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Title: CRYSTALLI NE FORM OF OVEPRAZOLE Abstract: A novel crystalline form
of the substrate known under the chem cal nane 21 October 2005

5- met hoxy- 2- [ [ (4- met hoxy- 3, 5- di net hyl - _

pyridi nyl ) met hyl ] sul finy]-1H benzi m dazol e, and having the generic nane
onepr azoMe) 02983884 nafter referred to as oneprozol e for mMCTAR0AE35di scl osed.
Further, a process for the preparation of oneprazole formC, a

‘phar maceutical fornulation containing onmeprazole formC in adm xture with
- pharmaceutical ly acceptabl e excipients and the use of oneprazole formC for
treatnment of gastrointestinal disorders are disclosed. 21 Cctober 2005 WO
02/ 085889 PCT/1B02/ 01350 Crystalline Formof Oreprazole Technical Field
(C07D 401/12, A6l K 31 /00) The inventi on belongs to the field of chem cal
t echnol ogy and relate 0, a,,hov rys | ine formof the substance known
under t ha cheni cal - ndeEyStalingsorm of Omeprazole

[[ (4-met hoxy-3, 5-di net hyl -2-pyridinyl)nmethyl]sulfinyl]-1 H benzi m dazol e,
and having the generic name oneprazole. A novel crystalline form of
oneprazol e 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:{esc?;! g g[ﬁg:! to use of onmeprazole formC for treatnment of diseases
rel ated acid hypersecretion, and to a pharnaceuti cal

conposi t(COADAD 18, AGnY 3 fo)act i ve subst ance oneprazol e form C. Techni cal
Probl em There is a constant need to prepare pharnaceutically stable
crystalline forms of the active substance onmeprazole in an industrially

simpl e ang hgédtichbd itB'tﬁeg@M ofV&hTeméal %bh)ﬁb%b? ahdl réthted tb SRRt Ur e at

whi ch the proportion resi sol ven
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.




and inpurities, that is, the proportion of related substances and
degradation products, is lowor mnimal. 21 Cctober WO 085889 PCT/
B02/ 01350 2 Prior Art The substance known under the czﬁ(%gq?%téqrzﬁééts

5- met hoxy- 2-[[ (4- met hoxy- 3, 5- dinethyl-2-pyridinyl)methyl]sulfinyl]-1 H
benzi m dAOPESERY havi ng the generic nanme oneprazol e REIRHAISCas a proton
punp-i-nhi bitor which inhibits gastric acid secretion. Qreprazole is used
for the treatnment of gastric acid refated diseases in mamuals and
especially in man. The substance omeprazol e and pharmaceutically acceptable
salts thereof were described in European Patent Publication EP 5129

(Cct ober_ 31, i}I979). Fromthe literature, two crystalline fornms of

omepr azdH& Ahat |s, omeprazole formA and oneprazole formB are known.
Form B was described by Chishi et al., Acta Cryst. (1989), C45, 1921-1923;
formA and the preparation of two crystalline forns of oneprazole were
descri bedd sulrstEncgatkeawnpinsier dke coemingl name dsuethoxi-jli4ryetbexy-3,5999) . In

. PCT pat chib p for

prepar aﬁ?@ﬂf?ﬁ% p%%:hﬁﬁn%ﬁ%lﬁ?ﬁﬁ%ﬁ%&%gﬁ@%r&é Sﬁd l"'Q‘ﬂ";&hour eh%ﬁe descri bed
synt heswmmesombpmzdlecm koo ax g ptaddrt purapumhbltur mmhhmn@egatrwe&:;d t he basis

f which t t t t d t
vashi ng e LR ORSRERRAR = EEHoG s EAIment Sl sspierarAiranied 6RSen | n whi ch

it isi nﬁg{dﬁl@hgsghd@gpé@guy ;ﬁ@,l,#pl e and a resul ting suspension is stirred
for a defined time period) with alkyl alcohol, for exanple wth nethanol

cont ai ni rﬁ"@ substangs amemrsazele and nf@r@éﬁﬁéﬁ!ﬁﬁﬁwacw salta thereof pwerd i cat i on
et noc dHLRd if BUFSAchPahO8RBhn £F 195 (BUldhef sFNIdH BHAEE Ve and
W n Img 1s a

already to begin res a purer ce since
sur f ace lifgratuezj utwo wmstaMe fdrms sofcbrﬁéprazdle that &; loneepeaze édrra Al avd of a
solvent to a

f the t ent
ubl | CalTT A58t Knowrs, FLT:R Yas CRSk oSy obis et b AMR Bt bi ¢ s
better tgggypdysamdz-s4ZMi forhy A and the preparation of two crystalline forms of

