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Amidines. Part 31." pK, Values of N*,N1-Dialkyl-N2-phenylformamidines in

Water—-Ethanol Solutions

Janusz Oszczapowicz* and Jolanta Jaroszewska-Manaj
Department of Chemistry, University of Warsaw, Pasteura 1, 02-093 Warszawa, Poland

The pK, values of three series (30 compounds in all) of N'N'-dialkyl-N?-phenylformamidines
(XC¢H.N=CH-NRR) have been measured in water—ethanol mixtures. The obtained pK, values of the
amidines have been correlated with Hammett-type substituent constants and the pK, values of the
corresponding primary amines determined in the same solvent. The applicability of various ¢ values is
discussed and it is shown that, in each case, for substituents on the phenyl ring at the amino nitrogen
atom ¢° values should be used. It is found that the slopes of regression lines for correlations with
Hammett-type constants depend on the substituents at the amino nitrogen atom, as well as on the

solvent.

The basicity of compounds containing the amidino -N=C-N <
group is attracting much attention on account of their bio-
logical activity >~* since it is known that this governs many of
the chemical and biological properties of these compounds.

Quantitative relations between the basicity of various series
of amidines and their structural parameters have been discussed
in several papers. It was shown that the pK, values of amidines
containing a substituted phenyl ring at the functional carbon
atom,>~® at the imino nitrogen atom !¢ or at the amino nitro-
gen atom '-!7~19 obey the Hammett equation (1).

pK, = pK: — po (1)

It was also found that pK, values of amidines containing sub-
stituents of any kind at either of the two nitrogen atoms cor-
relate with the pK, values of the corresponding amines.'*!®
For amidines containing variable substituents at the imino
nitrogen atom the correlations are in the form of eqn. (2)

pK.,(amidine) = pK; + «[pK,(amine) — pK,(aniline)] (2)

where the term pK; has the same meaning as in the Hammett
equation.

Most of the data were obtained in non-aqueous solvents
because all compounds in the series were soluble enough to
obtain reliable pK, values only in these solvents. However, for
biologically active compounds the most important consider-
ation is the possibility of predicting their pK, values in aqueous
solutioas. Thus the question arose of how far the relations
obtained for non-aqueous solvents can be applied for this
purpose.

It is well known that the p value depends on the structure of
compound and on the solvent. Butin the case of the pentamethyl-
enebenzamidine >° series containing variable substituents
at the imino nitrogen atom it was found that the x values [eqn.
(2)] in 98.5% and in 50% aqueous ethanol were almost the
same. Thus it seemed that the o value may be approximately
constant also for other series of amidines and that this cor-
relation may be applied for prediction of the pK, values of
amidines in one solvent on the basis of the « values measured in
another. As this could afford a way to predict pK, values in
aqueous solutions on the basis of pK, values in ethanol we
thought it necessary to find out whether the a values are
approximately the same for other series of amidines and for
other solvents.

Therefore we have undertaken an investigation on the
dependence of correlation parameters [eqns. (1) and (2)] on the

Table1 Compounds investigated

X R
\€>—N=CH—N\
R

FDM FPM FOPM X

1 15 23 p-NO,

2 m-NO,

3 m-Br

4 16 24 m-Cl

S p-1

6 p-Br

7 17 25 p-Cl

8 18 26 m-OMe

9 m-OEt
10 19 27 H
11 20 28 m-Me
12 21 29 p-Me
13 p-OEt
14 22 30 p-OMe

NRR Series
NMe, N!' N'-Dimethyl-N 2-phenylformamidines (FDM)

N N'-Pentamethylene-N 2-phenylformamidines (FPM)

N*,N'-(3-Oxa-pentamethylene)-N -phenylformamidines
(FOPM)

OO0

solvent. In this work we have synthesized three series of N',N '-
dialkyl-N 2-phenylformamidines containing various substitu-
ents on the phenyl ring at the imino nitrogen atom and
measured their pK, values in ethanol-water mixtures.

