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The first ionization potential, Ip, of 10 aniline derivatives was estimated from the
charge-transfer absorption spectra arizing in the 510—560 myu region due to their interac-
tions with p-chloranil. The relation of Ip to the rate of enzymatic acetylation, V.,
indicated that Vac, and possibly affinity to the enzyme, increased with an increase in
charge-transfer ability of the anilines. But it was also found that V4. became greater with
an increase in basicity of the anilines; this was compatible with the theory for the usual
organic acylation. Accordingly, whether or not the charge-transfer was actually concer-
ned with the enzymatic reaction could not be determined from this study, except from
the standpoint that organic ionic reactions were generally involved in the transfer of
charge. The relation of Ip to pKa. was theoretically discussed. ‘

There may be several properties determining the therapeutic activity of drugs, including
affinity to enzymes. Recently, on the basis of a quantum—chemical calculation, Yomosa?
has suggested that enzyme-substrate complexes may generally be charge-transfer complexes
formed with the aid of a local field in living systems. In the previous paper,V it has been
demostrated that the affinity of sulfonamides to acetylation enzymes increases with an in-
crease in electron-donating ability of the compounds. It was expected that the rate of enzy-
matic acetylation was related to the enzyme-substrate affinity, and consequently to the charge-
transfer ability of the substrates. Accordingly, in this paper, electron-donating ability of
10 aniline derivatives was spectroscopically determined by utilizing their interactions with
p-chloranil, and the relations of the charge-transfer ability to the rate of enzymatic acetylation
and other properties of the anilines were investigated.

Experimental

Materials Aniline, p-benzoquinone, and their derivatives were of JIS special grade or the like, and
purified by redistillation or recrystallization. Their boiling points or melting points were found to be similar
to those listed in chemical handbooks and literatures. Purified methanol was used as the solvent through-
out the investigation as in the previous study? in view of the solubility of the materials. The electron—
donating effect of methanol on the spectra of p-benzoquinones was negligible under the conditions em-
ployed.

Measurements of Difference Spectra The difference spectra were measured of donor-acceptor systems
vs. acceptor in 1 cm cells at room temperature (17—20°) with a Hitachi model EPS-2 recording spectrophoto-
meter about one week after preparing the test solutions. Standing for a week was necessary for the develop-
ment of a new band in the case of p-nitroaniline, the weakest donor.

Determination of pK, The pK,’s of p-aminohippuric acid and p-aminosalicylic acid were evaluated
to be 2.90 and 2.18, respectively, in water at 25° by the spectral method.¥ The UV spectra at several pH'’s
were measured with a Shimazu model MPS-50L multipurpose spectrophotometer. The pK. values for other
compounds were refered to literatures.®
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Result and Discussion

p-Benzoquinone derivatives, known as good electron—acceptors,® have absorption maxi-
ma usually in the region of below 400 mu in methanol, but in the presence of aniline new ab-
sorption bands arise in the 490—550 mu region (Fig. 1). Between the transition energy for
the new absorption bands and the electron affinity” of p-benzoquinones a good linear-relation-
ship is recognized (Fig. 2). Furthermore, the observed peak position (545 my) for aniline—
p-chloranil system is coinsident with that of the charge-transfer absorption band predicted
from the observed ionization potential (7.69—8.23)% of aniline. Therefore, the new bands
are thought to be charge-transfer ones indicating the formation of charge-transfer complexes
between aniline and p-benzoquinones.? The similar spectral changes of p-benzoquinones
were observed also in cases of several aniline derivatives, of which the rate of enzymatic acetyl-
ation was known.1®
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Fig. 1. Difference Spectra of Mixed
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Consequently, the first ionization potential, I, of the anilines was estimated by utilizing
the charge-transfer bands with p-chloranil. The following equation' was used for the cal-
culation of I,.

h”CT=IP"‘C1+C2/(IP"C1) (1)

6) L.J. Andrews and R.M. Keefer, “Molecular Complexes in Organic Chemistry,” Holden-Day, Inc., San
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8) L.M. Branscomb, “Advances in Electronics and Electron Physics,” Vol. 9, Academic Press, New York,
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6, 888 (1964).
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Here hy¢; is the charge-transfer transition energy which can be obtained from the wave length
of the charge-transfer band, A¢;, and the constants C, and C, are 5.70 eV and 0.44 (eV)2,
respectively, for p-chloranil complexes.?  The values of Agq, hver, and I, are listed in Table I.

Tapee I. Charge-Transfer Properties of Aniline Derivatives with p-Chloranil

Run. No. anilines Ao (mp) hycp(eV) Ip (eV)
1 p-toluidine 554 2.238 7.720
2 aniline 545 2.275 7.762
3 p-bromoaniline 541 2.292 7.781
4 p-chloroaniline 540 2.296 1.785
5 p-aminohippuric acid 535 2.318 7.809
6 p-aminosalicylic acid 535 2.318 7.809
7 sulfanilic acid 535 2.318 7.809
8 p-aminobenzoic acid 532.5 2.329 7.822
9 sulfanilamide 528.5 2.346 7.840
10 p-nitroaniline 516 2.403 7.903

The relative rate for acetylation, V,,, of 10 aniline derivatives catalyzed by an acetyl!

transferase purified from pigeon liver was measured by Jacobson.1% Fig. 3 is the plot of the
values of V,, against I,, showing a linear-relationship. For p-nitroaniline, the deviation
from the line in Fig. 3 is considerably large, but the reason is unclear. The correlation co-
efficient (except p-nitroaniline) is —0.75 (significant at <0.02 level), indicating that the rate
of the acetylation increases with an increase in electron-donating ability of the anilines.

