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Methyl o-cyano-4-[2-(2-pyridyl)ethenyl]cinnamate crytstal
shows a high photoreactivity to form the dimer of single structure
quantitatively. This result is a unique example in such point
that the topochemical photoreaction of B-form diolefin crystals
gives neither of the polymer nor the cyclic dimer, but the

photostable diolefinic dimer.

Conjugated diolefin crystals arranged in o-type are known to give linear
high polymers with 1,3-trans cyclobutanes in their main chains.l) 1In the
topochemical photopolymerization of unsymmetrically substituted diolefinic
compounds, the product is expected to be a highly stereospecific polymer having

2) or having a chiral structure.3)

alternative substituents on cyclobutane rings,
Recently we found a number of unsymmetrically substituted photoreactive
diolefinic crystals, exhibiting various photochemical behaviors to give such as

2/4)  In the present paper, we report

homo- and hetero-adduct polymers or dimers.
the photoreaction behavior of methyl a-cyano-4-[2-(2-pyridyl)ethenyl]cinnamate
crystal. The structure of the photoproduct was investigated by spectroscopic
and crystallographic analysis.

Methyl a-cyano-4-[2-(2-pyridyl)ethenyl]cinnamate (1) was prepared by
successive condensation of terephthalaldehyde with 2-picoline and with methyl
cyanoacetate (44% overall yield). Finely powdered crystals of 1, recrystallized
from methanol (mp 179-181 °C)5) were dispersed in 100 ml of water containing a
small amount of surfactant (NIKKOL TL-10FF) and irradiated, with vigorous
stirring, by a 500 W high pressure mercury lamp set outside of the flask through
a Pyrex glass under nitrogen atmosphere at room temperature.

In the course of photoirradiation, a definite amount of the sample was
withdrawn and analyzed by TLC and by 1§ NMR and UV spectra. In progress of the

photoreaction, the ratio of olefinic proton signals decreased while new signals

t1+ Present address: Polyplastics Co., Ltd., 973 Miyajima, Fuji-shi,
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corresponding to cyclobutane protons appeared and increased. The singlet of
methyl protons of ester group at 3.94 ppm decreased, and two new singlet signals
at 3.89 and 3.54 ppm appeared. The UV absorption band at 365 nm decreased and
new absorption peak appeared at 313 nm. In addition, clear isosbestic points
are seen in the spectra at 258 and 329 nm during the course of photoreaction.
The photoreaction of the crystal of 1 is fast and the spectral change is leveled
off within 2 h photoirradiation. Finally, TLC of photoproduct showed a single
spot. These spectral data and TLC analysis indicate the progress of single
reaction on photoirradiation of the crystal 1.

After irradiation for 2 h, the product (2) was isolated and purified by
column chromafogrophy on aluminium oxide, followed by recrystallization from
benzene/hexane (yield: 90%). The IR spectrum of the photoproduct showed the
decrease of carbon-carbon double bond (1600 and 980 cm™!) and the shift of
carbonyl and cyano groups to higher wave number (from 1720 to 1740 and from 2210
to 2220 cm_l, respectively), indicating the formation of a saturated ester.
These spectral results coinside with the exclusive progression of [2+2] cyclo-
addition between a pair of double bonds. The mass spectrum shows peaks at m/e
188 and 392 due to asymmetric cleavage of the cyclobutane ring in addition to
the peaks originated in symmetric cleavage at m/e 290 (M*¥/2) and 580 (MT). The
mass spectral result of 26) corresponds to the structure of hetero head-to-head
dimer, namely, methyl l-cyano-3-[4-(2-cyano-2-methoxycarbonylethenyl)phenyl]-2-
(2-pyridyl)-4-[4-[2-(2-pyridyl)ethenyl ]Jphenyl Jcyclobutanecarboxylate.
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To ascertain the structure of 2, the X-ray crystallographic analysis of 1
was carried out.’) The crystal structure viewed along the c axis is shown in
Fig. 1. The reactive double bonds, separated by 3.886(7) R for C(7)-+-C(15")
and 3.807(7) A& for C(8)---C(16'), are non-parallel while these distances are
within those of normal reactive bonds. Other distances of intermolecular olefin
double bonds are 4.926(7) A for C(8)---C(16"), 4.906(7) A for c(7)---C(15") and
4.719(6) A for C(7)---C(8"). These distances is so long for the limit of
photoreactive double bonds accepted at present.s) And other short distances
between carbon atoms, which are 4.141(6) i for C(7)+-<C(7") and 4.281(6) ﬁ for
C(8)---C(15"), are out of the question because these carbon atoms do not lie in
the disposition of reactive olefinic double bonds on neiboring molecules. Every
pair of two reactive molecules is arranged in B-type packing and the other
neighboring molecule is too far to react as illustrated in Fig. 2. The
nonparallel arrangement of reactive double bonds is deviated from generally
accepted principle for topochemical [2+2] reactiond) and has been reported only

in a few articles for the last few years.g) Moreover, only a few examples are
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Fig. 1. The crystal structure viewed along the ¢ axis. The origin

is at upper left (back-ground), with a horizontal and b vertical.

Fig. 2. Schematic illustration of the formation of racemic dimer (2) from 1.

related to the photoreactions of unsymmetrically substituted diolefins arranged
in B-form.3es10)

The crystal structure of 1 sufficiently supports the structure of the
photodimer (2) expected from the spectral studies if the topochemical process is
assumed in the photoreaction. Highly photostable behavior of 2 is quite
reasonable because, after one pair of double bond reacted, then the residual
pair will be rearranged far outside of the photoreactive arrangement in the
crystal. Quantitative formation of the dimer (2) of single structure indicates
that the photoreaction of 1 is strictly controlled by the crystal lattice
although the final photoproduct is amorphous.

Although the dimer (2) has asymmetric carbon atoms, the photoproduct from
large single crystal of 1 did not show detectable values of optical rotation and
circular dichroism. As the center of symmetry exists between two molecules
arranged in B-form, and as two pairs of double bonds are equivalent in
reactivity, both enantiomers should be equivalently formed from 1 if none of

chiral induction exists in this system (Fig. 2).
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