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PROCESS FQgoa¢hi&dsSI S OF SUBSTI TUTED SULPHOXI DES Techni cal fl‘(ﬁiﬁﬁ%dﬁﬁ'@
present invention relates to a process fbr enantiosel ective synt hesi's of
the single enantiomers of substituted sul phoxi des or said conmpounds in an
enantionerically enriched form Such substituted sul phoxides that are
suitabl e for being prepared by the novel process are for exanples the
singl e enantioners of 10 oneprazole as well as the single enantioners of
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conventional processes. Further, the invention also relates to sone new
singl e enantjomeric. conpounds which can be prepared by the novel process
and t hei r Lgshnical figld ci ne. 15 Background of the invention and prior art
There agre a | arge nunber of patents and patent applications disclosing
different 20 substituted 2-(2-pyridinyl methyl sul phinyl)-1H benzi m dazol es.
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i nhibitors of gastric acid secretion. For exanple the cofrpound,

( 5- net hox pingle ppanyiemesxof Sibstituted sulphoxides or said compounds in an
di met hyl - 2- pyr.i.di nyl ),net h | phi - 1H-.benzi m,dazaql.e) .with the generic
nane omapleggﬁ{lgfne %gil%eﬂé%h%‘i kl‘?l%éféléb]%é’fg 'ieé %’égﬁ‘lﬁ‘dﬁ%ﬂ?ﬁ a%f‘i“t'ﬁ@% |r‘1°r
agent. O bgin 1 ) alg@ém Hgs with
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| eni ntPr aporepraZolesss wellps theisingle enaintioaserstaf wther sthuqturatlyatelated ul phoxi des,
' at .t he sul phur atomand thus ex) st as two optical

P?Xﬁe?;t sulphitsides e eainsé Prpducts gpay thergatierles canvariedtoni c. centre in -
the 1ol ecyhgrmREAcdll RAPHABIE s Hbrtof 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. =
15

Background of the invention and prior art

There are a large number of patents and patent applications disclosing different
20 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
25 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.
30 If there is another stereogenic centre in the molecule, these compounds can exist

as pairs of enantiomers. Corresponding sulphides of such compbunds which



as pairs of enantioners. Cbrrespondlng sulphldes of such conpounds whi ch
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al ready cwiotssions3s st er eogeni c centre areg not pro- chiral conPOETISBES/0081/
chiral compounds. However, the sul phur atomin these conpounds does not
have asymetry and therefore they are referred to as pro-chiral sul phides
in respect of this invention. 5 Even though this class of chiral

sul phoxi ddeeagycasdain aisterepgandc Fentre arepepig-rhiral cempaunds, ewr@ur%lhe | ate
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phar macolgghtraktry @ thepefopapiRendfe RefeRed®d agprordiifdsedpHides inréespeet of n
the |ast years bécause of inproved pharmacokinetic and biol ogical

properti ¢dis iMvendpore, there is a demand and need for an enanti osel ective
proceﬁs that can be used in large scale for the manufacture of the single
enant Ffoners of pharnacol ogically active conpounds, such as for instance
opti cal | yeyu ﬂtouigpﬁﬁ Fl‘dh $6f chxral sul hoxides has been discussed in the scientific

2- (2- pyridi nyl nethyl su Inyl)-1Hb nzr m dazol es. 15 There are processes
for resollitferaturesinge ﬁhetaia semxm&sr, thereds fot getany efficiént asymmetric process
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m xture IS synthesis enmat e corresponail ng

subsl0t utinterest iz therasti years beeduselof iprovgd phhrhtacokinstitenal biological
di astereoners are _t hen separated and
properties. Therefore, there is a demand and need for an enantioselective process

that can be used in large scale for the manufacture of the single enantiomers of
pharmacologically active compounds, such as for instance optically pure,
substituted 2-(2-pyridinylmethylsulphinyl)-1H-benzimidazoles.
15
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
20 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.

25 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

30 before the single enantiomers can be obtained.



fi nal | y one of the separated diastereoner is converted to the optically

pure sul pkegbeieasss a hydrol ytic step. 25 These resol uti onpeE$EYSH681S

invol ving diastereoneric internedi ates, Suffer fromat |east three

fundanment al di sadvant ages nanely 1) The substituted = . :

2- (2-pyridi nyl met hyl sul phi-nyl ) - 1H benzi m dazol e, as a racem c internediate,

has to be 2)urTheresphiinsspraressesadesoriped involve gomiplitatedesepadtion stephef or e

the single enantioners can be obtai ned. WO 96/ 02535

3 : PCT/ SE95/ 00818 2) The resol ution processes descri bed
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opposi te di asttereeisomer, irs theefoanmaofiheanppdsite diastdredtmerdisdephtatedand pri or

art describes for instance enantiosel ective synthesis of the single

enant i 8ners dhseardgfdphoxi de agent Ro 18- 5364,

(5, 7-di hydro- 2-[ [ (4- nmet hoxy- 3-

- nmet hyl -2-pyridi nyl) net hyl.] -sul phinyl]-5,5,7,7-tetranet hylindeno-[5, 6-d]- 10
i m dazol - Furiidr; prio) artSdeschibes forins Binee RAENtdéedthRSHntiEEs of iR gr i bed

process is based on an enantiosel ective oxidation of "the correspondi ng

prochi ral esanbpmers obasuiphexdgagentiBo 18:h364.(5af-dihydrar2-Hthmethoxy-3used
during th qati g ed_to. be i rdance with th mretric
il pnt e SRR RO DAL AL UBS) St e RS Rt indbnor e £8 hen, .
Deshmigh, iMidazdlre¢lH)-Ene), See B8 Bidthekh. 166 (1987) @38 The@Bscritdd privésd -
8188). The authors report that the obtained crude product of the
sul phoxi dds basaswmgnenastiaselective oxidationof the cerrpspinding proghival stdphide
purified 9.2y & %ﬁg;[c{dael. ll‘yieoe&tplegi?xlxe él'lrceonscﬁtligﬂsoélsedf dMixel'gethg oxidation are B
stated to be in accordance with the asymmetric sulphide oxidation process
developed by Kagan and co-workers ( Pitchen, P.; Deshmukh, M.; Dunach, E.;
15 Kagan, H.B.]. Am. Chem. So_c. 106_ (1984), 8188). The authors report that the

obtained 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 reported. o

20
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%. |

25

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,
30 below. ) '



959 by several steps of crystallisation. However, the yields and the
nunber of crystallisation steps are not reported. 20 It is of interest to
not e t hawoos0essst s of t he Appli cant to 4 epeat the experi mPCTSEIFER t i ons .
described and reported above, in the preparation of the single enantioners

of Ro 18-5364 afforded crude sul phoxide with an enantioneric excess of only
16% 25 In order to obtain the optically pure
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as oxidising agent in the presence of one equivalent of a chiral conplex
obt ai ned from5 Ti(OPr)[err]/(+)-or(-)-diethyl tartrate/water in the
mol ar r aKa anfanHZcoLwdﬁkgarrepoﬂedcthwsﬁlptm dd&.tttﬂv&h thuhﬁ)gﬁestde product s
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subj ecte I dat’1 on 0SSi _
10 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 sﬁlphu: atom of the pfo-chifal |
sulphide have a more equal size, a moderate or poor enantioseled_:ivity was
15 obtained. For instance, when benzyl p-tolyl sulphide' is é,ubject to oxidation under

the conditions proposed 'by Kagan and co-workers, the g.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,
20 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 o:éidatioﬁ 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.
30 (See Tetrahedron (1987) cited above.)



a{'ryl et hyl sul phoxides in an enantioneric excess (e.e.) of nore than 90%
However, V\Q,%[Hsyolégsasubstituents attached to the sul phur at ompef,dEb€oos1s

pr o- chiral “sul'pfhi"de have a nore- equal siZe, a noderate or poor
enantioselectivity was 15 obtained. For instance, when benzyl p-tolyl

sul phide is subject to oxidation under the conditions proposed by Kagan and
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i mprove the conditions for asymmetric oxidation of sul phi'des. For exanple,
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i nstance an enanti ric excess of 96% could be obtained in the asymetric
oxi dat Son belowet hyl p-tolyl sul phide. 25 Thus, as a proposed nethod for
asymetric oxidation of sul phides, Kagan used cunene hydroperoxide with the
system Ti (OiPr)[err]/diethyl tartrate/water (1:2:1) in methylene chloride
at -23C. The R | V7| gﬂgg& he
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enant [ Emor0UBH R i Of aliigl AR haRAR, Sl if s dafesiedh ster 1
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Further, the authors state that the enantioselectivity will be decreased when

changing the organic solvent used in the oxidation from methyl_ehe chloride to for
instance toluene. Methylene chloride and 1,2-dichloroethane are discussed as

15  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
20 (ACAT) inhibitor has been developed by Pitchen and co-workers (Pitchen, P;
France, C.J; McFarlane, L. 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.
25  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.

30 Initially, the corresponding prochiral Sulph.ide of RP 73163, bearing these two
large substituents on the sulphur atom, was oxidised using the above mentioned



5 below. The reaction conditions and their relevance in respect to the
enantioneri c excess obtained for chiral sul phoxides in general, have also
been di sswmgaaRsssy Kagan and co-workers, cSee Synlett (1990)PCH&Es/0bs1s
exanpl e a tenperature of -20[err]C was 10 found to be required for a high
enantioselectivity and in some cases as |low as - 40C was used by Kagan and
co-workers to obtain the highest enantiosel ectivity. Further, the authors
stat e t hasymmebirexidatenamethed:proposed by Hegam@ﬁaed’emdmdwmhtﬂs%atétb
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the | ow t'enperatures nor the proposed sol S .are satjstactory froman
i ndust r| dlowewver, tbése\dleowumegmgtﬂewltaatemcgteswpabmgﬁey pcheniist sigeet inathies of

an ac | e ter I transferase. 2 I nhi bitor has deveI oped
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di scusseg A%A‘Inslﬂ ?{O&rve'Béegir’]{lerreg nam?é)ghoshp%gund&%@ggﬁ%?&%eg "?Chﬁ r al
s u I p hoxi dalpitides og sulpéuéeﬁbehmlng tyb stbstitudatsodfvergrdifferett dize'The authors

_ , 5-di net -1- razonI)- - pent yl roup on the stereogenic center, i.e.
_25 the scensﬂ*ﬁe eg } B domthis hepe ofipddatiensismainly gevermeded

2-(2- pyy QM eR g¥lsulph|nyl) 1H- benzi mi dazol e type conpound according to
t he rese I'nventron, has two |arge substituent groups attached to the -
stereOgenlc centre just as the conpounds obtained in the present invention.
30 Initially, the corresponding prochiral sulphide of RP 73163, bearing

t hese twoVithrgspeglof the uﬁﬁr@aaﬁntdqecle&ﬁqdmulats@nﬂ literatuse andisdoxderitg t he.
above meqll a0 itable prochiral substrate for an asymmetric oxldatlon Pitchen and co-

workers (See Tetrahedron Letters (1994) cited above) have deaded to reduce the
size of one of the substituents attached on the sulphur atom in the sulphide. An -

15 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

20  oxidition of 2-[5-(3 5-dimethylpyrazol-1-yl)pentylthio}-4, 5-di;3henyl imidazole.
Starting from 4,5-dxphenyl-2-mudazolethlol the synthehc route has to include the
followmg synthetlc steps '

1) Methylation of the merce'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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asynmet r i oy@%s@e35on net hod proposed by gan (See Tetrahedpetysktdsndgs Ci t ed
above). The prepared sul phoxide is reportfed to be obtained in a good

- chem cal yield but the enantioneric excess of the sul phoxi de was 0%
(racem c ntxture). However, these discourraging results are not surprising
for a cher)stReaating the alitaingd methyk salphoxidedetivgtives tvithostomg BAGS budh t | €S
for the titani tartrate nedjate { i,ons al ways have been reported in
the case of oﬁuﬁ%\‘\"ﬁhd’éﬁoﬂrpﬁy a?‘é‘ﬁ’g .Leﬁéérl inordey o ebsiract 3 pretampfispmethebear i ng
two substit ueglephf $EpY different size. The authors conclude that the
enanti osel ecti vi tifl %ror this type of oxidations is mainly governed by steric
effects. 10 Wth respect of the information disclosed in published
literature and in order (q have a suitable prochiral substrate for an

asymetr i Soxflaflagng tre lithium saltofhe methyd sulphoxiderderivatine with 4 thlors-

yl
(1994) cited Al . [ sjze of one of the
substituents g@%}'ggﬁ%%‘gﬁé a&&blhg?ﬁegﬁgﬁﬁl R?ﬁ‘éies‘%eﬂ‘b‘fﬁbd’& An 15
i ntermedi ate of choice for such a process nay -be a N-protected
4, 5-di phenyl - 2- imdazol yl nethyl -sul phide which after oxidation is
obt ai ned thtachingdbp pysazalykgrovwpoto the n-pertyt abaini oneri ¢ excess of the
fornmed sul phoxides is in the range of 98-99% However, the synthetic route
becones nore conplicated using an internediate than the originally nethod

propoged fr Rétﬁo@ﬁtgmgﬁfbﬁeca% Gpdi tion of
2-[5-(3, 5-di net hyl pyrazal -1-yl )gént | thio]-4,5-di phenyl imdazole. Starting
from 45-di phenyl - 2-i mi dazol ethiol, the synthetic route has to include the

f ol | owi ng ;synt.,het i 1 hyl at.i f th .2 -
_O ow hg I?ﬁncgbvelto{xg tﬁgtetgg pro%osl\é%tc&nf;ﬁéaﬁgd%pp}oaech JSS 'ﬂ@siggomug size50f the

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

15  Itshould 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
20  process which can be used in large scale for obtaining the single enantiomers of 2-
(2-pyridiny1methyisu.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. |



2) Attaching a protective group to one of the nitrogen atons in the

i m dazol e noiety. 3) Asymmetric oxidation of the sulphide to a sul phoxide.
30 WOWE HG0SS3S 8 7 ' PCT/SE95/00818
PCT/ SE95/ 00818 4) Reacting the obtained nethyl sul phoxide derivative with a
strong base, such as lithiumdiisopropyl amde (LDA), in order to abstract
a proton group...5 5 Akylating the lithiumsalt of the
nmet hyl s ' VeRtion 4. cn| oro- 1-iodobutane giving a :
5-chl oropentyl sul phoxide derivative. 6) Attaching the pyrazolyl group to '
the n-pentyl chain. 10 7) Renoving the protective group. It is obvious
that t he Thepresedt irorepkiongiredides ar reeveh pche@pfmmmlfﬁbsbhen&é &§nefesisst
substltue ts, IéﬁnOt Sui tablg for preparation, especially not"in a |arge

scal e. e singlg spapbpmers pLemeprzole, of gthareptcallypurerybstituted 2f2esent

I nvenki o sur ngl y
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Exanpl es relazed sEl Hodi s, il wehieh § Pmceas & shiprisigly Righo@faniseficBelt93s nor
propose a SU|tabIe enantloselec ive 20 process which can be used 1 n |arge

scal e f orobsaingdnThg novel Bmsrgmsshamqt@mdsubﬁ\aza pro-chiral sulphide is

(2- pyr|d| | Ies Therefore, r s, still a
| ong- feldtq %ﬁng%%&gi&gﬂ& %el_#éﬁgfe %%% ?%E%%%“?'BFW%’ ﬁﬁﬂﬁh%ftt ure
of subst ifbrthesk th@tcbﬁfels#pdnﬁh g&ulphoxide. This novel as etnc ox1dat10

2-(2- Byl’l di nyl met hyl sul phi nyl ) - 1H— benzi m dazol es as as ot her

st r udPur surprisingly senkes itypessible ¢o obtain the compounds of mterest with an
extremely high enantiomeric excess, even if the corresponding pro-chiral sulphide

has substituents on the sulphur atom of approxin’tafely 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

15 enanuomenc 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 al.ready contains

20 astereogenic centre in the molecule, such a sulp'hide 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-chrral sulphlde in
the present specification and appendmg clalms

25 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 .

30 are described in the independent claims 2 - 4. The subclaims 5 - 23 define some



25 WO 96/ 02535 8 -

PCT/ SE95/ 0%&&;}&5&? description of the invention The preser%c.fl%gmf’glgn
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or an enantionerically enriched formof the correspondi ng sul phoxide. This
novel asymmetric oxidation 10 surprisingly nmakes it possible to obtain the
conpounds of interest with an extrenely high enantiomeric excess, even if

t he correspondi ng pro-chiral sul phide has substituents on the sul phur atom
of appboxiDetadéd deberiptiom of theinvehtionr ocess is sinple with one step of
reacti on maki ng the process suitable for large scal e production of _
enanti onmeric conmpounds in a high yield and with a high 15 enantioneric

excess. T ' oro-chiral ' "_are.used far t.he sul phides
of the co??‘ee po% | ng‘%ﬁ?ﬁﬁg@'ﬁ’gﬁ*?ﬁ‘i‘a%?gétg§é%%gf$%afﬁ%gg ngﬂg novel
process afonndlaDeititeridsea singleonaritivmey 1o, arl énarx{tﬁnﬁéméa?aﬁcim fthphi de

al ready contains 20 a stereogenic centre in the nolecul é, such a sul phide
is not a pro-chiral conmpound, but a chiral conpound. Since the sul phur atom

of the sul phides does not have asymetry such a conpound is referred to as
a pro-chiral sulphide in the pres&ht specification and appendi ng cl ai ns.

