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A NOVEL woNReshl FORM Fi el d of the Invention The inventi grysmvires a
neutral formof the S-enantioner of oneprazole which is S5- 5

met hoxy- 2- [ [ (4- met hoxy- 3, 5-di et hyl - 2- pyri di nyl ) -net hy] sul fi nyl]-1H benzim
dazole in a new physical form nore specifically in a solid state which can
be at least partly crystalline, processes for preparing such a formof the
S-enanti oner of oneprazol e and pharmaceutical conpositions containing it.

10 BackgrowEgl cbMPeUNIVEORMN The conpound

5- met hoxy- 2-[ [ (4- et hoxy- 3, 5-di net hyl - 2- pyri di nyl ) met hyl )sul finyl]-1H

benzi m dazol e, having the generic nanme oneprazole, and therapeutically
accept a?.l.eg sal,ts thereof, are described in EP 5129. The specific al kaline
salts of* ?lrgfaﬁ}’é BYe8"3t e di sclosed in EP 124 495. Oneprazole is effective as
a gastric acid secretion inhibitor, and is useful as 15 an_antiul cer

agent . THe inveprien praidea p newra) dormp aEthe - enaatipmgr ofcomenseroleowhishds/ S on and

treat ment  of i Caci | a L.Se i n I especiglly in
S O R PR A G P R A AR B R - BREETRREREE 1) £ L

at om bel gyt i s RLIELERARMGpEGALALy: in BVdRd sQFPRARR Chfbd & 18ask pady ¢ m xture of
its two sindl e enantioners, 20 the R-oneprazole and the S-oneprazole. The
absol ut eryemitiineg proatisesifor pfeptting suchra foommf sheo§-egmeipmaz of eméprusld erh

determ ned by an X-ray study of an N-al kyl ated derivative of the

(+) - enaRhBHSEULiG]! PRINRASHION EPRIAINMEAL.( +) - enant i omer of the neutral form and
the (-)- enantiomer of the neutral formwere found to have the R and S
configuration, respectively. The conditions for the optical rotation

neasyr epabkgrb@hd 8ashimtnitdiese enantioners are 25 described in WO 94/27988.
VWO 92/ 08716g di scloses R-oneprazole in its neutral formas an anorphous
solid i ffhExampp@ndai-rr@ﬂforxar%ﬁ%mtllogy@w-ﬂh@t&ylrﬂgpﬁicémdm:tbm&ﬂrwﬂ]- prazol e

are described,in 94/ 27988, The | atter doc nt di.s¢] oses the
pr epar aﬁ?%mbqazf’]ﬁ\e/gﬁ'&ﬁ the geqelic Ragie Qpgpragole, anél rt’gee:rapel.mc ly acceptaer salts

thereof, are described in EP 5129. The specific alkaline salts of omeprazole are disclosed in
EP 124 495. Omeprazole is effective as a gastric acid secretion inhibitor, and is useful as
15 an antiulcer agent. In a more general sense, omeprazole may be used for prevention and

treatment of gastric-acid related diseases in mammals and especially in man.

Omeprazole is a sulfoxide and a chiral compound, wherein the sulfur atom being the
stereogenic center. Thus, omeprazole is a racemic mixture of its two single enantiomers,

20 the R-omeprazole and the S-omeprazole. The absolute configurations of the enantiomers of
omeprazole have been determined by an X-ray study of an N-alkylated derivative of the
(+)-enantiomer in neutral form. The (+)-enantiomer of the neutral form and the (-)-
enantiomer of the neutral form were found to have the R and S configuration, respectively.
The conditions for the optical rotation measurement for each of these enantiomers are

25 described in WO 94/27988. -

WO 92/08716 discloses R-omeprazole in its neutral form as an amorphous solid in
Example 6. Different salts of the single enantiomers of omeprazole are described in WO

94/ 27988. The latter document discloses the preparation of the neutral form of the S-
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PCT/ SE9%Pdslds2 enantioner of omeprazole in, for exanplgcréesampize 10.
However, 1t was obtained in the formof a syrup or oil which is unsuitable
for phar maceuti cal use because of thezt difficulty of handling an oil and
incorporating it into solid pharmaceutical conpositions, especially in a
repr oduci bl e manner. 5 Description of the Invention According to the
invention there is provided S-oneprazole in a neutral form i.e. not in the
form of eﬁnﬁ@ln%r o AL &I InS RS ekﬁ‘mfuf@aExatrﬁ'% e 200 TR0 GvdsDhtdhed indtle d state.
10 Neutral S-onepriazole according to the invention is advantageous
becausefdrtn dfs syorpeorstibbhieh isasiigable foripaacihaeeatind] stedreeausk bf the diffsoltgasi er to
characterise because it exists in a nmore well defined state, easier to

puri fy &heendhag ap ol and {NTPIERIEE If ioesolid pharmaseplical ARIRPRSILIONS, eshesilivAB| e
accordip yention can in general be in an anmorphous, partly is
crystal ??etéo%urcg])s% g 1gn’tl ally crystalline solid state. Preferably it is in a
partly crystalline solid state or a substantially crystalline solid state.
More preferably it is in either of formA which is a crystalline formor

f orm B Reiariprios ofthedseentipystal line form Detailed description of the

drawi ngs 20 Figure 1 shows the X-ray powder diffraction pattern of

neut r al AScERRREZR] igvdntioh Gieie A proviged §-ofeph2 ok ih RS edrildyrpq\0es iflttef racti on
pattern of neutral S-oneprazole in formB. Detailed descriptiaon of the

i nvent i foamRgaeeltcharagteBised inShathe b rpipeazoke indua selld tgem are characteri sed
by having X-ray powder 25 diffraction patterns having the 20 degree

angl es, d-values and relative intensities given in Table 1.

10 Neutral S-omeprazole according to the invention is advantageous because it is more stable,
easier to handle and store. It is also easier to characterise because it exists in a more well

defined state, easier to purify and easier to synthesise in a reproducible manner.

