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A b s t r a c t  - A r y l  s i l y l  t h i o k e t o n e s  r e a c t  w i t h  1 , 3 - d i p o l e s  ( n i t r i l o x i d e s ,  n i t r i l i m i n e  

and n i t r i l e  y l i d e )  t o  g i v e  r e g i o s p e c i f i c a l l y  s i l y l  t h i a h e t e r o c y c l e s .  These 

c y c l o a d d u c t s  undergo d e s i l y l a t i o n  l e a d i n g  e i t h e r  t o  r i n g  f r a g m e n t a t i o n  p r o d u c t s  or t o  

t h e  H - s u b s t i t u t e d  h e t e r o c y c l e s .  

INTRODUCTION 

1 .3 -D ipo la r  c y c l o a d d i t i o n s  between t h i o c a r b o n y l  compounds as h e t e r o d i p o l a r o p h i l e s  and  a broad 

s e r i e s  o f  1 .3 -d ipo les  c o n s t i t u t e  an easy e n t r y  t o  5-membered t h i a h e t e r o c y c l e s .  
I 

Among t h i o c a r b o n y l s ,  t h i o a l d e h y d e s  may r e p r e s e n t  an a t t r a c t i v e  c l a s s  o f  reagen ts ,  s u i t a b l e  t o  

o b t a i n  H - s u b s t i t u t e d  t h i a h e t e r o c y c l e s  by  c y c l o a d d i t i o n  r e a c t i o n s .  T h i s  approach was hampered by t h e  

ext reme i n s t a b i l i t y  o f  t h i o a l d e h y d e s  i n  t h e  i s o l a t i o n  c o n d i t i o n s .  Only  h inde red  t h i o a l d e h y d e s  cou ld  
2 

be i s o l a t e d ,  b u t  t h e i r  r e a c t i v i t y  i s  v e r y  low.  I n  c o n t r a s t ,  many t h i o a l d e h y d e s  have been generated 
3-5 

and t r a p p e d  - i n  s i t u "  w i t h  1.3-dienes o r  s t a b l e  1 .3 -d ipo les .  A  prob lem may a r i s e  i n  the  r e a c t i o n  
6 

w i t h  1 ,3 -d ipo les  a l s o  genera ted  " i n  s i t " - .  To c i r cumven t  t h e  prob lem, s i l y l  t h i o k e t o n e s  can be 

used as s y n t h e t i c  e q u i v a l e n t s  o f  t h i o a l d e h y d e s  because t h e y  a r e  good d i e n o p h i l e s  and d i p o l a r o p h i l e s  

i f o r  p a r t  5  see re f .  6e 

5 presen t  address:  U n i v e r s i t y  o f  Zagazig,  Zagazig (Egyp t )  

0 t o  whom shou ld  t h e  correspondance be addressed 



and t h e i r  s i l y l  adducts  can be p r o t o d e s i l y l a t e d  l e a d i n g  t o  t h e  adducts  f o r m a l l y  d e r i v i n g  f rom 

t h i o a l d e h y d e s .  As r e p o r t e d  e lsewhere,  we found t h a t  p r o t o d e s i l y l a t i o n  o c c u r r e d  e a s i l y  on t h e  
6c 

adducts  between a r y l  s i l y l  t h i o n e s  and 1,3-d ienes whereas i t  was more d i f f i c u l t  and c o m p l i c a t e d  

by s i d e  r e a c t i o n s  when pe r fo rmed  upon t h e  adducts  a r i s i n g  from a l k y l  s i l y l  t h i ~ n e s . ~ ~  S ince  removal  

of s i l i c o n  from t h e  p r i m a r y  adduct  i s  an e s s e n t i a l  s t e p  i n  o r d e r  t o  e x p l o i t  t h e  s y n t h e t i c  

equ iva lence  between s i l y l  t h i o k e t o n e s  and t h i o a l d e h y d e s ,  we had t o  r e s t r i c t  ou r  i n v e s t i g a t i o n  t o  
6a.b a r y l  d e r i v a t i v e s .  We r e p o r t e d  p r e v i o u s l y  about  t h e  c y c l o a d d i t i o n  of some 1 ,3 -d ipo les  t o  phenyl  

t r i m e t h y l s i l y l  t h i o n e ;  we w ish  t o  r e p o r t  he re  o u r  complete r e s u l t s  c o n c e r n i n g  t h e  c y c l o a d d i t i o n  of 

r e p r e s e n t a t i v e  1 ,3 -d ipo les  - n i t r i l e  ox ides  Za,b, n i t r i l e  i m i n e  Zc and n i t r i l e  y l i d e  2d t o  a r y l  

s i l y l  t h i o k e t o n e s  la ,b  and t h e  d e s i l y l a t i o n  of t h e  s i l y l  h e t e r o c y c l e s  o b t a i n e d .  

