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An Efficient Synthesis of (S)-O-Benzylglycidol

Seiichi TAKANO*, Masashi AKIYAMA, Kunio OGASAWARA

Pharmaceutical Institute, Tohoku University, Aobayama, Sendai
980, Japan

Optically acitve O-benzylglycidol (§) is widely used as a key
chiral building block in enantioselective syntheses of a
variety of natural products® ~1#. An efficient synthetic route
tor this material is, therefore, very important. Synthesis of
this material so far has been carried out from optically active
{-O-benzylglycerol (1) in two steps!>1© via the monotosylate
intermediate or in one step’” by using the Mitsunobu reac-
tion'®. Although both the methods are sufficiently practical
for a small scale synthesis, formation of the ditosylate by-
product and its separation in the former synthesis, and nec-
cessity of expensive reagent and chromatographic separation
in the latter synthesis, make these methods less convenient
for large scale production. We report here a simple and effi-
cient conversion of optically active 1-O-benzylglycerol (1)
into optically active O-benzylglycidol (5) via the reaction of
the benzylidene derivative 2 with N-bromosuccinimide'® as
the key step. The present synthesis requires three steps to
convert the glycol 1 into the epoxide 5, however, the overall
vield is high and it does not involve any difficult
manipulations.

Treatment of T with one equivalent of benzaldehyde in re-
fluxing benzene in the presence of a catalytic amount of p-
toluenesulfonic acid gave the benzylidene acetal 22° in quant-
itative yield as an inseparable mixture (~ 1:1) of epimers at
the benzylidene carbon. This mixture, without purification.
was treated with one equivalent of N-bromosuccinimide in
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carbon tetrachloride at room temperature to give 2-
benzoyloxy-3-benzyloxypropy!l bromide (3), exclusively, in
94 % yield. The crude bromide 3, upon treatment with 2.5
equivalents of sodium hydroxide in dimethoxyethane for
24 h?!, afforded the epoxide 5 in 71 % yield via spontaneous
cyclization of the intermediate 4. Overall yield of the epoxide
5 from the starting glycol 1 is 71 %.
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Although the present report describes the synthesis of the
(S)-enantiomer [(S)-5], the (R)-counterpart may be also pre-
pared from the same enantiomeric precursor, as we have al-
ready developed!” an efficient conversion of (R)-glycol [(R)-
1] into the less available (S)-counterpart [(S)]-1)].

All reactions were carried out under argon. I.R. spectra were
measured with a JASCO A-102 spectrophotometer. 'H-N.M.R.
spectra were recorded on a JEOL-PMX 60 spectrometer. Mass spec-
tra were measured with a JEOL-OISG-2 instrument. Optical rot-
ations were measured with a JASCO-DIP-4 automatic polarimeter.

(45,2R/ 5)-4-Benzyloxymethyl-2-phenyl-1,3-dioxolane (2):

A mixture of 1-O-benzylglycerol (1'¢; 18.20 g, 100 mmol) and benz-
aldehyde (10.62 g, 100 mmol) is refluxed in benzene (200 ml) for Sh
in the presence of p-toluenesulfonic acid (400 mg) with removal of
water using a Dean-Stark trap. The mixture is washed with 5%
sodium hydrogen carbonate (2 x 100 ml), brine (100 ml), and dried
with magnesium sulfate. Evaporation of the solvent under reduced
pressure gives the benzylidene ac:tal 2 in a practically pure state;
yield: 28.60 g (106 %). A small amount of sample is purified by dis-
tillation; b.p. 205°C/0.4 torr (Kugelrohr).

C,,H,50; calc. C7553 H6.71

(270.3) found 7548 6.86

M.S. (high resolution): mje = 270.1239 (calc. 270.1254).
'H-N.M.R.(CDCl;/TMS,,,,): 6 = 3.45-4.16 (m,4 H); 4.33 (m. 1 H);
4.56 (s, 1 H); 4.58 (s, 1 H); 5.80 (s, 1/2H}); 5.93 (s, 1/2H); 7.22-7.62
(m, 5H): 7.28 ppm (s, SH).

(S)-2-Benzoyloxy-3-benzyloxypropyl Bromide (3):

A mixture of the crude benzylidene acetal 2 (28.60 g, 106 mmol) and
N-bromosuccinimide (19.80 g, 111 mmol) in carbon tetrachloride
(250 ml) is stirred in the dark for 26 h. The mixture is filtered to
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remove succinimice and the filtrate is washed with 5% sodium hy-
drogen carbonate (2 x 100 ml), brine (150 ml), and dried with mag-
nesium sulfate. Evaporation of the solvent under reduced pressure
gives the bromide 3 as a pale yellow oil in practically pure state;
yield: 34.86 g (94 %). A small amount of sample is purified through a
silica gel column (1% ether/n-hexane); [a]p™ + 11.06° (¢ 2.134,
chioroform).

