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1. A benzoylguanidine of the formula I

R(1)

()

in which:

R(1) is hydrogen, F, Cl, Br, I, -NO,, -C=N,
Xo- (CHy) - (CF,) o~CF;, R(5)-80,, R(6)-CO- or
R(6)R(7)N-8S0,~, where
X is oxygen, S or NR(14),

o uf2
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m is zero, 1 or 2,
o is zero or 1,
P is zero, 1 or 2,
q is zero, 1, 2, 3, 4, 5 or 6,
R(5) and R(6) are (C,-Cg) ~alkyl, (C3-C¢) -
alkenyl, -C;H, -R(8) or CF,,
n is zero, 1, 2, 3 or 4,
R(8) is (C;-C,) -cycloalkyl or phenyl which
is unsubstituted or substituted by 1-3
substituents from the group comprising
F, Cl, CF;, methyl, methoxy and
NR(9)R(10) where
R(9) and R(10) are H or
C,-C4-alkyl,
where R(6) also has the meaning of H,
R(7) is H or (C;-C4) -alkyl,
where R(6) and R(7) together can be 4 or 5
methylene groups, of which one CH, group can be
replaced by oxygen, S, NH, N-CH, or N-benzyl,
R(2) is

-Y(g)‘h-(CHOH),—(CHz),—(CHOH),‘-R(I1)

or

0

0
Q—(g)h-(CHOH),-(CHZ),-(CHOH).‘-R(11)

~-Y

or

0
('c')mcﬂou),—(cnz).-<cHoH>ﬁ~a<1 )

Y -

/3
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where Y is oxygen, -S- or -NR(12)-,

R(11) and R(12) = hydrogen or (C;-C3) -alkyl, and
h is zero or 1, and

i, j and k independently are zero, 1, 2, 3 or 4,

but where h, i and k are not simultaneously zero,

R(3) is defined as R(1), or is (C,-C4) -alkyl or
~X-R(13) where
X is oxygen, S, NR(14),
R(14) is H or (C;-C;)-alkyl,
R(13) is H, (C,;-C¢)-alkyl, (C;-C4)-cycloalkyl
or -C.H, -R(15) where
b is zero, 1, 2, 3 or 4 and
where R(13) and R(14) together can also be 4 or
5 methylene groups and a CH, group can be
replaced by oxygen, S, NH, N-CH; or N-benzyl,
R(15) is phenyl which is unsubstituted or
substituted by 1-3 sgubstituents from
the group comprising F, Cl, CF,,
methyl, methoxy and NR(9)R(10) where®
R(9) and R(10) are H or (C;-C,)-alkyl,
R(4) is hydrogen, -OR(16) or -NR(16)R(17) where
R(16) and R(17) are independently hydrogen or
(C;-Cq) -alkyl

or its pharmaceutically tolerable salts.

A method for treating arrhythmias, which includes administering to a
patient requiring such treatment an effective amount of a compound I as
claimed in claim 1.

The use of a compound I as claimed in claim 1 for the treatment or
prophylaxis of cardiac infarct.

The use of a compound I as c¢laimed in claim 1 for the treatment or
prophylaxis of angina pectoris.
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9.

10.

11.

12.

13.

14.

15.

16.

17.

The use of a compound I as claimed in claim 1 for the treatment or
prophylaxis of ischemic conditions of the heart.

The use of a compound 1 as claimed in claim 1 for the treatment or

prophylaxis of ischemic conditions of the peripheral and central nervous
system and of stroke.

The use of a compound I as claimed in claim 1 for the treatment or

prophylaxis of ischemic conditions of peripheral organs and members.

The use of a compound I as claimed in claim 1 for the treatment of states
of shock.

The use of a compound I as claimed in claim 1 for use in surgical
operations and organ transplants.

The use of a compound I as claimed in claim 1 for the preservation and
storage of transplants for surgical measures.

The'use of a compound I as claimed in claim 1 for the treatment of
diseases in which cell proliferation is primary or secondary cause, and
thus their use as antiatherosclerotics, agents against diabetic late
complrivcation, cancers, fibrotic disorders such as pulmonary fibrosis,
fibrosis of the liver or fibrosis of the kidneys, and prostate hyperplasia.

The use of a compound I as claimed in ¢laim 1 for the production of a

scientific tool for inhibition of the Na*/H* exchanger.

The use of a compound I as claimed in claim 1 for the diagnosis of
hypentension and proliferative disorders.
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The following statement is a full description of this invention, including the
best method of performing it known to us s
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Description

Substituted benzoylguanidines, process for their prepara-
tion, their use as a medicament or diagnostic¢ and
medicament containing them

The invention relates to benzoylguanidines of the formula
I

R(1)
R(2)

\ NH, (1)
. (3 ) R( 4) Q§7///
0 NH,
in which:
R(1) is hydrogen, ¥, Ccl, Br, I, -NO,, -C=N,
X,- (CH,) - (CF,) (~CF,, R(5)-80,, R(6)-CO- or

