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Unusual Effect of Methylation of a Benzene Ring on the Strength

of Phenyl—Phenyl Interactioni
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Gas-chromatographic studies have shown that the strength of
the weak interaction between a phenyl group in a stationary liquid
and a benzene molecule in a sample alters most greatly when, among
various substituents examined (e.g., Me, Et, Cl, and OMe), a

is introduced into a

methyl group ——a "simple" nonpolar group

benzene ring in the sample.

It has been suggested that an aromatic—aromatic interaction has a marked
influence on molecular conformations1) and chemical reactivity,z) this interaction
being other than the well-known charge-transfer interaction.3) Very little is
known, however, about the effect of a substituent introduced into an aromatic ring
on the aromatic—aromatic interaction. We have been studying the specificity of

weak interactions associated with a phenyl (Ph) group

using gas-chromatographic method,4) and report here 71 ?1

that a phenyl—phenyl interaction varies most greatly -Si-0 Si-0-

when a methyl group as a substituent is introduced é1 R?

into a benzene ring. g !
As stationary liquids we used a pair of silicone 1 R'= Ph, RZ= Me

0ils (1 and 2)°) with and without a Ph group. The 2 R'=R?=Me
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samples employed are a variety of monosubstituted

(3) and para-disubstituted benzenes (4).

D) e

relative retention (ax) was defined as the ratio

of the retention timeG) for a sample (3 or 4) to 3 4

that for n-hexane (5) as the reference, where x =

1 or 2, depending on the stationary liquid used (1 or 2).

The aq and a, values were measured at various temperatures. Plots of 1ln Oy

against 2_1 showed a straight line for each sample examined. Since the

relationship 1n oy = ‘AAEX/BI + C holds, where AAHX is the difference in molar

heat of solution between samples 3 (or 4) and 5 in liquid x [e.g., AAH = Agx(3)

4,7)
- AH (5)]1,

the slope of the plots yields —AAQX/B. Though the AAH itself

involves the difference in heat of vaporization between 3 (or 4) and 5, the

difference is cancelled by subtracting AAgz from AA§1.

- AAH,) can be regarded as a measure of
the difference in the weak interaction
of the Ph group in 1 between 3 (or 4)
and 5 — as a measure, though not
strict, of a phenyl— (substituted)
phenyl interaction.

In Fig. 1, AAgt values for a
variety of monosubstituted benzenes 3
are plotted against the structures of
substituent Y. The difference between
the AAgt values for benzene and a
monosubstituted benzene becomes largest
when Y = Me. It is interesting to note
that, in the case of alkylbenzenes, the
AAgt value reaches a maximum for
toluene and that the introduction of
substituents (i.e., Me, Cl, and OMe) at
a benzylic carbon atom decreases the
asHE.

The effect of methylation on the

weak interaction was further examined

4) t

Thus, the AAH™ (= AMH,
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Fig. 1. Plot of AAHE for 3 against

the structures of Y. The ApHE value
for n-propylbenzene is -1.00 + 0.12
kcal/mol, the value slightly more
negative than that for ethylbenzene.
The experimental errors (standard
deviation) range from + 0.04 to *
0.07 kcal/mol for Y = H, Me, Et, Cl,
OMe, and CH,OMe, and from :+ 0.10 to
+ 0.12 kcal/mol for Y = NMe, and
CCl;. 1 cal = 4.184 J.

8)
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using substituted benzenes and toluenes

as samples. Figure 2 plots the AAﬁ_t for -08 |
the two sets of samples against - Y-@Me
|
substituent Y. Regardless of the °
structures of Y, methylation of benzene _ _10 n
(]
rings has proved to increase the AAgt by 3:
ca. 0.3—0.4 keal mol™'.%) >~
The order of AA!—I_t values for I 1.2 -
Q .
samples 3 (Fig. 1) does not agree with << Y*<::>
that of their ionization potentials
[9.24 (benzene), 9.07 (chlorobenzene), <14 -
8.82 (toluene), and 8.22 eV
{ 1 1
(anisole)];“)) this indicates that the Cl H OMe
AAﬂt cannot be explained by the charge- Y
transfer interaction, since the energy
of this interaction depends on the Fig. 2. Plot of AAHt for 3 and 4
3) against the structures of Y. The
ionization potential of a donor. The experimental errors (standard
¢ deviation) for 3 and 4 (Y = Cl) range
AAH™ (Fig. 1) tends to decrease with from * 0.04 to * 0.07 kcal/mol, that
for 4 (Y = OMe) being * 0.11

increasing molar polarization (P) [27 kcal/mol.
(benzene), 34 (toluene), 39 (ethyl-
benzene), 44 (n-propylbenzene), 58 (anisole), 62 (chlorobenzene), and 72

3 -1,11)

(N,N-dimethylaniline) cm™ mol '] except for benzene and anisole; this suggests

that the AAﬂt reflects the dispersion interaction to some extent. Electronic

12) Thus, the reason for

effect of Y also fails to account for the data in Fig. 1.
the observed effect of a substituent on the phenyl—phenyl interaction remains to
be elucidated.

From the experimental results presented here, it seems reasonable to conclude
that the introduction of a methyl group — a "simple'" nonpolar group — into a
benzene ring causes an unusual change in the strength of the phenyl—phenyl
interaction. Experimental evidence is obtained to suggest that the change in the
interaction by methylation markedly affects the selectivity in oxidation of a pair
of associating thiols.14)

This gas-chromatographic method will enable us to evaluate the strength of

the weak interaction between a group other than the phenyl group and a sample
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molecule by utilizing a pair of adequate stationary liquids.
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