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to | mV. Looking into these unusual properties in detail is clearly
desirable: however, this has been impeded by our inability to
routinely prepare tips with the properties just described.
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As part of a research program designed to investigate the
crystalline-phase photochemistry of a wide variety of organic
systems,! our interest in macrocyclic diketones was aroused by
a paper reporting the crystal structure of the 18-membered-ring
“diametric” diketone, cyclooctadecane-1,10-dione (1b, Scheme
1).2  This report indicated that 1b has an intramolecular, six-
membered cyclic C==0--H contact of 2.8 A in the crystal that
should allow for Norrish type 11 photoreaction? in this medium.
Previous studies from our laboratory have shown that intramo-
lecular hydrogen abstraction reactions in the solid state are feasible
over C=0--H distances of approximately 3 A or less.*

In the present communication, we report that diketone 1b does
in fact undergo Norrish type Il photoreaction in the solid state.
Two additional macrocyclic diketones were also investigated: the
16-membered analogue, cyclohexadecane-1,9-dione (1a), and the
22-membered compound, cyclodocosane-1,12-dione (1¢);® each
was analyzed crystallographically for the first time and photolyzed
in the solid state, For comparison purposes, all three macrocyclic
diketones were also irradiated in solution. Overall, the results
provide valuable information on (1) the preferred conformations
of the 16- and 22-membered-ring diametric diketones, (2) fa-
vorable six-membered transition state hydrogen atom abstraction
distances, (3) the effect of molecular conformation on Norrish
type 11 reactivity, and (4) novel crystal lattice medium effects in
organic photochemistry.

The X-ray crystal structures of diketones 1a and 1¢® reveal
that they too have close C==0--H,, contacts that are favorable
for type 11 photochemistry. Stereodiagrams showing the molecular
conformations and closest C=0--H, contacts are given in Figure
1.7 We note that diketone 1a has the rectangular [3535] con-
formation predicted by Allinger, Gorden, and Profeta® and not
the square [4444] structure predicted by Alvik, Borgen, and Dale.’
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Figure 1. ORTEP stereodiagrams of diketones 1a (top) and l¢ (bottom),
showing 50% probability ellipsoids and atom labeling. The dotted lines
indicate the shortest C==0...H, contacts (2.7 A in each case).’
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As outlined in Scheme I, irradiation of diketones 1a—¢ to low
conversions, both in the solid state and in solution, led to three
photoproduct types: the cis- and trans-cyclobutanols 2a-¢ and
3a-c (type 1l cyclization)® and the ene—diones 4a—c (type II
elimination).? Eight of the nine photoproducts were isolated and
fully characterized, The ninth, cyclobutanol 2b, could never be
completely freed of its isomer, 3b, and was therefore analyzed
spectroscopically as a mixture, There was some ambiguity in
assigning the cyclobutanol ring junction stereochemistry, but this
was overcome by obtaining the crystal structure of cyclobutanol
2a.%* With the configuration of 2a (and, by default, that of 3a)
known with certainty, NMR correlations enabled the remaining
stereochemical assignments to be made confidently,
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Table I. Photoproduct Percentages (Corrected for Detector Response
and Extrapolated to 0% Conversion) as a Function of Reaction
Medium and Temperature®™

diketone medium temp, °C % 2 % 3 % 4
1a crystal 20 89 10 1
crystal 30 47 16 37
crystal 40 17 20 63
soln 20 22 (0.019) 35 (0.031) 43 (0.054)
soln 40 19 30 51
1b crystal 20 3 84 13
soln 20 17 (0.015)4 42 (0.038) 41 (0.045)
lc crystal 20 4 91 S
soln 20 10 (0.009)4 34 (0.032) 56 (0.037)

