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234. The Associating Effect of the Hydrogen Atom. Part I.
Amides and Sulphonamides.

By Husgrt O. CHAPLIN and Louls HUNTER.

THE classical molecular-weight measurements of v. Auwers and his co-workers (for
references see Ber., 1937, 70, 966) and of Meldrum and Turner (J., 1908, 93, 876; 1910,
97, 1605, 1805) provide ample evidence that amides and anilides are associated in
solution. Replacement of both amide-hydrogen atoms, however, in the few cases in
which measurements have been made (Meldrum and Turner, J., 1910, 97, 1605; Mascarelli
and Benati, Gazzefta, 1909, 39B, 642), appears to prevent association. It appeared of
interest to find whether this is a general tendency, and if so, whether it is extended to
the sulphonamides, which are themselves associated (v. Auwers, Z. physikal. Chem.,
1897, 23, 449). The molecular weights of a series of N-substituted amides and sul-
phonamides have therefore been measured cryoscopically over a range of concentration,
usually in benzene solution. The results clearly show that molecular association (as
indicated by a steep association—concentration curve) is general in amides and sul-
phonamides possessing a free amide-hydrogen atom, but that replacement of both
amide-hydrogen atoms effectively checks association (as indicated by a flat or gently
sloped curve).

This dependence of association upon the presence of the amide-hydrogen atom clearly
points to hydrogen-bond formation as the cause of association in the amides. The most
probable type of hydrogen bond is that in which the hydrogen atom is shared between
the nitrogen atom of one amide group and the oxygen atom of another. Whether this
sharing is confined to two molecules or continues further, the molecular-weight evidence
is insufficient to decide; but it appears probable that this mechanism of association has
an intimate bearing on the tautomeric behaviour of amides and sulphonamides. In this
connection it appeared vital to examine the case of the imino-ethers, which display no
such tautomerism. It would seem from their superior volatility (see table) that these

B. p. B. p.
Ethylacetimino-ether ......... 90—91° N-Ethylacetamide ... 205°
Methylbenzimino-ether ......... 96/13 mm. N-Methylbenzamide ... 167/11 mm.; 291/765 mm.
Ethylbenzimino-ether ......... 102/15 mm. N-Ethylbenzamide ... 285/745 mm.

substances are molecularly simpler than the corresponding isomeric N-alkylamides.
Determinations of the molecular weight of ethylacetimino-ether do indeed show that this
substance is completely non-associated, though the isomeric N-ethylacetamide shows
considerable association in benzene solution (see Fig. 1). This absence of association
can only be due to the fact that the imino-ether, although it still possesses an imino-
hydrogen atom, cannot utilise it to form a hydrogen bond because the oxygen atom,
being ethereal and not ketonic, is available as a hydrogen acceptor only by becoming an
oxonium ion. Such an alternative appears to be improbable in view of the small dipole
moment of ethylacetimino-ether as compared with those of acetamide and its N-alkyl
derivatives (Kumler and Porter, J. Amer. Chem. Soc., 1934, 56, 2549).

This evidence strongly favours the view that association of amides (and presumably
also of sulphonamides) and their tautomeric behaviour are due to one and the same cause,
viz., the intermolecular sharing of hydrogen by resonance. The case is, indeed, similar
to that already proposed for the diazoamino-compounds by one of us (this vol., p. 320).
The attached formule represent typical resonance open-chain (I) and cyclic (IT) polymers,
in which the number of individual molecules is purely arbitrary. It is suggested that
the amides are resonance hybrids of extremes such as (Ia) and (15), or (Ila) and (I18), or
some variant of these. Dissociation of these polymers into the unimolecular form can
thus follow two routes, giving either the amide or the isomeric imino-alcohol or both,
according to the conditions imposed by the interacting reagent. The results of an X-ray
analysis of fatty amides obtained by Henderson (Proc. Roy. Soc. Edin., 1928, 48, 20) and
of isatin by Cox, Goodwin, and Wagstaff (Proc. Roy. Soc., 1936, 4, 1567, 399) would seem
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to favour a cyclic dimeride of type (II), at least for amides in the undissolved condition,
and a recent investigation of the molecular weight of a-piperidone in benzene solution
(Jenkins and Taylor, this vol., p. 495) indicates that with increasing concentration this
substance approaches a dimeric state.

Reference to the tables given later will show that, in dilute solutions of amides and

sulphonamides, the proportion of associated molecules is usually small.

