Tetrahedron Letters, Vol. 33, No. 38, pp. 5481-5484, 1992 ' 0040-403992 $5.00 + .00
Printed in Great Britain Pergamon Press Lid

CRYSTAL TO MOLECULAR CHIRALITY TRANSFER:
SUPRAMOLECULAR PHOTOCHEMISTRY OF CRYSTALLINE CARBOXYLATE SALTS

Ray Jones, John R. Scheffer’, James Trotter” and Jie Yang
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Abstract Solid state irradiation of a salt formed between a prochiral, photochemically reactive
carboxylic acid and a non-absorbing, optically active amine is shown to lead to an optically active
Norrish type Il photoproduct whose optical purity depends on the dimorphic crystalline modification
photolyzed.

Salts formed between carboxylic acids and amines provide high-melting crystalline materials
in which the cations and anions can be tailored through organic synthesis to serve various functions
in organic chemistry and materials science. In this paper we describe the situation in which an
optically active ammonium ion is used to .induce optical activity in the products of a solid state
photorearrangement of a prochiral carboxylate anion. The goal of the research is to develop a
general procedure for asymmetric induction in solid state photochemical reactions. While the
concept of using the organic solid state as a medium in which to carry out asymmetric syntheses is
not new, having been reported for both one component! and two component (host-guest)2 systems,
this and previous reports from our Iaboratory3 represent the first use of organic salts for such a
purpose.

The carboxylic acid chosen for study was the adamantane derivative 1a (Scheme);"' This
compound, which contains a plane of symmetry and is thus achiral, was expected on the basis of
ample literature precedent to undergo the Norrish type |l reaction to afford the chiral cyclobutanol
derivatives 2 and 3.5.6 By forming salts of 1a with optically active amines, irradiating them in the
solid state, and determining the optical purity of the photoproducts, the extent of asymmetric
induction could be assessed. Accordingly, keto-acid 1a was treated with a variety of optically active
amines and the resulting salts recrystallized; best results were obtained with S-(+)- and R-(-)-prolinol,
and these salts (1b) form the basis of this communication. Interestingly, the prolinol salts were found
to be dimorphic; recrystallization from acetone produced an initial crop of platelike crystals, mp 116-
118 °C, whereas needle-shaped crystals (mp 128-130 °C) were obtained from the mother liquor.
The X-ray crystal structure of each dimorph was obtained by direct methods.”?

Each salt was photolyzed in the solid state as well as in solution.8 In addition, for comparison
purposes, the methyl ester 1¢ was irradiated in solution. As expected; the cyclobutanol derivatives 2
and 3 were formed, and the Table summarizes the product ratios obtained in each case (after
diazomethane workup) along with the enantiomeric excess in which the major photoproduct 2¢ is
formed.® Strikingly, the needle dimorph of salt 1b gives cyclobutanol 2¢ in 97% optical purity; S-(+)-
prolinol leads to (+)-2¢, and R-(-)-prolinol affords (-)-2¢. Similar regioselectivity was obtained when
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the plate dimorph of salt 1b was irradiated in the solid state, but in this case photoproduct 2c was
formed in only 12% ee and with reversed enantioselectivity. Finally, when either dimorph was
dissolved in chloroform and photolyzed, no optical - activity at all could be detected in the
photoproducts.
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Table  Photoproduct Ratios and Enantiomeric Excesses Obtained by Photolysis of Salt 1b
and Ester 1c

Compound Conversion Photolysis Prolinol Crystal 2c:3¢ ee (%)

Photolyzed (%) " Medium Config Moph  Ratiod®  (2¢)
1b 87 Solid State  S-(+) Needles 5.5:1 97(+)b
1b 69 Solid State  R-(-) Needles 5.5:1 97(-)b
1b 79 Solid State S-(+) Plates 5.5:1 12(-)b
1 40 Chloroform S-(+) . 1.61 ob
1c 5 Benzene - - 3.3:1¢

AAs determined by column chromatography following acidification, separation of the ammonium salt and
esterification of the carboxylic acid fraction with diazomethane; bas determined by chiral shift reagent NMR
analysis with Yb(hfc)3 (Aldrich); sign of rotation of predominant enantiomer shown in parentheses; Coverall
quantum yield = 0.043.

