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After the initial discovery of the Type B enone rearrangemient,

the prefential migration of-cyanophenyl and anisyl groups was
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However, with R values of circa 6%, the crystals were

described. This selectivity arises as a consequence of the extra neverthless somewnhat disordered. Using Shébv, determined
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electron delocalization available to the migrating aryl group with

a para substituent.

Recently, we found the cyano-enodeo crystallize in two
modifications, one with #2,/c space group (termed “crystal A”)
and the other with &2/c space group (termed “crystal B”). In
view of our interest in solid-state photochemistiye proceeded

that the disorder in these centrosymmetric crystals was due to

the statistical presence of the wrong enantiomer. This seems to
be a consequence of the ethano moiety and the double bond being
similar in shape and size. Scheme 1 describes the situation.

Scheme 1.Nature of the Disorder
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Insight into the role of the disorder in leading to preferential

to compare the excited state behavior of the two crystals. Crystal phenyl migration was achieved using “Pafrsihich looks at a

A afforded On|yp_cyanopheny| migration photoproduct; this was coordinate file for a mini-crystal lattice and provides an ordered
similar to the solution photochemistry except for the absence of list of atom pairs and distances between the central molecule and
the minor photoproducts observed in solution. In stark contrast, its neighbors. Note Table 1. Applied to the ideal minicrystal lattice
crystal B on photolysis led exclusively to phenyl migration in (i-e. without disorder), based on Smartgéend with the triplet
conversions below 15%. At higher conversion 1:1 regioselectivity transition structure replacing a central enone reactant, it was

was observed and 3:1 for crystal A.

ascertained that there is a close approach between a neighboring

Thus, crystal constraints control the reaction regioselectivity €nonea-CH and the diradicaB-CH; (entry labeled b in Table
to the extent that in the case of crystal B extra electronic 1) andm-cyanophenyl hydrogens (entry labeled a in Table 1).

stabilization of 2.5 kcal/méifor the cyanophenyl bridged species
is overridden.
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This unfavorable interaction is relieved by replacement of the
offending lattice molecule by its enantiomer. Thus, with this
analysis in hand, it was possible to take an ordered minicrystal
'lattice and to replace the most interfering molecule with its
" enantiomer, hence creating a model for the disordered crystal.
This is tantamount to saying that the reaction takes place adjacent
to the locus of crystal disorder. Onidraptimization of the two
transition structures (6/31G*) in this disorder@g@/c minicrystal
lattice, indeed, did afford a 2.3 kcal/mol lower energy for phenyl
migration while in the ordered crystal lattice a lower energy (7.5
kcal/mol) for p-cyanophenyl migration resulted. Significantly,
replacement of other than the nearest neighboring molecule did
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Table 1. Pairs Analysis Giving Inner and Outer Atom Numbers, Distances, and Simple Van der Waals Energies

Ph migration disordered crystal Ph migration ordered crystal cyanophenyl migration ordered crystal
IN ouT dist energy IN ouT dist energy IN ouT dist energy
23 615 2.418 3.84 31 155 2.327 6.19(a) 9 700 2.386 4.59
32 414 2.427 3.66 21 70 2.359 5.27 31 414 2.408 4.07
9 188 2.483 2.54 8 155 2.443 3.324b) 12 188 2.461 2.96
34 70 2.537 1.66 33 414 2.500 2.26 13 188 2.526 1.83
9 192 2.564 1.28 21 60 2.533 1.72 23 693 2.548 1.50

a“|N” refers to the inner, reacting triplet molecule; “OUT” refers to an outer shell lattice molet@ee text.

The linearity of the plot provides evidence for a striking
conclusion, namely that partway through these crystalline state
reactions there is a discontinuous change in selectivity. One
interpretation is that each reacting molecule, surrounded by ca.
six neighbors including one mis-oriented enantiomer, constitutes
a unique cluster giving rise to the selectivity of stage 1. Thus,
when 15% of all such molecules have reacted, all such clusters
are gone and new reactivity ensues with new selectivity. In stage
2 the reaction has created a new type of disorder.

T T T Y O The present results need to be taken in context of our past

0.0 (R + 1/C 0.40 research and that of other reseachers. Our use of a “minicrystal
Figure 1. Plot of phenyl to cyanophenyl migration ratversus R + Igtnce” and an outline .of other quantitative approac.hes in the
1)/C. C is the conversion. literature has been reviewed recerfflfDur approach differs in

employing the energetics of alternative transition structures of

not lead to prediction of phenyl migration. Similar theoretical the reacting molecule in a crystal lattice as a guide rather than
treatment of thd®2,/c crystal A predicteg-cyanophenyl migra- geometry of the reactant itself.
tion in accord with experiment. More germane to the present paper is research dealing with

Hence it is the disorder that modifies the shape of the crystal polymorph reactivity and also the role of defects. The most
cavity and leads to preferential phenyl migration. This seems to classical case of different reactivity of polymorphs is the cinnamic
be the first example of a photochemical reaction being correlated acid dimerization where head-to-head and head-to-tail crystals
to a specific crystal site. afford the truxinic and truxilic acid€ Recently, very pretty

A further and equally significant result was found. Thus in examples of differing reactivity of dimorphs have been described
each of the crystals the reaction was found to consist of two by Scheffef® and Tod&"
sharply defined stages designated | and L. Thus for crystal B, The role of crystal defects and disorder has been a more
while up to 15% conversion only phenyl migration resulted, difficult topic. Much elegant and early efforts derive from the
beyond this point 1:1 phenyl and cyanophenyl migration took work of Thomas2and there have been many further suggestions
place with the reaction being monitored up to 66% completion. of photochemical reactions occurring at crystal defét%4°The
The phenomenon could be analyzed kinetically. Equation 1 gives present research now provides a solid basis.
the extent of conversioIt, as the sum of contributions from the

initial stage | and the later stage L. The ratR, of the two dation i ful knowledaed with ial intion for i
hotoproducts is given in eq 2. Equation 3 results from the first Foundation is gratefully acknowledged with special appreciation for its
P ’ support of basic research. Also, we wish to acknowledge helpful

two. Itis seen that a plot of the product raRoversus R + 1)/C discussions with and advice from Dr. Douglas Powell regarding X-ray

diffractometry**
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