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Ruthenium-Catalyzed Sequential Reactions: Deracemization of Secondary
Benzylic Alcohols
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Introduction

Studies on one-pot multiple catalysis for obtaining desired
products from simple starting materials are one of the cur-
rent and important topics in synthetic chemistry.[1–3] Such
catalysis decreases the reaction time and the loss in yield by
avoiding the isolation and purification of intermediate com-
pounds in multistep reactions. The most important and key
point for success in these sequential reactions is the appro-
priate combination of different catalysts that do not mutual-
ly interfere in each reaction step and preferably work con-
currently in all steps.
We envisaged the deracemization of secondary benzylic

alcohols to the corresponding optically active alcohols by
using two different types of transition-metal complexes, as
the development of facile preparative methods for such al-
cohols is one of the important subjects in organic synthe-
sis.[4,5] We report herein our successful result of the resolu-
tion by use of the Noyori ruthenium complex [RuCl ACHTUNGTRENNUNG{(S,S)-
tsdpen} ACHTUNGTRENNUNG(h6-arene)] (1; tsdpen=N-(p-toluenesulfonyl)-1,2-di-
phenylethylenediamine)[4a,6] and our ruthenium complex
[RuCl2ACHTUNGTRENNUNG(PPh3) ACHTUNGTRENNUNG(ip-FOXAP

[7])] (2 ; ip-FOXAP= isopropylfer-
rocenyloxazolinylphosphine),[8] which are efficient catalysts
for enantioselective redox reaction of ketones and alcohols.

The present result seems to be the first successful example[9]

of the deracemization of secondary benzylic alcohols by
using only the chemical method (Scheme 1).[10,11]

Results and Discussion

A mixture of racemic 1-phenylethanol (3a) and acetone was
stirred at room temperature for 15 h in the presence of cata-
lytic amounts of [RuClACHTUNGTRENNUNG{(S,S)-tsdpen} ACHTUNGTRENNUNG(p-cymene)] (1a ;
1 mol%) and KOH (2 mol%), then kept at room tempera-
ture for 2 h after successive addition of catalytic amounts of
2 (0.5 mol%) and iPrONa (2 mol%) in iPrOH. As a result,
(R)-1-phenylethanol (3a) was recovered in 87% yield with
92% ee (Table 1, entry 1). A longer reaction time slightly in-
creased the amounts of acetophenone and the aldol conden-
sation product between acetophenone and acetone (Table 1,

[a] Y. Shimada, Dr. Y. Miyake, Dr. H. Matsuzawa,
Prof. Dr. Y. Nishibayashi
Institute of Engineering Innovation
The University of Tokyo
Yayoi, Bunkyo-ku, Tokyo, 113-8656 (Japan)
Fax: (+81)3-5841-1175
E-mail : ynishiba@sogo.t.u-tokyo.ac.jp

Supporting information for this article is available on the WWW
under http://www.chemasianj.org or from the author.

Scheme 1. Deracemization of racemic alcohols by the chemical method.
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Abstract: The deracemization of secondary benzylic alcohols proceeds successfully
by a two-step process with the appropriate combination of two different ruthenium
complexes for catalysis in the first oxidation and second reduction steps. The se-
quential catalytic system provides a novel approach to obtaining optically active
alcohols, including diols, in high yields with excellent enantioselectivity (up to
95% ee), in contrast to the conventional kinetic resolution of racemic alcohols.
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entries 2 and 3). The use of other ruthenium complexes 1b
and 1c in place of 1a slightly improved the enantioselectivi-
ty (Table 1, entries 4 and 5). On the other hand, the use of
rhodium and iridium complexes [Cp*MCl ACHTUNGTRENNUNG{(S,S)-tsdpen}]
(M=Rh (4), Ir (5))[12,13] in place of 1 dramatically decreased
the enantioselectivity (Table 1, entries 6 and 7). The use of a
chiral ruthenium complex in the first oxidation step is neces-
sary to achieve high enantioselectivity. In fact, the deracemi-
zation did not proceed effectively when an achiral rutheni-
um complex such as 1d[14] was used as a catalyst (Table 1,
entry 8). Interestingly, the deracemization of 3a did not pro-
ceed well when the ruthenium complexes 2 and 1 were em-
ployed in reverse (Scheme 2). These results indicate that the

