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DIASTEREO- AND ENANTIOSELECTIVE REDUCTION OF o, 8-DIKETODITHIANE
WITH THE BAKER'S YEAST

Tamotsu FUJISAWA,* Eiji KOJIMA, Toshiyuki ITOH, and Toshio SATO
Chemistry Department of Resources, Mie University, Tsu, Mie 514, Japan

Summary: The Baker's yeast reduction of 1-(1,3-dithian-2-yl)-1,2-propanedione gave highly
enantio— and diastereoselectively (S)-(+)-1-(1,3-dithian-2-yl)-2-hydroxy-1-propanone or (15,25)-
(+)=1-(1, 3-dithian-2-yl)-1, 2-propanediol, depending on the reaction time. The hydroxy ketone
was reduced with diisobutylaluminum hydride to give (1R,325)-1-(1,3-dithian-2-yl)-1,2-propane-
diol with high diastereoselectivity. The former (18,25)-diol was converted into L-digitoxose.

The Baker's yeast reduction of ketones has provided a useful method for
the synthesis of highly optically active alcohols which have been employed as
chiral building blocks for natural product synthesis.!”? Almost all the yeast
reduction reported so far has been applied on mono-ketones except for only a
few examples.? Recently many efforts have been devoted to the diastereoselec-
tive synthesis of 1,2-diol or 1,2,3~-triol derivatives for macrolide or sugar
synthesis." If 1,2-diketone derivatives are enantio- and diastereoselectively
reduced to the corresponding 1,2-diols, it will provide a novel and convenient
way for them. We describe here that the Baker's yeast reduction of 1-(1,3-di-
thian-2-yl)-1,2-propanedione (1) furnished (S)-1-(1,3-dithan-2-yl)-2-hydroxy-
l-propanone (2) or (15,2S)-1-(1,3-dithian-2-yl)-1,2-propanediol (3) with high
enantio- and diastereoselectivity, depending on the reaction time. Since the
dithiane group is easily hydrolyzed to an aldehyde which can diastereoselctive~-
ly react with organometallics, the present method provides a convenient path
for the synthesis of the optically active compounds.

A typical procedure for the Baker's yeast reduction of 1-(1,3-dithian-2-
yl)=1,2-propanedione (1)° is described as follows: A suspension of 12 g of D-
glucose and 10 g of the Baker's yeast (Oriental Yeast Co.) in 80 ml of water,
was stirred for 1 h at room temperature, and then 10 ml of an ethanol solution
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of 1 (2.0 mmol) was added to the yeast suspension., After 48 h, celite and
ethyl acetate were added, and the mixture was stirred for 6 h, and then filter-
ed through a celite pad. The filtrate was extracted with ethyl acetate. The
extracts were evaporated in vacuo to give the crude product of anti-(+)-(1S,2S)~
1-(1,3-dithian-2-yl)-1,2-propanediol (3) accompanied with 5% syn—isomer 3. The
two diastereomers were easily separated by TLC on silica-gel to give diastereo-
merically pure anti~3 in 82% yield, mp 92 °C, [al¥ +10.5° (c 1.01, CHC13)f The
optical purity of anti -3 was 97% ee determined by the comparison of the
specific rotation with the authentic sample (vide infra). Recrystallization from
n-hexane gave optically pure ant#3, mp 93 °C, [a)$ +10.8° (c 1.00, CHCl3).

The glc analysis of the reaction mixture of the above Baker's yeast reduc-
tion gave an interesting feature as shown in Figure. The reduction of two
carbonyl groups in 1 proceeded stepwise. The R-keto group was reduced much
faster than the a-keto group. After 2 h the starting material, o,B-diketo-
dithiane 1 was completely reduced to B-hydroxy-o-ketodithiane 2 and then the
a-keto group in 2 began to be reduced to produce o,B-dihydroxydithiane 3.

After 48 h 2 was completely reduced to furnish 3. The large difference between
the reduction rates of two carbonyl groups seems to be due to the different
bulkiness around them. After 2 h B-hydroxy-a-ketodithiane 2 was isolated in
60% yield, mp 85 °C, [a]§ +91.9° (c 1.06, CHCls3), 93% ee. Recrystallization
from n-hexane gave optically pure 2, mp 90 °C, [a]§ +98.6° (c 1.03, CHCl,).

As mentioned above, anti~3 was easily obtained by the Baker's yeast reduc-
tion. Next, the diastereoselective reduction of optically pure 2 with several
metal hydrides was examined to obtain syn-3 as shown in Table. The reduction
of 2 with sodium borohydride preferred the formation of the anti-3. Disobutyl-
aluminum hydride (DIBAL) or Zinc borohydride at low temperature predominantly
produced gyn -3.° Purification by TLC on silica-gel gave optically pure syn-3,
mp 72 °C, [a)¥ +4.34° (c 1.00, CHCl3).

The optical purity of 2, anti-3 and syn -3 was determined by the comparison
of the specific rotation with authentic samples which were prepared from (S)-
methyl lactate as follows. Protection of the hydroxy group of the lactate with
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Table Diastereoselective Reduction of 2 to 3 with Various Metal Hydride Reagents

Metal Hydride Temp. (°C) Solvent Yield® (3) syw3 / anti-3 PrC)
zn (BH,) , 0 Et,0 93 0 / 54

-50 75 70 / 30

=90 58 86 / 14
NaBH,4 0 MeOH 74 3% / 64

=90 88 36 / 64
LiAlH, -90 Et,0 83 69 / 31
LiAlH, (OCH,CH,0CH;3) 5 -90 Toluene 91 51 / 49
DIBAL -90 Et,0 74 89 / 11

a) An Isolated yield. b) The structures of two diastereomers were determined by the comparison
of 'H NMR data with the racemic syn-1,2-diol in the literature.® ¢) The ratio of two
diastereomers was determined by the capillary glc (PEG 50m).

yeast reduction is demonstrated in the following synthesis of 2,6-dideoxy-L-

ribohexose (L-digitoxose 8),!

a rare sugar in nature. The optically pure anti-
3 was protected with 2-methoxypropene to give the isopropylidene derivative 4
in 97% yield, bpog.a 120 °C, [u]g -18.6° (c 1.04, CHClj3). Deprotection of the
dithiane group of U4 gave the optically pure glyceraldehyde derivative 5, in 58%
yield, bp;gp 80 °C, [alf -14.5° (c 1.02, CHCls), which has been known as a use-
ful key intermediate for several natural product synthesis.® According to

% the aldehyde 5 was converted to the

the procedure reported by Fuganti et al.,
protected triol b (anti : syn= 92 : 8)® in 59% yield by the antiselective addi-
tion of diallylzinc in ether. Hydrolysis to the corresponding triol 7 followed
by ozonolysis and treatment with dimethyl sulfide gave 8 in 65% yield, [u]?
-45.6° (c 0.16, Hp0), 1lit."! [ald -47.8° (c 0.8, H0), the sugar component of
digitalis which is an effective heart medicine.

In conclusion, the Baker's yeast reduction of a,B-diketodithiane provided
an efficient method for the synthesis of optically active 1,2-dihydroxydithiane
which is a useful synthon especially for the sugar synthesis.
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