17 JUN 2005 1 METHOD FOR THE SYNTHESI S OF A BENZI M DAZOLE COVPOUND The
present invention relates to an i nproved process for the synthesis of7 jUN 7005
- 5-nmet hoxy- 2( ((4-

* met hoxy- 3, 5-di net hyl - 2- pyri di nyl ) net hyl )t hi o) - 1H benzi m dazol e (pyrnetazol e)
used in 5 the manufacturing of

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

met hyl ] sul phi nyl ] -1H benzi m dazole and iits (S)-enantioner, known under the
generic names oneprazol e and esoneprazol e, respectively. to Background of
the invention and prior art An efficient process for synthesis of oneprazole
is described in WO 97/ 22603, which is_ hereby incorporated by reference. In
t he descriB@ﬂﬂ@QBéﬁngHEﬁé@@jﬂgﬂﬁ6ﬂﬁééﬁ%ﬁakﬂééafﬂﬂ%gﬁwﬂmﬂﬂmpfication or
isolation steps in between the different reaction steps and a nore efficient
process is hence offered. Further adding to the sinplicity, the reaction
sequence i The plekdn€ihvidhion WilateoONEmMBAIVEDProsak Y@ Miie SHiflssbt MRigheat(4he whol e
process. However, there is still a need a new, even nore conveni ent and

of
more ef fi cinskoxpdocizsthylol-pyndinyhimebdetior-1 Hpearmidepelnipamsizeolexised gher i el d
and with hh%*h‘%‘{nuga‘é@&g% of -H%m‘é%ggggfn%ﬁoiﬁéa?égi‘é{egﬁ%’@hgsﬁ?d yield of the

final products, zol e"or prazo the i nvention The
obj ect of tReyiJENSHSYIPIH bSndif RECY batBitA SPERGESSer RiowhenddpME haedr i ng of
pyrmetazole in a high yield and with a high purity, which is especially
i npor t ant hamestoxepeigiaard esomepreyele tespedtively. esomepr azol e. The process, i.e.
the reaction sequence from pyrnethyl alcohol 25 (la) to pyrnetazole (l), is
carried out, without any isolation or purification of internediates, in one
sol vent system comon for the reaction sequence, to obtain a reproducible
high yield of the final products, oneprazole or esoneprazole. Such a
pr ocess® el Begkarouad of hegmventis Lt eps for isolation or purification of
i ntermedi a nd. sav ine . L di ol vent . c in.the process,
thus. ki ne oo SRS oSt BrhRebis A i SR 2260 Vi

hereby incorporated by reference. In the described process, there is no need for additional

purification or isolation steps in between the different reaction steps and a more efficient
process is hence offered. Further adding to the simplicity, the reaction sequence is carried
15 outin one common solvent system throughout the whole process. However, there is still a
need of a new, even more convenient and more efficient process for the manufacturing of
pyrmetazole in higher yield and with higher purity, and which process provides increased

yield of the final prbducts, omeprazole or esomeprazole.

20

Summary of the invention

The object of the invention is to provide a process for the manufacturing of pyrmetazole in
2 high yield and with a high purity, which is especially important for the asymmetric
synthesis of esomeprazole. The process, i.e. the reaction sequence from pyrmethyl-alcohol
25 (Ia) to pyrmetazole (I), is cammied out, without any isolation or puriﬁcaﬂon of intermediates,
in one solvent system commeon for the reaction sequence, to obtain a reproducible high
yield of the final products, omeprazole or esomeprazole. Such a process eliminates time
consuming steps for isolation or purification of inlermediates and save time on avoiding
solvent changes in tht:: process, thus making the process more efficient and with a high

30 production capacity.



30 production capacity. 1 7 JUN 2005 2 Detailed description of the

i nvention The process conprising the follow ng reaction steps: Step]L:JUN 2005
Pyrmet hyl al cohol (la) + chloro-dehydroxylating agent -* pyrnethyl 5
chloride (Ib) Step 2: Pynnethyl chloride (Ib) + netmercazole (1c)- --4
pyrnmetazole (1) is perforned in a solvent system conmon for the reaction
sequence, conprising a water inmm scible organic solvent and a specified
anount of water added. This process iszused for the synthesis of
pyrnetazole, an internmediate in the synthesis of onmeprazole or 10
esoneprazole. In Step 1, the conversion of pyrnethyl alcohol into pyrnethyl
chloride, hereinafter referred to as chloro-dehydroxylation, the pyrnethyl
al cohol (la) is reacted with an excess of a chl oro-dehydroxyl ati ng agent
gi ving an aIkyI chlorlde ine. pyrmet hyl chloride (Ib). The is

chl oro- hyd’-v A1z =Y ayenpen sel ected fromthionyl chloride, cyanuric

chl ori de, u?? 0S ﬁg?oé‘?‘f‘u%ﬁ“rgfﬁ%f&fog (’gtmg)cugsgtgorous pentachl ori de, and