1.5}
a2 L.5p
Lo o1 g 3
s. 0 5~ 5 \\\ 100— 2 "»”" 1°
' \\\5 o s i ’ 20
RN 10 0.5¢
Or 60 :’\ 9 * °10 6 9 55"
, | 78 ‘ ) °/" 7
770 705 7.80  7.85 790 or 8 °
1 ! ] i L
Ie (eV) 01 34 %
Fig. 3. Correlation of Relative Rate Pk,
for Enzymatic Acetylation, 7Va., Fig. 4. Relationship between V4, and
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For numbering, see Table I.
correlation coefficient: —0.75 (except 10)

For numbering, see Table I.
correlation coefficient: 0.80 (except 10)

It is expected that the rate of enzymatic reaction is related to the enzyme-substrate
affinity, which is approximately represented by the reciprocal of K., the Michaelis constant,
in the Michaelis-Menten enzyme kinetics.13 At relatively low concentration of substrate,
the rate constant of enzymatic reaction is approximately given as V,, [K ., where V, denotes
the maximal velocity of the reaction. In the enzymatic acetylation of the amino group of
16 sulfonamides with pigeon liver extract, the correlation coefficient of log K, with log (V ../

12) G. Briegleb and J. Czekalla, Z. Elektrochem., 63, 6 (1959).

13) E.E. Conn and P.K. Stumpf, “Outlines of Biochemistry,” John Wiley & Sons, Inc., New York, 1963
Chapter 7.

14) F.M. Snell, S. Schulman, R.P. Spencer, and C. Moos, “Biophysical Principles of Structure and Function,”
Addison-Wesley Publishing Co., Inc., Reading, Massachusetts, 1965, p. 349.
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K,)® was calculated to be —0.69 (significant at <{0.01 level). This may indicate that the
rate of enzymatic acetylation with pigeon liver enzymes increases with an increase in enzyme-
substrate affinity.  Therefore, the relationship between V,, and I, (Fig. 3) may be in accord
with the supposition that charge-transfer is concerned with enzyme-substrate complexations.

This relationship, however, may not be a positive evidence for the transfer of electronic
charge between enzyme and substrate, because it is observed that V,, is also correlated with
pK, of the anilines (Fig. 4). The correlation coefficient (except p-nitroaniline, which exhibits
large deviation as well as in the case of V,, with I,) is 0.80 (significant at <{0.01 level), indi-
cating that the reaction rate becomes greater with an increase in basicity of the aniline deriva-
tives. This is compatible with the theory'® for the usual organic acylation where no enzyme
is involved, and Jacobson'® also has explained
the data of V,, in terms of nucleophilic charac-

7.90r ™10 ter of the amino group.

) . From these relations shown in Fig. 3 and
~ 785 g 4, it is predicted that pK, is directly related to
2 §6 o7 I,. Tig. b is the plot of pK, vs. I,, exhibiting
& 7807 5™ ~ a good linear-relationship. It is known!?

, L) that the energy of the highest occupied mole-

.75 , cular—orbital, ¢,,, is a measure of electron—
le® ~ donating ability or I, of molecules. And it is

7'70(; ¢ generally recognized!® that pK, or the Ham-
'  pK. ~ mett constant is approximately correlated with

the electron density on the atom (or atoms)

cortelation coefficient: —0.95 concerned with ionization or reaction of mo-

For numbering, see Table L. lecules. Let de, be the difference in Coulomb

integral between the atoms X and X’ of

aniline derivatives p-NH-CeH =X eind H-NH,-CH,~X', respectively, for example. Then,

according to the perturbation treatment of conjugated molecules in the simple LCAO MO
method,'? the difference in ¢,, between the two derivatives is expressed as

Fig. 5. Correlation of pKa with Tp
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Aax)z—l—--"“" (2)

where C: is the atomic—orbital coefficient of the atom X in the th molecular-orbital of p-
NH,-C.H,~X, Cy is that in the highest occupied orbital, and &, refers to the energy of the
kth molecular—orbital. Similarly, the difference in z-electron density on the amino-nitrogen
atom between the two derivatives, Aqy, is given as

Aqy=Tyxdax+ (- Y dax )2 eeeeeeees (3)

where 7y is the atom-atom polarizability between the amino-nitrogen and X. In the first
approximation, therefore, both Ae,, and Agy are proportional to Aay, and consequently e,
is proportional to Agy. This may be valid with meta- or ortho-substituted anilines, and more-
over, approximately applicable even in the case where the substituent is not an atom but a

group.
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17) T. Koopmans, Physica, 1, 104 (1933).
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Thus, it can be said that charge-transfer ability is approximately correlated with PK,
or the Hammett constant. Accordingly, whether or not the charge-transfer is actually con-
cerned with the enzymatic reaction may not be determined from such a way of approach as
this work, except from the standpoint2? that organic ionic reactions are generally involved in
the transfer of change.

20) S. Nagakura, YukilGosei Kagaku Kyokai Shi, 27, 1033 (1969).
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