S-Omeprazole according to the invention can in general be in an amorphous, partly
15 crystalline or substantially crystalline solid state. Preferably it is in a partly crystalline solid
state or a substantially crystalline solid state. More preferably it is in either of form A

which is a crystalline form or form B which is a less crystalline form.

Detailed description of the drawings

20  Figure 1 shows the X-ray powder diffraction pattern of neutral S-omeprazole in form A.

Figure 2 shows the X-ray powder diffraction pattern of neutral S-omeprazole in form B.

Detailed description of the invention

Forms A and B of S-omeprazole in neutral form are characterised by having X-ray powder

25 diffraction patterns having the 28 degree angles, d-values and relative intensities given in

Table 1.
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3 Tabl € wo bsrzgrmA Form B ARaVSE97/02125 d- val ue,
Rel ative Angl e d-val ue, Relative [err] a' (A
Intensity [err] a (A Intensity 5.78 15.29 Very
strong 5. 65 15.64 Strong 9.50 9. 30 Weak
9.57 ' 9. 23 Medium 9. 99 8. 85 Weak 13. 75
6. 44 Medium 11.54 7.66 Weak 15. 75 5.62
Medi um 12. 54 7.05 Weak Table 1 16. 47 5.38 Medi um
16. 27 E4A4—St-oRtT +9—36 458 \eak—+—09—
5.19 Strong Form A 21.94 4.05 Weak 1okt B 4.88 \eak
24. 69 3760 VWeak— 18795 03 SUrrong 25.28
3.52 Weak 20.A&figle d-vAlu5| Réativem Angle27. 33d-value Rel@ive6 Wegk
21.57 4. 12 Medium . 29.75 Very Weak 22.29
3.99 Midium 23.°28 o (é;) dntepginn 25 (02 20| 5 53 g0k Vetesine. o0
3. 44 \Wak 26. 45 3 \?Mak 27. 7( 3] 22 Veri’/IS Vepk 29. 66
3.01 Very Weak> VBt e partﬁ:%ﬁ SUPRAIt jal S- omBfPazol e i FP-bb - SHORSI s
characferised pyoihe X-rayspoyess 9.57 9.23 | Medium

5.99 8.85| Weak 13.75 6.44 | Medium

11.54 7.66 | Weak 15.75 5.62 | Medium

12.54 7.05 | Weak 16.47 5.38 | Medium

16.27 5.44 ) Strong 19.36 4.58 | Weak

17.09 5.19 | Strong 21.94 4.05| Weak

18.18 4.88 | Weak 24.69 3.60 | Weak

18.95 4.68 | Strong 25.28 3.52 | Weak

20.90 4.25 | Medium 27.33 3.26 | Weak

21.57 4.12 { Medium 29.75 3.00| Very Weak

22.29 3.99 | Medium

23.17 3.84 | Weak

25.22 3.53 | Very Weak

25.90 3.44 | Weak

26.45 3.37 | Weak

27.70 3.22} Very Weak

29.66 3.01| Very Weak

More particularly, neutral S-omeprazole in form A is characterised by the X-ray powder
diffraction pattern given in Figure 1 and neutral S-omeprazole in form B is characterised by
s the X-ray powder diffraction pattern given in Figure 2. The X-ray powder diffraction
(XRD) patterns in these were obtained in Bragg-Bretano geometry. Since form B is less
crystalline and also has peaks in its powder diffractogram which are related to peaks in the

diffractogram of form A it is not clear that this is a different crystal form.



diffraction pattern given in Figure 1 and neutral S-oneprazole in formB.is

-charact ghe6sk,6y the X-ray powder diffraction pattern giyefsedvdgire 2.
The X-ray powder diffraction (XRD) patterns in these were obtained in
Bragg- Bretano geonetry. Since formB js less crystalline and al so has peaks
in its powder diffractogramwhich are'related to peaks in the diffractogram
of formA it is not clear that this is a different crystal form WO

98/ 28294 PCT/ SE97/ 02125
4 The X-ray diffraction analysis was perfornmed according to standard

met hods, which can be found in e.g. Kitaigorodsky, A l. (1973), Mol ecul ar

Cr yst al $handridvbdiffedetion andgdidens perfirasd acddedin¥as kiaRdund meodd, Wik &hn

Chem cal Crystall ography, C arendon Press, London; or Kl ug,

5
H. P. &Al dgdenngrin eg. Kitaggpoordsky, AL RS/ ¥plesular &WW@%@M@@Pleg’gﬁ‘ﬁﬂWi%y &

Sons, w Yar.k. The _expr i - QITEPS | e refers the fact that it is
subst ant &t yey r%’éﬁgfmg’hg%f{-(?gﬁgih@?%ﬁg%,Z&[glstgpg?rg%ﬁ%t&ﬂrﬂ?%g TRant i omeri c
excess @fondOier RRG, B & ANEBhEEADIEY (85 & Ray Ik fidn Prick ks, 3sRLRiley t he
invention relates to processes for the preparation of neutral S- oneprazole
in a sol& Sosd, ey Yibokch conpri se (a) evaporating a solution of neutral

S-oneprazole in one or nore organic solvents to a 15 highly concentrated
solution, adding a further solvent to the highly concentrated sol ution and

evapOr abig, LULEOCE WbHLoROLEA, GTRL RRPHS: RULEShoSnORRIRTALE, | S T or ed:

or (b) ¢ on*rromaso ion O e i'n one or nore
Or gani C effdtiodibr SpréfeealdP i@ Ra khantoaict ex&ss $090%) arfdl B6ieRréfetabBOI% 08 a
solution of an alkaline salt of S-onmeprazole in water and,
10
In a further aspect, the invention relates to processes for the preparation of neutral S-

omeprazole in a solid state which comprise

(a) evaporating a solution of neutral S-omeprazole in one or more organic solvents to a
15 highly concentrated solution, adding a further solvent to the highly concentrated solution

and evaporating further until solid amorphous neutral S-omeprazole is formed; or

(b) crystallization from a solution of S-omeprazole in one or more organic solvents and
optionally water; or

20
(c) precipitation from a solution of an alkaline salt of S-omeprazole in water and,

optionally one or more organic solvents, with a suitable acid.

