21 COct ober 2005 WO 02/085889 PCT/1B02/01350 Crystalline Formof Oneprazole
Technical Field (CO7D 401/12, A61 K 31 /00) The invea&i n bbekﬁ@%s to the
field of chem cal technology and relates to a novel r@z& A f orm of

t he substance known under the chem cal nanme 5-nethoxy- 2-

[ [ (4- met M8X82408588% di met hyl - 2- pyri di nyl ) met hyl ] sul fi nyl [rci/iBpAvassei m dazol e,
and ‘having the generic nane oneprazole. A novel crystalline form of
‘oneprazole disclosed herein is hereinafter referred to as oneprazole form
~ C. Further, the invention relates to a process for the preparation of
oneprazole formC with high vyield and | ow content of inpurities and

resi dual solvents, to use of oneprazole formC for treatnent of diseases
related to gastric acid hypersecretion, and to a pharmaceuti cal
conposition containi % thEaﬂCti ve substapce omé)r aiél e formC. Technical
Probl em There is a conEy8kallHge O&nerf; mep utically stable
crystalline fornms of the active substance oneprazole in an industrially
sinple and readily feasible way wth high yield and at a tenperature at
whi ch the proportion of residual solvents and inpurities, that is, the
proportion of related substances and degradation products, is |ow or

m nimal . 21 Cctober 2005 WO 02/ 085889 PCT/ B02/ 01350 2 Prior Art The

subst ance, &Bgﬁﬁé.g@der t he chem cal nane 5-net hoxy-2-[[(4-nethoxy-3, 5-

di met hyl=2= yl)methyl Jsulfinyl]-1 H benzi m dazol e and having the
generi c (COAMBAOIMEN ABTKIZE/005 known as a proton punp inhibitor which inhibits
gastric acid secretion. Omeprazole is used for the treatnent of gastric

acid related diseases in mammals and especially in man.
The invention belongs to the field of chemical technology and relates to a nove!

crystalline form of the substance known under the chemical name 5-methoxy-2-
[[(4-methoxy-3,5-dimethyl-2-pyridinyf)methyl]sulfinyl}-1H-benzimidazole, and
having the generic name omeprazole. A novel crystalline form of omeprazole
disclosed herein is hereinafter referred to as omeprazole form C. Further, the
invention relates to a process for the preparation of omeprazole form C with high
yield and low content of impurities and residual solvents, to use of omeprazole
form C for treatment of diseases related to gastric acid hypersecretion, and to a

pharmaceutical composition containing the active substance omeprazole form C.

Technical Problem

There is a constant need to prepare pharmaceutically stable crystalline forms of
the active substance omeprazole in an industrially simple and readily feasible way
with high yield and at a temperature at which the proportion of residual scivents
and impurities, that is, the proportion of related substances and degradation
products, is low or minimal.




The substance oneprazol e and pharmaceutically acceptable salts thereof were
descri bed in European Patent Publication EP 5129 (Octzq r l:?’l 06%79). From
the literature, two crystalline forns of oneprazole“'t e qrg, mepr azol e
formA and oneprazole formB are known. Form B was descri bed by Onhishi et
al ., ActdVQ¥xp8188% (1989), C45, 1921-1923; form A and tREE/IBIZERIPati on of two
crystalline forns of oneprazole were described in PCT patent publication
WD 99/ 08500 (February 25, 1999). | N2 PCT pat ent publicati on WO 99/ 08500 t he
descri bed process for the preparation of oneprazole A is tinme-consum ng
e.g. 45 hours. The described synthesis is based on slow crystallization at
roomtenpergture, the basis of which is digesting (the expression

di gesti Mnderstood to mean washing in such a manner when a product is
suspended in a solvent in which it is insoluble or poorly soluble and a
resulting suspension is stirred for a defined tinme period) wth al kyl

al cohol ,Theosuksianesl &nawnhnder the ehewisat name ymethaysll(drmethpsy-3.6t i s

_ | . i £ L Qn. 1 , [ . S 1. di gesting,
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subst ana&nw omepraaslei is gkriosvnaas sprdtmpurppdm?&blturmhiﬁ:leinbbltts igas'trB:faiﬁidh ficult tlo
hi tragion of a solvent to a, core, e.q., nucleus,,of the crystal.
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exhi bi t gn h@,ﬁrﬁmstahgrel@pg?(@mmné{ ability, photostability and hygroscopicity

conpared to previously-known oneprazole formB. On the contrary, oneprazole
f orm B ilheoBibstanca amenrazele @ndaharmacautically agceptablesalts theesgbewareur e.

Ther mal 1 Ald | | .2 ' i d Cct ober
2005 WS ER R e AR PR BE s Bin b (120 TR EREE 31 TRIBTC i o,
di gest i titeratetd)odwo lvoystaliine formstdiconewezalé, thatnipranzsprazolé form Aodndisef ul
because oneprazole specially.in solution t ._el evat t enperat ure
Fapi 'y CHTeraeLe fadE SR FoumyF YaF gpaamaegyas i ol g S, nemel y.
omepr azgisag),schs,ommg@?_ il Wearid Biet SBp&ratibh e twe cisBiing fom@sf tive to an
el evated tenperature. During the process of purification by thernal
-omeprazole were described in PCT patent publication WO 99/08500 (February 25,

1999).

In PCT patent publication WO 99/08500 the described process for the preparation
of omeprazole A is time-consuming e.g. 45 hours. The described synthesis is
based on slow crystél!ization at room temperature, the basis of which is digesting
(the expression digesting is understood to mean washing in such a manner

when a product is suspended in a solvent in which it is insoluble or poorly
soluble and a resulting suspension is stirred for a defined time period) with alkyl
- alcohol, for example with methanol containing aqueous ammonia. It is generally
known that the purification method, which is based on digesting, is not sufficiently
effective and already to begin with requires a purer substance since washing is a
surface procedure whereat it is difficult to achieve penetration of a solvent to a
core, e.g., hucleus, of the crystal. In PCT patent publication WO 99/08500 it is
stated that omeprazole form A exhibits better thermodynamic stability,
photostability and hygroscopicity compared to previously-known omeprazole form
B.

