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The resolution of racemic acoholsis a practical approach
to the synthesis of enantiomericaly pure acohols on an
industrial scale! However, a mgjor disadvantage of the
resolution is the yield limited only to 50%. Hence,
racemization of the unwanted enantiomer is desirable for
overcoming the disadvantage. Although the dynamic kinetic
resolution (DKR) using homogeneous racemization catalysts,
in which in situ racemization proceeds during the resolution
process, has been developed for chiral alcohols and amines,?
its gpplication to a large scale production is hindered by the
difficulties with the separation of the products from the
reaction mixture and the catayst recycling.® Thus, the
development of recyclable catalysts for the racemization of
secondary alcohols is an attractive research subject. Acid
resins such as Amberlyst 15 and Deloxan are among the rare
examples,* which, however, catalyze only the racemization
of benzylic acohols in aqueous media. Recently, Ru(lIl)
immobilized on calcium hydroxyapatite (Ru-HAP) was
reported as a heterogeneous catalyst for the racemization of
diphatic alcohols as well as benzylic ones in toluene.® The
Ru-HAPR, however, retains less than 50% of its original
activity in the second use.

In our efforts to find a recyclable catalyst for the racemi-
zation of acohols, we were attracted to a heterogeneous
ruthenium catalyst, which is active for the aerobic oxidation
of alcohols.® Herein we report that the ruthenium supported
on yadumina (RU/Al>QOs) is an efficient recyclable catalyst
for the racemization of secondary acohols. For the
racemization, it does not require any additive, and isreusable
after smple recovery by filtration.

Results and Discussion

The RWAI,Os catalysts were prepared from RuCls and
aumina according to a known procedure.® To see the effect
of the ruthenium contents on their reactivity, four catalysts
were prepared: 1 (0.75%); 2 (1.25%); 3 (2.37%); 4 (3.5% Ru
by weight).” The racemization of (S)-1-phenylethanol was
chosen as atest reaction to compare the activities of 1-4 and
a commercia one (5: 5% Ru on dumina) (Table 1). y
Aluminaitsdf was inactive, and the catalyst 2 showed the
highest activity when the amount of Ru/Al,Os employedwas
adjusted to contain the same molar amount of ruthenium.

Then, to optimize the reaction conditions, the racemi-
zation of (S)-1-phenylethanol with 2 was examined with

Table 1. Racemization of (S)-1-phenylethanol with RuW/AI,Oz2

Entry Catalyst Yield (%)° ee (%)°
1 ¥AIOs >99.9 99.0
2 1 90.9 10.4
3 2 90.7 14
4 3 92.0 12.4
5 4 93.0 16.1
6 5 95.0 618

*The reactions were carried out with 0.125 mmol (S)-1-phenylethanol
and 3.6 mol% of Ru/Al>Oz in 0.5 mL of dry and degassed toluene at 70
°C for 5 h under argon. "Determined by GC (Chiral B-PH). “Determined
by HPLC (Chiralcel OD).

Table 2. Racemization of (S)-1-phenylethanol under various
conditions®

Entry Solvent  Temp. (°C) Yield (%)° ee(%)°
1 CHxCl, 40 93.9 54.8
2 Toluene 40 931 421
3 Toluene 70 90.7 14
4 Benzene 70 83.4 0.6
5 THF 70 91.6 85
6 EtOAC 70 95.1 94.4
7 H.0O 70 97.7 9.8

#The reactions were carried out with 0.125 mmol (S)-1-phenylethanol
and 3.6 mol% of 2 in 0.5 mL of dry and degassed toluene for 5 h under
Ar. ®Determined by GC (Chiral B-PH). “Determined by HPLC (Chiralcel
oD).

varing solvent and temperature (Table 2). The rate of the
racemization increased with heating; the racemization was
completein 5 h at 70 °C in toluene. Theyield of the racemic
1-phenylethanol was higher in toluene than in benzene; the
formation of acetophenone was greater in benzene. General-
ly, the racemization was faster in nonpolar solvents than in
polar ones. Particulary, the racemization was almost inhibited
in water or in ethyl acetate even at 70 °C.

The activity of 2 was higher than that of Ru-HAP for the
racemization of (S)-1-phenylethanol .® In contrast to Ru-HAP
that shows less than 50% of its original activity upon second
use, 2 retained more than 50% of the origind activity evenin
the fourth use (Table 3). Furthermore, washing the recovered
catalyst with 1.0 M aqueous NaOH solution revived the
original activity ailmost completely. Meanwhile, the hetero-
geneous nature of 2 was tested by asimplefiltration test; the
racemization did not proceed in the filtrate when the reaction
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Table 3. Recycling of 2 for the racemization®®

Entry Cycle Yidd (%)° ee (%)°
1 1st 9.7 1.0
2 2nd 90.9 (91.0) 1.6 (19.8)
3 3rd 90.8 (93.6) 1.3(28.0)
4 4th 91.0 (93.7) 2.3(41.9)
5 5th 912 6.2

aThe reactions were carried out with 0.125 mmol (S)-1-phenylethanol
and 3.6 mol% of 2in 0.5 mL of dry and degassed toluene at 70 °C for 5h
under Ar. "The values in parentheses were obtained from the reactions
using the catalyst recovered by simple filtration. “Determined by GC
(Chiral B-PH). “Determined by HPL C (Chiraalcel OD).

