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Synopsis. The reaction rate was extremely enhanced by
increasing the basicity of the axial ligand of [Co(dmgH),(L)]
and by increasing the hydrogen pressure without decreasing
the enantioselectivity. Substituting one and two methyl
groups of the dimethylglyoxime ligand in [Co(dmgH),(L)]
with a phenyl group enhanced and retarded the reaction rate,
respectively. The chirality at the cobalt did not affect the
enantioselectivity.

The authors have reported asymmetric hydrogena-
tions of diketones, a-ketocarboxylates and olefinic
compounds?~® catalyzed by bis(dimethylglyoximato)-
cobalt(axial ligand)-chiral cocatalyst systems and have
proposed a mechanism for the catalysis of the asym-
metric hydrogenations.#% The proposed mechanism
involves an electron-donating site and an enantio-
differentiating site that are separated in these systems
(Fig. 1).

We examined the effects of a structural variation of
inplane and axial ligands as well as hydrogen pressure
in order to determine a guideline for finding a better
catalyst and to provide further support regarding the
mechanism.

Results and Discussion

Effect of Structural Variation of Inplane and Axial
Ligands. In Table 1 are summarized the results for
asymmetric hydrogenations of benzil that were cata-
lyzed by several catalyst systems in which inplane and
axial ligands were varied (Eq. 1 and Fig. 2).
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The chemical yields were almost quantitative. An
increase in the sigma-donor character of an axial
ligand accelerates the reaction rate (as already reported
in part);” an increase in the steric bulkiness decreases
it. A steric hinderance of the inplane ligand is consi-
dered to decrease the rate, but the electronic effect of an
inplane substituent is somewhat complicated. Since
the plane of a phenyl group is oriented almost perpen-
dicular to the glyoxime plane,” the electronic influ-
ence of the phenyl group is considered to be inductive
rather than resonance; thus, the phenyl group will act
as an electron-withdrawing group, which can bring
about a decrease in the electron density of cobalt
atoms. In fact, the Co-CHj proton signal in the series
of complexes shifts to a lower field ({HNMR spec-
trum) with an increase in the phenyl substituent
(Table 1). The fact that the substitution of one of the
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Fig. 1. Catalytic cycle.
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Fig. 2. Structures of Catalysts.
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two methyl groups of the dimethylglyoxime ligand in
Co(dmgH),L. with a phenyl group causes some rate
enhancement seems to be incompatible with the fact
that the sigma-donor character of the axial ligand
enhances the reaction rate. The reason has not yet
been clarified.

We have shown that chiral amine coordinates pre-
ferentially to one of the two prochiral faces of
bis[(E,E)-1-phenyl-1,2-propanedione dioximato]cobalt-
(I).®’ If a cobalt complex is involved in the enantiodif-
ferentiating transition state, the enantioselectivities
should vary by changing an achiral axial ligand to a
chiral one. The results showed that a chiral axial
ligand did not alter the enantioselectivity. This pro-
vides further support for the proposed mechanism
regarding the enantioselection described in previous
papers. %%

Effect of Pressure. Asymmetric hydrogenation cat-
alyzed by chiral rhodium complexes are sensitive to the
hydrogen pressure: a high hydrogen pressure decreases
the enantioselectivity remarkably.%19 The hydrogen
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Table 1. Effect of Structural Variation of Inplane and Axial Ligands on the Asymmetric Hydrogenation
of Benzil Catalyzed by Bis(glyoximato)cobalt(II)(L)-Quinine System At 30°C¥
Planar-ligand  Axial ligand™ CIiIS(PL)2C.()(L) VP (S)-(+)-benzoin
(PL) (L) d(lgz)'psr};l)h 10351 Enantioselectivity /%ee®
dmgH? PhsP 1.19 0.3# 61#
Py 0.84 2.5# 57#
PhCH:2:NH; 0.74 13.6# 61.5#
(R)-PEA 0.68 11.5 61.5
(S)-PEA 11.5 61.5
chdH? PhCH:NH; 0.75 10.0 61
mpgH? BusP 1.17 56
PhsP 0.07 53
Py 1.14 (achiral) . 9.8 60.5
1.15 (chiral) V)
PhCH:NH: 1.06 (achiral) i) 18.0 62
1.07 (chiral)
(R)-PEA 8.1 62
(S)-PEA 8.5 62
dpgH? Py 1.44 2.5 59
PhCH:NH: 1.33 2.8 57
# See Ref. 5).

