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Benzenesulfonyl chloride reacts with benzenesulfonamide salts at room temperature to give the 
corresponding secondary amide in good yield [I]. 

C6HsSO~C1 + C6HsSOsNHAg -+ (CeH~SO~)zNH -'}- AgCI 

On the assumpt ion  that secondary  amides ,  fo rmed  by di f ferent  kinds of  acids (for example ,  c a r b o -  
xyl ic  and sulfonic ac ids) ,  can be obtained in a s i m i l a r  manne r ,  a study was made of the reac t ion  of c a r b o -  
xylic acid ch lor ides  with the K sa l t s  of the amides  of a roma t i c  sulfonic acids .  Exo the rmic  reac t ion  o ccu r s  
when benzoyl  chlor ide  is  added to an acetone solution of the K sa l t  of  benzenesul fonamide  and here  2 moles  
of the sal t  a r e  consumed pe r  mole  of acid chlor ide .  The reac t ion  products  a r e  benzenesul fonamide ,  KC1, 
and the K sal t  of N-benzenesu l fonylbenzamide .  He re  the secondary  amide is  isolated in up to 90% yield 
when an aqueous solution of the K sal t  is  t r ea ted  with m i n e r a l  ac ids .  The reac t ion  does not change when 
t rans i t ion  is  made to other  organic  solvents .  Fo r  example ,  when CH3CN is used the yield of the secondary  
amide  is  88%, 90% in the ease  of dioxane,  and 85% in the case  of toluene.  

C6HsCOC1 + 2C6HsSO~NHK -* C6HsCONKS0~C6H5 + C6HsS0~NH~ + KC1 

- ] HaO+ 

C6H6CONHS02C6H5 

The benzenesu l fonamide  sa l t s  a r e  acylated in a s i m i l a r  manner  by the acid chlor ides  of al iphatic 
carboxyl ic  acids:  ace t ic ,  ch lo roace t i c ,  heptaf luorobutyr ic ,  or  me thac ry l i c .  The sa l t s  of the p - c h l o r o -  
benzene - ,  p -me thoxybenzene - ,  and p - to luenesu l fonamides  were  used as the sulfonamide component  in the 
individual r eac t ions .  In al l  c a s e s  the co r r e spond ing  secondary  amides ,  which r e p r e s e n t e d  h igh-mel t ing  
c rys t a l l i ne  compounds ,  we re  obtained in good yield;  the i r  s t ruc tu re  was conf i rmed  by the IR spec t ra  (Table 
1). 

The secondary  N-su l fony lamides  a r e  insoluble in H2SO 4 and HCI solut ions,  they a r e  difficultly soluble 
in wa t e r ,  and a r e  read i ly  soluble in dilute aqueous alkal i  solutions.  In the las t  case  the sa l t s  of the N-  
sul fonylamides  a r e  fo rmed ,  which were  a lso  obtained by the reac t ion  of secondary  amides  with the K sal t  
of benzenesul fonamide .  

RCONHS0~C6H5 + CeH~SO~NI-IK --~ RCONKSO2C6H 5 + C6H~SO~NH 2 

This  r eac t ion  makes  it poss ib le  to explain the above ci ted reac t ion  of aeyl  ch lor ides  with the sa l t s  
o f su l fonamides  as be ing a p r o c e s s  that  includes nucleophil ic r e p l a c e m e n t  of the CI a tom of the acid chlor ide  
and subsequent  rapid  neut ra l iza t ion .  

RCOCI ArSO~I:IK ~ RCONHSO~Ar --ArSO'NHK ~ RCONKS0~Ar 

The acid p r o p e r t i e s  of the secondary  N-su l fony lamides  a r e  a s soc ia ted  with the e l e c t r o n - a c c e p t o r  
effect  of the CO group; apparent ly  the i r  sa l t s  a r e  c h a r a c t e r i z e d  by an imidol  s t ruc tu re .  
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TABLE I. Secondary Amides  

