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concentration of 2 with pseudo-first-order conditions for trapping.

Efficient trapping of the tautomer 2 with benzaldehyde indicates
its nucleophilic character and suggests that the enolic functionality
dominates the quinone methide functionality. Bioreduction of
daunomycin or adriamycin intercalated in DNA might then lead
to formation of a covalent bond between the 7-position of 3 or
7-deoxyadriamycinone and the 2- or 4-position of a pyrimidine
base or the 2- or 6-position of a purine base on the basis of electron
density calculations.!!'? Trapping experiments with simple py-
rimidine and purine bases analogous to trapping with benzaldehyde
have been unsuccessful to date because the high concentrations
of trapping agent necessary cannot be achieved.

In summary we reported here the first experimental evidence
for the nucleophilic reactivity, other than protonation, for the
tautomer 2, proposed as a biologically active form of daunomycin.
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During recent years, photochemical processes in ordered or
constrained systems have been the object of considerable attention.
Among such systems have been micelles,** vesicles,® micro-
emulsions,%” monolayers,>® and liquid crystals.” Solid-phase
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studies have been reported on molecules adsorbed on surfaces'®
and in crystalline'! and polymeric!? systems. Only crystals and
liquid monolayers, so far, offer a well-defined location and en-
vironment. In this context the recent reports by Lahav and co-
workers of the photoaddition of guest ketones to deoxycholic acid
are particularly interesting.!> 1In this communication we report
that urea inclusion compounds provide an environment wherein
photoreactions may be carried out, with consequences different
from those observed in homogeneous solution, and that the steric
constraints imposed by the host upon the guest in the once-formed
inclusion compound are not as severe as the ready steric inhibition
of formation might suggest.

The crystal system, unit cell characteristics, and dimensions
of urea inclusion compounds are well established.!*!% Urea in
the inclusion compounds crystallizes in an hexagonal lattice (as
opposed to tetragonal for free urea) in which there are long
channels of ~5 A internal diameter.'*!5 This is sufficient to
accommodate linear paraffin-like molecules in the planar zig-zag
conformation. Longitudinal rotation of hydrocarbon segments
is relatively free while other motions (e.g., gauche—trans isom-
erization) are more severely restricted. The steric restraints are
such that one methyl substituent in a long chain is enough to make
complex formation difficult.!4

Most of our experiments have been carried out with 5-nonanone.
This, in solution undergoes photodecomposition predominantly
via the Norrish Type II reaction, leading to 2-hexanone, propylene,
and two isomeric cyclobutanols, Scheme I. The inclusion com-
pound is prepared by crystallization from concentrated urea so-
lutions in methanol, following the addition of neat 5-nonanone.
The samples were characterized by Raman spectroscopy;'” this
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can differentiate unequivocally between urea in tetragonal or
hexagonal lattices, which correspond to free urea and the clathrate,
respectively. According to this analysis, typical samples contained
over 90% of the urea in the hexagonal form. Scanning electron
micrographs revealed the presence of both types of crystals—
predominantly those that were hexagonal—and was in qualitative
agreement with the Raman data (which has been established to
correlate with X-ray structures)!’ as was the elemental analysis.!
The latter yielded an urea—ketone molar ratio of 8.6, to be com-
pared with 7.6 that can be estimated on the basis of molecular
dimensions. Irradiation of the 5-nonanone clathrate at room
temperature under nitrogen!? followed by addition of methanol
led to Type II products, though, to our surprise, essentially only
one cyclobutanol isomer.® This was characterized as the one
having the methyl and hydroxyl groups in the cis configuration.?!
Neither Type I products, such as valeraldehyde or n-octane, nor
products containing urea moieties were detected. This is consistent
with laser flash photolysis experiments which show that urea is
a very inefficient quencher of carbonyl triplets.?

Prolonged irradiation of the samples led to further photode-
composition of the 2-hexanone produced, affording acetone and,
similarly, essentially only one cyclobutanol.?* This, judging from
its gas-chromatographic behavior, is also believed to be the cis
isomer.

The cyclization to fragmentation ratio for 5-nonanone in urea
was 0.67, compared with 0.32 in methanol, taking into account
total cyclobutanol. The two ratios are 0.65 and 0.19, respectively,
if only the cis isomer is taken into consideration. Product quantum
yields for solid samples such as these are difficult to measure,
although judging from the irradiation times required (by com-
parison with liquid samples), they must be only slightly lower.

The absence of Type I products is surprising in view of the fact
that some Type I reaction usually takes place in solution?® and
that this is the only decay path available to the excited ketone
that does not require the formation of a ring structure or transition
state. Some Type I process may of course occur, provided the
only reaction path of the germinate radical pair is its recombination
to yield the parent ketone.

The Type II reaction involves a six-center transition state;2
the steric demands of this transitional conformation, as well as
those of the cyclobutanol produced, are such that the preparation
of an inclusion product meeting such demands would be very
difficult.!* However, the geometry that can be attained by an
included molecule may not necessarily be that permitting inclusion
to occur. Examination of space filling models shows that the
formation of the cis-cyclobutanol has less stringent rotational
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requirements, thus favoring the formation of this isomer. In fact,
the cyclobutanol obtained, having both alkyl groups in pseudoe-
quatorial positions, is expected to be more compact. Hydrogen
bonding to the crystal lattice may help keep the biradical con-
formation quasi-frozen long enough for cyclization to occur (in-
cluded molecules are known to have preferred orientations!s in
the urea channels). Related observations have been made in the
irradiation of benzoin alky! ethers adsorbed on silica gel,” where
the formation of only one cyclobutanol was noted.

An obvious concern is whether the six-center abstraction re-
quired for the Type II reaction occurs at the expense of the
integrity of the crystal lattice. This seems not to be the case for
the 2-hexanone produced in the primary photodecomposition, since
further photocyclizaton follows the same pattern, i.e., stereo-
specificity. Preliminary experiments with 2-undecanone show the
same type of behavior, although in this case ~7% trans-cyclo-
butanol is also formed. These observations suggest, but do not
completely confirm, that the cyclobutanols also.remain included
molecules.
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In recent years, there has been a growing interest in elucidating
the energetics of carbene reactions. In part, this growth has been
stimulated by the use of these intermediates as a testing ground
for molecular orbital theory.! To date, the central thrust of
carbene research has been directed toward establishing both the
spin multiplicity and the energy separation between the ground
and excited states.2 With the exception of methylene,? there has
been no experimental determination of either the heats of for-
mation of these reactive intermediates or the energetics for their
reactions. In this communication, a direct measurement of the
heat of reaction is reported for both the formation of diphenyl-
carbene from diphenyldiazomethane in degassed benzene and the
formation of diphenylmethyl ethyl ether resulting from singlet
carbene insertion into the O—H bond in ethanol.

Photoacoustic calorimetry is a method we have recently de-
veloped for determining the heat of reaction from ground-state
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