R(6)R(7)N-80,-, where
X is oxygen, S or NR(14),
m is zero, 1 or 2,
o is zero or 1,
p is zero, 1 or 2,
q is zero, 1, 2, 3, 4, 5 or 6,
R(5) and R(6) are (C,;-Cg)-alkyl, (C;-Cg)-alkenyl,
-C H,,-R(8) or CFj,
n is zero, 1, 2, 3 or 4,
R(8) is (C3-C;)-cycloalkyl or phenyl which is
unsubstituted or substituted by 1-3 substi-
tuents from the group comprising
F, Cl1, CF;, methyl, methoxy and NR(9)R(10)
where
R(S) and R(10) are H or C,-C,-alkyl,
where R(6) also has the meaning of H,
R(7) is H or (C,-C,)-alkyl,
where R(6) and R(7) together can be 4 or 5
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methylene groups, of which one CH, group can be
replaced by oxygen, S, NH, N-CH; or N-benzyl,
is

0
-v—@—(g)h-(caon),-(caz),-(cuon)k-a(t1)

or

0
Q('c‘h-(cwou).—(cwz).-(cHoH)k-w ')
Y

0

5 orQ—(g)h-(cnou),-(cm),-(cnon)k—k(11)

10

R(3)

15

20

Y-

where Y is oxygen, -S- or -NR(12)-,

R(11) and R(12) = hydrogen or (C,-C;)-alkyl, and
h is zero or 1, and

i, j and k independently are zero, 1, 2, 3 or 4,

but where h, i and k are not simultaneously zero,

is defined as R(1l), or is (C;-C¢)-alkyl or -X-R(13)
where
X is oxygen, S, NR(14),
R(14) is H or (C;-C;)-alkyl,
R(13) is H, (C;-Cg)-alkyl, (C;3-Cg)-cycloalkyl or
-C H, ~-R(15) where
b is zero, 1, 2, 3 or 4 and
where R{13) and R(14) together can also be 4 or
5 methylene groups and a CH, group can be
replaced by oxygen, S, NH, N-CH; or N-benzyl,
R(15) is phenyl which is unsubstituted or sub-
stituted by 1-3 substituents from the
group comprising F, Cl, CF,;, methyl,
methoxy and NR(9)R(10) where
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R(9) and R(10) are H or (C,-C,)-alkyl,
R(4) is hydrogen, -OR(16) or -NR(16)R(17) where
R(16) and R(l1l7) are independently hydrogen or
(Cy-C;) ~alkyl

and their pharmaceutically tolerable salts.

Preferred compounds of the formula I are those in which:
R(1) is hydrogen, F, Cl, -C=N, -CF,, R(5)-80,, R(6)-CO-
or R(6)R(7)N-SO,-, where
m is zero, 1 or 2,
R(5) and R(6) are (C;-Cg)-alkyl, (C;-C,)-alkenyl,
-C,H,,-R(8) or -CFj,
n is zero or 1,
R(8) is (C,-C;)-cycloalkyl or phenyl,
which is unsubstituted or substituted by
1-3 substituents from the group compris-
ing F, Cl, CF;, methyl, methoxy and
NR(9)R(10) where R(9) and R(10) are H or
methyl,
where R(6) also has the meaning of H,
R(7) is H or methyl,

R(3) is hydrogen, methyl, cyano, -CF,;, F or Cl

and the other radicals are as defined above,

and their pharmaceutically tolerable salts.
Particularly preferred compounds I are those in which:

R(1) is hydrogen, F, Cl, -CmN, -CF;, R(5)-80,, R(6)-CO-
or R{(6})R(7)N-80,-, where
m is zero, 1 or 1,
R(5) is methyl or CF,,
R(6) and R{7) independently of one another are H
or methyl;
R(2) is
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R{3)

R(4)

0
=Y (g)h-(cuon)t-(cu,)i-(CHOH)k-R(|1)
i
<::>>’(C)h’(CHOH)1'(CHz)|’(CH0H)k‘R(11)
-Y

: |
Q—(E').,—mou),-(cm,-(cnoa)k-a(1w>
Y-

where Y = oxygen, S or -NR(12),

R{(11) and R(12) independently are hydrogen or
methyl,

h is zero or 1,

i and k independently of one another are zero, 1, 2
or 3,

j is zero or 1,

but where h, i and k cannot simultaneously be zero,

is methyl, cyano, trifluoromethyl, F, Cl or
hydregen,

is hydrogen, OH or NH,

and their pharmaceutically tolerable salts.

If one of the substituents R(l) to R{4) contains one or
more centers of asymmetry, these can have either the S or

R configuration. The compounds can be present as optical

isomers, as diastereomers, as racemateg or as mixtures
thereof.
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The designated alkyl radicals can be present either in
straight-chain or branched form.

The invention furthermore relates to a process for the
preparation of the compound I, which comprises

reacting compounds of the formula II

R(2) R(1)

AR YOI

in which R(1) to R(4) have the given meaning and L is a
leaving group which can be easily nucleophilically
substituted, with guanidine.

The activated acid derivatives of the formula II in which
L. is an alkoxy group, preferably a methoxy group, a
phenoxy group, a phenylthio, methylthio or 2-pyridylthio
group, or a nitrogen heterocycle, preferably 1l-imida-
zolyl, are advantageously obtained in a manner known per
se from the carbonyl chlorides (formula II, L = Cl) on
which they are based, which for their part can in turn be
prepared in a manner known per se from the carboxylic
acids (formula II, L = OH) on which they are based, for
example using thionyl chloride.