Table 4. Racemization of various secondary a cohols®
Entry Substrate Time(h) Yield (%)°

ee (%)°

1 91.9 475
5 90.7 14

A

94.9 52.5
8 91.0 13

A

94.6 54.8

OH
oH
oH
3 /\/\© 8 2.8 21
OH )
A ol 1 95.3 54.2
8 .9 5.4
H

1 93.9 50.3°
NN 8 90.0 3.3

Q :
6 Z 1 87.7 37.6
C(j 3 76.2¢ 0.2
#The reactions were carried out with 0.125 mmol chiral acohol and 3.6
mol% of 2 in 0.5 mL of dry and degassed toluene at 70 °C under Ar.
®Determined by GC (Chiral B-PH). “Determined by HPLC (Chiralcel
OD). “Determined by *H NMR. ®Determined by GC after converting to
2-octyl acetate.

mixture was filtered through a glass filter (pore size: 20-30
um).

To explore the scope of the catalytic racemization by 2, a
series of secondary alcohols were examined (Table 4). The
catalyst was effective for the racemization of aiphatic acohols
as well as benzylic ones. Generally, benzylic alcohols were
racemized faster than aliphatic ones; the racemization of (S)-
1-phenylethanol was completein 5 h at 70 °C while that of
(9-2-octanol took 8 h. It was notable that the chloride group
in the diphatic chain did not interfere with the catalytic
racemization as shown in the case of (§-2-chloro-1-phenyl-
ethanol, because its analogues have potentia to be used as
key building blocks for useful pharmaceuticals.®

A pathway for the racemization of secondary alcohols by
Ru/Al>,Ozis proposed on the basis of the report that describes
the dispersion of Ru(l11) hydroxide on yAl,O3 (Scheme 1).°
Initialy, a Ru-alkoxide species (7) is formed, which under-
goes reversible intramolecular hydrogen-transfer reactions
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Scheme 1. A proposed pathway for the catalytic racemization of
secondary alcohols.

HZ +

through the 3-H elimination to form a (ketone)Ru-H inter-
mediate (8) and the insertion into the rebond of the carbonyl
group to give the isomeric Ru-alkoxide species (9). Then,
the intermolecular exchange of the alkoxy ligand between
the acohol and the alkoxy complexes leads to the racemi-
zation. Meanwhile, the reaction of 8 and alcohol can
produce molecular hydrogen and 7 or 9 with liberating
ketone. This proposed pathway is consistent with the
production of acetophenone during the racemization of (S)-
1-phenylethanol and with the observation that water inhibits
the racemization.

Prdiminary attempts to combine lipase-catalyzed acyl-
ation with the catalytic racemization by Ru/Al;Os for the
DKR of secondary acohols were not successful. The acyl
donors such as p-chlorophenyl acetate, vinyl acetate, and
isopropenyl acetate inhibited the cataytic racemization.
Acetic acid, which would be produced during the DKR, was
also an inhibitor. The use of sodium carbonate did not help
to overcome the inhibition by the acyl donors and acetic
acid.

Conclusions

We have found that the ruthenium on alumina ()~Al20s),
when the ruthenium content is about 1% by weight, is an
efficient heterogeneous catalyst for the racemization of
aiphatic alcohols as well as benzylic ones. The preparative
procedure for the catalyst is simple and efficient, and the
catalyst maintainsits original activity in reuse.

Experimental Section

The RWAI,O; catalysts were prepared according to
literature.® The optically active secondary alcohols employed
except the following ones were prepared by enzymatic
resolution.® ()-2-Octanol and (S)-2-chloro-1-phenylethanol



Notes

were purchased.

Catalytic racemization of alcohols. (S)-1-Phenylethanol
(15 pL, 0.125 mmol) was added to asuspension of RU/AIO3
(1.25 wt. % Ru, 36 mg, 3.6 mol%) in toluene (0.5 mL). The
reaction mixture was stirred and heated to 70°C under
argon. The % ee was determined by HPLC (Column:
Chiralcel OD; eluent: n-hexane/2-propanol, 95/5). After the
reaction, the reaction mixture was filtered through a glass
filter (20-30 um), and the products in the filtrate were
anadyzed by GC and *H NMR. The separated catalyst was
washed with an agueous solution of NaOH (1.0 M) and
water, and dried in vacuo before reuse.
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