phosphor o erformed at a tenperature of -5 C
to +45 C s@paf er e gtaees] 45 Chane dehdorGlatikBakerdtr-of gyabhyyibet ween +10 C
and +35 C, or.between +25 C and +35 C. In the case, where no water is
presentsfr@i@mdwfdltbegl nni ng, the conversion of the reactants into 20 the

product, t hyl, chl I will not to.co 0 However, the
reaction c%{?ns PRt 'f’ltcggm%\ ?%Eialn?%mgcgzﬁgg@f)l'éﬁ %ﬁ%ﬁ 1(‘cif?nwat er and the
reaction tH%ﬁﬁ@ﬁ&ﬁﬁnQéavaﬁsaﬁaﬂp&ﬁhgﬁﬁnﬁﬂH§mnhﬁs& @ndcCashphgGoRngs, it is
possible tore-start it with addition of a specified anpbunt of wat er. 25

Accordi ng mnlstlbh@ oﬁgaabwaenmﬂmpttwfﬁed@mc@m tufewg(tttrtﬁ)iﬁeqofl"bmpwd%fm osed$oep 1, is
reacted w met ner.cazol e &I%L.unde Ilne conqltlons e.g. an al kaline

Rusous SOPUETEIFB! PRI SbPE TG (DR PERLeEe gﬁﬁpw%arwth the
pyrmet byl &hhephege (1 b). The reaction is

In Step 1, the conversion of pyrmethyl alcohol mto pyrmethyl chloride, hereinafter referred
to'as ch]oro—df:hydmxylation, the pyrmethy! alcohol (Ia) is reacted with an excess of a
chloro-dehydroxylating agent giving an alkyl chloride, i.e. pyrmethyl chloride (Ib). The

15 chloro-hydroxylating agent can be selected from thionyl chloride, cyanuric chloride,
phosphorous trichloride, phosphorous pcmachloridc, and phosphorous oxychloride. The
reaction is performed at a temperature of -5° C to +45 ° C, preferably between -5° C and
+35° C, most preferably between +10° C and +35° C, or between +25° C and +35° C. n
the case, where no water is present from the beginning, the conversion of the reactants into

26 the product, pyrmethyl chloﬁde {Ib), will not go to completion. However, the reaction can
be re-started by adding a specified aﬁount of water and the reaction thereafter can be
commpleted. Thus, if the reaction ceases, it 1s possible to re-start it with addition of a

specified amount of water.

25 According to Step 2 above, pyrmethyl chloride (Ib), provided from Step 1, is reacted with
metmercazole (Ic) under alkaline conditions, e.g. an alkaline aqueous solution of
metmercazole (Ic) is prepared and mixed with the pyrmethy] chloride {Ib). The reaction 1s
preferably carried out at a temperatue of +30° C to +60° C during a prolonged period of .
time. Metmercazole (Ic) is charged in approximately stoichiometric amount to the

30 pyrmethy! chloride (Tb). The invention may also be used in combination with 2 phase



preferably carried out at a tenperatue of +30 Cto +60 C during a prol onged
period of tinme. Metnercazole (Ic) is charged in approxi mately 17 JUN 2005
stoichionetric anount to the 30 pyrnmethyl chloride (Ib). The invention nmay
* also be used in conbination with a phase 1 7 JUN 2005 3 transfer catalyst,
for instance a quarternary am ne, such as tetrabutyl ammoni um brom de. The
two phases forned are separated, the aqueous phase may be extracted with a
wat er i nm sci bl e organic solvent suchgas toluene, and the organic phase nmay
be extracted with water. S As pyrnethyl alcohol (la) has a di sadvant ageous
effect on the followi ng reaction steps, it is inportant to mnimse the
content of the pynnethyl alcohol (la) present. The reaction sequence
accordi ng tansfst egalystafod ifStasee 2qudasmariredng boshessitgrabaryt irachoowtn bromfilee  t o

sol vent system The solvent system used for the present reaction sequence

conpri ses Ehc ‘Wé’tl@r”seﬁ AorMEd P15 sePas3 et ARCCadg P dhese ‘%"‘D’cb(? exiagied yhhAstaka,
al i phatic Blg% r%%hc@?ﬂﬂ%%ﬂ K51 eﬁ’J afbthE %Smc ?1 ot ?J:t&f&

et hyl - aceta e an ene c oride " and a speci anoun

added. Prefgeably, toluene may be used as the water inmscible organlc
solvent. 15 The water content in the solvent systemshall preferably be near
or above the saturation point of the organic solvent used. By this, a

hi gher amo {:%ﬂ;g@%lp@;@%ﬁ %%ﬂ%va& géous%ffec,aclol'l%V%Sllggﬁég&%geaagps QEm t he

pyr met hyl ore; “during or

after the ,ﬁipaﬂgitmgmﬁmisb&ecdmh@ﬂmdmyﬂmewl atdhap(Iageedent. such as thionyl 20
chloride. An optinmumrange of water present during Step 1 is between 0.3 and
5.5 mg water/m of water inmm scible organic solvent, preferabl y between 0.3

gg?v\gég 1 ewg éxll géqn,g)}cc acce()t1wc¥\'ege{~| SQép 1 ?ncijte gtdgs% %d at1 S%S,r ffneoﬁ‘igbl y
sat ur atg orson@mrstyst@zfn. Tii@sowegﬁd}s@mméwamthettﬁ@éntl re&t.loﬁ ©dquence comprisesa

wa_tcrl immiscible organic solvent, such as halogenated, aliphatic or aromatic hydrocarbons
or esters, for example toluene, ethyl-acetate and methylene chlonde, and a specified
amount of water added. Preferably, toluene may be used as the water immiscible organic
solvent.

