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Technical field '
The present invention relates to an improved method for
the synthesis of 5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-"
pyridinyl)-methyllsulfinyl-1H-benizimidazole, referréd to
under its generic name omeprazole fhroughout the following
specification and claims.

Prior art

US-A~-4 255 431 discloses a process for the synthesis of
omeprazole comprising the steps of reacting S-methoxy-2-
[(4-methoxy-3,5-dimethy1-2-pyridigyl)—methylthio]-lH—
benzimidazole in a methylene chloride solution with m-
chloroperoxybenzoié acid resulting in the formation of
omeprazole and m-chlorobenzoic acid. omeprazole is highly
sensitive to acids,. and the reaction mixture has to be
maintained at a low temperature to prevent excessive
decomposition in the reaction mixture.

The product is worked-up by filtering-off of m-chloro-
benzoic acid formed during the reaction. The filtrate is
diluted with methylene chloride, is extracted with Nazco
solution, dried and evaporated. The resulting omeprazole
product is contaminated with starting materials and by-
products.

3

Summary of the invention

The object of the present invention is to provide an
improved method for the synthesis of omeprazole, which
eliminates the drawbacks of previously known methods.

This object is achieved according to the present inven-
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Prior art- EP- A-197013 di scl oses a process for the prepara- tion of

5- ret hoxy- 2-[[[ 4- (4- met hyl phenoxy) - 2-pyridinyl]- nmethyl]sulfinyl]-

H benzi m dazol e by oxi di zati on of

5- met hoxy- 2-[[[ 4- (4- net hyl phenoxy) - 2- pyr bdi nyl ] met hyl ] thi o] -

H benzi m dazole at [err] with mchl oroperbenzo- ic acid in [err]. NaOH is
then added to the reaction m xture, separation of the two phases, addition
of tion, which is characterized by the steps of reacting 5-

methoxy-2-{ (4-methoxy-3,5~dimethyl~2~-pyridinyl)-methyl-
thio}-1H-benzimidazole (below denoted Compound I) with m-
chloroperoxybenzoic acid in a methylene chloride solution
5 at a substantially constant pH of about 8.0 to 8.6;
extracting the reaction with aqueous NaOH; separating the
agueous phase from the organic phase; and adding an alkyl
formate to the aqueous phase, resulting in crystallization
of omeprazole.
10
The m-chloroperoxybenzoic acid is suitably used in an
amount of 0.7 - 1.4 molar equivalents of Compound I, and
preferably in an amount of 0.9 - 1.2 molar equivalents.

15 According to one embodiment of the invention, the alkyl
formate is methylformate or ethylformate, methylformate
being preferred.

The alkyl formate is suitably used in an amount of 1.2 -
20 2.0 molar equivalents of Compound I, and preferably in an
amount of 1.5 - 1.8 molar equivalents.

One important feature of the method according to the
invention is that unreacted sulfide is not transferred

25 into the aqueous phase upon the extraction with agueous
NaOH. Another important feature is that m~chlorobenzoic
acid does not crystallize upon the addition of methyl-
formate to the aqueous phase, thereby eliminating the need
of filtering-off of m-chlorobenzoic acid in a previous

30 step.

The pH of the reaction mixture may be maintained within

the pH range of 8.0 - 8.6 with the aid of pH static

titration with NaOH or with the use of a buffer. Preferred
35 buffers are sodium bicarbonate and potassium bicarbonate.
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[err]. adjustnent of the pHto 9.5 by HO addition and separation of the
phases. After drying of the-[err] phase the solvent is evaporated and the
product crystal- lized fromJ[err]. The product is highly sensitive to ac-

i ds,” and the reaction m xture has to be mmintained at a | ow tenperature to

prevent deconposition in the reaction m xture. US-A-4 255 431 discloses a
process for the synt he-
A great advantage of the method according to the invention

is that the reaction takes place in the organic methylene
chloride phase while the m-chlorobenzoic acid formed
during the reaction goes into the aqueous phase containing

5 the buffer, in the case a buffer is used. Because of this,
omeprazole formed does not stay in contact with the acid
and the reaction may be performed at a temperature above
0°C.

10 According to one embodiment of the invention the pH of the
aqueous NaOH phase is kept at above about 12.

According to another embodiment of the invention the
crystallization of omeprazole is performed at a pH of
15 above 9.

The invention will be further illustrated below with a
non-limiting example.

