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A series of m- and /^-substituted N-methylformanilides have been prepared, and rate constants 
of their base-catalyzed hydrolysis and methanolysis have been measured. The dependence of log k 
on a constants is non-linear in the both cases, and its slope increases with increasing a value. 
Increasing basicity of medium and decreasing activity of water resp. methanol cause the dif-
ferences in log k to increase. This has been explained by gradual change of structure of the activated 
complex. Dissociation constants have been measured for six m- and /^-substituted formanilides 
in methanol. 

Alkaline hydrolysis of formanilides1 is described by Scheme 1 and follows the kinetic equation (/) 

&i[OH~] k2 + & 3 [ O H - ] 
v = /cobs[amide] to t = „ r n H _ i ; „ • , , , , r [amide] t o t = 

1 + W O H ]/Kw + k2 + * 3 [ O H ] 

= £ c o r r [amide] t o t / ( l + K H A [ O H ~ ] l K J , ( i ) 

where is the dissociation constant of the formanilides, and k3 — K'k'3. At higher hydroxyl 
ion concentrations (pH > 1 3 ) the transformation of the dianion II into products is rate deter-
mining for all the formanilides (except 4-nitro derivative), and kCOII is expressed by Eq. (2). 

Korr= ( * l * 3 / * - l ) [ O H " ] 2 . (2) 

o o o ( - ) 
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SCHEME 1 
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The rate-limiting step of alkaline methanolysis consists in transformation of the monoanion 
III into products (Eq. (A)), and kCOTr is defined by Eq. (5). 

o ( - > O 
I fc2 II 

H — C — N H - Ar > H—C—OCH 3 + Ar—NH 2 (A) 

OCH 3 

III 

/CCOTT = (klk2/k_l) [CH30<">] . (J) 

Dependence of log (k1k3/k_ on a constants is non-linear in the series of the substituted formani-
lides1, its slope being increased from a value 0-5 for the parent substance to about 6 for its 4-nitro 
derivative. Non-linear dependence log k vs a in the case of hydrolysis of substituted N-methyl-
trifluoroacetanilides was explained2 '3 by a change of the rate-limiting step. For substituents 
with negative a value prctonation of nitrogen atom in the dianion II (usually by a solvent mole-
cule) is rate limiting, whereas for those with positive a value splitting of C—N bond of the proton-
ated intermediate is rate limiting. Another possible explanation consists in gradual change of the 
activated complex1. In the case of substituents with negative a value the proton transfer to the 
dianion II is practically finished in the activated complex, whereas the C—N bond splitting is 
but slight. Increasing a value results in increasing extent of the C—N bond splitting in the activat-
ed complex, and at the same time the extent of the proton transfer from acid resp. water to nitro-
gen atom of the dianion is decreased. 

The purpose of the present paper was the determination of the rate constants 
of basic hydrolysis and methanolysis of substituted N-methylformanilides and esti-
mation of influence of strong basicity increase of medium on their values. N-Methyl-
formanilides do not have any dissociable proton, so that /ccorr = kobs, and evaluation 
and discussion of the rate constants is not complicated by influence of changes 
of medium on the antecedent equilibrium. 

EXPERIMENTAL 

The substituted N-methylanilines were prepared by the described methods (the parent sub-
stance, 4-methyl and 4-chloro derivatives)4; (3- and 4-nitro)5; (4-brorno)6 and (4-acetyl)7. 
N-Formyl derivatives of the mentioned methylanilines were prepared by azeotropic formylation 
(benzene and 99% formic acid)1 and purified by vacuum distillation: N-methylformanilide IVb 
(rip0 1-5579); 4-methyl-N-methylformanilide IVa ( n ^ 1-5504); 3-chloro-N-methylformanilide 
IVd 1-5791), or by crystallization: 4-bromo-N-methylformanilide IVc (m.p. 59 — 60° C); 
3-nitro-N-methylformanilide IVe (m.p. 64—65°C); 4-nitro-N-methylformanilide IVg (m.p. 
116-5— 117-5°C) and 4-acetyl-N-methylformanilide IVf (m.p. 53-5-55°C). Their structure 
was verified by N M R spectra. 

