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4 5
R e c e n t l y  it was shown ' that s u l f i n e s  rea ot r e a d i l y  w it h d i a z o a l k a n e s  to 

A 3 - 1 , 3 , 4 - t h i a d i a z o l i n e - 1 - o x i d e s  in a r e g i o s p e c i f i c  c y c l o - a d d i t i o n  p r o c e s s .  In one 

case an a l i p h a t i c  s u lfin e g av e w i t h  d i a z o m e t h a n e  an e p i s u l f o x i d e  i n s t e a d  of a 

f i v e - m e m b e r e d  ring pro duc t. A l t h o u g h  we w er e i n c l i n e d  to b e li eve  that the cycli- 

z a t i o n  to t h i a d i a z o l i n e - o x i d e s  w o u l d  be a s t e r e o s p e c i f i c  proc es s, re ce n t  r e s u l t s

wi th the  1 , 3 - d i p o l a r  c y c l o - a d d i t i o n  r e a c t i o n  of s u l f i n e s  wit h d i p h e n y l n i t r i l i m i -
6

ne Ca r e g i o s p e c i f i c , but n o n - s t e r e o s p e c i f i c  pro ce ss)  t h r e w  d o u b t  on thi s anti- 

c ip at ion . T h e r e f o r e ,  the s t e r e o c h e m i s t r y  of the d i a z o a l k a n e - s u l f i n e  c y c l i z a t i o n  

r e a c t i o n  r e q u i r e s  a clo s e r  e x a m i n a t i o n .

On that a c c ou nt we s t u d i e d  the r e a c t i o n  of 2 - d i a z o p r o p a n e  with the g e o m e t r i -  

cal i s o m e r s  of d i f f e r e n t  types of s ulf ine s. T r e a t m B n t  of these s u l f i n e s  (see Ta- 

ble) w i t h  2 - d i a z o p r o p a n e  in e t h e r  or e t h e r / d i c h l o r o m e t h a n e  at -20° — -30° res ul-  

ted, a f t e r  a d d i t i o n  of pent an e, in the crystallization' of the d e s i r e d  1 : 1 a d d u c t s  

in high yiel ds.  In all cases s t u d i e d  eac h of the g a o m e t r i c a l  i s o m e r s  led to a 

sing l e  p r o d u c t  w h i c h  was d i s t i n c t l y  d i f f e r e n t  f r o m  t ha t ob t a i n e d  f r o m  the o t h e r  

i s o m e r  [see Table ). P a r t i o u l a r l y , the NMR s p e c t r a  tCDCl^) r e v e a l e d  that o nly  one 

a d d u c t  was o b t a i n e d  f r o m  each of the i s o m e r i c  s ul fin es.  F ro m the s u l f i n e s  VI, VII 

and V III o nl y the S - i s o m e r  could  be stud ie d, sin ce the Z - i s o m e r  was not ac c e s s i -  

ble by o x i d a t i o n  of the c o r r e s p o n d i n g  d i t h i o e s t e r .  Each of the se s u l f i n e s  gave 

only  one c y c l o - a d d u c t  in goo d yield.

The dat a p r e s B n t e d  in the Ta ble  a l l o w  the c o n c l u s i o n  tha t the s p a t i a l  a r 

r a n g e m e n t  of the S = 0 grou p and the s u b s t i t u e n t s  R^ and R£ is r e t a i n e d  in the p r o 

duct. Henc e, the c y c l o - a d d i t i o n  is a s t e r e o s p e c i f i c  p r oc ess  and m o s t  li k e l y  the 

p r o d u c t  f o r m a t i o n  tak es place  in a c o n c e r t e d  man ner .

