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Protonation Equilibria of Amides and Related Compounds. Part 111.l 

Q and Q+ Correlations in some N-Substituted Benzamides 

By D. W. Farlow and R. B. Moodie," Chemistry Department, The University of Exeter, Exeter 

The protonation equilibria in aqueous sulphuric acid of eight ring-substituted N- (2.22-trifluoroethyl) benzamides 
and eight similarly substituted N-ethylbenzamides, have been studied. The basicities of the former set are corre- 
lated best by Q+, and of the latter by a, substituent constants. The amides studied follow the acidity function, H A ,  
reasonably well, so that no separate acidity function for secondary amides is required. 

THERE is evidence that amides in acid solution are pro- 
tonated predominantly on the carbonyl oxygen.2 

With benzamides, the resulting cation is a substituted 
carbonium ion in which each of the groups attached to 
the central carbon atom can confer stability by meso- 
meric interaction. The amino- or substituted amino- 
group is the most effective from this point of view, and 
therefore can be expected to bear a good deal of the 
positive charge. The extent to which delocalisation of 
the charge in the aromatic ring is important in the 
stabifisation of the cation can be gauged from 
the effect of ring substituents; the fact that the pK, 
values of primary benzamidium cations are correlated 
better by cs than by CS+ substituent constants suggests 
that this sort of interaction is unimportant. Three 
explanations have been suggested for this. (a) The 
extra stability to be gained by hydrogen bonding of the 
oxygen- and nitrogen-bound protons of the amidium 
ion may tend to keep the positive charge on the pro- 
tonated amido-gr~up.~ This explanation is probably 
not satisfactory, as it has now been shown that the 
stability of boron trifluoride complexes of substituted 
benzamides5 are also better correlated by cs constants. 
(b )  There may be an enforced lack of co-planarity 
between the amido-grouping and the aromatic ring.% 
(c) The supremacy of the amino-group in stabilising the 
protonated amide may dominate the distribution of 
x-electrons in the cation. 

The effect of electron-withdrawing N-substituents 
should be to reduce the conjugation of the amino-group 
with the x-electron system and this could lead to in- 
creased mesomeric interaction between the central 
carbon atom and the aromatic ring. The behaviour 
with regard to protonation would then approach that of 
substituted benzoic acids and substituted ace t ophenones, 
where CI+ correlations are known to prevail.6 However, 
if lack of co-planarity, as invoked in (b)  above, is the 
correct explanation for the observed G correlation in 

1 Part 11, V. C. Armstrong and R. B. Moodie, J .  Chem. SOC. 
( B ) ,  1968, 275. 

2 R. J. Gillespie and T. Birchall, Canad. J .  Chenz., 1963, 41, 
148, 2642; A. R. Katritzky and R. A. Y. Jones, Chem. and Ind. ,  
1961, 722. 

(a) K. Yates and J. B. Stevens, Canad. J .  Chem., 1965, 43, 
529; (b )  J. T. Edward, H. S.  Chang, K. Yates, and R. Stewart, 
Canad. J .  Chem., 1960, 38, 1518. 

R. B. Homer and R. B. Moodie, J .  Chem. SOC., 1963, 4377. 

primary benzamides, then the steric factors which 
cause this will be more pronounced in secondary ben- 
zamides, and a cs correlation should remain. 

We have therefore studied the protonation equilibria 
in aqueous sulphuric acid of eight ring-substituted 
N-(2,2,2-trifluoroethyl)benzamides, and for comparison 
a similar set of N-ethylbenzamides. 

