CHEMISTRY LETTERS, pp. 341-344, 1982. © The Chemical Society of Japan 1982

ALKYL-PHENYL INTERACTION IN ENANTIOMER DIFFERENTIATING ACYLATION
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Institute for Protein Research Osaka University, Yamada-oka, Suita,
Osaka 565

The enantiomer-differentiating acylation (kinetic resolution) of
a-substituted benzylamine with (S)-2-phenylbutyric acid anhydride was
carried out in organic and aqueous media. (R)-Amines reacted in excess
in organic media, while (S)-amines reacted in large excess in aqueous
media. These differences in the chiral recognition were interpreted
based on the idea that the attractive interaction took place between
phenyl and alkyl groups in agueous media.

We wish to report here a drastic change in the chiral recognition of the enantiomer-

differentiating acylation (kinetic resolution) on changing the reaction media from

organic to aqueous solvent systems,
0.4 1 explicable by the specific interaction
between phenyl and alkyl groups in the

0.2 4 reactant molecules.
Racemic a-substituted benzylamine
0 homologues(4 molar equivalent) were
treated with (S)-2-phenylbutyric
anhydride (1 molar equivalent) in

Inr

-0.2 dioxane, benzene, or water-dioxane

mixture (XHZO = 0.76) as shown in Eq. 1).

204 in water d10xane
: XH 0 = 0.76) The results of the chiral recognition
NN in du&ane were expressed by the logarithmeric
. [j . — molar ratio of the diastereomers
in benzene 1)
T produced.
Rs —CH—@ _CH"<___> —CH—@ ——CH—@ As shown in Fig. 1, 1n r values
| shifted from the almost zero to the
CHs CHZCH3 CHZCHZCH3 CH(CH appreciably negative values with
Fig. 1. Enantiomer-differentiating acylation increasing size of alkyl group from
of a-alkylbenzyl amines with (S)-2-phenyl- methyl, ethyl, n-propyl to iso-propyl
butyric anhydride (R°=-CHPhCH,CH;) group in organic media.z) The result
is in the same line with those found in
(R)-R-NH, (R,S)-R-NHCOR®
+ (8)-(R%°-C0O),0 —> (1)
(5)-R-NH, (S, 5)-R-NHCOR®

1n r = 1n([(S,8)-R-NHCOR®]/[ (R, S)-R-NHCOR®}) (2)
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the chiral recognition.

the literatures”’indicating the contribution of steric effect of hydrocarbon residue to
However the chiral recognition in the aqueous media showed clear contrast to that
in organic media. 1In all cases, the positive 1ln r values were obtained. The mode of
interaction other than the steric interaction was expected to take major part in the
chiral recognition in aqueous media.
In order to make clear the interaction between various types of hydrocarbon residues
contained in the reagent and substrate, the competitive acylation of two monofunctional
amines with acid anhydride was carried out in water-dioxane mixed solvent system as a

model reaction (Eq. 3). The selectivity of the competitive reaction was expressed by

logarithmeric molar ratio of the products (Eq. 4).1)

1 i Y 0
R=NH,(2 molar equivalent) + (R2C0),0 (1 molar equivalent) S R~<NHCOR (3)
R2NH,(2 molar equivalent) RZNHCOR°®

1n r'= 1n([RINHCOR®]/[RZNHCOR’]) (4)
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Fig. 2. The relationship between XH,0 and the 1n r' value of the competitive
reaction shown in Eq. 3.

As found in Fig. 2, the profile of plots was apparently composed of two phases;
i. e., phase I (XHZO < 0.83) and phase II (XHZO > 0.83). In phase I, the reaction took
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place under homogeneous condition, while in phase I the phase separation of the reagent
occured and the reaction proceeded heterogen¢ously. The reaction in phase I will be
discussed here, because we are chiefly concerned with the molecule to molecular interac-—
tion between reagent and substrate under the homogeneous condition.

As found in Fig. 2a, the 1n r' values stayed not far from zero within phase I so
far as the reagent and substrates carried the saturated hydrocarbon residues, even if
the plot+ showed slight increase in 1n r' from the negative to the positive values.
The result suggested that there were no significant interactions between.the saturated
hydrocarbon residues of the reagent and competing substrates in aqueous solvent system as
well as the organic solvent.

When an aromatic hydrocarbon residue was contained within one of the competing
substrates, the 1ln r' was remarkably increased with the increase of XH20 (Fig. 2b, plot

—{;}-and—{:}—-). Thus, the amine carrying phenyl group was preferentially converted

into amide in aqueous media. These characteristic changes of 1n r' could be attributed

to the alkyl-phenyl and phenyl-phenyl attractive interaction induced between the reagent
and substrates in aqueous media. The gentle gradient of the slope of the plot —-.—
suggested that the participation alkyl-phenyl interaction was almost comparable to that of
the phenyl-phenyl interaction.s) When the reagent carried both alkyl and phenyl group(plot
—0—), the 1n r' became more sensitive to the addition of water.
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Fig. 3. The 1n r values of enantiomer-differentiating acylation (Eq. 1) in
the mixed solvent systems.
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Assuming the participation of attractive alkyl-phenyl interaction in aqueous media,
it was expected that the chiral recognition was sensitively affected by the addition of
water in the case that the chirality was composed of alkyl and phenyl groups, compared
with the case that it was composed of only alkyl groups. In this respect, the
enantiomer-differentiating acylation was carried out with three different types of
reagent and substrate. The plots of 1In r against XH20 were shown in Fig. 3. The results
were quite resemble to that of the competitive acylation. In the reaction system of
racemic l-phenylethylamine and (S)-2-phenylbutyric anhydride (plot{ﬁ}-in Fig. 3(a)), 1n
r increased significantly with the increase of tzong)to 0.8 (phase I). The sharp
decrease of 1n r in phase II indicates that the effective chiral recognition is disturbed
by the phase transfer process of substrate. As expected from the model reaction system,
the absence of phenyl group in the reactant molecules resulted in no significant chiral
recognition in either organic or aqueous solvent systems (plots-O-and—‘— in Fig. 3(a)).
Thus it was clearly shown that the phenyl group possessed a unique character in the
distinction of substrate structure in aqueous media.

In the enantiomer-differentiating acylation of (R/S) l-phenylpropylamine with (S5)-
2-phenylbutyric anhydride (Fig. 3b), 1ln r changed its sign from the negative to the
positive by the addition of water or methanol, explicable with the operation of opposing
effects, steric repulsion and the phenyl-alkyl attractive interaction, on the chiral
recognition. The fact that methanol could be substituted in place of water indicated that
phenyl-alkyl interaction is a kind of solvophobic interaction. Though it is difficult
to answer why phenyl-alkyl interaction was stronger than alkyl-alkyl interaction at this

4)

stage, the proximity effect of CH-w interaction could furnction in chiral recognition
of reactant molecule.
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