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ENANTIOTOPICALLY SELECTIVE OXIDATION OF 1,3-DIOLS WITH A MICROORGANISM

Hiromichi OHTA* and Hatsuki TETSUKAWA
Sagami Chemical Research Center, Nishi-Ohnuma, 4-4-1, Sagamihara, Kanagawa 229

Microbial oxidation of 2-methylpropane-1,3-diol (la) proceeded
with distinction of pro-(R) and pro-(S) hydroxymethyl groups result-
ing in the formation of B-hydroxyisobutyric acid (2a) of high opti-
cal purity. 2-Ethyl and 2-isopropyl derivatives (;g, g) were also
oxidized to give the corresponding hydroxy acids (2b, g), but the
cptical yields were low.

Utilization of enzyme systems is one of the favorable methods in asymmetric

1)

(lé) with distinction of pro-(R) and pro-(S) hydroxymethyl groups.

synthesis. We wish to report the enzymatic oxidation of 2~-methylpropane-1l,3-diol

A number of bacteria which belong to Acetobacter and Gluconobacter species

were examined for the oxidation of diol ;3. Gluconobacter roseus IAM 1841 was

found to produce B-hydroxyisobutyric acid (gg) in the highest yield. The following
preparative experiment is representative. In a 500 ml Erlenmyer flask was added 50
ml of sterilized acetate buffer (pH 5.0), 50 mg of ;3, resting cells of G. roseus
(grown in 50 ml of a nutrient medium and harvested by centrifugation) and the whole
was incubated for 48 hr at 30°C on a rotary shaker. The broth was adjusted to pH
3~4 with hydrochloric acid and extracted with ethyl acetate. To the organic layer,
an etherial solution of an excess amount of diazomethane was added and the mixture
was stirred overnight at room temperature. The solvent was removed under reduced
pressure. GLC analysis revealed that methyl B-hydroxyisobutyrate (;9) was formed
in 47% yield based on the fed substrate ;9. The product was isolated by column
chromatograpy on silica gel. Elution with ethyl acetate-dichloromethane (1:4 v/v)
gave pure BR-hydroxyisobutyrate (29). This was identified by comparing the spectro-
2) with those of an authentic specimen (racemate) prepared according to
the literature procedures.3)
-22.5° (c=1.80, MeOH, 83% o.p)

(R) by correlating the sign of the specific rotation to the results of Retey
6)

scopic data

The ester 33 showed the specific rotation of [oz]g5

4) and its absolute configuration was decided to be

3) and
Sprecher. Thus the oxidation catalyzed by the enzyme system was demonstrated to
be enantiotopically selective for the pro-(R) hydroxymethyl group. Optically
active B-hydroxyisobutyrate is expected to be an useful intermediate for the syn-

thesis of chiral molecules because it has two different functional groups.7)
8)

Diols
1b and lg were also oxidized to the corresponding B-hydroxy acid (%B'.S)' Al-
though the exact optical purities of these compounds are not clear at present, it
will be certain that they are almost racemic, judging from the values of the spe-
cific rotation of 3a-c as shown in Table 1. The bacterium oxidized 2-phenylpropane-
1,3-diol (1d) to give hydroxy acid 29,8) but very slowly. These results may be ex-
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plained by the effect of the bulkiness of the substituents at 2-positions of the
substrates; methyl group is almost just fit the binding site of the enzyme system
and so the substrate is fixed as to give a high optical yield, but the substrate
with ethyl or larger groups are not. Jones et al. obtained chiral 3-alkyl and 3-
phenyl-§-valerolactones from the corresponding pentane-1,5-diols by the horse liver

9)

alcohol dehydrogenase catalyzed oxidation. The effects of the steric bulkiness
of C-3 substituents on the optical yields were similar to our results. The key for
understanding the characteristics of the enzymatic reactions might be found in

these results and the work along this line is now underway.
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Table 1. Yield of B-Hydroxyisobutyrate
. . a) 25
Compd. R Incubation Chem. Yield [a]D MeOH (% e.e.)
(day) (%)
2a Me 2 47 -22,5°(83)
b Et 5 55 (52) -0.33°
< iso-Pr 6 (10) -0.39°
4 Ph 7 (2>) -

a) The yields were determined by GLC using internal standards. In
the parentheses are cited the isolated yields by column chromato-
graphy on silica gel with ethyl acetate-dichloromethane (1:4 v/v)
as eluent.
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