appropriate use of both ruthenium complexes toward the
first oxidation step and the second reduction step is an es-
sential factor for promoting this deracemization process ef-
fectively.
Next, reactions of other 1-phenylethanols were investigat-

ed by use of catalytic amounts of 1b and 2. Typical results
are shown in Table 2. The introduction of either electron-

withdrawing or electron-donating substituents such as
fluoro, chloro, bromo, phenyl, and methyl at the para posi-
tion and methyl at the meta position of 1-phenylethanol did
not affect either the reactivity or enantioselectivity much
(Table 2, entries 2–7). Unfortunately, the presence of a sub-
stituent such as methyl at the ortho position of 1-phenyl-
ACHTUNGTRENNUNGethanol resulted in rather low enantioselectivity because the
first oxidation step did not proceed smoothly (Table 2,
entry 8). On the other hand, a slightly lower product yield
was observed without loss of enantioselectivity when other
1-phenyl-1-alkanols were used as substrates (Table 2, en-
tries 9–14). In all cases, a prolonged reaction time (48 h) in

Abstract in Japanese:

Scheme 2. Deracemization of racemic alcohols by reverse use of catalysts
1 and 2.

Table 2. Deracemization of alcohols 3 catalyzed by both ruthenium
ACHTUNGTRENNUNGcomplexes 1b and 2.[a]

Entry Ar R Recovery of
3 [%][b]

ee of
3 [%][c,d]

1 Ph Me 90 (3a) 94 (R)
2 4-MeC6H4 Me 92 (3b) 92 (R)
3 4-FC6H4 Me 82 (3c) 90 (R)
4 4-ClC6H4 Me 99 (3d) 89 (R)
5 4-BrC6H4 Me 99 (3e) 92 (R)
6[e] 4-PhC6H4 Me 99 (3 f) 93 (R)
7[f] 3-MeC6H4 Me 81 (3g) 91 (R)
8 2-MeC6H4 Me 93 (3h) 2 (R)
9[e] Ph Et 88 (3 i) 95 (R)
10 Ph Et >95 (3 i) 88 (R)
11[e] Ph nPr 85 (3 j) 90 (R)
12 Ph nPr 96 (3 j) 81 (R)
13[e] Ph nBu 86 (3k) 94 (R)
14 Ph nBu >95 (3k) 85 (R)

[a] Racemic 3 (1.0 mmol) was stirred in acetone (1 mL) in the presence
of 1b (1 mol%) and KOH (2 mol%) at room temperature for 15 h. The
mixture was then kept at room temperature for 2 h after the addition of
2 (0.5 mol%) and iPrONa (5 mol%) in iPrOH (50 mL). [b] Determined
by GLC. [c] Determined by GLC or HPLC with a chiral column. [d] The
absolute configuration was determined by comparison of the value of the
optical rotation with that reported in the literature. [e] The first oxidation
step catalyzed by 1b was carried out for 48 h. [f] The second reduction
step catalyzed by 2 was carried out for 1 h.

Table 1. Deracemization of alcohols 3a catalyzed by two different
ACHTUNGTRENNUNGtransition-metal complexes (M and 2).[a]

Entry M t1
[h]

t2
[h]

Recovery of
3a [%][b]

ee of
3a [%][c,d]

1 1a 15 2 87 92
2 1a 20 2 79 94
3 1a 15 4 77 87
4 1b 15 2 90 94
5 1c 15 2 85 94
6 4 15 2 82 63
7 5 15 2 89 32
8 1d 15 2 85 82

[a] Racemic 3a (1.0 mmol) was stirred in acetone (1 mL) in the presence
of M (1 mol%) and KOH (2 mol%) at room temperature for t1 h. The
mixture was then kept at room temperature for t2 h after the addition of
2 (0.5 mol%) and iPrONa (5 mol%) in iPrOH (50 mL). [b] Determined
by GLC. [c] Determined by GLC with a chiral column. [d] The absolute
configuration was determined by comparison of the value of the optical
rotation with that reported in the literature. msdpen=N-meth-
ACHTUNGTRENNUNGanesulfonyl-1,2-diphenylethylenediamine.
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the first oxidation step slightly improved the enantioselectiv-
ity, but the amounts of the corresponding ketones and aldol
condensation products increased under these reaction condi-

tions. The use of 1-indanol as a substrate re-
sulted in the major formation of the aldol
condensation product 6 between 1-indanone
and acetone. On the other hand, the reac-
tions of secondary alcohols without an aryl
group did not proceed smoothly. Interest-
ingly, the reaction of diol 7 as a mixture of

two diastereoisomers (dl/meso=50:50) proceeded smoothly
under the same reaction conditions to give (R,R)-7 in 62%
yield (dl/meso=90:10) with >99% ee (Scheme 3).

