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REACTION OF THIOBENZOYL ISOCYANATE5 WITH TRIMETHYLSILYL CYANIDE 
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Abstract- Thiobenzoyl  i socyana tes  were found  t o  r e a c t  w i t h  t r i m e t h y l s i l y l  

cyan ide  t o  a f f o r d  t h e  co r respond ing  2 - p h e n y l - 5 - t h i o b e n r u y l - 7 - t r i 1 1 1 e t l 1 y l s i l y l -  

imino-4,5,6,7-tetrahydro-l,3,5-thiadiazepine-4.6-diones ( 2 : l  a d d u c t s ) .  

R e c e n t l y ,  Oj ima and h i s  co-workers have developed v e r s a t i l i t y  o f  t r i m e t h y l s i l y l  cyan ide  (TMSCN) f o r  

syntheses of five-membered h e t e r o c y c l i c  compounds by r e a c t i o n s  w i t h  a r y l  i socyana tes l ,  c a r b o d i -  

3 im ides2 ,  and methy l  i s o t h i o c y a n a t e  . 
4 5 From o u r  p r e v i o u s  work on t h e  c y c l o a d d i t i o n  r e a c t i o n s  and c h l o r i n a t i o n  of t h i o b e n z o y l  i s o c y a n a t e ,  

i t  has become apparen t  t h a t  t h e  i s o c y a n a t e  m a n i f e s t e d  h i g h  r e a c t i v i t y  i n  l , 4 - a d d i t i o n s .  Thus i t  

m i g h t  be expec ted  t h a t  a  seven-membered h e t e r o c y c l i c  compound would be formed by t h e  r e a c t i o n  of 

t h i o b e n z o y l  i s o c y a n a t e  w i t h  TMSCN. We now w i s h  t o  r e p o r t  on t h e  r e a c t i o n  of t h i o b e n z o y l  i s o -  

cyanates w i t h  TMSCN l e a d i n g  t o  t h e  f o r m a t i o n  o f  seven-membered tetrahydro-1,3,5-thiadiazepine 

d e r i v a t i v e s .  

Al though t h i o b e n z o y l  i s o c y a n a t e  (a). genera ted  i n  s i t "  f r o m  2-phenylthiazoline-4,s-dione (d) i n  

xy lene6,  r e a c t e d  w l t h  TMSCN a t  120' t o  g i v e  t h e  2 : l  adduct  & of & t o  TMSCN, t h e  y i e l d  of 3 was 

7 r a t h e r  l ow because o f  t h e  f o r m a t i o n  o f  p r o d u c t s  d e r i v e d  from & i t s e l f  . However, i t  has been found 

t h a t  t h e  d i r e c t  r e a c t i o n  o f  w i t h  excess TMSCN i n  xy lene  a t  120' a f f o r d e d  3 i n  good y i e l d .  The 

r e s u l t s  under  v a r i o u s  c o n d i t i o n s  a r e  shown i n  Tab le  1 .  

S i m i l a r l y ,  2 -p -ch lo ropheny l -  (&) and 2-p-rnethoxyphenylthiazoline-4,5-dione (&) r e a c t e d  w i t h  TMSCN 

t o  g i v e  t h e  co r respond ing  2 : l  adducts 3 and & r e s p e c t i v e l y .  

On t h e  b a s i s  of s p e c t r a l  d a t a  and chemica l  convers ions ,  2 : l  adducts &-%were deduced t o  be t h e  

co r respond ing  2-phenyl-5-thiobenzoyl-7-trimethylsilylimino-4,5,6,7-tetrahydro-l,3,5-thiadiazepine- 

4.6-d iones,  b u t  n o t  5-iminoimidazolidinediones 4 n o r  1,3.6- th iadiazepinediones 5. 
D e t r i r n e t h y l s i l y l a t i o n  o f  2 : l  adducts 3 w i t h  h y d r o c h l o r i c  a c i d  i n  e t h a n o l  a t  room tempera tu re  

8 a f f o r d e d  t h e  co r respond ing  i m i n o  compounds 5 . which  r e a d i l y  r e v e r t e d  t o  J o n  t r e a t m e n t  w i t h  tri- 

m e t h y l s i l y l  c h l o r i d e  i n  t h e  presence of t r i e t h y l a m i n e .  



7 - 
a :  A Y = P ~ ,  b: Ar=p-C1C6H4, c: Ar=p-MeOC& 
- 

Scheme 1 

Table 1 

C o n d i t i o n s  
- 

Temp. 

O c  

- 

80 

120 

120 

120 

120 

120 

120 

3, Y i e l d  % - 

Time 

- 

2 h 41 

5 m i n  76 

1 h 61 

5 m in  56 

5 m in  91 

5 m in  46 

5 m i n  79 

As shown below, t h e  c a r b o n y l  a b s o r p t i o n  bands o f  3 and 5 appeared a t  1670-1680 cm-l.  T h i s  f a c t  

s t r o n g l y  exc ludes t h e  p o s s i b i l i t y  o f  4 f o r  t h e  2 : l  adducts because t h e  c a r b o n y l  a b s o r p t i o n  bands of 

1 1,3-diphenyl-5-iminoimidazolidine-2,4-dio appeared a t  1800 and 1750 cm-', I n  a d d i t i o n ,  mass 
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s p e c t r a  of 3a, 3b, 6a, and 6b which d i s p l a y e d  t h e  f ragment  i o n  due t o  K-II=C=S a t  m/e 131 (R=SiMe3) 

o r  59 (R-H) supported t h e  7-imino-1,3,5-thiadiarepine s t r u c t u r e s  f o r  t h e  2 : l  adducts and t h e i r  

d e t r i m e t h y l s i l y l a t e d  p roduc ts .  