¢Quantum yields in parentheses. ®The Pyrex-filtered output of a
450-W Hanovia medium-pressure mercury lamp was the light source
in both the solid-state and the solution-phase (hexane) photolyses. At
this wavelength, only the n,x* absorption band (Ay,, ca. 280 nm, ¢ =
60 for all three diketones in acetonitrile) was excited. The solid-state
UV spectra were qualitatively similar to those measured in solution.
“The range of conversion levels varied between 2% and 15%; over this
range, the extrapolation to 0% conversion was linear. “Partial over-
lapping of peaks on GC makes these quantum yields and product per-
centages somewhat less precise,

Table I gives the product percentages resulting from Pyrex-
filtered irradiation of diketones 1a—¢ under various experimental
conditions, We draw attention to three main trends that are
evident in the data: (1) the proportion of type Il cyclization
(photoproducts 2 and 3) is greater in the solid state than in
solution; (2) the stereoselectivity of cyclobutanol formation in-
creases in the solid state compared to solution; particularly striking
is the reversal in cyclobutanol stereoselectivity observed in the
case of diketone 1a; and (3) for diketone 1a, the solid-state
photoproduct distribution (but not the solution-phase distribution)
depends dramatically on the photolysis temperature.

The first two observations are explicable in terms of the
well-established idea that solid-state chemical reactions tend to
be topochemically controlled!® and, in the case of unimolecular
processes, conformation-specific.!! Diketones 1a and 1¢ have very
different conformations (Figure 1); the abstracting oxygen atoms
and the nonabstracted y-hydrogen atoms (which end up as the
ring junction methine protons) are syn to one another in 1a and
anti in 1¢ (and 1b). Thus the process of hydrogen abstraction
and cyclobutanol formation involving retention of configuration
at both the carbonyl carbon and the y-carbon leads, in a natural
and topochemical fashion, to the cis-fused cyclobutanol 2a from
1a and to the trans-fused cyclobutanols 3¢ and 3b from 1¢ and
1b, respectively. This argument is valid regardless of which of
the accessible y-hydrogen atoms is abstracted in each case., In-
spection of the packing diagrams does not reveal any obvious
intermolecular contacts that might account for the stereoselec-
tivities observed. In solution, reaction from other diketone con-
formers as well as possible conformational isomerization of the
intermediate 1,4-biradicals leads to a greater degree of type 11
elimination plus a preference for formation of the presumably less
strained cyclobutanols 3a—¢ in each case,!?

The dramatic change in the solid-state photoproduct percentages
for diketone 1a between 20 and 40 °C (Table 1) deserves comment.
This is due to a solid—solid phase transition that occurs in this
temperature range, well below the melting point of 86 °C, This
phase transition was first noted by Alvik, Borgen, and Dale,’ who
reported it as occurring at 28 °C; our own highly reproducible
differential scanning calorimetry measurements indicate a tran-
sition temperature of 34 °C.13 The nature of the high-temperature
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tersystem crossing in this medium relative to solution.
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solid phase is under active investigation at the present time, From
the photochemical results, however, it appears that this phase
mimics the situation in solution to a considerable degree.
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(13) An analogous phase transition was observed at 86 °C for diketone 1b
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The catalytic dyad of histidine and aspartate (glutamate),
known as the His-Asp couple (1), has been found in the active
site of zinc-containing enzymes,!? glutathione reductase,'® phos-
pholipase A,.'® the serine proteases,'d* malate and lactate de-
hydrogenase,'f and DNAse I,'¢ and possibly in ribonuclease T,.!h
In all but the zinc enzymes, the histidine residue has been proposed
to act as a general acid/base! or, less frequently, as a nucleophile,?
If convergent evolution has led to the presence of the His-Asp
couple in these many enzymes, then the carboxylate must play
an important structural and/or catalytic role.
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4:R' = CH;OCH;, R? = CH,
5: R' = CH,CHZOCH3, R? = CH,
6: R' = CH,CHy, R? = CH, 7

The nature of this role is not known, but has been the subject
of intense debate, particularly in the case of the serine proteases,’
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