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Solid-state asymmetric photoisomerization of 2-cyanoethylcobaloxime
complexes occurred to afford optically active 1-cyanoethylcobaloxime complexes with
moderate to high enantioselectivities (~82%ee). The X-ray crystal structure analysis of
(R)-2-phenylglycinol-coordinated complex revealed that the 2-cyanoethyl group is
forced to take a chiral conformation by chiral crystal lattice. The enantioselection
mechanism is also discussed based on the X-ray results.

Solid-state asymmetric reaction is of importance from both synthetic and prebiological points of view.
Several such reactions have been reported in organic photo-reactions involving m-systems. 1-4) However,
asymmetric photoreaction of organometallic compounds in the solid-state has not been reported so far to our
knowledge. We previously found that 2-substituted ethyl cobalt complexes isomerized to 1-substituted ethyl
cobalt complexes unidirectionally on visible light irradiation in the solid-state.) The reactive group in the start-
ing material is not chiral but chirality is introduced at the o carbon by the ( B-a )photoisomerization. Here, if
the crystal lattice is chiral, asymmetric induction can be expected in such a system. In this communication we
wish to report an asymmetric photoisomerization of 2-cyanoethylcobaloximes coordinated with chiral axial
ligand which has no asymmetric effect on the reactive group at the trans position in the same molecule but
serves as the chiral handle for forming the chiral crystal lattice.

The substrates 1, 2, and 3 (Fig. 1) were prepared by ligand displacement of aqua(2-cyanoethyl)bis(di-
methylglyoximato)cobalt(III)ﬁ) with (R)-1-methylpropylamine, (R)-1-(1-naphthyl)ethylamine, and (R)-2-
phenylglycinol, respectively. The crude substrates 1, 2, and 3 were recrystallized from methanol/water(1/2),
methanol/water(2/1), and ethanol/hexane(1/1), to give yellow plates, yellow columnar crystals, and yellow
prisms, respectively. These structures were confirmed by IR and NMR spectra.6) The finely powdered sub-
strate crystals, suspended in liquid paraffins (6.5 ml) and spreaded onto a petri dish (diameter: 88 mm), were
irradiated with a solar simulater (flux density: 100 mW/cmz) at room temperature for several hours. The chiral
bases of each reaction products were displaced by achiral base, pyridine, to give pyridine coordinated complex-
es. The crude products were chromatographed on a silica gel column which afforded B- (faster fraction) and a
mixture of - and o-isomer(isomerized product:slower fraction). The (o) ratios were determined by HPLC
using Nova pak C18. From the optical rotation of latter fraction and the (o:B) ratio the optical rotation of the o
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isomer produced was calculated. The enantioselectivity was determined by reference to the optical rotation of
the optically pure o complex.7) The results are shown in Table 1. All the reactions here examined were found
to give (5)-(-)-enantiomer predominantly (Fig. 1). Highest enantioselectivity (81.6%ee) was obtained in the
reaction with complex 3.

To elucidate the origin of the enantioselectivity we have investigated the crystal structure of complex 3
by X-ray diffraction method.®) The crystal structure of complex 3 is shown in Fig. 2, The most remarkable
feature is that the cyano group in the reactive group lies in the conformation parallel to the inplane ligand and
B-cyanoethyl group is forced to take a chiral conformation by the chiral lattice. The reaction cavityg) for the
reactive group is drawn in Fig. 3a and 3b based on the crystal structure. The conformation of the cyanoethyl
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Table 1. The Enantioselectivities in the Solid-state B-o Photoisomerizations of 2-Cyanoethylcobaloximes

Major enantiomer

Complex Reaction Ratio of 1-cyanoethyl
No. time/h complex produced/% (o] /e Configuration  Enantioselectivity/%ece

1 1.7 28.8 -17.9 27.9
3 41.0 -19.1 29.8

15 579 -19.1 29.8

2 2 35.1 -32.8 511
4 552 -40.3 62.8

15 88.3 -40.1 62.5

3 1 49 -52.4 81.6
7.5 '53.7 -49.6 77.3

20 79.8 -49.7 77.4
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Fig. 3. The cavity for the cyanoethyl of complex 3 viewed along (a) the normal to
the average plane of cobaloxime and (b) its side view.
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Fig. 4. The mechanism for asymmetric photoisomerization.

group and the shape of the cavity for the group well explain the configuration of the major enantiomer produced
and difficulty for racemization. Co-C bond homolysis on visible light irradiation gives 2-cyanoethyl radical
and Co(II) species. The Ha(pro-S) hydrogen atom on the [ carbon of the 2-cyanoethyl radical, which is located
nearer the cobalt atom, is abstracted by cobalt(II) species to give acrylonitrile and hydride complex.lo) Since
the acrylonitrile molecule formed is freezed in the chiral cavity shown in Fig. 3, H-atom transfer from hydride
complex to the methylene of the acrylonitrile and combination of the resulting 1-cyanoethyl radical and the
Co(II) species afford (S)-o complex. Such a change requires only least movement of alkyl. However, forma-
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tion of the (R)-enantiomer requires rotation of the alkyl group, the radicals or the olefin about the axis through

C1 and C2 which seems to be extremely difficult since the space between the bottom and the ceiling of the

cavity is too narrow for the rotation (Fig. 3a and 3b). Preliminary X-ray analysis for complex 2 gave the similar

result.
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