WO 99/ 47514 PCT/ EP99/ 01574 CHEM CAL PROCESS FOR THE PRODUCTI ON OF SULPHI NYL
DERI VATI VES BY OXI DATI ON OF THE CORRESPONDI NG THI O DERI VATI VES W TH
PERBORATESwih &/ 496fasent i nvention describes an inproved procegy/Epb/oishe
preparation of substituted 2-(2-pyridyl nethyl)sul phinyl-1 H benzin dazol es
particul arly oneprazole, 5 | ansoprazol e and pantoprazol e by oxidising the
correspondi ng substituted 2-(2- pyridylnethylthio)-1 H benzi m dazole.
Several pr ofHENIQALTIPROCESSOFGRORE PRODWOTIEN @FUSEIPHINYLN DERIYAYT T &St B DK IFATION OF
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3-chl oropergwdwﬁamym@)cud-beﬁﬁ%z&%% EP533752, US5, 386, 032, ES43816 and
EP484265), nagnesi um nonoper oxypht hal ate (EP533264 and US5, 391, 752),

anmoni um nol ybdate (EP484, 265), iodosobenzene (ES539793),

met hyl i odosobenz g E@Wé@p inkAitoRD NHiIER AelUseflRinané %%559&%%} d@bdknal
vanadi um oxi de (EP3027 wever, there remains a need for a cheap and

ef ficient pM@@GﬁsSfofomldal/‘dlasﬁ KQOWQ (Thesg rinelydereneprazeleoy R1‘fQHl3b’éhEOﬁ"Hazol es
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product. The 90@$~sm=3,l Ryt R PMthESd@soﬁb@@%iEFfm 728eafd QRAfoprAZAE of a

conmpound of formila’l WO 99/ 47514 PCT/ EP99/ 01574 2
(R1=0CHjs; Ry=0OCH3s; R3=H and R4=OCHF;) which is described in EP166,287.

Many methods for preparing such compounds by the oxidation of the
15  corresponding 2-(2-pyridyimethyithio)-1H-benzimidazole have been described.
Examples of the oxidising agents used are 3-chloroperoxybenzoic acid
(W091/18895, EP533752, US5,386,032, ES43816 and EP484265), magnesium
monoperoxyphthalate (EP533264 and US5,391,752), ammonium molybdate
(EP484,265), iodosobenzene (ES539793), methyliodosobenzene (ES540147),

20 sodium periodate (ES550070) and vanadium oxide (EP302720).

However, there remains a need for a cheap and efficient process for oxidising
2-(2-pyridyimethylthio)-1H-benzimidazoles which is reliable, produces waste streams
which are easily disposed of without causing harm to the environment and produces

25  a stable final product.

The present invention provides a process for the preparation of a compound

of formuia |



I in which Rl, R2, R3 and R4 represent 5a) (RL1=CH3; R2=0CH3; R3=CH3;
R4=0CH3) or b)(R1=CH3; R2=0CH2CF3; R3=H, R4=H) or c)(RLl=0CH3; R2=0CH3; R3=H
and R4=CCHp@)gojsesihect i vel y 10and pharnmaceutical |y accept abl gceabdonitfaer eof
conprising reacting a conpound of formula Il R2 RLR31 I I /-s Nin .
which RI, R2, R3 and R4 represent a) (RI=CH3; R2=0CH3; R3=CH3; R4=0CH3) or
b) (R1=CH3; R2=0CH2CF3; R3=H R4=H) or 15 c) (R1=0CH3; R2=0CH3; R3=H and
R4=CCHF2) respectively with a perborate salt Rn aliquid diluent at a pHin
the range of 7.5 to 14 at a tenperature int e range of OC to the boiling

point of the liquid diluent e on %pq the perborate salt is a
.metallic perborate salt or a = %II per e salt. The perborate salt
may be anhydrous or hydrated ef er rborate salt is potassium
or sodi um perborate. MrerpteferablNy the per borate salt is sodium
perborate. Most preferably the perborate salt is sodium perborate

nonohydrate or sodi um perborate tetrahydrate. 25 Suitably the anpunt of
per bor at e sal ss is in the range of 0.8 to 3 noles
per nol e of rlt gltngr‘r%%giﬂ Fﬂd?ﬁﬁfﬁ%ﬁtll enpl oyed in the process. WD 99/47514
PCT/ EP99/ 013y 4 3(R,=CHj; R,=OCH3; R3=CHs; R4=OCHs) or
5 b) (R1=CH3; Ro;=0OCH,CF3; R3=H; R4=H) or
c) (R1=0OCHj3;; Ry=0CHjs;; R3=H and R4=OCHF;) respectively

-

and pharmaceutically acceptable salts thereof

comprising reacting a compound of formula il
10

in which R4, Ry, R3 and R4 represent
a) (R4=CH3;; Ro,=0OCHj; R3=CH3; R4=OCHj3) or
b) (R1=CHs; R;=OCH,CF3; R3=H; R4=H) or
15  ©) (R4=0CH3; R,=0OCHj3; R3=H and R,=0OCHF) respectively

with a perborate salt in a liquid diluent at a pH in the range of 7.5 to 14 at a

temperature in the range of 0°C to the boiling point of the liquid diluent employed.

