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PROCESS FOR SYNTHESIS OF SUBSTITUTED SULPHOXIDES

Technical field

The present invention relates to a process for enantioselective synthesis of the

single enantiomers of substituted sulphoxides or said compounds in an
enantiomerically enriched form. Such substituted sulphoxides that are suitable for
being prepared by the novel process are for examples the single enantiomers of
omeprazole as well as the single enantiomers of other structurally related

sulphoxides. The obtained products may thereafter be converted to

pharmaceutically acceptable salts thereof by conventional processes. Further, the

invention also relates to some new single enantiomeric compounds which can be

prepared by the novel process and their use in medicine. =

Background of the invention and prior art

There are a large number of patents and patent applications disclosing different
substituted 2-(2-pyridinylmethylsulphinyl)-1H-benzimidazoles. This class of
compounds has properties making the compounds useful as inhibitors of gastric
acid secretion. For example the compound, (5-methoxy-2-[[(4-methoxy-3,5-
dimemyl;z-pyﬁdinyl)methyl]sulphinyl]—lﬂ-benzimidazole) with the generic |
name omeprazole, described in i.e. EP 5129, is useful as an antiulcer agent. Other
compounds of interest are for instance the compounds with the generic names

lansoprazole, pantoprazole, pariprazole and leminoprazole..

- These compounds as well as structurally related sulphoxides, have a stereogenic

centre at the sulphur atom and thus exist as two optical isomers, i.e. enantiomers.
If there is another stereogenic centre in the molecule, these compounds can exist

as pairs of enantiomers. Corresponding sulphides of such compbunds which
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~ already contain a stereogenic centre are not pro-chiral compounds, but chiral

compounds. However, the sulphur atom in these compounds does not have
asymmetry and therefore they are referred to as pro-chiral sulphides in respect of

this invention.

Even though this class of chiral sulphoxides has been discussed in the scientific
literature since the late seventies, there is not yet any efficient asymmetric process
described for the synthesis of the single enantiomers thereof. The single
enantiomérs of pharmacologically active compounds have met an increased
interest in the last years because of improved pharmacokinetic and biological
properties. Therefore, there is a demand and need for an enantioselective process
that can be used in large scale for thé manufacture of the single enantiomers of
pharmacologically active compounds, such as for instance optically pure,
substituted 2-(2-pyridinylmethylsulphinyl)-1H-benzimidazoles.

There are processes for resolution of different substituted 2-(2-pyridinyl-
methylsulphinyl)-1H-benzimidazoles disclosed in the prior art. Such resolution
processes are for example described in DE 4035455 and WO 94/27988. These
processes involve synthetic steps wherein a diastereomeric mixture is synthesised
from the racemate of the corresponding substituted 2-(2-pyridinyl-
methylsulphinyl)-1H-benzimidazoles. The diastereomers are then separated and
finally one of the separated diastereomer is converted to the optically pure
sulphoxide in a hydrolytic step.

These resolution methods involving diastereomeric intermediates, suffer from at

least three fundamental disadvantages namely:

1) The substituted 2-(2-pyridinylmethylsulphinyl)-1H-benzimidazole, as a
racemic intermediate, has to be further processed in a couple of reaction steps

before the single enantiomers can be obtained.
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2) Theresolution processes described involve complicated separation steps.

3) Thereisa large waste of highly refined material when the unwanted
stereoisomer, in the form of the opposite diastereomer, is separated and
discarded.

Further, prior art de_L«:ribes for instance enantioselective synthesis of the single |
enantiomers of a sulphoxide agent Ro 18-5364, (5;7-dihydro-2¥[[(4-methoxy-3-
methyl-Z-pYridinyl)methyl]-sulphinyl]-5,5,7,7-tetramethylindeno-[5,6-d -
imidazol-6-(1H)-one), See Euro. J. Biochem. 166 (1987) 453. The destribed_ process
is based on an enantiosele.ctive oxidation of the cbrresponding prochiral sulphide
to said sulphoxide. The experiménta‘l conditions used during the oxidation are
stated to be in accordance with the asymmetric sulphide oxidation process
developed by Kagan and co-workers ( Pitchen, P.; Deshmukh, M.; Dunach, E;
Kagan, H. B. I Am. Chem. Soc. 106 (1984), 8188). The authors report that the
oBtai_ned crude product of the sulphoxide, showing an enantiomeric excess (e.e.)
of about 30%, can be purified to an essentially optical pure sulphoxide [(e.e.) >
95%] by several steps of crystallisation. However, the yields and the number of
crystallisation steps are not repo_rfed. o

It is of interest to note that attempts of the Applicant to repeat the experimental
conditions described and reported above, in the préparal:ion of the single
enantiomers of Ro 18-5364 afforded crude sulphoxide with an enantiomeric excess
of only 16%. |

In order to obtain the optically pure 2-(2-pyridinylmethyl-sulphinyl)-1H-
benzimidazoles of interest, e.g. one of the single enantiomers of omeprazole, the
Applicant obtained crude sulphoxides with a typical enantiomeric excess of about
5% or even lower with the above described method; See Reference Example A,

below.
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In the above mentioned process for asymmetric oxidations of sulphides to
sulphoxides developed by Kagan and co-workers (J. Am. Chem. Soc. (1984) cited
above), the oxidation is pérfor.me'd' by using tert. butyl hydroperoxide as oxidising
agent in the presence of one équ'ivalent of a chiral complex obtained from |

Ti(OiPr)4/(+)-or(-)-diethyl tartrate/water in the molar ratio of 1:2:1.

Kagan and co-workers reported_ that sulphoxide prdd_ticts with thé highest |
enantioselectivity could be obtained When sulphides beérihg two substituents of

very different size were sub]ected to an asymmetric oxxdanon For instance, when

‘aryl methyl sulphides were sub]ected to oxidation, it was p0551ble to obtain the

aryl methyl sulphoxides in an enantiomeric excess (e.e.) of more than 90%.

However, when the substituents attached to the siﬂphur atom of the pfo-chifal |

sulphide have a more equal size, a moderate or poor enanuoselechvxty was

obtained. For instance, when benzyl p-tolyl sulphlde is sub]ect to oxidation under

the conditions proposed by Kagan and co-workers, the e.e. observed is only 7%.

There have been attempts to improve the conditions for asjmmetric oXi'daﬁon‘ of
sulphides. For example, Kagan and co-workers (Zhao, S.; Samuel, O.; Kégan,

B. Tetrahedron (1987) 43, 5135) found that a higher enannoselectxvxty general.ly
could be obtained if the tert-butyl hvdroperomde in the system discussed above
was replaced by cumene hydroperonde in the oxxdatlon_of the su_lpthe. For
instance an enantiomeric excess of 96% could be obtained in the asymmetric

oxidati_dn of methyl p-tolyl sulphide.

Thus,asa pr_opos'ed method for asymmeﬁ'ic_ oxidation of sulphides, Kégan used
cumene hy;d'ropé'rbx.ide with the system Ti(O-iPr)4/ diethyl tartrate/water (1:2:1)
in methylene chloride at -23°C. The authors reported a decreased enantio-

selectivity when the amount of htamum reagent was lower than 0.5 equivalent.

| (See Tetrahedron (1987) cited above.)
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Using this improved asymmetric oxidation process with one equivalent titanium
reagent in order to obtain the optically pure 2-(2-pyridinylmethylsulphinyl)-1H-
benzimidazoles, e.g. one of the single enantiomers of omeprazole, the Applicant
obtained a typical enantiomeric excess of about 10%; See Reference Example B,

below.

The reaction conditions and their relevance in respect to the enantiomeric excess

obtained for chiral sulphoxides 1n general, have also been discussed by Kagan and

'co-workers., See Synlett (1990), 643. For example a temperature of -20°C was

found to be required for a high enantioselectivity and in some cases as low as -
40°C was used by Kagan and co-workers to obtain the highest enantioselectivity.
Further, the authors state that the enantioselectivity will be decreased when
changing the organic solvent used in the oxidation from Iﬁethyleﬁe chloride to for
instance toluene. Methylene chloride and 1,2-dichloroethane are discussed as
preferred solvents for the oxidation. It is to be noted that neither the low
témperatures nor the proposed solvents are satisfactory from an industrial point

of view.

. Recently, a large scale asymmetric synthesis of an acylcholesterol acyltransferase

(ACAT) inhibitor has been developed by Pitchen and co-workers (Pitchen, P;
France, C. J.; McFarlane, I. M.; Newton, C. G.; Thompson, D. M. Tetrahedron
Letters (1994), 35, 485). The discussed ACAT inhibitor, general named “compound

RP 73163, is a chiral sulphoxide bearing one 4,5-diphenyl-2-imidazolyl group

and one 5-(3,5-dimethyl-1-pyrazolyl)-1-pentyl group on the stereogenic center, i.e.
the sulphur atom. However, the compound, which is not a substituted 2-(2-
pjrridinylmethylsulplﬁnyl)—l_l—_i_—benzimidazole type compound according to the
presént invention, has two large substituent groups attached to the stereogenic

centre just as the compounds obtained in the present invention.

Initially, the corresponding prochiral Sulph.ide of RP 73163, bearing these two

large substituents on the sulphur atom, was oxidised using the above mentioned
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asymmetric oxidation method proposed by Kagan (See Tetrahedron (1987) cited
above). The prepared sulphox1de is reported to be obtained i in a good chermcal

yield but the enantiomeric excess of the sulphox1de was 0% (racemic mixture).

However, these discourraging results are not sﬁrptiéing for a chemist since in the
literature the highest enantioselectivities for the titanium tartrate mediated

reactions always have been reported in the case of oxxdauon of r1g1d (e. 8 cychc)
sulphides or sulphides bearmg two substituents of very dlfferent size. The authors
conclude that the enannoselecnvxty for this type of oxidations is mamly govemecl

by steric effects

With respect of the information disclosed i in published literature and in order to
have a suitable prochn‘al substrate for an asymmetric oxldatlon Pitchen and co-
workers (See Tetrahedron Letters (1994) cited above) have decided to reduce the
size of one of the substituents attached on the sulphur atom in the stﬂphide. An
intermediate of choice for such a process may be a N-protected 4,5-diphenyl-2-
imidazolyl methyl sulphide which after oxidation is obtained as the =~
corresponding sulphoxide. The enantiomeric excess of the formed sulphoxides is -
in the range of 98-99%. However, the synthetic route becomes more complicated
using an intermediate than the originally method proposed for the asymmetric
oxidition of 2-{5-(3,5-dimethylpyrazol-1-yl)pentylthio}-4,5-diphenyl imidazole.
Starting from 4,5-dxphenyl-2-mudazolethlol the synthehc route has to include the
followmg synthetlc steps '

1) Methylation of the mercé‘pto' group.

2) Attaching a protective group to one of the mtrogen atoms in the umdazole

‘moiety.

3) Asymmetric oxidation of the sulphide toa sulphoxide.
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4) Reacting the obtained methyl sulphoxide derivative with a strong base, such
as lithium diisopropyl amide (LDA), in order to abstract a proton from the

methyl group.

5) Alkylating the lithium salt of the methyl sulphoxide derivative with 4-chloro-
1-iodobutane giving a 5-chloropentyl sulphoxide derivative.

6) Attaching the pyrazolyi groﬁﬁ to the n-pentyl chain.
7) Removing the protective group.

Ii is obvious that the proposed complicated approach by optimising the size of the

substituents is not suitable for preparation, especially not in a large scale.

It should be noted that the process according to the present invention applied to
the pro-chiral sulphide of RP 73163, surpi'isingly gives RP 73163 in an

enantiomeric excess of > 85-90%, See Reference Examples E and F, below.

