ) .

r i ^ S R 1

R \ ^ N H 2 RPi^NHCONH

(39! ( A O )

(i) KOCN

N
is

0

(41)
NaOCH3 ,Br2

A tte m p ts  to  O - a lk y la t e  t h i s  system  to  g iv e  th e  f u l l y  u n s a tu r a te d

b e n z o th ia d ia z in e  system  f a i l e d .  A lk y la t i o n  o c c u rre d  a t  n i t r o g e n  and

th e  p ro d u c ts  d e r iv e d  w ere d ep en d en t on th e  re a g e n t  used (Scheme 4 2 ) . 78
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X CH2Ph + PhCH2X

(i) Me30 BF  ̂ (ii) RX = PhCH2Br,MeI.EtI

Scheme A2

The f i r s t  f u l l y  u n s a tu ra te d  b e n z o th ia d ia z in e s  w ere  r e p o r te d  by

M a rk o v s k i and cow o rkers  in  1 9 7 3 . The S -c h lo r o  d e r iv a t iv e s  ( 4 2 )

w ere  s y n th e s is e d  fro m  N -a r y la m id in e s  by t r e a tm e n t  w ith  s u lp h u r  

79
d i c h l o r i d e .

R C :n { 3  

n h 2 '— '

RC: N 
n h 2

li!

'.i) SCi2

( 2. 2 !

s . N-
CI

These S -c h lo r o  compounds c o u ld  a ls o  be p re p a re d  fro m  th e  2 H -

b e n z o th ia d ia z in e  ( 4 3 )  by t r e a tm e n t  w ith  c h lo r in e  g a s . 79



44.

R e a c tio n  o f  ( 4 3 )  w ith  N ,N -d ic h lo ro b e n z e n e s u lp h o n a m id e  d id  n o t

g iv e  th e  S -c h lo r o  d e r iv a t i v e  as e x p e c te d  b u t gave th e  N -p h e n y ls u lp h o n -

79
a m id o -1 , 2 , 4 -b e n z o t h ia d ia z in e  ( 4 4 ) .

IL3)
HNS02Ph

!Ua)
(i) PhSO,NCl-

Compound ( 4 4 a ) ,  w h ich  p re su m a b ly  e x i s t s  l a r g e l y  in  th e  

ta u to m e r ic  form  ( 4 4 b ) ,  had p r e v io u s ly  been s y n th e s is e d  fro m  th e  

r e a c t io n  o f  N -a ry lb e n z a m id in e  ( 4 5 )  w ith  N -s u lp h o n y ls u lp h o n a m id e s .

(A5)

NH.
(i!

I
'N

(U b )

R + PhS02NH2 

NH

NS02Ph

(i) PhS02-N-S0

+
SO-

T re a tm e n t o f  th e  c h lo r o  d e r i v a t i v e  ( 4 4 )  w ith  m o rp h o lin e  gave

good y ie l d s  o f  th e  S -m o r p h o lin o -1 ,2 , 4 -b e n z o t h ia d ia z in e  ( 4 6 ) .
79
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r ^ V ^ N

(44)

(i)
„ NC  ̂  - k  n

Cl
li) 0  

V_

“A i

^ 0 ^
(46)

G i l c h r i s t  e t  a l  r e p o r te d  th e  s y n th e s is  o f  ( 4 6 )  fro m  th e  r e a c t io n

o f  N -a ry lb e n z a m id in e s  ( 4 7 )  w ith  4 , 4 , - th io b is m o r p h o l in e  and N -c h lo r o -  

81s u c c in im id e . In t r o d u c in g  s u b s t i tu e n t s  in t o  th e  o r th o - p o s i t io n s  o f

th e  a r y l  group s u c c e s s fu l ly  b lo c k e d  th e  fo r m a t io n  o f  th e  c y c l ic  y l i d e  

(Scheme 4 3 ) .

R - H
(i!

(46)

Scheme 43

F u rth e rm o re  th e y  d e m o n s tra te d  t h a t  s u lp h e n y l c h lo r id e s  r e a c t  w i t h  

b en za m id in e s  u n d er s i m i l a r  c o n d it io n s  to  g iv e  h ig h e r  y ie ld s  o f  1 , 2 , 4 -  

b e n z o t h ia d ia z in e s . T h is  m ethod has been used to  s y n th e s is  S - a l k y l -

and S - a r y l -  1 ,2 ,4 - b e n z o t h ia d ia z in e s  (Scheme 4 4 ) .
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^ |P h
NH2 + RSCl

(i)

(i) NCS
R

Scheme UU

S tu d ie s  o f  th e  p h o to c h e m ic a l and th e rm a l r e a c t io n s  o f  th e s e

82
b e n z o th ia d ia z in e s  have been r e p o r te d .  The th e rm a l s t a b i l i t y  o f

th e  b e n z o th ia d ia z in e  was fou n d  to  be d ep en d en t on th e  s u b s t i tu e n t  

a t  s u lp h u r ;  S - a r y l - 1 , 2 , 4 -b e n z o th ia d ia z in e s  decomposed around  180°C  

y ie l d i n g  re a r r a n g e d  p ro d u c t ( 4 8 )  w hereas  th e  S -m o rp h o lin o  d e r iv a t i v e s  

( 4 6 )  a re  somewhat le s s  s ta b le  and decompose a t  130°C . The p ro d u c ts  

is o la t e d  from  ( 4 6 )  w ere 2 H -1 , 2 , 4 -b e n z o th ia d ia z in e s y p ro b a b ly  p ro d u ced  

by f )  e l im in a t io n ,  to g e th e r  w i t h ,  in  some c a s e s ,  b e n z o t h ia z o le s , w h ich  

w ere th o u g h t to  be d e r iv e d  from  th e  2 H -1 , 2 , 4 - b e n z o t h ia d ia z in e s . L e a s t

s ta b le  o f  th e  b e n z o th ia d ia z in e s  a re  th e  S -m e th y l d e r i v a t i v e s .  These  

decompose a t  80°C  to  g iv e  th e  c o rre s p o n d in g  2 H -1 , 2 , 4 -b e n z o t h ia d ia z in e s

( Scheme 4 5 ) .
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I< ^ SV " N A >
R=Ar

Ar
N

• ^ Y ^ P h

(A8)

R: N 0

^ P h  
NH +

R=Me

Scheme 45

r̂ ' \ r-'N

P h o to ly s is  o f  b e n z o th ia d ia z in e s  e f f e c t s  th e  c le a v a g e  o f  th e  

s u lp h u r -n i t r o g e n  bond p re su m a b ly  g e n e r a t in g  th e  n i t r e n e  ( 4 9 )  as an 

in te r m e d ia te  w h ich  th e n  c y c l is e s  o n to  th e  f r e e  o r t h o - p o s i t io n  o f  th e

benzene r in g  le a d in g  to  th e  b e n z im id a z o le  ( 5 0 ) . 82

Ph hv

SR H 
150)

N)Ph

S h o u ld  th e  o r th o - p o s i t io n  be b lo c k e d  t h i s  c y c l is a t io n  is  

su p p ressed  and th e  b e n z o th ia d ia z in e  is  re fo rm e d . As an e xa m p le ,

p h o to ly s is  o f  5 - c h l o r o - l , 3 - d i p h e n y l - l , 2 ,4 -b e n z o t h ia d ia z in e  ( 5 1 )
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i s  v e r y  s lo w  and im p lie s  t h a t  ( 5 1 )  is  s t a b le  to  u . v .  r a d i a t i o n .

H ow ever, in t r o d u c t io n  o f  d im e th y l s u lp h o x id e , a good n i t r e n e  t r a p ,

r e s u l t s  in  good y ie ld s  o f  s u lp h o x im id e  ( 5 2 )  th u s , d e m o n s tra tin g  t h a t

82
s u lp h u r -n i t r o g e n  bond c le a v a g e  is  o c c u r r in g .

(i) DMSO

From th e  r e a c t io n s  o f  th e  b e n z o th ia d ia z in e s  d e s c r ib e d  ab o ve, some 

s i m i l a r i t y  can be n o te d  b etw een  th e s e  and th e  r e a c t io n s  o f  th e  t h ia z in e s  

and th ia b e n z e n e s . T h is  w ould  s u g g e s t t h a t  th e y  may a ls o  be y l i d i c  in  

n a tu r e  an d , as such , n o t  a ro m a t ic  sys tem s.

1 . 3 . 4 .  T h ia t r ia z in e s

The l H - l , 2 , 4 , 6 - t h i a t r i a z i n e  r in g  system  has been known f o r  some

t im e . A lth o u g h  n o t a c y c l ic  s u lp h im id e , th e  r in g  system  does c o n ta in

a s u lp h u r -n i t r o g e n  bond a t  th e  a p p r o p r ia te  o x id a t io n  l e v e l  g iv in g  r i s e

to  th e  p o s s i b i l i t y  o f  t h i s  system  e x h ib i t in g  a ro m a tic  p r o p e r t ie s .

One o f  th e  e a r l i e s t  s y n th e s e s  d e s c r ib e s  th e  fo r m a t io n  o f  t h i s

h e t r o c y c l ic  r in g  system  from  N -h a lo  a m id in e s  by r e a c t io n  w ith  s u lp h id e s  

83
(Scheme 4 6 ) .

2 PhC=NHal + 
NH2

R
Q+ -

Me Hal
J +

NXPh NHa Hal
R = alkyl

Me SR N

Ph!L.

Scheme A5
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L a t e r ,  an im p ro ved  s y n th e s is  was r e p o r te d  w h ich  was used to

p re p a re  s e v e r a l  t r i s u b s t i t u t e d  l H - l , 2 , 4 , 6 - t h i a t r i a z i n e s .  T h is

was b ased  on th e  r e a c t io n  o f  N -b ro m o am id in es  w ith  N -s u lp h e n y l-

84a m id in e  d e r iv a t iv e s  (Scheme 4 7 ) .

1 2
RS-N=CR-NH.

BrN-CR-NH2

m R  N = \
1 ' '

^  J
N~CR=NH2 Br "N— ^

N=CR-NH2

R1S
♦ \ 3 +

R
(i) base

J  2
R z alkyl ,aryl R = aryl R - alkyl, aryl

Scheme U1

T h ia t r ia z in e s  have a ls o  been p re p a re d  by t r e a t i n g  sodium

85d ic y a n a m id e  w ith  t h io n y l  c h lo r id e  (Scheme 4 8 ) .  p i

CN „StL-
N N

NaN
\CN

ti)

(i! SOCl.

C l^ N ^C I 
(53!

Scheme 48
T re a tm e n t o f  ( 5 3 )  w ith  am ines gave th e  1 -a m in o  d e r iv a t i v e s  ( 5 4 )
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Subsequent t r e a tm e n t  w ith  an exc es s  o f  am ine was shown to  p ro d u ce

86
th e  d ia m in o  compounds ( 5 5 ) ;  f u r t h e r  r e a c t io n  was n o t  o b s e rv e d .

In  c o n t r a s t ,  t h i o l s  r e a c te d  w ith  th e  l - a m i n o - 3 , 5 - d i c h l o r o t h i a t r i a z i n e s

( 5 4 )  to  g iv e  e i t h e r  ( 5 6 )  by d is p la c e m e n t  o f  one c h lo r in e  atom  o r  ( 5 7 )

' 87
by d is p la c e m e n t o f  b o th  c h lo r in e  a to m s .

In  g e n e ra l th e s e  t h i a t r i a z i n e s  a re  a i r  s e n s i t i v e ,  c r y s t a l l i n e

compounds w ith  a te n d e n c y  to  undergo  spo n tan eou s  d e c o m p o s it io n .

X - r a y  s t r u c tu r e s  o f  d e r iv a t iv e s  have shown t h a t  th e  r in g  system  is  

, 8 8 , 8 9
n o t  p la n a r .  As y e t ,  i t  i s  n o t known w h e th e r th e s e  compounds

show any a ro m a tic  c h a r a c te r  o r n o t .

A s y n th e s is  o f  d ih y d ro  1 , 2 , 4 , 6 - t h i a t r i a z i n e s  has a ls o  been r e p o r te d .

S h e rm o lo v ic h  e t  a l  have shown t h a t  a r e n e s u lp h in im id o y l c h lo r id e s  ( 5 8 )

r e a c t  w ith  b e n za m id in e s  to  g iv e  th e  c y c l ic  p ro d u c ts  shown in  

90
Scheme 4 9 .
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(CF3 )2C=NCI

(CF3)2 C=NSC6H5

(i) CgHgSCl

(i)

lii) Cl2

(CF3)2C-N-SC6H5 

Cl Cl

(58)

3CF__

CF3 ^ N ^ Ph 
N ^ N H  ' 

Ph

CF, .
cF 3r Ni P h
“ H N ^ N  " 

Ph

CF2 H 
C F 3^ N 1 P h

N ^ N '
Ph

(iv)
c f 3 - c f 3 -

C F 3 ^ N ' S P h  ^ C F , ^ N 1 P h

PhN.
i

N N
Ph

PhC=NH
NHo

Ph

(iv) PhC-NPh 
NHo

Ph

Scheme 49

1 . 3 . 5 .  F iv e  Membered R ings

The f i r s t  f i v e  membered r in g  s u lp h im id e s  r e p o r te d  w ere  p re p a re d

from  s u b s t i tu t e d  a ry ls u lp h o n a m id e s  by t r e a tm e n t  w i t h  b ro m in e  u n d er

91
b a s ic  c o n d it io n s  (Scheme 5 0 ) .

0 2N k - ^ S 0 2NH2

i: Br2 ,0H

Scheme 50

These s u lp h im id e s  have a ls o  been is o la t e d  as p h o to ly s is  p ro d u c ts

o f  2 - (p h e n y l th io )p h e n y ls u lp h o n y l  a z id e s  (Scheme 5 1 ) . 92
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< ^ , S P h  hv

^ J so 2n 3

Ph
+

N/
0 2

Scheme 51

U n fo r t u n a t e ly ,  th e  p r o p e r t ie s  o f  th e s e  c y c l ic  s u lp h im id e s  h ave  n o t

been d e s c r ib e d . The r e la t e d  c y c l ic  s u lp h im id e s  ( 6 1 )  w ere  s y n th e s is e d  

93by C laus  e t  a l .  T re a tm e n t o f  th e  a n i l in e s  ( 5 9 ) ,  p ro d u ced  by th e

S o m m ele t-H au ser re a rra n g e m e n t o f  N - a r y l - S - a lk y ls u lp h im id e s , w ith  

N -c h lo ro s u c c in im id e  le d  to  th e  g e n e r a t io n  o f  th e  c y c l ic  su lph o n iu m  

c h lo r id e s  ( 6 0 ) .  These w ere  th e n  c o n v e r te d  in t o  th e  c o r re s p o n d in g  

c y c l ic  s u lp h im id e s  ( 6 1 )  by t r e a tm e n t  w ith  b a s e .

p Y " 2 in
^ > ^ c h 2s r 2

(59)

r' h c r 
r * f V N '* 2

R

(60) (61)

NCS ii! base

The s t a b i l i t y  o f  th e s e  s u lp h im id e s  is  h ig h ly  d ep en d en t on th e  

1 2  1
n a tu re  o f  b o th  R and R . In  cases  where R is  an e le c t r o n  w ith d ra w in g  

s u b s t i t u e n t ,  th e n  th e  system  is  s t a b i l i s e d .  D e r iv a t iv e s  in  w h ich  R^ 

is  an e le c t r o n  d o n a tin g  g roup  a r e  o n ly  s ta b le  a t  low  te m p e ra tu re s .

H y d r o ly s is  o f  th e  s u lp h im id e s  ( 6 1 )  to  s u lp h o x id e s  ( 6 2 )  o c c u rre d  

in  th e  p re s e n c e  o f  w a te r .  The c o rre s p o n d in g  s u lp h o x im id e s  ( 6 3 )  w ere  

o b ta in e d  when th e  s u lp h im id e  ( 6 1 )  was o x id is e d  u s in g  p o ta s s iu m  

perm an g an ate  in  aqueous d io x a n .



(61)

(61)

The o n ly  o th e r  r e p o r te d  s y n th e s is  o f  a f i v e  membered c y c l ic

s u lp h im id e  c o n cern s  th e  s y n th e s is  o f  1 , 5 - d i h y d r o - l , 2 , 3 , 4 - t h i a t r i a z o l e s

from  q u a te r n a ry  s a l t s  o f  N , N -d is u b s t i t u t e d  th io a m id e s  by t r e a tm e n t  w ith

94
sodium  a z id e  (Scheme 5 2 ) . L

,W

F)-C-S
1 2 3
NRR

1 + u
R-C=SR

I 23
NRR

(i) R4X (ii! NqN3

Scheme 52 Sc_c_ -** O

These 1 , 5 - d i h y d r o - l , 2 , 3 , 4 - t h i a t r i a z o l e s  a re  c o lo u r le s s ,  c r y s t a l l i n e  

s o l id s  w h ich  can be s to re d  a t  room te m p e ra tu re  f o r  s e v e r a l  days o r  f o r  

lo n g e r  p e r io d s  a t  0 ° C .  They decompose a t  8 0 -1 0 5 °C  w ith  e v o lu t io n  o f  

n i t r o g e n .  T h e rm o ly s is  o f  th e s e  compounds in  to lu e n e  o r  c y c lo h e x e n e  

p ro ceed s  s m o o th ly  r e s u l t in g  in  th e  fo r m a t io n  o f  h ig h  y ie l d s  o f  a m id in e s , 

to g e th e r  w ith  a p ro d u c t d e r iv e d  fro m  r e a c t io n  w ith  th e  s o lv e n t  (Scheme 

5 3 ) .
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(i) PhMe

PhCH(SMe)2 + N2

+ N2

Scheme 53

T re a tm e n t o f  th e s e  1 , 2 , 3 , 4 - t h i a t r i a z o l e s  w ith  2M h y d r o c h lo r ic  

a c id  a t  room te m p e ra tu re  a ls o  p ro d u ces  a m id in e s . The p ro p o sed  

mechanism f o r  t h i s  r e a c t io n  is  shown in  Scheme 5 4 .

PhC=NH + N,
I

f NV  MeSOH 
k CK

Scheme 5^

Two o th e r  h e te r o c y c le s  have been r e p o r te d  w h ich  a lth o u g h  n o t  

s u lp h im id e s , possess s i m i l a r  s t r u c t u r a l  f e a t u r e s .  The f i r s t  was 

i s o la t e d  from  th e  r e a c t io n  b etw een  N - t r i f lu o r o m e th y l im id o s u lp h u r o u s

d i f l u o r i d e  and h e x a f lu o r o b u t -2 -y n e  o v e r  caesium  f l u o r i d e  (Scheme 5 5 ) . 95
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-  +
CF3 N-SF2 + CF3CECCF3

(i)
F f" N \+

11 V c f c f 2c f 3

CF3C F - S V  -
CF3CF2 CF3

CF

(i) CsF

Scheme 55

The o th e r  h e te r o c y c le ,  a 3 H -1 , 2 , 5 - t h i a d i a z o l e ,  has been o b se rve d

as a p ro d u c t  fro m  th e  r e a c t io n  betw een c h l o r o f lu o r o t h i a d ia z o le  and

96xenon d i f l u o r i d e  (Scheme 5 6 ) .

F Cl
/ n \  til

N .N ~

(0 XeF2

CIN=CCF2N-SF2

(ii! C1F

Scheme 56
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2 .  RESULTS AND DISCUSSION

2 .1  S y n th e s is  o f  C y c l ic  S u lp h im id e s

I n  1981 a m ethod f o r  th e  s y n th e s is  o f  c y c l ic  s u lp h im id e s  was

69  97 98
p u b lis h e d  fro m  th e s e  L a b o r a to r ie s .  Work by G ra n t and T s o i had  

e s ta b l is h e d  a v ia b le  s y n th e s is  o f  th e  c y c l ic  s u lp h im id e s  shown in  

Scheme 5 7 .

(26a,b) (25) (27a,b)

(a) R- Ph (b) R =Me

Scheme 5*7

In  th e  s y n th e s is  o f  each o f  th e s e , th e  n i t r o g e n - s u lp h u r  bond 

was form ed  as th e  l a s t  s t e p .  The m ethod d e v e lo p e d  in v o lv e d  th e  

use o f  a z id e s .  As d e s c r ib e d  e a r l i e r ,  d e c o m p o s itio n  o f  a z id e s  

in  th e  p re se n c e  o f  s u lp h id e s  may p ro d u ce  good y ie ld s  o f  s u lp h im id e s .

T h u s, f o r  any o f  th e  s u lp h im id e s  shown in  Scheme 5 7 , th e  f i r s t  

r e t r o s y n t h e t ic  s te p  w ou ld  g iv e  th e  a z id e  ( 6 4 )  shown in  Scheme 5 8 . 

D is c o n n e c tio n  o f  th e  a z id e  ( 6 4 )  le a d s  to  th e  a ld e h y d e  ( 6 5 )  and a c t iv e

m e th y le n e  compound ( 6 6 ) .  The a ld e h y d e s  ( 3 -a z id o th io p h e n -2 -c a r b a ld e h y d e ,

3—a z id o f u r a n - 2 —c a rb a ld e h y d e ^ " ^  and o -a z id o b e n z a ld e h y d e ^ ^ ^ ) r e q u ir e d  f o r  

th e  s y n th e s e s  had a l l  been d e s c r ib e d  in  th e  l i t e r a t u r e .

99
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> V N^ R => f V ^3 SR

o ro m t̂ v^'::̂ ''C 0 2Et

(64)

• V 3 SR _v • V *3 / SR, 11 J  = ) J | + (
1 T H 0 C02Et

(64) (65) (6 6 )

Scheme 58

S i m i l a r i l y  th e  is o m e r ic  c y c l ic  s u lp h im id e s  shown in  Scheme 59

w ere s y n th e s is e d  fro m  th e  a p p r o p r ia te  a ld e h y d e s  and e t h y l  a z id o a c e t a t e .
102

,_____ r SR

I \[ +
^  X ''X H O  

X  ̂ CH=CH

/N3 base

\ o2b

.S

*2—!

Scheme 59
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2 . 1 . 1  T h ie n o [ 3 ,2 c ]  [ lA ^ , 2 ] t h i a z i n e s

3 -A z id o th io p h e n -2 -c a r b a ld e h y d e  (6 7 )  was p re p a re d  by th e  m ethod o f

99
G ro n o w itz  fro m  2 ,3 -d ib r o m o th io p h e n . L i t h i a t i o n  o f  2 ,3 -d ib ro m o th io p h e n

a t  lo w  te m p e ra tu re  o c c u rs  e x c lu s iv e ly  a t  th e  2 - p o s i t io n .  S u b seq u en t

r e a c t io n  w ith  d im e th y lfo rm a m id e  g ave  3 -b ro m o th io p h e n -2 -c a r b a ld e h y d e

w h ich  re a c te d  w i t h  sodium  a z id e  in  h exam etfty lp h o sp h o ram id e  s o lu t io n

to  g iv e  (6 7 )  by n u c le o p h i l ic  d is p la c e m e n t o f  b ro m in e . 2 , 3 -D ib ro m o th io p h e n

is  a v a i la b l e  fro m  th io p h e n  by a s e r ie s  o f  b r o m in a t io n , p a r t i a l  d e b ro m in a tio n

103
and b ro m in a tio n  r e a c t io n s .  The s y n th e s is  is  shown in  Scheme 6 0 .

.Br Zn
r s g / B r  CH3C02H

O '

Br NaN-
s -CH0 HMPA

Br

N-

CHO

(57)

Scheme 60

The a z id e  (6 7 )  is  r e l a t i v e l y  s t a b le  and can be s to r e d  f o r  p ro lo n g e d  

p e r io d s  in  th e  d a rk  a t  0 °C . In  sodium  e th o x id e /e th a n o l  s o lu t io n  th e  

a z id o -a ld e h y d e  (6 7 )  u n d erw e n t c o n d e n s a tio n  r e a c t io n s  w ith  a v a r i e t y  o f  

a c t iv e  m e th y le n e  compounds, d e t a i l s  o f  w h ich  a re  g iv e n  in  Scheme 6 1 .



59.

____ ,n3
//  v\ /SR NaOEt

/ r i t 2 f
N S^CH0 ' Z

(67) (6 6 ) (6 8 )

(a) R-Ph Z=C02Et Yield=90%

(b) = Me 11 o o K> m = 50%
(c) = Ph =c o c h 3 = 75%

(d) = Ph =CH0 =50%

(e) = Ph =CN =80%

(f) =Et =C02Et =50%

(g) =C02Et =57%

Scheme 61

W ith  th e  e x c e p t io n  o f  2 -p h e n y lth io a c e ta ld e h y d e  and e t h y l
9

2 - a l l y f t h i o a c e t a t e , th e  m e th y le n e  compounds w ere  o b ta in e d  by r e a c t io n

o f  th e  sodium  s a l t  o f  th e  a p p r o p r ia te  t h i o l  w ith  e i t h e r  e t h y l

104 105 104
2 - c h lo r o a c e t a t e , 2 - c h l o r o a c e t o n i t r i l e  o r  c h lo r o a c e to n e .

2 -P h e n y lth io a c e ta ld e h y d e  was p re p a re d  in  a s im i la r  m anner from

106
2 -b ro m o a c e ta ld e h y d e  d i e t h y l a c e t a l . P h e n y lth io a c e ta ld e h y d e  was

th e n  s to r e d  in  th e  p r o te c te d  fo rm . Im m e d ia te ly  b e fo r e  u s e , th e

a ld e h y d e  (6 6 d ) was o b ta in e d  by t r e a tm e n t  o f  i t s  d i e t h y la c e t a l  w ith

107
2M h y d r o c h lo r ic  a c id .  E th y l  2 - a l l y l t h i o a c e t a t e  was o b ta in e d  from  

th e  r e a c t io n  o f  th e  sodium  s a l t  o f  e th y l  2 -m e rc a p to a c e ta te  w ith  

a l l y l c h l o r i d e  (Scheme 6 2 ) .
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RSH

(a) P=Ph (i)

(bi = Me (i)

le) = Ph (i)

(d) = Ph (i)

le) = Ph (i)

If) - Et (i)

ig> = CH2C0;jEt (i)

NaOEt

(i)

CtCH2C02Et

ClCH2 C02Et

ClCH2COCH3

BrCH2CH(OEt)2

CICH2CN

C!CH2C02Et

CICH2CH=CH2

r s c h 2z

(66)

(ii) 2M HCl

Scheme 62

In  a l l  o f  th e  above c o n d e n s a tio n  r e a c t io n s ,  o n ly  one d o u b le  bond

is o m er was o b ta in e d . The n .m . r .  s p e c tru m  o f  th e  c ru d e  r e a c t io n

m ix tu r e  showed o n ly  one re s o n a n c e  f o r  th e  v i n y l i c  p ro to n  H ,

in d ic a t in g  t h a t  o n ly  one o f  th e  p o s s ib le  is o m e r ic  p ro d u c ts  was fo rm e d .

13
From th e  u n d ecou p led  C n .m . r .  sp ectru m  o f  ( 6 8 b ) ,  a c o u p lin g  c o n s ta n t  

o f  5 .5  Hz was m easured f o r  th e  c o u p lin g  b e tw een  H and th e  c arb o n  atom

o f  th e  e s t e r  c a rb o n y l g ro u p . T h is  in d ic a t e s  a syn a rra n g e m e n t as 

108shown.

(6 8 b)
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When th e  a z id e s  ( 6 8 a - e )  w ere  h e a te d  in  r e f l u x in g  to lu e n e ,  

d e c o m p o s itio n  to o k  p la c e .  As th e  r e a c t io n  p ro c e e d s , th e  s o lu t io n  

changed fro m  b e in g  p a le  y e l lo w  to  deep r e d .  F o llo w in g  th e  r e a c t io n  

by t . l . c .  showed t h a t  as th e  s t a r t i n g  m a t e r ia l  was consum ed, a p o la r ,  

deep r e d  p r o d u c t ,  th e  c y c l ic  s u lp h im id e , was fo rm e d . A f t e r  a l l  o f  

th e  s t a r t i n g  m a t e r ia l  had been consum ed, th e  s o lv e n t  was rem oved and th e  

r e s u l t i n g  d a rk  re d  gum was ch ro m ato g rap h ed  to  g iv e  th e  p u re  s u lp h im id e  

in  good y i e l d .  C y c l ic  s u lp h im id e s  b e a r in g  a p h e n y l s u b s t i tu e n t  on 

s u lp h u r  w ere  h ig h ly  c r y s t a l l i n e  s o l i d s .  The s u lp h im id e s  p re p a re d  

by t h i s  r o u te  a re  shown in  Scheme 6 3 .

A

C6H5CH3

r ^ s p

(6 8 ! (26)

(a) R=Ph Z = C02Et Yield - 90%

(b) = Me 11 o o ro IT
] - 75%

(c) = Ph = C0CH3 - 90%
(d) = Ph = CHO = 75%
(e! = Ph = CN = 90%

Scheme 63

A ss ig n m en t o f  th e  s t r u c tu r e s  (2 6 c - e )  was based on co m p ariso n  o f  

1 13
th e  s p e c t r a l  d a ta  ( H and C n . m . r . ,  i . r . ,  u . v . ,  m .s . )  w ith  t h a t  o f

th e  known s u lp h im id e  ( 2 6 a ) .  The s t r u c t u r e  o f  (2 6 a )  had p r e v io u s ly  been

69
c o n firm e d  by X - r a y  d i f f r a c t i o n  a n a ly s is .  The u .v .  s p e c t r a  ( 2 6 c - e )

showed th e  same c h a r a c t e r i s t i c  a b s o rb t io n s  a t  around 460  nm, 330  nm

1 13
and 220  nm. C om parison o f  th e  H and C n .m . r .  s p e c t r a  a ls o  c o n firm e d  

th e  s t r u c t u r a l  s i m i l a r i t i e s  o f  ( 2 6 c - e ) .  The c h e m ic a l s h i f t  d a ta  fro m  

th e  n .m . r .  s p e c t r a  a re  shown in  T a b le  2 .



TABLE 2. Hi n.m.r. Data of Thieno [3,2c ] [ i A 4 ,2 ] thiazines

b (26a) Z- C02Et
(26c) = C0CH3

(26d) = COH
(26e) r CN

Ha n b HC

(2 6 a ) 7 .5 9  ( lH ,d ,J 5 .5 H z ) 6 .8 9  ( lH ,d d ,J 5 .5 H z  and J 0 .8 H z ) 8 .1 2  ( !H ,d ,J 0 .8 H z )

(2 6 c ) 7 .6 4  ( l H f d ,J 5 .6 H z ) 6 .8 7  ( lH ,d ,J 5 .6 H z ) 7 .9 3  ( l H . s )

( 2 6 d ) 7 .7 1  ( lH ,d ,J 5 .G U z ) 6 . 8 8  ( lH ,d ,J 5 .6 H z ) 7 .7 8  ( l H , s )

( 2 6 e ) 7 .6 3  ( ]  H , d , J 5.51 I z ) 6 .9  ( lH ,d d , J 5 .5 H z  and ,10 .6H z) 7 .7  ( 111, d , JO .G Hz)
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I t  i s  known fro m  th e  X - r a y  s t r u c t u r e  o f  (2 6 a )  t h a t  th e  t h i a z in e  

r i n g  i s  n o t  p la n a r ,  th e  s u lp h u r  a d o p t in g  t e t r a h e d r a l  g e o m e try . T h is  

i s  r e f l e c t e d  in  th e  n .m . r .  sp e c tru m  o f  (2 6 a )  and (2 6 b ) w h ich  show 

th e  p r o c h i r a l  m e th y le n e  g ro u p  o f  th e  e t h y l  e s t e r  to  be s p l i t  in t o  two  

d o u b le ts  o f  q u a r t e t s .  T h is  e f f e c t  i s  o n ly  o b se rve d  b ecau se  in v e r s io n  

a t  s u lp h u r  is  s lo w  com pared w ith  th e  n .m .r . '  t im e  s c a le .  I t  was hoped  

t h a t  t h i s  o b s e r v a t io n  c o u ld  be used to  m easure th e  in v e r s io n  b a r r i e r  

a t  s u lp h u r ,  by o b ta in in g  th e  c o a le s c e n c e  te m p e ra tu re  fro m  v a r ia b le  

te m p e ra tu re  n . m . r . .  H ow ever, as th e  m e th y le n e  g roup  is  f a r  rem oved  

fro m  th e  " c h i r a l "  c e n t r e  in  s t r u c tu r e s  (2 6  a and b ) th e  s p l i t t i n g  

o b s e rv e d  in  th e  n .m . r .  s p e c tru m  is  s m a ll and as such n o t  s u i te d  to  

t h i s  ty p e  o f  e x p e r im e n t .