20 Suitably the perborate salt is a metallic perborate salt or an ammonium
perborate salt. The perborate salt may be anhydrous or hydrated. Preferably the
perborate salt is potassium or sodium perborate. More preferably the perborate salt
is sodium perborate. Most preferably the perborate salt is sodium perborate
monohydrate or sodium perborate tetrahydrate.

25

Suitably the amount of perborate salt employed in the process is in the range

of 0.8 to 3 moles per mole of the compound of formula Il employed in the process.



Preferably the amount of perborate enployed is in the range 0.95-2.0 noles
per nole of the conpound of forrmula Il enployed in the process. Mre

pr ef er abl ywbhg,s784gount of perborate enployed is in the rangeciePoslo1®4nol es
per nmole of the conpound of forrmula 11 enployed in the process for.exanple

1.1-1.5 noles per nole 5 of the conmpound3 of forrmula Il. Mst preferably the
anount of perborate enployed is in the range 1.4-1.8 noles per nole of the

conmpound of pfasmBlyathk! arBdit Bf §sbrbdtatehempRyEE &S T thEhpan%ermga-:e_ Pdidepéd qui d
diluent is to all ow contact between the conpound formula 11 and t he

per bor at e s@lole gt thereompaynd rab dormusiah Hrepripxed inrdie |drepsss. dviergenieferatbhihien i s
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m xture. Mobitthprehgs alaly.8trhslesibbumote ofstha comabemd pefdnanial Il Bimplayeé in the
optional Iy containing toluene. Preferably the process is carried out at a
pH in the rBW§ESSf 8.5 to 12. More 20 preferably 10 to 12. Most preferably
the process is carried out at a pH in the range of 10t 011. Suitably the pH

of the process is controlled by the addition of a base for exanple
al kali netal hdel'Bﬁ PHEPOSH Oém@aqu'drﬁé‘PS'Pt is ig H%@@taaﬁemqa@l the ﬁe'mapurzalsof
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thereof. Pre era e‘%ase I s sodi um hydr oxi de be’ appreci at ed
by those skihicbds innrttthéwaneacttahtat invwideh Wﬁeoufé%ﬁﬁtlﬁ@nhl%ed mavbeelde«but at high
pH a salt of the desired product nmay be obtained. Lowering the 30 pH of the
reaction m xture, for exanple by addition of an acid or preferably of a

| ess basic basePrﬁédabWsth’eHmuichillant '(snsefhécted]ﬁormwptau,nai Qf; dlosholil taluenes t he
free heteroc refera [

d t at at
the'range orIGNYHONE0 ECHRTEnE 2 DGk & b 110 FH GPi & Giviss BorEpbe ©
Most pref er fihy SrbRrREIPCHES i 9&(@55%‘ L WAETAOEY] Srhtkture, for example a

water/methanol or a water/ethanol mixture. Most preferably the diluent is a

water/methanol mixture optionally containing toluene.

Preferably the process is carried out at a pH in the range of 8.5 to 12. More
20 preferably 10 to 12. Most preferably the process is carried out at a pH in the range
of 10 to 11.

Suitably the pH of the process is controlled by the addition of a base for
example an alkali metal hydroxide an alkali metal carbonate, an alkali metal
25 Dbicarbonate or an amine e.g. ammonia or an organic amine or mixtures thereof.

Preferably the base is sodium hydroxide.

It will be appreciated by those skilled in the art that when the reactionis
carried out at high pH a salt of the desired product may be obtained. Lowering the
30 pH of the reaction mixture, for example by addition of an acid or preferably of a less

basic base, allows the isolation of the compound of formula | as the free heterocycle.

Preferably the process is carried out at a temperature in the range of 0 to

150°C and more preferably in the range of 15 to 115°C. Most preferably the process



4 x is carried out at a tenperature in the range of 40 to 55C, particularly
at a tenperature in the range of 45 to 50C. The process of the present

i nvention Ras.amgral advantages over previously 5 descri bad/gxgopasison
processes. The reagents enpl oyed are cheap, non-hazardous and .

environmental ly friendly, for exanple sogiumperborate is used in donestic
washi ng powder, in nouth washes and in cleaning fluids for contact |enses.

