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Stereoselective Synthesis of (R)-glycidyl Butyrate from Racemic Glycidyl
Butyrate or Epichlorohydrin Via Hydrolytic Kinetic Resolution
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Abstract: The differences of (R)-glycidyl butyrate synthesis via hydrolytic kinetic resolution of glycidyl butyrate directly
or regioselective opening epichlorohydrin as key steps by using Jacobsen’s hydrotic kinetic resolution are compared. In
the view of separation problem, it is hard to get the pure (R)-glycidyl butyrate by kinetic resolution of glycidyl butyrate
directly. Via kinetic resolution of epichlorohydrin, treatment with butyric acid in the presence of CrCl; and then
epoxidation with NaOH, the total yield of 38.5% and optical purity of 99% are obtained.
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Optically pure glycidyl butyrate has been widely used as
starting materials for the synthesis of many interesting
compounds, such as B-blocker drugs, anticancer drugs,
protein synthesis inhibitors, as well as 2-oxazolidinone
derivatives used against depression [1]. The demand for
these valuable intermediates is expected to increase in the
near future. Particularly, (R)-glycidyl butyrate has been used
to introduce a stereoisomeric center in the synthesis of
Linezolid which is currently marketed for the treatment of
multidrug resistant Gram-positive infections such as
nosocomial community acquired pheumonia, and skin
infections [2, 3].

Due to the interest of the product with high enantiomeric
purity, several alternative biocatalytic processes have been
developed recently [4, 5]. In most cases, the commercial
lipase prepared from porcine pancreas has been used in
resolution of (x)glycidyl esters. However, these lipases show
low enantioselectivity against these compounds, probably
due to the small size of the substrate, which reduces the yield
of the enantiomerically pure product. The chemical synthesis
of chiral glycidol is performed by the Sharpless epoxidation
[6]. The allylic alcohol is epoxidized with the yield more
than 90% by using [Ti(O-iPr),, TBHP] and titanium
diisopropyl tartrate (DIPT) as oxygen donor, These reactions
are of good atom economy, but they use very expensive
chemical reagents.

There are many references about the hydrolytic kinetic
resolution in fine chemicals [7-10]. Our research program
aimed at developing enantioselective synthesis of (R)-
glycidyl butyrate.

We have two choices, one is kinetic resolution of
glycidyl butyrate directly (Scheme 1), and the other is kinetic
resolution of epichlorohydrin first (Scheme 2).
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Scheme 1. Reagents and conditions: (a) 60 °C, 8 h, 95%; (b) (S,S)-
salen-Co-(OAc) (0.5 mol%), dist. H,0O (0.55 equiv), 0 °C, 12 h.

Scheme 1 shows our general synthetic strategy to
construct (R)-glycidyl butyrate which is based on two-step
reactions sequence employing displacement reaction and
hydrolytic kinetic resolution reaction. In this experiment,
epichlorohydrin is relatively easy to react with sodium
butyrate, and racemic glycidylbutyrate is treated with (S,S)-
salen-Co-OAc complex (0.5 mol%) and water (0.55 equiv in
THF) to afford (R)-glycidyl butyrate as a single enantiomer.
Control reactions illustrate that the (salen)Co(l11) complex is
also active in the racemization/decomposition reactions
involving (R)-glycidyl butyrate and (S)-2,3-dihydroxypropyl
butyrate separation. With this result in hand, convenient
chemical reductants are screened for the ability to reduce all
Co(l11) species after the hydrolytic kinetic resolution to form
the inactive Co(ll) complex. L-ascorbic acid (vitamin C) is
the best at stabilizing the reaction mixture and preventing
thermal degradation. The use of two equivalents of L-
ascorbic acid relative to Co(lll) species results in the
quantitative reduction of Co(lll) species to the Co(ll)
species, and allows for the isolation of the resolved (R)-
glycidyl butyrate by simple vacuum distillation. As we
known, the boiling point of (R)-glycidyl butyrate is 192.6 °C,
so it is hard to get the pure (R)-glycidyl butyrate and (S)-2,3-
dihydroxypropyl butyrate (153 °C / 7 mmHg) with high
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yield. Finally, the ee value of (R)-glycidyl butyrate reachs
90%, the yield of 40% is obtained.

In order to achieve the synthesis of target molecule, we
can get chiral epichlorohydrin by hydrolytic kinetic
resolution epichlorohydrin directly (Scheme 2).
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Scheme 2. Reagents and conditions: (a) (R,R)-salen-Co-(OAc) (0.5
mol%), dist. H,O (0.55equiv), 0 °C, 1 2h, (45% for 4, 43% for 5;
(b) CrCls, 60 °C, 24 h, 95%; (c) NaOH, reflux, 12 h, 90%.

Scheme 2 presents the synthesis of intermediates with
hydrolytic kinetic resolution epichlorohydrin first. It is easy
to get the corresponding enantiomeric pure (S)-
epichlorohydrin in 43% yield and 99% optical purity by
distillation at reduced pressure, along with the separable diol
with the yield of 47% (the boiling point of epichlorohydrin is
115-117 °C and the boiling point of (R)-3-chloropropane-
1,2-diol is 213 °C). The overall yield of the epichlorohydrin
is typically 40-45%. Additional 4-5% of epichlorohydrin
remains in the pot, which could be recovered by utilizing
lower vacuum distillation. The epichlorohydrin shows no
loss of enantiomeric excess, and the purity is more than 99%
by GC analysis.

