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WI ABSTRACT 

The novel optically pure compounds Na+. Mg2’, Li+, R?. 
Ca2+ and N+(R), salts of (+)-S-methoxy-2-[[(4-methoxy-3. 
5dimethyl-2-pyridinyl)methyllsullinylj-lH-benzimidazole 
or (-)-S-methoxy-2-[[(4-methoxy-3.S-dimethyl-2- 
pyridinyi)methyl]sultinyl]-lH-bcnzimidaz.ole. in particular 
sodium and magnesium salt form thereof. where R is an 
alkyl with l-4 carbon atoms, processes for the preparation 
thereof and pharmaceutical preparations containing the 
compounds as active ingredients, as well as the use of the 
compounds in phatmaceutical preparations and intermedi- 
ates obtained by preparhg the compounds. 

10 Claims, No Dmwings 
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corMPo!mToNs 

This appIicatlon is a continuation-in-part of application 
Ser. No. 081256.174. tiled as PC!T’~E94/00509, May 27, 
1994. s 

FIELD OF’THElEWENTlON 

The present invention is directed to new compounds of 
high opricaI purity and CrystaIRne s&s thereof, their use in 
medicioc. a process for their preparation and their use in the 

to 

manufacture of pharmaceutical preparation. The invention 
also relates to novel intamediates in the preparation of tbe 
compounds of tbe invention. 

BACKGROUND OF THE INVRNTJON 1J 

The compound 5-methoxy-2-[[(4-methoxy-3,5dimethyl- 
2-pyridinyl)m&yl]suJgnyl]-1Hbenzimidazole. having the 
genuic k o&paz.ole. ami tbaapeutically acceptable 
alkabe salts tbaeof are described in U.S. Pat. No. 4.255. ‘XI 
431 to Junggren et al., HP 5129 and HP 124 495. respect 
tidy. Omepmzole and its alkaline salts are eiTective gastric 
acid secretion inhibitors. and are useful as antiulcer agents. 
Ihe compounds. being sulfoxides. have an asymmetric 
center in the sulfur atom. i.e. exist as two optical isomers 
(enantiomers). 

The separation of the enantiomers of omeprazole ia 
analytid scale is descrii in e.g. J. Chromatography, 532 
(1990). 305-19 and in a preparative state in DE 4035455. 
The latter has been done by using a diastereomer~ ‘c ether 
wbkh is separated and themafter hydrolysed in an acidic 
solutton. Under the acidic conditions needed for hydrolysis 
of the attached group, omeprazde is quite sensitive and the 
acid has to be quickJy neutratizcd with a base to avoid 
&gradation of the acid-sensitive compound In the above 
mentiooed app&ation (DE 4035455) this is done by adding 
the reaction mixture containing concentrated suNuric acid to 
a concentrated solution of NaOH. This is disadvantageous 
because them is a great risk of locally reaching pH values 
betweco l-6, which would be devastating for the substance. 
Maeova, instantamxts neutralization will ueate beat 
which wilI be diflicult to handle in Jarge scale production. 

Tbae is no exampte in the known prior art of any isolated 
a dmactaizcd salt of optically pure omeprarde, i.e. of 
single eoantiomcrs of omeprazole m of any isolated a 
charactenlzed salt of any o@ically pure omeprazole aaa- 
logue. 

SUMMARY OF TH.R JNVRNTJON 

It is desirable to obtain compounds with improved phar- 
macokktic and metabolic propaties which will give an 
improved therapeutic proRIe such as a lower degree of 
intaidividuaJ variation. 7&e pent invention provides 
such compounds, which are novel salts of siagle enanti- 
omas of omepaimle. 

Apreferred embodiment of the present invention provides 
pure aystaUioe enantiomeric salts of omeprazde and meth- 
ods for the preparation drereof. 

A mere preferred embo%meot of the present invention is 
directed to an optically pure aystaUine enantiomeric mag- 
nesium salt of omeprazde and method for the preparation 
thereof. 

A q ooaqueous process according to the present invention 
is directed to the preparation of crystal&e forms of an 
optidly pure emu&ma of omqrazole magaesfum salt a 
andogues thereof which i~~cludes steps of s&ring a cm& 
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2 
pmpamtion of the omepmzde enantiomer under uitrogen 
into a methanolic magnesium methoxide solution. precipi- 
tatingfnorganicmagnesiumsattwithadditionofasmaU 
amount of water, removing any precipitated inorganic mag- 
nesium saIts. concentrating the residual methanoiic solution. 
predpitating the omegmzole enantioma by adding acetone 
to the residual solution. and filtering off the optically pure 
enantiomu crystals of magnesium omepramle or analogues 
tbueof. 

The present inventioa in a furtber aspect provides a novtl 
method for prepariug the novel compounds of the invention 
in large scale.. This novel method can also be used in large 
scale to obtain single enantiomers of omeprazole in neutral 
fonu. 

The coopxmds according to the invention may be used 
for inhiiiting gastric acid secretion in ammmalsandman.In 
a mcse generaI sense, the compounds of the invention may 
be used for the hatment of gastric acid-related diseases and 
gastrointestinal intlammatoq diseases ia mammals and 
man, such as gastric uicer. duodenal ulcer, reftux 
esophagi&. and gastritis. -. the compouods may 
be used fa treatment d other gastrointestinal disorders 
where gastric antisecretory e&ct is desirable e.g. in patients 
on NSAID thaapy, in patients with gastrinomas, and in 
patients witb acute upper gastrointestinal bleeding. They 
may also be usedin patients in inteosive care situations. and 
pre and postopemtively to prevent acid aspiration and stress 
ulceration. Tbe compound of the invention may aJso be used 
for treatment or prophylaxis of inflammatory conditions in 
mammals. including man. espedally those involving lysozy- 
maI enzymes. Conditions that may be speciticagy mentioned 
for treatment are rheumatoid arthritis and gout. The com- 
pound of the invention may also bc useful in the treatment 
of psoriasis as weJl as in the treatment of Helicobacta 
infections. 

