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BASE ADDTITON SALTS OF OMEZ’RAZGLB 

This application is a conthmation of application Ser. 
No. 640,020,llled on 8/10/84, now abandoned, which is 5 
a continuation-ln-part of application Sa. No. 586,107, 
tiled on Mar. 5, 1984, now abandoned. 

FIELD OF ‘MiE INVENTTON 
The invention relates to novel salts of the known lo 

compound omeprazole. 
BACKGROUND OF THE INVENTION 

wherein n is 1,2, or 4; An+ is Li+, Na+, K+. Mgr+, 
Ca*+, Ti4+, N+(Rik or 

The compound known under the generic name ome- l5 
prazole, having the structural formula / 

NH2 

&N-C+ , 

“o~~Ff~~~fia~ (iI ‘NH2 20 wherein R* is an allcyl group containing l-4 carbon 
atoms are more stable during storage than the corre- 
sponding neutral form of omeprazole. The salts of the 

Ii fornuda I are also easier to handle than the neutral form 

which is described i.a. in European patent specifllation 25 
in the manufacture of pharmaceutical dosage units. 

A preferred group of omeprazole salts of the formula 
OOOS 129, is being extensively investigated cliuicaUy as a I are those wherein Aa+ is Na+, K+, Mg2+ and Caz+. 
gastric acid secretion inhiiiting agent. Further preferred salts are those wherein A*+ is 

Omeprazole is useful for inhibiting gastric acid secre- Na+, Mg2+ andCa2+. The Na+-salt is especially pre- 
tion as well as for providing gastroiutestinal cytoproteo 
the effects in manmuds and man. In a more general 

3c ferred for the preparation of liquid pharmaceutical for- 
mulations, e.g. solutions for intravenous administration. 

sense, omeprazole may be used for prevention and treat- The Mgz+ and Ca2+ salts are especially preferred for 
merit of gastrointestinal inflammato rydiseasainmam- the preparation of tablets. The h4g2+ salt is particularly 
mals and man, including e.g. gastritis, gastric ulcer, and preferred. 
duodenal ulcer. Furthermore, omeprazole may be used 35 Illustrative examples of the alhyl group R* are CHJ, 
for prevention and treatment of other gastrointestinal CrH5, n-CrH7, and n-C&g. 
disorders where cytoprotective and/or gastric an- The novel salts I of the invention are prepared by 
tisecretory effect is desirable, e.g. in patients with gas- reacting omeprazole of the formula 
trinomas, in patients with acute upper gastrointestinal 
bleeding, and in patients with a history of chronic and 40 
excessive alcohol consumption. 

The term “omeprazole” as used in this specifkation 
designates the neutral form of the compound of the 
formula (i), that is the form as given in the formula (i) 
without salt forming components present. A problem 45 
with omeprazole is its stability characteristics. Upon 

cyp/ff ; 0” 

storage without any special precautions being takeu it 
is degraded at a rate which is higher than desired. A with a base capable of releasing the cation 
storage during accelerated conditions, that is at f 37’ C. 
and at a relative humidity of 80% for a period of 6 5o A”+ (ii) 

months, about 6% of the substance is converted to deg- 
radation products. While the rate of decomposition of wherein An+ is ss defined above, 
omeprazole at normal storage conditions is lower, it is to give a salt of the formula 
nevertheless desirable to obtain physical forms of ome- 
prazole which exhibit improved stability. This need for 55 
more stable forms of omeprazole is apparent when con- 
sidering the o&en considerable time periods involved 
fmm the synthesis of the active substance through its 
incorporation in pharmaceutical preparations, distribu- 60 
tion of the finished product to pharmacies etc. up to the 
consumption of the preparation by the patient. The 
present invention provides such new forms of ome- 
prazole which exhibit improved storage stability. 

THE INVENTION 65 which salt is thereafter isolated. 

It has been found that the novel alkaline salts of ome- 
Examples of bases capable of releasing the cation 

prazole with the structural formula 
A”+, and examples of reaction conditions are given 
below. 