a R = M e  a  Ar = Ph X = O  
b R = P h  b  Ar  = p-C1-Ph X  = 0  

c A r  = Ph X = NPh 
d  A r = P h  X = p-NO2-C6H4CH 

RESULTS AND DISCUSSION 

Phenyl t r i m e t h y l s i l y l  t h i o k e t o n e  l a  was r e a c t e d  w i t h  1 ,3 -d ipo les  2a,c,d generated i n  s i t "  by 

d e h y d r o c h l o r i o a t i o n  of  a s u i t a b l e  p r e c u r s o r  w i t h  t r i e t h y l a m i n e .  Only  t h e  s t a b l e  

p-chlorobenzonitriloxide 2b was r e a c t e d  d i r e c t l y  w i t h  phenyl  t r i p h e n y l s i l y l  t h i o k e t o n e  l b .  A f t e r  

t h e  d isappearance of t h e  s t a r t i n g  t h i o n e  ( g e n e r a l l y  few hours )  f i l t r a t i o n  of t r i e t h y l a m i n e  

h y d r o c h l o r i d e  and chromatography of  t h e  r e a c t i o n  m i x t u r e  af forded t h e  s i l y l a t e d  cyc loadduc ts  3, 

whose y i e l d s  and p h y s i c a l  d a t a  a r e  r e p o r t e d  i n  Tab le  1. Only  t h e  adduct 3b c o u l d  be i s o l a t e d  s i m p l y  

by  c r y s t a l l i z a t i o n  from t h e  r e a c t i o n  m i x t u r e .  The d i f f e r e n c e s  between r e a c t i o n  y i e l d s  can d e r i v e  

from t h e  d i f f e r e n t  r e a c t i v i t y  o f  t h e  1 ,3 -d ipo les  Za-d. I n  f a c t ,  when t h e  1 , 3 - d i p o l e  p r e s e n t s  low 

r e a c t i v i t y ,  as f o r  Zc and Zd, an h i g h e r  r e a c t i o n  tempera tu re  i s  r e q u i r e d ,  f a v o u r i n g  t h e  c o m p e t i t i v e  

t r i m e r i s a t i o n 6 d  of  t h e  t h i o n e .  T h i s  was i n  f a c t  t h e  ma jo r  pathway i n  t h e  r e a c t i o n  between l a  and 

t h e  n i t r i l e  y l i d e  2d. The e l u c i d a t i o n  of t h e  s t r u c t u r e  of t h e  adducts  3a-e was based on 

s p e c t r o s c o p i c  ev idence  as w e l l  as on chemica l  c o r r e l a t i o n s  o b t a i n e d  d u r i n g  t h e  subsequent 

d e s i l y l a t i o n  s tep .  The y i e l d s  and p h y s i c a l  da ta  of  d e s i l y l a t e d  adducts  4 a r e  r e p o r t e d  i n  Tab le  2. 
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Tab le  I 

e n t r y  A r  R X y ie ld i  rnp ( - C )  6 (SiMe3) 
(7") 

tl 

3a Ph Me 0 81 91-92 0.18 

3b p-C1-C H Ph 0 95 144-146 
6 4 

3c Ph Me NPh 65 146-148 0.30 

0.10 ( E )  
3d+3e* Ph Me p-NO C H C H  20 2 6 4  

174-176 -0.30 ( 2 )  

# based on t h e  t h i a k e t o n e  
* d ias te reo lne r i c  m i x t u r e  

4 

Tab le  2 

e n t r y  Ar X Y i e l d  mp ( " C )  
(%) 

4a Ph 0 

4b p-CI-C H 0 . - . 
6 4 

4c Ph NPh 50 82-84 6 . 8 0 ( s )  

4d Ph P-NO -C tl C H  12 
2 6 4  

106-107 4.83 t d )  J 7.5 Hz 

" no t  i s o l a t e d  



C y c l o a d d i t i o n ~  of a r y l  s i l y l  l h i o n e s  w i t h  n i t r i l e  o x i d e s .  The r e a c t i o n  between phenyl  

t r i m e t h y l s i l y l  t h i o n e  l a  and b e n z o n i t r i l a x i d e  Za gave 2,5-diphenyl-5-trimethyliilyl-5HW1,4,2-0x3- 
7 

t h i a m l e  33 .  T h i s  c y c l o a d d i t i o n  proved t o  be i - e g i a s p e c i f i c  as  o t h e r s  a l r e a d y  d e s c r i b e d  between 

t h i o c a r b o n y l  compounds and n i t r i l e  o x i d e s .  The r e g i o c h e m i s t r y  was c o n f i r m e d  by c o r r e c t  s p e c t r a l  

d a t a  and chemica l  ev idence .  I n  f a c t  p r o t o d e s i l y l a t i o n  of t h e  adduct  33 ,  per formed e i t h e r  w i t h  

te t raethy lammonium f l u o r i d e  (TEAF) i n  wet  d i m e t h y l  su lphox ide  or w i t h  te t rab t l t y lam~non iu ln  f l u o r i d e  

(TBAF) i n  t e t r a h y d r o f u r a n  d i d  n o t  a f f o r d  3 , 5 - d i p h e n y l - 5 l l - l . 4 , 2 - o x a t h i a r o l e  4 a  but. b e n z o n i t r i l e  and 

d i b e n z o y l  d i s u l p h i d e  i n  n e a r l y  q u a n t i t a t i v e  y i e l d .  Ba th  i s o l a t e d  p r o d u c t s  a r i s e  f rom t h e  

f r a g m e n t a t i o n  o f  t h e  unknown h e t e r o c y c l e  4a. i t  i s  n o t  c l e a r  whether  4a i s  an i n t r i n s e c a l l y  l a b i l e  

p r o d u c t  o r  t h e  b a s i c  c o n d i t i o n s  employed d u r i n g  d e i i l y l a t i n n  f a v o u r  a base -ca ta l yzed  r i n g  

f ragmen ta t i on  ( see  schelne I ) .  Never the less ,  t h i s  r e s u l t  conf i rn lc  t h e  r e g i o r h e m i s t r y  proposed f o r  

3a. 

