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Synthesis of Optically Active 1-Phenyl-1,2-propanediol by Use of Baker’s Yeast
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Reduction of 1-phenyl-1,2-propanedione with baker’s yeast afforded (1R,2S)-1-phenyl-1,2-propanediol in high
chemical and optical yield. (1R,2S)-, (1R,2R)- and (1S,2S5)-1,2-propanediols were also prepared via (1R)- or (25)-a-
ketols, which were obtained as intermediates of the above reaction.
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Baker’s yeast (Saccharomyces cerevisiae) is useful for the
synthesis of chiral compounds in organic chemistry.
Syntheses of chiral a-diols, which are important chiral
building blocks in asymmetric synthesis, from a-diketones
by asymmetric reduction with baker’s yeast have been
reported, but the selectivity was sometimes low or a-ketols
were obtained instead of a-diols.”

We have investigated a facile synthesis of optically active
1-phenyl-1,2-propanediol, which is expected to be a useful
chiral synthon in asymmetric synthesis, by direct reduction
of the corresponding o-diketone (1) with baker’s yeast.
Though a chiral synthesis of (1R,2S)-1-phenyl-1,2-
propanediol (2a) was reported,” the present method is
fundamentally different and more efficient. Thus, when 1-
phenyl-1,2-propanedione (1) was fermented with baker’s
yeast for 2h at 27°C, (1R,2S)-1-phenyl-1,2-propanediol
(2a) was obtained in high optical yield (949 ee) and in
excellent chemical yield (89%), [olp —38.6° (¢c=3.2,
CHCI,). Monitoring of this reaction by 'H-nuclear mag-
netic resonance (H-NMR) spectroscopy indicated that the
a-diketone (1) was reduced to give the (1R, 25)-diol (2a) via
both the (1R)- and (2S)-ketols (3 and 4) as reaction
intermediates. Recently, it was reported that the a-diketone
(1) was reduced by baker’s yeast to give only the (25)-ketol
(4) (at pH 5),!” but both 3 and 4 were isolated in moderate
chemical yields when the a-diketone (1) was treated with
baker’s yeast at low temperature (9h at 5°C) (3*: 36%,
899 ee; 4Y: 46%, 94% ee), and the a-diol (2a) was also
obtained as a minor product (79). The reduction of the a-
ketol (3) with sodium borohydride® in the presence of
ammonium chloride afforded the threo-isomer (2a) pref-
erentially (erythro 2a/threo 2b ratio, 26/74) (total yield
94%), while reduction of the a-ketol (4) under the same
conditions gave the erythro-isomer (2a) in excess (erythro
2a/threo 2c ratio, 60/40) (total yield 84%() as an inseparable
diastereomeric mixture. After acetylation of those two
diastereomers (2a, 2b and 2a, 2¢) with Ac,O-pyridine (py),
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Chart 1

and subsequent purification by silica gel column chroma-
tography, the chiral diacetates (2d, 2e and 2d, 2f)® were
isolated. Hydrolysis of 2d, 2e and 2f with 209, NaOH at
room temperature afforded the corresponding diots, 2a”
(93—96% ee), 2b**7® (939 ee) and 2¢**7 (90% ee),
respectively. '

Thus, three optically active 1-phenyl-1,2-propanediols
can be prepared from 1-phenyl-1,2-propanedione by the use
of baker’s yeast. Those alcohols should be useful as in-
termediates for the synthesis of natural products.

OH
SN CHs i iv
Hog ——>(2a+2b) 2e ——>2b (1R, 2R)
3
1—! iv
2d ————>2a (1R, 28)
OH
¥ CHs 5 i iv
OH——>(2a+2c /il 2 1V 596 (18, 25)
4
i) baker’s yeast ii) NaBH,/NH,Cl iii) Ac:0-Py
iv) 20% NaOH
Chart 2
Experimental

Infrared (IR) spectra were measured with a Hitachi 260-10 spec-
trometer. 'H-NMR spectra were recorded on JEOL PMX-60si (60 MHz)
or JNM-GMX-400 (400 MHz) spectrometers with tetramethylsilane as
an internal standard. Optical rotation was measured with a JASCO DIP-
360 automatic polarimeter. Mass spectra (MS) were recorded on a JEOL
JMN-DX 303 at 70eV. For column chromatography silica gel (Wakogel
C-200, from Wako Pure Chemical Industries, Ltd.) was used.