A further objective was to establish whether or not a 
separate acidity function is necessary for secondary 
amides, since previous results l y 4  have shown that for 
some secondary amides the logarithm of the ionisation 
ratio increases with acidity rather more rapidly than 
(--HA) 0 

RESULTS 
The Determination of Ionisation Ratios.-These studies 

for carbonyl compounds are handicapped by the uncer- 
tainties which arise from the solvent sensitivity of the U.V. 

spectra1*3,4y7 and as expected the spectra of the present 
compounds showed no well-defined isosbestic point. Plots 
of extinction coefficient at a particular wavelength against 
Ha were however sigmoid, which permitted estimation by 
several methods. Of these we found a combination of 
the methods of Davis and Geissmans and of Katritzky 
and his co-workers9 most satisfactory. In this method, 
which we will call the DGK method, the difference in 
extinction coefficients a t  two wavelengths, chosen to be the 
wavelengths of maximum absorption of the free base and 
conjugate acid respectively, were plotted against HA. 
The upper and lower portions of the sigmoid curve so 
generated were approximately straight lines, and usually 
inclined at  a slight angle to the Ha axis. These lines were 
extrapolated to provide values of the difference in extinction 
coefficients a t  intermediate acidities as described by 
Johnson, Katritzky, and their co-workers.9 We also used 
the latter method, and the method described by Stewart 
and Granger,lo with data for one wavelength only. The 
results were similar by all three methods but the DGK 
method gave the smoothest sigmoid curves, and i t  seems 
likely that the partial cancellation of errors due to solution 
and cell preparation which is achieved in the DGK method 
more than offset the extra errors arising from the need for 
more absorbance measurements. 

5 B. M. J. Ellul and R. B. Moodie, J .  Chenz. SOG. (B) ,  1967, 
253. 

6 R. Stewart and K. Yates, J .  Amer.  Chem. SOG., 1958, 80, 
6365; R. Stewart and K. Yates, ibid., 1960, 82, 4059. 

7 C. C. Greig and C. D. Johnson, J .  Amer.  Chern. SOC., 1968, 
90, 6453. 

8 C. T. Davis and T. A. Geissman, J .  Amer.  Chem. SOC., 1954, 
76, 3507. 

9 C. D. Johnson, A. R. Katritzky, B. J. Ridgewell, N. Shakir, 
and A. M. White, Tetrahedron, 1965, 21, 1055. 

lo R. Stewart and M. R. Granger, Canad. J .  Chem., 1961, 39, 
2508. 
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Phys. Org. 
The ionisation ratios so obtained were fitted by the 

to weighted least-squares method previously described 
equation (2). 

log1 = cHA f d (2) 

The parameters G, d,  and -d/c are reported in Table 1. 
The values of -dlc represent H A  values for half-protonation, 
and in so iar as HA is the appropriate acidity function, and 
within the accuracy with which this acidity function is 
known,ll they represent thermodynamic pK, values for 
the amidium ions. Also reported in Table 1 are values of 

335 
derivatives.13 We have adopted the following simple 
approach. Only CJ and Q+ constants are considered,lP 
and we judge which are the most appropriate by two 
criteria: (a) by consideration of which set of substituent 
constants give the higher correlation coefficient and (b )  
by comparison of each of the two p-values with the Q 

value obtained with data for meta-substituted com- 
pounds only, the closer comparison indicating the more 
appropriate substituent constants. 

As measures of the substituent effect we have used 

TABLE 1 
Protonation equilibria 

log I in Substituents 0 Parameters in equation (2) 
X z >,,,b/nm h2c/nm - c  aad -d  a10g z -d/c 53% H&O4 

H CH,CH, 230 246 0.95 0.03 1.83 0.04 - 1.92 0.76 
m-Me CH,CH, 225 252 0.90 0.04 1-70 0.06 - 1.88 0-76 
p-Me CH,CH3 230 2 60 0.90 0.03 1.59 0.05 - 1-77 0.87 
m-C1 CH,CH, 228 246 0.91 0.03 2.08 0.05 - 2.28 0.41 
m-Br CH,CH, 236 249 0.99 0.03 2.37 0.04 - 2.40 0.33 
p-Cl CH,CH, 240 260 0.92 0.04 2.02 0.07 - 2.21 0.50 
m-N02 CHZCH, 215 231 0.79 0.01 2.01 0.02 - 2.54 0-14 
p-OMe CH,CH, 255 275 1.01 0.02 1.62 0.03 - 1-60 1.13 
H CH,CF, 233 253 0.96 0.05 3.20 0.07 - 3.33 - 0.58 
m-Me CH,CF, 230 258 0.88 0.04 2.83 0.08 - 3.20 - 0.43 
P-Me CH,CF, 240 268 1-05 0.05 3.15 0.06 - 3.00 - 0.28 
m-C1 CH,CF, 233 253 0.95 0.05 3-45 0.04 - 3.62 - 0.86 
p-Cl CH,CF, 240 266 0.98 0.03 3.35 0.05 - 3.41 - 0.67 
m-NO, CH,CF3 218 233 1.06 0.03 4-06 0.03 - 3.83 - 1.16 
m-Br CH,CF, 236 2 54 1.11 0.04 4.04 0.05 - 3-64 - 1.01 

