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Abstract: Osmium-catalyzed asymmetric dihydroxy-
lation provides powerful synthetic routes to optically
active vicinal diols from olefins with high enantiose-
lectivity. High catalytic efficiency using only 0.2-1.0
mol % of the osmium catalyst has been attained, and
the chiral ligand may be recoverable in large-scale
synthesis by extraction with dilute sulfuric acid.
However, in spite of the significant advances in this
transformation, high toxicity and volatility of the
osmium components as well as possible contamina-
tion of toxic osmium species in the products have
been obstacles for industrial applications. To address
this issue, considerable efforts have been devoted to
immobilization of the osmium catalyst. This review

summarizes several promising methods for immobili-
zation of the osmium components, especially focus-
ing on solid phase-supported osmium catalysts for
asymmetric dihydroxylation.
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1 Introduction

Osmium-catalyzed asymmetric dihydroxylation is un-
doubtedly a powerful synthetic reaction which can
construct chiral vicinal diols from C=C double bonds
with high enantioselectivity.[l] High catalytic efficien-
cy has been attained; many reactions can be conduct-
ed with 0.2-1.0 mol % of the osmium catalyst, and the
chiral ligand may be recoverable in large-scale synthe-
sis by extraction with dilute sulfuric acid. Sharpless in-
dicated in his review!!?l that three key discoveries for
the rate enhancement are: (1) two-phase conditions
with K3Fe(CN)g as the stoichiometric cooxidant, (2)
large acceleration by MeSO,NH, additive for the re-
action of internal alkenes, and (3) highly effective
chiral ligands with two Cinchona alkaloid units at-
tached to a heterocyclic spacer.

In spite of these significant advances, high toxicity
and volatility of the osmium components as well as
possible contamination of toxic osmium species in the
products have been obstacles for industrial applica-
tions. In order to address this issue, many efforts have
been devoted to immobilization of the osmium cata-
lyst. However, use of supported chiral ligands resulted
in severe leaching of osmium due to reversible coordi-
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nation of the ligands to the osmium.”?! On the other
hand, several promising methods for immobilization
of the osmium component have recently been report-
ed. This review summarizes those achievements espe-
cially focusing on solid phase-supported osmium cata-
lysts for asymmetric dihydroxylation. Abbreviations
for chiral ligands appear in this review are shown in
Figure 1.

The catalytic cycle of asymmetric dihydroxylation
with K3Fe(CN)¢ cooxidant proPosed by Sharpless
etal. is depicted in Scheme 1.l Due to the high
ligand acceleration system, the osmium(VIII) tetrox-
ide (1)/chiral ligand (L*) complex selectively reacts
with an alkene to afford osmium(VI) ester 2. Osmate
2 is hydrolyzed under the basic conditions to release
the diol product and osmium(VI) dianion 3. Osmate 3
is then reoxidized by K3Fe(CN)g in the aqueous
media to regenerate osmium(VIII) species 4 and then
1. One may readily expect difficulty of immobilization
of the catalyst, since the catalytic cycle involves a va-
riety of osmium species; some are non-ionic and solu-
ble in the organic phase while the others are ionic
and soluble in the aqueous phase. Especially, osmium-
(VIII) tetroxide (1) is non-ionic, volatile, and soluble
in the organic phases, but can be ionic when hydrox-
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Figure 1. Abbreviations for chiral ligands.

ide ion or the chiral ligand coordinates. Another
problem is involvement of the second catalytic cycle.
When osmate 2 loses the chiral ligand (L*) instead of
releasing the diol, the formed osmium(VI) could be
reoxidized to osmium(VIII) which may oxidize the
alkene substrate with low enantioselectivity. There-
fore, the hydrolysis of 2 is required to be sufficiently
fast, and this is dependent on the choice of the reac-
tion system such as cooxidants and reaction media.
Standing on this mechanistic ground, we survey
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Scheme 1. The proposed catalytic cycle.

recent developments on immobilization of the

osmium catalyst.

