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We have been studying photoreactions occurring in two-
component crystals or in solid mixtures for more than a decade.1

Here, we report that a crystalline 1:2 adduct of tetracyanoben-
zene (TCNB) with benzyl cyanide (BzCN) undergoes selectively
an unusual photocoupling reaction.
The crystalline adduct TCNB‚2BzCN (1) was obtained as

colorless plates by recrystallization of TCNB from hot BzCN.
This crystalline adduct1 showed no clear melting point; solid
TCNB and liquid BzCN separated above 66°C, and the TCNB
part melted at 273-275°C (TCNB, mp) 270-272°C). The
C,H,N analyses (C, 75.82; H, 3.96; N, 19.68) were consistent
with those calculated for (TCNB)(BzCN)2.2 (i.e., C, 76.05; H,
4.02; N, 19.92). The1H NMR spectrum in DMSO-d6 was a
simple sum of the spectra for TCNB and BzCN. The IR
spectrum in a KBr disk exhibited strong absorptions at 3113,
3033, 2919, 2254, 2243, 1494, 1451, 1406, 1282, 943, 935, 736,
and 694 cm-1. This is not a simple sum of the spectra of the
components. For TCNB, IR (KBr) peaks at 3114, 3048, 2245,
1485, 1277, and 917 cm-1 were found, and for BzCN, IR (KBr)
peaks at 2252, 1497, 1454, 1415, 735, and 696 cm-1 were
observed. The major peaks at 943 and 935 cm-1 were found
neither for TCNB nor BzCN, indicating that1 is not a simple
mechanical mixture of TCNB and BzCN.
The crystal structure of1 was determined by X-ray diffrac-

tion.2 Two molecules of BzCN and one molecule of TCNB
form a unit cell and are arranged like a BzCN‚‚‚TCNB‚‚‚BzCN
sandwich in a parallel fashion (Figure 1a-c). There is a center
of symmetry at TCNB. The interplane distance is 3.6 Å. This
structure suggests that BzCN and TCNB are interacting through
weak charge-transfer (CT) forces.3 In fact, a CT transition was
observed around 367 nm in the diffuse reflectance spectrum of
the adduct1 (Figure 2). From absorption spectral studies in
acetonitrile, TCNB was also found to form a weak CT complex
with BzCN (K ) 0.07 M-1) with a CT transition around 322
nm.

Irradiation of1 in the solid state led to selective formation
of a novel coupling product (2). While 2 was nearly stable
either as a solid or in a DMSO solution, it was unstable in
solvents such as MeOH, EtOH, acetone, and MeCN or in the
presence of BzCN, rearranging into an isoindole derivative3
readily or in the course of several days at room temperature. It
was sparingly soluble in ether and insoluble in CHCl3.
In a typical experiment, the crystals of1 (40 mg) were spread

between two Pyrex plates and irradiated with a 400 W high-
pressure mercury lamp for 20 h under argon. During the
irradiation, the photolysis vessel1d was cooled from the outside
by circulation of cold water (4°C). After the irradiation, the
orange photolysate was immediately evaporated in vacuo at 60
°C to remove unreacted BzCN. The residue, where2 was
present as a sole product in a 65% yield on the basis of TCNB
(NMR), was fractionally recrystallized with MeCN (0.6 mL)
to furnish, fortunately, 3 mg of pure2 as orange-yellow plates:
mp> 300°C (dec.). The separation of2 from unreacted TCNB
was not easy, because2 often cyclized into3 during the workup.
Although the crystals of2 obtained were twin crystals, their
X-ray data were collected and the structure could be estimated
(R ) 0.270). The conformation of2 is shown in Scheme 1
and is calledanti here. When the spectral data4 as well as the
rearrangement reaction2 f 3 are considered, the structure of
the primary product2 is doubtless.
In a separate experiment, fractional recrystallization of the

orange photolysate from 1 mL of MeCN, followed by further
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Figure 1. (a) Crystal structure of TCNB‚2BzCN (1). (b) View a is
horizontally rotated by-34°. (c) View a is horizontally rotated by 64°.
For b and c, hydrogens are removed for clarity.
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recrystallization from 10 mL of acetone afforded 6 mg of3 as
orange-yellow needles: mp> 300°C.5 The structure of3was
unequivocally determined by X-ray analysis.2 The X-ray quality
crystals were obtained from recrystallization of3 from MeCN/
EtOH (1:1 v/v).
A rational reaction mechanism is presented in Scheme 1.

