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tions: Synthesis of (5)-(+)-1,2-Propanediol and (S)-(--)-1.3-
Butanediol, 1-Benzyl Ethers
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Benzyloxyketones 1a and b can be reduced by fermenting bakers® yeast
to the corresponding protected (S)-diols 2a and b ir: 76 and 52 % yields.
respectively (90 and > 95% e.c., respectively, as (R)-( +)-MTPA
csters).

Variously substituted carbonyl compounds can be cfficiently
reduced by fermenting bakers’ yeast in a highly enantioselective
manner, and at present, this bioreduction can be considered a
well established, synthetically significant procedure for the
preparation of several chiral building blocks.! The general
feature for the bioreduction of substituted carbouyl com-
pounds is currently well explained by the Prelog’s rule.?

The above bioreduction should constitute an aceessible route for
the preparation of optically active 1,2-diols, and in fact. in a
classical work hydroxyacetone was cleanly reduced to (R)-(—)-
1,2-propanediol.* Other x-hydroxyketones have also been re-
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duced by bakers” veast to afford. as 4 common feature. (R)-1.2-
diols.**® this stercochemical outcome being apparently in
conflict with Prelog’s rule. Since several asymmetric syntheses of
various chiral compounds have been carried out using chiral 1,2-
propanediol and its derivatives as starting material.”*" it
seemed worthwhile to explore the feasibility of bakers’-veast
bioreductions  of suitably protected hydroxyketones.  1-
Benzyloxy-2-propanonc (1a) was chosen as substrate, since its
bioreduction should afford the optically active 1.2-propanediol
protected as the [-benzvl ether (2a), a useful chiral synthon
which has been employed for asymmetric syntheses by other
authors, 101112

It was conceivable that, relying on Prelog’s rule. the hydrogen
transfer should proceed on the Re-face of the prochiral ketone,
and thus the (S)-alcohol 2a should be produced by the bioreduc-
tion route. However. in view of the demonstration that at least
three carbonyl-reducing enzymes of different stereochemical
control are present in veast,’® caution must be exercised in
drawing any conclusion. and absolute configuration needs to be
contirmed.

Benzyloxyketone (1a) could be prepared trom ethyl 4-benzyl-
oxyacetoacetate'™ by a simple hydrolysis-decarboxylation pro-
cedure in 75% vield. More conveniently, ketone (1a) could be
prepared by hydration'® of benzylated propargyl alcohol, in
turn prepared by a modified experimental protocol of a de-
scribed procedure!® in 82 % yield. Incubation with fermenting
veast (6 d) proceeded satistactorily and benzyloxyalcohol (2a)
was obtained in 76% yield, [2]3° +1t (¢ =2, CHCI).
Reaction of alcohol 2a with (R)-( 4 )-2-methoxy-2-trifluoro-
methylphenylacetyl (MTPA) chloride!” afforded the corre-
sponding MTPA ester, which by 'H-NMR analysis was shown to
be at least 90 % optically pure. Since the opticil rotation of the
same compound prepared from ethyl (S)-lactate was not given in
the literature,'? it was necessary to convert the protected diol 2a
nto 1.2-propanediol. This diol showed an [«], of + 27" (¢ = 5.
CHClL), thus assessing for compound 2a the (S)-configuration,
Therefore, the bioreduction of the ketone la had proceeded
according with Prelog’s rule.
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Commercially available 4-benzyloxy-2-butanone (1b) was also a
good substrate for yeast mediated-reduction. and by this
method, the benzyloxy alcohol 2b was prepared in 52 % yield.
The optical purity was > 95 %. as established by the "H-NMR
spectrum of its (R)-(4-)-MTPA ester. (8)-( —)-1.3-Butanediol 1-
benzyl ether (2b) had been prepared from ethyvl 3-hydroxy-
butanoate by Mori'® [],, —2.12° (¢ = 1.13, CHCL,), and the
stereochemical outcome of the bioreduction of ketone 1b could
thercfore be casily assessed. Thus, the protected diol 2b
({2l —2.45°, ¢ =4, CHCI,) obtained by us. in agreement
with the stereochemical outcome predicted by Prelog’s rule. has
the (S)-configuration.

