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Abgtract-—Chemo~ and regio-selective reduction of oxiranes to
the corresponding alcohol are performed 1in high yields with

sodium borohydride in single solvent (ethanol or 2-prepanol).

Sodium borohydride (NaBHA) is a readily available, mild, and selective reagent for

1 However, the reduction of oxiranes to

1

the reduction of ketones and aldehydes.
the corresponding aleohols with NaBHA has long been considered to be very slow,
except for the oxiranes with neighboring functional groups such as nitrc and
hydroxy.2

On the other hand, reducing reagents such as lithiue aluminum hydride and lithium
triethylborohydride3 have poor chemoselectivitiea.! Therefore chemoselective
reduction of oxiranes in the presence of other redueible groups can not be
performed with these reagents.

During our continuing study on the chemoselective reduction with complex metal

borohydrides, we reported a chemoselective reduction of oxiranes with NaBH4 in

nixed solvent containing methanol.% The procedure requires a dropwisge addition of

a small amount of methanol over a period of 1 h.

We now report a chemoselective and regioselective reduction of oxiranes with NaBH,
in single solvent such as ethanol and 2-propanol. The method is very convenient
because it involves the use of single solvent, To the best of our knowledge, no
systematic study has been reported on the reduction of oxiranes with sodium
borochydride in these single solvents.

When 2-hexyloxirane(ib) was allowed to react with NaBH4 in refluxing ethanol for 2
h, 2-octancl(2b) was obtained in 85% isolated yield as the sole product aAd 1-
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Table 1. Reduction of Oxiranes 1a-e with Sedium Borohydride in Single Solvanta)

Entry Oxirane Solvent Reaction Product Ratiob) Yieldc)

1 time 2, 3 /% 2:3
/h

1 1ad) E4OH 2 2a 3a 81 : 19 98

2 1ad) 2-propanol 2 2a 3a 87 : 13 96

3 1) EtOH 2 2b  3b 100 : © gs5%)

4 1c9) EtOH 2 2¢ 3c 83 : 17 100

5 1a4) E£OH 1 2a 34 42 1 58 89

6 1ed) 2-propanol 78) 2e 3e 66 & 34 50

a) Molar ratio; NaBH, / 1a=d = 1.5 - 2.5, NaBH, / 1e =5, b)

{a,b,e) and "M nmr (e,d) analyses.

Determined by glec

¢) Isolated total yield of 2 and 3.

Structures of these products were determined by Ty nmr, ir, and glc analyses as

compared with those of authentic sa.mples.5 d) Small scale (1

e)

mmel) reaction.

Preparative scale (20 mumol) reactien. f£) Bp 110 °C/25 mmHg (bath temperature).

Lit.”? bp 175 °C.
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g) Yield was 54% when the reaction time was 3 h.
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octanol{3b) was not formed at all. This shows that the hydride(H™) from NaBH,
attacked regioselectively the less hindered carbon of @he oxirane{1b). Resulta
are summarized in Table 1. Reduction of 2-phenyloxirane(1a} with NaBH, (1.5 mol
equivalent) afforded 2a and 3a (81 : 19) in 97% total yield.? 2-Propancl was also
found to be an effective solvent, and the reduction of 1a with NaBHL afforded 2a
and 3a in 96% total yield (2a : 3a = 87 : 13). Even the reduction of 2-methyl-3-
phenyloxirane(ie), 2, 3-disubstituted oxirane, afforded 70% of alcohols (2e and
3e). .

In order to establish the synthetic utility of the present procedure, competitive
reduction was examined. Competitive reduction of a mixture of equimolar amounts
of 1a and benzyl cyanide with NaBH4 (1.5 molar equivalent} in refluxing 2-propanol
for 1 h afforded 2a and 3a in 96%Z, whereas benzyl cyanide was recovered in 92 Z.
In a similar panner, benzoylglycine and isopropyl benzoaile were Tecovered

respectively in 100 and 81 Z, whereas 1a was reduced in 92 -95 Z,

NaBH,
la + PhCH,CN ————3 (2a + 3a) + PhCH,CK
i-PrOH 96% 92% (Recovery)
Nﬂ.BH4

1a + PhOONHCH,COpH ————3 (2a + 3a) + PRCONHCH,CO,H
i-PrOH 92% 100%(Recovery)

N&BHA
1a + PhCO,CH(CH3)y —~——> (2a + 3a) + PhGO,CH(CH3);
1-ProH 95% 81Z{Recovery)

Thus the present facile procedure enabled cheme- and reglo-selective reduction of
oxiranes in the presence of other reducible groups such as nitre, nitrile, amide,

carboxyliec acid, or ester.
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EXPERIMENTAL

2-0ctanol (2b; R1=g—06H13, H2=H); Typical Procedure:

A mixture of 2-hexyloxirane (1b; R1=E'Céﬂ13s R2=H; 2.56 g, 20 mmol) and sodiunp
boronydride {1.89 g, 50 mmol) in ethanol {40 ml) was refluxed for 2 h. The
reaction was guenched with saturated agueous ammonium chloride (40 ml). The
resulting precipitate was filtered with suction and the cake was washed with
gther. The filtrate was evaporated under reduced pressure, The residue was
extracted with dichloromethane, dried over sodium aﬁlfate. Organic solvent was
aevaporated under reduced pressure. Bulb-to-bulb distillation afforded 2b; yield
2.21 g (85 2); bp 110 °C/25 mnHg (bath temperature), 1it.% 175 °c.
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