DETDUIED D lSCRFllON OF THE 
INVENTION 

The present invention refers to the new Na’. Mg-. Li+. 
K’. Ca* and W(R), salts of the singte eaantiomers of 
-le. where R is an atI@ with l-4 carbon atoms. i.e. 
Na+. Mfl, LP. K+. Ca* and N+(R)+ salts of (+ks- 
methoxy-2-[I(4-methoxy-3.5-dimethyl-2-pyridinyl)methyl] 
sulftnyll-lH-benzimidazole and (-)-5-methoxy-2-[[(4- 
methoxy-3,5-dimcthyl-2-~dinyl)mtthyl]sulbnyl]-lH- 
benximldazole. where R is a0 alkyI witi l-4 carbon atoms. 

Particularl~~ferred salts according to the invention am 
the Nat. C!a and Mg2+ salts, i.e (+)-5-methoxy-2-[[(4- 
methoxy-3,5-dimetbyl-2-pyridinyl)metbyl]sulfinyl]-1H- 
benzimidazole sodium salt, (-)-5-methoxy-2-([(4-methoxy- 
3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-lH- 
benzimIdazoIe sodium salt. (+)-s-methoxy-2[[(4-methoxy- 
3.5dimethyl-2-pyridinyl)methyl]sulAayl]-lH- 
benzimidazole magnesium salt. (-)-5-methoxy-2-[[(4- 
methoxy-3.5-dimethyl-2-pyridinyl)methyl]sulfioyl]-1H- 
benzimidazole magnesium salt, (+)-5-methoxy-2-[[(4- 
methoxy-3,5-dimethyl-2-pyridinyI)methyl]sultinyl]-lH- 
benzimidazole calcium salt and (-)-5-methoxy-2-[[(4- 
methoxy-3.5-dimethyl-2-pyridinyI)methyl]sultinyl]-1H- 
be-le calcium salalt 

Most pkred salts according to the invention are the 
qXkaUy pure Na+ salts of omeprazole according to com- 
pounds la and lb 
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and the o@hlly pure magnesi~l salt.? of omepraxole 
accordingtocompoundsItaandRb 

Ih(+~ 
m (-)-emthm 

With the cxprwion “optieally pure Na* salts of omepra- 
role” is meant the (+)-enantiomer of omepraxole Na-salt 
easentidly ke of the (-)-enantiomes of omcprazole Na-salt 
and the (-)-cnantiomer essentially free of the (+)- 
enantiomer. respectively. Single cnantiomers of omcprazole 
have hithato only been obtdued as syrups and not as 
crystalline products. The salts defined by the present inven- 
tion KC easy to obtain by means of the novel speciftc method 
acoording to one asgect of the invention of pzparing the 
ainglc CllMtiOtllKS of omfpraxole. In contrast to the neutral 
forms the salts can be obtained as aystallhc pducts. 
Because it is posaiic to purify optically impure K palally 
pure salts of the enantiomers of omeprazolc by 
cays~on.thcycMbeobtainedinvuyhlghoptical 
purity, namely ZB.896 enantiomeric excess (cc.) even 
from an optldly contaminated preparation. Moreov~, the 
optically pm-c salts are stable resisting raccmization both in 
neutral pH and basic pIi. which is surprising since the 
known dc~otonatioa at the carbon atom between the pyri- 
dineringandthechiralsulfuratomwasexpeckdtocause 
racemization under alkaline conditions. This high stability 
against racemlzation makes it possible to use a single 
cnantiomnic salt of the invention in therapy. 

The specific method of preparation of the single enanti- 
omen of omepzole is a further aspect of the invcntiou as 
mentioned above and it can be used to obtain the single 
cnantiomers of omepraxole in neutral form as well as the 
salts nlueof. 

Yet a furtha asped of the invention is the compound JR, 
which is an intemediate used in the speck method of 
preparation. 
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Rcparatlon 
The optically pun compounds of the invention, i.e. the 

single cnMtiomKs, are prcpmxl by separating the two 
stiomers of a diastawmmic mixhme of the following 
type, 5- or 6-methoxy-2-[[(4-methoxy-3.5~dimethyl-2- 
pyridiayl)methyl]sulfinyl]-l-[acyloxymethyll-lH- * . bermmuhxo le. formula lV 

wherein the meihoxy substitucnt in the benximidarole moi- 
ety is in position 5 cr 6. aud wherein the Acyl radical is as 
defined below. followed by a solvolysis of each separated 
diastereomK in an alkaline solution. The formed single 
enantiomKs of onqnaxole are then isoJated by neutmlixing 
aqueous solutions of the salts of the single enantiomas of 
omepraxole with a neutralking agent which can be an acid 
oranestersuchasmethylfonnate. 

TheAcylmoietyinthedMereomtzicestermaybea 
chid aeyl group such as mandeloyl. and the asymmetric 
center ln the ehiral acyl group can have eitha R or S 
configuradon. 

The diastaconwic eaters ean be scparpM either by 
&romatop3phy or fractional Kyseallization. 

The solvolysis usually takes place together with a base in 
a pro&z solvent such as alcohols or water, but the acyl group 
may also be hydrolyzed aff by a base in an aprotic solvent 
such as dimethylsulfoxidc or dimethylfamaml ‘dc.Thcrcact- 
ingbascmaybcOH-aR’O-whareR’canbeanyaLkylor 
=Yl group 

To obtain the optically pure Na+ salts of the invention. i.e. 
the single enantiom~~ of omepr~Ae Na+ salts, the resulting 
compound is treated with a base. such as NaOH. ln an 
aqueous or nonaqueous medium, or with NaOR’ wherein R* 
is an alkyl group containing l-4 carbon atoms. Q  with 
NaNIf*. In addition, iilkabe salts wherein the cation is Li’ 
orKcmaybeprepamdusinglithiumorpotassiumsaltsof 
the above mentioned bases. In cc& to obtain the CrystalLine 
form of the Na’ salt. addition of NaOH in a non-aquecus 
medium such as a mixture of 2-butanone and toluene. is 
Fefared 

To obtain the optkally pure Mg- salts of the invention. 
optically pure cnantiomeric Na* salts may be treated with an 
aqueous solution of an in orpdc magnesium salt such as 
IUgQ,, whereupon the Mg + salts are psbcipitaed. The 
ophlllypureh4g*+saltsmayalsobeprepandbytrcating 
Single enantiomen of omepraxole with a base, such as 
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Mg(OR3h, wherein R’ is an alkyl group comah’king l-4 
alrboll atoms, in a non-aqueous solvent such as alcohol 
(only for alcoholates). e.g. ROE or in an etha ~wI.I as 
tctrahytirchan. In an analogous way, also alkaline salts 
wherein the cation is CP CM be prcparcd uslug an aqueous 
solution of an inorganic caldum salt such as CaQ. 