On the contrary, omeprazole form B is obtained by fast crystallization at elevated

temperature. Thermal recrystallization essentially is a superior method for




recrystallization, degradation products are fornmed whi ch are incorporated
into crystals together with a sol vent each of whi ch strong

i npact on stability of the finished product. Besi de &eirgp

oneprazole formB are larger in size than crystals of formA, therefore,

t hey neWyO8uMH¥¥se both nore inpurities and nore resPHF2QEVent t han
crystals of formA Sunmmary According to a first aspect of the present

i nvention, there is provided orrepré’zol e formC, characterized in providing
an X-ray powder diffraction pattern exhibiting substantially the follow ng
d- val ues: d values Relative intensity (A) 9.5-9.6very strong 7.9-8.0strong

7.4-7.5weak 7. 2v stron 9-6,.0 2ver trong
4 85 2 PUHEHRN 4 OF SUESBHGERK 0 36 LI PP D4 BVAVas o Buts F9BeA8E 4. 51t rong
4.34-4 %@E%iﬂomﬁs%%sb‘hme@taas@%p?&mke@eé%u? irf 3plutiong at.drB- 3. 59nedi um
3.46-3.47strong 3, 29- 3. 30nmedi um
elevated temperature rapidly disintegrates to intensely colored degradation
products. Namely, omeprazole is known as an active substance which is highly
sensitive to an elevated temperature. During the process of purification by thermal
recrystallization, degradation products are formed which are incorporated into
crystals together with a solvent each of which can have a strong impact on stability
- of the finished product. Besides, crystals of omeprazole form B are larger in size
than crystals of form A, therefore, they may comprise both more impurities and

more residual solvent than crystals of form A.

Summary

According to a first aspect of the present invention, there is provided omeprazole
form C, characterized in providing an X-ray powder diffraction pattern exhibiting

substantially the following d-values:

d-values |Relative intensity
(A)

95-9.6 very strong
719-8.0 strong
74-75 weak

12 very strong
59-6.0 medium
5.6 medium

51-52 very strong
488-490 |weak
481-484 |weak
4.65-4.67 medium
4.57-4.60 medium
448-451 |strong
434 -436  medium
416-4.19 |weak
394-397 |[weak
372-373 strong
3.58-3.59 |medium
346-347 |strong
3.29-330 |medium
323-325 strong
3.19-320 |medium
3.11-312 jweak
3.03-3.04 weak




3.23-3. 25strong 3. 19-3. 20nmedi um 3. 11- 3. 12weak 3. 03-3, 04weak 21 COct ober 2005
3a According to a second aspect of the present invent, th I's provided
omeprazole form C, characterized in conprising chara%bgﬁ?%¥¥§6§%sorption
bands by Fourier Transform I nfrared3$pectroscopy at the wavel engths 1204
cm-', 1076 cm-', 1024 cm -1, 1014 cm-' and 822 cm-'. According to a
third aspect of the present invention, there is provided a process for the

pr epar aA&RJ?dEH% égaggﬁgﬁégqé&mn@ ;ﬁgsgﬁfaﬁ\;moﬁnﬂ&% is GO dging the

followi ng ste ving crude oneprazole in solvent or a m xture

of solamapmzele fam €h chamsstetized i camprising ghaectenist; abswiplign barets pi t ati ng

"omepr a I ] ' ' | eorly sol uble
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t here it076roui Yad24 crptatorbtentT eal 8Parcrut’at i on conprising a
therapeutically effective anmount of the active substance oneprazole formC
as defined above in adm xture with a pharmaceutically acceptable

~ exci pi eMtcording @ dithigd &spert bf thelprasat givedtion theieyie pedidédw prddegs, there is
provided a use of razole formC as tc‘iefi ned above for the preparation

.0
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pharmaceutical ly acceptable excipient is suitable for being adm nistered

to a patient. sufferi fro strointestipal . di sease. | ef description of
dr avi nGheRrgd 1 2 FoUrRPaerelbORE wire it Fvebif r S PRSiaT A0 e Tor e A
and C. pharmaceutical formulation comprising a therapeutically effective amount of the

active substance omeprazole form C as defined above in admixture with a

pharmaceutically acceptable excipient.

According to a fifth aspect of the present invention, there is provided a use of
omeprazole form C as defined above for the preparation of a medicament of the

treatment of gastrointestinal disease.

According to a sixth aspect of the present invention, there is provided a use of
omeprazole form C as defined above in the manufacture of a medicament
effective in the treatment of a gastrointestinal disease, wherein a pharmaceutical
formulation comprising a therapeutically effective amount of the active substance
omeprazole form C in admixture with a pharmaceutically acceptable excipient is
suitable for being administered to a patient suffering from gastrointestinal
disease.

‘Brief description of drawings

Figure 1: an X-ray powder diffractogram of omeprazole forms A, B and C.
Figures 2to 4: FT IR spectra of omeprazole form A (dashed line) and omeprazole
form C (solid line). |

Figures 5to 7: FT IR spectra of omeprazole form B {dashed line) and omeprazole
form C (sofid fine). | |




Figures 2 to 4. FT IR spectra of oneprazole formA (dashed Iine) and
oneprazole formC (solid line). Figures 5to 7: FT ct f

oneprazol e form B (dashed |ine) and oneprazol e forn?gc%gc%eirg&ﬁ)ne). 21
Cct ober 2005 3b Figure 8: FT IR specgiha of oneprazole formA (dashed |ine),
oneprazole formB (dotted Iine) and oneprazole formC (solid Iine) within
t he wavel ength range 1120 cm-1 and 1112 cm' wherein the ratios of
intensities of absorption bands differentiate for oneprazole formA, form
B and form C. Description of the invention including exanples A nethod of

pr epar iFigu® $:OVEIR Bpédtrpste bieprdddie firmblre(dabhestiab), ionteprauole frmthe active
subst ance oneprazole in an industrially sinple and readily feasible manner,

ally sinmp
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substance under the standard conditions of testing o armaceuti cal
conposidiffesestiaifar eateprdrolssioaniA, iferyn B anddormb&r 2005 WO 02/ 085889

PCT/ EB02/ 01350 4 is eval uated by absorbance as the npbst sensitive nethod
for determination of inpurities, that is, related substances and

degradati on products. Pharmaceutical stability depends on sinultaneous
influence of a variety of f whi ch the nost inportant are the

