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" METHOD FOR THE SYNTHESI S OF A BENZI M DAZOLE COVMPOUND Fi el d of the invention
5 The present invention relates to a novel process for the synthesis of

5- met hoxy-2-[[ (4- T/SE96/01603
met-hoxy- 3, 5-%&%@‘/’?-2- pyri di nyl ) - met hyl ] sul phi nyl ] - 1Hbenz| m dazole, known
under the generic nanme oneprazole. Mreovey, the present invention also

rel ates to manufacture of a pharmaceutical preparation thereof and its use
in nmedicine. 10 Background of the invention and prior art. Oreprazole is
an inhibitor of gastric acid secretion making it useful as an antiul cer
agent. US 4 254EFROD(FOR THESYNTHBSISCOER BENZEMIDAFOIE GOMPORINIA pr ocess for
the preparation of this class of substituted benzi m dazol es. Said process
conprises a couple of reaction steps. 15 The three | ast steps of the

process utili w@%ﬁ;&?ne solvent and requires isolation of
i nternmedi ates to give the ftinal product oneprazole. The resulting product
is contam nated with starting materials and by-products. WO 91/ 18895
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oxi dati on st e méthdxlyi3zRgimethgld-pyrihglomsth@ARaphiaylfe HebehAimiapaé, Ridvanender the
chloride/water systemat substantially constant pH of about 8.0 to 8.6. The
wor k- up pr ocedBgneicingae gmeprazqls: Moreover.dbe praseat invantion alsotelates o mppufachae of bn of
an al kyl for s ioPthB%ESmd'; 4 facture of oneprazole is
described i n”ﬁ%ﬁg\%élimé%gépgﬁiﬁ?xg proﬁ%gsl&zg‘ slg?n eS(E:Hréi bes only the oxidation
step. Said oxidation step utilizes magnesi um nonoper oxyphtal ate as an

oxi dazi ng agent.. The resulti duct is contam nated with starting
materi al atfd KA ] C Inve ‘

Omeprazole is an inhibitor of gastric acid secretion making it useful as an antinicer agent.
US 4 255 431 (corresponding to EP 0 005 129) discloses a process for the preparation of
this class of substituted benzimidazoles. Said process comprises a couple of reaction steps.

15 The three last steps of the process utilize more than one solvent and requires isolation of
intermediates to give the final product omeprazole. The resulting product is contaminated
with starting matcrials and by-products.

WO 91/18895 describes an improved process for synthesis of omeprazole. This process

20  describes the oxidation step and a work-up procedure of omeprazole. The oxidation step
utilizes m-chloroperoxybenzoic acid in a methylene chloride/water system at substantially
constant pH of about 8.0 to 8.6. The work-up procedure includes crystallization of
omeprazole by the addition of an alkyl formate.

25 Another process for the manufacture of omeprazole is described in US 5 391 752. This
process also describes only the oxidation step. Said oxidation step utilizes magnesium
monoperoxyphtalate as an oxidazing agent. The resulting product is contaminated with

starting material and by-products.



WO 97/ 22603 PCT/ SE96/ 01603
* 2 Yet another process for the manufacture of conpounds show ng structural
simlarities to omeprazole is disclosed in US 4 619 997. The internedi ates
are isolated, but not purified, and different solvent systens are used in

the cheni ca¥08¥8p® t hr oughout the process. 5 I n the | iRFFSERHOBe above
there was still a need for a new convenient and nore efficient process to
manuf acture oneprazol e. Summary of the ifvention. 10 In the follow ng the

i nproved process is described. Schene | bel ow describes three main reaction
sequences in the manufacture of omeprazole. In the schene the conplete

chem cal nangg, ﬁ&hé@?&&e&sfoﬁﬂé’ﬁﬁn of DmpddRdsShovid @Quﬁﬁ%ﬁ&hﬁin g the

different internmedi ates are state The starting ter asthe
react ants ussmtpeazelerisdistlosgd aS # 19 ¥bVhomermdliatesard &slatedpad notputified,

lit t 4 Met 5-.dj net h di nyl t hyl
e R R gl e L il G Wereo bl b
suitabl e chlorinating agent) 20

s Inthe light of the above there was still a need for a new convenient and more efficient

process to manufacture omeprazole.