The prior art literature does not disclose nor propose a suitable enantioselective
process which can be used in large scale for obtaining the single enantiomers of 2-

(2-pyridiny1methylsu.lph_inyl)-lﬁ-benzimidazoles. Therefore, there is still a long-

- felt demand for such an enantioselective process for the manufacture of

substituted optically pure 2-(2-pyridinylmethylsulphinyl)-1H-benzimidazoles as
well as other structurally related sulphoxides.
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Brief description of the invention

The present invention provides a novel process for enantioseleétive synthesis of
the single enantiomers of omeprazole, of other ophcally pure substituted 2-(2-
pyndmylmethylsulphlnyl)-lH-benzmudazoles as well as of other structurally
related sulphoxides, in which process a surprisingly high enantmselecuvxty is

‘obtained. The novel process is characterized in thata pro-clural sulphide is

oxidised asymmetrically into a single enantiomer or an enantiomerically enriched
form of the corresponding sulphoxide. This novel asymmetric oxidation
surprisingly makes it possible to obtain the conipounds of interest with an
extremely high enantiomeric excess, even if the correspondmg pro-chiral sulphide

has substituents on the sulphur atom of appronmately the same size. The process

is simple with one step of reaction making the process suitable for large scale

production of enantiomeric compounds in a high yleld and with a high

enanhomenc excess.

The expressions “pro-chiral sulphide(s)” are used for the sulphides of the
corresponding sulphoxides suitable for being prepared by the novel process
according’ to the present invention. If the corresponding sulphide already contains
a stereogenic centre in the molecule, such a sulphide is 'not' a 'pro-chiral
compound, but a chiral compound. Smce the sulphur atom of the sulphides does
not have asymmetry such a compound is referred to asa pro-chlral sulphlde in
the present specification and appendmg clalms

The present invention also pr.ovides optically pure compounds prepared in
accordance with the _elaimed process and some novel single enantiomeric

compounds.

The process of the invention is defined in claim 1 and some alternative processes .

are described in the independent claims 2 - 4. The subclaims 5 - 23 define some
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specifically preferred embodiments of the invention, and preferred products

prepared by the new proééss are defined in claims 24 - 33.

5 Detailed description of the invention.

The present invention provides a novel method of preparing a sulphoxide of

formula I either as a single enantiomer or in an enantiomerically enriched form:

S
Het;—X—S—Het, | I
10 : .
wherein
Het, is
Ro '?4
R R N
X’ o
I or
£
. N 4 et :
15 | <]
Het, is
S
4 —
or
|
H.

20 and Xis
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- | o 1
_?H_ or _ .
Rio Riz

wherein

N inside the benzené ring of the benzimidazole moiety means that one of the
carbon atoms substituted by R -R, optionally may be exchanged for a nitrogen

atom without any substituents;
R,, R, and R, are the same or differént and selected from hydrogen, alkyl,
alkylthio, alkoxy optionally substituted by fluorine, alkoxyalkoxy, dlalkylammo,

pxpendmo, morphohno, halogen, phenylalkyl and phenylalkoxy,

R, and R, are the same or different and selected from hydrogen, alkyl and aralkyl;
R, is hydrogén, halogen, trifluoromethyl, alkyl or alko:éy; | B

R;- R, are the same or different and selected from hydrogen, alle, alkoxy,

halogen, halo-alkoxy, alkylcarbonyl, alkoxycarbonyl, oxazolyl, trifluoroalkyl, or

~ adjacent groups R-R, form ring structures which may be further substituted;

R,, is hydrogen or forms an alkylene chain together with R, and

R, and R,, are the same or different and selected from hydrogen, halogen and

alkyl.
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In the above definitions alkyl groups, alkoxy groups and moities thereof may be

branched or straight C,-C,-chains or comprise cyclic alky! groups, for example

cycloaltkylalkyl.

5 Preferably, the sulphoxideé prepared by the novel method are sulphoxides of

formula I either as a single enantiomer or in an enantimerically enriched form:

Re
R | R
o @ N 7
Ar—CH—S a)
;T
H "Ry
wherein
10
Aris
fla
N\
[ :] Rs
or
Re' - _
and R, - R, are as defined above in connection with formula I.
15

Most preferably the sulphoxides prepared by the novel process are sulphoxides of
any of the formulas Ia to Ih either as a single enantiomer or in an enantimerically

enriched form:
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OCH,
HiC AN CHs |
N
et
N . , (Ia)
/
H
O,CHZ,—Q
A
| 2 N F |
™ .
SN cH—s5—¢ am
N
/
H
CHs
/ OCH3
COOCH
< | Q@ N OQC 3

VA CHg (o)

H
OCH,CF,
AN\
l 0
°H2‘5—<N (d)
/
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OCH,
/ OCH3 |
OCHF,
N .
N CH2—3—< :©/
(le)
OCH,CH,CH,OCH,
CHy
| o N
N7 cH,—s—¢
N {f)
/
H
5
GHe
N—CH,CH(CHa),
s NN
| N
/
H
Z N
TN .
CHs S—<
/ | (Ih)
H
10

The compounds defined by the above formulas I, and Ia- Ih may be converted
to pharmaceutically acceptable salts thereof by conventional methods.
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The process of the present invention is characterized by an asymmetric oxidation

in an organic solvent of a pro-chiral sulphide according to formula II

Het;,—X—S—Het, - |

wherein Het, and Het, are as defined above

with an oxidising agent and a chiral titanium complei, optionally in the presence

of a base.

According to one aspect of the invention the asymmetric oxidation is carried out

in the presence of a base.

Alternatively, the oxidation can be carried out in the absence of abase if the
preparation of the chiral titanium complex is performed in a specific way with
respect to the order of addition, preparation temperature and/or preparation
time.

Thus, according to one preferred aspect of the invention the prepafation of the
chiral titanium complex is performed in the presence of the pro-chiral sulphide, i
e the pro-chiral sulphide is loaded into the reaction vessel before the components

used for the preparation of the chiral titanium complex are loaded.

According to another prefened'aépect of the invention the pre_parétion of the
chiral titanium complex is performed during an elevated temperature and/or

during a prolonged preparation time.

Accofding to still another preferred aspect of the invention the preparation of the

chiral titanium complex is performed during an elevated temperature and/or
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during a prolonged preparation time and in the presence of the pro-chiral
sulphide.

According to the most preferred aspect of the invention, the asymmetric oxidation
is carried out in the presence of a base and the preparation of the chiral titanium
complex is performed during an elevated temperature and/or during a prolonged.

preparation time and in the presence of the pro-chiral sulphide.

The oxidation is carried out in an organic solvent. Surprisingly, the solvent is not

as essential for the enantioselectivity of the oxidation, as reported by Kagan and

- co-workers. The solvent can be chosen with respect to suitable conditions from an

industrial point of view as well as environmental aspects. Suitable organic
solvents are for instance toluene, ethyl acetate, methyl ethyl ketone, methyl

isobutyl ketone, diethyl carbonate, tert. butyl methyl ether, tetra hydrofurane,

‘methylene chloride and the like. From an environmental point of view non- _

chlorinated solvents are preferred.

The oxidation is preferably carriéd out in an organic solvent ét room temperature
or just above room temperature, e g between 20 - 40° C. Surprisingly, the process
does not require a temperature below - 20 ° C, as described by Kagan and co-
worker as essential for good enantioselectivity. Such a low temperature results in
long reaction times. However, if the reaction time is variated a reaction
temperature may be chosen below as well as above the preferred temperatures 20
- 40° C. A suitable temperature range is limited only depending on the
decomposition of the compounds‘, and that the reaction time is dramatically
shorter at room temperature than at -205 C since the sulphides of interest are
oxidised very slowly at such a low temperature. |

An oxidising agent suitable for the novel asymmetric oxidation may be a
hydroperoxide, such as for example tert.-butylhydroperoxide or cumene
hydrope_roxide, preferably the latter.
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The titanium complex suitable for catalysing the process of the invention is
prepared from a chiral hgand and a titanium(IV) compound such as preferably
titanium(IV)alkoxide, and opuonally in the presence of water. An especially
preferred titanium(IV)alkoxide i is ntamum(IV)xsopropoxlde or -propoxlde The
amount of the chiral titanium complex is not critical. An amount of less than
approximately 0.50 eqmvalents is preferred and an espeaally preferred amount is
0.05 -0.30 equivalents. Surprisingly, even very low amounts of complex, such as
for instance 0.04 equivalenté may be used in the proeesses accerding'to the

present invention with excellent result.

The titanium complex may also be prepared by reactmg tltamum tetra chlonde

with a chiral ligand in the presence of a base

The chiral ligand used in the prep'aration'of_ the titani_um cornplex is preferably a |
chiral alcohol such as a chiral diol. The diol may be a branched or unbranched
alkyl diol, or an aromatic diol. Preferred chiral diols are esters or tartaric acid,

especially (+)-diethyl L-tartrate or (-)-diethyl ther(;'ate are preferred.

As discussed above and more in detail below, the chiral titanium complex may be
prepared in the presence of the pro-chiral sulphide or before the pro-chiral
sulphide is added to the reaction vessel. |

As mentioned above, according to one aspect of the invention, the oxidation is

carried out in the presence of a base. A surpnsmgly high enanhoselechvxty is
observed when a base is present during the oxidation. This noteworthy high
enantioselectivity is observed even though the substrates are pro-clural sulphides
with substituents on the sulphur atom having approximately the same size.

The base may be an inorganic or an organic base, such as for instance a hydrogen

carbonate, an amide or an amine. Amine includes a guanidine or an amidine.



10

15

20

30

WO 96/02535 17 _ PCTISE95/00818.

Organic bases are preferred and especially suitable bases are amines, preferably
triethylamine or NN -diisopropylethylamine. The amount of base added to the
reaction mixture is not critical but should be adjusted with respect to the reaction

mixture.

This specific feature of adding a base to the reaction mixture in order to enhance
the enantioselectivity of the oxidation is exemplified by two experiments with 5-
methoxy-2-[[(4-methoxy-3 5-dimethyl-2-pyridinyl)-methyl]thio]-1H- |
benzimidazole used as the pro-chiral sulphide for the reaction. See Reference

Examples D and E. The reaction conditions are the same in both experiment,

" except for the addition of a base to the reaction mixture in one of the experiments.

Reference Example D is performed in accordance with claim 1 of the present
invention, i e the asymmetric oxidation is performed in the presehcé of a base.
Reference Example C is performed in the absence of a base without any alteration
of the process parameters. The results show that the oxidation without any
addition of a base according to Reference F.xaniple C affords a sulphoxide product
with an enantiomeric excess (e.e.) of 23%, while the oxidation in the presence of a
base, such as diisopropyleth_ylamine, éccbrding to Reference Example D affords a

sulphoxide product with an enantiomeric excess of 78%.

Alternatively, the process of the invention can be carriéd out in the absence of a
base. Under such conditions the processes for prepai'ation of the chiral titanium

complex are essential.

The preparation of the chiral titanium éomplex is preferably performed in the
presence of the pro-chiral sulphide. By alter the order of addition compared to the
processes disclosed in prior art the =nantioselectivety of the oxidation is

surprisingly enhanced.

Other essential features in the preparation of the chiral titanium complex is that

the preparation of the complex is performed during an elevated temperature
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and/or duting a prolonged tiute. With an el_evated temperature is meant a
temperature above room temperature, such as for instahce_SO - 70 ° C, preferably
40-60°C. A prolenged preparation time is a period of time louger that
approximately 20 minutes, preferably 1 - 5 hours. A suitable period of time for the
preparation step depends on the preparation temperature and of the pro-chiral
sulphide, optionally present durihg the preparation of the chiral titaniurh |

complex.