Hetf—X—S— Hetz I
10 - . -
wherein
Het, is
Ro IIR4
R R N
or
P
: N | ~F .
15 B Re
Het, is

. or

20 and Xis



25 The present invention also provides optically pure conpounds prepared
I n accordance with the cl ai ned process and sone novel single enantioneric
conmpoundswoBsm2g3socess of the inventionyps defined in clai PCI/SESSIO0SIETE
alternative processes 30 are described in the independent clains 2 - 4.
The subclainms 5 - 23 define sone WD 96/ 02535

PCT/ SE95/ 00818 specifically preferred enbodi nents of the invention, and
preferred products prepared by the new process are defingi,in claims 24 -
33. 5 Detailed descigyption of the invention. The pese |nvent|on

provi des a novel netHhod of preparing &Isul phoxi de of @ Iﬁ either as a
&r [

singl e enantioner or Ry an enantionerically enriched
Het[err] is [err] 15 Het[err] is [err] 20 and X is

wherein

5 Ninside 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,

10  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;
15 R/ is hydrogén, halogen, trifluoromethyl, alkyl or alko:éy; | B

R,-Ryare thé same or different and selected fror.n hyc.irogen, alle, alkoxy,
halogen, halo-alkoxy, alkylcarbonyl, alkoxycarbonyl, oxazolyl, trifluoroalkyl, or
~ adjacent groups R-R, form ring structures which may be further substituted;
20 |
Rw is hydrogen or forms ah alkylene chain together with R; and

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

alkyl.



WD 96/ 02535 10 PCT/ SE95/ 00818 [err]
or R10 whews dgg/02s3sN | nsi de t he benzene ril?g of the benzi m deraisEsvIses ¥ -
reans that one of the carbon atons substituted by Rlerr]-Rerr] optionally
may. be exchanged for a nitrogen atom w t hout any substituents; Rerr],
Rlerr] and err] are the sanme or different and sel ected from hydrogen,

al kyl, 10 ki the above definitions efkylgratipy, alkivet grartpscarad/ nfdities theeeof may be

al koxyal koxy, di al kyl am no, pi peridino, norpholino, hal ogen, phenyl al kyl
and pheny| branshed qxséraightGoCRchainis arreompriseseyalicatkyli grosypspfor axampde ect ed
from hydrogen, al kyl and aralkyl; 15 Rerr]' is hydrogen, hal ogen,
trifluoronexdlgalkylalkyl. or al koxy; Rlerr]- Rerr] are the same or different
and sel ected from hydrogen, al kyl, al koxy, hal ogen, hal o-al koxy, .

al kyl carbonyl, al koxycarbonyl, oxazolyl, trifluoroal kyl, or adjacent groups

err ' ' j ' ¢ 20
Rl o] 55 hicketablfp hRIMEUALSpRipatdd B tRBAVEL Hthf ar s Aphpddes®s 0
Rl err] andforprasda]l” eitkert 45 single enandidrher enin anensetimetieally enrichedifargen,
hal ogen and al kyl . 25 WO 96/ 02535 11

PCT/ SE95/ 00818 I n the above definitions alkyl gr oups, al koxy groups and
noities thereof may be :

Re
R | R
o @ N 7
;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:



branched or straight Cferr]-Clerr] -chains or conprise cyclic alkyl groups,
for exanple cycloal kylalkyl. 5 Pr eferabl y, the sul phoxi des prepared by the
novel mayvboeozsss sul phoxi des of fornul ' either as a si ng'mnmmmxs omer or .
in an enantinerically enriched form [err] Ar-CH S wherein 10 Ar is [err]

and Rlerr] - Rerr] are as defined above in connection with fornula I. 15
Most preferably the sul phoxi des prepared by the novel process are -

sul phoxi des of any of the (bg las la to Ih either as a single enantioner

or in an enantinerically e hed for m WD 96/ 02535 ' 12

PCT/ SE95/ 00818 [ er rilz¢
" OCH3 o
on—d— U
 (la)

| 2 N F '
SN cH—s5—¢ b o
N -
/
H
CHs

N CHg (o)

H
5
OCH,CF;
“ Chs . S
0H2—5—<N (Id)
/
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[err] [err‘}v(ﬁ%[oggjs] [err] 10 The conpoundsg defined by the abe4agbgigsys as | .
I and la - 1h nay be converted to phar maeeut i cal | y acceptabl e sal ts
t her eof by conventlonal met hods. WD 96/ 02535 .14
PCT/ SE95/ 00818 The process of the present invention is characterized by an
asymetric oxidation i nc,m_l organi ¢ solvent of a pro-chiral sul phide
according to formula I1 Jerr]-X-S-Het[err] 115
wherein Het[err] and. er JQChlze as defined above with an oxidising agent
and a chiral titaniu ex, opkionally in th resence of a base. 10
i 2ic oxidation is
carried out in the preSRAce OH,a-HaS¢ at i vel y, the oxidation can be
carried out in the absence of 2 base ] preparati on(P§ the chiral .
titaniumconplex is perfornmed in a specific way with respect™to the order
of addition, preparati.on tenperaturefand/ or preparation

OCH,CH,CH,0CH,8
_CHy |
| o N
N cH—s—¢
N -
/ ®
Hi
5
fhs
N—CH,CH(CHy),
g o
Wt )
| N
/
Z N
| ? N |
S OLtS
/ - W
H
10

The compounds defined by the above formulas I, and Ia- Ih may be converted
to pharmaceutically acceptable salts thereof by conventional methods.



time. Thus, according to one preferred aspect of the invention the
preparation of the 20 chiral titaniumconplex is perfornmed in the. presence
of the pwosv2ssl sul phide, i e the prqachi ral sul phi de | POTSRIS/H0S1®t 0 t he |
reacti on vessel before the conponents used for the preparation of the

chiral titaniumconplex are |oaded. According to another preferred aspect

of the invention the preparation of the 25 chiral titaniumconplex is

per f or me@heupriorgssef thiegrasend inverginruiswharantetized by anragymmetricongdation
preparation tine..Accordi to still at.her _preferred aspect of the

i nvent i oﬁnFﬁeorﬁf‘@ffaﬁpi‘(?rﬁr??%fprt?ﬁé“ﬁisf"'g?q“fiﬁaﬁﬁrﬁﬁ?g 59#59’99(31?§fper f or med
during an el evated tenperature and/or WO 96/ 02535 ' :

15 PCT/ SE95/ 00818 during a pr.ol onged preparation time
and in the presence of tp.@tp.r_g(_cguﬁﬁt sul phide. Accordgng to the nost
preferred aspect of the i nvent i on, t 8 asymmetric oxidation 5 is carried
out ip the presence of a base and the preparation of the chiral titanium
corrpl%x is performed during an el evated tenperature and/or during a

prol onged preparation time and in_ th resence of the pro-chiral sul phide.
The oxi divhesein &etnand ddetyare F%dﬁﬁﬁn%ffgﬁ?l‘fec solvent. Surprisingly, the
solvent is not 10 as essential for the enantioselectivity of the

oxi dation, as reported by Kagan and co-workers. The sol vent can be chosen

with res (0} | 1] | St Ll .0t | as

wel | as gﬁ\% rag‘norr’émsgxfgggeﬁfe‘t%?\? 4 Qﬁ??a%t%gmgﬁ ggmﬁwg’oﬁ%}gﬂ agg"aiﬁethg r ¥‘J’|e§g ance

t ol uene, oftathdseacet ate, nethyl ethyl ketone, nethyl isobutyl ketone,

di et %I carbonate, tert. butyl nethyl ether, tetra hydrofurane, 4

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

15 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
20 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
25  chiral titanium complex is performed during an elevated temperature and/or

durihg 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



15 et hyl ene chloride and the Iike. Froman environnmental point of view

non- chl oy@agessol vents are preferred, The oxidation i s psEfSiodfabsts
carried out 1n an organic solvent at ro ﬁ]t-enperature or just above room

tenperature, e g between 20 - 40 C. Surprisingly, the process 20 does not
require a tenperature below - 20 C as described by Kagan and co- worker as
essent i al duringya pdolengediprepamtionvtirhy anfunfthe presante 6peeapiy-ehirgisul ts in

| ong reacti times. However, if the reaction tinme is variated a reaction

t enper atuFBlolﬂiaIere chosen bel ow as wel | as above the preferred tenperatures
20 - 40[err] C A suitable tenperature range is linmted only depending on
the 25 deconposition of the conpounds, and that the reaction tine is

dramat i calAcyordingttertheiméstprefeeradedspledt ¢f thedveéitior) Shéasymatetib Bxiidionl des
of integrest are oxidised very slowy at such a low tenperature. An
oxi di sP ngissepEriedantinghe presence of abase and yherprepacation of thechinalytitarivan 30

hydr oper ox C f exanpl e tert . .-butyl hydroperoxi,de or cupene
hydr oper Oé{)@l&leé#ﬁg?@w&i frixing g elpvated t t 5‘;%‘2%333/ or d_unng a_prorfgnged.
16 preparation time Bad/ infte pPekdhee Ef'ﬂgets}bfoa&iiﬁl‘sgﬁﬁmh@( sui table for
catal ysing the process of the invention is prepare roma chiral |igand
and a titanium1V) conpound such as preferably titaniun(lV)al koxide, and:

optional | y,in the. presence.of water. An especig|lly 5 preferred

i tani d L érﬂ})’ &"k@?‘g‘}:‘% SrEFd At N en oYsaNE _FB@G%F-%“’BFSUWRM%SGQWH%“%MD unt
O & %D Chhé Bdseltiafir R ARRliBelb &iviAY of e chdlriont B 30BbHL Bl K553, i
approxi mately 0.50 equivalents I's preferred and an esSpecralty ed
anount i sc@-vodrkes. Theespliverst eart be clfasenrwith nespect &y Quitablé ¥oh@itoadPibth anof
conpl .ex, isnl{:ftpstraigl 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,
15 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

20  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

25 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
30 hydroperoxide, such as for example tert.-butylhydroperoxide or cumene
hydroperoxide, preferably the latter.



for instance 0.04 equivalents may be used in the processes according to the
10 present invention with excellent result. The titanium conplex may al so
be preparvedsépsseacting titaniumtetraq ghloride with a chipet/skispesss in the
presence of a base. 15 The chiral ligand used in the preparation of the
titaniumconplex is preferably a chiral alcohol such as a chiral diol. The
diol may be a branched or unbranched al kyl diol, or an aromatic diol.
Preferred chiral diols are esters or tartaric acid, especially (+)-diethyl

d d ab
and nor o T ranit oK SERELE b SRtalyefud i Sidshts ofrdgveation par ed i 1
the presepegarld frbf KERTSN egsaﬁd | H*Htgﬁnﬂﬁ(ﬂ?%%otxﬁﬁ R %fe?%raﬁ%y phi de

is added"to the reaction v ment 1 oned a accor
aspect oftitamistn(IVaalkozide, amd optiprally i the pﬁé‘senceiof wateroAin espethﬁ presence

f enantlosel [ observed mhen a base
|Os Sr5222¥ 415” S@”@M&ﬁi&&#ﬁ 'ﬂfﬁg‘“ﬁﬁf PH‘MX‘Pﬁléﬂoénﬁmﬂ%@ dhe vity is
b d r I r
- subst queﬁi@%&? RplaPARHR BLESIeR 16 nBE GBI Ab bR SRl
base may appranmatelyﬁﬁﬂ eqmabmmrsqmofmbd&nd aiwdpeaﬁll&q:frefeﬁé&aﬁﬁtﬂu is

hydrogen car bonate n am_.de or an am ne. Am ne includés a guanidine or an
am di ne. ’221355 Surprisingly, even very low ampunts of complex, such as

e iigﬁ’e%s PP 0 SalRARCRBIEELELS Rl heRBREE bRldrfin ) Al © 2o
anoub® opréas\em(zuﬁtbﬂ mmt'gxcémmﬂgmtm xture i s not cr| tical but should be
adj usted with respect tothe reactlon m xture. , o :

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

with a chiral ligand in the presence of a base

15 The chiral ligand used in the prep'aration'of_ the titar_ti_um corrlplex 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 D-_tér(rate are preferred.

20  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
25 carried outin 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.

30 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.



This specific feature of adding a base to the reaction nixture in order to
enhance t Rgo9éauxbs osel ectivity of the ox{7dat ion is exenplifpefiskisobsrs
experiments with 5- :

met hoxy- 2- [ [ (4- met hoxy- 3, 5-di met hyl - 2- pyridi nyl)-nethyl]thio]-1H

benzi m dazol e used as the pro-chiral sul phide for the reaction. See

Ref er ence Qfariix bagdserre Prefedrdd arld espextally Quitas1e Babéire mésh?,raammt n
bot h experi nment, except for_ the addition of a base to the reaction mXxture

in one of trigthylapire o N.N-disepropylethplamipieeThe asnquntiafibasel alded ¢e thelance
ber 1 or ed Fercdon bR aBE TS 86F o] Bl SRonuld e pelf Rt ST FeoPed b afi b

t he absengfix@firé base w thout any alteration 15 of the process paraneters.

The results show that the oxidation without any addition of a base
accordPng to Reference Exanple C affords a sul phoxide product with an

nt i’ i _ . e. of ,23% ., whil e, the oxidation {n the presence of a
Pnons O s SHERER KHalufs Of G 4, bt fodht Searhor mREre U ptRE R phanes
fford : . _ . . _ . 0 0
At or nat 1B eRBANLECE AR 6 i ol ffloft IABEnIRiLS b AP Saitrinléiil vith o

absence ofmethoxye2-[[(#ratethexy43,Sdimeth yrtvdinyl poreethplthio)-1HF epar at i on of

the chiral tifapium co ex are essential. 25 The preparation of the
chiral ti CERFHH 14;304 3s feprareir hige fer the,reacton, eedieferesicet he

P ocomdsa Exatps i and, MHdFeablitn oGNS A03he AR TRTRH StpdBablE (o ;i ¢
sur pri si ngkyeptfoanhedddition 6F Hbasectostheireadtioremixtuee in Bné B th Sfstrithéws, of

the chiral titaniumconplex is that the preparation of the conplex is -
per f or med Referenge Example gcpqréqu@echgua@ordance with claim 1 of the present

invention, i e the asymmetric oxidation is performed in the presence of a base.

Reference Example C is performed in the absence of a base without any alteration
15 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%. |
20
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.

25 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.

30  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 during a prolonged tinme. Wth an el evated tenperature is neant a

t enper at W@ ogsxse room tenperature, such _as for instance SQCT,SEQ,(@;IS
preferably 40 - 60 [err] C. A prol onged eparation time is a period of
time | onger that approximtely 20 mnutes, preferably 1 - 5 hours. A
suitable period of tine for the 5 preparation step depends on the

pr epar at i and/enderiigua proloiged e With axb elewratetl leR{Ped Sture ireagkhy present
during the preparation of the chiral titaniumconplex: The products forned
during théerm?ﬁtmr%bqﬂé%mqmrternpyramr@mh@séqr instanca 3070 *qupreferabby ut i on

of ammnl anot tai ni nqg. base to avoid eci pitatiqon and/ or
f ormati on f60n3§ ‘glﬂrg qr}ge r&RFE%H%nmﬁfé aaﬂ?fé%lg medenger halar at ed from
the organ %}aﬁﬁ n‘?ﬁ’l‘e | L& kst 0US se S
neutrali sgg by theggdddl]ltﬁl on gf neut rgl ;gm ng aggr%é?iée?%?‘)&gp fo?q

pr ot on@t i preparatibn stgp depénds mtlne/prepdrphon itetepefdiurdared ofittd ﬁﬁi—clﬂiﬂf erred
feature of ]EE ‘agrocess f the inpvention is that the titanium'salts which

may be foft urng the preparaignb the Fyralitaniemaddi tion of
an aqueougg, i a solutlon The conventional procedure described in the

I |terature washing out titaniumsalts is a.treatnment of the reaction 20
m xture with vvater or aqueous sodi um hydroxide solutions resulting in the
formation which is very difficult to filter off. Another procedure
for washi Wgeﬂﬁf’ ugs f PWSQl%ﬁI@’Q@QBﬂFB@%ﬁHW tﬂ#&' heremacged withsan or

ST S AR Al SR R AR ¢or
e e et it o, Mg
from the organic 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
15 : o
Thus, another preferred feature of fhe process of thé 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
20 mixture with water or aqueous sodium hydroxide solutions resulting in the
formation of a gel which is very difficult to filter off. Another procedure for
washing out the titanium salts described in the pﬁor art, is for instance to use IM
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
25 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
30  product, such as for instance one of the single enantiomers of a 2-(2-

pyndmylmethylsulphmyl)—lH—benzumdazole in the neutral form. The acidic



dest royed al nost immediately in acidic solutions. The obtai ned crude

pr oduct racted in an organic solvent. It may al soppgisgésisibad | | sed
i-n an orga P?glgg%queous sol-vent resultind®in an optically pure- 3% product,

such as for instance one of the single enantionmers of a 2-(2-

pyri di nyl met hyl sul phi nyl)-1H benzi m dazole in the neutral form The acidic

WO 96/ 0253 rot n in the benz 1dazole moxe}g maey %abstractedb tregﬁﬁg%%g %{'l?(%)g 18

proton in t enzim azo e nolety na Stracted b y tredting e crude
product - wi tprudd:tamﬂsmbhsawcﬂhﬂ—Nfa@Hdmﬂdmu by grystallisasiahiafithe forihed £4le ned
salt in a solvent whi result in a product with-an inproved optical
purity. 5 TR $9r]V§WtW g\amrﬁmht F%?d?i'Oﬁ’b‘Fleﬁl aneimaproved aptical prrigyi ng
exanpl es. EXAMPLES 10 Exanple 1. Asymetric synthesis of

(-)-5-nmet hoxy-2-[[ (4- et hoxy- 3, 5-di net hyl - 2- pyri di nyl ) -

et hy| ] Sul pMhesiventionlis Wlisttated shorsiociersll i the foiowingdxiaphs. ¢ (180 mol)
of 5-nethoxy-2-[[(4-nmethoxy-3,5-dinethyl-2-pyridinyl)-

met hyl ]t hi o] - 1H benzi m dazol e was di ssolved in 200 m ethyl acetate. To the
solution was added 0.3 m (17 mml) water. To the m xture was added 37 ¢
(180 mmol) (+)-diethyl L-tartrate, 25 g (90 mmol) titanium1V) isopropoxide
and 16 nm (gxmmqpigsdl|sopropylethylan1ne at roomtenperature. The addition
of 30 M (160 nmol) cunene hydroperoxi de (80% was then perforned over a
period of 90 20 mnutes at 34[err]C. After cooling to roomtenperature for

120 mgutes, a_snpll sanple of the mxture was taken for chiral and achiral
chr omat’ogr | yses. The m xture consisted of 82% sul phoxide with an

enanti oner i gsyanfftfic sPnthebisf (-)-5-methoxy-2-[[(4-methoxy-3, S-d.lmethyl-z-pyndmyl)-
methyl)sulphinyi}-1H-benzimidazole sodmm salt, (-)-(Ia)-Na

59 g (180 mmol) 6f 5-methoxy-2-[[(4-methoxy-3 5-dimethyl-2-pyridinyl)-

15 methyl]thio}-1H-benzimidazole was dissolved in 200 ml ethyl acetate. To the
solution was added 0.3 ml (17 mmol) water. To the rhixture was added 37 g (180
mmol) (+)-diethyl L-tartrate, 25 g (90 mmol) titanium(IV) isopropoxide and 16
ml (90 mmol) diisopropylethylamine at room temperature. The addition of 30 ml
(160 mmol) cumene hydroperoxide (80%) was then performed over a period of 90

20 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

25 (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

30 analysis).The overall yield was 47.2%.



