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Abstract

Shvo’s diruthenium complex is an active catalyst in a considerable number of homogeneous reactions. Its catalytic activity is mainly due
to the fact that it dissociates into two monomeric ruthenium species in solution under thermal conditions. We review the applications under
three major headings i.e., oxidation, reduction and dynamic kinetic resolution.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Ruthenium complexes play a central role in many or-
ganic transformations as versatile catalyst due to its re-

* Corresponding author. Tel.: +91 422 2422222; fax: +91 422 2422387. Versible and accessible oxidation stees3]. Recently, sev-
E-mail addressk_natraj6@yahoo.com (K. Natarajan). eral groups including ours have been engaged in devel-
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oping efficient ruthenium catalysts for different types of 1
organic reaction§4—19]. Besides, researchers have been 2RCHO “hooon | TCOOCHR
looking for a multipurpose catalyst, i.e., a single complex

. : : . X 100 °C
that catalyzes various industrially important reactions. It Ny atm
has been found that [Rus&PPh)s], prepared by Stephen-
son and Wilkinsor{20], is an excellent catalyst in a large Scheme 2.
number of reactions such as oxidatif#j, reduction[21],
oxidative cleavage of vic-diol$22], isomerization of al- Increasing the electron density on the metal and the ligand
lylic alcohols [23], reductive cyclization of nitroarenes was found to accelerate the reaction. Kinetic studies reveal
with trialkylamines [24], racemization of alcohol$25], that the rate k[catalyst}’4[aldehyde].

etc.

Shvo et al. have synthesized a robust diruthenium com-2 2. |somerization of allylic alcohols to saturated
plex 1, which finds enormous utility in organic synthesis as ketones
a versatile catalyg®6]. It is now called the Shvo complex.

It is much superior to [RUG(PPH)3] in terms of yields of The Shvo catalyst is found to effect the isomerization of
products and compatibility under given reaction conditions allylic alcohols to ketones without any bg€&] (Scheme B

[25]. Most notably, the Shvo complex does not require abase|n the case of [RuGI(PPH)3] and [RuCh(p-cymene)] as

for isomerization of allylic alcohol§27] and Oppenauer-  catalysts, KCO; is essential to increase the rate of reaction.
type oxidation of B-hydroxy steroid[28] in contrast to |t was believed that the bimetallic complex (Shvo catalyst)
[RuCl(PPH)3]. The main reason for its efficient catalytic s in equilibrium with two monometallic specieS¢heme )
activity is that it dissociates int@ and 3 in the reaction and one of these has negatively charged oxygen. This

mixture under thermal conditionsS¢heme 1 These 16-  alkoxide can act as a base, thus promoting the formation of
electron specie? and 18-electron compleg play a vital ruthenium alkoxide.

role in catalytic cycl¢29,30] Recently, a modified procedure
for the synthesis of the Shvo complex has been reported by, 3 aAerobic oxidation of alcohols
Backvall and co-workerf25]. In this review, we portray the
recent developments on the Shvo complex catalyzed organic  compination of the Shvo catalyst, 2,6-dimethoxy quinone
reactions. and Co-macrocycle affords an efficient catalytic system for
the aerobic oxidation of various secondary alcolfip® 32]
(Scheme %
The principle for this aerobic oxidation is reminiscent of
2. Oxidation reactions biological oxidation of alcohols via the respiratory chain
and involves selective electron/proton transfer. The Shvo
2.1. Disproportionation of aldehydes to esters complex dehydrogenates the alcohol and the hydrogens ab-
stracted are transferred to an electron rich quinone. The
The Shvo complex catalyze the homogeneous bimolecularhydroquinone thus formed is reoxidised by the air with
disproportionation reaction of aldehydes to give esters in thethe aid of Co—salen complexs¢heme & This triple cat-

presence of small amounts of formic a¢dd] (Scheme 2 alytic system works at an oxygen concentration that is low
OH 0
/\/\/I\/ ! /\/\)k/
_—
THF, 65 °C

Scheme 3.
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0 to give ketone$33] and lactones in chloroform with sodium
MeO OMe carbonate. Inthis reaction, sodium carbonate acts as hydrogen
1, chloride acceptorgcheme Y.

OH o}

1
—N. N= . . . -
:/< ‘C:O. C 2.6. Dehydrogenation of aromatic amines to imines
== 7m0

Dehydrogenation of aromatic amines to imines catalyzed
Foluene; 100% by 1 in presence of 2,6-dimethoxybenzoquinone or 2,6-
EREEON dimethoxybenzoquinone/MnQs oxidant has been reported
Scheme 4. by Backvall and co-workerf84] (Scheme B Detailed mech-
anistic studies of hydrogen transfer reactions have also been
enough to allow the reaction to be performed cheaply and reported35-37}
safely.