The products .formed du.ting the oxidétion teaction inay be extt'acted with an
aqueous solution of ammoma or another N-contalmng base to avoid precipitation
and/or formanon of insoluble tltamum salts. The aqueous phase i is separated
from the orgamc phase of the obtained mixture and the isolated aqueous phase is
neutralised by the addition of a neutralising agent resultmg in a protonation of the
optically active sulphoxlde

Thus, another lpreferr'ed feature of the process of the invention is that the titanium
salts which may be formed during the process can be kept in solution by the
addition of an aqueous ammoma solution. The conventional procedure described
in the literature for washing out titanium salts is a treatment of the reaction
mixture with water or aqueous sodium hydroxide solutions resulting in the
formation of a gel which i is very difficult to ﬁlter off Another procedure for
washing out the titanium salts described in the prior art, is for instance to use 1M
HC], proposed in the work by Pitchen and co-workers (Tetrahedron Letters (1994)
cited above). This procedure cannot be used for products being acid labile, such as
for instance 2—(2-pyndmyl-methylsulphmyl)— H-benzumdazoles which are
destroyed almost 1mmed1ately in acidic solutions.

The obtained crude product may be extracted in an orgznic solvent. It may also be
crystallised in an organic or aqueous solvent resulting in an optically pure
product, such as for instance one of the single enantiomers of a 2-(2-

pyndmylmethylsulphmyl)—lH—benzumdazole in the neutral form. The acidic
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proton in the benzimidazole moiety may be abstracted by treating the crude

| product with a base such as NaOH followed by crystallisation of the formed salt

in a solvent which may result in a product with-an imprbved optical purity.

The invention is illustrated more in detail by the following examples.

"EXAMPLES

Examplel. _
Asymmetric synthesis of (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)-
methyl]sulphinyi]-1H-benzimidazole sodium salt, (-}-(Ia)-Na '

59 g (180 mmol) 6f 5-methoxy-2-[[(4-methoxy-3 5-dimethyl-2-pyridinyl)-
methyl]thio}-1H-benzimidazole was dissolved in 200 ml ethyl acetate. To the
solution was added 0.3 ml (17 mmol) water. To the mixture was added 37 g (180
mmol) (+)-diethyl L-tartrate, 25 g (90 mmol) titanium(IV) isopropoxide and 16
ml (90 mmuol) diisopropylethylamine at room temperature. The addition of 30 ml
(160 mmol) cumene hydroperoxide (80%) was then performed over a period of 90
minutes at 34°C. After cooling to room temperature for 120 minutes a small
sample of the mixture was taken for chiral and achiral chromatographic analyses.
The mixture consisted of 82% sulphoxide with an enantiomeric excess (e.e.) of
87%. The mixture was diluted with 60 ml isooctane and 40 ml ethyl acetate
whereupon the product waé extracted three times with an aqueous ammonia
(12%) solution with a total volume of 480 ml. The combined aqueous phases were
neutralised by addition of 50 ml concentrated acetic acid. Thereafter, the workup

Pprocedure employed extraction, evaporation, sodium hydroxide addition and

crystallisation procedures yielding 32.7 g of the title compound with a purity of
95.2% (achiral analysis) and with an enantiomeric excess (e.e.) of 99.8% (chiral
analysis).The overall yield was 47.2%.



10

15

20

30

WO 96/02535 20 PCT/SE95/00818

Example 2.
Asymmetric synthe51s of (+)-5-methoxy-2-[[(4-methoxy-3, S-dnnethyl 2—pynd1nyl)-

methyl]sulphmyl] -1H-benzimidazole, (+)-(Ia)

Titanium(IV) isopropoxide (1.3 ml, 4.5 mmol) and water (41 ul, 2.3 mmol) were _
added with stirring to a solution of (+)-diethyl L-tartrate (1.5 ml, 9.0 mmol)
dissolved in toluene (10 mi). The mixture was stirred for 20 minutes at room
temperature and then 5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridiny)methyl]thio}-1H-benzimidazole (3.0 g, 9 mmol) and diisopropylethyl
amine (0.45 ml, 2.6 mmol) were introduced. At 30 °C cumene hydroperoxide
(tech, 80%, 1.8 ml, 9.9 mmol) was added. After 3 h at 30 °C the mixture consisted
of 2.1% sulphide, 8.8% sulphone and 86.8% 'si.xlpho'kidé with an enantiomeric

excess of 74%.

Example 3.
Asymmetric synthesis of (+)-S-methoxy-2—[[(4-methoxy-3,5-dnnethyl—2-pyndmyl)-

methyl]sulphinyl]- lH-benzmudazole, (+)-(Ia)

To a mixture of (+)-diethyl L-tartrate (4.2 g, 20 mmol), titanium(IV) isdpropoxide
(2.9 g, 10 mmol) and ethyl acetate was added water (0.18 ml, 10 mmol). The
solution was stirred for 20 minutes whereupon 5-methoxy-2-[[(4-methoxy-3,5-

' dimethyl-2-pyridinyl)-methylthio}-1H-benzimidazole (3,4 g, 10 mmol) was

added together with KHCO3 (0.31 g, 3.1 mmol) and cumene hydroperoxide (1.8

| ml, 10 mmol). The addition was performed at room témperamre HPLC ahalysis

was performed after 1.5 hours which showed 63.3% sulphoxlde with an

enannomenc excess of 38.9%. |

Example 4.
Asymmetric synthesis of (-)-5-methoxy-2-[[(4-methoxy-3,5-d1methyl-2—pyndmyl)-

methyl]sulphmyl]-lH-benzmudazole sodium salt, (-)-(a)-Na
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~ Water (0.45 ml, 25 mmol) was added at room temperature to a solution of (+)-

diethyl L-tartrate (8.5 ml, 50 mmol) and titanium (IV) isopropoxide (7.4 ml, 25
mmol) in 250 ml methylene chloride. After 20 minutes 5-méthoxy-2-[[(4-methoxy—
3,5-dimethyl-Z-pyridinyl)-mefhyl]thio]-lﬂ-benzimidazole (8.2 g, 25 mmol) and
diisopropylethylamine (1.3 ml, 7 mmol) were added and the solution was cooled
to -20°C. After addition of cumene hydroperoxide (5.1 ml 80% soln, 28 mmol) the
reaction mixture was kept at +2 °C for 66 h. Workup by addition of 2x125 ml |

. sodium hydroxide solution was followed by neutralisation of the aqueous phase

with ammonium chloride. Thereafter, the workup procedure employed
extraction, evaporation, flash chromatography, sodium hydroxide addition and
crystallisation procedures yielding 1.23 g (13.4%) g of the title compound with a

an enantiomeric excess (e.e.) of 99.8% (chiral analysis).

Example 5. .
Asymmetric synthesis of (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)-
methyl]sulphinyl}-1H-benzimidazole, (-)-(Ia).

5-Methoxy-2-{[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]thio]-1H-
benzimidazole (4.0 g, 12.1 mmol) was suspended in toluene (12 ml) (-)-Diethyl D-
tartrate (0.17 ml, 1.0 mmol) and titanium(IV) isopropoxide (0.15 ml, 0.50 mmol)
were added with stirring at 50°C. The mixture was stirred at 50°C for 50 minutes
and then N,N-diisopropylethylamine (0.085 ml, 0.50 mmol)' was added at ca.
30°C. Then, cumene hydroperoxide (83%, 2.1 ml, 11.9 mmol) was added and the

mixture was stirred for 15 minutes at 30°C. The crude mixture was shown to

_consist of 3.6% sulphide, 2.7% sulphone and 93% sulphoxide with an optical

purity of 91% e.e. The product was not isolated.

Example 6. _
Asymmetric synthesis of (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)-
methyl]sulphinyl]-1H-benzimidazole, (+)-(Ia).
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(+)-D1ethyl L-tartrate (1.71 ml 10 mmol) and ntamum(IV) 1sopropoxxde (1 Sml,5
mmol) were d.lssolved in methylene chloride (50 ml). Water (90 pl, 5 mmol) was
added with stirring and the resultant mixture was heated to reflux for one hour.
The mixture was cooled to room temperature. Thereafter, 5-methoxy-2-{[(4-
methoxy-3,5-dimethyl-2—pyridinyl)r_ﬁethyl]ﬂ\io]-l_I—_I-benzinﬁdazole (1.65 g5
mmol) and cumene hydroperoxide (80%, 1.05 g 5 5 mmol) were added at room
temperatu.re The solution was stirred at room temperature for 90 minutes. The -
crude mixture was shown to consist of 42.8% sulphlde, 4.1% sulphone and 48.3%
sulphoxxde with an optical purity of 43% g.e. The product was not isolated.

Example 7.
Asymmetric synthesis of (+)-S-methoxy-Z-[[(4-methoxy-3,5-dunethyl-z-pyndmyl)-

methyl]su.lphmyl]-lH-benmrmdazole, (+)-(Ia).

S-Methoxy-z-[[(4-methoxy—3,5-d1me thyl-2-pyridinyl)methyl] thlo]-lH-
benzimidazole (1.65 g, 5 mmol) was dissolved in methylene chloride (50 ml) (+)-
Diethyl L-tartrate (1.71 ml, 10 mmol), titarium(IV) isopropoxide (1.5ml, 5 mmol)
and water (90. Hl, 5 mmol) were added with stirring. The resul.ta.nt mixture was
stirred at room temperature for 20 minutes. Thereafter, cumene hydroperoxide
(80%, 1.05 g, 5.5 mmol) were added at room temperature and the solution was
stirred at room temperature fdr 90 minutes. The crude mixture was shown to
consist of 38.9% sulphide, 8.4% sulphone and 47.6% s_ulphoxide with an optical
purity of 32% e.e. The product was not _isolafed. |
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Example8. .
Asymmetric synthesis of (+)-5-methoxy-2-[{[(4-methoxy-3,5-dimethyl-2-pyridinyl)-

methyl]sulphinyl}-1H-benzimidazole, (+)-(Ia).

5-Methoxy-2-{[(4-methoxy-3,5-dimethyl-2-pyridinylmethyl]thio]-1H-
benzimidazole (0.5 g, 1.5 mmol) was suspended in toluene (2.5 mi). Water 9.2 ul
(0.5 mmol), (+)-Diethyl L-tartrate (0.39 ml, 2.3 mmol) and titanium(IV)
isopropoxide (0.27 ml, 0.91 mmol) were added at 50°C. The mixture was warmed
at 50°C for 90 minutes whereupon 0.25 ml! of the solution was transferred to a test-
tube. To this tube was then added 25 pl of cumene hydroperoxide (80%) and
almost immediately thereafter this mixture consisted of 41% desired sulphoxide
with an optical purity of 69.5% ee. The product was not isolated.

Example 9.
Asymmetric synthesis of (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)-

- methyllsulphinyl]-1H-benzimidazole sodium salt, (-)}-(Ta)-Na

1.6 kg (5.0 mol) of 5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)-
methyl]thio]-1H-benzimidazole was dissolved in 7.5 1 ethyl acetate. To the
solution was added 31 ml (1.7 mol) water. To the mixture was added 860 ml (5.0
mol) (+)-diethyl L-tartrate, 740 ml (2.5 mol) Htanium(IV) isopropoxide and 430 ml
(2.5 mol) diisopropylethylamine at room temperature. The addition of 830 ml (4.5
mol) cumene hydroperoxide (80%) was then performed over a period of 50
minutes at 30°C. After an additional hour at 30°C the reaction was completed.
Chiral and achiral chromatographic analyses show that the mixture consists of
75% sulphoxide with an enantiomeric excess (e.e.) of 80%, 19% unreacted sulphide
and 3.8% ;ulphone. The mixture was cooled to 10°C and after addition of 1.51
isooctane and 0.51 ethyl acetate, the product was extracted three times with an
aqueous ammonia (12%) solution with a total volume of 14 1. The combined

. aqueous phases were neutralised by addition of 1.5 1 concentrated acetic acid.
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Thereafter, the workup procedure employed extraction, evaporation, sodium
hydroxide addition and crystallisation procedures yielding 0.80 kg of the title
compound with a purity of 99.3% (achiral analysis) and with an enantiomeric
excess (e.e.) of 99.8% (chiral analysis).The overall yield was 44%.