p-OMe CH,CF, 255 285 1.17 0.02 3.16 0.03 - 2.70 + 0.04 
of the conjugate acid in 88-93% H,S04. 
line in the log I direction. 

a See equation (1). b Wavelength of maximum absorption of the free base in water. 0 Wavelength of maximum absorption 
* Standard error from the linear regression Standard error in the slope parameter. 

log I at one common intermediate acidity (53.2% H,SO,, 
H A  = - 2.74) which are a measure of the negative logarithm 
of the dissociation constant of the amidium ion in this 
particular medium. These values were obtained by inter- 
polation or short extrapolation using equation (2) and the 
parameters in Table 1. 

DISCUSSION 

Secondary Amides and the H A  acidity Function.-The 
slope parameters, [equation (2) and Table 11, are mainly 
close to unity, and the range of acid concentrations 
covered is 16 to 78%. It is clear that there would be 
no justification for a separate acidity function for 
secondary amides and that no simple treatment of 
acidity function behaviour in terms of the hydrogen- 
bonding propensity of the conjugate acid and the 
activity of water, as once suggested by one of  US,^ will 
be satisfactory, a conclusion which is supported by other 
recent work.12 The secondary amides studied here 
follow H A  reasonably well. 

The Egects of Ring Substitztents on the Basicity of the 
Amides.-There are many ways of interpreting sub- 
stituent effects in meta- and pal;a-substituted benzene 

l1 K. Yates, J. B. Stevens, and A. R. Katritzky, Canad. J .  
Chem., 1964, 42, 1957; J. F. Bunnett and F. P. Olsen, ibid., 
1966, 44, 1899. 

12 V. C. Armstrong, D. W. Farlow, and R. B. Moodie, Chem. 
Comm., 1968, 1362; E. M. Arnett and J. J. Burke, J .  Amer. 
Chem. SOC., 1966, 88, 2340. 

both values of -d/c (the nearest one can get to a thermo- 
dynamic pK, value) and values of -log I in a chosen 
solution of intermediate acidity (Table 1). The latter 
avoids uncertainties concerning the validity and ap- 
propriateness of the H A  acidity function, but in some 
cases depends strongly on the rather imprecise slope 
parameters c. The p values and the corresponding 
correlation coefficients are given in Table 2. 

TABLE 2 
Correlations of substituent effects 
p-Values (correlation coefficients in brackets) 

By use of u By use of u By use of U+ 

constants 
All m-Substituents All 

substituents only substituents 

constants constants 

N-( 2,2,2-Trifluoroethyl) benzamides 
-d /c  - 1.06(0*954) -0.79(0*987) - 0*80(0.995) 

log I - 1*13(0.960) -0*92(0.976) -0.85(0*989) 

N-Eth ylbenzamides 
-d/c - 0.98(0.985) -0-90(0*981) -0*69(0.961) 

log I -0*95(0*980) -0.85(0*990) -0.69(0*979) 

The N-(2,2,2-trifluoroethyl)benzamides show a better 
correlation with Q+ substituent constants, whichever 

13 P. R. Wells, ' Linear free energy relationships,' Academic 
Press, London, 1968. 

14 u Values from D. H. McDaniel and H. C. Brown, J .  Org. 
Chem., 1958, 23, 420. U+ values from H. C. Brown and Y. 
Okamato, J .  Amer. Chem. SOG., 1958, 80, 4979. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
70

. D
ow

nl
oa

de
d 

by
 D

re
xe

l U
ni

ve
rs

ity
 o

n 
26

/1
0/

20
14

 1
5:

59
:5

0.
 

