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Abstract—An osmate-exchanged chloroapatite (CAP-OsQ,) catalyst was prepared by an ion-exchange technique. CAP-OsO, effi-
ciently catalyses asymmetric dihydroxylation of olefins including o,B-unsaturated esters and amides to afford the corresponding
diols in high yields and enantioselectivities. The catalyst was reused for several cycles with consistent activity.

© 2007 Published by Elsevier Ltd.

Osmium catalyzed asymmetric dihydroxylation of
olefins, developed by Sharpless, is a very useful method
for the preparation of vicinal diols.! In many instances,
the chiral diol units are often utilized as key structural
constituents of natural products, examples include the
synthesis of bicalutamide, diltiazem hydrochloride, and
the Taxol C-13 side chain. Nevertheless, the synthetic
utility provided by asymmetric dihydroxylation is
restricted by the high cost and toxicity due to the con-
tamination of osmium in the product. Kobayashi and
co-workers? has developed a technique, named micro-
encapsulation, where osmium tetroxide is encapsulated
in polymer capsules. Jacobs and co-workers® have de-
scribed immobilization of osmium tetroxide by covalent
anchoring and Yao®* has used the combination of ionic
liquids and 4-(dimethylamino)pyridine for dihydroxyl-
ation of olefins. Recently, Choudary et al. have not only
immobilized osmium tetroxide on layered double
hydroxide® via ion-exchange but also developed the
counterionic stabilization technique® for heterogeneiza-
tion of osmium tetroxide on nanocrystalline MgO by
for achiral dihydroxylation.

Recently, there has been research interest on weakly
amphoteric apatites as supports, mainly because of the
fact that various types of cations and anions can be
readily introduced into the framework of apatites due
to their large ion-exchange ability and such exchanged
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apatites are already in use in several organic
transformations.’

As a result of the above, and in conjunction with our
experience on catalytic organic transformations,® we
believe that osmium tetroxide supported on a biocom-
patible exchanger such as chloroapatite may function
efficiently as a heterogeneous catalyst for asymmetric
dihydroxylation. In addition, the basicity provided
by chloroapatite may favor the hydrolysis of the
osmium-glycolate complex, thus enhancing the turnover
frequency of the catalyst. We herein disclose the
preparation of an osmate-exchanged chloroapatite
(CAP-OsOy4) catalyst and its utility in asymmetric
dihydroxylation of olefins (Scheme 1).

In order to generalize the scope of the ion-exchange
technique for the heterogeneization of the osmate cata-
lyst through immobilization, chloroapatite and its ana-
logues including fluoroapatite and hydroxyapatite were
evaluated for dihydroxylation reactions. In the case of
chloroapatite,” the Cl~ ions were exchanged with
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Scheme 1.
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0s0,* ions to afford CAP-OsO,.'° The osmium
content in the CAP-OsO, catalyst was 0.786 mmol/g
as determined by SEM-EDX and confirmed by quanti-
tative analysis of potassium chloride formed in the
exchange process. However, the hydroxyapatite and
fluoroapatite analogues of CAP-OsO,4, were obtained
with very low osmium content.

In a typical reaction,!' to a mixture of CAP-OsO,,

(DHQD),PHAL and N-methylmorpholine-/N-oxide
(NMO) in ‘BuOH-water (1:1), an olefin (Table 1, entries

Table 1. CAP-OsO, catalyzed asymmetric dihydroxylation of olefins

1-8) was added and the reaction was run for the period
of time given in the Table. Work-up afforded the corre-
sponding diols in high yields (71-96%) and enantiomeric
excess (90-97%). The recovered catalyst and ligand were
recycled five times without significant loss of activity
and selectivities as presented in Figure 1. Further, to
the filtrate, fresh aliquots of substrate and NMO were
added and the mixture was stirred for 48 h; however,
no product formation was observed. In addition, an
iodometry test confirmed the absence of leached
osmium.”®

Entry  Substrate Product Absol. Config.  Time (h)  TIsolated yield (%)  ee® (%)
o oH 4
1 O/\)‘\om oo 253R 12 93 95
OH
o
2° O/\)‘\om o 2R3S 12 92 92
le) OH
3 /O/\)J\om oMe  2S3R 12 89 93
MeO MeO ont
(0]
4 /O/\)‘\om oMe  2R3S 12 87 90
MeO MeO
OH
5 O/\ O)\/OH R 12 96 96
OH
6 x O O R.R 12 94 97
® T
HO
7° NH\”/K N N 24 73 90
LT LT
HO,
N 24 71 92

NH, NH,
C
8 (¢] 0]
N NC
CF,

#The ee was determined by HPLC analysis using Diacel Chiralcel OJ column.

®Reaction in the presence of (DHQ),PHAL.

