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Apparent dissociation constants of several aromatic sulphonamides, their N-acetyl and N-ben-
zoyl derivatives, sulphohydrazides, sulphohydroxamic acids, dibenzamides, N-acetylbenzamides, 
and benzohydroxamic acids have been measured in water and/or 80% methyl cellosolve. The 
effect of the two substituents on the acidity of N-acids may be rationalized as follows: The sub-
stituents S 0 2 R , COR, alkyls, and aryls act in a regular but non-additive manner according 
to the correlation equation (1); the total substituent effect is composite of the inductive and of the 
electron withdrawing mesomeric effects. Only within restricted ranges, e.g. for substituted sul-
phonanilides, for which also the Hammet t equation holds, the additivity is fulfilled with an ac-
ceptable precision, see Eq. (2). An abnormal behaviour is encountered with oxygen and nitrogen 
substituents (OH, O C H 2 C 6 H 5 , N H 2 ) : When they are present together with S 0 2 R substituents, 
the resulting acids are weaker than expected; when they are together with acyl groups, the acidity 
is enhanced. 

N-Acids are commonly considered to be much weaker than typical O-acids, although this is t rue 
only as far as monoderivatives of ammonia, R N H 2 , are compared to the corresponding deriva-
tives of water, R O H . However, the former molecule has the possibility of introducing the second 
substituent; in this way the range of accessible acidities is enlarged and as strong acids as the 
strongest O-acids may be produced. For this reason the N-acids would be a suitable object for 
structure-acidity correlations if these were not impeded by some technical difficulties, as too high 
or too low values of pK and the instability of some derivatives. Some recent s t u d i e s 1 - 7 are 
mostly confined to series of structurally similar compounds and the double substitution was not 
studied systematically. Even so, the fact emerges f rom the available data that the activity does not 
depend on substitution according to a simple, e.g. additive scheme. Most striking is the acidity of 
hydroxamic acids, slightly greater than that of sulphohydroxamic acids8 , while sulphonamides 
are stronger acids than amides by 5 pK units at least; in all these compounds it is the N H 
proton which dissociates. The explanation was originally a t tempted 8 in terms of mutual inter-
action of the inductive and mesomeric effect; hence the hydroxamic acids were considered ano-
malous, i.e. too strong acids. Non-additive substituent effects were also observed with N-cyano-
amides9 ; this behaviour agrees in general with the behaviour of polysubstituted methanes as 
C-acids 1 0 . 

* Part of the Thesis, Institute of Chemical Technology, Pardubice, 1973. Present Address: 
Research Institute of Textile Finishing, 544 28 Dvur Kralove. 
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T h e p r e s e n t s t u d y w a s u n d e r t a k e n w i t h t h e a i m o f g iv ing a g e n e r a l p i c t u r e o f s u b -
s t i t u e n t e f fec t s o n t h e ac id i t y o f N - a c i d s b y a n e m p i r i c a l a p p r o a c h . I f p o s s i b l e , t h e 
w e l l - b e h a v e d a n d a n o m a l o u s s u b s t i t u e n t s s h o u l d b e d i s t i n g u i s h e d a n d t h e e f fec t 
o f t h e f o r m e r e x p r e s s e d by a c o r r e l a t i o n e q u a t i o n . I t w a s fe l t t h a t t h e e f fec t s o f t w o 
a d j a c e n t s u b s t i t u e n t s , a c t i n g f r o m t w o s ides , n e e d n o t b e e x p r e s s e d in t h e f o r m 
o f a s u m b u t r a t h e r o f a p r o d u c t , l ike e.g. t h e s u b s t i t u e n t s e f fec t s o n t h e I R f r e q u e n -
c ies 1 

F o r t h e m e n t i o n e d p u r p o s e we h a d t o c o m p l e t e t h e ex i s t i ng d a t a o n d i s s o c i a t i o n 
c o n s t a n t s b y m e a s u r i n g f u r t h e r d e r i v a t i v e s : s u l p h o h y d r a z i d e s I I , N - a c e t y l - a n d N - b e n -
z o y l s u l p h o n a m i d e s III a n d IV, s u l p h o h y d r o x a m i c a c i d s V, a n d d i a c y l a m i d e s VI a n d 
VII. All t h e c o m p o u n d s b e l o n g e d t o t h e a r o m a t i c ser ies ; bes ides t h e u n s u b s t i t u t e d 
p h e n y l d e r i v a t i v e s ( a ) , t h o s e w i t h 3 - N 0 2 (b) , 4 - B r (c), a n d 4 - C H 3 ( d ) s u b s t i t u e n t s 
w e r e p r e p a r e d in e a c h ser ies in o r d e r t o e s t i m a t e a p p r o x i m a t e l y t h e H a m m e t t c o n -
s t a n t q. T h e c o r r e s p o n d i n g s u l p h o n a m i d e s / a n d h y d r o x a m i c a c i d s VIII, i n v e s t i g a t e d 
a l r e a d y seve ra l t i m e s in t h e l i t e r a t u r e 5 , 6 8 1 2 1 3 w e r e i n c l u d e d f o r c o m p a r i s o n . 
Seve ra l o t h e r c lasses o f c o m p o u n d s w e r e p r e p a r e d l ike d i s u l p h o n a m i d e s / X , N - c y a n o -
s u l p h o n a m i d e s X , a n d h y d r a z i d e s XI b u t t h e p K v a l u e s c o u l d n o t b e o b t a i n e d b y t h e 
s t a n d a r d m e t h o d s u s e d . N - C y a n o a m i d e s a r e i n v e s t i g a t e d in m o r e d e t a i l in a n ac -
c o m p a n y i n g p a p e r 9 . 