Process (a) might be further defined by the following aspects. The highly concentrated

25 solution formed in process (a) should not be so concentrated that it is not possible to carry
out the second half of the process. After the further evaporation, additional amounts of a
further solvent, i.e. a second solvent, may optionally be added and the remaining solvent is
evaporated until no more solvent can be removed. This further solvent is preferably one in
which neutral S-omeprazole is soluble, but not very soluble, and is more preferably an anti-

30 solvent. The repeated evaporation procedure helps to remove all the initial solvent which



optionally one or nore organic solvents, with a suitable acid. Process (a)
m ght bewlowskisy defined by the foll owi ng aspects. The hi BETSEYHAZENt r at ed
25 solution forned in process (a) should not be so concentrated that it is
not possible to carry out the second Balf of the process. After the further
evaporation, additional anounts of a further solvent, i.e. a second

sol vent, may optionally be added and the renai ni ng sol vent is evaporated
until no nore solvent can be renoved. This further solvent is preferably
one i n \atherwisaswidpreges tegpfoanatien pia sadiddsbgandsuThawesultiog ymegihobs e, and i s
nore preferably an anti sol vent . The repeat ed evaporati on procedure
hel ps t BTSCERREMAY Pp&lwlliv??mfvr&veréae@e% IRSANERUNder qeugey prEsye-

PCT/ SE97/ 02125 5 ot herwi se woul d prevent the formation of a solid
substance. The resulting anmorphous precipitate nay optionally be further

dried, MNSreipaficANEs pHO6kes (d) athytReapli@beut by didvbiveh gW&tbﬁ&HlﬁﬂE ¥a196109555 (a)
may be carried out by dissolving a water soluble salt of S- onepr azol e,

pr ef er alsimepkazoles preferably &l aing anedledli metll salige g, thbrpetapsmmsmpmftxablypr eferably
sodi um sal t) wat er and extractin eut ral S-oneprazole to a water

i W SC::I BP%’”‘%‘?&E}&H’( WRIET f"é‘t“aﬁﬁ‘fﬁ %eé’i RPRRARle ‘&aﬂﬁ?réwsﬁbleﬁﬁl"ﬁ% %ne
, H
chlori %vagém UGDe soi%& il gg]é ggﬁ%&ﬁfaﬂ&ﬁ@ﬁé L{en?y rgrﬁfarbﬁ?rﬁétﬂgl] Efbe P

in the ase, pre era to 10

(e.g. t Qhﬁbrildbb ol dfeéx@ﬂ@u?g the p8) inwhé wacerphiele. goﬂrmlaeo@qndpx(eeer&;ly aslwpHUS HCI
or 10 agueous acetic acid, preferably diluted acetic acid). The organic
phase c Ohfrarny FylQ (res. rﬁ@&PHaﬂf frosm thte#) Rihrepatarsolublaegd frog apeeustid of r om t he

S L8 T T e e R P
% 1 okt SOt S503 1,
evapor ategpdratednuhtiien highlylconceptmiedtsahueionns fdrmsd)| prefeabiy phving 11kemt r al
= onepr %él(\)rler?t/gl gf S-omeprazole. A first portion of a further solvent, e.g iso-octane or n-
heptane, is added in an amount of, for example, 5 - 10 ml/g of S-omeprazole. More solvent
15 is evaporated from the resulting mixture until solid amorphous neutral S-omeprazole is
formed. Further amounts of a further solvent, e.g. 5-10 ml/g of S-omeprazole, may be
added and re-evaporated until no more solvent can be removed. The resulting solid
amorphous neutral S-omeprazole may optionally be further dried, for instance under
reduced pressure.
20
Process (b) might be further defined by the following aspects. The solution of neutral S-
omeprazole used in the process (b) of the invention can be formed either (i) by dissolution
of already isolated neutral S-omeprazole, for instance from process (a) or (ii) it can be the

result of a previous step where neutral S-omeprazole is formed by chemical reaction, or

25 (iii) it can be a solution formed by extraction.

Crystallization in process (b) may be induced by decreasing the solubility of S-omeprazole,
e.g. by cooling the mixture, by evaporation of some of the solvents or by mixing with, e.g.

by adding, some precipitating solvent or anti-solvent. The crystallization may start



formed. Further anounts of a further solvent, e.g. 5-10 nm /g of i _

S- onepr agglogng 9By be added and re-evaporated until no nopersebyents can be
renoved. The resulting solid anorphous neutral S-oneprazole may optionally
be further dried, for instance under geduced pressure. 20 Process (b) m ght
be further defined by the follow ng aspects. The solution of neutral S-
oneprazol e used in the process (b) of the invention can be forned either
(i) by dissolution of already isolated neutral S-oneprazole, for instance

from pr @g@ﬁmfoaaly,oam(u! i prefidratsiaro B dcBes 6BBe st fdmPordugdpSSt ep where
neutral S-oneprazole is fornmed by chem cal reaction, or 25 (iii) it can be

a sol ut ioowepfazpive Mdsypreferatdy sdednof LopwpedzbleAarh dnare ndgadocess (b) may be
i nduced by decreasing the solubility of S-omeprazole, e.g. by cooling the
m xture, by evaporation of some of the solvents or by mxing with, e.g. by
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start
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desired formof neutral S- oneprazole. Mst preferably seeds of

S- onepr szohepraznienate, foreexanigised cthyliaaetais, ésostyi terwhtisqpropaneh ingsthyi éspbniyl
S-oneprazol e i s sol uhl e but. nol_I, ?'?ébiﬁﬁ' uEI e .an%ﬁ/ni ch 5 are preferably
used foRCEREFLFIoRG 206 PGHIPYHYC TIPSR 1 SPrERES ST hiceRie BF 510 Co MO
neutral S : | ey Fetane] -To} L ¢ anet.,
isopropg%ﬁgg%?ﬁ%t&lgo tﬁ?'yfrﬂigtone, ag%%@gﬁgéfr"gﬁgtsggg?%%??ri e‘?-BI@r eferably
t he sol waitprdzeleet hyl acetate or acetonitrile; nost preferably it is ethyl

acetate. The preferred anmount of organic solvent is 4-10 m/g of S-
onepfazol e. 10

Suitable organic solvents in which neutral S-omeprazole is very soluble which are suitable
for use when the solution in process (b) is a reaction solution or obtained by extraction, are,
for example, methylene chloride and toluene. Since neutral S-omeprazole is very soluble

in these solvents, it can be necessary to use an anti-solvent to induce crystallisation.