87% The m xture was diluted with 60 nl isooctane and 40 ml ethyl acetate
wher eupon the product was extracted three tinmes with an aqueous ammoni a 25
(1299 solwoisem2ssst h a total volume of 48g m. The conbi nedPeqSESMSENases
were neutralised by addition of 50 ml concentrated acetic acid. Thereafter,
t he wor kup procedure enpl oyed extracti on, evaporation, sodium hydroxide

addition and crystallisation procedures yielding 32.7 g of the title
conmpound Mri ty of 95.2% (achiral analysi s) and with an enantioneric

excess (e ggsﬁu%fen?@s;%@gﬂiJf%h-%ﬁn?g@y&%ﬁ@.n? o %fsah{ggt;\glegﬁg@ggn?%

Exanpl e 2méthylisalphinyHyIHAraizimifazole, (+)-(1a)
(+) - 5- et hoxy- 2- [ rret hoxy- 3, 5- di net hyl - 2- pyri di nyl ) -
rret hyI ] sul phinyl] - 1H— bénzi m dazol e, (+)- (I a) 5 Titanium(IV) isopropoxide

Lo a ool uiTGRGRAVEOpRRgds (1 i &b smp il whsep i 3 S avcodbiwess in -
tol uene (1Qdalwitlt Qg;ﬂ\gtta raeso‘l\ﬁ’ﬁoﬁéf g{)glﬂﬁiergﬂ I 2ar R £5 ot} 0.0 GRiL] e Per at ur e

and t hen 5-net hoxy- hoxy-
pyri di nyl ):lmsbmdq MOdn]leﬂd-(llﬂemt)t Tﬁhelmtme(v@asﬂs@-re& for20 minvkds at room

di i soprop Ieth 6 nmml ) were introduced. At 30
[err] C cu é(r(\eéeﬁy ZSBébn‘ftlBo’Fﬂ‘?’ dimethyl-?- was added. After

26“85‘253?5%.%% P Seatal A o Kol 4 ofudipyletr =

AsymeQ r i ﬁnﬁﬁé‘(d)lqs in8l, 26 mmol) were introduced. At 30 °C cumene hydroperoxide

(+) - 5-met hoxy- 2-[ [ (4- et hoxy- 3, 5- di net hyl - 2- pyr.i di nyl ) -
(tec 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% sulphox1de with an enannomenc

excess of 74%.

15 Example3.
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) isopropoxide
20 (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-
' dimethylé—pyridinyl)‘-methyl] ﬂﬁo]-lﬁ-béhzinﬁdaiolé (B4g, 10 mmol) was
- added together with KHCO3 (0.31 g, 3.1 mmol) and cumene hydrop'eroxide (1.8
ml, 10 mmol). The addition was performed at room témperamre HPLC ahalysis
25 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)-

30 methyl]sulplunyl]-lH-benzm'udazole sodium salt, (-)-(Ia)—Na



met hyl ] sul phinyl]-1H benzi m dazole, (+)-(la). To a mxture of (+)-diethyl
L-tartrat ewphsd2sss 20 nmmol ), titani un(l \Q | sopropoxi de 20 (pCTAEgS/008P8 NMOI )
and et hyl acetate was added water (0.18 n} 10 mmol ). The sol ution was
stirred for 20 m nutes whereupon 5-net hoxy-2-[[ (4-nethoxy-3, 5- :

di met hyl - 2- pyri di nyl)-methyl]thi o] -1H benzi m dazole (3,4 g, 10 mml) was
added toget her with KHCCB (0 31 g, 3.1 mol) and cunene hydroperoxide (1.8
room t enper at ur e. HPLC anal ysi s

25’ was W@F?ﬁs@) §?ﬂ? mm’geﬁjﬁgﬁd&,’%ﬂk teraReratyre ip arselwten @f i)-an
enant i ome rdl‘étl‘i’g%‘-%&tfﬂte @@5 b, Sgh?xglﬁi)earﬁi Txégﬁ 7 fso?}‘&f;%ab 7.9'm1, 25

(-)-5-met hoxy- 4- met hoxy- 3 pyridiny
met hyl ] sul mkmoi})luj 2501nﬂemeihylletmdﬂendedAﬂm Qahunutes)s-ﬁ{eahofjaz[[(@&&ﬁﬁjxw535
ter (0. 45 m*r?é) was added at

/0
rzéom t enperardimethyl- %Pé'(ﬂ }' 3 &‘Ybﬂ)‘w dﬂ'lbﬁil?m&ld?é?ler@tzeg Bmal) akd mol )
Aot gan! ARARrYhAARPLRARNE (13 i 7nilol) frarfBBHdd b4 1R sBludlBH! s E6led
3, 5- di et hl-20°QyAftet adaindméfrwﬂxé:te ﬁ}dﬂdﬁe@éﬁﬂe%%ﬁ%@k%h{e 28 manol i )

and diisopropyl ethylam ne (1.3 were added and tHRe sol ution was
cool ed to reackien migturkfwas keplchtt«Zo‘?Cfﬁr&ﬁMdNerhwdbyraddWmﬂef eR1Z5ml 80%

I 2 Cf 66 h. Work
by add; ¢ 1 SRR SREH Wi folirees Bhreaialsvien oblhecueony phase
neut r abi SaitRbkrindrli weCHIBALS. DhrREe) tndWolABTEIBLAILE dllea Ther el ter

t he wor kup proce oyed extracti'on, evap |on
chr omat og mﬂaptxoaodvapnﬂayldnpﬂasied&dmdtogfaph}d sodxum 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).

15 Example 5. _
" Asymmetric synthesis of (-)-S-methoxy-z-[[(4-methoxy-3,5-d1methyl-Z-pyndmyl)-
methyl]sulphmyl] 1H-benzimidazole, (-)-(Ia).

5-Methoxy-2-{[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]thio]-1H-

20 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

25 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. _
30 Asymmetric synthesis of (+)-5-methoxy-2-[[(4-methoxy-3,5-dimeﬂ1yl-2—pyridinyl)-
methyl]sulphinyl]-1H-benzimidazole, (+)-(Ia).



crystallisation procedures yielding 1.23 g (13.4% g of the title conpound
with a an enantioneric excess (e.e.) of 99 8%(ch|ral anal ysis).. 15

Exanpl e SwoAspes38tri c synt hesi s of PCT/SE95/00818
(-)-5-methoxy-2-[[(4-methoxy- 3, 5-di msthy% 2-pyridinyl)-
met hyl ] sul phi nyl ] - 14 benzi m dazole, (-)-(la).

S5- Met hoxy- 2- [ [ (4- met hoxy- 3, 5-di met hyl - 2- pyri di nyl ) met hyl ] t hi o] - 1H 20
benzi m dazol e (4 0 g, 12.1 nmol) was. suspended in toluene (12

b bpod AL R B il 10 rembn ot B 5P “r%d%@[!@m} & The

m xture Wasy r

NN- di i sopropO;/’? g{éﬁggﬁbﬁ’}qﬁ‘%g&nﬁﬁe gﬂgg?dﬂé%?%ﬁrwart%g@g ‘t ca. ogdraerr] C.

Then, cureidedwithogtirrimg atel GaKsuRait mixtuid washeated warefRgdod onethdure 25

m xture \aﬁ\ stirred for 15 mnutes at 30[err]C. The crude mi xture was shown
S

to coRsi %‘F‘”St‘-gg"@ﬂ Goiedto roomitempgrathte. dhereaftersSimetboxy-lli4-n an
opt i cal $ stftteint-2 yicih P Tid IOt Ao RS £ §- 3

AsymTetrlc sy

(+) - 5- netrimol) Znﬂ [c(:ﬂtéiﬁﬂ’(}ﬁiﬁ&p@r&adé Q&U%yi B? 5iidl) Were added at room
nmet hyl ] sul phi nyl ] - 1H benzi m dazol e, - WO 96/ 02535

22 temperature. The mhgggsawgmé e#;oqméémpprajurafqrrﬂﬂmmmeg fThe ; 10

oty ondTbb PR HRGPRIRRERS 00 2 s itk % B P R AR
e 100 sgphol e ping v oot i i el 8,
met hoxy- 3, 5- di net hyl - 2- pyri di nyl ) met hyl ]t hi o] - 14 benzi ni dazole (1.65 g, 5 -
Example 7. |
Asymmetric synthesis of (+)-S-methoxy-Z-[[(4-methoxy-3,5-dunethyl-z-pyndmyl)-
methyl]su.lplunyl]-lH-benmrmdazole, (+)-(Ia).
15
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) 1sopropox1de (1.5ml, 5 mmol)
and water (90 Hl, 5 mmol) were added with stirring. The resultant mixture was
20 stirred at room temperature for 20 minutes. Thereafter, cumene hydroperoxide
(80%, 1.05 g, 5.5 mmol) were added at room temperature and the sdlution wds
stirred at room temperature foi_r 90 minutes. The crude mixture was shown to
consist of 38.9% sulphide, 8.4% sulphone and 47.6% s_ulphoxi.de. with an optical
purity of 32% e.e. The product was not _isolafed. |



r;mDI) and cunene hydroperoxide (80% 1.05 g, 5.5 mml) were added at room

t enper at URGq %—Hfs gsolution was stirred at roomterrperature f pET/SRosigogHst €S-
The crude mx Uure was shown to consi st 02342. 8% sul phide, 4.1% sul phone and

48.3% 10 sul phoxide with an optical purity of 43%e.e. The product was not
I sol ated. Exanple 7. Asymmetric synthesis of '

(+) - 5- met hpxymaié B( 4- met hoxy- 3, 5- di net hyl - 2- pyri di nyl ) -
met hyl ]'sul phi ny%i [ - 1H benzi m dazole, (+)-(la). 15

5- Met hoxy- Asyinmetrin $ymthesds 6f Gir)rﬁen'feyhd ewlaﬂf(gmmwoxyesh ,l|§-3d1i1telﬂnh3|d]-2-j:zlnd(1n 01)- )
benzi m dazol e was di ssol v i n met hyl ene chl ori de :
(+)- Diet hmethx('ﬁ%lﬁphﬁné?é%nﬁmdmlﬁnﬁm (1a i t ani un(1V). i sopropoxi de (1.5
m, 5 mol) and water (90 [err]l, 5 nmol) were added with stirring. The
resultant m xture was 20 stirred at roomtenperature for 20 m nutes.

Ther eaf3 er 5-Mé -mﬂmmcxycgs-ﬂﬁﬁgﬁ\ym%gmlﬁn l]}tuw.qp;-added at room

tenperature and the solution was stirred at roomterrperature_for 90
minutes. ThenzimidazolexX0drg IMasunoldwrastsuspended in ¢dluBe (25 sl). WVater,9. Bt %

S 2107 S0 S ARl BB 53m  BdiF

(PS)T/ gEﬁgi ﬁ%gé’?%ﬁsﬁ?gl(@z?ﬁ‘ Wl&@%@}aﬂ?@ yr| I"(r;y e mixture was warmed

met hyl ] sul MO‘VQ f]orgﬂ'rhﬁﬁitémwiﬁm .23 ntl! 6¥)the Rolution was transfetred L to a test-
5- Met hoxy- 2- [ met hoxy- 3, 5-di et hyl - 2- pyri di nyl ) met hyl ]t hi o] -

benzi iid azblhc %J‘o thisgtube. vﬁasﬂiuh)added yslofraenenenhydiopenexitia. (80%) hndV\at er
9.2 [err]l 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.
15 Asymmetric synthesis of (-)-S-methoxy-Z-[[(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

20 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) 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 50
minutes at 30°C. After an additional hour at 30°C the reaction was completed.

25 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

30 . aqueous phases were neutralised by addition of 1.5 1 concentrated acetic acid.



(0.5 mmol), (+)-Diethyl L-tartrate (0.39 m, 2.3 nmol) and titaniumlV)

| sopropoxide (0.27 m, 0.91 mmol) were added at 50[err]C. The m xture was
war med awods0esas] C for 90 minutes wherggpon 0.25 m of thecIusRes/oasIs Was
transferred to a test- 10 tube. To this tube was then added 25 [err]| of
cunene hydroperoxi de (80% and al nost i mredi ately thereafter this m xture
consi sted of 41% desired sul phoxide with an optical purity of 69.5%ee. The
product wRereaber,ithe workup psosagiee employedexirastion; evapoenation sodiiim

ﬁre% h§ s f‘?@héﬁ’ {“aéﬁiﬂgg%&ﬁ%ﬁﬁi@r‘%gﬁh?%‘%ﬁdi’ég%/yle?‘i‘)“g(‘i 89 kgof thetifle (5
mol ) of b0AY YWwith [l i RS 199<3% I ahistaleialydis)2mid Wi 41 bhantiomeric

met hyl ]t hi o] - 1H benzi m daZzol e was dissolved in 7.51 ethyl acetate. To the
20 sol uRXcess (&) afidRa%(hinal analysisdThewyerall yietd was #%:t ure was added 860
m (% 0 mol) (+)-diethyl L-tartrate, 740 m (2.5 mol) titaniun(lV)

i sopropoxi de and 430 M (2.5 nol) diisopropyl ethylani ne at room

t enper atpgfmpley.addi tion of 830 ml (4.5 nol) cunmene hydroperoxi de (80%
was t hen per*orrred over a period of 50 m nutes at 30[err]C. After an

addi ti onASymmntrlatsyﬁﬂiesus t])ﬂ+t)+ﬁameehmty-af[[(dﬂne +335-eﬂme25 yl-Bipiytidin

achi ral { rﬁa ? Iﬂa nal hat ti} e consi sts of 75%
sul phoxﬁ&@lw sr'fgfél“'é’ E§9 N §a a19% unr eact ed

sul phi de and 3. 8% sul phone. The m xture was cool ed to 10[err]C and after

addition of 1.51 isooctane and 0.51 ethyl acetate, the product was
ext rlfct eld6 kigr(6® mobest Sﬁmdnha:zy-&dl[(damﬂwnyems-ahﬁﬂe?.ﬂ?l zqiyﬂdm?l)w th a total

vol ume of h ombi qugo ases were neutralised by : ‘ |
addi ti orfnsghyiitg‘q-g ﬁéﬁ:@@ﬁ m&fw?%&f@ﬁldéssgiYJm 6.1\etlyd/agetate. To the -
24 solution was added 51 m3%? 7 R8P ¥rater. 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 -
15 (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
20  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
25  excess (e..) of 99.8% (chiral analysis). The overall y1eld was 24. 6%



Thereafter, the wor kup procedure enpl oyed extraction, evaporation, sodium

hydr oxi de @gslbdié8%5 and crystallisation pr%qj(radures yi el di ng Gpc¥fsposo6¥18t he
t.itle conpound wth a purity of 99.3% (acHrral analysis) and wth an
enanti omeric excess (e.e.) of 99.8% (chiral analysis).The overall yield was
44% 5 Exanple 10. Asymretric synthesis of -

(+) - 5- met hoExagple (4. net hoxy- 3, 5- di met hyl - 2- pyri di nyl ) -

met hyl ] sul phi nyl ] - 1H benzi m dazol e sodiumsalt, (+)-(la)-Na 10 1.6 kg (5.0
nmol ) of 5-methoxy-2-[[(4-nethoxy-3,5-dinmethyl-2-pyridinyl)-

met hyl ] t hi o]aglih; L g S ] Of el A Bl I &ty etgte. . To the
sol ution m?mgﬁgél%ﬁ%%g ?f pﬁ? %\/\e/;t?l g#&eﬁ_m{' ngtﬁ?ﬂ 3523{}@%‘%3{%2&&@@%
(5.0 nol) (methiydstlphiyllaH-bahsimida@old sddun sait,X+)-(Taini un(1 V)

| sopropoxide and 430 m (2.5 nol) diisopropyl ethylam ne at room
tenperattire. The addition of 830 m 15 (4.5 nol) cunene hydroperoxi de (80%

1o P BEETEh B4R RBRLLP e AR S e AL A bt
achi ral Chrwb@wiﬁnahﬁoleriﬁ'wﬁ@ﬁe%negeﬁggga (495 WALhHEq t088C Wallr (4R,

sul phoxi de wth an enantionmeric excess he m Xt ur
cool ed to 1R{amol)(-drdiethiyl Ex-taxtidte (2335 kg, 11.4 indl} and tRaeiuni (V) ROPEOISxiaS

t ted t ti i t ' 129 | uti th
ot al vol untl-G1 KEuSS Tl welRutced HiHhasSing RRshenche obevRs irrog at
addi ti of 0 ' clid, Thereafter,~ the work
proc ;ad;cj)ll;bg iﬁﬁ%{éﬁ@%& ?f(‘)lgedfgﬁééggqn?%fl W‘Es aggﬁﬁﬁ%%foy S?Uaﬁ?&ﬁ'rlgh and
crystallis pItat i n a
pu?/i ty of 99. QOO%Chj rglﬁglr?aé:(gsi S g'a6nd vﬁvitﬁsandéeng%%li%r?glrlﬁc 2 é)?ycﬁerisegie -
(e.e.) of obydrgperpxide (83:5%.53%kg, 182 molp meaisladded ahdite Mikt6oe 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

15 anmoxﬁa_ (12.5%, 20 1) was added. The solution was extracted three times with
aqueous ammonia (3x20 1). To the combined'aqueous layers was added methyl
isobutyl 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

20 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.