EXPERIMENTAL AND RESULTS 

Materials 

All the derivatives were prepared by standard methods starting f rom a substituted benzenesul-
phonylchloride or a substituted benzoyl chloride. All the compounds were analyzed and their 
melting points compared with those given in the literature. The analyses are listed in Table I only 
for compounds not reported previously. 

Benzenesulphohydrazides1 4 ( I la—d ) , N-acetylbenzenesulphonamides1 5 ( I l l a—d ) , N-ben-
zoylbenzenesulphonamides1 6 ( I V a — d ) , benzenesulphohydroxamic ac id 1 7 (Va), 4-toluenesulpho-
hydroxamic ac id 1 7 (Vd ) , 3-nitro- and 4-bromobenzenesulphohydroxamic acids 1 8 (Vb,c ) were 
prepared according to the respective literature methods. N-Acetylbenzamides Via, VIb, and VId 
were prepared by acetylation with acetic anhydr ide 1 9 , while for N-acetyl-4-bromobenzamide 
(Vic) the use of acetyl chloride in pyridine 2 0 was necessary (30% excess of 4-bromobenzamide, 
50°C, 3 hours). Under the same conditions all the monosubstituted dibenzamides ( V l l a — d ) 
were prepared. F rom the two possible combinations of starting compounds, benzamide plus 
substituted benzoyl chloride was always preferable; the reversed combination gave only small 
yields. Benzohydroxamic acids (Villa—d) were obtained as previously8 . Symmetrically disubsti-
tuted bis(benzenesulphonyl)imides were prepared by the known me thod 2 1 but isolated as potas-
sium salts (IXa—d). During the reaction, p H of the mixture was held to c. 7 by addition of 5% 
potassium hydroxide. The attempts to obtain the free acid in a state of purity failed. The same 
problem was encountered with substituted N-cyanobenzenesulphonamides which were prepared 
according to a decsribed procedure 2 2 and isolated also as potassium salts (Xa—d). Substituted 
benzohydrazides ( X I a — d ) were obtained by the standard procedure 2 3 . 
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TABLE I 

Analytical Data of Compounds Not Prepared Previously 

Compound Y i e l d ' % F o r m u l a 

m.p., °C (m.w.) 