4.738,974 
-I. 

3 
(a) Salts of the formula I wherein A is Lii Na or K are 

prepared by treating omepraaole with LiOH, NaOH or 
KOH in an aqueous or nonaqueous medium or with 
LiOR, LiNHs LiNRz, NaOR, NaNHz, NaNRz, KOR, 
KN& or KN&, wherein R is an alhyl group coatain- 
ing l-4 carbon atollur, in a nonaqueous medhnn. 

(b)SaltsoftheformulaIwhereinAisMg,Ca,orTi 
are prepared by treating omepraxole with Mg(ORh. 
Ca(ORh. CaH2, Ti(OR)4or TEE+, whe&n R is an alkyl 
group containing l-4 carbon atoms, hi a nonaqueous 
solvent such as an alcohol (only for the alcoholates), 
e.g. ROH, or in an ether such as tetrahydrofuran. (c) 
Salts of the formula I wherein A is 

/ 
NH2 

&NC 
\ 

NH2 

are prepared by treating omeprazole with the strong 
base 

/ NH2 

HzN-C 
b 

dissolved in a solvent, for example an alcohol. 
(d) A salt of formula I may be converted to another 

salt of the same formula by exchanging the cation. 
When both the starting mamid and the salt obtained ss 
fmsl product arc suflkiently soluble, such an exchange 
may be performed by using a cation-exchange resin 
saturated with the cation desired in the product. The 
exchange may ah be performed by utilizing the low 
solubility of a desired salt By this principle, for exam- 
ple, Na+ as a counter ion may be exchanged for Ca*+ or 
Mg2+-. 

(e) The reaction between the compounds (i) and (ii) 
may also be carried out by ion-pair extraction. For 

example, tetrabutyhunmonium salts of the hivention 
may be prepared by dissolving tbc Na+-salt in water 
containing tetrabutylammonium sulfate followed by 
extraction of the tetrabutylammonium salt I into a meth- 
ykne chloride phase, and subsequent isolation of the 
tetrabutylammonium salt I. In this manner also other 
tetrdkylammonimn salts I may be prepared, 

Ibtrative examples of the radical R are CHh CzH5, 
nGH7, n-Wig, i-C&, sec.-C& and tert.-CtHs. 

The invention also relatea to pharmacc utical compo- 
sitions containing a novel salt of omepmz.ole as active 
ingredient; to the use of the novel omepraxolesalts for 
providing local gastrointestinal cytoprotective effects 
in mammals and man; to the use of the novel ome- 
praxole salts in the prevention and treatment of gastro- 
intestinal inflammatory dii in msmmais and man; 
to the use of the aovcl omcpraxole salts for inhibiting 
gastricacidsecretioninmammals andmanttoamethod 
for inhibiting gastric acid secretion in mammals and 
man by administering a compound of the formula L to 
a method for the treatment of gastrointestinal inihunma- 
tory diseases in mammals and man by administering a 
componud of the formula I; and to a method for provid- 
ing gastrointestinal cytoprotective effects in mammals 
and man by orally administering a compound of the 
formula I. 

For clinical use the compounds of the invention are 
formulamd into pharmaceutical formulations for oral, 

5 

10 

IS 

20 

2s 

30 

35 

40 

45 

50 

55 

60 

65 

rectal, parented or other mode of administration; how- 
ever only oral sdministration is suitable for providing 
gastrointestinal cytoprotective effects. The phsrmaceu- 
tical formulation contains a compound of the invention 
in combination with a pharmaceutically acceptable 
carrier. The carrier may be in the form of a solid, semi- 
solid or liqukl dihmnt, or a capsule. These pharmaceuti- 
cal preparations are a further aspect of the invention. 
Usually the amount of active componnd is between 
O&95% by weight of the preparation, between 
0.2-20% by weight in preparations for parenteral use 
and between 1 and 50% by weight in preparations for 
oral administration. 