' Secondary amide Yield, ~/o Mp, o C 

CeH~CONHSO2C6H5 

C6HsCONHSO2C6H6CHa-p 

CHsCONHSO2CeH~ 

CH~CONHSO,C~H,0CI~a-p 

CaH~CON HSO~CtH~ 

CaH~CONHSO,C~H,CI-p 

CICH~CON'HSO~C*H~ 

CaF~CONHSO~C~Ha 

CH~=C(CH~)CONHS0~C,H~ 

CO 

t690 

t670 

t675 

t700 

t720 

t665 

c m - i  

SO, 

tt80, t335 

t165, t350 

t160, i350 

1t45, 1355 

t170, t355 

tt70, 1350 

Empirical 
formula 

CmHnOaNS 

CtaKI30aNS 

CsHgO3NS 

C14HI,04NS 

CIoHIaCNNS 

CloHI~O~NC1S 

CsHsO3N C1S 

C10H6OaNF:S 

CmHnO3NS 

60,t0 

6t ,43 

48,45 

57,63 

52,60 

48,02 
~ 7 ~  

41,20 

33,78 

53,66 

0 H 0 -  

--SO2Ar -~ X ..... RC=NSO~Ar ~- HX 

Found 
Calculated 

H N F 

4,28 5,t6 

4,98 5,33 

4,35 6,8i 

4,20 4,62 

5,48 6,38 
~ ~ - 

5,00 5,28 
~ - 

3,75 5,92 
~ - 

0,331 3,99 37,3 
0,17 3-~ 37,7 

[5 ,2t  t 6,53 

s E1 

t2,48 
12,26 -- 

1tl,37 - 

1 t6,30 
t - ,o8 - 
~t0,70 
1 3  - 

t4,0t 

t4,s8 
15,t3 

The fo rmat ion  of compounds  of the imido l  type can a l so  expla in  the obse rved  ca t a ly t i c  act ion of s t rong  
ac ids  dur ing  the t h e r m a l  decompos i t ion  of s econda ry  a m i d e s .  Thus ,  i f  the f i r s t  ind ica t ions  of the d e c o m -  
pos i t ion  of N-benzenesu l fony lbenzamide  and N - be nz e ne s u l f ony l a c e t a m i de  a r e  obse rved  only at  240-250 ~ 
then in the p r e s e n c e  of e i t he r  su l fur ic  or  benzenesu l fon ic  acid these  s ame  amides  decompose  at  180-200 ~ 
to r e s p e c t i v e l y  give benzon i t r i l e  and ace ton i t r i l e .  

OH OH 
H+ r I 

ttCONHSO.zAr ~ RC+--NHSO~Ar ~ RC=NSO~Ar --~ RCN ~ ArSO~OH 
--H+ 

The secondary  a m i d e s  f rom the c h l o r o a c e t i c ,  b u t y r i c ,  and hep ta f iuorobu tyr ie  ac ids  decompose  in a 
s i m i l a r  manner .  The obtained c a r b o n i t r i l e s  we re  ident i f ied  by GLC and the phys i ca l  p r o p e r t i e s .  

The decompos i t ion  of the s econda ry  N-su l fony l - con ta in ing  a m i d e s  was a l so  obse rved  p rev ious ly  on 
the examples  of the adducts  of hexaf luorod imethy lke tene  with su l famic  acid and the b e n z e n e - ,  p - c h t o r o b e n -  
z e n e - ,  and me thanesu l fonamides  [2-4]. 

(CF3)2 C=C=O -~ RSO2NH~ -~ (CF3)2 CHCONHSO2R ~~176176 (CF3)2 CHCN + RSO~OH 

As a r e s u l t ,  the fo rmat ion  and decompos i t ion  of the N-benzenesu l fony l  d e r i v a t i v e s  of ca rboxy l i c  acid 
amides  a r e  quite g e n e r a l  r e a c t i o n s .  They a re  accompl i shed  in good y i e l d s ,  and can be used to obtain 
secondary  su l fonamides  and e a r b o n i t r i l e s .  

EXPERIMENTAL METHOD 

The IR spectra were taken on a Hitachi--Perkin--Elmer R-457 instrument as a Nujol mull. The values 

of the c h a r a c t e r i s t i c  f r equenc ies  a r e  given in Table  1. The NMR s pe c t r a  were  taken on a H i t a c h i - - P e r k i n  
- - E l m e r  R-20 i n s t rumen t  us ing  CF3COOH as the ex t e rna l  s t andard .  The GLC a n a l y s i s  was run on an LCM- 
7A in s t rumen t ,  us ing a 6 -m column,  packed with the s t a t i ona ry  liquid phase  15% SE-52 depos i ted  on the 
sol id  phase  TNDTSM, a t e m p e r a t u r e  of 20-180% and a he l ium flow r a t e  of 10-15 m l / m i n .  