In addition to the carbonyl chlorides of the formula II
(L = 1), other activated acid derivatives of the formula
II can also be prepared in a manner known per se directly
from the benzoic acid derivatives (formula II, L = OH) on
which they are based, such as, for example, the methyl
esters of the formula 1I where L = OCH, by treatment with
gaseous HC1 in methanol, the imidazolides of the
formula II by treatment with carbonyldiimidazole
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[L = 1-imidazolyl, Staab, Angew. Chem. Int. Ed. Engl. 1,
351 - 367 (1962)], the mixed anhydrides II using Cl-
COOC,H; or tosyl <chloride in the presence of
triethylamine in an inert solvent, and also the
activation of benzoic acids using dicyclohexylcarbeodi-
imide (DCC) or using O-[(cyano(ethoxycarbonyl)methylene) -
aminol-1,1,3,3-tetramethyluronium tetrafluoborate
(»TOTU®) [Proceedings of the 21. European Peptide
Symposium, Peptides 1990, Editors E. Giralt and D.
Andreu, Escom, Leiden, 1991}]. A number of suitable
methods for the preparation of activated carboxylic acid
derivatives of the formula IT are given under details of
source literature in J. March, Advanced Organic
Chemistry, Third Edition (John Wiley & Sons, 1985),
p. 350.

The reaction of an activated carboxylic acid derivative
of the formula I with guanidine is carried out in a
manner known per se in a protic or aprotic polar but
inert organic solvent. Methanol, isopropanocl or THF from
20°C to the boiling point of these solvents have proven
suitable in the reaction of the methyl benzoates (II,
1, = OMe) with guanidine. In most reactions of compounds
II with salt-free guanidine, the reaction was advanta-
geously carried out in aprotic inert solventa such as
THF, dimethoxyethane or dioxane. However, water can also
be used as a solvent in the reaction of II and III if a

base such as, for example, NaOH is used.

If L = Cl, the reaction is advantageously carried out
with the addition of an acid scavenger, for example in
the form of excess guanidine for binding the hydrohalic
acid.

Some of the underlying benzoic acid derivatives of the
formula II are known and described in the literature. The
unknown compounds of the formula II can be prepared by
methods known from the literature, by converting, for
example, 4- {(or 5-)halo-3-chlorosulfonylbenzoic acids into
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3-aminosulfonyl-4- (or S-)halobenzoic acids with ammonia
or amines or into 3-alkylsulfonyl-4-(or 5-)}halobenzoic
acids with a weak reductant such as scdium bisulfite and
subsequent alkylation, and reacting the resulting benzoic
acids according to one of the process variants described

above to give compounds I according to the invention.

The introduction of some substituents in the 4- and
S-position is carried out by methods known from the lite-
rature of palladium-mediated cross-coupling of aryl
halides with, for example, organostannianes, organoboronic

acids or organoboranes or organocopper or zinc compounds.

In general, benzoylguanidines I are weak bases and can
bind acid with the formation of salts. Possible acid
addition salts are salts of all pharmacologically toler-
able acids, for example halides, in particular hydro-
chlorides, lactates, sulfates, citrates, tartrates,
acetates, phosphates, methanesulfcnates and p-toluene-

sulfonates.

The compounds I are substituted acylguanidines.

The most prominent representative of the acylguanidines
is the pyrazine derivative amiloride, which is used in
therapy as a potassium-sparing diuretic. Numerous other
compounds of the amiloride type are described in the
literature, such as, for example, dimethylamiloride or

ethylisopropylamiloride.

0 NH
CI H i
\\C/N§C/C\N/C\
Ce C H
N NN
N NH,

Rll

Amiloride: R’, R" = H
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Dimethylamiloride: R’, R" = CH,
Ethylisopropylamiloride: R’ = C,H;, R" = CH(CH,),

Investigations have moreover been disclosed which point
to antiarrhythmic properties of amiloride [Circulation
79, 1257-63 (1989)]. Obstacles to wide use as an anti-
arrhythmic are, however, that this effect is only
slightly pronounced and occurs accompanied by a hypoten-
sive and saluretic action and these side effects are
undesired in the treatment of cardiac arrhythmias.

Indications of antiarrhythmic properties of amiloride
were also obtained in experiments on isolated animal
hearts (Eur. Heart J. 9 (suppl.l): 167 (1988) (book of
abstracts)). For instance, it was found in rat hearts
that an artificially induced ventricular fibrillation
could be suppressed completely by amiloride. The above
mentioned amiloride derivative ethylisopropylamiloride

was even more potent than amiloride in this model.

US Patent 5,091,394 (HOE 89/F 288) describes benzoyl-
guanidines which carry a hydrogen atom in the position
corresponding to the radical R(1). German Patent Applica-
tion P 42 04 575.4 (HOE 92/F 034) proposes 3,5-substi-
tuted benzoylguanidines in which, however, the substi-
tuent R(2) does not have the meanings claimed according

to the present invention.

In US Patent 3,780,027, acylguanidines are claimed which
are structurally similar to the compounds of the formula
I and are derived from commercially available loop
diuretics, such as bumetanide. A strong salidiuretic
activity is correspondingly reported for these compounds.

