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An ester is formed rapidly and in high yield when a solution of an acid and an alcohol in pyridine is treated with toluene-
sulfonyl chloride. This procedure is particularly useful in the esterification of tertiary alcohols and in the preparation 
of solid esters. The reaction appears to involve in situ generation of the acid anhydride; anhydride formation occurs 
selectively in the presence of alcohols, permitting complete utilization of the acid. This method can be adapted to the 
preparation of anhydrides and amides. 

Aromatic sulfonyl halides in pyridine have been 
used as reagents for the Beckmann2 and Lossen3 re
arrangements, the dehydration of aldoximes4 and 
primary amides5 to nitriles, for the cyclization of 
1,4- and 1,5-diols to tetrahydrofurans and te t rahy-
dropyrans,6 and for the cyclization of a 7-hydroxy 
amide to a sulfonimido ether.1 These diverse re
actions appear to involve two major steps for each 
of which there is ample precedent: first, the forma
tion of an O-S bond by replacement of chlorine 
from the sulfonyl halide, and second, the displace
ment, elimination or migration of the arenesulfon-
ate ion, A r S O 3

- . By analogy, it would be expected 
tha t a carboxylic acid would react with an aromatic 
sulfonyl halide to form a mixed anhydride ( R -
COOSO2Ar) which should be a highly reactive acyl-
ating agent. The observation tha t 2-hydroxycyclo-
hexaneacetic acid is lactonized, with retention of con
figuration, on a t tempted tosylation1 suggested tha t 
such anhydride formation could occur even in the 
presence of alcoholic hydroxy groups. 

I t has now been found tha t carboxylic acids react 
rapidly with aromatic sulfonyl halides in pyridine 
solution to form symmetrical anhydrides. Thus, 
benzoic acid gave a 9 6 % yield of benzoic anhydride 
in five minutes when treated in pyridine solution 
with a half-molecular amount of benzenesulfonyl 
chloride. This reaction would appear to be analo
gous with the "diacylation of water"7 or the acyla-
tion of acids8 by acyl halides in pyridine, but is more 
convenient in tha t preparation and isolation of the 
halides is obviated. This reaction serves further as 
a convenient method for the in situ preparation of 
acid anhydrides in pyridine for use in the formation 
of amides and esters. Thus, addition of aniline to 
a solution prepared as above gave benzanilide nearly 
quanti ta t ively; half of the benzoic acid is, of course, 
lost unless recovered in the isolation procedure. 

The chief utility of this reaction appears to be in 
the preparation of esters. By using a full equiva-
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lent of the sulfonyl halide the acid can be recycled 
through the anhydride stage in the presence of the 
alcohol and thus be completely converted to the 
ester 
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(R-C—)20 ^ R-CO2H + R-CO2R' 
+ C5H5X I 
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Esters which have been prepared in this way are 
listed in Table I. These products were generally 
obtained in yields exceeding those realized by use of 
the corresponding acid chlorides; the solid esters 
melted, before recrystallization, within two degrees 
of melting points reported in the li terature. This 
procedure is particularly useful in the esterification 
of tert iary alcohols9'10 and in the preparation of 
solid esters for characterization and identification. 
The present method of esterification is distinctly 
superior, with respect to yields and puri ty of prod
uct, to the closely related method of Barnet t and 
Nixon, in which thionyl chloride is used.11 I t seems 
likely t ha t the superiority of the present method 
results primarily from the sluggish reactivity of the 
sulfonyl halide toward alcohols and the relative 
rapidity of all other reactions in this system. 

Experimental 
Benzoic Anhydride.—Benzenesulfonyl chloride (S.S %., 

6.4 ml., 0.05 mole) was added with stirring to a solution of 
12 g. (0.1 mole) of benzoic acid in 20 ml. of pyridine; the 
temperature rose to about 75°. Five minutes after addi
tion of the sulfonyl chloride the solution was poured over 50 
g. of ice in 100 ml. of water. A heavy oil separated; this 
was scratched to induce crystallization, collected by filtra
tion, washed with ice-water and dried in a vacuum desicca
tor. There was obtained 10 g. (97%) of benzoic anhydride, 
m.p. 39-40°. This material can be purified by crystalliza-
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TABLE I 

PREPARATION OF ESTERS 

Acid 

Acetic 

Benzoic 

p-Nitro-
benzoic 

3,5-Dinitro-
benzoic 

Alcohol or 
phenol 

Cholesterol 

Resorcinol 

Methanol 
Ethanol 
2-Propanol 
i-Butyl alcohol 
Furfuryl alcohol 
Benzyl alcohol 
Benzhydrol 
Benzoin 
Phenol 
2-Naphthol 

Methanol 
2-Propanol 
tf-Butyl alcohol 
2,3-Dimethyl-2-

butanol 
Cyclohexanol 
/-Menthol 
d-Borneol 
1-Phenylethanol 
Cinnamyl alcohol 
1-Dodecanol 

Yield, 

% 
88 

89 

92 
90 
96 
85 
90 
96 
90 
90 
78 
88 

90 
90 
92 

78 
82 
89 
85 
88 
90 
82 

Ester 
M.p., 0C. 

