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CATALYTIC OSMYLATION OF CONJUGATED DIENES: A ONE-POT
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Abstract: Conjugated dienes have been hydroxylated with catalytic amounts of osmium tetroxide.
The reaction can be hmh]v stereoselective dpnpndmo on the nature of the terminal substituents
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leading to polyols of predlctable conflguratlons

Recently we reported a uniquely practical and highly enantioselective asymmetric
dihydroxlyation (ADH) of olefins using a catalytic amount of OsO4 and derivatives of the cinchona
alkaloids.] Since the discovery of this new process, a number of improvements, including
enhanced reaction rates and higher enantioselectivity, have been realized through the
modification of various elements of the reaction2 As part of our continuing efforts to broaden the
scope of this reaction, we have focused our attention on the hydroxylation of conjugated olefins.

Studies on dihydroxylation of allylic alcohols and allylic ethers abound in the literature.
However, the osmylation of 1,3-dienes or 1,3,5-trienes in connection with o,B- dihydroxy olefins
has received littie attention, despite its potential utility in the synthesis of polyhydroxylated
compounds.

1,4-Diphenyl-1,3-butadiene was chosen as the substrate for the initial study; the aim was to
obtain 1,2-dihydroxy-1,4-diphenyl-3-butene by treatment of the diene with a catalytic amount of
Os0y4, and one equivalent of N-methylmorpholine N-oxide (NMO) (based on mmol of diene).
Since the resulting diol would be sterically and electronically deactivated relative to the diene, it
should be less reactive toward the OsOj.

Instead, 1,2,3,4-tetrahydroxy-1,4-diphenyl-butane, 2, was obtained as the major product, with

only a tr
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discussed in a later communication; we will focus here on the stereoselectivity of the reaction. We
noted that the tetrol that was obtained was formed in a diastereomeric ratio of 16:1. The structure

of the major diastereomer was determined by X-ray crystallography of the corresponding acetate to
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be the 1,2-syn-2,3-anti-3,4-syn-isomer; the minor product was the 1,2-syn-2,3-syn-3,4-syn-isomer.
When the same reaction was carried out in the presence of dihydroquinidine p-chlorobenzoate,

only a 6:1 ratio was observed for the 2,3-anti/2,3-syn tetrols.

Scheme 1
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The procedure for a typical reaction is as follows: The olefin was placed in a round-bottomed
flask and charged with enough acetone to make the solution 0.5M in olefin. NMO (60% by weight
solution in HpO) and Os0y (stock solution in toluene or acetonitrile, 0.4-0.5M) were added; the
flask was then capped with a rubber septum and allowed to stand at 25 “C until TLC showed
complete consumption of the starting olefin. The reaction was quenched by the addition of
Nay5,05. The mixture was then diluted with an equal volume of CHCly, stirred for 1 hour,
concentrated in vacuo; benzene was then added, and the remaining water was removed
azeotropically on a rotary evaporator. The resulting solids were placed under vacuum (0.04 to 0.1
mm Hg) 12 to 18 hours. The solids were treated with 8 equivalents acetic anhydride, 8 equivalents
4-dimethylaminopyridine, CH7Cly, and refluxed 4 hours. After cooling to 25 °C the mixture was
poured into HpO, extracted three times with ether, then washed with HO and 10% aqueous
H3S04. The organic phase was concentrated and filtered through a silica gel plug. Diastereomeric
ratios were determined from GC analysis.

The tetrol obtained through this method is extremely crystalline, and can easily be obtained
in high diastereomeric purity (96% d.e.) by simply filtering the precipitates formed from the
reaction and washing the solids with organic solvents (typically a combination of CH;Cl; and
EtOAc).3 The 2,3-anti array in 2a is consistent with the findings of other groups in the addition of
0Os0y4 to allylic alcohols and allylic ethers 4 and cyclic dienes.5 A variety of acyclic dienes were

subjected to the same reaction conditions; the results are shown in Table 1.
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Table 1. Diastereoselectivity of Polyol Formation

Entry Substrate Yield Ratio (2,3 -anti 2,3 -syn)
/\/\/Ph
1 PN N 87% 16:1
2 A e 80% 5:1
3 /\/\/ 72% 10:1

4 /\/ﬁ 95% 2:1

Ph
5 Wl Y S 95% 7:4:1 *

* ratio (2,3-anti 4,5 -antd/ (2,3- anti 4,5-syn/ 2,3-syn, 4,5-syn)