(1R,25)-1-Phenyl-1,2-propanediol (2a) from 1 A mixture of 1-phenyl-
1,2-propanedione (1) (3.2 g, 22 mmol) and baker’s yeast (250 g) in distilled
water (125 ml) was incubated for 2 h at 34 °C. The mixture was extracted
continuously with CHCl, using a Soxlet apparatus, and the CHCl; extract
was dried over Na,SO,. Removal of the solvent under reduced pressure
gave an oily residue, which was chromatographed on a silica gel column
(100 g) using CH,Cl, as an eluent to give 2a as a colorless oil (3.2 g, 899)):
a3 —38.6° (c=3.2, CHCL). IR (CHCl,): 3600cm ~*. 'H-NMR (CDCl;)
4: 1.10 (3H, d, J=6.4Hz, CH;), 1.82, 2.29 (1H each, br, OH), 4.20 (1H,
dq, J=6.4, 3.9Hz, CH-CH,), 4.69 (1H, d, /=39Hz, Ph-CH-), 7.28—
7.38 (SH, m, aromatic H). Dibenzoate: [¢]& +59.4° (¢=2.3, CHCl,), mp
90—91°C [1it.2® [a]?® +59.9° (c=1.0, CHCl;), mp 95—96°C] or [lit.??
[} +62.2° (c=1.2, CHCly), mp 93.5°C]. MS m/z: 152 (M ™), 135, 108.
The optical purity of 2a was determined by 400 MHz 'H-NMR (CDCl;)
analysis of the corresponding (—)-a-methoxy-a-trifluoromethylphenyl-
acetic acid diester (MTPA ester).” In the NMR spectrum of the (—)-
MTPA diester, the methyl protons appeared as two doublet signals due
to the two diastereomers at 1.145 (d, J=6.4 Hz) and 1.304 (d, /J=6.4Hz)
(intensity ratio=24:0.8). The optical purity was calculated, based on
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the relative intensity of those two peaks, as 949 ee.

(1R)-1-Hydroxy-1-phenyl-2-propanone (3) and (2.5)-2-Hydroxy-1-phenyl-
1-propanone (4) A mixture of I-phenyl-1,2-propanedione (2.5g, 16
mmol) (1) and baker’s yeast (250g) in distilled water (125 ml) was incu-
bated for 9h at 5°C. The mixture was extracted with CHCl; and the
CHCl, extract was dried over Na,SO,. Removal of the solvent under
reduced pressure gave an oily residue, which was chromatographed on a
silica gel column (100 g) using 10—15% AcOEt in hexane (v/v) as an eluent
to give 3 (910 mg, 36%) from the first eluate, 4 (1.2 g, 46%;) from the second
eluate and 2a (190 mg, 7%) from the third eluate. 3: A colorless oil, [«]3?
—408.7° (c=1.1, CHCL), [«f2 —133.1" (c=1.1, EtOH) [lit3® [}
—58.3% (¢=2.5, EtOH)]. IR (CHCl,): 3480, 1720cm™'. 'H-NMR
(CDCly) o: 2.06 (3H, s, COCH,), 5.08 (IH, s, Ph-CH-), 7.33 (5H, s,
aromatic H). MS m/z: 150 (M™), 107. (+)-MTPA ester of 3: 2.167, 2.120
(each s, COCH,) (intensity ratio =100 : 6), 899, ee. 4: A colorless oil, [a]3
—92.0° (¢=6,7, CHCL,)). [lit.*? {o], —86.7° (c=2, CHCl,)]. IR (CHCl,):
3400, 1700cm~!. "H-NMR (CDCl;) : 1.40 (3H, d, J=7.0 Hz, CH,), 5.10
(1H,d,J=7.0 Hz, CH-CH,), 7.26—7.67 (5H, m, aromatic H). MS m/z: 150
(M*), 107. (+)-MTPA ester of 4: 1.635 (d, /=7.3Hz, CH,), 1.561 (d,
J=7.3Hz, CH;) (intensity ratio=97:3), 949 ee.