Preparation of the substituted formanilides was described elsewhere1. The other reagents used 
were commercial chemicals of p.a. purity grade. Dimethyl sulphoxide was dried by boiling with 
calcium oxide and distilled in vacuo. Methanolic solutions of sodium methoxide were prepared 
under nitrogen, and their concentration was determined by titration with 1m hydrochloric acid. 
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For kinetic measurements methanolic 10"2M solutions of the N-methylformanilides were 
prepared and stabilized by addition of sodium acetate (10 - 3 M ) . Preliminary kinetic experiments 
were carried out with a spectrophotometer Unicam SP 800 in the wavelength ranges 250 to 400 
and 300 to 460 nm for the methylformanilides {IVa—d and IVf) and ( IVe and IVg), respectively. 
All these kinetic runs gave spectra with well developed isosbestic points, and spectra of the 
reaction solutions did not change after finished hydrolysis resp. methanolysis. 

Kinetic measurements were carried out with a spectrophotometer VSU-2P (Zeiss, Jena) in 1 cm 
quartz cells at 25°C. 20 to 100 jjI solution of the substituted N-methylformanilide was injected 
into 2-4 ml temperated aqueous solutions of sodium hydroxide resp. methanolic solution of 
methoxide resp. solution of sodium hydroxide in a mixture water-dimethyl sulphoxide. Ab-
sorbance of the formed N-methylaniline was then measured at suitable time intervals. The rate con-
stant was calculated f rom the relation kohst = —2-303 log (A ^ — At) + const. 

Dissociation constants of the substituted formanilides in methanol were measured in the same 
way as those in water1 . As methanolysis was negligibly slow under the conditions of measure-
ments, it was not necessary to extrapolate the absorbance values to zero time. The pKa values 
were calculated f rom Eq. (4) where HM stands for the acidity function for methanolic solutions 
with methanol as the standard state8 . 

pATa= H M + I o g ( [ H A ] / [ A - ] ) . (4) 

RESULTS AND DISCUSSION 

Hydrolysis of the N-methylformanilides IVa — e in aqueous sodium hydroxide solu-
tions was followed up to the concentration lM-NaOH. In the case of the compounds 
IVa — d the kohs values were proportional to the square of hydroxyl ion concentration 
in the whole range measured, i.e. the calculated ratio k1k3jk_l was constant in this 
concentration range. In the case of 3-nitro derivative IVe this value increased at 
[OH~] > 0-6m and was by 30% greater at [ O H ~ ] = 1-0m. The compounds IVf and 
IVg, which reacted faster, were measured in the [ O H - ] ranges 0-3 to 0-5m and 7 . 
. 10~3 to 6 . 10 - 2m, respectively. In the case of the 4-acetyl derivative IVf the kobs 

value was again found proportional to the square of hydroxyl ion concentration. 
For all these compounds the rate-limiting step consists in the transformation of the 
N-methyl derivative of dianion II into products. The reaction order > 2, which was 
found for 3-nitro derivative IVe in lM-NaOH, is due to the influence of medium 
on the structure (and hence also activity) of the activated complex. In the case of the 
compound IVg the reaction order was less than 2 and approached unity with in-
creasing O H - concentration, because addition of OH~ to the carbonyl group of the 
formanilide IVa was becoming the rate-limiting step. The rate constants klk3jk_l 

and were determined graphically1 f rom Eq. (5). Again the dependence log (k t k 3 l 
jk_1)vs a constants is non-linear, its character being the same as in the case of hydro-

[OH ~]lkohs = fc.jMsCOH-] + 1 l k t (5) 

lysis of formanilides1. (Dependence of \ o g ( k l k 3 j k _ l ) of substituted N-methyl-

Collection Czechos lov . Chem. Commun. [Vol. 41] [1976] 



1688 Kavalek, Krampera, Sterba: 

formanilides on the corresponding value of formanilides is practically linear with the 
slope 0-9.) The hydrolysis rate constants of N-methylformanilides IVa—f (Table I) 
are about 3 times lower than those of formanilides. The rate constant /q = 0 - 8 1 . 
. m o l - 1 of the 4-nitro derivative IVg is lower than the rate constant k1 of 4-nitro-
formanilide, but the value k 1k 3 lk_ 1 is about 6 times greater. 