Since irradiation of crystals of1 through either a Pyrex filter
(>280 nm) or a solution filter (7 g/L of BiCl3 in 10% HCl,
>355 nm) produced2with comparable efficiencies, the primary
step must be CT excitation of1. The CT excitation ac-
companied by a proton transfer will result in a hydrogen
abstraction by the cyano group of TCNB. Although a similar
process was proposed to occur upon irradiation (at 254 nm) of
TCNB in an acetonitrile or isobutyronitrile solution,6 photo-
chemical hydrogen abstraction reactions by the cyano group are
quite rare.7 Coupling of the photogenerated radical pair and a
subsequent 1,3-proton shift will give rise to2. The observed
high stability of2 in the solid state is understandable, because
the amino group and the relevanto-cyano group are fixed in an
anti relationship in the rigid crystalline environment. In MeOH,
EtOH, acetone, MeCN, or BzCN solution, however, the
conformation of2will be able to change fromanti to syn, where
cyclization to3 may well occur.8
Two types of the TCNB/BzCN close contact are indicated

in Figure 1a. The distance between one of the cyano nitrogens
of TCNB and the nearest benzylic hydrogen of BzCN is 2.77
Å, and the corresponding C‚‚‚C distance is 3.65 Å. These are
probably short enough for the hydrogen abstraction by the cyano
group as well as the radical coupling of the resultant radical
pair to occur, because the sum of the van der Waals radii for N
and H is 2.75 Å and that of C and C is 3.4 Å. Hydrogen
abstraction is feasible over distances around the van der Waals
sum.
Alternatively, the distance between the cyano nitrogen of

TCNB and the second nearest benzylic hydrogen of BzCN is
3.42 Å, and the corresponding C‚‚‚C distance is 4.50 Å.
Although these distances are rather long, we consider that this
arrangement cannot be neglected since it requires less molecular
rotation through a reaction pathway from1 to 2. Recently, we
have found several photocycloaddition reactions in multicom-
ponent crystals, where the component olefin molecules are
considerably separated or are moving.9

As aforementioned, TCNB and BzCN formed a weak CT
complex in MeCN. Photochemistry of the TCNB-BzCN

system in solution was very different from that in the solid state.
For example, an MeCN solution containing TCNB (0.5 M,
solubility limit) and BzCN (1.0 M) was irradiated through Pyrex
for 15 h at 20°C under Ar bubbling. No reaction products
were detected by NMR. On the other hand, similar irradiation
of a solution of TCNB (0.042 M, solubility limit) in BzCN
produced a complex mixture with a trace of recovered TCNB,
from which 4 (44%), 5 (17%), and6 (3%) were isolated by
preparative TLC.11 However,2 and3were undetectable in the
reaction mixture. Whether this difference in the reaction course
is due to an effect of crystal packing on the primary photo-
chemical hydrogen abstraction step or on the following radical
reaction step is not clear at the moment.

Attempts were made to prepare other weak adduct crystals
of TCNB by means of recrystallization. For example, a variety
of 4-substituted BzCN derivatives such as 4-HOBzCN,
4-MeOBzCN, 4-MeBzCN, 4-NCCH2BzCN, 4-ClBzCN, and
4-O2NBzCN were tested. In all cases, however, we failed to
obtain adduct crystals. It appears that size and shape of the
donor molecule is an important factor. As displayed in Figure
1c, the cyanomethyl group of BzCN is just fit for the space
between theo-cyano groups of TCNB. Therefore, the 4-sub-
stituents on BzCN may hamper close packing. So far, other
adduct crystals were successfully obtained only with benzyl
alcohol (BzOH) to afford colorless plates of a 1:1 adduct
TCNB‚BzOH. This adduct also underwent photolysis unique
to the crystalline state, giving a dark brown photolysate, but
product isolation has been unsuccessful yet.12

In summary, complex photoproducts4-6 were produced
from irradiation of TCNB in a BzCN solution, while the
cocrystal TCNB•2BzCN (1) underwent selective photocoupling
to give2, which subsequently cyclized into3 in solution. The
present results encourage us that though it is still in an
embryonic stage,1,13 the research on two- or multicomponent
crystals is an intriguing treasury of novel photoreactions which
are completely different from those in solution. Multicomponent
crystals to be studied are almost limitless in number, and we
believe that this work has opened the door to this promising
field of organic photochemistry.
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