¢ Reaction in the presence of 2.5 mol % of OsQy4, 3 mol % of (DHQD),PHAL and 1 mol equiv of PhSO,NH, in 1:1 ‘BuOH-H,0.
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Figure 1. Recycling of the CAP-OsO, catalyst for the asymmetric
dihydroxylation of methyl cinnamate.

Moreover, various olefins (Table 1, entries 1-6) were suc-
cessfully screened in asymmetric dihydroxylation reac-
tions using CAP-OsO,. In some cases, (DHQ),PHAL
was used as the ligand and the corresponding diols were
isolated in high yields and enantiomeric excesses (Table
1, entries 2 and 4).

In order to broaden the synthetic utility of the present
process, we studied the asymmetric dihydroxylation of
o,B-unsaturated amides. The rate of osmylation of elec-
tron deficient olefins such as ao,B-unsaturated carbonyls
can be very low, while unsaturated esters still give
satisfactory reaction rates at room temperature under
standard asymmetric dihydroxylation conditions.
Unsaturated amides, although more electron rich than
the corresponding esters, react sluggishly presumably
due to the problems of osmate ester hydrolysis. How-
ever, a dramatic increase in the turnover rate could be
achieved by increasing the amount of osmate and ligand
fivefold in the presence of methane sulfonamide as an
additive.'> Thus, o,p-unsaturated amides (Table 1,
entries 7-8) were subjected to CAP-OsO, catalyzed
asymmetric dihydroxylation. In the absence of any addi-
tive, the products were isolated in low yields. On using
methane sulfonamide, the reaction did not proceed with
much better alacrity. However, increasing the amount of
catalyst and ligand threefold and using benzene sulfon-
amide as an additive were found to be very effective
affording the desired products in good yields and high
enantiomeric excesses.

In conclusion, CAP-OsOy4 was prepared by a very simple
ion-exchange technique using chloroapatite as the sup-
port, and was found to be very efficient and reusable
for the asymmetric dihydroxylation of a variety of
olefins.
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Preparation of chloroapatite: Ca(NO3),4H,O (15.576 g,
0.066 mol) dissolved in water (60 mL) was brought to pH
11-12 with concentrated NH4OH and then diluted to
120 mL with water. A solution of (NH4),HPO, (5.28 g,
0.04 mol) and NH,4CI (0.713 g, 0.013) in 100 mL of water
was brought to pH 11-12 with concentrated NH,OH and
thereafter diluted to 160 mL with water. The calcium
solution was vigorously stirred at room temperature, and
the phosphate solution was added dropwise over a period
of 30min to produce a milky, somewhat gelatinous
precipitate, which was then stirred and boiled for 10 min.
The precipitate was filtered, washed, dried at 80 °C
overnight, and calcined at 500 °C for 3 h. All the synthetic
steps were carried out using doubly distilled water.
Preparation of CAP-OsOy catalyst: 1.5 g of chloroapatite
was suspended in 150 mL of 1.87 mmol (0.689 g) aqueous
potassium osmate solution and stirred at 25 °C for 12 h
under a nitrogen atmosphere. The solid catalyst was
filtered, washed thoroughly with 500 mL of water and
vacuum dried to obtain 1.916 g of CAP-OsQO, (0.786 mmol
of Os per g as determined by SEM-EDX)).

Procedure for asymmetric dihydroxylation of methyl cinna-
mate: CAP-OsO, (100.2 mg, 0.08 mmol), (DHQD),PHAL
(78.0 mg, 0.1 mmol), and N-methylmorpholine-N-oxide
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(NMO, 15.0 mmol) were taken in a round bottomed flask
containing ‘BuOH-water (1:1, 60 mL) and stirred at room
temperature. To this mixture was added methyl cinnamate
(1.62 g, 10 mmol) slowly over 12 h. After completion of
the reaction, the CAP-OsO, catalyst was filtered and
washed with methanol. Ethyl acetate and 1 N HCI were
added to the combined filtrates. After removing the
solvent, the crude material was chromatographed on silica
gel with EtOAc-hexanes to afford the corresponding cis-
diol. Yield: 1.82 g (93%); ee: 95%; Mf; —10.60 (¢ 1.0
CHCl5) [lit."* —10.7 (¢ 1.0, CHCl3)]; "H NMR (200 MHz,

12.

13.

CDCl;): § (ppm) 3.32 (br s, 2H), 3.81 (s, 3H), 4.36 (d,
J=28Hz, 1H) 5.01 (d, J=2.8 Hz, 1H), 7.36 (m, SH);
13C NMR (50 MHz, CDCly): 6 (ppm) 52.8, 74.4, 74.7,
126.2, 128.1, 128.4, 139.9, 173.1; HPLC (Daicel Chiralcel
0OJ, 10% ‘PrOH in hexane, flow rate 1.0 mL/min):
tr = 19.1 (minor), tg =26.7 (major). The chiral ligand
was recovered from the aqueous layer.
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