Alkab salts of the single enantiomers of the invention 
are. as mentioned above. beside the sodium salts 
(compounds Ia and lb) and the magnesium salts (compounds 
Ha aad Ilb). cxempbfted by their salts with Lit, K?, Cam aad 
N+(R),,, whcrc R is an slkyl witb I-4 C-atoms. 

For clinical use the single enantiomers, Le. the optically 
pure c4mpounds, of the invention are formulated into phar- 
maccutlcal formulations for oral. rectal. parentcrat or other 
modes Cc administrations. The pharmaCcWk.4l fommlatious 
con* the single enantiomers of the invention normaUy in 
combinationwithaphamuuwticaIlyaccqHablecanier.The 
can&x may be in form of a solid, semi-solid or liquid 
dilucllt. cc capsule. These phammceu tical preparations are a 
futtha object of the invention. Usudly tbe amount of active 
compoundis between 0.1-958 by weight of the preparation. 
between 0.2-20% by weight ia preparations for parcntcral 
use and ktween l-5096 by weight in preparations for cral 
administration. 

In the preparation of pharmsceutical formuladons in form 
of dosage units for aal adminktmtion the optically pure 
ccuupound may be mixed with a solid. powdered carrier. 
such as lactose. sac&arose. sorbitol. mannitol, starch. 
amylopcctin, cellulose dcrivatcs. gelatin or auotbcr suitable 
caulcr. stabilizing substances such as alkaline compounds 
e.g. carbonates, hydroxides and oxides of sodium, 
potassium. caldum magncsitm~ and the like as well as with 
luhricsting agents such as magnesium stwmte, calcium 
stwrate, sodium stearyl fumart& and polycthylcneglycol 
waxes. The mixture is then proccsscd into granules or 
pa-csscdinto tablets. Granules andtablets may be coatedwith 
an cntuic coating which protects the active compound kom 
add catalyzed degradation as long as the dosage form 
remaills in the stomach The clltelic coathlg is choscll among 

Liquid preparation fcr oral administration may be pre- 
PZSICXI ln the fam of syrups or suspensions. e.g. sohrtious or 
suspensions containing fkom 0.2% to 20% by weight of the 
active ingtedient and the rematnder consisting of sugar or 

s sugar alcohols and a mixture of ethanol, water, glycerol, 
propykllc glycol Iuld/orpolyethykllc glycol. If desire4 sucll 
liquid prepsrations may contain cokring agents. flavoring 
agents. saccharine and carboxymethyl cellulose or other 
thickening age&s. Liquid mans fn oral administra- 

to hionmayalsobc~~in~efarmofdrypowdertobc 
reconstituted with a suitable solvent prior to use. 

sohtiolls fa paremeral administrations may be pepared 
as solutions of the optically pure compounds of tbe inven- 
tion in phamamutically accqrtable solvents. preferably in a 

IS conccntmtion from 0.1 to 10% by weight These solutioas 
may also contain stabilbing agents and/or buffering agents 
and may bemanufactured in d&rent unit dose smpoules or 
vials. Sohrtfons for parcnteral administration may also be 
prq~arui a.s dry pparations to bc reconstituted with a 

20 suttable solvent ext cmpomcously before use. 
‘The typical daily dose of the active compound will 

depend on various factors such as for example the individual 
requirement of each patient. the route of administration and 
the disease. In genaal. oral and parenteral dosages will be 

25 in the range of 5 to 500 mg pa day of active substance. 
The invention is illustrated by the following examples 

using preferred procedures fcr the pmpamtion of optic&y 
pure sodium salts and magnesium salts. 

The processes dmribcd below for optically pure enan- 
30 tiomuic sodium salts of 0-e result in change of 

directions from (-) to (+) optical rotation and. vice versa, 
from (+) to (-) optical rotation when preparing the sodium 
salt ftom the neutral fam of omepmzole and again, when 
preparing the magne3ium salt from the sodium salt of 

35 omcpramle. 

RXAMFW31 

Prepsration of (+)-S-methoxy-2-[[(4-mcthoxy-35- 
dimethyl-2-pyridinyl)methylJsuhinyl]-lH- 

benzhmdazole sodium salt 
pbauuaautically a&eptable entericcoating materials e.g. 40 
bcmvax. shdlac or anionic film-formiag polymers and the 
lib, if prcfarcd ia combination with a suitable plasti&cr. 
To the coating various dyes may be added ia c&r to 
distinguish among tablets or granules with different amouots 
of the active compound present. 45 

soft gdatinc capsules may be prepared with capsules 
contahriag a mixhve of the active compouad, vegetable oit. 
fat, or other suitable vehide for soft g&tine capsules. SoIt 
gelatinc capsules may also be entaic-coati as described 
above. 50 

Hard gcladne capsules may contain granules or entic- 
coated granules of the active compound. Hard gelatine 
capsules may also contain the active compound in combi- 
nation with a solid powdered carrier such as lactose, 

saccharose. sorbhol. mannitol, potato starch, amylope&& 55 
dulose dcd-lvates or gelatin. The capsules may be entcric- 
coated as described above. 