-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




photoStabiIity and hygroscopicity conpared to previously-known onmeprazol e

formB. On the contrary, oneprazole formB is obtain fa
crystallization at el evated tenperature. Thermal %y@%{%tfqrabg?l on
essentially is a superior nmethod for 21 Cctober 2005 WO 02/ 085889

PCT/ | BOPO¥®58°3 purification of substances to a di g@TIHG0WEY hod; however,
in the case of oneprazole it is not useful because oneprazole, especially

in solutions at an el evated tenper3at ure rapidly disintegrates to intensely
col ored degradation products. Nanmely, oneprazole is known as an active
subst ance which is highl y sensitive to an el evated tenperature. During the

process Q ur| fication her recrystal |ization gradat on products
are f oPHBEFAHARN c 19f M Stiaﬁﬁ%%/ Eg?ﬁqf‘g m%&'?@t P‘Q’e‘f%ge{"n&}e soI vent
each Ofom&gra“zfatecmshwajs%f@twevaqm WRprale, Séﬁiébiauwn Riutibhe aﬁlam shed

pr oduct esi des stal s of oneprazole formB are ngqa@ral n size than

cryst aletevateds é?rﬁpﬁ(afl{rﬁefaﬁfﬂy edisipteggatasytoc dpgrsale %‘?ﬂ@d daliit i ti es and
f fi
more ! eRdR l\%%é(?’l%mé&ﬁ?olﬁﬁy%&{vﬁ £ arl %&m&@@@m@ggol g Lo g first

~ aspect e present nvention ere i s provi
char acsensithectoiam qﬂemteaﬂ tergpa!atu}’e r[h;ringdhel eroadaiss of pumﬁoahorphy trermakxhi bi ti ng

substantially the fol ues s Rel atlvel y (A
o= o BRrergeltzadR, oBoutigl erosiits 8 il Wi ais bR ENE ¥ Ormeat um
5. 6nmedichtdps thgbtheY Rt adolvii@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




4.88-4.90weak 4.81-4. 84weak 4.65-4. 67nmedi um 457-4. 60nedi um 4. 48- 4. 51strong
4.34- 4. 36nmedi um 4. 16- 4. 19weak 3. 94-3. 97weak 3.72-3. 733% ? % 3. 59nmedi um
3.46-3. 47strong 3, 29- 3. 30medi um 3. 23- 3. 25strong 3.19-3. 4 8

3.11-3. 12weak 3. 03-3, 04weak 21 Octobgg 2005 3a According to a second aspect
of the present invention, there is provided oneprazole form C
characterized in conprising characteristic absorption bands by Fourier
Transfo STal=Ty : : k@&ﬁ -', 1076 cm-",
1024 crré &Er&&%%g%ﬁ - g%gg%g?ﬁr?ﬁaﬁA%\é@éﬁ&géﬁs t hrikﬁin aspect of the

pr esentomapraaciedarm Cheharacteripedn dedpasipg cbarssteriste absarpiiorebandst i on of

"omepr a f ' | S| I-ng steps: a)

di ssol wngo%rfé&?é%%éﬁE&'&ﬁ?géjlsﬁgé}[ogsgf’ éggp{hgf‘h%%ﬁérﬁ?ﬁ iﬂg 8'Wsdl vents in which
omepr azt0#s ¢ T, rieedyensd| uhlLcmahdndB2proaci’pi t ating oneprazole form C with

a solvent in which omeprazole is poorly soluble which is acetone. According
to a fourth aspect of the present invention, there is provided a

- phar mac&¢dording té artnitd aspeenotp@presermnantiostapeLis ipedlided #pfeebsve anount of
the active substance orreBr,azoI e form %pggeddefi ned abqve 1 n adm xture with

~a pharREMERIFRARIGN QERBEPERPIE OB (pPR above, 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.