Sodi um  per horatddst §KGeRMhRARure P 1RYFasdall 4d Y [%%G’c,i Spaﬂeu@@};gfaa

sensitive. The process gives good yields reproducﬁ% y and provi

product of Héempenatureirytheirangde of#t510 S6Meni cal |y nore stable than the products
.of other oxidation processes especially those carried out in acidic
conditions. In addition environmentally friendly liquid diluents may be

used. The processTHefprofusif timepreséntimiahtion hiesedansl dVatthgss o aRéaaRSy Over
the 15 prior art processes. Fi rstJr%/, t hi s process steﬁ1 may be conbi ned
with t he®pr &FPTIRAMIRALIR PERGESSeid The (RA9DIS fMPIQ¥EhBlieotesP: PREhBZAfARNfd of

formula 11. ghBi snvirgAfhentally fcidly, rfSﬂ'éﬁéﬂn?I_@ QiR bReRS s LSEL#PRohERiOV ed
processing times. Secondly, in  conparative experinments sodi um perborate

appears to dvasbinggquder, ipmauth washes asidrip cleppine fisidsrfonsanieat ilenses f Sodiswanpl e
formation of i o : N 04
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fol | owe b Zghgﬁﬁgg%gtp(ﬁ)e/ Sg%(/élé gﬁéﬂygﬁa?{&ggé@ i%‘néfthéjnlagﬁ%ﬁogf ero ?éescfeﬁreosggé'gﬁ)yof t he
present i nvemdseocarded aupdnradidid couaditinrisa Il addition reeaicdredentalityh frizadiy uliquid
perborate in_.a m xture of dwater and nethanol at a pHin the range of 8.5
to 10 at a tUHYEP B Y599t he range of 15 -115C to give a conpound of 30
formula |a (oneprazole). In a nore preferred process of the present

i nvention the conpound of fornula . )
he process of the present invention has two further advantages over the

15  prior art processes. Firstly, this process step may be combined with the previous
process step and thus avoid isolation of the compound of formula Il. This leads to
cost reduction in the process through improved processing times. Secondly, in
comparative experiments sodium perborate appears to give fewer impurities arising
from over-oxidation, for example formation of a sulphone, or an N-oxide, or a

20 sulphone N-oxide, than previously known oxidants, for example 3-chloroperoxy-

benzoic acid.

The desired product can be isolated from the reaction mixture and purified by
conventional means e.g. extraction and recrystallisation or filtration followed

25  optionally by recrystallisation.

In a preferred process of the present invention a compound of formula lla is
reacted with sodium perborate in a mixture of water and methanol at a pH in the
range of 8.5 to 10 at a temperature in the range of 15 -115°C to give a compound of

30 formula la (omeprazole).

In a more preferred process of the present invention the compound of formula

Il is prepared by reacting a compound of formuia i



Il is prepared by reacting a conpound of forrmula Il WO 99/47514

PCT/ EP99/ 01574 5 11l or a salt thereof in which R4 is as previously defined
with a conpgugdshfy formula IV RZ IV 5 or a salt thereof inpeMygpddgrdze R2,
and R3 are as previously defined, in a second liquid diluent at a pHin
the range of 7.5 to 14 at a tenperature gn the range of 0C to the boiling
point of the second liquid diluent enployed and is then reacted with a
perborate salt without isolation. 10 The purpose of the second liquid
diluent is to allow contact between the conpound of fornula Ill and the
conpound of forrmula IV at the required tenperature. Any liquid diluent,
which is inert to the reactants, in which ghis purpose is achieved my be
used. Preferably the reaction of I1] g is carried out at a tenperature
in the range of 10-100C, preferabl at ature in the range of
20-80C and nore 15 preferably ag a tempermture in the range of 40-60C
Preferably the second liquid diluént is melected fromwater, a Cl-4

al cohol, toluene, tetrahydrofuran, acetone, a C2_ 6 diol, a C3.6 triol,
ethyl acetate or mxtures thereof. Mre preferably the second |iquid

di luent is grwalaRtheb6aR Wnidh R{iYa8 prévidusRedinadiits atowdloBhd BEfRADEIIvVOr a
wat er/ et hanol m xture. Most preferably the diluent is a water/nethanol

m xture optionally containing toluene. Egpecially preferably the second
liquid diluent is the same as the kirst liqyd diluent. This avoids further
MO 99/ 47514 PCT/ EP99/ 01574 6 In a
preferred enbodi nent the conpoung, of f la I'll is present as the free
thiol, initially, and the process I 'Ted out in the presence of a base.
Preferably the base is an alkali netal deroxide for exanpl e sodium

hydr oxi de or potassium '

5 or a salt thereof in which R4, Ry, and Rj are as previously defined, in a second liquid
diluent at a pH in the range of 7.5 to 14 at a temperature in the range of 0°C to the
boiling point of the second liquid diluent employed and is then reacted with a

perborate salt without isolation.

10 The purpose of the second liquid diluent is to allow contact between the
compound of formula 1l and the compound of formula IV at the required temperature.
Any liquid diluent, which is inert to the reactants, in which this purpose is achieved
may be used. Preferably the reaction of lll and IV is carried out at a temperature in
the range of 10-100°C, preferably at a temperature in the range of 20-80°C and more

15  preferably at a temperature in the range of 40-60°C.