2 Microencapsulation

In 1998, we reported the microencapsulation of
osmium tetroxide.! Microcapsules have been used
for coating and isolating substances until their activity
is needed, and their applications in medicine and
pharmacy have been extensively studied.*! This mi-
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croencapsulation technique was applied as a method
for immobilization of catalysts onto polymers. That is,
catalysts would be physically enveloped by thin films
of polymers, and at the same time immobilized by in-
teraction between m electrons of the benzene rings of
the polystyrene, which is used as a polymer backbone,
and vacant orbitals of the catalysts (metal com-
pounds). Following the successful example of micro-
encapsulated scandium triflate,® this method was ap-
plied to prepare microcapsules including the osmium
component by addition of methanol to a solution of
linear polystyrene (MW =ca. 280,000) and osmium
tetroxide in cyclohexane. This polystyrene-microen-
capsulated (PS-MC) Os catalyst was found to pro-
mote the non-enantioselective dihydroxylation of var-
ious simple alkenes with N-methylmorpholine N-
oxide (NMO) as the cooxidant in H,O/acetone/
CH;CN (1:1:1). The catalyst can be recovered and
reused at least five times.

Since initial attempts to utilize PS-MC Os for asym-
metric dihydroxylation were unsatisfactory, several
polymer supports and preparative conditions were in-
vestigated. After several trials, the use of acryroni-
trile-butadiene-[polystyrene (ABS) polymer was found
to be effective.l’! ABS-MC Os was prepared by addi-
tion of methanol to a solution of ABS polymer
(Stylac 200, Asashi Chemical) and osmium tetroxide
in THF. The catalyst showed a good catalytic perfor-
mance with NMO as a cooxidant. Recyclability was
demonstrated in the reaction of f-methylstyrene; the
catalyst was used five times without loss of activity
and selectivity (Table 1).

Table 1. Recycling of ABS-MC Os.
ABS-MC Os (5 mol %)

__ Me  (DHQD),PHAL (5 mol %) HOJ ;'V'e
/ NMO (1.5 equivs.)

(SF;SW addition) H20/acetone/CH,CN (1:1:1) Ph OH

rt.

Run Yield [%] ee [%]
1 88 84
2 75 95
3 97 94
4 81 96
5 88 95

We next intended to use K3Fe(CN)g as a cooxidant,
since NMO requires slow addition of the substrate to
prevent the second catalytic cycle leading to low
enantioselectivity.[7] Under the conditions with
K;5Fe(CN)¢ in BuOH/H,O (1:1), ABS-MC Os
showed good catalytic activity and was reused three
times without loss of yield and selectivity. However,
significant diminishment of the mass of the recovered
catalyst was observed. On the other hand, polystyrene
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(PS) or poly(acrylonitrile-co-styrene) (AS) supported-
MC Os showed almost no catalytic activity under
these conditions. Swollen-resin magic angle spinning
(SR-MAS) 'HNMR analysisl® of ABS-MC Os indi-
cated that the olefin moiety derived from butadiene
in the ABS polymer was oxidized by osmium to form
diol units. It was speculated that the diol moiety
serves as a hydrophilic part to realize effective contact
of osmium species with the cooxidant under the two-
phase conditions. Therefore, we explored a more ef-
fective design of the hydrophilic moiety and found
that poly[4-(phenoxyethoxymethyl)styrene-co-sty-
rene] (PEM) was effective as the polymer support.
Although controlled addition of the cooxidant and
the base was required to obtain reasonable yields,
PEM-MC Os could be reused for three times with
quantitative recovery (Table2). The procedure is

Table 2. PEM-MC Os.
PEM-MC Os (5 mol %)
(DHQD),PHAL (5 mol %) HO; OH

Ph K;Fe(CN)s, K,CO,4 KsFe(CN)g K,CO3  pyy
(2.0 equivs. each) (2.0 equivs. each)

H,O/acetone (1:1) 30°C,2h
30°C,3h
x y
poly[4-(phenoxyethoxymethyl)
o ™\OP"  styrene-co-styrene] (PEM)

Run® Yield [%] ee [%]
1 85 78
2 66 78
3 84 78

2] The recovery of the catalyst was quantitative in all cases.

simple; the reaction is quenched by neutralization
with 2 N H,SO, followed by addition of ethanol. The
catalyst is recovered by simple filtration, and reused.
No leaching of the osmium in the filtrate was detect-
ed by fluorescence X-ray analysis.

The PEM-MC Os system was applied to other ole-
fins, and the results are summarized in Table 3. In
most cases, the desired diols were obtained in good
yields with high enantiomeric excesses. It is notewor-
thy that a wide variety of olefins are applicable in this
system and that the catalyst was recovered quantita-
tively by simple filtration.

The asymmetric dihydroxylation using PEM-MC
Os was also found to proceed in water as the sole sol-
vent when Triton X-405, a non-ionic surfactant, was
used (Table 4).1° No controlled addition of the cooxi-
dant and the base was required in this case.

