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R I N G -  C H A I N  I S O M E R I S M  O F  N - M O N O S U B S T I T U T E D  

2 -  C Y A N O B E N Z  E N E S U L F O N A  M I D E  S* 

D. ~ .  B a l o d e ,  R .  E V a l t e r ,  
a n d  S. P .  V a l t e r  

UDC 547.541,62 : 547.788.6 

A number  of N-monosubst i tu ted 2-cyanobenzenesul fonamides  (A) and their  chain i s o m e r s  - 
2-subs t i tu ted  3- iminobenzothiazol ine  1,1-dioxides (B), which a r e  fo rmed  as a r e su l t  of in t ra -  
molecular  nucleophilic addition of the sulfonamido group to the C ~--- N bond - were  synthes ized 
by  acylat ion of p r i m a r y  amines  with 2-cyanobenzenesulfonyl  chloride.  The in te rconvers ions  
of the i s o m e r s  - A --*B under a lka l ine -ca ta lys i s  conditions and B -~A under t h e r m a l  condi-  
t ions - w e r e  accompl i shed  for  the f i r s t  t ime.  The influence of the e lec t ronic  and s t e r i c  effects  
of the substi tuent  at tached to the ni t rogen a tom on the r e l a t i ve  s tabi l i t ies  of the open and chain 
i s o m e r s  was ascer ta ined .  The A C B  equi l ibr ium constants  in solutions in a mix tu re  of dioxane 
and t r i e thy lamine  were  de te rmined  by  IR spec t roscopy .  

It is known [2-4] that 2-cyanobenzenesulfonyl  chlor ide  (1) r e a c t s  with ammonia  and p r i m a r y  amines  to 
give 2-cyanobenzenesul fonamides  (H), which undergo i somer iza t ion  to 3- iminobenzisoth iazol ine  1,1-dioxides 
(fro when excess  amine  is p resen t .  

Since l i t t le  s tudy has been devoted to in t r amolecu la r  nueleophilic addition of a sulfonamido group to polar  
mult iple  bonds [5-7], the a i m  of the p re sen t  r e s e a r c h  was to study the influence of the e lec t ronic  and s t e r i c  
effects  of subst i tuents  at tached to the ni t rogen a tom on the r e l a t i ve  s tabi l i t ies  of  I s o m e r s  II and HI and on the 
poss ib i l i ty  of r ea l i za t ion  of thei r  in te rconvers lons .  

3- Iminobenziso th iazol ine  1,1-dioxides IIIa,  b, e, g, h {Table 1) w e r e  obtained inthe  reac t ions  of chlor ide I 
with excess  p r i m a r y  amine  c a r r i e d  out in dioxane with subsequent  dilution of the reac t ion  mix tu re  with water .  
As has been demons t ra ted  for N-methy lamide  IIa [3], the init ial ly fo rmed  amides  II undergo i somer iza t ion  to 
HI under the  influence of excess  amine.  

N - t e r t - B u t y l -  and N-(1-adamanty l )amides  IIc, d (Table 2) and anilide lIf, which do not undergo i s o m e r l z a -  
tion under the r eac t ion  condit ions,  const i tute  exceptions to the above. Special exper iments  designed to effect  
the i somer iza t ion  of these  compounds under the influence of alkal ine agents [a refluxing ethanol solution of t r i -  
e thylamine,  an aqueous dinxane solution of po tass ium hydroxide,  and CHsSOCH~Na in dimethyl  sulfoxide (DMSO)] 
were  a lso  unsuccessful .  

TABLE 1. 3- Iminobenzisothiazol ine  1,1-Dioxides HI 

:ore- t r i p ,  

,ound "C C~N 

Ilia 166--167 I655 br 
Illb ]147--148 1648 
IlIe 1127--128 1659, 

1654 sh 
1647 sh 

lIIg [165--166 1664 
IIih)1166--167 1668 

IR spec~a, v, 
cm-I FOund. ~'~ Empirical 

]N--H i c H N s formula 
i I 

aao3153,215,5112,5114,6] CloHI~N20~S 

3284161,714,6110,3[ 11,91C~4H~N20~S 
3267155,514,31 9,7111,alc,,H, N o s 

Calculated, % 

C H N S 

53,6]5,4[ 12,5] 14,3] 94 
61,814,4110,3111,8) 95 

61,814,4110,3 [ 11,8] 72 
58,3]4,21 9,7] 1t,1] 87 

*Accord ing  to the data in [3], this  compound has mp  165-166~ 

*Communica t ion  HI of the s e r i e s  ~Ring-Cha in  T r a n s f o r m a t i o n s  with the Par t ic ipat ion of the C~--- N Group. ~ 