20 Example

S5-methoxy-2-{(4-methoxy-3,5-dimethyl-2-pyridinyl)-
methylthio}-~1H-benzimidazole (16.2 g; 0.0492 mol) is
reacted with m~chloroperoxybenzeoic acid (13.6 g; 0.0537

25 mol) in CH2C12 acting as a solvent at a pH of 8.6, which
is maintained by the presence of KHCO3 (5.6 g; 0.056 mol)
acting as a buffer. The temperature is maintained at about
0°C during the addition. '

30 Diluted NaOH is added to a pH above 12 and the CH201
phase is separated off.

2

Methylformate (4.7 g) is charged to the water phase and

the pH is kept above 9, whereupon omeprazole crystallizes.
35 The crystals are filtered off and are washed with water

and methanol at a temperature of about 0°C. The washed

crystals are dried under vacuum. Yield: 15.6 g (92 %).
T
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sis. of oneprazole conprising the steps of reacting :
5= met hoxy-2-[ (4-met hoxy-3, 5-dinmethyl -2-pyridinyl)- nethyl
H benzi m dazol e (bel ow denoted Com pound 1) in a nethylene chlorlde

solution with mchlo- roperoxybenzoic adid resulting mﬂﬁ‘\ml\ m
one- prazole and mchl orobenzoic acid. Oreprazole is H eto

acids, and the reaction mixture has to be nmaintained at a‘ldw tenperature
to prevent deconposi - Claims -
1. An improved method for the synthesis of omeprazole,

characterized by the steps of reacting 5-

5 methoxy-2-{(4~-methoxy-3,5-dimethyl-2-pyridinyl)-methyl-
thiol-1H~benzimidazole (Compound I} with m-chloroperoxy-
benzoic acid in a methylene chloride solution at a
substantially constant pH of about 8.0 to 8.6; extracting
the reaction mixture with aqueous NaOH; separating the

10 aqueous phase from the organic phase; and adding an alkyl
formate to the aqueous phase, resulting in the crystal-
lization of omeprazole.

2. Method according to claim l, characteri-
15 z e d  in that the m-chloroperoxybenzoic acid is used in
' an amount of 0.7 - 1.4, preferably 0.9 - 1.2, molar equi-
valents of Compound I.

3. Method according toclaiml or 2, characte -~
20 r i zed in that the alkyl formate is methylformate.

4. Method according to claims 1 -3, characte-~

r ized in that pH of the reaction mixture is main-

tained within the pH range of 8.0 - 8.6 with the aid of pH
25 static titration with NaOH.

5. Method according to claims 1 - 4, characte-

rized in that pH of the reaction mixture is main-

tained within the pH range of 8.0 - 8.6 with the use of a
30 buffer.

6. Method according toclaim 5, characteri-
z ed in that the buffer is sodium bicarbonate or
- potassium bicarbonate.
35
7. Method according to claims 1 -6, characte -~
r i zed in that the pH of the aqueous NaOH phase is
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tion<of oneprazole in the reaction nixture. REPLACEMENT SHEET -2- The

.product is worked-up by filtering-off of H}Ch|Ol_LQQgﬂ;QLC—aG%d~?OTHEd and
preci pitated during the reac-

10

S W

kept at above about 12.

8. Method according to claims 1 - 7, characte -
r i zed in that the alkyl formate is added in an amount

of 1.2 - 2.0, preferably 1.5 - 1.8, molar equivalents of
Compound I.

9. Method according to claims 1 - 8, characte -

r i z ed in that the crystallization of omeprazole is
performed at a pH of above 9.
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tions The filtrate is diluted with methylene chloride, is ex-
~ferr] solution, dried and evaporated. The resulting crude omeprazole is
contanm nated with start- ing materials and by-products. Summary of the
i nvention The object of the present invention is to provide an inproved

met hod for the synthesis of onmeprazole, which increases the yield and
purity of the crude one-

ABSTRACT

The present invention relates to an improved method for
the synthesis of omeprazole, comprising the steps of

5 reacting S-methoxy-2-{(4-methoxy-3,5-dimethyl-2-pyri-
dinyl)-methylthioc]~1H-benzimidazole with m-chloroperoxy-
benzoic acid in a methylene chloride solution at a
substantially constant pH of about 8.0 to 8.6; extracting
the reaction mixture with aqueous NaOH; separating the

10 aqueous phase from the organic phase; and adding an alkyl

formate to the agqueous phase, resulting in crystallization
of omeprazole.
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This object is achieved according to the present in- vention,

prazole
“which i $ characrerized by the steps of reactin s SG
m chl or )perﬁﬁ)FHe“rQEDCSHE a@al nerft sol vel {?tengced_.i'
chlorid c@ substantval Iy nst gnt pH of Y Eﬁt%@pg
the reablienc sl upaged. .ampgeys . Dage, prefd t’% A oy
agqueous t%%'@(sb r opagbde. "D GRRlaq PEES¢: 1and ad A
(] Drawing(s) : paged ....... to paged .. to paged 7.
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Technical field

The present invention relates to an improved method for
the synthesis of 5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyl)-methyl]lsulfinyl-1H-benizimidazole, referred to
under its generic name omeprazole throughout the following

specification and claims.

