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- A n&r of unusual t ransformat ions  were observed when di - t -buty l  

and d lphenylsu l fur  di imide were t r e a t e d  with &-butylcyano- and chlorocyano- 

ketene.  Thesc inc lude  t h e  f o m a t l o n  of r e a c t i v e  thione-s-imines, which sub- 

sequent ly  lead  t o  3- i so th iazol id inanes  and benziso th iaro les .  Other products 

include a c y c l i c  th io imidate  and a 0-lactam. 

&ported here  i s  an i nves t i ga t i on  of t he  cyc loaddi t ions  of s - b u t y l -  

cyanoketene (TBMJ and chlorocyanoketene (CM) t o  diphenyl- ( l a )  and di-=- 

bu ty l su l fu r  di imide l l b ) .  The r e s u l t s  of t h i s  study are of i n t e r e s t  with 

r e spec t  t o  t he  unusual chemistry of t h e  e l e c t ron -de f i c i en t  cyanaketenes 
1 

s ince  t he  observed products genera l ly  d i f f e r  from those reported f o r  o the r  

ketene/sulfur di imide cyc loaddi t ions .  
2 

FOI t h e  purpose of comparison, a b r i e f  summation o f  the  previously re- 

por ted  cyc loaddi t ions  of ketenes t o  s u l f u r  di imides i s  outl ined below. 

Diphenylsulfur di imide and diphenylketene cycloadd a t  low temperatwe (6-8T)  

2a 
t o  y i e l d  a 122 adduct t ,  and a t  higher temperature (80'C) a 1 : l  adduct 3a. 

"" 

Addi t iona l ly ,  t h e  former i s  converted t o  t h e  l a t t e r  i n  refluxing benzene. 

Gm t h e  o the r  hand, d i - E - b u t y l s u l f u r  di imide g ives  4 when t rea ted  wi th  
21 

diphenylketene a t  J • ‹ C , a n d t h i s  adduct r i n g  expands t o  3h i n  refluxing hexane. 
% 

Both s u l f u r  di imides l a  and l b  r e a c t  with phenylketene below -50-C co give  
?r n. 

5a.b and 6a.b as t h e  major products.2b   ow ever, when phenylchloroketene i s  
" " ? I  " " %  

employed, i ts  r eac t l on  wi th  l a  r e s u l t s  i n  7. When alkylketenes are u t i l i z e d ,  
?r * 

=, pentamethyleneketene, both s u l f u r  di imides g ~ v e  .wylic adducts,  8a  and 
"" 

8b,  r e spec t i ve ly ,  r a t h e r  than  cyc locddi t ion  products.  Although d e t a i l e d  
21 

mechanist ic  s t u d i e s  are lacking ,  it i s  genera l ly  assumed tha t  t he se  t r an s -  

formations proceed from an i n i t i a l l y  formed zwi t t e r i on i c  intermediate 9.  
21 

TBCK avld CM r e a c t  wi th  t h e  su l fu r  di imides l a  and l b  t o  g ive  unant ic i -  
21 

pa t edp roduc t sba sed  upon t h e  above malogies .  me r e s u l t s  are ou t l i ned  below. 



3 tee-~~tylcyanoketene was generated from 2,5-diazid~3,6-di-*tyl- - 
1.4-benz-inone in refluxing benzene in the presence of 0.5 equivalent of 

di-s-butylsul•’ur aiimide, (lbl. m e  reaction was followed by ir spec- 

troscopy which showed the gradual disappearance of the wide absorption 

(2150 and the appearance of a new strong absorption at 2300 k l ,  due 

to the formation of E-butylisocyanate. Kter 1.5 h the solvent was re- 

mwed and the reaction mixture subjected to flash-chromatography (silica 

gel) to yield 48% of 2,4.5-tri-~-buty1-4,5-dicyano-3-isothi~ (121: 

1 
mp 101-1OZ0C; ir(nujo1, 1696; H nmr (CDCl3,61 1.43 s (9Hl. 1.49 s 

(9Hl; 1.52 s (9Hl ; 13c ~ l r  (CDCl3,61 162.8. 125.3, 118.0. 85.3, 83.9, 52.4. 

51.4, 49.3, 34.7, 29.8. 28.5; mass spec (CI) 322 (32%). 266 (100%). 239 

(44%1, 183 (53%); anal C17H2,N30S: C, 63.36; H. 8.87; N, 13.27; S ,  10.11. 

These data are all in agreement with the assigned structure. Of particular 

-1 
note is the presence of an amide absorption in the ir spectrum (1696 cm ) 

and the amide carbonyl carbon in the 13c nmr spectrum ( 6 ,  162.81. 
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  his transformation is viewed as proceeding via an initial 2 + 2 cyclo- 

addition to give 10 which subsequently cleaves to r-butyl isocyanate and the 
n, 

thione-s-imide 11. This unusual heterocumulene, 11, is then trapped by an 
?r ?I 

additional TBCR molecule to give the observed product 12. The stereochemis- 
?r 

try of 12 is not yet known, but is assumed to be the E-isomer on the basis 
?r 

of steeic considerations. 

