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A rapid 1,2-dihydroxylation of alkenes using a lipase and
hydrogen peroxide under microwave conditions
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Abstract—The combined advantages of using an enzyme immobilized lipase from Pseudomonas sp [PSLG6], hydrogen peroxide,
ethyl acetate and microwave irradiation for the dihydroxylation of olefins are reported.
� 2007 Elsevier Ltd. All rights reserved.
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Scheme 1. Lipase catalyzed dihydroxylation of olefins under micro-
wave irradiation.
1,2-Dihydroxy compounds are important intermediates
for the preparation of different pharmaceuticals such
as antagonists of central and peripheral dopamine
receptors,1 fragrants,2 cosmetics,3 photographic plates4

and lubricants5 and also as additives6 in various syn-
thetic reactions. Generally 1,2-diols are prepared either
by acid7 catalyzed hydrolysis of epoxides in the presence
of metal oxides, transition metal complexes8 or epoxide
hydrolases,1,9 dihydroxylation of olefins with potassium
permanganate,10 osmium tetroxide,11 zeolite catalysts,12

or by reduction of a-hydroxy ketones and diketones.13

However, from the point of view of atom efficiency,
the performance of these reagents is very poor. Further,
over-oxidation with consequent cleavage of C–C bonds
in certain cases, poor selectivity, long reaction times14

and use of toxic solvents are some of the associated
problems. Hence, the controlled use of hydrogen perox-
ide for 1,2-dihydroxylation of olefins under specific con-
ditions provides a better solution.15

Lipase assisted epoxidations using peroxides and acids
or esters is an attractive reaction in clean chemistry
research areas.16 In continuation of our recent work17

on epoxidation using such methodologies, we report
here a rapid method for direct 1,2-dihydroxylation of
various alkenes using immobilized lipase from Pseudo-
monas [PSLG6], 50% hydrogen peroxide and ethyl ace-
tate in a microwave in a single step (Scheme 1).18
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The yields of the 1,2-diols ranged from 70% to 90% (Table
1). The advantages of our method are: (i) it is metal free;
(ii) is rapid; (iii) gives high yields; (iv) the catalyst can be
recycled four times and; (v) the method is simple and safe.

A control experiment was carried out to check the
requirement for lipase in the reaction. In the absence
of lipase, no diol formation occured.

The reaction proceeds through formation of an epoxide
(Scheme 2),19 however, no intermediate epoxide could
be isolated from the olefins 1a–16a. In the cases of
cholesterol and stigmasterol 17a and 18a, the reaction
is noteworthy. The isolated double bond in stigmasterol
18a at C-22 remained unaffected under the reaction
conditions, whilst the sterically hindered double bonds
at C-5,6 in both cholesterol 17a and stigmasterol 18a
were epoxidized to give 5a,6a-epoxides 17b and 18b
(Scheme 3). The hydroxyl at C-3 of cholesterol 17a
and stigmasterol 18a probably facilitated epoxide
formation. Epoxides 17b and 18b were stable and did
not undergo ring opening to the diols.

The dihydroxylation of cyclohexene and 1-phenylcyclo-
hexene 12a and 13a under the above conditions
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Table 1. 1,2-Dihydroxylation of olefins with 50% H2O2 and ethyl acetate in the presence of [PSLG6] under microwave irradiationa

Entry Substrates 1a–18a Productsb 1b–18b Time (min) Yieldc (%)

1 Styrene 1-Phenyl-1,2-ethanediol 6 76
2 4-Cl–styrene 4-Cl–phenyl-1,2-ethanediol 5 90
3 3-Cl–styrene 3-Cl–phenyl-1,2-ethanediol 5 85
4 2-Cl–styrene 2-Cl–phenyl-1,2-ethanediol 6 80
5 4-Br–styrene 4-Br–phenyl-1,2-ethanediol 5 83
6 3-Br–styrene 3-Br–phenyl-1,2-ethanediol 5 81
7 2-Br–styrene 2-Br–phenyl-1,2-ethanediol 6 79
8 4-Nitrostyrene 4-Nitrophenyl-1,2-ethanediol 7 85
9 3-Nitrostyrene 3-Nitrophenyl-1,2-ethanediol 7 83

10 2-Nitrostyrene 2-Nitrophenyl-1,2-ethanediol 7 80
11 4-MeO–styrene 4-MeO–phenyl-1,2-ethanediol 10 77
12 Cyclohexene trans-Cyclohexane-1,2-diol 8 87
13 1-C6H4-1-Cyclohexene trans-1-Phenylcyclohexane-1,2-diol 10 80
14 a-Me–styrene 1-Me-1-phenyl-1,2-ethanediol 10 70
15 1-Hexene 1,2-Hexanediol 10 72
16 trans-2-Hexene trans-2,3-Hexanediol 10 83
17 Cholesterol Cholest-5a,6a-epoxy-3b-ol18,20I 10 85
18 Stigmasterol Stigmast-5a,6a-epoxy-3b-ol18,20K 10 83

a The reactions were run with olefin (8–10 mmol), 50% H2O2 (2.5 mL, 36 mmol), ethyl acetate (5 mL) and lipase PSLG6 (20 mg) under microwave
irradiation for 5–10 min.