[ gSertion of the RN INEIINNG OXAMDIRS: or  assay, assay of residual
solvents and assay of inpurities. One or nore of these factors can be
~uniquely characterized by a process for the purification of crude

onmepr aoimetaed of ipeepsriogaa aveh poarmasgutically atalle wystalliee derpeof dhg st al | i ne
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standard conditions of testing of pharmaceutical compositions whereat the stability




referred to as oneprazole formC, sone advantages of which include a sinple

process for the preparation, and better yield than i 0 e
preparation of onmeprazole formA and formB. A procgggﬁi‘%ﬁr%ﬂ@q

purification of crude onmeprazole and the preparation and isolation of
onmeprazoM R0B¥BIC, substantially free from ot her knowPCFAR®L03ISHi ne forns
of omeprazole, that is, oneprazole formA and form B, are al so discl osed
herein. A crystal formof oneprazol éform C has been characterized by X-ray
powder .analysis including data with the position of the peaks in X-ray
powder diffractograns and also by the unit cell paraneters. The unit cell
paraneters were Ri etvel d net hod. Measurenent using X-ray

determ ned b
powder 'a’ﬁaﬁ";ﬁya@%%\ﬁgsoﬁb_ﬁa@e Bgré'?ﬁ st sengibive methody;ter determinatien Cerent from
cur rent | i dReed) tr?dtﬁtrélb{éd%bﬁtﬁﬁé@s arftf deFERItiRA PrétuctdTepr azol e form C,

according to one enbodi nent of the invention, is characterized in
providing an X-ray powder difiractogrampattern wwth substantially the

fol | ow - . /0@%;}% ! ve

I nt ensi trp;h %@é %lﬂﬁﬁbsté%%éeg)? ﬁ%snégg%ﬁgngésr'ﬁng ei)’f%:%\\/’\n%@kﬁ%%{aﬂesry strong
5. 9- 6. Onefdwhith 3hé meekt importantoa2v they siaé ref ngystals 8 sHarD v ekysthls} wdteB 4weak

4. 65-4. 67nmedi um ] . "

assay, assay of residual solvents and assay of impurities. One or more of these
factors can be uniquely characterized by a process for the purification of crude
omeprazole and the preparation of and isolation of the novel crystalline form of

omeprazole according to the invention.

The novel form of omeprazole disclosed herein is hersinafter referred to as
omeprazole form C. We have surprisingly found that apart from currently known
two forms of omeprazole, form A and form B, there exists a new form hereinafter

. referred to as omeprazole form C, some advantages of which include a simple
‘process for the preparation, and better yield than in case of the preparation of
omeprazole form A and form B.

A process for the purification of crude omeprazole and the preparation and
isolation of omeprazole form C, substantially free from other known crystalline
forms of omeprazole, that is, omeprazole form A and form B, are also disclosed

herein.

A crystal form of omeprazole form C has been characterized by X-ray powder
analysis including data with the position of the peaks in X-ray powder
diffractograms and also by the unit cell parameters. The unit cell parameters were
determined by Rietveld method. Measurement using X-ray powder analysis shows
that omeprazole form C is distinctly different from currently known crystalline forms
of omeprazole.

Omeprazole form C, according to one embodiment of the invention, is
characterized in providing an X-ray powder diffractogram pattern with
substantially the following d-values.




4.57-4,60nmedi um 4. 48-4. 51strong 4. 34-4. 36nedi um 4. 16-4. 19weak 3, 94- 3. 97weak
3.72-3.73strong 3.58-3.59nedi um 3, 46- 3, 47strong 3. 29-3. di
3.23-3.25strong 3, 19-3. 20nedi um 3. 11- 3. 12weak 3. 03- 3%@%‘%@85@

PCT/ 1 B02/ 01350 The relative intensities of d-value are identified by the
fol | ow nQv@e¥08EsB? a: 25-100% i ntensity 10-25% i nt ensi tRECT/IBI2B@A | nt ensity
1-3% intensity very strong strong npedium weak Oreprazole formC,
according to anot her enbodi nent of the invention, is i ndependently or
additionally characterized by the following unit cell parameters in the
range of: a ML O Pl %

d-values |Relative intensity

(A)

95-96 very strong
7.9-8.0 strong
74-75 weak

172 very strong
59-6.0 medium
5.6 medium

51-52 very strong
488-490 |weak
481-484 weak
4.65-467 |medium
4.57-4.60 medium
448-451 |strong

| 434-436 |medium
416-4.19 |weak
394-397 |weak
3.72-3.73 |strong
3.58-3.59 medium
3.46-347 |strong
3.29-3.30 medium
323-325 |strong
3.19-320 medium
311-3.12 {weak
3.03-3.04 weak

The relative intensities of d-value are identified by the following criteria:

25-100% intensity very strong
10-25% intensity strong
3-10% intensity medium
1-3% intensity weak

Omeprazole form C, according to another embodiment of the invention, is
independently or additionally characterized by the following unit cell parameters in
the range of:

JELY b(A) c(A) af°) B(°) ¥(°)
8.705-9.740 | 10.335-10.375_[10525-10.590 | 90.95-91.15 [111.70-111.90 |116.25-116.50




ylol a(A) b(A) (A aolll6.25-116.5 c(A) c(A) 90.95-91.15 111.70-111.90 ~
10. 335-10. 375 10.525-10.590 9.705-9.740 21 Cctober ?ﬁgft \O, WSSSSQ
'PCT/1B02/ 01350 6 Oneprazole form C according to ano ctoldr 6 nt of the
i nvention, is independently or additionally characterized by Fourier