25 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
30  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



WD 96/ 02535 25 PCT/ SE95/ 00818
Exanpl e 11. Asymmetric synthesis of _

(+) - 5- mewmag/02831 [ ( 4- met hoxy-3, 5- di met hyk - 2-pyridinyl )-  PCI/SE9S/00818

met hyl ] sul phi nyl ] - 1H benzi m dazol e sodiumsalt, (+)-(la). 5 6.2 kg (18.8
nol ) Met hoxy-2-[[(4-nethoxy-3,5-di methyl -2-pyridinyl)nmethyl]thio]-

1H benzi m dazol e in toluene _suspensio 25 1) was heated to 54[err]C. V\ater
(44 m, 2tempgrajureand meétﬁrﬂuomﬂahmrq{ciom@psﬁuw@omzﬂ mol ) and

et e bR PRBE R L B adade DO P L1 L0
t enper at Ugfsoopylti§lapained1:50(I, Bl Xmiths)) svéreinbiduded S&Pfdb%('t P&a@ﬁ’r‘é"e

(720 g, 5.6 nol) "was” added to the sol ution. Then, cunmene. hydr opet oxi de

(83.5% 3cw@0eRrg hytsopenmxide (tach, £30s 6.0, 331molatma33ad@sl Afiterrdhl at voorone
h 0[e T d t h t of 7% sul phi d
1°50 21 pRORSrairesbe sopdiie Mkttt of S arade SpAtCST Hi ' cpanfiorioRe. o
Agqueous 1&cess Bf 80% 1 RFR¥ &ﬁldahow%_ﬁﬁésgel M ﬁ\QMdoQ 1624 ract ed

three tines wt queous ammoni a (3x20 t he conbi ned aqueous | ayers

was addedd&enkiyela&e%umufpllohmin;erqp!ated cﬂytsea.lhqatmmsfrbayeihandsthpte wap ust ed

wth acetic aci n t yers vver arated., The, agueous | a r vvas
oxt 1 act ccobmEd: kM RRE HeRlEIPoIG il An CoanHETIETic 26 QGBI

make the sodiumsalt, to the 20 solution was added an aqueous sol utlon of
NaCH (49.6% 1.07 kg, 13.2 nol) and acetonitrile (70 I). The sol uti on was

concellt r aEgampieild.ne product started to crystallize. 3.83 kg of the
(+)-enantioner of the sodi um salt of o&eg razol e vvas isolated with-an

optical plsymmericaynghesis af ARECmethayihesi s of _
(+)-5-1l U]Q{rﬁd?n)[l rﬁéﬂ@iﬁhﬁ?fﬁ?@l’]' fﬁt&?&'m?dazole,( )-(Ib).’

5—Fluoro-2-[[(4-cyclopropylmeﬂt_oxy-Z-pYridinyl)meth'yl] thio]-1H-benzimidazole

15 (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,

20 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%

25  e.e. The material was also shown to consist of 2. 2% sulphlde and 0. 9% of
sulphone. Yield: 71.2%.



;')yridi nyl ) met hyl ] sul phi nyl ] - 1H benzi m dazole, (+)-(Ib) Titanium(1V)

| sopropoxi s 46283511, 30 Mol ) and wat er é .54 m, 30 mmol) raIIsESSeesisied
with stirring to a mxture of (+)-diethyl™L-tartrate (10.3 m, 60 nmol) and
met hyl ene chloride (60 m ). The solution was stirred for 30 mnutes at room

WO 96/ 02535 26 _ PCT/ SE95/ 00818
t enper at ur Examplenkh 5-f | uoro- 2-[[ (4- cycl opropyl rret hoxy- 2-

pyridinyl) Lol - 1k benzi i dazol e ( and_’ '
di i sopropy {%?)ﬁéﬁegflﬁg)”(‘lﬁtegﬁ ‘?‘Zﬁl(n} %?17“0 @*AB?‘@ y-&t room

temeraturxwgﬂy%zﬂ r‘ﬂﬁ*‘fﬂ 1%%3731%@3&0@ £)Hp). 33 nmol ) was added.

After 3 h e mxture COhSlSted of a crude
sul phOXIde with an enantioneric excess (e.e.) of 60% After purification on.

silica tha oI chloride as eluent foll owed by repeated
crystal SR% h'gﬁ Xq'ﬁgﬁé HSBPX Iﬁé@'%}'ﬂ-gypgml)mthﬂhhxpoﬂ-t l e

g;g{oﬁggﬁswoﬁ_@?gﬂﬁ%om fgﬁl%g&cyc g%}%ﬁflgﬁn%% Oxgtﬁ%rm.{x%ur € was 338“355' ¢

pyri di nyl ) (DB thand1pbf Walkdr, 113-fak(7é fﬁxﬁl@l@@f@)—&eﬁrﬂ IDotartrate and 0.90 mi (3.0
5-Fl uoro-2-[[(4-cycl opropyl rret hoxy- 2 p\{_rl di nyl ) net’hyl ]t hi o] - 1H-benzi m dazol
e 15 (15. angoly 92/ etmixmraewasshrdeﬂfo)/\éﬂmmme‘biterr]l

1.9 mol), (3 t hyl I) and titaniun(lV)
i sopr opoxi é@ %:fmé t‘jaen CE°E‘$1€¢)E) a[\rkSF"é’jf d%@’% a )r%guaen%[ err]C. The
m Xt ur ggwWag,
NN- di i sopr o&'ﬁ' bP ﬁﬁ?%%é E\ﬂ%é erP died iég‘&&ﬁksﬁagﬂgﬁﬁngﬁe%%s ?‘8?55% F%ft(mee was
adj ust ed t hodB@t 30t ahdrthersatiee cbylddap@ QX TE thé RAurd; dthifl acé%Qte”éo mp! ) was
added. The m xture was stirred for 30 minutes at 35C. Thé crude
was added and the resultant solution was extracted three times with an aqueous
‘ammonia (12%) solution with a total volume of 60 ml. The combined aqueous
layers were neutralized by the addition of 17 ml of concentrated acetic acid and -
15  thereafter extracted with ethyl acetate (4 x 60 ml). The organic layer was dried
over magnesium sulphate and then removed to give a crude product with an
optical 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
20 to be 87% ee.

Example 15. :
Asy'mmetri'c synthesis of (+)-5-fluoro-2-{[(4-cyclopropylmethoxy-2-
pyridinyl)methyljsulphinyl]-1H-benzimidazole, (+)-(Ib).

5-F1uoro-2-[[(4-cyclopropylmemoxy-z-pyndmyl)methyl]tluo]-lH-benzmudazole
(3.6 kg, 1.9 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
30 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,



m xture was shown to consist of 6.5% sul phide, 2.7% sul phone and 90%

sul phoxide with an optical purity of 87.7%e.e. The product started to
crystal | We9€®53hg t he oxidati on and waggi sol ated from t hePEEBESIOMSN xt ure
by filtration. There was.obtained 11.7 g of the desired product with an
optical purity of 98.8% 25 e.e. The material was al so shown to consi st of
2. 2% sul ph| de and 0. 9% of sul phone. Yield: 71.2% WO 96/ 02535

27 11 mol) was addestandthe o mmnexaﬁm@pletedmm&mmmgmm| s of

oy ! SRR SN BERIR o slobio. oy ons g 56 o)
of 5-f1 uokalphdxidé wilte hnppeiexl paiiRpPsH8Es R, mlerpfbhﬁet stirted 16 elystallize

1H- benzi m dazol e was m xed wt toI uene (30 nml). To the m xture was added
32 [err]| during msld@nomndrwaqlsslated frong thmacuon nixpums byt filtrativrt.art r at e

Ui e 1 aetdwas Rteibed 2 bk ERF P mrfliud SRHEBE beleabpuing 56%2&“’§&er

2.8 m (151£F6Bhiw(a§aféér§i{b“wﬂ90 cBSIS IO 9% G&j&%@% PR ABon e T (|

solution. The m xture was stirred for one h
cool ed t o pepduct)@as Terrystalliziedtinrmoethainio)/ tohwareaThef@asbbtaimed 2864g and t he

Sorut 1 on (el g0k} eiRe GEbEd progue i Anconurl ety al 84 Trayeoriemistc
neutrali zgglgmgggﬁggqﬁ,ﬁ% Ty hyllésg tRhn 0f1 gﬂa%%%&%@he c acid and 15

thereafter acetate 4 X 60 organi c | ayer was
dri edl®ver magnesi um sul phate and then renpbved to give a crude product with ¢

an optlcal Eurlt)i of 59% ee. The residue, as an oil, (3.2 g) was dissolved

in aceton
Asymmetric synthesis of (-)-S-fluorc-z-[[(4-cyddpropylméth6xy-2—
pyridinyl)methyl]sulphinyl]-1H-benzimidazole, (-)-(Ib). |

15 5-Fluoro-2-[[(4-cyclopropylm’ethoxy-2-pyridinyl)methyl]tl\io]}lﬂ-benzinﬁdazole _
(3.6 kg, 10.9 mol) was suspended m toluene (14.4 1). Watér (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

20 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.

25  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. Th.e _
product was recrystallized in methanol/toluene. There was obtained 1.67 kg
(yield: 44%) of the desired product as off white crystals, 99.8% @g)_. The content of
sulphide and sulphone was less than 0.1% and 0.6_%, respeétively.



m). Aformed precipitate was filtered off. There was obtained 1.6 g of a
crude prodweeds/ops3s he desired conpound a;sga white solid. Thepopsissabsipurity
was shown 20 to be 87% ee. Exanple 15. ymretric synt hesi's of ' oo
(+)-5-fluoro-2-[[(4-cycl opropyl net hoxy- 2- - ,
pyri di nyl ) met hyl ] sul phi nyl ] - 1H benzi m dazole, (+)-(Ib). 25

5- Fl uor o- 2-Examipbeytq.opr opyl met hoxy- 2- pyri di nyl ) met hyl ] t hi o] - 1H- benzi m dazol
e (3.6 kg, 10.9 nmol) was suspended in toluene (15 |i‘ Water. (8.9 m, 0.49
mol ), (+)- AFBnmetric sypthesis of (¢rgragbomethaxyro-methyt-2{ U3 dwdimephoxy-2-

mxture wad g aiAnet B AL OB ARI R BRY, 10, T 401 eT T C The

NN- di i sopropyl - et hyl amine (190 m, 1.09 nol) was added. The tenperature was
adjusted to 30[err] C and then cunene hydroperoxide (83% 2.0 kg, WO
96/ 02538 3.4 g (9.1 mmol) of 5-carbomeihoxy-6-methyl-2-[[(3 4-dinetivgE25/ 00818 11 nol )

was added and.the,oxidat4.on conpl.eted within 30,mnutes. T cr.ude

m xture wadan lﬁﬂe@‘gmﬁlﬂ’\eﬁ_}-’%‘}%&‘éﬁ? Ri%Re sq;lpg%ig% F’bhﬁﬂ%n%ﬂﬁ) xgj;)g/? 0

sul phoxi de Wk tR; \ [ ' . ?ﬁlo(q ?{]mﬁn | &
crystalli Zeﬂggﬁﬂn‘grét)ﬂfgb%%Hggté:i#ﬁlx%%m\%g?tffsvgrge}gg? romUt e F%gtc(tg'?c‘){rl\&lrw&t ure
by filtratilotartfate ndrie3 gd4.6ahtrlneftitanfiinly ) éSoproporidedThe nvixtireamapt i cal
purity of 96%e.e. The material was_al so shown to consist of 2.3% sul phide

and 1. 7% stisresh for 6hminuiesat P0Geand than @78 ml ASummelhef NalNo! / t ol uene.
There %

s ohtained 1. Kk i el d;, 4499 of, the desired,pr t with an
opti cal* pu beGPpgétgﬁba“%Hé%ﬁ%&?é' ﬁ‘ew ieC%a%%Rfﬁg%E(bﬁ&ﬁméﬂéowgg t han
0.1% and O.(3GABSPECAAIE. o 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



10 Exanple 16. Asynmetric synthesis of

(-)-5-fluoro-2-[[(4-cyclopropyl nethoxy- 2- _

pyri di nyIWoasltmstul phi nyl ] - 1H-benzi mi dagol e, (-)-(Ib). 15PCT/SE95/00818

5-Fl uoro-2-[[ (4-cycl opropyl net hoxy- 2- pyri di nyl ) met hyl ] t hi o] - 1H benzi m dazol
e (3.6 kg, 10 9 rml) was suspended in toluene (14.41). Water (10 ml, 0.55

. (- 460 d titgniun(fV) .
|ms)o¥)r opox r] [t}hll%rt r er)\ci Sl%é’ﬂﬁgélW?% bgr?r FP%&? r%yggh{\é)ép?wo%e
e &E?%‘piﬁ“ et 5@%& Slaftes 5 B0 ) of M2 BEfpARD with spengntiomenic |

was adj uséméssof%@%and t hen cunene hydroperoxi de (83% 2.0 kg, 11 mol ) was

added. The m xture was stirred for one hour at 35C. The crude m xture was
shown to consist of 8.7% sul phide, 4.8% sul phone and 85% sul phoxi de with an

optical pﬁﬁéégil@b 8% e.e. The product started to crystallize during the

oxi dati o olated fromthe reaction mxture by filtration. 25

Ther e wasAspirahéteit s&nmeéigob(f-) -5harpometiixywé-niethyl-24{(BEatimethioky-20f 97%
e.e. The material was al so shown.to consist of-1.9% sul phide and 2.5%

sul phone. pyridinlimethyllsadphiaylly i-henzimidazelerd)Hdedo| / t ol uene. There was
obtained 1.67 kg (yield: -44% of the desired product as off white crystals,
99.8% (e.e). The content of sul phide and sul phone was | ess than 0.1% and

0.6% r eswglu\zes M\mol) ow&ﬁﬁ&aéa%xy-e-meth 1-2-{((3, 4-dnnetho&9-z-
PCT/ SE95/ 00818 Exanpl e Asymetric s esi s

(+)-30c arpmdm;d)«yle&yt}khid]elﬁ-[b[em WQs yhs_solved in methylene chloride
pyridinyl 8 %tmﬁl 'hs) l&g 1r1]l¥10L 1A1:'a|_§ 2835& gb?li‘ﬁ) E?nm%l?of(wager, 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
15  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
20 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. '
25 '



5 3.4 g (9.1 mol) of 5-carbonethoxy-6-methyl-2-[[(3,4-di nmethoxy- 2-

pyridinyl bbwisks hi o] - 1H-benzi m dazol e was suspended in t opgfBRosipdisM ) -
To the mmre was added 41 [err]l (2.3 ﬁol) of water, 1.7 m (10 nmol) of