Example 10.
Asymmetric synthesis of (+)-5-methoxy-2-[[(4-methoxy-3,5-dnnethyl-2—pyndmyl)—
methyl]sulphinyl]-1H-benzimidazole sodium salt, (+)-(Ia)-Na

1.6 kg (5.0 mol) of 5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)-
methyl]thio]-1H-benzimidazole was dissolved in 6.1 I ethyl acetate. To the -
solution was added 31 ml (1.7 mol) water. To the mixture was added 860 ml (5.0
mol) (-)-diethyl D-tartrate, 740 ml (2.5 mol) titanium(IV) isopropoxide and 430
ml (2.5 mol) diisopropylethylamine at room temperature. The addition of 830 ml -
(4.5 mol) cumene hydroperoxide (80%) was then performed over a period of 25
minutes at 30°C. After additional 30 minutes at 30°C the reaction was completed.
Chiral and achiral chromatographic analyses show that the mixture consists of
71% sulphoxide with an enantiomeric excess (e.e.) of 73%. The mixture was cooled
to 10°C and after addition of 1.7 isooctane, the product was exiracted three times
with an aqueous ammonia (12%) solution with a total volume of 14 1. The
combined aqueous phases were neutralised by addition of 1.51 concentrated
acetic acid. Thereafter, the workup procedure employed extraction, evaporation,
sodium hydroxide addition and crystallisation procedures yielding 0.45 kg of the
title compound with a purity of 99.9% (achiral analysis) and with an enantiomeric
excess (e.e.) of 99.8% (chiral analysis). The overall y1eld was 24. 6%
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Example 11.

Asymmetric synthesis of (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)-
methyl]sulptﬁnyl]-lﬂ-benzixrﬁdazole sodium salt, (+)-(Ia).

6.2 kg (18.8 mol) Methoxy-2-[{(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]thio]-
1H-benzimidazole in toluene suspension (25 1) was heated to 54°C. Water (44 ml,
2.4 mol), (-)-diethyl D-tartrate (2.35 kg, 11.4 mol) and titanium(IV) isopropoxide
(1.60 kg, 5.6 mol) were added with stirring and then the mixtire was stirred at
54°C for 50 minutes. The temperaﬁue was adjusted to 30°C whereupon N,N-
diisopropylethylamine (720 g, 5.6 mol) was added to the solution. Then, cumene
hydroperoxide (83.5%, 3.30 kg, 18.2 mol) was added and the mixture was stirred )
for one hour at 30°C. The crude.mixture was shown to consist of 7% sulphide,
1.2% sulphone and 90.6% sulphoxide with an optical purity of 94.3% e.e. Aqueous
ammonia_ (12.5%, 20 1) was added. The solution was extracted three times with
aqueoﬁs ammonia (3x20 1). To the combined'aqueous layers was added methyl
isobutle ketone (9 1). The aqueous layer was pH-adjusted with acetic acid and
then the layers were sepérated. The aqueous layer was extracted with an
additional portion of methyl isobutyl ketone (9 1).To make the sodium sait, to the
solution was added an aqueous solution of NaOH (49.6%, 1.07 kg, 13.2 mol) and
acetonitrile (70 1). The solution was concentrated and the product started to
crystallize. 3.83 kg of the (+)-enantiomer of the sodium salt of omeprazole was
isolated with an optical purity of 99.6% e.e. |

Example 12,
Asymmetric synthesis of (+)-5-fluoro-2-[[(4-cyclopropyimethoxy-2-

pyridinyl)methyl]sulphinyl]-1H-benzimidazole, (+)-(Ib)

Titanium (IV) isopropoxide (8.9 ml, 30 mmol) and water (0.54 ml, 30 mmol) was
added with stirring to a mixture of (+)-diethyl L-tartrate (10.3 ml, 60 mmol) and
methylene chloride (60 ml). The solution was stirred for 30 minutes at room



10

15

20

WO 96/02535 . 26 ‘PCT/SE95/00818

temperature and then 5-ﬂuoro-2-[[(4-cyclopropyknetl16xy-2-
pyridinyl)methylthio]-1H-benzimidazole (9.9 830 mmol) and
diisopropylethylamine (1.50 ml, 8.7 mmol) were mtroduced At room temperature
cumene hydroperoxide (tech, 80%, 6.0 ml, 33 mmol) was added. After 3 h at room
temperature the mixture consisted of a crude sulphoxide with an enantiomeric
excess (e.e.) of 60%. After purification on silica gelw1l:h methanol/methylene
chloride as eluent followed by repeated ci‘ySta’lli’sations’ from ethanol there was

obtained 1.1 g (11%) of the title compound with an enantiomeric excess of 98.6%.

Example 13.
Asymmetric synthesis of (-)-5-fluoro-2-[[(4-cyclopropyl-methoxy-2-
pyridinyl)methyl}sulphinyl]-1H-benzimidazole, (-)-(Ib).’

5—Fluoro-2-[[(4-cyclopropylmeﬂt_oxy-Z-pYridinyl)i_neth‘jd] thio]-1H-benzimidazole
(15.0 g, 45 mmol) was suspended in toluene (60 ml). Water (34 ul, 1.9 mmol), (-)-
diethyl D-tartrate (1.60 ml, 9.3 mmol) and titanium(IV) is'opropoxide (1.3ml, 4.5
mmol) were added with stirring at 50°C. The mixture was stirred at 40°C for 50
minutes and then N,N-diisopropylethylamine (0.79 ml, 4.5 mmol) was added. The
temperature was adjusted t0 35°C and then cumene hydroperoxide (83%, 8.1 ml,
45 mmol) was added. The mixture was stirred for 30 minutes at 35°C. The crude
mixture was shown to consist of 6.5% sulphide, 2 -7% sulphone and 90%
sulphoxide with an optical purity of 87.7% e.e. The product started to crystalhze
during the oxidation and was isolated from the reaction mixture by filtration.
There was obtained 11.7 g of the desired product with an optical purity of 98.8%
e.e. The material was also shown to consist of 2.2% sulphide and 0.9% of |
sulphone. Yield: 71.2%. o |
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Example 14. : |
Asymmetric synthesis of (-)-5-fluoro-2-[[(4-cyclopropylmethoxy-2-

pyridinyl)methyl]sulphinyl]-1H-benzimidazole, (-)-(Ib).

5.0 g (15 mmol) of 5-fluoro-2-{[(4-cyclopropylmethoxy-2-pyridinyl)methyl}thio]-
1H-benzimidazole was mixed with toluene (30 ml). To the mixture was added 32
ul (1.8 mmol) of water, 1.3ml (7.6 mmol) of (-)-diethyl D-tartrate and 0.90 ml (3.0
mmol) of titanium(IV) 1sopropox|de The mixture was shrred for 60 minutes at
50°C and then cooled 30°C. Thereafter, 2.8 ml (15 mmol) of cumene
hydroperoxide (80%) was added to the solution. The mixture was stirred for one
hour at 30°C and thereafter cooled to 0°C. To the mixture, ethyl acetate (20 ml)
was added and the resultant solution was extracted three times with an aqueous
-ammonia (12%) solution with a total volume of 60 ml. The co_mbihed aqueous
layers were neutralized by the addition of 17 ml of concentrated acetic acid énd -
thereafter extracted with ethyl acetate (4 x 60 ml). The organic layer was dried
over magnesium sﬁlphate and then removed to give a crude product with an
optiéal purity of 59% ee. The residue, as an oil, (3.2 g) was dissolved in acetone (8
ml). A formed precipitate was filtered off. There was obtained 1.6 8 of a crude
produced of the desired compound as a white solid. The optical puntv was shown
to be 87% ee.

Example 15. :
Asy'mmetri'c synthesis of (+)-5-fluoro-2-{[(4-cyclopropylmethoxy-2-

pyridinyl)methyl]sulphinyl}-1H-benzimidazole, (+)-(Ib).

5-F1uoro-2-[[(4-cyclopro_pylmethbxy—Zpyridinyl)ﬁethyl]thio]-lﬂ-benzimidazole
(3.6 kg, 16.9 mol) was suspended in toluene (15 1). Water (8.9 ml, 0.49 mol), (+)-
diethyl L-tartrate (460 g, 2.2 mol) and titanium(IV) isopropoxide (310 g, 1.09 mol)
were added with stirring at 40°C.: The mixture was stlrred at 40°C for 50 minutes
and then N, N-diisopropyl-ethylamine (190 ml, 1.09 mol) was added. The
_température was adjusted to 30°C and theh cumene hydroperoxide (83%, 2.0 kg,
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11 mol) was added and the oxidation was completed within 30 minutes. The
crude mixture was shown to consist of 8.9% sulphide, 3.3% sulphone and 87%
sulphoxide with an optical purity of 86% e.e. The product started to crystallize

during the oxidation and was isolated from the reaction mixture by filtration.

* There was obtained 2.68 kg of the product with an optical purity of 96%_e.e. The

material was also shown to consist of 2.3% sulpthe and 1.7% sulphone The
product was recrystalhzed in methanol/toluene. There was obtained 1.66 kg
(yield: 44%) of the desired product with an opucal purity of 99.7%. The content of
sulphide and sulphone was less than 0.1% and 0.3% respectively.

Example 16.
Asymmetric synthesis of (-)-5-fluoro-2-[[(4-cyclopropylmethoxy-2-
pyridinylmethyl]sulphinyl]-1H-benzimidazole, (-}-(Ib). |

5-Fluoro-2-{[(4-cyclopropylmethoxy-2-pyridinyl)methylJthio]-1H-benzimidazole
(3.6 kg, 10.9 mol) was suspended m toluene (14.4 1). Wafer (10 ml, 0.55 mol), '(-)-_
diethyl D-tartrate (460 g, 2.2 mol) and titanium(IV) isopropoxide (310 g, 1.10 mol)
were added with stirring at 40°C. The mixture was stirred at 40°C for 50 minutes
and then N,N-diisopropyl-ethylamine (190 ml, 1.1 mol) was added. The
temperature was adjusted to 35°C and then cumene hydroperoxide (83%, 2.0 kg,
11 mol) was added. The mixture was stirred for one hour at 35°C. The crude
mixture was shown to consist of 8.7% sulphide, 4.8% sulphone' and 85%
sulphoxide with an optical purity of 78% e.e. The product started to crystallize
during the oxidation and was isolated from the reaction mixture by filtration.
There was obtained 2.78 kg of the product with an optical purity of 97%_e.e. The
material was also shown to consist of 1.9% sulphide‘ and 2.5% éulphone. The

product was recrystallized in methanol/toluene. There was obtained 1.67 kg
(yield: 44%) of the desired product as off white crystals, 99.8% (e.e). The content of
sulphide and sulphone was less than 0.1% and 0.6%, respeetively.
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- Example 17.
Asymmetric synthesis of:(+)-5-carbomethoxy-6-methyl-2-[[(3 4-dimethoxy-2-
pyridinyl)methyl]sulphinyl]-1H-benzimidazole, (+)-(Ic).

5 3.4 g (9.1 mmol) of 5-carbomethoxy-6-methyl-2-[[(3,4-dimethoxy-2-
pyridinyl)methyl]thio]-1H-benzimidazole was suspended in toluene (20 ml). To
the mixture was added 41 pl (2.3 mmol) of water, 1.7 ml (10 mmol) of (+)-diethyl

‘L-tartrate and 1.3 g (4.6 mmol) of titanium(IV) isopropoxide. The mixture was
stirred for 66 minutes at 50°C and then 0.78 ml (4.5 mmol) of N,N-

10  diisopropylethylamine was added. The mixture was cooled to 30°C and toluene
(10 ml) was added. To the mixture was then added 1.7 ml (80%, 9.2 mmol) of

cumene hydroperoxide. After a few minutes, more toluene (70 ml) was added and

after one hour at 30°C, the mixture consisted of 12.5% sulphide, 3.5% sulphone
‘and 84% sulphokide with an optical purity of 95.6% e.e. The mixture was cooled
15 - to room temperature and a formed precipitate was filtered off. There was
obtained 2.5 g of a crude product of the desired compound as a solid which was

shown to have an optical purity of 98.2% e.e.

