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Abstract—A new method for optical resolution of racemic 1,1-bi-2-naphthol (BINOL) has been developed through molecular
complexation with a cheap and readily accessible (S)-5-oxopyrrolidine-2-carboxanilide, affording the enantioenriched BINOL in
up to 70.4% ee and 74% yield. X-Ray structural analysis of a molecular crystal formed between (R)-BINOL and (S)-5-oxopyrro-
lidine-2-carboxanilide indicates that the hydrogen bonding interactions between the carbonyl groups of amides and the hydroxyl
groups of (R)-BINOL predominate in the molecular complex formation. The chiral features of the amide and the complementary
molecular packing in the crystal lattice control the stereochemistry of the guest in the molecular crystal. © 2002 Published by

Elsevier Science Ltd.

Optically active 1,1’-bi-2-naphthol (BINOL, 1) and its
derivatives have found many applications, ranging from
chiral ligands in catalysts for asymmetric reactions' to
hosts for molecular recognition and enantiomer separa-
tion,? and as intermediates for the synthesis of chiral
materials.> Several protocols have been developed to
access its enantiopure form, including classical crystal-
lization of diastereoisomeric derivatives,* enantioselec-
tive formation of inclusion crystals with chiral host
molecules,’ enzymatic hydrolysis of esters,® and asym-
metric coupling of 2-naphthol derivatives.” So far, the
enantioselective formation of inclusion crystals with
chiral host molecules is one of the most practical meth-
ods because of its very high efficiency®® and the ready
availability of racemic BINOL.? In the present work,
we wish to report a new practical method for the
large-scale resolution of BINOL by molecular complex-
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ation with a cheap and readily accessible resolving
agent, (S)-5-oxopyrrolidine-2-carboxanilide 2, and its
novel molecular recognition pattern in the molecular
crystals.

Natural amino acids are abundant and cheap chiral
sources. Periasamy et al. reported that (S)-proline
could be utilized as a resolving agent for obtaining
enantiomerically enriched BINOL in moderate to good
enantioselectivity.” However, one equivalent of (S)-
proline is necessary under the optimized conditions
though the molecular complex was formed in a molar
ratio of 2:1 ((S)-BINOL:(S)-proline). It is known that
amide host compounds are able to form crystalline
molecular complexes with a variety of organic
molecules, particularly with phenols and alcohols
through hydrogen bonding. Accordingly, a cheap and
readily accessible amide, (S)-5-oxopyrrolidine-2-car-
boxanilide 2 which contains two amide moieties, was
selected as a chiral host for enantioselective complexa-
tion with BINOL.

Amide 2 was easily prepared on a large scale via a
one-step reaction of L-glutamic acid with aniline in high
yield (85%) according to an improved literature proce-
dure.'® The resolution was carried out by dissolving 4
mmol of racemic 1 and 2 mmol of 2 in various solvents
with heating (Scheme 1), followed by precipitating on
cooling. It appears that the crystallization solvents are
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Scheme 1. The resolution of rac-BINOL 1 by molecular
complexation.

critical for the formation of molecular crystals. In single
component solvents, such as methanol ethanol,
propanol, isopropanol, ethyl acetate, 1,4-dioxane,
THF, acetonitrile, benzene or toluene, the crystals of 1
or 2 were formed and precipitated separately. The
solubility of 2 in dichloromethane, chloroform or
diethyl ether was too poor to be used as the solvent for
the crystallization. Fortunately, a mixed solvent of
THF and ethanol was found to be a suitable solvent.
The effects of concentration, ratio of THF and ethanol,
and amount of resolving agent used for crystallization
were found to be evident. The use of 1 and 2 in a 1:0.5
molar ratio in THF:ethanol (1:1.5, 3.5 mL) gave best
results (Table 1, entry 5). The molecular crystals 3
(containing one molecule of THF with 1:1 molar ratio
of (R)-1 and 2) can be easily decomposed in acetone to
precipitate 2 and recover enantioenriched (R)-1 from
the mother liquid. This procedure was also applied to
large-scale resolution of 1 (28.6 g, 0.1 mol) by using 2
(10.2 g, 0.05 mol) in 87.5 mL of THF:ethanol (1:1.5),
affording the molecular crystals of (R)-1 and 2 (21.5 g,
76% yield) with 70% ee of (R)-1. After decomposition
of the molecular crystals obtained above in acetone,
(R)-1 could be obtained in 75% yield without racemiza-
tion and which can be further enriched by recrystalliza-
tion from benzene to give enantiomerically pure (R)-1
in 43% yield (6.2 g).