It was further revealed that cross-linked polystyr-
ene (PSresin, cross-linked by 1 mol % 1,4-divinylben-
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Table 3. Asymmetric dihydroxylation of olefins using PEM-

MC Os.
PEM-MC Os (5 mol %)
R'  R® (DHQD),PHAL (5 mol%) R R,
- = R 7—<R
R? R? H,O : acetone =11 K;Fe(CN)g HO OH
KsFe(CN)g, K,CO3, 30°C  K,CO,, 30°C

Entry Olefin Time [h]® Yield [%] ee [%)]
1 a 342 85 (80)" 78 (—82)!
2 Va 3+2 86 94

Ph
3 >= 342 85 76

Ph
4 /@ 5+4 85 95

C4Hq
5 /—/ 3+2 41 91
HQ
6l /=/ 34242421 66 ~99
CO,Et

7t — 342 51 >99

Ph

[ K;Fe(CN)s and K,CO; were added twice. The mixture
was stirred for the indicated time at each stage.

bl (DHQ),PHAL (5 mol%) was used instead of
(DHQD),PHAL.

[l Methanesulfonamide (1.0 equiv.) was added.

' One equivalent each of K;Fe(CN), and K,CO, was
added four times.

Table 4. PEM-MC Os in water.[

PEM-MC Os (5 mol %)
(DHQD),PHAL (5 mol %)

Triton X-405 (10 mol %) HO, OH
ot/ T KsFe(CN)g K,CO, Ph;
(3.0 equivs. each)
H,0,30°C, 24 h
OH Trlton X-405
/\% (n=ca.9)
Run Yield [%] ee [%]
1 86 74
2 82 76
3 83 75

[l In all cases, the reaction was quenched by neutralization
with 2 N H,SO, followed by addition of ethanol, and no
leaching of osmium in the filtrate was detected by fluo-
rescence X-ray analysis.
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zene) could be used as the polymer Support.[m] PSre-
sin-MC Os showed a similar activity to PEM-MC Os
and worked in water in the presence of Triton X-405
with successful recovery and reuse for five times
(Table 5).

Table 5. PSresin-MC Os in water.!
PSresin-MC Os (5 mol %)
(DHQD),PHAL (5 mol %)
Triton X-405 (10 mol %) 1O °H

/ KiFe(CN), KoCO; ;

Ph (3.0 equivs. each) Ph
H,0, 30 °C, 24 h

Run Yield [%] ee [%]
1 81 78
2 84 76
3 78 77
4 86 74
5 85 72

() Tn all cases, the reaction was quenched by neutralization
with 2 N H,SO, followed by addition of ethanol, and no
leaching of osmium in the filtrate was detected by fluo-
rescence X-ray analysis.

The microencapsulation technique was also em-
ployed by Ley and co-workers. Osmium tetroxide was
encapsulated using polyurea microcapsules by in situ
interfacial polymerization of oil-in-water emul-
sions.'!] The osmium catalyst (Os EnCat) was suc-
cessfully applied to the non-enantioselective dihy-
droxylation, but asymmetric dihydroxylation was not
described.

3 Immobilization by Ionic Interaction

In 2001, Choudary and co-workers reported an ion-
exchange technique for immobilization of an osmium
catalyst. They employed layered double hydroxides
(LDH) with the composition
Mg, Al,(OH),(Cl),:zH,O and quaternary ammoni-
um salts bound to a polymer resin or a silica gel as
the solid support.m] K,0s0y4 as an aqueous solution
was introduced to these ionic supports by an ion-ex-
change technique to generate LDH-Os, Resin-Os, and
Si0,-Os, respectively (Figure 2).

Mernfeld Resin
0\+,0\ , \+
Mg A I

. m
o o’ ‘ i B
cr 0304 MeO

N o000 0
Mg Mg/ g/ \.II 0504 03042_ <
o 0o

*NEt, Et,N*
LDH-Os Resin-Os Si0,-0s
Figure 2. Ion-exchanged Os catalysts.
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These immobilized catalysts were successfully ap-
plied to asymmetric dihydroxylation using NMO,
K3Fe(CN)g, and even O, cooxidants. LDH-Os could
be reused several times with NMO cooxidant, but
rapid deactivation during recycle stages was observed
when K;3Fe(CN)y/K,CO3; and O,/phosphate cooxi-
dants were used, probably due to ion-exchange by co-
existing anions. On the other hand, Resin-Os and
Si0,-Os showed superior reusability with all cooxi-
dant systems (Table 6). The difference between these

Table 6. Catalysis by Resin-Os.