Table II gives the kohs values for various concentrations of dimethyl sulphoxide 
in 0-5M aqueous NaOH. With increasing dimethyl sulphoxide concentration the 
basicity of medium and, hence, also the concentration of the dianion type / / increase, 
which should result in higher kohs value. On the other hand, the water activity is 
decreasing, and thus the tendency to protonation of nitrogen in the activated com-
plex is decreasing, too. This latter fact should lead to a decrease in kobs, and the ef-
fect should be the greater the greater is the extent of the proton transfer in the activat-
ed complex. In the case of the compounds IVa and IVb kohs is lower in 25% dimethyl 
sulphoxide than in water, which means that the second factor is predominating with 
these two derivatives. With the 4-bromo derivative IVc the rates are the same in the 
both cases, whereas with IVd and even more with IVe acceleration is encountered. 
This observation suggests that with increasing value of a constant the kinetic signifi-
cance of the proton transfer is gradually decreasing, which stands in accordance 
with the abovegiven interpretation of non-linear dependence log (fc1fc3//c_1) vs a 
constants (change of the structure of the activated complex). 

In 50% dimethyl sulphoxide the value /cobs of all the derivatives IVa — e increases, 
and the acceleration increases with increasing a constant (Table II). In this medium 

TABLE I 

Rate Constants of Hydrolysis k1k3/k_l and Methanolvsis kxk2jk_l (in 1 m o l - 1 s _ 1 ) of Sub-
stituted N-Methylformanilides IVa—g at 25°C 

Compound X, nm 103k1k3jk_1 I0sk1k2/k_1 

IVa 294 0-61 ± 0-02 — 

IVb 285, 310" 1-08 ± 0 05 1-78 

IVc 295, 310" 1-82 ± 0-15 4-13 

IVd 295, 310° 2-19 ± 0-12 5-13 

IVe 380,410a 10-4 ± 0-4 29-2 

IVf 336 39-2 ± 3-0 3 400 

IVg 410 103 000 11 000 ± 8 0 0 

" For methanolysis. 
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the reactivity differences between individual derivatives IVa — e are far greater than 
those in aqueous sodium hydroxide. Whereas the q value increases from 0-5 (for IVb) 
to about 2 (for IVe) in aqueous medium, in 50% dimethyl sulphoxide its value increases 
from 2-0 to about 4-5. 

Dimethyl sulphoxide lowered slightly the hydrolysis rates of 4-methoxy and unsubstituted 
N-methylacetanilides and increased considerably that of the 4-nitro derivative9. This was ex-
plained by the different effect of the change of medium on the rate-determining decomposition 
of dianion in the case of 4-methoxy and unsubstituted N-methylacetanilide and on the rate-de-
termining addition of O H - to the 4-nitro derivative. 

The hydrolysis rates of the nitro derivative IVe were also measured in 0-3 and 
0-4M-NaC)H. Whereas in 25% dimethyl sulphoxide the dependence kobs vs [ O H - ] is 
practically quadratic, in 50% dimethyl sulphoxide kobs increases far more steeply. 
This is due to the basicity of medium increasing faster than O H - ion concentration. 

For alkaline methanolysis the dependence kobs vs [ C H 3 0 ~ ] is linear in the whole 
measured range of 4-nitro derivative IVg (0-01 to 0-1M) and up to 0-5M-NaC)CH3 

in the case of 3-nitro and 4-acetyl derivatives IVe—f. At higher concentrations kobs 

increase faster than [ C H 3 0 ~ ] ; e.g. for IVf the calculated value k 1 k 2 l k^ 1 in 1M-
-NaOCH 3 is higher than that in 0-5M-NaOCH3 by 40%. Table I gives the k1k2/k_ t 

values calculated from the kobs measured in l-OM-NaOCH3 (except for the 4-nitro 
derivative IVg; the derivatives IVb — d reacted much too slow, and therefore they 
were not measured at concentrations lower than lM-NaOCH3). Again the dependence 
of log (k1k2 lk_ i) on the cr constants is non-linear, but, in this case, the 4-acetyl 
derivative IVf reacts almost as fast as the 3-nitro derivative IVe, and the 4-nitro 
derivative IVg reacts faster than 3-nitro derivative IVe by only two orders of magni-
tude. 

Hydrolysis Rate Constants of Substituted N-Methylformanilides IVa—e in 0 -5M-NaOH in Mix-
tures Water-Dimethyl Sulphoxide at 25°C 

T a b l e I I 

IVaa IVb IVc IVd IVe 

0 
25 
50 

0-58 0-34 0-40 0-50 2-50 (l-66b, 0-886c) 
0-47 0-18 0-41 0-63 5-55 (2-90b, l-68c) 
0-53 0-24 0-85 1-80 45-4 (23-lb, 9-25c) 

a Measured in lM-NaOH; b 0 4 M - N a 0 H ; c 0-3M-NaC)H. 
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Table III gives the values of methanolysis rate constants at methoxide concentra-
tions 1 to 4M. Again the differences between log k of individual derivatives increase 
with increasing basicity of medium (and simultaneously decreasing activity of me-
thanol). 