It was therefore surprising that the compounds according
to the invention have no undesired and disadvantageous
palidiuretic properties, but very good antiarrhythmic
properties against arrhythmias of the type which occur,
for example, in the case of oxygen deficiency symptoms.
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As a result of their pharmacological properties, the
compounds, as antiarrhythmic pharmaceuticals having a
cardioprotective component, are outstandingly suitable
for infarct prophylaxis and infarct treatment and for the
treatment of angina pectoris, where they also prevent-
ively inhibit or greatly decrease the pathophysiological
processes in the formation of ischemically induced
damage, in particular in the production of ischemic-
ally induced cardiac arrhythmias. Because of their
protective actions against pathological hypoxic and
ischemic situations, the compounds of the formula I
according to the invention can bz used as a result of
inhibition of the cellular Na*/H' exchange mechanism as
pharmaceuticals for the treatment of all acute or chronic
damage caused by ischemia or primary or secondary dis-
eases induced thergby. This relates to their use as
pharmaceuticals for surgical interventions, for example
in organ transplants, where the compounds can be used
both for the protection of the organs in the donor before
and during removal, for the protection of removed organs,
for example during treatment with or storage thereof in
physiological bath fluids, and during transfer to the
body of the recipient. The compounds are also useful
protective pharmaceuticals during the performance of
angioplastic surgical interventions, for example in the
heart and in peripheral vessels. In accordance with their
protective action against ischemically induced damage,
the compounds are alsc suitable as pharmaceuticals for
the treatment of ischemias of the nervous system, in
particular the CNS, where they are suitable, for example,
for the treatment of stroke or of cerebral edema. More-
over the compounds of the formula I according to the
invention are also suitable for the treatment of forms of
shock, such as, for example, allergic, cardiogenic,
hypovolemic and bacterial shock.

Moreover, the compounds of the formula I according to the
invention are distinguished by potent inhibitory action
on the proliferation of cells, for example fibroblast
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cell proliferation and the proliferation of vascular
smooth muscle cells. The compounds of the formula I can
therefore be considered as useful therapeutics for
diseases in which cell proliferation is a primary or
secondary cause, and can therefore be used as antiathero-
sclerotics, agents against diabetic late complications,
cancers, fibrotic diseases such as pulmonary fibrosis,
fibrosis of the liver or fibrosis of the kidneys, organ
hypertrophies and hyperplasias, in particular in prostate
hyperplasia or prostate hypertrophy.

The compounds according to the invention are active
inhibitors of the c¢ellular sodium-proton antiporter
(Na*/H' exchanger), which is also raised in numerocus
digeases (essential hypertension, atherosclerosie,
diabetes, etc.) in those cells which are easily access-

ible to measurements, such as, for example, in

erythrocytes, platelets or leucocytes. The compounds
according to the invention are therefore suitable as
excellent and simple scientific tools, for example in
their use as diagnostics for the determination and
differentiation of certain forms of hypertension, but
also of atherosclerosis, diabetes, proliferative diseases
etc. Moreover, the compounds of the formula I are suit-
able for preventive therapy for the prevention of the
formation of high blood pressure, for example, essential
hypertension.

Compared to the known compounds, the compounds according
to the invention have a significantly improved water
solubility. They are therefore significantly more highly
suitable for i.V. administration.

Pharmaceuticals which contain a c¢ompound I can be
administered orally, parenterally, intravenously,
rectally or by inhalation, the preferred administration
being dependent on the particular type of the disease.
The compounds I can be used on their own or together with
pharmaceutical auxiliaries, to be precise both in
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veterinary and in human medicine.

The auxjiliaries which are suitable for the desired
pharmaceutical formulation are familiar to the person
skilled in the art on the basis of his expert knowledge.
In addition to solvents, gelling agents, suppository
bases, tabletting auxiliaries and other active compound
excipients, antioxidants, dispersants, emulsifiers, anti-
foams, flavor correctants, preservatives, solubilizers or
colorants, for example, can be used.

For a form for oral administration, the active compounds
are mixed with the additives suitable for this purpose,
such as excipients, stabilizers or inert diluents, and
are brought by the customary methods into the suitable
administration forms, such as tablets, coated tablets,
hard gelatine capsules, or agqueous, alcoholic or oily
solutions. Inert excipients which can be used are, for
example, gum arabic, magnesia, magnesium carbonate,
potassium phosphate, lactose, glucose or starch, in
particular cornstarch. Preparation can be carried out
here both as dry and as moist-granules. Suitable oily
excipients or solvents are, for example, vegetable or
animal oils, such as sunflower o0il or fish liver oil.

For subcutaneous or intravenous administration, the
active compounds are brought into solution, suspension or
emulsion, if desired using the substances customary for
this purpose such as solubilizers, emulsifiers or other
auxiliaries. Suitable solvents are, for example: water,
physiological saline solution or alcohols; for example
ethanol, propanol, glycerol, and also sugar solutions
such as glucose or mannitol solutions, or alternatively
a mixture of the various solvents mentioned.

Pharmaceutical formulations suitable for administration
in the form of aerosols or sprays are, for example,
solutions, suspensions oz emulsions of the active com-
pound of the formula I in a pharmaceutically acceptable
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solvent, such as, in particular, ethanol or water, or a
mixture of these solvents.