Thus, a new and practical resolution of BINOL has
been successfully achieved. In order to elucidate the
molecular recognition pattern between host and guest
molecules in the solid state, the structure of the molecu-
lar complex of (R)-1 and 2 has been determined by
X-ray crystallography.

The single crystals of molecular complex 3 were
obtained by slow evaporation from THF:ethanol (1:1.5)
mixed solvent. The intermolecular organization and
association in the molecular complex are shown in Fig.
1. The structural parameters exhibited for the host and
guest molecules are in good agreement with standard
values.'!

As shown in Fig. 1, the structure of the molecular
complex network between (R)-1 and 2 can be described
as infinite chains of interlinked species that are aligned
in an alternating manner through hydrogen bonds. The
hydrogen bonding pattern includes the two OH groups
of BINOL as the proton donors and the two carbonyl
groups of (S)-5-oxopyrrolidine-2-carboxanilide as the
proton acceptors (at O1-+-O4 and 0203 of 2.718(5)
and 2.993(5) A, respectively), which forms a 14-mem-
bered ring. Simultaneously, one hydrogen-bonded OH
group of BINOL with the pyrrolidone oxygen provides

Figure 1. Perspective view of molecular complex 3, THF has
been omitted for clarity.

Table 1. Optical resolution of (+)-1 with 2 through molecular complexation

Entry (£)-1:22 THF:ethanol Volume (mL) Yield of 3 (%) % ee of (R)-2° Recovery of (S)-1 and its % ee®
1 4:2 1:1 4 66 62.4 32.0

2 4:2 1:1 6 58 53.3 18.4

3 4:2 1:1 2.8 69 67.1 34.2

4 4:2 1:1.5 2.8 72 65.0 39.7

5 4:2 1:1.5 3.5 74 70.4 39.2

6 4:2.5 1:1 8 - - -

7 4:4 1:1 8 - - -

8 4:2 1:2 3.0 50.2 55.7 nd

9 4:2 1:3 3.2 - - -

2 In mmol scale.

® Determined by HPLC on a Chiralcel OD column, the absolute configuration of the product was assigned by comparison with the literature.

¢ No molecular crystals were formed.
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the hydrogen acceptor which associates with the proton
of the NH group of the adjacent carboxanilide moiety
(at OIAA-N1A of 2.894(4) A). Two neighbouring host
molecules were linked by hydrogen bonding between
the pyrrolidone oxygen of one molecule and the NH
group of another host molecule at pyrrolidone moiety
(at O4A---N2B of 2.918(6) A). The dihedral angle of the
binaphthyl unit is 85.16(7)° and its absolute configura-
tion was found to be R, unambiguously through rela-
tion with the absolute configuration of (S)-2. THF is
present in the crystal lattice but without additional
hydrogen bonding interactions. It appears that the
phenyl group in the host molecule is less important for
molecular recognition. Therefore, it can be expected
that a variety of amide derivatives of 2 should be able
to function as resolving reagent for the optical resolu-
tion of 1. The studies on the further improvement of
the efficiency of optical resolution of various BINOL
derivatives by using the analogous compounds of 2 are
currently in progress in this laboratory.

In conclusion, a new method for the optical resolution
of racemic 1,1’-bi-2-naphthol (BINOL) has been devel-
oped through molecular complexation with cheap and
readily accessible (S)-5-oxopyrrolidine-2-carboxanilide,
affording enantio-enriched BINOL in up to 70.4% ee
and 74% yield. X-Ray structural analysis of the molecu-
lar crystal formed between (R)-BINOL and (S)-5-
oxopyrrolidine-2-carboxanilide indicates that the
hydrogen bonding interactions between the carbonyl
groups of the amide and the hydroxyl groups of (R)-
BINOL predominate in the molecular complex forma-
tion. The chiral features of the amide and the
complementary molecular packing in the crystal lattice
operate the stereochemistry of the guest in the molecu-
lar crystal.
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