In conclusion, use of fermenting bakers” yeast allows the
preparation of protected diols such as 2a and 2b in good
chemical yields and high optical purity under stereochemically
controlled conditions. It should be noted that the bioreductive
route can be favorably compared to the chemical syntheses of
the same chiral synthons. In fact. starting from chiral hydroxy-
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esters such as ethyl (S)-lactate!® and (S)-3-hvdroxybuianoatc, '
the same benzyiated dicls 2a and 2b can be prepared i four
steps in 69 and 56 %, respectively.

10

Bakers™ yeast was from ERIDANIA (Italy} and chemicals “rom IFluka
(Switzerland). All m.p. were uncorrected, IR spectra were recorded on @
1420 Perkin Elmer spectrometer as neat liquid films. The 60 MHz 'H-
NMR spectra were recorded on a Varian 360 L spectrometer m CDCly.
unless otherwise indicated, using TMS as internul or external standard.
The 200 MHz 'H-NMR spectra were recorded on a Varan X1, 200
spectrometer. Optical rotations were measured on a Perkin-Elmer
Model 141 polasimeter. Distillation for analytical purposes was per-
formed with a Bichi GKR-30 glass tube (Kugelrohry oven. Ti.(
analyses were carried out on Merek 60F,. silica gel plates. Flash
column chromatographics'" were performec on silica gel (Merck 00,
230400 mesh).

1-Benzyloxy-2-propyne:

Propargyl alcohol (3.55 mL., G.06 mol) is slowly added troom fempera-
wre) to a well stirred muxture of ground KOH (3.36 ¢, 0.06 moly and
hexadecyltributylphosphonium bromide (0.46 g, 0.009 mol) in benzene
(18 mL). Stirring is continued for 15 min at room temperature, then the
mixture is brought to 70 °C and a solution of benzyl chlonde (¢.9ml,
0.06 mol) in benzene (6 m L is slowly added (1 h). The mixture is stirred
at 70°C for an addition:d 3 h, then cooled to room temperature, and
anhydrous Nu,S0, (1.1 g) is added with vigorous stirring. The solid is
filtered on a sintered glass funnel and washed with benzene (3~ 2ml.
The benzene solution is directly distilled at reduced pressure (24 mbart,
The desired product is collected at 100-102°C  (Lit”" bop.
100--101°C/24 mbar; vield: 7.3 (83 %),

Crpl 0 cale. C8206 H 689

(146.2) found  82.¢1 0.79

IR: v = 3290, 3085, 3060, 3030, 2120 em ™!

THANMR: 6 =240 (1, Til,J = 25 Hey, 415 (d 21, J = 2.5 Hi 4,60
(5, 21); 7.40 (s, S H}.

1-Benzyloxy-2-propanone (ia):

A solution of 1-benzyloxy-2-propyne (3.8g. 0.026 mol) in MeOH
(13 mL) is slowly added (1 h) to a stirred solution of a mixure of
mercuric sulphase (0.256 g, 0.86 mmol) and conc. H,50, (1.02¢) in a
mixture of H,0 (13 mL) asd MeOH (38 ml). The reaction mixture is
stirred at 70°C for 2 h, then cooled to room (emperature and diluted
with ice-cooled water containing a few drops of saturated Nall1CO;
solution. The solution is saturated with NaCl, filtered on a celite pad.
and extracted with Et,0 (3% “\("ml) The organic extracis ar: dyied
(Na,S0,) and mem.xtcd to give nearly pure product Ta; vield 3.93 2
(92 %), A sample distiled ai 158 160°C/24 mbar (Lit.2! hop 133°C 24
mbxar).

CH,0, cale. C 7315 H7.37

(164.2) found 7308 7.28

IR: v == 3085, 3060, 303(, 1740 cm

TH-NMR: 8 = 215 (s, 311 430 (s, 2H); 4.60 (s, 2H): 7.46 (s, SH

(Si-(+)-1,2-Propanediol. 1-Benzyl Ether (2a):

A solution of t-benzyloxy-2-propanone (1a; 0.45g. 274 mmol} v
FtOH (50 mL) is added slowly (8 h) to fermenting l‘dkua veas, [veast
(100 g) and sucrose (H)() g in tap water (1000mL)]. The mix
ture is shaken at 30°C ~or 6d, then filtered through a celite pad anc
extracted with EtOAc (5x120mL). The extracts are dried (Na,S0,)
and evaporated at reduced pressure, leaving a residue (0.8 g), which is
purified by column chromatography. Elution with light petroleun ether
{b.p. 40-70°C)/ethyl acetate (8:2) affords alcohol 2a: vield: 0346 ¢
(76%); b.p. 92°C/0.9mbur (Lit.'" 85°C/0.59 mbar: |7 ]3> 41107
(¢ =2, CHClL).

