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Abstract. Irradiation of crystals of two salts formed between prochiral, photochemically reactive carboxylic 
acids and non-absorbing, optically active amines is shown to lead to optically active photoproducts 
in > 95% enantiomeric excess, a process in which the ammonium ion has acted as an “ionic chiral handle.” 
Through a emanation of X-ray c~st~log~phy and chemical w~elations, the absolute wnfigu~i6ns of 
the photoproducts and the salts from which they are derived were determined. This allowed the absolute 
steric course of the photorearrangements to be charted and the structural factors responsible for the high 
enantioselectivity to be identified. 

The development of new methods of asymmetric synthesis continues to be a major objective of 

research in organic chemists, including photochemi~~. f Consider the photochemi~l reaction of an 

achiral carboxylic acid that leads to a chiral product. If we treat the carboxylic acid with an optically active 

amine and then photolyze the resulting salt, two diastereomeric photoproduct salts can be formed. If one of 

these is formed in greater amounts than the other, an asymmetric induction has been achieved and the 

optically active ammonium ion has acted as an “ionic chiral handle.” The opposite approach, in which the 

ammonium ion is the prochiral photorea~ant and the carboxylate anion is the ionic chiral handle, is equatly 

feasible. 

Previous work from our laboratory 2 has shown that the ionic chiral handle approach to 

photochemical asymmetric synthesis does not work well in solution, presumably because the optically 

active ion is too mobile in this medium to exert a definitive asymmetric influence on the photoreaction. If, on 

the other hand, we immobilize the ionic chiral handle by carrying out the photorea~ion in the @y&B&t 

&a.&, high enantiomerfc excesses can be achieved. 2,3 In the present communication, we report two highly 

successful applications of the solid state ionic chiral handle methodology as applied to the di-n-methane 

photoreaction. In both instances, the key structural feature responsible for the asymmetric induction is 

elucidated through absolute ~nfiguration correlations between reactant and photoproduct. 

Carboxylic acids la and 3s (Scheme}, which are readily prepared through standard Diels-~dsr 

reaction chemistry involving anthracene, form salts with a wide variety of amines. In the present instance, 

we concern ourselves with the S-(-)-proline fert-butyl ester salt lb and the S,S-(+)-pseudoephedrine salt 

3b, for which good quality crystals could be grown and whose crystal and molecular structures were 

determined by X-ray diffraction methods. 7 Upon photolysis,6 salts lb and 3b react regioselectively in the 

solid state to afford (after acidification to remove the ionic chiral handles and d~azomethane workup) the 

chiral dibenzosemibullvalene derivatives 2 and 4, respectively. 
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The structure of compound 2 was established by comparison with an authentic sample9 and that of 

4 by an X-ray crystal structure of a derivative (vide infra). In both cases, none of the alternative regioisomer 

could be detected (GC, NMR). The photoproduct structures indicate that the vinyl carbon atom involved in 

initial benzo-vinyl bridging is C(11) in both cases. 10 These regioselectivities are normal and are in accord 

with expectations based on the relative radical stabilizing and polar effects of the vinyl substituents on the 

initially formed 1,4-biradicalsl1 

The enantioselectivity of the solid state photoreactions was established by 400 MHz chiral shift 

reagent NMR spectroscopy using Eu(hfc)3. This showed 

over Y.t* The absolute configuration of photoproduct 2 was determined by 

polarimetry following acid-catalyzed transesterification to the corresponding diisopropyl diester, whose 

absolute configuration was established some time ago in our laboratory. ‘3 The absolute configuration of 

photoproduct 4 was established by the following sequence of steps: (1) hydrolysis to form the acid, (2) acid 

chloride formation, (3) reaction of the acid chloride with S-(-)-a-methylbenzylamine to form the amide, (4) 

determination of the crystal structure of the amide. 1 4 The correct absolute configurations are those shown 

in the Scheme. 
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The absolute configurations of photoproducts 2 and 4 establish that the direction of benzo-vinyl 

bridging is that shown by the dotted lines in the Scheme. To what can we ascribe the preference for these 

pathways over what appear to be the equally likely diastereomerfc alternatives? While it is possible that 

intermolecular crystal lattice forces may govern these reactions, such interactions are not apparent from 

inspection of the packing diagrams, and we attribute the enantioselectivities to an intramolecular effect in 

which the vinyl substffuents seek to remain as far apart from one another as possible during the benzo-vinyl 

bridging process. The crystal structure of salt lb shows that the carboxylate salt and ester substituents are 

tilted away from one another in the solid state, presumably so as to minimize their mutual steric and 

electrostatic repulsion (Scheme). The sign and magnitude of this deformation, given by the value of the 

C(l3)-C(1 l)-C(l2)-C(14) torsion angle, is -9”. A similar effect is seen in salt 3b, where the deformation 

amounts to +8O. The sign of this torsion angle is, in fact, a convenient measure of the absolute 

configuration of the anionic component of salts 1 b and 3b in the solid state. 

With this information in hand, it is readily apparent that both salts react in such a way (dotted lines) 

that the interaction between the vinyl substituents is reduced in the benzo-vinyl bridging transition state 

rather than increased as it would be if the alternative pathways were followed. Adherence to the alternative 

pathways would necessarily involve eclipsing of the substituents at some stage. Another factor that may 

favor the pathways shown by the dotted lines in the Scheme is orbital overlap. Owing to the negative 

torsion angle in salt lb, the p-orbital at C(l1) overlaps better with the p-orbital at C(4a) than with the p- 

orbital at C(lOa), thus favoring formation of photoproduct 2; an exactly opposite situation helps to explain 

the enantioselectivity in the case of salt 3b.15 
We close with a very brief mention of the solution phase photochemistry of salts lb and 3b. Each 

was photolyzed in acetone solution and found to give only racemic product(s), in agreement with our 

previous experience with the use of ionic chiral handles in solution. 2 The regioselectivity in the case of 36 

was the same as that observed in the solid state, i.e., exclusive formation of photoproduct 4. Salt lb, on 

the other hand, gave a 1:l mixture of photoproduct 2 and its regioisomer. The lack of enantioselectivity in 

these photoreactions is reasonable given the likelihood that there is an equal distribution of positive and 

negative torsion angles in solution. 
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