Resonance of

the types suggested above, therefore, does not exclude other types, and it is evident that
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the main contribution to the substantial dipole moments of acetamide and its alkyl

derivatives (Kumler and Porter, loc. cit.) is due to resonance between R-C{?\TH and
2

0 .
R.G<1§H (Pauling and Sherman, J. Chem. Physics, 1933, 1, 606; Clow and Thompson,
2

Nature, 1936, 138, 802), a process which is necessarily confined to the unimolecular
condition.

R-CO'NH R-CO-NH e NH-H O . NH H-O
u RC<, HI}I>LR RC{Q N>R
(R-CO-NH), [R-C(OH):NH], 15} H H H
H N NH 0 NH O
R-CO-NH, R-C(:OH)-NH, \(; yZ \ﬁ‘ /
R R
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Formula similar to (I) and (IT) may be adopted for the sulphonamides; e.g., a cyclic
dimeric polymer is depicted in (I11).

: NAc CH,-NHAc
40 H-NH\ O-H Nilx - He
R-<O 50.R RSO SO-R O\ \g < ¢ 5
“NH-H 0¥ NNH H-0/ N /\N<\
(a)) (b.) 0 0
(I11.) (Iv.) V)

In a recent review of physical measurements on the amides, v. Auwers (loc. cit.)
decides in favour of a tautomeric equilibrium between the normal and the hydroxy-imino
forms, at least for amides in the dissolved or liquid state. Most of the facts which he
reviews can, in our opinion, be more satisfactorily interpreted in the light of a resonance
phenomenon. In particular, reference may be made to the ‘‘ cryoscopically normal”
behaviour of numerous anilides possessing an ortho-substituent. Evidently in these
compounds the tendency of the -CO-NH- group to accept and to donate hydrogen is
checked by some intramolecular cause, and it is significant that in the majority the
o-substituents are hydrogen-acceptors so constituted that six-membered chelation
involving hydrogen is easily achieved. For example, whilst o-nitroacetanilide (IV) is
not associated, its m-isomer is strongly associated; similarly, o-nitrobenzanilide is
associated, but benzo-o-nitroanilide is not. In contrast to this, acet-o-nitrobenzylamide
(V), where chelate ring-formation would not be anticipated, is as strongly associated as
its p-isomer and as the parent acetobenzylamide (v. Auwers, Z. physikal. Chem., 1897,
23, 449).

In the following tables and curves, the association factors are calculated according
to the ideal-solution laws, and are to be regarded merely as a qualitative indication of
association. This probably accounts for some instances of apparent dissociation among
the results. The abnormally high apparent molecular weights of N-methyl- and N-
ethyl-acetamide (see Fig. 1) are probably attributable to the fact that under the prevailing
experimental conditions the benzene solution is approaching the point at which separation
into two layers occurs. Although no quantitative interpretation of the association
factor is justified (Sidgwick, ““ The Electronic Theory of Valency,”” 1927, p. 149), some
degree of association is reasonably certain.

A few results of other authors have been included in the figures (shown as broken
lines, Figs. 1, 3, and 4), especially when, for reasons of solubility, the cryoscopic method
in benzene proved unsuitable. Figures in parentheses indicate the normal molecular
weight; M is the apparent molecular weight. Concentrations are given as g./100 g. of
benzene; « is the association factor.
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Derivatives of acetamide (Fig. 1).
Concn. M. a. Concn. M.

.

. 0-38 1151 158 066 1218  1.06
N-Methylacetamide 0795 133-6 183 .o 141 1219 1-06
(73) 123 1536 210  V-Diethylacetamide 266 1251  1-09
N-Ethylacetamide 0-83 1464 168 (115) 439 1272 L1l
(87) 181 1898 218 527 12047 113
102 928 106 0-63 841 097

N-]g%methylacetamide g%g ggg %{2 Etkg:]lacetimino—ether égg Sgg (1)32
(87) 403 999 115 (87) 346 904  1.04
550 1038  1.19 468 925 106

Devivatives of chiovoacetamide (£ig. 2).

057 963 090 0-74 1173 0:97

102 1059 0985 o ) 149 1284 106

N-Methylchloroacet- 146 1129 105 VD Eﬁi‘;gf?fgi?%“” 240 1397 115
amide (107-5) 189 1182 110 340 1487  1.22
310 1332 124 458 1602 132

402 1462 1:36 . i 1115 1478 0-99

: 128 1237 1.0pg  N-Diethylchloroacet- — jo 47 567 .05
N—D1methylchloroacet~ 2.89 1350 1-11 amide (149-5) 187 1657 111

amide (121-5) 1-89 143-1 1-18
Derivatives of benzenesulphonamide (Fig. 3).

