for a sufficient length of time. The pH-
gradient method is particularly useful for
the analysis of very dilute solutions and
appears to offer advantages over Mache-
boeuf’s electrorheophoresis (5) because
of its flexibility in directing the displace-
ments of the bands and because of its
avoiding excessive concentration of buf-
fer salt on the paper.
‘ H. Hocu
G. H. Barr
Department of Biophysics, Medical
College of Virginia, Richmond
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Direction of Ionic Addition to
Olefinic Double Bonds

When the addition of an unsymmetri-
cal molecule to an olefinic double bond
begins with addition of a cation to the pi
electrons (1), the direction of the addi-
tion can be simply explained, without
the concept of hyperconjugation (2) or
the assumption of polarity in the double
bond (3). The cation tends to become
finally joined to that one of the two un-
saturated atoms from which an electron
is less readily removed, except where this
effect is overcome by electrostatic forces.
As a general principle, two factors ap-
pear to control the ease of withdrawing
an electron from an atom. One is the
partial charge on the atom: the less posi-
tive and more negative the charge, the
greater the ease of electron withdrawal.
The other is the nature of attached atoms
and groups: the more readily these atoms
can supply charge to compensate for the
withdrawal, the greater is the ease of
withdrawal.

The fundamental basis for the pro-
posed explanation is information on
charge distribution obtained by methods
recently described (4). It is possible to
estimate what the partial charge on each
atom of a molecule would be, if the only
factor were the initial electronegativity
differences and the process of equaliza-
tion during combination (5). Similarly,
the effect of adding a cation to a double
bond may be estimated, assuming that
the principle of electronegativity equali-
zation is valid here. The detailed appli-
cation of such partial charge information
can best be illustrated by examples.
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Consider an olefinic bond in an alkene.
According to the theory, such a bond
must always be electrically symmetrical
(nonpolar), because an alkyl group con-
tributes exactly the same partial charge
to an unsaturated carbon as does hydro-
gen. However, alkyl groups are poten-
tially more capable of contributing nega-
tive charge (are better reservoirs). When
a cation—for example, a proton from
CHI—adds to the pi electrons of an un-
symmetrical olefin like propene, the
charge may be considered as becoming
distributed throughout the resultant car-
bonium ion by an adjustment of bond
polarities, causing in effect an electron
flow toward the adding proton. The
partial charges on carbon and hydrogen
in propene are —0.040  and 0.020 elec-
tron. In the carbonium ion they would
be 0.055 and 0.119. The charge of 0.881
contributed to the proton would come
0.293 from the CH, side of the double
bond and 0.586 from the CH,CH side.

In order that a cation become finally
attached by a covalent bond to one of
the originally unsaturated carbon atoms,
one of the electrons for the bond must
be removed entirely from the other car-
bon. This removal quite logically can
occur more readily from the carbon that
has the greater reservoir of charge. As is
indicated by the afore-mentioned relative
charge contributions, this carbon is the
center one of propene. The proton, ac-
cordingly, becomes permanently attached
to the more hydrogenated carbon of the
double bond. This leaves the central car-
bon with an unoccupied orbital, a ready
acceptor of an electron pair of the chlo-
ride ion, Markownikoff addition to other
unsymmetrical olefins may be explained
similarly.

The opposite mode of addition may
occur when a strongly electron-withdraw-
ing group is attached to the side of the
double bond that otherwise would be
expected to serve better as an electron
reservoir. The inductive effect of this
group makes the removal of an electron
from the unsaturated carbon nearer it
more difficult. Hence, the cation becomes
attached to this carbon, and the anion
adds farther from the electronegative
group. For example, in the o,B-unsatu-
rated acid, CH, =CHCOOH, each hy-
drogen bears a charge of 0.102 and each
carbon, 0.042. Addition of a proton to
the pi electrons would result in a car-
bonium ion in which a contribution of
0.803 electron would be made to the
adding proton. The electron-withholding
action of the oxygen prevents the central
carbon from contributing more than
0.278, leaving 0.524 to be contributed by
the CH, group. Accordingly, the proton
here becomes attached to the less hydro-
genated center carbon, and the adding
anion joins the wunsaturated carbon
farther from the carboxyl group.

On the other hand, an electron-releas-
ing atom such as silicon has the effect in
an olefin that the adding cation becomes
attached to the carbon farther from this
atom. This occurs, for example, in hydro-
gen halide addition to (CH,),Si—
CH,—CH=CH, (6).

Major exceptions to addition as ex-
plained in the foregoing paragraphs re-
sult when an atom attached directly to
an olefinic carbon bears a relatively high
partial charge. Then the electrostatic
effect on the pi electrons appears domi-
nant. One illustrative example is addition
to vinyl chloride, CH,=CHCI. Electrons
should be more available from the CH,
than from the CHCI. Explained on this
basis, an adding cation should become
attached to the chlorinated carbon. How-
ever, the partial charge of —0.238 on the
chlorine appears sufficient to repel the
pi electrons, making them actually more
available at the opposite carbon. The
double bond is thus permanently polar-
ized, and it is the anion that becomes
attached to the chlorinated carbon. An
opposite illustration is the example of
HCI addition to (CH,);Si—CH=CH,,
Despite the electron-releasing action of
the silicon, the addition is non-Mark-
ownikoff (7) and the proton becomes
attached to carbon next to silicon. Evi-
dently the dominant effect is the attrac-
tion of the pi electrons by the silicon,
with its partial charge of 0.273.

None of the afore-mentioned factors
is likely to be completely dominant ex-
cept in extreme instances. The explana-
tions offered are therefore intended to
account for principal trends only.

R. T. SANDERSON
Department of Chemistry,
State University of Towa, Iowa City
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Antiparasitic Activity of
Substituted Carbanilide Complexes

As part of an investigation of the
therapeutic potentialities of aryl ureas,
we have observed that molecular com-
plexes of certain substituted carbanilides
possess antiparasitic activity. In particu-
lar, several of these complexes have
shown significant activity in avian coc-
cidiosis. The complex (I) of 4,4’-dinitro-
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