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The previously reported reaction of A;-sulfinylaniline with carboxylic acids to give acyl anilides has been shown to require 
the presence of hydrogen chloride. The squence of steps involved in the overall reaction and the role of hydrogen chloride 
are described. 

Carre and Libermann2 reported that carboxylic 
acids react with N-sulfinylaniline to form the cor- 
responding anilidcs : 

0 
// 

Cd&”O + RCOzH + C6HaNHC-It + SO, 

As part of our study of the chemistry of N-sul- 
finyl amines, attempts mere made to carry out the 
above reaction. It was found that when a solution 
of N-sulfinylaniline in acetic acid mas refluxed as 
described by Carre and Libermann no sulfur di- 
oxide was evolved and no acetanilide could be iso- 
lated from the solution. Since these results were 
contrary to those reported by Carre and Libermann, 
variations in the reaction conditions were studied 
and various other acids which reportedly reacted 
with N-sulfinylanilinc were also tried, but without 
success. 

N-Sulfiiiylaniline may be prepared by the 
action of thionyl chloride on aniline hydrochloride. 
This suggests the possibility that traces of either 
thionyl chloride or hydrogen chloride, or both, 
might be present as impurities in N-sulfinylnniline. 
To test the possibility that one of these impurities 
might have been acting as a catalyst in the experi- 
ments of Carre and Libermann the following 
experiments were performed. 

When a mixture of N-sulfinylaniline and acetic 
acid containing a small amount of thionyl chloride 
was refluxed, thew WLS obtained a 90% yield of 
acetanilide. 

To show the possible c:it,alytic effect of hydrogen 
chloride a mixture of N-sulfinylaniline and acetic 
:Lcid was exposed to dry hydrogen chloride gas for 
;L few minutes and then allowed to stand with suit- 
able protection from moisture. A precipitate which 
almost immediately started to form completely 
dissolved in three days. At the end of seven days a 
new precipitate had formed. This second precipitate 
WRS ideritificd :LS :~c:etanilide and represcntcd an 
83% yield. 

( I )  This reuenrch was supported by the United States Air 
Force through the Air Force Office of Scientific Research 
of the Air Research and Development Command, under 
contract No. AF49(638)-49. Reproduction in whole or in 
part is permitted for any purpose of the United States 
Government. 

(2) P. Carre and D. Libermann, Contpl. rend., 194, 2218 
(1932). 

These results thus show the catalytic effect of 
both thionyl chloride and hydrogen chloride on the 
reaction of N-sulfinylaniline with acetic acid. Since 
thioriyl chloride reacts with the carboxylic acid to 
give hydrogen chloride as one of the products, 
it appears that tho catalytic effect of thionyl 
chloride is simply due to the fact that it does give 
rise to hydrogen chloride under the conditions 
used in the reaction. 

A consideration of the possible role of hydrogen 
chloride as a catalyst for these reactions leads to the 
following possibilities : 

0 
// 

I. RCOiH + HCI R C C l  + HzO 
HC1 

C & x s o  + HzO + CeH5NHz*HCl + SO2 
0 0 

// // 
CeHJ4”yHCl + ItC-Cl+ CeHaiL’HC-It + 2HC 

The possibility of the first step’s taking place has to 
be considered, since the removal of water by re- 
:~ction with C6HsNS0 in the second step could drive 
thc equilibrium of the first step to completion: 

11. 

111. In a v:viatio~i of sequciice I1 tho initial 
step need not be represented as above, but simply 
as the formation of a “complex” between hydrogen 
chloride and N-sulfinylaniline. C6HsNS0 + HC1 
+CeHsNSO.HCl. This complex, which may or 
may not have the structure shown in sequence 
11, might then react directly with the carboxylic 
acid 

(3) A. Michaelis, Ber., 24, 745 (18’91). 
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0 
// 

CeHaiKSO.HC1 + ItCOJI + CeH'NHC-lt + HCl 

IV. CeHbNSO + 3HC1 --+ CeHbNHyHCl + SOCls 

J0 
RCO2H + SOC1, + RC-Cl + SO1 + HCl 

CJI&VHz*HCl + R 
0 

CaHsNHC-R + 2HC1 
J 

The first step in this sequence is essentially the 
reverse of the reaction usually used to prepare N- 
sulfinylaniline. It has been reported2p3 that this 
reverse reaction does take place when dry hydrogen 
chloride is passed into pure N-sulfinylaniline. The 
subsequent steps are known reactions. 

Of the above four sequences, three (I, 11, and IV) 
postulate the presence of aniline hydrochloride as 
an intermediate. Several experiments indicate that 
aniline hydrochloride is indeed formed prior to the 
formation of acetanilide in the catalyzed reaction 
of N-sulfinylaniline with acetic acid. When a slight 
excess of thionyl chloride was added to a solution 
of N-sulfinylaniline in acetic acid there was almost 
immediate formation of crystals. These crystals 
were shown to be aniline hydrochloride. When this 
same mixture was allowed to stand overnight and 
then worked up as described above, acetanilide 
was obtained. These results explain the observa- 
tions described earlier for the hydrogen chloride 
catalyzed reaction of N-sulfinylaniline with acctic 
acid in which the precipitate which formed at  the 
start of the reaction later dissolved and was re- 
placed by a new precipitate. 