~n analogous thione-s-imide, 14, is apparently formed when cCK4 was 
"" 

generated in the presence of diphenylsulfvr diimide (la). flowever, in this 

case the thiane-S-imide undergoes intramolecular cyclization before it 

reacts with an additional ketene molecule. specifically, 14 ring closes to 

15 and undergoes subsequent loss of H a  to give the observed product, 3- "" 

cyano-2,1-benzisothiazole (16) in 67% yield: mp, 99-100~~(lit?mp 98-101'C); 

-1 1 
ir lnujol, cm ) 2208; H nmr (C~C1~,61 161.2, 137.7, 129.9, 128.1, 122.7, 

120.3, 110.9; mass spec (CI) 160 (100%). Diphenylurea, a product from the 

hydrolysis of phenyl isocyanate,was also isolated from the above reaction, 

providing addltionalevidBnce for the proposed fragmentation of i0 and L3 

to 11 and 14, respectively. 
"" ". 



Treatment of diphenylsulfur diimide with TBM gave a caoplex mixture of 

 product^ which were not resolved. Hwever, the reaction of di-&-butylsulfur 

diimide with CCK resulted in a most interesting transformation. The ketene 

(1 eq) was generated in refluxing benzene in the presence of lb (2 eq). Here 
2. 

the major product 151%) is 18 and the minor product is tentatively assigned 
"" 

the +lactam structure 20: 18, mp 131-132•‹C; ir(nujo1. m-ll 1675; 'H NMR 
"" "" 

13 
(CDCl3,61 1.69 s; C ~u 160.6, 130.1, 111.6, 61.8, 27.6; mass spec (CI) 

184 1100%1i & C7H9N30S: C, 45.92; H, 5.12; 20, mp, 132-133'C; irlnujol, 
"" 

-1 
cm 3380, 1810, 1716, '8 Mu (CDC1 ,6) 1.45 s 19HI; 1.52 s (9Hl; 8.62 b 11HI 3 

exchangable; 13c nmr (cDc~~,s) 157.3, 153.2, 114.1, 110.9. 63.4, 62.8, 58.9, 

54.3, 28.3, 27.4; mass spec (CII 311 (100%); &Cl4Hl9CIN4O2: C 53.89; 

H, 6.34. Althoughthe structural assignment of 20 is tentative, the above 
"" 

data are in accord with its constitution. Most revealing are the carbonyl 

absorptions in the ir and the 13c nmr spectrvm which shows the correct carbon 

atom count, including two amide carbonyls (6. 157.3, 153.2) and two cyan0 groups 

Compound 18 is viewed as arising from an initial cycloaddition of CCX 
?r 

to lb to give 17 followed by loss of isobutylene and HC1. The more unusual "" li 

product, 20,mayarise from the intermediate 19, the formation of which has 
21 ". 

a precedent in the cycloadditions of phenylcnloroketene to sulfur diimides. 2a 

Deaulfurilation of 19 vnder the reaction conditions would appear to M 
li 

unique, but this would result in the Blactam 20. 
li 
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The cycloadditions of TBCK to N-k-butyl- and N-phenylsulfinylamines as 

well as di-c-butylcarbodiimide were also studied to see if the initial 2 + 2 

adducts would undergo a cleavage reaction analogous to that proposed for 10 
"" 

and 13. Hwever. TBCKwas observed to cycloadd to the ~~lfinylamines, 2la 
-U n, 

and 21b. to give, respectively, 22a (86%) and 22b (go%), and these products 
?r ?r "" 

were found to be resistant to cleavage in refluxing benzene. Characteristic 

spectral properties follw: 22a, mp 96-97'~; i r ~ ~ ~ j o l ,  cm-'I 1756; 'H nmr 
2. 

lCDC13,61 1.35 s (9nI; 1.52 s (9Hl; 13c nmr lCDC1.61, 157.1, 111.1, 88.5, 

59.1, 36.5, 28.2, 26.5; mass spec (CI) 243 (loo\), &. ClLHl8N2O2S: C, 

54.75; H, 7.86: 22b. mp 100-10l•‹C; ir(nujol, an") 1785; 1~ nmr (CDCl3,61 
?r 

7.42 m 15Hl ; 1.36 s 19HI; 13c nmr (CDC13,6) 155.6. 134.5, 129.9, 128.5, 

120.6, 110.5, 90.6, 37.0, 26.6; mass spec (CII 263 (100%); anal. C13H14N202S: 

C, 59.68; H, 5.46. Analogously, TBCK cycloadds to di-k-butylcarbodiimide to 

give 23 188%) which was also stable in refluxing benzene: mp 73-74T; ir 
"" 

-1 1 
lnujol, an 1 1815, 1710; H nmr ( c D c ~ ~ , ~ )  1.27 s (9~). 1.35 s 19H). 1.51 s 

13 
19Hl; C nmr ICDCl3,6l 162.9, 135.7, 115.0, 67.2, 57.7, 55.4, 36.3, 31.1, 

27.6, 27.0; mass spec (CI) 278 (10%); @. c ~ ~ H ~ ~ N ~ ~ :  C, 69.52; H, 10.15. 



t  

t TBCK 'BU-N=C-N-  BU - 
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