Preferably the second liquid diluent is selected from water, a C44 alcohol,
toluene, tetrahydrofuran, acetone, a C,¢ diol, a Cs4 triol, ethyl acetate or mixtures
thereof. More preferably the second liquid diluent is a water/alcohol mixture, for

20 example a water/methanol or a water/ethanol mixture. Most preferably the diluent is
a water/methanol mixture optionally containing toluene. Especially preferably the
second liquid diluent is the same as the first liquid diluent. This avoids further

processing for example diluent exchange.



hydr oxi de. More preferably the base is sodium hydroxide. 5 In a preferred
enbodi nent the conpound of fornmula IV is present as a salt and sufficient
base is usggobirdife process to neutralise the salt of the cerpppydh ol
formula IV and to forma salt of the conpound of fornula Ill. Preferably
the salt of the conpound of formula |IVei s the hydrochloride salt, the
hydr obrom de salt, the acetate 10 salt, the nitrate salt or a salt of

sul phuric acid op 4 prfeld efibodimBRORERBMpBURE blrorta il iddprabestald e tifae sal t
is the hydrochloride salt. Preferably the anmount of base enployed is in the

range of 2.%Wiol.dnitially, arsl the presass ipearried oute theoprgaenne dfa Hasemhreferably thebr e
.preferably f n%?a?e I L Sl . f..3 | es
per nole ofg{%egggﬁg%ﬁ%d 0 f%ﬁnﬂ)ﬁg@lf@?@?dﬂa& %éé%rﬁ@g&gd Sdi pnéet% SA']ruo t he .
process a puwdrdxident More prefevabiy thedbasd deesbdium hydrexidad of t he oxi dati on

reacti on. The purification solvent has been found to renbve certain

I mpuritifes fromthe crude reaction product by dissolving these inpurities
so 20 that on filnta ptéferred bmbpdiodnt theotdrapound of doumule 3V icprisent as a salt

recrystallisatigps than woul d, . of herwi se be necessary. This provides tine
ind oner gy S darEe S st DR RIRESSE 1o PRLTHRS 0. ot oh e TR Hon
sol vent al sprralieIv A td forinr¢dItaT tie esrapsuNAYof EdiaTugH NG Préfefadihei saftlof that ur e
of the product so that it can be nore read filtered. Preferably the

i
puri ficati ofPrRRAUWE R ferauia iy §6P%Ihédr\R/P*B'ﬁ”%%a'¥ theuhydrepromigs salt theppéstater ed
puri fi ogf i oS eV ity SHIOSRYURMIRC abiRCdruel i 8t h PRBLAHoriR g, alesmt i ¢
hydrocarbons, and ethers, particularly di (Cl_6alkyl) ethers in which the
al kyl  gr ouprsfesakly theesalagrthedydmanfaside salt. and esters, for exanpl e et hyl
acetate and m xtures thereof. More preferably the purification solvent is
tert-butyl nethyl ether, diisopropyl 30 ether, hexane , heptane or toluene
and m xtures thePrbdrabljtiise aproghieoflidsg ermpoygqulisiif ititmtange fd.0 én6.0 soles

tert-butyl th di i t h i Xt t h f.
Eapeci al 1y B erobait I reBRiRy ER D6 i PERend Mo et dtondedet her
or dii sEpr ogyiblogédigrin théPalge 875144 RCIEsETeD dlE 6fthe compound of formula I11.

In a preferred embodiment of the process a purification solvent is added at
the end of the oxidation reaction. The purification solvent has been found to remove
certain impurities from the crude reaction product by dissolving these impurities so

20 that on filtration the product obtained requires fewer recrystallisations than would
otherwise be necessary. This provides time and energy and therefore cost savings
in the process. The purification solvent also aids the filtration process by changing
the physical nature of the product so that it can be more readily filtered. Preferably
the purification solvent is immiscible with the liquid diluent.

25

Preferred purification solvents are hydrocarbons, including aliphatic and
aromatic hydrocarbons, and ethers, particularly di(C4.¢alkyl) ethers in which the alkyl
groups are the same or different, and esters, for example ethyl acetate and mixtures
thereof. More preferably the purification solvent is tert-butyl methyl ether, diisopropyl

30 ether, hexane , heptane or toluene and mixtures thereof. Most preferably the
purification solvent is tert-butyl methyl ether, diisopropyl ether or hexane and
mixtures thereof. Especially preferably the purification solvent is ferf-butyl methyl

ether or diisopropyl ether.



7 The invention is illustrated by the foll ow ng Exanpl es which are given by
way of exanple only. The final product of each of these Exanpl es was

char act erig@doRysi4one or nore of the follow ng procedures: bighppaisar mance
i quid chromat ography; elenental analysis, nuclear magnetic resonance
spectroscopy, infrared spectroscopy 5 amd hi gh resol ution mass

spectroscopy. The conpounds of fornula Il, Ill and IV used in the Exanples
Were either Comﬁgir@bhe(orﬁwusﬁbdea B?rthé‘\%ll@w%%h%smlhl&ﬁ‘@re @%megﬁlagl ven
in EP5129, EP174,726 or EP166, whi ch are i ncorporated herein

reference. 0eEmalpPalyL Tneg‘tﬁlahmrpéhct@ff egeiplitheny Exarplgs YWas ¢f@tr%ct%r@egzbyg)
-sodi um per bgﬁcﬁeam&g%%@’ FiBm (;Jroéé’du%s Hh ﬁ?&cﬁhaﬁé@ ng‘ it %&6@%@5@ by

stirring an t he mxe conponent s u a sol |on was al'ned,
and was thealea@dtaﬂadalwswnwlem tmagagticTesenanag spearosgopy, irdtared smectrosadpyt i on