Summary of the invention,

10 In the following the improved process is described. Scheme 1 below describes three main
reaction sequences in the manufacture of omeprazole. In the scheme the complete chemical
names as well as short names for the starting material and the different intermediates are
stated. The starting material as well as the reactants used are readily available by procedures
described in the literature.
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Step 1:
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(4-Methoxy-3,5-dimethyl-
2-pyridinylymethyt alcohol

(Pyrmethyt alcohol} + SOCI, (or another suitable chiorinating agent)
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"[err] (4-Methoxy-3,5-dinethyl- 2-pyridinyl)nethyl chloride (Pyrnethyl
chloride) Step 2: [err] (4-Methoxy-3,5-dimethyl- 2-pyridinyl)nethyl

chl ori de %’,%E{ scapt o- 5- net hoxybenzi m dazol e (Pyrmet hylpcgRESi0h68)
(Met ner cazol gf hoxy-2( ( (4- met hoxy- 3, 5- di nethyl -2-pyridinyl)-nmethyl)-
t hi 0) - 1Hbenzi m dazol e (Pyrnetazole) Step 3: WO 97/ 22603

PCT/ SE96/ 01603 4 [err] O

o/
N x HCI
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N
(4-Methoxy-3,5-dimethyl-
2-pyridinylymethyl chloride
{Pyrmethyl chloride)
Step 2: '
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x HCI
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(4-Methoxy-3,5-dimethyl-

2-pyridinylymethyl chloride 2-Mercapto-5-methoxybenzimidazole
{Pyrmethyl chioride) + {Metmercazole)
5
0\
base
= 0
§-Methoxy-2{({4-methoxy-3,5-

dimethyl-2-pyridinyl}-methyl}-
thio)-1H-benzimidazole

{Pyrmetazole)

Step 3:
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5- Met hoxy- 2( ( (4- met hoxy- 3, 5- m Chl or oper oxybenzoi ¢ aci d

" di pet hyl - 2-pyridinyl)-nmethyl)- thio)-1H benzi m dazol e (Pyrnetazole) [err]

5- Met hoxy- 2( ((4- met hoxy- 3, 5-di met hyl -2-pyridinyl)- nethyl)sul finyl- 1H
benzi m dazol e (Oneprazole) Schene | 5 Advant ages of the inproved process
of "t he pre¥@812%6¢enti on are disclosed in the follow ng PaSHS . One

obj ect of the present invention is to provide a process for the nmanufacture
of oneprazole with all three reaction steps, described above, being carried
out without any 10 isolation or purification of the internedi ates, and
carried out in one main solvent systemcomon for the whgle sequence. Such
a process elinynates tine consun1nq?steps for isolation o purification of
|nterned|atestr | vent e process and .ting t he process
nore efficient oN prjo lon capacity. A f ortant benefit
of WO 97 +
PCT/ SE96/ 01660

::z"

Cl
5-Methoxy-2(({4-methoxy-3,5- m-Chloroperoxybenzoic acid
dimethyl-2-pyridinyl)}-methyl)-
thio)-tH-benzimidazole
{Pyrmetazole)

O ~
—_— 7 N\
=N

5-Methoxy-2{({4-methoxy-
3,5-dimethyl-2-pyridinyl)-
methyl)sulfinyl)-1H-
benzimidazole

{Omeprazole)

Scheme I

s  Advantages of the improved process of the present invention are disclosed in the following

paragraphs.

One object of the present invention is to provide a process for the manufacture of
omeprazole with all three reaction steps, described above, being carried out without any
10 isolation or purification of the intermediates, and carried out in one main solvent system
common for the whole sequence. Such a process eliminates time consuming steps for
isolation or purification of intermediates or solvent change in the process and thus making

the process more efficient with a high production capacity. A further important benefit of