The r e a c t i o n  of phenyl  t r i p h e n y l s i l y l  t h i o n e  i b  w i t h  p-chlorobenronitriloxide Zb l e d  

r e g i o s p e c i f i c a l l y  and i n  n e a r l y  q u a n t i t a t i v e  y i e l d  t o  t h e  cyc loadduc t  3b.  D e s i l y l a t i a n  o f  3b gave 

t h e  same r e s u l t s  as f o r  3a ( s ee  e x p e r i m e n t a l ) .  

Scheme 1 

F - 

3a ,  b  -----+ 
- R3S8On 

C y c l o d d d i t i o n  o f  phenyl  t r i s \ e t h y l s i l y l  t h i o n e  l a  w i t h  d i p h e n y l n i t r i l i m i n e  - Z c .  The r e a c t i o n  between 

t h e  s i l y l  t h i o n e  l a  and t h e  n i l r i l i m i n e  Zc gave 2 , 3 , 5 - t r i p h e n y 1 - 2 ~ t r i m e t h y l i i l y 1 - 2 , 3 - d i h y d r 0 - 1 , 3 , 4 -  

t h i a d i a r a l e  3 c ,  whose s t r u c t u r e  was ass igned on t h e  b a s i s  o f  c o r r e c t  c p e c t r a l  d a t a  as w e l l  a s  

chemica l  ev idence  o b t a i n e d  t h r o u g h  i t s  d e s i l y l a t i o n .  As r e p o r t e d  compound 3c c o u l d  be 

p r o t o d e s i l y l a t e d  upon t r e a t m e n t  w i t h  TEAF i n  d ime thy l  s u l p h o x i d e  a t  room t empera tu re  t o  t h e  

c o r r e s p o n d i n g  2,3-dihydro-2.3.5-triphenyl-1 , 3 , 4 t h i a d i a r  4c8 (irk); i n  a d d i t i o n ,  N-phenyl -  

th iobenzamide and b e n z o n i t r i l e  were found: these  two p r o d u c t s  a r i s e  from a p a r t i a l  decompos i t i on  

o f  4c .  i n  f a c t ,  t h e  5-14 s u b s t i t u t e d  t h i a d i a z o l i n e  4c i s  t ransformed i n t o  b e n z o n i t r i l e  and N-phenyl- 

th iobenzamide on s t a n d i n g  f o r  some days a t  roam tempera tu re  or  by h e a t i n g  a t  8 0 ~ C  f o r  some minu tes  

(see Scheme 21. In t h i s  c a s e  a g a i n ,  t h e  p r o d u c t s  a r i s i n g  f r om t h e  f ragmen ta t i on  of t h e  

H - s u b s t i t u t e d  h e t e r o c y c l e  c o n f i r m  t h e  r e g i a c h e m i s t r y  of t h e  p r i m a r y  adduct .  
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Scheme 2 

T E A F  

3c ____, + P h C S N H P h  + P h C N  

DMSO Ph 

C y c l o a d d i t i o n  o f  phenyl  t r i r n e t h y l s i l y l  t h i o n e  l a  w i t h  b e n r n n i t r i l e  4 - n i t r a b e n z y l i d e  Zd, The 

r e a c t i o n  between l a  and 2d gave i n  20% y i e l d  t h e  p r i m a r y  adduct  2 . 5 - d i p h e n y l - 4 - i p ~ n i t r o p h e n y l ) - 5 -  

trimethylsilyl-4,s-dihydrothiaiole 3d.e a s  a m i x t u r e  o f  two d i a i t e r e o m e r s ,  t o g e t h e r  w i t h  a 

comparable y i e l d  of 2 . 5 - d i p h e n y l - 4 - i p - n i t r o p h e n y l l t h i a z o l e  5  a r i s i n g  f rom t h e  a r o n ~ a l i z a t i o n  of t he  

p r i m a r y  adduct 3d.e: t h e  t h i d r o l e  5 w a s  formed even d u r i n g  t h e  chromatography o f  p u r e  3d.e. We 

were n o t  a b l e  t o  d e t e c t  e i t h e r  t h e  a l t e r n a t i v e  r e g i o i s o m e r  4.5-diphenyl-Zip-nitrophenyl)(ltri~ 

methylsilyl-2,5-dihydrothiazole or  i t s  a r o m a t i l a t i o n  p r o d u c t  4.5-diphenyl2ip-nitrnp1~enyI)thiazole 

i n  t h e  r e a c t i o n  m i x t u r e :  t h e  r e a c t i o n  i s  t h e r e f o r e  r e q i o i p e c i f i r  w i t h  t h e  s a w  r e g i a c h e m i i t r y  

p r e v i o u s l y  found  by t lu isgen i n  t h e  c y c l o a d d i t i o n  o f  2d w i t h  methy l  d i i h i o b e n i o a t ?  and methyl 

t h i o n o b e n ~ o a t e . ~  It i s  wor th  o f  n o t e  t h a t  H u i i g e n . ~  t h i a z a l i r ! e s  6a,b c a r r y i n g  a l e a v i n g  g roup  l i k e  

rnethoxy or  m e t h y l t h i o  a l s o  underwent a ve ry  easy a r o m a t i s a t i o n  t o  t h e  t h i a z n l e  5  upon h e a t i n g  o r  

d u r i n g  work-up (see Scheme 31. 
9 

The c y c l o a d d i t i o n  i s  n o t  s t e r e o s p e c i f i c :  t h e  t w o  isomers 3d.e were o b t a i n e d  i n  a r a t i o  65:35.  An 

a t t e m p t  o f  s e p a r a t i o n  l e d  o n l y  t o  t h e  pu re  3d, b e s i d e  t h e  a ro rna t i i ed  p roduc t  5. The r e l a t i v e  

s t e r e o c h e m i s t r y  w a s  a t t r i b u t e d  t o  t h e  p r imary  adducts  3d.e an t h e  b a s i s  o f  nOe exper iments .  