(+)-diethyl L-tartrate and 1.3 g (4.6 nmol) of titani un(l\/) | sopr opoxi de.
The mixture was stirred for 60 nminutes at 50[err]C and then 0.78 m (4.5 _
mol ) of Nixampleddi sopropyl et hyl ami ne was added. The mixture was cool ed to

o Coob” SADrbHEC kb o SRt ol S e«
Lol vere (7ByminymneRs A pith fkw—sﬂ‘f*%%ﬁ%‘%’% I bhoxi do V”J?L“;ﬁ
optical purity of 95.6%e.e. The m xture was cooled 15 to roomtenperature
e o LR Ruhabier Eirbbmsthe-Senan e o himetbm o 1 3 have an
() & car YRR g e/ i YRR i ol e SRR fn iethyIERL EnfBrice

pyri di nyl) (100hl)] Tolthb lsBMiﬁoriLwabaﬂab&‘Sd%ﬂQ«i 8 mfn&l) 6f Water 8 Q%P@(ﬁ%ﬁ?l)dofw h

sopr opoxi de 25 mol ) and water mol ) were
Istl Irorl Ircl)g t o aémﬂwldp-@amatea;\d& anﬂ)(? Smmnlglmﬁammw\fﬁlsompumﬂe) Thed 25
nmet hyl ene r 30 m nutes at room

t enper at o l Bie de ( E}grﬁgaf%%g{e’“{sﬁ‘g 137 ‘Hﬁ/?n‘itﬂl[‘%’{ ggqi]; it EPRipmperature.
pyr i diqyl )I@tﬂ‘w 1&3 H'u%l)]oﬂﬁ N%isﬁb%ﬁ&a%n&egwag §d§EB aé\dat&g nuxture was

di i sopropyl et hyl am ne . were Intro room
t enper at ur theoustirned fgm(bpunntesdklb B2 nified) cumend hydroperokide (80%péeed and

- reacted for r.oom t enper at ure. e crude prqduct consisted of a
crude sul &f&%‘gé"wa{fﬁf Zh éh‘a‘?ﬂq‘éﬁ’@i’?@%&@m $°%$5t?4@f 19%fsudphide
puri ficat | g PP%duphdxif with'dh optical purity of 90% e.e. To the mixture, methylene
chloride (100 ml) was added and the resultant solution was extracted three times

15  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%

20  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}-

methyl] 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
30 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



WD 96/ 02535 30 PCT/ SE95/ 00818

met hanol / net hyl ene chl oride as eluent followed by repeated crystallisations
from et hW96/253%r e was obtained 2.9 g (3R% of the title REHREIHNGO#Bt h an
enantiomeric excess of 99.4% 5 Exanple 19. Asymretric synthesis of
(-)-5-carbonet hoxy-6-net hyl -2-[[ (3, 4-di net hoxy- 2-

Y R G e bl 0

pyri di nyl }smdibeekldehinod sdi Iﬁd@ﬁﬁ?%%ﬁ?ﬂfﬁ&d &d@&ﬂ%%‘ﬁ’%‘ﬁéﬁlor' de

(100 mM). To the solutio was add err of wat
(19 mol ) HALC.-To theemipture©S0 ank m&me_neawas addeddandlhé reswta)ttsblunamwasrr( 1 V)

d d f 60. dth
ool ed t oePERSHEOdhTRE s ¥iba8 gaheous aBnati 126) fABonoBhpARaE hyl ani ne
was adgedy, ﬁgﬂﬂé £150 Hd1! eE?ﬁxblﬁedhgﬁEoﬁéla&éFsdwE EJI}?E&Wth@a&aldgn (12

nol ) cune roper oxi added”and

t enper at uoécaﬁuemmaedla&mndﬁ@ﬂﬂmeéafmrLﬂtaﬁerla@ Taédsurk phgplogred wi t h
an optical purity of 88%e.e Egthe m xt ure, hlene chlorlde( 00 m)
was added®dFacHar ewaemattma% sk GrQRaToBEAP b Vielingrle2 61af be th h an

agueous a a§[91!nlf M‘? )\!ﬁgj 3

conbi ned %ﬂ&g@&sﬁ] ayer %yegneu ?g?.?zﬁggf %AAIY% d%ﬁho%.g)g&%%g%%r%f
concent r agxass (eé.) of 5% chirhl snalybisy.hA St trealimg tHearesidtieawithchdetonitrile
precipitate. The crystals was filtered off, washed with diethyl ether and

dri ed® o ere V@saobtglrxed@/yrmw%thygwaﬁ sepoved byfiltmionoFyeperationnef st ed
of 1. 5% St fihicfie aftdrdeci2h S WIRUr DA BRERR biitly. Repblting tndPfotefure?® ¢

a couple of times afforded 0.63 g (29%) of the desired compound as an oil with an
optical purity of 99.5% e.e. | -

15 Example 22.
Asymmetric synthesis of (+)-2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-
pyridinylimethyl]sulphinyl}-1H-benzimidazole, (+)-(Id).

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

20 methyl]thio}-1H-benzimidazole was dissolved in 50 ml 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

25 (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. Té 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 néutrailize_d by the addition

30 of concentrated acetic acid (30 ml). Th_ereaffer, the workup pro_cédure employed
extraction, evaporation and flash chromatography yielding 0.85 g of the title



WD 96/ 02535 31 PCT/ SE95/ 00818
Exanpl e 2Quod&vasa®tri c synt hesi s of 33 PCT/SE95/00818

(-+) - 5- car bonet hoxy- 6- et hyl - 2-[ [ ( 3, 4- di et hoxy- 2- _
pyri di nyl ) nmet hyl ] sul phi nyl] - 1H benzi ni dazol €, (+)-(Ic). 5 4.7 g (12.5 mml)
of 5-carbonet hoxy- 6- net hy I-2-[E 3, 4- di met hoxy- 2--

pyri di nyl) ﬁ@W‘}Qd}Wé‘]h&Hub'éﬁQ Q%ZGWMQY%H%WIFh}aMﬂWH@ﬁéHc hl ori de

(10 ol ) SRASHReBPase (i ARAGRST el rbagoly e Widitanifae

| sopr opoxi @RereWWes Bbtaineda ‘fﬁécx?ithfertﬁﬂt mg rﬁ?to%ﬂ quﬂufatndhei-:bugsoﬁ%ntdzen

cooled to room tenperature. .3 mol)

NN- di i sopr dhe Fidtratel aéfnrdedmsolhudﬁderdmhced@pmﬂt p\unt)wkptehengshlsrprededm 30

ot T o3 AeRHHE PLAREAOTRATLD & Ut ahe sesirbd commnsbesariol it an® ' 2
sul phoxi de kﬂ?&v\gg&gg%éﬁél ty of 90% e.e. To the m xture, nethyl ene

chl ori de ( and the resultant solution was extracted three
times 15 wth an aqueous ammonia (12% solution with a total volunme of 300

m . The cog‘si neg agueous | ayers were neutralized by the addition of
concentr at acid (50 m) which afforded white crystals. The

o g (oot Tahinelat Sndletis AtRSEGMOrInREGLOIRS A i OR ) 2 ﬁ‘St L oal purity
of 93U e@. eEX nyﬁhﬁythyxl]sﬁphmﬂpmm-bémn@aaﬂgle,%)zae) sul phi de and 0.9%
anp .

sul phone. le 21. Asymetric synthesis of
(-)-2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-

pyr i di ny1 T o5 DA bt P bbb RSA Bl 27 B S a-chiimeth b ) - -
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)
15 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
20 hatroom 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 addi_tion of 25 ml of concentrated acetic acid and
25 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
30 - thereof. The optical purity of the crystals and the filtrate was shown to be 97.4%

e.e. and 75% ge. respectively.



25 2.1 g (6.0 nmol ) of '
2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]-

nmet hyl ] t hwolpe/#t$3benzi m dazol e was di ssoged i n tol uene (50PET/SEISIUH8L8he

sol ution was added 65 [err]l (3.6 nmol) of water, 2.6 m (15.0 mol) of
(-)-diethyl Dtartrate and 1.8 ml (6.0 muol) of titaniunm(1V) isopropoxide.
The mi xture was stirred for 30 60 m nutes at 50C and then cooled.to room
tenperature. 1.05 m (6.0 nmml) of N, N-diisopropylethylamne and 1.1

(6.0 nmol %g{%g%g&pe hydr oper oxi de WD 96/ 02535 : 32
PCT/ SE95/ - ) were added.. After stirring for 16 h at room
tenperature the mxture consisted of 11% sul phide, 7% sul phone and 78%
sul phoxi de according to achiral HPLC. To the mixture 50 nml toluene was

added andAsyEUpetig syaMhesis pfi{tlodrdifiuoromethexpd- i@ 4dimethoxyt h an aqueous

amoni @ ( L2%4: Soh bk L0 At ofal 5. (450 nml . The conbi ned
aqueoug I ké(rﬁ%ﬁm#{gkﬁl&%gﬁ@%@%%é a‘g%ilqug’o(%f)éféboncent rated acetic acid
(30 mM). Thereafter, the workup procedure enployed extraction, evaporation

and flash_chromatography yielding 1.2 g of the title compound with a purity
of 99. 9% (dcg(3-ammebl ofJ-difluoremathexyr2-Ht3kdiowethoxy-8xcess (e.e.) of 55%

hi r al YSl Sh. Af t.er .t ti ng.th I due,. Wi th toni tril 0,,th
as. obt ai RERAR R meR firiol fifneRiritfadolk b siMorve i sty ieba Shlriden of
the filtr Sangj‘ TWeY | ) ' ot %Ft‘p@ ' hi
proce:jure@a codgﬂmg% ofliihrrdé{s%aeﬁ g?%%hg%gﬂéwggﬁ fo‘f}aﬁg’e&gém rec %:r{ci)ﬂrr%l ulnz
as anl®i | oflt)dizthyli-tarttateand 0y56ainl (B9 Mimel)eof titaniumaW lisopidpoARieITher i C

synthesis of (+)-2-[[[3-nethyl-4-(2,2, 2-trifluoroethoxy)-2-
Y n%xttgre)was tgr[red for 60’ minut(es at reflux and then cocled_% 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

15  with an optical purity of 87% e.e. To the mixture, methylene chloride (25 ml) was
added and the resultant solution was extracted tl*lfee_ times w1than aqueous
ammonia (12%) solution w1th a total volume of 3b0 ml. The combined aqueous
layers were neutralized by the addition of 25 ml_:of cohcent_rated acetic acid and
thereafter extracted with methylene chloride (3x100 ml). The solvent was

20 removed and the residue, as an oil, (0.86 g) was &iésblved'in hot acetonitrile (20
ml). A white precipitéte was formed when the so'hiﬁori_ 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 de_si'réd:.c.ompound with a lower
optical purity from the filtrate by evaporétidn thereof. T_hé optical purity of the

25 crystals and the filtrate was shown to be 97.4% e.e. and 78% ee. respectively.



f)yri di nyl ] net hyl ] sul phi nyl ] - 1H benzi m dazole, (+)-(l1d). 2.1 g (6.0 mwol) of
2-[[[3-ne be/desss, 2, 2-trifluoroethoxy)s2-pyridinvl]- 20  pcT/SE95/00818

‘net hyl ]t hi o] -1H benzi m dazol e was dissolved in 50 m of toluene. To the

sol ution was added 65 [err]| (3.6 mmol) of water, 2.6 m (15.0 mmol) of

(+)-diethél L-tartrate and 1.8 ml (6.0 mml) of titaniun(lV) isopropoxide.

The m xt uEexa €zdirred for 60 mnutes at 50[err]C and then cool ed tomroom

tenperature. 1.05.n .0 - N N-diisopropyl.ethylange and 1.1 )

(60 ol FSyringtishymihens B o Bla- Dbt BBY et er st it 11 ng 1or

16 h at I‘@?ﬁgﬁﬁﬂ}]}ﬁ{eﬁ{ﬂ]ﬁl nﬁm-g}_ps&ﬁgﬁaaﬁlgc{?pm)w% sul phi de, 8% sul phone
o]

and 76% sul phoxi de accordl ng”to achiral HPLC. the m xture tpl’ uene (50
m ) was added and the resultant solution was extracted three tinmes with an

Aot | I Eiacha i CEmeh oo R F B Sy G LR
- caaf i, |

vapor at | o Do FlIaE g was dBsdIe iR SOt Bt R ToHE PofS s Jded

96/ 02535 40 ul (2.2 mmol) of water, 1.6 mi3®.4 mmol) of (-)-diethyl D-RBEiateE2hd A0BHSE

conmpound with a Puri ty of 99.9% (achiral analysis) and with an enantiomneric
excess ({8 mmpl)rfditanivmdV) iseproppxide. The sixturewasstitred for 60 mioutdst h

il trai oft SECHE erlid K EoR Brircitrf Fal At biRma Bh RN Y nce
opti cH pdiisépropyéethplaniiheldiids 10 AF 0! frndl) qf%uﬁ_féﬁé'l?d}ﬁ brdMde W49y ded
0.31 g (14% of the desired conpound as an oil with an oBtlcaI purity of

99. 6% e. ewer added. After stisrimg for] Z_;hgy nodmdtemperature the mixture consisted of
_( -)-5-dif g%osrtﬁgﬁcpe?ﬁ% s2ul{:>£\8r31é gnglég‘a’ﬁt: rs1\(1?lxp\ffc§<i_de 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

15 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

20  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-
25  pyridinyllmethyl]sulphinyl}-1H-benzimidazole, (+)-(If).

- 2.1 g (6.3 mmol) of 2-[[[4-(3-methoxypropoxy)-3-methyl-2-pyridinylJmethyl]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
30 (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-



10 pyridinyl)methyl]sul phinyl]-1H benzi m dazole, (-)-(le). 1.1 g (3.0
nmol ) of 5-difluoronethoxy -2-[[ (3, 4-di net hoxy- 2-

pyri di nylWeeem3ss$t hi o] - 1H- benzi mi dazol e 3gas di ssol ved in nECWEQﬂOQslShI ori de
(25 mM). To the solution were added 20 [err]l (1.1 nmol) of water, 0.81 m
(4.7 mol ) 15 of (-)-diethyl I}tartrate and 0.56 m (1.9 mmol) of

and-then. AseREORAISRG e 488 11 54 466 iRRuP ot Fuigns Bynopefosidetn®rof © |
NN- di i sopregnel fided tarethe soWafora dokest sftﬁ'l'ﬂng‘éﬁii 2% ai FSorA dethberitufY tHe xﬁ?xt{}}e

(80% 3.1 nmmol) cunene hydroper oxide ( . After 21 20 h at room
t enper at uﬁ@nﬁmedmﬁ&% sulphidei ‘k%@ulldion@aﬁd asmtdphamﬂem:%nimg o HRIECW t h

% | h d 25 nl
e hdded Tehhelhikeite Gfiers Go e adued b e restliantselutananexiagiad
aqueous aRKRRY tﬁné&?\%h R bifheds b i (P24) sURIcEwth aﬁ&@al%lu&.*é%ﬁ%b' ned

aqueous | ayers were neutr Itro f concentrated
aceti ¢ acinol. The cefmbined aquéous layets werereutralized biyythe additidroof de (3 x 100

m). Th d I sdssol edln hot acetonltrlle(20
m 3 LA %%géé?ijtgﬁ?@féfgg%%ﬂ@é Wﬁ&hgxﬁgﬁ%ﬁﬁ d?mséur@cﬂmel@ye rogmby
t t oun
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| ower opt icomipaund withfa parithef 99.9% (achira) aralysis) ahi witRan enagfi6RiericThe

optical purity of the crystals and the filtrate was shown to be 97.4% e. e.
aﬁd 7544 ngcqsé tq {27y eé:hlr al apalysish After treating the material with acetpaitrile,

PCT/ SE95/ %Qé%%%&ﬁ?é&p&é‘te that could be removed by ﬁltrauon Concentrating the
filtrate afforded 1.1 g (49%) of the title compound as an oil with an optical purity
of 96.0%_e.e.

15 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

20 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

25 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

30  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



Asymretric synthesis of (+)-5-difluoromethoxy-2-[[(3,4-dinethoxy-2- 5

pyridi nyl)ggt ul phi nyl ]-1H benzi zm dazole, (+)-(le). 1. 1)
of 5-difl u@?’ogﬁé%%%w -2-[[(3, 4-di net hox§?2- Pedsedsibeli™

pyri di nyl ) met hyl ]t hi o] - 1H benZi mi dazol e was di ssol ved in nethyl ene chloride
(25 m). To the solution were added 20 [err]l (1.1 nmol) of water, 0.81 ni
(4.7 rmol pcOnitiilé in ortierttoyenhiantether opticad parity 5A fotméd. preipitate (270 mg)

nd  hen HANTER N B R TR sty e Hghre Gab Femeved vicig 28
NN- di i ] f I LLon. of m
(80%; | 205’6%% ?&%#rr%g%&ﬁ? rgp%?%ﬁ?&(;ﬂ#%%&l%&%ﬁ@%’ rg?@r}%agngv ?%réﬁzo%’r ature

t he m.xtueg, consi sted of 8% sul phi de and 92% sul phoxide 15 wth an optical

purity_of 87%e.e. To the m xture, nethylene chloride (25 nl) was added and
the redul tant sol ution was extracted .three tinmes with an aqueous ammoni a

(1299 sol yii lbikh @ total volume of 300 m. The conbi ned agueous | ayers
ﬁ&g&klgfzgi

wer e neut the addition of 25 ml of concentrated acetic acid and

t hereaft eg’qsgqﬁmegg@gyﬂm_bgs OB (A2 ENENCBO BN # {3 x 100 m ). The sol vent was

20 renoved and the residue, as an oil, (0.86 g) was dissolved in hot

acet oni t r methylanino)benzylsulpbinyl hengimidazolea{+)-0gded when the sol ution was
cooled to roomtenperature and there was obtained 0.36 g (30% of the
desired conpound by filtration. There was al so obtained 0.48 g of the "

cvaporat i o K oaioh ¢ - GO IAMEUGRN Bthy MpbgibdrsI ot batldnttpzole
filtrate weas dissnined in beiuéite (6/4d). While dtirfg,ct0 pr @<Daahol) @f water, 1Wnl
96/ 02535 _ 35 , PCT/ SE95/ 00818 Exanpl €
25 (9.3 mmol) of (-)-diethyl D-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
15 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,
- 20 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



Asymmetric synthesis of (-)-2-[[[4-(3-mnmethoxypropoxy)- 3-nethyl - 2-

pyri di nyl ] nmet hyl ] sul phi nyl ] - 1H benzi m dazole, (-)-(If). 5 2.1 g (6.3 nmol)
of 2-[[[ wb3enwEssboxypr opoxy) - 3- met hyl - 2ggyri di nyl ] met hyl ] t RCWSE95/00818

1H benzi m dazol e was dissolved in 50 m of toluene. To the solution was
added 40 [err]l (2.2 mmol) of water, 1.6 mM (9.4 mol) of (-)-diethyl

D-tartrate and 1 El) m (3.8 mol) of titaniun(lV) isopropoxide. The m xture
was stirr m nutes at 50[err] C and then cooled to roomtenperature.