15
The water content in the solvent system shall preferably be near or above the saturation
point of the organic solvent used. By this, a higher amount of pyrmethyl alcchol (Ia) is
allowed to react and form the pyrmethyl chloride (Ib). The amount of water may be added
before, during or afler the charging of the chloro-dehydroxylating agent, such as thiony!

20 chlonide. An optimum range of water present during Step 1 is between 0.3 and 5.5 mg
water/m] of water immiscible organic solvent, preferably between 0.3 and 5.0 mg
water/ml, or between 0.4 ‘and 2.4 mg/ml, and most preferably between 1.0 and 2.4 mg/ml.
If the water content is lower than the saturation point of the organic solvent used i.e. for
to]uené, less than 0.3 mgfﬁ'll, the reaction is stow and it has a tendency to stop before full

25 conversion has been achieved. In average, a conversion of 25-50 % is obtained when
toluene, having a water content of Jess than 0.1 mg/ml, is used as the solvent system. Such
a reaction leads to a high content of pyrmethyl alcohol (I2) in the reaction mixture after
Step 1. It is inconvenient to have a high content of pyrmethyl alcohol present in the crude

product of pyrmetazole (1) after Step 2. We have found that if about 1 %, or more, of

% pyrmethyl alcohol (Ia) is left in the reaction mixture, this component has an adverse effect



toluene, less than 0.3 ng/m, the reaction is slow and it has a tendency to
stop before full 25 conversion has been achieved. In average, a cdnvéiiNsilon
of 25-50 % is obtained when toluene, having a water content of |ess than
0.1 ng/m, is used as the solvent system Such a reaction |leads to a high
content of pyrnethyl alcohol (la) in the reaction mxture after Step 1. It
i's inconvenient to have a high content of pyrnethyl alcohol present in the
crude product of pyrnetazole (1) after Step 2. W have found that if about
1 % or nore, of 30 pyrmethyl alcohol4(Is) is left in the reaction mxture,
this conponent has an adverse effect 1 7 JUN 2005 4 on both the turnover
and the enantioselectivity achieved in the asymetric oxidation of

pyr met az?ll' Eoth %cqu%%%%ﬁ%oén%memgctgf ug 2y éﬂl}{‘ri]’rﬂetés?% B‘lfa[%é[giggﬁ SEFG”EM of

the firs n the process he reaction

sequencepﬁﬁkgﬂb@ymﬁemmuﬁx@bﬁphoI (la) via pyrnethyl chloride (Ib) to
pyrmetazole (1), is carried out in one common solvent system conprising a

water inmm scible organic solvent and a specified anount of water, which is

used L oONOUt Lie,  LeRctLon, SSENTR nIDR S TROYSL PLOGSRS o the

manuf act

mehoxy- 3miy 9908403y IrhreBYd dnde ke, ﬁ%h'}i@‘rﬁaéﬂn?l mm%rgpﬁmb WndaRetfond

(pyrnetazole).can in to nore detai|l bé described by Step 1 and Step 2 bel ow,
bot h per {lby weormetazplad), éy carmad @it inkine comrr@arspb/estcswemt cammiswigtawaerspeci fi ed

anount of wat added:  Ste 0 deh rox tian ct|n

ot oy aUBle R R S B el Haty D AR b RB D sty e e B8hol ) of
the for pl:fy s@qt@ng"'ﬂh@ne\bllr\ﬁ?xtobe@prgwsﬁ)fd?ﬂ%m(ﬂﬁm af 5%z]ﬁﬂ9&"{ @ such as
thi onyl chloride, providing net hoxy- 3, 5- 20 di et hyl - 2-pyridinyl) net hyl
chl or i demgpyryrigd-Hirhete¥it epyrdiE)yiemeth jig-tifi o) iHbenaitmdazole (pyrmetazole) can in

i0  more detail be described by Step 1 and Step 2 below, both performed in a water immiscible

organic solvent and with a specified amount of water added:
Step 1: Chioro-dehydroxylation:

15 Reacting (4-methoxy-3,5-dimethyl-2-pyndinyl)methyl alcohol (pymmethyl alcohol) of the

formula Ja

A_OH la

with a chloro-dehydroxylating agent, such as thionyl chloride, providing (4-methoxy-3,5-
20 dimethyl-2-pyridinyl)methyl chloride {pyrinethyl chloride) of the formula Ib

-

o)
l X x HCI ib;