Prior art

US-A-4 255 431 discloses a process for the synthesis of
omeprazole comprising the steps of reacting 5-methoxy-2-
[ (4~methoxy-3,5~-dimethyl-2-pyridinyl)-methylthio]-1H~-
benzimidazole in a methylene chloride solution with m-
chloroperoxybenzoic acid resulting in the formation of
omeprazole and m~-chlorobenzoic acid. omeprazole is highly
sensitive to acids, and the reaction mixture has to be
maintained at a low temperature to prevent excessive
decomposition in the reaction mixture.

The product is worked-up by filtering-off of m~-chloro-

benzoic acid formed during the reaction. The filtrate is
diluted with methylene chloride, is extracted with Na2C03
solution, dried and evaporated. The resulting omeprazole
product is contaminated with startihg materials and by-

products.

Summary of the invention

The object of the present invention is to provide an
improved method for the synthesis of omeprazole, which
_eliminates the drawbacks of previously known methods.
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This object is achieved according to the present inven-

This Sheet Has Been Repl

HIIIIH I I

II Illl




ing an alkyl formate to the aqueous phase, resulting in crystallization of
; omeprazol e. The m chl oroper oxybenzoic acid is suitably used in an anmount of
0.7 - 1.4 nolar equival ents of Conmpound 1, and preferably in an anount of
0.9 - 1.2 nolar equiv- alents. According to one enbodi nent of the

I nvention, the alkyl formate is nmethylformate or ethyl formate, nethyl-
: 3 : .

tion, which is characterized by the steps of reacting 5-
methoxy-2-[ ( 4-methoxy-3,5-dimethyl-2-pyridinyl)-methyl-~
thio]-1H-benzimidazole (below denoted Compound I) with m-
chloroperoxybenzoic acid in a methylene chloride solution
at a substantially constant pH of about 8.0 to 8.6;
extracting the reaction with aqueous NaOH; separating the
aqueous phase from the organic phase; and adding an alkyl:
formate to the aqueous phase, resulting in crystallization
of omeprazole.

The m-chloroperoxybenzoic acid is suitably used in an
amount of 0.7 - 1.4 molar equivalents of Compound I, and
preferably in an amount of 0.9 - 1.2 molar equivalents.

According to one embodiment of the invention, the alkyl
formate is methylformate or ethylformate, methylformate
being preferred.

The alkyl formate is suitably used in an amount of 1.2 ~
2.0 molar equivalents of Compound I, and preferably in an
amount of 1.5 - 1.8 molar equivalents.

One important feature of the method according to the
invention is that unreacted sulfide is not transferred
into the aqueous phase upon the extraction with aqueous
NaOH. Another important feature is that m-chlorobenzoic
acid does not crystallize upon the addition of-methyi-
formate to the agqueous phase, thereby eliminating the need
of filtering-off of m-chlorobenzoic acid in a previous
step. :

The pH of the reaction mixture may be maintained within
the pH range of 8.0 - 8.6 with the aid of pH static
titration with NaOH or with the use of a buffer. Preferred
buffers are sodium bicarbonate and potassium bicarbbna
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ormate being preferred. The alkyl formate is suitably -used in an anount of

for e

«1.2-2.0 nolar equivalents of Conpound | and prefera-. | Y, HalBetR etht of
1.5 - 1.8 nolar equivalents. One inportant f eat ur e TB$ ccordi ng
to the invention is that Conpound | is not transferr ueous

phase upon the extraction with aqueoys NaCH. Anot her eature is
t hat m chl or oben- '

A great advantage of the method according to the invention
is that the reaction takes place in the organic methylene
chloride phase while the m~chlorobenzoic acid formed
during the reaction goes into the aqueous phase containing
the buffer, in the case a buffer is used. Because of this;
omeprazole formed does not stay in contact with the acid
and the reaction may be performed at a temperature above
0°C.

According to one embodiment of the invention the pH of the
aqueous NaOH phase is kept at above about 12.

According to another embodiment of the invention the
crystallization of omeprazole is performed at a pH of
above 9.

The invention will be further illustrated below with a
non-limiting example.

Example

5-methoxy-2-[(4-methoxy-3,5~-dimethyl-2-pyridinyl)-
methylthio]-1H-benzimidazole (16.2 g; 0.0492 mol) is
reacted with m-chloroperoxybenzoic acid (13.6 g; 0.0537
mol) in CH2C12 acting as a solvent at a pH of 8.6, which
is maintained by the presence of KHCO3 (5.6 g; 0.056 mol)
acting as a buffer. The temperature is maintained at about
0°C during the addition. ’

Diluted NaOH is added to a pH above 12 and the CH2C1
phase is separated off.