Resin-Os (1 mol %)
Me  (DHQD),PHAL (1 mol %) HOC, Me

e

Ph conditions Ph OH

Yield ee
[%]  [%]

1 NMO (1.3 equivs.), tBuOH/H,O (3:1), 95 96
r.t., 12 h (slow addition of the sub-
strate over a period of 12 h)

Entry Conditions

92 98
3 O, (1 bar), rBuOH, phosphate buffer 47 86
(pH 10.4), 50°C, 16-24 h

anion-exchanged materials probably arises from the
hydrophobic nature of the supports: LDH (hydro-
philic), SiO, (hydrophilic), and resin (highly hydro-
phobic). Resin-Os was reused five times with consis-
tent activity and enantioselectivity.

The IR and UV-DRS spectra of the ion-exchanged
osmium catalysts indicate that the OsO,>~ remains
unchanged during the exchange process. X-ray photo-
electron spectroscopy (XPS) analysis also confirmed
the + VI oxidation state of osmium. The used catalyst
was also shown to be Os(VI), implying that the
osmium is finally reduced after completion of the re-
action. When an ion-exchanged osmium catalyst was
treated with the oxidant in the absence of any olefins,
osmium was found to leach from the support. This in-
dicates that the ion-exchanged Os catalysts are not
stable in the oxidative environment and that the re-
duction of Os(VIII) to Os(VI) may be too fast to
detach neutral OsO, from the support.

The same group applied the ion-exchange tech-
nique to attain a trifunctional catalyst for a Heck re-
action/asymmetric dihydroxylation/N-oxidation se-
quence (Scheme 2)."3 Pd, Os, and W catalysts were
immobilized on an LDH at the same time to give an
LDH-PdOsW catalyst. The reaction sequence was
carried out in one pot. A mixture of iodobenzene, sty-
rene, triethylamine, and LDH-PdOsW (1 mol %) was
stirred at 70°C for 8 h without a solvent and a mix-
ture of (DHQD),PHAL (1 mol %) and N-methylmor-
pholine in #BuOH/H,0O was added. Subsequently,
H,0, was added slowly over 12 h to afford the de-
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Scheme 2. A trifunctional catalyst.

sired diol in 85 % with 99% ee. The catalyst could be
recovered and reused for five times with constant ac-
tivity. They also reported the use of nanocrystalline
magnesium oxide (MgO) as a solid support to immo-
bilize the osmium catalyst by ionic interactions. The
MgO-Os was used for the non-enantioselective dihy-
droxylation of olefins.['*]

The concept for immobilization of osmium catalysts
by ionic interaction has been further extended to the
utilization of room temperature ionic liquids as a sta-
tionary phase.[ls] In these methods, recovery and
reuse of the catalyst was realized by liquid-liquid
phase separation. Use of supercritical CO, for extrac-
tion of the products was also reported.[lsh’i] Hydroxy-
lated or mono-quaternized bis-alkaloid ligands have
been devised to immobilize both the osmium compo-
nent and the chiral ligand in the ionic liquid pha-
se.54tel A room temperature ionic liquid was also
utilized to immobilize a catalytic system consisting of
OsO,4 and co-catalysts [N-methylmorpholine and a
flavin, VO(acac),, or MeReOs] for dihydroxylation of
alkenes using H,0,."*¥] Those catalytic systems can
be recycled and used up to five times.

A combined use of an osmium catalyst immobilized
on quaternary ammonium salts bound to a silica gel
(TentaGel-Os), mono-quaternized bis-alkaloid ligand
(L*), and an ionic liquid was reported (Table 7).'°!

Table 7. TentaGel-Os/L*/ionic liquid system.

TentaGel-Os (0.5 mol %)
Ph L* (2 mol %) HO Ph

PH NMO (2.6 equivs.)

[bmim][PF4l/acetone/H,O (2:20:2)
r.t., 10 h (slow addition time)

OMe
~) o~
TentaGel-Os
Run 1 2 3 4 5 6 7 8 9 10

Yield [%]
ee [%]

84 8 8 79 8 81 78 74 69 70
95 93 9 91 90 8 8 87 88 89

Adv. Synth. Catal. 2006, 348, 1496 —1504
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With only 0.5 mol% of the osmium catalyst and 2.0
mol % of the chiral ligand, ten recycles were achieved
without significant loss of activity.