N/ Cl

25



Ox HC Ib; NG 251 7 JUN 2005 5 Step 2: Coupling reaction: Reacting
(4- net hoxy- 3, 5-di net hyl - 2- pyri di nyl )met hyl chloride of the fornmula {®,nN 2005
prepared in Step 1 above, with 2-nercapto-5-net hoxybenzim dazol e
(rmetnercazole) of the formula 51c O HS--QN]Jc NH in the presence of a
base such as, sodi um hydroxi de or potassium hydroxi de; providing 5- 10

nmet hoxy- 2( ( (4- met hoxy

3, 5-di met hyl - 2-pyridinyl)methyl)thio)-41-1-benzi m dazole (pyrnetazole) of
the formulal ONO~ N H Nis The pyrnetazole is then further processed
to the final products, oneprazole or esoneprazole. The present invention
provi des an inprovenent associated to Step 1 in the mnufacturing of

pyr met azol &ep ByCauphog eaconpl et e conversi on and reproducible yield 20 of
pyrnmet hyl al cohol (la) and pyrnethyl chloride (Ib) respectively. The

advant ageous effect of water present during the chloro-dehydroxyl ati on

reaction, mb&holu. dethPE ihdighY%- pyridinyl)methy! chioride of the formula I, prepared

in Step 1 above, with 2-mercapto-3-methoxybenzimidazole (metmercazole) of the formula

N O\
HS —< Ic
N .

H

5 Ik

in the presence of a base such as, sodium hydroxide or potassium hydroxide; pm\}iding 5-
10 methoxy-2({((4-methoxy 3,5-dimethyl-2-pyndinyl)methyljthio)-1 H-benzimidazole

(pyrmetazole) of the formuia I

15 The pyrmetazole is then further processed to the final products, omeprazole or

esomeprazole,

The present invention provides an improvement associated to Step 1 in the
manufacturing of pyrmetazole, by a more complete conversion and reproducible yield

20. of pyrmethyl alcohol (Ia) and pyrmethyl chioride (Ib) respectively. The advantageous
effect of water present during the .chloro—dehydroxylation reaction, Step 1, is surprisingly
as this type of chloro-dehydroxylating agents are regarded as incompatible with water, i.e.
thionyl chloride reacts violently with water and excess of thionyl chloride is usually

hydrolysed after a reaction by an addition of water.



as this type of chloro,-dehydroxylating agents are regarded as inconpatible
with water, i.e. thionyl chloride reacts violently with water and ¢fcgNgo0f
thionyl chloride is usually hydrolysed after a reaction by an addition of
water. 2s 1 7 JUN 2005 6 More specifically, the aimw th the present

i nvention has been to inprove Step 1, the chloro-dehydroxylation step, in
the process for preparation of pyrnmetazole (1) used in the synthesis of
oneprazol e or esoneprazole, i.e. to obtain a nore efficient conversion of
the pyrnethyl alcohol (la), a reaction step that is common for both the
synthesis of 5 esoneprazole and oneprazole. It has, surprisingly, been shown
that presence of a specified anount of water reduces the anount of

remai ni ng Poraspetifitally] tohoh withade preent intatioe am/iees tommpbve§eprbithy| al cohol
(la) according to is nore conplete. A snah%ﬁ,annunt of water present

St 1 ] |
in the reaﬁ}ilP‘Brﬁcmck‘E’ﬁE@mF’é%’ ghe;prgedst 1OF PEEBAREPE Plopymaigels (Bgsed 1 et | ¢ ent
: ‘ . i 3 i b
Lo Accor i Ytk oPb i loid drtbo il £06 Ghuails diyBReicicin CoRREIY bl Y

pyr net azol gyrinkihyl aléJHOMIS, € BealtidSstépubitnEfonthOIE 5 566 thosypRpkazol e in a

consequtive reaction sequence. There is no isolation or purification
per f or red ef9MicPgzaihend aarprizole. Hdguewoasingiti keen sRovyy dpehradshes ofwisptrifiesspect to

implici d . - id f thyl al cohol is
(1 2) 1 r om Sl i VB BER PR Bt TR R ik BRUMST A BbOPLRITE S vt 220l e (1)

in Step 2.cdrvelias obppihei@uneoidlaib) dckaeng o5 epyriikiokytorieehotmill a) have
di sadvant ageous effects upon the oxidation of pyrnetazole (1) to oneprazole

and especi @PPYnt efEHCT RPN A8 epRtiop PEXUEE g e s GRUSCOBYTHER.APBREM ) to
esoneprazolf.,. t Oyl - Gl r 2Q in reduced
t urnover aénfﬁCl@ﬁ%ﬁ??@@%ﬁ%ﬁa{%ﬁﬁ/@nﬁ?ﬁgpdggg}mﬁ(ﬂ @élgfﬁ %g{gﬁiﬁg tg'nd give a
productpy, with less purity and in |ower yield. Thus, the obtained '

enanti oneri c excess of esoneprazole is de ending on a high purity of the
i nt er nedi afecosbBrtoubripipgastreesasbidan (W 97/22603 the crude product, pyrmetazole (1),

from Step 2 is further processed to omeprazole in a consequtive reaction sequence. There
.18 no isolation or purification performed during the reaction sequence, which is preferable
with respect to process simplicity and economy. However, residues of pyrmethyl alcohol

15 (la) from Step 1 have been found in the product mixture of pyrmetazole (I) in Step 2.

