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Direct Observation of Hydrogen-Deuterium Exchange Reaction in Cobaloxime Crystal by
Neutron Diffraction
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After a crystal of [(R)-l—cyanoethyl—da][(S)—l-phenylethyl—
amine]bis(dimethylglyoximato)cobalt(Il) was exposed to a xenon
lamp for two weeks, its structure was analyzed by neutron
diffraction. The deuterium atom was exchanged partially with one
of the three methyl hydrogenes of the cyanoethyl group. The
exchanged one is located closest to the deuterium atom.

It has been found that the chiral cyanoethyl group bonded to
the cobalt atom in some cobaloxime complex crystals is racemized
by X-ray or visible light exposure with retention of the single
crystal form.! The mechanism of the inversion process has been
assumed to involve homolytic cleavage of the Co-C bond by X-
ray or visible light exposure and rotation of the resultant
cyanoethyl radical around the C-C-N bond. The recombination of
the Co (II) and the rotated cyanoethyl radical would produce the
inverted cyanoethyl group.

Although this mechanism appeared to be adequate, recently a
serious weakness became apparent in the inversion process for
bulky groups. When the chiral cyanoethyl group was replaced
with the bis(ethoxycarbonyl)ethyl group, almost the same
racemization with retention of the single crystal form was
observed.3 The mechanism outlined above would imply that the
bis(ethoxycarbonyl)ethyl radical produced by the Co-C cleavage
should rotate in the crystalline lattice. However, it is
unreasonable for such a large radical to rotate with retention of the
single crystal form. This result strongly suggests that a different
mechanism should be invoked for such large chiral groups.

In order to examine the mechanism, we attempted to prepare
the complex which has the a-deuterium bonded to the chiral
carbon. Since very large crystals of the title complex recently
were obtained successfully, we proceeded to analyze its structure
after irradiation, by neutron diffraction. The structure analysis, to
our surprise, showed no racemization but revealed that the
deuterium atom is exchanged with a hydrogen atom of the
neighboring methyl group.

The title complex was prepared using acrylonil:rile-da 4 in the
manner reported previously5 with slight modification.6 A crystal
with dimensions 2.7 x 2.8 x 0.7 mm was irradiated with a xenon
lamp (San-ei SUPERBRIGHT-1500) from a distance of
approximately 10 cm for two weeks. A part of the crystal was
cut and the cell dimensions were measured to check the
racemization. The cell dimensions showed a singificant change.

The crystal was mounted along the b axis on an aluminum pin
with halocarbon grease and sealed inside an aluminum canister
under helium atmosphere. The data were collected on the four-
circle diffractometer at port H6S of the Brookhaven High Flux
Beam Reactor. The neutron beam, monochromated by Ge, had a
wavelength of 1.1640(1) A. The measurement was carried out at
room temperature (295 K), since the crystal was easily broken
when it was cooled. The crystallinity probably deteriorated
somewhat after the photoirradiation. A total of 2978 independent

reflections, of which 1878 had I > 20(]), were obtained.” The
initial parameters were taken from those obtained by X-ra
analysis and then were refined with the program SHELXL.-93.
The final R (Fo > 40(Fo)) and wR(Foz) are 0.08 and 0.20,
respectively.

The crystal structure is essentially the same as that obtained b6
X-ray analysis.” Figure 1 shows the molecular structure, !
which is also the same except that the parameters of the hydrogen
atoms are obtained more precisely.11 Bond distances and angles
are essentially the same as the corresponding X-ray values.

Since the neutron scattering length for hydrogen is negative
whereas that for deuterium is positive, H/D exchange is readily
apparent from inspection of neutron Fourier map peaks. The H/D
ratios obtained here are as follows: D9, 0.20:0.80(3); H10B,
0.83:0.17(3); H10A, 0.97:0.03(3) and H10C, 1.00:0.00. This
result clearly indicates that the C9-D9 and C10-H10B bonds are
easily cleaved, and that D9 and H10B are exchanged with one
another.

The interatomic distances, Co...D9, Co... H10B, Co...H10A
and Co...H10C are 2.49(3), 3.16(5), 3.29(6) and 3.96(5) A,
respectively. As the Co...H distance becomes shorter, the degree
of exchange increases. This suggests that the D9 and H10B
atoms have significant interactions with the cobalt atom. These
interactions should accelerate the bond cleavage of C9-D9 and
C10-H10B.

It is very interesting that the deuterium and hydrogen atoms in
the neighborhood of the chiral carbon atom are cleaved easily and
migrate around the carbon atom. If the D9 atom were to be
extracted by the cobalt atom on exposure to the xenon lamp, the
chiral C9 atom would take sp2 hybridization. If the H10B atom
cleaved from C10 were to attack C9 from the opposite side of D9
and D9 formed a bond to C10, then the chirality of the C9 atom
would be inverted. This is very advantageous for retaining the
crystalline lattice, since only hydrogen atoms bonded to C9 and
C10 have large movements, while the other atoms move only
slightly. Therefore, even if the chiral group is bulky, the
movement of the atoms in the crystalline lattice is not significantly
more pronounced than for a small group. It must be emphasized
that not only the Co-C bond but also C-H bonds are easily
cleaved by photoirradiation, if the transition metal comes close to
the C-H bonds. Further experiments are in progress.
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