See [1] for  communicat ion  II. 
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T A B L E  2. 2 - C y a n o b e n z e n e s u l f o n a m i d e s  II  

:ore- rap. "C 
}ound 

lib 66--68 
IIc 141--143 
IId 149--150 
lie 84--85 
Ilf  152--154T 
IIg 135--136 
llh 131--133 

[R spectrum, 
~, crn-I Found, % 

C_~N[ N--H C tl i  N S 

Empirical 
formula 

2258 
2257 
2231 
2231 
2245 
2258 
2241 

I 
3269 53,4 5,4 12,4 14,3]CIoH,2N202S 
3275 55,1 5,8 11,7 13,81CllHI4N~O2S 
3286 64,6 6,7 8,9 10,4]C~TH2oN202S 
3273 61,514,6110,2 12,0]CI4HI2N~O2S 
3183 60,3 4,1J l l,0J 12,4]CI3HLoN20_~S 
3221 62,5 4,3 10,2 12,2[CI4HI2N202S 
3213 58,8 4,1 9,5 11,2[C14t-I~2N203S 

Calculated, 07c 

cl,,INIs 
55,4 5,9I 11,8113,5 
64,5 6,4 8,9 Ilo,11 
61,8 4,4} 10,3 t 11,8 I 
60,5 3,9J 10,9] 12,4] 
61,8 4,4 10,3 11,8[ 
58,3 4,2 9,7 11,1] 

* T h i s  i s  the  y i e l d  under  t h e r m a l - i s o m e r i z a t i o n  c o n d i t i o n s .  
, A c c o r d i n g  to t he  d a t a  in [3], t h i s  c o m p o u n d  h a s  m p  151-153~ 

30* 
75 
60 
25* 
62 
47* 
62* 

T A B L E  3. Cons t an t s  fo r  the  H ~ R i n g - C h a i n  E q u i l i b -  
r i u m  in Dioxane  +10% T r i e t h y l a m i n e  

Analytical 
Compound tuC=N band, 

Icl~1-1 . 
KT=[III]/[II] 

Time required to 
lestablish equilib- 
[rium in solutions 
1of II 

IIa, IIIa 
l ie Ille 
llf IIIf 

IIIh 

1660 
1656 
1664 
1662 
1662 

>100 
2,1 • 

0,15• 
0,29---0,03 
0,65 • 0,05 

4 h  
36 h 
8 min 

25 min 
30 min 

In the  c a s e  of  a m i d e s  l l c ,  d the  p r e s e n c e  of  a bu lky  t e r t - a l k y l  s u b s t i t u e n t  in the  s u l f o n a m i d o  g roup  h i n d e r s  
c y e l i z a t i o n .  We have  p r e v i o u s l y  [1] o b s e r v e d  a s i m i l a r  phenomenon  in the  c a s e  of  N - m o n o s u b s t i t u t e d  2 - c y a n o -  

b e n z a m i d e s .  

~ SO,.,CI 

C-~N 

I 

RNH 2 
(C2Hs)j~ 

ii 

..:r . sp ,  

1: 
N |t 

|ll 

I1,111 a R=Ctt3; b R-i-C~ltT: c R:: t-c~t ; d r = l - a d a m a n t y h  e I(.-C6115CH2; 