Experimental

Synthesis of Formamidines—The studied N',N'-dialkyl-
formamidines (Table 1) were obtained in our laboratory by
heating equimolar amounts of dimethylformamide dimethyl-
acetal, N-formylpiperidine dimethylacetal, or N-formylmorph-
oline dimethylacetal, respectively, with the appropriate primary
amine accordingly to Scoggins’ procedure.?!
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Table 2 pK, values of N',N'.dimethyl-N 2-phenylformamidines
(FDM) in binary ethanol-water solutions*® at (25 + 0.1) °C

Ethanol (w/w%) in the binary mixture

Com-
pound 80 50 30 0

1 488 + 0.01 5.81 + 0.05 6.32 + 0.06 6.71 + 0.03
2 5.12 + 0.01 6.04 + 001 6.94 + 0.06 7.29 + 0.03
3 6.05 + 0.01 7.04 + 0.04 7.60 + 0.05 8.08 + 0.04
4 6.07 + 0.02 695 + 0.06 7.58 + 005 797 + 002
5 6.36 + 0.02 7.18 + 0.02 7.84 + 0.04 —

6 6.38 + 0.01 7.27 £+ 0.03 791 + 0.06 8.10 + 0.02
7 6.37 + 0.02 7.37 £ 0.02 7.89 + 0.02 846 + 0.03
8 701 + 0.02 7.56 + 0.04 831 £ 005 8.60 + 0.03
9 7.06 + 0.01 7.75 + 0.04 8.46 + 0.03 8.87 + 0.04
10 7.19 + 0.08 7.59 + 0.02 8.66 + 0.08 9.00 £ 0.07
11 7.22 £+ 0.02 8.07 + 0.02 8.65 + 0.02 9.11 + 0.03
12 740 + 0.02 8.15 + 0.04 8.78 + 0.01 9.21 4+ 0.02
13 743 + 0.01 8.22 + 0.02 8.74 + 0.02 9.24 + 0.04
14 7.47 + 0.01 8.25 + 0.02 8.83 + 0.06 9.35 + 0.05

“ At ionic strength p = 0.01; using imidazole ! (pK,: 6.26 for 95.6%; 5.98
for 802%; 6.45 for 50%; 6.8 for 30%; 7.15 for 0%) as a standard. ® pK,
values in 95.6%; ethanol are given in ref. 19.

Table 3 pK, values of N',N!-pentamethylene-N 2-phenylformami-
dines (FPM) in binary ethanol-water solutions? at (25 + 0.1) °C

Ethanol (w/w%) in the binary mixture

Com-

pound 95.6 80 50 30

15 5.83 + 0.03 4.85 + 0.05 5.78 + 0.03 —

16 6.83 + 0.02 593 + 0.02 6.85 + 0.01 747 + 0.04
17 7.14 + 0.03 6.37 + 0.03 7.16 + 0.01 7.76 + 0.05
18 775 + 0.02 6.95 + 0.01 7.66 + 0.02 8.07 £ 0.07
19 7.83 + 0.02 7.06 + 0.02 7.86 + 0.07 —

20 791 + 0.02 7.15 £ 0.03 791 + 0.02 8.40 + 0.08
21 8.08 + 0.03 7.38 + 0.04 8.13 + 0.07 —_

22 8.25 + 0.03 7.56 + 0.05 8.17 + 0.03 —

“ ¢f. Footnotes to Table 2.

Table 4 pK, values of N' N'(3-oxapentamethylene)-N -phenylfor-
mamidines (FOPM) in binary ethanol-water solutions® at (25 +
0.1)°C

Ethanol (w/w%) in the binary mixture

Com-

pound 95.6 80 50 30

23 5.67 + 0.05 445 + 0.01 497 + 0.05 —

24 599 + 0.04 5.14 + 0.02 592 + 0.03 6.51 + 0.05
25 6.27 + 0.03 5.55 + 0.04 6.39 + 0.08 6.92 + 0.04
26 6.77 + 0.02 595 £+ 0.01 6.86 + 0.02 7.16 + 0.02
27 6.76 + 0.01 6.09 + 0.02 6.96 + 0.04 —

28 6.99 + 0.03 6.17 + 0.03 7.02 + 0.02 7.48 + 0.03
29 7.02 + 0.01 6.31 + 0.01 7.10 + 0.02 —

30 7.07 + 0.03 6.34 + 0.03 7.12 + 0.03 —

? ¢f. Footnotes to Table 2.