In spite of that formanilides are hydrolyzed about 3 times faster than N-methyl-
formanilides, their methanolysis was so slow even in 1M to 2M-NaOCH3 (except 
for 4-nitroformanilide) that it was impossible to obtain even approximative values 
of rate constants. (Higher methoxide concentrations do not accelerate the reaction, 
because dissociation of formanilide takes place simultaneously, so that the methano-
lysis rate does not increase.) The found value of the rate constant klk2/k_ x of 4-nitro-
formanilide is 2-5 . 10"3 1 m o l - 1 s _ 1 which is 45 x lower value than that of 4-nitro-
-N-methylformanilide IVg. In contrast to dissociation of formanilides in aqueous 
sodium hydroxide the dissociation in methanol proceeds at substantially higher 
methoxide ion concentrations, and the dependence of log ( [ H A ] / [ A - ] ) on log . 
. [ C H 3 0 ~ ] is not linear (except for 4-nitro- and partially for 3-nitroformanilides). 
Two acidity functions HM have been tabulated for measurements of N—H bond 
acidity in methanol; one of them for substituted indols10 and the other, much steeper, 
for substituted anilines and diphenylamines11. Neither of the two fits the substituted 
formanilides. Therefore, the dependence of log ( [ H A ] / [ A - ] ) on methoxide ion 
concentration was used with Eq. (4) for construction of a HM function for formanili-
des. Its values lie roughly in the middle between the both abovementioned functions 
H m : [ C H 3 0 ~ ] (Hm); 0-2M (16-22); 0-6M (16-73); 1-0M (17-08); 1-5M (17-46); 2M 
(17-80); 2-5M (18-16); 3M (18-5). 

Application of Eq. (4) and this acidity function gave the following pKa values 
of substituted formanilides: 17-60 ± 0-02(4-CH3); 17-44 + 0-03 (unsubst.); 16-92 ± 

TABLE I I I 

Methanolysis Rate Constants of Substituted N-Methylformanilides IVb—f at 25°C at CH a O 
Concentration 1 to 4 mol. 1_ 1 

Compound 
104*obs, s - 1 

Compound 
1-0M 2-0M 30M 4-0M 

IVb 0-18 0-34 0-57 1-2 

IVc 0-41 0-72 2-1 5-1 

IVd 0-51 1-3 3-6 9-4 

IVe 2-9 12-2 530 220-0 

IVf 3-4 19-5 — — 
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+ 0-03 (4-Br); 16-77 ± 0-05 (3-C1); 16-21 ± 0-03 ( 3 - N 0 2 ) ; 15-90 ± 0-02 ( 4 - N 0 2 ) . 
The dependence of p K a on a constants is l inear except f o r 4-ni t roformanil ide; the 
value of Q constant is —1-70 + 0-04. 

REFERENCES 

1. Kavalek J., Sterba V.: This Journal 40, 1176 (1975). 
2. Drake D., Schowen R. L., Jayaraman H.: J. Amer. Chem. Soc. 95, 454 (1973). 
3. Kerstner L. D., Schowen R. L.: J. Amer. Chem. Soc. 93, 2014 (1971). 
4. Kavalek J., Kubias J., Sterba V.: This Journal 37, 4041 (1972). 
5. Ullmann F.: Justus Liebigs Ann. Chem. 327, 112 (1903). 
6. Zincke Th„ Wurker W.: Justus Liebigs Ann. Chem. 338, 123, 650 (1904). 
7. Lee Ch. H., Schaffner C. R: Tetrahedron Lett. 1969, 2229. 
8. Rochester C. H.: Acidity Functions, p. 246. Academic Press, London 1970. 
9. Gani V., Viout R : Tetrahedron Lett. 1972, 5241. 

10. Terrier F., Millot F„ Schaal R.: Bull. Soc. Chim. Fr. 1969, 3002. 
11. Schaal R., Lambert G.: C. R. Acad. Sci. 255, 2256 (1962). 

Translated by J. Panchartek. 

Collection Czechoslov. Chem. Commun. [Vol. 41] [1976] 


	19761685_Page_1.pdf
	19761685_Page_2.pdf
	19761685_Page_3.pdf
	19761685_Page_4.pdf
	19761685_Page_5.pdf
	19761685_Page_6.pdf
	19761685_Page_7.pdf