A suitable anti-solvent is, for example, iso-octane, acetonitrile or ethyl acetate; preferably it
is ethyl acetate or isooctane. Preferably the crystallisation is induced by adding seed

crystals, in particular crystals of form A.

20 Process (c) might be further defined as described below. Process (c) according to the
invention is preferably carried out by dissolving a water soluble salt of S-omeprazole in
water or a mixture of water and an organic solvent and crystallisation is induced by mixing
with, e.g by addition of, a solution of an acid such that the pH of the final solution is still
high enough to prevent significant degradation of the product. The organic solvent(s) is

25 preferably a water miscible solvent(s) such as for instance, acetone, acetonitrile or a lower
alkyl alcohol. The acid may be, for example, HCI or acetic acid, preferably aqueous acetic
acid. The pH of the. final solution may be, for example, from 7 to 10, preferably from 7 to
8.



Sui t abl e organic solvents in which neutral S-oneprazole is very soluble

- whi.ch ar‘,@ogm%gpl e for use when the solution in process (plr/dps7/6218€acti on
solution or obtained by extraction, are, for exanple, nethylene chloride
and toluene. Since neutral S-omeprazoje is very soluble in these solvents,
It can be necessary to use an anti-solvent to induce crystallisation. 15 A
suitable anti-solvent is, for exanple, iso-octane, acetonitrile or ethyl
acetate; preferably it is ethyl acetate or isooctane. Preferably the

cryst al Theabiidg rhaterid) 48 pRZe i) c pofthe thve886h Bprsfeby a waiePa6ilible Whlabf S+ yst al s
of formA 20 Process (c) mght be further defined as described bel ow

Pr ocessoeprazeiedodexagnple an Riéaii mesed tsilbrpartscubarbf @sainhy salar Thexgsdting by

di ssol ving. a wat.er sqluble salt.of S -qmeprazole in ter,or a.mxture of
Cnter aPC R Ay S SOPRERRLn i KePSElR P OBt SR SN i X1 ng vi ¢ h
e.g by btk OF solution of an acid such that the pH of the final

sol uti Ogﬂfligﬁiggﬁ fgr%%h enough to prevent significant degradation of the
product. The organic solvent(s) is 25 preferably a water m scible

sol vent}(:_s) such as for instance, acetone, acetonitrile or a |ower alkyl

al cohol Evapesatpai of solygnisds preferabdx aarpeé ouHy vapuumoshperaticn using ferf exasipley
aqueous acetic g%l d. Th%\ pl—!? of .f.he final solution _may be, for exanple, from
7 to 10%PISFEFRPLBPR ¥4 18r0mbas: Mixing, gg agijangngs preferable during

PCT/ SE9 25 ' 95?&11? : L.w:ention is
prefer a%{P{g/( g‘gl%\%%(t?né:ﬁﬁggﬁﬁgﬁqﬁeiag g t o s %&{‘%’%5‘?’5’%{%@"% té %%‘S“gég‘t‘rfg hg%g%?(%?al [
nmet al salas completd asupRsible, agsfocmum Kehdurs. The resul ting precipitate of '
neutral S-oneprazole is generally in a partly crystalline solid state, in
part¢cular, in formB. 5

When the neutral S-omeprazole is crystallized, as in processes (b) and (c), the crystals may
be separated from the solution, e.g. by filtration or centrifugation, followed by washing
with a washing liquid, preferably a solvent mixture in which the particular form of neutral
S-omeprazole has a very low solubility, for example, an anti-solvent. The preferred

15 proportion of washing liquid to product is from 1:1 to 5:1 by weight. The separated neutral
S-omeprazole crystals are preferably dried under conditions which avoid degradation of the
product, e.g at +30 to +40 °C, preferably at reduced pressure of e.g. 10 to 20 mbear, fore.g.
10 to 48 hours.

20  Neutral S-omeprazole according to the invention is effective as a gastric acid secretion
inhibitor, and is useful as an antiulcer agent. In a more general sense, it can be used for
prevention and treatment of gastric-acid related conditions in mammals and especially in
man, including e.g. reflux esophagitis, gastritis, duodenitis, gastric ulcer and duodenal
ulcer. Furthermore, it may be used for treatment of other gastrointestinal disorders where

25 gastric acid inhibitory effect is desirable e.g. in patients on NSAID therapy, in patients with
Non Ulcer Dyspepsia, in patients with symptomatic gastro-esophageal reflux disease, and
in patients with gastrinomas. Neutral S-omeprazole according to the invention may also be
used in patients in intensive care situations, in patients with acute upper gastrointestinal
bleeding, pre- and postoperatively to prevent aspiration of gastric acid and to prevent and

30 treat stress ulceration. Further, neutral S-omeprazole may be useful in the treatment of