Transf or W@ p¥888®2d Spectroscopy (FT IR). Oreprazol e fRETABE/MINE t he
characteristic absorption bands at substantially the follow ng

wavel engt hs: 1204 cm -1, 1076cni'1, 1028 cm-', 1014 cm-', 822 cm The new
crystalline form of oneprazole, according to another enbodi ment of the

i nvention, is independently or additionally characterized by the ratio of
the intensities of the absorption bapds of ET IR apalysis at the

wavel engOReprazele dam ¢ nsacpibhg. b+ anqifet eraodiraent b dnd Uvasieny nown
crystall In‘@l@péﬁHéﬁﬁl\%OBr OfRMomal} Schard@émFedA NG ddrier OMaRSORY- Infrbirky RATI O
BETWEEN THE | NTENSI TY OF ABS TI ON FORMBANDS AT 1120 cmi TO 1112 cni Afrom
1 : 4.5 Bpedtroscepys(FitiRyPmeprazolg feren &:hasgdheceharasteristicabsorpon bands 0 A
process : WL | e onmeprazole and the preparation and

i sol ati O%P%%b%%ggl&tg%F@BWO%%{EE‘%{? Stantially free from other known
crystal | 124 émrhg07&dmgnes emol, dp14 omt ™ 822 aneprazole form A and formB is
al so disclosed herein. It is generally known that crystals of active
oneprazol e substance containing a | arge amount of solvent and different

i npuriti ¢he pbf drptaliind fiphef dpprole REBRINuZ! MotHer ¥hikbpndrt lopRect | ve of
the shape of crystals. Therefore, also disclosed hereinis a

invention, “is independently or additionally characterized by the ratio of the
intensities of the absorption bands of FT IR analysis at the wavelengths 1120 cm™
in 1112 cm™, which differ from currently known crystalline forms of omeprazole,
forms Aand B

OMEPRAZOLE THE RATIO BETWEEN THE INTENSITY OF ABSORPTION
FORM BANDS AT 1120 cm™ TO 1112 cm™®
A from1:45t01:55
B from1:10t01:19
C from1:21t01:30

A process for the purification of crude omeprazole and the preparation and
isolation of the stable form C, substantially free from other known crystalline forms
of omeprazole, that is, omeprazole form A and form B is also disclosed herein. It
is generally known that crystals of active omeprazole substance containing a large
amount of solvent and different impurities are less stable than pure omeprazole
crystals irrespective of the shape of crystals. Therefore, also disclosed herein is a
method to prepare such crystals of omeprazole form C characterized by one or
more of:
- low or minimal amount of residual solvents,
- low or minimal amount of related substances,

- low or minimal amount of degradation products and

- high or maximal yield of the target compound.




met hod to prepare such crystals of oneprazole form C characterized by one
or nore of: - low or mniml anount of residual sol Eg#? - g@%\/ or m ni mal
amount of related substances, - low or mniml anmount GCPEEAAEatI on
products and - high or maxinmal yield of the target conpound. 21 Cctober
2005 WO B ©@88%8D PCT/ 1 B02/ 01350 7. A process for the pEEpRR@idxbn of
oneprazole form C, according to one enbodi nent of the invention, conprises
the following two steps: a) Recrystaf i zation by precipitation (e.g., fast
crystallization at roomtenperature), b) Digesting of the crystals in

wat er. Oreprazole form C can be prepared by dissolving crude oneprazol e,
obtained in the reaction between 5-nethox -2-[H,4- net hoxy- 3, 5- di net hyl - 2-
pyri di ny PrREERS for ihe BrePaiatige A ?'ﬁ?EFé%@PéOfghé: O E?p@?%%’%%%% acid at
room t effRRs Mvbhton béﬁbriéé%tﬁe?dhb%@;tm@rste%sm xture of solvents in which
onmeprazole is freély soluble and, thereafter, omeprazole formCis

preci pi t&it Bacrystaliigalinn bepreeipdationded. (fasterstalNzation ghrogn tempetatire),poor | y

sol ubl e.,.\Bw: t hi: ystal s of onmeprazole are precipitated
while i upﬁ%@@i‘] Sfretﬁré?;ﬁ&faﬁéj@g'faﬁ%{'on. The precipitated crystals are
filtered off and washed. The yield can be increased by cooling crystal
suspensi on before filtratjon to a, tenperature jn the range.aof -10 to -20C
For i s <omepTRgOlSoBedp Ak P Brersgsd b RBSIENG S ameiratl. Sh9pet Reous
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crystals of omeprazole are precipitated while impurities remain in solution. The
precipitated crystals are filteréd off and washed. The yield can be increased by
cooling crystal suspension before filtration to a temperature in the range of -10 to
-20°C. For dissolving of omeprazole, suitable solvents include: 40% aqueous
methylamine; a mixture of 40% aqueous methylamine with dichloromethane,
chloroform or acetone; a mixture of 25% ammonia with dichloromethane,
chloroform or acetone; and a mixture triethylamine with dichloromethane,
chloroform or acetone. Preferably a mixture of 40% aqueous methylamine and
acetone, is used. The precipitating solvent, preferably comprises acetone.

One advantage of the above method - recrystallization by precipitation is that a
substance containing one or more impurities, especially degradation products, can
be used as the starting substance. Further, recrystallization by precipitation is also
advantageous because it can be carried out at room temperature at which the
potential for subsequent formation of degradation products of omeprazole is
reduced. Further, its advantage is that in a single step two problems can be
solved: to prepare a stable substance according to the process with & high or
maximum possible yield and simultanecusly to efficiently purify a substance (from
starting materials side products and degradation products) comprising a larger
starting amount of impurities, especially degradation products.




be used as the starting substance. Further, recrystallization by
precipitation is also advantageous because it can b& mrl eg @#Jt at room
tenperature at which the .potential for subsequent d 0
.degradati on products of onmeprazole is reduced. Further, its advantage is
that in ¥®RASE step two probl ens can be sol ved: to KSITEReO358 st abl e

- substance according to the process with a high or naxi mum possible yield
and sinultaneously to efficiently pdtify a substance (from starting

mat eri al s side products and degradation products) conprising a |arger
starting anount of inpurities, especially degradation products. 21 Cctober
2005 02/ 085889 PCT/ 1B02/ 01350 eting.a procedure, of
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decr easq'@deglestéPﬁBJBécr@Qééﬁ i) pr%dhaeébtérfhéaqm@éh b{spaABEd in watdt, , at room
tenperature, followed by agitating with a m xer making strong turbul ence,
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i n pharmaceutical industry (CPWVP/ICH 2736/99). Packaged

- to the standard protocol for characterization of stabihty of a pharmaceutical active

substance.

Omeprazole form C, obtained by a process disclosed herein, can be substantially
free from other known crystal forms of omeprazole, that is, omeprazole form A or

form B.