Benzenesu l fony lbenzamide .  To a s t i r r e d  suspens ion  of 39 g of the K sa l t  of benzenesu l fonamide  in 
150 ml  of anhydrous  acetone was added 14.05 g of benzoyl  ch lo r ide  at such a r a t e  that  the t e m p e r a t u r e  of 
the mix tu re  was  20-30 ~ The s t i r r i n g  was continued for  1 h, the p r e c i p i t a t e  was f i l t e r e d ,  washed with 
e the r ,  the mothe r  l iquor  was combined with the e the r  e x t r a c t s ,  the solvent  was v a c u u m - d i s t i l l e d ,  and the 
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r e s idue  was r e c r y s t a l l i z e d  f rom wate r .  We obtained 15.1 g (96%) of benzeaesu l fonamide  with mp 155 ~ The 
mixed mel t ing  point with an authentic sample  was  not depressed .  

The p rec ip i t a te  (30.5 g) was dissolved in 120 ml  of wa te r ,  and to the s t i r r ed  solution was added HCI 
solution (d 1.19) until acid to l i tmus.  The obtained prec ip i ta te  (18.2 g) was f i l tered and r ec ry s t a l l i z ed  f rom 
toluene. We obtained 16.6 g of N-benzenesul fonylbenzamide  as white needle c r y s t a l s .  

When the reac t ion  was run in ace toa i t r i l e ,  dioxane, o r  toluene the yield of N-benzenesu l fonylbenz-  
a m i d e w a s r e s p e c t i v e l y 8 8 ,  90, or  85%. The other  secondary  amides  were  obtained in a s im i l a r  manner .  
The y ie lds ,  cons tan ts ,  and e lementa l  ana lys i s  data a r e  given in Table  1. 

Salts of Secondary Amides .  To a s t i r r ed  solution of 2.61 g of N-benzenesul fonylbenzamide  in 10 ml  
of alcohol  was added a solution of 1.95 g of the K sal t  of benzenesul fonamide  in 10 ml  of water .  The mix -  
tu re  was diluted with 20 ml  of dioxane,  and the obtained prec ip i ta te  was f i l tered and r e c r y s t a l l i z e d  f rom 
aqueous alcohol (1 : 1). We obtained 3.3 g (94%) of the K sal t  of N-benzenesul fonylbenzamide  as p r i s m a t i c  
c r y s t a l s  with mp 260 ~ (decompn.) .  Found: C 51.87; H 3.11; N 4.88%. C13H1003NSK. Calculated:  C 52.17; 
H 3.37; N 4.68%. 

The K sa l t s  of N-benzenesu l fony lace tamide  Imp 240 ~ (decompn.)] ,  N-benzenesu l fony lch loroace tamide  
Imp 220 ~ (decompn.)] ,  and N-benzenesu l fonylheptaf luorobutyramide  Imp 230 ~ (decompn.)]  were  obtained in 
a s i m i l a r  manner .  

T h e r m a l  Decomposi t ion  of Secondary Amides .  A mix tu re  of 15-20 g of the secondary  amide and 
5-6 drops  of conc. H2SO 4 was placed in a dis t i l la t ion f lask  and heated in an oil bath.  The obtained dis t i l la te  
was dist i l led repea ted ly ,  and the benzoni t r i l e ,  ace ton i t r i l e ,  bu ty ron i t r i l e ,  or  eh loroaee ton i t r i l e  was i so-  
lated in a r e spec t i ve  yield of 63, 73, 68, or  70%. The compounds were  identified by GLC and a compar i son  
of the cons tants .  

Heptaf luorobutyroni t r i le .  A mix tu re  of 17.65 g of N-benzenesu l fonylheptaf luorobutyramide  and 5-6 
drops  of conc. H2SO 4 was heated at 160 ~ and the d is t i l l a te  was col lected in a t r ap  cooled to --78 ~ F r a c -  
t ional  dis t i l la t ion of the condensate  through a l o w - t e m p e r a t u r e  column led to the isolat ion of 7.6 g (78%) of 
heptaf luorobutyroni t r i le  with bp --10% Found: C 24.80; N 7.38; F 67.87%. C4NF 7. Calculated:  C 24.52; 
N 7.19; F 68.29%. The following chemica l  shif ts  (ppm) re la t ive  to CF3COOH were  detected in the I~F NMR 
spec t rum:  3.72 t ,  44.0 m,  and 50.9 t .  

CONCLUSIONS 

1. The reac t ion  of the acid ch lor ides  of the benzoic ,  ace t ic ,  bu tyr ic ,  ch lo roace t i c ,  heptaf luorobuty-  
t i c ,  and me thac ry l i c  acids with the sa l t s  of the amides  of a roma t i c  sulfonic acids  gave the co r respond ing  
secondary  amides .  

2. The co r respond ing  ca rbon i t r i l e s  were  obtained by heat ing the secondary  amides  in the p r e sen ce  
of sulfur ic  acid.  

1. 
2. 
3. 
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