Cumone h(érﬁg@%k? 3l JFoft of 00 GBHELINLABE @Ry 3.0 T01) ©f
t enper at Weerahiyel rmmwygogeﬁﬁlgm gg%—@?ﬁg&r?ﬁnﬂﬂm%ﬁﬁhnﬂﬁﬂ&eagﬂ) 86%

sul phoxi de accordi ng m xture tol uene (S
added and the resultant solution was extracted three tines with an aqueous

aqueots |y Sflaping il Joh gt aSeRinet of e comRerBA AN ¢ aci o

(30 m). ceak I tion
(30 ) FERBREDhASe GIRG gy fesiuRtq anshreoR A LXHIES UOioRURRY T

purity of 99.9% (achiral analysis) and with an enantiomeric excess (e.e.)

e e B3 0o S o4
Concent: Sppedelit s i) b b s sl g O o5

synt H@si stohier(etl)r&ie[r[s[h#nh? -atebomxiempgraryre; & t(ﬂl)ﬂ mihol?Bf (+)-d1eth l L-

di nyl t hyl h 1H-b dazo| +)-(11). I f
T
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m Xture was stirr for 60 m nutes.
temperature. The addition of 0.33 g (160 mmol) cumene hydroperonde (80%) was

15 then performed over a period of 5 minutes at room g:empex_'atme 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 (+)-

20 enantiomer of diastereomei' B was 68% e.e. The'product mixture was washed with
water (3x25 ml) dried over N a,50, and the solvent removed. Flash

chromatography of the residue (methanol-methylene chloride 0 to 5%) yielded
0.25 g (47%) of the enantiomeric enriched diastereomeric sulphoxide as a syrup.

25 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



at 50[err]C and then cooled to roomterrpe’rat-'.ure. 0.44 mM (2.6 mmol) of N N
WO 96/ 025 36 - PCT/ pEDBESRSTR

dii sopropﬁgtgﬁlg g?n ne and 1.1 m (6.0 mna “of cunene hydroperoxide (80%
were added to the solution. After stlrrlng for 2 h at roomtenperature the
m xt'ure consi sted of 9% sul phi de, 4% sul phone and 85% sul phoxi de accordi ng
to HPLC. T&8%ne.en koweeer, dlmﬁteueo(rm Brivas wastadicatechwith dae 10%<0fl t ant
solution was extracted 5 three tines with an aqueous amonia (12%

sol uti on wHASEreomeN Avol une of 150 m . The conbi ned aqueous | ayers were

" neutralized by the addition of concentrated acetic acid (30 m).

Thereafter, the workup procedure enployed extraction, evaporation and flash

chr omat ogr w_@mm The @peical purity of med(-))nmmmibmeltdif d‘:iaﬁdfddn!em 99. 9%

(achi raI anal ysis) and with an enantioneric 10 ﬁeess (e.e.) of 91%

(chi r al Sanavasenfyanced by theradgliting of ke i of agetopjtr Hbti\ecﬁﬂaﬂﬂpp'@nqaﬂﬁr e was

Filtrate abroched préfisboltol GRReRboRe: A QA After SERSELLA AR, IRE
ptical pufbime@ipré@p Q%Q@(ahno&ﬁrac@iﬁé@d%t&@on@ﬁmﬁ fitefod P aRd the'

)-2-[2-(N-isobutyl - met hyl am no) benz%msul phi nyl ] benzi m dazol e,
Y-(1g). 3olventeéthe fﬂtmt)e wids removed by fi evaporauon Thus, there was obtained
[

2 LA A KRRy Rl Sl
( gog mIp! ) 88% é.5) THe SEB&J ﬂmﬁ@f of &Eg+ﬁ@ﬁaﬂném@1' of the/diaBierdorftér Bwazni um (1 V)

| ropoxi de were added at’ 50 [err] The resulting m xture was stirred at
50 ' C for enhencediirdasimilaoway. Thus,dhyoaddition affacetendtrile 6 mdptd eyl ani ne
was added.

0
(-
(-
2

e-xrlgreltiomerically 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
15 95%ee. | |

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

in Example 11.

20 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
30 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



reaction m xture was then cooled to 30 [err] C whereupon 1.1 m (6.1 nmol)

of cunene- 25 hydroperoxi de (80% was added. The m xture was stirred at 30

[err] C fwb9s@293En. Anal ysis of the reacygpon m xture indi caPEW/SENS081the

optical purity of the forned sul phoxi de was 92% e.e. The m xture was cool ed

to roomterrperature and diluted wth small amount of nethyl ene chloride.
ilica gel, eluted with 4%:

Col umm chromat o S C
MeOH/ CH & 1308 fer ﬂ?@ KIHN?GF {this time hemixture spnsisteshof 8% wﬁsdplme was

D A e
96/ 02535(+)-enantiomer of sulphoxidedTe. ee=4%) . In a similar expeﬁfﬁgo P T

acetonitrile in order to enhance the optical purit reC| plxiate
(270 rrg)7\haﬂ\ermeeicdu351$tedtqfét244<7ﬂof Shlphids, 8% mﬂphbnefM G%a(t-)a was renoved

yi el di ng esired u as an oil e optjcal purity of the

ot el o eantigegs of sulrbomdn nd 387% ey ARatiomer o evipbosds Ge. Eemit)

(H)-2-12- (N1 sobutyl N- et hyl am'no) benzyl sul phi nyI | ben2| m dazol e,

(+)-(lg). 10 2.0 g (6.1 mml) of

2- [ 2- ( N- Refsrengé mmmgj ani no) benzyl t hi o] - benzi ni dazol e was di ssol ved in
40 [err]l (2.2 mol) of water, 1.6 m (9.3

toluene (6 | rri

mmol ) of (§n %%meb ﬂ?%mﬁ%ow-é Sr@W%thyl-Rrﬂmdwl)mthm]ﬂmI V)

I sopr opo re, was stirred at
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cooled to 30 [err] C whereupon 1.1 n nmol ) cumen (
The experiment was performed using the Saine cohdit_i'c:)ns'as in Reference A with
the exception that cumene hydroperoxide was ﬁsec'l' instead of tert-butyl
hydroperoxide. After 120 at -22°C the mixture consisted of 29% sulphide, 3 8%

15 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]-

20 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-
25  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% (+)-
30 enantiomer of sulph_oxide (ii.e. ee=23%). |



ﬁydroperoxide (80% was added. The mixture was stirred at 30 [err]C for 50

m n. Anal he reaction m xture indicated that the Op}’b‘f‘@bs%bﬁisty of
t.,he forneé‘%b§fsia%5()3§l de was 91%e.e. The mi#lure was cooled to

tenperature and diluted with small anount of nethyl ene chl orlde Ool um
chmc))rratography [silica gel, 20 eluted with 4% MeOHd/ CHerr]C [err] (NH err]
saturated)] vyielded crude product as an oil. This material was treated with

' f ethyl acetate and hexane (10% Et OAc). A formed precipitate
?1210)(%;; emﬁ&&ﬁé&é&‘&&ﬂﬁﬂfation The solvent of the fil tralte was ren})ved
' ' ound as .a The optical purity of
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of 2-[(4-nmethoxv-6,7,8,

t et r ahydt o- 390 mgjneq;m[sp]epmﬁmerpr@sgm)méminmyl] 1H- benzi ni dazol e, (Ih).
5 1In %/he follggmng exanple, the first diastereoner of the title conpound
el uted on straight phase (silica gel) is nanmed di astereoner A and second as
di ast er eONeThBexpimBREvas rpgﬁl%%r&d( I}Slgé tﬁggﬂ'le%n&fﬁ%ngaa%e mﬁe?erence

2-[ (4-net hoxy-6,7,8,9- tet

5H- cycl ohepExdrbple vrith ﬂiéaddiiﬁdi'lad)fealﬁkéﬂ&ﬁl bfit @gaivaterit®y ﬂ§§?‘%§ﬁ%ﬁ3§l 20
of 10 toluene. Under, stirring at roomtenperature, 0.34 g
(+) - di et hy|3TNG wap Péé@é togathey witlpthe eurene bydmewmdadA&ezz lyaxd 208 mm| )

f Sti d A _t
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0.33 g (160 mol ) cunene hydroper oxi de (80/() -

Reference Example E. _
Asymmetric syntlhesis‘ of (+)-2-[5-(3,5-dimethylpyrazol-1—yl)pentylsu1_phinyl]-4,5-
15 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

20 was added 20 ul (1.1 mmol) of water, 1.0 g (4.8 mmol) of (+)-diethy! 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

25 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 was 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

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



15 then perfornmed over a period of 5 m-nutes at roomtenperature whereupon
the solution was stirred at roomtenperature for 24 hours. The:

st er eoi sgédig2ssPMPosi tion of the titleggonpound in the crp@psgdspbgise Was
as follows; The ratio of diastereoners was 4:3 in favour of diastereoner A

The optical purity of the (-)- enantionmer of diastereoner A was 76%.e. e.

and the optical purity of the (+)- 20 enantioner of diastereoner B was 68%
e.e. The %E&QBLE-%Q&!G}&E‘M&S washed with water (3x25 ml) dried over
Na[err]S sol vent a1 ._FlLash chronpat ography. of the reS|due
(et hano%%eéy@ﬁbﬁw 85(]572'@'@5? g‘ﬁ‘%qlhd' gl yipepdylsgiphingl]-4.5-

enanti omeai ﬂ,ﬁmgo;y ast ereoneri c sul phoxi de as a syrup. 25 Separation
of the di astereoners A repeated chromat ographi c preparation

(et hanol -nmet hyl ene chloride 0 to 5% afforded a separation of the two

di astereo rs h enanti-oner of diastereoner A was obtained as a
sfyr up 0. i OQr?r}(?pé&éé‘dﬁwMpb‘faz?]i‘%)é)menfyhbmd-é)s-enant i omer of
di ast er ggwh%ﬁg@pgg@g 984 Bls36fvel intoRldidab Sl SEnbortilion vias °P* ' ©

PCT/ SE95/ 661cbAtaBSA 6n @ rotdvaipdr aintil HalfSthe viliRie Way Aém69 xﬁﬂﬁ_ﬁﬂ% h ca.
10% of diastereonmer A Optical purification: The opti cafa purit E£h

(-) - enant W@ﬁ@ddcd 38 2 drmomnd) oﬁmtem\ﬁﬁseg](ﬂa@l nudol)wft(lf)@dnﬂfylttb-@&tﬁfte ca. 2
B 1o s D BT e A Gy i i o
T e e AR
the (-)- eamdtham@p3 gf(ng RIi61) 6P NEN-diisspropyléthplathind vass méd:ﬁi h&ftd v of

mixture. This mixture was then stirred at room temperature for 15 minutes

whereupon 0.35 g (80%, 1.8 mmol) of cumene hydropero>dde_v§as added. The

mixture was stirred for foﬁr ho-urs. at room température and then the reaction was

15  shown to be completed. The solution was stirred with water (2 ml) and then 'the

organic layer was removed. The oily residue was purified by chromatography on

silica gel (methanol-methylene chloride 0 to 5%). There was obtained 0.65 g of the

desired product as an oil which was shown to have an opucal purity of 92% e.e.

20 Conclusion:

The examples show that the highest enantiomeric excess is obtained if all éspécts
of the invention are taken into consideration. The addition of a base during the
oxidation is essential for a high enantioselectivity according to one aspéct of the

25 invention. But a high enantiomeric excess may also be obtained aécbrdihg to 6iher
aspects of the invention if the order of addition of components 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 présence'

30  of the prochiral sulphide and during an elevated température and a prolonged
time. '



10 88%e.e. The optical purity of the (+)-enantioner of the diastereoner B
was enhanggd okfadsSi M| ar way. Thus, by qui tion of acetoni peirspodiodsid ) toO
t.he enantioneri caFI y enriched preparation of diastereoner B (0.085 @)

fol I owed by stirring over night resulted in a precipitate which was
filtered off. There was obtained 0.050 g of the (+)-enantioner of

di astereoner - B with an optical purity of 15 95%e.e. The best node to
carry out the present invention known at present is as described in Exanple
11. 20 Reference Exanple A Oxidation of '

5-net h redhir ,
1I—|—rrEeng|X?1/1 Daézt%) e usﬁ%ﬁp _ﬁoﬁ\é}’ %&%%Bgﬁg;ﬁjdagy u%ggﬁaﬁ%duf %&%’éﬁ%’%@%ns

(The nethod used is in accordance W th the rret hod used in Euro. J. Bi ochem
166 (1987) 453- 453 and.descri‘gﬁd i,n J 106 (1984) 8188).
vt er (0] dPFENANBOMASIS eXcass valHe in gach SEAMPE ERABOEE E4ves b indirafiompt

-dieth i d
(1) " id 861 S G e oor el SMEALC il P
523 met hgxy lﬂsffe{x(eﬁeerbétﬁmegn Ellnfgthnvetp‘%rbentages for E;;he two enanlhomers Ehus, frl.)r g

t nzi mi : i ssolved in
Che” 30" T CSKATBIE 1 her e AefooRiage 06t {bAmeREOEGS pém”é?prim“@éumm i
sol ution O%B?r £m1[?l%% be@éﬂka%%fl%?ﬁ%)%gﬁ&% 0%5%, the'endnBofiiidexiS exCass

added and

PCT/ SEB®/ OfstitBedt)-erdtdomérGs989%.120 h. After this time the m xture
consi sted of 28% of sul phide (starting material), 8.6% sul phone, 30.6%
(-)-enantionmer of sul phoxide and 28. 1% :

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

15  for each compound:

Compound of formula (Ia).