In the preparation of pharmaceutical formulations 
containing a compound of the present invention in the 
form of dosage units for oral administration the com- 
pound selected may be mixed with a solid, powdered 
carrier, e.g. lactose, sac&arose, sorbitol, mannitol, 
starch, amylopectin. cellulose derivatives or gelatin, as 
well as with lubricating agents e.g. magnesium stearate, 
calcium stearate, sodium steryl fumarate and polyethyl- 
ene glycol waxes. The mixture is then processed into 
granules or pressed into tablets. Since the compounds of 
the invention are susceptible to degradation in acid to 
neutral media, the above-mentioned granules or tablets 
when used for gastric acid inhibition are preferably 
coated with an eateric coating which protects the ac- 
tive compound from acid degradation ss long as the 
dosage form remains in the stomach. The enteric coat- 
ing is chosen among pharmaceutically acceptable enter- 
it-coating materials e.g. bcesww shellac or anionic 
film-forming polymers such ss cellulose acetate phthal- 
ate, hydroxypropyl methylcellulose phthalate. partly 
methyl esteriiied methacrylic acid polymers and the 
like, if preferred in combination with a suitable plasti- 
cizer. To this coating various dyes may be added in 
order to distinguish among tablets or granules with 
different active compounds or with ditferent amounts of 
the active compound present. 

Soft gelatine capsules may be prepared with capsules 
containing a mixture of the active compound or com- 
pounds of the invention, vegetable oil, fat, or other 
suitable vehicle for soft gelatine capsules. Soft gelatine 
capsules are preferably enteric coated ss described 
above. Hard gelatine capsules may contain enteric- 
coated granmes of the active compound. Hard gelatine 
capsules may also contain the active compound in com- 
bination with a solid powdered carrier e.g. lactose, 
saccharose, sorbitol, mmmitol, potato starch, corn 
starch, amylopectin, cellulose derivatives or gelatine; 
the hard gelatine capsules are preferably eateric coated 
as described above. In orally administering the com- 
pounds of the invention to provide gastrointestinal 
cytoprotective effects in mammals and man non-enter& 
coated oral dosage forms are usually preferred, how- 
ever in order to achieve intestinal cytoprotection en- 
ter& coated dosage forms may be needed. 

Dosage units for rectal administration may be pre- 
pared in the form of suppositories which contain the 
active substance mixed with a neutral fat base, or they 
may be preparcd in the form of a gelatine rectal capsule 
which contains the active substance in a mixture with a 
vegetable oil, parafiin oil or other suitable vehicle for 
gelatiae rectal capsules, or they may be prepared in the 
form of a ready-made micro enema, or they may be 
prepared in the form of a dry micro enema formulation 
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to be reconstituted in a suitable solvent just prior to 
adminiotratian. 

Liquid preparations for oral administration may be 
prepared ln the form of syrups or suspenslom ag. solu- 
tions or snspcnslons containing from 0.2% to 20% by 5 
weight of the active ingredient and the remalnder con- 
sisting of sugar or sugar alcohols and a mixture of etha- 
nol, water, glycerol, propylene glycol and polyethylene 
glycoL If de&red, such llquld preparations may~contaln 
colourlng agents, flavourlng agents, saccharine and lo 
csrboxvmethvl cellul0se and thickening agent. Lieuid 
preparations ?or oral admInistratiOn nGy -ti be ire- 
pared in the form of a dry powder to be reconstituted 
with a suitable solvent prior to use. 

Solutloris for parenteral administration may be pre- 15 
pared as a solution of a compound of the invention in a 
pharmacemically acceptable solvent, preferably in a 
concentration from 0.1% to 10% by weight. These 
solutions may also contain stabilising agents and/or 
bufIerlng agents and may be manufactured in unit dose 20 
ampx~Ies or vials. Solutions for parenteral adminlstra- 
tionmayalsobepreparedaJadrypreparationtobe 
reconsti~~tcd wltha &table solvent extemporaneously 
before use Bdlum salts of the lnventloa are preferably 
used In the preparation of psrenteral formulations. 

