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The combination of the ionic liquid [bmim]PFs and DMAP provides a most simple and practical approach to the immobilization of 0sO, as
catalyst for olefin dihydroxylation. Both the catalyst and the ionic liquid can be repeatedly recycled and reused in the dihydroxylation of a
variety of olefins with only a very slight drop in catalyst activity.

Development of cost-effective and environmentally benign a unique catalystsolvent combination system that uses a
catalytic systems is one of the main themes of contemporaryroom-temperature ionic liquid as the key solvent component
synthetic chemistry. From the viewpoints of atom econbmy for the anchoring of an osmium catalyst for olefin dihy-
and green chemisti/a highly desirable catalytic process droxylation. This allows the dihydroxylation reaction to be
should be one that involves low catalyst input and minimal performed under standard homogeneous conditions while
production of byproducts and hazardous solvent wastes withboth the catalyst and the anchoring solvent can be repeatedly
maximum product output. In this context, efficient recycling recycled and reused.

and subsequent reuse of an otherwise more efficient homo- Osmium-catalyzed olefin dihydroxylation, represented by
geneous catalyst may provide a powerful alternative to a the well-known Upjohn procedutdor the production of
generally less efficient but operationally and economically vicinal diols and its asymmetric version developed by
more advantageous heterogeneous catalis.report herein ~ Sharpless et af.js one of the most useful transformations
for the functionalization of alkenes. Although these reactions
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have found widespread application in organic synthesis, theionic liquid layer by ether. Standard chromatographic
high cost of the osmium catalyst as well as the ligand in the purification gave the pure diol product in 96% yield (Table
case of asymmetric dihydroxylation (AD), coupled with the 1, entry 1, run 1). A second run of the reaction was then

hazardous toxicity and volatility of Os(® obstructs their
large-sale industrial applicationEarly attempts to im-
mobilize OsQ on polymeric supported tertiary amiriés

conducted using the recovered ionic liquid with a new batch
of the olefin under otherwise identical conditions. It is
noteworthy that the diol was isolated in 90% vyield (Table 1,

failed to recover and reuse the catalyst due to osmiumentry 1, run 2) even without any replenishment of the
leaching and catalyst decomposition. Kobayashi has previ- catalyst, indicating that both the ionic liquid and the catalyst
ously reportetf that OsQ could be microencapsulated in a were recyclable and reusable. However, further recycling and
polymer matrix and used as a recyclable and reusable catalysteuse of the catalyst system resulted in a dramatic decrease
for olefin dihydroxylation. However, high loading of osmium in the yield of the product (Table 1, entry 1, runs 3 and 4).
was required in a typical dihydroxylation reaction. Very This suggested that the active catalytic species, eithe OsO
recently, two conceptually new approaches to the im- itself or complexl (Figure 1), formed in situ during the
mobilization of osmium catalyst have been achieved on the

basis of the formation of a hydrolytically stable osmium || D

monoglycolate derived from a silica-bound tetrasubstituted

olefin'! and by using an ion-exchange technitfumn various /N Me @ b
. O +NU _ MeoN N-0s0,
solid supports. \__/ 0sO; —
In searching for a more practical and efficient approach 1 2

tott thet |(;‘ntr)‘n(itt]>|llzatllon of the tlosml;Jm Cattalyst, Wte Wgre. Figure 1. Formation of Complexes between Qs@nd Amine
attracted by the unique properties of room-temperature ionic Ligands.1: NMM-OsOy. 2: DMAP-OsQ.

liquids'® that have recently emerged as environmentally
benign reaction media as well as new vehicles for the
immobilization of transition metal-based catalysts. Using course of the reaction, underwent significant leaching after
l-octene as a test substrate, we set out to examine thesach recycling and reuse. Since complex formation between
osmium-catalyzed dihydroxylation under the standard Upjohn OsQ, and an amine ligand is expected to be reversible, it is
conditions (OsQ/NMO in t-BuOH/H,0) in the presence of  reasonable to assume that a stronger binding and more polar
the room-temperature ionic liquid 1-butyl-3-methylimida- amine might help in preventing complex dissociation and
zolium hexafluorophosphate ([bmim] R Table 1)}* After enhance its partitioning in the more polar ionic liquid layer.