A polymer support bearing pyridinium ion moieties
([P/S- PEG3][BF4]) was utilized for the immobilization
of osmium (Table 8).'”l The polymer was prepared
from poly(4-vinylpyridine-co-styrene) and a triethy-
lene glycol derivative. Osmium was introduced by
shaking OsO,4 and the ionic polymer in H,O/CH3;CN
to give [P/S-PEG;][BF,]-Os. This catalyst exhibited
good catalytic performance for asymmetric dihydrox-
ylation and was reused five times, although a gradual
loss of activity was observed.

Table 8. [P/S-PEG;][BF,]-Os.
[P/S-PEG,][BF,]-Os (2 mol %)
(DHQD),PHAL (3 mol %) HO Ar

XA >
Ph NMO (1.5 equivs. )

H,O/CH,CN (1:9),

5\)\ PS\}\ [P/S-PEG;][BF 4]

Ph OH
Ar = p-CHOC¢H,

Amberlite XAD-4 and XAD-7
Scheme 3. XAD-4-Os and XAD-7-Os

resins were treated with OsOy4 in ~-BuOH/H,0, and
the osmium component was anchored to the resins as
Os(VI) and Os(IV) glycolates as was confirmed by
XPS analysis (Scheme 3). The catalysts (XAD-4-Os

0sO,
—_—
t-BuOH/H,O (1:1)
r.t.

XAD-4-Os and XAD-7-Os

and XAD-7-Os) showed high catalytic activity in
asymmetric dihydroxylation using K;Fe(CN)g cooxi-
dant. Although the gradual loss of activity was ob-
served, only 1 mol % of XAD-4-Os was recycled five
times with constant enantioselectivity (Table 9). The

+N BF4
o/\')’O‘Me Table 9. Reusability of XAD-4-Os.
XAD-4-Os (1 mol %)
% HO, OH
Run Time [h] Conversion [% ] ee [%] __ (DHQ):PHAL (1 mol /): -
ot KsFe(CN)s, K,CO4 b
1 3 9 96 (3.0 equivs. each)
2 4 99 96 CH,;SO,NH, (1.0 equiv.)
3 6 99 97 t-BuOH/H,0 (1:1), r.t.
4 10 99 97
5 12 99 96 Run Time [h] Yield [%] ee [%]
1 2 93 95
2 2 92 95
.. . . 3 2.5 90 95
4 Immobilization on Supports Bearing 4 6 88 95
Olefins 5 24 88 95

In 2001, Jacobs and co-workers reported the use of
tetrasubstituted olefins on a silica gel support to im-
mobilize osmium.["®! OsO, readily osmylates the tet-
rasubstituted olefins, but the resulting osmate(VI)
ester is scarcely hydrolyzed. Therefore, the osmate-
(VI) is reoxidized without releasing the diol to
osmate(VIII) which can serve as a catalyst via the
second catalytic cycle. This technique was later adopt-
ed to develop soluble dendrimer-bound!"”! and fluori-
nated® osmium catalysts which could be recovered
and reused by phase separation. However, these
methods cannot be applied to asymmetric dihydroxy-
lation because the process is based on the second cat-
alytic cycle.

Meanwhile, in 2002, Song and co-workers reported
the utilization of porous resins bearing vinyl groups as
solid supports, that is, Amberlite XAD-4 gpolystyr—
ene-based) or XAD-7 (polyacrylate-based).’!] These

Adv. Synth. Catal. 2006, 348, 1496 -1504
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same catalyst was later applied to asymmetric amino-
hydroxylatlon by the same authors, although leaching
of osmium was observed.?

The same group also reported simultaneous immo-
bilization of a chiral ligand and osmium on a vinylat-
ed polymer support (Scheme 4).1° Although good
enantioselectivity (90 % ee for the dihydroxylation of
styrene) was observed, leaching of 8-10% of osmium
was detected by ICP analysis of the filtrate when the
catalyst was reused.

To improve recyclability of the osmium catalyst, the
same group introduced both vinyl and %uaternary am-
monium groups on a polymer support 4Tt is expect-
ed that OsO4 and OsO4>~ are captured by the vinyl
and ionic moieties, respectively. The polymer support
and the osmium catalyst were prepared according
to the reactions shown in Scheme 5. With only
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www.asc.wiley-vch.de

REVIEWS

Shi Kobayashi and Masaharu Sugiura

Lo A

s ~O On~g

~O0—’ Yo
OMe

<

~

N

divinylbenezene
styrene (1:1)
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AIBN
toluene/H,0

CI- Et,N-
Cl- Et;N*
- “" 1) AIBN, toluene/H,0
50 °C, 5 h
+ -
2) Et;N, CHCl,
_ 70°C,24h g g
cl
8:2

0s0O,
_—

t-BuOH/H,0O (1:1)
r.t.