_such a process is that the handling of toxicological and suspected
mut-ageni c i nternedi ates such as pyrnethyl chloride, due to isolation or
purification, is elimnated. Another preferred object of the present

i nvention is i de a process utilizing a solvent 5 sy 19@43 S
envi r onment a#%’?%%ndl y to avoid outlet of harnful sol ven?g?gthe?éggi S a
general interest fromenvironnental groupg both inside and outside the
pharmaceutical industry that the industry shall devel op and use
environmental ly friendly processes. In sone countries the authorities also
have made restrictions on the outlet of harnful chlorinated solvents into
the air. 10 Ssudbraipsocess iythat thehandling of gexaepbopicabind suspepted gwtageniqinemmediatesyi ves

oneprazole in _a _high pyrjt i t hout . | sol at.i on _or purification of

i nt er nedi at es?“c?ﬁéggfﬁﬁ\ygﬁ?’ﬁeo ‘Ecaff’ffgﬁg?fh?fpd‘ﬁ%if’%r?ﬁt'wp A t her processed
in a purification step and/or optionally processed into pharmaceutically
acceptabl e salts. 15 Another object of the present invention is to provide

a process for Aaothorprefored oljest off thepreseatinwantipn isito pravideapndcess uklizingyesolvenhe
present reaction seguence .starti fr rret hyl .al cahol, vi a. pyrnet hyl 20
chl ori de ahd err‘fb‘f‘gifgfsgnmmﬁm@‘ﬁ@ﬁ?diﬂ?%&oﬁ’ﬁgg‘é’f?%'F"?‘Fléﬂ‘vm Tﬁ%cgarrai n

sol vent syst egenésa thidrbdt Go@entiRMmmshal Soips B6thiinNideRd VRBRE the PhamBeduedt Syst em

is preferably inert agg:j.nst all reactants and suitable for the three
process st epsindpttyshatdhe ipdustry shall dexcloprand pse enpigenmanially fendly progesses. [n some

rnmet hyl alc < r . | ' ' not her
B 1abl e chl oFuhiries e SBRHEES o by A KLERTOA or e Bl oftififl Ciorfaned
chl ori de. Thesgletsinwnhe gir.pr ef er abl y

10
Surprisingly, the novel process of the present invention gives omeprazole in a high purity
without any isolation or purification of intermediates. The omeprazole obtained may
optionally be further processed in a purification step and/or optionally processed into
pharmaceutically acceptable salts.

15
Another object of the present invention is to provide a process for an optional purification

step of omeprazole.

Further, the present reaction sequence starting from pyrmethyl alcohol via pyrmethyl
20 chloride and pyrmetazole giving omeprazole can be carried out in a main solvent system
used through the whole reaction sequence. The solvent system is preferably inert against all

reactants and suitable for the three process steps.

Detailed description of the invention.

In step 1 pyrmethyl alcohol is reacted with an excess of thiony! chloride or another suitable
chlorinating agent giving alkyl chlorides, i.e. pyrmethyl chloride. The reaction is preferably
carried out at ambient temperature and for approximately a period of 30 minutes. The
reaction may also be performed at a temperature of -5°C to 25°C.

30



carried out at anbient tenperature and for approximtely a period of 30
*mnutes. The reaction may al so be perfornmed at a tenperature of -5[err]J]Cto
25[err]C. 30 WD 97/ 22603

PCT/ SE96/ 01603 6 The reaction is carried out in a solvent system which is
used t hr ongheuezsehe whol e reacti on sequence descri bed i nPCEFIHRIENS | e
from pyrnethyl al cohol to oneprazole. Such a solvent system suitable for
the present process conprises a main sdbvent and optionally one or nore
co-solvents. The main solvent is preferably water inmmscible, e.g.
carbontetrachloride, 5 1,1, 2-trichl oroet hane, chloroform nethylene

hl orid i ial Ly.pr i |
poi nt of vi T redtibe s cHHe S0Rpla3oRER S, w0l b heb I Posichertie " °
co- sol vent (shudnte ddderitied fin ichEhol, ¢ gronapyimethiicalcnbiub bimeprizdd. Stdtea Jobaat ants or

products during the ol e reaction 10  sequence. The so|vent systemw ||
function wi DRERsuANe 107 e Pregent grocess compries pmain sphyentapd optionally avg opmote ch a

co-sol vent Wy ohyebidMRAGHaih SeiveRt @ﬁéa&%émsdﬁng,eg Pifodthetiachidife, V0! UME-