Column Chiralpak AD 50x4.6 mm
20 Eluent iso-Hexane (100 ml), ethanol (100 ml) and
' acetic acid (10ul)
Flow 0.5 ml/min
Inj.vol. 50 ul
Wavelength - 302nm

25 Retention time for the (-)-enantiomer 4.0 min

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



(+)-enantioner of sulphoxide (i.e. ee=4% . In a simlar experinent run at
+8[err]C for 7 h the m xture consisted of 32.4% of sul phide, 8.7% sul phone,
24. 6% (-weskors3ant i omer of sul phoxi de agd 26. 7% ( +) - enant PORSES#0818

sul phoxide (i.e. ee=4% . Reference Exanple B. Oxidation of

5- met hoxy- 2- [ [ (4- met hoxy- 3, 5- di net hyl - 2- pyri di nyI)rrethyI]thl o] -

1H benzim dazol e, u ene hydroperoxi de at -22[err] C without addl tion
of a 10 ; 2 dBk ethod used is described in Tetrahedron
(1987), @%1‘54135 ) The experi m@hﬂﬁﬁap@[ﬁ%@gﬁﬁ? ng the sane conditions as
in Reference A with the exception that cunene r oper oxi de was used

i nst ead &ludrdrt - butyl hydroperm—hﬂexawé(%mquﬂopaﬁ{)b@S]rﬁ])t he m xture
consi sted of 29% sul phi de, 3.8% 15 suI hone % (-)-enantiomer of .

sul phoxi de and 35. 5% ( +) - enant egranol & MQF%QGMQOI-& 10% . Reference

Exampi e i dation of
- rre%ox&?—s)([ (4- met hoxy- 3, 5-di rﬁ;%{ﬁrm} pyridinyl) et hyl]thio]-

1H benzi gijdagol € using cunmene ﬁgnoperom de under neutral condi t| ons Wat er
(450 [err]1, 25 nmmol) was added roomtenperature to a solution of (+)-
di et hyI Waweléengthe (8.5 nl, 50287fmi) and titanium (1V) isopropoxide (7.4

25 L) A0 20 e ToLpUl e Ehlord deg, AT ter 20/ m nutes
3, 5-di rregBYdhh%nDaﬁ{eftbPYﬁé Jd-]tgﬂlé}]?l gnzi midazole (8.2 g, 25 mml) was

added an e mxture was port| ons. To one of the portions
cunel® hydroperoxide (1.7 n1 80% soln, 9.2 mmol) was added at room
tenperature, and_a_ sanple was renoved after 3 h and 20 m nutes. The mxture‘

consi st e&L l: 6. 3% sul phone, 22.0% (-)enantiomer of -
sul phoxi ge; apd 35% (+)- 30 ena@ﬂﬂfﬁék%b%x&?@%de (ii.e . ee= 23% .
Eluent ~ iso-Hexane (100 ml), ethanol (100 ml) and  acetic
addaowy
15 Flow o 0.4 ml/min
Inj.vol. 50 pl
Wavelength 300 nm

Retention time for the (+)-enantiomer 6.4 min

Retention time for the (-)-enantiomer 9.4 min

20

Compound of formula (Id). , _

Column Chiral-AGP 100x4.0 mm

Eluent Sodium phosfate buffer solution (pH 7.0)

1=0.025 (500 ml) and acetonitrile (70 ml)

25 Flow - 0.5 ml/min

Inj.vol. 20 pl

Wavelengfh 210nm

Retention time for the (+)-enantiomer 6.2 min

Retention time for the (-)-enantiomer 7.2 min -



WO 96/ 02535 41 - PCT/ SE95/ 00818

Ref erence §3 D. Oxidation of PCT/SE95/00818
5-net hoxy-2-[1( nethoxy 3. 5-di net hyl - 2- &rl di nyl ) met hyl ]t hi o] -

1H benzi m dazol e usi ng cunmene hydroperoxide with the addition of a base, 5
according to one aspect of the present invention. The experinment was

per f or med MMi ons as in Reference Exanple C with the

addi ti onal ature that one equivalent of diisopropylethyl- am ne was added
t oget her w({ﬁ% cunene hydr ope@%?’g k/@f[3§px% 6iMEhd 20 10 minutes the

m xture co d-of 17.2% sul phi nant i omer of
sul phoxi derﬁa{n %9 3% (+) -enant i On%ng%aé{%f#WQﬂ?n%izgﬁﬂW Ref erence
Exanpl e E. Asymmetric synthesis atetic acid (10ul)

(+)-2-[5-(3,5-di net hyl pyrazol - 1-yl pentylsulphlnyl] 4,5- 15

di phenyPi mflewol e. 0.8 g (1.9 bl

2-[5-(3, 5- |net hyI pyrazol - 1-yl )pSEtyil t h| o] 4,5- di phenyli m dazol e was

di ssol ved ¥ ruene (20 m). | ution was concentrated on a rotavapor
until half was renove the m xture 20 was added 20 [err]l
(1.1 rrrml)vg el&ﬂgﬂ{re g (4.8 rgrrm of (+)-diethyl L-tartrate and 0.54 g
(1.9 mmol) Retenudmﬁmdﬂok‘the (-epantiomed©.3 mihhe gi ven . order. The m xture was -
stirred for, 60 mnutes at 5 err] C and then 0.25 g (1.9 nmol) of NN

di i sopr opy eteRAMNR eepantigmer 133 minyas then stirred at room
tenperggure for 30 m nut es whereupon 0.36 g (80% 1.9 mmol) of cunmene 25
hydr oper oxi de was added. The mi xture was stirred for four hours at room
tenperaturemﬁoﬁjmmfémmngmj on was shown to be conpl eted. The sol ution
was washed with water (2 m) and then the organic |ayer was renoved. The _
oi ly resi d&@MER purified by chr &hirabf¥GBHPONROIM ca gel

(methanol - gl gl ene Sodium phosfate buffer solution (pH 7.0)
1=0.025 (430 ml) and acetonitrile (70 ml)
15 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

20
Compound of formula (Ig). _
Column Chiralpak AD 50x4.6 mm
Eluent iso-Hexane (200 ml) and ethanol (10 ml)
Flow . 0.5ml/min
25 Inj.vol. o S50 ul
Wavelength 285 nm

Retention time for the (-)-enantiomer 9.0 min

Retention time for the (+)-enantiomer 9.8 min



chloride O to 5%9. There was obtained 0.7 g of the desired product as an
oil which 30 was shown to have an optical purity of 87%e.e. WO

96/ 02535 w0 96/02535 42 46 : PCT/ BESSESHIDELE

Ref erence Exanple F. Asymmetric synthesis of '

(-)-2-[5-(3,5-di net hyl pyrazol - 1-yl ) pentyl sul phinyl]-4,5- diphenylim dazol e.
51.5¢g @ 6 n’m)I!) ;gf 2-! 5@13, 5-di net hyl pyrazol -1-yl ) pentyl thio]-4,5-

di phenyl ved in toluene (40 m ). The solution was
concent r ghRgm@n a rotavapor ungiph » was renoved. To the

T xture Sofemer 2 e [err]l (Z.EPH%%A?&\]/\%%%LSS g (9.0 nmol) of
(-)-di etBldenb-tartrate and 1. OisogHeRate (150/0)eind 2 bateill (50 mhlg opr opoxi de
in the given order. The 10 mxture was stirred for 60 m nutes at 50[err]C
The mi xt was divided in tV\DO'ﬁéPf/Stnghd then 0.23 g (1.9 mmol) of

NN- dig som-q,g)\(l et hyl am ne was asg to half the mxture. This m xture was
then stiFPeq at roomtenperatu or 15 m nutes whereupon 0.35 g (80% 1.8
nol ) of Weingdéregthy dr oper oxi de pgengaflded. The mi xture was stirred for four
hours at_roomtenperature and then the reaction was 15 shown to be

conpl et eBetentiorstime: fop thevr:-epantiomer of diastexemvor(& 6:4 thimnd t hen t he organic
| ayer enpved. The oi resi.due S,.purified chr omat ogr aphy on

sili caﬁ?{emhﬂmléﬁ&%&%ﬁ?@“@ﬂw}lﬁggﬂfﬁtﬁ%éﬂh@@ was obtained 0.65 g
of the drs¢ [ EPRTY o dﬁs}? e an optical purity
of 92% e.géé%%ﬁgﬁgﬁgﬂ%ﬁhggy%ﬁgs S %ﬁ%h&%i ghest enantiomeric
exceds | Retentimnntmhei for Hid (-kepanticmer of diasteremoriBoll.Aneint aken into

consi deration. The addition of a base during the - : |

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

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

15 Reference Examples E and F.

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

determined by chiral HPLC using following conditions:

20 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 |

25 Wave lenght 280 nm

Retention time for the (+)-enantiomer 13.5 min

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

30 Itis 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



oxidation is essential for a high enantioselectivity according to one
aspect of vdesieds3s i nvention. But a high gnantioneric excessSPUH§EISI08818he
obt ai ned according to other aspects of the invention if the order of
addi ti on of conponents into the reaction vessel is altered, and

alternatiwg#r i he tiFe and/ or: tenperature during the preparation of the

chi xal ti tHMIHAREHGIIM PEomepEazqls sediun spld seasneed inTwatesris the appesiterf t he
chiral titand : ' ! BV N Lal ce 30 of the
prochiral ?ﬁ%ﬁ?gg{% %%ﬁgggﬁﬁ@e%é?géﬁﬁoﬁgr%g ﬁsrlg&éggcﬁgﬁ%rlgl onged tine.
WO 96/ 0253¢hloroform. ' 43 PCT/ SE95/ 00818

Determ nation of enantioneric excess in the Exanples and Reference
Exanpl es. 5 The enantioneric excess value in each exanpl e given above gives
an indication of the relative anmounts of each enantioner obtained. The
value is defined as the difference between the relative percentages for the
two enantioners. Thus, for exanple, when the percentage of the
(-)-enantioner of the forned sul phoxide is 97.5% and the percentage for the
(+)-enantiomer is 2.5% the enantioneric excess 10 for the (-)-enantioner
is 95% The enantioneric conposition of the obtained sul phoxi de has been
determ ned by chiral H gh Performance Liquid Chromatography(HPLC) on either
a Chiral pak AD Colum or a Chiral AGP Columm[err] under the foll ow ng
conditions, specified 15 for each conpound: Conpound of forrmula (la).

Col um Chiral pak AD 50x4.6 mm 20 El uent

i so- Hexane (100 m), ethanol (100 m) and



acetic acid (10[err]l) Flow 0.5 mM/mn Inj.vol.
50 [err]l Wavel ength 302 nm 25 Retention tine for the
(-)-enantW@A@02535 O_ni n Retentlon t| me f-tB t he (+) enantlonE€T/§EQ§/W1r$ WO

96/ 02535 _ =95/ 00818 Conpound
of forrrula (Ib) ’ llul I IL 6 nmm El uent

| SO- Hexa 5 n1 ) ﬂm IHII lmm ), hd acetic acid
(30[err]l o

50 [err]l V\avelength 287 nmRetentlon tlrre for t he

(+)-enantioner 6.5 mn Retention tinme for the (+)-enantioner 13.8 mn 10
Conpound bf Adgregess for enantigselgetive synthesis of a sulphogidercimpéundob Gertntlarm

El uent X 00. ethanol (100 m) and acetic
aci d ( 10[%}?1] ?5‘ a%lm'glsalt tﬁgreo Sithér és a smglg énangl EF /Y I AR . vol .
50 [e5 ] lenantiomerically enriched form

il _
Het,—X—S—Het, = : I
wherein
10 Het, is : : -
| | ‘ Ry
" EZN\
_ Rs
or :
Het, is
15
N S
o« A=
|
H
and X is

', This Sheet Has Been Reﬂlaced
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Wavel engt nm Ret ent i or the (+)-enantiomer 6.4
mn Retent#m f orre 9 4 m n 20 Conpoumgtgglarsmjl a
(1d). Colum olo25% H“I“HHI"(“IItLﬂij!H 9100x4 0_mm EI uent

H7 | =0. 02 acerpPnitril e
(S(;gl lrJﬂm) pggsf g[ gwbuf f er sol uti on p .. 00)5 | 0. 02 éT HAs sy o
[err]] Wavel ength _ 210 nm Retentio -—I—J—IIE EQ .
(+) -enanti oner 6.2m’_IBtent|ont|mafor the (-)- hef 7.2 mn WO
.96/ 02535 45 or 9 95100818 Conpound
of formula (le). Colu [
| so- Hexane (150 m), et%anol (50 M) and acetic acida (A err]I) 5 Flow
0.5 mM/mn Inj.vol. - 50 [err]l Wavel ength 290 nm
Retention time for the (-)-enantiomer 9.5 min Retention time for the
(+)-enantionmer 13.3 mn

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;

10 R}, R, and R, are the same or different and selected from hydrogén, 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;
15

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
20 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

- ThlS Sheet Has Been Replaced
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10 Conpound of for Chi rél AGP 100x4.0 nm

El uent E te buffer solution (pH 7.0) 1=0.025
(430 ) woseazssoni [ Hﬂ m @yf T e el
nj.vo emr ve P nm Ret enti on
t| me for the (+)- enantlorrer 4.1 mn Ret ntion ﬁgnlﬁ“qw the | )Chenalntllczrrig
6.8 mn 20 ound of rrrula i ral pa
50x4. 6 mm y! 8f°uPSr °><Y 8f°‘SP5q P&Gm@%&ﬁ@f{rzeémﬂy)b%lhtanshndmmstr(a:ghtm)
Fl ow gﬂ’? vol 50 [err]l
Wavel engt [f1~Cochains or C°mPé§!§erﬁ¥FEéF A E”?rl‘%" examplecydalkylalieyloner 9. 0
mn Retention time for the (+)-enantionmer 9.8 mn: WO 96/ 02535

46 PCT/ SE95/ 00818 Conpound of - f_orrrul a (Ih). Columm

Chi ral pak ¢ 5%@%%& ikt 4 $2b-chiral sulphide of the fdtﬁﬂily?f(ane (150 m) and

2- pr opanol
5

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 presenceofa -
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

_ i Co
Het1—x_S_H9t2 - . I
wherein
20
Het, is S .
Rz . ?4
or - '
- .
R
mf]ﬁiialiﬁlﬁeﬂnlﬁeﬂﬂw d




Fl ow 0.4 mM/nmin. 5 Inj.vol. 50 [err]|
Wavel engt kyo 96/02535 285 nm Retentigq time for the (-)-pPrpskdsmoss of
diasterenor A 6.9 min-Retention time—for-_the (+)-enantioner of diasterenor

A 8.1 mn Retention ti __ +-enant|orrer of diasterenor B 8.8 mn 10
Retention tinme for: ther@lﬂ H diasteremor B 11.0 min The first
di ast er eolhit, izf corrpou stral ght p -

‘an S ca gel,
see bel ow) .. i & nanmed di ast er eotrer A and second as d a]éHiSSHEE?ﬁ-!A@Béé\{
Ref erence Exarrpl es E and F. In Reference Exanples and R'EPIJA@Ena ant ifoneri c
conposition of the products was determ ned by chiraHPECasFrg=tal LW ng
conditions: 20 Colum g.Chiral pak AD 50x4.6 nm El uent | SO- Hexane (200
- m), ethanol (5 n) and: agtic Rjd (10[err]l) Flow - 1 rﬂlmn I nj.vol
50 [err]l 25 Wave | enght 280 nm Ret enti on t|

(+)-enantioner 13.5 m on tinme for the (-) nt 17.3 mn 30
&gl es refefring tg/& gl e enanti oners

It is to be noted th

of onmeprazole or it Al i ne\salts, the sign of the o |caI rotation of
single WO 96/ 02535 | R

PCT/ SE95/ 00818 enantiontic form of oneprazol e SOdI um yalt measured in

water is the opposite

S5 andXis

- or

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;

_ This Sheet Has Been Rerlaced




of that of the sigFwhem-reasured—sad conpound in its neutral formin

chl orof orm 48

PCT/ SE9Q5WIDSIRST ajmmL m‘mlill ﬂl orsznant [ osel ect | ve. sylf(f'ﬂmoﬂiﬁ a

sul phoxi de conpoun a e RS at eof either as a
single enantioner or in an 5 enantlorrer cﬁﬂSy‘SF@EMHﬂ‘\EeBEEMrm [err] wherein

10 Hetferr] is [err].. err] is 15 [grr] oMePLAGED W} 96/ 02535 or
[err] R; ﬁrgthe same or d.l erent and selected from hydroger, alkyl, alkoxy,

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

adjacent groups R,-R, form ring structures which may be further substituted;
5 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

10  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
15

wherein Het, and Het, are as defined above,

is oxidised in an organic solvent with an oxidising agent and in the presencé of a

chiral titanium complex, o’ptionaHy in the presence of a base, wherein the titanium
20  complex has been prepared in the presence of the pro-chiral sulphide, and the

obtained sulphoxide optionally is converted into a pharmaceutically acceptable '

salt by conventional processes.

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

25 single enantiomer or in an enantiomerically enriched form

; This Sheet Has Been Replaced
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N insi de the benzene |nidazole noi ety neans that one of the
carbon at og®) oxjeasdsi t mﬂ ﬂ‘wﬁ 'j err]i. optional Iy may be ppyiissisags for a
ni trogen aton1mﬁthou 6 Rlerr], Rerr]. and Rlerr| are
the sane or different and sel ected from hydrog e £ , al koxy
optinally substituted by fluorine, alkoxyalkox , o ‘ JFeridino,
nor phol i no, hal ogen, phenyl al kyl phenyl al kaxy; il Rlelfr] are
the same or different and selectédff fom hydrogen, alkyl and aral kyl; 15
Rlerr]' is hydrogen, hal ogEleti~tX+SuoHetet hyl , al kyl andl al koxy;
Rlerr]-Rlerr] are the sanme or different and selected from hydrogen, al kyl,
al koxy, hahd@esin hal o- al koxy, al kyl carbonyl, al koxycarbonyl, oxazolyl,
trifluoroal kyl, or 20 adj acent groups R err]-Rerr] formring structures
whi ch may be further substituted; R err] is hydrogen or forns an al kyl ene
chain together with Rerr]; Rerr] and Rlerr] are the sane of different and
sel ect ed fHempilydrogen, halogen or al kyl 25 WO 96/ 02535 and al kyl

groups, al koxy groups and noities thereof may be branched or straight
Clerr]-Cferr]-chains or cguprise cyclic alkyl groups, for anpl e

cycl oal kyl al kyl characterf{zed in that a pro-chiral sul phide 4of the formul a
Il 5 Het[err]-X-S- Rs L1 Het[err] and
Het[err] are as define , 10 is oxidised in a i c Bol vent with
an oxi di si ng agent and { g presence offfa

5.