U s in g  th e  same r o u te  as d e s c r ib e d  f o r  th e  p r e p a r a t io n  o f  

S -m e th y lth ie n o  [ 3 , 2 c ] [ lA ^ ,2  ] t h i a z i n e  (2 6 b ) th e  c o r re s p o n d in g  S - e t h y l  

d e r i v a t i v e  ( 2 6 f )  was p re p a re d  in  lo w  y i e l d  (Scheme 6 4 ) .

Scheme 6£
The p r o - c h i r a l  m e th y le n e  o f  th e  S - e t h y l  g ro u p , b e in g  c lo s e r  to  

th e  c h i r a l  c e n t r e ,  showed a l a r g e r  s p l i t t i n g  in  th e  n .m . r .  sp ectru m  

(F ig u r e  1 ) .  H ow ever, as r e f l e c t e d  in  th e  low  y i e l d  o b ta in e d  fro m  th e  

th e r m o ly s is  o f  a z id e  ( 6 8 f ) ,  i t  a p p e a re d  t h a t  s u lp h im id e  ( 2 6 f )  was 

u n s ta b le  a t  e le v a te d  te m p e ra tu re s . T h is  w ould  t h e r e f o r e  mean t h a t  

( 2 6 f )  was u n s u ita b le  f o r  v a r ia b le  te m p e ra tu re  n .m . r .  s tu d ie s .  

T h e rm o ly s is  o f  ( 2 6 f )  a t  110°C  showed t h a t  i t  d id  decom pose. A lth o u g h  

no p ro d u c ts  c o u ld  be is o la t e d  fro m  th e  r e a c t io n ,  i t  seems p ro b a b le  t h a t
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FIGURE 
1
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( 2 6 f )  w o u ld  u ndergo  a c y c lo e l im in a t io n  r e a c t io n  to  g iv e  th e  2 H -  

t h i a z in e  ( 6 9 ) ,  as shown in  Scheme 6 5 .

C02Et
decomposition

products

(26f) (69)

Scheme 65
F i n a l l y ,  a t te m p ts  w ere  made to  p re p a re  an S - a l l y t h i e n o t h i a z i n e . 

When th e  a z id e  (6 8 g ) was th e rm o ly s e d  in  r e f l u x in g  to lu e n e ,  th e  s in g le  

p ro d u c t o b ta in e d  p ro ve d  n o t  to  be th e  c o r re s p o n d in g  s u lp h im id e  ( 2 6 g ) .  

The s p e c t r a l  d a ta  o b ta in e d  f o r  t h i s  p ro d u c t  showed none o f  th e  

c h a r a c t e r i s t i c s  a s s o c ia te d  w ith  a c y c l ic  s u lp h im id e . The n .m . r .  

d a ta  in d ic a t e d  t h a t  th e  a l l y l  g ro u p  and e s t e r  f u n c t i o n a l i t y  w ere  

i n t a c t .  Resonances f o r  th e  th io p h e n  r in g  p ro to n s  w ere  as e x p e c te d .  

However th e  s in g l e t  e x p e c te d  f o r  th e  t h i a z in e  r in g  p ro to n  was n o t  

p r e s e n t .  M o re o v e r, a b ro ad  e x c h a n g e a b le  s ig n a l  was p r e s e n t  a t  $ 9 . 2 .  

From th e  i . r .  sp ec tru m  i t  was a p p a re n t t h a t  t h i s  re s o n a n c e  was due to  

th e  p re s e n c e  o f  a N-H f u n c t io n .  I n i t i a l l y  i t  was th o u g h t t h a t  th e  

p ro d u c t was a th ie n o p y r r o le  w h ich  r e s u l t e d  fro m  a c o m p e tin g  r e a c t io n  

in  w h ich  th e  n i t r e n e  in te r m e d ia te  c y c l is e d  o n to  th e  a d ja c e n t  d o u b le  

bond (s e e  l a t e r ) .  H ow ever, mass s p e c t r a l  and m ic r o a n a ly t ic a l  d a ta  

in d ic a t e d  t h a t  s u lp h u r  had been l o s t  (Scheme 6 6 ) .



Scheme 6 6

U s in g  n .O .e .  d a ta  o b ta in e d  f o r  th e  p ro d u c t , i t  was a s s ig n e d  th e  

6 - a l l y l t h i e n o p y r r o l e  s t r u c t u r e  ( 7 0 ) .  P r e s a t u r a t io n  o f  th e  N-H re so n an c e  

r e s u l t e d  in  an enhancem ent o f  H -3  and o f  th e  m e th y le n e  p ro to n s  o f  th e  

e t h y l  e s t e r .  No enhancem ent o f  th e  a l l y l  p ro to n s  was o b s e rv e d . 

S i m i l a r i l y ,  p r e s a tu r a t io n  o f  th e  e t h y l  e s t e r  m e th y le n e  p ro to n s  

p ro d u ced  an enhancem ent o f  th e  N -H  and H -3  (F ig u r e  2 ) .

Two p o s s ib le  mechanisms f o r  th e  fo r m a t io n  o f  (7 0 )  a re  p re s e n te d  

in  Scheme 6 7 . B oth  in v o lv e  th e  i n i t i a l  fo r m a t io n  o f  th e  c y c l ic  

s u lp h im id e  ( 7 1 ) ,  w h ich  un d erg o es  s u b s eq u e n t re a rra n g e m e n t by two  

p o s s ib le  p a th w a ys , le a d in g  to  th e  is o la t e d  p r o d u c t . The f i r s t  

p ath w ay fo l lo w s  th e  c o n v e n t io n a l th e rm a l re a rra n g e m e n t o f  th e  c y c l ic  

s u lp h im id e  by in v o k in g  a [ l , 4 ]  s h i f t  (s e e  l a t e r ) .  A l t e r n a t i v e l y  a

[ 3 , 3 ] re a rra n g e m e n t may o c c u r as d e p ic te d  in  th e  second p a th w a y .

W h ile  th e  second p ath w ay is  l i k e l y  to  p ro ce ed  w ith  o n ly  one 

in v e r s io n  o f  th e  a l l y l  g ro u p , th e  f i r s t  c o u ld  in v o lv e  tw o . I t  

was hoped to  g a in  more in fo r m a t io n  a b o u t th e  c o u rs e  o f  t h i s  r e a c t io n  by 

p r e p a r in g  th e  m e th y l s u b s t i tu t e d  p re c u rs o r s  (7 2 )  and ( 7 3 ) .  U n fo r t u n a t e ly  

th e  a c t iv e  m e th y le n e  compounds r e q u ir e d  to  p re p a re  (7 2 )  and (7 3 )  c o u ld  

n o t  be o b ta in e d . A tte m p ts  to  d is p la c e  th e  h a lo g e n  atom s o f  e i t h e r
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FIGURE 
2



Scheme 67
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l -b r o m o b u t -2 -e n e  o r  3 -b r o m o b u t- l-e n e  gave  in s e p a r a b le  m ix tu r e s  o f  

is o m e r ic  s u lp h id e s .  S in c e  th e  n .m . r .  s p e c t r a  o f  th e  c ru d e  

p ro d u c ts  o b ta in e d  fro m  b o th  r e a c t io n s  w ere  i d e n t i c a l ,  th e  p ro d u c ts  

w ere  assumed to  be a m ix tu r e  o f  s u lp h id e s  (7 4 )  and ( 7 5 ) .

HSCH2C02Et
NaOEt

-- - ^ ^ \ S C H 2C02Et

17
♦

SCH2C02Et

(75)

In  g e n e r a l ,  th e  th e rm o ly s is  o f  a s u i t a b le  a z id e  in  r e f l u x i n g  to lu e n e

s o lu t io n  has been shown to  g iv e  good y ie l d s  o f  c y c l ic  s u lp h im id e s .

How ever i f  th e  th e rm o ly s is  te m p e ra tu re  is  in c re a s e d , f u r t h e r  r e a c t io n  o f

th e  s u lp h im id e  may o c c u r . As p r e v io u s ly  r e p o r te d  fro m  th e s e  la b o r a t o r ie s ,

th e r m o ly s is  o f  t h ia z in e s  o f  th e  ty p e  (2 6 )  o r  (2 7 )  r e s u l t e d  in  fo r m a t io n

o f  u n u s u a l re a rra n g e m e n t p ro d u c ts  (7 6 )  and (7 7 )  in  w h ich  th e  s u lp h u r

70s u b s t i tu e n t  had m ig ra te d  to  a b r id g e h e a d  p o s i t io n .  T h is  re a rra n g e m e n t

had been o b se rve d  f o r  a l l  th e  t h ia z in e s  p r e v io u s ly  r e p o r te d  e x c e p t f o r  

th e  b e n z o -fu s e d  d e r iv a t i v e s .  P re s u m a b ly , d is r u p t io n  o f  th e  h ig h ly  

a ro m a tic  benzene r in g  i n h i b i t s  t h i s  p ro c e s s . Exam ples o f  s i m i l a r  

re a rra n g e m e n ts  in  r e l a t e d  system s have a ls o  been r e p o r te d  and a re

d e s c r ib e d  in  s e c t io n  1 . 3 .
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/ Y S ' l ' Ph
X ^ ^ C 0 2Et

A

X=S (26a)

X=0 (27a)

Ph 
176 a) 
(77 a)

T h e rm o ly s is  o f  th e  t h ie n o t h ia z in e s  ( 2 6 c - e )  p o s s e s s in g  d i f f e r i n g  

e le c t r o n  w ith d ra w in g  s u b s t i tu e n ts  a ls o  gave th e  c o r re s p o n d in g  

re a rra n g e m e n t p ro d u c ts  ( 7 6 c - e )  in  good y i e l d .

/ " l f N"s 'Ph

(26c-e) Z = C0CH3 80% (76 c -e ) 
= CHO 75%
= CN 8 8 %

In  th e  case o f  th e  S - m e th y l t h ie n o th ia z in e  (2 6 b )  a n o th e r  p ro d u c t

was is o la t e d  from  th e  r e a c t i o n .  The s p e c t r a l  d a ta  f o r  t h i s  p ro d u c t

showed i t  to  have th e  same m o le c u la r  w e ig h t  and c o m p o s it io n  as th e

s t a r t i n g  m a t e r ia l .  From th e  n .m . r .  and i . r .  s p e c t r a  th e  p re s e n c e

o f  an NH a d ja c e n t  to  a  m e th y le n e  u n i t  was n o te d . On t h i s  b a s is  s t r u c t u r e

(7 9 )  was a s s ig n e d  to  th e  new p r o d u c t ,  w h ich  a lth o u g h  n o t  d e te c te d  e a r l i e r  

i s  n o t  u n e x p e c te d . P resu m ab ly  (7 9 )  is  form ed  by is o m e r is a t io n  o f  (2 6 a )  

to  th e  c o rre s p o n d in g  su lp h o n iu m  y l i d e  (7 8 )  fo l lo w e d  by a [ 1 , 2 ] n i t r o g e n

70

s h i f t .



2 . 1 . 2  T h ie n o  [ 3 ,4 c  ] [ lA ^ »2  ] t h ia z in e s

U s in g  a r o u te  s i m i l a r  to  th e  one d e s c r ib e d  f o r  th e  p r e p a r a t io n  o f  

th e  th ie n o  [ 3 , 2 c ] [  lA ^ » 2 ]  t h ia z in e s  i t  was e n v is a g e d  t h a t  th e  is o m e r ic  

th ie n o  [ 3 ,4 c  ] [ 1 A^»2 ] t h ia z in e s  (8 0 )  and (8 1 )  c o u ld  be s y n th e s is e d .

D is c o n n e c tio n  as b e fo r e  le a d s  to  th e  c o r re s p o n d in g  a z id e s ,  w h ich  

s h o u ld  be r e a d i l y  a v a i la b l e  fro m  th e  known a ld e h y d e s  d e p ic te d  in

Scheme 6 8 . 1 0 9 ,1 1 0
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180)
C02Et

= *  S
CHO

(82)

(81! =>
C02Et CHO

SR

(83)

Scheme 6 8

The a ld e h y d e s  (8 2 )  and (8 3 )  w ere  s y n th e s is e d  fro m  a common 

in t e r m e d ia te ,  4 -b ro m o th io p h e n -3 -c a r b a ld e h y d e  e th y le n e  a c e t a l  ( 8 4 ) .  

F o llo w in g  a l i t e r a t u r e  p ro c e d u re , (8 4 )  was p re p a re d  from  3 , 4 -

-7 8 ° C ,  th e n  g e n e ra te d  4 - l i t h io t h io p h e n - 3 - c a r b a ld e h y d e  e th y le n e  a c e t a l  

w h ich  r e a c te d  w ith  e i t h e r  t o s y l  a z id e  o r  d ip h e n y l d is u lp h id e  t o  g iv e  

th e  p r o te c te d  fo rm  o f  th e  r e q u ir e d  a ld e h y d e s . D e p r o te c t io n  u s in g  2M 

h y d r o c h lo r ic  a c id  on th e  c ru d e  r e a c t io n  p ro d u c t  a f fo r d e d  good y ie ld s  

o f  th e  a ld e h y d e s  (8 2 )  and (8 3 )  a f t e r  c h ro m ato g rap h y  (Scheme 6 9 ) .

d ib ro m o th io p h e n .
109 H a lo g e n -m e ta l exc h a n g e , u s in g  n - b u t y l l i t h i u m  a t



7 3 .

(82) X=N3 Yield=72%
(83) X=SPh =77%

(i) Zn/CH3C02H (ii) n-BuLi, -78°C (iii) DMF

(iv) HOCH2CH2OH,TsOH(v) TsN3 or (PhS)2 Ts= CH3<^>SC2-

Scheme 69

4 -A z id o th io p h e n -3 -c a r b a ld e h y d e  was fo u n d  to  condense w ith  e th y l  

2 -p h e n y l t h io a c e t a t e  (6 6 a )  and e t h y l  2 - m e th y l t h io a c e t a t e  ( 6 6 b ) .  

T h e rm o ly s is  o f  th e  r e s u l t in g  a z id e s  (8 5 )  in  to lu e n e  s o lu t io n  d id  n o t  

p ro c e e d  c le a n ly  to  th e  c o rre s p o n d in g  c y c l i c  s u lp h im id e s :  t . l . c .  showed

m a in ly  b a s e l in e  m a te r ia l  to g e th e r  w ith  some p o la r ,  h ig h ly  c o lo u re d  

com ponents . These p o la r  p ro d u c ts  w ere  u n s ta b le  to  c h ro m ato g rap h y  

on e i t h e r  s i l i c a  g e l  o r  a lu m in a . H ow ever, i t  was p o s s ib le  to  i s o l a t e  

th e  p ro d u c t  (8 0 a )  from  th e  th e rm o ly s is  o f  (8 5 a )  by f la s h  ch ro m ato g rap h y  

on a lu m in a . U n fo r tu n a te ly  th e  p ro d u c t fro m  th e r m o ly s is  o f  (8 5 b )  was 

n o t s u f f i c i e n t l y  s ta b le  to  be is o la t e d  (Scheme 7 0 ) .

The th e r m o ly s is  p ro d u c t (8 0 a )  was is o la t e d  as an u n s ta b le  re d  gum. 

I t s  s t r u c t u r e  was a s s ig n e d  m a in ly  by co m p a ris o n  o f  i t s  s p e c t r a l  d a ta  

w ith  th o s e  o f  th e  p r e v io u s ly  d e s c r ib e d  s u lp h im id e s  (T a b le  3 ) .



TABLE 3 . 1
H n . m . r . D ata  o f  T h ia z in e s (2 6 a )  and (8 0 a )

(26a) (80a)

H3 Hb HC

(2 6 a ) 7 .5 9  ( lH ,d ,J 5 .5 H z ) 6 .8 9  ( lH .d d ,J 5 .5 H z  and J 0 .8 H z ) 8 .1 2  ( lH ,d ,J 0 .8 H z )

(8 0 a ) 7 .4 9  ( 1H , d , J 3 . 3 H z ) 6 .5 3  ( lH .d d ,J 3 .3 H z  and J 0 .7 H z ) 8 .1 6  ( lH ,d ,J 0 .7 H z )
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C02Et

A

C02Et

(85a) R=Ph 57%  

(85b) R=Me 51%

(80a) 58%

Scheme 70

In d e e d , th e  s i m i l a r i t y  b etw een  th e  d a ta  o b ta in e d  f o r  s u lp h im id e s  

(8 0 a )  and (2 6 a )  w ould  c o n f irm  b o th  to  have c y c l ic  y l i d i c  s t r u c tu r e s  

r a t h e r  th a n  th ia b e n z e n e  s t r u c t u r e s ,  -  t h a t  i s ,  a s t r u c t u r e  in  w h ich  

l o c a l is e d  changes e x is t  r a t h e r  th a n  a f u l l y  d e lo c a l is e d  a rra n g e m e n t.

T h is  c o n c lu s io n  is  based on th e  d i f f e r e n c e s  in  b o n d in g  e x p e c te d  b etw een  

th e  two s ys te m s . Due to  "bond f i x a t i o n "  in  th e  th io p h e n  r in g  i t  i s  

u n l i k e l y  t h a t  (8 0 a )  w ould  show much c o n t r ib u t io n  fro m  th e  re s o n a n c e  fo rm  

shown in  Scheme 7 1 . I f  th e r e  was a m a jo r  c o n t r ib u t io n  fro m  t h i s  fo rm , 

th e n  one w ould  e x p e c t t h i s  to  be r e f l e c t e d  in  th e  s p e c t r a l  p r o p e r t ie s  

o f  ( 8 0 a ) .  S in c e  th e r e  is  l i t t l e  d i f f e r e n c e  b etw een  th e  d a ta  o b ta in e d  

f o r  (8 0 a )  and th e  o th e r  t h ie n o t h ia z in e s  one w ould  c o n c lu d e  t h a t  th e r e  is  

no u n u s u a l b o n d in g  in  th e  th io p h e n  r in g  o f  ( 8 0 a ) .  F o r  th e  same re a s o n  

one w ould  c o n c lu d e  t h a t  th e  b o n d in g  in  th e  t h i a z in e  r in g s  is  s i m i l a r  

w h ich  a rg u e s  a g a in s t  a th ia b e n z e n e  s t r u c t u r e .
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C02Et

(80a)

N U t^ P h

C02Et

Scheme 71

A tte m p ts  to  p re p a re  th e  is o m e r ic  t h i a z in e  (8 1 )  w ere  u n s u c c e s s fu l.  

The a ld e h y d e  (8 3 )  was t r e a t e d  w ith  e t h y l  a z id o a c e ta te  in  b a s ic  e th a n o l ic  

s o lu t io n  to  g iv e  th e  d e s ir e d  a z id e  (8 6 )  in  40% y i e l d .  H ow ever, 

th e r m o ly s is  f a i l e d  to  p ro d u ce  th e  c o r re s p o n d in g  c y c l ic  s u lp h im id e .  

In s te a d ,  th e  t h ie n o p y r r o le  (8 8 )  was is o la t e d  in  98% y i e l d ;  p re su m a b ly  

t h i s  was form ed  by c y c l is a t io n  o f  th e  n i t r e n e  in te r m e d ia te  (8 7 )  o n to  

th e  2 -  p o s i t io n  o f  th e  th io p h e n  r in g  (Scheme 7 2 ) .

Scheme 72



In t r o d u c t io n  o f  m e th y l g roups in t o  th e  2 -  and 5 -  p o s it io n s  d id  n o t  

in d u c e  c y c l is a t io n  o n to  s u lp h u r  to  g iv e  th e  c o r re s p o n d in g  s u lp h im id e .  

The p ro d u c t  is o la t e d  was th e  th ie n o p y r id in e  ( 8 9 ) ,  p re su m a b ly  a r i s i n g  

from  o x id a t io n  o f  th e  d ih y d r o - in t e r m e d ia te  form ed  by a n i t r e n e  

i n s e r t io n  r e a c t io n  (Scheme 7 3 ) .

2 . 1 . 3  P y r r o lo t h ia z in e s

D u rin g  an in v e s t ig a t io n  in t o  th e  g e n e r a l i t y  o f  t h i s  m ethod f o r  th e  

p r e p a r a t io n  o f  c y c l ic  s u lp h im id e s , a t t e n t io n  was tu r n e d  to  n i t r o g e n  

h e te r o c y c le s  w h ich  c o u ld  a c t  as a s ta b le  a ro m a t ic  r in g  o n to  w h ich  th e  

t h i a z in e  system  c o u ld  be c o n s tr u c te d . The p y r r o le  r in g  was th e  f i r s t  

to  be c o n s id e re d , b e in g  a lo g i c a l  p ro g re s s io n  fro m  th io p h e n . A s e a rc h  

o f  th e  l i t e r a t u r e  r e v e a le d  t h a t  th e  n e c e s s a ry  a ld e h y d e s  (9 0 )  and (9 1 )  

w ere n o t  r e a d i l y  a v a i l a b l e .

PhS x<^^C 0,E t ^ P h S ^ < ^ C 0 2Et

(39)

Scheme 73

H

(90)

H

(91)
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H ow ever, a  r e p o r t  c o n c e rn in g  th e  p h o to c h e m ic a l re a rra n g e m e n t o f  

4 - s u b s t i t u t e d  p y r id in e - N -o x id e s  to  g iv e  3 - s u b s t i t u t e d  p y r r o l e - 2 -  

c a rb a ld e h y d e s  was c o n s id e re d  as a p o s s ib le  r o u te  to  (9 0 )  and ( 9 1 ) . ^ ^  

4 - S u b s t i tu t e d  p y r id in e - N -o x id e s  a r e  r e a d i l y  p re p a re d  in  la r g e  

q u a n t i t i e s .  T h e r e fo r e ,  a lth o u g h  th e  p h o to ly s is  s te p  p ro c e e d s  in  

m o d era te  y i e l d ,  th e  o v e r a l l  p ro c e s s  c o u ld  be s y n t h e t i c a l l y  v ia b le  

(Scheme 7 4 ) .

x

0

hv

H

3 0 -4 0 %

X = Cl 
OCH, 
CN

Scheme 74

I t  i s  u n l ik e ly  t h a t  3 -a z id o p y r r o le - 2 - c a r b a ld e h y d e  c o u ld  be 

s y n th e s is e d  d i r e c t l y  by t h i s  r o u te  s in c e  a z id e s  a re  p h o t o la b i le .

H ow ever, 3 -c h lo r o p y r r o le - 2 - c a r b a ld e h y d e  was p re p a re d  in  th e  hope t h a t  

th e  c h lo r in e  atom c o u ld  be d is p la c e d  by a z id e  io n .

In  c o n t r a s t  w ith  th e  fo r m a t io n  o f  3 -a z id o th io p h e n -2 -c a r b a ld e h y d e , 

h o w ever, i t  was n o t p o s s ib le  to  d is p la c e  th e  h a lo g e n  atom  u s in g  sodium  

a z id e  in  h exam eth y lp h o sp h o ra m id e  s o l u t io n .

A tte m p ts  to  s y n th e s is e  th e  a ld e h y d e s  (9 1 )  w ere  more s u c c e s s fu l .

1124 - P h e n y l t h io -  and 4 - m e t h y l t h io -  p y r id in e - N -o x id e s  w ere  p re p a re d  

and a lth o u g h  th e  4 -p h e n y l t h io p y r id in e - N - o x id e  f a i l e d  to  r e a c t  on 

i r r a d i a t i o n ,  4 - m e th y l t h io p y r id in e -N - o x id e  gave  th e  c o rre s p o n d in g  

3 -m e th y l t h io p y r r o le - 2 - c a r b a ld e h y d e . U n fo r t u n a t e ly ,  th e  c o n d e n s a tio n  

o f  t h i s  a ld e h y d e  w ith  e t h y l  a z id o a c e ta te  p ro v e d  u n s u c c e s s fu l.  As e t h y l  

a z id o a c e ta te  does n o t form  a p a r t i c u l a r l y  s t a b i l i s e d  e n o la te  a n io n , t h i s
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may c o n t r ib u t e  to  th e  f a i l u r e  o f  th e  r e a c t i o n .  A ls o , l i m i t a t i o n s  on 

th e  te m p e ra tu re  and c o n c e n tr a t io n s  u n d e r w h ich  th e s e  r e a c t io n s  c o u ld  

be c a r r i e d  o u t w ith o u t  c a u s in g  e x te n s iv e  d e c o m p o s itio n  o f  th e  e t h y l  

a z id o a c e t a t e ,  c o n t r ib u te d  to  th e  f a i l u r e  o f  t h i s  r e a c t i o n .

2 . 1 . 4  Im id a z o th ia z in e s

I n  1982  a s y n th e s is  o f  s u b s t i tu t e d  im id a z o le s  was p u b lis h e d  by

Id d o n  e t  g j H 3 , 1 1 4  w here  th e  e th o x y m e th y l group  was used  to  p r o t e c t

115n i t r o g e n .  They had d e v e lo p e d  an id e a  o f  B re s lo w 's  t h a t  e i t h e r  an 

N -e th o x y m e th y l o r  a N -m eth o x ym eth y l p r o t e c t in g  g ro u p  c o u ld  be used to  

d i r e c t  l i t h i a t i o n  to  th e  2 -  and 5 -  p o s i t io n s .  We r e p e a te d  t h i s  w ork  

u s in g  th e  N -m eth o x ym eth y l p r o t e c t in g  g roup  f o r  c o n v e n ie n c e ; u s in g  

t h i s  m ethod , th e  N -p r o te c te d  im id a z o le  (9 2 )  was l i t h i a t e d  in  th e  

2 -  p o s i t io n .  Q uenching  o f  th e  a n io n  w ith  d ip h e n y l d is u lp h id e  in t ro d u c e d  

a p h e n y lth io  group th u s  b lo c k in g  t h i s  p o s i t io n .  F u r th e r  t r e a tm e n t  

w ith  n - b u t y l l i t h i u m  g e n e ra te d  th e  a n io n  in  th e  5 -  p o s i t io n  w h ich  was 

quenched w ith  d im e th y l d is u lp h id e  to  g iv e  th e  N -p r o te c te d  2 - p h e n y l t h io -  

5 -m e th y th io im id a z o le  ( 9 3 ) .  B ro m in a tio n  o f  (9 3 )  o c c u rs  a t  th e  4 -  

p o s i t io n .  S ubsequent h a lo g e n -m e ta l exchange and t r e a tm e n t  w ith  

d im e th y lfo rm a m id e  gave th e  a ld e h y d e  (9 4 )  shown in  Scheme 7 5 . T h is  

a ld e h y d e  is  a p o t e n t i a l  p re c u rs o r  f o r  an im id a z o th ia z in e  s y n th e s is .
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X N

(i)

k

(92)
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(iv)
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^ 0
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1
R

1
R

92% (94) 84%

(i) n-BuLi (ii) (PhS)2 (iii) (MeS)

(iv) Br2 ,CH3C02H (v) DMF

Scheme 75

An a l t e r n a t i v e  r o u te  was a ls o  r e p o r te d .  In s te a d  o f  l i t h i a t i n g

th e  N -p r o te c te d  im id a z o le  ( 9 2 ) ,  th e  t r ib ro m o  d e r iv a t i v e  (9 5 )  was u se d .

T h is  is  r e a d i l y  a v a i la b l e  from  im id a z o le  by b r o m in a tio n  fo l lo w e d  by

N -p r o t e c t io n  w ith  e i t h e r  c h lo ro m e th y l m e th y l e th e r  o r  c h lo r o m e th y l e t h y l

e t h e r .  Then by a s i m i l a r  p ro ce ss  o f  re p e a te d  h a lo g e n  m e ta l exchanges

and quenches w ith  s u i t a b le  e le c t r o p h i l e s  th e  a ld e h y d e  (9 4 )  was o b ta in e d .

The a ld e h y d e  (9 6 )  was a ls o  o b ta in e d  by t h i s  r o u te  (Scheme 7 6 ) . 116
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(iii)

(i)

R R
72%

0
(95)

R
(96) 58%

(i) n-BuLi (ii) (PhS)2 (iii) (MeS)'2 (iv) DMF

Scheme 76

I t  was hoped t h a t  t r e a tm e n t  o f  (9 6 )  w ith  sodium  a z id e  in  

h exam eth y lp h o sp h o ram id e  s o lu t io n  w o u ld  a f f o r d  th e  c o r re s p o n d in g  a z id e  

by d is p la c e m e n t o f  th e  b ro m in e  a to m . T h is  was in d e e d  th e  c a s e .

H ow ever, th e  r e a c t io n  d id  n o t p ro c e e d  to  c o m p le tio n  an d , a lth o u g h  

t h i s  in  i t s e l f  was n o t  a p ro b le m , s e p a r a t io n  from  u n re a c te d  s t a r t i n g  

m a t e r ia l  p ro ve d  d i f f i c u l t .  C o n s e q u e n tly , i t  was d e c id e d  to  c o n t in u e  

th e  s y n th e s is  w ith o u t  f u r t h e r  s e p a r a t io n .  U n fo r t u n a t e ly ,  a l l  a t te m p ts  

to  condense th e  m ix tu r e  o f  a ld e h y d e s  w ith  a c t iv e  m e th y le n e  compounds in  

sodium  e th o x id e /e th a n o l  s o lu t io n  f a i l e d ,  re c o v e ry  o f  th e  a ld e h y d e  b e in g  

lo w . S i m i la r ly  a tte m p ts  to  r e a c t  a ld e h y d e  (9 4 )  w ith  e t h y l  a z id o a c e ta te  

w ere  a ls o  u n s u c c e s s fu l.  A p o s s ib le  e x p la n a t io n  o f  t h i s  f a i l u r e  is  t h a t  

th e  n u c le o p h i l ic  base c o u ld  be d e p r o te c t in g  th e  im id a z o le s .  T h is  w ou ld  

a c c o u n t f o r  th e  low  re c o v e ry  o f  s t a r t i n g  m a t e r ia l .  Due to  th e s e  

d i f f i c u l t i e s  t h i s  in v e s t i g a t io n  was s u b s e q u e n tly  aban d on ed .

2 . 2 . 1  P h o to c h e m is try  o f  th e  T h ie n o  [ 3 ,2 c  ] [ lA ^ ,2  ] t h ia z in e s

I n i t i a l  p h o to c h e m ic a l e x p e r im e n ts , r e p o r te d  p r e v io u s ly ,  had shown

69th e s e  new c y c l ic  s u lp h im id e s  to  be p h o t o la b i le .  When a s o lu t io n  o f

th e  t h i a z in e  (2 6 a )  in  a c e t o n i t r i l e  was i r r a d i a t e d  a t  350 nm, c le a v a g e  

o f  th e  n it r o g e n -s u lp h u r  l in k a g e  o c c u r r e d , p resu m ab ly  g e n e r a t in g  a
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n i t r e n e  in t e r m e d ia te ,  fo l lo w e d  by c y c l i s a t i o n  to  g iv e  th e  in te r m e d ia te  

( 9 7 ) ,  w h ich  u n d erw e n t f u r t h e r  re a r ra n g e m e n t to  g iv e  th e  p ro d u c t ( 9 8 ) .  

C o n f ir m a t io n  o f  th e  s t r u c t u r e  o f  t h i s  p ro d u c t was o b ta in e d  by h y d r o ly s is  

o f  th e  e s t e r  and d e c a r b o x y la t io n  t o  g iv e  th e  t h ie n o p y r r o le  (9 9 )  w h ic h  

was i d e n t i f i e d  by n . m . r . ^

(98)

(i) NaOH

(ii) A
(99) 80%

I f  t h i s  r e a c t io n  p ath w ay is  c o r r e c t ,  th e n  i t  i s  i n t e r e s t in g  to  n o te  

th e  e x c lu s iv e  m ig r a t io n  o f  th e  p h e n y lt 'n io  group  in  p r e fe r e n c e  to  th e  e s t e r  

g ro u p . F u r th e r  e v id e n c e  to  s u p p o r t  th e  p ro p o sed  r e a c t io n  mechanism was 

g a in e d  fro m  p h o to ly s is  o f  th e  a z id e  (6 8 a )  w h ich  is  th e  s u lp h im id e  

p r e c u r s o r , th e  p ro d u c t o b ta in e d  a g a in  b e in g  th e  t h ie n o p y r r o le  ( 9 8 ) .