Preferred co-solvents are al cohols and especi a
conpri sing L1.2-wichbaodiiane athivmeformimetliyiane cliondeads aolueneTolinne Brespecialig or

straight. 15 _EX | es of sol vent, Sé t.ens include, but are not limted to,
70- 80% ( by Rfﬁﬁ‘ﬂF@ng&ﬁ@Pﬁ?‘f‘@ﬂ@e@MWﬁ VIg¥- t ol uene and 20- 30% (by vol une)
| ower al cohol, e.g. ethanol. In step 2. the pyrnethyl chloride fornmed in

step 1 is reacted with nmetnercazol e under al kaline conditions, e.g. an
al kal i ne agErethennae [the sobntslster may optonslly camprise epaatemtt(shtd further

improve/enhance the solubility of the reactants or products during the whole reaction

10 sequence. The solvent system will function without any addition of a co-solvent, but the
addition of such a co-solvent will enhance the process capacity, i.e. the yield per volume.
Preferred co-solvents are alcohols and especially a lower alcohol comprising 1 - 4 carbon

atoms, which carbon chain may be branched or straight.

15 Examples of solvent systems include, but are not limited to, 70-80% (by volume) methylene

chloride or toluene and 20-30% (by volume) lower alcohol, e.g. ethanol.

In step 2, the pyrmethyl chloride formed in step 1 is reacted with metmercazole under
alkaline conditions, ¢.g. an alkaline aqueous solution of metmercazole is prepared and

20 mixed with the pyrmethyl chloride in the presence of a phase transfer catalyst. The reaction
is preferably carried out at a temperature of 30 - 60°C during a prolonged period of time.

Metmercazole is charged in approximately stoichiometric amount to the pyrmethyl chloride.
A phase transfer catalyst may be used, for instance a tertiary amine, preferably

25  tetrabutylammonium bromide.

The two phases formed are separated and the aqueous phase may be extracted with the used
water immiscible organic solvent, such as methylene chloride or toluene. Farthermore, an
alcohol may be added to the pyrmetazole solution to improve the solubility of the formed

30  intermediate, pyrmetazole.



20 m xed wth the pyrnmethyl chloride in the presence of a phase transfer
‘catalyst. The reaction is preferably carried out at a tenperature of 30 -
60[err] C during a prolonged period of tine. Metnercazole is charged in
approximately stoichionmetric anount to the pyrnethyl chloride. A phase
transfer catw@9u¥6day be used, for instance a tertiary euﬁqﬁaﬁEﬂV@g%¥ably 25
t et rabut yl anmoni um brom de. The two phases fornmed are separated and the
aqueous phase nay be extracted with the Used water immiscible organic

sol vent, such as nethylene chloride or toluene. Furthernore, an al cohol may
be added to the pyrnetazole solution to inprove the solubility of the
formed 30 internediate, pyrnetazole. WO 97/ 22603

PCT/ SE96/ 01603 7 In step 3, mchl oroperoxybenzoic acid is dissolved in an
wat er i mmi sci lplstep8r meohlotopstoixykenzoig agithis dissolvadtiy pe waterimmisdible organic solvente. The

m chl or oper oxybenzoi ¢ .aci d. i.§ ch ed. to the obtained.pyrpetazole ip a

bt fer ed two RSB RRE iosn Sreeiy The ottt B Beni W by Begef e o,
such as net hydyeafed Pyt dR iDh bhffdrstPing. phiade GysiéihSonGsiA SFthe WaRfinafiscBidi Um or
pot assi um hydr ogencar bonate. The organi c solvent may optionally be diluted

with an al £ohesivenipsushpametbylenechosidgior foluepe, gnd eqneowsbase, Sich pesadivmanzoi c

acid. The oxi L: | ay 0 g%g' oI I

per f or med bet&’eeﬁ%[”%‘r&’? angg%g??i% éf%e 0 'Pél'ﬁgigg?)dryo%&% |gvﬂ§x ract ed

into an al kal dlehol o@nteacesthe istilitg biithe heclilatperskybemdicatidi Thewxitation with fd t 0

fromthe aqueous phase by |lowering the pH of the solution to approximately
&

9 at anbi ent ¢arpREFAYbIEdc evid rrasterelly perfermed Betwgenfiand 23 Tte dhe iained er al |
yield in the RLaceRIxiaticdintd ah ¥lkaline, aqueous phase and the formed product is precipitated

to  from the aqueous phase by lowering the pH of the solution to approximately 9 at ambient
temperature, Omeprazole is isolated and washed. The overall yield in the process is usually
higher than 75%.

The additional purification can be carried out by crystallization from one or several organic
15 solvents, or by precipitation from alkaline water by lowering the pH through addition of an
acid or an alkyl formate.