Reduction of (1R)-1-Hydroxy-1-phenyl-2-propanone (3) NaBH, (100
mg, 2.6 mmol) was added slowly to a solution of 4 (100 mg, 0.6 mmol) ,
NH,CI (100 mg, 1.8 mmol) and MeOH (20 ml) at 0 °C with stirring, and
the mixture was stirred for 1 h. The mixture was extracted with CHCl,
(3 x 20 ml) and the CHCl, extract was dried over Na,SO,. Removal of the
solvent under reduced pressure gave a mixture of 2a and 2b in a ratio of
26:74 as an oily residue (total yield 95 mg, 949), and this mixture was
used without further purification.

Reduction of (25)-2-Hydroxy-1-phenyl-1-propanone (4) NaBH, (100
mg, 2.6 mmol) was added slowly to a solution of 4 (100 mg, 0.6 mmol),
NH,CI1 (100 mg, 1.8 mmol) and MeOH (20 ml) at 0 °C with stirring, and
stirring was continued for 1 h. The mixture was worked up in the same
manner as after the reduction of 3 to give a mixture of 2a and 2¢ in a ratio
of 60:40 as an oily residue (total yield 85 mg, 84%), and this mixture was
used without further purification.

(1R,2S5)- and (1R,2R)-1,2-Diacetoxy-1-phenylpropane (2d,2e) Pyridine
(6 ml) was slowly added to a solution of the a-diols (2a+2b) (90 mg,
0.6 mmol) and Ac,0O (6ml) at 0°C. The mixture was stirred for 15h at
room temperature. After usual work-up of the reaction mixture, the
CHCl, extract was chromatographed on a silica gel column (4 g) using
10—159% AcOEt in hexane (v/v) as an eluent to give 2d (40 mg, 29%) from
the first eluate and 2e (94 mg, 699) from the second eluate. 2d: A colorless
oil, [a]¥—46.4° (c=5.6, CHCly). IR (CHCl,): 1730cm™'. 'H-NMR
(CDCl,) 6: 1.18 (3H. d, J=6.8 Hz, CHj;), 2.00, 2.14 (3H each, s, COCHj;),
5.22 (1H, dq, J=6.8, 3.9Hz, CHCH,), 5.92 (1H, d, J=3.9Hz, PhCH-),
7.30-—7.38 (5H, s, aromatic H). MS m/z: 237 (M ™" + 1), 177. 2e: A colorless
oil, [} —46.6° (c=5.2, CHCl,). IR (CHCl,): 1730cm™'. 'H-NMR
(CDCly) é6: 1.09 (3H, d, J=6.4Hz, CH;), 2.06, 2.08 (3H each, s,
COCH,), 5.27 (1H, dq, /=6.4, 7.3Hz, CHCH,), 5.77 (1H, d, /=7.3Hz,
PhCH-), 7.30—7.37 (5H, m, aromatic H). MS m/z: 237 (M* +1), 177.

(1R,2S)- and (1S,25)-1,2-Diacetoxy-1-phenylpropane (2d, 2f) Pyr-
idine (6 ml) was slowly added to a solution of the a-diols (2a+2b) (80 mg,
0.5mmol) and Ac,0 (6ml) at 0°C. The mixture was stirred for 10h
at room temperature. After the same work-up of the reaction mixture
as in the case of acetylation of the a-diol (2a+2b), the CHCI, extract was
chromatographed on a silica gel column (4 g) using 10—15% AcOEt in
hexane as an eluent to give 2d (76 mg, 61%) from the first eluate and 2f
(30 mg, 30%) from the second eluate. 2d: A colorless oil, [¢]3? —50.8°
(¢=6.5, CHCl,). This 2d was identical with an authentic sample that we
prepared. 2f: A colorless oil, [«3? +57.6° (c=1.6, CHCL,). IR (CHCL,):
1730cm~!. '"H-NMR (CDCly) §: 1.09 (3H, d, J=6.4 Hz, CHj;), 1.03, 2.08
(3H each, s, COCH,), 5.27 (1H, dq, J=6.4, 7.3Hz, CHCHj;), 5.75 (1H, d,
J=7.3Hz, PhCH-), 7.30—7.35 (5H, m, aromatic H). MS m/z: 237
(M*+1), 177,

