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ORGANIC PREPARATIONS AND PROCEDURES INT. 3 ( 6 ) ,  283-288 (1971) 

1 STUDIES OF BENZOYLSULFENE. V I .  

THE CYCLOADDITION REACTION OF BENZOYLSULFENE WITH KETENIMINES 

0. Tsuge2 and S. Iwanami 

Research I n s t i t u t e  of I n d u s t r i a l  Science,  Kyushu U n i v e r s i t y ,  

Hakozaki, Fukuoka 812, Japan 

Recently , w e  found t h a t  benzoylsulfene (PhCOCH=SO2 ) , 
generated i n  s i t u  from behzoylmethanesulfonyl c h l o r i d e  ( I )  and 

t r i e t h y l a m i n e ,  reacts with t h e  C=N bonds of a n i l s 3  and carbo-  

di imides4 t o  g i v e  t h e  (2+2)  and/or (4+2)  cycloadducts ,  wh i l e  

simple s u l f e n e s  (RCH=S02) do not react with t h e  C=N bond. 

This  might i n d i c a t e  t h a t  t h e  e l e c t r o n - a t t r a c t i n g  benzoyl group 

makes benzoylsulfene more r e a c t i v e  t h a n  t h e  s u l f e n e s  (RCH=S02), 

and t h a t  benzoylsulfene behaves as  a 1,2-  and/or 1 ,4 -d ipo le .  

5 

e e  e 
R-C-CH = S O 2  R-C-CH-W.2 u R-C=CH - SO2 

is a be 

It w a s  a l s o  found t h a t  t h e  r e a c t i o n  of I wi th  cinnamyli-  

deneamines i n  t h e  presence of t r i e t h y l a m i n e  g i v e s  t h e  D i e l s -  

A l d e r  adducts  of benzoylsulfene as a d i enoph i l e  t o  t h e  a ,p-  
unsa tu ra t ed  a n i l s . 6  

t h e  c y c l o a d d i t i o n  t o  ketenimines,  t h e  a d d i t i o n  g e n e r a l l y  does 

not t a k e  place t o  t h e  C=N bond, but t o  t h e  C=C bond i n  t h e  

ketenimine. For example, when 2-quinones react wi th  diphenyl- 

ketene-N-arylimine, t h e  1,4-dioxane compound is  formed.’ 

On t h e  o the r  hand, it is known t h a t ,  i n  

I t  
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0 .  TSUGE AND S .  I W A N A M I  

is of interest to investigate which type of cycloadditions 

might take place in the reaction of benzoylsulfene with keten- 

imines. 

The reaction of I with dimethylketene-N-p-tolylimine (11) 

in the presence of triethylamine gave a crystalline compound 

111, mp. 165OC (dec.), in a good yield. The elemental analysis 

and the molecular weight (M+ m/e 341) of 111 were consistent 

with those of the expected 1:l adduct of benzoylsulfene and 11. 

The (2+2) and (4+2) cycloadducts of benzoylsulfene to the 

C=C or C=N bond in the ketenimine I1 are possible for the 

structure of 111. However, adduct I11 was identified as 2-iso- 

propylidene-6-phenyl-3-p-tolyl-l,4,3-oxathia~ine-4,4-dioxide, 

whose structure corresponds to the (4+2 ) cycloadduct of 

benzoylsulfene to the C=N bond in the ketenimine 11. 

C=C=N-@Mc E13N PhCOCHdOzCI + Me’ 

1 D m 

The IR spectrum of 111 showed characteristic bands.at 

1698 (uC=C, weak), 1570 (uC=C), 1340 and 1152 cm-I (uS0,) , and 
the NMR spectrum in C X 1 3  exhibited signals at r 8.02, 8.12 

(each 3H, Cg3-C=, singlet ) , 7.70 (3H, 0 C g 3 ,  siglet ) , 3.58 
(lH, -CkJ=, siglet), 2.1-2.9 (9H, aromatic protons, multiplet). 

4-Benzoyl-3-phenyl-2-n-propyl-1,2-thiazetidine which is 

the (2+2) cycloadduct of benzoylsulfene t.0 bentylidene-2- 

propylamine, is easily reduced with sodium b~rohydride,~ while 

the reduction of I11 under the same conditions did not take 

place. 
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STUDIES OF BENZOYLSULFENE. VI. 

The following experiment provided addi t iona l  evidence f o r  

t h e  proposed s t r u c t u r e  f o r  111. The hydrolysis  of I11 with 

hydrochloric ac id  i n  methanol gave benzoylmethanesulfonyl-z- 

t o lu id ine  ( I V ) ,  which w a s  i d e n t i c a l  with t h e  au thent ic  sample 

prepared from benzoylmethanesulfonyl ch lor ide  ( I )  and p- tolu-  

id ine  . 

HCI 
111 - PhCOCHzSOzNHaMc - I + Me-@-NH* 

I V  

EtiN 
PhCOCHzSOiCl + Ph;C=C=N-B~ 

Ph 

1 V v1 

Similar r eac t ion  of t h e  ch lor ide  I with diphenylketene-i-  

butylimine ( V )  i n  t h e  presence of t r ie thylamine gave t h e  cor- 

responding 1 ,4 ,3-math iaz ine  ( V I ) .  