It has been found that traces of pyrmethyl alcohol (Ia) have disad\{antageous effects upon
the oxidation of pyrmetazole (I) to omeprazole and es;x:cial}y then in the asymmetric
oxidation of pyrmetazole (I) to csomepraiolc. Such traces of pyrmethyl alcohol (Ia) results
20 in reduced turnover and enantio-sejectivity in the asymmetric oxidation and give -a product
with less purity and in lower yield. Thus, the obtained enantiomeric excess of
esomeprazole is depending on a high purity of the intermediate compound pyrmetazole (I).

The impact of levels from about 1% or above of pyrmethy! alcohol has been investigated.

25 The presence of water in the chloro-dehydroxylation reaction, Step 1, 1s of outmost
importance to obtain pyrmethyl chloride (Ib) and thereby pymmetazole (I) in high yield and
with a hi gﬁ purity without any requirements of isolation or purification. The required
amount of water may be charged from the beginning, or being added during or after the
addition of a suitable chloro-dehydroxylating agent, such as thionyl chloride. Preferably a

3 smalil specified amount of water 1s charged at the beginning of the reaction. The addition of



The inmpact of levels fromabout 1% or above of pyrnethyl al cohol has been

i nvestigated. 25 The presence of water in the chloro-dehydroxyl atidrf JUN 2005
reaction, Step 1, is of outnobst inportance to obtain pyrnethyl chloride
(I'b) and thereby pyrnetazole (1) in high yield and wth a high purity

wi t hout any requirenents of isolation or purification. The required anount
of water may be charged fromthe begi nning, or being added during or after
the addition of a suitable chloro-dehydroxyl ati ng agent, such as thionyl
chloride. Preferably a 30 snmall specified anount of water is charged at the
begi nning of the reaction. The addition of 17 JUN 2005 7 water during the
process may al so be used as a way to re-start an inconplete reaction to

i nprove t heteydwing tenprogspoiay tlspbe ited as Ty 1o msuart an mvenpleonegtiaviodes a nore
efficient use of ,tﬁe ghl oro-dg,tgﬁlg,gox |l ating agent.. 5 Furthernore, the
presence BRPTQMtIBF YiElS aaf gppduc - B8 PLEsQh I Fnu Al pIOYgese PR GECIS Uess, as
it also reggdyceseinen .rz))tﬁ&ﬁ'%tagé.t,Sks connected with this type of reactions,
i.e. such as accunulati'on of "thionyl chloride or reactive reaction

i nternedi ates. Thus, avoiding the risk of a late rapid exotherm c reaction
to occur._However, there exjsts other options to get- conplete and /or high
conver & oF“EETRYEHRE PRYTENST ok ip PP 4 Rfodies e %,}e"a%@ QS IRAFFIProGHs: A

M ni S, it ofo Ffiod oK BRI Hks Biefied wih Bhs IyBe B RRedions, TRESEH GPLT ONS can e,
for instance, an extended reaction tine, raised reaction tenperature or

i ncr easedaexaeksondf thibhgdritloridb boreedse reaiveinermedihie s haptaveidis g alfecrishot
favored in view of an effective production of the final products, '

omepr azol &f HAE TERGFEPICEPE 183CLPR OPFE LR KOSV EstETS L ISEAUS RPUFIS 1O ESir t her

iIIustratgrBF}]& LIPLPYEH cHVRERS S gmtlg@lap: t h apl.es are not
; ompléte i8H ¢ f 12l ¥EN A9 th Step 1654 1& 5D
intended tolimt t egscope %’fi tﬁ I nvVention (ag detTc ng% her el Habove or as
cl ai mad balromise, 2GicdD0ApPiokethyl Excahg () in Step 2, These options can be, for instance, an

extended reaction time, raised reaction ternperature or increased excess of thionyl chloride.

However, these options are not favored in view of an effective production of the final

products, omeprazole and esomeprazole.

15
The examples that follow will further illustrate the improved process of the invention.
These examples are not intended to limit the scope of the invention as defined hereinabove

or as claimed below.
0 EXAMPLES
Example 1

Pyrmethyl alcohol, 8.82 g (52.7 mmo}), was dissolved in toluene, saturated with water, 74
25 ml (water content 0.4 mg/ml according to Karl Fisher titration). To the stirred solution, at
10°C, thionyl chloride, 8.15 g (68.5 mmol), was added slowly aver 60 minutes (flow rate
0.083 ml/min). A white precipitaie was formed. The conversion of pyrmethyl alcohol into
pyrmethyl chloride was followed by HPLC, (column: Nova-Pak C 18, 4 um, 3.9%150 mm).
A fast reaction was recorded, reaching 99 % conversion after completed addition of thionyi

so  chloride.