2.4. Oppenauer-type oxidation ofdydroxy steroids
3. Reduction reactions
The Shvo complex catalyze the oxidation of 5-unsaturated
3B-hydroxy steroids to the corresponding 4-en-3-one deriva- 3.1. Hydrogenation of alkynes
tives in acetone at refluj28] (Scheme B The reaction pro-
ceeds via a ruthenium catalyzed dehydrogenation and subse- The Shvo complex serves as a catalyst precursor for the
guent hydrogen transfer to acetone with concomitant double hydrogenation of alkynel88] (Scheme R A catalytic cycle

bond migration. has been proposed on the basis of experimental observations
(Scheme 1P The sequence 2 4— 5 represents an irre-
2.5. Oxidation of alcohols with chloroform versible side reaction path that quenches the hydrogenation

cycle. Substantial hydrogenation of alkynes still takes place
The Shvo complex has been found to be a quite effective due to the competitive transformation 2fo 3 by oxidative
catalyst for oxidation of secondary alcohols and primary diols addition of H.

Ph OH
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OH \;&:o MeO OMe
/]\ o [CoL™ox H0
Ri Re e
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o - Ph
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ooy,
oc H
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Scheme 5.
Ry Ry
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HO
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Scheme 6.
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4. Racemization reaction coupled with dynamic
2mol % 1 Lo .
- = kinetic resolution (DKR)
R NH—R' 0 R N—R'

MeO OMe The use of metal-based racemization catalysts with en-
zymes as the resolution catalysts for the DKR of alcohols,
amines and esters is one of the hot research topics in the area

0 of asymmetric synthesigl5—-49] An excellent observation

Toluene, reflux in this field is that the Shvo complex acts as efficient cata-
lyst for the racemization of secondary alcohols and amines.
Scheme 8. Besides, the Shvo complex is compatible under DKR con-

ditions, whereas complexes like [Ry(PPhs)3] gave poor

L ; H  H results when combined with enzyme and acyl ddb6i. '

R——"R " s00ps) R>—< o Park and co-workers have recently found that aminocy-
THF clopentadienyl ruthenium chloride catalyzes the racemiza-
Scheme 9 tion of alcohols at room temperature and is also compatible

under DKR conditiong51]. The yields and % ee of chiral
products have been found to be higher than those obtained
with the Shvo complex as catalyst. But all other racemiza-
tion catalyst§45-49]reported so far are less effective when
compared to the Shvo complex.

3.2. Reduction of ketones with formic acid

Catalytic activities of the Shvo complex were examined
in the metal-catalyzed reduction of aldehydes and ketones
to alcohols using formic acid as hydrogen soui2g]. Use 4.1. DKR of secondary alcohols
of excess formic acid results in the acceleration of reaction
rate and the corresponding formate esters were isolated as The Shvo complex is able to catalyze the complete
sole products. Though alkenes are not reactive, double bondgecemization of (+))-1-phenylethanol without any base
conjugated to a carbonyl group are selectively reduced under(Scheme 1)l The ruthenium-catalyzed racemization was

the reaction conditions. then combined with an enzyme-catalyzed transesterification
Recently, several catalytic systems have been developed;sing Novozym 43%25].
for transfer hydrogenation of ketor{@:@—44]. The y|6|dS and Among the various acy| donors Screened, 4-

TON are comparable with the Shvo complex. However, these chlorophenylacetate was found to be effective in the
catalysts are effective only in the presence of base or additivesyythenjum- and enzyme-catalyzed DKR of racemic 1-
wherea; the Shvo complex does not require any additivesphenylethanol using enzyme Novozym 435 and the Shvo
[28]. This makes the Shvo complex a valuable catalyst. catalyst 6cheme 12 Studies of the reaction in different sol-
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vents showed that non-polar solvents gave the better resultsleast four different reactions concerted in one reaction vessel.