b The products were characterized from their respective IR, NMR and mass spectroscopic data and by comparison with the literature data.20

c Isolated yields of products.
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Scheme 2. Lipase catalyzed dihydroxylation of olefins under micro-
wave irradiation.
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Scheme 3. Lipase catalyzed epoxidation of sterol substrates under microwav
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produced trans-1,2-cyclohexanediol 12b and trans-1-
phenylcyclohexanediol 13b in 87% and 80% yields,
respectively. Interestingly, under microwave irradiation
(150 W) the immobilized lipase [PSLG6] was not dena-
tured and could be recycled in subsequent runs which
is in agreement with the earlier observations.15 The con-
version was found to occur best on exposure to MW
irradiation (150 W) for 5–10 min whereby the reaction
temperature was about 60 �C (measured in a conven-
tional manner by stopping the exposure). The micro-
wave irradiation increases the reaction rate and
decreases inactivation of the enzyme during the reac-
tion.15 When the reaction was carried out under conven-
tional conditions at reflux, it required more than 20 h for
completion and the yield of the diols obtained were
found to be lower in comparison. The product diols in
all the cases were accompanied by 5–8% of the 2-acetyl-
oxy derivatives formed through transesterification with
ethyl acetate in the presence of lipase. Similar results
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were observed when the reaction was carried out using
commercially available immobilized lipase from Candida
antarctica [Novozyme (435)], however, in lower yields.

In conclusion, a simple, safe and environmentally
benign method for the direct 1,2-dihydroxylation of
olefins was developed that could be carried out within
a few minutes.
Acknowledgements

We gratefully acknowledge the DST, New Delhi, for a
research grant and Dr. P. G. Rao, Director, North-East
Institute of Science and Technology, Jorhat, for provid-
ing the facilities to carry out the work.
References and notes

1. Xu, W.; Xu, J.-H.; Pan, J.; Gu, Q.; Wu, X.-Y Org. Lett.
2006, 8, 1737.

2. Dobler, C.; Mehltretter, G. M.; Sundermeier, U.; Beller,
M. J. Am. Chem. Soc. 2000, 122, 10289.

3. Kulkand, K.; Dittrick, J.-W. Cosmet. Perfum. 1975, 90,
90.

4. Kirk-Othmer Encyclopedia of Chemical Technology, 4th
ed.; Kroscwitz, J. I., Howe-Grant, M., Eds.; Wiley: New
York, 1991; Vol 12.

5. Hirshman, J. L.; Garcia, D. S.; Kazemizadeh, M. R. US
Patent, 5,324,846, 1994; Chem. Abstr. 1994, 120, 136143c.

6. Zhou, Y.; Shan, Z. J. Org. Chem. 2006, 71, 9510.
7. Swern, D. Chem. Rev. 1949, 49, 1.
8. (a) Mugdan, M.; Young, D. P. J. Chem. Soc. 1949, 2988;

(b) Payne, G. B.; Smith, C. W. J. Org. Chem. 1957, 22,
1682; (c) Singh, V.; Deota, P. T. Synth. Commun. 1988, 18,
617; (d) Oguchi, T.; Ura, T.; Ishii, Y.; Ogawa, M. Chem.
Lett. 1989, 857; (e) Schwegler, M.; Floor, M.; van
Bekkum, H. Tetrahedron Lett. 1988, 29, 823; (f) Ventu-
rello, C.; Gumbaro, M. Synthesis 1989, 295; (g) Herr-
mann, W. A.; Fischer, R. W.; Marz, D. W. Angew. Chem.
1991, 103, 1706; Angew. Chem., Int. Ed. Engl. 1991, 30,
1638.

9. Jin, H.; Li, Z.-Y.; Dong, X.-W. Org. Biomol. Chem. 2004,
2, 408.

10. (a) Wagner, G. Ber. Dtsch. Chem. Ges. 1888, 21, 1230; (b)
Fatiadi, A. J. Synthesis 1989, 85, and references cited
therein.

11. (a) Criegee, R. Justus Liebigs Ann. Chem. 1936, 522, 75;
(b) Criegee, R.; Marchand, B.; Wannowius, H. Justus
Liebigs Ann. Chem. 1942, 550, 99; (c) Schroder, M. Chem.
Rev. 1980, 80, 187; (d) Akashi, K.; Palermo, R. E.;
Sharpless, K. B. J. Org. Chem. 1978, 43, 2063.