The X-ray crystal structures of the needle and plate dimorphs of salt 1b reveal the likely
reason for the difference in enantiomeric excess with which photoproduct 2¢ is formed in the solid
state. The key lies in the fact that the carboxylate anions in the needle crystals adopt a single,
homochiral conformation, whereas in the piate form, there are two independent carboxylate anions in
the asymmetric unit that have opposite absolute configurations, even though each is associated with
an S-(+)-prolinol-derived cation.10  With this information, the interpretation of the results is
straightforward: the needles react stereospecifically from a single conformational sterecisomer of the
reactant to give a single stereciosmer of the photoproduct. in the plate crystals, however, there are
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competing stereospecific photoreactions, and these result in a photoproduct of low overall
enantiomeric excess. Because the reaction is occurring in a chiral environment, the competing
reactions have diastereomeric transition states of unequat energy, thus accounting for the non-
racemic nature of the photoproduct.12

In contrast to the solid state resulits, polarimetry and chiral shift reagent NMR studies indicate
that the solution phase photoproduct mixture is truly racemic. in this case it seems likely that the
photoreaction is non-stereospecific as a result of the conformational freedom of the reactant as well
as the more random orientation between it and the chiral auxiliary. The asymmetric induction
observed in the solid state is attributable, therefore, to the overall "supramolecular” environment of
the chiral crystal lattice, and the role of the chiral auxiliary is primarily one of guaranteeing a chiral
space group rather than exerting a direct asymmetric influence on the reaction. As such, the phrase
“crystal to molecular chirality transfer” seems appropriate.

In summary, the results demonstrate that under the proper circumstances, very high
enantiomeric excesses can be achieved by employing ionic chiral auxiliaries in solid state
photochemistry. Because high conversions are possible, the method holds considerable synthetic
promise. Current research in our laboratory is aimed at using a similar approach in the design of
ionic crystals having good second order non-linear optical properties.
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Cyclobutanol products in type Il photochemistry were first reported by Yang, N.C.; Yang, D.H.

£ Am. Chem, Soc. 1958, 80, 2913-2914. :
Needles: P21212¢;a=17.266 (2) A, b =19.292 (3) A, ¢ =6.3739 (9) A; Z = 4; R = 4.1%.

Plates: P212121;a=11.798 (1) A, b = 43.563 (3) A, c = 8.4434 (8) A; Z = 8; R = 5.6%. Full
details will be published separately. :

The samples were prepared for solid state photolysis by crushing the crystals between two
Pyrex plates and sliding the plates back and forth so as to distribute the crystals over the
surface in a thin, even layer. The sample plates were then taped together at the top and
bottom ends, placed in polyethylene bags, degassed with nitrogen and sealed under a positive
pressure of nitrogen with a heat-sealing device. The bags were immersed in a cooling bath
maintained at -40 °C by means of a cryomat and irradiated with the output from a 450 W
Hanovia medium pressure mercury lamp. Conversions of 70% and higher were possible in
the solid state runs without significant sample melting or - loss of enantioselectivity. In a typical
run, a "sandwich” containing 120 mg of salt required 24 h of photolysis.

The enantiomeric excess in which the minor photoproduct 3¢ is formed in the solid state could
not be determined owing to small samples sizes and purification difficulties.

The absolute configuration of the reactant anion can be defined by the sigh of the O=C-C(x)-
C(B) dihedral angle, which in the case of the needle dimorph is negative (-82°, S absolute
configuration); in the plate crystals, half the molecules are R (+85°) and half are S (-82°). The
conformations in each case are very similar, but not identical. In the needle crystals, the most
favorable y-hydrogen for abstraction is located at a distance of 2.70 A from the ketone oxygen
atom. The angle w, defined as the degree to which the y-hydrogen atom lies outside the mean
plane of the carbonyl group,11 is 46° in this case, the C=0...H angle A = 87° and the C-H...O
angle 6 = 118°. The corresponding values for the independent R and S molecules in the plate
crystals are d = 2.69 and 2.67 A, » = 54 and 54°, A = 84 and 83° and 0 = 115 and 115°. Very
similar data have been tabulated for other solid state Norrish type 1l processes.11
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We cannot, of course, rule out the possibility that the photoreaction of the plate crystals is
largely non-stereospecific. As we have shown recenﬂy,13 photoreactions in chiral crystals do
not always proceed with high enantioselectivity.
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