Calculated/Found 

% C % H % N 

nib 60 C 8 H 8 N 2 O 5 S 39-35 3-30 11-47 
191-192 (244-2) 39-52 3-48 11-67 

IVb 75 C 1 3 H 1 0 N 2 O 5 S 50-98 3-29 915 
188-189 (306-2) 50-75 3-58 9-46 

Vb 37 C 6 H 6 N 2 O 5 S 33-03 2-77 12-84 
156-158 (218-2) 32-85 2-52 12-64 

Vic 56 C 9 H 8 B r N 0 2 44-65 3-33 5-79 
198-199 (242-1) 44-24 3-26 6-00 

VId 67 C 1 0 H N N O 2 67-78 6-26 7-90 
145-148 (177-2) 67-89 6-42 7-60 

Vllb 71 C 1 4 H 1 0 N 2 O 4 62-22 3-73 10-37 
128-132 (270-2) 62-05 3-82 10-13 

VIIc 50 C 1 4 H 1 0 B r N O 2 55-29 3-31 4-61 
228-230 (304-2) 55-14 3-36 4-42 

VJId 30 C 1 5 H 1 3 N O 2 75-30 5-48 5-85 
132-133 (239-3) 75-33 5-59 5-39 

IXa 69 C 1 2 H 1 0 K N O 4 S 2 42-97 3-00 4-18 
>300 (335-4) 42-50 3-11 4-31 

IXb 86 C 1 2 H 8 K N 3 O 8 S 2 33-88 1-90 9-88 
>300 (425-4) 33-88 2-41 9-65 

IXc 80 C 1 2 H 8 B r 2 K N 0 4 S 2 29-22 1-63 2-84 
>300 (493-3) 29-45 1-43 2-84 

IXd 71 C 1 4 H 1 4 K N O 4 S 2 46-26 3-88 3-85 
>300 (363-5) 46-68 3-92 4-19 

Xa 70 C 7 H 5 K N 2 O 2 S 38-16 2-29 12-72 
>300 (220-3) 38-20 2-50 12-46 

Xb 85 C 7 H 4 K N 3 O 4 S 31-69 1-52 15-84 
>300 (265-3) 32-14 1-54 15-80 

Xc 75 C 7 H 4 B r K N 2 0 2 S 28-10 1-35 9-36 
>300 (299-2) 28-46 1-64 9-03 

Xd 70 C 8 H 7 K N 2 O 2 S 41-00 3-01 11-96 
>300 (234-3) 41-21 3-28 11-58 
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Physical Measurements 

The apparent dissociation constants were determined by potentiometric titration using a Beck-
mann Research pH-meter , a glass indication electrode Radiometer G 2222 and a calomel reference 
electrode Radiometer K 4112 DP. Solutions of the concentration 5 . 10" 3M were titrated at 25 ± 
± 0 - l°C with 01M aqueous tetramethylammonium hydroxide in the atmosphere of nitrogen 
saturated by vapour of the respective solvent. The solvents used were redistilled water or 80% 
by weight aqueous methyl cellosolve, the required concentration was always reached just at the 
half-neutralization point. The apparatus was calibrated using a phosophate buffer p H = 6-57. 
The full titration curve was recorded and evaluated in the case of compounds III, IV, VII, and 
VIII. The remaining compounds I, II, V, and VI did not exhibit a sufficiently distinct potential 

jump, hence the pAT values were calculated f rom three points, at a 40%, 50% and 60% neutraliza-
tion, respectively. The potassium salts IX and X could not be titrated by 01M hydrochloric acid 
in a 5 . 1 0 - 2 M solution owing to their too low values of pK. On the other hand the hydrazides XI 
were too weakly acidic to be measured under our conditions, although some pK values were 
repor ted 7 . The pK values determined are listed in Table II. As indicated in the footnotes, they 
agree mostly quite well with previous determinations. 

The electronic spectra were measured on a spectrophotometer Unicam SP-800 at the concen-
tration of 5 . 10~4M in 01M hydrochloric acid or 01M potassium hydroxide, respectively. The 
absorption maxima are reported in Table II. Their shifts with ionization were in no case large 
enough to allow a convenient spec t rophotomet ry determination of pK. 

Calculations. The least-squares calculations according to the correlation equations ( / ) and (2) 
were performed on a Hewlett Packard calculator 9820 A. The details of the program will be 
reported elsewhere2 6 . 

D I S C U S S I O N 

In order to rationalize the substituent effects on acidity we must first define the 
"well-behaved" substituents and select the pertinent data from Table II and from the 
literature, which are related to comparable conditions. With respect to the mentioned 
discrepancies in the acidity of hydroxamic and sulphohydroxamic acids8, we tentati-
vely excluded all the substituents of the type OR or NHR; from the remaining substi-
tuents a selection was made as shown in Table III. We intended to obtain a reason-
ably filled table and not to include several very similar substituents {e.g. all the substi-
tuted phenyls). It was, however, unavoidable to complete the direct experimental 
data by some calculated ones, either deduced from measurements of other com-
pounds in water, or of the same compound in another solvent. Care was always taken 
to use only reliable correlations, restricted to small series of similar compounds 
and any longer extrapolation was avoided. The details of the estimation are given 
in footnotes to Table III. With all the precautions mentioned the Table is filled up 
only to 50%. The only not dependable value is that for ammonia for which dif-
fering estimations exist27 '31. 

The substituent effects on acidity will be firstly explained from the data of Table III 
themselves, without referring to any fixed scale of constants (cr). The following equa-

Col lec t ion Czechos lov . Chem. C o m m u n . [Vol. 40] [19751 



2514 Exner, Janak: 

T A B L E I I 

Apparent Dissociation Constants (in Water and in 80% Methyl Cellosolve) and Ultraviolet Ab-
sorption Maxima of Some N-Acids 

Compound 
P^APP . (25°C) A nm (log e) 

Compound 
H 2 O 80% MCS 0-IM-HCI O-IM-KOH 

la C 6 H 5 S O 2 N H 2 10-10" 11-54 260 (3-00) 260 (3-03) 

lb 3 - N 0 2 C 6 H 4 S 0 2 N H 2 9-40" 10-78 258 (3-34) 260 (3-92) 

Ic 4-BrC 6 H 4 S0 2 NH 2 9-87° 11-31 234(4-11) 234(3-19) 

Id 4 - C H 3 C 6 H 4 S 0 2 N H 2 10-24" 11-65 269 (2-84) 269 (2-90) 