Evaporation of solvents is preferably carried out by vacuum evaporation

usi ng, fg{,oﬁmie a pressure of from10 to 20 nbar. M Xi pgy/sRefo2125 '
agitation, is“preferable during crystallization. The crystallization should
continue for a period to ensure that crystallization is as conplete as
possible, e.g. from1l - 15 hours. 10 Vhen the neutral S-oneprazole is
crystallized, as in processes (b) and (c), the crystals nmay be separated
fromthe solution, e.g. by filtration or centrifugation, followed by
washing with a _washin i.qui reter.abl : V. ki ' ich the
parti cul B8P c‘)“ferﬂna@u? #haeﬁ}éég%e&ggfég% eaﬁtaeglrggé\}lé)?’gg?%&sag'%sﬁrﬁ%aﬁd\t,@, for
exanpl e, (sQe.anti-solvent. The preferred 15 proportion of washing liquid
to product is froml:1 to 5:1 by weight. The separated neutral S-oneprazole
crystals are preferably dried under conditions which avoi d degradati on of
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can be ugegarkRhl RrRAMRAbhOIdIARElikd Bay BB Binplfye8aDbédgs fateisdndigidpeulsnndi ti ons
in mammal s and especially in man, including e.g. reflux esophagi-tis,

gastriti sablesidikparsidns, sugpensiong and bedikand duodenal ul cer, Furthernore, it
may be used for treatnent of other gastrointestinal disorders where 25
gastric acid inhibitory effect is desirable e.g. in patients on NSAI D

therapy, AicB%rBﬂy tsw§ez¥1%§%3wﬁaek£ ﬁﬁge PREE L PhatnfhcPRica P nSpoMtiod Syrmptomati ¢

gast r o- esophagé&al i sease, and in patients wth gastrinomas. Neutral

S- omapr azomerising aewtiad §-dmepriveld avcerdingro thainvahtban, beaative éhgredigat inent s in
intensive care situations, in patients with acute upper gastrointestinal
bl eedi ng assoFiaLion withgahrepeseatically|agcapiably earaes didugst prgxcipens png arenaly aci d
and to prevept and.30 treat stress. ul at.i-on. .Further. .neutr
S- onepr a ggwe B]r?é%?egtéc {’j‘§§dﬁﬁn S né%%o%ﬁoég ?%8{1 mg other therapeutic 1ng}ed%k1ts are

especially of interest in the treatment of Helicobacter infections. The invention also

provides the use of neutral S-omeprazole according to the invention in the manufacture of 2

15 medicament for use in the treatment of a gastric-acid related condition and a method of
treating a gastric-acid related condition which method comprises administering to a subject
suffering from a said condition a therapeutically effective amount of neutral S-omeprazole

according to the invention.

20 The compositions of the invention include compositions suitable for peroral or parental
administration. The most preferred route is the oral route. The compositions may be
conveniently presented in unit dosage forms, and prepared by any methods known in the art

of pharmacy, such as tablets, capsules and multiple unit tablets.

25 The most suitable route of administration as well as the magnitude of a therapeutic dose of
neutral S-omeprazole according to the invention in any given case will depend on the
nature and severity of the disease to be treated. The dose, and dose frequency, may also
vary according to the age, body weight, and response of the individual patient. Special
requirements may be needed for patients having Zollinger-Ellison syndrom, such as a need

30  for higher doses than the average patient. Children and patients with liver diseases
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i nfections and di seases related to these. Any suitable route of

adm ni stration may be enployed for prayiding the patient with an 5
effective dosage of neutral S-onmeprazole according to the invention. For
exanpl e, peroral or parental fornulations and the |ike nmay be enpl oyed.
Dosage forms include capsul es, tablets, dispersions, suspensions and the

| i ke. Acgeneehllyowilibehbfr fratn @oses olfat tatresoendvehat lowteh eifanphowvedsd. Thys) iir soaseut i cal
conposition 10 conprising neutral S-omeprazole according to the invention,
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carrier, _djJuent or excipient and tional l.y ot.her therapeutic ingredients.
Conposi t YD F%ﬁen‘&“ﬁ?ﬁErSCPR%?‘g‘ﬁSBf“iSE“‘i”KVgef‘Bai‘-ents are especially of
interest in the treatnment of Helicobacter infections. The invention al so
provi des the use of neutral S-oneprazole according to the invention in the
manuf act Inrgenefal,a shfiable weadidosage fidrnd oray gseeriardosti ernige G@bEhingad 88 ngastal i c- aci d
rel ated condition and a nmethod, of treating a gastric-acid related condition
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conposi tgqaas suitable for peroral or parental adm nistration. The nost
preferred route is the oral route. The conpositions may be conveniently
presented in unit dosage forns, and prepared by any nethods known in the

art of phar , such as taplets, capsules and nmultiple unit tablets. 25
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t r eat ed. teditdquiaseichan thednslfofmelquieitaiescribryd im MO 9%AD V623 a0 B 24F 9483, thBe age,

body wei %ht, and response of the individual patient. Special requirenments
may be néslesiresof yich aggtherebyvnsegparater iap g arhold by wémersgndr om such as a need

15 The invention is illustrated by the following examples which should not be interpreted as
limiting the invention. The best mode to carry out the invention is according to one of the

examples giving S-omeprazole form A.

Example 1

20 Sodium salt of S-omeprazole (8g) was dissolved in water (80 ml) at room temperature.
Methylene chloride (80 ml) was added and the product was extracted to the organic phase
by addition of diluted (4.8 ml, 25% v/v) acetic acid. The mixture was stirred for 5 minutes
and then the two phases were allowed to separate. The organic phase was separated off
and charged into a round flask. The methylene chloride was evaporated under vacaum

25 untila highly concentrated solution containing approximately 1 ml of methylene chloride
per 1g of omeprazole was formed. Iso-octane (40 ml) was added and the solvent was
evaporated again until an almost dry, amorphous substance was formed. A further amount

of iso-octane was added (20 ml) and the slurry was concentrated by evaporation. The solid



30 for higher doses than the average patient. Children and patients with

l'iver di WD 98/ 28294
: . PCT/SE97/02125
PCT/ SE97?8€9%?§29§ generally will benefit from doses that are sonewhat | ower

than the average. Thus, in sone conditions it my be necessary to use doses
outside the ranges stated bel ow. Such 1 gher and | ower doses are within the
scope of the present invention. 5 1In general, a suitable oral dosage form
may cover a dose range from 10 ng to 80 ny total daily dose, adm nistered
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dai | y doggoerphfus deatthlr stbmSpapsipr azol e according to the invention may be
conbi ned as the active conponent in intinmate adm xture with a
pharmaceutical carrier according to conventional techniques, such as the

oral forgul ations described in 96/ 01623_and 247 983,. t he di scl osures
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according to one of the exanples giving S-oneprazole formA. Exanple 1 20
Sodium salt of S-oneprazole (8g) was dissolved in water (80 nml) .at room
temperature. Methyl ene chloride (80EX#MPie8s added and the product was
extracted to the organi c phase by addition of diluted (4.8 m, 25%v/v)

aceti c asimngrplibhenextral Sreenapasobet (Ory @dvdsalissblvetl imtthg! aathtd (2gh Theaohion phases
were allowed tg separate. The organic phase was separated off and charged
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Example 3