With this process, a variety of racemic secondary alcohols 2,6-Dimethylheptan-4-ol was chosen as a suitable hydrogen

were transformed to the corresponding enantiomerically donor and 4-chlorophenylacetate was used as an acyl donor

pure acetates. In most cases, the reaction proceeds wittor the conversion of ketond52] (Scheme 1B

>99% ee and in good yields. The practical applications of the processes were hindered
by separation problems caused by 2,6-dimethylheptan-4-one

4.2. Conversion of ketones or enol acetates to chiral and unreacted 4-chlorophenylacetate in the product mixtures.
acetates

Park and co-workers developed a highly efficient one-pot

) . S OAc
process for asymmetric transformations of ketones or enolac- R 1 "
etates to chiral acetates. A lipase and the Shvo complex cat- 2 hydrogen donor RN

. . . ' t
alyze the asymmetric transformations proceeding through at R)I\H:F‘ (eoyldehor aor fetones)
oM 1 Scheme 13.
= acetophenone )OH\
: —_—
1 Hz OA Hz (1 atm)
SRR ?392 Ph jj\ CH3COCHoCH3 " toluene OAc
—————————— T B
(+)-(R) Aratm ; = lipase <N lipase /J\r’ Rz
96 % ee racemic 1 R 1 Ry
Scheme 11. Scheme 14.
2mol % 1
oH Novozym 435 (EJAC QH K : OH
—_— H - etone
"hA PGiGef400c PR N PN cyclohexane
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Scheme 12. Scheme 15.
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In some cases, the effect of ketone was insignificant and
therefore, it was omitted. The racemization was then com-
bined with enzymatic transformatio8¢heme 1

4.4. DKR of hydroxy acids, diols and hydroxy aldehydes

Hence, the same group solved the separation problems by usprotected with a bulky group

ing molecular hydrogen or formic acid as a hydrogen donor
and ethylacetate as an acyl doi68]. Ketones were trans-

formed to chiral acetates using a lipase and the Shvo com-

The DKRs of the protectefl-hydroxybutyrates in which
the carboxy functionality can be protected with four different

plex under 1 atm of hydrogen gas in ethylacetate. Molecular bulky groups including benzyl,pimethoxyphenyl)methyl,

hydrogen was also effective for the transformation of enol

biphenylmethyl andtert-butyl have been carried out

acetates to chiral acetates without any acyl donors with the (Scheme 1)[55]. The enantiomeric excess was the highest

same catalytic systens¢heme 14

4.3. DKR ofa-hydroxy acid esters

in the case ofert-butyl protecting group. Hencéert-butyl
group is the best protecting group as steric auxillary for the
efficient DKR of 3-hydroxybutyrate.

Monoprotected 1,2-diols, in which the primary alcohols

The Shvo complex has been selected as a suitable catawere protected with the trityl group, were subjected to DKR

lyst for the racemization ofg)-methylmandelate after sur-
veying various ruthenium catalysfs4]. The use of cyclo-
hexane as the solvent and employing 20 mol% of methyl-2-

[55] (Scheme 18 The alcohol additive (2,6-dimethyl-4-
heptanol) acts as a reductant to reduce the formation of ke-
tone. The yield and ee were good in all the cases.

oxo-2-phenylacetate as ketone led to substantial racemization The DKR of protected hydroxy aldehyde in which 1,2-

(Scheme 1p

base

Scheme

benzenedimethanol was employed as protecting group, was

QAC

OR

al

20.
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performed using and PCL]55]. The reaction carried out for  acetoxyacetophenoné)(to (R)-1-(3-hydroxyphenyl) ethy-

3 days provided 95% yield and 98% exheme 19 lacetate ) is described irscheme 23The scope of the cata-
lystis extended to various similar substrates. The chiral prod-

4.5. Enantioselective synthesis®hydroxy acid ucts obtained are useful as intermediates for the synthesis of

derivatives chiral drugs such as rivastigmine and its analogues for the

treatment of Alzheimer’s disea§es].

The DKR and aldol reaction have been combined to get
enantiomerically enriched (99% e@)hydroxy ester deriva-

tives in a one-pot procedufg6] (Scheme 2 5. Conclusions

For the past few years, an investigation on the role of
organometallic compounds in organic synthesis is gaining
) ) ) momentum due to its direct application in various industries.

The amines were racemized using the Shvo complex |, this connection, the Shvo complex is found to be very ef-
as catalyst and 2,4-dimethyl-3-pentanol as hydrogen donorfective for oxidation, reduction and racemization reactions.

(Scheme 2]L[57]. The amine racemization has also been The gShyo complex and Novozym 435 catalyzed dynamic
combined with an enzymatic kinetic resolution as depicted yinetic resolution will be of considerable use in preparing
in Scheme 22 enantiomerically enriched secondary alcohols. Besides, this
compound does not require base in transfer hydrogenation
4.7. Asymmetric transformations of acyloxyphenol reactions and isomerization of allylic alcohols. The rapidity
ketones with which publications in this system appear is an indica-
tion that this diruthenium organometallic compound will def-
A lipase/Shvo complex catalyzed multipathway pro- initely contribute to large number of catalysis investigations
cess proposed for the asymmetric conversion of 3'- inthe future.

4.6. Racemization of amines
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