Ila C 6 H 5 S O 2 N H N H 2 10-60 11-89 260 (3-15) 260 (3-44) 

lib 3 - N 0 2 C 6 H 4 N H N H 2 9-78 11-30 255 (3-74) 260(4-11) 

lie 4-BrC 6 H 4 S0 2 NHNH 2 10-36 11-72 237 (4-30) 237 (4-28) 

lid 4 - C H 3 C 6 H 4 S 0 2 N H N H 2 10-71 11-87 260 (3-03) 260 (3-30) 

Ilia C 6 H 5 S O 2 N H C O C H 3 4-72 6-69 266 (3-07) 266 (3-02) 

Illb 3-NO 2 C 6 H 4 SO 2 NHCOCH 3 3-97 5-55 255 (3-46) 262 (3-66) 

IIIc 4 - B r C 6 H 4 S 0 2 N H C 0 C H 3 4-52 6-18 238 (3-62) 236 (3-46) 

Hid 4 - C H 3 C 6 H 4 S 0 2 N H C 0 C H 3 4-926 6-86 262 (3-20) 258 (3-14) 

IVa C 6 H 5 S O 2 N H C O C 6 H 5 - 5-44 236 (4-25) 240 (4-37) 

IVb 3-NO 2 C 6 H 4 SO 2 NHCOC 6 H 5 - 4-30 239 (4-52) 246 (4-52) 

IVc 4 - B r C 6 H 4 S 0 2 N H C 0 C 6 H 5 - 4-94 242 (4-60) 237 (4-06) 

IVd 4 - C H 3 C 6 H 4 S 0 2 N H C 0 C 6 H 5 - 5-66 239 (4-50) 241 (4-35) 

Va C 6 H 5 S O 2 N H O H 9-34c 11 •64c 258 (3-16) 260 (3-38) 

Vb 3-NO 2 C 6 H 4 SO 2 NHOH 8-60 11-07 257 (3-93) 257 (3-94) 

Vc 4 - B r C 6 H 4 S 0 2 N H 0 H 9-08 11-58 245 (3-62) 247 (3-56) 

Vd 4 - C H 3 C 6 H 4 S 0 2 N H 0 H 9-40 12-00 262 (3-42) 262 (3-37) 

Via C 6 H 5 CONHCOCH 3 - 11-55 235 (4-32) 258 (3-30) 

Vlb 3-NO 2 C 6 H 4 CONHCOCH 3 - 10-94 225 (4-58) 264 (4-10) 

Vic 4-BrC 6 H 4 CONHCOCH 3 - 11-36 245 (4-44) 245 (4-44) 

Vld 4-CH 3 C 6 H 4 CONHCOCH 3 - 11-81 250 (4-36) 260 (4-24) 

Vila C 6 H 5 C O N H C O C 6 H 5 - 10-60 247 (4-49) 274 (4-13) 

Vllb 3-NO 2 C 6 H 4 CONHCOC 6 H 5 - 9-43 238 (4-63) 273 (4-41) 

Vile 4-BrC 6 H 4 CONHCOC 6 H 5 - 10-21 249 (4-18) 270 (4-22) 

Vlld 4-CH 3 C 6 H 4 CONHCOC 6 H 5 — 10-80 250 (4-60) 268 (4-10) 
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TABLE I I 

(Continued) 

Compound 
P^APP . (25°C) 1 nm (log e) 

Compound 
H 2 o 80% MCS O-Im-HCI O-Im-KOH 

Villa C 6 H 5 C O N H O H 8-89D 10-44E 230 (3-94) 267 (3-91) 

Vlllb 3-NO 2 C 6 H 4 CONHOH 8-20 912E 237 (4-48) 267 (4-27) 

VIIIc 4-BrC 6 H 4 CONHOH 8-61 9-78 233 (4-41) 272 (3-95) 

VIHd 4-CH 3 C 6 H 4 CONHOH 8-99D 10-55E 239 (4-22) 265 (3-96) 

IXa (C 6 H 5 SO 2 ) 2 NK - - 234(3-99) 236 (4-03) 

IXb ( 3 - N 0 2 C 6 H 4 S 0 2 ) 2 N K - - 232 (4-23) 232 (4-33) 

IXc (4-BrC 6 H 4 S0 2 ) 2 NK - - 225 (4-57) 226(4-59) 

IXd (4 -CH 3 C 6 H 4 S0 2 ) 2 NK - - 232 (4-64) 233 (4-54) 

Xa C 6 H 5 S O 2 N K C N / - . 226 (4-01) 226 (4-12) 

Xb 3-NO 2 C 6 H 4 SO 2 NKCN - - 224 (4-20) 225 (4-31) 

Xc 4-BrC 6 H 4 S0 2 NKCN - - 230 (4-21) 229 (4-08) 