Het, is
Rs R,
/< Re or /< -
I .
h Ry H-
10
and X is
R
__? _ 1
R0 Ri2
wherein
15

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

carbon atoms substituted by R-R, opuonally may be exchanged for a mtrogen
atom without any substituents;
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chiral titaniumconplex and a base and t he obtai ned sul phoxi de optionally
is converted into a IM“WIGHHUHH"J“Laccept abl e salt by conventional -

pr ocesseswo 96/02839r OC ive synt hesi s of pcﬁsi;gshosqsde of
formula | either as 15 a'si ngle enant nmer or in_ an enantlorrerlcally
enriched form([err] wherein 20 Het err] :

[err] WO 96/ 02535 - :
PCT/ SE95/ 00818 Het[err] is [err] _ gr|| wherein 10 N inside
t he benzene ring of the benzi mda ol e v etf ans;=t at one of the carbon
at oms sullt Ry anddR jarerhe samela{reilft]erermaxnd\sdleqtenﬁmﬁydx@gmg for a
nitrogen atomw t hout any substituents; 15 Rerr], Rerr] and Rerr] are

t he same abkyldhiof aHemy @tma%bl :miisﬁdufediny ﬂ;adnngﬁaikonyddkbxy,ahkmyﬂimmo,aI koxy

optlnally subtl ut ed Iko | kyl'am no, pi peridino,
nor phol i B3 al"lfb Hhﬂﬁmgﬁigﬂena éﬂﬁc&@ﬂ Y? koxy;

5

R, and R; are the same or different and selected from hydrogen, alkyl and aralkyl;
R’ is hydrogen, halogen, trifluoromethyl, alkyl and élkéx;:;

10 R,-R, are the same or different and selected from hydrogen, alkyl, alkoxy, -
halogen, halo-alk_oxy, alkylcarbonyl, alkoxycarbonyl, oxazolyl, triﬂudroalkyl, or

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

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

15
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

20 |

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

Het;—X—S—Het, i

25 wherein Het, and He_tz are as defined above,
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Rlerr] and Rlerr] are the same or dlfferent and sel ect ed from hydr ogen,

o ot o okt RN 3 e

PCT/ SE95/ 00818 Rl err]-R €rr|* afe the" samg]or dIREPé-IA&EtD and glel ected from
hydrogen, al kyl, alkoxy, hal ogen, hal o-al KoxXy, ar Kyl car bonyT,

al koxycar bmmhdmeﬂancﬂtydn:gamd'sdluemn&ith)aln, oxidisixtg agent argi nuthse Iﬁke&fﬂc]e-dk[aer r]
formring structures which my bef r substltuted 5 Rerr]

hydr ogen ofhiral H@HAWQWP]@P%OEWA‘M" B\g&@@ﬁsmqew frcbasey wiherein the Rf@uuqn are

Eilh(liylS ag? 081E°mﬁl% BSQBe&[‘ﬂ pe?g%g tdﬁgllrgég{;élp %gegegc @246,38 br azg h g(ﬁ éiro aal ght

10 Cerr] gépamhoﬁhanem theashitained stishoxdd@ bpondll9ipeonverteEindor! €
cycl oal kyl aI kyI characterized in that a pro-chiral sul phide of the fornula

|1 Het [%r r phatBasputicallyjacceptable salt by conventional processegher ei n Het[err] and
Het[err] are as defined above, is oxidised in an organic solvent wth an
oxi di sing agent and in the presence of a chiral titanium conplex,

opti onal | y4i n A Bfodes€fdtenantibsélefiveSsynthesieofa Ehgaﬁd)&a@bpfarﬁauamﬁ & has
been prepared ih the presence of the pro-chiral | phi de, and the obtal ned
sul phoxi deaspngleenantiomer opin entepdntiomerigaliy annigbedforml | y acceptabl e sal t
by conventional processes. 3. A process for enantioselective synthesis of a
sul phoxi de of formula either as a 25 single enantioner or in an
enantionerically enriched form

Het;—X—S—Het, I
10 _ _ : -
wherein
Het, is
15
R . N
or
_ Rg'
Het, is
Rs ' _
- Ry | _
| Rg | ll_|
20 H
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WD 96/ 02535 PCT/ SE95/ 00818 [err]
wherein Het[err] is [err] 5 Het[err] is [err] or 10 and X is [err] wherein

15 N i nsSWO96{03835hbenz ml m IFnzﬁm dazol e noi ety REEISAMIBIS one of
t he carbon atons subgmllmlﬂﬂl " Ell Rlerr] optjonally may be exchanged
for a nitrogen atom wi*t'héuttany substit ug N s

PCT/ SE95/ 00818 R[err], Rerr] and Rerr] |lare %%E,,%ﬁggérg I fferent and

- selected from hydrogen, al kyl, al kylthiol ubstituted by

fl uorine, aalbowyal koxy, dial kyl ami no, plperldlno nnrphollno hal ogen,
phenyl al kyl and phenyl al koxy;

—?H— o or -
Rio ’ Ri2

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

10 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;

15 |

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

20 R¢-R, are the same or different and seiected 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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5 Rlerr] and Rlerr] are the sane or..di fferent and sel ected from hydrogen,

|5 ol A

)

Sy RE TS SEFRC
hydrogen, al kyl, al koxXy, ‘halogn,® hdl o- -al koxly, al REPEAFEBNYI
al koxycar bonyl, oxazolyl, trlfluoroalkyl or_adj acent groups R err]-Rerr]
formring s pshd mfammhaﬁthﬁffeﬂéﬂﬂ’ﬁi{d saleabd bRk di’B?éx{,]hdlé &1V f Sl
or forms an al kyl ene chain together with Rerr]; 15 err] and Féerr] are
t he sane of dlfferent and sel ected fron1hydrogen hal ogen or al kyl and
al kyl groups, alkoxy groups and noities thereof may be branched or straight
 err] - d er Apdaisykgrosipscalkpxy groupeand mapities therea m,ayfherbtenahgd er straight
cycloalkylalkyl 20 characterized in that a pro-chiral sul phide of the
formula 11 Ret§echainxoscemprise cyclic alkyl groups, for examplel chﬁ&lkyiathnln
Het[err] _and Het[err] are as defined above, I's oxidised in an organic
solvent ¥ith an oxi di sing agent and in the presence of a chiral titanium

hasbeen pr EpaPatrsH R RarE DR AEALSeRaf A SRR 2 pr of onged T

preparation tine, and the obtained sul phoxide optionally is converted into
a 5 pharmaceutically acceptable salt by conventional processes. 4. A
process for enantloselectlvg §¥nkhgg;qq f a sul phoxi de ofgfornmula | either
as a single enantioner or in dn enantlonérlcally enrlcheJIforn1[err]

wherein Het, and Het, are as defined above,

10 - o | . .
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

15 obtained sulphoxide opﬁonélly is converted 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

20 orin an enantiomerically enriched form:

(o}

wherein
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10 wherein Het[err] is 15 [err] Het2 is H 20 WD 96/ 02535 '

“.. PCT/ SE95/ 00818 and X n N inside the benzene ring of the
benzi m dWOI960285 et 'y I'mtmlm'uﬂ”tmjl Im t38& carbon. at ons suBSTSEWHS,y
Rlerr]-Rlerr] optionalty fray bd eXchtnged for a nitrogen_10 atom without

e st
any. substituents; Rerr], Rerr] and RLettl—are=tH E& br different and
sel ected fAﬂ;Q hydrogen aI kyl, al kylt hH1sISMEE;1 : substituted by
fluorine, oxyal koxy, di al kyI am no, er| B no, hal ogen,
phenyl al kyl and phenyl al kpxy; 15 R err [\==H] are the_sanme or
different and selected f hydr ogen, al kyl and ar al kyl ; Rf@rr]' S
hydrogen, hal ogen, R«

are the sane or dlffer d selected from hydroge
- or.

hyl , al kyl and al koxy;

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

5

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 ena_ntibmerically enriched form:

OCH,
HyC CH;. .
| g N OCH,
N (a)
H/

10

(1b)
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hal ogen, hal o- alkoxy,lauﬂ I I koxycarbonyl oxazol yl, .

trlfluoro adj m HtmL err] formrlng whi ch
be fu%ﬁé#’ozssg stitute R}I a’s I S ogen or forms an fe,l‘;,dpegﬁe]ﬁ?har n

together with Rlerr]; 25 Rl err] and R[err] are the sane of drfferent and

sel ected fronrhydrogen, hal ogen "or al kyl and al kyl igr HERT §¥%§ ps

and noities thereof ng Cpp branched or straight Cgfr]- é

conprise cyclic alkyl prodps; for exanple cycl oal kyl P acter zed

in that a pro-chiral JQBHaf the fornula I [err] wher ei n Fbt[err] and

Het[err] are as defi bove, i s oxidised ¢E¥ﬁ$ organi c solvent with an

» gﬁiunrconplex,

oxi di si ng agent and he presgpce 0 P
the titaniumconplex is

optionally in the prejnhceQH,e :
e and durggg an el evated

1w

prepared in-the presence of t%e pr o- 7 ELd

tenperature and/or during a prolong preparat time, and the 15

obt ai ned sul phoxide optionally is gonverted into a pharmaceutically
acceptabl e salt by conventional processes. 5. A process according to any of
clainms 1 - 4, wherein the sul phoxi des prepared by the process are

sul phoxi des defined by fornmula I' either as a single enantioner 20 or in an
enantionerically enriched form [err] wherein

OCH,CF,
S | CHa
" il _
N CHZ—S—'<N | (d)
/
H
CH,
Z\~CH |
N" “cH,—s—¢
/N | (e)
5 H
OCH,CH,CH,OCH,
A CH
| 9 N
cH,—s—¢
N
/ an
H
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WO 96/ 02535 : | PCT/ SE95/ 00818 Ar

T A, 5 o e
prepared by the procéss®are <ul Bhoxi des a :

he formul a
(la) to (1h) either as a single enantione

THIS SHERT BASEEERNEri cal |y

enriched form [err] 10° [err] WD 96/ 02%35  REPLACED 59
PCT/ SE95/ 00818 OH3 [err] q& WO 96/ 02535 '
60 PCT/ SE95/ 00818

éer r Ll(cl-la)2

@CHZ— S—< D _ d
N
- /
H

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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5 7. A process accordin to an of ms 1 - 4, characterized in that the
pro-chiral yoylophissds of ﬂm m“m! |ﬂ |d| ed vmth an oxi d| Sb&ﬂ/sﬁ%?db TAL

t he form of cunene hy : = '

claims 1 - 4, characterized in that the t|t
titaniun(lV) conpound. 9. A process accordi :
that the tidaniAiptocgss actordingitd claim tlil} chriraenerizs e .chi &fblu“a@hﬁ‘ﬁ?ss
according to_claim characterized in that the tltanl ur’r(l\/) “al koxi de is
“titani urr(lvfs§§ Hfg@‘i{?ﬁ@ 11. A process according to any of clains 1- 4,
characterized in that the chiral 20 ligand in the titanium conpl ex s a
chiral branched or unbranched al kyl diol or an aromatic diol.

96/ 02535  .13. A process according to claim 18Icharacterized in that the chBSiFési»ﬁ%é/ 00818
12. A prgces accor di n&eto claim11l, characterized in that the chiral diol
is a chiTal Selected fxpm theigropp Oécfﬁ'dlig\ylk‘WB@%@@&‘d@GﬂMQ)l}wn‘bm m 12,
characterized in that the chiral ester is 5 selected fromthe group of
(+)-diethyl L-tartrate and (-)-diethyl D-tartrate. 14. A process according
to any of cll4i WspiocesstaccobdingciondriyZéflaitng Dal, 2iEpize I um
conplex is 0. 05 p 0.50 equivalents. 10 15. A&;{)?gcess gé@%r}h%atnéda{{r’f??of
claims 1 - ﬂ“féhﬁmm@mﬂleknsi)w&t-oﬁ%equMQn reaction is carried out

at a tenperature between 20 - 40 [err]C, preferably at room

10 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 .

15  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.

20 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.

25 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, characferized in that an elevated
temperature for preparation of the chiral complex is 30-70°C.
30 - |
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tenperature. 16. A py to any of clainms 1 - 4, characterized
in that the organic mlm mrm " ' N : up of toluene and
et hyl acseve02535 . A RBroeess aCc g é | PCHSE95/00818
characterized in that the oxidation is ﬂné‘%ﬁf}raﬁs%g% presence of a
base selected fromthe group of organi : process accordi ng
to claim17, characterized in that }he base |s an am ne 19. A process
accordin d‘\ﬂrﬁF‘???fﬁcomga‘éPEYPf img L 1fhcharasterigedein that Hheprangss r om t he
group of 20. A rocess

accor di ngfhgo%ggx g% g}._\?a et@rrg . trqahﬁgharg%@#é‘é@@%ﬁi?“&%‘%? Onia

pr epar at isotuttoree f or preparatlon of the chiral titaniumconplex is 1 -5
hours. 21. A process according to any of clains 3 - 4, characterized in
that an elevated tenperature for preparation of the chiral conplex is

30- 70ker ryhxC. 6. s N .

PCT/ SEQSF%O&L%QQ?&%%‘?S{&&% gg’gwﬁ ﬁ*aﬁ%‘s 0 %ﬁb%*eéi‘z&f’rf& that the process.t or i zed
in that thsther e6Rridey rstésgﬁlrfoﬁem%&amga&rsafemefdmaﬁ\@a%ﬁaa E&B&uef oduct formed

with an aqueous ammnl a ution 23. A process according to any of
claims 1 - 4, characterized in that the process further conprises steps for

o LS8 e AR LSSl ) ey |-
1H-benzi 'Tl-!iﬁéﬁkﬁnﬂazﬁlé)&aé Pﬁﬁﬁﬂﬁé{nﬁiéaﬂy%egﬁéﬁﬂzs‘élﬁ:ﬁL:}leriﬁ'BaﬁEe&’ fpduced in

10 accordance wth any
(-)- SONeahmayiancéﬁf@dhanymixhealam\dllrﬂBhyl 2 pyri di nyl ) nmet hyl ] sul phi nyl ] -

25. (-)-S-Methoxy-Z-[[(4-methoxy-35dimethy1-2-pyridinyl);metllyl]sulphix\yl]-
1H-benzimidazole or a pharmaceutically acceptable salt thereof in accordance
with any of the claims 1 - 23.

15
26. (+)-S-Fluoro-z-(((4-cyclopropylmethoxy-Z-pyridinyl)methyl)sulphin'yl)-lH-
benzimidazole or a pharmaceuﬁcally acceptable salt thereof produced in

accordance with any of the claims 1 - 23.

20 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})-
25 methyl]sulphinyl]-1H-benzimidazole or a pharniaceu'tically 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

30 - produced in accordance with any of the claims 1 -23.
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1H- benzi mi dazol e or a pharmaceuti cal ] y accept abI e salt thereof in

aCCOfdanC&v%&rﬁzs@ﬂy OUEMI lelmﬂ" /SE95/00818

+)-5-Fluoro-2-(((4-c rTId!SrEy-IIBETEI-ﬂA@/EEBMI. hi nyl)-1H

benzi m dazole or a phar rraceutlcal y ac;sept abl e saEt" ztm@’reof f oduced in

accordance with any of the clains 1 - 23. el '

(-)-5- Fl uode- @ne(@ﬂmexsmmenmmwzqmmimy sadmsybggﬁﬁm 1H

benzi m dazo rmaceutically acceptable salt fhereof” produced in

accor dance S angﬁp,%glﬁhfg\yé itidazole preparedby a process described in any of the
(-)- 5Carbg_ﬁ§ L Rqxyy 6- met hyl - 2-[[ (3, 4-di met hoxy- 2-pyridinyl)- 25

met hyl ] sul p nyq] %LH— benzi m dazol e or a pharmaceutically acceptable salt

t her eof produced in accordance with any of the clains 1 -23. 29.

(+) - 5- Car bonet hoxy- 6- met hyl - 2- [ [ (3, 4- di met hoxy- 2- pyri di nyl) -

met hyl ]8ul Bhi e ofithe singlé enartiomersof 2(((#+3-methotypro ngze sal t

t her eof 30 c.or da w th_ any_ of the cFal ne 1 -2
96/ 02535 3BY: "g%ﬂg‘?‘e&}yép y?ﬁ'awﬂ iﬁﬁ? %e or a pharmaceutically acceptable
2-[5- (3, 5- gilFeidpsbpyr azol - 1-yl ) pent vl - sul phi nyl ] - 4, 5-di phenyl i nidazol e

prepared by a process described in any of the clains 1- 4. 5 31. One of
the single enantioners of 2(((4-(3-nethoxypropoxy)- 3-nethyl -

di nyl t hyl 1H-b d | h t |
D cept abl +3ZaOhelqthEdnplenangomers &3%&%&&%%@3&5&%&%
2(2- (M0 Softhiddzolk 64 PRAARA QNG Y cceptable 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 phafmaceutically
acceptable salt thereof.

15

34. Use of the compounds defined in any of claims 24 - 33 in medicine.
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idg I3 L ~7 ¢ —
10 inidazole or a pham%?éat%my acceb(@lﬁ;)%%?t éere .
four. stereoi SPET of 2( (4wersomumyeGURL, BROBERTCORCANZANQN 5 H-
~@ycloh I 2-“1“1?%“%

egt,ag b‘;_ﬁ%/)ri di n- gﬁé/é_%sul ;

f t_he

enzi ni dazol e or a pharmaceuti cal | y
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CF Ceantral African Republic KP Democratic People’s Republic sD Sudan

CG Congo of Korea SE Sweden

CH Switzerland KR Republic of Korea SI Slovenia

Ct Cote d'Ivoire K2 Kazakhstan SK Slovakia

cM Cameroon L1 Liechtenstein SN Senegal

CN China LK Sri Lanka ™ Chad

CS  Czechoslovakia L Luxembourg TG Togo

CczZ Czech Republic LV Latvia I Tajikistan

DE Germany MC  Monaco T Trinidad and Tobago
DK Denmark MD Republic of Moldova UA Ukraine

ES Spain MG Madagascar us United States of America
FI Finland ML Mali Uz Uzbekistan

FR France MN Mongolia VN Viet Nam

GA Gabon . :

9700393 -3