Example 18.
20 Asymmetric synthesis of (-)-5-carbomethoxy-6-methyl-2-[[(3,4-dimethoxy-2-
 pyridinyl)methyl]sulphinyl]-1H-benzimidazole, (-)-(Ic) ' '

Titanium (IV) isopropoxide (7.5 ml, 25 mmol) and water (0.45 ml, 25 mmol) were
added with stirririg to a mixture of (-)-diethyl D-tartrate (8.6 ml, 50 mmol) and

25 methylehe chloride (50 ml). The solution was stirred for 30 minutes at room
temperature and then 5-carbomethoxy-6-methyl-2-[[(3,4-dimethoxy-2-
pyridinyl)methyl]thio}-1-H-benzimidazole (9.3 g, 25 mmol) and
diisopropylethylamine (1.25 ml, 7.2 mmol) were introduced. At room temperature
cumene hydroperoxide (tech, 80%, 5.1 ml, 27 mmol) was added and reacted for 3

30 hatroom temperature. The crude product consisted of a crude sulphoxide with
an enantiomeric excess (e.e.) of 71% . After purification on silica gel with
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methanol/methylene chloride as eluent followed by repeated crysfallisations’ from
ethanol there was obtained 2.9 g (30%) of the title compound with an enantiomeric

excess of 99.4%.

Example 19.
Asymmetric synthesxs of (- )-5-carbomethoxy-6-methyl-2-[[(3 4-d1methoxy-2—

pyndmyl)methyl]sulphmyl] lH-benzumdazole, (-(I0).

4.7 g (12.5 mmol) of 5-carbomethdxy-6-methyl-2-[[(3,4-dimethoky—2-
pyridinyl)methyl] thio]J_I:I_-benz’ihtidazole was dissolved in methylene chloride
(100 ml). To the solution was added 80 pl (4.5 mmol) of water, 3.2 ml (19'mmol) of
(-)-diethyl D-tartrate and 2.2 ml (7.5 mmol) of titanium(IV) isopropoxide. The
mixture was stirred for 60 minutes at reflux and then cooled to room temperature.
-0.88 ml (5.0 mmol) of N ,N-diisopropylethylamine was added and the mixture was
then stirred for 30 minutes. 2.15 ml (12 mmol) cumene hydroperoxide (80%) was
added and after 2 h at room temperature the mixture consisted of 23% sulphide
and 72% sulphoxide with an optical purity of 88% e.e. To the mixture, methylene
chlorid.e (100 ml) was added and the resultant solution was extracted three times
with an aqueous ammonia (12%) solution with a total volume of 300 ml. The
combined aqueous layers were neutralized by the addition of 50 ml of
concentrated acetic acid, after which white crystals started to 'pre'cipitate. The
crystals was filtered off, washed with diethyl ether and dried to give 2.34 g (48%)
white crystals of the title compound consisted of 1.5% sulphide and 1.8%
sulphone with an optical purity of 92% e.e. ' '
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Example 20.

~ Asymmetric synthesis of (+)-5-carbomethoxy-6-methy1-2-[[(3,4-dimethoxy-2-

pyrid.inyl)methyl]Sulphinyl]-1ﬂ-benzimidazole, (+)-(Ic).

4.7 g (12.5 mmol) of 5-carbomethoxy-6-methyl-2-[[(3,4-dimethoxy-2-
pyridinyl)methyl]thio]-1H-benzimidazole was dissolved in methylene chloride
(100 ml). To 'th_e solution was added 80 pl (4.5 mmol) of water, 3.2 ml (19 mmol) of
(+)-diethyl L-tartrate and 2.2 ml (7.5 mmol) of titanium(IV) isopropoxide. The
mixture was stirred for 60 minutes at reflux and then cooled to room temﬁerature.
1.1 ml (6.3 mmol) of N,N-diisopropylethylamine was added and the mixture was
then stirred for 30 minutes. 2.15 ml (12 mmol) cumene hydroperoxide (80%) was
added and after 2 h at room temperature the mixture consisted of 19% sulphide
and 77% sulphoxide with an optical purity of 90% e.e. To the mixture, methylene
chloride (100 ml) was added and the resultant solution was extracted three times
with an aqueous ammonia (12%) solution with a total volume of 300 ml. The
combined aqueous layers were neutralized by the addition of concentrated acetic
acid (50 ml) which afforded white crystals. The crystals were filtered off, washed
with diethyl ether and dried to give 3.29 g (68%) of white crystals of the title |
compound with an optical purity of 93% e.e. The material also consisted of 2.2%
sulphide and 0.9% sulphone.

Example2]. |
Asymmetric synthesis of (-)-2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-

- pyridinyl]methyl}sulphinyl]-1H-benzimidazole, (-)-(Id).

2.1 g (6.0 mmol) of 2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl}-

methyﬂ I:hio]—lﬂ-benzinﬁdazole was dissolved in toluene (50 ml). To the solution
was added 65 p.l (3.6 mmol) of water, 2.6 ml (15.0 mmol) of (-)-diethyl D-tartrate
and 18 ml (6.0 mmol) of titanium(IV) isopropoxide. The mixture was stirred for
60 minutes at 50°C and then cooled to room temperature. 1.05 ml (6.0 mmol) of
N N-diisopropylethylamine and 1.1ml (6.0 mmol) of cumene hydroperoxide
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(80%) were added. After stirring for 16 h at room temperature the mixture
consisted of 11% sulphide, 7% sulphone and 78% _sulphoxide éccording to achiral
HPLC. To the mixture 50 ml toluene was added and the resultant solution was
extracted three times with an aqueous ammoma (12%) solution with a total
volume of 150 ml. The combined aqueous layers were neutralized by the addition
of concentrated acetic acid (30 ml). Thereafter, the workup pro_cedure employed
extraction, evaporation and flash chfomatography yielding 1.2 g of the title
compound with a purity 0f 99.9% (achiral analysis) and with an enantiomeric
excess (e.e.) of 55% (chiral analysis). After trea‘ﬁng the residue with acetonitrile
there was obtained a precipitate that was removed by filtration. Evapora'tion of
the filtrate afforded an oil with enhanced optical .purity. Repeating this procedure
a couple of times afforded 0.63 g (29%) of the desired compdund_ as an oil with an

optical purity of 99.5% e.e.
Example 22.
Asymmetric synthesis of (+)-2—'[[[3-methyl-4-(2,2,2-&iﬂuoro'ethoxy)-2-'

pyridinylimethyl]sulphinyl}-1H-benzimidazole, (+)-(Id).

2.1 g (6.0 mmol) of 2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinvl]-

methyl]thio}-1H-benzimidazole was dissolved in 50 inl'of toluene. To the solution

was added 65 pl (3.6 mmol) of water, 2.6 ml (15.0 mmol) of (+)-diethyl L-tartrate
and 1.8 ml (6.0 mmol) of titanium(IV) isoprdpoadde. The mixture was stirred for
60 minutes at 50°C and then cooled to room temperature. 1.05 ml (6.0 mmol) of
N,N-diisopropylethylamine and 1.1 ml (6.0 mmol) of cumene hydroperoxide
(80%) were added. After stirring for 16 h at room temperature the mixture
consisted of 13% sulphide, 8% sulphone and 76% sulphoxide according to achiral
HPLC. Tb the mixture toluene (50 ml) was added and the resultant solution was
extracted three times with an aqueous ammonia (12%) solution with a total
volume of 150 mL The combined aqueous layers were neutrailize_d by the addition
of concentrated acetic acid (30 ml). Th_ereafter, the workup pro_cedure employed
extraction, evaporation and flash chromatography yielding 0.85 g of the title
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compound with a purity of 99.9% (achiral analysis) and with an enantiomeric
excess (e.e.) of 46% (chiral analysis). After treating the residue with acetonitrile
there was obtained a precipitate that was removed by filtration. Evaporation of
the filtrate afforded an oil with enhanced optical purity. Repeating this procedure
a couple of times afforded 0.31 g (14%) of the desired compound as an oil with an
optical purity of 99.6% e.e. |

Example 23. _
Asymmetric synthesis of (-)-5-difluoromethoxy-2-{[(3,4-dimethoxy-2-
pyridinyl)methyllsulphinyl]-1H-benzimidazole, (-)-(Ie).

1.1 g (3.0 mmol) of 5-difluoromethoxy -2-{[(3, 4-d1methoxy-2-
pyridinyl)methyl]thio]-1H-benzimidazole was dissolved in methylene chlonde
(25 ml). To the solution were added 20 ul (1.1 mmol) of water, 0.81 ml (4.7_ mmol)
of . , .- | .
(-)-diethyl D-tartrate and 0.56 ml (1.9 mmol) of titanium(IV) isopropoxide. The
mixture was stirred for 60 minutes at reflux and then cooled to room temperature.
Thereafter, 0.22 ml (1.3 mmol) of N ,N-diisopropylethylamine was added followed
by the addition of 0.57 ml (80%, 3.1 mmol) cumene hydroperoﬁde (80%). After 21
h at room temperature the mixture consisted of 10% sulplude and 89% sulphoxlde
with an optical purity of 86% e.e. To the mixture, methylene chloride (25 ml) was
added and the resultant solution was extracted three times with an aqueous
ammonia (12%) solution with a total volume of 300 ml. The combined aqueous
layers were neutralized by the addmon of 25 ml of concentrated acetic acid and
thereafter extracted with methylene chloride (3 x 100 ml). The residue, as an oil,

(116 g) was dissblved in hot acetonitrile (20 ml). A white precipifate was formed

. when the solution was cooled to room temperature and there was obtained 0.35 g

(29%) of the desired compound by filtration. There was also obtained 0.71 g of the
desired compound with a lower optical purity from the filtrate by evaporation
 thereof. The optical purity of the crystals and the filtrate was shown to be 97.4%

e.e. and 75% ge. respectively.
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Exam .le 24.

Asymmetric synthesis of (+)-5-d1ﬂuoromethoxy—2-[[(3 4-d1methoxy-2-
pyndmyl)methyl]sulphmyl]-lH—benzmudazole, (+)-(Ie)

1.1 g (3.0 mmol) of S-diﬂuoromethoxy -2-[[(3,4-dimethoxy-2- _
pyridinyl)methyl]thio]-1H-benzimidazole was dissolved in methylene chloride
(25 ml). To the solution were added 20 p.l (11 MOI) of Water, 0.81 ml (4.7 mmol)
of (+)-diethyl L-tartrate and 0.56 ml (1.9 mmol) of .titaniuni(IV) isopropdxide. The
mixture was stirred for 60 minutes at reflux and then cooled to room temperature.
Thereafter, 0.22 ml (1.3 mmol) of N ;N-diisopropYIett\ylan;ine was added followed
by the addition of 0.57 ml (80%, 3.1 mmol) cumene hydroperoxide (80%). After 21
h at room temperature the mixture consisted of 8% su.l-phid'e and 92% sulphoxide
with an optical purity of 87% e.e. To the mixture, methylene chloride (25 ml) was
added and the resultant soluhon was extracted three times with an aqueous
ammonia (12%) solution w1th a total volume of 300 ml. The combined aqueous
layers were neutralized by the addition of 25 ml of concentrated acetic acid and
thereafter extracted with methylene chlorlde BGx 100 ml). The solvent was
removed and the residue, as an oil, (0.86 g) was dlssolved in hot acetonitrile (20
ml). A white preapltate was formed when the solut:on_ was cooled to room
temperature and there was obtained 0.36 g (30%) of the desired compound by
filtration. There was also obtained 0.48 g of the desued compound with a lower
optical purity from the filtrate by evaporahon thereof The optlcal purity of the
crystals and the filtrate was shown to be 97.4% ee. and 78% ee. respecuvely.
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Example 25. _ __ _
Asymmetric synthesis of (-)-2-[[[4-(3-methoxypropoxy)-3-methyl-2-
pyridinyllmethyl]sulphinyl]-1H-benzimidazole, (-)-(If).