Examples of suitable acids include, but are not limited to, carboxylic acids such as formic
acid, acetic acid, or citric acid, and mineral acids, such as hydrogen chloride, hydrogen

20 bromide, hydrogen fiuoride, hydrogen iodide, sulfuric acid, nitric acid, or phosphoric acid.
Preferred acids are carboxylic acids. Suitable alkyl formats include, but are not limited to,
methy!l formate and ethyl formate. A preferred alkyl formate is methyl formate.

The present invention is described more in detail in the following non-limiting examples.
Manufacturing of omeprazole.

Example 1.



~higher than 75% The additional purification can be carried out by
“crystallization fromone or several organic 15 solvents, or by
precipitation fromal kaline water by | owering the pH through addition of an
acid or an al kyl formate. Exanples of suitable acids include, but are not
limted towaamnk@xyl i c acids such as formc acid, aceticPEESESSOM3Citric
acid, and mneral acids, such as hydrogen chloride, hydrogen 20 brom de,
hydrogen fluoride, hydrogen iodide, sulfluric acid, nitric acid, or
phosphoric acid. Preferred acids are carboxylic acids. Suitable alkyl
formats include, but are not limted to, nethyl formate and et hyl formate.
A preferred gl f | f 1ol Lnvent | S
descri bed nol?‘eskél @ lgﬁgﬁ}ﬁ?'{ﬁfﬂgﬁ#g{] Il%g’\ni'n_r %ﬁgﬁt}?ﬂﬁﬁ%@ ?%gpéehfr Mfoeast@glcnc
Manuf act ur i rilopitle sol@funat 06.8 g (G:X@0P1) ydinethyl ald6hd) &f ARehE temperature. The

PCT/ SE96/ 01603 8 17.8 g (0. 15 nol iy Thionyl chloride in 13 nL nethyl ene
chl ori de wagolfias Waystersd for gparaximatsly 30HnBpicsie sol ution of 16.8 g (0. 10 nol)
pyrnmet hyl al cohol at anbient tenperature. The solution was stirred for
approximately 30 mnutes. 5 18.0 g (0.10 nol) Metnercazole, 47.3.,9 (0.58

mol ) agqueoust 80glioum riyliiMeshedeaz61e,0Ph 3¢ (0)S8amol) haqicoaduotinhetivdroxide(5¢% awyle (0.9
g) were mxed at anbient te er,attbreéa. The pyrrretlgg‘l chl ori de sol ution was
added at a t"@ﬁﬁ‘é‘ﬁ‘%ﬁi‘ﬂ?’@"‘ﬁ%‘f’ﬁ%‘?@%f B) were gatediat ppbisptjerpprgarure. The

pyrmethy] chloride solution was added at a temperature between 25° - 40°C and the

oy

)

mixture was refluxed for I - 2 hours. The two phases were separated and the agueous phase
was washed with methylene chloride. The organic phases were combined.

10
10.4 g (0.10 mol) Potassium bicarbonate dissolved in water was added to the pyrmetazole

solution.

22.3 g (0.099 mol) Mera-chloroperoxybenzoic acid (76.5% w/w) dissolved in 42 mL of

15 methylene chloride and 10 mL of ethanol were charged to the prepared mixture of
pyrmetazole in methylene chloride and potassium bicarbonate in water. The oxidation was
carried out at 0 ~ 15°C. The product was extracted into the aqueous phase at an alkaline pH
by addition of sodium hydroxide. The two phases were separated and the organic phase was
washed with an atkaline water solution. The aqueous phases were combined.

20
Omeprazole was precipitated from the agueous phase by the addition of 12 mL methyl
formate, filtered and washed with water/methanol and dried. Omeprazole was obtained in a
yield of 76%.

25 Example 2,

13.1 g (0.11 mol) Thionyl chloride was charged to a toluene solution of 16.7 g (0.10 mol)
pyrmethyl alcohol at ambient temperature. The reaction was continued for approximately 30
minutes.