According to a fourth aspect of the present invention, there is provided a
- 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 (solid line).



According to a fifth aspect of the present invention, there is provided a
use of oneprazole formC as defined above for the prngt% 2@%9f a
medi canment of the treatnent of gastrointestinal disg ding to a
si.xth aspect of the present inventioBp there is provided a use of
oneprazole form C as defined above in the manufacture of a nedi canent
effective in the treatnent of a gastrointestinal disease, wherein a
pharmaceutical fornulation conprising a therapeutically effective anount
of the active substance oneprazole formC in adm xture with a

phar maqgghiec& £ IRepaRiAEl Snpeaidlefirm A (dashddalbp ohbpragia®raddi ni st er ed
to a patient suffering fromgastrointestinal di sease Brief description of

dr awi ndeotieddineieand Olaﬁpf)ﬂzﬁ@yfoﬂ'ﬁ\@&o”@|”f"f)r%m"’(‘)§?%wa{6? epaefPage 1420 orms A, B
and C. ok %Hpeﬁfz %%ﬂwgﬁr?lhR Stﬂgcge&fas Od¢ ﬂf@?’%fti%%obfe aBQérBiro% (daaged 1ine)
and oneprazo d I ) IR spectra of

onrepr aziifferertimterioB ofbpsirot: forme, f@mdB@md;f@mBl e for m C (solid line). 21

Oct ober 2005 3b Figure 8. FT IR spectra of oneprazole form A (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 balnd_s differentiate for oneprazole formA, form

B and fRassrietionefdhe inxention igeluding examRles; on i ncl udi ng exanpl es A net hod of
prepari ng a novel pharnmaceutically stabl e crystalline formof the active

' substance oneprazole in an industriall npl e and readily feasible manner,
e.g. askml PEppenaiingra rioyeldpeamsse cra@yeatablemﬁslalbmﬁ!nfmrofré%uu cal
st abl | j, cal active
subst aﬁ%Yvéu%h$éﬁ4ﬂcﬁe°Wé§f§i§A%i@5% RSB Ele dndledlly spmiTRERE 7

- conposielg.patsonindempbrative is tisoidsed heﬂeln.Giﬂectbnm pﬁﬁ!@:‘a‘adﬁ&u@ﬂ/s%ﬁ%%

PCT/ EB??%{; Oc%%%)ct includes stability of the pharmaceutical active substance under the

standard conditions of testing of pharmaceutical compositions whereat the stability




4 is eval uated by absorbance as the nost sensitive nethod for determ nation

of inpurities, that is, related substances and degr L, Qn ucts.
Phar maceutical stability depends on sinultaneous inf ?qg#(t,@)%%%’dvari ety of

factors, of which the nost inportant are the size of crystals, shape of
crystal swWOot08y88? assay, assay of residual solvents an®CIgB&EIBH i npurities.
One or nore of these factors can be uniquely characterized by a process
for the purification of crude omapr‘hzol e and the preparation of and

i solation of the novel crystalline formof oneprazole according to the

i nvention. The novel form of oneprazol e disclosed herein is hereinafter

referred to as, oneprazole form C. W have sur r|S|n Iy found that apart
from cur’ﬁeﬁﬂal%t%gﬁﬁbs?ﬁﬂﬁn?%Pﬁéh%ﬁ%ﬁﬁ?ﬁwfﬂ gethag, dﬁWﬂ“W@F?ﬁ B? t here

exists g |ésortﬁat"serr@:a@afstusgtaneésfﬁd&bré&uaﬁ pRoERREAz0l e Torm C, some

advant ages of which'include a sinple process for the preparation, and
better yield than in case of the preparation of oneprazole formA and form

