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HIGHLY STEREQSELECTIVE SYNTHESIS OF ERYTHRO-a, B-EPOXY ALCOHOLS BY THE REDUCTION
OF o, B-EPOXY KETONES WITH ZINC BOROHYDRIDE1

Tadashi Nakata,* Tadasu Tanaka, and Takeshi Oishi*
The Institute of Physical and Chemical Research {Riken)
Wako-shi, Saitama, 351 Japan

Summary : Erythro-a, B-epoxy alcohols were prepared in high stereoselectivity by
zinc borohydride reduction of the corresponding o, B-epoxy ketones regardless of the
substituents on the epoxide ring.

Epoxidation of the allyl alcohols gl) with tert-butyl hydroperoxide catalyzed by VO(acac)2
was reported to give the corresponding erythro-a, B-epoxy alcohols gg), a useful synthon for
the syntheses of polyoxo macrolide antibiotics, in high stereose]ectivity.2 The same erythro-
o, B-epoxy alcohols Qg) can also be obtained by NaBH4 reduction of the corresponding a, B-epoxy
ketones Qﬂ).3‘ However, in both cases, the stereoselectivity is known to be subtly affected by
the substituents on the starting materials. Namely, the rather low selectivity was obtained
when the o substituent is hydrogen in the epoxidation of‘l; On the other hand, the selectivity
is almost Tost when the substituent at the a position is methyl in the reduction of 4. In the
cases where the substituent at the BC position is methyl in 1, the isomeric threo-epoxy alco-
hols Qé) are produced in high selectivity on epoxidation. We now report that zinc borohydride
reduction of o, B-epoxy ketones Qﬁl affords the erythro-epoxy alcohols Qg) in high stereoselec-
tivity irrespective of the substitution pattern of the epoxide.4
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In the previous paper,5 we reported that zinc borohydride reduction of B-keto esters
afforded the erythro-g-hydroxy esters almost exclusively when the ketones were conjugated with
the unsaturated systems. These results were reasonably rationallized by taking account of a
cyclic transition state in which both of the carbonyl oxygens coordinated to a zinc cation.
This type of mechanism was expected to be valid for the reduction of the o, B-epoxy ketones
(4), since both oxygens were nicely located to form a zinc mediated transition state. In fact,
when a, B-epoxy ketones ( ’_) were treated with zinc borohydr1de7 in ether, the erythro-a, B-
epoxy alcohols gg) were produced in high stereoselectivity in all cases examined. The results
were summerized in Table 1. The reported data for NaBH4 reduction3 were also presented in
Table 1 for comparison.
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Table 1. Reduction of o, B-Epoxy Ketones Q_l with Zn(BH4)2
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2combined isolated yield. Ecited from ref. 3. SRatio determined by ]3C NMR data.

gRatio determined by GLC on 2 m column packed with 10 % Carbowax 20M/Celite-545.

A typical procedure is as follows: To an ice cold solution of 165 mg (1.45 m mol) of
3, 4-epoxy-4-methyl-2-pentanone (4g) in 2 ml of anhyd. ether was added 3 ml (ca. 0.44 m mol)
of zinc borohydride in ether unde;fgrgon with stirring. After 45 min at 0 °C, 1 m} of water
was added and stirring was continued for an additional 30 min, and then the solvent was dried
over MgSO4. The ether solution was directly subjected to GLC to determine the ratio of erythro
- and threo-alcohols Qg/andfg).s The solvent was then evaporated to give 140 mg of erythro-
3, 4-epoxy-4-methyl-2-pentanol (gg).
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Recently, excellent methods for the synthesis of optically active o, B-epoxy ketones or
o, B-epoxy alcohols are reported.9 Therefore, when the present reduction is combined with
these methods, optically active erythro-o, B-epoxy alcohols are expected to be prepared.

Chautemps and Pierre3 have proposed the chelated model gﬂg for the transition state of
the NaBH4 reduction of the epoxy ketones Qﬂ) as shown in Fig. 1, in which the hydride attacked
a carbonyl group from the less hindered side. The fact that the stereoselectivity is almost
Tost when the a-substituent is methyl in their cases (2b : 3b = 55 : 45, 2¢ : 3¢ = 65 : 35;
see Table 1) can be explained by this model. However, Bart]ett]O has considered that a
contribution of the chelated transition state involving sodium cation is unlikely particularly
in alcohol solvents and he suggested that the transition state of the reduction would be
resembling for the conformation Qg) when the a-substituent was hydrogen. The diminished
stereoselectivity observed for the compounds having a methyl group at the a-position can be
ascribed for the destabilization of the conformation Qg) due to an interaction of R with the
a-methyl group.

On the other hand, the high erythro-selectivity was obtained in our Zn(BH4)2 reduction
regardless of the substituents on the epoxide ring (Table 1). Therefore, further elaboration
should be necessary to account for these observations. Since Zn(BH4)2 is used in our case,
the chelated model gg) or le should now be considered for the transition state.]] It is
apparent that the model QQ) is much favoured over the model QQ) because a severe interaction
is present between the reagent and the methylene group at the B-position of the model gg).
Internal hydride transfer subsequently takes place from the model ggl. Here, it is highly
expected that the hydride transfer proceeds from the direction shown by the arrow even if
a sterically demanding methyl group is present at the a-position, affording the expected

erythro-isomers.

Fig. 1

Further studies are continuing in our laboratory for the stereoselective Zn(BH4)2 reduction
of various ketones in other systems and an application of the present method to natural products
synthesis is in progress.
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