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HETEROGENEOUS CATALYTIC ASYMMETRIC DIHYDROXYLATION:
USE OF A POLYMER-BOUND ALKALOID

B. Moon Kim and K. Barry Sharpless*

Department of Chemistry, Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

Summary: By employing polymer-bound alkaloid derivatives, heterogeneous catalytic asymmetric
dihydroxylation has been achieved with good to excellent enantioselectivities in the dihydroxylation of
trans-stilbene. It has also been shown that the OsO4—polymer complex can be used for iterative processes.

Recently we reported a practical catalytic asymmetric dihydroxylation (ADH) of olefins using a
catalytic amount of osmium tetroxide in the presence of cinchona alkaloid derivatives.! Industrial scale
syntheses of optically active vicinal diols are now possible with this catalytic system. As part of our
continuing effort to further improve convenience and economy of this new process, we investigated the
possibility of recycling the alkaloid-OsO4 complex; we now wish to report an efficient heterogeneous
asymmetric dihydroxylation utilizing polymer-bound cinchona alkaloid derivatives.2

Reports of polymer-bound cinchona alkaloids in connection with asymmetric heterogeneous
catalysis are common, and many routes exist for the preparation of various polymer-bound cinchona
alkaloids.3-13 We initiated our study of heterogeneous asymmetric dihydroxylation with copolymer 1
obtained by the straightforward copolymerization of 9-(p-chlorobenzoyl)quinidine with acrylonitrile.? The
asymmetric dihydroxylation of trans-stilbene using 1 proceeded very slowly (entry 1 in the Table)
presumably due to steric congestion resulting from the alkaloid being too close to the polymer backbone.
Accordingly, we investigated copolymers with longer spacer groups such as 2, 3, and 4.

Polymers 2 and 3 were prepared by slightly modifying!4 literature procedures (Scheme 1).13
Polymer 4 was prepared by copolymerizing 9-(10-undecenoyl)dihydroquinidine in the presence of
acrylonitrile (5 eq) in 13% yield with lower level of alkaloid incorporation (4%). With these polymers in
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hand, we investigated the ADH of trans-stilbene. The results are summarized in the Table. With all the
polymers examined except 1, good to excellent asymmetric induction and reasonable reaction rates were
observed. Reaction with polymer 2 exhibited the highest degree of asymmetric induction (entry 2). As is
exemplified in entries 6 and 8, the use of K3Fe(CN)g as a secondary oxidant noticeably improved the yield
and enantioselectivity of the reaction.1> It is particularly noteworthy that the activity of the OsO4-
polymer complex is preserved after the reaction thus allowing repetitive use of the complex with only
moderate loss of reactivity and enantioselectivity (entry 4). Studies on the scope of this reaction with
various olefins as well as the screening of different types of polymers (including cross-linked polymers)
are currently in progress.

In closing we note that this approach seems to be more effective at localizing the osmium in the
polymer than was thought possible. Either the binding constant of the alkaloid for the OsOy is greater in
the polymer than in free solution (where K~15-30) and/or the general environment of the polymer is
also attractive for OsO4. Some osmium seems to be lost {(cf. entries 3 and 4) but one may be able to contain
it by using a flow system through polymer cartridges in which the flow is periodically reversed or the
cartridges are moved from one end to the other. In any case, the prospect of containing for continuous
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use both the osmium and the alkaloid, the two expensive components, makes this approach highly
attractive.

Table. Heterogeneous Catalytic ADH of trans-Stilbene Using Various Polymeric Alkaloids1é

O alkaloid polymer (0.25 eq), cat OsO, OH O
@ X secondary oxidant, solvent? - 3,
Secondary Reaction Reaction
Entry Polymers OsO4 Oxidant Temp Time Yield (%) ee (%)
1 1 1 mol% NMO rt 7d 68 -
2 2 1 mol% NMO 10 °C 2-3d 81-87 85-93b
3 2 1 mol% NMO rt 24 h 81 82
4 2 -¢ NMO rt 36 h 75 78
5 3 1 mol% NMO 0°C 48 h 85 80
6 3 1.25 mol% K3Fe(CN)g rt 18 h 96 87
7 4 1 mol% NMO 10 °C 48 h 87 82
8 4 1.25 mol% K3Fe(CN)g rt 48 h 91 86

@ See reference 16 for experimental details of the two general procedures. With N-methylmorpholine-N-
oxide (NMO) acetone/water (10/1, v/v) was the solvent and with ferricyanide tert-butyl alcohol/water

(1/1, v/v) was used as solvent. b Results vary slightly depending on different batches of polymer 2.

€ Reaction was carried out with polymer 2 which had been used in entry 3 without further addition of
0Os04.
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(a) When NMO was used as the secondary oxidant: To a magnetically stirred suspension of the
alkaloid polymer (0.25 eq based on alkaloid incorporated), NMO (1.5 eq), and tetraethylammonium
acetate tetrahydrate (1.0 eq) in acetone-water (10/1, v/v) was added a solution of OsO4 (0.01 eq) in

either toluene or acetonitrile. After stirring for 10 min, trans-stilbene (1.0 eq) was added and the
reaction mixture was stirred for the given time and monitored by silica gel TLC (hexane-EtOAc 2/1,
v/v). The concentration of olefin in the reaction mixture was 0.3-0.4 M. After the reaction was
complete, the mixture was diluted with acetone and centrifuged to separate the polymer from the
reaction mixture. The supernatant was then worked up as described in reference 1. (b) When
K3Fe(CN)g was used as the secondary oxidant: To a well-stirred mixture of the alkaloid polymer (0.05
mmol, based on alkaloid incorporated), potassium ferricyanide (0.198 g, 0.6 mmol ) and potassium
carbonate (0.83 g, 0.6 mmol ) in tert-butanol (1.5 mL) and water (1.5 mL), was added OsO4 solution
(0.0025 mmol) in acetonitrile. After stirring for 10 min, ¢rans-stilbene (36 mg, 0.2 mmol) was added
and the mixture was stirred for the given time and monitored by silica gel TLC. When the reaction
was complete, water (3.0 mL) was added and the mixture was filtered. The filtrate was extracted with
dichloromethane (5 mL x 2) and the organic layer was stirred for 1 h with excess sodium metabisulfite
and sodium sulfate. This suspension was filtered and the filtrate was concentrated to provide crude
diol, which was purified on a silica gel column.
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