B. A proﬁa%ﬁaEgut%ctapﬁaBﬂ{ e%p(éﬂt;lé BHs@Iutt% ainﬁqfeg'[c?f??:aq’a?l@ df15et BisoPal ation

and i sol I on Oof one r orm C, ree rromo he\r known

~cryst al | ¢fnehich dheremaedt nmpenamzadeethet siad of&ryswm.pshap}i of feoystals) waater f or m B,
are al so di scl osed here| n. n?s %ﬂé\? form of .onmeprazol e forrrbC has been

char act #958%d a5§)ay>p &§idpahRRlve spay of |'rHP:‘I'rU[?Fn EPTMRRE: 9f PR positi on
of the paairs kdh Efeﬁﬁ(q@@‘%ractéhid‘dfwté)gfo%%s ?&Qhélpﬁﬁfl@llohhﬂ it cel |

paraneters. The unit cell parameters were determned by Rietveld method.

Measur er@meprazoie @nsd-the wreparetion efrend,isplatiomelithe nowal enyslgling doren pbrm C i s
di sti nCt%rXe;ﬂle@%@%rdlEéqmﬁe% eq.ﬁli%y known crystalline forms of oneprazole.

Orepr azo orm ¥3"8Re enbodi nent of the i nvention, is
characterized in providing an X-ray powder difiractogram pattern with

subst ant+hael lngvélhf%rf Ol# S\rﬁmegrqazglev?ilsclosed %%aréljr% is bhereinager re er?e%c/i qg 5a8389 >
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.




d-values Relative intensity (A) 9.5-9.6very strong 7.9-8.0strong

7.4-7.5weak 7.2very strong 5.9-6.0nedi um 5..6nedi um 5. ﬁ-g.é}/ﬁerﬁ gt rong
4.88-4.90weak 4.81-4.84weak 4.65-4.67nmedium 4.57-4,6 oREr 4998- 4. 51st rong
4.34- 4. 36nmedi um 4. 16- 4. 19weak 3, 94- 3. 97weak 3.72-3.73strong 3. 58-3. 59nmedi um
3, 46- 3, 4 M@ 02888V, 29- 3. 30nedi um 3. 23- 3. 25strong 3, 19- FCTORE @I IHM

3.11- 3. 12weak 3. 03-3, 04weak PCT/1B02/01350 The relative intensities of
d-value are identified by the foll ovmr’ng criteria: 25-100%intensity 10-25%
intensity 3-10%intensity

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




1-3% intensity very strong strong nedium weak Oneprazol e formC,

according to anot her enbodi nent of the invention, {! %ggﬁt ly or
‘additionally characterized by the follow ng unit ceI I2 in the

range of: O(-) 1 aa uaA ( 10.335 b(A) c(A 90.95-91.15

116. 25y (-WQ 42185889 10. 525- 10. 590 111.70-111.90 9. 705- CTAB0201BY5 21 Cct ober
2005 WD 02/085889 PCT/1B02/ 01350 6 Qreprazole form C accordi ng to anot her
enbodi ment of the invention, is independently or additionally
characterized by Fourier TransformlInfrared Spectroscopy (FT IR).
Oreprazole form C has the char acteristic absorpt i on bands at substantially

the foll qw n Ieng 04 cm 1076 112 , 1014 .cm-', 822
o The. nOESANS TP { S99TR e BRGlbER EMbacinent ft 16 IaVRSERRY iSrbod rmant
of the lrfa\és@ﬁdé?.ﬂ b adtﬁtﬁiaanwemdract@frzeadcbyt Imuﬁb# YTraRgoAR! fiftapedl by the

ratio of the |nten5|t|es of the absorption bands of FT IR analysis at the

wavel engBnectiosgopy(T IR).Omenrazelgiform Gilastheicharasteristisabsamtion LAPA% nown
crystal | bpng Jotd i the PIRRARAP N RIengths:

1204 cm ™' 1076cm™ 1024 em ™', 1014 cm ', 822 cm

The new crystalline form of omeprazole, according to another embodiment of the
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 AandB:

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.
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i nventi o ,B'c%%ﬁﬂ'?ﬁ@??ﬁ)é%ﬁ@h&ng two steps: a) Recrystallization by
precipitation (e.g., fast crystallization at roomtenperature), b)
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5- met hoxe 2- [ [ (aBRinnOXY - Betedh et hy& mdthoxy-2-{[(4-methoxy-3,5-dimethyl-2-
pyridi nyl)methyl]thio]-1H benzi m dazol e and 3-chl or oper oxybenzoi c acid at
room t npidinkbmetyilinio<! H-berairidezale @nd r3-ehleropergxebaszoisodaid ngtsopm whi ch

