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Abstract

Both (S)-(^)- and (R)-(+)-enantiomers of omeprazole were directly resolved by inclusion complexation
with a chiral host compound (S)-(^)- or (R)-(+)-2,20-dihydroxy-1,10-binaphthyl in high enantiomeric excess
(>99% e.e.). # 2000 Elsevier Science Ltd. All rights reserved.

1. Introduction

5-Methoxy-2-{[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sul®nyl}-1H-benzimidazole, which
has the generic name omeprazole 1, is a highly potent gastric acid secretion inhibitor,1 and was
®rstly marketed by Astra in 1988. Omeprazole 1 has a stereogenic center at the sulphur atom, and
exists as two enantiomers, (S)-enantiomer and (R)-enantiomer (Fig. 1).

In January 1996, the FDA announced it would consider further incentives for developing single
isomer drugs,2 owing to their better pharmacokinetics prosperity, safety, and tolerability. Racemic
omeprazole 1 has a mature preparation method and is manufactured on a large scale, but there is
not yet an e�cient process for the preparation of the single enantiomers. Resolutions, via
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Figure 1. The structure of two enantiomers of omeprazole 1
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diastereomerically N-substituted derivatives of omeprazole, have been disclosed; however, this
process involves the complicated separation and cleavage of N-substituents.3 An asymmetric
oxidation of the prochiral sul®de, 5-methoxy-2-{[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]-
thio}-1H-benzimidazole, was also described in the literature.4 Since the early 1980s, the formation
of host±guest inclusion complexes, via selectively and reversibly including chiral guest molecules
in host lattices of chiral molecules, has been applied to the resolution of racemates by Toda, and
many enantiomerically pure compounds have been successfully prepared by inclusion resolution.5

Recently, we have obtained the enantiomerically pure alkylpyridyl sulfoxide by the inclusion
method with chiral TADDOL 2 (R=C(CH3)2);

6 however, it is unsuccessful in resolving omeprazole
1 containing a 2-pyridylmethyl sul®nyl group with TADDOLs 2 as chiral host.7 Here, we report
the ®rst inclusion resolution of omeprazole 1 by inclusion complexation with chiral host 2,20-
dihydroxy-1,10-binaphthyl (BINOL) 3.8

2. Results and discussion

An inclusion complex was obtained from the mixed solvent of benzene and hexane (see Table 1).
Because racemic omeprazole 1 easily separates out on cooling, high mole ratios of 1 and the chiral
host BINOL 3 are needed for high enantioselectivities, and the best results were obtained with a
1:1.5 ratio of rac-1 and chiral 3 (Table 1, entries 3 and 5). The suitable volume ratio of benzene and
hexane is also important for the crystallization of the inclusion complex; when the ratio of benzene
and hexane increased to 6:1, no complex precipitated, and when the ratio decreased from 4:1 to
2.5:1, lower enantioselectivity was observed although a higher yield was obtained (Table 1, entry 7).
NMR and elemental analysis showed that the molar ratio of 1 and 3 in the inclusion complexes

is 1:1.10 IR analysis of inclusion complex, chiral host and guest shows a shift of O±H and S�O
stretching vibrational region.11 The chiral host, (S)-(^)-3, exhibits sharp and strong bands at 3509
(intermolecular hydrogen bonding) and 3433 cm^1 (intramolecular hydrogen bonding), and rac-1
exhibits the sul®nyl absorption band at 1018 cm^1, while complex (^)-1±(^)-3 shows a broad band
around 3058 and 1028 cm^1 which is compared with the sul®nyl absorption band (1028 cm^1)11 of
the (S)-enantiomer of omeprazole 1. We also obtained a crystal of rac-1 from butanone solu-
tion,12 and X-ray crystallographic structure analysis13 shows it to be a dimer of two enantiomers
(Fig. 2), which forms by intermolecular N±H� � �O�S hydrogen bonding (distance between O2
and N1, 1.900 AÊ ). These results show that the chiral sul®nyl group does not attribute the forma-
tion of hydrogen bonding in the inclusion complex,8b and the chiral recognition in the inclusion
complex may occur via formation of hydrogen-bonded supramolecular chiron14,15 between chiral
BINOL 3 and chiral omeprazole 1. Unfortunately, we have not obtained a suitable crystal of the
inclusion complex.
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3. Conclusion

An inclusion complex (^)-1±(^)-3 or (+)-1±(+)-3 was ®rst obtained from racemic omeprazole 1
with chiral host (S)-(^)- or (R)-(+)-2,20-dihydroxy-1,10-binaphthyl 3 in high selectivities, and thus
both enantiomerically pure enantiomers of omeprazole 1 were prepared by direct resolution with
more than 99% enantiomeric excess.

4. Experimental

At 110�C, (S)-(^)-3 (1.248 g, 4.35 mmol) and rac-1 (1.000 g, 2.90 mmol) were dissolved in 36 mL
of benzene:hexane (v/v=4:1), and then the mixture was cooled and kept at 0�C for 12 h. A
complex of (S)-(^)-13c and (S)-(^)-3was obtained as a grey±blue powder with 90.3% e.e. (determined
by HPLC analysis9) of (S)-(^)-1. Then, one recrystallization of the complex in benzene:hexane
(v/v, 1:1) and separation of the resulted complex (0.769 g) on a SiO2 column gave (S)-(^)-omeprazole
1 with 98.9% e.e. and 84.1% overall yield as a red syrup. After recrystallization in water, (S)-(^)-1
was obtained as a white powder with 99.2% e.e.16 Similarly, by using chiral (R)-(+)-BINOL 3 as
host, a white powder of (R)-(+)-omeprazole 1 can be obtained with 99.5% e.e.16

Figure 2. X-Ray ORTEP drawing of racemic omeprazole 1

Table 1
Resolution of omeprazole 1 by inclusion complexation
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