We w ere  c u r io u s  a b o u t th e  n a tu r e  o f  t h i s  re a rra n g e m e n t r e a c t io n

1 1 7 -1 2 2and had n o te d  w ith  i n t e r e s t  th e  w o rk  o f  Jones e t  a l ,  d e s c r ib in g

d e t a i le d  s tu d ie s  o f  th e  m ig r a to r y  a p t i t u d e s  o f  v a r io u s  s u b s t i tu e n t  g ro u p s  

in  r e la t e d  c a r b o c y c l ic  s y s te m s . The lH - in d e n e  ( 1 0 0 ) ,  when h e a te d , may 

is o m e r is e  to  th e  2 H -in d e n e  (1 0 1 )  by m ig r a t io n  o f  th e  R g ro u p . I f  th e  R 

group m ig ra te s  f a s t e r  th a n  h yd ro g e n  th e n  th e  IH - in d e n e  is  re fo rm e d .  

H ow ever, i f  h yd ro g en  is  th e  f a s t e r  m ig r a t o r ,  th e n  th e  lH - in d e n e  (1 0 2 )  

i s  o b ta in e d . I f  (1 0 0 )  is  p re p a re d  in  an o p t i c a l l y  a c t iv e  fo rm , th e n  th e  

m ig r a t io n  o f  th e  R g ro u p  to  th e  s y m m e tr ic a l 2 H -in d e n e  w i l l  d e s tro y  t h i s



o p t i c a l  a c t i v i t y .  By s tu d y in g  th e  r a t e  o f  r a c e m is a t io n  o f  th e

s t a r t i n g  m a t e r ia l  and o b s e rv in g  th e  p ro d u c ts  fo rm e d , an o rd e r  o f

118m ig r a to r y  a p t i t u d e  f o r  a s e r ie s  o f  s u b s t i tu e n ts  was o b ta in e d .

The o r d e r  o f  in c r e a s in g  m ig r a to r y  a p t i t u d e  was fo u n d  to  b e:  

a l k y l  <-C=CH <-C N  < -C 0 2Me (-CC>2Ph (-C O -N H M e ( v i n y l  ( h ( -C 0 C H 3 (

-COPh ^-CHO . T hus, i f  as has b een  s u g g e s te d , th e  p h o to ly s is  o f  

c y c l ic  s u lp h im id e s  p ro d u ces  t h ie n o p y r r o le s  v i a  th e  p ro p o se d  in te r m e d ia te  

( 9 7 ) ,  th e n  a s i m i l a r  o r d e r  o f  m ig r a to r y  a p t i t u d e  c o u ld  be d e r iv e d .

In  o r d e r  to  e s t a b l is h  w h e th e r  th e  g e n e r a l t r e n d  o f  m ig r a to r y  

a p t i t u d e  o b s e rv e d  f o r  th e  in d e n e  d e r iv a t i v e s  a ls o  a p p l ie d  to  th e  

p h o to ly s is  o f  th e  s u lp h im id e s  and t h e i r  p re c u rs o r  a z id e s ,  th e  

a z id e s  shown in  Scheme 77 w ere  p re p a re d  and p h o to ly s e d .

X= C02Et ,Y= C0CH3 (i)NaOEt

H

: COCH3 , : H (i)NaOH (10h
Scheme 77
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From th e  n .O .e .  d i f f e r e n c e  e x p e r im e n ts , shown in  F ig u re s  3 and 4 ,

th e  s t r u c tu r e s  o f  th e  p ro d u c ts  c o u ld  be a s s ig n e d . P r e s a t u r a t io n  o f  th e

NH p ro d u ced  an enhancem ent o f  th e  n e a r e s t  g ro u p  th u s  e s t a b l is h in g  th e

s u b s t i t u t io n  p a t t e r n  o f  th e  t h ie n o p y r r o le s .

Our r e s u l t s  show t h a t  m ig r a t io n  o f  an a c e t y l  g ro u p  is  f a s t e r  th a n

an e th o x y c a rb o n y l g ro u p . H ow ever, m ig r a t io n  o f  a h yd ro g en  atom  a p p e ars

to  be f a s t e r  th a n  an a c e t y l  g ro u p . The l a t t e r  o b s e r v a t io n  is  n o t

118c o n s is te n t  w ith  th e  f in d in g s  o f  J o n e s . T h is  d i f f e r e n c e  in  th e  o rd e r

o f  m ig r a to r y  a p t i tu d e s  can be r a t i o n a l i s e d  i f  one c o n s id e rs  th e  p ro c e s s

by w h ich  th e  th ie n o p y r r o le  is  fo rm e d .

When th e  a z id e  (1 0 5 )  is  p h o to ly s e d  th e  in te r m e d ia te  (1 0 6 )  is

fo rm e d . Then i f  n e i t h e r  n o r a re  h yd ro g en  a [ 1 ,5 ]  s h i f t  o f  one o f

th e  s u b s t i tu e n ts  may o c c u r . Work on 2 H -p y r r o le s  has shown t h a t  m ig r a t io n

is  fro m  c arb o n  to  c a rb o n , th e  s u b s t i tu e n t  o n ly  m oving to  n i t r o g e n  i f  a l l

123o th e r  p o s it io n s  a re  b lo c k e d . The re a rra n g e m e n t p ro d u c t  (1 0 7 )  can

th e n  u n d erg o  f u r t h e r  re a r r a n g e m e n t. T h e rm a lly  t h i s  can be e i t h e r  by 

a [ l , 5 ]  s h i f t  o f  R^ o r  by a [ 1 , 5 ] s h i f t  o f  h y d ro g e n . The fo rm e r  p ro ce ss  

w ould  o n ly  re g e n e r a te  ( 1 0 6 ) .

H ow ever, th e  l a t t e r  p ro c e s s  w ould  g e n e ra te  th e  in te r m e d ia te  (1 0 8 )  

w hich  c o u ld  re a r r a n g e  by a r a p id  i r r e v e r s i b l e  [ 1 , 5 ] h yd rogen  s h i f t  from  

carb o n  to  n i t r o g e n .  A l t e r n a t i v e l y ,  th e  re a rra n g e m e n t p ro d u c t (1 0 7 )  

c o u ld  is o m e r is e  by a p h o to c h e m ic a l ly  a llo w e d  [ 1 ,3 ]  h yd ro g en  s h i f t .

T h is  p ro c e s s  may be more fa v o u r a b le  as t h i s  does n o t  in v o lv e  d is r u p t io n  

o f  th e  a ro m a t ic  th io p h e n  r in g  (Scheme 7 8 ) .

In  th e  case  o f  a c e t y l  v e rs u s  h y d ro g e n , th e  i n i t i a l  in te r m e d ia te  

w hich  is  form ed  can u ndergo  th e  same p ro c e s s . H ow ever, a [ 1 , 5 ] h yd rogen  

s h i f t  fro m  c arb o n  to  n i t r o g e n  w ou ld  le a d  d i r e c t l y  to  th e  t h ie n o p y r r o le .  

T h e re fo r e  i t  seems l i k e l y  t h a t  th e  o b se rve d  p ro d u c t is  d e r iv e d  fro m  t h i s

l a t t e r  p ro c e s s .
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Scheme 78



88.

W ith  th e  e x c e p t io n  o f  h y d ro g e n , th e  r e l a t i v e  r a t e s  o f  m ig r a t io n

a re  s i m i l a r  to  th o s e  fo u n d  by Jones in  h is  s tu d ie s  o f  lH - in d e n e s .

From o u r o b s e r v a t io n s ,  th e  r a t e  o f  m ig r a t io n  o f  s u lp h u r  s u b s t i tu e n ts

was f a s t e r  th a n  an e s t e r  g ro u p . The e s t e r  g roup is  n o t  a f a s t  m ig r a to r

124
by co m p ariso n  w ith  a c e t y l  o r  fo r m y l g ro u p s , and t h e r e f o r e  th e  

t h ia z in e s  (2 6 c )  and (2 6 d )  w ere  p h o to ly s e d  and th e  p ro d u c ts  i s o la t e d .

(26c) Z= COCH3 77% (109)

(26d) = CHO 75% (110)

As b e fo re  o n ly  one t h ie n o p y r r o le  was o b ta in e d  fro m  each r e a c t io n .  

The s t r u c tu r e s  (1 0 9 )  and (1 1 0 )  w ere  c o n firm e d  as b e fo r e  by n .O .e .  

d i f f e r e n c e  e x p e r im e n ts . In  th e  case  o f  ( 1 1 0 ) ,  i t  was n e c e s s a ry  to  

N -m e th y la te  th e  p ro d u c t s in c e  th e  NH and fo rm y l p ro to n  s ig n a ls  w ere  

c o in c id e n t .  The r e s u l t s  a re  shown in  F ig u re s  5 and 6 .

A g a in  e x c lu s iv e  m ig r a t io n  o f  th e  s u lp h u r  g roup was o b s e rv e d , 

even in  th e  case o f  th e  s u lp h u r  g ro u p  v e rs u s  th e  fo r m y l g ro u p . I t  

had been e x p e c te d  t h a t  in  t h i s  l a s t  exam ple  th e  o th e r  re g io is o m e r  

m ig h t have been is o la t e d  s in c e ,  in  th e  in d e n e  s e r ie s ,  th e  fo rm y l group  

i s  such an e x tre m e ly  f a s t  m ig r a t o r .

One e x p la n a t io n  o f  t h i s  a p p a r e n t ly  v e ry  f a s t  m ig r a t io n  o f  th e  

s u lp h u r  group is  t h a t  t h i s  i s  n o t  a t r u e  s ig m a tro p ic  p ro c e s s . The 

mechanism shown in  Scheme 79 makes use o f  th e  lo n e  p a i r  on s u lp h u r  to  

e f f e c t  th e  m ig r a t io n  v ia  th e  th r e e  membered r in g  in te r m e d ia te  ( 1 1 1 ) .
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(111)

Scheme 79

To v e r i f y  t h i s  mechanism i t  was n e c e s s a ry  to  d e m o n s tra te  th e  e f f e c t

o f  p a r t i c i p a t i o n  o f  th e  lo n e  p a i r  on s u lp h u r , f o r  e x a m p le , by i n h i b i t i n g

t h i s  p a r t i c i p a t i o n .  T h e r e fo r e  th e  s u lp h o x id e  (1 1 4 )  and th e  s u lp h o n e

(1 1 5 )  w ere  s y n th e s is e d  fro m  3 -a z id o th io p h e n -2 -c a r b a ld e h y d e  and th e

125
e n o la te s  d e r iv e d  from  e t h y l  p h e n y ls u lp h in y la c e ta te  (1 1 2 )  and e t h y l

126
p h e n y ls u lp h o n y la c e ta te  ( 1 1 3 ) .  In c r e a s in g  th e  o x id a t io n  l e v e l  o f

th e  s u lp h u r  atom re d u c e s  th e  n u c l e o p h i l i c i t y . From th e  p h o to ly s is

o f  th e s e  a z id e s ,  t h ie n o p y r r o le s  w ere  i s o la t e d ,  a lo n g  w ith  a s m a lle r  

am ount o f  s u lp h o x im id e  (1 1 7 )  o b ta in e d  fro m  th e  p h o to ly s is  o f  ( 1 1 4 ) .  

C o n f ir m a t io n  o f  th e  s t r u c tu r e s  o f  (1 1 6 )  and (1 1 8 )  was o b ta in e d  by 

o x id a t io n  o f  th e  known t h ie n o p y r r o le  ( 9 8 ) .  M o n o -o x id a t io n  was 

a c h ie v e d  by t r e a tm e n t  o f  (9 8 )  w ith  sodium  m e ta p e r io d a te . Then th e  

r e s u l t a n t  s u lp h o x id e  was t r e a t e d  w ith  a c i d i f i e d  p o ta s s iu m  p erm an g an a te  

to  o b ta in  c o m p le te  o x id a t io n  to  th e  s u lp h o n e  (Scheme 8 0 ) .  The 

s u lp h o x id e  and su lp h o n e  p re p a re d  by t h i s  r o u te  w ere  i d e n t i c a l  w ith

th o s e  is o la t e d  fro m  th e  p h o to ly s is  e x p e r im e n ts .
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Scheme 80

From th e s e  r e s u l t s  i t  w ould  seem t h a t  o x id a t io n  o f  th e  s u lp h u r  

had l i t t l e  e f f e c t  on th e  r a t e  o f  m ig r a t io n .  As a f i n a l  t e s t  o f  th e  

e f f e c t  o f  o x id a t io n  le v e ls  on s u lp h u r , an exam ple  was r e q u ir e d  in  

w h ich  two s u lp h u r  s u b s t i tu e n ts  o f  d i f f e r i n g  o x id a t io n  le v e ls  w ere  

c o m p e tin g . I t  was fou n d  t h a t  when th e  a n io n  g e n e ra te d  fro m  m e th y l 

m e th y ls u lp h in y lm e th y l s u lp h id e  and n - b u t y l l i t h i u m  was r e a c te d  w ith  

3 -a z id o th io p h e n -2 -c a r b a ld e h y d e  ( 6 7 ) ,  th e  c o r re s p o n d in g  a lc o h o l was 

o b ta in e d . I f  t h i s  was th e n  t r e a t e d  in  s i t u  w ith  m e th a n e s u lp h o n y l 

c h lo r id e  and t r ie t h y la m in e  th e  a z id e  (1 1 9 )  r e s u l t e d  (Scheme 8 1 ) .
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Scheme 81

P h o to ly s is  o f  (1 1 9 )  a g a in  r e s u l t e d  in  th e  fo r m a t io n  o f  o n ly  one 

th ie n o p y r r o le  ( 1 2 0 ) .  The s t r u c t u r e ,  as a s s ig n e d , shows e x c lu s iv e  

m ig r a t io n  o f  th e  m e th y ls u lp h in y l  g ro u p . As b e fo r e ,  t h i s  a ss ig n m en t  

was made fro m  n .O .e .  d i f f e r e n c e  e x p e r im e n ts , shown in  F ig u r e  7 .  

P r e s a t u r a t io n  o f  th e  N-H re so n an c e  r e s u l t e d  in  an enhancem ent o f  th e  

m e th y l s ig n a l  o f  th e  m e th y lth io  g ro u p . No enhancem ent o f  th e  m e th y l

s u lp h in y l  g roup  was o b s e rv e d . P r e s a t u r a t io n  o f  th e  m e th y l s ig n a ls  in  

t u r n ,  c o n firm e d  th e s e  to  be a d ja c e n t  w ith  o n ly  th e  m e th y lth io  group  

c a u s in g  an enhancem ent o f  th e  N -H . From th e s e  o b s e rv a t io n s  i t  was 

a p p a re n t t h a t ,  in  o u r s ys te m , th e  m e th y ls u lp h in y l  g roup is  a f a s t e r  

m ig r a to r  th a n  th e  m e th y lth io  g ro u p .

The f a s t  m ig r a t io n  o f  h yd ro g en  in  com pariso n  w ith  an a c e t y l  g roup  

has a lr e a d y  been d is c u s s e d . T h e r e fo r e ,  s in c e  s u lp h u r  g ro u p s  a p p e a r  

to  u ndergo  f a s t  carb o n  to  c a rb o n  m ig r a t io n  th e n  th e  r e s u l t s  o f  

e x p e r im e n ts  in v o lv in g  c o m p e tin g  h yd ro g en  and s u lp h u r  s u b s t i tu e n t  

m ig r a t io n s  a re  o f  some im p o rta n c e .

The s y n th e s is  o f  a s u i t a b le  a z id e  o f  th e  ty p e  (1 2 3 )  p ro ve d  

d i f f i c u l t .  I n i t i a l l y ,  th e  r e a c t io n  o f  th e  a n io n  o f  t h io a n is o le ,
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g e n e ra te d  by t r e a tm e n t  o f  t h i o a n is o le  w i t h  n - b u t y l l i t h i u m ,  w ith

3 -a z id o th io p h e n -2 -c a r b a ld e h y d e  ( 6 7 )  was a t te m p te d . T h is  f a i l e d  to

g iv e  th e  d e s ir e d  p r o d u c t ,  p ro b a b ly  due t o  r e a c t io n  o f  th e  a n io n  w i t h

th e  a z id o  f u n c t io n  o f  ( 6 7 ) .  Then t h e  u se  o f  a W i t t i g  r e a c t io n  was

c o n s id e r e d . The r e a c t io n  was r e p e a te d  u s in g  p h e n y lth io m e th y l-

127th ip h e n y lp h o s p h o n iu m  c h lo r id e  in  p la c e  o f  t h i o a n is o le .  A g a in  t h i s

r e a c t io n  f a i l e d .  T h is  f a i l u r e  o f  ( 6 7 )  t o  u n d erg o  W i t t i g  r e a c t io n s

128has a ls o  been n o te d  by G ro n o w itz  e t  a l .  H o w ever, i t  was fo u n d  t h a t

th e  W i t t i g  r e a g e n t  (1 2 1 a )  w ould  r e a c t  w i t h  3 -b ro m o th io p h e n -2 -  

c a rb a ld e h y d e  t o 'g i v e  th e  c o r re s p o n d in g  v i n y l  compound ( 1 2 2 a ) .  

S u b s e q u e n tly , t h i s  p ro d u c t  c o u ld  be c o n v e r te d  in t o  th e  a z id e  (1 2 3 a )  by  

t r e a tm e n t  w ith  n - b u t y l l i t h i u m  a t  - 7 8 °C and r e a c t io n  o f  th e  r e s u l t i n g

t
a n io n  w i t h  t o s y l  a z id e  (Scheme 8 2 ) .

RSCH2 PPh3

cf

R=Ph (121a) 
R=Me (12 1b)

(122a) (123a)
(122b) (123b)

Scheme 82

A lth o u g h  (1 2 3 a )  c o u ld  be p r e p a r e d , d i f f i c u l t i e s  w ere  e n c o u n te re d  

in  p u r i f y in g  th e  p ro d u c t;  becau se  o f  t h i s  i t  was n o t  p o s s ib le  to  

a c h ie v e  i t s  c o m p le te  c h a r a c t e r i s a t i o n .  H ow ever, p h o to ly s is  o f  th e  

im p u re  m a t e r ia l  was a tte m p te d . F o r th e  f i r s t  t im e  two t h ie n o p y r r o le s  

w ere  is o la t e d  fro m  t h i s  r e a c t i o n ,  th e s e  h a v in g  th e  s t r u c tu r e s  (1 2 4 )  and  

( 9 9 ) .  A lth o u g h  th e s e  w ere  is o la t e d  in  a p p ro x im a te ly  a 1 :1  r a t i o ,  t h i s
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r e s u l t  i s  v ie w e d  w it h  c a u t io n  s in c e  th e  s t a r t i n g  m a t e r ia ls  w ere  im p u re .

The s e r ie s  was re p e a te d  w i t h  R=Me in  th e  hope o f  im p ro v in g  

s e p a r a t io n  o f  th e  p r o d u c ts . T h is  p ro v e d  s u c c e s s fu l ,  (1 2 2 b ) and (1 2 3 b )  

b e in g  o b ta in e d  in  a  p u re  s t a t e  t o g e th e r  w i t h  some s e p a r a t io n  o f  th e  

c is  and t r a n s  is o m e rs .

P h o to ly s is  o f  e i t h e r  c is  o r  t r a n s  a z id e  (1 2 3 b ) gave  th e  same r e s u l t .  

The t h ie n o p y r r o le s  (1 2 5 )  and (1 2 6 )  w ere  is o la t e d  in  a 1 :1  r a t i o .  The

m a t e r ia l  re c o v e re d  a c c o u n te d  f o r  o n ly  40% o f  th e  r e a c t io n  m ix tu r e .

T . l . c .  showed o n ly  th e  tw o p ro d u c ts  and d a rk  b a s e l in e  m a t e r ia l .

T h is  r e s u l t  was in d e e d  s i g n i f i c a n t ,  s in c e  i f  th e  assumed m echanism  

f o r  th e  r e a c t io n  i s  c o r r e c t ,  th e n  th e  r a t e  o f  m ig r a t io n  o f  th e  s u lp h u r  

s u b s t i t u e n t  m ust be f a s t e r  th a n  t h e  r a t e  o f  m ig r a t io n  o f  a h yd ro g en  atom  

fro m  c a rb o n  to  n i t r o g e n .  P h o to ly s is  o f  th e  c o r re s p o n d in g  t h ie n o t h ia z in e  

(1 2 7 )  w ou ld  be e x p e c te d  to  g iv e  t h e  same r e s u l t s .  H ow ever, th e r m o ly s is  

o f  (1 2 3 b ) f a i l e d  to  g iv e  a p p r e c ia b le  y ie l d s  o f  th e  c y c l ic  s u lp h im id e .

S in c e  t h e r e  is  no e le c t r o n  w ith d ra w in g  group  p r e s e n t  to  s t a b i l i s e  th e  

s u lp h im id e  i t  can o n ly  be assumed t h a t  th e  t h ie n o t h ia z in e  was n o t  

s u f f i c i e n t l y  s ta b le  to  th e  h a rs h  r e a c t io n  c o n d i t io n s .  The th ie n o p y r r o le s  

(1 2 5 )  and (1 2 6 )  w ere is o la t e d  as th e  m ain p ro d u c ts  a lo n g  w ith  t r a c e s  o f  

a p o la r  com ponent. T h is  was a s s ig n e d  as th e  t h i a z in e  ( 1 2 7 ) .  

be seen fro m  th e  d a ta  in  T a b le  4 ,  th e  n .m . r .  o f  ( 1 2 7 ) ,  shows

H

H

R = Ph (123a)
R = Me (123b)

(124)
(125)

(99)
(126)

As can



TABLE 4. n.mr. Data of Thiazines (127) and (22)

 ̂H n . m . r . (1 2 7 ) n .m .r .  (2 2 )

Me 2 .2 0  (3 H ,k ) 2 .2 0  (311,s )

Ha 4 .9 9  ( I I I , d , J 8 . 9 H z ) 5 .7 0  ( 1H, d )

Hd 6 .8 2  ( lH .d d ,J 5 .5 I1 Z  and J 0 .7 H z ) )
)
) 6 .7 5  -  7 .4 5  ( 5H , rn) 
)
)

Hb 7 .2  ( lH ,d d ,J 8 .5 H z  and J 0 .7 I iz )

HC 7 .3 7  ( lH ,d ,J 5 .5 H z )



s i m i l a r i t y  w ith  th e  d a ta  r e p o r te d  f o r  th e  a z a th ia n a p h th a le n e  ( 2 2 ) . 68

(127)

Our f a i l u r e  to  i s o l a t e  b o th  p o s s ib le  t h ie n o p y r r o le  iso m ers  fro m  

th e  e a r l i e r  p h o to ly s is  r e a c t io n s ,  had been o f  some c o n c ern  u n t i l  two 

t h ie n o p y r r o le s  w ere  o b ta in e d  from  th e  p h o to ly s is  o f  a z id e s  (1 2 2  a , b ) .  

T h ere  had a lw a ys  been a p o s s i b i l i t y  t h a t  th e  u n o b served  is o m er had  

in d e e d  been form ed b u t t h a t  i t  had been u n s ta b le  to  th e  r e a c t io n  

c o n d it io n s  o r  th e  w ork up p ro c e d u re . W ith  t h i s  in  mind i t  was 

d e c id e d  to  a tte m p t  th e  fo r m y la t io n  o f  th e  t h ie n o p y r r o le s  (1 2 5 )  and  

(1 2 6 )  so t h a t ,  in  t h i s  c a s e , we w ould  have specim ens o f  b o th  p o s s ib le  

re a rra n g e m e n t p ro d u c ts  a v a i l a b l e .  T h is  was a c h ie v e d  by t r e a t i n g  a 

s o lu t io n  o f  e i t h e r  t h ie n o p y r r o le  in  d ry  d im e th y lfo rm a m id e  w ith  a 

s l i g h t  excess  o f  p h o s p h o ry l c h lo r id e  (Scheme 8 3 ) .  The fo r m y la te d  

p ro d u c ts  (1 2 8 )  and (1 2 9 )  w ere  th e n  shown to  be s t a b le  to  th e  

p h o to ly s is  c o n d it io n s  and th e  w ork up p ro c e d u re  used f o r  th e s e

r e a c t i o n s .
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Scheme 83

From e a r l i e r  e x p e r im e n ts , i t  had been  shown t h a t  th e  e f f e c t  o f

o x id a t io n  l e v e l  on s u lp h u r  g roup  m ig r a t io n s  was n o t as e x p e c te d . The

m e th y ls u lp h in y l  g ro u p  was shown to  m ig r a te  f a s t e r  th a n  th e  m e th y lth io

g ro u p . T h e r e fo r e ,  th e  a z id e s  (1 3 1 )  and (1 3 2 )  w ere  p re p a re d  in  o r d e r

to  com pare any e f f e c t s  th e  o x id a t io n  l e v e l  may have  on th e  outcom e o f

th e  sub seq u en t re a rra n g e m e n ts  o f  th e  i n i t i a l  p h o to ly s is  p ro d u c ts .

The a z id e  (1 3 1 )  was o b ta in e d  d i r e c t l y  fro m  3 - a z id o th io p h e n - 2 -

c a rb a ld e h y d e  (6 7 )  by r e a c t io n  w ith  th e  a n io n  g e n e ra te d  by d e p r o to n a t io n

129
o f  d ie t h y l  p h e n y ls u lp h in y lm e th y lp h o s p h o n a te  ( 1 3 0 ) .  R e a c t io n  o f

(6 7 )  w ith  th e  a n io n  fo rm ed  fro m  d im e th y l s u lfo n e  and n - b u t y l l i t h i u m  

fo l lo w e d  by t r e a tm e n t  o f  th e  r e s u l t in g  a lc o h o l w ith  m e th a n e s u lp h o n y l-  

c h lo r id e  and t r ie t h y la m in e  gave th e  v i n y l  s u lp h o n e  ( 1 3 2 ) .
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0  0  
I I  II (i)BuLi ,____ ,n 3

PhSCH,P(0Et),
(ii) (67) ''SOPh(130) (131)

(i) BuLi r — r\N 3
MeoSOo / /  \ \  .Z £

(ii) (67) ^S0 2Me
(iii)MeS02Cl,Et3N (132)

P h o to ly s is  o f  th e  a z id e  (1 3 1 )  g ave  two th ie n o p y r r o le s  (1 3 3 )  and  

( 1 3 4 ) ,  p lu s  a s m a ll amount o f  th e  s u lp h o x im id e  ( 1 3 5 ) .  The r a t i o  o f  th e  

y ie l d s  o f  th e  th ie n o p y r r o le s  was a p p ro x im a te ly  2 :1  f o r  th e  p ro d u c ts  

( 1 3 4 ) : ( 1 3 3 ) .

(135)

T h is  s u p p o rts  th e  p re v io u s  o b s e r v a t io n  t h a t  s u lp h in y l  g roups  

m ig ra te  f a s t e r  th a n  s u lp h e n y l g ro u p s . F u rth e rm o re  t h i s  o b s e r v a t io n  

may p ro v id e  e v id e n c e  c o n c e rn in g  th e  p ro p o sed  m echanism . O f th e  

p o s s ib le  pathw ays shown in  Scheme 8 4 , i t  i s  l i k e l y  t h a t  (1 3 3 )  was 

fo rm ed  fro m  (1 3 6 )  by a [ 1 , 5  ] hydrogen  s h i f t  from  carb o n  to  n i t r o g e n .
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Scheme 84
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The p ath w ay  by w h ich  (1 3 4 )  i s  fo rm e d , h o w ev e r, i s  le s s  c l e a r .  

P resu m ab ly  th e  i n i t i a l  s te p  m ust be a [ 1 , 5 ] s h i f t  o f  th e  s u lp h u r  group  

fro m  c a rb o n  to  ca rb o n  r e s u l t i n g  i n  th e  a r o m a t is a t io n  o f  th e  th io p h e n  

r in g  and g e n e r a t io n  o f  th e  in t e r m e d ia te  ( 1 3 8 ) .  T h is  in te r m e d ia te  may 

th e n  undergo  f u r t h e r  re a r ra n g e m e n t. I f ,  as assumed fro m  p re v io u s  

e x p e r im e n ts , th e  s u lp h in y l  g roup  i s  a f a s t e r  m ig r a to r  th a n  th e  s u lp h e n y l  

g ro u p  th e n  i t  i s  p ro b a b le  t h a t  th e  p ro d u c t  i s  d e r iv e d  fro m  a p h o to c h e m ic a l

[ l , 3 ]  h yd ro g en  s h i f t .  The re a s o n  th e  s e r ie s  o f  [ 1 , 5 ] h yd ro g en  s h i f t s  

can be d is c o u n te d  is  as f o l lo w s .  F o r th e  case  o f  th e  s u lp h e n y l g ro u p , 

a 1 :1  p ro d u c t r a t i o  was o b s e rv e d . I f  th e  p ro d u c ts  a re  d e r iv e d  o n ly  

fro m  a s e r ie s  o f  [ 1 , 5 ] s h i f t s ,  i t  must be assumed t h a t  th e  s u b s t i tu e n ts  

a re  m oving r a p id ly  from  carb o n  to  c a rb o n , and t h e r e f o r e  t h a t  th e  

p ro d u c t r a t i o  is  a r e s u l t  o f  th e  p ath w ays  by w h ich  a h yd ro g en  atom  

m ig ra te s  to  n i t r o g e n .  S in c e  th e  s u lp h in y l  g roup  m ig ra te s  f a s t e r  th a n  

th e  s u lp h e n y l group t h i s  means t h a t  i t  m ust be m oving f a s t e r  fro m  c arb o n  

to  c a rb o n . T h is  s h o u ld  n o t a f f e c t  th e  p ro d u c t r a t i o .  H ow ever, i f  

when e i t h e r  o f  th e  in te r m e d ia te s  (1 3 7 )  o r  (1 3 8 )  is  fo rm e d , th e  r e v e r s e  

r e a c t io n  was d is fa v o u re d  due to  th e  a r o m a t ic i t y  now p re s e n t  in  th e  

th io p h e n  r in g  and t h a t  th e  p ro d u c ts  (1 3 3 )  and (1 3 4 )  w ere th e n  d e r iv e d  

by p h o to c h e m ic a l [ 1 , 3 ] s h i f t s  th e n  an e f f e c t  on th e  p ro d u c t r a t i o  w ou ld  

be o b s e rv e d .

In  c o n t r a s t ,  p h o to ly s is  o f  (1 3 2 )  gave  a s in g le  p r o d u c t . From th e  

n .O .e .  d i f f e r e n c e  e x p e r im e n ts  shown in  F ig u r e  8 , th e  s t r u c t u r e  was 

a s s ig n e d  as th e  t h ie n o p y r r o le  ( 1 3 9 ) .  P r e s a t u r a t io n  o f  th e  N-H  s ig n a l  

r e s u l t e d  in  an enhancem ent o f  th e  m e th y ls u lp h o n y l g ro u p . S i m i l a r i l y  

p r e s a tu r a t io n  o f  th e  m e th y ls u lp h o n y l g ro u p  s ig n a l  r e s u l t e d  in  an 

enhancem ent o f  th e  N-H s ig n a l  and th e  C-H s ig n a l .  E x c lu s iv e  m ig r a t io n  

o f  h yd ro g en  was o b s e rv e d . T h e r e fo r e ,  f u r t h e r  in c r e a s in g  th e  o x id a t io n  

l e v e l  o f  th e  s u lp h u r  had d e c re a s e d  th e  m ig r a to r y  a p t i t u d e .  S in c e  th e
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s u lp h o n y l g ro u p  is  t e t r a h e d r a l ,  t h i s  may le a d  to  g r e a t e r  s t e r i c  

r e s t r i c t i o n s  on th e  m ig r a t io n  p ro c e s s . As th e  [ l , 5 ]  hyd ro g en  s h i f t  from  

c a rb o n  to  n i t r o g e n  to  a ro m a t is e  th e  system  must be a v e ry  r a p id  p ro c e s s ,  

any s l i g h t  change in  th e  r a t e  o f  m ig r a t io n  o f  th e  s u lp h u r  group f o r  s t e r i c  

o r  o th e r  re a s o n s  c o u ld  be enough to  cause e x c lu s iv e  hydrogen  m ig r a t io n .

2 . 2 . 2  P h o to c h e m is try  o f  th e  B e n z o th ia z in e s

The p h o to c h e m ic a l r e a c t io n s  o f  th e  t h ie n o t h ia z in e s  and a z id o tn io p n e n s

to  g iv e  t h ie n o p y r r o le s  had r e v e a le d  an i n t e r e s t in g  t r e n d  in  m ig r a to r y

a p t i t u d e s  o f  s u b s t i tu e n t  g ro u p s , w h ich  showed some a n a lo g ie s  to  th e s e

118d is c o v e re d  in  th e  in d en e  s e r ie s .  S in c e  th e re  a re  s i g n i f i c a n t

d i f f e r e n c e s  betw een th e  system s b e in g  com pared, a b r i e f  s tu d y  o f  th e  

r e la t e d  2 H - in d o le  system  (1 4 0 )  was u n d e r ta k e n .