100 mg (0.3 mmol) of (+-methoxy-2-[[(4-methoxy-3. 
Wiimethyl-2-pyridiayl)methyl]suHinyl]-lH-benzimidazolc 
(contaminated with 3% of the (+)-isomer) was dissolved in 
1 ml of 2-butanone with stirring. 60 ul of an aqueous 
solution of S.OM sodium hydroxide aud 2 ml of toluene were 
added. The resultant mixture was non-homogeneous. In 
ON&X to obtain a clear solution. more 2-butanone was added 
(~JJ 1 ml) and the mixture was stirred at ambient temperature 
over night The formed p&p&ate was ftltemd off and 
washed with ethes. There was obtained 51 mg (46%) of the 
title compound as whim crystals mp. (decomposition) 
246V4fP C. The optical purity (ea.) which was snalged 
by cbirai cohunn chromatography was Z99.8%. [a], =t 
42.8” (concentration. cAI.546. water). 

N?dR data arc given hdow. 
Dosage units far rectal administration may be prcparcd in 

the form of smmositories which contain the active substance EXAMPLE2 
mkedwithancuWlfatbase.orUlcymaybepreparedinthe 60 
form of a gchuine rectal capsule which contains the active 
substance in a mixture with a vegetable oil. pamfEn oil a 
other suitable vehicle for g&tine rectal causulcs. or they 

Preparation of (-)-5-mcthoxy-2-[ [(4-methoxy-3,5- 
dimethyl-2-pyridi~l)~yl)methylj-lH- 

ben7.imidazole Sodium Salt 

may be pparcd in the form of a ready-m& micro enemS, 100 mg-(03 mruol) of (+tS-mcthoxy-2-[[(a-naethoxy-3, 
or they may be prepared in the fcnm of a dry micro enema 6s 5-dimethyl-2-pyridiayl)-methyl]sulfinyl]- lH- 
fommlation to be reconstituted in a suitable solvent just henzimtdazole (contaminated with 3% of the (-)-isomer) 
prior to administration. was dissohd in 1 ml of 2-bumnone with &ring. 60 pl of 
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M nqueous sdutioll of 5.ohl sodium hydroxide and 2 ml of 
toluene wae added. lhc resultant mixture was non- 
homagtotoua I0 osda to obtnio a cltar solutioo, mart 
2-butanonc wns added (ca 1 ml) and the mixture was stirred 
at ambient temperature over night. The famed precipitate 
wasfiltc&offandwashedwithether.Thcrewasobtained 
56 rug (51%) of the title cmmpomd as white crystals mp. 
(decomposition) 247=2&Q’ C. The cptical purity (c.c.) 
whic!hwnsnMllby chiml cdumn chromntogrnphy was 
L99.8%. IaID =44.1° (c=O.5%. water). 

NMR dntn arc given below. 

RxAMPLE3 

t’repantioo of (+)-5-mctboxy-2-[[(4-methoxy-35- 
dimcthyl-2~~~l~~ylls~yll-lH- 

btluimidnzole Mi3gouium sdt 

2.9 ml of a O.lM solution of NaOH was added to 0.10 g 
(029 mmol) (+)-5-methoxy-2-[[(4-methoxy-3Jdimethyl- 
2-pyridinyl)methyl]suEnyl]-HI-benximidaxole. To this 
mixture 2 ml methylene chlaidt wns added and afta 
mixing io a sepnmtay funntl tht nqucous sdution wns 
sepmted d. A solution of 14 mg (0.145 mmol) MgCl, in 
wnta wns nddcd dropwise. The formed Frtdpitatc was 
isolisttd by ceotrifqation. and 52 mg (50%) of the product 
was isolnted 8.5 no amaphous powda. The optical purity 
(cc.) wns 98%. nod thus the same as the starting material. 
TheopticalpuritywtrsdetcsminedbycWnamgr~hyonan 
analytical chiral column. ]a],Zo=+101.20 (e==l%, 
methand). The Mg content of the sample was found to be 
3.0%. shown by atomic absorption spectroscopy. 

EXAMPLE4 

F%epnrntion of (+)-5-metboxy-2-[[(4-boxy-3.5- 
dimethyl-2-pyridinyl)methyllsuuutyl]-lH- 

benximidnxole Magnesium Salt 

(-)-5-methoxy-2-[[(4-methoxy-3.5-dimethyl-2- 
pyridinyl)methyl]suMnyl]-lKbenximidaxoIe sodium salt 
(0.500 g. 136 mmol) was dissolved in water (10 ml). To this 
mixmfe lo ml of an aqueous s~hrtion of Mga*,o (l38 
mg.O.68mmol)wasaddeddropwiseandthcformedpra 
dpitntt wns isolntul by centrifugation. There was obtained 
418 rug (86%) of the product as a white powder. ‘lhe optical 
purity (et) of the product was 99.8% which wns the samt 8s 
the optical purity of me starting mI&rial. The opticat purity 
wns dlermioed by clmmatogrsplIy on a0 ooslytical dlirnl 
cohmo. [a],a02+129.Q0 (01%. methanol). 

rxAMPLB5 

Preparation of (-)-S-methoxy-2-[[(4-methoxy-3.5 
climctbyi-2-pyridinyI)methyl]~nyl]-~H- 

benximidazole Magnesium Salt 

(+)-5-metboxy-Z-[[(4-mcthoxy-3.5-dimethyl- 
Wridinyl)mcthyl]-sul)-lH-benzimidazo sodium salt 
(0.165 g. 0.45 mmol) was dissdved in water (3 ml). To this 
mixture 2 ml cfan aqueous solution of MgCl&I,O (46 m& 

8 

TABLE 1 

Ex.sdvtat NMRdustippm 

5 1. DIdSOd‘ 2.20 (s, 3X), 222 (s,3H), 3.69 (6 3IQ3.72 (a, 3lQ 
5aoh4Hz 4n(41~4.7~(61~aU(dd,~X6.%(4UI) 