- Oomeprazqle LSire first in a solvent or a mixture of solvents in which omeprazole is

freely soluble and, thereafter, omeprazole form C is precipitated at room
temperature with a solvent in which it is poorly soluble. By this process pure

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.
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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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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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the range of -10 to -15C. The product formed was filtered off and then
washed with acetone. The crystals forned still wet were suspended in 400 m
of ‘wat erg ,Fatm [@em tenperature and thereafter stirred vigorously for 1 hour
whil e €00 gto a terrperature not exceedl ng 20C with an ULTRA-TURRAX(r)
' &) AQie 1 Aiog pier@wole formC
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dichloromethane

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




Yield: 98.7 g (79% . Exanple 2 Process for the preparation of onmeprazole

form C from crude oneprazole by precipitation with e a mxture
of aqueous sol ution of nethylam ne and dichl oronet hgig)tciog’@réé@#n

oneprazol e, obtained by oxidation with 5-nmethoxy-2-[[(4-nethoxy-3, 5-

di met hy| W0 83889 nyl ) met hyl ]t hi 0) -1 H benzi m dazol e WPCA/IB02/01350

3-chl oroperoxybenzoic acid, were dissolved while stirring in a mxture of
62.5 m of 40%of nmethylanmine and #35 ml of dichl oronmethane at room
tenperature. To this clear solution was added 2000 ml of acetone, the
conmbi ned solution was stirred for 1 hour at room tenperature and
thereafter cooled to a tenperature in the range of -10 to -15C. The
product formed was filtered off, washed with acetone and dried in vacuo at

o0 | CTPBLAY Hing OCEA/AARE dMPaciom GrohelondfiRgatpldd™) . The crystal s

formed e suspen ] wat er at room tenperature and
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~exceedi ng | t.h U (r) mxer (type 18/10, Janke&Kunkel). The
pr oduct obﬁggﬁw@'%ﬂﬁgp@% ormC - was filtered off, washed with water,

and driedomeproleoforin Bosynthesizee) atcording docEwestipiant2 discipbéd iiRgT: 102.7 ¢

(999 . Exa e 3 ar ac i iLon of onmeprazole form C by X-ray powder

anal ysis 2P @Bt%@@%bww@%)ﬁ@@@é‘ég PCTI 1 B02/ 01350 11 Figure 1 is the

X-ray pom%heﬁid‘zbfeafdrﬂ%,%%sizbe dRbidi RhetGNBbRR: disclesdaEadple form A

synt hesi zed according to anple 1 disclosed in PCT patent publication WO
99/ 08500; 4. omeprazole form B, synthesized according to Exanple 2 discl osed
in PCT patent publication WO 99/08500; and - oneprazole form C,
synt hesi zed accordi ng to herei nabove di scl osed Exanple 1.

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




The X-ray powder diffractograns were recorded on a Sienens D500 X-ray

D ffractoneter (Bragg-Brentano reflectance geonetry) wth Cu adi ation
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3.58-3.59 Imedium 3.95 weak 3.40 weak
346-347 |strong 3.71 strong 3.28 strong
329-330 |medium 3.58 medium 3.22 medium
323-325 |strong 3.48 medium 3.02 weak
3.19-320 |medium 3.45 strong
3.11-3.12 |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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From the above data it is evident that omeprazole form C is a novel crystalline

form of omeprazole.

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).