It is known that stability of an active substance depends on upon residual
solvents and on present impurities — relatéd substances and degradation products.
N The stability of omeprazole samples was determined by a standard procedure for
testing the substances in pharmaceutical industry (CPMP/ICH/2736/99). Packaged
omeprazole samples were aged for a definite period of time (1 month, 3 months, 6
months) under stress condition of aging (at a temperature 40°C and 75% relative
humidity which is a standard accelerated condition for stability testing of
pharmaceutical formulations) andfor accelerated condition of aging (at a
temperature 25°C and 60% relative humidity which is a standard accelerated
condition for stability testing of pharmaceutical active substances). Determination
of absorbance, measured according to Ph Eur method (PhEur 3 Suppl 2000), is
used as the criterion for evaluation of the sampié quality during stability testing. It
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bet ween Zflinger-BNidort8ymdyoidé. tot al daily dosage. The invention is illustrated
but in no way Iimted by the foll ow ng Exanpl es: Exanple 1

The preparation of a pharmaceutical composition containing omeprazole form C

and pharmaceutically acceptable excipients is also disclosed herein. The

_pharmaceutical composition is suitable for different routes of administration such

as oral, parenteral, transdermal, etc. A suitable pharmaceutical form can be, for

example, a capsule, tablet, dispersion, solution, suspension, emulsion, gel,

powder, etc. A suitable quantity of the medicament is within the range of 10 mg

to 80 mg daily, preferably between 20 mg and 40 mg of total daily dosage.

The invention is illustrated but in no way limited by the following Examples:

Example 1

Process for the preparation of omeprazole form C from crude omeprazole by
precipitation with acetone from a mixture of aqueous solution of methylamine

125 g of crude omeprazole, obtained by oxidation of 5-methoxy-2-[[{(4-methoxy-
3,5-dimethyl-2-pyridinyl)methyl]thio]-1 H-benzimidazole with 3-chloroperoxybenzoic
acid, were dissolved while stirring in a mixture of 100 mi of 40% of aqueous
methylamine and 125 ml of acetone at room temperature. To this clear solution
. was added 2000 ml of acetone, the combined solution was stirred for 1 hour at
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conbi neq:_,ga(p,llcﬂé' on was stirred for 1 hour at room tenperature and
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125 g of omeprazole, obtained by oxidation with 5-methoxy-2-[[(4-methoxy-3,5-
dimethyl-2-pyridinyl)methyl]thio]-1H-benzimidazole with  3-chloroperoxybenzoic
acid, were dissolved while stirring in a mixture of 62.5 ml of 40% of methylamine
and 125 ml of dichloromethane at room temperature. To this clear solution was
added 2000 mi of acetone, the combined solution was stirred for 1 hour at room
temperature and thereafter cooled to a temperature in the range of -10 to —-15°C.
~ The product formed was filtered off, washed with acetone and dried in vacuo at
room temperature to constant weight. Yield: 103.7 g (83%).
The crystals formed were suspended in 400 ml of water at room temperature and
thereafter stirred vigorously for 1 hour while cooling to a temperature not
exceeding 20°C with an ULTRA-TURRAX® mixer (type 18/10, Janke&Kunkel). The
product obtained — omeprazole form C - was filtered off, washed with water, and
dried in vacuo at room temperature to constant weight.
Yield: 102.7 g (99%).

Example 3

Characterization of omeprazole form C by X-ray powder analysis




The crystals formed were suspended in 400 ml of water at roomtenperature
and thereafter stirred vigorously for 1 hour while '
tenperature not exceeding 20C with an ULTRA—TURRAX(??%%$§%FE@F€pe 18/ 10,
Janke&Kunkel ). The product obtained - oneprazole formC - was filtered
of f, wasNeRlones3sk wat er, and dried in vacuo at room t @epaB@toidse t o const ant
weight. Yield: 102.7 g (99% . Exanple 3 Characterization of oneprazole form
C by X-ray powder analysis 21 Cctobdl 2005 WO 02/ 085889 11 PCT/ | B02/ 01350
Figure 1 is the X-ray powder diffractogramof the follow ng sanples: -
oneprazole formA, synthesized according to Exanple 1 disclosed in PCT
patent publication WO 99/08500; - oneprazole form B, synthesized according
to Exanple 2 disclosed in PCT patent publication WO 99/08500; and -
oneprazo ) | i i di scl osed Exanpl e
#@gﬂ) B erméawme% B RG6G R 1 thd fbli&ﬁi(@g sgﬁmse. _

1. The X- I'fTract ograns” were record n-a Sienmens D-500 X-ray
Di f f r act omemeprazeleatpymbhe syrihesizast peearding dogexample yh) disiclosedkL Gladi at i on
~within th ranqge 0O, with a 0.02 step and an integration
time 10 sgg%ﬁgé&bl ari ambg{q%gg&v\ere adjusted to 6 nmsanple illumnation,
and entranomeprdzole foemOB2synthesizdd eccordingtie Exeenple \diselosedham #QEri zed by

X-ray powder, apal ysis o | crystalline formof oneprazole --

onmepr azol ePRGH @i‘@%mgg@%g@mrdu ng to hereinabove disclosed Exanple
1, and f.0r ofRER36IES ML nghm;zea dcebrlirty Rreih@bdVeRiisdGsedi B@hpied i n PCT
pat ent publication WO 99108500. The positions of the peaks (d-values) of

oneprazol etform C were determ ned according to the standard procedure
(Kug&Al eksander, L. E. (1974)). Table 1: d-values of oneprazole form C
formA and form B '

The X-ray powder diffractograms were recorded on a Siemens D-500 X-ray

Diffractometer (Bragg-Brentano reflectance geometry) with CuKo radiation within
the angle range 5 to 30° 20, with a 0.02° step and an integration time 10
seconds. Variable slits were adjusted to 6 mm sample illumination, and entrance

slitto 0.2 mm.

Table 1 lists the d-values characterized by X-ray powder analysis of the novel

- crystalline form of omeprazole — omeprazole form C - synthesized according to
hereinabove disclosed Example 1, and for comparison d-values of form A and
form B, as disciosed in PCT patent publication WO 99/08500. The positions of the
peaks (d-values) of omeprazole form C were determined according to the standard
procedure {Kug&Aleksander,|..E.(1974)).