S a t u r a t i o n  of t h e  SiMe s i g n a l  o f  t h e  m a j o r  isomer 3d a t  0 .10 ppnl caused an i n c r e a s e  (up t a  16%) of 
3  

t h e  s i g n a l  a f  t h e  c o r r e s p o n d i n g  C-4 thyiirogen a t  6.15 ppm. A c o n t r o l  exper in lent  w a s  ron on t h e  

m i x t u r e  o f  3d,e: s a t u r a t i o n  o f  t h e  SiMe3 s i g n a l  o f  t h e  m ino r  isomer 3e a t  - 0 . 3  ppm caused no 

s i g n i f i c a n t  i n c r e a s e  i n  t h e  i n t e n s i t y  o f  t h e  c o r r e s p o n d i n g  C-4 hydrogen s i g n a l  a t  6 . 4 5  ppm. On t h i s  

b a s i s  we were a b l e  t o  a s s i g n  t h e  - E r e l a t i v e  c o n f i g u r a t i o n  t o  3d and t h e  - Z c o n f i g u r a t i o n  t o  t h e  

i s o m e r i c  adduct  3e. I n s p e c t i o n  of m o l e c u l a r  nlodelr shows t h a t  i n  t h e  E-isomer a c i s  arrangement of 

t h e  C-4 p - n i t r a p h e n y l  and C-5 phenyl  groups Corresponds t o  an average d i s t a n c e  of  0 . 3 5  nm between 

t h e  C-4 hydrogen and t h e  hydrogens of  t h e  SiMe3 group.  

D e i i l y l a t i o n  o f  t h e  i s o m e r i c  m i x t u r e  o f  t h e  s i l y l t h i a z o l i n e s  3d.e was a t tempted  under  d i f f e r e n t  

c o n d i t i o n s .  When TEAF i n  OMS0 w a s  used a s  d e s i l y l a t i n g  agent ,  t h e  o n l y  recovered  p r o d u c t  w a s  

t h i a m l e  5 .  I n s t e a d ,  when TBAF was used i n  THF, t h e  expected p r o t o d e s i l y l a t e r l  

2,5-diphenyl-4-(p-nitr.aphenyl)-4,5-dihydrothiazale 4d was formed i n  12% y i e l d  t o g e t h e r  w i t h  t h e  

t h i a m l e  5  (40%) (Scheme 41. Compound 4d i s  a s i n g l e  d ias te reomer  -and i t s  s t e r e o r h e m i s t r y  i s  e a s i l y  



Scheme 3  

6a X = SMe 

6b X = One 

I 
ass igned  an t h e  b a s i s  o f  i t s  H nmr spect rum,  where t h e  two hydrogens a t  C-4  and C - 5  d i s p l a y  an A X  

system w i t h  a  c o u p l i n g  c o n s t a n t  of 7 . 5  Hz: t h i s  i n d i c a t e s  a syn coplanar arrangement of these two 

hydrogens and a  + t e r e o c h e m i s t r y  about  t h e  C-4 - C-5 band. U n f o r t u n a t e l y ,  t h e  s t e r e o c h e i n i i t r y  of 

t h e  d e s i l y l a t i a n  cannot  be d i scussed  because t h e  s i l y l a t e d  educt  was  a  m i x t u r e  of two isomers and 

t h e  a r o m a t i r e d  p roduc t  5 i s  f a r  l a r g e l y  formed. 

Scheme 4 

H 

T B A F  

3d,e + 5 

T H F  Ph 
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CONCLUSIONS 

The aim of  t h e  p resen t  i n v e s t i g a t i o n  was t u r n e d  towards two d i s t i n c t  p o i n t s :  s t u d y i n g  t h e  

c y c l o a d d i t i o n  between s i l y l  t h i o k e t o n e s  and 1 ,3 -d ipo les  and p r o b i n g  t h e  s y n t h e t i c  equ iva lence  

between s i l y l  t h i o k e t o n e s  and t h i o a l d e h y d e s  t h r o u g h  p r o t o d e s i l y l a t i o n  o f  t h e  s i l y l a t e d  

cyc loadduc ts .  As f a r  as t h e  f i r s t  p o i n t  i s  concerned,  ou r  r e s u l t s  show t h a t  s i l y l  t h i o n e s  behave 

s i m i l a r l y  t o  n o t - s i l y l a t e d  t h i o n e s  w i t h  r e s p e c t  t o  r e a c t i v i t y  towards t h e  chosen 1 ,3 -d ipo les .  The 

cyc loadduc ts  a r e  formed r e g i o s p e c i f i c a l l y  and t h e  r e g i o c h e m i s t r y  i s  t h e  same as d iscussed by  

~ u i s g e n l O  or ~ 0 u k . l '  The proposed s y n t h e t i c  equ iva lence  can  be e x p l o i t e d  if t h e  hydrogen 

s u b s t i t u t e d  h e t e r o c y c l e  has some s t a b i l i t y .  Our r e s u l t s  show t h a t  t h e  s t a b i l i t y  o f  compounds 4a-d 

depends on t h e  t y p e  of heteroatoms t h e r e  p r e s e n t  b e i n g  poor  f o r  t h e  t h i a d i a z o l i n e  4c which e a s i l y  

decomposes i n t o  th ioamide  and n i t r i l e .  Chemical s t a b i l i t y  seems h i g h e r  f o r  t h i a z o l i n e  4d, which i n  

t u r n  a r i s e s  from a q u i t e  u n s t a b l e  s i l y l  h e t e r o c y c l e ,  w i t h  a ve ry  s t r o n g  tendency t o  arornatise. 

