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A single crystal

structure determination of a photo-reacted

crystal of [(R)-1,2-

diethoxycarbonylethyl-1-d]-(pyridine-ds)-bis[di(methyl-d3)glyoximato]cobalt (III) was carried out
using the BIX-3 diffractometer settled in the JRR-3M reactor at JAERI (Japan Atomic Energy
Research Institute). It revealed that the compound was only racemized but was not isomerized
in the crystalline state. It also revealed that the deuterium atom attached to the C atom directly
bonded to the Co atom remains bonded to the identical C atom after the racemization, which
proves that the racemization proceeds via a radical intermediate.
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Introduction

§1.

Observation of the crystalline-state photoracemiza-
tion of simple ligands such as cyanoethyl groups on
the Co atoms in their bisdimethylglyoximato complexes
dates from late 1970’s.!) Subsequent explorations re-
vealed that more complicated and bulkier ligands, such
as methoxycarbonylethyl, ethoxycarbonylethyl and di-
ethoxycarbonylethyl groups, also racemize upon photo-
irradiation without degrading the crystallinity, in spite
of their severe steric hindrances.2””) An example of pho-
toracemization of a bulky ligand is illustrated in Fig. 1.
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Fig.1. Photoracemization of the diethoxycarbonylethyl group of

a cobaloxime complex.
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a cobaloxime complex.

Recently, Arai et al®'% reported the solid-
state photo-reactions of deuterium-labeled diethoxycar-
bonylethyl cobaloxime complexes. They found that the
photo-irradiation leads not only to the racemization
shown in Fig. 1 but, although to by far a lesser extent,
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also to the isomerization associated with the rearrange-
ment of the Co-C bonds shown in Fig. 2. They also
concluded that the photo-racemizations proceed via rad-
ical intermediates. However, they used powdered sam-
ples for the photo-irradiation experiments and thus it
still remains unsolved whether the racemization and iso-
merization reactions proceed also in the crystalline state
where the surface reactions hardly occur.

In this study, we investigated the crystalline-state
photoreaction of [(R)-1,2-diethoxycarbonylethyl-1-d]-
(pyridine-ds)-bis[di(methyl-ds)glyoximato]cobalt(III) (1),
the structure of which is illustrated in Fig. 3. An in situ
observation of the reaction was made possible by the
single crystal structure determination of the deuteriated
sample using the neutron diffraction method. The reac-
tion mechanism will be discussed in conjunction with the
reaction cavity analysis.

Fig.3. Structure of 1.

§2.

In order to investigate the reaction mechanism, the
methyne hydrogen atom of the diethoxycarbonylethyl
ligand was labeled with deuterium. To reduce the

Experimental
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incoherent scattering of neutrons by hydrogen atoms,
the dimethylglyoximato and pyridine ligands were also
deuteriated. Diethyl oxalacetate, which was obtained
by neutralizing diethyl oxalacetate sodium salt with
HCl in aqueous solution, was reduced by NaBDy
in ethanol/water mixed solvent to give diethyl 2-
hydroxybutane-2-d-dioate. It was then converted to di-
ethyl 2-bromobutane-2-d-dioate by treating with triph-
enylphosphine and CBrg in N,N-dimethylformamide.
Cobaloxime complex 1 was synthesized according to
the reference!') with diethyl 2-bromobutane-2-d-dioate,
di(methyl-d3)glyoxime,'?) pyridine-ds and CoClz-6H20.
Single crystals of 1 were obtained by slow evaporation
from acetone.

In order to prevent the degradation of crystallinity, sin-
gle crystals of 1 were sealed in vacuo and irradiated with
near-infrared radiation (> 780 nm). As a full structure
analysis using solely the neutron diffraction data is not
practical due to the experimental limitations, the struc-
ture of the photo-irradiated crystal was first determined
by the X-ray diffraction method. A crystal with the di-
mensions of 0.4x0.3x0.25 mm was mounted on a AFC7R
four circle diffractometer and the diffraction data up to
260 55° were collected at room temperature. The struc-
ture was solved by the direct method with the program
SIR97'®) and was refined by the full-matrix least-squares
with the program SHELXL97.'*) The crystal data are
summarized in Table L.

A single crystal neutron diffraction experiment was
carried out for a crystal of 1 with the dimension of
2.5 x 1.6 x 0.8 mm after the photo-irradiation for 48 h.
The BIX-3 diffractometer settled in the JRR-3M reac-
tor at JAERI was used to obtain 180 frames of oscilla-
tion images (Aw = 1.0°), which were then processed by
the program DENZO.'®) In order to obtain precise con-
tents of the R and S isomers in this particular crystal,
the identical crystal (2.5 x 1.6 x 0.8 mm) was analyzed
again by the X-ray diffraction method after the neutron
diffraction experiment. The occupancies of the R and S
isomers turned out to be 0.609(7) and 0.391(7), respec-
tively. Refinement of the neutron data was carried out
with the program SHELXL97.'*) The fractional coordi-
nates for the D or H atoms in the dimethylglyoximato
and pyridine ligands and the isotropic displacement pa-
rameters were refined. Positions of the other D or H
atoms were re-generated based on the geometrical con-
siderations using the C-H distances of 1.059 A for the
methyl groups, 1.092 A for the methylene groups, and
1.093 A for the methyne group. The positional parame-
ters for non-H atoms were fixed to those obtained by the
X-ray analysis. The result of the refinement together
with the crystal data are listed in Table I.