CioHp,0, cale, € 7226 HR49
(166.2) found 72.3% 8.62
IR: v == 3380, 3035, 306i:, 3630, 2960, 2920, 2860 cm '

TH-NMR (CCly: 6 = 105 (d. 3H. J = 6 12); 275 (s. 1T H): 305340
{m, 2H); 3.85 (m, 1H): 4.45 (s, 2H) 7.25 (s, SH}.

The enantiomeric excess of 2a is caleulated from the 'H-NMR spee-

trum of its (R)-(+)-2-methoxy-2- 11|ﬂuornphuwl‘uum (MTPA) ester.

The derivative “rom the racemic alcohol shows at 60 M1z twa broad
singlets for the methylt.m predons of the benzyl ether moicty centered at
4.54 and 4.63 ppm (raiic 30:40). The 3-mcthyl groups presant two

)
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overlapped doublets centered at 1.28 and 1.38 ppm (J = 6.5 Hz matio
40: 301 At 200 MHy the methylene peaks are reselved into doublets
(J = 2.5 Hz,, and the methyl signals are two well separated doublets. In
the derivative from opticelly active aleohol, the ratios are 95:5 (50%
c.e)

(S)-( + )»-1.2-Propanediol:

To a soluticn of alcohol 2a (0.304 g, 2.2 muiol) prepared as above, in
McOH (6 mL), 10% palladium on activated carbon (30 rg) 1s added.
The suspension is stirred under a hydrogen atmosphere for 30h. The
reaction mixture is filtered and evaporated to dryness. Benzene (2 ml)
is added and evaporated inorder Lo remove watee from the hygroscopic
product, vield: 0.160 g (96%%).

IR and NMR spectra were identical to an authentic sample (Aldrich). A
distilled sample {b.p. 187-188/1020 mbar) showed |z]i)” +27° (¢ = 5,
CHCL.). A solution of an authentic sample at the same concentration
showed {257 +29.5".

($)-(~ )-1,3-Butanediol, §-Benzyl Ether (2b):

To u slurry of fermenting bakers™ veast Jyeast (100 g5 and sucrose
(100 gy in tap water (1 1L)], a solution of commersial 4-benzyloxy-2-
butanone (1h; 0.45 g, 2.5 mmol) in EtOH (50 mL) is added slowly (18 h)
with mechanical siinlm_, The mixture is stirred at 30°C for 6 d. then
filtered through a celite pad, and extracted with EtOAc (5 < 150 mL).
The extracts are dried (Na,S0O,4) and evaporated @t reduced pressure
leaving a residue (0.73 g), which is purified by flash chromatography
(CH.Cl, facetone, 99 4, as eluant) to give 2b; vield: 0.24 ¢ (52%): b.p.
98- 100°C/2.0 mbar (Lit.'® 98-102°C/2.0 mbar); [«]5 ~245 (¢ =4,
CHOCLY) (Lit'® (2] - 2127 (e = 113, CHCLY)

CyHL0,5 cale. €73.300 H 89S

{180.25} found 7322 .04

IR: v = 3400, 3020, 2950, 2920, 2850 cm " F,

TH-NMR (CCH e a = 110 (d. 3, J = hl[/, 1.65 {dt, 2H. J = 6 Haz,
S M 275 (s, THE 300 (6 2H, T = 6 Hz), 395 (1 H, m) 4. 5 _‘ll. sh
7.20 (11, s).

The caantiomeric cxcess of 2h is caleulated trom the 60 MHz "H-NMR
of the MTPA ester. Ins this case the racemic aleohol shows two singlets
centered at 4.38 and 4.46 ppm (97:84) for the methylene protens of
benzy! moiety and two overlapped doublets centered at 1.26 and 1.35
ppm 4] == 6 Hz) for the methyl group. In the deriy ative of optically
active aleohiol, only the singlet at 4.38 and the doublet at 1.35 ppmare
detectable.
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