If required, the formulation can alsoc contain still other
pharmaceutical auxiliaries such as surfactants, emul -
sifiers and stabilizers as well as a propellant gas. Such
a preparation contains the active compound customarily in
a concentration from about 0.1 to 10, in particular from
about 0.3 to 3 % by weight.

The dose of the active compound of the formula I to be
administered and the frequency of administration depend
on the potency and duration of action of the compounds
used and additionally on the type and severity of the
disease to be treated and on the sex, age, weight and
individual responsiveness of the mammal to be treated.
On average, the daily dose of a compound of the formula
I in a patient of weight about 75 kg is at least
0.001 mg/kg, preferably 0.01 mg/kg, to at most 10 mg/kg,
preferably 1 mg/kg of body weight. In acute episodes of
the disease, for example immediately after suffering a
cardiac infarct, even higher' and in particular more
frequent doses may be necessary, for example up to 4
individual doses per day. In particular when administered
i.v., for example in the case of an infarct patient in
the intensive care unit, up to 200 mg per day may be
necessary.

List of abbreviations:

MeOH methanol

DMF N,N-dimethylformamide

NBS N-bromosuccinimide

AIBN o,a-azobisisocbutyronitrile

EI electron impact

DCI desorption-chemical ionization
RT room temperature

EA ethyl acetate (EtOAc)

DI1IP diisopropyl ether
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MTB methyl tertiary butyl ether
mp melting point

HEP n-heptane

DME dimethoxyethane

FAB fast atom bombardment
CH,Cl, dichloromethane

THF tetrahydrofuran

eq equivalent

ES electrospray ionization

Experimental Section

General Procedure for the preparation of benzoylguani-
dines (I)
Variant A: from benzoic acids (II, L = OH)

0.01 mol of the benzoic acid derivative of the formula II
is dissolved or suspended in 60 ml of anhydrous THF and
then treated with 1.78 g (0.011 mol) of carbonyldiimida-
zole. After stirring for 2 hours at room temperature,
2.95 g (0.05 mol) of guanidine are introduced into the
reaction solution. After stirring overnight, the THF is
distilled off under reduced pressure (Rotavapor), the
residue is treated with water, the mixture is adjusted to
pH 6 to 7 with 2N HCL and the corresponding benzoylguani-
dine (formula I) is filtered off. The benzoylguanidines
thus obtained can be converted into the corresponding
salts by treatment with agueous or methanolic or ethereal
hydrochloric acid@ or other pharmacologically tolerable
acids.

General procedure for the preparation of benzoylguani-
dines (I)
Variant B: from alkyl benzoates (II, L=0O-alkyl)

5 mmol of the alkyl benzcate of the formula II and
25 mmol of guanidine (free base) are dissolved in 15 ml
of isopropancl or suspended in 15 ml of THF and boiled
under reflux (typical reaction time 2 to 5 h) until
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conversion is complete (thin-layer checking). The solvent
is removed by distillation under reduced pressure
(Rotavapor), the residue is taken up in 300 ml of EA and
the solution is washed three times with 50 ml of NaHCO,
solution each time. It is dried over Na,SO,, the solvent
is removed by distillation in vacuo and the residue is
chromatographed on silica gel using a suitable eluent,
for example EA/MeOH 5:1.

A)'

(For salt formation see Variant

Example 1

4-(4-Acetylphenoxy) -3-methylsulfonylbenzoylguanidine
hydrochloride

HCI

a) Methyl 4-(4-acetylphenoxy)-3-methylsulfonylbenzoate
5 mmol of methyl
15 mmol of K,CO0, and 5 mmol of 4-hydroxyacetophenone are
stirred at 130°C under argon in 10 ml of DMF (anhydrous)
for 2 h. The DMF is then removed in vacuo, the residue is
taken up using 50 ml of water and 50 ml of EA and the
solution is extracted twice with 50 ml of EA. The
extracts are dried over Na,SO, and the solvent is removed
in vacuo. Crystallization from diethyl ether yields 1.2 g
of a light brown solid, m.p. 135°C.
R, (MTB) = 0.41

4-chloro-3-methylsulfonylbenzoate,

MS (DCI): 349 (M+l)

b) 4- (4-Acetylphenoxy) -3-methylsul fonylbenzoylguanidine
hydrochloride

1.2 mmol of ester 1a) and 6.0 mmol of guanidine are
reacted according to general procedure B. 130 g of white
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powder, m.p. > 270°C
R, (EA/MeOH 5:1) = 0.46 MS (DCI): 376 (M+1)

Example 2

4-[4-(2(R,S) -Hydroxyethyl)phenoxy]lmethylsulfonylbenzoyl-
guanidine hydrochloride

S0,Me
0
NH,
N=< - HC |
| NH,
OH 0

a) Ethyl 4-[4-(2(RS)-hydroxyethyl)phenoxy]methylsul-
fonylbenzoate

2.4 mmol of ketone 1la) and 2.4 mmol of NaBH, are dis-
solved in 10 ml of ethanol (anhydrous) and the mixture is
stirred at RT under argon for 20 h. 10 ml of water are
then added, and the ethanol is removed in vacuo. 10 ml of
saturated aquecus NaCl solution are then added, and the
mixture is extracted 3 times with 20 ml of EA. The
extracts are dried over Na,SO, and the solvent is removed
in vacuo. 700 mg of a pale yellow oil are obtained.