R=C,|Ib; g R =4-CH3CiHI; h R~:4-( I|:,0C61| ~ 

H o w e v e r ,  in c o n t r a s t  to  2 - c y a n o b e n z a n i l i d e ,  wh ich  i s  c a p a b l e  of  u n d e r g o i n g  i s o m e r i z a t i o n  to  2 - p h e n y l - 3 -  
i m i n o i s o i n d o l i n o n e  in the  p r e s e n c e  o f  a l k a l i n e  a g e n t s  [1], 2 - c y a n o b e n z e n e s u l f a n i l i d e  does  not  undergo  ana logous  
i s o m e r i z a t i o n .  The  i n t r o d u c t i o n  of  a phenyl  s u b s t i t u e n t  in the  s u l f o n a m i d o  g roup  e v i d e n t l y  r e d u c e s  the  n u c l e o -  
p h i l [ c i t y  of  the  n i t r o g e n  a t o m  to such  an ex ten t  tha t  i s o l a t i o n  of  the  p r o d u c t  of  i n t r a m o l e e u l a r  n u c l e o p h i l i c  a d d i -  
t ion  to the  C - N g r o u p  b e c o m e s  i m p o s s i b l e ,  a l though  the  I I f ~ I I I f  eq tH l ib r ium in d ioxane  s o l u t i o n  in the  p r e s -  
ence  of  t r i e t h y l a m i n e  (K T = 0.15, T a b l e  3) was  d e t e c t e d  b y  IR s p e c t r o s c o p y .  Th i s  is  c o n f i r m e d  b y  the  fac t  t ha t  
we  w e r e  a b l e  to r e a l i z e  i s o m e r i z a t i o n  of  II to  I I I  in the  c a s e  of  4 - m e t h y l -  and  4 - m e t h o x y p h e n y l a m i d e s  IIg, h, 
in the  m o l e c u l e s  of  wh ich  the  n u c l e o p h i l i e i t y  of  the  n i t r o g e n  a t o m  of  t he  s u l f o n a m i d o  g roup  is  i n c r e a s e d  by  the  
i n t r o d u c t i o n  of  e l e c t r o n - d o n o r  s u b s t i t u e n t s  in the  pheny l  r i n g .  

B r i e f  h e a t i n g  of  r i n g  i s o m e r s  IIIb,  e ,  g, h to  220~ l e d  to t h e i r  t h e r m a l  i s o m e r i z a t i o n  to  the  c o r r e s p o n d i n g  
s u l f o n a m i d e s  II. The  low y i e l d s  of  a m i d e s  II  and the  p r e s e n c e  of  the  s t a r t i n g  eompound  in the  h e a t - t r e a t e d  m i x -  
t u r e  c o n s t i t u t e  e v i d e n c e  tha t  t he  II~-~III e q u i l i b r i u m ,  which  i s  s h i f t e d  to  f a v o r  the  a m i d e ,  e s p e c i a l l y  when t h e r e  
is  a b u l k i e r  s u b s t i t u e n t  o r  an e l e c t r o n - a c c e p t e r  s u b s t i t u e n t  a t t a c h e d  to the  n i t r o g e n  a t o m ,  is  r e a c h e d  when the  
c o m p o u n d s  a r e  hea t ed .  The  p r e s e n c e  of  a s m a l l  amoun t  of  open i s o m e r  I Ia  was  d e t e c t e d  in a h e a t - t r e a t e d  
s a m p l e  of  N - m e t h y l  d e r i v a t i v e  I I Ia  b y  IR s p e c t r o s c o p y ;  h o w e v e r ,  we w e r e  not  a b l e  to  i s o l a t e  it b y  c r y s t a l l i z a -  
t ion .  

In t he  c a s e  of  t he  4 - m e t h o x y m a i l i d e  we d e m o n s t r a t e d  the  p o s s i b i l i t y  of  t he  r e v e r s e  i s o m e r i z a t i o n  IIh 
IIIh b y  r e f l u x i n g  an  e thano l  s o l u t i o n  of  t he  a m i d e  wi th  a d d e d  t r i e t h y l a m i n e .  
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Both s e r i e s  of i s o m e r s  a r e  sa t i s fac to r i ly  identified f r o m  thei r  IR spec t ra .  One obse rves  ~ C ~ - N  and 
~N-H bands in the s pec t r a  of open i s o m e r s  If (Table 2). The la t ter  bands appear  at  lower f requencies  and a r e  
m o r e  broadened as  com pa red  with the ~N_H bands in the s p e c t r a  of r i ng  i s o m e r s  HI. The spec t r a  of the la t te r  
contain a ~C___Nband at 1648-1668 c m  -1 in Nujol and at 1651-1664 c m  -1 in dioxane (cf. [8]), which can be used 
as  an analyt ical  band in the quanti tat ive determinat ion of the composi t ion  of equi l ibr ium mix tures ,  s ince amides  
II do not abso rb  in this spec t r a l  range.  