Amorphous neutral S-omeprazole (2 g) was dissolved in ethyl acetate (20 ml) at room
temperature. The solution was seeded with the crystals obtained in Example 2 and allowed
15 to crystallize overnight. The crystals obtained were washed with ethyl acetate (2x2 ml) and

dried at +20 °C in air to give 1.3 g of neutral S-omeprazole form A.

Example 4

Amorphous neutral S-omeprazole (0.5 g) was dissolved in 2 ml methylene chloride and 4
20 ml iso-octane was added. The solution was seeded with a small amount of neutral S-
omeprazole form A. After 4 days crystals were formed. The substance was filtered off and

washed with iso-octane (1 ml) and dried at room temperature.

Example 5

25 Amorphous neutral S-omeprazole (5.0g ) was dissolved at room temperature in ethyl
acetate (40 ml) and a small amount of water (0.5 ml) was added. The solution was seeded
with crystalline neutral S-omeprazole form A and cooled to 0 °C. The solution was allowed

to crystallize overnight at 0°C. The resulting crystals were filtered off, washed with ethyl



per 1g of onmeprazole was fornmed. |Iso-octane (40 nml) was added and the

sol vent %9Q¥ pprated again until an alnost dry, anorphoysgi9sashanse was
formed. A'T0 er amount of iso-octane was added (20 m) and the slurry was

concentrated by evaporation. The solid WO 98/ 28294

PCT/ SE97/ 02125 10 material was dried ih! an oven at 30 [err] C under reduced
pressure- overnight to give 6.5 g solid anorphous neutral S-oneprazole.
Exanples 2 to 7 inclusive illustrate the preparation of neutral
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di ssol vegmjeﬁrag&aybn@get ate (2g). The solution was placed over night in the
refrigerator (-20 [err]C). Crystals were forned spontaneously. The |0
slurry of crystals obtained was used for seeding in sone of the follow ng
Exanpl es. Exanpl e 3 Anorphous neutral S-onmeprazole (2 g) was dissolved in
ethyl acetate (20 m) at room tenperakmpr.6 The sol ution was seeded with the
crystals obtained in Exanple 2 and allowed 15 to crystallize overnight.

The CEVS@&@R%%H&Q %ﬁl@pﬁafgag%%Fy@vwd@;qwég_iﬂqah@ﬁee oleftf 3¢ Mok and drl ed at

+20 [err alr to glve neutra onepr az ormA. Exanple 4

Anor phougnfiRudtil anG-ee pcazo (20 fl). basg)dded ST Hi s tlon ehsisbeddd Rithiuliy $ne
chloride and 4 20 nl iso-octane was added. The solution was seeded with a
smal | anomapragéle fem Adndvasaheped sot@steBizARNOOAT empertuia jor abpythallian wer e

formed. The Sbstance vas fillsned. oth anduashnd, Wl bsds etpgutd ™)
overnight. Then the slurry was cooled to 0 °C and allowed to crystallise for 20 hours. The
o crystals were filtered off, washed with iso-octane (2x5 ml) and dried at +40 °C under

reduced pressure giving 2.0 g of neutral S-omeprazole form A.

Example 7

Preparation of neutral S-omeprazole form A from an extraction solution in methylene

15  chloride.

Sodium salt of S-omeprazole (20g) was dissolved in water (200 ml) at room temperature.
Methylene chloride (200 ml) was added. The two phase mixture was agitated and aqueous
acetic acid (25% v/v, 12.5 ml) was added. The mixture was stirred for 15 minutes and then
20  the phases were allowed to separate. The methylene chloride solution was charged into a
round flask and solvent was evaporated until the dilution was 4 ml methylene chloride per
gram of S-omeprazole. 18.9 g of this solution, containing 3 g of S-omeprazole, was added
to a round flask. Acetontrile was added (50 ml) and the solution was seeded with neutral S-
omeprazole form A and left overnight. The methylene chloride was evaporated until 22.5
25  ml solvent remained. The solution was then allowed to crystallize overnight at room
temperature. 15 ml of ethyl acetate was added and the resulting mixture filtered. The
crystals were washed with ethyl acetate (3x3 ml) and dried at +40°C under reduced

pressure to give 1.0 g neutral S-omeprazole form A.



25 Anor phous neutral S-oneprazole (5.0 ) was dissolved at room )
tenperature in ethyl acetate (40 mM) and a snmall anpbunt o 5 n
was addedYOPR828%| uti on was seeded with crystalline neut rgfﬁygﬁ(gg&azol e
formA and cooled to O [err]C. The solution was allowed to crystallize
overnight at O[err]C. The resulting crygtals were filtered off, washed with
et hyl . WD 98/ 28294