In  an experiment under the above conditions, 
it was shown that in less than 15 min. a 64y0 yield 
of aniline hydrochloride was obtained. This result 
is particularly significant in demonstrating that 
aniline hydrochloride is an intermediate in the 
formation of acetanilide because this yield of ani- 
line hydrochloride is nearly as great as would have 
been the yield of acetanilide if the reaction had 
been allowed to  continue. 

In  a similar experiment the passage of dry hydro- 
gen chloride into a solution of N-sulfinylaniline in 
xylene gave an 88% yield of aniline hydrochloride. 

The above experiments established the presence 
of aniline hydrochloride as an intermediate in the 
overall sequence of reactions. On this basis, se- 
quence I11 can be ruled out. Of the remaining 
possibilities only sequence IV involves the inter- 
mediate formation of thionyl chloride. Efforts to  
isolate thionyl chloride from some of the experi- 
ments described above in which aniline hydrochlo- 
ride was formed were inconclusive. In  order to show 
that thionyl chloride is formed from N-sulfinyl- 
aniline, a solution of N-sulfinylaniline in cyclo- 
hexane was exposed to dry hydrogen chloride for a 
short while and then distilled. The presence of 

thionyl chloride in the distillate was shown by 
means of vapor phase chromatography. To show 
that thionyl chloride is also formed in acetic acid 
the cyclohexane of the above experiment was re- 
placed by acctic acid with essentially the same 
results. 

The above experiments confirm the earlier 
o b s c r ~ a t i o n s ~ ~ ~  that the reaction given in step 1 of 
sequence IV can take place. Morcover, our experi- 
ments show that this reaction can occur under the 
same conditions in which N-sulfinylaniline reacts 
with carboxylic acids. 

Since sequence IV is the only scquence in which 
both aniline hydrochloride and thionyl chloride are 
intermediates, it can be concluded that the steps 
involved in the reaction of N-sulfinyl amines with 
carboxylic acids are correctly described by sequence 
IV. I t  is not necessary that all of the acetanilide 
be formed from the reaction of aniline hydro- 
chloride with acetyl chloride, since some reaction 
may take place directly with the acetic acid. 

Anilides of the following acids were obtained by 
refluxing the acid with N-sulfinylaniline and a drop 
of thioriyl chloride: formic, 44% yield; benzoic, 
30% yield; chloroacetic, G5% yield, glutaric, 
trace of dianilide. These reactions are not peculiar 
to N-sulfinylaniline, The N-sulfinyl derivatives of 
p-nitroaniline and cyclohexyl amine are converted 
to the corresponding N-acetyl derivatives by re- 
fluxing in acetic acid containing a trace of thionyl 
chloride. The reaction of p-nitro-N-sulfinylani- 
line with acetic acid is more vigorous than the 
corresponding reaction of N-sulfinylaniline. Im- 
mediate reaction is noted and a 92% yield of p -  
nitroacetanilide is obtained. N-sulfinylcyclohexyl- 
amine gives only a 31% yield under similar condi- 
tions. 

 EXPERIMENTAL^ 

Acetanilide from N-sul f inyhni l ine and acetic acid. Thionyl  
chloride catalyst. To a solution of 5 g. (0.036 mole) of N -  
~ulfinylanifine~ in 15 ml. of glacial acctic acid was added 0.2 
ml. (0.33 g., 0.003 molc) of thionyl chloride. The solution 
was refluxed for 2 hr., poured into water, and extracted with 
chloroform to give 4.4 g. (90%) of acetanilide, m.p. 113- 
114O, undepressed by mixture with an authentic sample. 

Miscellaneous anilides. The following anilides were pre- 
pared as above from 1.2 g. of N-sulfinylaniline, 1 drop of 
thionyl chloride and the indicated amount of acid. Form- 
anilide, m.p. 45-46' (44%) from 5 ml. formic arid. Benz- 
anilide, m.p. 156-160' (30%) from 2.17 g. benzoic acid. 
wChloroacetanilide, m.p. 133-134' (65%) from 1.76 g. 
chloroacetic acid. Glutaric dianilide, m.p. 221-223' (tracc) 
from 0.04 g. glutaric acid. 

Acetanilide from N-sulfinylnniline and acetic acid. Hydrogen 
chloride catalyst. A solution containing 1.2 g. (0.009 mole) 
of N-sulfinylaniline in 5 ml. of acetic acid was exposed to dry 
hydrogen chloride for 10 min. The solution was protected 
from moisture and allowcd to  stand. A precipitatc which 
started to form almost immediately had completely dis- 

(4) P. Carre and D. Libcrmann, Bull .  SOC. chim. France, 
6 ,  579 (1939). 