Xd 4 - C H 3 C 6 H 4 S 0 2 N K C N - - 222 (4-22) 222 (4-32) 

XIa C 6 H 5 C O N H N H 2 
9 - 232 (4-25) 267 (3-81) 

Xlb 3-NO 2 C 6 H 4 CONHNH 2 
9 - 225 (4-59) 271 (4-28) 

XIc 4-BrC 6 H 4 CONHNH 2 - - 246 (4-37) 248 (4-11) 

Xld 4-CH 3 C 6 H 4 CONHNH 2 
9 

— 242(4-31) 242 (4-18) 

" Ref.5 gives pK10-10, 9-34, 9-79, and 10-21 for la—Id, respectively; b ref .2 4 gives the approximate 
ptf 4-8 at 22-5°C; c previously the pK values of 9-26 and 11-6 were found8 in water and in 80% 
methyl cellosolve, resp.; d r e f . 1 3 gives pK 8-80 and 8-93 for Villa and VIHd, resp; e exactly the 
same values were found previously8; * ref.2 5 gives pAT 4-89 but we were not able to confirm this 
value; 9 ref.7 gives pK 12-52, 11-36, and 13-04 for XIa, Xlb, and Xld, resp. 

t ion was f o u n d to ho ld with an acceptab le precision 

p K = p K ° + X;Xj, (1) 

where p K ° a n d x's a re empir ica l cons tan t s , each character izes a given subst i tuent 
Ri. T h e pe r t inen t statistics of the cor re la t ion are given in Tab le IV. Accord ing to the 
v a l u e 3 2 of the stat ist ic ij/ t he cor re la t ion is " f a i r " but it improves to " g o o d " if the two 
values fo r ace t amide a n d benzamide , based on a r a the r old p a p e r 2 8 , a re omi t ted . 
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2516 Exner, Janak: 

A graphical representation of equation (7) is in Fig. 1 where the experimental pK 
values are plotted against the empirical constants x; the calculated values are repre-
sented by a family of lines intersecting in one point (0, —5-30). The behaviour 
of the substituents is non-additive beyond any doubt; this statement is equivalent 
to the observation that the lines in Fig. 1 are not parallel. When substituent effects 
are related to hydrogen as a standard, then the second electron attracting substituent 
has always a smaller effect than the first one already present, and the cumulative 
effect is less than additive. The value of pK° = —5-30 represents the utmost limit 
of the acidity. (For electron releasing substituents the reverse should be true, the se-
cond substituent having a greater effect than the first; there is no limit of weak acidity. 
Of course, the electron releasing substituents are unimportant as compared to the 
electron withdrawing.) 

Equations of the type (1) were previously used to correlate characteristic frequen-
cies of the carbonyl33 and sulphonyl11 groups with substituent effects. In our opinion 
they are typical always when two adjacent substituents are operating from opposite 
sides, and hence their effect is relatively strong. If the substituents are more remote, 
or are restricted to a set of structurally similar groups, their effects may become ap-
proximately additive, or it may be at least difficult to prove the deviations from ad-

FIG. 1 
Empirical Correlation of the Acidity of N-
-Acids R 1 N H R 2 According to the Equa-
tion (7) 

The pK values are plotted against the 
empirical constants of the substituents R1; 
derivatives with a common substituent R 2 

are situated on the same line. 

Collect ion Czechos lov . Chem. Commun. [Vol. 40] [1975] 
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d i t i v i t y w i t h c e r t a i n t y . I n t h e g r a p h i c a l r e p r e s e n t a t i o n i t m e a n s t h a t i n a s m a l l seg-

m e n t o f F i g . 1 t h e l i nes c a n b e v i e w e d a s a p p r o x i m a t e l y p a r a l l e l . S u c h c a s e s a r e 

e n c o u n t e r e d i n H a m m e t t c o r r e l a t i o n s w i t h d o u b l e s u b s t i t u t i o n : A n o n - a d d i t i v e 

e q u a t i o n a n a l o g o u s t o (1) h a s b e e n s u g g e s t e d b y M i l l e r 3 4 t o b e a g e n e r a l s o l u t i o n 

b u t in p r a c t i e e i t m a y b e o f t e n d i f f i c u l t t o p r o v e firmly t h e d e v i a t i o n s f r o m a d d i t i v i t y 3 5 . 

S o m e t i m e s a n a d d i t i v e r e l a t i o n s h i p is s t i l l u s e d m e r e l y f o r t r a d i t i o n a l r e a s o n s a n d 

e v e n f o r q u a n t i t i e s 3 6 t r e a t e d p r e v i o u s l y b y e q u a t i o n (2) . 