F i n a l l y  t h e  o x a t h i a r i n e  4a i s  t o t a l l y  u n s t a b l e  i n  t h e  d e s i l y l a t i o n  c o n d i t i o n s  and o n l y  the  products  

a r i s i n g  from i t s  f ragmen ta t i on  were found.  

EXPERIMENTAL 

H Nmr s p e c t r a  were reco rded  r o u t i n e l y  a t  60 MHz on a Var ian  EM-360-L spec t romete r ;  nOe exper iments  

were r u n  a t  200 MHz on a  Var ian  Gemini 200 spec t romete r ;  13c nmr s p e c t r a  were r e c o r d e d  on a Varian 

FT-80-A spec t romete r ;  chemica l  s h i f t s  are r e p o r t e d  on t h e  d s c a l e  ( r e f e r e n c e  t e t r a m e t h y l s i l a n e l .  

Ir s p e c t r a  were o b t a i n e d  on a  P e r k i n  Elmer 177 spec t ropho tomete r .  Mass s p e c t r a  were r e c o r d e d  w i th  a 

VG 7070-E spec t romete r  a t  an i o n i z i n g  v o l t a g e  o f  70 eV. Rou t ine  u v - v i s  s p e c t r a  were o b t a i n e d  from a 

J a x o  U ~ i d e c - 6 5 0  spec t ropho tomete r .  Glc ana lyses  were performed on a Va r ian  3700 gaschromagraph, 

equipped w i t h  a f l ame i o n i z a t i o n  d e t e c t o r  and f i t t e d  t o  a Va r ian  4270 e l e c t r o n i c  i n t e g r a t o r .  

M e l t i n g  p o i n t s  and ppm a r e  uncor rec ted .  E t h e r  r e f e r s  t o  d i e t h y l  e t h e r .  

M a t e r i a l s :  t h e  s i l y l  t h i o k e t o n e s  l a , b  were p repared  as p r e v i o u s l y  d e s c r i b e d . 6 b  Phenyl 

t r i m e t h y l s i l y l  t h i o k e t o n e  l a  was p repared  immed ia te l y  p r i o r  t o  use i n  d i e t h y l  e t h e r ;  i t s  

c o n c e n t r a t i o n  was de te rm ined  t h r o u g h  t h e  adsorbance a t  = 678 nm I E 371 i n  t h e  u v - v i s  spectrum. 

2,5-Diphenyl-5-trimethylsily1-5H-1,4,Z-oxathiarole 3a: A  s o l u t i o n  of t r i e t h y l a m i n e  (1 .1  m l ,  7.86 

rnrnoll i n  e t h e r  115 m l l  and a  s o l u t i o n  of benzhydroxamoyl c h l o r i d e 1 2  (1.22 g, 7 .86 rnmoll i n  e the r  

130 m l l  were added a t  t h e  same t i m e  t o  a  s t i r r e d  e t h e r e a l  s o l u t i o n  130 m l l  o f  t h e  t h i a n e  l a  17.86 

mmoll  a t  room tempera tu re :  t h e  r e a c t i o n  m i x t u r e  was s t i r r e d  o v e r n i g h t  under  n i t r o g e n  a t  room 

tempera tu re ,  t h e n  t h e  p r e c i p i t a t e d  t r i e thy lammon ium h y d r o c h l o r i d e  was f i l t e r e d  o f f  and the  f i l t r a t e  

w a s  evapora ted  in. The r e s i d u e  was  chromatographed on a  s i l i c a  ge l  column ( e l u a n t  benzene) 

a f f o r d i n g  3a (2 .00 g, 81%) as a  w h i t e  s o l i d :  mp 91-92'C tme thano l ) ;  w lCS21 1250, 840 and 755 
max - 1 

cm lSiMe31;dH 1CDCl3) 0.18 I s ,  9H1, 7.2-7.7 lm, 10H, HAr l ;  mir 313 (MI], 298 IM' - Me]. 240 (M' - 

SiMe31, 210 IM' - PhCNl, 135 (PhCNSl, 121 IPhCSI, 105, 103 (PhCNl; IFound: C ,  64.85; H, 6.11; N, 



4.42; S, 10.33. C H  NOSSi r e q u i r e s  C ,  65.13; H, 6.11; N ,  4.47; 5, 10.231. 
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2-(p-Chlorophenyll-5-phenyl-5-triphenylsilyl-5H-l,4,2-oxathiazole 3b: A  s o l u t i o n  of  p -ch lo robenro -  

n i t r i 1 o x i d e l 3  10.169 g, 1.1 mmo11 i n  e t h e r  (15 m l l  was added a t  2 0 ' C  t o  a  s o l u t i o n  o f  phenyl  

t r i p h e n y l s i l y l  t h i o k e t o n e  l b  (0 .42 g, 1.1 mmoll  i n  e t h e r  (35 n l l .  The r e s u l t i n g  s o l u t i o n  was 

s t i r r e d  under  N  a t  room tempera tu re  u n t i l  t h e  b l u e  c o l o u r  o f  t h e  t h i a n e  had d i sappeared  ( 3 0  mi" ) .  
2  