Lo TS TPk R P U TR A o
boi ling Undeﬁed iif fhe XExahires @ hasitier wamnieroiaie dvaliatier o wegcgrdparetassthee and
bi car bonat cERIRE e GLFTPS: RRAT TR 6F B AES 2Bk PUth 48 5FRprated herei

di chl or onet pppgerdcé.2 x 10 nl), the conbined extracts were dried, filtered

and evaporated to give 5-nmethoxy-2-{[(4-nmethoxy-3,
5-di net hyl - pyri di n-2-yl)nmethyl ] sul phinyl}-1 H benzi m dazole (1.60 Q).

Yield 8 5%y &kxpRpl € 2 25 A solutioen was prepared by dissolving sodi um
hydr oxi de peﬁ—e@s—( 17.7 g) and sodium perborate tetrahydrate (68.3 g) in

water (1085 m) with stirring and heating and this solution was then added
ot Roxy- 3, 5-ai ot nyIERs & BoUT AETOH it @Bl SRdDo P8 o)
in 30 net hatedlahy@ate (.33 ghiahd twatére (36 mb) uvas matﬁnﬁ bp@tlum\geand bedting. thEhe
ggtchgggl t\(]\lgﬁ xerciecr{)orr\llpeo%engdfnrtll erleé\(ojl'ﬂ?o dwgg %%tsamre% %H&I V\;[a ‘?hénegci!éje%edr\évsv%lsg%% ed to
15  stirring over 2.5hours to a solution of 5-methoxy-2-{[(4-methoxy-3,5-dimethyl-
pyridin-2-yl)methyljthio}-1H-benzimidazole (2.0 g) in methanol (20 ml) and toluene
(2 ml) which was boiling under reflux. The methanol was removed under reduced
pressure and the residue was cooled to 50°C and then added to saturated sodium
bicarbonate solution (20 ml). The mixture was extracted with dichloromethane
20 (2x10ml), the combined extracts were dried, filtered and evaporated to give
5-methoxy-2-{[(4-methoxy-3,5-dimethyl-pyridin-2-yl)methyl]sulphinyl}-1H-
benzimidazole (1.60 g). Yield 86.5%.

Example 2
25

A solution was prepared by dissolving sodium hydroxide pellets (17.7 g) and
sodium perborate tetrahydrate (68.3 g) in water (1085 ml) with stirring and heating
and this solution was then added dropwise to a solution of 5-methoxy-2-{[(4-
methoxy-3,5-dimethyl-pyridin-2-yl)methyllthio}-1H-benzimidazole (83.4 g) in

30 methanol (834 ml) whilst the mixture was boiled under reflux. The methanol was
removed under reduced pressure and the residue was cooled to 50°C and then
added to saturated sodium bicarbonate solution (830 mi). The mixture was cooled to
30°C and extracted with dichloromethane (2 x 400 ml). The combined

dichloromethane extracts were dried over magnesium sulphate, filtered and



added to saturated sodi um bi carbonate solution (830 m ). The m xture was
cooled to 30C and extracted with dichloronmethane (2 x 400 mM). The

conbi nedr'\gggl;l/h.grgnet hane extracts were dried over magnesi UgSEpdofaadna,
filtered and WO 59/ 47514 PCT/ EP99/ 01574 8 evaporated to give give .

5- met hoxy- 2- {[ (4- nmet hoxy- 3, 5- di et hyl - pygi di n- 2-
yl ) met hyl ] sul phi nyl } - 1H benzi m dazole (74.0 g, 84.6%yield). This materi al

was stirred,,] yl tgceprke (@2 m. _fal 13 Eidi o B .

resi due vvasg\\//\gs rgﬁ?tawi tt tﬁl Tﬁyl acet g ?eirquéZ@Q#ﬁ%g%B'grcﬁg{h? gpyél;a\t}ﬁza
product whi ¢hmatiyl]o@phioybliridepzimigezoe 74X amB4e%8 yieldbl uThisnmeterabdiasm
-hydroxi de (1, ) ' t a i . (65.0
Ty vas. pr epiredingihl PR (RoBGHERE 1 roul M ML rfe rectalt s 3l 0o
dr opwi se t o ethysatethtedd x5 181 pBd eedhid give & Pr&iu@t which lwae 196 51% pune) P 2-

yl met hyl thio]-1 H benzi m dazole (5.0 g) in nethanol (50.0 m) which was
being borled over 2 hours at reflux with stirring. The m xture was stirred

and boil ed EEmdid3rther 15 mnutes, then the nethanol and water were
renoved undér reduced pressure to give a residue which was cooled to 50C
and added to saturated sodi um bi carbonate 15 solution (50.0 m). This

m xture was cool edsbRticder a8bGiubNBYYrexiis a¢0af) aMdt Bodidh Ghtresrafeidhangdiae X 25

m ). The conbined extracts were dried, filtered and evaporated to give

2- [ 3- met hyl {38@ ip water, (66|0Bb dasherepFed-kyy beatingyandestiigngs uil pisi splution was

