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A biomimetic catalytic system for dihydroxylation of olefins
consisting of OsO4, N-methylmorpholine, and a flavin has been
immobilized in an ionic liquid. This immobilized catalytic
system is highly efficient for dihydroxylation with 30% aqueous
H2O2 and it can be reused (at least 5 times) without loss of
activity.

The osmium-catalyzed dihydroxylation of olefins is one of the most
useful and easily performed oxidation reactions in organic
synthesis.1 In this process, osmium(VIII) is reduced to osmium(VI)
by reaction with an olefin to yield a vicinal diol. A range of oxidants
for recyling Os(VI) to Os(VIII) have been reported.1–4

We have recently developed biomimetic catalytic systems for the
dihydroxylation of olefins with hydrogen peroxide.4–6 A stepwise
low-energy electron transfer7 via electron transfer mediators
(ETMs), in analogy with biological systems, leads to a mild and
selective dihydroxylation by hydrogen peroxide. The latter is an
inexpensive and environmentally friendly oxidant.8,9 In Scheme 1,
N-methyl morpholine (NMM) and an additional ETM was used to
carry electrons from Os(VI) to H2O2. Examples of H2O2-activating
ETMs in Scheme 1 that we have used are 1,4 2,5 and 36 (Fig. 1).

One of the mildest oxidation systems according to Scheme 1 was
obtained with flavin 1 as the H2O2-activating ETM. Flavin 1 is an
efficient ETM but fragile and attempting to isolate it after the
reaction is difficult. Also, the other catalysts of the triple catalytic
system (Scheme 1) are difficult to recover and reuse. One way to
circumvent this problem would be to immobilize one or more
components of the catalytic system. We now report on a successful
and novel10 ionic-liquid immobilization of the whole biomimetic
system of Scheme 1, where the three-component system can be
recovered and reused.

Various methods for immobilization of OsO4 have been reported
in the literature.11–13 Recent developments have concerned poly-
mer encapsulation of osmium tetroxide,12a–c chemically anchoring
of osmium to a solid support,12d–f and dissolving osmium tetroxide
in ionic liquids.13 Ionic liquids have recently attracted much
attention.14,15 Changing one or both of the counterions can result in
a change in solubility properties, which has given them the name
“designer solvents”.16 For example, [bmim]PF6 is hydrophobic.17

We realized that use of ionic liquids presented an especially
convenient method of immobilizing not only one, but multiple
components. Accordingly, we began investigations using
[bmim]PF6 and the components of our triple catalytic system with
flavin 1 as ETM (Scheme 1). The components of the biomimetic
triple catalytic system were immobilized in the ionic liquid
([bmim]PF6) and TEAA and DMAP were added. Acetone was
added as co-solvent and reaction of styrene with aqueous 30%
H2O2 in this medium for 3h at room temperature afforded the diol
product in 85% isolated yield after workup (Scheme 2, Table 1,
entry 1).

A number of representative olefins were dihydroxylated using
these reaction conditions. In this series of reactions, 1.5 equiv. of
hydrogen peroxide (30% aqueous solution) was added over a 1.5 h
period via syringe pump, followed by a further 1.5 h of stirring.
After this time, the acetone was removed under reduced pressure
and the reaction mixture was extracted with diethyl ether. The crude
product obtained was chromatographed on silica gel to give the diol
in good yield. The results are summarized in Table 1. The isolated
yields of diol from these simple olefins ranged from 75–88%.

After obtaining these promising results, we moved on to testing
the reusability of the system. The remaining ionic liquid residues
from the reaction of a-methyl styrene and allyl phenyl ether were
therefore recharged with 1 equiv. of olefin. Co-solvents and
hydrogen peroxide were added as above with the same reaction
times. Reaction workup was carried out again by removing volatile
solvents under reduced pressure followed by extractions with
diethyl ether and silica gel chromatography of the crude extracts.
The ionic liquid was recovered and again submitted to further
reactions with fresh starting material, co-solvents, and hydrogen
peroxide until five cycles were reached. The yields for each of the
five cycles were good, although with some minor variations. We
were pleased to find that the flavin as well as the osmium and NMM
(NMO) were retained within the ionic liquid for multiple runs,
allowing for continued H2O2-based dihydroxylation to occur
without loss of activity.‡ The results are given in Table 2. Control
reactions run without flavin under otherwise identical conditions

† Electronic supplementary information (ESI) available: experimental
details. See http://www.rsc.org/suppdata/cc/b4/b403333g/

Fig. 1 Electron Transfer Mediators (ETMs) successfully used in a triple
catalytic system.

Scheme 1 Biomimetic system for dihydroxylation of olefins.

Scheme 2 Biomimetic dihydroxylation in ionic liquid.
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resulted in 66% yield of diol from a-methyl styrene and 35% yield
of diol from trans-2-octene on the first runs, indicating that direct
H2O2 oxidation is possible, but not as efficient as with the flavin-
based system. We also performed some experiments using
VO(acac)2 (2) as ETM, which gave essentially the same results as
with flavin 1 for the styrenes. However, the results were not as
consistent for the other olefins as with the flavin system.

The yields are consistently good over the five reaction cycles,
demonstrating the effective immobilization of the complete
biomimetic system of Scheme 1, where the ETM is flavin 1. The
successful recycling of the triple catalytic system components
allows for a more economic and environmentally friendly process.
It becomes operationally very simple: after extraction of the
product, new olefin and hydrogen peroxide are added to the
immobilized biomimetic system for an additional dihydroxyla-
tion.
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Table 1 Biomimetic dihydroxylation in ionic liquida

Entry Olefin Product Yieldb

1 85%

2 84%

3 75%

4 84%

5 88%

6 79%

a Unless otherwise noted 7.2 mg of K2OsO4 (1 mol%), 16 mg of flavin 1 (3
mol%), 28 mL of N-methyl morpholine (NMM) (12 mol%), 2.6 mg of
DMAP and Et4N+OAc2 (TEAA) (0.5 equiv.) were stirred in 0.5 mL of
[bmim]PF6. 1 mL of acetone and 0.25 mL of H2O were added as co-solvents
together with the olefin (2 mmol). 30% H2O2 (3 mmol) was added over 1.5
h followed by 1.5 h of reaction. b Isolated yields.

Table 2 Yields of diol in dihydroxylation after catalyst recycling

Yielda

Entry Olefin Run 1 Run 2 Run 3 Run 4 Run 5

1 84% 84% 90% 71% 89%

2 88% 76% 90% 73% 84%

a Isolated yields.
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