2

B

Methylformate (4.7 g) is charged to the water phase and
the pH is kept above 9, whereupon omeprazole crystallizes.
The crystals are filtered off and are washed with water
and methanol at a temperature of about 0°C. The washed
crystals are dried under vacuum. Yield: 15.6 g (92 §%).
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> aqueous phase,

z0ic acid does not crystallize upon the addition of neth- yltormate to the

thereby elimnating the need of filtering-off of

. . . . /
”}ChlOrO?EEEELE,%ELQ—Lﬂ'a“pFeV" ous step, prior to |solat|ng t he crude
omepr azol-

|
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An improved method for the synthesis of omeprazole,
characterized by the steps of reacting 5-
methoxy-z-[(4-methoxy-3,S—dimethyl;z-pyridinyl)—methyl-
thio]l-1H-benzimidazole (Compound I) with m-chloroperoxy-
benzoic acid in a methylene chloride solution at a
substantially constant pH of about 8.0 to 8.6; extracting
the reaction mixture with aqueous NaOH; separating the
aqueous phase from the organic phase; and adding an alkyl

formate to the aqueous phase, resulting in the crystal-
lization of omeprazole.

gl - \

Claims

1.

2. Method according toclaiml, characteri-

z ed in that the m-chloroperoxybenzoic acid is used in

‘an amount of 0.7 - 1.4, preferably 0.9 - 1.2, molar equi-
valents of Compound I.

3. Method according to claim 1 or 2,

characte-
rized

in that the alkyl formate is methylformate.

4, Method according to claims 1 - 3,

characte-
rized

in that pH of the reaction mixture is main-

tained within the pH range of 8.0 - 8.6 with the aid of pH
static titration with NaOH.

5. Method according to claims 1 - 4,

characte-
rized

in that pH of the reaction mixture is main-

tained within the pH range of 8.0 - 8.6 with the use of a
buffer.

6. Method'according toclaim5, characteri-

l zed in that the buffer is sodium bicarbonate or
| potassium bicarbonate.
{

7. Method according to claims 1 -6, characte -

rized in that the pH of the aqueous NaOH phase is




FThe pH of the reaction mxture may be maintained within the pH range of 8.0
«+ - 8.6 wth the aid of pH static titration wth base pLe+eréﬁTy hb. ﬂé%a

with the use of an aqueous buffer solution. Preferred
sol utions are sodi um bi carbonate and potassi um bicar-"

?g\éggt glggcgf”mmmmuﬂumﬁm ding to the invention is th

kept at above about 12.

8. Method according to claims 1 - 7, characte -
r i zed in that the alkyl formate is added in an amount

of 1.2 - 2.0, preferably 1.5 - 1.8, molar equivalents of
Compound 1I.

9. Method according to claims 1 - 8, characte -

r ized in that the cfystallization of omeprazole is
performed at a pH of above 9.
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met hyl ene chl ori de phase while the mchlorobenzoic acid formed during the

~ .reaction goes into the aqueous phasé " Contalnlng the buffer, in the case a

-buffer is used. Because of this, the oneprazol e forned does not stay in
.contact with the acid and the reaction may be per- fornmed at a tenperature
above [err]. Accordlng to one enbodi nent of the |nvent|on the pH of the
aqueous NaOH phase is kept at above abegut

IMPROVED METHOD FOR SYNTHESIS

ABSTRACT

The present'invention relates to an improved method for
the synthesis of omeprazole, comprising the steps of
reacting'S-methoxy-z-[(4-methoxy-3,S-dimethyl-z-pyri-
dinyl)-methylthio]-1H-benzimidazole with m-chloroperoxy-
benzoic acid in a methylene chloride solution at a
substantially constant pH of about 8.0 to 8.6; extracting
the reaction mixturé-with aqueous NaOH; separating the
agueous phase from the organic phase; and adding an alkyl
formate to the aqueous phase, resultlng in crystallization
of omeprazole.

This Sheet Has Been Re laced

L i

REPLACEMENT SHEET

L1 14 NOV 1996




. - — SG
12. Ac ordﬁﬂgpgncEEbSHgﬁﬂgﬁbodinqnt f the invention the crystalli L of
ad Txerpl P > .

nmeprazole is gg._

euapticit ‘RPIpe! | pdyed RonllimitFng
' e e 10 PRI 1 Claim(s)
1 Drawing(s)
7 Abstract

2 \2[9%

"DAEE.OkaﬁﬁﬂﬂPT"""q ...........