068 1993  0-86 095 1996  1.08
Benzenesulphonanilide ) 1-66 2573 1-11 N . 1-89 1989  1-075
@) 7 259 3070 132  Depzenesulphondi iy 9083 113
304 3368 145 methylamide (185) 1493 9135 115

Ioh 0-64 2980 096 524 2194 119
Benzenesulpt 0“‘1"'312 118 3481 112 (151 2281 107
bromoanilide ~ (312) {175 3981 128  Benzenesulphondi- |255 2305 1-08
Benzenesulphon-o- §0-86 237-2 0-96 cthylamide (213) 14-21 233-6 1-10
toluidide (247) 1128 2504 101 519 2362 111
073 2684  1-09 078 2149  0-96

Benzenesulphon-n:- 1-61 316-4 128 Benzenesulphon- 1.93 2268 101
toluidide (247) 2:58 3413 138 piperidide (225) 315 2367 105
376 3654 148 476 2550 1.13

Benzenesulphon-p- 046 1793 073 {0-95 239:3  0-97
T A T
134 2582  0-08 methylamide (247|555 3505 1.6

Benzenesulphon-o- 2-16 284-7  1-08 L6-32 268-0  1-08
anisidide (263) 305 2098 114 044 2772 0-90
411 3090 118 ) 110 3007 097

0-64 2354 0-90  Denzenesulphondi- 1483 3096  1-00

Benzenesulphon-p- 1-60 390-8 1.92 phenylamide (309) 352 320-2 1-04
anisidide (263) 2-46 3313 126 474 3161 102

Derivatives of p-toluenesulphonamide (Fig. 4).

056 1887  1.02 0-67 1991  1-01

j)-Toluenesul.phon- égg gzég i%g p-Toluenesulphondi- Jéé% ggig %82
methylamide (185) 3.96 980-8 152 methylamide (197) 13,39 2143 109
397 2953 160 14-87  221-8 113

[l43 3176 129 090 2170 0-96

p-Toluenesulphon- 259 3506 1-42 p-Toluenesulphondi- 2-56 230-0  1-01
anilide (247) 13-79 374:0  1-51 ethylamide (227) | 4-42 2377 1-05
464 3873 157 1597 2424 1.07

0-58 2273 0-87 110 2516 096

123 2935 113  P-Toluenesulphon- 202 2579 0-99

p-Toluenesulphon-o- 192 3116 119 phenylmethylamide 9481 2698 103
toluidide (261) 257 3278 126 (261) 623 2771 1-06
331 3435 132 091 2615 095

4-23 3536  1-36 p-Toluenesulphon- 1-67 267-3 097

1-08 334-8 1-28 phenylethylamide 2-98 270-3 0-98

p-Toluenesulphon-m- 1-82 3583  1:37 (275) 3-98 2771 1-01
toluidide (261) 261 3730 1.43 (580 2813  1.02
359 3900  1.49 093 2910  0-90

-Toluenesulphon-p- {0-56 295-0 1-13 . 1-47 3075 095
P ouidide (261) \121 3200 123  P-Tloluenesulphondi 250 3156 0-98
Tol Tohon.o- 065 2573  0-93 phenylamide (323) 354 3159  0.98
P ey Ty il 109 2958 107 (455 3211 0-99
anisidide (277) 182 3208 116 0-54 3103 092

p-Toluenesulphonphenyl-

p-Toluenesulphon-p- 1 0-83 291-4 1-05 b lamide (337 1-37 325-8 0-97
anisidide (277) {1-30 3227 117 enzylamide (337) 206 3447 1.02
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N-Chloro- and N-acetyl derivatives of p-toluenesulphonamide (Fig. 5).