Pyrmet hyl al cohol, 8.82 g (52.7 mmol ), was di ssolved in toluene, saturated
wth water, 74 25 nj (water content 0.4 ng/nil according to Karl F ghes 1005
titration). To the stirred solution, at 10C, thionyl chloride, 8.15 g (68.5
mol ), was added slowly over 60 mnutes (flowrate 0.083 m/mn). Awhite
precipitate was formed. The conversion of pyrnethyl alcohol into pyrnethyl
chloride was followed by HPLC, (colum: Nova-Pak C 18, 4 m 3.9*150 nm. A
fast reaction was recorded, reaching 99 % conversion after conpleted
addition of thionyl 30 chloride. 1 7 3UN 2005 8 Exanple 2 Pyrnmethyl
al cohol, 8.81 g (52.6 mmol ), was dissolved in a mxture of toluene, 75 m s
(water content 0.04 ng/m according to Karl Fisher titration) and water, 180
| (10 mmol, equivalent to about 2.4 ng ImM of water in toluene). To the
stirred solution, at 10C, thionyl chloride, 8.15 g (68.5 nmol), was added
sl oWy ovepgxaffpled nutes (flow rate 0.083 nl/mn). A white precipitate was
formed. The conversion of pyrnethyl alcohol into pyrnmethyl chloride was
foll owed by HPLC asin Exanple 1. A fast reaction was recorded, reaching io
99 % convession after I d additiqn of t.hiony|l chloride,.The reaction
t enper at u gnpmg%a%coﬁ%h gg@éﬁ%%@’gﬁa ﬁ%cﬁheéiﬁgla,m%h’mn? ,to()&’/ﬁ%e’ gaEPZd to stop
the regct i(@her fonkddh 00k ik/@f acchiaeh gt A8 ANHSWedtionPXIdWRABY h 3@l Q0 hfigoIVas
obtained, with a purity of 99.6 % (HPLC), and wth a pyrnethyl al cohol
resi due ofeq@valenpto AHuER4ripg enidf Patarin tejuenedl Totglstirgd giluigen B2 07Crthiohyl,  was
di ssolved in toluene, 75 m, (water nt.ent 04 nylpl acc | ng, ta Karl
Fi sher ti t%“@ﬂ%r?)ul. gr‘égtsﬁgmgk)ﬁ?se%d%‘g’i?%‘f‘iyc?ﬁ?f&m&’@g‘f? @%‘i’é"ﬁ?%%ﬂ%&'}@de, 8. 15
g (68.5 MPlhite wpw@% FInQWA YTHR 66y e Abr i hR&h fif i @por idloGytn@BA M /min). 20
A white precipitate was formed i nmedi atel y. " The obt ai ned réaction m xture
was stirr etiloridneas fefowediby HBhCraslin Bxvenplby. AdRIsCreagtioni wasEx@ngseredchidpr an
2 h : 5
i‘ggl ]“ ggg@ﬂ%??ngg{%gi a&éﬁ%o&%l’p?%tg g@ditcljo%colfltl‘ﬂglgyl%Elgriaé.ol%gergactaign %%%lél}atu%g ./()' vater,
was adjusted to 20°C and methanol, 40 ml, was added to stop the reaction. A solution of
the crude product, pyrmethy] chloride was obtained, with 2 purity of 99.6 % (HPLC), and

with a pyrmethy! alcohol residue of 0.3 %.
15 Example 3

Pyrmethyl aleohol, 8.82 g (52.7 mmol), was dissolved in toluene, 75 ml (water content
0.04 mg/ml acéording to Karl Fisher titration). To the stirred solution, at 10°C, thionyl
chioride, 8.15 ¢ (68.5 mmeol), was added slowly over 60 minutes (flow rate 0.083 ml/min).

20 A white precipitate was formed immediately. The obtained reaction mixture was stirred
and the reaction followed by HPLC, as in Example 1, for an additional 3.5 hours
(conversion declined and stopped at about 30%). Water, 180 ul (10 mrﬁ.()]}, was added, to
re-start the reaction, yielding 2 high conversion (> 90%) within 30 minutes after the
addition.

15

Example 4

Pyrmethyi alcohol (8.8 g, 52.6 mmol) was dissolved in toluene (75 ml, water content 0.12
mg/ml} moistened with water (180 i, 10 mmol) at room temperature. To the stirred

10  solution, at 25-30 °C, thionyl chloride (8.15 g, 68.5 mmole) was added slowly over 60 min.