30



m xture was refluxed for 1 - 2 hours. The two phases were separated and the
" aqueous phase was washed with net hyl ene chloride. The organi c phases were
conbined. 10 10.4 g (0.10 nol) Potassium bi carbonate di ssolved in water was

added to the ret azol e solution. 22.3 g (0.099 nol)
Met a- chl oroﬂ%‘g Bhzoic acid (76.5% ww) dissolved in 42 S SEoER

nmet hyl ene chl oride and 10 nL of ethanol pere charged to the prepared
m xture of pyrmetazole in nethylene chloride and potassi um bi carbonate in
wat er. The oxidation was carried out at 0 - 15[ err]C. The product was
extracted into the agueous phase at an al kaline pH by addition of sodium

hydr oxi de. Thge fofedpiamethyVéhicids @PRlvahcwasaiited With 41 Qicdline aqidaiSolaticn ofashed
with an al kali ne water solution. The aqueous phases_were conbi ned. 20

Onepr azol e wa80s(@4P mobapetmercazals. The reaefion @s perfraed by the peseraeirh(- B8 of 12 nL
thyl f ' 1. / '
Grept azol e wiabiiahoRlnGmR SRRl 4 Chle FRbUSTRe OB ||

mol ) Thi onyl sepatacediadé theaguenns phpse whpexaratted with @hwenk | Ethaw] ohs ddded'todmpfovd O
nol ) pyrmethyl al g_o,hol at_anbient tenperature. The reaction was continued

for approgi nitesplbility ofithg resltinggyoduct begorg e solgtian was cooled to ambient
PCT/ SE96/ 016Qgperature.

24.4 g (0.10 mol) Meta-chloroperoxybenzoic acid in 42 ml toluene and 10 mL ethanol
were charged to a two phase system prepared from the obtained pyrmetazole toluene

10 solution, and potassium bicarbonate (13.8 g) in water (120 mL). The oxidation was
performed between 0°C and room temperature. The product was extracted into an alkaline
aqueous phase by the addition of sodium hydroxide. The two phases were separated and the
organic phase was washed with water. Omeprazole was precipitated by lowering the pH of
the solution to approximately 9 at ambient temperature. Omeprazole was isolated, washed,

15 and dried. The overall yield was approximately 77%.

itional purifi
20 Example 3

20.0 g (0.0579 moles) of omeprazole, prepared according to example 1, 125 mL of
methanol and 54 mL of water were mixed at ambient temperature.

2s  The product was dissolved at an alkaline pH by additon of sodium hydroxide. The solution
was filtered and cooled to approximately 0°C.

The product was precipitated by addition of diluted acetic acid, filtered and washed with
water/methanol, and thereafter dried. Omeprazole was obtained in a yield of 90 %.

30



9 The formed pyrnmethyl chloride in toluene was m xed wth an al kal i ne
aqueous solution of 18.0 g (0.10 nol) netnercazole. The reaction was
performed in the presence of 0.9 g tetrabutyl ammoni um brom de at 40[err]C
during a couple of hours. The two phases were separated and the aqueous
phase was ewmo@eees with tol uene. Ethanol was added to i npcasedsdiIsone
solubility of the resulting product before the solution was cooled to

anbi ent tenperature. 24.4 g (0.10 nol) M0a-chl or oper oxybenzoic acid in 42
m. toluene and 10 niL et hanol were charged to a two phase system prepared
fromthe obtained pyrnetazole toluene 10 solution, and potassium

bi carbonate (13.8 g) in water (120 nlL). The oxi dation was perforned between
O[err]C and room tenperature. The product was extracted into an al kali ne
aqueous phasgxfgplé e addi tion of sodi um hydroxi de. The two phases were
separated and the organi c phase was washed with water. Onmeprazol e was
precipitated by lowering the pH of the solution to approxinmately 9 at

anbi ent tenp 24 WEIR: i i ed. The
overal | vyiel Si'\%gts(é'g%pr oX| %fg%"gp%f)’b%%@{j?%nal %ﬁﬁq??@gtllﬁﬂ%%onepr azol e.
20 Exanpl e 3midthafolB4(rAl 6bmethyiehechloridt and &P hizef atnmanizopae AikedaEAhledg t O
exanple 1, 125 nL of melbhano,l and 54 nL_of water were m xed at anbi ent

t enper at ur e. teFperageand tephrpingdsoluion %5 filteredt an al kal i ne pH by addition of
sodi um hydr oxi de. The solution was filtered and cool ed to approxi mately
O[err]C. The product was precipitated by addition of diluted acetic acid,
filtered andThapriodutt was precipitated byeeviaporation of mrebthyieae eblbtide urder reduce@prssueez ol e
was obtained in a yield of 90 % 30

10 0.3 mL of ammonia was added and the slurry was cooled to 0°C,

The product was filtered, washed with methanol containing approximately 1% v/v of
ammonia, and dried. Omeprazole was obtained in a yield of 90 %.