The typical dally dose of the active substance varies 
withiu a wide range and wlll depend on various factors 
such as for example the individual requirement of each 
patient, the manner of administration and the disease. In 
general, oral aud parented dosages will be in the range 
of 5 to 400 mg per day of active substance. 

The following examples will further illustrate the 
invention. 

25 

3. dried in vacuum at 40’ for 20 h yielding omepraxole 
calcium salt dlhydrate (104 mg, 80%). mp 182’-184’ C., 
NMR: S(CDCls1 drop of DMSD-ds) 2.0@, 3H), 2.lS(s, 
3H), 3.6(s, 3H), 3.7(s, 3H), 4.5(s, 2H), 6.7(dd, lH), 7.l(d, 
H-I), 7.6(d, lH, S.lS(s, 1H). 

35 EXAMPLE 5 
Preparation of dl-omepraxole magnesium salt dihydrate 

Anhydrous MgClz (16.2 g, 0.17 mol) dissolved in 
deionized watr (625 ml) was added dropwise under 

4.0 vigorous stlrrlng to a solution of omepraxole sodium 
salt (125 g, 0.340 mol) in delonlxed water (1560 ml) and 

then the stirring was continued for 1 h at room 
temperature. The precipitate was centrifugated down 

and then washed with deionixed water until no Cl- was 
45 detectable (AgNOs). Drying in the air, grinding and 

drying in vacuum at 40’ for 24 h yielded omepraxole 
magnesium salt dlhydrate (111 g, 87%) mp 171’-178’ C. 

EXAMPLE 6 

EXAMPLE 1 
Preparation of 

S~methoxy-2[[(~~oxy-3~S-~e~yl-Z-p~~yl)- 
methyl]sultinyl]-1IJBole sodium salt 

(omepraxole sodium salt) 
Omepraxole (loo0 g, 2.90 mol) was added to a solu- 

tion of NaOH (116 g, 2.90 mol) in deionized water (25 
L). After stirring for 5 min methylene chloride (5 L) 
was added and stlrrlng was continued for 10 min. The 
two phases were separated. The aqueous phase was 
washed with methylene chloride (5 L), filtered clear 
(C&e) and concentrated by evaporation under re- 
duced pressure to about 2 L total vollrme. Absolute 
ethanol (6 L) was added and the evaporation was con- 
tlnued until dryness Ethyl acetate (7 L) was added, the 
mixture was stirred under reflux for 30 min. After cool- 
hg and standing over night the resulting slurry was 
&red with an additional amount (2 L) of ethyl acetate 
and filtered. The filter cake was washed with dlethyl 
ether and dried under reduced pressure at 40’ C. over ._ . . _ ._-- -- . 

6 
filtered off and the filter cake was washed with trlchlo- 
roethylene (5 L) and dried under reduced pressure at 
50’ C. gltig omeprazofe sodium salt (1314 g, 95%h mp 
208’-2 IO’ C 

EXAMPLE 3 
Preparation of omepraxole potassium salt 

Omeprazole (10.0 g, 0.0290 mol) was added to a solu- 
tion of ICOH (1.60 g, 0.0285 mol) in deionized water and 
then methylene chloride (50 ml) was added. The mix- 
ture was stirred vlgorously for 15 min. The phases were 
separated and the aqueous phase was washed with 
methylene chloride (50 ml) and faltered clear (C&e). 
Evaporation to dryness gave a crystalline residue. Re- 
crystalllxation from ethyl acetate yielded omepraxole 
potassium salt, mp. 148’-150’ C (sohrble in water). 