A l t h o u g h t h e n o n - a d d i t i v e c h a r a c t e r o f t h e d a t a o f T a b l e I I I is b e y o n d d i s c u s s i o n , 

w e c a r r i e d o u t st i l l a c a l c u l a t i o n a c c o r d i n g t o t h e a d d i t i v e e q u a t i o n 

pK = pK° + yi + y} . (2) 

I n t h i s c a s e t h e s u b s t i t u e n t c o n s t a n t s y a r e d i f f e r e n t f r o m x in e q u a t i o n (2) a n d o n e 

o f a l l t h e c o n s t a n t s ( p K ° a n d m a y b e a r b i t r a r i l y a d j u s t e d . F o r e x a m p l e if p K ° 

e q u a l s t h e p K o f a m m o n i a t h e n t h e c o n s t a n t y f o r h y d r o g e n e q u a l s z e r o a s u s u a l l y . * 

H e n c e t h e n u m b e r o f al l e m p i r i c a l c o n s t a n t s is o n e less t h a n in e q u a t i o n (1) . T h e 

s t a t i s t i c s g i v e n i n T a b l e I V , l i n e 3, s h o w c o n c l u s i v e l y t h a t e q u a t i o n (2 ) is n o t a d e -

q u a t e f o r a l l t h e d a t a o f T a b l e I I I . 

O n t h e o t h e r h a n d , v a r i o u s s u b - g r o u p s m a y b e s e l e c t e d w i t h i n t h e a r e a o f N - a c i d s , 

f o r w h i c h t h e a d d i t i v e r e l a t i o n s h i p (2 ) is a s u f f i c i e n t a p p r o x i m a t i o n . W e h a v e c a r r i e d 

o u t t h e c a l c u l a t i o n f o r s e v e r a l s u c h s e t s : 

The pA^ values of substituted benzenesulphonanil ides with meta or para substituents in either 
benzene nucleus (12 or 7 various substituents, respectively) were measured in 50% ethanol 6 . 
This set thus represents the range of validity of the classical Hammet t e q u a t i o n 3 7 and the con-
stants j 'j found must be propor t ional to Hammet t ' s c . The calculation revealed (Table IV, 
line 4) that the additive relat ionship (2) is "very good" and is not significantly improved by using 
equation (/) , see line 5. The accuracy decreases only slightly when the set is extended by including 
the corresponding N-methylsulphonamides, N-benzylsulphonamides, pr imary sulphonamides, 
and derivatives of toluene-a-sulphonic acid f r o m the same source 6 (line 6 in Table IV). Another 
set is based on pK values (in water) of substituted sulphonamides R 1 S 0 2 N H R 2 where R 1 = C H 3 , 
C H 2 F , C H F 2 , C F 3 , C 6 H 5 , C 6 H 4 B r - 4 , C 6 H 4 N 0 2 - 3 , C 6 H 4 C H 3 - 4 , and R 2 = H , C 6 H 5 , 
C 6 H 4 C O C 6 H 5 - 3 , C H 3 , C H 2 C 6 H 5 , C O C H 3 , and C O C 6 H 5 (see data in Tables II, III and ref .1) . 
Even in this case the additive relat ionship is completely sufficient (lines 7, 8 in Table IV). The 
insignificant improvement achieved by applying equation (I) is well documented also f r o m the 
constants pA'° which have very distant and very imprecise values. 

A still more structurally restricted set based on the Hammet t equation consists of eight series 
I— VIII, each containing only four derivatives a—d (Table II). The condition of additivity is equi-
valent to the postulate that all the Q constants are e q u a l 3 5 , while according to the equation (1) 

* The number of empirical constants, and hence of degrees of f reedom, is different according 
to whether the set is symmetrical (the substituents R 1 and R 2 are the same and take equivalent 
positions like in Table III) or unsymmetrical (like in the following examples). Also the calculations 
differ in some detail in these two cases 2 6 , but for the purpose of the present discussion the dif-
ference will be neglected. 
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one would predict that they would vary in the ratio 1 : 1-7. Our calculation yielded Q in the range 
0-96—1 06 in water and 0-72—1-78 in 80% methyl cellosolve; the lowest values in the latter case 
may be caused by experimental errors of very high piTs. Even the remaining Q'S are loaded with 
large errors due to the small number of derivatives. Hence one cannot reject the hypothesis that 
they are equal. In addition, they are not in the sequence required by equation (J). 

We conclude that some of these additive correlations according to the equation (2) 
are more precise than the general correlation according to the equation (1); this is 
of course outweighted by their closer range of validity. This high precision might 
show that the additive character is an intrinsic property of these special series rather 
than it is only approximately realized by their restricted range of validity. However, 
the question can hardly be answered, just because of this restricted range. 