EXPERIMENTAL 

A l l  t h e  melting po in t s  are uncorrected. The NMR spec t ra  
w e r e  determined at 60 MHz with a Hitachi R-20 NMR spectrometer 
using TMS as an i n t e r n a l  reference.  The m a s s  spec t ra  w e r e  
obtained on a Hitachi RMS-4 m a s s  spectrometer using a d i r e c t  
i n l e t  and an ion iza t ion  energy a t  70 e V .  The I R  spec t ra  w e r e  
measured i n  a KBr disc. The elemental  analyses w e r e  done by 
M i s s  M. Akita at our laboratory.  

2-isoPropylidene-6-phenyl-3-p-tolyl-l,4,3-oxathiazine-4,4-di- 

oxide (111). To  a vigorously-s t i r red so lu t ion  of 1.6 g. (0.01 

mole) of dimethylketene-E-tolylimine ( 11)8 and 1.0 g. (0.01 

mole) of t r ie thylamine i n  10 m l .  of dioxane at room tempera- 
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0 .  TSUGE AND S. IWANAMI 

t u r e ,  a s o l u t i o n  of 2 .2  g.  (0.01 mole) of benzoylmethane- 

su l fonyl  c h l o r i d e  ( I )  i n  40 m l .  of dioxane w a s  added dropwise 

over a p e r i o d  of 30 minutes. A f t e r  t h e  a d d i t i o n ,  t h e  r e a c t i o n  

mixture w a s  s t i r r e d  a t  t h e  s a m e  temperature f o r  1.5 hours ,  

t h e n  t h e  p r e c i p i t a t e d  t r i e t h y l a m i n e  hydrochlor ide was removed 

by f i l t r a t i o n .  The f i l t r a t e  was evaporated under reduced 

p r e s s u r e ,  l eav ing  an o i l y  r e s i d u e ,  which w a s  t r i t u r a t e d  wi th  

10 m l .  of methanol t o  g ive  2 . 5  g .  (74%) of c o l o r l e s s  c r y s t a l s .  

R e c r y s t a l l i z a t i o n  from petroleum e t h e r  (bp. 42-60°C) gave t h e  

1 ,4 ,3-oxath iaz ine  (111), mp. 165OC (dec.  ), as c o l o r l e s s  pr isms.  

- Anal. Calcd. for C19H1903NS: C ,  66.85; H ,  5.61; N ,  4.10.  

Found: C ,  66.69; H ,  5.61: N ,  4 .14.  

Mass spectrum: m / e  341 ( M + ) ,  340, 277 (M+-S02), 276, 262 

(277+-Me), 235, 207, 175, 172, 159, 144, 132, 118, 117, 105. 

102, 91 and 77. 

Hydrolysis of t h e  1 ,4 ,3-oxath iaz ine  (1111. A s o l u t i o n  of 300 

mg. of 111 and 5 m l .  of concent ra ted  hydrochlor ic  a c i d  i n  10 

m l .  of methanol w a s  re f luxed  f o r  9 hours.  The r e a c t i o n  mix- 

t u r e  w a s  concent ra ted  under reduced p r e s s u r e  t o  l e a v e  a resi-  

due,  which on t r i t u r a t i o p  w i t h  2 m l .  of methanol gave 101 mg. 

of unreacted 111. Water was added t o  t h e  f i l t r a t e  and t h e  

p r e c i p i t a t e d  c r y s t a l s  (98 mg., 39%) w e r e  f i l t e r e d .  Recrys ta l -  

l i z a t i o n  from petroleum e t h e r  a f forded  benzoylmethanesulfonyl- 

p-t o l u i d i n e  ( I V )  , mp. 166-167OC, a s  co lor  less needles .  

A&. C a l c d .  f o r  C15H1503NS: C ,  62.28; H ,  5.23; N ,  4.84. 

Found: C ,  62.35; H ,  5.20; N ,  4.95. 

Mass spectrum: m / e  289 (Mt), 225 (Mt-S02). 

This  compound w a s  obtained i n  q u a n t i t a t i v e  y i e l d  from 
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STUDIES OF BENZOYLSULFENE. VI. 

the reaction of I with p-toluidine in dioxane at room tempera- 

ture for 10 minutes. 

3-n-Butyl-2-diphenylmethylidene-6-phenyl-l74,3-oxathia~ine-4,4- 

dioxide (VI). The reaction of 2.2 g. of I with 2.5 g .  of di- 

phenylketene-fl-butylimine ( V)8 in the presence of triethylamine 

afforded 1.8 g .  (48%) of the 1,4,3-oxathiazine (VI), mp. 137OC 

(dec.), as colorless prisms (petroleum ether). 

&&. Calcd. for C26H2503NS: C, 72.37; H, 5.84; N, 3.25. 

Found: C, 72.63; H, 5.73; N, 3.24. 
-1 IR spectrum: cm 1660 (uC=C, weak), 1570 (uC=C), 1340 and 

1150 (US02). 

NMR spectrum: T 3.53 (IH, -C;=, singlet), 2-butyl and aro- 

mat ic protons. 

Mass spectrum: m/e 431 (M+), 430, 367 (M+-S02), 366, 249, 

194, 166, 165, 105 and 77. 
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