~re-start the reaction, yielding a high conversion (> 90% w thin 30 m nutes
after the addition. 25 Exanple 4 Pyrnethyl alcohol (8.8 g, 52.6 mrqlﬂlm
di ssolved in toluene (75 nm, water content 0.12 ng/m) noistened w'th @r
(180 pl, 10 mmol) at roomtenperature. To the stirred. 30 solution, at 25-30
C, thionyl chloride (8.15 g, 68.5 mmle) was added slowy over 60 mn. 1 7
JUN 2005 9 (flowrate of 0.083 m/mn). Conversion of the reaction was

anal ysed with HPLC as in Exanple 1. Conversion over 99.5% Wter (2.3 nml)
was added to quench any excess of thi8nyl chloride. 5 An alkaline (13.5 g,
168.3 mmol 50 % w/ w sodi um hydr oxi de) aqueous (80 m ) solution of

nmet nercazole (9.8 g, 54.2 mvol) was added fol |l owed by additional sodium

hydr oxi de . 8 . 50 .% odi i each pH>12.5.
The tenper gﬁ’ﬁ"rr@te\%g%gm@@%b%vﬂlrﬂ%‘iééwat}s(f\ée?cfa %fojl_*?l %Xg%?gléﬂgﬁkkh@%&? lt% i ons. The
reaction mexiiiie 1 V@veSioh overidd. 59 WAEQUS 1Al wak hdiRd iOGuenBR Lyd B oF Y t WO,
hours at 45 C° The agitating was interrupted and 30 the phases were left to
separ at e. Tmybdiwoies phase was di scarded. The organi ¢ phase, conprising

pyrnet azol e, was washed with water and was anal ysed for residues. of
pyrnmet hyl al cohol (less than 0.1 %nol). is Exanple 5 Pyrmethyl al cohol (8.8

g, 52.6, MRyl LU @ 5301 4eHmhid) B@gmm%sio@g% i droM@d) 8udeR0 fsth) Qoidon 410/ M )

0
nmoi stened wth water (375 1d, 20. roomtenperature. To the stirred
sol uti on , metme2Bz36 (93 g1 I Dmydo})ohrsaddeddoll ®ve@DyqddiTigna) sodioinhydasideddidd sl oW y

over 60 mn. flow rate of. 0.095 m /mn). ton of the reaction was
anal ysed V\Ftlﬂg'%é@laé% %’nwﬁﬁ?ﬁi‘r’ﬁ? léyc%i‘?xq%éfﬂ/@@ I%??qé%ﬂ’@?"?e%mefﬁ@s synt hesi s
continued ipyA% SERRMEYS 88 diGHEhE REMidm. TReGERYEn hixclRavRNaHWEL Phase,
vigorous stirring for approximately two hours at 45 °C. The agitating was interrupted and
10 the phases were left to separate. The aqueous phase was discarded. The organic phase,
comprising pyrmetazole, was washed with water and was analysed for residues of

pyrmethyl alcohol (less than 0.1 %rmol).

15 Example 5 .

Pyrmethyl alcohol (8.8 g, 52.6 mmol) was dissolved in toluene (75 ml, water content 0.12

mg/mnl) moistened with water (3735 pl, 20.8 fnrnol) at room temperature. To the stirred

“solution , at 25-35 °C, thionyl chloride (9.33 g, 78.4 mmol) was added slowly over Gf} min.
20 (flow rate of 0.095 m¥/min). Conversion of the reaction was analysed with HPLC as in

Example 1. Conversion over 99.5 %.

The synthesis continued in the same way as described in Example 4. The product phase,

comprising pyrmetazole, was analysed for residue of pyrmethyl alcohol (less than 0.1

Femol).

Kl



conprising pyrnetazole, was anal ysed for residue of pyrnethyl alcohol (Iless
than 0.1 %mwl). u 30 1 7 JUN 2005 10 CLAIMS. 1. A process for the{7
manuf act ure of 5-met hoxy-2-[[ (4-nmethoxy- 3, 5-di net hyl - JUN 2005
pyr|d|nyl) met hyl ) -t hi o] - 1H benzi m dazol e of fornula I sO0OO0~ \ S--/ 11

<N.. N H from (4-nmet hoxy- 3, 5-di net hyl - 2- pyri di nyl ) --net hyl al cohol
conpr|5|ng the following reaction steps carried out in a consecutive order
in one main solvent systemw thout 1o isolation of the internediates forned
during the process Sten 1: reacting '
(4- met hoxy- 3, 5-di et hyl - 2- pyri di nyl ) net hyl al cohol (pyrnethyl alcohol) of
the formulala O OHlas Nwith a chlof -dehydroxyl ati ng agent, providing
(4-net hoxy-3, 5-di methyl -2 pyridinyl)nmethyl chloride (pyrmethyl chloride) of
the formula Ib O x HC |b;

CLAIMS.