H benzi g} da % yi he. kit Y495 ot ' 5. 90. 3%
by 1pLe0 “THF gafled opiie 1014 Rulin IR PHkaRe 2R TR SRR R O
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15  solution (50.0 ml). This mixture was cooled to 30°C and then extracted with
dichloromethane (2x25ml). The combined extracts were dried, filtered and
evaporated to give 2-[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinylmethylsulphinyl]-
1H-benzimidazole (4.8 g, 92.3% yield). The purity of this material was 90.3% by
HPLC. This solid was stirred with ethyl acetate (14.4 mi) for 1 hour and then the
20  solid collected by filtration, washed with ethyl acetate and dried to give material which
was 91.4% pure by HPLC.

Example 4

25 A solution of sodium hydroxide (9.8 g) and sodium perborate tetrahydrate
(37.3 g) in water (638.3 g) was prepared by heating and stirring. This solution was
then added dropwise over 2.5 hours to a solution of 2-[3-methyl-4-(2,2,2-
trifluoroethoxy)pyrid-2-yimethylthio}-1H-benzimidazole  (49.1g) in  methanol
(491.0 mi) which was being boiled at reflux with stirring. The mixture was stirred and

30 boiled for a further 15 minutes, then the methanol and water were removed under
reduced pressure to give a residue which was cooled to 50°C and added to
saturated sodium bicarbonate solution (491 ml). This mixture was cooled to 30°C

and then extracted with dichloromethane (2 x 245.5 ml). The combined extracts



trifluoroethoxy)pyrid-2-ylnmethylthio]-1H benzim dazole (49.1 g) in nethanol
(491.0 mM) which was being boiled at reflux with stirring. The m xture was
stirred argo3ésiapil ed for a further 15 minutes, then the naidiggboedrd wat er
were renoved under reduced pressure to give a residue which was copled to
50C and added to saturated sodi um bi cagbonate solution (491 m). This

m xture was cooled to 30C and then extracted with dichloronethane (2 x
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H benzi m d&xetpleé s reacted with sodi um perborate to give 5-

(di fl uogonmet hoxy)-2-[ (3, 4-di met hoxy-2-pyridi nyl) et hyl sul phinyl]-1
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water (1136 m) was added over 1 hour. The m xture was stirred at 45-50C
for 2 hours and then sodium perborate tetrahydrate (202.4 g) was added.
The m XHur gxa gtirred at 45-50C for 18 hours. Further sodi um perborate
tetrahydrat‘e_@gg) was added and the m xture was stirred for a further 4
hours. The m xture was cooled 20 to 30-35C and sodi um hydrogen car bonat e
(221.9 g) was aqgd t ?ﬂﬁe t yl
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15  solution of 2-chloromethyl-4-methoxy-3,5-dimethylpyridine hydrochloride (245 g) in

water (1136 ml) was added over 1 hour. The mixture was stirred at 45-50°C for
2 hours and then sodium perborate tetrahydrate (202.4 g) was added. The mixture
was stirred at 45-50°C for 18 hours. Further sodium perborate tetrahydrate (16 g)
was added and the mixture was stirred for a further 4 hours. The mixture was cooled

20 to 30-35°C and sodium hydrogen carbonate (221.9 g) was added followed by water
(763.4 ml) and tert-butyl methyi ether (763.4 ml). The mixture was stirred vigorously
for 2 hours then filtered to give a product which was washed with terf-butyl methyl
ether (500 ml) and then dried under vacuum at 45-50°C for 21 hours to give
5-methoxy-2-{[(4-methoxy-3,5-dimethyl-pyridin-2-yl)methyljsulphinyl}-1H-

25 benzimidazole (293.4 g, 77% yield, purity by HPLC 98.3%).

Example 7

A mixture of 5-methoxy-2-mercapto-1H-benzimidazole (4.3 g), methanol

30 (8.4 ml) and water (16.7 ml) was stirred while sodium hydroxide solution (4.7 ml,
46-48% wiw) was added over 5 minutes. The mixture was stirred at 45-50°C and a
solution of 2-chloromethyl-4-methoxy-3,5-dimethylpyridine hydrochloride (5.3 g) in
water (25 ml) was added over 35 minutes at 45-50°C. The mixture was stirred at

45-50°C for 1.75 hours and then sodium perborate tetrahydrate (4.5 g) was added.



