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(a) The product (IV, R = OH) was suspended in H,O and
acidified with dilute acetic acid; the solid was washed with hot
H,0, boiled with CH3;0H, dissolved in 29 aqueous—alcoholic
NaOH, and precipitated on cooling as the sodium salt; after
erystallization from CH3;0H, the product was acidified with dilute
acetic acid and boiled with H,0.

(b) The crude product (V, R = OH) was suspended in H-O,
neutralized with dilute acetic acid, and recrystallized from pyri-
dine or N-methylformamide.

Sodium salts of IV were obtained in 26, H.O -alcohol solution
of NaOH and recrystallized from alcohol; they crystallize with
1 mole of alcohol.

Hydrochlorides of IV were prepared in hot concentrated HCI,
washed with absolite ether and dried in vacuo,; they lose HCI
on heating.

1-Aryl-3-(4,6-dimethyl-2-pyrimidyl)ureas (IV, Y = O; R =
CH,) and 1-Aryl-3-(4,6-dimethyl-2-pyrimidyl)guanidines (V,
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Y = NH; R = CH;).—Both compounds of type IV and V were
prepared according to methods A and B using acetylacetone
instead of ethyl acetoacetate and recrystallized from acetone—
ethanol solution, 1-butanol, or pyridine.
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An apparent correlation between the activity of chloramphenicol analogs, as determined by microbial kinetics,
and the electronic polarizability of their aromatic substituents has been found which suggests the activity of
chloramphenicol and its thiomethyl analog may arise, in part, by intramolecular charge transfer.

Recent attempts at correlating the biological activity
of chloramphenicol analogs by means of the Hansch
equation? suggest that the correlation, or lack of correla-
tion, obtained by this equation depends markedly on
the accuracy of the method used to evaluate biological
activity. Hansch and associates!® reported a fairly
good correlation (correlation coefficient, r = 0.824;
Escherichia coli) for chloramphenicol analogs whose
activities were determined by a serial dilution method.?
In contrast, Garrett and co-workers* were unable to
correlate many of the same chloramphenicol analogs
studied by the Hansch group when their activities were
determined by a more accurate kinetic method.

We wish to present an apparent correlation between
the activity of chloramphenicol analogs, as determined
by microbial kineties,* and the electronic polarizability
of their aromatic substituents. In light of this new
correlation, it appears that a Hansch treatment can
provide a fairly good, but not necessarily significant,
correlation for chloramphenicols whose activities are
determined by kinetic methods, provided the limits
imposed by the parameters employed in this treatment
are not exceeded.

Results and Discussion

The molar electronic polarizability of a substance is
given by the Lorentz—ILorenz equation® as follows where
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n is the refractive index of the substance, 3 is its
molecular weight, D is its density, N is Avogadro’s
number, and ag is the electronic polarizability. A
useful property of molar electronic polarizability,
alternatively known as molar refraction, is its addi-
tivity, z.e., the molar refraction of a substance may be
represented as the sum of atomic or group refrac-
tions.®® I‘urther, since electronic polarizability is ex-
pressed in units of volume, molar, atomic, or group
refractions are a measure of molar, atomic, or group
volumes, respectively,

When Fisher—Hirschfelder-Taylor models are made
of the substituted benzenes corresponding to the aro-
matic nucleus of chloramphenicol analogs, it is noted
that the activity of a chloramphenicol appears propor-
tional to the volume which its aromatic substituent
presents to a surface. Using atomic and group refrac-
tions® as a measure of this volume, an excellent linear
correlation is obtained with the inhibition constants?
of all chloramphenicols except chloramphenicol itself
and its thiomethyl analog (Table I). The correlation
which is obtained, while empirical in origin, does have
some theoretical justification,®

From a consideration of the partition function for a
population of electrically uncharged molecules con-
fronted with both an electrically conducting surface
and an adjacent solution, Agin, et al.,® derived the
equation

InCs = K'ag + In C*

(3) (a) P. Debye, "Polar Molecules," Dover Publications, Inc., New
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N. Y., 1964.