Improved method for synthesis

Technical field

The present invention relates to an improved method for
the synthesis of S-methoxy-2-[{({(4-methoxy-3,5-dimethyl-2-
Ppyridinyl)-methyl]sulfinyl-1H-benizimidazole, referred to
under its generic name omeprazole throughout the following
specification and claims. -

Prior art

EP-A-197013 discloses a process for the pr i -
methoxy-z-[[[4-(4-methyl§henoxy)-Z-pyridgnsi?fatlon of 3
methyl]lsulfinyl]-1H-benzimidazole by oxidization of 5-

' met@o;y-z-[[[4-(4-methylphenoxy)-2-
pyrzd;nyl]methyl]thio]-lH-benzimidazole at =5 °C with m-.
chloroperl?enzoic acid in CH,Cl, NaOH is then added to
the reaction mixture, separation of the two phases,
add%t%cn of CH,Cl,, adjustment of the pH to 9.5 by HCl
addition and separation of the phases. After drying of
the CH,Cl, phase the solvent is evaporated and the product

crystallized from CH,CN. Omeprazole is highly sensitive

to acids, and the reaction mixture has to be maintained
at a low temperature to prevent excessive decomposition .
in the reaction mixture.

US-A-4 255 431 discloses a process for the synthesis of
ocmeprazole comprising the steps of reacting S-methoxy-2-
[ (4-methoxy-3,5-dimethyl-2-pyridinyl)-methylthio]-1E-
benzimidazole in a methylene chloride solution with m-
chloroperoxybenzoic acid resulting in the formation of
omeprazole and m-chlorobenzeoic acid. omeprazole is highly =~ ™
sensitive to acids, and the reaction mixture has to be
maintained at a low temperature to prevent excessive
decomposition in the reaction mixture.

i 02 FEB 1998
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The product is worked-up by filtering-off of m-chloro-
- benzoic acid formed during the reaction. The filtrate is
diluted with methy;enefchloride, is extracted with Na,CO
.solution, dried and evaporated. The resulting omeprazole
product is contaminated with starting materials and by-

products.
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nyl)-nmet hylthio]-1 H benzi m dazol e (Conpound 1) (16.2 g; O. 0492 nol
.‘reacted with mchl oroperoxybenzoic acid (13.6 g; 0.0
acting as a solvent at a pH of 8.6, which is naintai
-aqueous [err] (5.6 g; 0.056 nol) acting as a buffer.
mai nt ai ned at about [err] dur- ing the addition. Dl u}

pH above 12 and the -2 -

Summary of the invention

The object of the present invention is to provide an
improved method for the synthesis of omeprazole, which
eliminates the drawbacks of previously known methods.

This object is achieved according to the preseﬁt inven-
tion, which is characterized by the steps of reacting 5-

methoxy-2-{ (4-methoxy-3,5-dimethyl-2-pyridinyl)-methyl-
thio]-1H-benzimidazole (below denoted Compound I) with m-
chloroperoxybenzoic acid in a methylene chloride solution
at a substantially constant pH of about 8.0 to 8.6;
extracting the reaction with aqueous NaOH; separating the
aqueous phase from the organic phase; and adding an alkyl
formate to the aqueous phase, resulting in crystallization
of omeprazole.

The m~-chloroperoxybenzoic acid is suitably used in an
amount of 0.7 - 1.4 molar equivalents of Compound I, and
preferably in an amount of 0.9 - 1.2 molar equivalenats.

According to one embodiment of the invention, the alkyl
formate is methylformate or ethylformate, methylformate
Yeing preferred.

The alkyl formate is suitably used in an amount of 1.2 -
2.0 molar equivalents of Compound I, and preferably in an
amount of 1.5 - 1.8 molar equivalents.

One important featuré_of the method according to the
invention is that unreacted sulfide is not transferred
into the aqueous phase upon the extraction with aqueous
NaOH. Another important feature is that m-chlorobenzoic
acid does not crystallize upon the addition of methyl-
formate to the aqueous phase, thereby eliminating the need
of flltering-off of m- chlorobenzOLc acid in a previous
step.

‘This Sheet Has Been Replaced .'
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[efr] phase is separated off Methylformate (4. 7 Q) is
phase whereby the pH is kept above 9, whereupon crude o

m EMENT SHEET

crystallizes. The -4- crystals are filtered off and prf wWasned wrtt

“wat er and

02 FEB 1998

-3 -

The pH of the reaction mixture may be maintained within
the pH range of 8.0 - 8.6 with the aid of pH static -
titration with NaOH or with the use of a buffer. Preferred
buffers are sodium bicarbonate and potassium bicarbonate.
A great advahtAge of the method according to the invention
is that the reaction takes place in the organic methylene
chloride phase while the m-chlorobenzoic acid formed
during the reaction goes into the aqueous phase containing
the buffer, in the case a buffer is used. Because of this,
omeprazole formed doés not stay in contact with the acid
and the reaction may be performed at a temperature above
0°C.