With the enatiomerically pure epoxide in hand, our next
aim is to react (S)-epichlorohydrin with butyric acid, in the

presence of Cr(IlT) as catalyst. Several catalysts are chosen
for the reaction, such as CrClz, Cr(NO3); and Cr(OH)s. It is
found that CrCl; is the best one for this kind reaction with the
yield of 95%. Then the compound was subjected to NaOH
epoxidation, which provides the target compound (R)-
glycidyl butyrate in 90% yield, [o)* =30° (c=neat). The

physical and spectroscopic data of (S)-3-chloro-2-
hydroxypropyl butyrate (7) and (R)-glycidyl butyrate (8) are
determined by "H NMR and *C NMR [11].

In conclusion, two efficient strategies amenable to the
synthesis of (R)-glycidyl butyrate are discussed. The desired
stereocenter can simply be achieved by changing the
hydrolytic kinetic resolution step. In the view of separation
problem, it is a better choice to obtain the product via kinetic
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resolution of epichlorohydrin first. Further application of this
methodology to the synthesis of all the similar targets should
be taken into account.

ACKNOWLEDGMENT

The  authors  thank  Zhejiang Neo-Dankong
Pharmaceutical Co., Ltd. for the financial support.

REFERENCES AND NOTES

[1] Brickner, S. J.; Hutchinson, D. K.; Barbachyn, M. R.; Manninen,
P.R.; Ulanowicz, D. A.; Garmon, S. A.; Grega, K. C.; Hendges, S.
K.;Toops, D. S.; Ford, C. Z.; Zurenko, G. E. Synthesis and
antibacterial activity of U-100592 and U-100766, two
oxazolidinone antibacterial agents for the potential treatment of
multidrug-resistant Gram-positive bacterial infections. J. Med.
Chem., 1996, 39(3), 673-679.

[2] Park, C. H.; Brittelli, D. R.; Wang, C. L. J.; Marsh, F.D.; Gregory,
W. A.; Wuonola, M. A.; McRipley, R. J.; Eberly, V. S.;Slee, A. M.;
Forbes, M. Antibacterials. Synthesis and structure-activity studies
of  3-aryl-2-oxooxazolidines. 4.  Multiply-substituted  aryl
derivatives. J. Med. Chem., 1992, 35(6), 1156-1165.

[3] Madhusudhan, G.; Reddy, G. O.; Rajesh, T.; Ramanatham, J.;
Dubey, P. K. Stereoselective synthesis of novel (R)- and (S)-5-
azidomethyl-2-oxazolidinones from (S)-epichlorohydrin: a key
precursor for the oxazolidinone class of antibacterial agents.
Tetrahedron Lett., 2008, 49(19), 3060-3062.

[4] Wu, D. R.; Cramer, S. M.; Belfort, G. Kinetic resolution of racemic
glycidyl butyrate using a multiphase membrane enzyme reactor:
experiments and model verification. Biotechnol.Appl. Biochem.,
2004, 41(10), 979-990.

[5] Yu, D. H.; Wang, L.; Gu, Q.; Chen, P.; Li, Y.; Wang, Z.; Cao, S.G.
A two-step enzymatic resolution of glycidyl butyrate. Process
Biochem., 2007, 42(9),1319-1325.

[6] Katsuki, T.; Sharpless, K. B. The first practical method for
asymmetric epoxidation. J. Am. Chem. Soc., 1980, 102(18), 5974-
5976.

[7] Pandey, S. K.; Pandey, M.; Kumar, P. A concise synthesis of
protected (2S,4R)-4-hydroxyornithine. Tetrahedron Lett.,, 2008,
49(20), 3297-3299.

[8] Naidu, S. V.; Kumar, P. Enantioselective synthesis of (—)-pinellic
acid. Tetrahedron Lett., 2007, 48(13), 3793-3793.

[9] Raj, I. V, P.; Sudalai, A. Asymmetric synthesis of (S)-vigabatrin
and (S)-dihydrokavain via cobalt catalyzed hydrolytic kinetic
resolution of epoxides.Tetrahedron Lett., 2008, 49(16), 2646-2648.

[10] Kumar, P.; Naidu, V.; Gupta, P. Application of hydrolytic kinetic
resolution (HKR) in the synthesisof bioactive compounds.
Tetrahedron, 2007, 63(13), 2745-2785.

[11] Spectral data of compound 7. *H NMR (500MHz, CDCL): § 4.03-
4.03 (m, 2H), 3.92-3.90 (m, 1H), 3.75 (-OH, 1H), 3.47-3.41 (m,
2H), 2.19-2.16 (m, 2H), 1.51-1.46 (m, 2H), 0.80-0.77 (m, 3H); *C
NMR (500MHz, CDCl;): & 173.0, 68.9, 68.4, 47.7 , 36.0, 18.5,
13.5. Anal. Calcd for C;H1CIO; (180.5): C, 46.55; H, 7.25%.
Found: C, 46.55; H,7.25%. Spectral data of compound 8. *H NMR
(500MHz, CDCls): & 4.19-4.16 (d, 2H), 3.68-3.64 (m, 1H), 2.60-
2.40 (d, 2H), 2.12-2.09 (m, 2H), 1.45-1.41 (m, 2H), 0.74-0.71 (m,
3H); *C NMR (500MHz, CDCly): & 173.0, 67.0, 49.3, 44.0, 36.1,
18.4, 13.6. Anal. Calcd for C;7H1,0; (144): C, 58.32; H, 8.39%.
Found: C, 58.31; H, 8.40%.

®