(6) D. Agin, L. Hersh, and D. Holtzman, Proc. Natl. Acad. Sci. U. S.
63, 952 (1965).
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TasLE 1

CORRELATION OF CHLORAMPHENICOL ACTIVITY WITH
EvEcTrONIC Porarizasiniry

k= 276Pg — 6.5 (7 = 0.091)

P 7,
Nb. Rubstituent Py, ml? Obsdl® l Caled Akt
1 p-NH, 3.66 516 3.55 —0.39
2 p-S0.CH; 4904 0. 60 6. 97 —1.37
3 p-i-C;H; 6.32¢ 10.7 16.9 —-0.2
4 p-Cl 6.53 11.2 115 —0.3
b p-OCH; 7.83 16.4 5.0 1.4
6 m-N0s 897 19.0 16.5 205
7 p-Br .37 19.0 19.3 —0.3
S -1 14.5H 32.6 33.6 —1.0
9 p-SCH;~ 10,52 1) 47.3 4.2
p-SCH; 11.72 515
10 p-NO, 8.37 90y

* The correlation coefficient for the fit cited. * Values ob-
tained from tables and text of ref 5b. < Determined from the
slope of a plot of the observed generation rate constants for E.
eoli, k (in wec~!), against the chloramphenicol concentratioi,
te., k = ky — ki[l], where ke (in =ec~!) is the rate constant in
the absence of antibiotic and A1 (in 1. mole™! sec™!) is the in-
hibition rate constant for the b isomer of the chloramphenicol
analog.® 7 Value for 80, ¢ Valuefor a CH; group.

where C; 1s the adnministered concentration, e.g., mini-
mum inhibitory concentration, and C* is the concentra-
tion at the surface. The constant K’ is assumed in the
derivation to be represented by

K' = (Ewn — Ec)/RT

where £ is the induced dipole-induced dipole inter-
action energy and £¢ is the niteraction energy of a con-
ducting surface for a neutral molecule. These energies
are a function of distances separating the compound
from the surface and of the ionization potentials of the
compound and the surface. As a reasonable first ap-
proximation, the distances involved and the ionization
potentials may be assumed constant.” Replacing the
concentration terms by their rate equivalent® at unit
time and substituting the expression for molar elec-
tronice polarizability affords an expression of the form
found in this study

’\‘1 = K])x‘; + /{*
where now
K = 3K'/4=N

To correlate the activity of the thiomethyl analog it
is necessary to use the electronic polarizability of a
negatively charged thiomethyl group (P = 19.52
ml).®2 This suggests the neutral thiomethyl analog
(Pg = 11.72 ml) may be undergoing a charge-transfer
interaction which increases its inherent activity by
increasing the polarizability of the thiomethyl group.
A similar interaction may also, in part, account for the
exceptionally high activity of chloramphenicol itself
relative to the electronic polarizability of the “neutral”
nitro group (P = 8.37 ml). Unfortunately, no refrac-
tivity data for the nitrite ion seem available for com-

(7} Inspeccion of the ionization potentials reported in ref 6 for a numher
of strnewnrally different molecules suggests this assimption is not nnreason-
able as a first approximation.

(8) A referee suggested that biolagical oxilation of the thiomethyl gronp
to either a methyl sulfoxide group or a methyl sulfone group could account
for the divergence in activity. It mnst be pointed ont that ¢he thiomethyl
analog is the most active of tlie analogs, wlereas t(lie methy] sulfone analog
is one of the least active. 1Mmns it wonld appear (hat a proress other than
oxidation mnst he taking plave.
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parison.  In this regard, it is perhaps significant to note
that evidence has been presented which strongly sug-
gests that nitrobenzene is capable of underzoing
mlramalecular charge transfer upon interneting with o
hydrogen-bonding surface (silica gel).?

Since charge-transfer interactions are implied by the
above correlation, an attempt was made to incorporate
into the Hansch equation parameters which have heen
demonstrated to correlate donor-acceptor pairs in
chemical systems.'®  This may be done by separating
the Hammett substituent constant ¢ into its constituent
imductive aund resonance parameters,'' o) and g,
respectively, and treating these ag independent prram-
eters in a modified Hansch equation.

log 4 = aw® 4 bhr + cac + ilon + f

When the chloramphenicols are treated using this
modified equation, none of the usual statistical tests
indicate a correlation (Table II). If, however, it is
assumed that the thiomethyl analog of chloramphenicol
and chloramphenicol itself undergo an intramolecular
charge transfer. and these compounds arc omitted in
a subsequent treatment, a fairly good correlation is
obtained for most of the equations and = is indieated
as contributing significantly (Table TII). Unfortu-
nately, an F test on the correlations indicates the points
are widely scattered in the regression plauce, thus no
definitive statement can be made concerning any of the
correlations obtained.

Conclusions.—The correlation of chloramphenicol
activity with electronic polarizability observed in this
study tends to support the suggestion that chlor-
amphenicols may owe their bacteriostatic activity to
binding at a protein, possibly a ribosomal, surface.!?
IFor most chloramphenicol analogs, secondary or van
der Waals forces appear sufficient to describe the bind-
ing of the aromatic moiety. More specifically, disper-
sion and/or inductive forces are nmplied, since thesce
attractive forces arve directly related to  electromie
polarizability.® In the cases of chloramphenicol and
its thiomethyl analog. binding could be enhanced
through charge transfer, possibly of an intramolecular
nature.