7.30 (4 urx 8.21 @I lm. 
2. DMSCbd, 2.20 (#, m). 222 (I, 3lQ 3.68 (a, 3H), 3.72 (n, 3H), 

5CU MHZ 4.38 (4 lH), 4.73 (da lm 6% (da, IIt), 6.96 (6, US), 
7.31(4 ISa 8.21 (s$ llx). 
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0.23 mmd) was addtd dcopwist nod the formed precipitate Magnesium (0.11 g, 4.5 mmol) was dissolved and reacted 
was isolated by cenuitugation. Ttuxc was obtained 85 mg witb methanol (50 ml) at 40” C. with a catalytic amount of 
(51%) of the product as a white powder. The optical purity mcthyleot chla-ide. The reaction was run undo nitrogen and 
(te) of the produU wns 99.9% which was the same or betta wasfinisbalafterfivebours.Atroomtempemtureamixture 
8SthCo@iCdpudtyOftheStillth~material.The@d 65 of the two enantiomers 190% (+)-isomer and 10% (-> 
purity was dekmined by chcomatography on an analytical 
chid column. [a],-,~-1282 (01%. methanoI). 

isomer] of 5-methoxy-2-[[Cmcthoxy-3.5~dimethyl-2- 
pyridinyi)methyl]sulfinylJ-lH-bcnzimidazol (2.84 g, 8.2 

A preferred method fcf prepar&g optically pure o-a- 
zolt ennntioma aystnl sdts of magnesium is described in 
Eixamplts 6 and 7. 

EXAMPLE6 

EnhaucementoftkOpticalFkritybyPmpnringthe 
hIagnesium Salt of (->5-methoxy-2-[[4-methoxy-3, 

5dimethyl-2-pyridinyl~methyl]s1dfinyt]-lH- 
benzimidnzole in Nonnqueous Solution Followed 

by Chyanllizadon of Said Salt 

Magnesium (0.11 g. 4.5 mmol) was dissdved and reacted 
with methanol (50 ml) at 40° C. with a catalytic amamt of 
methylcne chlaide. The reaction was run undu nitrogen and 
wns lid&al afta five hours. At room kmpemtmeamixture 
of the two enantiomers [QO% (-~isomer and 10% (+> 
isomer] of 5-methoxy-2-[ [4-methoxy-3.5~dimethyl-2 
pyri~yl~yl]sulfinyl]-lH-bcnzimidazole (2.84 g. 8.2 
mmol) wns ndded to the magnesium methoxide solution. 
The mixlure wns stirred for 12 hours whereupon a small 
nmouot of water (0.1 ml) was added in order to precipitate 
ioagnaic mngoesium s&s. After 30 minute8 sthiog, these 
loapnic salts were llltaed off and the solution was con- 
ceotmttd on a rotavapor. The residue was now a conceo- 
tmted metlumolic solution of the cnantiomeric mixture (i.e. 
the tille aoupouod contaminated with the (+)-isoma). with 
an optical purity (enantiomtxic excess. c.e.) of 80%. ‘Ibis 
mixture was diluttd with acetone (100 ml) and aftu stirring 
at room tempemture for 15 minutes, a white g0xipitate was 
obtained. Additional stirring for 15 mintues and themafter 
fillrntioo nlbded 13 g (50%) ofthe title compound as white 
crystnls. Chid onniysu of the crystals and mothcx liquor 
were paformed by chomntopphy on nn nnnlyticnl chhil 
column. The optical purity of the crystals and mother liquor 
was found to be 98.4 C.C. and 64.4% cc., respectively. Thus, 
the opticnl purity (at.) has beco tohnoccd from 80% to 
98.4% simply by crystahixing the Mg-salt from a mixture of 
acetone and methanol. The product was uystallhe as stmwo 
by powder X-my difkacdon and the mgoesiwn content was 
3 44% 8s shown by ntomic absorption spectroscopy. [ a],Q 
-131.5O (c=O.5%, methanol). 

EXAMPLE7 

EnhancemcntoftbeOpticalFutitybyPreparingthe 
Magnesium Salt of (+)-5-metboxy-2-[[4-methoxy-3, 

5-dimethyl-2-pyridinyl)-methyl]sulfmyl]-lH- 
btnxlmidnzole in Nonaqueaus Solution Folbnved 

by Cky-on of Said Salt 
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mmol) was added to the magnesium methoxide solution. 
The mixture was stirred for 12 hours whereupon a small 
amwntofwater(O.lml)wasaddediaordcrto~~ 
inorganic magnesium salts. Afta 30 minutes sdrrhg. these 
inaganic salts were filtexed off and the solution was con- 
centrated on a rotavapor. The residue was now a concen- 
trated melbanolic solution of tbe enantiomedc mixture (i.e. 
the title annpound contaminated with the (-~isomer), with 
an optical purity (ct.) of 80%. This mixture was dihrtedwith 
acetone (100 ml) and after stirring at room te~ature for 
one hour. a white predpitate was obGned. Additonal stir- 
ring for 30 minutes and themafter filtration afforded 035 g 
of the title compound as white aystals. Additional Stirling cd 
the mother liquor for 24 hours at room tempemWc daded 
auodla 1.0 g (total yield=52%). chiral analyses of the 
crystals and the secoud mother liquor were perfonued by 
chromatography on an analytical chiral column The o@ical 
mrl~ of the two uvstal hctions was 98.8% ee. and 99.5% 
Le.. iqectively.Tile optical purity of the motherliqucr was 
found to be 57% CC. Thus. the optical purity (e-e.) has been 
enhanced kom 80% to apprcdtnatdy 99% simply by CQ%- 
tallking the Mg-salt from a mixture of acetone and metha- 
nol. The tit precipitation was aystalline as shown by 
powder X-ray d&Traction and the magnesium content of the 
same fraction was 3.49% as shown by atomic absorption 
spectroscopy. [a]D~=+135.6o (c=O.S%. methanol). 

The ctystalline salt according to Example 6 is most 
preferred. 