In the described correlations many empirical constants (xi5 y{, pK°) are involved 
from which only those of the most general relationship, i.e. x ; in equation (i), are 
of independent importance. By comparing their values (Table III, last column) 
with known scales37 of the inductive (c^) or mesomeric (erR) effect or a combination 
of both (erp, <t~, o-p ) one can decide which effects are controlling the acidity of N-acids. 
The plot* of constants x from Table III against a j (Fig. 2) reveals the expected trend 
with significant deviations of the aryl and acyl substituents. These enhance the acidity 
more than would follow from their crl constants. This proves that the electron at-
tracting conjugative effect of these substituents is also operative and is relatively 
strong. In principle it could be accounted for by replacing the ax constants by crp 

or a~ which are also composed from the inductive and mesomeric effects37. However, 
not one of the possible plots (not shown) is completely satisfactory. The ap constants 
make proper allowance for the conjugation of acetyl as an acceptor but not of phenyl 
since the latter acts as a donor in biphenyl-4-carboxylic acid (definition of <rp) but as 
an acceptor in our case. Similarly the crR scale gives the mesomeric effects of phenyl 
with the opposite sign. Nor does the a~ scale do full justice to the effect of phenyl 
while it already overestimates the effect of acetyl. 

We do not intend to define any new scale of constants because of the small number 
of our x values and their limited applicability. However, we must state that these 
values cannot be simply correlated with any kind of constants already known. 
It is well known that mesomeric effects are rather specific and not transferable 
in a quantitative manner from one series of compounds to another37. Note that in the 
non-additive model with symmetrical substitution — equation (i) — the constants 
are obtained unambiguously and there is no possibility to adjust some of them, e.g. 
to zero for hydrogen as usual with other equations. 

* The values of crl for the composed substituents were not available in tables3 7 and had 
to be estimated basing on the relations between the a constants of the whole substituent and of its 
parts3 8 . Details of estimating are not given here since the inaccuracy inherent in the procedure 
does not affect the final conclusions. For instance ctj constant of S 0 2 C 6 H 4 C H 3 - 4 must be very 
close to that of S 0 2 C 6 H 5 but slightly less positive; the exact value is immaterial. 
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The slope in Fig. 2 (c. —5 6) cannot be directly compared with any known q 
constant since the relationship ( i ) is not linear. We can only compare individual 
series of compounds R X N H R 2 where one substituent is constant and the second 
variable. For hydrogen as the constant substituent we get = 34-5, for S 0 2 C 6 H 5 

we get only = 13-8. The former value may be compared to qx — 19-5 (recalculated 
from ref . 3 9 ) for the acidity of ammonium ions R N H ^ + ) with the conclusion that the 
second dissociation constant of these acids is almost twice ( l - 7 7 x ) as sensitive to sub-
stituent effects as the first one. Within a restricted series of compounds this ratio 
was found2 7 to be 1-30. 

The constant pK° of equation ( l ) is of theoretical interest since it is independent 
of any transformation of constants and could thus have a physical meaning. Any 
simple interpretation is, however, lacking like in similar equations for the infrared 
frequenceis 1 1 , 3 3 . 

At this point we are able to return to the substituents O R and N H R excluded 
from the above discussion as anomalous. They really do not obey equation ( / ) since 
they cannot be given a single-valued constant x. For the substituent OH this constant 

T A B L E I V 

Statistics of Correlations of Acidity of N-Acids According to Equations ( / ) and (2) 

Range of validity Equation Na M f c j d so H> = s/s0 p K° 

All N-acids (Table I I I ) (D 39 13 0-77 7-01 0-11 - 1 - 6 4 
All N-acids; excluded data for (I) 37 13 0-30 7-18 0-042 - 5 - 3 0 

acetamide and benzamide 
All N-acids; excluded data for (2) 37 12 1-98 7-18 0-28 

acetamide and benzamide 
Substituted benzenesulphonanilides c (2) 82 18 0-022 1-04 0-022 — 

Substituted benzenesulphonanilides6 V) 82 19 0 021 1-04 0-020 ~ — 60 
N-Substituted benzenesulphonamides-^ (2) 111 22 0 0 3 8 1-44 0-026 — 