(U O )

o -A z id o b e n z a ld e h y d e  (1 4 1 )  is  r e a d i l y  a v a i la b le  by a l i t e r a t u r e  

p ro c e d u re  fro m  o -n i t r o b e n z a la e h y d e .

U s in g  th e  a p p r o p r ia te  c o n d it io n s ,  o u t l in e d  in  Scheme 8 5 , (1 4 1 )

u n d e rw e n t c o n d e n s a tio n  w ith  th e  e n o la te s  d e r iv e d  from  e t h y l  a c e t o a c e t a t e , 

a c e ta ld e h y d e  and e th y l  p h e n y th io a c e ta te  to  g iv e  th e  a z id e s  ( 1 4 2 - 1 4 4 ) .
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'CHO

1 2 base
RCH2R ----- ►

^ ^ n N 3 d 1

R
2

(141) (142-4)

R1 R2 base %
co2c2 h 5 C0CH3 NaOC2H5 U 2 80

H CHO KOH U3 78

SPh CO2C2H5 NaOC2H5 1U 8 6

Scheme 85

a 3 0
I r r a d i a t i o n  o f  th e  a z id e  (1 4 2 )  a f fo r d e d  th e  in d o le  ( 1 4 5 ) *  as 

th e  s o le  p r o d u c t .  S i m i l a r l y ,  th e  in d o le  ( 1 4 5 ) ^ ^  was form ed  

e x c lu s iv e ly  on i r r a d i a t i o n  o f  th e  a z id e  ( 1 4 3 ) .  P resum ab ly  th e  

m echanism  o f  th e  r e a c t io n  is  as shown in  Scheme 36 and in v o lv e s  

c v c l is a t io n  o f  th e  i n i t i a l l y  form ed  n i t r e n e  to  g iv e  a 2 H - in a o le  w hich  

th e n  u n d erg o es  f u r t h e r  re a rra n g e m e n t to  th e  ob served  o ro d u c ts .

(145-5)

R1 R2 %
(142) C02Et C0 CH3 88 (145)
(143) CHO H 90 (146)

Scheme 86



105.

P r e v io u s ly ,  work w ith  th e  b e n z o th ia z in e  (2 5 )  had shewn i t  to  be

97s t a b le  to  i r r a d i a t i o n  a t  254 nm. From th e  u .v .  spectru m  o f  (2 5 )

a s tro n g  a b s o rb t io n  was n o te d  in  t h i s  r e g io n  and a lth o u g h  i r r a d i a t i o n

a t  th e  w a v e le n g th  o f  s t r o n g e s t  a b s o r b t io n  n o rm a lly  r e s u l t s  in  th e

b r e a k in g  o f  th e  s u lp h u r -n i t r o g e n  bond, t h i s  d id  n o t h appen. H ow ever,

when t h i a z in e  (2 5 )  was i r r a d i a t e d  a t  300 nm re a rra n g e m e n t was in d u ced

and th e  in d o le  (1 4 7 )  was o b ta in e d  in  75% y i e l d  as th e  s o le  p ro d u c t .

From n .O .e .  e x p e r im e n ts , i t  was n o t p o s s ib le  z o  make a d e f i n i t e  assignm en

o f  th e  s t r u c t u r e .  I t  was th o u g h t t h a t  th e  p h e n y ltn io  group  c o u ld  be

rem oved to  g iv e  a known in d o le  and so p ro v e  th e  s t r u c t u r e .  H ow ever,

t r e a tm e n t  o f  in d o le  (1 4 7 )  w ith  Raney n ic k e l  f a i l e d  to  e f f e c t  a n y  chan g e.

S i m i l a r l y ,  t re a tm e n t  o f  (1 4 7 )  w ith  n ic k e l  b o r id e  a ls o  f a i l e d  to p r o :  jc

any ch a n g e . F i n a l l y  an X - r a y  d i f f r a c t i o n  a n a ly s is  was p e rfo rm e d  and th e  

s t r u c t u r e  (1 4 7 )  was c o n firm e d  (F ig u r e  9 . )

25£nm

■ ■ »
300nm

(25)

As a f i n a l  e x p e r im e n t in  th e  b e n z e n o id  s e r ie s  one a z id e  (1 4 3 )  

a 1 :1  m ix tu r e  o f  c is  and t r a n s  is o m ers  was p re p a re d  v ia  a V . 'i t t ig  

r e a c t io n  betw een  c—b ro m o b en za ld en yde  and tr ip h e n y lp h o s p h o n iu m  

m e th y lth io m e th y l id e  fo l lo w e d  by h a lo g e n -m e ta l exchange and q u en ch in g  

o f  th e  r e s u l t a n t  a n io n  w -itn t o s y l  a z id e  (Scheme 3 7 . )

CH0

(ii).(iii) r̂ 1N3

(i) Ph3P-CHSMe (ii) n-BuLi (iii) TsN3

Scheme 87
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FIGURE 9 .
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P h o to ly s is  o f  (1 4 3 )  gave a s in g le  p ro d u c t . From th e  n .m . r .

and i . r .  s p e c t r a  i t  was a p p a re n t t h a t  th e  p ro d u c t was an in d o le .  The

2-m e‘t K y l t h io - * ' ' '^  and 3 - m e t h y l t h i o - ^ 4 in d o le s  a re  known com pounds,

how ever th e  “H n .m . r .  sp ectru m  o f  th e  p ro d u c t d id  n o t a g re e  w ith  e i t h e r

13
o f  th e  r e p o r te d  s p e c t r a .  F o r  t h i s  re a s o n  th e  * C n .m . r .  s p ectru m  was 

o b ta in e d  and t h i s  a g re e d  w ith  th e  spectru m  r e p o r te d  f o r  th e  3 -m e th y l-  

t h i o in d o l e .  In  o rd e r  to  s tr e n g th e n  th e  s t r u c t u r a l  a s s ig n m e n t, n .O .e .  

e x p e r im e n ts  were u n d e rta k e n  on th e  p r o d u c t . The r e s u l t s  a re  shown in  

F ig u r e  1 0 . P r e s a c u r a t io n  o f  th e  N-H produces  an enhancem ent o f  H -2  

and a s m a lle r  enhancem ent o f  th e  S -m e th y l group w h ich  is  p ro b a b ly  due 

to  power s p i l la g e  in t o  th e  n e ig h b o u r in g  s ig n a l s in c e  p r e s a t u r a t io n  o f  

th e  S -m e th y l s ig n a l shows no enhancem ent o f  th e  NH s ig n a l  b u t shows 

enhancem ents o f  H -2  and H -4 . From th e s e  r e s u l t s  th e  s t r u c t u r e  was 

a s s ig n e d  as in d o le  ( 1 4 9 ) .

SMe

(148) (149)

In  c o n t r a s t  to  th e  p h o to ly s is  o f  a z id e  (1 2 3 b ) th e  is o m e r ic  p ro d u c t ,  

2 - m e t h y l t h io in a o le , was n o t i s o la t e d .  T h is  r e s u l t  shows a s i g n i f i c a n t  

d i f f e r e n c e  betw een th e  th io p h e n  and b e n ze n o id  s e r ie s  and m ust r e f l e c t  th e  

d i f f e r e n c e s  in  th e  two s y s te m s , i . e .  th e  d i f f e r e n c e  in  s t r a i n  and geo m erry  

b etw een  a 5 ,5  fu s e d  system  and a 6 ,5  fu s e d  system  com bined w ith  th e  

d i f f e r e n c e s  in  a ro m a ric  s t a b i l i t y  o f  th e  benzene and th io p h e n  r in g s .  

H ow ever, th e  r e s u l t s  u n d e r l in e  th e  h ig h  m ig ra to r y  a p t i t u d e  o f  th e  

s u lp h u r  g ro u p  and s u p p o rt th e  t re n d s  in  m ig r a to r y  a p t i tu d e s  o b s e rv e d  f o r  

s u b s t i t u e n t  g ro u p s .
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3 .  CONCLUSION

We have  s y n th e s is e d  and s tu d ie d  fu s e d  d e r iv a t iv e s  o f  th e

1 H -1 , 2 - t h i a z i n e  r in g  sys te m . A lth o u g h  th e s e  c o u ld  be c o n s id e re d  as

" a z a th ia b e n z e n e s " , th e  p r o p e r t ie s  e x h ib i t e d  by th e s e  compounds in d ic a t e

t h a t  th e  b o n d ing  is  y l i d i c  r a t h e r  th a n  th e  c o v a le n t  a ro m a tic  ty p e

b o n d in g  t h a t  may have been e x p e c te d . S i m i l a r l y ,  i t  has been o b s e rv e d

73
in  th e  l i t e r a t u r e  t h a t  r e la t e d  sys te m s, 1 H -1 , 4 - t h ia z i n e s  and

82
1 H -1 , 2 , 4 - t h ia d ia z in e s  a ls o  e x h i b i t  y l i d i c  p r o p e r t ie s .  In  com pariso n  

w ith  th e  th ia b e n z e n e s  w h ich  have been th e  s u b je c t  o f  m a jo r s tu d ie s  and 

have been shown to  be u n s ta b le  and y l i d i c  in  n a tu r e ,  th e  1 H -1 , 2 - t h ia z i n e s  

a re  more s t a b le .  H ow ever, when s u b je c te d  to  th e r m o ly s is ,  th e s e  have  

been shown to  undergo re a rra n g e m e n ts  s i m i l a r  to  th e  th ia b e n z e n e s  (Scheme 8 3 ) .

N

EWG
R

Scheme 88

The v ie w  t h a t  th e s e  compounds may be more r i g h t l y  re g a rd e d  as c y c l ic  

s u lp h im id e s  is  r e in fo r c e d  by t h e i r  p h o to c h e m is try . When th e s e  t h ia z in e s  

a re  s u b je c te d  to  u .v .  i r r a d i a t i o n  s u lp h u r -n i t r o g e n  bond c le a v a g e  o c c u rs .  

S u lp h im id e s  a re  known to  e x h ib i t  t h i s  ty p e  o f  r e a c t io n  u n d er p h o to c h e m ic a l 

c o n d it io n s  and th e  p ro d u c ts  o b ta in e d  a re  o f te n  th e  r e s u l t  o f  a pathw ay  

in v o lv in g  n i t r e n e s .  Our s tu d ie s  have shown t h a t  t h ie n o p y r r o le s  a re  th e  

m ain p ro d u c ts  from  th e  p h o to ly s is  o f  1 H -1 , 2 - t h i a z i n e s .
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Scheme 89

As shown in  Scheme 8 9 , th e  k H - th ie n o  [ 3 ,2 b ]  p y r r o le s  d e r iv e d  from  

1 H -1 , 2 - t h ia z in e s  a re  th o u g h t to  be one r e s u l t  o f  one c y c l is a o ic n  o f  one 

i n i t i a l l y  form ed n i t r e n e  in te r m e d ia te  to  g iv e  th e  5 H - th ie n o  [ 3 ,2 b ]  p y r r o le  

w h ich  s u b s e q u e n tly  r e a r r a n g e s . We n o te d  w ith  i n t e r e s t  th e  e x c lu s iv e

m ig r a t io n  o f  th e  s'u lp h u r  g ro u p . The w ork o f  Jones e t  a l  on 1 H -in d e n e

had e s ta b lis h e d  an o r d e r  o f  m ig r a to r y  a p t i tu d e s  f o r s u b s t i tu e n t  groups

t h i s is  as fo l lo w s : -CO E t  <H  <-COCH < -CHO. In 5 H - th ie n o  [. 3 , 2 b ]  pv

system  th e  o rd e r  o f  m ig r a to r y  a p t i t u d e  was found oo be as f o l lo w s :

COpE t  <^-C0CH3 (-C H O  < ^ -3 R ~  H.
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4 . EXPERIMENTAL

S p e c tra

U l t r a  v i o l e t  and v i s i b l e  ( u . v . )  s p e c tr a  w ere m easured u s in g  a Pye 

Unicam SP800 s p e c tro p h o to m e te r  and c a l i b r a t e d  a g a in s t  a holm ium  g la s s  

r e fe r e n c e .  U n les s  o th e rw is e  s ta te d  s p e c t r a  w ere ru n  in  e th a n o l  

s o lu t io n .

I n f r a - r e d  ( i . r . )  s p e c t r a  w ere  re c o rd e d  in  th e  ra n g e  4000  -  600 cm  ̂

u s in g  a P e rk in -E lm e r  298 s p e c tro m e te r . U n less  o th e rw is e  s ta te d ,  s p e c t r a  

o f  s o l id s  w ere ru n  as N u jo l m u lls ,  and s p e c tr a  o f  l iq u id s  and o i l s  as 

t h in  f i lm s  betw een sodium  c h lo r id e  p la t e s .

P ro to n  n u c le a r  m a g n e tic  re so n an c e  ( n . m . r . )  s p e c t r a  w ere  re c o rd e d

u s in g  V a r ia n  EM360A (6 0  M H z), P e r k in -E lm e r  R32 (9 0  M H z), J e o l FX90Q

(9 0  MHz) o r  B ru k e r WM250 (2 5 0  MHz) in s tru m e n ts , w ith  an in t e r n a l  t e t r a -

m e th y ls i la n e  r e fe r e n c e .  S ig n a ls  a re  q u o ted  as s in g l e t  ( s ) ,  d o u b le t  ( d ) ,

t r i p l e t  ( t ) ,  q u a r t e t  ( q ) ,  m u l t i p l e t  (m) o r  b ro ad  ( b r ) .  C a rb o n -1 3  n u c le a r

13m a g n e tic  reso n an ce  ( C n . m . r . )  s p e c t r a  w ere re c o rd e d  on e i t h e r  th e  

J e o l FX90Q (o p e r a t in g  a t  2 2 .5 1  MHz) o r  th e  B ru k e r WM250 (o p e r a t in g  a t  

6 2 .9  M H z).

Mass s p e c tra  w ere  re c o rd e d  on an A . E . I .  MS12 and VG M icrom ass 7070E  

in s tru m e n ts , and u n le s s  o th e rw is e  s ta te d  e le c t r o n  im p a c t io n is a t io n  was 

u s e d .

M e lt in g  P o in ts

M e lt in g  p o in ts  w ere  m easured on a K o f le r  h o t s ta g e  a p p a ra tu s  and 

a re  u n c o r re c te d .

S o lv e n ts

P e t r o l  r e f e r s  to  p e tro le u m  e t h e r ,  b .p .  4 0 -6 0 ° C , and was d i s t i l l e d  

b e fo r e  u s e . A c e t o n i t r i l e  was d r ie d  by r e f l u x in g  o v e r  phosphorus

p e n to x id e , fo l lo w e d  by d i s t i l l a t i o n  and s to ra g e  o v e r  m o le c u la r  s ie v e s  4A.
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D im e th y lfo rm a m id e  and h exam eth y lp h o sp h o ram id e  w ere d r ie d  by d i s t i l l a t i o n  

from  c a lc iu m  h y d r id e  a t  re d u c ed  p r e s s u r e . T e tra h y d ro fu r a n  was d r ie d  

u s in g  th e  p o tass iu m -b en zo p h en o n e  m ethod and d i s t i l l e d  d i r e c t l y  in t o  

th e  r e a c t io n  v e s s e l .  H yd ro carb o n  s o lv e n ts  w ere d r ie d  by s to ra g e  o v e r  

sodium  w ir e .  O th e r s o lv e n ts  w ere  used as s u p p lie d  c o m m e rc ia lly  u n le s s  

o th e rw is e  s ta t e d .

C hrom atography

Column chrom ato grap h y  was c a r r ie d  o u t u s in g  M erck K ie s e lg e l  H

(Type 6 0 ) ,  u n d er pump p r e s s u r e . T h in  la y e r  chrom ato grap h y  ( t . l . c . )

used as a q u a l i t a t i v e  a n a l y t i c a l  te c h n iq u e  f o r  f o l lo w in g  th e  p ro g re s s

o f  r e a c t io n s ;  a lu m in iu m  s h e e ts  p r e -c o a te d  w ith  M erck K ie s e lg e l  60F ^

o r  M erck a lu m in a  GF w ere u s e d . P r e p a r a t iv e  la y e r  ch ro m ato g rap h y254

( p . l . c . )  was c a r r ie d  o u t u s in g  M erck 60PF ^ s i l i c a ,  on 20 cm x 20 cm 

g la s s  p la t e s .

P h o to ly s is

P h o to c h e m ic a l r e a c t io n s  w ere  c a r r ie d  o u t u s in g  a R ayonet p h o to 

c h e m ic a l r e a c to r  w ith  lam ps o f  2 5 3 .7 ,  300 o r  350 nm w a v e le n g th . No 

e x t e r n a l  c o o lin g  was a p p l ie d ,  so r e a c t io n s  p ro ceed ed  a t  s l i g h t l y  above  

a m b ien t te m p e ra tu re .
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4 .1  P r e p a r a t io n  o f  A c t iv e  M e th y le n e  Compounds

The fo l lo w in g  g e n e r a l m ethod was used in  th e  p r e p a r a t io n  o f  a c t iv e  

m e th y le n e  compounds. To a s o lu t io n  o f  sodium  e th o x id e  (5 0  mmol) in  

e th a n o l (7 5  ml p e r  1 g sodium ) a t  room te m p e ra tu re  th e  t h i o l  (5 0  mmol) 

was add ed . A f t e r  30 m in th e  halo -com pound  (5 0  mmol) was added  

d ro p w is e . The r e a c t io n  m ix tu r e  was s t i r r e d  f o r  12 h . I t  was th e n  

p o u red  in t o  w a te r  and e x t r a c te d  w ith  e th e r  (2  x 150 m l ) .  The e th e r  

l a y e r  was washed s u c c e s s iv e ly  w ith  w a te r ,  d i l u t e  sodium  h y d ro x id e  and  

b r in e .  I t  was th e n  d r ie d  (MgSO^) and th e  s o lv e n t  rem oved.

E th y l  P h e n y lth io a c e ta te  ( 6 6 a )

P re p a re d  by th e  g e n e ra l m ethod fro m  th io p h e n o l and e th y l  c h lo r o -

a c e t a t e .  Vacuum d i s t i l l a t i o n  o f  th e  c ru d e  o i l  gave e t h y l  p h e n y l th io -

104
a c e ta te  ( 7 .8  g , 8 0% ), b .p .  1 5 6 -1 5 8 ° C /1 4  mmHg ( l i t . ,  b .p .  1 3 0 -1 3 5 ° C /

10 mmHg).

E th y l  m e th y lth io a c e ta te  (6 6 b )

P re p a re d  by th e  g e n e ra l m ethod fro m  m e th a n e th io l and e th y l  c h lo r o -

a c e t a t e .  Vacuum d i s t i l l a t i o n  o f  th e  c ru d e  o i l  gave e t h y l  m e th y l t h io -

104
a c e ta te  (4  g , 60%) b .p .  6 9 °C /2 2  mmHg ( l i t . ,  b .p .  1 7 4 -1 7 6 ° C ) .

P h e n y lth io a c e to n e  ( 6 6 c )

P re p a re d  by th e  g e n e ra l m ethod from  th io p h e n o l and c h lo r o a c e to n e . 

Vacuum d i s t i l l a t i o n  o f  th e  c ru d e  o i l  gave p h e n y lth io a c e to n e  ( 6 .1  g , 7 3% ), 

b .p .  8 5 ° C /0 .4  mmHg ( l i t . , 104 b .p .  2 6 5 -2 6 7 ° C ) .

P h e n y lth io a c e ta ld e h y d e  (6 6 d )

From th e  r e a c t io n  o f  th io p h e n o l and b ro m o ac e ta ld eh y d e  d i e t h y l a c e t a l  

u n d e r th e  g e n e r a l r e a c t io n  c o n d it io n s  th e  t i t l e d  compound was is o la t e d  

(100% ) as th e  d ie t h y la c e t a l  d e r i v a t i v e .  F u r th e r  p u r i f i c a t i o n  was n o t  

n e c e s s a ry , th e  sam ple b e in g  p u re  by n . m . r . .  The named compound was
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s to r e d  in  p r o te c te d  fo rm . B e fo re  use th e  a c e ta l  was h y d ro ly s e d  by

t r e a tm e n t  w ith  2M h y d r o c h lo r ic  a c id .  The a c id  s o lu t io n  was p o u red  in t o

w a te r  and e x t r a c te d  w ith  e th e r  (2  x 100 m l ) .  The e th e r  la y e r  was

washed s u c c e s s iv e ly  w ith  sodium  b ic a r b o n a te  s o lu t io n  and b r in e .  A f t e r

d r y in g  th e  o rg a n ic  la y e r  o v e r magnesium s u lp h a te , th e  s o lv e n t  was

10Srem oved. T h is  gave c ru d e  p h e n y lth io a c e ta ld e h y d e  (90% ) w h ich  was 

used w ith o u t  f u r t h e r  p u r i f i c a t i o n .

P h e n y l t h io a c e t o n i t r i le  ( 6 6 e )

P re p a re d  by th e  g e n e r a l m ethod fro m  th io p h e n o l and c h l o r o a c e t o n i t r i l e .

Vacuum d i s t i l l a t i o n  o f  th e  c ru d e  o i l  gave p h e n y l t h i o a c e t o n i t r i l e  ( 5 .9 6 ,

106
8 0% ), b .p .  1 5 0 -1 5 2 °C /1 6  mmHg ( l i t . ,  b .p .  1 4 6 -1 4 7 °C /1 4  mmHg).

E th y l  e t h y l t h io a c e t a t e  ( 6 6 f )

P re p a re d  by th e  g e n e r a l m ethod from  e th a n e t h io l  and e t h y l  c h lo r o -

a c e t a t e .  Vacuum d i s t i l l a t i o n  o f  th e  c ru d e  o i l  gave e t h y l  e t h y i t h i o -

135
a c e ta te  ( 4 .8  g , 65%) b .p .  8 6 °C /2 0  mmHg ( l i t . ,  b .p .  9 8 -1 0 3 ° C /3 5  mmHg). 

E th y l 2 - ( 3 - p r o p e n y l t h io ) a c e t a t e  (6 6 g )

F o llo w in g  th e  g e n e ra l m ethod e t h y l  t h io a c e t a t e  and a l l y l  c h lo r id e  

gave e th y l  2 - ( 3 - p r o p e n y l t h io ) a c e t a t e 1^ 7 ( 5 .9  g , 74% ), <5^(90 MHz, C D Cl^)

6 .0  -  5 .0  ( 3H, m ), 4 .1 3  (2 H , q , J 7 H z ) ,  3 .2 2  (2 H , d , J 6 .8  H z ) ,

3 .1  ( 2H, s ) ,  1 .2 6  ( 3H, t ,  J 7 H z ) .

E th y l  a z id o a c e ta te

102
P re p a re d  a c c o rd in g  to  th e  l i t e r a t u r e  p ro c e d u re  fro m  e t h y l  c h lo r o -

102
a c e ta te  and sodium  a z id e ,  b .p .  6 6 -6 8 ° C /1 2  mmHg ( l i t . ,  b .p .  7 5 °C /2 1  mmHg). 

E th y l p h e n y ls u lp h in y la c e ta te  ( 1 1 2 )

To a s o lu t io n  o f  sodium  m e ta p e r io d a te  ( 1 1 .5  g , 54 mmol) in  w a te r  

(7 5  m l) was added e t h y l  p h e n y lm e rc a p to a c e ta te  (6 6 a )  (1 0  g , 51 mmol) 

d is s o lv e d  in  e th a n o l (5 0  m l ) .  The r e a c t io n  m ix tu r e  was s t i r r e d  f o r  18 h 

a f t e r  w h ich  t im e  th e  in s o lu b le  sodium  io d a te  was f i l t e r e d  o f f .  The 

aqueous s o lu t io n  was e x t r a c t e d  w ith  d ic h lo ro m e th a n e  (2  x 100 m l ) .

A f t e r  w ash ing  th e  o rg a n ic  phase w ith  w a te r  and b r in e ,  i t  was d r ie d  o v e r
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magnesium s u lp h a te .  Rem oval o f  th e  s o lv e n t  gave e th y l  p h e n y ls u lp h in y l-

a c e ta te  in  q u a n t i t a t i v e  y i e l d .  <5 (9 0  MHz, CDC1 ) 7 . 8 - 7 . 4  (5H , m ),ri o
4 .1 0  (2 H , q , J 7 H z ) ,  3 .8  (2 H , s ) ,  1 .1 7  (3 H , t ) ; m /z 2 1 2 , 1 8 4 , 1 6 7 ,

125
1 2 5 , (1 0 0 % ).

E t h y l  p h e n y ls u lp h o n y la c e ta te  ( 1 1 3 )

136
F o llo w in g  a l i t e r a t u r e  m ethod f o r  th e  o x id a t io n  o f  s u lp h id e s ,  

e t h y l  p h e n y ls u lp h in y la c e ta te  was o x id is e d  u s in g  p o ta ss iu m  perm an g an ate  

in  a c e t ic  a c id  to  g iv e  e t h y l  p h e n y ls u lp h o n y la c e ta te  in  q u a n t i t a t i v e  

y i e l d ,  m .p . 4 1 -4 2 °C  ( l i t . , 126 m .p . 4 2 - 4 3 ° C ) .

4 .2  P r e p a r a t io n  o f  S u b s t i tu te d  T h io p h en  In te r m e d ia te s  

T e tra b ro m o th io p h e n

137
P re p a re d  by th e  l i t e r a t u r e  m ethod fro m  th io p h e n  by t r e a tm e n t

137
w ith  b ro m in e  in  c h lo r o fo rm , m .p . 115°C  ( l i t . ,  1 1 5 .5 -1 1 6 ° C ) .

2 , 3 , 5 -T r ib ro m o th io p h e n

138
F o llo w in g  th e  l i t e r a t u r e  p ro c e d u re  th e  t i t l e d  compound was 

p re p a re d  fro m  th io p h e n  by t r e a tm e n t  w ith  b ro m in e  in  c h lo r o fo rm ,  

b .p .  1 3 4 -1 3 5 ° C /1 4  mmHg ( l i t . , 138 b .p .  1 2 3 -1 2 4 ° C /9  mmHg).

3 -B ro m o th io p h e n

T re a tm e n t o f  2 , 3 , 5 - t r ib r o m o th io p h e n  w ith  z in c  d u s t in  a c e t ic  a c id

103
a c c o rd in g  to  l i t e r a t u r e  p ro c e d u re  a f fo r d e d  3 -b ro m o th io p h e n , b .p .

103
4 4 - 4 6 ° C / l l  mmHg ( l i t . ,  b .p .  1 5 9 -1 6 0 ° C ) .

3 , 4 -D ib ro m o th io p h e n

139
P re p a re d  by th e  l i t e r a t u r e  m ethod fro m  te tra b ro m o th io p h e n  on

139
t r e a tm e n t  w ith  z in c  d u s t in  a c e t ic  a c id ,  b .p .  9 6 -9 7 ° C /1 2  mmHg ( l i t . ,  

9 3 -9 5 ° C /1 0  mmHg).

2 , 3 -D ib ro m o th io p h e n

103A c c o rd in g  to  l i t e r a t u r e  p ro c e d u re  th e  t i t l e  compound was p re p a re d

fro m  3 -b ro m o th io p h e n  and b ro m in e  in  benzene s o lu t io n ,  b .p .  8 5 -8 6 ° C /1 2  mmHg 

103
( l i t . ,  b .p .  8 9 -9 1 ° C /1 3  mmHg).
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3 -  B ro m o th io p h e n -2 -c a rb a ld e h y d e

P re p a re d  fro m  2 , 3 -d ib ro m o th io p h e n  by t r e a tm e n t  w ith  n - b u t y l l i t h i u m

a t  -7 8 °C  fo l lo w e d  by N ,N -d im e th y lfo rm a m id e , a c c o rd in g  to  l i t e r a t u r e

99 99
p ro c e d u re , (65% ) b .p .  1 1 9 -1 2 0 ° C /1 4  mmHg ( l i t . ,  1 1 3 -1 1 5 °C /1 0  mmHg).

4 -  B ro m o th io p h e n -3 -c a rb a ld e h y d e

P re p a re d  by th e  l i t e r a t u r e  p ro c e d u re 110 fro m  3 ,4 -d ib ro m o th io p h e n  

by t r e a tm e n t  w ith  n - b u t y l l i t h i u m  a t  -7 8 °C  fo l lo w e d  by N ,N -d im e th y l-  

fo rm a m id e , (6 8 % ), b .p .  1 1 5 °C /1 5  mmHg ( l i t . , 110 b .p .  1 1 1 -1 1 1 .5 °C /1 1  mmHg). 

4 -B ro m o th io p h e n -3 -c a rb a ld e h y d e  e th y le n e  a c e ta l

P re p a re d  from  4 -b ro m o th io p h e n -3 -c a rb a ld e h y d e  and e th y le n e  g ly c o l  

in  r e f l u x in g  benzene s o lu t io n  u s in g  a c a t a l y t i c  amount o f  p - t o lu e n e -  

s u lp h o n ic  a c id  in  q u a n t i t a t i v e  y i e l d .

3 -  A z id o th io p h e n -2 -c a rb a ld e h y d e  ( 6 7 )

A m ix tu r e  o f  3 -b ro m o th io p h e n -2 -c a rb a ld e h y d e  ( 7 .1 7  g , 3 7 .5  mmol) 

and sodium  a z id e  ( 9 .7 5  g , 150 mmol) in  d ry  h exam eth y lp h o sp h o ram id e

3
(8 0  cm ) was s t i r r e d  a t  3 0 °C , u n d er n i t r o g e n ,  f o r  th r e e  d a y s . The

m ix tu r e  was p o u red  in t o  w a te r .  The s o lu t io n  was e x t r a c te d  w ith

e th e r  (2  x 150 m l ) .  The o rg a n ic  la y e r  was th e n  washed s u c c e s s iv e ly

w ith  w a te r  (3  x 150 m l) and b r in e  (1 5 0  m l ) ,  d r ie d  o v e r magnesium

s u lp h a te  and th e  s o lv e n t  rem oved . The c ru d e  p ro d u c t was th e n  p u r i f i e d

by colum n ch ro m ato g rap h y  ( s i l i c a  H, g r a d ie n t  e lu t io n  from  p e t r o l  to

50% d ic h lo ro m e th a n e  in  p e t r o l )  to  g iv e  3 -a z id o th io p h e n -2 -c a r b a ld e h y d e

99
(6 7 )  ( 3 .4 5  g , 60% ), m .p . 57°C  ( l i t . ,  5 6 - 5 7 ° C ) .

4 -  A z id o th io p h e n -3 -c a rb a ld e h y d e  ( 7 8 )

109P re p a re d  a c c o rd in g  to  th e  l i t e r a t u r e  p ro c e d u re  fro m  4 -  

b ro m o th io p h e n -3 -c a rb a ld e h y d e  e th y le n e  a c e t a l  by t r e a tm e n t  w ith  

n - b u t y l l i t h i u m  a t  -7 8 °C  fo l lo w e d  by p - to lu e n e s u lp h o n y la z id e . T h is  

a f fo r d e d  c ru d e  4 -a z id o th io p h e n -3 -c a r b a ld e h y d e  e th y le n e  a c e t a l  w h ich  was 

h y d ro ly s e d  in  2M h y d r o c h lo r ic  a c id  to  g iv e  4 -a z id o th io p h e n -3 -c a r b a ld e h y d e  

(7 8 )  (7 2 % ), m .p . 51°C  ( l i t . , 109 5 0 -5 2 °C ) .
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4 -P h e n y lth io th io p h e n -3 -c a r b a ld e h y d e  ( 7 9 )

To a s o lu t io n  o f  4 -b ro m o th io p h e n -3 -c a rb a ld e h y d e  e th y le n e  a c e t a l  

(1  g , 4 .2 5  mmol) in  d ry  e th e r  (5  m l) a t  -7 8 °C  was added n - b u t y l l i t h i u m  

( 4 .2 5  mmol) and th e  s o lu t io n  was s t i r r e d  f o r  35 m in . T h is  s o lu t io n  

was th e n  added to  a s o lu t io n  o f  d ip h e n y l d is u lp h id e  ( 0 .9 3  g , 4 .3  mmol) 

in  d ry  e th e r  (5  m l ) ,  u n d er n i t r o g e n .  On s t i r r i n g  f o r  3 h th e  m ix tu r e  

was p o u red  in t o  w a te r  and th e  aqueous s o lu t io n  e x t r a c te d  w ith  e th e r  

(2  x 150 m l ) .  The e t h e r e a l  s o lu t io n s  w ere  washed s u c c e s s iv e ly  

w it h  d i l u t e  sodium  h y d ro x id e  s o lu t io n  and b r in e .  Removal o f  th e  

s o lv e n t  gave c ru d e  4 -p h e n y lth io th io p h e n -3 -c a r b a ld e h y d e  e th y le n e  a c e t a l  

w h ich  was t r e a t e d  w ith  2M h y d r o c h lo r ic  a c id .  The a c id  s o lu t io n  was 

e x t r a c t e d  w ith  e th e r  (2  x 100 m l ) .  The e t h e r e a l  s o lu t io n  was th e n  

washed w ith  sodium  b ic a rb o n a te  s o lu t io n  and b r in e  b e fo r e  b e in g  d r ie d  

o v e r  magnesium s u lp h a te  and th e  s o lv e n t  rem oved. Column chrom ato grap h y  

( s i l i c a  H; g r a d ie n t  e lu t io n  from  p e t r o l  to  d ic h lo ro m e th a n e ) o f  th e  

r e s u l t i n g  re s id u e  gave 4 -p h e n y lth io th io p h e n -3 -c a r b a ld e h y d e  (7 9 )  as an  

o i l  (7 5 0  mg, 80% ), (Found: C, 5 9 .7 ;  H, 3 .9 5 .  C ..H  OS. r e q u ir e s
II O  d

C, 6 0 .0 ;  H, 3 .7 % );  V max 1695 s cm- 1 ; <5„ (9 0  MHz, CDC1Q) 9 .9  (1H , s ) ,H o
8 .1  (1H , d , 3 .2  H z ) ,  7 . 3 - 7 . 1 5  (5H , m ), 7 .0  (1H , d , 3 .2  H z ) ;  m /z  220

(M+ , 100%).