2.1 g (6.3 mmol) of 2-[[[4-(3-methdxypropoxy)-3-methyl-z-py:idinyl]methyl]thio]-_
1H-benzimidazole was dissolved in 50 ml of toluene. To the solution was added
40 ul (2.2 mmol) of water, 1.6 ml (9.4 mmol) of (-)-diethyl D-tartrate and 1.1 ml
(3.8 mmol) of titanium(IV) isopropoxide. The mixture was stirred for 60 minutes
at 50°C and then cooled to room temperature. 0.44 ml (2.6 mmol) of N,N-
diisopropyle_thylami_né and 1.1 ml (6.0 mmol) of cumene hydroperoxide (80_%)
were added. After stirfing for 2 h at room temperature the mixture consisted of
9% sulphide, 4% sﬁlphone and 86% sulphoxide according to achiral HPLC. To the
mixture toluene (50 ml) was added and the resultant solution was extracted three
times with an aqueous ammonia (12%) solution with a total volume of 150 ml. The
combined aqueous layers were neutralized by the addition of concentrated acetic
acid (30 ml). Thereafter, the workup procedure employed extréction, evaporation
and flash chromatography yielding 1.62 g of the title compound with a purity of
99.9% (achiral analysis) and with an enantiomeric excess (e.e.) of 90% (chiral
analysis). After treating the material with acetonitrile there was a precipitate that
could be removed by filtration. Concentrating the filtrate afforded 1.36 g (60%) of
the title compound as an oil with an optical purity of 91.5% _e.e.

Example 26.

Asymmetric synthesis of (+)-2-[[[4-(3-methoxypropoxy)-3-methyl-2-
pyridinyllmethyl]sulphinyl]-1H-benzimidazole, (+)-(If).

- 2.1 g (6.3 mmol) of 2-[[[4-(3-méthoxyprqpoxy)-3-methyl-2—pyridinyl]methyl]thio]-

1H-benzimidazole was dissolved in 50 ml of toluene. To the solution was added
40 pl (2.2 mmol) of water, 1.6 ml (9.4 mmol) of (+)-diethyl L-tartrate and 1.1 ml
(3.8 mmol) of titanium(IV) isopropoxide. The mixture was stirred for 60 minutes
at 50°C and then cooled to room temperature. 0.44 ml (2.6 mmol) of N,N-
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diisopropylethylamine and 1.1 ml (6.0 mmol) of cumene hydroperoxlde (80%)
were added to the solution. After st1rr1ng for 2 h at room temperature the mixture
consisted of 9% sulphide, 4% sulphone and 85% sulphoxide accordmg to HPLC.
To the mixture toluene (50 ml) was added and the resultant solution Was extx'acted
three times with an aqueous ammonia (12%) solution with a tqtai volume of 150
ml. The combined aqueous layers were neutralized by the addition of |
concentrated acetic acid (30. ml). Thereafter, the workup procedure employed
extraction, evaporation and flash chromatograpliy yielding 1.63 g of the title
compound with a punty of 99.9% (achiral analysm) and with an enantiomeric
excess (e.e.) of 91% (chxral analysis). After treatmg the material with acetonitrile,
there was a precxpxtate that could be removed by ﬁlt_rahon. Concentrating the
filtrate afforded 1.1 g (49%) of the title compound as an oil with an optical purity
of 96.0% e.e. |

Example 27.
Asymmetric synthesis of (-)-2-[2-(N-isobutyl-N-
methylamino)benzylsulphinyl]benzimidazole, (-)-(Ig).

2.0 g (6.1 mmol) of 2-[2-(N-isobutyl-N-methylamino)benzylthio}-benzimidazole
was dissolved in toluene (6 ml). While stirring, 40 p.l (2.2 mol) of water, 1.6 ml (9.3
mmol) of (+)-diethyl L-tartrate and 1.1 ml (3.7 mmol) of titanium (IV)
isopropoxide were added at 50 °C. The resulting mixture was stirred at 50 °C for 1
hour and then 0.53 ml (3.0 mmol) of N,N-diisopropylethylamine was added. The
reaction mixture was then cooled to 30 °C whereupon 1.1 ml (6.1 mmol) of cumene
hydroperoxide (80%) was added. The mixture was stirred at 30 °C for 50
min.Analysis of the reaction mixture indicated that the optical purity of the
formed sulphoxide was 92% e.e. The mixture was cooled to room temperature
and diluted with small amount of methylene chioride. Column chromatography
[silica gel, eluted with 4% MeOH/CH,CL(NH, saturated)] yielded an oil which
was re-chromatographed (silica gel, eluted with 20% EtOAc/hexane). The

obtained (1.6 g) crude product, as an oil was treated with a small amount of
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acetonitrile in order to enhance the optical purity. A formed precipitate (270 mg)
was removed by filtration. The Solve_nt of the filtr_ate was removed yielding 1.2 g
of the desired compound as an oil. The optical purity of the material was 96%

e.e.

Example 28. . .
Asymmetric synthesis of (+)-2-[2-(N?isobutyl-N-
methylamino)benzylsulphinyl]benzimidazole, (+)-(Ig).

2.0 g (6.1 mmol) of 2-[2-(N -isobutyl-N-methylamino)benzylthio]—benzimida;ole
was dissolved in toluene (6 ml). While stirring, 40 pl (2.2 mmol) of water, 1.6 ml
(9.3 mmol) of (-)-diethyl D-tartrate anid 1.1 ml (3.7 mmol) of titanium (IV)
isopropoxide were added at 50 °C. The resulting mixture was stirred at 50 °C for 1
hour and then 0.53 ml (3.0 mmol) of N,N-diisopropylethylamine was added. The
reaction mixture was then cooled to 30 °C whereupon 1.1 ml (6.1 mmol) of cumene
hydroperoxide (80%) was added. The mixture was stirred at 30 °C for 50 min.
Analysis of the reaction mixture indicated that the optical purity of the formed
sulphoxide was 91% e.e. The mixture was cooled to room température and diluted
with small amount of methylene chloride. Column chromatography [silica gél,
eluted with 4% MeOH/CH,CL(NH, saturated)] yielded crude product as an oil.
This material was treated with a mixture of ethyl acetate and hexane (10% IEtOAc).
A formed precipitate (140 mg) was removed by filtration. The solvent of the
filtrate was removed yielding 0.95 'g of the desired compound as an oil. The
optical purity of the material was 96% e.e
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Example 29 B
Asymmetric synthesis of two of the stereoisomers of 2-[(4-methoxy-6,7,8,9-

tetrahydro-5H-cyclohepta [b]pyridin-9-yl)sulpliihyi]J_Ii—be_nzinﬁdazole, (Th).

In the following example, the first diastereomer of the title compound eluted on

straight phase (silica gel) is named diastereomer A and second as diastereomer B.

Synthesis: 0.51 g (1.57 mmol) of the racemate of 2-[(4-methoxy-6,7,8,9- te&ahyd:o-
Sﬂ-cyclohepta[b]'—pyridin-9-yl)thio]-lﬂ-benzimidazol_e was suspended in 20 ml of
toluene. Under stirring at room temperature, 0.34 g (1_.6 mmol) of (4-)-diethyl L-
tartrate, 71 (0.4 mmol) of water and 0.22 g (0.78 mmol) of titanium(IV)
isopropoxide were added. The mixture was stirred at 50°C for 50 minutes and
then 100 mg (0.78 mmol) of N,N -diisopropylethylanﬁne.. was added at room
temperature. The addition of 033g .(1 60 mmol) cﬁmen’e hydroperoxide (80%) wafé _
then performed over a period of 5 minutes at room g:éﬁipe:aﬁxré whereupon the
solution was stirred at room temperature for 24 hours.The stereoisomeric
compositibn of the title compound in the crude rritiicmre.was as follows; The ratio
of diastereomers was 4:3 in févpur of diastere_gmér A. The optical purity of the (-)-
enantiomer of diastereomer A was 76% e.e. and the 'opt_ical purity of the (+)-

enantiomer of diastereomei' B was 68% e.e. The'product mixture was washed wi.t_h
water (3x25 ml) dried over N a,50, and thé solvent_.xfemoved. F__lésh
chrofnatogréphy of the residue (methaﬁol~methylene chloride 0 to 5%) yieldéd
0.25 g (47%) of the enantiomeric eﬁriched diastereomeric sulphoxide as a syrup.

Separation of the diastereomers. A repeated chromatographic preparation
(methanol-methylene chloride 0 to 5%) afforded a separation of the two
diastereomers. Thus, the (-)-enantiomer of diastereomer A was obtained as a
syrup (0.14 g) with an optical purity of 77% e.e. The (+)-enantiomer of
diastereomer B was also obtained as a syrup (0.085 g) with an optical purity of
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68%_e.e. , however, diastereomer B was contaminated with ca. 10% of

diastereomer A.

Optical purification: The optical purity of the (-)-enantiomer of diastereomer A
was enhanced .Ey the addition of ca. 2 ml of acetonitrile to the enantiomerically
enriched pr.e.paration of diastereomer A (0.14 g). After stirring over night, the
formed precipitate (almost racemic diastereomer A) was filtered off and the
solvent of the filtrate was removed by film evaporation. Thus, there was obtained
85 mg of the (-)-enaﬁtiomer of diastereomer A as a syrup with an optical purity of
88% e.e. The optical purity of the (+)-enantiomer of the diastereomer B was
enhanced in a similar way. Thus, by addition of acetonitrile (2 ml) to the
enantiomerically enriched preparation of diastereomer B (0.085 g) followed by
stirring over night resulted in a precipitate' which was filtered off. There was
obtained 0.050 g of the (+)-enantiomer of diastereomer B with an optical purity of
95% e.e.

The best mode to carry out the present invention known at present is as described

in Example 11.

Reference Examgle A
Oxidation of 5-methoxy-2-[[(4-methoxy-3,5-dlmethyl-z-pyndmyl)methyll thio]-

1H-benzimidazole using tert-butyl hydroperoxide under neutral conditions.
(The method used is in accordance with the method used in Euro. J. Biochem. 166
(1987) 453-459 and described in J. Am. Chem. Soc. 106 .(1984) 8188).

Water (90ul, 5 mmol) was a_ddgd at room temperature to a solution of (+)-diethyl
L-tartrate (1.7 ml, 10 mmol) and titanium (IV) isopropoxide (1.5 ml, 5 mmol) in 50
ml methylene chloride. After 20 minutes 5—methoxy-2-[[(4-methoxy-3,5-dimethyl—
2-pyridinyl)methyl]thio}-1H-benzimidazole (6.6 g, 5 mmol) was dissolved in the
reaction mixture and the solution was cooled to -20°C. A 3 M solution of tert-butyl

hydroperoxide in toluene (1.8 ml, 5.5 mmol) was added and the mixture was kept
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at -20°C for 120 h. After this time the mixture consisted of 28% of sulphide
(starting material), 8.6% sulphone, 30.6% (-)-enantiomer of Sulphoxide and 28.1%
(+)-enantiomer of sulphoxide (e ge=4%) . Ina similar experiment run at +8°C for |
7 h the mixture consisted of 32.4% of sulplude, 8. 7% sulphone 24.6% (-)-

enantiomer of sulphoxlde and 26.7% (+)-enant10mer of sulphox1de G.e. ee-4%)

Reference Example B. _ o

Oxidation of 5¥methoxy-2-[[(4-methoxy-3,5-di_meﬂ\yl-z;pyﬁdinyl)methyl]thio]- |
1H-benzimidazole using cumene hydroperoxide at -22°C without addition of a
base. (The oxidation method used is described in"I‘.'etr.ahedron (1987), 43, 5135.)