1. A process for the manufacture of 5-methox y-2-[{(4-methoxy-3,5-dimethyl-2-

pyridinyl)-methyl}-thio]-1H-benzimidazele of formula I

from (4-methoxy-3,5-dimethyl-2-pyridinyl)-methyl alcoho] comprising the following
reaction steps Qarried out in a consecutive order in one main solvent system without
10 isolation of the intermediates formed during the process
Step 1:
reacting (4-methoxy-3,5-dimethyl-2-pyridinylymethy! alcohol (pyrmethyl alcohol) of the

formuia la

15

with a chloro-dehydroxylating agent, providing (4-methoxy-3,5-dimethyl-2-
pyridinylymethyl chloride (pyrmethy! chloride) of the formuia b
O ~
l NN x HCI Ib;

-~ Cl

it N



C N 20 97 JUN 2005 11 Step 2: reacting

(4- met hoxy- 3, 5-di net hyl - 2- pyri di nyl ) met hyl chloride of the formula 1b,
prepared in Step | above, w th 2-nercapto-5-nethoxybenzi m dazol e 17 JUN 2005
(rmetnercazole) of the formula Ic 5 NO HS---{ IC Hin the presence oNf g
base, providing 5-nethoxy-2[ ((4-nmethoxy-3, 5-dinethyl - 2-
pyridinyl)nmethyi]thio]-1H benzi m dazol e (pyrnetazole) of the fornmula | 10 c
har acteri zedinthat the solvent system comon for the whole
reacti on sequence, conprises water inmm scible organic solvent with a
speci fied amount of between 0.3 and 5.5 ng water/ nil water inmscible
organi ¢ solvent added. 2. A process according to claim1l wherein the water

i mm sci ble organic solvent is is tol udhe. 3. A process according to claim|l
wherein the water inm scible organic solvent is ethyl acetate, 20 4. A
process according to claim1l, characterized in that the specified anount of
water is preskgt2:fromthe start of the reaction according to Step 1. 5. A
process accordi [ one. cl.aj.. : i in, that the
specified armrﬁar?F lggo(%' %’v?g't@ ke/yré)‘?glmg{? edl%,cgllg}r§l flk%e%{t}ﬁ%’ clﬁgé}gtﬁcﬁfg&ﬁa Iﬁ’ﬁ’gcpkwd

chl or o- dehydriofyp athomg witR B-meegrepiv-Simethiohdenzeadizdlomesauecoredng e brdtlep 1.

Ic
N .0 ~
HS— I
N

H

in the presence of a base, providing 5-methoxy-2{[{4-methoxy-3,5-dimethyl-2-
pyridinyhmethyl]thio]- 1H-benzimidazole (pyrmetazole) of the formuia T

w characterized inthat the solvent system, common for the whole reaction segquence,
comprises water immiscible organic sclvent with a specified amount of between 0.3 and

5.5 mg water / ml water immiscible organic sclvent added.

2. A process according to claim 1 wherein the water immiscible organic solvent is
15 toluene,
3. A process according to claim 1 wherein the water immiscible organic solvent is

“ethyl acetate,

20 4. A process according to claim 1, characterized in that the specified amount of

water is present from the start of the reaction according to Step 1.

5. A process according 1o any one of claims 1 and 4, characterized in that the
specified amount of water is added during the charging of the chloro-dehydroxylating

25 agent in the reaction according to Step 1.



1 7 JUN 2005 12 6. A process according to any one of clains 1 to 5,
characterized in that the specified anount of water is added after ibquﬁaﬁ
of the chloro-dehydroxylating agent in the reaction according to St P

A process according to claim1l, characterized in that the specified anount
of water is 0.3 - 5.0 ng/m of water inmscible organic solvent. 8. A
process according to claim1l, characterized in that the specified anount of
water is 0.4 - 2.4 ng/nl of water inmscible organic solvent. to 9. A
process according to claim1l, characterized in that the specified anount of
water is 1.0 - 2.4 ng/m of water inmscible organic solvent. 10. A process
according to any one of clains | to 9, characterized in that the reaction
is according to Step 1 is carried out at a tenperature between -5C and +45C.
11 . A process according to any one of clains 1 to 9, characterized in that

the temperaluje i s,bRtueRRuRCARofd?Curd? d2ondhellifossta BRSpLN0 L0 any

one of claims 1 to characterized in tenperature i et ween +10C
and +35C. 13. aopriofesy ineddet diendereinsahifie dinso-ghydpuiaisk dzettondic characteri zed
in that the tﬁ&B&h@&Hé%ﬁb%m gt ween +25C and +35C. 25 14. A process
according to any one o ai 1 to 13, characterized in that the chloro-
dehydroxyl ati ng agent is thionyl chloride. 30

s 7. A process according to claim 1, characterized in that the specified amount of

water is 0.3 — 5.0 mg/m! of water immiscible organic solvent.

g A process according to claim 1, characterized in that the specified amount of

water is 0.4 — 2.4 mg/ml of water immiscible organic solvent.

9, A process according to claim 1, characterized in that the specified amount of

water is 1.0 — 2.4 mg/m! of water immiscible organic solvent.

10. A process according to any one of claims 1 to 9, characterized in that the reaction

15 according to Step 1 is carried cut at a temperature between -5°C and +45°C.

11. A process zecording 1o any one of claims 1 to 9, characterized in that the

temperature is between -5°C and +35°C.

0 12 A process according to any one of claims 1 t¢ 9, characterized in that the

temperature is between +10°C and +35°C.

13. A process according to any one of claims 1 to 9, characterized in that the
temperature is between +25°C and +35°C.

25

14. A process according to any one of claims 1 to 13, characterized in that the chloro-

dehydroxylating agent is thiony] chloride.

30