113-114 

116-117 

95-96" 
56-57* 

109-110" 
115-116''' 

75-76 
84-85 

130-131 
122-123 
127-128 
166-167 

107-108 
120-121 
140-141 

109-110 
111-112 
153-154 
154-155 
95-96 

120-121 
59-60 

Ref. m.p. 

114° 

1156 

95.1" 
56.3° 

108.3C 

' 115.5d 

75-77' 
85-86-' 

131-132» 
123^ 
129*' 
169'' 

107.9* 
122.1* 
141.5' 

111™ 
112-1131 

153" 
156-1570 

95" 
121a 

60r 
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tion from ether and mixed pentanes, 90% recovery, m.p. 
41.5-42.5° (lit.12 43°). 

Benzanilide.—A solution prepared by adding 6.4 ml. of 
benzenesulfonyl chloride to 12 g. of benzoic acid in 20 ml. of 
pyridine (see above) was cooled to room temperature under 
the tap and then 4.7 g. (0.05 mole) of aniline was added. 
The solution became hot; it was cooled under the tap with 
stirring until the reaction mixture solidified (about 10 min.). 
The product was treated with a solution of 10 g. of sodium 
hydroxide and 5 g. of sodium bisulfite in 200 ml. of water. 
The dead-white product was collected by filtration and 
dried in vacuum; yield, 9.2 g. (94%), m.p . 160.5-161° 
(lit.13 160-161°). 

Other amides made in this way include acetanilide (49%, 
crude), m.p. 110-111° (l i t ." m.p. 114°) and 2-furo-£-
toluidide (90%), m.p. 107° (lit.16 m.p. 107.5°). 

When the molar ratio of the aromatic sulfonyl halide to 
the carboxylic acid is greater than one-half the product is 
orange colored and difficult to purify. The conversion of 
carboxylic acid to its substituted amide drops due to the 
formation of sulfonamide from the excess of sulfonyl halide. 
The sulfonamide can be recovered from the alkaline mother 
liquors by acidification and is obtained in the amounts to 
be expected from the excess of sulfonyl halide over that re
quired for formation of the symmetrical anhydride. 

Preparation of Esters.—The following procedure is the 
most generally successful so far devised for this reaction. 
With highly reactive alcohols it may prove desirable to mod
ify this procedure by using less sulfonyl halide and to add 
it more slowly. The acid is dissolved in 20-50 parts of pyri
dine (in some cases a salt separates) and two molecular 
equivalents of benzenesulfonyl or toluenesulfonyl chloride 
is added. The solution is chilled in ice and one molecular 
equivalent of the alcohol or phenol is added. The solution 
is kept cold for about one hour and then poured into three or 
four volumes of an ice and water mixture. Solid esters are 
collected by filtration. Esters which have been prepared 
in this way are listed in Table I . 

(12) H. T. Clarke and E. J. Rahrs, in H. Gilman and A. H. Blatt, 
"Organic Syntheses," Coll. Vol. I, 2nd Ed., John Wiley and Sons, 
Inc., New York, N. Y., 1941, p. 91. 
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(14) J. H. Matthews, THIS JOURNAL, 39, 1125 (1917). 
(15) E. Baum, Ber., 37, 2949 (1904). 
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Complex Salts of Monosubstituted Amides with the Hydrohalic Acids and the Halogens 

BY EMIL H. WHITE 

RECEIVED JULY 7, 1955 

A number of salts of N-(<-butyl)-acetamide (A) corresponding to A-HX, A r H X , and A2-HX3 have been prepared (X = 
halogen); the latter compounds are halogenating agents. A structure is proposed for the 2:1 complexes similar to that of the 
carboxylic acid dimers. Complexes of this type are apparently general for monosubstituted and unsubstituted amides. 

D u r i n g a n a t t e m p t e d n i t r o s a t i o n of N - ( / - b u t y l ) -
a c e t a m i d e (A) w i t h n i t r o s y l b romide , 1 - 2 o r a n g e -
co lo red c r y s t a l s s e p a r a t e d w h i c h c o n t a i n e d a c t i v e 
b r o m i n e a n d a n a l y z e d for C1 2H2TN2O2Br3 . A m i x 
t u r e of A ( C 6 H i 3 N O ) a n d b r o m i n e in c a r b o n t e t r a 
ch lo r ide o n r e c r y s t a l l i z a t i o n y i e lded o n l y t h e a m i d e ; 
h o w e v e r , a f t e r e x p o s u r e t o t h e a t m o s p h e r e ( H B r 

(1) E. H. White, T H I S JOURNAL, 77, 6008 (1955). 
(2) Nitrosyl bromide is partially dissociated into bromine and nitric 

oxide at 0° (C. M. Blair, Jr., P. D. Brass and D. M. Yost, Md., 56, 
1916 (1934)). 

formed) the same orange-colored crystals were ob
tained, suggesting that the analysis above corre
sponded to (A)2-HBr-Br2. Subsequently the same 
compound was prepared by the step-wise procedure 
shown below, thereby confirming this partial struc
ture. The same compound was also obtained 
from a mixture of standard solutions of A, bromine 
and hydrogen bromide in the correct proportion. 

The properties of these intermediates as well as 
those of the related iodine complex IV are given in 
Table I. The hydrochlorides corresponding to I 