R, (MTB) = 0.41 MS (DCI): 363 (M+l)

b) 4-[4-(2(R,S)-Hydroxyethyl)phenoxylmethylsulfonyl-
benzoylguanidine hydrochloride

1.9 mmol of ester 2a) and 9.6 mmol of guanidine are
reacted according to the general procedure B. White
powder, m.p. > 270°C

R, (EA/MeOH 10:1) = 0.21 MS (DCI): 379 (M+l)

Example 3

4-[4-(1(R),2(R)-Dihydroxyprop-1l-yl)phenoxy] -3-methyl-
sulfonylbenzoylguanidine
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HO \ NH,

=

NH,

a) Methyl 4- (4-formylphenoxy) -3-methylsulfonylbenzoate

39 mmol of methyl 4-flucro-3-methylsulfonylbenzoate,
39 mmol of 4-formylphenol and 78 mmol of K,CO; are
stirred at 130°C under argon in 100 ml of DMF (anhydrous)
for 3.5 h. The mixture is then poured into 300 ml of
water and extracted 3 times with 300 ml of EA each time.
The extracts are dried over Na,SO; and the solvent is
removed in vacuo. The residue is recrystallized from MTB,
and 1.6 g of colorless solid are obtained.

R, (MTB) = 0.59 MS (ES): 335 (M+1)

b) Methyl
benzoate, E/Z mixture

4- (4-propen-1l-ylphenoxy) -3-methylsulfonyl-

7.2 mmol of ethyltriphenylphosphonium bromide are sus-
pended in 50 ml of THF (anhydrous) and treated at RT with
6.7 mmol of potassium t-butoxide. The mixture is stirred
at this temperature for 3 h and then cooled to 0°C, and
a solution of 4.8 mmol of the aldehyde 3a) in 15 ml of
THF is added dropwise. The mixture is stirred at RT for
1 h, then poured into 50 ml of saturated agueocus NaCl
solution and extracted 3 times with 100 ml of EA. The
extracts are dried over Na,S0, and the molvent is removed
in vacuc. Chromatography on silica gel using DIP yields
1.3 g of colorless oil.

R, (DIP) = 0.40 MS (ES): 346 (M+1)
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c) Methyl (E) -4- (4-propen-1l-ylphenoxy) -3-methylsul -
fonylbenzoate

3.8 mmol of E/Z mixture 3b) and 3.8 mmol of iodine are
allowed to stand at RT for 5 days in 50 ml of CH,Cl,. The
mixture is poured into 50 ml of Na,SO; solution and
extracted twice with 50 ml of CH,Cl,. The extracts are
dried over Na,SO, and the solvent is removed in vacuo.
1.3 g of colorless oil.

d) Kethyl 4-[4- (1(R), 2 (R) -dihydroxyprop-1-yl) phenoxy] -
' 3-methylsulfonylbenzoate

1.9 mmol of olefin 3¢) and 2.6 g of AD mix o (J. Org.
Chem. 1992, 57, p. 2769) are stirred at RT for 5 h in
9 ml of t-butancl and 9 ml of H,0. 3 g of Na,SO; are then
added, and the mixture is stirred at RT for a further
30 min. It is then extracted 3 times with 50 ml of EA
each time and dried over Na,SO,, and the solvent is
removed in vacuo. Chromatography on silica gel using MTB
yields 130 mg of colorless oil.

Ry (MTB) = 0.14 MsS (EsS, +LiCl): 387 (M+7)

e) 4-[4-(1(R),2(R)-Dihydroxyprop-1-yl)phenoxyl-3-
methylsulfonylbenzoylguanidine

0.29 mmol of methyl ester 3d and 1.5 mmol of guanidine
are reacted according to general procedure B. 29 ng,
amorphous solid.

R, (EA/MeOH 5:1) = 0.23 MS (ES): 408 (M+l1)

The title compound of Example 4 is synthesized analog-
ously to Example 3 using AD mix 8.

Exanple 4

4-[4-(1(8),.2(S)-Dihydroxyprop-1-yl)phenoxy] -3-methylsul-
fonylbenzoylguanidine
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0
NH,
,N=<
NH
0

2

MS (ES): 408 (M+l1)
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Pharmacological data:

Inhibition of the Na*/H*' exchanger from rabbit
erythrocytes

White New Zealand rabbits (Ivanovas) received a standard
diet containing 2% cholesterol for six weeks in order to
activate Na*/H' exchange and thus to be able to determine
the Na‘' influx into the erythrocytes via Na'/H' exchange
by flame photometry. The blood was taken from the auricu-
lar arteries and rendered uncoagulable by means of 25 IU
of potassium heparin. A part of each sample was used for
the duplicate determination of the hematocrit by
centrifugation. Aliquots of 100 ul in each case were used
to measure the Na' starting content of the erythrocytes.

In order to determine the amiloride-semnsitive sodium
influx, 100 pul of each blood sample were incubated at pH
7.4 and 37°C in 5 ml in each case of a hyperosmolar salt-
sucrose medium (mmol/l: 140 NaCl, 3 KCl, 15¢ sucrose, 0.1
ouabain, 20 trishydroxymethylaminomethane) . The
erythrocytes were then washed three times with ice-cold
MgCl, - ouabain solution (mmol/1l: 112 mg MgCl,, 0.1
ouabain) and hemclyzed in 2.0 ml of distilled watexr. The
intracellular sodium content was determined by £flame

photometry.