C,-H,BrO, calc. 5847 H 4.91

(349.2) found 58.45 4.85

M.S. (high resolution): m/e = 349.0396 (calc. 349.0438).

LR. {film): v = 1722cm ™.

'H-N.M.R. (CDCl3/TMS ,): 6 = 2.59 (d, 2 H, J = 5.4 Hz); 3.63 (d,
2H, J=154Hz); 446 (5, 2H); 527 (quin, {H, J=54Hz)
7.14-7.64 (m, 3H):; 7.16 (s, 5H); 7.74~8.08 ppm (m, 2 H).

(S)-0-Benzylglycidol (5):

A mixture of the crude bromide 3 (25.46 g, 73 mmol) and sodium
hydroxide (7.30 g. 182 mmol) in dimethoxyethane (300 ml) is stirred
at room temperaiure for 24 h. The mixture is poured into brine
(100 ml) and is exiracted with ether (2 x 100 ml). The combined ex-
tracts are washed with 5% sodium hydrogen carbonate (2 x 70 ml),
brine (100 ml), and dried with magnesium sulfate. Evaporation of
the solvent under reduced pressure gives a pale yellow oil which is
distilled using a rotary purap to give pure (S)-O-benzylglycidol [(S)-
5]: yield: 8.50 g (71%:; 71 % overall from 1); b.p. 120°C/0.2 torr
(Lit."%'7, b.p. 135-145°C/0.26 torr); [ep: — 15.25° (neat) [Lit.'7,
[«]3% — 15.3° (neat); — 12.06° (neat)]. Spectral data (I.R. and 'H-
N.M.R.) are identical with those of an authentic material'®.

Received: September 25, 1984

t Szabo, W. A., Lee, H.T. Aldrichimica Acta 1980, 13, 13.

* Takano, S., Ogasawarz, K. J. Synth. Org. Chem. Soc. Jpn. 1982,

40, 1037. :

Takano, S., Imamura, ., Ogasawara, K. Tetrahedron Lett. 1981,

22, 4479.

Takano, S., Goto, E., Hirama, M., Ogasawara, K. Chem. Pharm.

Bull. 1982, 30, 2641.

Takano, S., Goto, E., Ogasawara, K. Tetrahedron Lett. 1982, 23,

5567.

Takano, 8., Yamada, S., Numata, H., Ogasawara, K. J. Chem.

Soc. Chem. Commun. 1983, 760.

Hirth, G., Barner, R. Helv. Chim. Acta 1982, 65, 1059.

Takano, S., Hirama, M., Ogasawara, K. Heterocycles 1983, 20,

1363 (1983).

Takano, S., Numata, H., Yamada, S., Hatakeyama, S.,

Ogasawara, K. Heteroeycles 1983, 20, 2159.

Hirth, G., Saroka, H., Bannwarth, W., Barner, R. Helv. Chim.

Acta 1983, 66. 1210 (1983).

' Takano, S., Akivama. M., Ogesawara, K. Chem. Pharm. Bull.
1984, 32, 791 {1984).

2 Lipshutz, B.H., Kozlowski, J.A. J. Org. Chem. 1984, 49, 1147.

13 Nagaoka, H., Miyakoshi, T., Yamada, Y. Tetrahedron Lett. 1984,
25, 3621.

14 Takano, S., Tanaka, M., Seo, K., Hirama, M., Ogasawara, K. J.
Org. Chem., 1985, 50, 931.

15 Anisuzzaman, A.K.M., Owen, L.N., J. Chem. Soc. [C] 1967,
1021.

16 Takano. S., Goto, E., Hirama, M., Ogasawara, K. Heterocycles
1981, 76, 381.

17 Takano, S., Seya, K., Goto, E., Hirama, M., Ogasawara, K. Syn-
thesis 1983, 116.

18 Mitsunobu, Q. Synthesis 1981, 1.

Pizey, J.S. Synthetic Reagents, Vol. 11, E. Horwood Ltd., Chi-

chester, 1974, pp. 1-63.

Takano, S., Akiyama, M., Satc, 8., Ogasawara, K. Chem. Lett.

1983, 1593.

21 The formation of epoxide 5 is more facile with potassium carbo-
nate in alcoholic solvent (methanol, ethanol or isopropanol, less
than 1 h at room temperature), but chromatographic purification
is unavoidable to scparate the tenzoate ester which could not be
achieved by distillation.

&

B

&~

<

14

=]

2¢

<

Downloaded by: University of Liverpool. Copyrighted material.