EXAMPLE 4 
Preparation of di-omepraxole calcium salt dlhydratc 
Anhydrous C&l2 (17.9 g, 0.161 mol) dissolved in 

rleionlxcd water (200 ml) was added dropwise under 
vlogorous stlrrlug to a solution of omepraxole sodium 
salt (125 g, 0.340 mole) in delonlxed water (12S0 ml) and 
then stirring was continued for 1 hat room temperature. 
The precipitate was centrifuged down and washed with 
delonlzcd water until no Cl- was detectable (AgNOs). 
After drying in the air and grinding, the crystals were 

so Preparation of di-omepraxole magnesium salt 
Magnesium (0.35 g, 0.0145 mol) was reacted with 

absolute methanol (10 ml) (in the presence of one drop 
of CC&) to give a solution of Mg(OCHs)x in methanol 

cc solution. More methanol (10 ml) was added and the night grvmg omepraxole sodium salt (975 g, 92%), mp ,, 
208’-210’ C., m 6@20): l.SS(s, 3H), 2.1(s, 3I-I). solution was added dropwise to a solution of ome- 
3.5(s, 3H), 3.85(s, 3H), 4.75(s, 2H), 6.85(dd. III), 7.2(d, praxole (10 g, 0.029 m) in methanol (200 ml) and the 
IH), 7.55(d, HI), 8.15(d, HI). mixture was then stirred for 30 min at room tempera- 

EXAMPLE 2 
ture. Evaporation gave a crystalline solid of the di-ome- 

Preparation of omepraxole sodium salt 
6. praxole magnesium salt, mp. 178’-180’. 

EXAMPLE 7 
omepraxole (1300 g, 3.77 mol) was added under vig- 

orous mechanic stirring to a mixture of tetrahydrofuran Preparation of omepraxole tetrabutylammonium salt 
(13 L) and 50% aqueous NaOH (296 g, 3.7 mol) and Omepraxole sodium salt (3.8 g, 0.010 mol) was added 
stirring was then continued for 45 min. Trlchloroethy- 65 to a mixture of tetrabutylammonium hydrogensulpbate 
he (5.7 L) was added and stir&g wss continued over 
night at room temperature. The mixture was cooled to 

(3.5 g, 0.010 mol) and NaOH (0.42 g, 0.0105 mol) in 

+5’ C. and then stirred for 3 h. The precipitate was 
deionized water (15 ml). Methylene chloride (10 ml) 
wss added and the mixture was shaken in a separatory 
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funnel. After separation of the phases the organic phase 
was dried and the solvent evaporated off giving ome- 
prazole tetrabutylammonium salt (3.5 g, 60%), NMR: 
a(CDCl3): O.&l.lS(m, 12Il), 1.15-1.6(m, 16I-I). 2.25(s, 
3H), 2.3(9 31-Q 2.753.15(m, 8II). 3.75(s, 3H), 3.9(s, 
3I9, 4.7(d. III), S.OS(d, lH), 6.8(dd, HI), 7.3(d, III), 
7.7(4 lH)# 8.35(s, HI). 

EXAMPLE 8 
Preparstion of omeprazole gua&htlum [C+(NH2)3] 

salt 
A  solution of guarddine (0.0029 mol) [prepared from 

guanidinlum nitrate and KOH] in ethanol (50 ml) was 
added to a solution of omeprazole (1.0 g, 0.0029 mol) 
and the resulting solution was stirred for 15 mitt The 
solvent was evaporated giving omeprazole guanidinium 
salt, mp 1 W-1 12’ C. (soluble in water). 

EXAMPLE 9 
Preparation of tetra-omeprazole titanium salt 

Tnanhnu tetraisopropylate (1.03 g, 0.0036 mol) was 
added to a solution of omeprazole in dry isopropanol 
(250 ml) and the mixture was s&red under N2 at room 
tempera&e for 4 h. (A white precipitate was formed). 
Evaporation of the solvent followed by washing 3 times 
with light petroleum and drying in vacuum gave a 

-white crystalline powder of tetraomeprazole titanium 
salt, mp >260’ C. 

EXAMPLE IO 
Preparation of omeprazole litium salt 

Omeprazole (3.0 g, 0.0087 mol) was added to a solu- 
tion of LiOH (0.207 g, 0.00865 mol) in deionized water 
and then methylene chloride (25 ml) was added. The 
mixture was stirred vigorously for 15 min. The phases 
were separated and the aqueous phase was washed with 
.methylene chloride (25 ml) and tIltered clear (Q&e). 
Evaporation to dryness gave a crystalline omeprazole 
lhipm salt, mp. 198’-200’ C. (soluble in water). 