According to one embodiment of the invention the pH of the
aqueous NaOH phase is kept at above about 12.

According to another embodiment of the invention the
crystallization of omeprazole is performed at a pH of
above 9.

The invention will be further illustrated below with a
non-limiting example.

Example

S-methoxy-2-[(4-methoxy-3,5~dimethyl-2-pyridinyl)-
methylthio]-1H-benzimidazole (16.2 g; 0.0492 mol) is
reacted with m-chloroperoxybenzoic acid (13.6 g; 0.0537
mol) in CBZCI2 acting as a solvent at a pH of 8.6, which

'is maintained by the presence of KHC03 (5.6 g; 0.056 mol)

acting as a buffer. The.temperature is maintained at about
0°C during the addition.

Diluted NaOH is added to a pH above 12 and the CH,C,
phase is separated off. :

er
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net hanol at a tenperature of about [err]. The washed crystals are dried

.-under vacuum Yield: 15.6 g (92 % -5- Clains 1. An inproved nethod for
t he synthesis of omepra-

Methylformate (4.7 g) is charged to the water phase and
the pH is kept above 9, whereupon omeprazole crystallizes.
The crystals are filtered off and are washed with water
and methanol at a temperature of about 0°C. The washed
crystals are dried under vacuum. Yield: 15.6 g (92 %).
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zol e. conprising the steps of reacting 5-methoxy-2- o
‘[(4-nethoxy-3.5-dinethyl-z-pyridinyI)-npthyI;th!o]- 1 H-benzi m dazol e
(Conpound 1) with mchloroper- oxybenzoic acid in a methylene chloride
solution at a substantially constant pH of about 80 to 86 ex—tractinc

the reaction mxture with agqueous NaOH: separating hase from
the organi c phase. characterized by addifhg an aIky* l """
* € L M s =

Claims

1. An improved method for the synthesis of omeprazole,
characterized by the steps of reacting 5-
methoxy-Z-[(4-methox&-3,S-dimethyl-z-pyridinyl)-methyl-
thio]-1H-benzimidazole (Compound I) with m-chloroperoxy-
benzoic acid in a methylene chloride solution at a
substantially constant pH of about 8.0 to 8.6; extracting
the reaction mixture with aqueous NaOH; separating the |
aqueous phase from the organic phase; and adding an alkyl
formate to the aqueous phase, resulting in the crystal-
lization of omeprazole.

2. Method according to claiml, characteri-

2z ed in that the m-chloroperoxybenzoic acid is used in
an amount of 0.7 - 1.4, preferably 0.9 - 1.2, molar equi-~
valents of Compound I.

3. Method according toclaimlor 2, characte-
rized in that the alkyl formate is methylformate.

4. Method according toclaims 1 -3, characte-

rized in that pH of the reaction mixture is main-

tained within the pH range of 8.0 - 8.6 with the aid of pH
 static titration with NaOH.

5. Method according toclaims L - 4, characte -
'rized in that pH of the reaction mixture is main-
tained within the pH range of 8.0 - 8.6 with the use of a
buffer.

6. Method according toclaim5, characteri-
zed in that the buffer is sodium blcarbonate or
potassium bicarbonate.
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t he agueous phase. resulting in the crysallization of oneprazole. 2. Method
raccording to claim1, characterized in that the mchl oroperoxybenzoic acid
is used in an anount of 0.7-1.4, preferably O. 9 1.2. nmolar equiv- alents of
Conmpound |. 3. Method according to claim1 or 2, characterized in that the

P Tormue fe ety formte: llllllllHIIHIIIIHIIIIHllll

7. Method according to claims 1-6, chara c't er -
i z ed in that the pH of the aqueous NaOH phase is kept at

above about 12.

8. Method according to claims 1-7, character -
i z e d in that the alkyl formate is added in an amount of
1.2-2.0, preferably 1.5-1.8, molar equivalents of Compound I.

9. - Method according to claims 1-8, character -

i 2z ed in that the crystallization of omeprazole is performed
at a pH of above 9.
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4. Method according to clains 1-3, characterized in that pH of the reaction

.-m xture is maintained within the.pH range of 8.0-8.6 with the aid of pH
static ti- tration with NaOH 5. Method according to clains 1-4,

» characterized in that pH of the reaction mxture is maintained within the

pH range of 8.0-8.6 with the use of a buffer. 6 Met hod according to claim
5, characterized in that - -7 -

IMPROVE OD FOR_S SIS

ABSTRACT .

