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Of all the methods that may be applied to the study and
understanding of carbene reactivity,1 crystal chemistry may offer
the most insight into structural questions.2 By superimposing
high environmental barriers over the relatively flat energy
surfaces observed in fluid media, one may gain insight into the
dynamics of these highly reactive species.3 One may expect
that crystalline environments can preorganize carbene structures
to favor some reaction pathways while blocking them from
others.4 In this communication we report evidence supporting
this hypothesis in the case of 1,2-diaryl-1-alkylidenes capable
of undergoing intramolecular 1,2-H shifts and 1,2-Ph migrations.
Experimental results with 1-(4′-biphenyl)-2-pheny-l-diazopro-
pane (1) suggest that carbene2 can be generated in the solid
state by UV irradiation. As indicated in Scheme 1, the
crystalline medium is capable of controlling the reaction to high
yields and unprecedented selectivity. Formation of the main
product may be explained in terms of overlap of the migrating
hydrogen with the carbene empty p-orbital as applied to the
conformation deduced from the crystal structure of the diazo
precursor.
The photochemistry of 1,2-diphenyldiazoalkanes has been

studied in fluid solutions5 and glassy matrices.6,7 Even subtle
changes in experimental conditions affect the product yields in
a relatively complex manner, but selectivity remains low under

all reaction conditions.5-8 Accordingly, irradiation ofca.10-3

M 1 in deoxygenated hexane or acetonitrile withλ > 380 nm
leads to formation of bothZ andE isomers (indicated byZ and
E after the compound number) of olefins3 and4 in yields that
depend on the solvent used (Scheme 1).9 Irradiation in ethanol
produces compounds3 and4 in 36% yield along with products
of carbene insertion into the OH bond in 64% yield. Com-
pounds3Z and3E were purified by fractional crystallization,
but mixtures of4Z and4E could not be separated, and their
yields are indicated without their stereochemical identity. We
recently proposed that yields in Scheme 1 can be understood
in terms of a polarity-dependent spin state equilibrium of the
carbene intermediate,8 although recent triplet sensitization
studies with analogous compounds10 suggest that a fraction of
the product (ca. 0-30%) may originate in the singlet excited
state of the diazo compound.11

The selectivity observed in the crystalline solid state is very
high. Pure powdered samples of1 irradiated at 0°C with λ >
380 nm showed that compound3Z constitutes over 96% of the
product mixture. When irradiation was carried out for different
time intervals (up to 20 h), red solids slowly turned white and
conversions as high as 95% were obtained with no loss in
stereoselectivity.12 Only small amounts of3E (ca. 3%) and
traces of one of the two isomers of4 (<1%) were identified.
The pure reactant and recrystallized major product melt at 94
and 105°C, respectively.13 Thermal analyses of partially reacted
samples by differential scanning calorimetry (DSC) were
characterized by a complex behavior including exothermic
denitrogenation of the diazo precursor which partially overlaps
with a melting endotherm. No liquid phases were observed
belowca. 70 °C, and the reaction proceeds entirely in the solid
state. While recent studies suggest that 1,2-H shifts may occur
from a singlet excited state reaction of the diazo precursor,11
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this does not seem to be the case in crystalline1. Analyses of
irradiated crystals between 200 and 300 K and methylcyclo-
hexane glasses at 77 K by fluorescence spectroscopy are
consistent with accumulation of a nonemissive transient that
reacts in the dark to give the strong fluorescence spectrum of
the stilbene photoproduct. Furthermore, irradiation of single
crystalline1 in the cavity of an EPR spectrometer at 77 K yields
a spectrum consistent with that expected for triplet2.3,4,14

Experimental and theoretical results suggest that 1,2-H shifts
in singlet state carbenes possess highly ordered transition states
with conformations that require a parallel alignment of the
migratingσ-bond with the carbene p-orbital.15 It is generally
accepted that carbenes with ground triplet states react from
thermally populated singlets.6,7 As indicated in Scheme 2, it is
expected that different products must arise from different
conformers. Thus, to the extent that all conformers are present
in solution, all the products with energetically accessible
transition states should have an opportunity to form. In contrast,
reactions in crystalline solids may be more stereoselective, since
most conformational motions are energetically disallowed and
most molecular crystals present a single conformational iso-
mer.16

If the overall structure of1 remains unaltered after nitrogen
is eliminated and throughout the reaction, one may expect that
the conformation of1 will determine the selectivity. This
hypothesis is supported by analysis of the X-ray structures of1
and3Z.12 The structure of1 was solved in the space group
P21/c with one molecule per asymmetric unit. Compound3Z
also crystallizes in space groupP21/c but with two molecules
per asymmetric unit, each with a different torsion angle at the
biphenyl substituent (1.6° and-33.6°, respectively). As shown
in Chart 1, the conformation of1 is characterized by possessing
the biphenyl, the diazo, and theR-methyl groups nearly on the
same plane, and almost with the same relationship that they
have in the structure of3Z. The migrating hydrogen is located
above the plane of the diazo group with a N2dCsCsH torsion
angle of 127°. This value is close to the ideal of 90° that would
lead to perfect orbital alignment of the C-H bond with the
empty p-orbital of an sp2-hybridized carbene carbon. Formation
of 3E would require a large rotation about the (Ar)CsCHMe-

(Ph) bond, and phenyl migration would require alignment of
the phenyl group to form a bridged transition state followed by
high-amplitude displacements of the relatively bulky substitu-
ent.17

A high structural similarity between1 and3Z is evident in
Chart 1 where one of the two distinct molecules in the crystal
of the latter is used for comparison (although similar conclusions
can also be drawn with the other). An overlap analysis of the
reactant and the product in Chart 1 shows a relatively minor
structural reorganization where the most notable changes include
the loss of N2, its replacement by the migrating hydrogen, and
displacement of the phenyl group as theR-carbon rehybridizes
from sp3 to sp2. Although it may be argued that the detailed
conformation of3Z as formed in crystals of1may be different
from that obtained after recrystallization, a high structural
similarity in their stable solid phases suggests a high solid state
solubility18 which may explain the good reaction yields.19 One
may identify the X-ray structure of1 as the precursor to carbene
conformer “2 (Pre-3Z)” shown in Scheme 2, or as the precursor
to the final product if an excited state diazo reaction contributes
to product formation.11 It is known that rigidity alone is not
sufficient to warrant a highly selective reaction as amorphous
solids and disordered crystals produce selectivities that reflect
their conformational and environmental heterogeneity.7,8 We
believe that systems like this will allow us to explore detailed
mechanistic questions including the effect of structure and orbital
alignment on the rates of the reaction. Studies in our group
are currently addressing this possibility.
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