Structure and Purity of Formamidines.—Most of the com-
pounds have been described previously.?? The structures of un-
reported compounds were confirmed by their '"H NMR spectra
(80 MHz; CDCl,; room temperature). Chemical shifts in the "H
NMR spectra are in good agreement with additivity parameters
derived earlier for amidines,?® and the numbers of protons in
each group are consistent with the structures assigned.

The amidines were over 95% pure, and free of unchanged
amines, as determined by gas chromatography. Only starting
amides were detected as impurities. Purity was checked by a
GLC method on a 1 m column packed with 15%, silicone gum
rubber GE SE-30 on Chromosorb WAW 60-80 mesh. Analyses
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were made at 280 °C using nitrogen at a flow rate of 25 cm?®
min~' and a flame ionization detector. Retention indices of
amidines are given elsewhere.?* Additional evidence of purity
was provided by the titration volumes and the shapes of the
titration curves, as there is considerable difference in the pkK,

values between each amidine and the corresponding amine.

pK, Measurements.—The detailed measurement procedure,
as well as precautions ensuring the reproducibility of the
obtained results, are given in preceding papers.’!*

Obtained pK, values were corrected according to the known
relation2° [eqn. (3)] where the pH value is measured at the
1 neutralization point, pK, and pK, are the pK, values of the
compound investigated (i) and the standard (s).

pKa; = pH: - pHs + pKa. (3)

As the standard for pK, determination, imidazole was used
because its pK, values in water—ethanol mixtures were known. %
The obtained pK, values with confidence intervals calculated ata
significance level of 0.05 are summarized in Tables 2-4.

The pK, values in aqueous solutions for N!,N'-penta-
methylene- and for N!,N!-(3-oxapentamethylene)- N 2-phenyl-
formamidines (FPM and FOPM series) were not determined
because their solubility in water is too low for potentiometric de-
terminations.

Discussion of Errors—The error of potentiometric titration
using this procedure, as estimated, should not exceed 0.05 pK,
units. Errors caused by the ionic strength change from 4 = 0.01
to 0.018, occurring during titration, are much smaller and can be
neglected. Determined pK, values may include a systematic
error contributed by the pK, values of the standard (imidazole)
in water—-ethanol mixtures but, on account of its constant value,
it has no influence on the regression coefficients.

Results and Discussion

Linear Correlations with 6 Constants—It was previously
shown !'15:16 that, in the case of amidines containing variable
substituents at the phenyl ring on either nitrogen atom, the
most suitable should be the 6° values?72® while ordinary ¢
values 2? are suitable only for substituents on the phenyl ring at
the functional carbon atom. In the literature, however, ordinary
o values were applied for substitution at the imino nitrogen
atom.!!'!2:3° We have compared correlations of pK, values of
all studied formamidines with both ¢ and o¢° values. As the
correlation line seldom goes through all experimental points,
and is usually only a line of the best fit, the parameters of
correlation may depend to a certain degree on the set of
substituents in the series. Therefore, whenever applicable, we
have used the same set of substituents for correlations with ¢
values as for correlations with ¢° values.

The parameters of the regressions (Table 5) indicate that in
each case studied correlations with ¢° values are indeed of
higher quality, however, correlations with ¢ values are still
satisfactory, as indicated by the correlation coefficient r and
Exner’s ¥ function.>!

Comparing correlations obtained for the same series in
various solutions we have found that the pK values for all
series studied goes, for each amidine in the series, through a
minimum at ca. 80%, ethanol. However, the p values change with
the composition of the binary solvent, in a different way for each
series studied. As is seen (Table 5) for amidines containing
the dimethylamino group (FDM series) it undoubtedly goes
through a minimum for solutions containing ca. 509 ethanol,
and for aqueous solutions it is lower than for 95.67; ethanol.
For amidines containing the pyrrolidino group (FPM series) in
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Table 5 Parameters of regressions?® of pK, values with Hammett-type
substituent constants {eqn. (1)]