NMR: s(CDCl3) 1.65 (s, 3Ii), 1.8 (s, 3H), 3.45 (s, 3H), 
3.4 G3H.h 4.2 (s, 2I-Q 6.6 (dd, lH), 6.95 (d, lH), 7.45 (d, 
1Ii). 7.75 (s, 1H). 

The NMR data given in the examples are measured at 
9oMI-k 

Incorporation Of the novel omepraxole salts of the 
present invention in pharmaceutical preparations is 
exemplified in the following examples. 

EXAMPLE 11 

Syrup 
A  syrup containing 1% (weight per volume) of active 

substance was prepared from the following ingrediints: 

I Gmepmzole sodium salt 1.0 g 
SW, powder 30.0 g 

II secoltiuine 0.6 g 
Glycerol 5.0 g 
Plavomiog agent 0.05 g 
Ethanol 5.0 g 
Sorbic acid 0.5 g 
Sodium dihydrogen phosphate g.r to pH= 9.0 g 
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-continued 
Diied water q.r to . lirul volume of loo m l  

drkdbll hi0 bottles .z-mtdming il.0 
gIam0ftb.powdumklunb 
II A  sdudm of- dverrd llwoutinn - abmd. dkm dlhvdronn 

Solvent vlal II ls to be added to powder mixture vial 
I just prior to use. The formed suspension is stable for 
ten days when stored at refrigerator temperature. 

The salt given above may be replaced with another 
salt of the invention. 

EXAMPLE 12 
Enterlc-coated tablets 

An entericcoated tablet containing 20 mg of active 
compound was prepared from the following ingredi- 
ents: 

EXAMPLE 13 
Solution for intravenous administration 

A  parenteral formulation for intravenous use, con- 
taining 4 mg of active compound per ml, was prepared 
from the following ingredients 

I ~zosodium salt 4.26 g 
M O  m l  

II Polyethylene glycol400 for ill jcctii m I3 
sodium dihydrogen phosphate 1.5 g 
Steele water to * find volume of IWO ml  

I olneprpralc scdkm ml: 4.16 h conapondios to 4.0 8 of ~mepnrole. v/u db- 
mlvcd I” sterik w.ter to l find volume ofza, ml.  l-k ~00lutkn wu fidtcmd through 
a 022p Ulter ad dispensed into Uerik vkk. each vkl mnuinlng 20 ml.  The vkk 
wrreplcedinlfnncdrkrwi~~~helf~~of -4O’C Wbm thcdud~n 
in the vids had fmM, Be rolutkn w  fkn.e dried. After drying &he vials were 
rtoppxd 
II A  soktka of polyethykne plwl pnd sodium dibydrogm phorpbate in sterile 
water was prepared. fdtercd through a 0.2Zfi fdter, di into rtcdk vials and 
the vkk deed with a rubber Sopper. The vi& were slerilked in m  nutockve at 
+ DO C  for twenty minutes. fmmcdktdy before usa ICLO ml  of solvent II k added 
to vkl L The cku sdudm amtabn 4 mg of onepmzok per mltli l iter. 

TEST OF THE STABILITY OF OMEPRAZOLE 
SALTS OF TI-IE INVENTION 

The stability of omepraxole sodium salt, of the inven- 
tion, obtained according to Example 1, was compared 
with the stability of the neutral form of omeprazole. 
Both test compounds were stored for six months at 
+ 37’ C. and at a relative humidity of 80%. Thereafter, 
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the amount of degradationSproducts which had formed defined in claim 1 sufkient to inhibit gastric acid secre- 
was measured. The result is glven ln Table 1 below. tiOll. 

TABLE 1 10. A method for inhibiting gastric acid secretion by 

Stability of autd omepmmle and of omcptuok sodium 
administering to mammals an amount of a compound as 

~tlRcrJxmonthrscanOeat+3fCand809brrLtive 5 defined in claim 2 sufficient to inhibit gastric acid secre- 
llomiditY tiOlt. 