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 ™. |

ystal line

1690 { he  novel




oneprazole form C - synthesized according to herei nabove di scl osed Exanpl e

1, and for conparison the unit cell paranmeters of o ol rmA and
formB as disclosed in PCT patent publication WO 99%%er%é§uni t cell

paranmeters of oneprazole form C were cal cul ated using Ri etveld conpari son.
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The characteristic absorption bands of omeprazole form C do not overlap the
-characteristic absorption bands of omeprazole form A and form B.
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:




I'n the analysis a diffuse reflectance neasurenent techni que (DRI FTS =
Diffuse Reflectance Infrared Fourier Transform Spectrqoscop ég{nd an insert
for Nexus Snmart Collector nmeasurenents were used. T%%?&ﬁ‘ﬁ}/ Qi t hout
prior treatment were mxed with KBr (IR purity level - concentration 50
wei ght % sfo emegssmzol e to KBr (IR grade). Al spectra pgviBoymsssured with 64
scans, that is, the nunber of replicate neasurenents within single
measurenent, at resolution 2 cm-'. 1Bigures 2 to 4: FT IR spectra of
oneprazol e form A (dashed line) and oneprazole formC (solid line).
Figures 5 to 7: FT IR spectra of oneprazole formB (dashed Iine) and
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form C do no Bé’x‘/@ﬁ?'ﬁf@"—#gﬁe%acteri stic absorption Janzé f omeprazol e
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B. Tabl e The rati o between i

e Intensity o bsor pti on bands at
wavel engnagner 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

1000 g
1580 g

Peliet cores

Hypromellose phthalate




1120 cm -' and 1112 cm -' depending on the crystalline formof omeprazole
FORMITHE RATI O BETVEEN THE | NTENSI TY OF THE ABSORPTI O% I%@NQ%S Aé’ 120 cmi TO
1112 cm' Afrom1 : 4.5to 1 : 5.5 Birom1 : 1.0 to F1.¥®FEBWR1 . 2.1 to
1: 3.01 Figure 8: FT IR spectra of oneprazole formA (dashed |ine),

onmepr azoMO 2A8WBB  (dotted |ine) and oneprazol e form GCTEBA20IBSEi ne)

i ncludi ng the range of wavelengths 1120 cmi and 1112cm 1, where the ratios
of the intensities of the absorpti o6 bands of oneprazole formA, formB
and formC differ. Exanple 5: Pharmaceutical formulation a) Pellet cores
Conmposition for 1000 g of pellet cores: 21 Cctober 2005 WO 02/ 085889 15

PCTI | BO2/ 0135Q. razole form C100 g Low substituted
'hydroxypropyi @%BMG;LS to 16% of 150 g hydroxypropbxyl15§r|oups) 150 g
M crocrystal Tne celTul ose nnit o 0 oscarnelTose sodi unb0 g

Pol yvi nyl pyrrolidone K 2570 g Pol yoxyet hyl ated hydrogenated castor oil 2g
- Prior tolakegof tipropiedosepbthalateand 150 cf dioutyl sekacatewers dissplvad ingr e dried in
such a mixture of 1754 g of absolute ethanol and 438 g of acetone at rocom temperature.

The resulting solution was sprayed onto the pellet cores in the fluid-bed device.

¢) Encapsulating
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.
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The racul tina cnl it 1. o
be V@S e ﬁ%’?{“@i&f}%@@ at i
o irqﬁa gelptin or cellul os
20 _ng/ capbule on a capsu
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
488-49 |weak
481-484 |weak
465-4.67 |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
3.19-3.20 |medium
311-3.12 |weak
3.03-3.04 weak

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°.




Lek Pharmaceutical and Chem cal Conpany d.d. 21 COctober 2005 WO 021085889

17 CLAI M5 PCT/1B02101350 1. Omreprazole formC, chara Il zed_in_ providing
an X-ray powder diffraction pattern exhibiting subs%gﬁ"it@efgb‘?%e foll ow ng
d-val ues: d-values Relative intensity (A) 9.5-9.6very strong 7.9-8.0strong
7.4-7.5weak 7.2very strong 5.9-6.0neggum 5. 6nmedi um 5. 1-5. 2very strong
4.88-4.90weak 4.81-4.84weak 4, 65-4.67medi um 4.57-4. 60nedi um 4. 48-4. 51strong
4.34- 4. 36medi 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. 30nmedi um
3. Omeprazole form C, characterized in comprising characteristic absorption

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.