15
With respect to the environmental point of view, the best way to carry out one aspect of the

present invention is according to the process described in Example 2.
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"10 £Exanple 4 11.2 nmepr azol e, prepared according to
exanple 1, 69 nL of SHIWmHHINﬁmHﬁ"h of nethyl ene chloride and 0.3 niL of
anmoni a were mxed at anbiert tenperature and the obtai ned ) t on. Was
filtered. ThWOR72¥Btt was precipitated by evaporation of §ﬁugglﬂ %thlori de
under reduced pressure. 10 0.3 nL of anmpni a was added and the slurry was
cooled to O[err]C. The product was filter¥d, washed w th nethanol

contai ning approximately 1% v/v of ammonia, and dried. Oreprazol e was
obtained in a yield of 90 % 15 Wth respect to the environnental point of
view, the bes%_mto carry out one aspect of the present invention is

according to e process described in Exanple 2. WO 97/ 22603
PCT/ SE96/ 01603 11 CLAI Ms. 1. A process for the manufacture of

5- met hoxy-2-[] (4- mgt hoxy- h i th hi gyl ] -
1H benzi m dazol e P?‘b?ﬁ"‘(‘f E?Eﬁﬁd’)‘?ﬁe% %Iea‘f%r?e@%tb Qilﬁy‘%fngﬁ Vﬁk%‘m&"’w
pyridinyl)-methyl]sulphinyl]- 1 H-benzimidazole from (4-methoxy-3,5-dimethyl-2-pyridinyl)-
s methyl alcohol comprising the following reaction steps

Step 1:
0/
' =N
N/ o
(4-Methoxy-3,5-dimethyl-
2-pyridinyl)methyl alcohol
{Pyrmethyl alcohol} + SOCI, {or another suitable chlorinating agent)
10
Ve
BN x HCI
l Cl
5
N
(4-Methoxy-3,5-dimethyl-

2-pyridinyl)methyl chloride
{Pyrmethyl chloride)



5 met hyl

'(4 Methoxy35d|meth t hyl
Cvenon o AR -

SOCl [err]

al cohol conprising the follow ng reaction steps Step 1: [err]

WO 97/ 22603W0 97/22603
Step 2: [err] (4-Methoxy-3,5-dinethyl- 2-pyridinyl)nmethyl chloride
2- Mer capt o- 5- met hoxybenzi mi dazol e (Pyr neizhyl

(Metmercazole) 5 [err]

10

al cohol (Pynethyl al cohol)

e chlorinating agent) 10 [err]

chloride (Pyrnethyl chloride)
P

eT1/$E9661601 603 12

chl ori de) +

5- Met hoxy- 2( ( (4- met hoxy- 3, 5-

Step 2:
o~
[ x HCI
I _ . /N o<
N HS—(N
H
(4-Methoxy-3,5-dimethyl-
2-pyridinyl)methyl chloride 2-Mercapto-5-methoxybenzimidazole
{Pyrmethyi chloride) + (Metmercazole)
0\
base
- O
N

5-Methoxy-2({{4-methoxy-3,5-

dimethyl-2-pyridinyl}-methyt)-

thio)-14-benzimidazole

{Pyrmetazole)
Step 3:

/ (@]
0O N Ol
— ?
7\ N + OH
=N H
Ci

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

{Pyrmetazole)

m-Chloroperoxybenzoic acid



di met hyl - 2- pyri di nyl ) - net hyl )=-thi o) - 1H- benzi m dazol e (Pyrnetazole) Step 3:
[err] 5-Methoxy-2(((4-nme m Chl or oper oxybenzoi c acid

sty <ot - e e

13 [err] 5- QNEMA2(((4- net hoxy- 3, 5-di net hyl - 2-pyri di ny
met hyl )sul finyl)-1H - benzi m dazol e (Orep{?ﬁzol e) characterized in that the
reaction steps are carried out in a consetutive order w thout isolation of
the internediates forned during the process using one nmain solvent systemb5
common for the whole reaction sequence. 2. A process according to claim
1, characterized in thato/t he s@Lvent NYS Qprises

\S 7

__<

— /- \ ﬁ
N
5-Methoxy-2(((4-methoxy-
3,5-dimethyl-2-pyridinyl)-

methyl)sulfinyl)-1H-
benzimidazole

{Omeprazole)

characterized in that the reaction steps are carried out in a consecutive order without
isolation of the intermediates formed during the process using one main solvent system

5 common for the whole reaction sequence.