The w h i t e  p r e c i p i t a t e  was f i l t e r e d  o f f ;  c h r y s t a l l i z a t i o n  gave pu re  3b (0 .56 g, 95%) as a  g reen ish -  

w h i t e  s o l i d :  mp 144-146°C (me thano l ) ;  v lCS2)  1210 and 595 cm-' IS iPh  I; d (CDCl I 6.8-8.1 Im, 
max 3  H  3  

24 H, H A r l ;  dC(CDCl31 154.5 t s ) ,  142.9 I s ) ,  137.0 I s ) ,  136.8 ( d l ,  131.1 I d ) ,  130.3 I d ) ,  129.8 ( d l ,  

128.8 ( d l ,  127.8 I d ) ,  127.4 I s ) ,  127.2 ( d l ,  126.4 ( s l ,  125.6 I d ) ,  98.6 I s ) ;  m i z  396 1Mt - C l C  H  CNI, 
6  4  

319 (Mi C I C  H  CN - C6H51, 291 (Mi - C1C H CN - C H  S i l ,  259 I I C  H  I S i l ,  137 - 139 tClC H  CNI 105 6  4  6  4  6  5  6  5  3  6 4  ' 
(C6H5Si) ,  102 IC H CN), 77 lC6H5); (Found: C, 71.83; H, 4.61; N, 2.65; 5, 6.08. C  H  ClNOSSi 

6  4  32 24 
r e q u i r e s  C ,  71.95; H, 4.53; N, 2.62; 5, 6 .00 ) .  

2 , 3 , 5 - T r i p h e n y l - 2 - t r i m e t h y 1 s i l y 1 - 2 , 3 - d i h y d r 0 - 1 3 4 t h i d i l  3c :  A  s o l u t i o n  o f  t r i e t h y l a m i n e  

(0 .38 m l ,  2.73 mmall  i n  benzene 130 m l l  and a  s o l u t i o n  of  N - l a - c h l o r o b e n z y l i d e n e l - N p h e n y l -  

h y d r a r i n e 1 4  10.63 g, 2.73 mmol) i n  benzene (30 m l )  were  dropped a t  t h e  same t i m e  t o  a  c o n c e n t r a t e d  

e t h e r e a l  s o l u t i o n  ( 5  m l l  o f  t h e  t h i o n e  l a  12.73 rnrnol) d i l u t e d  w i t h  benzene ( 1 0  m l l .  The r e s u l t i n g  

s o l u t i o n  was t h e n  r e f l u x e d  f o r  1  h  under  N2. A f t e r  c o o l i n g ,  t h e  p r e c i p i t a t e d  t r i e thy lammon ium 

h y d r o c h l o r i d e  was f i l t e r e d  o f f  and t h e  f i l t r a t e  was c o n c e n t r a t e d  i n  vacuo: t h e  r e s i d u e  was 

chromatographed on a s i l i c a  g e l  column ( e l u a n t  p e t r o l e u m  e t h e r :  benzene 8 :21  a f f o r d i n g  3c (0 .695 g, 

65961: mp 146-148°C ( e t h a n o l ) ;  v tCS2) 1250, 840 and 755 cm-I lS iMe3) ;  dH lCDCl31, 0 . 3 0 t s ,  9  H, 
max 

SiMe I, 6.6 - 7.6 Im, 15 H, HAr) ;  m l z  388 ( ~ ' 1 ,  373 IM' - Me), 315 IM' - SiMe I, 222 IPhCSCNPh), 
3  3  

180 IPhCNPhI, 121 IPhCS). (Found C, 71.19; H, 6.36; N, 7.27; S, 8.34. C H  N  SSi r e q u i r e s  C, 
23 24 2  

71.08; H, 6.22; N, 7.21; 5, 8.251. 

2,5-0ipheny1-4-(p-nitrophenyll-5-trimethylsilyl-4,5-dihydrothizol 3d-e: The r e a c t i o n  was 

performed on l a  13.9 mmol) i n  a  c o n c e n t r a t e d  e t h e r e a l  s o l u t i o n  (5  m l )  w i t h  t h e  same p rocedure  as 

d e s c r i b e d  f a r  3c;  N-lp-nitrobenzyllbenzimidoyl c h l o r i d e 9  was used as t h e  p r e c u r s o r  o f  t h e  

1 , 3 - d i p o l e  2d. The r e a c t i o n  m i x t u r e  was r e f l u x e d  30 m in  under  N t h e n  c o o l e d  and t h e  p r e c i p i t a t e d  
2  ' 

t r i e thy lammon ium h y d r o c h l o r i d e  w a s  f i l t e r e d  o f f  (0 .27  g, Y i e l d  50"b) .  The f i l t r a t e  was c o n c e n t r a t e d  

i n  vacuo, t h e n  chromatographed on a s i l i c a  g e l  column ( e l u a n t  pe t ro leum e t h e r  : e t h y l  e t h e r  8  : 2 )  

a f f o r d i n g  as t h e  f i r s t  f r a c t i o n  0.38 q  150%) o f  a m i x t u r e  o f  a -  and R-2,4,6-trimethylsilyl-2,4,6- 

t r i ~ h e n y l - I , 3 , 5 - t r i t h i a n e ~ ~  and as t h e  second f r a c t i o n  0.60 g  o f  a  m i x t u r e  o f  t h e  cyc loadduc ts  3d-e 

and t h e  t h i a z o l e  5. Th is  m i x t u r e  was  separated by chromatography on s i l i c a  ge l  p l a t e s  ( e l u a n t  

pe t ro leum e t h e r  : e t h y l  a c e t a t e  5  : 1)  g i v i n g ,  as t h e  h i g h e r  R f r a c t i o n  t h e  t h i a r o l e  5  10.20 g, 
9  

f 
14%), mp 130-132°C (methanol )  