12. (a) Tatsumi, T.; Yamamoto, K.; Tajima, H.; Tominaga,
H. Chem. Lett. 1992, 815; (b) Corma, A.; Cambler, M. A.;
Esteve, P.; Martinez, A.; Perez-Pariente, J. J. Catal. 1994,
145, 151; (c) Corma, A.; Navarro, M. T.; Perez-Periente, J.
J. Chem. Soc., Chem. Commun. 1994, 147; (d) Tatsumi, T.;
Koyano, K. A.; Igarashi, N. Chem. Commun. 1998, 325;
(e) Xin, J.; Suo, J.; Zhang, X.; Zhang, Z. New J. Chem.
2000, 24, 569.

13. Cho, B. T.; Chun, Y. S. Tetrahedron: Asymmetry 1999, 10,
1843.

14. Usui, Y.; Sato, K.; Tanaka, M. Angew. Chem., Int. Ed.
2003, 42, 5623.

15. (a) Metzger, J. O. Angew. Chem. 1998, 110, 3145; Angew.
Chem., Int. Ed. 1998, 37, 2975; (b) Anastas, P. T.; Warner,
J. C. Green Chemistry, Theory and Practice; Oxford
University Press: New York, 1998.

16. Constable, D. J. C.; Dunn, P. J.; Hayler, J. D.; Humphrey,
G. R.; Leazer, J. L., Jr.; Linderman, R. J.; Lorenz, K.;
Manley, J.; Pearlman, B. A.; Wells, A.; Zaks, A.; Zhang,
T. Y. Green Chem. 2007, 9, 411.

17. Sarma, K.; Bhati, N.; Borthakur, N.; Goswami, A.
Tetrahedron 2007, 63, 8735, and references cited therein.

18. Typical procedure: A 50 mL conical flask was charged with
styrene 1a (1.04 g, 10 mmol), aqueous hydrogen peroxide
(50%, 2.5 mL, 36 mmol), ethyl acetate (5 mL) and lipase
[PSLG6] (20 mg). The mixture was irradiated at 150 W in
a microwave oven (EMS-820 Precision Pulsed Laboratory
Microwave Oven) for 5 min. Air was purged through the
reaction mixture in order to ensure thorough mixing of the
reactants inside the MW chamber. The mixture was then
allowed to cool and ethyl acetate (10 mL) was added. The
mixture was then filtered and the residual solid immobi-
lized lipase was washed with 8:2 acetonitrile–water mix-
ture and dried for subsequent use. The filtrate containing
both the aqueous and organic layer was separated. The
organic layer was washed with Na2SO3 solution (20%,
10 mL), NaHCO3 solution (5%, 20 mL · 2) and then with
water (20 mL · 2), and dried over anhydrous Na2SO4. The
solvent was removed under reduced pressure to afford 1-
phenyl-1,2-ethanediol (1.24 g, 9 mmol) as a white solid;
mp 67 �C (lit.,20b 66–67 �C). The same reaction was carried
out with various alkenes in a similar manner to give the
corresponding diols 1b–16b and epoxides 17b and 18b.

19. Ankudey, E. G.; Olivo, H. F.; Peeples, T. L. Green Chem.
2006, 8, 923.

20. (a) Lin, G.; Lin, W. Y. Tetrahedron Lett. 1998, 39, 4333;
(b) Jin, H.; Li, Z.-Y.; Dong, X.-W. Org. Biomol. Chem.
2004, 2, 408; (c) Dobler, C.; Mehltretter, G. M.; Sun-
dermeier, U.; Beller, M. J. Am. Chem. Soc. 2000, 122,
10289; (d) Cattaneo, A. Farmaco. Ed. Sci. 1957, 12, 930;
Chem. Abstr. 1958, 52, 11851 i; (e) Davies, M. T.; Dobson,
D. F.; Hayman, D. F.; Jackman, G. B.; Lester, M. G.;
Petrow, V.; Stephenson, O.; Webb, A. A. Tetrahedron
1962, 18, 751; (f) Goeth, H.; Cerutti, P.; Schmid, H. Helv.
Chim. Acta 1965, 48, 1395; Chem. Abstr. 1965, 63, 18026 c;
(g) Usui, Y.; Sato, K.; Tanaka, M. Angew. Chem., Int. Ed.
2003, 42, 5623; (h) Kesavan, V.; Chandrasekaran, S. J.
Org. Chem. 1998, 63, 6999; (i) Komeno, T. Chem. Pharm.
Bull. 1960, 8, 668; Komeno, T. Chem. Abstr. 1961, 55,
17685 e; (j) Yamada, T. Yukagaku 1962, 11, 335; Chem.
Abstr. 1963, 58, 14058 b; (k) Johanness, C. Anal. Biochem.
2004, 325, 107.


	A rapid 1,2-dihydroxylation of alkenes using a lipase and  hydrogen peroxide under microwave conditions
	Acknowledgements
	References and notes