OsO,
_—

NEt, G +-BUOH/H,O (1:1)
rt

VinylAmm resin-Os

Scheme 5. Use of a polymer support bearing vinyl groups and quaternary ammonium moieties.

0.2 mol% of the catalyst (VinylAmm resin-Os) and
0.5 mol% of (DHQ),PHAL, a series of alkenes were
transformed to the corresponding diols with high
enantioselectivity. Reusability was tested with 1
mol % of the catalyst in the reaction of styrene, show-
ing only slight loss of activity observed in the fifth use
(Table 10). Notably, reusability was proved to be very
hig[lllz]compared to that of XAD-4-Os”!! and Resin-
Ost .

Table 10. VinylAmm resin-Os catalysts.

VinylAmm resin-Os (1 mol %)
(DHQ),PHAL (1 mol %) HO OH

“,
- .
o

Ph/_ K3Fe(CN)6Y K,CO4 PH
(3.0 equivs. each)
CH3SO,NH, (1.0 equiv.)
t-BuOH/H,O (1:1), r.t.
Run Time [h] Yield [%)] ee [%]
1 2 94 95
2 2 91 95
3 2 93 95
4 2 90 95
5 3.5 90 95

5 Miscellaneous Approaches
Poly(ethylene glycol) (PEG) (Mw = 400) was used as

a recyclable reaction medium for asymmetric dihy-
droxylation./”®! The reaction proceeded rapidly in this
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medium using only 0.5 mol % of osmium. After each
run of the reaction, the product could be extracted
with diethyl ether and the PEG layer was repeatedly
used without significant loss of activity. The chiral
ligand was also recovered to some extent in this
medium. The PEG moieties were first introduced in
the solid support in PEM-MC 0s. Based on the
beneficial effect of the PEG media, TentaGel—Os,[16]
and [P/S-PEG;][BF,]-Os!'’! may have similar effects
on capturing the osmium component in the supports.

A silica gel-supported chitosan (SiO,-CS) was uti-
lized for immobilization of osmium and as a chiral
ligand.*®) The catalyst (Si0,-CS-Os) was prepared
from this supported chitosan and OsOy, in the pres-
ence of -BuOOH and was used for asymmetric dihy-
droxylation using K;Fe(CN)g as cooxidant in --BuOH/
H,0. SiO,-CS-Os can be recovered by simple filtra-
tion and reused several times without significant loss
of activity (Table 11). Similarly, chitin, a poly(N-ace-
tylglucosamine), was used as a ligand as well as a sup-
port by another group.[27] Although good activity and
retention of osmium in the support was observed
using NMO as cooxidant, the enantioselectivity was
low and catalyst recycling was not successful.

An aqueous solution of a sugar (sucrose) was used
as a new, inexpensive immobilization medium in com-
bination with (QN),PHAL (tetrahydroxylated in situ)
for recovery of osmium and the chiral ligand.[zg] Al-
though the activity decreased gradually, the catalyst
(starting from only 0.1 mol %) was reused three times
with constant enantioselectivity without further addi-
tion of OsOy4 and the chiral ligand after the first run.

Adv. Synth. Catal. 2006, 348, 1496 —1504


www.asc.wiley-vch.de

Immobilization of Osmium Catalysts for Asymmetric Dihydroxylation

REVIEWS

Table 11. SiO2-CC-Os.

Si0,-CS-Os (3 mol %) HO, OH
ot T KsFe(CN)s K,CO; Ph;

(3.0 equivs. each)
t-BuOH/H,O (1:1), 25 °C, 24 h

- I

0304
Si0,-CS-0s (asummed structure)

Run Yield [%] ee [%]
1 66 77
2 66 77
3 65 77
4 63 70
5 61 69
6 59 63

6 Perspectives

The development of recoverable and reusable cata-
lysts is of current concern from the viewpoint of envi-
ronmental preservation as well as resource and cost
saving. In this context, realization of truly efficient,
immobilized, enantioselective osmium catalysts might
be a guidepost of this endeavor, because immobiliza-
tion of osmium catalysts has many difficulties to be
overcome such as toxicity, volatility, contamination in
the products, involvement of several oxidation states,
reversible coordination of the chiral ligand, etc. This
review summarizes recent efforts to address this issue.
Although several promising approaches have been re-
vealed, these studies are still underway. More simple
and reliable methods are being pursued.
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