%ax 
tCS21 1345, 1220 cm-l (NO2), and as  t h e  l ower  Rf f r a c t i o n  t h e  

t h i a z o l i n e s  3d-e as a  y e l l o w  s o l i d :  10.34 g, ZO"L1, mp 174-176-C In-hexane : e t h e r ) ;  v (CS2) 1340 
max 

(NO2), 1250 and 835 cm-' (S iMe3) ;b  tCDCl - 0.27 and 0.11 (Zs ,  9H, SiMe ) ,  6.20 and 6.43 ( 2  s ,  
H 3  3  

l H ,  C-4 H I ,  6.7-8.2 (m, 14 H, HAr) ;  m i 2  432 t ~ ' ) ,  358 ( M *  - Me S iH) ,  329 (Mi P h C N I ,  238 (Mi - 
3  

PhCSSiMe3), 165, 121 tPhCS1, 77 I P h I ,  73 lSiMe31. (Found: C ,  66.70; H, 5.61; N, 6 .47;  8, 7.43. 

C24H24N202SSi r e q u i r e s  C ,  66.63; H, 5.59; N ,  6.48; 8, 7 .41 ) .  The r a t i o  between t h e  isomers 3d and 
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3e was de te rm ined  by i n t e g r a t i o n  of t h e  s i g n a l s  o f  t h e  SiMe3 10.11 and -0.27 ppm) and C-4 H 16.20 

and 6.43 ppm) r e s p e c t i v e l y  f o r  t h e  two p r o d u c t s  3d : 3e ;- 2  : 1. Th is  m i x t u r e  was chromatographed 

s i x  t i m e s  on s i l i c a  ge l  p l a t e s  ( e l u a n t  pe t ro leum e t h e r  : e t h y l  a c e t a t e  10 : 1 )  g i v i n g  a lmost  pure 

3d as t h e  l owes t  p a r t  of t h e  second f r a c t i o n  b e s i d e  t h e  t h i a z o l e  5  as t h e  h i g h e s t  R f r a c t i o n . 6  
f H  

( a t  200 MHz) 0.11 I s ,  9H, SiMe3), 6.13 I s ,  1  H, C-4 H I ,  6.8-6.9 lm, 2  H, HA?), 6.9-7.1 tm, 3  H ,  

HAr l ,  7.35-7.60 lm, 5  H, HAr1, 7.85-8.00 Im, 4  H ,  HAr l .  

D e s i l y l a t i o n  of 3a:  A  suspension of 2,5-diphenyl-5-trirnethylsilyl- 1 ,4 ,2 -oxa th iazo le  3a (0.156 g, 

0 .5  mmol) i n  d ime thy l  su lphox ide  IDMSOI 11 m l 1  was t r e a t e d  w i t h  TEAi (0 .14 g, 0.75 mmol l .  A f t e r  few 

m i n u t e s  a t  room tempera tu re  t h e  r e a c t i o n  m i x t u r e  was d i l u t e d  w i t h  w a t e r ,  e x t r a c t e d  w i t h  e t h e r  and 

t h e  e t h e r e a l  e x t r a c t s  were d r i e d  (Na  SO I A g l c  a n a l y s i s  o f  t h e  c rude  r e a c t i o n  m i x t u r e  revea led  
2  4 '  

t h e  presence of b e n z o n i t r i l e  (0.031 g. 61'1.) which was determined employ ing t h e  i n t e r n a l  s tandard 

method. The analyses were performed on a 3% SP-2100 on Supe lcopor t  1100-120 mesh1 packed column Im.  

21 u s i n g  a tempera tu re  program from 50 t o  200 "C, program r a t e  10°C mi"- ' .  A t  a  f l o w  r a t e  o f  

c a r r i e r  gas ( n i t r o g e n )  equal  t o  30 ml mi".' r e t e n t i o n  t imes  were tR t b e n z o n i t r i l e )  3.8 min.;  

t ( b i p h e n y l  used as i n t e r n a l  s tandard )  9 . 9  m in .  The c rude  r e a c t i o n  m i x t u r e  was t h e n  evapora ted  and 
R  

c r y s t a l l i z e d  f rom methanol ,  g i v i n g  d ibenzay l  d i s u l p h i d e  (0.038 g ,  56%1, rnp 128-130-C wh ich  was 

compared w i t h  a model p r o d u c t .  
15 

When t h e  same r e a c t i o n  was repea ted  u s i n g  TBAF as d e s i l y l a t i n g  agent i n  t e t r a h y d r o f u r a n  a t  -30°C 

d e t e r m i n a t i o n  o f  p r o d u c t s  as above r e p o r t e d  gave: b e n z o n i t r i l e  85%, d i b e n z a y l  d i s u l p h i d e  92%. 