25 benzi m dazole (293.4 g, 77%yield, purity by HPLC 98.3% . Exanple 7 A
m xture of 5-nethoxy-2-nercapto-1 H benzim dazole (4.3 g), nethanol 30
(8.4 nl) apgoyyadsgd (16.7 nl) was stirred while sodi um hydr opdgersseisiti on
(4.7 M, 46-48% w w) was added over 5 mnutes. The m xture was stirred at
45-50C and a solution of 2-chl oronethyle4- nmet hoxy-3, 5-di net hyl pyri di ne
hydrochloride (5.3 g) in water (25 m) was added over 35 m nutes at

45-50C. TheTR: Xhixffe V@8s Sdtiretiedt as-5048- AP o4 Rburd. 7 FURBEF Soaiigh theesoraedi um
perborate tetrahydrate (4.5 g) was added. WD 99/47514 PCT/ EP99/ 01574 10 The
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95.5% . 10 Exanple 8 A m xture of 5-nethoxy-2-nercapto-1 H benzi'm dazol e
(4.3 g), neybastyllsuhinyr H-bandmidazele (6.5&1, 78,94 yiekds perity by &tPLEN?3.8%3$.0di um
hydroxi%a solution (4.7 m, 15 46-48% w w) was added over 5 mnutes. The
m xture was stirred at 45-50C and a solution of

2- chl or onet Exémglerget hoxy- 3, 5- di met hyl pyri di ne hydrochloride (5.3 g) in
water (25 m) was added over 35 mnutes at 45-50C. The m xture was stirred
at  45-50C for 1.75 hours and then sodi um perborate tetrahydrate (4.5 Q)

was added. The W shikiuee V&FS 55héthbRd2-alerddptSAG-Hedtind@atomir @.3 fHur iBgansiodi um
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15  46-48% w/w) was added over 5 minutes. The mixture was stirred at 45-50°C and a
solution of 2-chloromethyl-4-methoxy-3,5-dimethylpyridine hydrochloride (5.3 g) in
water (25 ml) was added over 35 minutes at 45-50°C. The mixture was stirred at
45-50°C for 1.75 hours and then sodium perborate tetrahydrate (4.5 g) was added.
The mixture was stirred at 45-50°C for 20 hours. Further sodium perborate
20 tetrahydrate (0.35 g) was added and the mixture was stirred at 45-50°C for a further
3 hours. The mixture was cooled to 35°C and sodium hydrogen carbonate (4.9 g)
was added followed by water (16.7 ml) and hexane (16.7 ml). The mixture was
stirred rapidly at 20-25°C for 1.5 hours. The mixture was filtered to give a product
which was washed with water and dried under vacuum at 45-50°C to give
25  5-methoxy-2-{[(4-methoxy-3,5-dimethyl-pyridin-2-yl)methyljsulphinyl}-1H-
benzimidazole (6.6 g, 80.4% yield, purity by HPLC 94.45%).



3 hours. The m xture was cooled to 35C and sodi um hydrogen carbonate (4.9
g) was added followed by water (16.7 m) and hexane (16.7 m). The m xture
was stirngeopapqdl y at 20-25C for 1.5 hours. The m xture wSr/kbdoigrad to
gi ve a product which was washed with water and dried under vacuumat_ .
45-50C to give 25 11

5- met hoxy- 2- {[ (4- net hoxy- 3, 5-di net hyl - pyri di n-2-yl ) net hyl]sul phinyl}-1 H
benzi m dazole (6.6 g, 80.4%yield, purdtamgy HPLC 94.45% . WD 99/47514

PCT/ EP99/ 01574 11 CLAIMS 1. A process Tor the preparation a conmpound of

formula |l I 5 in which Rl, R2, R3and R4 represent a) (R1=CH3; R2=0CH3;
-R3=CH3; R4=QCH3) tgrgg JiédrH) or 10 c) (R1=0CH3;
R2=0CH3; R3=H anddpé{é?c %her espectl ve S‘Ln har mcgutl cally acceptable
salts thereof conprising reacting a corrpound of formula I'l 11 15 in which

Rl1, R2, R3 and R4 represent a) (RL=CH3; R2=
(R1=CH3; R2=0CH2CF3; R3=H, R4=H) or c) (Rl=
R4=0CCHF2) respectively 20 with a pembor

in the range of 7.5 to 14 at £ ™

; R3=CH3; R4=0CH3) or b)
; R2=CCH3; R3=H and
sa liquid diluent at a pH
he range of 0OCto the
A process as clained in

claim1l wherein the perbog NZS per bor at e.

5 4
in which R4, Ry, R3 and R4 represent
a) (R1=CH3; R2=OCH3; R3=CH3; R4=OCH3) or
b) (R4=CHs;; R,=OCH,CF3; R3=H; R4=H) or
10 ©) (R4=0CHa;; R,=0OCHj; R3=H and R4=0CHF,) respectively

and pharmaceutically acceptable salts thereof

comprising reacting a compound of formula i

R2
H R1 = Ra
JevsO SR
R N N

15 4
in which R4, R;, R3 and R4 represent

a) (R4=CHz;; R;=0CHj3; R3=CH3; R4=0OCHj3) or
b) (R4=CHj; R;=OCH,CF3; R3=H; R4=H) or
c) (R4=0CHa;; R,=0OCHgj; R3=H and R4=OCHF,) respectively
20
with a perborate salt in a liquid diluent at a pH in the range of 7.5 to 14 at a

temperature in the range of 0°C to the boiling point of the liquid diluent employed.

2. A process as claimed in claim 1 wherein the perborate salt is sodium

25  perborate.