The i s o m e r i c  m e s i t y 1 - p h e n y l s u l f o n y 1 - s u l f i n e s  Xla and Xlb r e a c t e d  s m o o t h l y  

with 2 - d i a z o p r o p a n e  in b e n z a n e / e t h e r  C1 : 1 ) at -10°. How ev er , to ou r  s u r p r i s e  an 

e p i s u l f o x i d e  was  i s ol at ed in 72.5%  yield, i n s t e a d  of a f i v e - m e m b e r e d  r i n g  pro du ct . 

F r o m  e i t h e r  of thBse  iso m e r i c  s u l f o n e  s u l f i n e s  the same 1:1 m i x t u r e  of d i a s t e r e o -  

m e r i c  e p i s u l f o x i d e s  (m.p. 85-87°) was o b t a i n e d ,  thus, i n d i c a t i n g  a n o n - s t e r e o s p e -  

ci fic p r o c e s s  (see Sch eme ). The m i x t u r e  co uld  not be se par a t e d  b e c a u s e  the com-
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TABLE

o,
S

R 1/ I ^ R 2

C H 3V
+ y=

c h 3^
n 2 — -»

C H 3 h J

c h 3^

M =  N

it
0

...

^ R 1

R 1 R 2
m. p.' % 6 C H 3 ot h e r  NMR sign als

Ia (ff) phen y l o - t o l y l 70° 83 1 . 
2 .

27 j 2 
41

. 0 0 ; 6.58-7. 74 (m)

Ib (2 ) o - t o l y 1 ph e n y l 75° 8 8 1 . 
2 .

47 ; 1 
19

.90; 6 . 9 9 - 7 . 7 2 (m)

H a  (ff) ph eny l a - n a p h t h y 1 B5° B7 1 .60; 2 .41 arom. H

Ilb(Z) a - n a p h t h y 1 p h e n y l 89° 91 1 .63 ; 1 . 93 arom. H

IIIa(S) p - t o l y 1 p - c h l o r o p h e n y 1 80° 8 8 1.05*1 
2.29

.94; 6.85-7. 6 8 ( m )

IIIb(Z) p - c h l o r o -  
phBnyl

p - t o l y 1 76-77° 67 1 . 
2 .

1 4; 2 
40

.0 2 ; 6.83-7. 63 (m)

l\la(E) pheny l chlor o 72-80° 56 1 .8 0 ; 1 .93 7.52

IVb(Z) oh loro p h e n y l 84° 81 1 .1 9; 1 . 92 7 .47

Va(ff) pheny l p h e n y l t h i o 65-67° B2 1 .62 ; 1 . 80 6 .93-7 .62 (m)

Vb(Z) p h e n y l t h i o phe n y l 75-77° 6 8 1 .09; 1 . 89 6.85-7. 67 (m)

Vla(ff) an i s y l p - t o l y l t h i o 80° 83 1 . 
2 .

54; 1
30; 3

.78;

.78
6.90+7.
7.02+7.

4 6 ( A B ,J 9 H z ) 
2 8 ( A B ,J 7 H z )

VIIa(ff) p h e n y l p h e n y l s u l f o n y 1 97° 75 1 .72; 2 .03 7.20-7. 67 (m)

VlIIatff) anisy l p - t o l y l s u l f o n y 1 dec. 75 1 . 
2 .

6 6 ; 2 .0 0 ; 
36 ; 3 . 7 8

6 .B 3 + 7 . 
7.14+7.

4 4 ( A B ,J 9 H z ) 
39 (A B ,J 9Hz)

IX p h e n y l t h i o p h e n y l t h i o 55° 58 1 .
(-

37; 1 
■30°)

. 54 6.74-7. 81 (m)

X chlor o ch lo ro 70° 44 1 . 6 6  i1 
( c c i 4 )

. 85

All c o m p o u n d s  s ho w v i g o r o u s  d e c o m p o s i t i o n  d u r i n g  melting. 

(C h a r a c t e r i s t i c  i.r. a b s o r p t i o n s  fo r  these c o m p o u n d s  were

o b s e r v e d  at 1 0 6 0 - 1 0 8 0  (v g_g) a n d 1 5 6 0 - 1 5 7 5  cm
-1

poun d cou ld not w i t h s t a n d  e x t e n s i v e  c h r o m a t o g r a p h y .

