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Partial Resolution of a Racemic Compound by
Crystallization from (+)-a-Pinene: a Novel Use of
Inclusion Compounds

Sir:

It is well known that racemic compounds may be resolved
by way of diastereomeric inclusion compounds, in which the
compound to be resolved functions as the guest and an enan-
tiomerically pure compound or crystal lattice as the host.! We
now report what to our knowledge is the first example of the
converse, and potentially useful, procedure: resolution of a
racemic host compound by crystallization of the inclusion
compound from an enantiomerically enriched solvent which
furnishes the guest molecules. Such a resolution ultimately
depends on the differential effect of “‘active solvents’ on the
solubility of enantiomers, an effect which has been recognized
as a principle since the dawn of stereochemistry.? This effect
is also manifested in the enantiomeric enrichment of config-
urationally labile compounds by asymmetric transformations,?
in the unequal partitioning of configurationally stable enan-
tiomers between an achiral and a chiral liquid phase,* and in
the preferential crystallization of one enantiomer of a config-
urationally stable compound through strong and specific (e.g.,
w-complexing or H-bonding) solute-solvent interactions.’ In
the present case, solvent and solute are both configurationally
stable and form a stoichiometric complex in which there is no
formal bonding association between solute and solvent,

In connection with our work on the dynamic stereochemistry
of 1,1,2,2-tetraarylethanes,® we had occasion to prepare
1,2-bis(2-methyl-1-naphthyl)-1,2-bis(2,4,6-trimethoxyphe-
nyl)ethane (1) by reductive dimerization (CrCly, HCl)7 of

OCH,
OCH CH30

CH30
%

OCH,

OCHy

%cxm

racemic (2-methyl-1-naphthyl)(2,4,6-trimethoxyphenyl)-
methanol.? Ethane 1, isolated in ca. 70% yield, proved to be a
versatile inclusion host for a wide variety of guest molecules,
e.g., benzene, cyclohexylamine, 2-butanone, cyclododecene,
and ethyl acetate.'! These inclusion compounds formed
spontaneously, usually in a 1:1 ratio,'® by crystallization from
the appropriate solvent, The solvent-free ethane, mp 205-206
°C, could be prepared by heating the benzene solvate above
its decomposition point (163-168 °C) under vacuum, followed
by trituration with cold methanol. The '"H NMR spectrum of
1 did not permit a decision between meso and racemic forms,
the appearance of four C-CHj3 signals (solvent 1,2,4-trichlo-
robenzene, 92 °C), two of the same intensity and two others
differing in intensity from the first two and from each other,
being consistent with either d/- or meso-1 but not with a
mixture of the two (barring accidental isochrony).!2:!3 We
therefore resorted to crystallization of 1 from (+)-a-pinene
([«]?2p +46.39°, neat), with which it forms a 1:1 inclusion
compound,'® mp 126-128 °C dec.!¢

Successive recrystallizations from (+)-a-pinene gave crops
of 1:1 inclusion compound which were examined polarime-
trically'” after chromatography on silica gel and elution with
hexane-chloroform, to remove any residual pinene.'® The
initial crop had [a]?7350 —4.7° (¢ 0.6, CHCl3),20 a value which
was not substantially increased on further recrystallization.?!
The 'H NMR spectrum (CDCl3) of the solvent-free, partially
resolved 1 was the same as that of the unresolved sample. These
results provide conclusive evidence that the product obtained
by reductive dimerization is d/-1,22.23

The enantiomeric purity of the active samples, though un-
known, is believed to be small. Nevertheless, the usefulness of
the procedure is fully vindicated by the result, and the present
technique should therefore be considered, where applicable,
in situations where partial resolution would serve to distinguish
between stereochemical alternatives,
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Cyclobutadiene. 3. Photolysis of Matrix-Isolated
13C.Labeled Bicyclopyranones
Sir:

Cyclobutadiene 1 has been generated and trapped in a va-
riety of environments at cryogenic temperatures.'-32 The in-
frared spectrum of 1 is of substantial interest because of its
relevance to the question of the geometry of the ring.!-32 Argon
matrix-isolated bicyclopyranone 2 photodecomposes to 1 and
carbon dioxide 3 showing bands in the infrared at 2340, 662,
1236, 653, and 573 cm~!.12.02 Matrix-isolated carbon dioxide
3 as the sole guest shows absorption at 2340 and 662 cm~!.

| lo—*lll+c§2

2
Recently Maier32 has compared the spectra of the photo-
products from six independent precursors, 2 and 4-7, of 1 and
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5 6a, R = CO,CH,
b, R~R = ~COOCO~
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has failed to detect the 653-cm~' band in those cases in which
carbon dioxide is not a coproduct. Three of the precursors, 6a,
6b, and 7 extrude large, aromatic molecules which could, in
principle, severely perturb the spectrum of neighboring cy-
clobutadiene 1. A fourth, 4, has previously been reported?? to
lead to all three bands, 12435, 655, and 575 cm™!, attributed
to cyclobutadiene from studies of bicyclopyranone.

A verdict on the assignment of the 655-cm™! band can be
obtained from an analysis of the infrared spectrum of the
photolysate of [2-13C]bicyclopyranone 8. If the 3C label is
localized in carbon dioxide it should have little effect on 1, and
cause only a shift in the bands related to the carbon dioxide
fragment. If the 655-cm~! band is an intrinsic property of the
spectrum of 1 it should be unshifted by the substitution.

0 h
| = | + 100,
13| 8K.Aror N; b
\O 1
8 Ar: 1241,575 em™! 636, 644 cm™!
N,: 1245, 575 cm™ 639, 643 em™,
13 13
0O
| —~= | | + co
| 8K. Ar :
0 14 3
12 1237 em™ 655 cm™!
575 em™! 662 cm™!

Irradiation of [2-13C]bicyclopyranone 8 (90 atom % '3C)
gives rise to a product possessing two of the infrared bands
(1241 and 575 cm~!)4 that had been previously attributed to
1. Bands at 662 and 655 cm™' are present in the spectrum of
photolysate, but they are ca. 10% as intense as an identical
pattern of bands located at 644 and 636 cm~!.> The weaker
pair are undoubtedly derived from the residual 10% of 2 in
starting pyranone. Hence both bands (662 and 655 cm™') are
strongly shifted by the 13C label and neither can be a property
of cyclobutadiene 1 per se. Since pyridine (4) is a notably
poorer precursor to cyclobutadiene, we must conclude that the
band reported by Chapman? et al. (655 cm™!) in the case of
the photolysis of 4 must be due to an impurity or some product
other than cyclobutadiene.

By comparison, photolysis of [6-'3C]bicyclopyranone (12)
gives rise to bands at 662 and 655 cm~! with no detectable
absorption at 644 and 636 cm~!. The most notable feature in
this case is the slight shift of the 1241-cm™'! band of 1 to 1237
cm~!in the spectrum of the 13C-labeled species 14, in accor-
dance with the original assignment of this band to a predomi-
nately framework distortion of 1. The signal at 575 cm~! is
independent of the 3C-label.t

Maier, emphasizing the putative tendency of cyclobutadiene
to undergo association with acceptor ligands,? views “a species
of type 15 in which carbon dioxide functions as a ligand” to be
responsible for the spectrum of photolyzed bicyclopyranone.
It is also suggested that “formation of nonassociated cyclo-
butadiene would appear most likely on cycloreversion of the
ether 7.”

J—COZ

15

In fluid media, cleavage of a molecule to stable products
results in molecular diffusion, and at low concentrations the
fragments are generally without (spectroscopic) influence on
each other. However cleavage of the matrix-isolated guest
generates fragments which may be constrained to remain in
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