WO 99/ 47514 PCT/ EP99/ 01574 12 3. A process as clained in either claim1l or
claim2 in which the anount of perborate salt enployed in the process is
in the ria%9ﬂ§75948 to 3 noles per nole of the conpound ofpdkrsdjogs7h!

enpl oyed in the process. 5 4. A process according to any previous claimin
which the liquid diluent is selected fapgmwater, a Cl al cohol, tol uene,
tetrahydrofuran, acetone, a C2 6 diol, a C3 6 triol, ethyl acetate or
mxtures thereof o GocdssPsd eRfifled G BRIEINGait 1 28FYcIBREY iR Uhiéd Bl hmBuMhbeh the
liquid diluent is a 10 water/alcohol mxture. 6. A process according to
any previ ousempeatersalh emiplayhd imtegireeassds insthedprgeedl @dito 3amolgs prr mele pk
.range of 8.5t 14]1%“ i 0 any previous claimin

whi ch a sal eol?’t enéggﬁ)rrrggla%%gléi?@ﬁgﬂ% 'tdglgﬁstéd. 8. A process according to
any previous claimin which the conpound of formula | is isolated as the
free heterogycle., 20 A L -1 - evi.ou fmi.n. which
t he procissﬁi S cé‘r P'ioggssoﬁfgg@ﬁ Szt%t%%ﬁegé&uuge&%ﬂﬁ %é"%%n}ghceé ﬁcatﬁ{l)aci:@e J1t55C. 10.
A process agelectdd i@ watdraa O} alocvhohitadberse, ¢etrghydrodurah, daetond, @ C).adiot a
reacted 25 with sodium perborate in a r}ixture of water and nethanol at a
pH in the rQﬁgé“%fet@."@‘:?t@teler@tXt‘He?gT%%?ature in the range of 15 -115C to
give a conpound of fornula la (oneprazole). 11. A process according to any
previ ous claimwherein a purification solvent is 30 added at the end of

t he oxi dati 6n reécprioogss according t® @ey Prejews diaimy in avhidhathe liquidyvdiyesit ris tehe

purification I hydr ocarbon or an ether. WD 99/47514
DT Epod) 01 WAl 3Rbl e,

6. A process according to any previous claim in which the process is carried out

at a pH in the range of 8.5 to 12.

15 7. A process according to any previous claim in which a salt of the desired

product is obtained.

8. A process according to any previous claim in which the compound of formula

| is isolated as the free heterocycle.

20
9. A process according to any previous claim in which the process is carried out
at a temperature in the range of 0 to 150°C.
10. A process according to claim 1 in which a compound of formula lla is reacted
25 with sodium perborate in a mixture of water and methanol at a pH in the

range of 8.5 to 10 at a temperature in the range of 15 -115°C to give a

compound of formula la (omeprazole).

11. A process according to any previous claim wherein a purification solvent is

30 added at the end of the oxidation reaction.

12. A process according to claim 11 wherein the purification solvent is a

hydrocarbon or an ether.



13. A process according to claim 12 wherein the purification solvent is
selected fromtent-butyl nethyl ether or diisopropyl ether. 14. A process
accor di ng W@ o3a¥51pr evious claimin which the conpound of fogdpERynpss! used
is prepared by reacting a conpound of forrmula Il IIl or a salt thereof in
which R4 is as previously defined with gzconpound of fornmula IV RZ R R3
ad N1V 10 or a salt thereof in which RL, R2, and R3 are as previously
defi ned, ona e Iuent
def e 9P O hobdbet o E0ER 95 el bhRaSSr ROl Uil

t he boili ngfrpmltaltt-bufyl miethyl ether or dlisbprepy! wmepl oyed and is then reacted WI t h
.a perborate salt without isolation. 15 15. A process according to claim 14
wherein the second liquid diluent is selected fromwater, a Cl-4 al cohol,
tol uene, teta. ahyArpyéd:u;]sara,cc?dmbauany prévious dkiolin V‘ﬁ‘:dﬁ&né cbmipehmd oﬁid\%ibla
acetate res ther &9 0oCcess .acco ng to claim15 wherein

t he seccﬁcw)d {P E‘hf qupaéeﬁit Vf§a?m@ asacﬁgpo%oé I?#l rst. 17. A process

according to any one of clainms 14-16 wherein sodium hydroxide is wused as

t he base.
A
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or a salt thereof in which R, is as previously defined with a compound of formula IV

10  or a salt thereof in which Ry, Ry, and R3 are as previously defined, bptionally in the
presence of a base, in a second liquid diluent at a pH in the range of 7.5 to 14 at a
temperature in the range of 0°C to the boiling point of the liquid diluent employed and

is then reacted with a perborate salt without isolation.

15 15. A process according to claim 14 wherein the second liquid diluent is selected
from water, a Cq_4 alcohol, toluene, tetrahydrofuran, acetone, a C,.4 diol, a Ca triol,

ethyl acetate or mixtures thereof.

16. A process according to claim 15 wherein the second liquid diluent is the same
20  as the first.

17. A process according to any one of claims 14-16 wherein sodium hydroxide is

used as the base.