As is shown in Table 1, the diastereoisomeric ratios for the all-frans conjugated dienes
ranged from good to excellent, with 1,4-diphenyl-1,3-butadiene giving the highest ratio.
Selectivities for the aliphatic dienes were also good. In the case where both 1 and 4 positions are
E-substituted with aliphatic groups the selectivity remains high (10:1, Entry 3). When less
substituted (Entry 2) or cis double bonds (Entry 4) are involved, however, the selectivity drops. As
is apparent from the osmylation of 1,6-diphenyl-1,3,5-hexatriene, the reaction of more highly
conjugated olefins proceeds in a less stereoselective manner. The 2,3-anti-4,5-anti-relationship of
the major product was again confirmed by X-ray crystallographic analysis.

We had hoped to extend this method to long chain polyenes, thus constituting a method for
the synthesis of stereoregular polyhydroxylated carbon chains. Unfortunately, the selectivity
drops precipitously when the starting compound contains four double bonds.6 Nevertheless, this
new method offers a way to introduce, in one step, four to six new contiguous stereogenic centers

in one molecule.

Acknowledgements: We thank the National Science Foundation (CHE-8903218) for
financial support, and we are grateful to Drs. William Davis and Ronald Pearlstein for performing

the X-ray structure determinations.



1006

References and Notes:

1 (a) E. N. Jacobsen, 1. Marko, W.S. Mungall, G. Schroder and K. B. Sharpless, J. Am. Chem. Soc.
1988, 110, 1968. (b) B. B. Lohray, T. H. Kalantar, B. M. Kim, C. Y. Park, T. Shibata, J]. 5. M. Wai and
K. B. Sharpless, Tetrahedron Lett. 1989, 30, 2041. (c) B. H. McKee, D. G. Gilheany and K. B.
Sharpless, Org. Syn., in press.

2 (a) J.5. M. Wai, I Marko, J. S. Svendsen, M. G. Finn, E. N. Jacobsen, and K. B. Sharpless, J.
Am. Chem. Soc. 1989, 111, 1123. (b) T. Shibata, D. G. Gilheany, B. K. Blackburn and K. B. Sharpless,
Tetrahedron Lett. 1990, 31, 3817. (c) H.-L. Kwong, C. Sorato, Y. Ogino, H. Chen and K. B. Sharpless,
ibid, 1990, 31, 2999.

3 We found the corresponding acetates to be much more soluble in organic solvents.

4 (a)J. K. Cha, W. J. Christ and Y. Kishi, Tetrahedron Lett. 1983, 24, 3943. (b) W.]. Christ, J. K. Cha
and Y. Kishi, Tetrahedron Lett. 1983, 24, 3947. (c) G. Stork and M. Kahn, ibid. 1983, 24, 3951, (d) ]. K.
Cha, W.]. Christand Y. Kishi, Tetrahedron 1984, 40, 2247. (e) F. M. Hauser, S. R. Ellenberger, J. C.
Clardy and L. S. Bass, J. Am. Chem. Soc. 1984, 106, 2458. (f) C. R. Johnson and M. R. Barbachyn, ibid.
1984, 27, 2459. (g) L. Colombo, C. Gennari, G. Poli, C. Scolastico and S. D. Munari, Tetrahedron Lett.
1985, 26, 5459. (h) R. Annunziata, M. Cinquini and F. Cozzi, ibid. 1987, 28, 3139. (i) I. Fleming, A.
K. Sarker and A. P. Thomas, J. Chem. Soc. Chem. Commun. 1987, 157. (j) M. P. DeNinno, S.].
Danishefsky and G. Schulte, |. Am. Chem. Soc. 1988, 110, 3925. (k) E. Vedejs, W. H. Dent, I11, ibid.
1989, 111, 6861. (1) D. A. Evans and S. W. Kaldor, J. Org. Chem. 1990, 55, 1698. (m) J. S. Panek and P.
F. Cirillo, ]. Am. Chem. Soc. 1990, 112, 4873. (n) S. Saito, Y. Morikawa, and T. Moriwake, |. Org.
Chem. 1990, 55, 5424.

5 F. Backenstrass, J. Streith and T. Tschamber, Tetrahedron Lett. 1990, 31, 2139.
6 We tested this reaction with 1,8-diphenyl-1,3,5,7-octatetraene.

(Received in USA 16 November 1990)