The e p i s u l f o x i d e  s t r u c t u r e  was a s s i g n e d  on the f o l l o w i n g  g r o u n d s i a  c o r r e c t
-

e l e m e n t a l  a n a l y s i s  f o r  i ‘r ' a b s o r p t i o n s  (in CS^J at 1050 cm tvg = Q

1150 and 1325 cm ) and s i g n a l s  in the NMR s p e c t r u m  (COCl^) at 5 1.01,

1.40, 1.70 and 1.7B ppm f o r  the m e t h y l  p r o t o n s  at C-2 (note the d i s t i n c t  d i f f e 

rent p o s i t i D n  of the 'methyl p r o to ns at C-2 in the t h i a d i a z o l i n e - o x i d e  d e r i v e d  

f r o m  Vil a),  at 6 2.21 and 2.47 ppm fo r  the m e t h y l s  at C - 2 ’, at 6 2.16 and 2.3 4
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ppm f o r  th ose  at C-4', at S 6.62 and 6.96 ppm fo r  the proto ns at C - 3 ’ and at

6 7 . 1 8 - 7 . 0 0  p p m  f o r  the p h e n y l  p r oto ns.  Furt h e r m o r e ,  ox id a t i o n  of the p r o d u c t

f o n y l - 1 - p r o p e n e  [m.p. 120-122°) in 46% y i e l d  (ox ida tio n to e p i s u l f o n e  wi th sub- 

s e q u e n t  e x t r u s i o n  of SC^).

and t h i o f l u o r e n o n B - S - o x i d e  r e a c t  w i t h  p h e n y l d i a z o m e t h a n e  to giv B a t r i a r y l  sub- 

stituted spisulfoxide as a mixturs of diasterBomers (Z / E  ratio ranging from 1:4 

to 2:3  for the d i f f e r e n t  ary l s u b s t i t u e n t s ) . Thus, again  a n o n - s t e r e o s p e c i f i c  

f o r m a t i o n  of the t h r e e - m e m b e r e d  ring.

To e x p l a i n  this r e m a r k a b l e  d i f f e r e n c e  in s t e r e o c h e m i s t r y  in the  f o r m a t i o n  of 

t h i a d i a z o line-oxidBS and e p i s u l f o x i d e s , we s u g g e s t  that the e p i s u l f o x i d e  d oe s not 

com e ab o u t  vi a an i n i t i a l l y  f o r m e d  t h i a d i a z o l i n e - o x i d e , but m o s t  li kel y v ia a two 

st ep p r o c e s s  in wh ic h f i r s t l y  a n u c l e o p h i l i c  a t t a c k  of the d i a z o c a r b o n  at the 

s u l f i n e  s u l f u r  p r o v i d e s  a z w i t t e r  ion ic d i a z o n i u m  c ompo und  (see Schem e).  Su bs e- 

q u en tl y, an i n t e r n a l  1 ,3 - d i s p l a c e m e n t  of n i t r o g e n  pro d u c e s  the e p i s u l f o x i d e .  In- 

s p e c t i o n  of m o l e c u l a r  m o d e l s  c l e a r l y  r e v e a l s  that st eri c cr o w d i n g  p r e v e n t s  the 

f o r m a t i o n  of a f i v e - m e m b e r e d  rin g ad du ct  and f a v o r s  the less c o n g e s t e d  t h r e e - m e m -  

be rs d ring.