Table 1: d-values of omeprazole form C, form A and form B

FORMC FORM A FORM B
d-values |relative d-values |relative d-values |relative
(A intensity (A) intensity (A) intensity
95-96 very strong 9.5 very strong 9.6 very strong
79-8.0 strong 7.9 strong 8.0 medium
74-75 weak 7.4 weak 7.9 medium
17.2 very strong 7.2 very strong 7.5 weak
59-6.0 medium - 6.0 medium 71 very strong
5.6 medium 56 strong 5.9 medium
|151-52 very strong 52 strong 5.6 medium
488-490 |weak 51 strong 53 strong
1 481-484 |weak 4.89 weak 5.1 strong




FORM C rel ative FORM A relative FORM B rel ative d-val ues intensityd-val ues
I ntensitd-values intensity (A (AyYy (A 9.5-9.6very str . 5
strong9. 6very strong 7.9-8. 0strong7. 9strong8. Onedi umt21c61°nger\é86é/
- 7.4-7.5weak7. 4weak?7. 9nmedi um 7. 2very strong7. 2very strong7. 5weak

5. 9- 6. O RBSBIedi uni7. lvery strong 5. 6medi unb. 6st r orrgFIBNBHIsHM
5.1-5. 2very strong5. 2strong5. 6nedi um 4. 88- 4. 90weak5. 1strong5. 3strong
4.81- 4. 84weak4. 89weak5. 1strong 21 Odober 2005 WD 02/ 085889 12
PCT/ 1 BO2/ 01 350 4. 65-4. 67medi umd. 64nedi umd. 54nedi um
4.57-4.60nmedi umd. 60nedi umi. 48strong 4. 48-4, 51strong4. 53weak4. 41nedi um
4.34-4. 36nediuml_49nediuml 1

- diunl 76strona
3- 94- 3. 97HRBKAOT oneBRAM 7 edi jum #&5- 3. T@ﬁitﬂﬁngj& 152k 3. AmedigRg
457-460 |medium 460 medium 4.48 strong
448 -4,51 |strong 4.53 weak 4.41 medium
434-436 |medium 4.49 medium 4.14 weak
416-4.19 |weak 4.31 medium - 3.75 strong
394-3.97 |weak 419 weak 3.57 medium
372-3.73 |strong 415 weak 3.47 strong
3.58-3.59 |medium 3.95 weak 3.40 weak
3.46-347 |strong 3.71 strong 3.28 strong
329-330 |medium 3.59 medium 3.22 medium
323-325 |strong 3.48 medium 3.02 weak
3.19-320 |medium 3.45 strong
3.11-312 |weak 3.31 weak
3.03-3.04 weak 3.22 strong
3.17 medium
3.1 weak
3.04 weak
3.00 weak

The relative intensities of d-value were identified by the following criteria:

25-100% intensity very strong
10-25% intensity strong
3-10% intensity medium
1-3% intensity weak

From the above data it is evident that omeprazole form C is a novel crystalline

form of omeprazole.

Table 2 lists the unit cell parameters of the novel crystalline form of omeprazole -
omeprazole form C - synthesized according to hereinabove disclosed Example 1,

~and for comparison the unit cell parameters of omeprazole form A and form B as
disclosed in PCT patent publication WO 99/08500. The unit cell parameters of
omeprazole form C were calculated using Rietveld comparison.

Table 2: Unit cell parameters of omeprazole forms A, Band C

FORM UNIT GELL PARAMETERS
a(A) b(A) c(A) af°) B(°) ¥(°)
A___[9.729(4) _|10.410(4) 10.468(3) | 90.77(3) |111.51(3) | 116.78(3)
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Example 4

Characterization _of omeprazole form C using Fourier Transform Infrared
 Spectroscopy (FT IR)

A crystal structure of omeprazole form C, synthesized according to hereinabove
disclosed Example 1, was characterized using Fourier Transform Infrared
Spectroscopy (FT IR). For comparison, FT IR spectra of omeprazole form A and
form B, synthesized according to Examples 1 and 2 of PTC patent publication WO
99/08500, were also recorded.

Analysis of the samples was performed on a Nicolet Nexus, DTGS KBr detector.
In the analysis a diffuse reflectance measurement technique (DRIFTS = Diffuse
Reflectance Infrared Fourier Transform Spectroscopy) and an insert for Nexus
Smart Collector measurements were used. The samples without prior treatment
were mixed with KBr (IR purity level - concentration 50 weight% of omeprazole to
KBr (IR grade). All spectra were measured with 64 scans, that is, the number of

replicate measurements within single measurement, at resolution 2 cm ™.

Figures 2to 4. FT IR spectra of omeprazole form A (dashed line) and omeprazole
 form C (solid line). o

Figures 5to 7: FT IR spectra of omeprazole form B (dashed line} and omeprazole

form C (solid line).

As it is evident from Figures 2 to 4, the sample of omeprazole form A exhibits
characteristic absorption bands at the following wavelengths:

1210em ™, 1201 em ™, 1079 em ™', 1075 ecm 1029 cm ~, 1025 em™, 1013 om™,
1008 cm ™. |
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according to Exanples 1 and 2 of PTC patent publication WO 99/08500, were
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The crystalline forms of omeprazole, forms A, B and C, can be independently or

additionally distinguished by the ratio of the intensities of the absorption bands at

wavelengths 1120 cm ™" and 1112 cm ™, being the highest for omeprazole form A

~and lowest for omeprazole form B,

Table 3: The ratio between the intensity of the absorption bands at wavelengths
1120 cm " and 1112 cm ™" depending on the crystalline form

of omeprazole
FORM THE RATIO BETWEEN THE INTENSITY OF THE
ABSORPTION BANDS AT 1120 cm™ TO 1112 cm™
A from1:45t01:55
B _ from1:10to1:1.9
C from1:21to1:3.0

Figure 8: FT IR spectra of omeprazole form A (dashed line), omeprazole form B
(dotted line} and omeprazole form C (solid line) inciuding the range of wavelengths
1120 cm™ and 1112cm™, where the ratios of the intensities of the absorption
bands of omeprazole form A, form B and form C differ.

