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Abstract. The achiral ester-lactone 1, which crystallizes spontaneously in the chiral
space group P212729, affords two regioisomeric di-w-methane products when photolyzed in the
solid state. One of the photoproducts is formed in near-quantitative enantiomeric excess,
whereas the other is produced as a racemate. The results demonstrate that the asymmetric
influence of the chiral crystal lattice medium may have variable effects on reaction
enantioselectivity.

Absolute asymmetric synthesis is defined as an asymmetric synthesis carried out in a closed
system in the absence of any external chiral inducing agents.1 It is a process unique to the
crystalline phase, and its first stage consists of the spontaneous crystallization of an
achiral reactant in a chiral space group.2 The second stage of the process involves a solid
state chemical reaction, often photochemical in mnature, that transforms the crystalline
reactant into a product possessing permanent molecular chirality. In such cases, the
enantiomeric excess in which the product is formed is a direct measure of the asymmetric
induction by the chiral matrix.

To date, all reported absolute asymmetric syntheses (of which there are very few)3 have
been of the single pathway variety, that is, only one product is formed. For chiral crystals
that react to give two (or more) products, however, it is interesting to ask whether each
product will be formed in the same enantiomeric excess. By studying such processes, we learn
much about the lattice forces that govern the chemical reactivity of organic crystals. 1In the
present communication, we describe the dual pathway photoreaction of a chiral ecrystal that
leads to products of widely differing optical purity.

The compound selected for study emerged from our work on the di-wm-methane photorearrange-
ment of dibenzobarrelene and its derivatives in the solid state.* As part of this study, we
prepared the ester-lactone 1 (Scheme 1) by Diels-Alder addition of dimethyl acetylene-
dicarboxylate to 9-anthracene methanol at 170° (neat). Under these conditions, lactonization
of the initial adduct was virtually complete. Compound 1 forms stout prisms, mp 170-171.5°,
from chloroform-ethanol, and an X-ray crystal structure analysis indicated the chiral space
group P212121.5 In principle, ester-lactone 1 1is capable of giving two regioisomeric
di-w-methane photoproducts, 2 and 3, upon photolysis.6 In practice, both products are formed
only in the solid state (ratio 87:13); in solution (acetone, acetonitrile or benzene), there
was no trace of bhotoproduct 3.7 The photoproduct structures were assigned by NMR
spectroscopy; particularly informative was the chemical shif; of the non-aromatic methine

hydrogen in each case -- 5.17 ppm for 2 and 4.85 for 3 -- a trend that is general for compounds
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Scheme 1

NOBH4
p—TsOH/CgH,

of this type.8 To corroborate these assignments, photoproduct 3 was synthesized independently
by making use of the known82 4 + 5 phototransformation (Scheme 1).

The optical purities of photoproducts 2 and 3 from the solid state irradiations were
determined by chiral shift reagent NMR spectroscopy of mixtures of the two. Eu(hfc)j (Aldrich)
was used as the shift reagent, and the peaks monitored were the methyl ester singlets. This
showed that photoproduct 3 is formed in high enantiomeric excess and that its regioisomer 2 is
racemic, In four separate trials at -20°, the enantiomeric excesses for compound 3 were
(+)-70%, (+)-74%, (-)-100% and (-)-100%. Raising the temperature caused a noticeable
diminution of the enantioselectivity. For example, at +20° the enantiomeric excesses
for five runs were {+)-58%, (-)-61%, (-)-56%, (-)-52% and (-)-66%. In none of the runs,
however, was there any evidence within the limits of the chiral shift reagent method (ca. * 3%
accuracy) for optical activity in the case of compound 2.

There are two main questions raised by the photochemical results. First of all, why is
regioisomer 2 favored regardless of medium, and secondly, why is only regioisomer 3 produced in
optically active form in the solid state? To help in answering these questions, we recall that
the di-m-methane rearrangement of compounds like 1 is thought teo occur via initial benzo-vinyl
bridging, and that this can take place in four ways: a-x/a-x' and b-y/b-y’ (Scheme Za).9 Path
b-y leads to one enantiomer of 2 and path b-y' leads to the other. Similarly, pathways a-x and
a-x' lead to the enantiomers of photoproduct 3. The preference for formation of photoproduct 2
may reflect a steric effect that is present between the methylene hydrogen atoms of the lactone
ring and the adjacent aromatic hydrogen atoms (Scheme 2a). The H-'-'H distances from
crystallography are a startlingly short contact of 2.1 A on one side and a less severe

interaction of 2.4 A on the other.l0 Molecular models show that pathways b-y and b-y’ leading
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Scheme 2

(a) (b)

to 2 relieve this interaction to a much greater extent than a-x and a-x’; the latter paths
afford 3 with the wunfavorable H-'‘H interactions basically intact. In solution, the H--‘H
contacts will average to approximately 2.06/2 + 2.43/2 = 2.25 A, still well below the van der
Waals sum of 2.40 A. It is not surprising, therefore, that the regioselectivity is in the same
direction in both liquid and solid media.

Regarding the optical activity generated in photoproduct 3 in the solid state, we suggest
that this may stem from an intermolecular steric effect in the crystal that favors path a-x
over path a-x’. As bonds a-x and a-x’' begin to form, the COOMe group at position a swings
through a wide arc either toward (a-x) or away (a-x’) from the viewer (Scheme 2a). The packing
diagram (Scheme 2b) clearly shows that the latter pathway (but not the former) is hindered by a
hydrogen atom from a mneighboring molecule that lies 2.49 A directly behind the ether oxygen
atom of the ester group. This is subst&ntially less than 2.72 A, the sum of the van der Waals
radii for oxygen and hydrogen.lo In contrast, it is apparent that both sides of the lactone
ring are tightly packed, thus accounting for the lack of enantioselectivity in the formation of
photoproduct 2 as well as the diminution in the relative amount of this product formed in the
solid state compared to solution. Similar steric effects have been suggested to be responsible
for determining the regioselectivities of di-w-methane photoreactions in the solid state.%

In conclusion, even though the mechanistic rationale 1is speculative, the results
demonstrate clearly that the extent of asymmetric induction in the reactions of chiral crystals
depends uniquely on the crystal packing characteristics of the compound under study and can
vary from 0-100%.
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