Amount of degxad8tion prcduct¶ 11. A method for inhibiting gastric acid secretion by 
foamed(petrcntaklll8taton administering to mammals an amotmt of a compound as 

Tat anupotlnd OriginSI Mouot ofoltqmmk) defined in claim 3 suffiient to inhibit gastric acid secre- 
n&oMpnrdc 6 IO lion. 
omopnmle dmn salt 0.4 12. A method for inhibiting gastric acid secretion by 

adminiskriug to mammals an amount of a compound as 
As seat in Table 1 the omepramle sodium salt of the detined in claim 4 sufkient to inhibit gastric acid secre- 

invention gave rise to substantially lower amounts of tiO3L 
degradation products than the neutral form of ome- 15 13. A method for the treatment of gastrointestinal 
prazole. This shows the improved stability of the novel inflammatory-in mammals by administering to 
omeprazole salts of the invention. mammals an amount of a compound as de&cd in claim _- . _.- ._ 

uihat I claim is: 
l. A compound of the formula 

1sufficientto treat gastrointestinal inflammatory dis- 
ease. 

20 14. A method for the treatment of gastroint&inal 
mhmmatory diseases in mammals by administering to 
mammals an amount of a compound as defmed in claim 
2 sutliclent to treat gastrointestinal inflammatory dis- 
ease. 

A”+ 25 15. A method for the treatment of gastrointestinal 
infhmmatorydl.9easesinmammals by administering to 
mammals an amount of a compound as defmed in claim 

I 3 sutX&nt to treat gastrointestimtI inflammatory dis- 
ease. 

wherein n is 1, 2, or 4; and An+ is Li+, Na+, K+, 30 16. A method for the treatment of gastrointestinal 
Mg2+, or CS+. tiammatory diseases in mammals by administering to 

2. A compound according to claim 1 wherein An+ is mammals an amount of a compound as defined in claim 
Na+, K+, Mg*+ or Caz+. 4 suflkient to treat gastrointestinal inflammatory dis- 

3. A compound according to claim 1 wherein An+ is ease. 
Na+. 35 17. A method for providing gastrointestinal cytopro- 

4. A compound according to claim 1 wherein An+ is tective effects in mammals by adminiitering to mam- 
Mg2+. mals an amount of a compound as defmed in claim 1 

5. A pharmaceutical composition for inhibiting gas- sufficient to provide gastrointestinal cytoprotective 
tric acid secretion comprising a compound according to effects. 
claim 1 in an amount effective to inhibit gastric acid 40 18. A method for providing gastrointestinal cytopro- 
secretionandapharmacen tically acceptable carrier. tective effects in mammals by adminktering to mam- 

6. A pharmaceutical composition for inhibiting gas- mals an amount of a compound as defmed in claim 2 
tric acid secretion comprising a compound according to sufkient to provide gastrointestinal cytoprotective 
claim 2 in an amount effective to lnhiit gastric acid effects. 
secretion and a pharmacep thlly acceptable carrier. 45 19. A method for providing gastrointestinal cytopro- 

7. A pharmaceutical composition for inhibiting gas- tective effects in mammals by administering to mam- 
tric acid secretion comprising a compound accordiug to mals an amount of a compound as defmed in claim 3 
claim 3 in an amount effective to inhibit gastric acid suflkient to provide gastrointestiGl cytoprotective 
secretion and a pharmaceutically acceptable carrier. effects, 

8. A pharmaceutical composition for inhibiting gas- 30 20. A method for providing gastrointestinal cytopro- 
tric acid secretion comprising a compound according to tective effects in mammals by administering to mam- 
claim 4 in an amount efkctive to inhibit gastric acid mals an amount of a compound as defmed in claim 4 
secretion and a pharmaceutically acceptable carrier. sufficient to provide gastrointestinal cytoprotective 

9. A method for inhibiting gastric acid secretion by effects. 
administering to mammals an amount of a compound as 55 * * * l +  

60 

65 