Concn. M. a. Concn. M. a.
. . . . 5 .
p-Toluenesulphon- ;;g ggg; igé N-Acetyl-p-toluene- égz ggig ggg
methylchloroamide 1-42 244-4 1-11 sulphonanilide (289) 1-48 299.7 101
(219-5) 619 2524  1-15  N-Acetyl-p-toluenc- 177 3081  1-02
1-50 258-4 1-08 sulphon-o-toluidide 3-30 3193 1-05
p-Toluenesulphondi- 2-85 2606 1-09 (303) 6-01 3232 1-07
chloroamide (240) 3-83 260-6 1-09 N-Acetyl-p-tol 1-06 324-2 1-07
614 2649 1.10 -Acetyl-p-iopuenc: 2:09 3287  1:085
0-41* 1872 0-88 sulphon-m-toluidide Y357 3235 107
N-Acetyl-p-toluene- ATk . (303) 7. .
; 1-41 240-7 1-13 4-97 327-2 1-08
sulphonamide (213) 9175  262.8  1.23 ‘ 175 3117 103
142 2231 098 N Aceylp-loluenc- 297 3069 101
N-Acetyl-p-toluene- " sulphon-p-toluidide p
culbhommethoiomide 1262 2375 105 (303) 404 3140 104
(221,’,) Y 410 2421 1.07 510 3193 105

5-48 2451 1-08
* Concentrations in nitrobenzene.

EXPERIMENTAL.

Molecular weights were measured cryoscopically in benzene, except that for N-acetyl-p-
toluenesulphonamide nitrobenzene was used. Materials were prepared and purified by usual
methods, and the constants of known compounds are reported only when they differ from
those recorded in the literature. They are as follows: ethylacetimino-ether, b. p. 90—91°
(lit., 92—95°; N-dicthylchioroacetamide, b. p. 105—107°/11 mm. (lit.,, 126-5—128-5°/21
mm.); benzenesulphon-m-toluidide, m. p. 97—98° (lit.,, 80°, 95°); benzenesulphondi-
methylamide, m. p. 51—52° (lit., 47—48°); p-toluenesulphon-p-toluidide, m. p. 119—120°
(lit., 117—118°); p-toluenesulphondimethylamide, m. p. 80—81° (lit., 78—79°, 86—87°).

The following new compounds were prepared in the course of the investigation.

P-Toluenesulphonphenylbenzylamide, prepared by the action of p-toluenesulphonyl chloride
on N-benzylaniline, formed white needles from alcohol, m. p. 189—140° (Found: N, 4:1;
S, 9:7.  CyH 3O,NS requires N, 4-2; S, 9-59%,).

N-Acetyl-p-toluenesulphonamide —Equimolecular proportions of p-toluenesulphonamide
and acetic anhydride were heated under reflux for 3 hours on an oil-bath at 140°. When the
product was poured into cold water, the acety! compound separated as a white crystalline
powder, which was crystallised from alcohol. The substance is dimorphous, being obtained
as stout rhombs from alcohol, but as needles from aqueous alcohol. Each form can be
obtained from an alcoholic solution of the other by seeding with an appropriate crystal; both
forms melt at 136—137°, and neither depresses the m. p. of the other. The substance is very
sparingly soluble in water giving an acid reaction, decomposes carbonates, and behaves
towards alkali as a monobasic acid with phenolphthalein as indicator (Found: N, 6:6; S,
15:0; equiv., 211-4. CyH,,O;NS requires N, 6:6; S, 15:0%; equiv.,, 213). The molecular
weight (see Fig. 5) of this substance was determined in nitrobenzene, as it was not sufficiently
soluble in benzene.

The acetylation of the secondary sulphonamides is not so easily effected as that described
above, and requires a higher temperature (180—200°) and the presence of freshly fused sodium
acetate. The resulting compounds, having no tautomeric hydrogen, are neutral in reaction.

N-Acetyl-p-toluenesulphonmethylamide crystallises from alcohol in white prisms, m. p.
58—59° (Found: N, 6-1; S, 14-1. C,H3O,NS requires N, 6-2; S, 14-1%,). N-Acetyl-p-
toluenesulphonanilide crystallises from alcohol in white rhombs, m. p. 149—150° (Found :
N, 4-8%; S, 11-2. C,;H,;O4NS requires N, 4-8; S, 11-1%). N-Acetyl-p-toluenesulphon-o-
toluidide crystallises from alcohol in large clusters of white prisms, m. p. 100° (Found : N,
43, S, 109. CH;,O,NS requires N, 4-6; S, 10:6%). N-Acetyl-p-toluenesulphon-m-
toluidide crystallises from alcohol in small white plates, m. p. 120° (Found : N, 4-5*%; S, 10:6%).
N-Acetyl-p-toluenesulphon-p-toluidide forms small white plates from alcohol, m. p. 135° (Found :
N, 4:5%; S, 10-6%,).
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* The analyses denoted by an asterisk were carried out by Dr. G. Weiler.
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