View Article Online

http://dx.doi.org/10.1039/j29700000334


J. Chem. SOC. (B), 1970 

criterion is used. The N-ethylbenzamides on the other 
hand, like primary benzamides, show a somewhat 
better correlation with o constants. In view of the 
uncertainties surrounding the determination of ionis- 
ation ratios of amides it is important to make sure that 
these conclusions are not an artifact of the chosen 
method. We therefore made the same comparison with 
ionisation ratios obtained by other methods previously 
mentioned. With the N -  (2,2,2-trifluoroethyl) benz- 
amides the same criteria give again a+ as the better 
substituent constants for correlation, whilst with the 
N-ethylbenzamides, the position was not quite so clear 
cut, the behaviour being intermediate between a CJ and 
a a+ correlation. The correlation coefficients were 
lower than when the DGK method was used. Inter- 
mediate behaviour is, in any case, not unexpected; 
what is significant is that a G+ correlation is observed 
whatever the method with the N-(2,2,2-trifluoroethyl)- 
benzamides. This shows that possible lack of co- 
planarity between the amido-group and the aromatic 
ring cannot be the correct explanation of the apparent 
lack of conjugative interaction between +M j5ara- 
substituents and the reaction centre in substituted 
benzamides. 

The protonation equilibria of N-substituted benz- 
amides obviously offer a method of studying in a syste- 
matic way the borderline between CJ and CJ+ correlations, 
and possibly of the validity of such treatments as that 
of Yukawa and Tsuno.15 However, the precision of 
measurement of pK, values in moderately concentrated 
aqueous acid is not such as to make a study of this type 
worthwhile a t  present. The protonation of N-sub- 
stituted benzimidate esters, which can be studied under 
dilute aqueous conditions, offers more promise from this 
point of view. 

EXPERIMENTAL 

Amides.-These, prepared by the Schotten-Baumann 
method from the appropriate amine and acid chloride, 
were recrystallised twice from aqueous methanol. In  the 
cases of the two +-methoxy-compounds only, a contamin- 
ant, believed to be the diacylimide, was detected by t.1.c. 
and was separated from the product by elution with 
methanol from an alumina column. The product was then 
recrystallised twice from aqueous methanol as before. 
The products were : N-(2,2,2-trifluoroethyl)benzamide, 
m.p. 116" (1it.,l6 115-116") (Found: C, 53-0; H, 4.1; 
N, 6.8. Calc. for CgH,F3NO: C, 53-2; H, 3.9; N, 6.9%); 
m-methyl-N-(2,2,2-tri,fEuoroethyl)benzumide, m.p. 79" (Found : 
C, 55.4; H, 4-7; N, 6.5. CloHloF3N0 requires C, 55.4; 
H, 4.6 ; N, 6.5%) ; p-methyl-N-(2,2,2-tri~uoroethyE)benz- 

l6 Y. Yukawa and Y .  Tsuno, Bull. Chem. SOC. Japan, 1959, 

l* E. J. Bourne, S. H. Henry, C. E. M. Tatlow, and J. C. 
82, 971. 

Tatlow, J .  Chem. SOC., 1952, 4014. 