(5) Melting points were taken on n Fishcr-Johns mrlting 
point block and are corrccted. 
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solvcd a t  thc end of 3 days. At the end of 7 days a new 
precipitate had formed. The mixture was thcn poured into 
water and extracted with chloroform to give 1.0 g. (83%) 
of acetanilide, m.p. 113-114'. 

p-Nilroacetanilide f r o m  p-nitro-N-suljinylaniline. To 5 ml. 
of glacial acetic acid and 0.1 ml. (0.17 g., 0.0015 mole) of 
thionyl chloride was added 1 g. (0.005 mole) of p-nitro- 
N-sulfinylaniline.* Immediate formation of crystals was 
noted, and after 15 min. of heating the mixture was com- 
pletely solid. An additional 5 ml. of acetic acid was added 
and the mixture was allowed to stand for 30 min. Thc 
reaction mixture was then diluted with 100 ml. of water 
and extracted with chloroform. The solid which did not dis- 
solve was rcmoved hy filtration and combined with that 
obtained from evaporation of the chloroform to give 0.9 g. 
(9201,) of p-nitroacctanilide, m.p. 215-216°.8 

N-Cyclohezylacetamide. A mixture of 5 ml. of acetic acid, 
1.09 e. (0.0075 mole) of N-sulfinylcyclohexyl amine7 and 0.1 

(6) A. Kaufmann, Ber., 42, 3482 (190!1). 
(7) Donald Trimnell, Thesis, I!niversit,y of Kentiicky. 

1958. 

ml. (0.17 g., 0.0015 molc) of thionyl chloride vas  refluxed 
for 2 hr., cooled, and ext,racted with chloroform to give 
0.33 g. (31y0) of N-cyclohexylacetamide, m.p. 103-104'.* 

Anil ine hydrochloride from N-suljinylaniline. To a solu- 
tion of 1.2 g. (0.009 mole) of N-sulfinylaniline in 5 ml. of 
acetic acid a t  25" was addcd 1.65 g. (0.017 mole) of thionyl 
chloride. There was an immediate vigorous reaction resulting 
in the precipitation of 0.85 g. (74%) of aniline hydro- 
chloride, m.p. 105-198", undepressed by mixture with an 
authentic sample. 

I n  another experiment a slow stream of dry hydrogen 
chloride: was passed for 1 hr. into 10 g. (0.07 mole) of N- 
sulfinylsniline dissolved in 30 ml. of dry xylene at  25' to 
give 8.2 g. (88%) of aniline hydrochloride. 

Detection of thionyl chloride. Solutions of N-sulfinylaniline 
in cyclohexane and in acetic acid were exposed to dry 
hydrogen chloride for 15 min. and then distilled. Vapor 
phase chromatography of both distillates and of authentic 
mixturcs showed the presence of thionyl chloride. 

LXXINGTON, KY. 

(8) A.  Iheycr, Ann., 278, 104 (1894). 
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The reaction of an aromatic isocyanate or diisocyanate with benzoic acid in dimethyl sulfoxide as solvent has been 
found to give the urea or high molecular weight polyurea derived from the amine or diamine precursor of the isocyanate. 
The dimethyl sulfoxide takes part in the reaction alw, forming the mcthylthiomethyl ester of benzoic acid. This fact, 
plus the observed stoichiometry of the reaction (2:  1 : 1 for isocyanate: carboxylic acid: sulfoxide), precludes the operation in 
this case of the usual isocyanate-carboxylic reaction. A mcchanism is proposed which accounts for the products formed. 

Previous work' on the reaction of an isocyanate 
with a carboxylic acid in equimolar amounts has 
shown that the first product of the reaction is a 
mixed carbamic-carboxylic anhydride, which, in 
most cases, is not stable but in some instances can 
be isolated : 

0 0 
I1 

R-NCO + R'-COZH + R-NH-C-0-(!-It' 

The decomposition of the mixed anhydride pro- 
ceeds by two paths to give an amide in A (below), 
and in I3 a symmetrical urea and the anhydride of 
the acid.2 Carbon dioxide is evolved in both cases. 
The products of path B, on heating to higher tem- 
peratures (135' or more) can react with each 
other to give the amide, path C.* Thus, under 
forcing conditions, the ultimate product of the re- 
action is the amide: 

A 

This over-all reaction has been used to preparr 
amides in good yieldss3 

We would like to report here an unusual variant 
of the above reactions. If two moles of phenyl 

(3) e. 1,. Ayfc, G. Dings, and R. I'fIaum, J. Org. Chem., 

- 

(1) W. Dieckmann and F. Breest, Ber., 39, 3052 (1908). 
(2) C. Naegli and A .  Tyabji, Helv. Chim. Acta, 17, 931 

(1934); 18, 142 (1935). 20, 695 (1955). 