Example 5:
Pharmaceutical formulation

a) Pellet cores
Composition for 1000 g of pellet cores:




1210 cm-', 1201 cm-', 1079 cm-',1075 cm-',1029 cm-', 1025 cm', 1013
cm, 1008 cm-'. 21 Cctober 2005 VD 02/ 085889 14 PCT/IBO /0%@ 0 As it is
evident fromFigures 5 to 7, the sanple of omaprazol@ Qsiqbes ibits
characteristic absorption bands at the foll owi ng wavel engths: 1202 cm
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absorption bands of oneprazole form A and form B The crystalline forns of
onepr azol e, {OmepragoladormdCC, can be i ndependently or| 488ig|onally
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spectra of opEfssamnellosesedivm( dashed |1ine), oneprazolp f&P@B (dotted
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1120 cm and Eé@%ﬂk&ﬁamre e rati os of the intens s%g
absorption Polyoxyethylated hydrogenated castor oil 29
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f the

Prior to use, the pharmaceutically acceptable excipients used were dried in such a
manner to provide loss on drying less than 1.0%, preferably less than 0.5% of
total weight of each individual pharmaceutically acceptable excipient.

The batch of 1000 g of pellet cores was prepared according to the following
procedure:

2 g of polyoxyethylated hydrogenated castor oil {Cremophor® RH 40) were
dissolved in 300 g of absolute ethanol at room temperature. The solution formed

| (302 g) was sprayed on a previously prepared blend of powder components of
100 g of omeprazole form C, obtained according to the procedure described
Example 1, 150 g of dried low-substituted hydroxypropylcellulose (L-HPC LH-20),
150 g of dried microcrystalline celluiose, 478 g of dried mannitol, 50 g of dried
croscarmellose sodium and 70 g of dried polyvinylpyrrolidone K 25 in a fluid bed
granuiator at room temperature. The resuiting wet mass was extruded and
spheronized. The pellet cores formed were dried in a fluid bed or chamber dryer at
inlet air temperature of 35 to 45°C to loss on drying not less than 0.5% of total
weight of pellet cores. |

1000 g of pellet cores were obtained.

b) Enteric coated pellets

Peliet cores 1000 g

1580 g

Hypromellose phthalate




bands of oneprazole formA, formB and formC differ. Exanple 5:
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hydr ogenat ed castor oi enophor (1 Wer e i'ssolved in 300 g of

absol ute ethanol at roomtenperature. The solution formed (302 g) was
- sprayed 0 g ophepiomedibse phtbpateand1®adf dibupybsekacatowpendssalvestin a.00 g of

R L e R R R e R = N
150 g of Tiels ieediting solatisry whskpriaged ortolthe psliet cdrés igthef fluid-bedidewemi t ol , 50 g of

dried croscarnellose sodiumand 70 g of dried polyvinylpyrrolidone K25 in
-a fluid bed granulator at roomtenperature. The resulting wet nmass was

ext r udedg)@apsulating
The produced enteric coated pellets were filled into gelatin or cellulose capsules to
provide an assay of omeprazole 20 mg/capsule on a capsule filling machine.

Lek Pharmaceutical
and Chemical Company d.d.




spheroni zed. The pellet cores fornmed were dried in a fluid bed or chanber
dryer at inlet air tenperature of 35 to 45C to | oss ryi ot |less
-than 0.5% of total weight of pellet cores. 1000 g ofzqgéqqq%fag%?es wer e
obtained. b) Enteric coated pellets Pellet cores Hypronell ose phthal ate
1000 g wipfegsswl Oct ober 2005 WO 02/085889 PCT/IBOZ/%sz%f@ | Di butyl
sebacate | 15 g 150 g of hypronell ose phthalate and 15 g oT( I but yl
sebacate were dissolved in a mxtyye of 1754 g of absolute ethanol and 438
g of acetone at roomtenperature. The resulting solution was sprayed onto
the pellet cores in the fluid-bed device. c) Encapsul ati ng The produced
enteric coated pellets were filled into gelatin or cellulose capsules to
provi de an assay of oneprazol e 2QumMgapsul e on a capsule filling machine.

- Lek Pharmaceutical and Chem cal Conpany d.d. 21 COctober 2005 WD 021085889
17 CLAI M5 PCT/1B02101350 1. Oreprazole form C, characterized in providing
an X-ray powder diffraction pattern exhibiting substantially the follow ng

d-val ues: d-values Relative intensity (A
Omeprazole form C, characterized in providing an X-ray powder diffraction

pattern exhibiting substantially the foliowing d-values:

d-values |Relative intensity

A)
95-96 very strong
7.9-8.0 strong
74-7.5 weak
12 very strong
59-60 medium
5.6 medium

51-52 very strong
488-490 |weak
481-484 weak
4.65-4.67 medium
457-460 |medium
448 - 451 strong
434-436 medium
416-4.19 weak
394-397 weak
3.72-3.73 |strong
3.58-3.59 |medium
3.46-3.47 |strong
3.29-3.30 medium
323-325 strong
3.19-320 medium
3.11-3.12 weak
3.03-3.04 weak

2. Omeprazole form C, according to claim 1, characterized by having the
following unit cell parameters:
a=9.705-9.740A, b=10.335-10.375A, ¢=10.525-10.590A, a=90.95-91.15°,
B=111.70-111.90°, y=116.25-116.50°.




9.5-9.6very strong 7.9-8.0strong 7.4-7.5weak 7.2very strong 5.9-6.0nedi um

5. 6medi um 5. 1-5. 2very strong 4. 88-4. 90weak 4. 81-4. 84\5’3%6264 67medi um
4.57-4.60medi um 4. 48-4. 51strong 4. 34-4. 36nedi um 4. 164, % 94- 3. 97weak
3.72-3.73strong 3, 58-3. 59nedi um 3. 46- 3. 47strong 3. 29- 3. 30nedi um
3.23-3.25strong 3.19-3.20nedi um 3. 1148. 12weak 3, 03- 3. 0O4weak 2. QOreprazol e
formC, according to claim1, characterized by having the follow ng unit
cell parameters: a=9.705-9. 740A, b=10. 335-10. 375A, c¢=10. 525-10. 590A,

a=90. 95-91. 150 , 03=111.70-111.90, Y=116.25-116.50. 21 Cctober 2005 18 3.
Onepr azolBe fomeprazdiarfam €; chardcierized mpednsprising tharactersticsttisorgiosor pt i on

bands by Fourier Transform Infrared Spectroscopy at the wavelengths 1204
em ™, 1076 cm ™", 1024 cm =, 1014 cm " and 822 cm .