Since elcetrome polarizability 18 also 1 measure of
volume, the observed correlation does not exclude the
possibility that bulk effects also may lead to variations
inactivity, That is, a substituent, hy virtue of its bulk.
can modify the structure of the protein to which it is
bound and thereby change the nature of substrate sites
which ave in the environs of the chioraniphenicol or
elsewhere on the protein. Those chloramphenicols
which may function as a charge-transfer specices would
be ¢xpected to perturb the strueture of a protein even
more than would simple bulk or polarizability effeets.
In these cases, the correlation with polarizability could
serve only as a good first approximation.

The attempts to correlate chloramphenicol activity
by the Hansch equation, or the modified forms used in

this study. point out some limitatious of this approach.
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TasLe 11
ATTEMPTED CORRELATION OF CHLORAMPHENICOL AcTivITY BY HaNscH TECHNIQUE
n® log k1P¢ = Fd ré
10 —0.32272 4+ 0.364r + 0.023¢ +1.326 2.409 0.739
(—1.484) (2.136) (0.073)
10 —0.3097x% + 0.3957% +0.252¢1 — 0.1100r +1.190 1.536 0.742
(—1.277) (1.746) (0.246) (—0.166)
10 0.237x + 0.3200 +1.083 2.143 0.616
(1.485) (1.168)
10 0.3157 +0.79301 + 0.0020x +0.808 1.362 0.636
(1.378) (0.810) (0.003)
10 0.3167 +0.79501 +0.807 2.383 0.636
(1.996) (1.312)
10 0.203x + 0.4180p +1.239 1.804 0.583
(1.144) (0.928)
10 —0.02601 + 0.6360r +1.367 0.968 0.465
(—0.031) (1.138)

¢ The number of compounds treated in each equation.
from ref 3.

b k1 values are given in Table I.
The values for o1 were obtained from M. Charton, J. Org. Chem., 29, 1222 (1964), and were used to calculate o by the

The values for = and for ¢ were obtained

equation er = ¢ — o1.”7 ¢ The quantity in parenthesis below each variable is the significance, as given by ¢ test, that may be associated

with that variable in the over-all correlation.

4 F test for the significance of the correlation.

¢ The correlation coefficient for the fit

cited.
TasrLe 11T
ATTEMPTED CORRELATION OF CHLORAMPHENICOL ACTIVITY BY HanscH TECHNIQUE
ne log ka.c = Fd 7€
8 —0.1917x% 4 0.3277 — 0.038¢ +1.133 3.230 0.842
(—1.217) (2.746) (—0.158)
8 —0.1527x2 + 0.388~r +0.47501 — 0.3190x +0.821 2.403 0.873
(—0.887) (2.680) (0.703) (—0.748)
8 0.2457 4 0.1500 +0.972 3.770 0.775
(2.38) (0.763)
s 0.3467 +0.76901 — 0.2670r +0.609 3.110 0.836
(2.599) (1.343) (—0.651)
5 0.2887 +0.5130;1 +0.786 H.033 0.817
(3.099) (1.306)
5 0.244 7 + 0.108¢x +1.019 3.241 0.751
(2.071) (0.334)
—0.07801 + 0.4490r +1.212 0.598 0.439

(—0.114)
In these treatments, chloramphenicol and its thiomethyl analog were omitted.

¢ The number of compounds treated in each equation,
b-¢ See corresponding footnotes in Table I1.

One obvious limitation is the result of a change in the
nature of the substituent, in which case, the substituent
constants employed in the equation for the compound
administered are not the constants for the compound
actually affording the biological response. Possible
examples are provided by chloramphenicol and its
thiomethyl analog. To include these compounds in
a Hansch treatment would appear to require the con-
stants for a negatively charged thiomethyl group and
probably a negatively charged nitro group.

An additional limitation appears to depend on the
range of values covered by =. Hansch and associates!s
found a dependence on = for chloramphenicols whose
activities were determined by the less accurate serial
dilution method. In this study, we again find = to
contribute significantly to the correlation for chloram-
phenicol analogs whose activities were determined by
a more accurate kinetic technique.* However, the F
test on these data designates the correlations obtained
as insignificant. It would appear then that = is more

(1.004)

heavily weighted in this type of regression analysis,
which implies that correlations with = should be in-
terpreted with caution.’* This is substantiated by
other systems we have studied. In these systems rea-
sonably accurate activity data provide a correlation
with only o; but, if data are used which are known to
be unreliable, a correlation with « can be obtained.
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