a) Catalytic hydrogenation was carried out in benzene under atmospheric pressure of hydrogen. In every
experiment, equimolar amounts of quinine (Q*) and its HCI salt (Q*HCI) were used (Q*/Co=Q*HCIl/Co=1)
as the chiral cocatalyst. b) V: initial rate (Hz moles consumed/s/mol of catalyst). ¢) The enantioselectivity (%ee:
% enantiomeric excess) in every reaction was calculated from the specific rotation of the product based on the
specific rotation of pure S(+)-benzoin, [a]p +118.5° (¢ 1, acetone).? d) dmgH: dimethylglyoxime monoanion.
e) chdH: cyclohexanedione dioxime monoanion. f) mpgH: methylphenyglyoxime monoanion=(E, E)-1-
phenyl-1,2-propanedione dioxime monoanion. g) dpgH: diphenylglyoxime monoanion. h) PhsP:
triphenylphosphine. Py: pyridine. (R)-PEA: (R)-1-phenylethylamine. BusP: tributylphosphine. i) Achiral
and chiral complexes are formed in the ratio of 1 (achiral): 1.2—1.4 (chiral) when methyl iodide is added to the
catalyst solution prepared according to the usual method. Methyl signals ({H NMR) of achiral complexes
appear at a higher field than those of corresponding chiral complexes.

Table 2. Pressure Effect on Asymmetric Hydrogenation of Ethyl 2-(Acetylamino)propenoate
Catalyzed by Bis(dimethylglyoxomato)cobalt(II)-Quinine®

Entry Pressure S/Co® Solvent React. temp. React. time %ee®
Kg/cm?2
1 atm. 10 Benzene RT? 10h 18.0
2 20 10 Benzene RT 17 min 17.7
3 40 10 Benzene RT 12 min 19.7
4 60 10 Benzene RT 5min 18.4
5 60 6.8 THF —14°C 1.5h 16.0

a) Catalytic hydrogenation was carried out in a 100 ml autoclave. In every experiment, equimolar amounts of
quinine (G*) and its HCI salt were used (Q*/Co=Q*HCI/Co=1) as the chiral cocatalyst. b) S/ Co: molar ratio
of substrate to cobalt. ¢) Enantioselectivity (% enantiomeric excess) in every experiment was calculated from the
specific rotation of the product based on that of the optically pure (S)-(—)-ethyl N-acetylalaninate,
[a]§(7’8=—66.4° (c 6, ethanol).1v d) RT: Room temperature.
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pressure effect was ascribed to a difference in the reac-
tivity of the two diastereomeric complexes (leading to
the two enantiomeric products) toward hydrogen.!?®
However, our catalyst systems are completely different
from the chiral ligand-coordinated rhodium com-
plexes. Mechanistic studies on our systems revealed
that the electron-donating site and the enantio-
differentiating site are separated:%® this suggested that
a higher hydrogen pressure should accelerate the reac-
tion rate without any decrease in the enantioselectiv-
ity. When an easily ligating amine, PhCH,NH,, was
used, the reaction rate was too rapid for a measure-
ment, even at a 20 kg/cm? pressure of hydrogen. Con-

sequently, experiments on pressure effect were exam-
ined in the asymmetric hydrogenation of ethyl
2-(acetylamino)propenoate by using bis(dimethyl-
glyoximato)cobalt(II)-quinine without the addition
of a simple axial base (Eq. 2).

NHCOCH;3 H, x ,NHCOCH;
H,C=c{ ——ma——H;C-CH
2 \COOCZHs Co(dmgH),-Quinine 3 \COOCZHs
S(—)- 2)

As expected, the reaction rate was extremely enhanced
with increasing hydrogen pressure, while the enanti-
oselectivities were almost constant within the experi-
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mental error (Table 2). The reaction rate under a 60
kg cm™2 initial pressure of hydrogen became roughly
100 times that under an atmospheric pressure of
hydrogen.

Experimental

Effect of Inplane and Axial Ligands on the Catalytic
Asymmetric Hydrogenation of Benzil. Catalytic asymmet-
ric hydrogenation of benzil was carried out in benzene under
an atmospheric pressure of hydrogen according to the proce-
dure described in previous papers,>® except for using the
inplane and axial ligands specified in Table 1. The reaction
temperature was maintained at 30£0.2 °C.

Pressure Effect. The catalyst solution was prepared
according to the procedure described in previous papers®®
under a nitrogen atmosphere. Methanol was evaporated in
vacuo to give a wet paste which was dissolved in 25 ml of a
degassed benzene solution of 2-(acetylamino)propenoate.
The solution was transferred under a nitrogen atmosphere to
a 100-ml autoclave. The nitrogen atmosphere was replaced
with hydrogen. Asymmetric hydrogenation was performed
in the initial pressure of hydrogen specified in Table 2. The
time required to complete the reaction was determined by a
pressure gauge. After carrying out the usual workup, an
oily product was obtained which was purified on silica gel
(Kiesel gel-60) column chromatography using benzene/ace-
tone (3/1) as an eluent. The eluate was concentrated under a
reduced pressure to give a syrup whose optical rotation was
measured. The enantioselectivities were calculated from the
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specific rotations. The results are shown in Table 2.
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