The experiment was performed usﬁg the Saine cohditi'bns'as in Reference A with
the exception that cumene hydroperoxlde was used mstead of tert-butyl
hydroperoxide. After 120 at -22°C the mixture consisted of 29% sulphide, 3 8%
sulphone, 29.1% (-)-enantiomer of sulphoxxde and 35.5% (+)-enantiomer of
sulphoxide (i.e. ee=10%). '

Reference Example C. _
Oxidation of 5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]thio}-
1H-benzimidazole using cumene hydroperoxide under neutral conditions.

Water (450 ul, 25 mmol) was added at room temperamie to a solution of (+)-
diethyl L-tartrate (8.5 ml, 50 mmol) and titanium (IV) isopropoxide (7.4 ml, 25
mmol) in 50 ml methylene chloride. After 20 minutes 5-methoxy-2-[[(4-methoxy-
3,5-dimethyl-2-pyridinyl)methyl]thio]-1H-benzimidazole (8.2 g, 25 mmol) was
added and the mixture was divided in 3 poruons To one of the portions cumene
hydroperoxlde (1.7 ml 80% soln, 9.2 mmol) was added at room temperature, and a
sample was removed after 3h and 20 minutes. The mixture consisted of 29.4%
sulphide, 6.3% sulphone, 22.0% (-)-enantiomer of sulphoxide and 35% (+)-
enantiomer of sulph_oxide (ii.e. ee=23%). |
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Reference Example D
Oxidation of 5-methoxy-2-[[(4-methoxy-3 5-d1methyl-z-pyndmyl)methylltluo]-

1H-benzimidazole using cumene hydroperoxide with the addition of a base,

according to one aspect of the present invention.

The experiment was performed using the same conditions as in Reference
Example C with the additional feature that one equivalent of diisopropylethyl-
amine was added together with the cumene hydroperoxide. After 3 h and 20
minutes the.mixture consisted of 17.2% sulphide, 3.5% sulphone,. 8.7% (-)-

enantiomer of sulphoxide and 69.3% (+)-enantiomer of sulphoxide (i.e. ee=78%).

Reference Example E. _
Asymmetric syntlhesis‘ of (+)-2-[5-(3,5-dimethylpyrazol-1—yl)pentylsu1_phinyl]-4,5-
diphenylimidazole.

0.8 g (1.9 mmol) of 2—[5-(3,5-dimethylpyrazol—1-yl)pentylthio]—4,5-
diphenylimidazole was dissolved in toluene (20 ml). The solution was
concentrated on a rotavapor until half the volume was removed. To the mixture
was added 20 pl (1.1 mmol) of water, 1.0 g (4.8 mmol) of (+)-diethyl L-tartrate and
0.54 g (1.9 mmol) of titanium(IV) isopropo:dde in the given order. The mixture
was stirred for 60 minutes at 50°C and then 0.25 g (1.9 mmol) of N,N-
diisopropylethylamine was added. The mixture was then stirred at room
fempératu:e for 30 minutes whereupon 0.36 g (80%, 1.9 mmol) of cumene
hydroperoxide was added. The mixture was stirred for four hours at room
temperature and then the reaction was shown to be completed. The solution was
washed with water (2 ml) and then the organic layer was removed. The oily
residue wés purified by chromatography on silica gel (methanoi-methylene
chloride 0 to 5%). There was obtained 0.7 g of the desired product as an 011 which

was shown to have an optical purity of 87% e.e.



10

15

20

30

WO 96/02535 42 PCT/SE95/00818

Reference Example F.
Asymmetric synthesis of (-)-2-{5-(3,5-dimethylpyrazol-1-yl)pentylsulphinyl}-4,5-
diphenylimidazole. |

1.5 g (3.6 mmol) of 2-[5-(3,5-d_imethylpy;azol-1-yl)pentYlthio]-4,5-
diphenylimidazole was dissolved in toluene (40 ml). The solution was
concentrated on a rotavapor until half the volume was removed. To the miXtﬁre
was added 38 ul (2.1 mmol) of water, 1.85 g .0 nimdl_) of (-)-diethyl D-tartrate
and 1.01 g (3.6 mmol) of titanium(IV) isoprop_oxi.de in the given order. The
mixture was stirred for 60 minutes at 50°C. The mixture was divided in two parts
and then 0.23 g (1.9 mmol) of N,N -diisopropy;lefhylairune was added to half the
mixture. This mixture was then stirred at room temperature for 15 minutes
whereupon 0.35 g (80%, 1.8 mmol) of cumene hydroperoxide was added. The
mixture was stirred for foﬁr hours at room température and then the reaction was
shown to be completed. The solution was stirred with water (2 ml) and then the
organic layer was removed. The oily reéidue was purified by chromatography on
silica gel (rhethanol-methyléne chloride 0 to 5%). The_re was obtained 0.65 g of the
desired product as an oil which was shown to have an optical purity of 92% e.e.

Conclusion:

The examples show that the highest enantiomeric excess is obtained ifall éspects
of the invention are taken into considerati_on. The addition of a base during the
oxidation is essential for a high enantioselectivifj according to one éspéct of the
invention. But a high enantiomeric excess may also be obtained aécbrding to other
aspects of the inventon if the order of addition of éomponents into the reaction
vessel is aitered, and alternatively the time and/or temperature dunng the
preparation of the chir::! titanium complex is taken into consideration. The _
preparation of the chiral titanium complex is preferabiy performed in the plfésence'
of the prochiral sulphide and during an elevated température and a prolonged
time. ' '
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Determination of enantiomeric excess in the Examples and Reference Examples.

The enantiomeric excess value in each example given above gives an indication of
the relative amounts of each enantiomer obtained. The value is defined as the
difference between the relative percentages for the two enantiomers. Thus, for
example, when the percentage of the (-)-enantiomer of the formed sulphoxide is
97.5% and the percentage for the (+)-enantiomer is 2.5%, the enantiomeric excess

for the (-)-enantiomer is 95%.

The enantiomeric composition of the obtained sulphoxide has been determined by
chiral High Performance Liquid Chromatography(HPLC) on either a Chiralpak

AD Column® or a Chiral AGP Column® under the following conditions, specified

for each compound:

Compound of formula (Ia).

Column Chiralpak AD 50x4.6 mm ,
Eluent iso-Hexane (100 ml), ethanol (100 ml) and
' acetic acid (lbul)
Flow 0.5 ml/min
Inj.vol. 50 ul
Wavelength - 302nm

Retention time for the (-)-enantiomer 4.0 min

Retention ﬁme for the (+)-enantiomer 5.8 min -
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Column

Eluent

Flow
Inj.vol.
Wavelength

44 PCT/SE95/00818

Chiralpak AD 50x4.6 mm
iso-Hexarie (125 ml), 2-propanol (25 ml),
ethanol (50 ml) and acetic acid (30ul)

0.4ml/min

S0l

237 nm

Retention time for the (+)-énéntiomef 6.5 min

Retention time for the (+)-enantiomer 13.8 min

Compound of formula (I¢).

Column

Eluent

C'hiral;':ak AD '50x4..6 mm .
iso-Hexane (100 ml), ethanol (100 ml) and acetic

e acid (10ul)

Flow
Inj.vol.
Wavelength

0.4 ml/min

50 ul
300 nm

Retention time for the (+)-enantiomer 6.4 min

Retention time for the (-)-enantiomer 9.4 min

Compound of formula (Id).

Column

Eluent

Flow
Inj.vol.
Wavelength

Chiral-AGP 100x4.0 mm

Sodium phosfate buffer solution (pH 7.0)
1=0.025 (500 ml) and acetonitrile (70 ml)
0.5 ml/min '

201l
210 nm

Retention time for the (+)-enantiomer 6.2 min

Retention time for the (-)-enantiomer 7.2 min -
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Compound of formula (Ie).

Column : Chiralpak AD 50x4.6 mm

Eluent iso-Hexane (150 m1), ethanol (50 ml) and
o acetic écid. (10ul)

Flow 0.5 ml/min

Inj.vol. - 50ul

Wavelength ' 290nm

Retention time for the (-)-enantiomer 9.5 min -

Retention time for the (+)-enantiomer 13.3 min

Compound of formula (If).

Column _ Chiral-AGP 100x4.0 mm

Eluent | Sodium phosfate buffer solution (pH 7.0)
1=0.025 (430 ml) and acetonitrile (70 ml)

Flow 0.5ml/min

Inj.vol. 20 pl

Wavelength . 210 nm

Retention time for the (+)-enantiomer 4.1 min

Retention time for the (-)-enantiomer 6.8 min

Compound of formula (Ig).

Column Chiralpak AD 50x4.6 mm

Eluent iso-Hexane (200 ml) and ethanol (10 ml)
Flow - 0.5ml/min

Inj.vol. o S0l

Wavelength 285 nm

Retention time for the (-)-enantiomer 9.0 min

Retention time for the (+)-enantiomer 9.8 min
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Compound of formula (Ih)._ .
Column " Chiralpak AD 50x4.6 mm

Eluent * iso-Hexane (150 ml) and 2-propanol (50 ml)
Flow 0.4 ml/min | :

Inj.vol. 50 l

Wavelength 285 nm

Retention time for the (-)-enantiomer of diasteremor A 6.9 min
Retention time for the (+)-enantiomer of diasteremor A 8.1 min
Retention time for the (+)-enantiomer of diasteremor B 8.8 min

Retention time for the (-)-enantiomer of diasteremor B 11.0 min

The first diastereomer of compound’(Ih) eluted on straight phase _(achiral_ silica

gel, see below) is named diastereomer A and second as diastereomer B.

Reference Examples Eand F.

In Reference Examples E and F, the enantiomeric composition of the products was

determined by chiral HPLC using following conditions:

Column Chiralpak AD 50x4.6 mm

Eluent iso-Hexane (200 ml), ethanol (5 ml) and acetic acid (10pul)
Flow 1 ml/min |

Inj.vol 50 pl |

Wave lenght 280 nm

Retention time for the (+)-enantiomer 13.5 min
Retention time for the (-)-enantiomer 17.3 min"

It is to be noted that in the Examples referring to the single enantiomers of
omeprazole or its alkaline saits, the sign of the optical rotation of single
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enantiomeric form of _omépraZolé sodium salt measured in water is the opposite
of that of the sign when measured said compound in its neutral form in

chloroform.
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1. A process for enantioselective synthesis of a sulphoxide compound of formula
(I) or an alkaline salt thereof either as a single enantlomer orinan

5 enantiomerically enriched form

o

il _
Het,—X—S—Het, = : I
wherein
10 Het, is
| | | s
N
or :
: _ Rg
Het, is
15
N S
or /( =
|
H
and X is
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———,

—?I ' or _
R0 H1_2

wherein

N inside the benzene ring of the benzimidazole moiety means that one of the
carbon atoms substituted by R.-R, optionally may be exchanged for a nitrogen

atom without any substituents;

R,, R, and R, are the same or different and selected from hydrogén, alkyl,

-alkylthio, alkoxy optinally substitutéd by fluorine, alkoxyalkoxy, dialkylamino, -

piperidino, morpholino, halogen, phenylalkyl and phenylalkoxy;

R, and R, are the same or different and selected from hydrogen, alkyl and aralkyl;
R/ is hydrbgén, halogeli, trifluoromethyl, alkyl and alkoxy;

RR, are the same or different and selected from hydrogen, alkyl, alkoxy,
halogen, halo-alkoxy, alkylcarbonyl, alkoxycarbonyl, oxazolyl, trifluoroalkyl, or
adjacent groups R-R, form ring structures which may be further substituted;

R, is hydrogen or forms an alkylene chain together with R,;

R,, and R, are the same of different and selected from hydrogen, halogen or alkyl
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and alkyl groﬁps, aikoxy groups and moities thereof may be branched or straight
C,-C,-chains or comprise cyclic alkyl groups, for example cycloalkylalkyl

characterized in that a pro-chiral sulphide of the formﬁla Il
Het;—X—S—Het, 0o
wherein Het, and Het, are as defined above,

10  is oxidised in an orQanic solvent with an oxidising agent and in the presence of a
chiral titanium complex and a base, and the obtairiei;i sulphoxide optionally is

converted into a pharmaceutically acceptable salt by c_dnventional processes.