4 .3  P r e p a r a t io n  o f  S u b s t i tu te d  P y r r o le s  

4 -N i t r o p y r id in e - N - o x id e

140
U s in g  th e  l i t e r a t u r e  p ro c e d u re  p y r id in e - N -o x id e  was p re p a re d  from

p y r id in e  and hydrogen  p e ro x id e  in  g l a c i a l  a c e t ic  a c id ,  b .p .  1 3 9 °C /1 5  mmHg 

140
( l i t . ,  b .p .  1 3 8 -1 4 0 ° C /1 5  mmHg). N i t r a t i o n  o f  p y r id in e - N -o x id e

w ith  c o n c e n tra te d  n i t r i c  and s u lp h u r ic  a c id  s o lu t io n  gave 4 - n i t r o -

140
p y r id in e - N -o x id e  m .p . 158°C  ( l i t . ,  m .p . 1 5 9 ° C ) .
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4 -C h lo r o p y r id in e -N -o x id e

P re p a re d  by th e  l i t e r a t u r e  p ro c e d u re  from  4 - n i t r o p y r i d i n e -

140
N -o x id e  and a c e t y lc h lo r id e  (9 2 % ), m .p . 1 6 9 ° C ) .  ( l i t . ,  m .p . 1 6 9 .5 ° C ) .  

4 -P h e n y l th io p y r id in e - N -o x id e

To a sodium  e th o x id e  in  e th a n o l s o lu t io n  made fro m  sodium

m e ta l ( 0 .5  g , 2 1 .7  mmol) and e th a n o l (1 0  m l) was added th io p h e n o l

( 2 . 4  g , 2 1 .8  m m ol). The s o lu t io n  was h e a te d  to  r e f l u x  and th e n

4 - n i t r o p y r id in e - N - o x id e  (2  g , 1 4 .3  mmol) was added. A f t e r  3 h ,

th e  s o lu t io n  was p o u red  in t o  w a te r  and e x t r a c te d  w ith  d ic h lo r o -

m ethane (5  x 100 m l ) .  The o rg a n ic  phase was d r ie d  o v e r  magnesium

s u lp h a te  b e fo re  rem o v in g  th e  s o lv e n t .  The re s id u e  was th e n

r e c r y s t a l l i s e d  to  g iv e  4 -p h e n y l t h io p y r id in e -N - o x id e  ( 2 .7 4  g , 95% ),

112
m .p . 137°C  ( p e t r o l /C H 2C l2 ) ( l i t . ,  m .p . 1 3 7 °C ) .

4 - M e t h y l th io p y r id in e - N -o x id e

To m eth an o l (5 0  m l ) ,  sodium  m e ta l ( 0 .3 3  g , 1 4 .3  mmol) was ad d ed .

Then m e th a n e th io l was b u b b led  th ro u g h  th e  s o lu t io n  f o r  s e v e r a l

m in u te s . Then 4 - n i t r o p y r i d i n e - N - o x i d e  (1  g , 7 mmol) was added and

th e  s o lu t io n  was h e a te d  to  r e f l u x .  A f t e r  2 h th e  s o lu t io n  was

p o u red  in t o  w a te r  and e x t r a c te d  w ith  d ic h lo ro m e th a n e  (3  x 100 m l ) .

The o rg a n ic  la y e r  was th e n  d r ie d  o v e r  magnesium s u lp h a te  b e fo re

rem o vin g  th e  s o lv e n t .  The p a le  y e l lo w  s o l id  was r e c r y s t a l l i s e d  to

g iv e  4 -m e th y l t h io p y r id in e -N - o x id e  ( 0 .8 5  g , 85% ), m .p . 142°C

(Found: C, 5 1 .2 ;  H, 5 .1 ;  N, 1 0 .2 .  C^H^NOS r e q u ir e s  C, 5 1 .0 ;

H, 5 .0 ;  N, 9 .9 % );  A max (EtO H ) 207  ( l o g £ 3 . 6 4 ) ,  307 nm ( 3 . 8 4 ) ;

5  (9 0  MHz, CDC1 ) 8 .0 6  (2H , d , J 7 H z ) ,  7 .0 6  (2H , d , J 7 H z ) ,
H o  —  —

2 .5 5  ( 3H, s ) ;  m /z  141 (M+ , 100 % ).
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3 -C h lo r o p y r r o le -2 -c a r b a ld e h y d e

P re p a re d  by th e  l i t e r a t u r e  m ethod from  4 - c h lo r o p y r id in e - N -

o x id e  in  co p p e r s u lp h a te  s o lu t io n  by i r r a d i a t i o n  u s in g  a h ig h  p re s s u re

111
m ercu ry  lam p , (3 5 % ), m .p . 100°C  ( l i t . ,  m .p . 1 0 0 ° C ) .

3 -  M e th y lt h io p y r r o le -2 - c a r b a ld e h y d e

4 -  M e t h y l t h io p y r id in e - N -o x id e  ( 0 .5 9  g , 4 .2  mmol) and c o p p er ( I I )

s u lp h a te  (1 0  g ) was d is s o lv e d  in  d i s t i l l e d  w a te r  (1 5 0  m l) in  a q u a r tz  

p h o to ly s is  tu b e . N it ro g e n  was b u b b le d  th ro u g h  th e  s o lu t io n  w h ile  i t  

was i r r a d i a t e d  a t  300 nm. A f t e r  17 h th e  s o lu t io n  was e x t r a c te d  

w ith  m e th y le n e  c h lo r id e  (2  x 100 m l ) ,  th e  o rg a n ic  la y e r  d r ie d  o v e r  

magnesium s u lp h a te  and th e  s o lv e n t  rem oved. P u r i f i c a t i o n  o f  th e  

r e s u l t a n t  re s id u e  by colum n ch ro m ato g rap h y  ( s i l i c a  H, g r a d ie n t  

e lu t io n  fro m  50% d ic h lo ro m e th a n e  in  p e t r o l )  gave 3 - m e t h y l t h io p y r r o le -  

2 -c a rb a ld e h y d e  ( 0 .1 4  g , 27% ), m .p . 74°C  (Found: C, 5 1 .2 ;  H, 5 .1 ;

N, 1 0 .2 .  C_H„N0S r e q u ir e s  C, 5 1 .0 ;  H, 5 .0 ;  N, 9 .9 % );  A max
o 7

(E tO H ) 245 ( lo g  £ 3 . 0 7 ) ,  292 ( 3 .8 5 )  and 331 nm ( 3 . 5 0 ) ;  V max 3440  m 

and 1630 cm"1 ; <5u (9 0  MHz, C D C lJ  1 0 .3  (1H , b r ) ,  9 .7 2  (1H , s ) ,  7 .1 5

(1 H , d , J 3 H z ) ,  6 .3 8  (1H , d , J 3 H z ) ,  2 .5  (3H , s ) ;  m /z 141 (M+ ,

100%).

4 .4  P r e p a r a t io n  o f  S u b s t i tu te d  Im id a z o le s

l-M e th o x y m e th y l-2 , 4 , 5 - t r ib r o m o im id a z o le  ( 9 1 )

141
F o llo w in g  th e  l i t e r a t u r e  p ro c e d u re  im id a z o le  was b ro m in a te d

u s in g  b rom ine  in  sodium  a c e t a t e ,  a c e t ic  a c id  s o lu t io n  to  g iv e  2 , 4 , 5 -

141
t r ib r o m o im id a z o le ,  m .p . 225°C  ( l i t . ,  m .p . 2 2 5 -2 2 6 ° C ) .  T re a tm e n t

o f  2 , 4 , 5 - t r ib r o m o im id a z o le  w ith  c h lo ro m e th y l m e th y l e th e r  and

t r ie t h y la m in e  in  benzene gave l -m e th o x y m e th y l-2 , 4 , 5 - t r ib r o m o im id a z o le

1 d?
( 9 1 ) ,  (6 0 % ), m .p . 93°C  ( l i t . ,

111

9 2 - 9 4 ° C ) .
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4 , 5 -D ib r o m o - l-m e th o x y m e th y l-2 -p h e n y lth io im id a z o le

11SP re p a re d  by th e  l i t e r a t u r e  m ethod from  1 -m e th o x y m e th y l-  

2 , 4 , 5 - t r ib r o m o im id a z o le  by t r e a tm e n t  w ith  n - b u t y l l i t h i u m  fo l lo w e d  by 

d ip h e n y l d is u lp h id e .  Column ch ro m ato g rap h y  gave 4 , 5 -D ib r o m o - l -  

m e th o x y m e th y l-2 -p h e n y lth io im id a z o le  as a y e llo w  o i l  (Found: C, 3 5 .2 ;

H 2 .5 ;  N, 7 . 4 .  Cn Hi 0 B r2N20S rec*u i r e s  C » 3 4 * 9 » H * 2 * 7 J N * 7 - 4% );

6 U (9 0  MHz, CDC1 ) 7 . 4 - 7 . 1 5  (5 H , m ), 5 .5  (2H , s ) ,  3 .3  (3 H , s ) ,H o

2 .5  ( 3H, s ) ;  m /z  378 (M+ , 100% ).

l -M e th o x y m e th y l-5 -m e th y lth io -2 -p h e n y lth io im id a z o le -4 -c a r b a ld e h y d e  ( 9 0 )

4 -B r o m o - l-m e th o x y m e th y l-5 -m e th y lth io -2 -p h e n y lth io im id a z o le  was

p re p a re d  (60% ) a c c o rd in g  to  th e  l i t e r a t u r e  p ro c e d u re  f o r  th e  p r e p a r a t io n

1X6o f  th e  1 -e th o x y m e th y l d e r iv a t i v e  fro m  4 ,5 -d ib r o m o - l -m e th o x y m e th y l-

2 - p h e n y l t h io im id a z c le . 4 -B r o m o - l-m e th o x y m e th y 1 -5 -m e th y lth io -2 -  

p h e n y lth io im id a z o le  ( 0 .5  g , 1 .4 5  mmol) was im m e d ia te ly  d is s o lv e d  in  

d ry  THF (2 0  m l) and t r e a t e d  w ith  n - b u t y l l i t h i u m  ( 1 .4 5  mmol) a t  - 7 8 ° C .

A f t e r  2 h th e  s o lu t io n  was p ushed, u n d e r n i t r o g e n ,  in t o  a s t i r r e d  

s o lu t io n  o f  N , N -d im e th y lfo rm a m id e  (1 5 0  mg, 2 .0 5  mmol) in  d ry  THF (3 0  m l ) .  

The m ix tu r e  was a llo w e d  to  warm to  a m b ie n t te m p e ra tu re  and a f t e r  1 h 

was p o u red  in t o  w a te r .  The aqueous s o lu t io n  was e x t r a c t e d  w ith  

e th e r  (2  x 100 m l ) ,  th e  o rg a n ic  phase washed w ith  w a te r ,  d r ie d  o v e r  

magnesium s u lp h a te  and th e  s o lv e n t  rem o ved . Column ch ro m ato g rap h y  

(a lu m in a , g r a d ie n t  from  p e t r o l  to  c h lo r o fo rm )  gave 1-m e th o x y m e th y l-

5 -m e th y lth io -2 -p h e n y lth io im id a z o le -4 -c a r b a ld e h y d e  as a y e l lo w  o i l  

( 0 .3 6  g , 84%) (Found: C, 5 3 .1 ;  H, 5 .0 ;  N, 9 .6 .  Ci 3Hi 4 N2 ° 2 S2

r e q u ir e s  C, 5 3 .0 ;  H, 4 .8 ;  N, 9 .5 % );  V max ( f i l m )  1690  cm- 1 ;

6 h  (9 0  MHz, CDC13 ) 9 .9 5  (1H , s ) ,  7 . 4 - 7 . 1 5  (5H , m ) , 5 .4 8  (2 H , s ) ,

3 .2 7  ( 3H, s ) ,  2 .5  (3H , s ) ;  m /z 294 (M+ , 100% ).
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4 -B r o m o - l - m e t h o x y m e t h y l - 2 - p h e n y l t h i o im id a z o l e - 5 ' -  

c a rb a ld e h y d e  ( 9 6 )

P r e p a r e d  a c c o r d in g  to  th e  l i t e r a t u r e  p ro c e d u re  f o r  th e

114
p r e p a r a t i o n  o f  th e  1 -e th o x y m e th y l  d e r i v a t i v e  fro m  4 , 5 - d i b r o m o - l -  

m e th o x y m e th y l - 2 - p h e n y l th io im id a z o le  (1  g ,  2 . 6 5  mmol) by t r e a t m e n t  w i t h  

n - b u t y l l i t h i u m  ( 2 . 6 5  mmol) f o l lo w e d  by N ,N -d im e th y l fo rm a m id e  (2 0 0  mg,

2 . 7 4  mmol) to  g iv e  4 - b r o m o - l - m e t h o x y m e t h y 1 - 2 - p h e n y l t h io im i d a z o le - ^ -  

c a rb a ld e h y d e  (5 6 0  mg, 68%) as a p a l e  y e l l o w  o i l ,  (Found: M+ 3 2 5 .9 7 1 9 .

C , oH1 1 BrNo0_S r e q u i r e s  M+ 3 2 5 . 9 7 2 5 ) ;  6 U (9 0  MHz, C D C lJ  9 . 9 5  (1H , s ) ,Id 11 d d — H o

7 . 3 5 - 7 . 1 5  ( 5H, m ) , 5 . 5  (2H , s ) ,  3 . 3  (3H , s ) ;  m /z  327 (M+ ) ,  298 (1 0 0 % ).

4 . 5  C o n d e n s a tio n  o f  A ldehydes  w i t h  A c t i v e  M e th y le n e  Compounds

The f o l l o w i n g  g e n e r a l  methods w ere  used to  condense a ld e h y d e s  

w i t h  a c t i v e  m e th y le n e  compounds.

(A) The a ld e h y d e  (1  e q u i v . ) was d i s s o lv e d  in  th e  a p p r o p r i a t e  a c t i v e  

m e th y le n e  compound ( 1 . 1  e q u i v . ) .  I f  n e c e s s a r y ,  e th a n o l  was added to  

d is s o lv e  th e  a ld e h y d e  c o m p le t e ly .  T h is  s o l u t i o n  was added d ro p w is e  

w i t h  s t i r r i n g  to  a s o l u t i o n  o f  sodium e th o x id e  ( 1 . 1  e q u i v . )  in  

e th a n o l  (1 0 0  ml p e r  1 g sodium ) a t  - 1 5 ° C .  T h is  te m p e r a tu r e  was m a in ta in e d  

f o r  2 h and th e n  th e  r e a c t i o n  m ix t u r e  was a l lo w e d  to  warm to  a m b ie n t  

t e m p e r a tu r e  o v e r n i g h t .  A t  a l l  t im e s  l i g h t  was e x c lu d e d  from  th e  

r e a c t i o n .  The r e a c t i o n  m ix t u r e  was th e n  poured  i n t o  aqueous  

ammonium c h l o r i d e  and e x t r a c t e d  w i t h  e t h e r  (2  x 150 m l ) .  The 

o r g a n ic  l a y e r  was th e n  washed w i t h  s a t u r a t e d  sodium m e t a b i s u l p h i t e  

s o l u t i o n  and a f t e r  w ash ing  w i t h  b r i n e  was d r i e d  o v e r  magnesium  

s u l p h a t e .  The s o l v e n t  was removed and th e  r e s u l t i n g  r e s id u e  

chrom ato grap h ed  ( s i l i c a  H, g r a d i e n t  e l u t i o n  from  p e t r o l  to  70% 

d ic h lo ro m e th a n e  i n  p e t r o l ) .
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(B ) The a ld e h y d e  (1  e q u i v . )  was d is s o lv e d  i n  e t h y l  a z i d o a c e t a t e

(4  e q u i v . ) .  I f  n e c e s s a r y ,  e th a n o l  was added t o  d is s o lv e  th e  a ld e h y d e  

c o m p le t e ly .  T h is  s o l u t i o n  was added d ro p w is e  w i t h  s t i r r i n g  to  a 

s o l u t i o n  o f  sodium e th o x id e  (4  e q u i v . )  i n  e th a n o l  (1 0 0  ml p e r l  g 

sodium) a t  - 1 5 ° C .  T h is  te m p e r a tu r e  was m a in ta in e d  f o r  2 h and  

th e n  th e  r e a c t i o n  m ix t u r e  was a l lo w e d  to  warm to  5 °C . I t  was th e n  

worked up as d e s c r ib e d  i n  method A.

(C) The a ld e h y d e  (1  e q u i v . )  was d is s o lv e d  i n  th e  a p p r o p r i a t e  

a c t i v e  m e th y le n e  compound ( 1 . 1  e q u i v . ) .  I f  n e c e s s a ry ,  e th a n o l  

was added t o  d is s o lv e  th e  a ld e h y d e  c o m p l e t e l y .  T h is  s o l u t i o n  was 

added d ro p w is e  w i t h  s t i r r i n g  to  a s o l u t i o n  o f  p i p e r i d i n i u m  a c e t a t e  

( 1 . 1  e q u i v . )  i n  e th a n o l  (1 0 0  ml p e r  50 mmol p i p e r i d i n i u m  a c e t a t e ) .

The r e a c t i o n  m ix t u r e  was s t i r r e d  o v e r n ig h t  and th e n  worked up as 

d e s c r ib e d  i n  method A.

E t h y l  3 - ( 3 - a z i d o - 2 - t h i e n y l ) - 2 - p h e n y l t h i o p r o p - 2 - e n o a t e  ( 68a )

U s in g  method A, 3 - a z i d o t h io p h e n - 2 - c a r b a ld e h y d e  (1 0 0  mg, 0 . 6 5  mmol)

and e t h y l  p h e n y l t h i o a c e t a t e  (1 4 0  mg, 0 . 7 2  mmol) gave e t h y l  3 - ( 3 - a z i d o -

2 - t h i e n y l ) - 2 - p h e n y l t h i o p r o p - 2 - e n o a t e  (1 9 5  mg, 90% ), m .p . 1 0 5 -1 0 7 °C  

98(decom p.)  ( l i t . ,  m .p . 1 0 6 -1 0 8 °C  ( d e c o m p . ) ) .

E t h y l  3 - ( 3 - a z i d o - 2 - t h i e n y l ) - 2 - m e t h y l t h i o p r o p - 2 - e n o a t e  ( 68b )

U s ing  method A, 3 - a z id o t h io p h e n - 2 - c a r b a ld e h y d e  (1 0 0  mg, 0 . 6 5  mmol) 

and e t h y l  m e t h y l t h i o a c e t a t e  (9 6  mg, 0 . 7 2  mmol) gave e t h y l  3 - ( 3 - a z i d o -

2 -  t h i e n y l ) - 2 - m e t h y l t h i o p r o p - 2 - e n o a t e  (88 mg, 50% ), m .p .  5 4 -5 5 °C

98
( l i t . , m .p . 5 4 - 5 5 ° C ) .

4 - ( 3 - a z i d o - 2 - t h i e n y l ) - 3 - p h e n y l t h io b u t e n o n e  ( 68c )

U s in g  method A, 3 -a z id o t h io p h e n - 2 - c a r b a ld e h y d e  (1 0 0  mg, 0 . 6 5  mmol) 

and p h e n y l th io a c e t o n e  (1 1 9  mg, 0 . 7 2  mmol) gave 4 - ( 3 - a z i d o - 2 - t h i e n y l ) -

3 -  p h e n y l th io b u te n o n e  (1 4 7  mg, 75% ), m .p . 96°C  ( f ro m  p e t r o l ,  d i c h l o r o -

methane) (Found: C, 55.8; H, 3.7; N, 13.9. C14H11N30S2 re^uires
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C, 5 5 . 8 ;  H, 3 . 7 ;  N, 1 3 .9 % ) ;  A max (E tOH) 252 ( l o g £ 4 . 1 3 ) ,  and

355 nm ( 4 . 2 4 ) ;  V max (C C l^ )  3000  w, 2100  v s ,  and 1675  s cm "S

6 U (9 0  MHz, CDC1 ) 2 . 3 8  (3H , s ) ,  7 . 0  (1H , d , J 5 . 5  H z ) ,  7 .2 1  (5H , m ), H o
7 . 5 3  (1H , dd, J 5 . 5  and 0 . 9  H z ) ,  8 . 3 7  (1H , d , J 0 . 9  H z ) ;  ( 2 2 . 5  MHz,

CDC13 ) 1 9 7 ,  1 4 2 . 8 ,  1 3 5 . 5 ,  1 3 4 . 9 ,  1 3 3 . 1 ,  1 2 9 . 3 ,  1 2 7 . 2 ,  1 2 6 . 2 ,  1 1 8 . 8 ,

2 7 . 2 ;  m /z  301 (M+ ) ,  2 7 3 ,  2 5 7 ,  2 3 1 ,  196 (1 0 0 % ).

3 - ( 3 - A z i d o - 2 - t h i e n y l ) - 2 - p h e n y l t h i o p r o p e n a l  ( 68d )

U s in g  method A, 3 - a z i d o t h io p h e n - 2 - c a r b a ld e h y d e  (1 0 0  mg, 0 . 6 5  mmol)

and p h e n y l th i o a c e t a ld e h y d e  (1 0 9  mg, 0 . 7 2  mmol) gave 3 - ( 3 - a z i d o - 2 - t h i e n y l ) - 2 -

p h e n y l th i o p r o p e n a l  (94  mg, 50% ), m .p . 8 2 -8 3 ° C  ( f ro m  d ic h lo r o m e t h a n e ,

p e t r o l )  (Found: C , 5 4 . 4 ;  H, 3 . 2 ;  N, 1 4 . 5 .  ^ 13^9^ 3^^2 reclu i r e s

C, 5 4 . 3 ;  H, 3 . 2 ;  N, 1 4 .6 % ) ;  A max (EtOH) 248 ( l o g £  3 . 8 0 ) ,  and 353 nm

( 3 . 9 7 ) ;  V max ( C C l J  2100  v s ,  and 1690 cm- 1 ; 6 (9 0  MHz, CD01o )A H o

7 . 0 5  (1H , d , J 5 . 5  H z ) ,  7 . 2 - 7 . 4  (5H , m ) , 7 . 6  (1H , dd, J 5 . 5  and 0 . 9  H z ) ;

8 . 1 5  (1H , d , J 0 . 9  Hz) 9 . 6  (1H , s ) ;  m /z  287  (M+ ) ,  2 5 9 ,  243 (100%) 1 8 2 .

3 - ( 3 - A z i d o - 2 - t h i e n y l ) - 2 - p h e n y l t h i o p r o p e n e n i t r i l e  ( 68e )

U s in g  method A, 3 - a z i d o t h io p h e n - 2 - c a r b a ld e h y d e  (1 0 0  mg, 0 . 6 5  mmol) 

and p h e n y l t h i o a c e t o n i t r i l e  (1 0 7  mg, 0 . 7 2  mmol) gave 3 - ( 3 - a z i d o - 2 - t h i e n y l ) -  

2- p h e n y l t h i o p r o p e n e n i t r i l e  (1 4 8  mg, 8 0% ),  m .p . 9 8 -9 9 ° C  (Found: C ,  5 5 . 1 ;

H, 2 . 8 ;  N, 1 9 . 7 .  C, 0H0N/1S0 r e q u i r e s  C, 5 4 .9 ;  H, 2 . 8 ;  N, 1 9 .7 % ) ;
i j  O  A d .

A max (EtOH) 235 ( l o g £  3 . 9 7 )  and 360 nm ( 4 . 3 5 ) ;  V max (CC1 ) 2210 m, 

and 2120  s cm- 1 ; (9 0  MHz, CDC1_) 7 . 7  (1H , d , J 1 H z ) ,  7 . 5 6  (1H ,

dd, J 5 . 4  and 1 H z ) ,  7 . 5 - 7 . 3 2  (5H , m ) , 7 . 0  (1H , d , J 5 . 4  H z ) ;  6 q  ( 2 2 . 5  

MHz, CDC13 ) 1 0 1 . 7 ,  1 1 8 ,  1 1 8 . 9 ,  1 2 2 . 1 ,  1 2 8 . 6 ,  1 2 9 . 6 ,  1 3 1 . 0 ,  1 3 1 . 3 ,  1 3 2 . 6 ,  

1 3 6 . 6 ,  1 4 1 .7 ;  m /z  284 (M+ ) ,  2 5 6 ,  179 (1 0 0 % ).

E t h y l  3 - ( 3 - a z i d o - 2 - t h i e n y l ) - 2 - e t h y l t h i o p r o p - 2 - e n o a t e  ( 68f )

U s in g  method A, 3 -a z id o t h io p h e n - 2 - c a r b a ld e h y d e  (1 0 0  mg, 0 . 6 5  mmol) 

and e t h y l  e t h y l t h i o a c e t a t e  (1 0 6  mg, 0 . 7 2  mmol) gave e t h y l  3 - ( 3 - a z i d o -  

2 - t h i e n y l ) - 2 - e t h y l t h i o p r o p - 2 - e n o a t e  ( 9 2 . 5  mg, 50%) as an u n s t a b le  y e l l o w
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o i l ,  V max ( f i l m )  2120  s ,  1710  s cm (90  MHz, CDC1 ) 8 . 2
H 3

(1H , s ) ,  7 . 5  (1H , d ,  J 5 H z ) ,  6 . 9 5  (1H , d ,  J 5 H z ) ,  5 . 2 6  (2H , q ,

J 7 . 5  H z ) ,  2 . 8 3  (2H , q ,  J 7 . 5  H z ) ,  1 . 3 5  (3H , t ,  J 7 . 5  H z ) ,  1 .2 2  

( 3H, t ,  J 7 . 5  H z ) .

E t h y l  3 - ( 3 - a z i d o - 2 - t h i e n y l ) - 2 - a l l y l t h i o p r o p - 2 - e n o a t e  ( 68g )

U s in g  method A, 3 - a z i d o t h io p h e n - 2 - c a r b a ld e h y d e  (1 0 0  mg, 0 . 6 5  mmol) 

and e t h y l  a l l y l t h i o a c e t a t e  (1 1 5  mg, 0 . 7 2  mmol) gave e t h y l  3 - ( 3 - a z i d o - 2 -  

t h i e n y l ) - 2 - a l l y l t h i o p r o p - 2 - e n o a t e  (1 1 0  mg, 57%) as a p a l e  y e l l o w  o i l

(Found: C, 4 8 . 7 ;  H, 4 . 4 ;  N, 1 4 . 0 .  Ci 2 H13N3 ° 2 S2 reclu i r e s  C » 48 . 8 ;

H, 4 . 4 ;  N, 1 4 .2 % ) ;  A max (EtOH) 245  ( l o g £ 3 . 8 4 ) ,  320 ( 4 . 0 7 )  and

354 nm ( 4 . 1 6 ) ;  V max ( f i l m )  2 1 0 0 s  and 1 7 0 0 s  cm- 1 ; 6 (9 0  MHz, CD01o )H o
8 . 2 4  (1H , d ,  J 0 . 9  H z ) ,  7 . 5 3  (1H , dd , J 5 . 3  and 0 . 9  H z ) ,  6 . 9 9  (1H , d , J

5 . 3  H z ) ,  6 . 0 5 - 5 . 5 8  (1H , m ) , 5 . 2 5 - 4 . 9  (2H , m ) , 4 . 3 3  (2H , q ,  J 7 . 7  Hz)

3 . 5  (2H, d , J 6 . 4  H z ) ,  1 . 3 7  (3H , t ,  J 7 . 7  H z ) .

E t h y l  3 - ( 4 - a z i d o - 3 - t h i e n y l ) - 2 - p h e n y l t h i o p r o p - 2 - e n o a t e  ( 8 5 a )

U s ing  method A, 4 -a z id o t h io p h e n - 3 - c a r b a ld e h y d e  (1 0 0  mg, 0 . 6 5  mmol)

and e t h y l  p h e n y l t h i o a c e t a t e  (1 4 0  mg, 0 . 7 2  mmol) gave e t h y l  3 - ( 4 - a z i d o -

3 - t h i e n y l ) - 2 - p h e n y l t h i o p r o p - 2 - e n o a t e  (1 2 3  mg, 57%) as a p a l e  y e l l o w  o i l ,

(Found: M+ 3 3 1 .0 4 6 1 .  C. H. _.N_0oSo r e q u i r e s  M+ 3 3 1 . 0 4 4 9 ) ;  A max— l b  13 3 2 2  —

(EtOH) 208 ( l o g £ 4 . 2 0 ) ,  253 ( 4 . 1 6 ) ,  280  ( 4 . 0 7 ) ,  340 nm ( 3 . 8 4 ) ;

V max ( f i l m )  2140  s ,  1710  s cm- 1 ; 6  (2 5 0  MHz, CDC1_) 8 . 3 6  (1H , dd, J 4H o  —
and 0 . 8 5  H z ) ,  7 . 9  (1H , d , J 0 . 8 5  H z ) ,  7 . 3 5 - 7 . 1 5  (5H , m ) , 6 . 8 4  (1H , d ,

J 4 H z ) ,  4 .1 1  (2H , q ,  J 7 . 5  H z ) ,  1 . 0 8  (3H , t ,  J 7 . 5  H z ) ;  m /z  331 (M+ ) ,  

3 0 3 ,  226 (1 0 0 % ).

E t h y l  3 - ( 4 - a z i d o - 3 - t h i e n y l ) - 2 - m e t h y l t h i o p r o p - 2 - e n o a t e  ( 8 5 b )

U s in g  method A, 4 - a z id o t h io p h e n - 3 - c a r b a ld e h y d e  (1 0 0  mg, 0 . 6 5  mmol)

and e t h y l  m e t h y l t h i o a c e t a t e  (9 6  mg, 0 . 7 2  mmol) gave e t h y l  3 - ( 4 - a z i d o -

3 - t h i e n y l ) - 2 - m e t h y l t h i o p r o p - 2 - e n o a t e  (9 0  mg, 51%) as an u n s t a b le  y e l l o w

o i l ,  V max ( f i l m )  2120  s, 1710  s cm- 1 ; 6  „  (9 0  MHz, C D C lJ  8 . 3  (1H , d,
H 3

J 3 H z ) ,  7 . 9  (1H , s ) ,  6.8  (1H , d ,  J 3 H z ) ,  4 . 1  (2H , q ,  J 7 H z ) ,
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2 . 4  ( 3H, s ) ,  1 . 1  ( 3H, t ,  J 7 H z ) ;  m /z  269 (M+ ) ,  241 (1 0 0 % ).