The net Na' influx was calculated from the difference
between sodium starting values and the sodium content of
the erythrocytes after incubation. The amiloride-
inhibitable sodium influx ensued from the difference in
the sodium content of the erythrocytes after incubation
with and without amiloride 3 x 10°* mol/l. The sodium
influx was also determined in this manner in the case of
the compounds according to the invention.



- 20 -

Results
Inhibition of the Na'/H' exchanger:

Example ! ICg, pmol/l "

1 0.4

5 2 0.4

3 0 03 - 0 .5

4 0.1 - 0.5
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PREERTCN I SKKXXXXKK  HOE 93/F 153 Dr. VF /PP
THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A benzoylguanidine of the formula I

R(1)

R(2)

NYNHZ
"3 R(4) o NH
2

(1)

in which:

5 R(1) is hydrogen, ¥, €1, Br, I, -NO,, -C=N,

10

15

20

a5

X,- (CH,) ;- (CF3) -CF3, R(5)-80,, R(6)-CO- or
R(6)R(7)N-80,-, where
X is oxygen, S or NR(14),

m is zero, 1 or 2,
) is zero or 1,
P is zero, 1 or 2,

q is zero, 1, 2, 3, 4, 5 or 6,
R(5) and R(6) are (C;-Cg)-alkyl, (C;-C¢)-
alkenyl, -C,H,.-R(8) or CF,,
n is zero, 1, 2, 3 or 4,
R(8) is (C43-C;)-cycloalkyl or phenyl which
is unsubstituted or substituted by 1-3
substituents from the group comprising
F, Cl, CPF;, methyl, methoxy and
NR($)R(10) where
R(9} and R(10) are H or
Cy-C4-alkyl,
where R(6) also has the meaning of H,
R(7) is B or (C,-C,)-alkyl,
where R({6) and R(7) together can be 4 or 5
methylene groups, of which one CH; group can be
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replaced by oxygen, S, NH, N-CH; or N-benzyl,
R(2) is

0
-Y—Q(g)h—(CHOH),-(CHz)I-(CHOH)k-R(11)

or

0

I
Q-(c).,-mon) 1= (CHy) = (CHOH) =R (11)

-Y

or

0

H
(C)h‘(CHOH)|‘(CH2)I-(CHOH)R-R(1t)

Y -

where Y is oxygen, -S- or -NR(12)-,

R(11) and R(12) = hydrogen or (C,;-C;)-alkyl, and
h is zero or 1, and

i, § and k independently are zeroc, 1, 2, 3 or 4,
but where h, i and k are not simultaneously zero,

R(3) ies defined as R(1l), or is (C,-C4)-alkyl or
-X-R(13) where
X is oxygen, S, NR(14),
R(14) is H or (C;-C;)-alkyl,
R(13) is H, (C,-C;)-alkyl, (C4-Cg) ~cycloalkyl
or -CyH,,-R(15) where
b is zero, 1, 2, 3 or 4 and
where R(13) and R(14) together can also be 4 or
5 methylene groups and a CH, group can be
replaced by oxygen, 8, NH, N-CH; or N-benzyl,
R(15) is phenyl which is unsubstituted or
substituted by 1-3 substituents from
the group comprising F, Cl, CF;,
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methyl, methoxy and NR(3)R(10) where
R(9) and R(10) are H or (C;-C,)-alkyl,
R(4) is hydrogen, -OR(16) or -NR(16)R(17) where
R(16) and R(17) are independently hydrogen or
(C,-Cy) -alkyl

or its pharmaceutically tolerable salts.

A compound of the formula I as claimed in claim 1,
in which:

R(1) is hydrogen, F, Cl, -C=N, -CF;, R(5)-80,, R(6)-CO-
or R(6)R(7)N-S0,-, where
m is zero, 1 or 2,
R(5) and R(6) are (C;-Cg)-alkyl, (C3-C4)-
alkenyl, -C_H, -R(8) or -CF,,

n is zero or 1,

R(8) is (C3—C6)—cycloalky1 or phenyl,
which is wunsubstituted or
substituted by 1-3 substitu-
ents from the group compris-
ing ¥, €1, CF;, methyl,
methoxy and NR(9)R(10) where
R(9) and R(10) are H or
‘methyl, -

where R(6) also has the meaning of H,
R(7) is H or methyl,

R(3) is hydrogen, methyl, cyano, -CF,;, F or Cl
and the other radicals are as defined in claim 1,

or its pharmaceutically tolerable salts.