2. A process for enantioselective Syhthesis of a sulphoxide of formula I either as

15 asingle enantiomer or in an enantiomerically enriched form

0

_ il Co
Het1—x_S_H9t2 - . I
wherein
20
Het, is S .
R, S ?4
or - '
P .
Rg'
Thﬁlslliialillailﬁelelnli{l liilce d
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/A W
i RB or /QN
N R | '
H ° H
S5 andXis
. | ' - Rir
_CI:H— o .or
R ' |"']12
10 :
wherein

10

N inside the benzene ring of the benzimidazole moiety means that one of the
carbon atoms substituted by R.-R, optionally may be exchanged for a nitrogen

atom without any substituents;

15 R, R, and R, are the same or different and selected from hydrogen, alkyl,

alkylthio, alkoxy optinally substituted by fluorine, alkoxyalkoxy, dialkylamino,
piperidino, morpholino, halogen, phenylalkyl and phenylalkoxy;

R, and R; are the same or different and selected from hydrogen, alkyl and aralkyl;
20 ’
R/ is hydrogen, haldgen, trifluoromethyl, alkyl and alkoxy;
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RR, are the sameé or dlfferent and selectedfron uyurugen, alkyt, lkoxy,

halogen, halo-alkoxy, alkylcarbonyl, alkoxycarbonyl, oxazolyl, tnﬂuoroalkyl, or

adjacent groups R,-R, form ring structures which may be further substituted;
R,, is hydrogen or forms an alkylene chain together with R,;

R,; and R, are the same of different and selected from hydrogen, halogen or alkyl

and alkyl groups, alkoxy groups and moities thereof may be branched or straight

C,-C,-chains or comprise cyclic alkyl groups, for example cycloalkylalkyl
characterized in that a proechiraléulphide of the formula I

Heti—X—S—Het; a

wherein Het, and Het, are as defined above,

is oxidised in an organic solvent with an oxidising agent and in the presenee of a
chiral titanium complex, opnonally in the presence of a base, wherein the ntamum
complex has been prepared in the presence of the pro-clural sulphide, and the
obtained sulphoxide optionally is converted into a pharmaceutically acceptable '

salt by conventional processes.

3. A process for enantioselective synthesis ofa sulphoxide of formula either as a

single enantiomer or in an enantiomerically enriched form
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REPLACED
| Hét,%x*S‘;Hétz o I
wherein
Het, is
Rz '?4
R R N
I or |
= -
5 R
Het, is
Rs R,
/< Re or /< -
| R | |
H ° H
10
and X is
Ry
_..('I:H..__ or .
Rio - Rz
wherein
15

N inside the benzene ring of the benzimidazole moiety means that one of the

carbon atoms substituted by Ri-R, optionally may be exchanged for a nitrogen

atom without any substituents;

|
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R, R, and R, are the same or different and selected froriﬂ"iydrogeh, alkyl,
alkylthio, alkoxy optinally substituted by'ﬂuorine', alkoiyal_koxy, dialkylamino,
piperidino, morpholino, halogen, phenylalkyl and phenylalkoxy;

R, and R; are the same or different and selected from hydrogen, alkyl and aralkyl;
R, is hydrogen, halogen, triflucromethyl, alkyl and alkoxy;

R,-R, are the same or different and selected from hydrogen, alkyl, alkoxy,
halogen, halo-alkoxy, alkylcarbonyl, alkoxycarbonyl, oxazolyl, triflucroalkyl, or
adjacent groups R.-R, form ring structures which may be further substituted;

R,, is hydrogen or forms an alkylene chain together with R;;

R;, and Ry, are the same of different and selected from hydrogen, halogen or alkyl

and alkyl groups, alkoxy groups and moities thereof may be branched or straight
C,-C,;-chains or comprise cyclic alkyl 'groups, for example cycloalkylalkyl

characterized in that a pro-chiral sulphide of the formula I

Het;—X—S—Het, i

wherein Het, and Het, are as defined above,
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is oxidised in an brgén_ic"solvenf with an oxidising agent and in the presence of a
chiral titanium'compléx, optionally in the presence of a base, wherein the titanium
complex has been prepared during an elevated temperature and/or a prolonged
preparation tixhe, and the obtained sulphoxide optionally is converted into a

5 pharmaceutically acceptable salt by conventional processes.

4. A process for enantioselective synthesis of a sulphoxide of formula I either as

a single enantiomer or in an enantiomerically enriched form

Het;—X—S—Het, I
10 , .
wherein
Het, is
15
R : N
or
. _Ha'
Het, is
Rs ’ _
. Ry | _
/z @ Re or /Z -
l R | !
H ® H
20
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and X is

wherein

N inside the benzene ring of the benzimidazo_ie moiety means that one of the
carbon atoms substituted by R -R, optionally may be exchanged for a ﬁitrogen

atom without any substituents;

R,, R, and R, are the same or different and selected from hydrogen, alkyl,
alkylthio, alkoxy optinally substituted by fluorine, alkoxyalkoxy, dialkylamino,
piperidino, morpholino, halogen, phenylalkyl and phenylalkoxy;

R, and R, are the same or different and selected from hydrogen, alkyl and aralkyl;

R/’ is hydrogen, halogen, trifluoromethyl, alkyl and alkoxy;

R¢-Rg are the same or different and selected from hydrogen, alkyl, alkoxy, -
halogen, halo-alkoxy, alkylcarbonyl, alkoxycarbonyl, oxazolyl, trifluoroalkyl, or

adjacent groups R -R, form ring structures which may be further substituted;

R,, is hydrogen or forms an alkylene chain together with R;
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R,,andR,, are the same of __differexit and selected from hydrogen, halogen or alkyl

and alkyl groups, alkoxy groups and moities thereof may be branched or straight

C,-C,-chains or comprise cyclic alkyl groups, for example cycloalkylalkyl
characterized in that a pro-chiral sulphide of the formula IT

Hety—X—S—Het, _ I

wherein Het, and Het, are as defined above,

is oxidised in an organic solvent with an oxidising agent and in the presence of a
chiral titanium complex, optionally in the presence of a base, wherein the titanium
complex is prepared in the presence of the pro-chiral sulphide and during an '
elevated temperature and/or during a prolonged preparation time, and the
obtained sulphoxide opﬁonélly is cohverted into a pharmaceutically acceptable

salt by conventional processes.

5. A process according to any of claims 1 - 4, wherein the sulphoxides prepared

by the process are sulphoxides defined by formula I’ either as a single enantiomer

or in an enantiomerically enriched form:

(o}

wherein
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and R, - R,; are the same as defined in any of claims 1 - 4.

6. A process according to any of claims 1 - 4, wherein the sulphoxides prepared
by the process are sulphoxides according to any of the formula (Ia) to (Ih) either as _

a single enantiomer or in an enantiomerically enriched form:

OCHg
HsC CHy |
| ?_{N OCH,
CH,—S |
: /N (a)

(1b)
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OCH3

cooc H3
N Ij[
(Ie)

OCH,CF,
s
AN
N7 oH—s— ad)
\ |
) |
H
CHj
H3 :
ot T
. H
OCH,CH,CH,OCH,8
A CHs
I 9 N
cH—s—<¢
N )
/ .
H
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7. A process according to any of claims 1 - 4, characierized in that the pro-chiral
sulphide of formula II is oxidised with an oxidising agent in the form of cumene

hydroperoxide.

10 8. A process according to any of claims 1 - 4, characterized in that the titanium

complex is prepared from a titanium(IV) compound.

9. A process according to claim 8, characterized in that the titanium(IV)
compound is a titanium(IV) alkoxide. -

15 - .
10. A process according to claim 9, characterized in that the titanium(IV) alkoxide

is titanium(IV) isoprdpoxide.

11. A process according to any of claims 1 - 4, characterized in that the chiral
20 ligand in the titanium complex is a chiral branched or unbranched alkyl diol or an

aromatic diol.
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12. A process according to claim 11, char tat the chiral diol is a chiral

ester of tartaric acid.

.13. A process according to claim 12, characterized in that the chiral ester is _
selected from the group of (+)-diethyl L-tartrate and (-)-diethyl D-tartrate.

14. A process according to any of claims 1 - 4, characterized in that the amount of
chiral titanium complex is 0.05 - 0.50 equivalents.

15. A process according to any of claims 1 - 4, characterized in that the oxidation
reaction is carried out at a temperature between 20 - 40 °C, preferably at room

temperature.

16. A process according to any of claims 1 - 4, characterized in that the organic .

solvent is selected from the group of toluene and ethyl acetate.

17. A process according to any of claims 1 - 4, characterized in that the oxidation

is carried out in the presence of a base selected from the group of organic bases.
18. A process according to claim 17, characterized in that the base is an amine.

19. A process according to claim 18, characterized in that the amine is selected
from the group of triethylamine and N,N-diisopropylethylamine.

20. A process according to any of claims 3 - 4, characterized in that a prolonged
preparation time for preparation of the chiral titanium complex is 1 - 5 hours.

21. A process according to any of claims 3 - 4, characterized in that an elevated
temperature for preparation of the chiral complex is 30-70°C.
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22. A process according to any of claims 1 -4, characterized in that the process
further comprise a step for treating the product formed with an aqueous ammonia

soluton.

23. A process according to any of claims 1 - 4, characterized in that the process

further comprises steps for crystallisation of the obtained crude product.

24, (+)-5-Methoxy-2-[[(4-metl\oxy?3,5-din1etl\y1-2-pyridinyl)-methyl]sulphinyl]-
1H-benzimidazole or a pharmaceutically acceptable salt thereof produced in

accordance with any of the claims 1 - 23.

25. (-)-S-Methoxy-Z-[[(4-methoxy-35dimethy1-2-pyridinyl)—methyl]sulphinyl]-
1H-benzimidazole or a pharmaceutically acceptable salt thereof in accordance

with any of the claims 1 - 23.

26. (+)-5-Fluoro-2-(((4-cyclopropylmethoxy-Z-pyridinyl)methyl)sulphin'yl)-lH-
benzimidazole or a pharmaceutically acceptable salt thereof produced in

accordance with any of the claims 1 - 23.

27. (-)-5-1-'-'lu0ro-2-(((4-cy‘clopropylmethbxy-z-py'ridinyl)methyl)sulphinyl);1H-
benzimidazole or a pharmaceutically acceptable salt thereof produced in

accordance with any of the claims 1 - 23.

28. (-)-5-Carbomethoxy-6-methyl-2-[[(3,4-dimethoxy-2-pyridiny})-
methyl]sulphinyl]-1H-benzimidazole or a pharmaceutically acceptable salt thereof

produced in accordance with any of the claims 1 -23.

29. (+)-5-Carbomethoxy-6-methyl-2-[[(34-dimethoxy-2-pyridinyl)-
methyl}sulphinyl]-1H-benzimidazole or a pharmaceutically acceptable salt thereof
produced in accordance with any of the claims 1 -23.
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30. One of the single enantiomers of 2-[5-(3,5-d1methylpyrazol- -yl)pentvl-

sulphinyl]-4,5-diphenyl ithidazole prepared by a procéss described in any of the
claims 1 - 4.

31. One of the single enantiomers of 2(((4-(3-methoxypropoxy)-3-methyl-2-
pyndmyl)methyl)sulphmyl) 1H-benzimidazole or a pharmaceuhcally acceptable

salt thereof.

32. One of the single enantiomers of 2(2-(N-isobutyl-N-methylamino)benzyl-

imidazole or a pharmaceutically acceptable salt thereof.
33. One of the four stereoisomers of 2((4-meth6xy-6,7,8,9-tetrahydro-SH-

cyclohepta(b)pyridin-9-yl)sulphinyl)-1H-benzimidazole or a pharmaceutically
acceptable salt thereof.

34. Use of the compounds defined in any of claims 24 - 33 in medicine.
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