E t h y l  2 - a z i d o - 3 - ( 4 - p h e n y l t h i o - 3 - t h i e n y l ) p r o p - 2 - e n o a t e  ( 86)

U s in g  method B, 4 - p h e n y l t h i o t h io p h e n - 3 - c a r b a ld e h y d e  (1 0 0  mg,

0 . 4 5  mmol) and e t h y l  a z i d o a c e t a t e  (2 3 5  mg, 1 .8 2  mmol) gave e t h y l

2 - a z i d o - 3 - ( 4 - p h e n y l t h i o - 3 - t h i e n y l ) p r o p - 2 - e n o a t e  (6 0  mg, 40%) as

an u n s t a b le  p a l e  y e l l o w  o i l ,  V max (C C l^ )  2120 s ,  1690  s cm

5 (9 0  MHz, CDC1 ) 8 . 3  (1H , d , J 3 H z ) ,  7 . 4  (1H , d ,  J 3 H z ) ,H o  —  —

7 . 2 - 7 . 1  ( 5H, m ), 6 . 9 5  (1H , s ) ,  4 . 2 5  (2H , q , J 7 H z ) ,  1 . 3  (3H , t ,  J 

7 H z ) ;  m /z  331 (M+ ) ,  303 (1 0 0 % ).

E t h y l  2 - a z i d o - 3 - ( 2 , 5 - d i m e t h y l - 4 - p h e n y l t h i o - 3 - t h i e n y l ) p r o p - 2 -  

e n o a te

U s ing  method B, 2 , 5 - d i m e t h y l - 4 - p h e n y l t h i o t h i o p h e n - 3 - c a r b a l d e h y d e  

(1 0 0  mg, 0 . 4  mmol) and e t h y l  a z i d o a c e t a t e  (20 8  mg, 1 .6 1  mmol) gave e t h y l  

2 - a z i d o - 3 - ( 2 , 5 -d im e t h y l - 4 - p h e n y l t h i o - 3 - t h i e n y l ) p r o p - 2 - e n o a t e  ( 8 6 . 9  mg, 

60%) as an u n s t a b le  p a l e  y e l l o w  o i l ,  V max ( f i l m )  2110  s ,  1690  s;

5  (9 0  MHz, CDC1 ) 7 . 2 - 7 . 0  (5H , m ) , 6 . 6 5  (1H , s ) ,  4 . 2 3  (2H , q ,  JH o  —
7 H z ) ,  2 . 5 5  ( 3H, s ) ,  2 . 4 5  (3H , s ) ,  1 . 3  (3H , t ,  J 7 H z ) ;  m /z  359 (M+ ) ,  

3 3 1 ,  254 (1 0 0 % ).

E t h y l  2 - a c e t y l - 3 - ( 3 - a z i d o - 2 - t h i e n y l ) p r o p - 2 - e n o a t e

U s ing  method C, 3 - a z i d o t h io p h e n - 2 - c a r b a ld e h y d e  (1 0 0  mg, 0 . 6 5  mmol)

and e t h y l  a c e t o a c e t a t e  ( 9 3 . 5  mg, 0 . 7 2  mmol) gave e t h y l  2 - a c e t y l - 3 - ( 3 -

a z i d o - 2 - t h i e n y l ) p r o p - 2 - e n o a t e  (1 4 7  mg, 85%) m .p . 6 3 -6 4 ° C  (Found:

C, 4 9 . 8 ;  H, 4 . 1 ;  N, 1 5 . 7 .  c 1 1 h 1 i N3° 3 s r e q u i r e s  C, 4 9 . 8 ;  H, 4 . 2 ;

N, 1 5 .9 % ) ;  A max (EtOH) 238 ( l o g £ 3 . 6 3 )  and 343 nm ( 3 . 9 9 ) ;  V max (CC14 )

2100  v s ,  1710 s ,  1690  s cm- 1 ; <5 (9 0  MHz, CD01o ) 7 . 7  (1H , s ) ,
H o

7 . 5  (1H , d ,  J 6 H z ) ,  6 . 9 7  (1H , d , J 6 H z ) ,  4 . 4  (2H , q ,  J 7 H z ) ,

2 . 4  ( 3H, s ) ,  1 . 3 6  ( 3H, t ,  J 7 H z ) ;  m /z  265  (M+ ) ,  2 3 7 ,  221 (1 0 0 % ) .
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P r e p a r e d  a c c o r d in g  t o  th e  l i t e r a t u r e  p ro c e d u re  from  3 - a z i d o -  

th io p h e n -2 -c a r b a ld e h y d e  and c\ca)Tor\fe- to  g iv e  3 - ( 3 - a z i d o - 2 - t h i e n y l ) -  

buten o ne  m .p . 104°C  ( l i t . , 1^  m .p . 1 0 5 ° C ) .

E t h y l  3 - ( 3 - a z i d o - 2 - t h i e n y l ) - 2 - p h e n y l s u l p h i n y l p r o p - 2 - e n o a t e  ( 1 1 4 ) 

U s in g  method C, 3 -a z id o t h io p h e n - 2 - c a r b a ld e h y d e  (1 0 0  mg, 0 . 6 5  mmol) 

and e t h y l  p h e n y l s u l p h i n y l a c e t a t e  (1 5 2  mg, 0 . 7 2  mmol) gave e t h y l  

3 - ( 3 - a z i d o - 2 - t h i e n y l ) - 2 - p h e n y l s u l p h i n y l p r o p - 2 - e n o a t e  (1 0 9  mg, 48% ),  

m .p . 1 2 5 -1 2 6 °C  (decom p.) (Found: C, 5 1 . 8 ;  H, 3 . 7 ;  N, 1 2 . 0 .

J A S n r e q u i r e s  C, 5 1 . 9 ;  H, 3 . 8 ;  N, 1 2 .1 % ) ;  A max (EtOH) 208lb io o o d.

( l o g £  4 . 2 6 ) ,  235  ( 3 . 9 6 )  and 354 nm ( 4 . 3 8 ) ;  V max 2100  vs and 1710 s cm 

<5 (9 0  MHz, CDC1q ) 8 . 2 8  (1H , s ) ,  8 . 8- 8.6  (3H , m ) , 8 . 5 5 - 8 . 4  (2H , m ),

7 . 0 3  ( 2H, d , J 6 . 4  H z ) ,  4 . 2  (2H , q ,  J 7 H z ) ,  1 .2 1  (3H , t ,  J 7 H z ) ;

6 q  ( 2 2 . 5  MHz, CDCl3 ) 1 4 . 0 ,  6 1 . 4 ,  1 1 8 . 8 ,  1 2 0 . 6 ,  1 2 6 . 1 ,  1 2 8 . 3 ,  1 2 8 . 8 ,  

1 29 ,  1 3 1 . 4 ,  1 3 3 . 9 ,  1 4 3 . 8 ,  1 4 4 . 4 ,  1 6 2 . 5 ;  m /z  347 (M+ ) 3 1 9 ,  2 7 4 ,

2 4 2 ,  2 2 2 ,  (1 0 0 % ).

E t h y l  3 - ( 3 - a z i d o - 2 - t h i e n y l ) - 2 - p h e n y l s u l p h o n y lp r o p - 2 -e n o a t e  ( 1 1 5 ) 

U sing  method C, 3 - a z id o t h io p h e n - 2 - c a r b a ld e h y d e  (1 0 0  mg, 0 . 6 5  mmol) 

and e t h y l  p h e n y ls u lp h o n y l a c e t a t e  (1 6 4  mg, 0 . 7 2  mmol) gave e t h y l  

3 - ( 3 - a z i d o - 2 - t h i e n y l ) - 2 - p h e n y l s u l p h o n y l p r o p - 2 - e n o a t e  (1 9 0  mg, 80%) 

as p a l e  y e l l o w  c r y s t a l s ,  m .p . 1 2 8 -1 3 0 ° C  (decom p.)  (Found: C, 4 9 . 7 ;

H, 3 . 5 ;  N, 1 1 . 4 .  C. _H. _N_0 ,,S_ r e q u i r e s  C, 4 9 . 6 ;  H, 3 . 6 ;  N, 1 1 .6 % ) ;lb lo o 4 d

A max (EtOH) 207  ( l o g £  4 . 0 5 ) ,  240  ( 3 . 8 0 )  and 354 nm ( 4 . 2 1 ) ;  V max (CC1 ) 

2100  s and 1705  m cm"1 ; 6 (9 0  MHz, CDC1_) 8 . 5 6  (1H , d , J 0 . 9  H z ) ,

8 . 0 - 8 . 5  ( 2H, m ) ,  7 . 7 5  (1H , dd, J 5 and 0 . 9  H z ) ,  7 . 6 3 - 7 . 4 5  (3H , m ),

7 . 0 5  (1H , d ,  J 5 H z ) ,  4 . 2  (2H , q ,  J 7 H z ) ,  1 .1 7  (3H , t ,  J 7 H z ) ;

6  c  ( 2 2 . 5  MHz, CDC13 ) 1 3 . 7 ,  6 1 . 8 ,  1 1 9 . 1 ,  1 1 9 . 2 ,  1 2 6 . 0 ,  1 2 8 . 3 ,  1 2 8 . 6 ,  

1 3 3 . 0 ,  1 3 6 . 0 ,  1 3 6 . 4 ,  1 4 0 . 7 ,  1 4 6 . 1 ,  1 6 2 .1 ;  m /z  363  (M+ ) ,  3 3 5 ,  3 1 8 ,  77 

(100%) .

3-(3-Azido-2-thienyl)butenone

128
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To a s o l u t i o n  o f  m e th y l  m e th y ls u l p h in y lm e th y l  s u lp h id e  (81  mg,

0 . 6 5  mmol) i n  d ry  THF (2 0  m l)  a t  - 7 8 ° C  was added n - b u t y l l i t h i u m  ( 0 . 6 5

m m ol). A f t e r  20 m in ,  a s o l u t i o n  o f  3 - a z id o t h io p h e n - 2 - c a r b a ld e h y d e

(1 0 0  mg, 0 . 6 5  mmol) was added. The r e a c t i o n  m ix t u r e  was th e n  a l lo w e d

to  warm t o  a m b ie n t  t e m p e r a tu r e  and a f t e r  2 h ,  m e th y ls u lp h o n y l  c h l o r i d e

(1 1 5  mg, 1 mmol) and t r i e t h y l a m i n e  (1  m l)  was added. The r e a c t i o n

m ix t u r e  was th e n  s t i r r e d  o v e r n ig h t  and f i n a l l y  worked up as d e s c r ib e d

in  method A. T h is  gave 2 - ( 3 - a z i d o - 2 - t h i e n y l ) - l - m e t h y l t h i o e t h e n y l

m e th y l  s u lp h o x id e  ( 6 7 . 7  mg, 40%) as an u n s ta b le  o i l  w h ich  d arke n e d

r a p i d l y  on s ta n d i n g ,  (Found: M+ 2 5 8 .9 8 9 7 .  CoH._No0So r e q u i r e s

M+ 2 5 8 . 9 9 0 8 . ) ;  A max (EtOH) 204  ( l o g £ 3 . 8 1 ) ,  250 ( 3 . 6 3 ) ,  333 nm

( 3 . 9 8 ) ;  V max (C C 1 J  2100  s ,  1580  s cm- 1 ; 6 (90  MHz, CD01o )
4  H 3

7 . 8 5  (1H , s ) ,  7 . 4 5  (1H , d, J 5 H z ) ,  6 . 9 6  (1H , d, J 5 H z ) ,  2 .7 1  (3H ,  

s ) ,  2 . 3 8  ( 3H, s ) ;  m /z  259 (M+ ) ,  2 4 4 ,  231 (10 0% ).

2 - ( 3 - A z i d o - 2 - t h i e n y l ) e t h e n y l  p h e n y l  s u lp h id e  ( 1 2 3 a )

To a s t i r r e d  s o l u t i o n  o f  p h e n y l th io m e th y l t r ip h e n y lp h o s p h o n iu m  

127
c h l o r i d e  ( 1 . 0 8  g ,  2 . 6  mmol) i n  d ry  THF (30  m l)  was added d ro p w is e  

n - b u t y l l i t h i u m  ( 2 . 6  m m ol). A f t e r  th e  a d d i t i o n  was c o m p le te  th e  

s o l u t i o n  was c o o le d  to  -7 8 ° C  b e f o r e  a d d in g  a s o l u t i o n  o f  3 -b ro m o -  

t h i o p h e n -2 -c a r b a ld e h y d e  (49 3  mg, 2 . 6  mmol) i n  d ry  THF (1 0  m l ) .  The 

t e m p e r a tu r e  was m a in ta in e d  a t  - 7 8 ° C  f o r  1 h th e n  th e  r e a c t i o n  m ix t u r e  

was a l lo w e d  to  warm to  a m b ien t  te m p e r a tu r e  o v e r n i g h t .  The r e a c t i o n  

m ix t u r e  was th e n  worked up a c c o r d in g  t o  method A t h i s  gave an im pure  

m ix t u r e  o f  c i s  and t r a n s  iso m ers  ( 1 : 1 ) o f  2- ( 3 - b r o m o - 2 - t h i e n y l ) e th e n y l  

p h e n y l  s u lp h id e  (6 1 8  mg, 80% ). Subsequent t r e a tm e n t  o f  t h i s  m ix t u r e  

i n  d ry  THF (2 0  m l)  a t  - 7 8 ° C  w i t h  n - b u t y l l i t h i u m  ( 2 . 1  mmol) and  

t o s y l a z i d e  (4 1 0  mg, 2 . 1  mmol) gave  2 - ( 3 - a z i d o - 2 - t h i e n y l )  p h e n y l  s u lp h id e  

(3 2 3  mg, 60%) as i n  im p u re ,  u n s t a b le  o i l .  V max ( f i l m )  2100 s cm- 1 ; 

m /z 231 (M+ - 2 8 ) .

2-(3-Azido-2-thienyl)-l-methylthioethenyl methyl sulphoxide (119)
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To a s t i r r e d  s o l u t i o n  o f  m e th y l th io m e th y l t r ip h e n y lp h o s p h o n iu m

c h l o r i d e 14^ (3 7 6  mg, 1 . 0 5  mmol) i n  d ry  THF (3 0  m l)  was added d ro p w is e

n - b u t y l l i t h i u m  ( 1 . 0 5  m m ol). When th e  a d d i t i o n  was c o m p le te ,  th e

s o l u t i o n  was c o o le d  to  - 7 8 ° C  and th e n  a s o l u t i o n  o f  3 -b r o m o th io p h e n -

2 -c a r b a ld e h y d e  (2 0 0  mg, 1 .0 5  mmol) i n  d ry  THF (1 0  m l)  was added.

A f t e r  1 h th e  r e a c t i o n  was a l lo w e d  to  warm to  a m b ie n t  t e m p e r a tu r e

o v e r n i g h t .  The r e a c t i o n  m ix t u r e  was worked up as d e s c r ib e d  i n  method

A to  g iv e  a 1 :1  m ix t u r e  o f  c i s  and t r a n s  2 - ( 3 - b r o m o - 2 - t h i e n y l ) e t h e n y l

m e th y l  s u lp h id e  (21 4  mg, 87%) as an o i l  (Found: C, 3 5 . 5 ;  H, 2 . 9 .

C7Hy BrS2 r e q u i r e d  C, 3 5 .7 5 ;  H, 3 .0 % ) ;  A max (EtOH) 204 ( l o g £ 3 . 8 2 ) ,

224 ( 3 . 7 7 ) ,  318 nm ( 4 . 2 3 ) ;  V max 1580 s cm ^ ; t r a n s  <5rt (9 0  MHz, CDCl^)
------------  H 3

7 . 0  (1H , d ,  J 5 H z ) ,  6.88 (1H , d ,  J 5 H z ) ,  6 . 7 5  (1H , d , J 1 5 . 3  H z ) ,

6 . 5 2  (1H , d , J 1 5 .3  H z ) ,  2 . 3 8  (3H , s ) ;  c i s  6 „  (9 0  MHz, 0 D C lo ) 7 . 3—  ----------- {-j J

2-(3-Azido-2-thienyl)ethenyl methyl sulphide (123b)

(1H , d ,  J 5 H z ) ,  6 . 9 7  (1H , d , J 5 H z ) ,  6 . 75 (1H , d, J 11 H z ) ,  6 . 2 5

(1H , d , J 11 H z ) ,  2 .4 3  ( 3H, s ) ; c i s  5 c ( 2 2 . 5  MHz, CDC1 3 ) 1 8 . 7 ,  1 1 0 . 7 ,

1 1 7 . 5 ,  1 2 5 . 2 ,  1 2 8 . 9 ,  1 2 9 . 5 , 1 3 4 .7 ;  t r a n s 6 C ( 2 2 . 5 MHz, CDC13 ) 1 4 . 8 ,

1 0 7 . 7 ,  1 1 6 . 3 ,  1 2 2 . 5 ,  1 2 8 . 2 , 1 3 0 . 4 ,  1 3 6 .6 ; m /z  235 (M+ ) , 1 55 ,  140 (100%)

A m ix t u r e  o f  c i s  and t r a n s  2 - ( 3 - b r o m o - 2 - t h i e n y l ) e th e n y l  m e th y l  

s u l p h i d e  (1 0 0  mg, 0 . 4 3  mmol) i n  d ry  THF (2 0  m l)  a t  - 7 8 ° C  was t r e a t e d  

w i t h  n - b u t y l l i t h i u m  ( 0 . 4 3  m m ol). A f t e r  20 min a s o l u t i o n  o f  t o s y l -  

a z i d e  ( 8 8 . 7  mg, 0 . 4 5  mmol) i n  THF (5  m l)  was added. A f t e r  2 h th e  

r e a c t i o n  was worked up a c c o r d in g  t o  method A to  g iv e  a m ix tu r e  o f  c i s  

and t r a n s  2- ( 3 - a z i d o - 2 - t h i e n y l ) e t h e n y l  m e th y l  s u lp h id e  ( 5 0 . 3  mg,

60%) as an u n s t a b le  o i l  (Found: 1 9 7 .0 0 8 8 .  Cy Hy N3S2 r e q u i r e s  1 9 7 . 0 0 8 1 ) ;

Amax (EtOH) 203 ( l o g £ 3 . 7 9 ) ,  230  ( 3 . 8 8 ) ,  253 ( 3 . 8 9 ) ,  320 nm ( 4 . 2 6 ) ;

Vmax ( f i l m )  2100  s cm- 1 ; 6  (9 0  MHz, CD01o ) c i s  7 . 3 3  (1H , d ,  J 5 . 5  H z ) ,  

6 . 9 4  (1H , d , J 5 . 5  H z ) ,  6 . 6 7  (1H , d , J 10 H z ) ,  6 .1 1  (1H , d ,  J 10 H z ) ,

2 . 4 4  (3H , s ) ;  t r a n s  7 . 0 2  (1H , d , J 5 . 5  H z ) ,  6.8  (1H , d ,  J 5 . 5  H z ) ,
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6 . 6  (1H , d ,  J 17 H z ) ,  6 . 4 5  (1H , d , J 17 H z ) ,  2 .3 6  (3H , s ) ;  m /z  197  

(M+ ) , 1 6 9 ,  154 (1 0 0 % ).

2 - ( 3 - A z i d o - 2 - t h i e n y l ) e t h e n y l  p h e n y l  s u lp h o x id e  ( 1 3 1 )

129
To a s o l u t i o n  o f  d i e t h y l  p h e n y ls u lp h in y lm e th y lp h o s p h o n a te

(1 7 9  mg, 0 . 6 5  mmol) i n  d ry  THF (2 0  m l)  was added n - b u t y l l i t h i u m

( 0 . 6 5  mmol) a t  - 7 8 ° C  w i t h  s t i r r i n g .  A f t e r  20 min a s o l u t i o n  o f  3 -

a z id o t h io p h e n - 2 - c a r b a l d e h y d e  (1 0 0  mg, 0 . 6 5  mmol) i n  d ry  THF (1 0  m l)

was add ed . The te m p e r a tu r e  was m a in ta in e d  f o r  2 h and th e n  th e  r e a c t i o n

m ix t u r e  was a l lo w e d  to  warm to  a m b ie n t  t e m p e r a tu r e  o v e r n i g h t .  The

r e a c t i o n  m ix t u r e  was th e n  w orked up a c c o r d in g  to  method A to  g iv e

2 - ( 3 - a z i d o - 2 - t h i e n y l ) e t h e n y l  p h e n y l  s u lp h o x id e  (1 1 6  mg, 64 .5 % ) as

an u n s t a b le  o i l  (Found: M+ 2 7 5 .0 2 3 3 .  C H N OS r e q u i r e s  M+ 2 7 5 . 0 2 2 3 ) ;y 3 c. —
Amax (EtOH) 205  ( lo g £  4 . 1 2 ) ,  225  ( 3 . 9 6 ) ,  247  ( 3 . 8 9 ) ,  319 nm ( 4 . 2 5 ) ;

V max ( f i l m )  2100  s cm- 1 ; <5 (9 0  MHz, CD01o ) 7 . 6 5 - 7 . 4  (5H , m ) ,H o
7 . 3 5 - 7 . 2 3  (2H , m ), 6 . 9  (1H , d ,  J 5 H z ) ,  6 . 6 5  (1H , d , J 15 H z ) ;  m /z

275 ( M+ ) , 2 4 7 ,  2 2 7 ,  199 (1 0 0 % ).

2 - ( 3 - A z i d o - 2 - t h i e n y l ) e t h e n y l  m e th y l  su lph o n e  ( 1 3 2 )

To a s o l u t i o n  o f  d im e th y l  s u lp h o n e  (61  mg, 0 . 6 5  mmol) in  d ry

THF (2 0  m l)  was added n - b u t y l l i t h i u m  ( 0 . 6 5  mmol) a t  - 7 8 ° C  w i t h  s t i r r i n g .

A f t e r  20 min a s o l u t i o n  o f  3 - a z id o t h io p h e n - 2 - c a r b a ld e h y d e  (1 0 0  mg,

0 . 6 5  mmol) i n  d ry  THF (1 0  m l)  was added and th e  r e a c t i o n  m ix t u r e

s t i r r e d  f o r  1 h a t  - 7 8 ° C .  A f t e r  a l l o w i n g  th e  r e a c t i o n  to  warm to

a m b ie n t  t e m p e r a t u r e ,  m e th y ls u lp h o n y l  c h l o r i d e  (1 1 5  mg, 1 mmol) and

t r i e t h y l a m i n e  (1  m l)  was add ed . The r e a c t i o n  m ix t u r e  was s t i r r e d

o v e r n i g h t  and th e n  worked up as d e s c r ib e d  i n  method A to  g iv e

2 - ( 3 - a z i d o - 2 - t h i e n y l ) e t h e n y l  m e th y l  su lp h o n e  (9 7  mg, 65%) as an o i l

(Found: M+ 2 2 8 .9 9 7 2 .  C^H^N^O^S^ r e 9u i r e s  2 2 8 . 9 9 7 9 ) ;  Am ax (EtOH)

204 ( l o g £  3 . 8 9 ) ,  247 ( 3 . 8 2 ) ,  317 nm ( 4 . 2 3 ) ;  V max (CC1 ) 2100  s ,

1600  m cm"1 ; S (90  MHz, CD01o ) 7 . 5 5  (1H , d , J 15 H z ) ,  7 . 4 5  (1H ,  n o  —
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d, J 5 H z ) ,  6 . 9 5  (1H , d ,  J 5 H z ) ,  6 . 7  (1H , d , J 15 H z ) ,  2 . 9 7  (3H , s ) ;  

m /z  229  (M+ ) , 2 0 1 ,  1 2 2 ,  (1 0 0 % ).

E t h y l  2 - a c e t y l - 3 - ( 2 - a z i d o p h e n y l ) p r o p e n o a t e  ( 1 4 2 )

U s in g  method C, o -a z id o b e n z a ld e h y d e  (1 0 0  mg, 0 . 6 8  mmol) and  

e t h y l  a c e t o a c e t a t e  (9 7  mg, 0 . 7 5  mmol) gave  a m ix tu r e  o f  c i s  and t r a n s  

e t h y l  2 - a c e t y l - 3 - ( 2 - a z i d o p h e n y l ) p r o p e n o a t e  (141  mg, 80% ), as an o i l ,  

(Found: C, 6 0 . 4 ;  H, 5 . 0 ;  N, 1 6 . 1 .  C H N 0 r e q u i r e s  C, 6 0 . 2 ;1j  Xu o o
H, 5 . 0 5 ;  N, 1 6 .2 % ) ;  A max (EtOH) 207  ( l o g £ 4 . 0 7 ) ,  253 ( 4 . 2 0 ) ,  283

( 4 . 1 2 ) ,  327 nm ( 3 . 6 9 ) ;  V max (CC1 ) 2 120  s ,  1720 s ,  1695 s cm- 1 ;

6 U (9 0  MHz, C D C IJ  7 . 7 6  (1H , s ) ,  7 . 6 8  (1H , s ) ,  7 . 4 5 - 7 . 0  (8H , m ),H o
4 . 3  ( 2H, q , J 7 H z ) ,  4 . 2 3 (2H , q , J 7 H z ) , 2 .3 8  (3H , s ) ,  2 .2 2 ( 3H,

1 . 3  ( 3H, t , J 7 H z ) ,  1 .1 6 (3H , t , J 7 H Z ); m /z 259 (M+ ) ,  2 3 1 , 217

2 0 2 ,  1 8 9 ,  170 , 143 (1 0 0 % ).

3 - ( 2 - A z i d o p h e n y l ) p r o p e n a l  ( 1 4 3 )

To a 3% wv s o l u t i o n  o f  p o ta s s iu m  h y d r o x id e  was added a m ix t u r e  o f

o -a z id o b e n z a ld e h y d e  (1 0 0  mg, 0 . 6 8  mmol) and a c e ta ld e h y d e  (3 3  mg, 0 . 7 5  mmol)

w i t h  s t i r r i n g .  A f t e r  3 h th e  s o l u t i o n  was worked up a c c o r d in g  to  method

A t o  g iv e  3 - ( 2 - a z i d o p h e n y l ) p r o p e n a l  (9 2  mg, 78% ), <5 u (9 0  MHz, CDC1 )H o
9 . 6  (1H , d , J 7 H z ) ,  7 . 6 8  (1H , d , J 16 H z ) ,  7 . 5 9 - 7 . 0 5  (4H , m ) ,

6 . 6 9  (1H , dd, J 16 and 7 H z ) ;  m /z  173 (M+ ) ,  1 45 ,  1 4 4 ,  1 1 7 ,  90 (1 0 0 % ) .

E t h y l  3 - ( 2 - a z i d o p h e n y l ) - 2 - p h e n y l t h i o p r o p e n o a t e  ( 1 4 4 )

U s in g  method A, o -a z id o b e n z a ld e h y d e  (1 0 0  mg, 0 . 6 8  mmol) and

e t h y l  p h e n y l t h i o a c e t a t e  (1 4 7  mg, 0 . 7 5  mmol) gave e t h y l  3 - ( 2 - a z i d o -

97 e
p h e n y l ) - 2 - p h e n y l t h io p r o p e n o a t e  (1 9 0  mg, 86% ), 0H (90  MHz, CDCl^)

8 . 1  (1H , s ) ,  7 . 9 - 6 . 9  ( 9H, m ) , 4 . 1  (2H , q ,  J 7 H z ) ,  1 . 0  (3H , t ,

J 7 H z ) .

o - A z i d o s t y r y l  m e th y l  s u l p h i d e  (1 4 8 )

To a s t i r r e d  s o l u t i o n  o f  m e th y l th io m e th y l t r ip h e n y lp h o s p h o n iu m  

143
c h l o r i d e  (19 4  mg, 0 . 5 4  mmol) i n  d ry  THF (2 5  m l)  was added d ro p w is e
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n - b u t y l l i t h i u m  ( 0 . 5 4  m m ol). When th e  a d d i t i o n  was c o m p le te ,  th e  

s o l u t i o n  was c o o le d  t o  - 7 8 ° C  and th e n  a s o l u t i o n  o f  o -b r o m o b e n z a l -  

dehyde (1 0 0  mg, 0 . 5 4  mmol) i n  d ry  THF (1 0  m l)  was added . A f t e r  

1 h th e  r e a c t i o n  m ix t u r e  was a l lo w e d  to  warm to  a m b ie n t  te m p e r a tu r e  

o v e r n i g h t .  The r e a c t i o n  m ix t u r e  was worked up as d e s c r ib e d  i n  

method A to  g iv e  a 1 :1  m ix t u r e  o f  c i s  and t r a n s  o -b r o m o s ty r y l  m e th y l  

s u l p h i d e  (89  mg, 72%) as an o i l ,  V max ( f i l m )  1590 s ; 5  (9 0  MHz,

CDC13 ) 7 . 6 - 7 . 0  (8H , m ) , 6 . 7 - 6 . 3  (4H , m ) , 2 . 3 5  (3H , s ) ,  2 . 3  (3H , s ) ;  

m /z  2 3 0 ,  228 (M+ ) ,  149 (1 0 0 % ).

To a m ix tu r e  o f  c i s  and t r a n s  o -b r o m o s ty r y l  m e th y l  s u lp h id e  

(8 5  mg, 0 . 3 7  mmol) i n  d ry  THF (1 0  m l)  a t  - 7 8 ° C  was added n - b u t y l l i t h i u m  

( 0 . 3 7  m m ol). A f t e r  20 min a s o l u t i o n  o f  t o s y l  a z id e  ( 7 8 . 8  mg, 0 . 4  mmol) 

i n  THF (5  m l)  was added. The r e a c t i o n  m ix tu r e  was s t i r r e d  f o r  2 h 

th e n  worked up a c c o r d in g  to  method A to  g iv e  o - a z i d o s t y r y l  m e th y l  

s u lp h id e  ( 4 0 . 4  mg, 57%) as an u n s t a b le  o i l ,  A max (EtOH) 206 ( l o g £

3 . 8 8 ) ,  225  ( 3 . 8 4 ) ,  264 ( 3 . 9 2 ) ,  291 nm ( 4 . 1 2 ) ;  V  max ( f i l m )  2120  v s ,

1590  s cm- 1 ; 6  „  (9 0  MHz, CDC1_) 7 . 3 5 - 6 . 8  (6H , m ), 2 . 3 5  (3H , s ) ;H o
+ 144

m /z  191 (M ) ,  1 6 3 ,  148 (100%) and m e th y l  s t y r y l  s u lp h id e  as a

c o n t a m in e n t .

4 . 6  T h e rm o ly s is  o f  A z id e s

G e n e ra l  Method

The a p p r o p r i a t e  a z id e  was d i s s o lv e d  i n  d ry  t o lu e n e  (5 0  ml p e r  100 mg 

a z i d e ) i n  a r . b .  f l a s k  f i t t e d  w i t h  r e f l u x  c o n d e n s e r .  The a p p a ra tu s  

was f lu s h e d  w i t h  n i t r o g e n  b e f o r e  h e a t i n g  th e  s o l u t i o n  to  r e f l u x  i n  a 

h o t  o i l  b a t h .  The r e a c t i o n  was f o l l o w e d  by t . l . c .  and when th e  

s t a r t i n g  m a t e r i a l  was consumed t h e r m o ly s i s  was s to p p e d .  A f t e r  re m o v a l  

o f  th e  s o l v e n t  th e  r e s id u e  was c h ro m a to g ra p h e d . U n les s  o th e r w is e  

s t a t e d  column c hrom ato grap h y  was used ( s i l i c a  H, g r a d i e n t  e l u t i o n  fro m  

50% d ic h lo ro m e th a n e  i n  p e t r o l  to  d ic h lo r o m e t h a n e , th e  p ro d u c t  b e in g  

o b ta in e d  by f u r t h e r  e l u t i o n  w i t h  5% e t h e r  i n  d ic h lo r o m e t h a n e ) .
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E t h y l  2 - p h e n y l t h i e n o  [ 3 ,2 c  ] [  l A 4 , 2 ]  t h i a z i n e - 3 - c a r b o x y l a t e  ( 2 6 a ) 

F o l lo w in g  th e  g e n e r a l  m ethod, e t h y l  3 - ( 3 - a z i d o - 2 - t h i e n y l ) - 2 -  

p h e n y l t h i o p r o p - 2 - e n o a t e  (1 0 0  mg, 0 . 3  mmol) gave e t h y l  2 - p h e n y l t h i e n o -  

[ 3 , 2 c  ] [  l A ^ , 2  ] t h i a z i n e - 3 - c a r b o x y l a t e  (8 2  mg, 90%) as r e d  c r y s t a l s ,

QQ
m .p .  1 2 8 -1 2 9 °C  ( l i t . ,  1 2 8 - 1 2 9 ° C ) .

E t h y l  2 - m e t h y l t h ie n o  [ 3 , 2 c l [  l A ^ , 2 l  t h i a z i n e - 3 - c a r b o x y l a t e  ( 2 6 b )

F o l lo w in g  th e  g e n e r a l  m ethod, e t h y l  3 - ( 3 - a z i d o - 2 - t h i e n y l ) - 2 -

m e t h y l t h i o p r o p - 2 - e n o a t e  (10 0  mg, 0 . 3 7  mmol) gave e t h y l  2 - m e t h y l t h i e n o -

[ 3 , 2 c  ] [  1 A , 2 ]  t h i a z i n e - 3 - c a r b o x y l a t e  (6 7  mg, 75%) as re d  c r y s t a l s ,

98
m .p .  7 1 -7 2 °C  ( l i t . ,  7 2 - 7 3 ° C ) .