This reasoning was then tested with 4-(dimethylamino)-

pyridine (DMAP), with the anticipation that complex®
Table 1. Effect of DMAP on OsQ-Catalyzed Dihydroxylation would be more resistant to osmium leaching. To our delight,
of 1-Octene in lonic Liquid
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Van Niewenhze, M. S.; Sharpless, K. Bhem. Re. 1994 94, 2483~ 5300 5208
2547. (c) Johnson, R. A.; Sharpless, K. BOatalytic Asymmetric Synthesis MMz MM
2nd ed.;Ojima, I., Ed.; VCH: Weinheim, 2001; pp 35398. M 0s0 s HY

(6) Even when other forms of osmium such as Qs@d KJ[OsO;(OH)4] »p 5525 chl; | 55,08
are used, volatile-free Os@ present in some stage of the catalytic cycle. N" H N©OHT

(7) For a case study, see: Ahrgren, L.; SdutinQrg. Proc. Res. Dev. 0Os04
1997,1, 425—427.

2198 Org. Lett., Vol. 4, No. 13, 2002



Table 2. cis-Dihydroxylation of Olefins in lonic Liquid Using Os©DMAP as Recyclable and Reusable Catalyst

yieldb
entry olefin conditions product
run 1 run 2 run 3 run 4 run 5 run 6
HO OH
1 @ rt, 16h @ 93% 89% 91% 87% 85% 82%
OH
2 CMong,  madn CaHo YLC4H9 93% 87% 89% 80% 93%°
OH
P OH
3 Ph™ X rt, 16h 95% 93% 96% 95% 93% 93%
Ph/K/OH
4 e rt, 16h Me, o1 99% 95% 98% 97% 90% 95%
. o (q () ()
Ph)\ Ph></ OH o o
OH
5 ph X Ph rt, 24h Ph)\( Ph 73% 7% 80% 79% 7% 78%
OH
Ph HO OH
1
6 50 °C, 6h Ph!! 87% 76% 86% 84% 80% 77%

aFor general reaction conditions, see footnote a, TabRsblated yield.° The reaction was run for 40 h.

the use of 1.2 equiv of DMAP relative to Og@esulted in practical® approach to the immobilization of osmium catalyst
a drastic improvement in the recyclability of the catalyst, for olefin dihydroxylation. Further optimization of the
giving a consistently high yield of the product even after recyclability of the catalyst as well as extension to the use
four consecutive runs (Table 1, entry 2). of chiral ligand$ for asymmetric olefin dihydroxylation is
The efficiency of this new protocol for the immobilization  currently underway in our laboratory.
of OsQ, was further examined with a variety of other
substrates, including mono-, di-, and trisubstituted aliphatic, ~Acknowledgment. This work was supported in part by
as well as aromatic, olefins (Table 2). In almost all the cases the Petroleum Research Fund, administered by the American
tested, the dihydroxylation went smoothly at room temper- Chemical Society, and by Northern lllinois University.
ature with 2 mol % catalyst, giving a high yield of the
products over at least five consecutive runs of recycling and  Supporting Information Available: Experimental pro-
reuse and with only a very slight drop in catalyst activity. cedures and NMR data of the products. This material is
In the case of a sterically unfavorable substrate (Table 2, available free of charge via the Internet at http://pubs.acs.org.
entry 6), a moderat.ely gleva}ted temperature was required t0y, 1o6172p
afford the product in high yield.
In summary, this work demonstrates that the combination (16) [Bmim]PFs can either be purchased from Acros Organics at
of an ionic liquid and DMAP provides a most simple and relatively low cost or readily made in large quantities by simple procedures.
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