§3. Results and Discussions

Figure 4 shows the structure of 1 in a photo-irradiated
crystal determined by the X-ray diffraction method. It
is a disordered structure containing both the R and S
diethoxycarbonylethyl groups with the occupancies of
0.524(6) and 0.476(6), respectively. The R configuration
corresponds to the initial structure and the S corresponds

Tablel. Crystal data of 1 after the photo-irradiation.
X-ray neutron
crystal size/mm 0.4 x 0.3 x0.25 2.5x1.6x0.8
a/A 16.772(10) 16.764(4)
b/A 16.949(8) 16.921(5)
c/A 9.121(7) 9.120(2)
Space group P212121 P212121
Wavelength/A 0.71069 2.35
20maz/° 55.0 140.0
Unique reflections 4289 656
No. of restrains 8 94
No. of parameters 440 83
R[Fo > 40(Fo)] 0.0291 0.2163

Fig.4. ORTEP') drawing of 1 in a photo-irradiated crystal de-
termined by the X-ray diffraction method. Ellipsoids are scaled
to encompass the 20% probability levels. Hydrogen atoms are
omitted for clarity. Co and O atoms are shown in octant-shaded
ellipsoids and C atoms in open ellipsoids. Bonds in the initial R
configuration are shown filled and those of the final S configura-
tion are shown unfilled.

to the inverted one.

The neutron diffraction experiment revealed that the
methyne hydrogen atom of the diethoxycarbonylethyl
ligand in the photo-racemized product remained fully oc-
cupied by deuterium. Therefore, the mechanism of the
photo-racemization should involve the homolytic cleav-
age of the Co-C bond and the generation of a radical in-
termediate.!” To complete the chiral inversion, the rad-
ical C atom with the sp? configuration should rotate to
bring the hydrogen atom to the opposite side. There are
two possibilities for this rotation: the methyne hydro-
gen atom passing through the proximity of the Co atom
(Type I) and the opposite side of the C atom (Type II).
Figure 5(c) illustrates that, in the hypothetical reaction
intermediate for the Type II mechanism, the carbonyl
oxygen atoms of the diethoxycarbonylethyl group do not
fit in the reaction cavity shown in Fig. 5(a). On the other
hand, the cavity better accommodates the Type I inter-
mediate shown in Fig. 5(b). Therefore, we conclude that
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Fig.5.

(b)

(a) Reaction cavity of the diethoxycarbonylethyl ligand in 1 superimposed with the structure of the initial (shown in thick lines)

and photo-inverted (shown in thin lines) structures. (b) A hypothetical Type I intermediate configuration of the diethoxycarbonylethyl
ligand (shown in filled circles) superimposed with the photo-racemized product (shown in open circles). Hydrogen atoms except for
those of the methyne and methylene groups in the diethoxycarbonylethyl ligand are omitted for clarity. (c) A hypothetical Type
II intermediate configuration of the diethoxycarbonylethyl ligand (shown in filled circles) superimposed with the photo-racemized

product.

the chiral inversion of the diethoxycarbonylethyl group
proceed through the Type I mechanism.

In the crystal of 1, the Co atom is located 3.07 A from
the methylene carbon atom and 3.05 A from one of the
methylene hydrogen atom of the diethoxycarbonylethyl
ligand, which satisfies the criteria for the proceeding of
the B-a isomerization reaction.'®) It agrees with the ob-
servation of the isomerization reaction reported by Arai
et al.3719) However, we observed no evidence for the iso-
merization in the photo-irradiated crystal of 1, prob-
ably because the shape of the reaction cavity cannot
accommodate the isomerized diethoxycarbonylethyl lig-
and, as shown in Fig. 5(a). Therefore, the isomerization
obaserved by Arai et al. may better be attributed to
a surface reaction. This result well illustrates the dif-
ference between the solid-state reaction where both the
bulk and surface reactions proceed at the same time and
the crystalline-state reaction where only the bulk reac-
tion proceeds.

§4. Conclusion

The single crystal neutron diffraction experiment of
a photo-irradiated [(R)-1,2-diethoxycarbonylethyl-1-d]-
(pyridine-ds)-bis[di(methyl-ds)glyoximato]cobalt(III) re-
vealed that the deuterium atom attached to the C atom
directly bonded to the Co atom remains bonded to the
same C atom after the photo-racemization. This demon-
strates that the photo-racemization in this compound
proceeds via a radical intermediate generated by a ho-
molytic cleavage of the Co-C bond. From the reaction
cavity analysis, it was suggested that the generated rad-
ical rotates in the direction where the hydrogen atom
travels the proximity of the Co atom. The reaction cav-
ity analysis also demonstrated that the isomerization re-
action of the diethoxycarbonylethyl group, which was

observed in the powdered sample, can only proceed at
the surface of the crystals.
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