3 - A c e t y l - 2 - p h e n y l t h i e n o  [ 3 , 2 c ] [  l A ^ ,2  ] t h i a z i n e  ( 2 6 c )

F o l lo w in g  th e  g e n e r a l  m ethod, 4 - ( 3 - a z i d o - 2 - t h i e n y l ) - 3 - p h e n y l -

th io b u te n o n e  (10 0  mg, 0 . 3 3  mmol) gave  3 - a c e t y l - 2 - p h e n y l t h i e n o  [ 3 , 2 c ] -

[ lA 4 ,2  1 t h i a z i n e  ( 8 1 . 6  mg, 90%) as r e d  c r y s t a l s ,  m .p . 1 3 5 -1 3 6 ° C ,

(Found: C, 6 1 . 5 ;  H, 4 . 0 ;  N, 5 . 1 .  Ci 4 Hn N0S2 r e 9u i r e s  c > 6 1 . 5 ;

H, 4 . 1 ;  N, 5 .1 % ) ;  A max (EtOH) 221 ( l o g £ 4 . 2 0 ) ,  332 ( 3 . 9 6 )  and

478  nm ( 3 . 6 6 ) ;  V max (C C 1 .)  1635  s cm- 1 ; <5 „  (90  MHz, CDC1_) 8 . 9 3A H o

(1H , s ) ,  7 .6 3  (1H , d , J 5 . 5  H z ) ,  7 . 5 - 7 . 2 5  (5H , m ) , 6 . 8 7  (1H , d , J 

5 . 5  H z ) ,  2 . 4 7  ( 3H, s ) ;  6  ( 2 2 . 5  MHz, C D C 1J  2 5 . 1 ,  9 6 . 5 ,  1 1 5 . 1 ,  1 2 3 . 7 ,

1 2 5 . 3 ,  1 2 8 . 9 ,  1 3 0 . 7 ,  1 3 5 . 5 ,  1 3 8 . 3 ,  1 3 8 . 9 ,  1 6 4 . 6 ,  1 9 1 .5 ;  m /z  273  

(M+ ) ,  2 5 7 ,  2 3 0 ,  196 (1 0 0 % ).

2 - P h e n y l t h ie n o  [ 3 ,2 c  ] [  lA ^ > 2  1 t h i a z i n e - 3 - c a r b a l d e h y d e  ( 2 6 d )

F o l lo w in g  th e  g e n e r a l  m ethod, 3 - ( 3 - a z i d o - 2 - t h i e n y l ) - 2 - p h e n y l -

t h i o p r o p e n a l  (1 0 0  mg, 0 . 3 5  mmol) gave  2 - p h e n y l t h i e n o  [ 3 , 2 c  ] [  lA 4 , 2 l -

t h i a z i n e - 3 - c a r b a l d e h y d e  ( 6 7 . 7  mg, 75%) as r e d  c r y s t a l s ,  m .p .  1 3 8 -

1 4 0 °C ,  (Found: C, 6 0 . 0 ;  H, 3 . 5 ;  N, 5 . 4 .  C^HgNOS^ r e q u i r e s

C, 6 0 . 2 ;  H, 3 . 5 ;  N, 5 .4 % ) ;  A max (EtO H) 219 ( l o g £ 4 . 0 3 ) ,  334

( 3 . 7 8 )  and 476 nm ( 3 . 4 8 ) ;  V max (CC1 ) 1650  s cm <5 „  (9 0  MHz,
A  H

CDClg) 9 .5 3  (1H , s ) ,  7 . 7 8  (1H , s ) ,  7 .7 1  (1H , d, J 5 . 6  H z ) ,  7 . 4 1 -  

7 . 3 6  ( 5H, m ), 6 . 8 8  (1H , d , J 5 . 6  H z ) ;  5  ( 2 2 . 5  MHz, CDC1_) 9 6 . 5 ,
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1 1 5 . 9 ,  1 2 4 . 0 ,  1 2 5 . 2 ,  1 2 9 . 2 ,  1 3 1 . 1 ,  1 3 8 . 7 ,  1 3 9 . 4 ,  1 4 0 . 0 ,  1 6 6 . 2 ,

1 8 4 ,8 ;  m /z  259 (M+ ) ,  2 4 3 ,  182 (1 0 0 % ) .

2 - P h e n y l t h ie n o  [ 3 , 2 c  ] [  lA ^ , 2  ] t h i a z i n e - 3 - c a r b o n i t r i l e  ( 2 6 e ) 

F o l lo w in g  th e  g e n e r a l  method 3 - ( 3 - a z i d o - 2 - t h i e n y l ) - 2 - p h e n y l -  

t h i o p r o p e n e n i t r i l e  (1 0 0  mg, 0 . 3 5  mmol) gave 2 -p h e n y l t h i e n o  [ 3 , 2 c ]  -  

[ , 2  ] t h i a z i n e - 3 - c a r b o n i t r i l e  (8 1  mg, 90%) as r e d  c r y s t a l s ,  m .p .

1 6 1 - 1 6 2 ° C , (Found: C, 6 0 . 9 ;  H, 3 . 1 5 ;  N, 1 0 . 9 .  C1 _H0N0S_ r e q u i r e s
lo O d. c.

C, 6 0 . 9 ;  H, 3 . 1 ;  N, 1 0 .9 % ) ;  A max (EtOH) 220 ( l o g £ 4 . 1 8 ) ,  286 ( 3 . 8 6 ) ,

330  ( 3 . 8 8 )  and 457  nm ( 3 . 4 3 ) ;  V max ( C C l J  2195  m cm- 1 ; 5 U (9 0  MHz,
4  H

CDC13 ) 7 .7 1  (1H , d ,  J 0 . 6  H z ) ,  7 . 6 3  (1H , d ,  J 5 . 5  H z ) ,  7 . 5 5 - 7 . 2 5  (5H ,  

m ), 6 . 9  (1H , dd, J 5 . 5  and 0 . 6  H z ) ;  6  ( 6 2 . 9  MHz, CDC13 ) 6 4 . 5 ,  1 1 6 . 4 ,

1 1 6 . 8 ,  1 2 3 . 9 ,  1 2 5 . 3 ,  1 2 9 . 2 ,  1 3 1 . 5 ,  1 3 7 . 4 ,  1 3 8 .4 ,  1 3 8 . 7 ,  1 6 1 .8 ;  m /z  

256 (M+ ) ,  179 (1 0 0 % ).

E t h y l  2 - e t h y l t h i e n o  [ 3 , 2c ] [ 1 A4 ,2  ] t h i a z i n e - 3 - c a r b o x y l a t e  ( 2 6 f ) 

A c c o rd in g  to  th e  g e n e r a l  m ethod, e t h y l  3 - ( 3 - a z i d o - 2 - t h i e n y l ) - 2 -  

e t h y l t h i o p r o p - 2 - e n o a t e  (1 0 0  mg, 0 . 3 5  mmol) gave e t h y l  2 - e t h y l t h i e n o -  

[ 3 , 2 c  ] [ iA  ,2  ] t h i a z i n e - 3 - c a r b o x y l a t e  (2 7  mg, 30%) as a dark’ r e d  gum

(Found: M+ 2 5 5 .0 3 7 6 .  ^ 1 1 ^ 1 3 ^ 2 ^ 2  r e 9u:’Lres 2 5 5 . 0 3 8 8 ) ;  A max

(EtOH) 220  ( l o g £  4 . 0 5 ) ,  270  ( 3 . 9 6 ) ,  323 ( 3 . 9 6 )  and 468  nm ( 3 . 7 2 ) ;

Vmax ( C C l J  1690  s cm- 1 ; 6  (9 0  MHz, C D C 1J  8 . 0 4  (1H , s ) ,  7 . 6

(1H , d , J 5 H z ) ,  6 . 8  (1H , d , J 5 H z ) ,  4 . 3  (2H , q ,  J 6 . 5  H z ) ,  2 . 6 8  

( 2H, qm, J 7 H z ) ,  1 . 3 3  (3H , t ,  J 6 . 5  H z ) ,  1 . 1  (3H , t ,  J 7 H z ) ;

<5 ( 2 2 . 5  MHz, CDC1 ) 6 . 3 ,  1 4 . 4 ,  3 6 . 4 ,  6 1 . 1 ,  8 3 . 8 ,  1 1 4 . 5 ,  124 ,
C o

1 3 6 . 1 ,  1 3 6 . 7 ,  1 6 2 . 5 ,  1 6 3 .2 ;  m /z  255  (M+ ) ,  226 (1 0 0 % ),  1 98 .

E t h y l  6 - ( 3 - p r o p e n y l ) t h i e n o  [ 3 , 2 b ]  p y r r o l e - 5 - c a r b o x y l a t e  ( 7 0 ) 

A c c o rd in g  t o  th e  g e n e r a l  m ethod, e t h y l  3 - ( 3 - a z i d o - 2 - t h i e n y l ) -  

2 - ( 3 - p r o p e n y l t h i o ) p r o p - 2 - e n o a t e  (1 0 0  mg, 0 . 3 4  mmol) gave  e t h y l  

6 - ( 3 - p r o p e n y l ) t h i e n o  [ 3 , 2b ]  p y r r o l e - 5 - c a r b o x y l a t e  (6 5  mg, 72% ),
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m .p . 9 6 - 9 8 °C (Found: C, 6 1 . 2 ;  H, 5 . 6 ;  N, 5 . 9 .  c 12Hi 3 N02 S

r e q u i r e s  C, 6 1 . 2 5 ;  H, 5 . 6 ;  N, 5 .9 5 % ) ;  A max (EtOH) 210  ( lo g £  3 . 7 3 ) ,

291 ( 4 . 2 4 ) ,  302 nm ( 4 . 2 0 ) ;  V max (CC1 ) 3460  m, 1690 s cm- 1 ;

<5 (9 0  MHz, CDC1 ) 9 . 0  (1H , s ) ,  7 . 2 8  (1H , d ,  J 5 H z ) ,  6 . 9  (1H , d ,  H o  —
J 5 H z ) ,  6 . 3 - 5 . 8  (1H , m ) , 5 . 3 5 - 5 . 0  (2H , m ), 4 . 3 7  (2H , q ,  J 7 . 5  H z ) ,

3 . 7 7  (2H , m ), 1 . 4  (3H , t ,  J 7 . 5  H z ) ;  Q  ( 2 2 . 5  MHz, CDC1-) 1 4 . 5 ,— c 3

3 1 . 0 ,  6 0 . 5 ,  1 1 1 . 1 ,  1 1 6 . 4 ,  1 2 2 . 3 ,  1 2 2 . 5 ,  1 2 5 . 6 ,  1 2 9 . 7 ,  1 3 5 . 5 ,  1 3 9 . 9 ,  

1 6 2 .1 ;  m /z  235  (M+ ) ,  100% ), 2 0 6 ,  1 89 .

E t h y l  2 - p h e n y l t h i e n o  [ 3 , 4 c ] [ l A ^ ,2  ] t h i a z i n e - 3 - c a r b o x y l a t e  ( 8 0 a )  

A c c o rd in g  to  th e  g e n e r a l  m ethod, e t h y l  3 - ( 4 - a z i d o - 3 - t h i e n y l ) - 2 -  

p h e n y l t h i o p r o p - 2 - e n o a t e  (1 0 0  mg, 0 . 3  mmol) gave e t h y l  2 - p h e n y l t h i e n o -  

[ 3 , 4 c  ] [  lA ^ > 2 ]  t h i a z i n e - 3 - c a r b o x y l a t e  (52  mg, 58%) as an u n s t a b le  

d a rk  r e d  gum, (Found: M+ 3 0 3 .0 3 8 7 .  C^^H^^NO ^S^requires M+ 3 0 3 . 0 3 8 8 ) ;

Amax (EtOH) 228  ( l o g £ 4 . 0 6 ) ,  266 ( 3 . 9 9 ) ,  320  nm ( 3 . 8 9 ) ;  V max (CC1 ) 

1690 s cm- 1 ; 6  (2 5 0  MHz, CD01o ) 8 . 1 6  (1H , d ,  J 0 . 7  H z ) ,  7 . 5 6 - 7 . 5 1  

(2H , m ), 7 . 4 9  (1H , d , J 3 . 3  H z ) ,  7 . 3 - 7 . 2  (3H , m ) , 6 . 5 3  (1H , dd , J 3 . 3  

and 0 . 7  H z ) ,  4 . 3 5  (2H , qm, J 7 H z ) ,  1 .3 5  (3H , t ,  J 7 H z ) ;  6 ( 6 2 . 9  MHz,

CDC13 ) 1 4 . 2 ,  6 1 . 9 ,  1 0 0 . 3 ,  1 1 3 . 8 ,  1 2 5 . 4 ,  1 2 5 . 7 ,  1 2 8 . 7 ,  1 2 9 . 2 ,

1 3 0 . 9 ,  1 3 7 . 5 ,  1 4 3 . 4 ,  1 4 8 . 7 ,  1 6 2 . 8 ;  m /z  303 (M+ ) ,  2 5 8 ,  226 (1 0 0 % ) .

E t h y l  3 - p h e n y l t h i o t h i e n o  [ 2 , 3 b ]  p y r r o l e - 5 - c a r b o x y l a t e  ( 8 8 ) 

A c c o rd in g  to  th e  g e n e r a l  m ethod, e t h y l  2 - a z i d o - 3 - ( 4 - p h e n y l t h i o -  

3 - t h i e n y l ) p r o p - 2 - e n o a t e  (1 0 0  mg, 0 . 3  mmol) gave e t h y l  3 - p h e n y l t h i o 

t h i e n o  [ 2 , 3 b ]  p y r r o l e - 5 - c a r b o x y l a t e  ( 8 0 . 6  mg, 88% ), m .p .  1 6 3 ° C,

(Found: C, 5 9 . 4 ;  H, 4 . 3 ;  N, 4 . 5 .  ^ 15^ 13^ 2^2 reclu ^re s  5 9 . 3 ;

H, 4 . 3 ;  N, 4 .6 % ) ;  Amax (EtOH) 242 ( lo g E  4 . 3 9 )  and 290 nm ( 4 . 3 8 ) ;

V max (C C 1 . )  3470  m, 1685 s cm- 1 ; 6  „  (9 0  MHz, C D C lJ  1 0 . 7  (1H , s ) ,

7 . 1 5  ( 5H, m ), 6 . 9  (1H , s ) ,  6 . 7 2  (1H , s ) ,  4 . 3 2  (2H , q ,  J 7 H z ) ,  1 . 3 6  

(1H , t ,  J 7 H z ) ;  m /z  303 (M+ ) ,  257  (1 0 0 % ),  2 2 7 .
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E t h y l  2 - m e t h y l - 3 - p h e n y l t h i o t h i e n o  [ 2 , 3 c ] p y r i d i n e - 5 -  

c a r b o x y l a t e  ( 8 9 )

A c c o rd in g  t o  th e  g e n e r a l  m ethod, 2 - a z i d o - 3 - ( 2 , 5 - d i m e t h y l - 4 -

p h e n y l t h i o - 3 - t h i e n y l ) p r o p - 2 - e n o a t e  (6 0  mg, 0 . 1 6  mmol) gave e t h y l

2 - m e t h y l - 3 - p h e n y l t h i o t h i e n o  [ 2 , 3 c ]  p y r i d i n e - 5 - c a r b o x y l a t e  (4 5  mg,

82%) as an o i l  (Found: C, 6 1 . 9 ;  H, 4 . 7 ;  N, 4 . 2 .  C-_H., _N0„So
1 / lb c . d .

r e q u i r e s  C, 6 2 . 0 ;  H, 4 . 6 ;  N, 4 .2 5 % ) ;  A max (EtOH) 208 ( l o g £ 3 . 8 3 ) ,

237  ( 4 . 0 0 ) ,  302 ( 3 . 1 8 ) ,  313 nm ( 3 . 2 1 ) ;  V max (CC1 ) 1710  s cm- 1 ;

<5 (9 0  MHz, CDC1 ) 9 .1 6  (1H , s ) ,  8 . 5  (1H , s ) ,  7 . 2 - 6 . 9 5  (5H , m ) ,H o
4 . 4 8  (2H , q ,  J 6 . 5  H z ) ,  2 . 7 6  (3H , s ) ,  1 .4 3  (3H , t ,  J 6 . 5  H z ) ;  

m /z  329 (M+ ) , 257  (10 0% ).

T h e rm o ly s is  o f  2 - ( 3 - A z i d o - 2 - t h i e n y l ) e th e n y l  m e th y l  s u lp h id e  ( 1 2 3 b )

F o l lo w in g  th e  g e n e r a l  m ethod, 2 - ( 3 - A z i d o - 2 - t h i e n y l ) e th e n y l

m e th y l  s u l p h i d e  (7 7  mg, 0 . 3 9  mmol) was th e rm o ly s e d  i n  benzene s o l u t i o n

to  g iv e  5 - m e t h y l t h i o t h i e n o  [ 3 , 2 b ]  p y r r o l e  ( 1 1 . 9  mg, 18% ), 6 - m e t h y l -

t h i o t h i e n o  [ 3 , 2 b ]  p y r r o l e  (12  mg, 18%) w h ich  were i d e n t i c a l  to  th e

t h i e n o p y r r o l e s  i s o l a t e d  from  th e  p h o t o l y s i s  o f  s u lp h id e  (1 2 3 b )  and

2 - m e t h y l t h ie n o  [ 3 , 2 c ] [ l A ^ , 2  ] t h i a z i n e  (3  mg, 4 .5% ) as an o i l

(Found: M+ 1 6 9 .0 0 1 2 .  C7 HyNS2 r e q u i r e s  M+ 1 6 9 . 0 0 2 0 ) ;  A max (EtOH)

211 ( lo g  3 . 3 5 ) ,  232 ( 3 . 3 6 ) ,  282 ( 3 . 2 9 ) ,  392 nm ( 2 . 7 3 ) ;  6  „  (2 5 0  MHz,H
CDC13 ) 7 . 3 7  (1H , d , J 5 . 5  H z ) ,  7 . 2  (1H , dd, J 8 . 5  and 0 . 7  H z ) ,  6 . 8 2  

(1H , dd, J 5 . 5  and 0 . 7  H z ) ,  4 . 9 9  (1H , d , J 8 . 5  H z ) ,  2 . 2  (3H , s ) ;  

m /z  169 (M+ ) ,  154 (1 0 0 % ).

4 . 7  T h e rm o ly s is  o f  T h ien o  [ 3 , 2 c ]  [ lA ^ , 2  ] t h i a z i n e s  

G e n e ra l  Method

The a p p r o p r i a t e  t h i a z i n e  was d i s s o lv e d  i n  d ry  x y le n e  (50  ml p e r  

100 mg) i n  a r . b .  f l a s k  f i t t e d  w i t h  r e f l u x  c o n d e n s e r .  The a p p a r a tu s  

was th e n  f lu s h e d  w i t h  n i t r o g e n  and th e n  h e a te d  on an o i l  b a th  t o  

a t t a i n  g e n t l e  r e f l u x i n g  o f  th e  s o l u t i o n .  The r e a c t i o n  was th e n
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m o n ito re d  by t . l . c .  and when th e  s t a r t i n g  m a t e r i a l  had been consumed

h e a t i n g  was s to p p e d .  A f t e r  re m o v a l o f  th e  s o l v e n t  th e  r e s id u e  was

chrom oto g rap h ed  on a column o f  s i l i c a  ( g r a d i e n t  e l u t i o n  from  p e t r o l

t o  d ic h lo r o m e th a n e )  to  o b t a i n  th e  p r o d u c t .

E t h y l  4 a - p h e n y l - 4 a H - t h ie n o  [ 3 , 2 c  H  1 , 2  1 t h i a z i n e  ( 7 6 a )

98 r iF o l lo w in g  th e  l i t e r a t u r e  m ethod, e t h y l  2 -p h e n y l t h i e n o  l 3 ,2 c J  -  

[ i A 4 , 2 ] t h i a z i n e  (1 0 0  mg, 0 . 3 3  mmol) gave e t h y l  4 a - p h e n y l - 4 a H - t h i e n o -  

[ 3 , 2 c ]  [ 1 , 2 ]  t h i a z i n e  (9 6  mg, 96% ).

E t h y l  4 a - m e t h y l - 4 a H - t h ie n o  [ 3 , 2 c ]  [ 1 , 2 ]  t h i a z i n e  ( 7 6 b )

F o l lo w in g  th e  g e n e r a l  m ethod, e t h y l  2 -m e t h y l t h ie n o  [ 3 ,2 c  H  i A4 , 2 ] -  

t h i a z i n e  (1 0 0  mg, 0 . 3 7  mmol) gave e t h y l  4 a - m e t h y l - 4 a H - t h ie n o  [ 3 , 2 c ]  -  

[ 1 , 2 ] t h i a z i n e ^  (4 0  mg, 40%) and e t h y l  t h i e n o  [ 3 ,2 d  ] [ 1 , 3  ] t h i a z e p i n e -

4 - c a r b o x y l a t e  (26  mg, 26%) m .p . 1 1 7 -1 1 8 ° C ,  (Found: C, 4 9 . 8 ;  H, 4 . 5 ;

N, 5 . 6 .  ^ 1 0 ^ 1 1 ^ 2 ^ 2  reclu ^r e s  C, 4 9 * 8 ;  H, 4 . 6 ;  N, 5 .8 % ) ;  A max

(EtOH) 263 ( lo g £  3 . 9 2 ) ,  302 ( 3 . 9 1 ) ,  313 ( 3 . 8 3 ) ,  388 nm ( 3 . 8 8 ) ;  V max

(C C 1 .)  3440  m, 1700 s cm"1 ; 5 (2 5 0  MHz, CDC1_) 8 . 1  (1H , s ) ,  7 .3 64 H o
(1H , d , J 5 H z ) ,  6 . 6 3  (1H , d , J 5 H z ) ,  5 .4 8  (1H , t ,  J 4 H z ) ,  4 . 3 7  

(2H , d J 4 H z ) ,  4 . 2 9  (2H , q , J 7 H z ) ,  1 .3 4  (3H , t ,  J 7 H z ) ;  6  ( 6 2 . 9

MHz, CDC13 ) 1 4 . 4 ,  5 3 . 3 ,  6 1 . 5 ,  1 1 4 . 7 ,  1 2 2 . 4 ,  1 2 4 . 3 ,  1 2 9 . 5 ,  1 3 4 . 3 ,

1 4 8 . 1 ,  1 6 9 .9 ;  m /z  241 (M+ , 100% ), 2 1 2 ,  2 0 9 ,  1 96 .

3 - A c e t y l - 4 a - p h e n y l - 4 a H - t h i e n o  [ 3 , 2 c ] [  1 , 2 ] t h i a z i n e  ( 7 6 c )

F o l lo w in g  th e  g e n e r a l  m ethod, 3 - a c e t y l - 2 - p h e n y l t h i e n o  [ 3 , 2 c ]  [ 1 , 2 ] -

t h i a z i n e  (1 0 0  mg, 0 . 3 7  mmol) gave 3 - a c e t y l - 4 a - p h e n y l - 4 a H - t h i e n o -  

[ 3 ,2 c  ] [  1 , 2 ] t h i a z i n e  (8 0  mg, 80%) as an o i l  (Found: C, 6 1 . 5 ;  H, 4 2 ;

N, 5 . 0 .  Ci 4 Hh N02S2 r e Qu ire s  c » 6 1 . 5 ;  H, 4 . 1 ;  N, 5 .1 % ) ;  A max 

(E tOH) 215  ( l o g  4 . 0 8 ) ,  279 ( 3 . 7 5 ) ,  336 nm ( 3 . 6 0 ) ;  V max 1680 s cm"1 ;

6  (90 MHz, CDC1q ) 7 . 3 6  (1H , d ,  J 6 . 5  H z ) ,  7 . 3 - 7 . 0 6  (6H , m ), 2 . 4 8H o
( 3H, s ) ;  6  ( 2 2 . 5 M H z ,  CDC1 ) 2 6 . 5 ,  5 9 . 4 ,  1 2 0 . 1 ,  1 2 5 . 5 ,  1 2 8 . 6 ,  1 3 7 . 5 ,O o
1 3 9 . 1 ,  1 4 2 . 1 ,  1 6 6 . 2 ,  1 9 3 .0 ;  m /z  273  (M+ ) ,  2 5 7 ,  230 (1 0 0 % ).
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4 a - P h e n y l - 4 a H - t h ie n o  ( 3 ,2 c  ) [  1 , 2 ! t h i a z i n e - 3 - c a r b a l d e h y d e  ( 7 6 d )

F o l lo w in g  th e  g e n e r a l  m ethod, 2 - p h e n y l t h i e n o  [ 3 ,2 c  ][  lA . 2 1 -

t h i a z i n e - 3 - c a r b a l d e h y d e  (1 0 0  mg, 0 . 3 9  mmol) gave 4 a - p h e n y l - 4 a H - t h i e n o -

[ 3 , 2 c ] [ 1 , 2  ] t h i a z i n e - 3 - c a r b a l d e h y d e  (5 4  mg, 54% ), m .p . 9 0 °C (Found:

C, 6 0 . 2 ;  H, 3 . 4 ;  N, 5 . 4 .  C .o HoN0So r e q u i r e s  C, 6 0 . 2 ;  H, 3 . 5 ;
±0 y d

N, 5 .4 % ) ;  Amax (EtOH) 215  ( l o g € 4 . 2 3 ) ,  279  ( 3 . 5 1 ) ,  335 nm ( 3 . 3 5 ) ;

Vmax (C C 1 .)  1690  s cm- 1 ; 6  (9 0  MHz, CD01o ) 9 .6 7  (1H , s ) , 7 . 3 9  (1H ,
4 H o

d , J 6 . 4  H z ) ,  7 . 2 5 - 7 . 2  (6H , m ) , 6 . 5 3  (1H , d ,  J 6 . 4  H z ) ;  ( 2 2 . 5  MHz,
— — c

CDC13 ) 2 9 . 7 ,  5 9 . 2 ,  1 2 0 . 3 ,  1 2 5 . 6 ,  1 2 7 . 5 ,  1 2 8 . 8 ,  1 3 7 .2 ,  1 3 9 . 4 ,  1 4 2 . 1 ,

1 6 6 . 5 ,  1 8 6 .4 ;  m /z  259 (M+ ) ,  230 (1 0 0 % ) .

4 a - P h e n y l - 4 a H - t h ie n o  [ 3 , 2 c ] [  1 , 2 ] t h i a z i n e - 3 - c a r b o n i t r i l e  ( 7 6 e )

F o l lo w in g  th e  g e n e r a l  m ethod, 2 - p h e n y l t h i e n o  [ 3 , 2 c ]  [ 1 » 2  ] -

t h i a z i n e - 3 - c a r b o n i t r i l e  (1 0 0  mg, 0 . 3 9  mmol) gave 4 a - p h e n y l - 4 a H -

t h i e n o  [ 3 , 2 c ] [  1 , 2 ] t h i a z i n e - 3 - c a r b o n i t r i l e  (88  mg, 88% ), m .p .  1 6 1 -

162°C  (Found: C, 6 1 . 2 ;  H, 3 . 1 ;  N, 1 0 . 9 .  C ._H 0N0S0 r e q u i r e s
lo o d d

C, 6 0 . 9 ;  H, 3 . 1 5 ;  N, 1 0 .9 % ) ;  Amax (EtO H) 210 ( l o g £  4 . 0 8 ) ,  270  ( 3 . 5 3 ) ,

333 ( 3 . 4 8 ) ;  V max (C C 1 J  2220  m cm"1 ; 5 U (9 0  MHz, CDC1.J 7 . 4 6  (1H ,
4 H o

d, J 6 . 4  H z ) ,  7 . 3 6 - 7 . 0 2  (6H , m ), 6 . 5 3  (1H , d ,  J 6 . 4  H z ) ;  <5 ( 2 2 . 5— — c

MHz, CDC13 ) 5 9 . 1 ,  1 1 2 . 8 ,  1 1 3 . 5 ,  1 1 9 . 8 ,  1 2 5 . 5 ,  1 2 5 . 8 ,  1 2 8 . 8 ,  1 2 8 . 9 ,

1 3 6 . 2 ,  1 4 4 . 4 ,  1 6 6 .1 ;  m /z  256 (M+ , 100% ), 2 2 3 ,  1 79 .

4 . 8  P h o t o ly s is  o f  A z id e s  and T h ia z i n e s

G e n e ra l  Method

The a p p r o p r i a t e  s t a r t i n g  m a t e r i a l  was d is s o lv e d  i n  a c e t o n i t r i l e  

(1 5 0  ml p e r  100 mg o f  m a t e r i a l ) .  Then n i t r o g e n  was b u b b le d  th ro u g h  

th e  s o l u t i o n  f o r  0 . 5  h .  The s o l u t i o n  was th e n  i r r a d i a t e d  a t  th e  

a p p r o p r i a t e  w a v e le n g th  w h i l e  m a i n t a i n i n g  th e  n i t r o g e n  f l o w .  The 

r e a c t i o n  was m o n ito re d  by t . l . c .  and when th e  s t a r t i n g  m a t e r i a l  had  

been consumed th e  i r r a d i a t i o n  was s to p p e d .  Removal o f  th e  s o l v e n t  

gave a r e s id u e  w h ich  was chrom ato grap h ed  u s in g  a column o f  s i l i c a
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( g r a d i e n t  e l u t i o n  fro m  p e t r o l  t o  d ic h lo ro m e th a n e  th e n  to  10% e t h e r  

i n  d ic h lo r o m e t h a n e ) .

E t h y l  6 - a c e t y l t h i e n o  [ 3 , 2b ]  p y r r o l e - 5 - c a r b o x y l a t e  ( 1 0 3 )

F o l lo w in g  th e  g e n e r a l  m ethod, e t h y l  2 - a c e t y l - 3 - ( 3 - a z i d o - 2 -  

t h i e n y l ) p r o p e n o a t e  (1 0 0  mg, 0 . 3 8  mmol) was i r r a d i a t e d  a t  350 nm 

and gave e t h y l  6 - a c e t y l t h i e n o  [ 3 ,2 b  ] p y r r o l e - 5 - c a r b o x y l a t e  (8 9  mg,

90% ), m .p . 110°C  (Found: C, 5 5 . 7 ;  H, 4 . 6 ;  N, 5 . 8 5 .  Ch Hi i N° 3S

r e q u i r e s  C, 5 5 . 7 ;  H, 4 . 7 ;  N, 5 .9 % ) ;  A max (EtOH) 247 ( l o g £  3 . 7 5 ) ,

255 ( 3 . 7 6 ) ,  325 nm ( 3 . 6 1 ) ;  V max (CC1 ) 3420  m, 1720 s ,  1680  s ,

1640  s cm- 1 ; 6 U (9 0  MHz, CD01o ) 9 . 7 5  (1H , s ) ,  7 .4 2  (1H , d ,  J 5 H z ) ,

6 . 9 6  (1H , d ,  J 5 H z ) ,  4 . 4 5  (2H , q , J 7 H z ) ,  2 .8 3  (3H , s ) ,  1 . 4 3  (3H ,  

t ,  J 7 H z ) ;  6 c ( 2 2 . 5  MHz, CDC13 ) 1 4 . 3 ,  3 0 . 8 ,  6 1 . 6 ,  1 1 0 . 4 ,  1 2 2 . 2 ,

1 2 5 . 0 ,  1 2 8 . 0 ,  1 3 2 . 2 ,  1 3 8 . 2 ,  1 6 0 . 1 ,  1 9 4 . 2 ;  m /z  237 (M+ ) ,  2 2 2 ,  191  

(1 0 0 % ) ,  1 7 6 .