In this sequential reaction system, the ruthenium com-
plexes 1 and 2 worked as catalysts in the oxidation and re-
duction steps, respectively. In the first oxidation process,
only the S alcohol was selectively converted into the corre-
sponding ketone, whereas in the second reduction process
the ketone produced was enantioselectively reduced to the
corresponding R alcohol (Scheme 4). In fact, we investigated

separately the following kinetic resolution of racemic 3a in
acetone catalyzed by 1c and reduction of acetophenone in
iPrOH catalyzed by 2 (Equations (1) and (2)). This means
that the effective inversion of the S alcohol in the starting
racemic alcohol to the R isomer occurs during this asymmet-
ric transformation, and the presence of the ruthenium com-
plex 1 does not interfere with the subsequent reduction of
the ketones produced. Notably, both ruthenium complexes
play their respective roles independently in each step to re-
alize the deracemization of secondary benzylic alcohols.
The kinetic resolution of racemic alcohols is one of the

most useful chemical methods for obtaining optically active

alcohols from the starting alcohols. The drawback with ki-
netic resolution is that a maximum of 50% of the starting
material can be used to give the product. In sharp contrast,
in the novel redox reaction system, a maximum of 100% of
the starting material can be used.[10,11] The sequential catalyt-
ic system herein provides a novel approach to obtaining op-
tically active alcohols in high yields with excellent enantiose-
lectivity, in contrast to the conventional kinetic resolution of
racemic alcohols.

Conclusions

We have found that the deracemization of secondary benzyl-
ic alcohols catalyzed by two different ruthenium complexes
gives the corresponding optically active alcohols in high
yields with excellent enantioselectivity (up to 95% ee). The
appropriate use of two ruthenium complexes is an essential
factor in promoting this deracemization of secondary ben-
zylic alcohols. Further investigations involving the kinetic
study and the broadening of the scope of this sequential re-
action system are currently in progress.

Experimental Section

A typical experimental procedure for the reaction of racemic 3e cata-
lyzed by 1b and 2 is described below. KOH (1.1 mg, 0.02 mmol) and 1a
(6.2 mg, 0.010 mmol) were placed in a 50-mL flask under N2. After the
addition of racemic 3e (201.1 mg, 1.00 mmol) in acetone (1.0 mL), the re-
action mixture was kept at room temperature for 15 h. A solution of
iPrOH (50 mL) containing iPrONa (0.020 mmol) and 2 (4.6 mg,
0.005 mmol) was added to the reaction mixture, which was then kept at
room temperature for 2 h. For workup, aqueous HCl (1n, 0.5 mL) was
added. The solvent was concentrated under reduced pressure, then water
(50 mL) was added, and the residue was extracted with diethyl ether (3O
50 mL). The organic solution was dried over anhydrous MgSO4. For iso-
lation, the extract was concentrated under reduced pressure by an aspira-
tor, and the residue was purified by preparative TLC (20% EtOAc/n-
hexane) to yield (R)-3e (168.1 mg, 0.84 mmol, 84% yield, 92% ee) as a
pale-yellow oil, which was identified by comparing its spectroscopic data
with those in the literature.[15] [a]24D=++35.3 (c=0.90, CHCl3);

1H NMR:
d=1.45 (t, J=6 Hz, 3H), 1.90 (br, 1H), 4.85 (q, J=6 Hz, 1H), 7.23 (d,
J=8 Hz, 2H), 7.45 ppm (d, J=8 Hz, 2H). The ee was determined by
HPLC analysis with a Chiralcel OD column (eluent: hexane/2-propa-
nol=95/5, flow rate: 0.5 mLmin�1, column temperature: 25 8C, tR:
20.53 min (S) and 22.30 min (R)).

Scheme 3. Preparation of optically active diol.

Scheme 4. Reaction pathway for deracemization of racemic alcohols.
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