It was es tabl i shed by IR spec t roscopy  that both s e r i e s  of  i s o m e r s  a r e  s table  in dioxane at r o o m  t e m p e r a -  
t a r e  and that the I I ~ H I  t au tomer ic  equi l ibr ium is not observed.  Mixtures ,  the composi t ions  of which do not 
depend on which i s o m e r  was used to p r e p a r e  the solution, a r e  f o rmed  af te r  the addition of t r i e thy lamine  to 
dioxane solutions.  

Within the l imi t s  of the sens i t iv i ty  of IR spec t roscopy ,  the equi l ibr ium was shifted comple te ly  to favor  
r i ng  i somer  IIIa in a solution of N-methy l -2 -cyanobenzenesu l fonamide  (IIa) obtained by  the method in [3]. Both 
i s o m e r s  of the N- i sopropyl  der iva t ives  (lib and Hib) and N - t e r t - a l k y l a m i d e s  IIc, d were  found to be s table  in 
dioxane in the p r e sence  of t r ie thylamine;  this is evidently due to the s t e r i c  effect of the bulky subst i tuent  a t -  
tached to the ni t rogen atom. In the case  of the N-benzylamide  the IIe~-~IIIe equi l ibr ium was shifted to favor  the 
r i ng  fo rm,  whereas  the open f o r m  is favored  in the case  of N - a r y l a m i d e s  IIf-h.  It  is apparen t  f r o m  Table  3 
that  the introduction of e lec t ron-donor  subst i tuents  (CH 8 and CH30 ) in the a ry l  r i ng  shif ts  the equi l ibr ium to 
favor  r i ng  f o r m  HI. The r a t e  of the i somer i c  t r ans fo rma t ions  is higher for  the N-a ry l amides  than for the N- 
a lkylamides .  

E X P E R I M E N T A L  

The IR s p e c t r a  of 5" 10 -2 m o l e / l i t e r  solutions of  the compounds were  r e c o r d e d  with a Specord 75 IR spec -  
t r o m e t e r  (the l aye r  th ickness  was 0.01 cm).  The t au tomer i c  equi l ibr ium constants  were  de te rmined  f r o m  the 
fo rmula  K T = [ I I I ] /  [II] =Ds / (D  0 - Ds) , where  D O is the opt ical  densi ty  at the m a x i m u m  of the C = N  band of a 
solution of r i ng  i som er  III  in dioxane +1070 t r i e thy lamine  ext rapola ted  to ze ro  t ime  a f t e r  dissolving,  and D s is 
the optical  densi ty  of  a solution of the equi l ibr ium mix tu re  a f te r  es tab l i shment  of equi l ibr ium, which was 
r eached  on the bas i s  of both the open and r i n g  i s o m e r s  (except for IIO. 

2-Cyanobenzenesul fonamides  (Hc, d, f, Table  2) and 3-Iminobenzisothiazol ine  1,1-Dioxides (IIIa,  b, e, g, 
h, Table 1). A solution of 2 g (0.01 mole) of chlor ide  I in 10 ml  of dioxane was added to a solution of 0.015 g of 
the amine  and 2.1 ml  (0.015 mole} of t r i e thy lamine  in 10 ml  of dioxane, and the mix tu re  was maintained at r o o m  
t e m p e r a t u r e  for  24 h. It was then diluted with 150 ml  of  wa te r ,  and the prec ip i ta te  was sepa ra t ed  af ter  2 h. In 
the synthes is  of Hia the reac t ion  mix tu re  was diluted with 100 ml  of wate r ,  and 25 g of sodium chloride was 
added to the solution. The compounds were  r e c r y s t a l l i z e d  from~ethanol {IlId, e), benzene (IIc,  f and I I ~ ,  g, h), 
and b e n z e n e - h e x a n e  (IIIa). 

T h e r m a l  I somer i za t i on  HI -* I I .  A 1-g  sample  of  III  was  heated and mainta ined at 220~ for  10 rain, a f te r  
which it was cooled and r e c r y s t a l l i z e d  f r o m  b e n z e n e - h e x a n e  to give amides  IIb, e, g, h (Table 2). 

Alkaline I somer iza t ion  I l h ~ I l I h .  A solution of 0.3 g of amide  IIh and I m l  of t r i e thy lamine  in 5 ml  of 
ethanol was ref luxed for  2 h, a f te r  which it was vacuum evapora ted ,  and the r e s idue  was r e c r y s t a l l i z e d  f r o m  
benzene to give 0.1 g of Hih. 
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