5 - A c e t y l t h i e n o  [ 3 .2 b  I p y r r o l e  ( 1 0 4 )

F o l lo w in g  th e  g e n e r a l  m ethod, 3 - ( 3 - a z i d o - 2 - t h i e n y l ) b u t e n o n e  (1 0 0  mg,

0 . 5 2  mmol) was i r r a d i a t e d  a t  350 nm and gave  5 - a c e t y l t h i e n o  [ 3 , 2 b ]  p y r r o l e

1 PR
(7 7  mg, 90%) m .p . 1 6 1 -1 6 2 ° C  ( l i t . ,  m .p .  1 6 0 . 5 - 1 6 3 ° C ) .

E t h y l  6 - p h e n y l t h i o t h i e n o i  3 , 2 b 1 p y r r o l e - 5 - c a r b o x y l a t e  ( 9 8 )

F o l lo w in g  th e  g e n e r a l  m ethod, e t h y l  2 - p h e n y l t h i e n o  [ 3 , 2 c ] -

[ i A 4 ,2  ] t h i a z i n e - 3 - c a r b o x y l a t e  (1 0 0  mg, 0 . 3 3  mmol) was i r r a d i a t e d  a t

350  nm and gave e t h y l  6 - p h e n y l t h i o t h i e n o  [ 3 , 2 b ]  p y r r o l e - 5 - c a r b o x y l a t e

98
(8 0  mg, 80% ), m .p . 136°C  ( l i t . ,  m .p .  1 3 6 - 1 3 7 ° C ) .

e
5 - A c e t y l - 6 - p h e n y l t h i o t h l | n e o  [ 3 , 2 b ]  p y r r o l e  ( 1 0 9 )

F o l lo w in g  th e  g e n e r a l  m ethod, 3 - a c e t y l - 2 - p h e n y l t h i e n o  [ 3 ,2 c  ] -  

[ i A 4 ,2  ] t h i a z i n e  (1 0 0  mg, 0 . 3 7  mmol) was i r r a d i a t e d  a t  350 nm and 

gave 5 - a c e t y l - 6 - p h e n y l t h i o t h i e n o  [ 3 , 2 b ]  p y r r o l e  (77  mg, 77% ), m .p .  

1 2 7 -1 2 9 ° C  (Found: C, 6 1 . 5 ;  H, 4 . 3 ;  N, 5 . 1 .  ^ 1 4 ^ 1 2 ^ ^ 2  reclu i r e s

C, 6 1 . 5 ;  H, 4 . 1 ;  N, 5 .1 % ) ;  A max (EtO H) 205  ( l o g £ 4 . 1 1 ) ,  247  ( 3 . 9 6 ) ,
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320 nm ( 4 . 2 2 ) ;  V max ( C C 1 J  3440 m, 1630  s ; 6 „  (90  MHz, CD01o )4 n o

1 0 .0 9  (1H , s ) ,  7 . 3 7 - 7 . 2  (6H , m ) , 6 . 9 3  (1H , d ,  J 5 H z ) ,  2 . 7 4  (3H , s ) ;

<5 ( 6 2 . 9  MHz, CD01o ) 2 8 . 0 ,  1 1 1 . 4 ,  1 1 2 . 2 ,  1 2 6 . 8 ,  1 2 9 . 1 ,  1 2 9 . 2 ,  1 2 9 . 7 ,
C 3

1 3 1 . 5 ,  1 3 4 . 6 ,  1 3 5 . 6 ,  1 4 0 . 8 ,  1 8 9 .1 ;  m /z  273 (M+ , 100% ), 2 5 8 ,  2 3 1 .

6 - P h e n y l t h i o t h i e n o  [ 3 , 2 b ]  p y r r o l e - 5 - c a r b a l d e h y d e  ( 1 1 0 )

F o l lo w in g  th e  g e n e r a l  method 2 - p h e n y l t h i e n o  [ 3 , 2 c ]  l l A ^ , 2  1 t h i a z i n e

3 -c a r b a ld e h y d e  (1 0 0  mg, 0 . 3 9  mmol) was i r r a d i a t e d  a t  350 nm and gave

6 - p h e n y l t h i o t h i e n o  ^ 3 ,2 b J  p y r r o l e - 5 - c a r b a l d e h y d e  (7 5  mg, 75% ), m .p .

1 8 9 -1 9 1 °C  (Found: C, 6 0 . 0 ;  H, 3 . 5 ;  N, 5 . 2 .  C13HgN0S2 r e q u i r e s

C, 6 0 . 0 ;  H, 3 . 5 ;  N, 5 .4 % ) ;  A max (EtOH) 203 ( l o g £ 3 . 9 6 ) ,  221 ( 3 . 7 4 ) ,

246 ( 3 . 7 1 ) ,  325  nm ( 4 . 0 4 ) ;  V max (C C 1 J  3440  m, 1645 s cm- 1 ; <5 u (9 0  MHz4 H
CDC13 ) 9 .9 2  (1H , s ) ,  9 . 5 5  (1H , s ) ,  7 . 4 2  (1H , d, J 5 . 6  H z ) ,  7 . 3 1 - 7 . 2 6

( 5H, m ), 6 . 9 8  (1H , d ,  J 5 . 6  H z ) ;  m /z  259  (M+ ) ,  243 (1 0 0 % ).

4 - M e t h y l - 6 - p h e n y l t h i o t h i e n o  [ 3 , 2 b ]  p y r r o l e - 5 - c a r b a l d e h y d e

To a sus p en s io n  o f  sodium h y d r id e  ( 2 . 3  mg, 0 . 1  mmol) i n  d ry

DMF (3  m l)  a t  0°C was added a s o l u t i o n  o f  6 - p h e n y l t h i o t h i e n o  [ 3 , 2 b ] -

p y r r o l e - 5 - c a r b a l d e h y d e  ( 2 1 . 4  mg, 0 . 0 8  mmol) i n  d ry  DMF ( 0 . 5  m l ) .

A f t e r  5 m in , m e th y l  i o d i d e  (34  mg, 0 . 2 4  mmol) was added and th e

r e a c t i o n  m ix tu r e  was s t i  r r e d  f o r  30  m in .  The r e a c t i o n  m ix t u r e

was th e n  poured  i n t o  w a te r  and e x t r a c t e d  w i t h  e t h e r  (2  x 100 m l ) .

The o r g a n ic  phase was c o l l e c t e d ,  d r i e d  o v e r  magnesium s u lp h a te  and

th e  s o l v e n t  rem oved. The r e s id u e  was chrom ato grap h ed  on s i l i c a

g e l  t o  g iv e  4 - m e t h y l - 6 - p h e n y l t h i o t h i e n o  [ 3 , 2 b ]  p y r r o l e - 5 - c a r b a l d e h y d e

( 1 5 . 9  mg, 70% ), m .p . 1 2 3 -1 2 5 ° C ,  (Found: C, 6 1 . 3 ;  H, 4 . 1 ;  N, 5 . 2 .

C14H11N0S2 r e q u i r e s  C, 6 1 . 5 ;  H, 4 . 0 5 ;  N, 5 .1 % ) ;  V max ( C C l^ ) ,

1655 cm- 1 ; 6 (2 5 0  MHz, CDC1_) 1 0 . 3  (1H , s ) ,  7 .4 1  (1H , d ,  J 5 . 6 H z ) ,H o  —

7 . 3 - 7 . 1 8  ( 5H, m ), 6 . 9 5  (1H , d ,  J 5 . 6 H z ) ,  4 . 1 1  (3H , s ) ;  m /z  273  

(M+ , 100% ).
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E t h y l  6 - p h e n y l s u l p h i n y l t h i e n o  [ 3 , 2 b l  p y r r o l e - 5 - c a r b o x y l a t e  ( 1 1 6 )

F o l lo w in g  th e  g e n e r a l  method e t h y l  3 - ( 3 - a z i d o - 2 - t h i e n y l ) - 2 -

p h e n y ls u lp h in y lp r o p e n o a t e  (1 0 0  mg, 0 . 2 9  mmol) was i r r a d i a t e d  a t

350 nm and gave e t h y l  6 - p h e n y l s u l p h i n y l t h i e n o  [ 3 , 2 b ]  p y r r o l e - 5 -

c a r b o x y la t e  (4 8  mg, 52% ), m .p .  154°C  (Found: C, 5 6 .2 ;  H, 4 . 0 ;

N, 4 . 4 .  C H NO S r e q u i r e s  C, 5 6 . 4 ;  H, 4 . 1 ;  N, 4 .4 % ) ;  A max

(EtOH) 233 ( lo g £  3 . 9 8 )  and 302 nm ( 4 . 2 1 ) ;  V max (CC14 ) 3440  m,

1695  s cm- 1 ; 6  „  (9 0  MHz, CDC1Q) 1 0 .6 8  (1H , s ) ,  7 . 9 3 - 7 . 8  (2H , m ),

7 . 5 - 7 . 3  ( 3H, m ), 7 . 2 3  (1H , d , J 5 H z ) ,  6 . 8 4  (1H , d , J 5 H z ) ,  4 . 3 5

( 2H, q , J 6 . 5  H z ) ,  1 . 3  (3H , t ,  J 6 . 5  H z ) ;  6  ( 2 2 . 5  MHz, CDC13 )

1 4 . 3 ,  6 1 . 4 ,  1 1 0 . 9 ,  1 2 2 . 1 ,  1 2 4 . 1 ,  1 2 9 . 0 ,  1 3 0 . 8 ,  1 4 1 , 0 ,  1 4 4 . 9 ,  1 6 0 .0 ;

m /z  319 (M+ ) ,  3 0 3 ,  2 7 1 ,  2 5 7 ,  225 (100%) and e t h y l  2 - p h e n y l t h i e n o -

[ 3 , 2 c  ] [ 1 , 2 ] t h i a z i n e - 3 - c a r b o x y l a t e - 2 - o x i d e  ( 2 4 . 8  mg, 27%) m .p .

1 4 8 -1 5 1 ° C  (Found: C, 5 6 .3 ;  H, 4 . 1 ;  N, 4 . 4 .  C ._ H ._ N 0 oSo r e q u i r e s
lb 13 3 2

C, 5 6 . 4 ;  H, 4 . 0 ;  N, 4 .4 % ) ;  A max (EtOH) 206 ( l o g £ 4 . 2 4 ) ,  318

( 4 . 1 4 ) ,  388 nm ( 3 . 7 9 ) ;  V max (C C 1 .)  1705  s cm"1 ; 6  (9 0  MHz, CD01o )
4  H o

8 . 5  (1H , s ) ,  8 . 0 - 7 . 8 2  ( 2H, m ), 7 . 7 7  (1H , d , J 5 . 5  H z ) ,  7 . 6 5 - 7 . 5  

( 3 H , m ), 6 . 9 8  (1H , d ,  J 5 . 5  H z ) ,  4 . 1  (2H , qm, J 7 H z ) ,  1 . 0 2  (3H ,  

t ,  J 7 H z ) ;  6  ( 2 2 . 5  MHz, CDC13 ) 1 3 . 8 ,  6 1 . 4 ,  1 0 1 . 7 ,  1 1 2 . 9 ,  1 2 3 . 7 ,

1 2 8 . 4 ,  1 2 9 . 4 ,  1 3 3 . 1 ,  1 3 6 . 9 ,  1 3 7 . 6 ,  1 4 1 . 8 ,  1 5 4 . 7 ,  1 6 2 .3 ;  m /z  319  (M+ , 

100%).

E t h y l  6 -p h e n y ls u l p h o n y l t h ie n o  [ 3 ,2 b  1 p y r r o l e - 5 - c a r b o x y l a t e  ( 1 1 8 )

F o l lo w in g  th e  g e n e r a l  method e t h y l  3 - ( 3 - a z i d o - 2 - t h i e n y l ) - 2 -

p h e n y ls u lp h o n y lp r o p e n o a te  (1 0 0  mg, 0 . 2 8  mmol) was i r r a d i a t e d  a t

350  nm and gave e t h y l  6 -p h e n y ls u l p h o n y l t h ie n o  [ 3 , 2 b ]  p y r r o l e - 5 -

c a r b o x y l a t e  (7 4  mg, 8 0% ),  m .p . 1 7 1 -1 7 5 ° C  (Found: C, 5 3 . 7 ;  H, 3 . 8 ;

N, 4 . 2 .  C.,_H- NO .S re q u ire s  C, 5 3 . 7 ;  H, 3 . 9 ;  N, 4 .2 % ) ;  A max
lb 13 4 2

(E tO H) 228 ( l o g £  4 . 0 0 ) ,  242 ( 3 . 9 3 ) ,  255  ( 3 . 9 1 ) ,  306 nm ( 4 . 0 7 ) ;

V max (C C 1 J  3420  m, 1690  s ,  cm"1 ; <5 (9 0  MHz, C D C lJ  1 0 .0 2  (1H ,
4  H o

s ) ,  8 . 1 1 - 7 . 9 4  ( 2H, m ),  7 . 6 - 7 . 4 6  (4H , m ) ,  6 . 9 7  (1H , d ,  J 5 . 5  H z ) ,
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4 . 3  ( 2H, q , J 6 . 5  H z ) ,  1 . 2 5  (3H , t ,  J 6 . 5  H z ) ;  <5 ( 6 2 . 9  MHz,

CDC13 ) 1 4 . 1 ,  6 1 . 7 ,  1 1 0 . 9 ,  1 2 1 . 9 ,  1 2 4 . 7 ,  1 2 7 . 5 ,  1 2 7 . 8 ,  1 2 8 . 5 ,  1 3 2 . 0 ,

1 3 3 . 0 ,  1 3 8 . 2 ,  1 4 2 . 6 ,  1 5 8 .7 ;  m /z  335  (M+ , 100% ), 2 8 9 .

In d e p e n d e n t  S y n th e s is  o f  E t h y l  6 - p h e n y l s u l p h i n y l t h i e n o -  

3 ,2 b  p y r r o l e - 5 - c a r b o x y l a t e  ( 1 1 6 )

To a s o l u t i o n  o f  e t h y l  6 - p h e n y l t h i o t h i e n o  [ 3 , 2 b ]  p y r r o l e -

5 -  c a r b o x y la t e  (5 0  mg, 0 . 1 7  mmol) i n  e th a n o l  (10  m l)  was added a 

s o l u t i o n  o f  sodium m e ta p e r io d a te  (5 3  mg, 0 . 2 5  mmol) i n  w a te r  : 

e t h a n o l  (5  ml : 5 m l ) .  The r e a c t i o n  m ix t u r e  was s t i r r e d  u n t i l  th e  

s t a r t i n g  m a t e r i a l  had been consumed. The s o l u t i o n  was th e n  poured  

i n t o  w a te r  and e x t r a c t e d  w i t h  e t h e r  (2  x 200 m l ) .  The o r g a n ic  

l a y e r  was th e n  d r i e d  o v e r  magnesium s u lp h a te  and th e  s o l v e n t  rem oved.  

Column chrom ato grap h y  on s i l i c a  g e l  gave e t h y l  6 - p h e n y l s u l p h i n y l t h i e n o -  

[ 3 , 2 b ]  p y r r o l e - 5 - c a r b o x y l a t e  (5 2  mg, 99% ), m .p . 1 54 °C .

In d e p e n d e n t  S y n th e s is  o f  E t h y l  6 - p h e n y l s u l p h o n y l t h i e n o -  

[ 3 , 2b ]  p y r r o l e - 5 - c a r b o x y l a t e  ( 1 1 8 )

136F o l lo w in g  th e  l i t e r a t u r e  p ro c e d u re  f o r  o x i d a t i o n  o f  s u l p h i d e s ,  

e t h y l  6 - p h e n y l t h i o t h i e n o  [ 3 ,2 b  ] p y r r o l e - 5 - c a r b o x y l a t e  (5 0  mg, 0 . 1 7  mmol) 

was t r e a t e d  w i t h  p o ta ss iu m  p erm an g an a te  i n  a c e t i c  a c i d ,  to  g iv e  e t h y l

6 -  p h e n y ls u lp h o n y l th ie n o  [ 3 , 2 b ]  p y r r o l e - 5 - c a r b o x y l a t e  ( 8 . 3  mg, 15%) 

m .p . 171—1 7 5 ° C .

6 - M e t h y l s u l p h o n y l - 5 - m e t h y l t h i o t h i e n o  [ 3 , 2 b ]  p y r r o l e  ( 1 2 0 )

F o l lo w in g  th e  g e n e r a l  method 2 - ( 3 - a z i d o - 2 - t h i e n y l ) - l - m e t h y l -

t h i o e t h e n y l  m e th y l  s u lp h o x id e  (1 0 0  mg, 0 . 3 9  mmol) was i r r a d i a t e d  a t

350 nm and gave 6 - m e t h y l s u l p h o n y l - 5 - m e t h y l t h i o t h i e n o  [ 3 , 2 b ]  p y r r o l e

( 4 . 9  mg, 55%) as an u n s t a b le  o i l  (Found: M+ 2 3 0 .9 8 4 5 .  C H N0S_o y o
r e q u i r e s  M+ 2 3 0 . 9 8 4 6 ) ;  Amax (E tO H) 206 ( l o g £ 3 . 7 5 ) ,  230 ( 3 . 6 7 ) ,

253  ( 3 . 6 3 ) ,  275  ( 3 . 6 7 ) ;  V max (CC1 ) 3440  m cm- 1 ; 6  (9 0  MHz,
4 H
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CDC13 ) 1 0 .2 2  (1H , s ) ,  7 . 2  (1H , d ,  J 5 H z ) ,  6 . 8 6  (1H , d , J 5 H z ) ,

3 . 0  ( 3H, s ) ,  2 . 4  ( 3H, s ) ;  m /z  231 (M+ ) ,  2 1 5 ,  2 0 0 ,  1 84 , 1 6 9 ,  154

(100%).

P h o t o ly s is  o f  2 - ( 3 - A z i d o - 2 - t h i e n y l ) e t h e n y l  p h e n y l s u lp h id e  ( 1 2 ^ a )

F o l lo w in g  th e  g e n e r a l  m ethod, im pure 2 - ( 3 - a z i d o - 2 - t h i e n y l ) e t h e n y l  

p h e n y l  s u lp h id e  (2 5 0  mg) was i r r a d i a t e d  a t  300  nm and g a v e ,  a f t e r  

column chrom ato grap h y  a non p o l a r  f r a c t i o n  (1 0 0  mg) th o u g h t  to  be 

th e  i m p u r i t i e s  i n  th e  s t a r t i n g  m a t e r i a l  and two p o l a r  components  

i d e n t i f i e d  as 5 - p h e n y l t h i o t h i e n o  [ 3 , 2 b ]  p y r r o l e  (2 0  mg) as an o i l

(Found: C, 6 2 . 6 ;  H, 3 . 9 ;  N, 5 . 8 . C12H9NS2 reclu i r e s  c » 6 2 . 3 ;

H, 3 . 9 ; N, 6 .0 5 % ) ;  V max 3470 s cm ' 1 5 <5h (9 0  MHz, CDC13 ) 8 . 3

(1H , s ) , 7 . 3 - 7 . 0 5  ( 6 H , m ),  6 . 9 (1H , dd, J 5 and 0 . 7  H z ) ,  6 .8

(1H , dd, J 2 . 5  and 0 . 7  H z ) ;  m /z  231 (M+ , 100%) and 6 - p h e n y l -  

t h i o t h i e n o  [ 3 , 2 b ]  p y r r o l e  (2 7  mg) m .p . 1 3 1 -1 3 2 °C  ( l i t . , ^  m .p .  

1 3 1 - 1 3 2 ° C ) .

P h o t o ly s is  o f  2 - ( 3 - A z i d o - 2 - t h i e n y l ) e t h e n y l  m e th y l  s u lp h id e  ( 1 2 3 b )

F o l lo w in g  th e  g e n e r a l  m ethod, 2 - ( 3 - a z i d o - 2 - t h i e n y l ) e th e n y l  m e th y l  

s u lp h id e  (1 0 0  mg, 0 . 5  mmol) was i r r a d i a t e d  a t  300 nm and gave 5 -  

m e t h y l t h i o t h i e n o  [ 3 ,2 b ]  p y r r o l e  (2 3  mg, 27%) as an o i l  (Found:

M+ 1 6 9 .0 0 1 5 .  C7 HyNS2 r e q u i r e s  M+ 1 6 9 . 0 0 2 0 ) ;  A max (EtOH) 213  

( l o g £ 3 . 7 6 ) ,  232 ( 3 . 8 2 ) ,  274 nm ( 4 . 1 7 ) ;  V max (CC14 ) 3465  s;

(9 0  MHz, CDC1_) 8 . 2  (1H , s ) ,  7 . 1 2  (1H , d , J 5 H z ) ,  6 . 8 8  (1H ,  

d, J 5 H z ) ,  6 . 5 8  (1H , d ,  J 1 . 5  H z ) ,  2 . 4 3  (3H , s ) ;  ( 6 2 . 9  MHz,

CDC13 ) 2 1 . 7 ,  1 0 7 . 7 ,  1 1 0 . 8 ,  1 1 9 . 0 ,  1 2 4 . 5 ,  1 2 7 . 5 ,  1 3 9 .7 ;  m /z  

169 (M+ ) ,  154 (100%) and 6 - m e t h y l t h i o t h i e n o  [ 3 ,2 b ]  p y r r o l e ^  (1 9  mg, 

22% ) .

F o r m y la t io n  o f  th e  m e t h y l t h i o t h i e n o p y r r o l e s

The t h i e n o p y r r o l e  (1 e q u i v . )  was d is s o lv e d  i n  d ry  DMF (2  m l)  

and c o o le d  to  0 ° C .  Then p h o s p h o ry l  c h l o r i d e  (1  e q u i v . )  was add ed .
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The r e a c t i o n  m ix t u r e  was s t i r r e d  f o r  1 h th e n  poured  i n t o  i c e  w a t e r .

The aqueous phase was e x t r a c t e d  w i t h  e t h e r  (2  x 250 m l ) .  The

o r g a n ic  phase was washed w i t h  w a te r  (1 0 0  m l)  and b r i n e  (1 0 0  m l)

b e f o r e  d r y in g  o v e r  magnesium s u lp h a te  and rem o vin g  th e  s o l v e n t .

Column chrom atography  on s i l i c a  g e l  gave th e  p r o d u c t .  5 - M e t h y l -

t h i o t h i e n o  [ 3 , 2 b ]  p y r r o l e  (3 0  mg, 0 . 1 7  mmol) gave 5 - m e t h y l t h i o t h i e n o -

[ 3 , 2 b ]  p y r r o l e - 6 - c a r b a l d e h y d e  (3 0  mg, 86%) m .p . 1 8 1 -1 8 3 °C  (Found:

C, 4 8 . 2 ;  H, 3 . 4 ;  N, 7 . 1 .  CoH„N0S_ r e q u i r e s  C, 4 8 . 7 ;  H, 3 . 6 ;

N, 7 .1 % ) ;  A max (EtOH) 215  ( l o g £ 3 . 3 2 ) ,  248  ( 3 . 5 5 ) ,  261 ( 3 . 5 5 ) ,

290  ( 3 . 2 7 ) ,  320 nm ( 3 . 0 3 ) ;  V max (CC14 ) 3440  m, 1645 s cm- 1 ;

6  (90 MHz, CDC1.J 1 0 .0 5  (1H , s ) ,  7 .2 6  (1H , d, J 5 H z ) ,  6 . 9  
H o

(1H , d , J 5 H z ) ,  2 .5 2  (3H , s ) ;  m /z  197 (M+ , 100% ), 1 8 2 ,  1 6 4 ,  1 5 4 .

6 - M e t h y l t h i o t h i e n o  [ 3 , 2 b ]  p y r r o l e  (3 0  mg, 0 . 1 7  mmol) gave 6 - m e t h y l -

t h i o t h i e n o  [ 3 , 2 b ]  p y r r o l e - 5 - c a r b a l d e h y d e  ( 2 9 .7  mg, 85%) m .p . 1 7 7 -

178°C  (Found: C, 4 8 . 6 ;  H, 3 . 5 ;  N, 7 . 0 .  C H N0So r e q u i r e s

C, 4 8 . 7 ;  H, 3 . 6 ;  N, 7 .1 % ) ;  A max (EtOH) 232 ( l o g 6 3 . l l ) ,

2 . 5 8 ( 3 . 0 3 ) ,  323 nm ( 3 . 3 7 ) ;  V max (CC14 ) 3 4 5 0 ,  1645 cm"1 ;

<5 (9 0  MHz, CDC1 ) 9 . 7 6  (1H , s ) ,  7 . 4  (1H , d ,  J 5 H z ) ,  6 . 9 3  (1H ,H o —
d , J 5 H z ) ,  2 . 5 5  ( 3H, s ) ;  m /z  197 (M+ , 1 00% ), 1 8 2 ,  1 64 ,  1 5 4 .

P h o t o ly s is  o f  2 - ( 3 - a z i d o - 2 - t h i e n y l ) e th e n y l  p h e n y l s u lp h o x id e  ( 1 3 1 )

F o l lo w in g  th e  g e n e r a l  m ethod, 2 - ( 3 - a z i d o - 2 - t h i e n y l ) e t h e n y l

p h e n y l  s u lp h o x id e  (1 0 0  mg, 0 . 3 6  mmol) was i r r a d i a t e d  a t  300 nm

and gave 5 - p h e n y l s u l p h i n y l t h i e n o  3 ,2 b  p y r r o l e  (23  mg, 26% ),

(Found: M+ 2 4 7 .0 1 3 1 .  C H NOS r e q u i r e s  M+ 2 4 7 . 0 1 2 6 ) ;  A max
“  ±d y d

(E tO H) 203 ( l o g £ 3 . 5 8 ) ,  230  ( 3 . 1 5 ) ,  273 nm ( 3 . 2 6 ) ;  V max (CC14 ) 3440  m

cm- 1 ; (9 0  MHz, C D C lJ  1 0 . 9  (1H , s ) ,  7 . 8 - 7 . 4  (5H , s ) ,  7 . 3 2  (1H ,

d ,  J 6 H z ) ,  7 (1H , s ) ,  6 . 9 4  (1H , d ,  J 6 H z ) ;  m /z  247 (M+ ) , 2 3 1 ,  199

(1 0 0 % ) ,  and 6 - p h e n y l s u l p h i n y l t h i e n o  [ 3 , 2 b ]  p y r r o l e  (4 3  mg, 48%)

(Found: M+ 2 4 7 .0 1 3 1 .  C H N0So r e q u i r e s  M+ 2 4 7 . 0 1 2 5 ) ;  A max (EtOH)
lo y d ““
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205  ( l o g  £ 3 . 7 0 ) ,  236 nm ( 3 . 7 6 ) ;  6  (9 0  MHz, d_ DMSO) 1 2 .9 1  (1H , s ) ,

7 .8 3  (1H , s ) ,  7 . 7 - 7 . 4  (5H , m ) , 7 . 1 7  (1H , d ,  J 4 . 6  H z ) ,  7 . 0  (1H , d ,  J

4 . 6  H z ) ;  m /z  (M+ ) ,  2 3 1 ,  199 (100%) and 2 - p h e n y l t h i e n o  [ 3 , 2 c ] [  1 , 2 ] —

t h i a z i n e - 2 - o x i d e  (2 0  mg, 22%) as an o i l  (Found: M+ 2 4 7 .0 1 3 2 .

C H NOS r e q u i r e s  M+ 2 4 7 . 0 1 2 6 ) ;  A max (EtOH) 206 ( l o g £ 4 . 0 2 ) ,  284  
id y d —

( 3 . 7 8 ) ,  243 nm ( 3 . 2 3 ) ;  6  (9 0  MHz, CD01o ) 8 . 0 - 7 . 8 8  (2H , m ) , 7 .7 9H o
(1H , d , J 9 H z ) ,  7 . 6 8 - 7 . 5 8  (3H , m ) , 7 . 5  (1H , d, J 5 . 5  H z ) ,  7 . 0  

(1H , d , J 5 . 5  H z ) ,  6 . 0  (1H , d , J 9 H z ) ;  m /z  247 (M+ , 100% ).  

5 - M e t h y l s u lp h o n y l t h ie n o  [ 3 , 2 b ]  p y r r o l e  ( 1 3 9 )

F o l lo w in g  th e  g e n e r a l  m ethod, 2 - ( 3 - a z i d o - 2 - t h i e n y l ) e t h e n y l  m e th y l  

su lph o n e  (10 0  mg, 0 . 4 3  mmol) was i r r a d i a t e d  a t  300 nm and gave 5 - m e t h y l -  

s u lp h o n y l th ie n o  [ 3 , 2 b ]  p y r r o l e  (7 5  mg, 8 6% ), m .p . 1 7 5 -1 7 6 °C  (Found:

C, 4 1 . 7 ;  H, 3 . 3 ;  N, 6 . 9 .  C ^ H - N O ^  r e q u i r e s  C, 4 2 . 0 ;  H, 3 . 0 ;  N,
/ b d d

7 .0 % ) ;  A max (EtOH) 213 ( l o g £ 3 . 3 3 ) ,  265 ( 3 . 8 6 ) ,  276 nm ( 3 . 7 4 ) ;

V max (C C 1 .)  3440 m cm- 1 ; <5 (2 5 0  MHz, CDC1Q) 9 . 6  (1H , s ) ,  7 .3 94 H o
(1H , d , J 5 . 5  H z ) ,  7 . 1 3  (1H , dd, J 2 . 2  and 0 . 6  H z ) ,  7 . 0  (1H , dd, J 

5 . 5  and 0 . 6  H z ) ;  m /z  201 (M+ ) ,  108 (1 0 0 % ).

E t h y l  3 - a c e t y l i n d o l e - 2 - c a r b o x y l a t e  ( 1 4 5 )

F o l lo w in g  th e  g e n e r a l  method, e t h y l  2 - a c e t y l - 3 - ( 2 - a z i d o p h e n y l ) -  

p ro p e n o a te  (10 0  mg, 0 . 3 9  mmol) was i r r a d i a t e d  a t  350 nm and gave  

e t h y l  3 - a c e t y l i n d o l e - 2 - c a r b o x y l a t e  ( 7 8 . 5  mg, 88% ), m .p . 9 6 -9 7 °C  

( l i t . , 130 9 6 - 9 7 ° C ) .

I n d o le - 2 - c a r b a ld e h y d e  ( 1 4 6 )

F o l lo w in g  th e  g e n e r a l  m ethod, 3 - ( 2 - a z i d o p h e n y l ) p r o p e n a l  (1 0 0  mg,

0 . 5 8  mmol) was i r r a d i a t e d  a t  300 nm and gave  i n d o le - 2 - c a r b a ld e h y d e

1 31
(7 5  mg, 90% ), m .p . 141°C  ( l i t . ,  1 4 0 - 1 4 2 ° C ) .

E t h y l  3 - p h e n y l t h i o i n d o l e - 2 - c a r b o x y l a t e  ( 1 4 7 )

F o l lo w in g  th e  g e n e r a l  m ethod, e t h y l  3 - ( 2 - a z i d o p h e n y l ) - 2 -  

p h e n y l th io p r o p e n o a te  (1 0 0  mg, 0 . 3  mmol) was i r r a d i a t e d  a t  300 nm and  

gave e t h y l  3 - p h e n y l t h i o i n d o l e - 2 - c a r b o x y l a t e  ( 6 8 . 5  mg, 75% ), m .p .  135°C
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(Found: C, 6 8 . 8 ;  H, 5 . 1 ;  N, 4 . 7 .  ^ 1 7^ 15^ 2^ r e Qu i r e s  C, 6 8 . 7 ;

H, 5 . 1 ;  N, 4 .7 % ) ;  A max (EtOH) 209 ( l o g £ 4 . 2 7 ) ,  237 ( 4 . 2 2 ) ,  300  nm 

( 4 . 0 0 ) ;  V max (C C 1 J  3450  m, 1690 s cm"1 ; <5 „  (9 0  MHz, CDC1_) 9 . 3 54 H o

(1H , s ) ,  7 . 6  (1H , d , J 7 . 7  H z ) ,  7 . 3 8  (1H , dd, J 6 . 4  and 1 H z ) ,  7 . 2 7 -  

7 . 0  (7H , m ), 7 . 3 8  (2H , q ,  J 7 . 7  H z ) ,  1 . 3  (3H , t ,  J 7 . 7  H z ) ;  m /z  

297 ( M+ ) ,  251 (1 0 0 % ).

3 - M e t h y l t h i o i n d o l e  ( 1 4 9 )

F o l lo w in g  th e  g e n e r a l  method, o - a z i d o s t y r y l  m e th y l  s u lp h id e  

(6 0  mg, 0 . 3  mmol) was i r r a d i a t e d  a t  300 nm and gave 3 - m e t h y l t h i o -

i n d o l e 134 (2  8 mg, 55%) 5  „  (2 5 0  MHz, CDC1Q) 8 .1 6  (1H , s ) ,  7 . 7 7
H o

(1H , m ), 7 .3 6  (1H , m ), 7 . 3 - 7 . 1 5  (3H , m ) , 2 . 4 6  (3H , s ) ;  5 ( 6 2 . 9  MHz,

CDC13 ) 2 0 . 1 ,  1 0 8 . 7 ,  1 1 1 . 5 ,  1 1 9 . 3 ,  1 2 0 . 4 ,  1 2 2 . 8 ,  1 2 7 .6 ,  1 2 8 . 9 ,  1 3 6 .5 ;  

m /z 163 ( M+ ) ,  148 (1 0 0 % ).
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