A compound of the formula I as claimed in claim 1,
in which:

R(1) is hydrogen, ¥, Cl, -CaN, -CF;, R(5) -80,, n_(s) -CO-
or R(6)R(7)N-80;-, where
m is zexro, 1l or 2,
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R(5) is methyl or CF,,
R(6) and R(7) independently of one another
" are H or methyl;
R(2) is

0

> -Y—@—(g)h-(cuon),-(cnz)‘-(CHOH)k-R(|1)

or Q—(c)h-(wou), -(CHy) =(CHOH)-R(11)
or Q—(C )p=(CHOH) -~ (CH,), -(CHOH) =R(11)

where ¥ = oxygen, S or -NR(12),

R(11) and R(12) independently are hydrogen or
methyl,

O 10 h is zero or 1,

i and k independently of one another are zero, 1,

. 2 or 3,

::E::. j is zero or 1,

wese’ but where h, i and k cannot simultanecusly be
. oo, 15 zero,

R(3) is methyl, cyano, trifluoromethyl, F, Cl or
hydrogen,

R(4) is hydrogen, OH or NH,
or its pharmaceutically tolerable salts.

20 4. A process .for the preparation of a compound I as
claimed in claim 1, which comprises
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reacting a compound of the formula II
R(1)
R(2)
amn
RE3)
R(4) O

in which R(1) to R(4) have the given meaning and L is a leaving group
which can be easily nucleophilically substituted, with guanidine.

5. A method of preparing medicament including admixing a compound Ias
claimed in claim 1 with suitable additives.

6. A method for treating arrhythmias, which includes administering to a
patient requiring such treatment an effective amount of a compound I as
claimed in claim 1.

7. The use of a compound I as claimed in claim 1 for the treatment or
prophylaxis of cardiac infarct. |

8. The use of a compound I as claimed in claim 1 for the treatment or
prophylaxis of angina pectoris.

9. The use of a compound I as claimed in claim 1 for the treatment or
prophylaxis of ischemic conditions of the heart.

10. The use of a compound I as claimed in claim 1 for the treatment or
prophylaxis of ischemic conditions of the peripheral and central nervous
system and of stroke.

1t. The use of a compound I as claimed in claim 1 for the treatment or
o Prophylaxis of ischemic conditions of peripheral organs and members.
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13.

14.

15.

16.

17.

18.

26

The use of a compound I as claimed in claim 1 for the treatment of states
of shock.

The use of a compound I as claimed in claim 1 for use in surgical
operations and organ transplants.

The use of a compound I as claimed in claim 1 for the preservation and
storage of transplants for surgical measures.

The use of a compound I as claimed in claim 1 for the treatment of
diseases in which cell proliferation is primary or secondary cause, and
thus their use as antiatherosclerotics, agents against diabetic late
complication, cancers, fibrotic disorders such as pulmonary fibrosis,
fibrosis of the liver or fibrosis of the kidneys, and prostate hyperplasia.

The use of a compound I as claimed in claim 1 for the production of a

scientific tool for inhibition of the Na*/H* exchanger.

The use of a compound I as claimed in claim 1 for the diagnosis of
hypertension and proliferative disorders.

A medicament containing an effective amount of a compound I as
claimed | as claimed in claim 1 in adjacent with suitable additives.

DATED THIS 19TH DAY OF FEBRUARY, 1996

WATERMARK PATENT & TRADEMARK ATTORNEYS
290 BURWOOD ROAD

HAWTHORN VICTORIA 3122

AUSTRALIA

KJS/CJH/SE

DOCE  AUG454394.WPC
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Abstract HOE 93/F 153

Substituted benzoylguanidines, process for their prepara-
tion, their use as a medicament or diagnostic and
medicament containing them

There are described benzoylguanidines of the formula I

R(2) R(1)

0 NH,

where

R(1) is H, Hal, -NO,, -C=N, X, - (CH;) - (CF,) ;-CF;3, R(5)-80,,
R(6)-CO- or R(6)R(7)N-SO,-, where X is O, § or NR(14), m
ig 0-2, o is 0 or 1, p is 0-2,

q is 0-6, R(5) and R(6) are alk(en)yl, -C,H, -R(8) or CF;,
n is 0-4, R(8) is cycloalkyl or phenyl, where R(6) also
has the meaning of H,

R(2) is

o]

—Y—@—(‘Cl)h—(CHOH),--(CHZ)|-*-(CH0H)R-R(»| 1)
i
o @—cc)h«»(cuomt-(cuz),-(cnomumx1)
-Y

0

or (g)ﬁ"(CHOH)"(CHi)i“(CHOH)k'R(11)

Y=
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where Y is 0, -S8- or -NR(12)-; R(11l) and R(12) = H or
alkyl, and h is zero or 1, and i, j and k are 0-4,
but where h, i and k are not simultanecusly zero,

R(3) is defined as R(1), or is alkyl or -X-R(13) where X
is 0, S or NR(1l4),

R(14) is H or alkyl, R(13) is H, (cyclo)alkyl or
-CpH,,-R(15) where b is 0-4,

R(15) is phenyl,

R(4) is H, -OR(16) or -NR(16)R(17) where R(16) and R(17)
are H or alkyl

and their pharmaceutically tolerable salts.
They are obtained from a compound II

R(1)

R(2)

(1)

") Ry )

in which R(1) to R(4) have the given meaning and L is a
leaving group which can be easily nucleophilically
substituted by reaction with guanidine. The compounds, as
antiarrhythmic pharmaceuticals having a cardioprotective
component, are outstandingly suitable for infarct prophy-
laxis and infarct treatment and for the treatment of
angina pectoris, where they also preventively inhibit or
greatly decrease the pathophysisclogical processes in the
formation of ischemically induced damage, in particular
in the production of ischemically induced cardiac
arrhythmias.
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