IS EcxAmLE 10 

Preparation of &nctboxy-2-[[(4-methoxy-35- 
dimethyl-2-pyridinyll)nmthyl]-(RIS>sulfin]-l-I(S~ 

mandeloyloxymethyl]-lHbenximidar.ole 
20 

Preparation of the synthetic intexmedhtes according to the 
invention is desaii in the following examples. 

The product was obtained from 8.1 g (202 mmol) sodium 
hydroxide in 100 ml water, 34.4 g (101 mmol) te!rabuty- 
lammonium hydrogen sulfate, 15.4 g (101 mmol) (Sk(+)- 
mandelic acid sad 39.9 g (101 mmol) of the raccmate of 
6-metboxy-2-[[(4-methoxy-3,S-dimethyl-2-pyridinyl) 

25 methyl]-sulgnyl]-l-[chloromethyl]-lH-benzimidazole 
using the same procedure as in Example 8. Recrystalkation 
from 100 ml acdonitrile yiekled 21.3 g, i.e. 41% of the title 
compound as a diaste~omaic mixture. 

3. NhfRdataaregivenbeknv. 

EXAMPLE8 

Preparation of 6-methoxy-2-[[(4-methoxy-35- 
~~~-2pyridinyl)mcthyll~~~yll-l-Io- 

mandeloyl~yl]-1H-benximidaxole 
35 

A solution of 3.4 g sodium hydroxide in 40 ml water was 
added to a mixture of 14.4 g (42 mmol) tetrabutylammonium 
hydrogen sulfate and 64 g (42 mmol) (R>(-)-mandelic ,,, 
acid.Tbemixturewasextmctedwith4OOmlchloroform. 
After separation. the a-ganic extract was beated to reflux 
with 16.6 g (42 mmd) of the racemate of 6-metboxy-2-11 
(4-methoxy-3&iimethyI-2-pyridinyl)methyl]-sulfinyl]-l- 
[chloromethyl]-lH-benximidaxole. Evapccation of the sol- ,s 
vent was fotlowed by dilution with 100 ml dichloromethanc 
and 700 ml ctbyl acetate. The mixture was washed with 
3x200 ml water and the organic solution was dried ovcp 
MgSO, and then evaporated The crude material was purl- 
fled by recrystalhation from 100 ml acetonitrile. giving 8.1 
g of the title compound (38%) as a diastereomeric mixture. 

so 

NMR data are given below. 

10 
bile (7MO). 'he mae hydrophilic isomer was easier to 
obtain pure than the less hydmphilic one. The work up 
prd for the fraction which contained pure isomer was 
(IS follows; edradon with didho~e, washing the 

5 organic solution with aqueous 5% sodium hydrogen c&on- 
ate solution, drying ova Na,SO, and evapcration of the 
solvent on a rotavapor (at the end of the evaporation the 
removaJ of acetonitrile was fadlitated by adding more 
dichloromethane). Using 1.2 g of the diastereomeric mtxtme 

IO with the above mentioned technique, the more hydrcphilic 
isomer, 410 mg. was obtained in a pure state as a colorless 
VW 

N?vlR data are given below. 

EXAMPLE 11 

Separation of the More Hydrophilic Disstereomcr 
of 6-metl1oxy-2-[[(hnethoxy-35dimethyl-2- 

pyridinyl)llaethyll-(ws)-sultinvll-l-[(s)- 
mandeloyloxymethyl]-ill-hen&nidaxole 

The dhtereomers of the title compound in I&ample 10 
were separated using reversed phase chromatography 
(HPLC) in the same way as ia Example 7. but using the 
diastaomaic mixture of Gmethoxy-2-[[(4-methoxy-3.5 
dimethyl-2-pyridinyl)methyl]-(R/S)-sulfinyl]-l-[(S)- 
mandeloloxymethyl]-lH-benximidaxole instead of the (R)- 
mandelic ester used in Hxample 9. Using 2.1 g of the 
diasmeotic mixture, the more hydrophilic isomer. 760 
mg,wasobtainedixapumstateasacolorksssymp. 

NMR data sre given below. 

BXAMPLE 12 

Reparation of (-)-5-methoxy-2-[[(rlmethoxy-35- 
dimethyl-2-pyridinyl)methyl]-suhinyl]-LH- 

benzimidaxole 

Separation of the More Hydropbihc Diastereomer 
of Gmethoxy-2-[[(4-methoxy-3&limetbyl-2- 

Psrridinyl)~~Yll~~S~Wstsulfmyll-1[(R) 
mandeloyloxymethyl]- 1Hbenximidaxole 

ExAMpLB9 0.23 IL (0.45 mm00 of the more hvdnmhihc diastereomer 
s5 of 6-mkboxy-2-[[(4-methoxy-3,5~d&ethyl-2-pyridinyl) 

methyl]sulfinyl]-l-[(R)-mandeloyloxymethyl]-lH- 
benzimidaxole was dissolved in 15 ml methanol. A solution 
of 36 rug (0.9 mmol) sodium hydroxide in 0.45 ml water was 
added+ and afta 10 minutes the mixture was cvaparatcd on 

Thedias tenwmers of the title compound in Hxampk 8 60 a rotav8por. 7be residue was partitioned betwee 15 ml 
were separated using reversed phase chromatograplry water and 15 ml dicbloromethane. The organic solution was 
(mzc). Approximately 300 mg of the diastuwnla.ic mix- extracted with 15 ml water and to the combiued aqueous 
ture was dissolved in 10 ml hot acetonitrile which was solutions was added 85 pl(l.4 mmol) methyl formate. Aftcx 
diluted with 10 ml of a mixture of aqueous O.lM ammo- 15 minutes the mlxturc was extracted with 3xlOnll didkfo- 
niumacetate and acetonitrile (7W30). The solution was 65 romethane. The ccganic solution was dried over Na$O, and 
injected to the column and the compounds wax elutcd with then evapomtuL Thae was ohtamed 0.12 g (77%) of the 
a mixture of aqueous O.lM ammordumacetate and acetoni- title compound as a colorless syrup. The optical purity (e.e.) 