D e s i l y l a t i o n  of 3b: A  TBAF i n  THF 1  M s o l u t i o n  (0 .23 m l .  0.23 mmoll  was added a t  0-C t o  a  s o l u t i o n  

of 2-lp-chlorophenyl~-5-phenyl-5-triphenylsilyl-l,4,Z-oxathiarole 3b (0.119 g ,  0 .22 mmol1in wet THF 

15.0 m l ) .  The r e a c t i o n  m i x t u r e  w a s  s t i r r e d  a t  O ~ C  under  n i t r o g e n  f o r  2  h ,  t h e n  h y d r o l y z e d  w i t h  

s a t u r a t e d  acqueous ammonium c h l o r i d e ,  e x t r a c t e d  w i t h  e t h e r  and c o n c e n t r a t e d  i n  vacuo. The res idue  - 
was chromatographed on s i l i c a  g e l  p l a t e s  l e l u a n t  pe t ro leum e t h e r  : benzene 1  : 1)  g i v i n g  f i v e  f r a c -  

t i o n s ,  viz ( f rom t h e  t o p 1  s u l f u r  (3 .5  mg, 50%), p - c h l o r o b e n z o n i t r i l e  (29 mg, 95%), d ibenzoy l  

d i s u l p h i d e  15 mg, 16%1, t r i p h e n y l s i l a n o l  136.5 mg, 60%1, and benzoic  a c i d  (21.5 mg, 80961. 

D e s i l y l a t i o n  of  3c:  A  suspension of 2,3,5-triphenyl-2-trimethylsilyl-2,3-dihyd~o-l,3,4-thiadiazole 

3c (0 .10 g ,  0.25 mmoll  i n  OMSO ( 1  m l 1  was t r e a t e d  w i t h  TEAF 10.068 g, 0.37 mmol). A f t e r  few minutes 

a t  room tempera tu re  t h e  r e a c t i o n  m i x t u r e  was d i l u t e d  w i t h  wa te r  and e x t r a c t e d  w i t h  e t h e r ;  t h e  e t h e r  

e x t r a c t s  were d r i e d  (Na SO 1 and c o n c e n t r a t e d  invacuo. The s o l i d  r e s i d u e  was chromatographed on 
2  4  

s i l i c a  g e l  j l a t e i  l e l u a n t  pe t ro leum e t h e r :  e t h y l  a c e t a t e  10 : I ) ,  g i v i n g  as t h e  h i g h e r  R f  f r a c t i o n  
8  

2,3-dihydro-2,3,5-tripheny1-1,3,4-thiadiazole 4c 10.04 g, 50%): mp 82-84°C (n -pen tane l ;  6  ICDC13) 

6.801s, 1  H, C-2 H),7.0 - 8.3 lm, 15 H, HAr1; m l r  316 (Mi), 239 (M' - Ph) ,  207 (M' -Ph - S), 194 

(Mt - PhCHSI, 122 (PhCHS), 105, 91, 77, and as t h e  l ower  Rf f r a c t i o n  N-phenyl th iobenzamide (0 .018 

g ,  34%>,16 mp 93-95'C. I n  a separa te  exper imen t  b e n z o n i t r i l e  t30%1 was de te rm ined  d i r e c t l y  on t h e  

r e a c t i o n  m i x t u r e  by g l c  as a l r e a d y  d e s c r i b e d  f a r  t h e  d e s i l y l a t i o n  of 3a. 

On s t a n d i n g  a t  room tempera tu re ,  t h i a d i a r a l i n e  4c w a s  s l o w l y  t r a n s f o r m e d  i n t o  N-phenyl- 

t h iobenzamide  and b e n z o n i t r i l e ;  t h e  decompos i t i on  was about  30% a f t e r  12 h .  

D e s i l y l a t i o n  of  3d-e: A  TBAF i n  THF 1  M s o l u t i o n  10.75 ml. 0 .75 rnrnol) was added a t  O°C t o  a  



s o l u t i o n  o f  t h e  s i l y l  t h i a z o l i n e  3d-e (0.31 g, 0.72 mmol) i n  wet THF ( 3  m l l .  The r e a c t i o n  m i x t u r e  

was s t i r r e d  o v e r n i g h t  a t  room temperature,  then  d i l u t e d  w i t h  water ,  e x t r a c t e d  w i t h  e t h e r  and 

concen t ra ted  invacuo. The r e s i d u e  was chromatographed on s i l i c a  g e l  p l a t e s  ( e l u a n t  benzene) g i v i n g  

as t h e  h i g h e r  R f r a c t i o n  t h e  t h i a r a l e  5 (0.103 g, 41Pk1, and as t h e  lower  Rf f r a c t i o n  
f 

2,5-diphenyl-4-(p-nitrophenyl)-4,5-dihydrothiarole (0.031 g ,  12%) 4d as a w h i t e  s o l i d :  mp 106-107°C 

t e t h e r  : n-hexanel; v (CS2) 1345 cm-' (NO2); 6 H  4.83 t d ,  1 H, J 7.5 Hz, C-5 HI, 5.87 td ,  1 H, J 
max 

7.5 Hz, C-4 H I ,  7 .2 - 8.3 tm, 14 H, HAr l ;  m i l  360 ( ~ ' 1 ,  257 (M' - PhCNl, 239 (M' P h C S I ,  221, 192, 

165, 121 (PhCSl, 89, 77 ( P h l .  (Found : C ,  70.01; H, 4.49; N, 7.74; 5, 8.91. CZIH16N202S r e q u i r e s  C, 

69.98; H, 4.47; N, 7.77; 5, 8.891. 

When t h e  same r e a c t i o n  was performed employ ing TEAF i n  OMS0 as d e s i l y l a t i n g  agent ,  t h e  o n l y  

i s o l a t e d  p roduc t  was t h e  t h i a z o l e  5 (47%). 
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