PCT/ SE97/ 02125 11 acetate (3x5 ml) and dried at +40 [err] C under reduced
pressure to give 3.4 g neutral S- ogj{e}gra%o%e formA. Exanple 6 5 Anorphous
neutral S-oneprazole (3 g) was diss 9% toluene (9 m) at room
tenperature and ethyl acetate (20 m) was added. The sol uti on was seeded

wi t h neutRrepargiororfasrgldl-emepraralafaavA by sretalizasign fonc e yeluaen ¢% at room
tenperature for , about half an hour. Further ethyl acetate was added ( 9 nl)
and the SOYAF%9%F was al lowed to crystallise overnight. Then the slurry was
cooled to O [err]C and allowed to crystallise for 20 hours. The 10 crystals
were filtered off, washed with iso-octane (2x5 m) and dried at +40 [err]C

under sr edaeedtipn asufeopiatingSdnkpgazofe Ut )rialolfereiepsmeatrsted By m A, Exanpl e
7 Preparation of neutral S-oneprazole formA froman extraction solution in
net hyl eneevaporaéen of toien usiildhe aensapiratym isOghegimh obneae (Dig)ethyd gcaite sol ved i n
wat er (20 . at . rqomtenperature. Methylene chloride 0 was added.
The two- pHEGY inPaedae ReesbTgh Pl olim, MEPPa A8 B Blion ¥ sete vIABAR Y ° 1205
n) was agage S-bhRpALlE 618 Nasd ebbled sl IThe RoMikiBH WaS aBeWed lo@iysedlizd he
phases were allowed to separate. The nethyl ene chloride sol ution was

char ged iavemightrapQH@ Theassultingcbrgstdly svete feredoffpweshied avithrathyl acé¢tate d2x4ml) on

nas 410m aql%tdr;%!i%tn ?OJH]Jm%rexl' gﬁu&%rpressure to give 0.89g neutral S-omeprazole, form A.

Example 9

Preparation of neutral S-omeprazole form A by re-crystallization.

15 Partly crystalline S-omeprazole, form A (5.0 g) was dissolved in 258ml ethyl acetate at
40°C. The solution was cooled to room temperature and the ethyl acetate was slowly
evaporated under reduced pressure until 43ml ethyl acetate remained. At room temperature,
the concentrated solution was seeded with neutral S-omeprazole form A. The slurry was
then cooled to 0°C for 5 hours. Then, ethyl acetate (6.7ml) was added and the resulting

20  slurry filtered. The crystals were re-slurried in 20ml ethyl acetate, the solvent was filtered
off and the crystals dried at 25°C under reduced pressure to give 2.9g neutral S-omeprazole

form A.
Example 10

Preparation of neutral S-omeprazole form B by reaction crystallization from a

25 water/acetone (80/20 % v/v) mixture.

The sodium salt of S-omeprazole (2g) was dissolved in a mixture of water (16ml) and
acetone (4 ml). Aqueous acetic acid (25% v/v) was slowly added to the solution in an

amount of 0.45 mi which was until the solution had a pH of 10. The resulting slurry was



gram of S-onmeprazole. 18.9 g of this solution, containing 3 g of

S- onepr agal@neigs added to a round flask. Acetontrile waspewisksdofd m) and
the solution was seeded with neutral S- oneprazole formA and |eft

overni ght. The nethyl ene chloride was .evaporated until 22.5 25 m sol vent
remai ned. The solution was then all ovvég to crystallize overnight at room
tenperature. 15 m of ethyl acetate was added and the resulting m xture
filtered. The crystals were washed with ethyl acetate (3x3 ml) and dried at

;_40 [ewggy%%aﬁ%ummeéﬁﬁﬁya@d HR cYLHR werDfifleRB Gk Al wisREERIBWAE form

PCT/ SE97BR2 %R R diizd Ex-4piCuBicPrajuaedpicosurofivirg@.p @lneGrdrfepmegratde farmm A by
crystallization froma solution of S oneprazole. 5 A reaction m xture
cont ai nikg S-oneprazole (1.9 g) in toluene is concentrated by evaporation
of toluen until the concentration is 0.71 g/m . toluene. Then ethyl acetate
(16 M) is added to the solution. At roomtenperature the solution is
seeded with 0.2 g neutral S-oneprazole formA and cooled to O[err]C. The
sol utsion was all owed to crystallizd&xamlenilght at O[err]C. The resul ting
crystals were filtered off, washed wth éthyl acetate (2x4 m) 10 and

dri ed atPr3pdretion &f nendel S-omdpredefoms BlhyerebaiogicrystdliRRign fivnt 4 al

S-oneprazole, formA. Exanple 9 Preparation of neutral S-oneprazole formA
by re- cryaerrqefongPYAC % ®/V) Pa¥tIey crystalline S-oneprazole, formA (5.0 g)
was di ssolved in 258m ethyl acetate at 40[err]C. The solution was cool ed
to roomtenperature and the ethyl acetate was slowy evaporated under
reduced THLHANME saldf $-oth3plazsle foy.b%)a@@; EERIVRITRIVEE - (46D mIPBetRRIS AR €,

t he concentrated sol ution was seeded with neutral S-omeprazole formA. The
sl ur roy viess added to the solution. Under vigorous stirring, 3.2 ml of aqueous acetic acid (25% v/v)

was slowly added. Crystallization started when the pH reached 10. At the end of the
addition the pH was 7. After 3 hours the crystals were filtered off and washed with water
(3x 5 mi). The crystals were dried at 40 °C under reduced pressure over night to give 4.4 g

partly crystalline neutral S-omeprazole form B.



then cooled to O[err]C for 5 hours. Then, ethyl acetate (6.7m) was added
and t he I 20 slurry filtered. The crystals were = i.ed in’
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20mL eth acefate, the solvent was filtered off and the crys ried at
25[err] C under reduced pressure to give 2.9g neutral S-oneprazole formA
Exanpl e 10 Preparation of neutral S-on¥prazole formB by reaction
crystallization froma 25 wat er/ acetone (80/20 % v/v) m xture. The sodi um

salt of S-onmepraz IJ H li olved in a m xture ofwater (16m ) and
acet one Q‘f‘aims)' Agmu ﬂﬂ lmmu uiﬂlld (25% v/v) was slowy added to the
solution 1n an anount “of “0.%5 M *whi ch was until the solution had a pH of
10. The resulting slurry was WO 98/ 28294

PCT/ SE97/ 02125 13 left overnight at roomtenperature and the cystals were
filteredl.of §-Qmeprezdhinch nuutrhl feamehaa8efisad i, thatii iedh asoliddRatp.er r] C under
reduced pressure giving 0.9 g neutral S-oneprazole formB. 5

Exanpl e 11 Preparation of neutral S-oneprazole formB by reaction
crystallization froma water/acetone (90/10 %v/v) mxture. The sodium salt
of S-omepr aSEimenrazodyjcenrdingliostaimylecharacteniste in (46it & inla)partAcayanting 5. 2 )
|0 was _added to the solution. Under vigorous stirring, 3.2 m of aqueous
acetic avtd (25% v/v) was slowy added. Crystallization started when the pH
reached 10. At the end of the addition the pH was 7. After 3 hours the
crystals were filtered off and washed with water (3x 5 ml). The crystals

vere dri®d S«Omdpriziy dcCotdivhero clAmUCEhritte BEd ethavie fs iRa@hbstimiagive 4.4 ¢
partly crystalline neutral S-oneprazole formB.
crystalline state.