N-Substituted sulphonamides 9 (2) 33 14 0-151 2-76 0 055 — 

N-Substituted sulphonamides9 0 0 33 15 0 1 4 1 2-76 0-051 40 

a Number of experimental data; b number of independent empirical constants involved; ° root-
-mean-square difference between predicted and experimental values; d standard deviation of the 
experimental values from their average; e data 6 in 50% ethanol by weight; substituents in either 
benzene nucleus of benzenesulphonanilide; * the preceding set extended by including N-methylsul-
phonamides, N-benzylsulphonamides and primary sulphonamides, and by adding toluene-a-sul-
phonic acid derivatives6 ; 9 p X ' s in water; derivatives of methanesulphonic, mono-, di-, and tri-
-f luoromethanesulphonic 1 , benzenesulphonic, and 4-bromo-, 3-nitro and 4-methylbenzene-
sulphonic acids with the following substituents on nitrogen: H, C g H j , C ^ H ^ C O C g H j - S , CH^, 
C H 2 C 6 H 5 , C O C H 3 , and C O C 6 H 5 . 
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would be x = 3-76 if derived from benzohydroxamic acid (Villa) but 5-75 if derived 
from benzenesulphohydroxamic acid ( Va). The corresponding values for OCH2C6H5, 
3-81 and 5-66, may be approximately estimated from the dissociation constants 
in 80% methyl cellosolve8. For NH2 one gets x = 4-76 from benzohydrazide (XIa) 
and 6-27 from benzenesulphohydrazide (Ha). In other words all these sulphonyl 
derivatives are too weak acids in relation to the corresponding carboxylic acid deriva-
tives. This fact is visualized in Fig. 3 where piC's of the corresponding derivatives 
C6H5S02NHR and C6H5CONHR are plotted against each other. The four well-be-
haved substituents fall closely to the calculated line which is based on the whole set 
of N-acids. The deviations of these points reflect the inaccuracy of equation (l) 
in the enlarged scale, while the much larger deviations of the anomalous substituents 
are evident. 

The unexpected ratio of acidity of hydroxamic and sulphohydroxamic acids was 
previously explained8 in terms of specific effects enhancing the dissociation constant 
of the former; these effects were estimated referring to the additive relationships 
and to sulphohydroxamic acids as a standard. When it is now known that the substi-
tuent effects are not additive in any N-acids one must ask again the question which 

' S02C6H5 / 

( / 

OH 
*och2c6h5 

/ O 0 0 ^ 
/ o coch3 

#nh2 / 

i 1 
p K 

F I G . 2 

Correlation of the Empirical Constants x 
with the Inductive Constants a l 

F I G . 3 

Correlation of p # ' s of Corresponding Deri-
vatives of Benzensulphonamide C 6 H 5 S 0 2 . 
.NHR (x-axis) and Benzamide C 6 H 5 C O N H R 
(j-axis) 

o Well-behaved substituents, • anomalous 
substituents; the line was calculated from 
equation (i). 
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derivatives are abnormal, hydroxamic or sulphohydroxamic. If the above values of x 
were plotted into Fig. 2 against the corresponding constants a u the same results 
would be obtained for all three substituents OH, OCH2C6H5 . and NH 2 : The values 
from benzoic derivatives are too high and those from benzenesulphonic derivatives 
too low, about in the same extent. For the time being we can offer only the same ex-
planation of the high acidity of hydroxamic acids as previously8 (which may apply 
also for hydrazides): It is a special cooperative action of the inductive effect of the 
hydroxyl (amino) group from one side and of the mesomeric effect of the acyl from 
the other side. On the other hand, we have no rational interpretation of the lowered 
acidity of sulphohydroxamic acids and sulphohydrazides, we only feel that the 
acidity of various derivatives and their conformation should be investigated in more 
detail. Note that hydrogen bonds in the anions of Fand VIII (formulae A, B) al-
though possible40 cannot explain the observed effects because these are not changed8 

when replacing hydrogen by CH2C6H5 . More relevant could be shifts in the electronic 
spectra with dissociation, observed only with hydroxamic acids VIII, hydrazides XI, 
and diacylamides VI, VII, see Table II. They prove an increase of the C - - N double 
bond character in the anion and a partial transfer of the negative charge to oxygen 
(formula A); this behaviour has no parallel among the sulphonyl derivatives. Also 
the plot of piC's in water and in 80% methyl cellosolve against each other reveals 
a dissimilarity between hydroxamic and sulphohydroxamic derivatives which deviate 
to opposite sides. 

c 
<5— / 

N — O 

H 

O O 

— S H 
\<-> / 
N — O 

The last substi tuent to be ment ioned is the cyano group. F r o m the pK of N-cyanobenzamide 9 

we obtain x = 2-13, while f rom cyanamide 4 1 2-45. The difference is almost within the limits 
of accuracy of equat ion {!), considering also that the latter va lue 4 1 does not seem quite depend-
able. Since reliable pK values for N-cyanosulphonamides are not available (Table II), one cannot 
decide whether the C N substituent is well-behaved or abnormal . In Fig. 2 its point would fall 
below the line like those of the acyl groups and reveals thus a certain mesomeric effect. Since 
this deviation is opposite to that of the O R and N H R substituents, the behaviour of the cyano 
group is probably normal . 

We are indebted to Professor M. Vecera who rendered possible the experimental work in the 
Department of Organic Chemistry, Institute of Chemical Technology, Pardubice, and to Dr K. Kal-
fus for valuable advices concerning the pK measurement. Elemental analyses were carried out in the 
Department of Analytical Chemistry, Institute of Chemical Technology, Pardubice. 
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