3.23-3. 25strong 3. 19-3. 20nedi um 3. 11- 3. 12weak 3, 03-3. 04weak 2. Oreprazol e
formC, according to claim1, characterized by havi ng th f%{g W ng unit
cel | parameters: a=9.705-9.740A, b=10. 335-10. 375A, 021 Heioper 24 90A,

a=90. 95-91.150 , 03=111.70-111.90, Y=116.25-116.50. 21 Cctober 2005 18 3.
Oreprazole form C, characterized in ggnprising characteristic absorption
bands by Fourier Transform Infrared Spectroscopy at the vvavel engt hs 1204

cm-', 1@76 crg I:ObFeg@f’%ﬁ tﬁ%ﬁgﬁ{é‘t%ﬂ‘o% pd'e?tﬂ% é@%‘? cordln %chss for

t he preparatlon onmepr az orm as a| oL

conpri sing the:hﬁmctenmdlgl ﬂ'ﬂéﬂssolwhgchfssﬂa/mmg)razmieles carded ambateroom a sol vent
or a mxture ?‘%’Hé IJﬁ,nts in which oneprazole is freely soluble, and b)
precipitating %Iﬁ Ble formCwith a solvent in which oneprazole is
poorly soluble which is acetone. 5. The process according to claim4,
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. onmepr §zol e A probess e ties Prepardtionalf ainfeptazole |ﬂﬁﬁﬁct£fcbﬁiﬂ1b foclaifng,
carried out in_a solvent or m xture of

di ssol ving of [

sol vent s chosé’ﬁ E?r‘?'lzﬁﬂé" dﬁ@u‘ﬂ“@%ﬁ‘ﬁp@t f;OHB chonlﬁj'% '%JQBG@Q@B?%P“am ne; a
m xture of 40%a@HEedS rRidiul syl Wi th di chl or onet hane, chl orof orm or
acetone; a mxture of 25% ammonia with dichl oronethane, chloroform or
acetone; and a mxture of triethylamne wth dichloronethane. 7. A process
for the preparation of oneprazole formC according to claimd4,
characterized in that dissolving of crude oneprazole is carried out in a

10. A process for the preparation of omeprazole form C according to claim 9,
characterized in that omeprazole form C contains less than 100ug/g of
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.




m xture of 40% aqueous net hyl am ne and acetone. 21 Cctober 2005 19 8. A
process for the preparation of oneprazole formC accgfgﬁnc t% ﬁéain14,
characterized in that dissolving of crude oneprazole i1 DAIREr 208 out at room
tenperature. 9. A process for the preparation of oneprazole formC
according to claim4, characterized2pn that onmeprazole form C contains

| ess than 200p919 of acetone as a residual solvent. 10. A process for the
prepar ati 95, Oe 6fBiepARbR fofhT fn BECARALRBIIG of h3h&tiSameht @GlEH 28d i n
that onmeprazole form C contains |ess than 100g/g of acetone as a residual
sol vent. 111hen traimests ofop gawtrointeptinedt diseasst wgefmlhzanlwﬁi@ﬂﬁﬁl@lcatcor di ng
to claim4, ;rhidiRht 864 LNt LR 1 I armCis
carried out f%t rt%g'meﬁ"lé‘ﬁgg?gt3@.%}31"%”%%@’? %ﬁé%@gf gbo,‘[ﬁ ﬁgp(g?@%ar%g{’%n of
omepr azol e fubstadencemepiazglet FoghaiGn in  ddmixiuce wihpai ghagmeoaitical cryst al

13 " phar macettag bR Mol oMY AhifnEriia oA sheie vo 7"

amount  of from gasticirdestinbbtlisease. omepr azole form C as defined in claiml or
3 in admxture with a pharnmaceutical acceptable excipient. 14. The use of
oneprazole formC as defined in claim1 or 3 for the preparation of a
medi canent for the treatnent of gastrointestinal disease. 21 Cctober 2005
20 15. Use of oneprazole form C in the manufacture of a nedi canent
effective in the treatnent of a gastrointestinal disease, wherein a
pharmaceutical fornulation conprising a therapeutically effective anount
of the active substance oneprazole formC in adm xture with a

pharmaceuti cal acceptable excipient is suitable for being adm nistered to
a patient suffering fromgastrointestinal disease.