2a by Hydrolysis of 2d, Prepared from 3 A 209, NaOH solution (10 ml)
was added dropwise to a solution of 2d (510 mg, 2.2 mmol) and MeOH
(10ml) at 0°C, and the mixture was stirred for 6h at room temperature.
The mixture was extracted with CHCl, and the CHCI; extract was dried
over Na,SO,. Removal of the solvent under reduced pressure gave an oily
residue, which was chromatographed on a silica gel column (10 g) using
10—15%; AcOEt in hexane (v/v) as an eluent to give 2a as a colorless oil

Vol. 37, No. 4

(325 mg, 98%), [« —35.0 “ (¢ =2.3, CHCl,). This 2a was identical with an
authentic sample that we prepared. (—)-MTPA diester: 1.145 (d,
J=6.4Hz, CH,;), 1.304 (d, J=6.4 Hz, CH;) (intensity ratio =51 : 1.8), 939/
ee.

2a by Hydrolysis of 2d, Prepared from4 A 20%, NaOH solution (10 ml)
was added dropwise to a solution of 2d (610 mg, 4mmol) and MeOH
(10ml) at 0°C, and the mixture was stirred for 6h at room temperature.
The mixture was worked up in the same manner as above (hydrolysis of 2d)
and the CHCl, extract was chromatographed on a silica gel column (10 g)
using 10—15% AcOEt in hexane (v/v) as an eluent to give 2a as a colorless
oil (380mg, 96%), [aJ? —34.9° (c=3.8, CHCl;). This 2a was identical
with an authentic sample that we prepared. (—)-MTPA diester: 1.145 (d,
J=6.4Hz, CH,;), 1.304 (d, J=6.4Hz, CH,) (intensity ratio=43.8:0.8),
969, ee.

(1R,2R)-1-Phenyl-1,2-propanediol (2b) A 209, NaOH solution (10 ml)
was added dropwise to a solution of 2e (500 mg) and MeOH (10ml) at
0°C, and the mixture was stirred for 6 h at room temperature. The mixture
was worked up in the same manner as described for the hydrolysis of 2d,
and the CHCI, extract was chromatographed on a silica gel column (10 g)
using 10—15% AcOEt in hexane (v/v) as an eluent to give 2b as a color-
less oil (310mg, 93%), [af3' —48.2° (c=2.5, CHCly) [lit.>’ [« —60.6°
(c=0.94, CHCL,)). IR (CHCI,): 3580, 1600cm ™. '"H-NMR (CDCly) §:
1.07 3H, d, J=6.4Hz, CH,), 2.48, 2.67 (1H each, m, OH), 3.86 (1H, dq.
J=6.4,7.3Hz, CHCH,), 4.38 (IH, d, J=7.3Hz, PhCH-), 7.29—7.38 (1H,
m, aromatic H). MS m/z: 152(M™*), 135, 108. (—)-MTPA diester: 1.198 (d,
J=6.4Hz, CH,), 1.247 (d, J=6.4Hz, CH,) (intensity ratio=7.1:94.3),
86% ee.

(15,25)-1-Phenyl-1,2-propanediol (2¢) A 209, NaOH solution (10 ml)
was added dropwise to a solution of 2f (328 mg, 2.2 mmol) and MeOH
(10ml) at 0°C, and the mixture was stirred for 6 h at room temperature.
The mixture was worked up in the same manner as described for the
hydrolysis of 2d, and the CHC], extract was chromatographed on a silica
gel column (10 g) using 10—15% AcOEt in hexane (v/v) as an eluent to
give 2¢ as a colorless oil (187 mg, 89%), {o]32 +55.9° (¢=1.9, CHCL,) [Cf.
1it.? [a® +24.56° (c=1.9, EtOH)]. IR (CHCl,): 3580, 1600cm~". 'H-
NMR (CDCl,) §: 1.05 (3H, d, J=6.4 Hz, CH;), 2.62, 2.78 (1H each, m,
OH), 3.84 (1H, dq, /=6.4, 7.3Hz, CHCH,), 4.36 (1H, d, J=7.3Hz,
PhCH-), 7.30—7.38 (5H, m, aromatic H). MS m/z: 152 (M*), 135, 108.
(—)-MTPA diester: 1.198 (d, J=6.4Hz, CH;), 1.247 (d, J=6.4Hz, CH,;)
(intensity ratio=96:5), 909 ee.
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