The present invention relates to an improved method for
the synthesis of omeprazole, comprising the steps of
reacting S-methoxy-z-[(4-methoxy-3,SQdimethyl~2-pyri-
dinyl)-methylthio]-1H-benzimidazole with m-chloroperoxy-
benzoic acid in a methylene chloride solution at a
substantially constant pH of about 8.0 to 8.6; extracting
the reaction mixture with aqueous NaOH; separating the
~aqueous phase from the ofganic'phase,'and adding an alkyl
formate to the aqueous phase, resultlng in crystallization
of omeprazole. _
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the buffer is sodium bicarbonaté or potassium bi- carbonate. 7.. Method

w..according to clainms 1-6, characterized in that the pH of the aqueous NaCH
;phase i s kept at above about 12. '

-1 -
IMPROVED METHOD FOR SY
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The present invention relates to an improved meth-
od for the synthesis of S-methoxy-2-[[{4-methoxy-
3,5-dimethyl-2-pyridinyl}-methyl]sulfinyi- 1 H-benzimi-
dazole, referred to under its generic name omeprazole
throughout the following specification and claims.

Prior art

EP-A-197013 discloses a process for the prepara-
tion of 5-methoxy-2-{[[4-(4-methyiphenoxy)-2-pyridinyl}-
methyljsulfinyl]-1H-benzimidazole by oxidization of
S-methoxy-2-{[[4-(4-methyiphenoxy)-2-pyridinyljmethyi]
thio]-1H-benzimidazole at -5 °C with m-chloroperbenzo-
ic acid in CH,Cl,. NaOH is then added to the reaction’
mixture, separation of the two phases, addition of
CH,Cl,, adjustment of the pH to 8.5 by HCI addition and
separation of the phases. After drying of the CH,Cl,
phase the solvent is evaporated and the product crystal-
lized from CH,CN. The product is highly sensitive to ac-
ids, and the reaction mixture has to be maintained at a
lowtemperature to prevent decompaosition in the reaction
mixture.

US-A-4 255 431 discloses a process for the synthe-
sis of omeprazole comprising the steps of reacting
5-methoxy-2-{(4-methoxy-3,5-dimethyl-2-pyridinyl)-
methyithic]-1H-benzimidazole (below denoted Com-
pound |} in 2 methylene chioride solution with m-chlo-
roperoxybenzoic acid resulting in the formation of ome-
prazole and m-chlorobenzoic acid. Omeprazole is high-

ly sensitive to acids, and the reaction mixture has to be
-maintained at a low temperature to prevent decomposi-

tion of omeprazole in the reaction mixture.
This is the replacemgnt sheet
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'-6- 8. Method according to clains 1-7, characterized in that the alkyl

. formate is added in an anount of 1.2-2.0. preferably 1.5-1.8, nolar

.equi val ents of Conpound I. 9. Method according to clains 1-8, characterized
in that the crystallization of oneprazole is perforned at a pH of above 9.

-2 -

The product is worked-up by filtering-off of m-chlo-
robenzoic acid formed and precipitated during the reac-
tion. The filtrate is diluted with methylene chloride, is ex-
tracted with Na,CO, solution, dried and evaporated. The

resulting crude omeprazole is contaminated with start-
ing materials and by-products.

Summary of the invention

The object of the present invention is to provide an

improved method for the synthesis of omeprazole,

~which increases the yield and purity of the crude ome-
prazole. '

This object is achieved according 1o the present in-
vention, which is characterized by the steps of reacting
Compound | with m-chloroperoxybenzoic acid in an inert
solvent, preferably methylene chloride, at a substantial-
ly constant pH of about 2.0 10 8.6, extracting the reaction
mixture with aqueous base, preferably NaOH: separat-
ing the aqueous phase from the organic phase: and add-
ing an alky! formate to the aqueous phase, resulting in

crystallization of omeprazole.
The m-chloroperoxybenzoic acid is suitably usedin

an amount of 0.7 - 1.4 molar equivalents of Compound
|, and preferably in an amount of 0.9 - 1.2 molar equiv-
alents.

According to one embodiment of the invention, the
alkyl formate is' methylformate or ethylformate, methyl-
formate being preferred. _

The alkyl formate is suitably used in an amount of
1.2-2.0 molar equivalents of Compound |, and prefera-
bly in an amount of 1.5 - 1.8 molar equivalents.