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which wa8 alull@ by chid colutlln chmtqwpw w8.q 
94%. [ulD~-ls5” (c05% cllloro~). 

NMR &ta are given below 

FlxAMEE 13 

Reparation of (+)-S-methoxy-2-[[(4-metboxy-3J- 
dimcthyl-2pyridinyl)~~l-sulfinylJ-lH- 

bHUiDIidlU.OlC 

0.76 g (1s mmol) of the mere hydmphilic diastercoma 
of 6-methoxy-2-[[(4-mcthoxy-3.5-dImahyl-2-~diayI) 
methyl]sulfinylj-l-[(S)-mandeloyloxymethyll-lH- 
btndmkLzolc was dissolved in 50 ml methanol. A solution 
of 0.12 mg (3.0 mmol) sodium hydroxide in 1.5 ml water 
wasadded.aodafter10minutesthemixtmcwasevapomted 
on a rotavapor. The rcsldue wa8 paltitioncd hetwetxl25 ml 
watcz Md 25 ml dlcllloromethane. The apic sohltlon was 
extractedwltb2Smlwaterandtothecombhcdaqueous 
solutions was added 200 pl (3.2 mmol) methyl formate. 
After15mimlMtllemixturewasextractedwith3X2sml 
dichlaromcthanc. The oqpnic solutioa was dried over 
Na$O. and then evapcsated. Them WBS obtained 0.42 g 
(81%) of the title compound as a colorless syrup. The optical 
pmey (a?.) which was allalyzcd by chiral colllmll chrolM- 
tography was 98%. [alDm=t1570 (MS%. chloroform). 

NMR data art given below 

TABLE 2 

Ex.8olvcn NMuduslip 
8. CDcl, 2.18 (4 3H), 2.20 (4 3En 2.36 (4 3H), 239 (4 3H). 

500 MHz 3.77 (4 3m3.18 (8, 3Hj, 3.82 (s, 3H), 3.87 (4 3H). 
4.80 (d IH), 486 (d lH), 5.0 (m 2Q 5.34 (4 2% 
6.43 (6, IIt& 6W (d lH), 6.6-65 (m, ZH), 6.90 
(6, lti), 6.95498 (m, 2lQ, 7.01(4 1lQ 7.2-73 
(m.QQ.7.~(m.pi),‘7k4(m,zH).7~58dLH), 
7.62 (4 1H). 795 (4 Ill), 797 (4 ll+ 

9. Cl%, 2.20 (4 WI, 2.36 ts 3H-h 3.78 (s, 3% 3.82 tr, 3% 
500 MHZ 4.80 (6, UQ SM) (4 1lQ 5.35 (6, IQ 6.43 (4 lH), 

6.63 (d IH), 690 (4 1lQ 69 (66, lit), 7.2-7.3 
m3m17.37(m.plx7.~@Q4797(~.LH). 

10. CDCl, 2.19 (4 3m 2.29 (4 urx 236 (4 m 2.39 (4 3% 
SC0 MHZ 3.77 (4 3llJ 3.78 (s,3IiJ 3.83 (s# 3lQ 3.87 (4 3% 

4~td1M,4a~(dllI),S.O(m.~~~(r,~ 
6.43 (6, lm 6.~74 (d, IIQ 6.6-6.7 (4 2H), 690 
(6, lllj, 6.96498 (a~ 2l.Q 7X)1(4 LH), 7.2-7.3 
tIsQI).7.~(w=Q7Mb.=h7S(dUIX 
7.62 (4 Ill), 7.95 (4 1HJ 797 (4 lW. 

11. CDCI, 2LiiO (4 3H), 236 (s, 3% 3.78 (4 3lQ, 3.82 (4 3IQ 
SC0 MHZ 4.80 (4 lH), SM) (Q 1% 535 (d, 1ll.h 6.43 (d, III), 

6.63 (4 IM, 690 (4 IH), 697 (4 lli), 7.2-7.3 
(04 3Hx 7.37 6% 2% 7.62 (4 UI). 797 (4 W  

12. CDCI, 2.18, (4 3IQ 2.22 (4 3% 3.68 (4 3lf& 363 (4 3Hh 
3ooMHz 4.n(m.W).~(db~,-77D(b.lM.-7~ 

(a, lIiJ, 8.6 (4 IHj. 
13. CDq 291(4 3w), 2.23 (a. 3H), 3.69 (4 3lQ 3.w (4 3% 

4.76(mwX6.~((a6~-71)(blWX-75 
th wl8.~ (4 1H). 

u pl-qmsions containing the compounds of 
the invention as adve in@lent arc illustrated in tbc 
following formulations. 
W-P - 

A syrup containing 1% (weight per volume) of active 
substance was prepared from the following ingredients: 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

sugar and 8llccbhe WCIC di88olvcd ill 60 g of warm 
water. After cooIiug the active campaund was added to the 
sugar. solution and glyccml and a solution of flavaring 
agent8 dissolved 111 ethanol wet-c ad&d. The mixture was 
diIlltedwithwatcrtoannfdvolumeof1ooml. 
En- Table& 

An eataic cofkted tablet containing 50 mg of active 
compound was prepared from the following ingredients: 

I Compound according to Example 6. powder, was mixed 
with lactose and gramhkd with a wata solution of methyl 
celluiose and so&m carbonate. Tbc wet mass was for&d 
through a sieve and the granulate dried in an oven. Afkr 
drying the granulate was mixed with polyvillylppolfdolle 
and magmsium stem&. The dry mixture was pressed into 
tablet CIICCS (10 000 tablets). each tikt containing 50 mg of 
active substance. in a t&letting machine using 7 mm diam- 
eta punclles. eta punclles. 

II A solution of ahdose acUate phtltalate and cetyl II A solution of ahdose acUate phtltalate and cetyl 
alcohol in isopmpanolhfzth alcohol in isopmpanolhfzth lene cWride was sprrycd onto lene cWride was sprrycd onto 
the tablets I m an Acccla the tablets I m an Acccla E E eta@, Maoest~ coatlnft equip eta@, Maoest~ coatlnft equip 
ment.Afinaltabletweightof llO~wtiobtain&. - - 
Solutloo for Intravenous Admhistcahon 

A parentczal fcsmuhtion fcr intravenous use. au~tahing 
4mgofactivecompoundpcrmLwasprcparedfromthe 
following ingrcdicnts: 

The active cumpound was dissolved in water fo a 5ml 
volume of 1000 ml. The solution was filtered through a 022 
pm iilter and imawately dispensed into 10 ml sterile 
i3mpulca. The llmpodca were scaled. 
capsules 

Capsule8 contahing 30 mg of active compound were 
prepared fkom the following ingredients: 

1.0 8 
30.0 8 65 

0.6 8 The active compound was mixed with the dry ingredients 