2. A process according to claim i, characterized in that the solvent system comprises
a main solvent and optionally one or more co-solvents.

10

3. A process according to claim 2, characterized in that the main solvent is methylene
chloride.
4. A process according to claim 2, characterized in that the main solvent is toluene.

15
S. A process according to claim 2, characterized in that the co-solvent is an alcohol.
6. A process according to claim 1, characterized in that step 1 is carried out at a

temperature between -5°C 1o 25°C,

7. A process according to claim 1, characterized in that step 2 is carried out with z

phase transfer catalyst.



a main solvent and optionally one or nore co-solvents. 10 3. A process

aceording to claim2, chay ' ' t the main solvent is nethyl ene
chioride. 4. A prOCGZHﬂﬁwmmmm“fai m 2, characterized in that the
mai n solvent is toluene. 1 L ®A protess according to claim 2,

char act er i wo@260x hat the co-solvent is an alcohol. 6. PCTSE§PI§8esS

according to claiml1, characterized in that step | is carried out at a
tenperature between -5[err]Cto 25[err]®@ 20 7. A process according to
claim1l1, characterized in that step 2 is carried out with a phase transfer
catal yst. 14 8. A process according to claim?7, characterized in

t hat the phase tr@ﬁ%&gf § St E’t@!giexlil?{ﬁga 'g*{gsp&%g} . A
process acc%rdi ng to c %%ngéhlgir“gz:’t‘:@%ze I'n t a?é ep |cg&(t:ae{$$r‘|lsed out
at a 5 terpshuplanimorieh twwetide30[ err] C to 60[err] C. 10. A process

according to anyone of the proceeding clains wherein the resulting 5-
met hoxy- 2- [ [ (4- met hoxy- 3, 5-di met hyl - 2- pyri di nyl ) - met hyl ] sul phi nyl ] -
1H-benzi mi dgzol e 4 Srofddt §d26Hdinpub biain? ¥, dnBratreRibbliif inaAldp™is $4r58d ovht a

s temperature between 30°C to 60°C.

10. A process according to anyone of the proceeding claims wherein the resulting 5-
methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)-methyl}sulphinyl]- | H-benzimidazole is
further purified in a purification step.

10
11, A process according to claim 10, characterized in that the purification step involves

crystallization from one or several organic solvents.

12, A process according to claim 10, characterized in that the purification step involves
15  precipitation from alkaline water by lowering the pH through addition of an acid or an alkyl

formate.

13. A pharmaceutical preparation comprising 5-methoxy-2-{[(4-methoxy-3,5-dimethyl-
2-pyridinyl)-methyl]sulphinyl}-1H-benzimidazole and a pharmaceutically acceptable carrier

20 or diluent characterized in that the 5-methoxy-2-[[{4-methoxy-3,5-dimethyl-2-pyridinyl)-
methyl]sulphinyl]-1H-benzimidazole is prepared by a process according to one of the claims
1-12.

14, 5-Methoxy-2-[{(4-methoxy-3,5-dimethyl-2-pyridinyl}-methyl}sulphinyl]-1H-

benzimidazole prepared by a process according to one of claims 1-12.



11 A process according to claim 10, characterized in that the
purification step involves crystallization fromone or sever RITHef
solvents. 12. A process according to claim10, characterized in th t he
purification step involves 15 precipitation from al kal i ne ¢
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A process for the manufacture of omeprazole from pyrmethyl alcohol via pyrmethy! chloride and pynnetazolc characterized in that
the whole reaction sequence is carried out without any isolation or punﬁcatlon of intermediates. Further that the reaction is carried out in a
main solvent system common for the whole reaction sequence and inert to the reactants formed during the process and used in the process.
The process according to the present invention may also includc an additional purification step.