4. A process for the preparation of omeprazole form C as defined in claim 1 or
3, comprising the following steps:
a) dissolving crude omeprazole in a solvent or a mixture of solvents in
which omeprazole is freely soluble, and
b) precipitating omeprazole form C with a solvent in which omeprazole is

poorly soluble which is acetone.

5. The process according to claim 4, wherein a step of adding an acid to the
 solution of omeprazole in the above precipitation solvent is excluded.

6. A process for the preparation of omeprazole form C according to claim 4,
' characterized in that dissolving of omeprazole is carried out in a solvent

or a mixture of solvents chosen from the group consisting of: 40%
aqueous methylamine; a mixture of 40% aqueous methylamine with
dichioromethane, chloroform or acetone; a mixture of 25% ammonia with
dichloromethane, chloroform or acetone; and a mixture of triethylamine

with dichloromethane.

7. A process for the preparation of omeprazole form C according to claim 4,
characterized in that dissolving of crude omeprazole is carried out in a

mixture of 40% aqueous methylamine and acetone.




bands by Fourier Transform Infrared Spectroscopy at the wavel engths 1204
cm-', 1076 cm-1, 1024 cm-', 1014 cm-' and 822 cm-'. 4} A(E) ocess for
the preparation of onmeprazole form C as defined in c PAiGgtopep £0 ,
conprising the follow ng steps: a) dissolving crude onmeprazole in a solvent
or a mxture of solvents in which ogygprazole is freely soluble, and b)
precipitating oneprazole formC with a solvent in which oneprazole is
poorly sq ubl j } oy C e o.cl aipm 4,

wher ei n (_a%l'ste% Wcé%%foﬁéﬁ%ﬁ?e%%?a&uo?ﬁ oOft ee&é%ﬁ%?(lﬁ'gﬁ&o Cg% fa?z%l ‘h? i4’n t he
above preci pi tchaiagterized wethat disselxiop wf edidesoméprprde és sarfied ouhat poepar at i on
of oneprazol et‘%'ﬁé gﬁ,%ccordi ng to claim4, characterized in that

di ssol vi ng of %Pta le is carried out in a solvent or a mxture of

sol vents chosen fromthe group consisting of: 40% aqueous nethyl am ne; a
m xture of 40% aqueous nethyl am ne with dichl oronethane, chloroformor

- acetone; a mxture of 25% ammonia with dichl oronethane, chloroformor

?cet oEe; gand & prio)&éw?rﬂie prdwt?mh?ﬁmﬁegmidl@fdéjftrﬁmewceﬂ‘ﬁlﬂid"ltmﬁaimh, A process
or the preparation of q razole form C according to cl alm

characteri zed cﬁﬂraf’[%'lzeﬁi'”g'gﬁ’tv?'ﬁﬁp@fzo'@r{?ﬂﬁ érﬁ?ﬁF"’d%feési thag Z00PR@ efut in a

m xture of 40%Y-eHeads rBiduvl stNdg. and acetone. 21 Cctober 2005 19 8. A
process for the preparation of onmeprazole form C according to claim 4,
characterized in that dissolving of crude oneprazole is carried out at room
tenperature. 9. A process for the preparation of oneprazole formC
according to claim4, characterized in that oneprazole form C contains

| ess thanp200pY8c&ds foRh @R GeBadion df%ﬁ*\éi!if'é’ioléﬂiri{'ﬁ@taccéﬁinq?om@ﬁﬁﬁ.s for the
preparation of oms%:igzol.e form C according to claim9, <cCharacterized in

t hat omepr azoFbareeterzes dothali orseprezeletfioem G aoptping tsss thartl®fpg/gsofa resi dual

sol vent. acetone as a residual solvent.

11. A process for the preparation of omeprazole form C according to claim 4,
characterized in that precipitation of omeprazole form C is carried out at

room temperature.

12. A process for the preparation of omeprazole form C according to claim 4
further comprising cooling crystal suspension before filtration to a
temperature in the range of ~10 to -20°C.

13. A pharmaceutical formulation comprising a therapeutical effective amount
of the active substance omeprazole form C as defined in claim 1 or 3 in

admixture with a pharmaceutical acceptable excipient.

14. The use of omeprazole form C as defined in claim 1 or 3 for the
preparation of a medicament for the treatment of gastrointestinal disease.




11. A process for the preparation of oneprazole formC accordi ng to claim
4, characterized in that precipitation of orreprazol 1;{9 ng carried out
at roomtenperature. 12. A process for the preparatl debes §$azol e form
C according to claim4 further conprising cooling crystal suspension
before filtration to a tenperature pp the range of -10 to -20C. 13. A
phar maceuti cal formulation conprising a therapeutical effective anmount of
the active5subsbrEGRpRIZBIY RAAI© irf ﬂféann&ﬁ‘acﬂﬁé bf‘ﬁqné&]cé‘fhéhtr@fﬁ eclle h I N

adm xture with a pharnmaceutical acceptabl e excipient e use of

omepr azol e i rfeatment &f ﬂeﬂa$tFP'|&tB§ﬁlﬂﬂ| 1digease, fwﬁenenb a rhapaesgitisal of a

.medi canent ff t f er 2005
20 15. Use o omnéggpaggﬁgﬂﬁnémgéhlgn ugbérﬂrgﬁuff F)ere o §eurl;eg.‘%cane‘ﬁ%
effective i gubstaace r@aemaﬂoleoffoangé?stinoiadnm'smxmaw:thll aeama,rmmntdah a

phar maceut i effective anount
B the.acti occenteBeBkBldrE: SREBIS Bt ARRAGHIE S ooy sORmS
phar maceut i fram gastoiiestinabdiegasepi ent is suitable for being adm nistered to
a patient suffering fromgastrointestinal disease.