amide, m.p. 146" (Found: C, 54.9; H, 4.7; N, 6-7. 
C,oHloF,NO requires C, 55.4; H, 4-6; N, 6.5%); m- 
chZoro-N-(2,2,2-tr~~uoroethyZ)benzamide, m.p. 109" (Found : 
C, 45.5; H, 3.1; N, 5.9. CoH7C1F3N0 requires C, 45-5; 
H, 2.9 ; N, 5.9%) ; p-chloro-N- (2,2,2-triJluoroethyZ)benzumide, 
m.p. 111" (Found: C, 45.5; H, 2-9; N, 6.1. CoH7C1F3N0 
requires C, 45.5; H, 2.9; N, 5.9%); m-bromo-N-(2,2,24ri- 
~uoroethyl)benzamide, m.p. 111' (Found: C, 38.3; H, 2.5;  
N, 5.1. CoH7BrF,N0 requires C, 38.3; H, 2.5; N, 5.0%);  
m-1zitro-N-(2,2,2-trz~uoroethyZ)benzanzide, m.p. 106" (Found : 
C, 43.4; H, 2.7; N, 11.3. CQH7F3N,03 requires C, 43.6; 
H, 2.8; N, 11.3%) ; pmethoxy-N-(2,2,2- tr i~~oroethyl)-  
benzumide, m.p. 127" (Found: C, 51.4; H, 4.3; N, 6.1. 
ClOHl,F3NO2 requires C, 51.5; H, 4.3; N, 6.0%); N-  
ethylbenzamide, m.p. 69" (lit.,17 67") ; m-methyl-N-ethyl- 
benzarnide, m.p. 44" (Found: C, 73-4; H, 8-2; N, 8-7. 
CloHl,NO requires C, 73-6; H, 8.0; N, 8.6%); fi-methyl- 
N-ethylbenzamide, m.p. 92" (lit.,l8 90") (Found: C, 73.7; 
H, 8.0; N, 8.6. Calc. for CI0Hl3NO: C, 73-6; H, 8.0; 
N, 8.6%) ; m-chloro-N-ethylbenzumide, m.p. 69" (Found : 
C, 59.1; H, 5.6; N, 7.6. CgH1,CINO requires C, 58.9; 
H, 5-5; N, 7.6%) ; 9-chloro-N-ethylbenzamide, m.p. 110" 
(ljt.,l8 97") (Found: C, 59.1; H, 5.5; N, 7.7. Calc. for 
CQHloCINO: C, 58.9; H, 5.5; N, 7.6%); m-bromo-N-ethyl- 
benzamide, m.p. 82" (lit.,lg 82") (Found: C, 47.8; H, 4.5; 
N, 6-3. Calc. for CgHloBrNO: C, 47.4; H, 4.4; N, 6.2%); 
m-nitro-N-ethylbenzamide, m.p. 122" (Found : C, 55-5; 
H, 5.2; N, 14-4. Calc. for CQHloN,03: C, 65.7; H, 5.2; 
N, 14.4y0) ; and p-methoxy-N-ethylbenzamide, m.p. 69" 
(Found: C, 67.0; H, 7.4; N, 8.1. CloHl,NO, requires 
C, 67.0; H, 7.3; N, 7.8%). 

Acid Solutions.-These were prepared by dilution of 
AnalaR sulphuric acid. 

Spectrofihotometric Measureme.azts.-Stock solutions of 
the amides were prepared in either 80% H,SO, [N-(2,2,2- 
trifluoroethy1)benzamidesl or 15% H,SO, (N-ethylbenz- 
amides) . Aliquots (5 ml.) were then transferred to weighed 
25 ml. volumetric flasks and made up to the mark using 
acid of appropriate concentration. The flasks were re- 
weighed, and the final acid concentration determined from 
the temperature and the density. Absorbances were 
measured with either an S.P. 500 or Cary 16 spectrophoto- 
meter, with cells of 1 cm. path length. Solutions were 
normally at room temperature (22 f 3"). However, for 
one compound (p-methoxy-N-ethylbenzamide) the spectro- 
photometer cells were maintained at constant temperature 
by a thermostatted jacket and in each case left for 30 min. 
to come to thermal equilibrium. Measurements at 20 and 
25" gave results which were identical within experimental 
error, showing that accurate temperature control was not 
necessary. 

We thank the S.R.C. for a maintenance grant (to 

[9/1322 Received, August 4th, 19691 
D. W. F.). 

17 A. W. Titherley, J .  Chem. SOC., 1901, 403. 
l* A. L. Wilds and A. L. Meades, J .  Org. Chem., 1948, 13, 763. 
1Q S. L. Shapiro, V. A. Parrino, and L. Freedman, J .  Amer. 

Ckem. SOC., 1959, 81, 3728. 
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