% EtOH Type

Series  (w/w) ofe pK; p r 1] n
FDM 956 ¢° 777 262+ 021 0993 0.126 12°
o 771 252+ 033 0979 0221 14
[ 771 256 + 033 0984 0.194 12°
80 ¢ 7.06 266 + 022 0993 0.127 12
o 700 256 + 033 0979 0218 14
g 700 260 + 032 0985 0188 12°
50 c° 781 238 +023 0991 0.149 12°
c 7.77 232+ 027 0983 0.196 14
¢ 776 233 + 028 0985 0.186 12°
30 c° 849 240 + 026 0989 0.158 12°
¢ 842 228 +035 0972 0256 14
o 843 235+ 035 0978 0228 12°
0 ¢° 890 248 + 026 0990 0.155 11°
° 886 237 +0.33 0978 0226 13
o 886 242 + 034 0983 0206 11°
FPM 98.5 o° 871 265+ 028 0993 0.135 9
o 865 239+ 029 0989 0.165 10
95.6 ¢° 7.78 240 + 028 0993 0.135 8
a 7.75 237 + 038 0987 0184 8
80 ¢° 703 268 + 028 0995 0.118 8
o 698 266 +0.37 0990 0.160 8
50 a° 777 242 +025 0995 0.120 8
o 773 230 +£037 0988 0.176 8
FOPM 985 a° 775 238 + 037 0985 0.195 95
o 772 214 + 046 0961 0306 11°€
95.6 o° 678 1.52 + 041 0966 0299 8
o 675 1.51 £ 040 0966 0299 8
80 ¢° 602 197 +029 0990 0.t167 8
o 599 195+ 034 0985 0199 8
50 a° 685 223 + 043 0982 0221 8
o 681 219+ 054 0971 0276 8

* At a confidence level of 0.95. * Without OEt-derivatives.” Based on the
data from ref. 22.

Table 6 Parameters of regressions of pK, values of N!,N!-dialkyl-N 2-
phenylformamidines with pK, values of corresponding substituted
anilines [eqn. (2)]

Series % EtOH o r ] n
FDM 95.6 0.69 + 0.10 0979 0.223 13
80 0.69 + 0.19 0.930 0.403 12
50 0.67 + 0.11 0.970 0.264 14
30 084 + 0.15 0.964 0.288 14
0 0.77 + 0.13 0.971 0.262 13
FPM 95.6 0.65 + 0.10 0.988 0.180 8
80 0.77 + 0.28 0.954 0.353 7
50 0.68 + 0.15 0977 0.248 8
30 0.57 £ 0.27 0.927 0.445 7
FOPM 956 041 + 0.13 0.953 0.350 8
80 0.57 + 0.27 0.927 0.445 7
50 0.61 + 0.20 0.952 0.354 8

95.6% ethanol the p value is almost the same as in 50% ethanol
and it seems to go through a maximum at ca 809, ethanol. In
the case of amidines containing the morpholino group (FOPM
series) the influence of the binary solvent composition on p
is the most significant. The p value for 509 ethanol is definitely
higher than for 95.6%, solution. The differences between the
slopes of regression lines are in some cases within calculated
confidence intervals, but a parallelism test for regression lines
reveals that the slopes of regression lines are undoubtedly
different.

We have also calculated correlations with the pK, values of
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corresponding primary amines [eqn. (2)] measured in the same
solvents (Table 6), because, in the case of N',N*-pentamethyl-
enebenzamidines,?° the a value for solutions in rectified spirit
was the same as for 50%; ethanol, thus suggesting that it might be
the same in other solvents. Present results indicate that the
identity of o values for series of benzamidines was just coinci-
dental. We have found that for N! N'-pentamethyleneform-
amidines the o values in these two solvents are also identical,
but this is not true for other series and for other solutions. The
changes in the a values with the composition of binary water—
ethanol mixtures, similarly for changes in the p values, are
not alike for all these series. The question as to whether these
changes may be related to certain solvent parameters, and
which of the two equations [(1) or (2)] is more suitable for the
purpose, requires further studies on appropriate series of amid-
ines and other solvents.

The results obtained shed some light on the question of the
influence of substituents at one site in the amidino group on
sensitivity to substitution at other sites."'®:¢ The differences
between the p values provide evidence for the assumption that
substituents at the amino nitrogen atom exert an influence on
the sensitivity of the amidine group to substitution at the imino
nitrogen atom. It should be noticed that such influence was also
found by the results of ab initio calculations 3?33 for some model
amidines.

Thus it can be assumed that in the equation for prediction of
pK, values of amidines in the series containing two variable
substituents at the two nitrogen atoms, an additional term
should be introduced. This term, similar to that explaining
interaction between substituents at the imino nitrogen atom
and the amidino carbon atom, should take account of this
influence.
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