3a: rnp 156-157O, orange need les .  IR (KBr )  1680 (C-0); 'H NMR (CDC13) 6 0.45 ( s ,  9H), - 

7.3-8.1 (m, 10H); MS mle  425 (M+) ,  294 (M+ - Me3SiNCS), 262 (Mt - - 2a) ,  176, 163 (d), 131 ( M e $ -  

9 NCS'), 121 ( P ~ c s ' ) ,  116, 103, 73 (ble3Sii, base peak) . 
1 3b: rnp 224' ( d e c ) ,  y e l l o w  p l a t e s .  I R  (KBr)  1670 cm-' (C-0); H NMR (COCl j I  6 0.42 ( s ,  YH), - 

7.3-8.0 ( m ,  8H); EIS mle  497, 495, 493 (14'). 298, 296 (M' - s ) ,  212, 210, 199, 197 ( ' 1 ,  157, 155 

( A ~ c s + ) ,  139, 137 ( A ~ c N + ) ,  ' 31  ( M ~ ~ s ~ N C S ' ) ,  73 (1le3Sit, base peak) .  

1 3c:  mp 1 9 2 ~  (dec) ,  ora.lge needles.  IR  (KBr)  1670 cm-' (C.0); H NMR (CDCl j )  6 0.42 ( 8 ,  YH), - 
3.82, 3.87 (each s ,  3H), 7.45, 7.55 (each dd, 4H); MS m/e 485 ( M + ,  base peak), 320 IM+ - ArCSN), 

292 (M' - &), 151 ( A r c s t ) ,  133 ( A ~ c N ' ) ,  73 (b le38i t ) .  

63: mp 160-161' (dec), y e l l o w  c r y s t a l s .  1R (KBr)  3200-2300 (NH). 1680 cm-' (C=O); llS m le  353 - 

(Mi), 294 (M' - NHCS), 250 ( M ~  - PhCN), 190 (M+ - &), 104, 103, 59 (NHCS'). 

6b: mp 220-226' (dec ) ,  y e l l o w  c r y s t a l s .  IR (KBr )  3300-2800 (NH), 1670 cm-' (C=O); MS mle  425, - 

423, 421 ( M ~ ) ,  286, 284 (M' - ArCN), 199, 197 ( s t ) ,  157, 155 (Arcs'), 140, 138 ( A ~ c N H + ) ,  139, 137 

( A ~ c N + ) ,  59 (NHCS+). 

6c: rnp 190-207' ( d e c ) ,  y e l l o w  c r y s t a l s .  IR (KBr ]  3300-2200 (NH), 1670 cm-' (C=O); MS m/e 413 - 

(M+), 193 (d), 151 (Arcs t ) ,  134 (A~cNH') ,  133 ( A ~ c N + ) .  

F u r t h e r  ev idence f o r  t h e  s t r u c t u r e s  3 was p rov ided  by t h e  r e d u c t i v e  h y d r o l y s i s  o f  2. Treatment o f  

3a w i t h  NaBH4 i n  THF af forded l-benzoyl-l-(N-trimethylsilyloxamoyl)-3-thiobenzoyl urea  (2) i n  44% - 

y i e l d .  S i m i l a r  t rea tments  o f  and gave the  cor respond ing  u reas  E a n d  i n  95 and 93% y i e l d s  

r e s p e c t i v e l y .  

7a: mp 196-197O, y e l l o w  need les .  I R  (KBr)  3200, 3100 (NH), 1660 cm-' (C=O); 'H NMR (CDC13) 6 - 
0.42 ( s ,  9H), 7.2-8.1 (m, 10H), 11.2, 12.98 (each broad,  1H); MS m/e 427 (M+), 290 (M+ - PhCSNHz), 

264 (M' - 3). 163 (d), 137 ( P ~ C S N H ~ ' ) ,  121 (P~cs' ) ,  105, 73. 
1 

7b: mp 237-238' ( d e c ) ,  orange need les .  I R  (KBr) 3240, 3160 (NH), 1680 cm-' (C=O); H NMR - 
(CDC13) 6 0.41 ( s ,  9H), 7.55 (rn, 8H), 11.3, 12.3 (each broad,  1HI; MS mle  499, 497, 495 ( ~ ' 1 ,  326, 

324 (M+ - ArCSNH2), 300, 298 (M' - E ) ,  199, 197 (d), 173, 171 ( A ~ c s N H ~ ' ) ,  157, 155 (Arcs'), 141, 

139 (A~co'), 139, 137 ( A ~ c N + ) .  

1 
7c :  mp 196.197~ (dec) ,  orange needles.  IR  (KBr )  3240, 3140 (NH), 1680 cm-I (C.0); H NMR - 

(CDC13) 6 0.41 (s, 9H), 3.73, 3.84 (each s ,  3H). 7.29, 7.24 (each dd, 4H1, 10.9, 12.9 (each broad,  

1H); llS m/e 487 ( M I ) ,  320 (M' - ArCSNHz), 294 (M' - g), 193 (d), 167 ( A ~ c s N H ~ ~ ) ,  151 ( A r c s f ) ,  

135 ( A ~ c o + ) ,  133 (ArCNt). 

The pathway f o r  t h e  fo rmat ion  o f  3 can be r e a d i l y  understood as d e p i c t e d  i n  t h e  f o l l o w i n g  scheme. 



TMSCN adds t o  2 i n  a s i m i l a r  manner as t o  a r y l  i socyana te  t o  y i e l d  t h e  1 : l  adduct  A. The i socyana te  

2 r e a c t s  w i t h  A by a 1 , 4 - a d d i t i o n  process t o  produce 8, and subsequent i n t r a m o l e c u l a r  i n s e r t i o n  r e -  - 

a c t i o n  i n  g i v e s  t h e  f i n a l  p r o d u c t  3. 
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