10

4. S-omeprazole according to claim 2 or3, characterised in that it is in form A.
5. S-omeprazole according to claim 2 or 3, characterised in that it is in form B.

15 6. A process for preparing S-omeprazole according to claim 1 which comprises
evaporating a solution of neutral S-omeprazole in one or more organic solvents to a highly
concentrated solution, adding a further solvent to the highly concentrated solution and

evaporating further until solid amorphous neutral S-omeprazole is formed.

20 7. A process for preparing S-omeprazole according to claim 6 which further comprises
dissolving an alkaline salt of S-omeprazole in Water, extracting neutral S-omeprazole to an
organic solvent, by decreasing the pH in the water phase with a water soluble acid,
whereafter the organic phase comprising the neutral S-omeprazole is separated from the

water phase and further processed by evaporation.

8. A process for preparing S-omeprazole according to any of claims 1-5 which comprises
crystallization from a solution of neutral S-omeprazole in one or more organic solvents and

optionally water.
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- 14 - New cl ai ns ﬁ“mﬁﬁﬂmums Oreprazole in a neutral form
char.act e%?@é’zéz&t t Eﬁ““ﬁ tly crystalline 5 st ace/sE87/02125
S- Oreprazol e according to 'cl & m°1 tharacterised in that it is in a
substantially crystalline state. 10 3,_S-oneprazole according to claiml
or 2, characterised in that it is in f&TmA 4. S-oneprazol e according to
claim1 .or 2, characterised inthat it is in formB. 5. A process for

prepari ng S-onmeprazole according to any of clains 1 - 4 which 15 conprises

crystal ligsaty go.leanunghythi sobneii el SuaBIAREl € dlonBCes T e

organi c solvents and optFona wat er . rocess acco o0 claimb5,

wher ei n tthienedidkath id@oloingn@uidlakd S-omeRiRIOInaht srdaaicrieilehiiom di ssol vi ng an
i sol ated S-oneprazole in the organic solvent(s). 20 7. A process accordi ng

to claim5, wherein the organic solvent is ethyl acetate or acetonitrile.
8. A pro;gss according to claimy5, whersi n the solut] Oq\yff neut r al

S- omepr aZ8t & PEPCEFACC Orclaih SV RHEIR tBG PTEABIESPI AL 18 SHNY ASSHAE BFpr i si ng
S—onegraégétgnihpc_an organi c solvent. 9. A process according to claimb5,
wherein the solution of neutral S-oneprazole is fornmed froman extraction
phase conprising S-oneprazole in an organic 30 solvent.

11. A process according to claim 8, wherein the solution of neutral S-omeprazole is

formed from a chemical reaction solution comprising S-omeprazole in an organic solvent.

10 12, A process according to claim 8, wherein the solution of neutral S-omeprazole is

formed from an extraction phase comprising S-omeprazole in an organic solvent.

13. A process according to claim 11 or 12, wherein the organic solvent is methylene
chloride or toluene.

15
14. A process according to claim 13, further comprising addition of an anti-solvent, such

as etylacetate or isooctan.

15. A process for preparing S-omeprazole according to any of claims 1-5 which comprises
20 precipitation from a solution of an alkaline salt of S-omeprazole in water and, optionally

one or more organic solvents, with a suitable acid.

16. A process for preparing S-omeprazole according to claim 15 wherein the alkaline salt

of S-omeprazole is dissolved in a mixture of water and an organic solvent.
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REPLACEMENT SHEET 15 10. A process according to claim8 or 9, wherein the
organi c sol is nethylene chloride or toluene. 5 11. A pLREEH ﬁc'cordi'ng
to cl ai m‘XB\ﬁg’?’f}?‘f her conprising addition of an anti- sol ve%? suc as
etylacetate or isooctan. 12. A process for preparing S oneprazole according
to any of clai mn 1 - 4 which conpriseslfprecipitation froma solution of an

al kal i ne. sa ein 10 water and, optionally one or nore
organic soI mmﬂ mtabl e acid. 13. A process for preparing
S- onepr azol exaccordl mg o €laim 12 wherein the al kaline salt of

S—orreprazol e is dissolved in a mxture of water and an organic solvent. 15

Final Solu ahegeriaeners oAbl Bl IR RS0t Aalind B0 °

clai ms l-pefwde@dr7 &€10.n therapy. 20 16. A pharnaceutical conpositi on
conprising S-oneprazole according to any of clains 1 - 4 as active
ingredient in association with a phar rraceuti cally acceptable carrier and

optional ly other therape cin n 17. Use of S-oneprazole
accor di ngly-oS CRSRZQlE é‘fcﬁﬁAIﬁg to ’%hé G‘f‘éS@t‘&Fhs‘f%Pb’ a medi canent for use
in the treatnent of a gastric-aci d rel ated condition.

19. A pharmaceutical composition comprising S-omeprazole according to claim 2, 3, 4 or

5 as active ingredient in association with a pharmaceutically acceptable carrier and

optionally other therapeutic ingredients.

20. Use of S-omeprazole according to claim 2, 3, 4 or S in the manufacture of a

medicament for use in the treatment of a gastric-acid related condition.
21, A method of treating a gastric-acid related condition which method comprises

15 administering to a subject suffering from a said condition a therapeutically effective

amount of S-omeprazole defined in claim 2, 3, 4 or 5.
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