One important feature of the method according to
the invention-is that Compound | is not transferred into
the aqueous phase upon the extraction with agueous
NaOH. Another important feature is that m-chloroben-
Zoic acid does not crystallize upon the addition of meth-
ylformate to the agueous phase, thereby eliminating the

need of filtering-off of m-chlorobenzoic acid in a previ-

ous step, prior to isolating the crude omeprazole. ]
' This is the replacemgnt sheet
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resent invention
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:t he steps of
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The pH of the reaction mixture may be maintained
within the pH range of 8.0 - 8.6 with the aid of pH static
titration with base, preferably NaOH, or with the use of
an aqueous buffer solution. Preferred aqueous buffer
solutions are sodium bicarbonate and potassium bicar-
bonate. |

A-great advantage of the method according to the
invention is that the reaction takes place in the organic
methylene chioride phase while the m-chiorobenzoic
acid formed during the reaction goes into the aqueous
phase containing the bufter, in the case a buffer is used.
Because of this, the omeprazole formed does not stay
in contact with the acid and the reaction may be per-
formed at a temperature above Q°C.

According to one embodiment of the invention the
pH of the aqueous NaOH phase is kept at above about
12.

According to another embodiment of the invention
the crystallization of crude omeprazole is performed at
a pH of above 9.

The invention will be further illustrated below with a
non-limiting example.

Example

5-methoxy-2-[(4-methoxy-3, S-dimethyl-2-pyridi-
nyl)-methyithio]-1H-benzimidazole (Compound |) (16.2
g; 0.0492 mol) is reacted with m-chloroperoxybenzoic
acid (13.6 g: 0.0537 mol) in CH,Cl, acting as a solvent
at a pH of 8.6, which is maintained by the presence of
agueous KHCO,-solution (5.6 g; 0.056 mol) acting as a
buffer. The temperature is maintained at about 0°C dur-
ing the addition. ,

Diluted NaOH is added to a pH above 12 and the
CH,Cl, phase is separated off Methylformate (4. 7 g) is
charged to the water phase whereby the pH is kept
above 9, whereupon crude omeprazole crystallizes. The

This is the replacemant shest
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reacting 5-met hoxy-2-[ (4-methoxy:3, 5-dinethyl-2-pyri-

> di nyl)-nmethylthiol-1H benzi m dazole with m chl oroperoxy- benzoic acid in a
et hyl ene chloride solution at a substantially constant” pH of about 8.0 to
8.6; extracting the reaction m xture with aqueous NaCH, separating the
aqueous phase fromthe organi c phase; and adding an alkyl formate to the.
aqueous phase, resulting in crystallizatidon of oneprazole.

crystals are filtered off and are washed with water and
methanol at a lemperature of about 0°C. The washed
crystals are dried under vacuum. Yield: 15.6 g (92 %)

This is the replacemant sheet
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Claims

1. An improved method for the synthesis of omepra-
zole. comprising the steps of reacting 5-methoxy-2-
[(4-methcxy-3.5-Cimethyi-2-pyncinyl}-methyl-thio]-
1H-benzimidazcie (Comgound |) with m-chloroper-
oxybenzoic acid in a methylene chloride soiution at
a substantially constant pH of about 2.0 to 2.8 ex-

tracting the reaction mixturs with agueous NaOH:
separating the aqueous ghase from the organic
phase. characterized by acding an alky! formate to
the acueous phase. resulting in the crysaliizaticn of
cmeprazole.

2. Methed according to claim 1, characterized in that
the m-chloroperoxybenzoic acid is used in an
amount of 0.7-1.4, preferably 0.8-1.2, molar equiv-
alents of Compound I.

3. Method according to claim 1 or 2, characterized in
that the alkyl forrmate is methylformate.

4. Method according to claims 1-3, characterized in
that pH of the reaction mixture is maintained within
the pH range of 8.0-8.6 with the aid of pH static ti-
tration with NaOH.

5. Method according to claims 1-4, characterized in
that pH of the reaction mixture is maintained within
the pH range of £.0-8.6 with the use of a buffer.

6. Method according to claim S, characterized in that |
the buffer is sodium bicarbonate or potassium bi-
carbonate.

7. Method according to claims 1-6, characterized in
that the pH of the aqueous NaOH phase is kept at

above about 12.
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Method according to claims 1-7, characterized in
that the alkyl formate is added in an amount of
1.2-2.0, preferably 1.5-1.8, molar equivalents of
Compound I.

Method according to claims 1-8, characterized in

that the crystallization of omeprazole is performed
at a pH of above 9.
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IMPROVED METHOD FOR SYNTHESIS

ABSTRACT

The present invention relates to an improved method for
the synthesis of omeprazole, comprising the steps of
reacting S-methoxy-2-{(4-methoxy-3,5-dimethyl-2-pyri-
dinyl)-methylthio]-1H-benzimidazole with m-chloroperoxy-
benzoic acid in a methylene chloride solution at a
substantially constant pH of about 8.0 to 8.6; extracting
the reaction mixture with aqueous NaOH; separating the
aqueous phase from the organic phase; and adding an alkyl

formate to the agueous phase, resulting in crystallization
of omeprazole.
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