and granulated wi%~ a solution of dlsodium hydrogen phos- 
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pttate. The wet mass was forced through an extruder and 
sphaonized and dried in a fluidizcd bed dryer. 

500 g ofthcpellets above wae first coated with a solution 
of hydroxyppyl methylceJlwse. 30 g. io water, 750 g, 
using a fluidized bed coatex Afta drying. the pellets were 
coated with a second coating as given below: 

The final coated pellets wmc lilled into capsules. 
suppositories 

suppodtori~ wae prepared hm the following ingredi- 
ents using a welding lxocedure. Each suppository contained 
40 mg of active compound. 

The active compound was homogenously mixed with 
Witepsol H-15 at a twnpnaane of 41° C. l%e molten mass 
was volume 6lled into pre-fabricated suppository packages 
to a net weight of 1.84 g. After cooling the packages were 
heat sealed. Each suppository contained 40 mg of active 
J-4w’Jd 
Stability Towards Racunization at Dilferent pH Vahtes 

The stability of the cptically pure compounds of the 
invention against racemiration has been measured at low 
concentrations in a refrigeratcr in aqueous buffer solutions at 
pH 8, 93, 10 and 11.2. The stereochemical stability was 
omsured by comparing the optical purity for the (-)-isomer 
of 5-methoxy-2-[[(4-methoxy-3.5-dimethyl-2-pyridinyl)- 
methyllsullinyl]-lH-benzimidazole in buffer sohltionimme- 
diatdy after dissolving and alla several days. The measure- 
ment was performed by chromatography on an analytical 
chid columo. The sutpridng high staeochemical stability 
in alkahne conditions for the compounds of invention is 
exemplified by the fact that no mcemization fcr the test 
compound was obtained at pH 11.2 even after 21 days. At 
pH 8.93 and 10, the chemical degradation of the compound 
is mere apparent which makes the racemizatioo measure 
ment more di&ult to perform, however at nooe of these pH 
values a d&e&able racemimdon was obtained after 16 days. 

IO am&a mcemization experiment with the optically 
pure compounds of the inveotion, an aqueous phosphate 
buffer sdutioo (pH=ll) of the (+)-isomer of 5-methoxy-2- 

14 
[[(4-metboxy-3&Smethyl-2-pyridin I)mcthyl)suM.nyl]- 

0-J lH-ben&ufdazole sodium salt (c=l M) was warmed for 
26 hours at 37O C. without any racemization at all being 
ObSUVCd. 

s Whatisdaimedis: 
1. A pham~~~tical fommlatioo for oral administration 

comprising a pure solid state alkaline salt of the (-)- 
eoantioma of 5-methoxy-2[[(4-methoxy-3.5~dimethyl-2- 
pyridinyl)methyl]suMnyll- IS-benzimidazole and a pharma- 
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2. The phamamhal famulation acceding to claim 1 

wherein the solid state salt is optically pure. 
3. The phamatmdcal formulation according to claim 1. 

wherein the alkaline salt is a Na+. Me, L.ii. K+. CaH or 
mm4 salt. 

4. The PhanMculticat formuladoo according to daim 1. 
wherein the solid state salt is in substantially crystalline 
form. 

5. The phamaceudcal famulation according to claim 1 
wherein the akaline salt is a sodium or magnesium salt. 

6. A method of inhibiting gastric acid secretion compris- 
ing the oral administration of a pharmaceutical formdatioo 
comprising a therapwticaUy effective amount of a pure solid 
state alkaline salt of the (-)-enantiomer of 5-methoxyd[[ 
(4-methoxy-3.5dimethyl-2-pyridioyl)methyl]sul6nylJ-1H- 
beozimidamle and a pharmaceutically acceptable carrier. 

7. A method for the treatment of gastrointesIinal inflam- 
matay disease compising the oral administrabion to a 
mammal including man in need of such treatment of a 
phsrmaccutical formulation comprising a tbempeutically 
effective amount of a pure solid state alkaline salt of the 
(-)-enantioma of s-methoxy-2[[(4-methoxy-3.5diluetbyl- 
2+yridinyl)methyl]stinyl]-lH-benzimidazole and a phar- 
maceutically acceptable carrier. 

8. A method fa the treatment of gastrointestinal fnffam- 
matay diseases compdshg the a-al administration to a 
mammal induding man in need of such treatment a com- 
position comprising a0 elTecdve amount of the pure (-> 
enantioma of 5-methoxy-2[[(4-metboxy-3.5~dimethyl-2- 
pyridinyl)methyl]sulfinyl]-lH-benzimidazole and a 
pharmaceutically acceptable carrier. 

9. A method of inhibiting gastric acid secretion compris- 
ing the oral administration of a phammceutieal c0mpositioa 
comprising an elkctive amount of the pure (-)-enantiomer 
of 5-methoxy-2[[(4-methoxy-3.5-dimethyl-2-pyridinyl) 
methyl]sultinyl]-lH-benzimidazole and a pharmaceutically 
acceptable carrier. 

10. The method of daim 6 or 7 whaein the alkaline salt 
is a Na+. M2+, W. K+, Ca2+ or W(R)4 salt. 

* * * * * 