Th e m e c h a n i s m  in the S c h e m e  is s u p p o r t e d  by the  fac^t that we n e v e r  fo u n d  any 

i n d i c a t i o n  of an e p i s u l f o x i d e  f o r m a t i o n  f r o m  the t h i a d i a z o l i n e - o x i d e s . H ow eve r, 

t h e s e  f i v e - m e m b e r e d  rin g a d d u c t s  are t h e r m a l l y  r a t h e r  unstablB. U s u a l l y  a re t r o -  

c y c l o - a d d i t i o n  re a c t i o n  to s t a r t i n g  m a t e r i a l s  as ob s e r v e d  fo r  the a d d u c t s  dB ri - 

ved fr.om Va, Vla  and X ta ks s pla ce.  In some ca ses  a r e v e r s e  r s t r o - c y c l o - a d d i t i o n  

r e a c t i o n  is o b s s r v e d  as n i c e l y  e x e m p l i f i e d  by the a d d u c t  f r o m  IX. W a r m i n g  this 

a d d u c t  in c h l o r o f o r m  at 40° or at 25° in b e n z e n s / p s n t a n e , c o n t a i n i n g  som e sil i- 

ca gel , g a v e  b e s i d e s  60% of the s u l f i n e  IX a 30%  yi el d of t e t r a k i s ( p h e n y l t h i o ) - 

e t h s n e  a r i s i n g  f r o m  b i s (p h e n y 1 t h i o )d i a z o m e t h a n e  v i a  d i m e r i z a t i o n  of bis ( p h e -  

n y l t h i o )c a r b e n e  .

w i t h  m - c h l o r o p B r b e n z o i c  acid in s t h s r  at 20° gave 1 - m e s i t y l - 2 - m e t h y l - 1 - p h e n y l s u l

S C H E M E

0 0

(or the Z - isomer 31 b )

Bon in i and M a c c a g n a n i '7 f o u n d  tha t a r o m a t i c  s u l f i n e s  suc h as d i p h e n y l s u l f i n e
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Wit h o t h e r  s u l f i n e s  h a v i n g  a bulk y s u b s t i t u e n t  a t t a c h e d  to the s u lf in e fun c-

tion a d e v i a t i n g  r e a c t i o n  p a t t e r n  was  obs er ve d.  Z - m e s i t y 1 - p h e n y l s u l f i n s  did not

rea ct at all w ith  2 - d i a z o p r o p a n s ,  w h e r e a s  ths ff-isomer wa s  i s o m e r i z e d  q u a n t i t a -

t i v e l y  to the Z-f orm . S i m i l a r l y ,  S - m s s i t y l - p h e n y l t h i o - s u l f i n e  i s o m e r i z e d  to the

Z- is o m e r ,  w h i l e  the Z - f o r m  did  not react. T h i s  i s o m e r i z a t i o n  can be r a t i o n a l i z e d

by a s s u m i n g  the f o r m a t i o n  of a z w i t t e r  ion ic i n t e r m e d i a t e  Csee Scheme) w h i c h  the-n
9

sp li t s  off 2 - d i a z o p r o p a n e  to give the t h e r m o d y n a m i c a l l y  m o r e  s t a b l e  s u l f i n e  iso- 

m e r  i n s ts ad  of f o r m i n g  the t h r B e - m e m b e r e d  ring.

We conclude' that the no r m a l  r e a c t i o n  o-F s u l f i n e s  w i t h  d i a z o a l k a n e s  w i l l  be 

the  c o n c e r t e d  c y c l o - a d d i t i o n  to A 3 - 1 , 3 , 4 - t h i a d i a z o l i n e - 1 - o x i d e s . I n t r o d ü c t i o n  of 

b u l k y  s u b s t i t u e n t s  in e i t h e r  of the r s a c t a n t s  w ill  s t e r i c a l l y  h a m p s r  thi s cyc li-  

za t i o n  to f i v e - m e m b e r e d  rin gs and giv e rise to a l t s r n a t i v e  r e a c t i o n  ro ute s of 

w h i c h  the n o n - s t e r s o s p e c i f i c  f o r m a t i o n  of e p i s u l f o x i d e s  is th^ m o s t  i n t e r e s t i n g  

o n e .
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