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(57) Zusammenfassung: Fluonerte Cycloalkyl-derivatisierte

Benzoylguanidine der Formel (I} sind als antiarrhythmische

Arzneimitie] mit cardioprolekiiver Komponente zur Infarki-

NH prophylaxe und der Infarktbehandlung sowie zur Behandlung
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FLUORI NATED CYCLQALKYL- DERI VATI ZED BENZOYLGUANI DI NES AND THEI R USE AS A
NVEDI CAMENT Fl uori nated cycl oal kyl -derivati zed benzoyl guani di nes, process
for their 5 preparation, their use as a nedi canent, and nedi canent

contai ni ng t hepo fhg gsayention rel ates to conpounds of th 1) 10
i'n which the neanings are: X oxygen, sulfur or NR6;, R6 hy?r%-ggﬁélsg?i7ﬁe

having 1, 2, 3 or 4 carb t -CE3: kO 1. 2 o0or 3; 15 m
zero, 1, 2 or 3; n zero,ggpgﬁgﬁ\%né%ﬁb@- Y,L'QE%W‘SFZEP 1, 2 or 3; r
zero, 1, 2 or 3; BENZOYL GUANIDINESHND THEIRUSE ASSAIMEPICAMENTt 2; Rl
hydr ogen, al kyl having 1, 2, 3 or 4 carbon atons, F, d, -OR(7),

-NR(8) R(9) or -GCsF2s+1; R(7), R(8) and R(9) independently of one another
hydr ogen, al kyFluptinated cyclaali-dgrivatzeshpérgoyiguanidives,((Zegess F 3heis

1,2,30r4; t50, Bt t i » 4
carbon atons oéfeél%S; R3 ry r%égg‘?’ﬂﬁf’ﬁél‘,%"é@ﬁ*{?é’h}% \rfg&%,éoﬁtg@'@rtﬂ%méar bon
atons, CF3 or 30 SOURLO; 2 u zero, 1 or 2; R10 alkyl having 1, 2, 3 or 4

carbon atoms orhdivenfon ZelafRkloastinftishdsstanensignithy of one anot her
hydrogen or al kyl having 1, 2, 3 or 4 carbon atons; 5 R4 hydrogen, alkyl

having 1, 2, 3 or 4 carbon atons, F, O, -OR(13), -NR(14)R(15) or -CvF2v+1l
R(13), R(14) and R(15) H

)

10 in which the meanings are:
X oxygen, sulfur or NR6;
R6  hydrogen, alkyl having 1, 2, 3 or 4 carbon atoms or
(CH2)k-CF3;
k 0,1,20r3;
zero, 1,2 0r 3;
zero, 1, 2 or 3;
zero, 1,2, or 3;
1,20r3;
zero, 1,2 or 3;
20  where the total of m, n, p, gand r is at least 2;
R1  hydrogen, alkyl having 1, 2, 3 or 4 carbon atoms, F, Cl, -OR(7),
-NR(8)R(9) or -CsF2s41;
R(7), R(8) and R{9)
independently of one another hydrogen, alkyl having 1, 2 or 3
25 carbon atoms or {(CH2)t-CF3; -
s 1,2, 3 or4;
t 0,1,2,30r4;
R2  hydrogen, F, Cl, alkyl having 1, 2, 3 or 4 carbon atoms or CFg;
R3  hydrogen, F, Cl, alkyl having 1, 2, 3 or 4 carbon atoms, CF3 or
30 SOyR10;

15
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I ndependent|y of one anot her hydrogen, alkyl having 1, 2 or 3 carbon atons
or (CH2)w CF3; 10 and the pharnmacol ogically acceptable salts thereof. vl, 2,
3 or 4, wo,1, 2, 3, or 4; R5hydrogen or F; 15 Preference is given to
conpounds of the fornula | in which the neanings are: X R6 oxygen, sulfur
or NRG; hydrogen, net hyl gi CH2-CF3; zero, 1 or 2; zero, 1 or 2; zero, 1
or 2; 1 or 2; zero?eﬁhﬁﬁ” > where the total of m n, p, g and r is at

| east 2; 25 RIRW@dr algghhavimg hyR, 3lor 4@arboB{ofhs or NRB)FR®) or - CF3; 30

. R(7), R(8) and ' I f.one_ anpther hydroge t hyl or
& CFS;( ) hf/igﬁ ?&é"n'?ﬁ??‘?%%?%ﬁnﬁpf §Pgéﬁgﬁ‘ﬁ&z‘yﬂ§%¥6§@'@kﬂﬁd“¥g &|g§}
having 1, 2, 3 or 4 carbondgsadmn atloRss; SO2CH3 or SO2NH2; R4 hydrogegl,
thyl, F, , paOR 2 o} ; ( g 15
imralde%endent y |(:){1El Ogﬁfﬂrﬁgeﬁ%mﬁ%}%@hé,%?ﬁélgarggiﬁgqm%%%gﬁﬁ( " hydr ogen
or F; 35 and the ph?h”%@ééﬂ R AI-CyFacdépt abl e salts thereof. Particul ar
preference is B{vBNR(M)CAHPRYUEIS of the fornmula | in which the meanings

are: X oxygen, in%%}afe%er?t[y cw%Grie another hydrogen, alkyl having 1, 2 or 3 carbon

atoms or (CHo)w-CF3;
10 v 1,2,3o0r4,;
0,1,2,3, or4,
R5  hydrogen or F;
and the pharmacologically acceptable salts thereof.

15  Preference is given to compounds of the formula I in which the meanings
are:
X oxygen, sulfur or NR8&;
R6  hydrogen, methyl or CHa-CFs5;

m zero, 1 or 2;
20 n zero, 1 or 2;

p zero, 1 or 2;

q 1 or2;

r zero, 1 or 2;

where the total of m, n, p, g and r is at least 2;
25 R1  hydrogen, methyi, F, Cl, -OR(7), -NR(8)R(9) or -CFs5;
R(7), R(8) and R(9)
independently of one another hydrogen, methyl, CF3 or CH>-CF3;
R2  hydrogen, F, Cl, methyl or CF3;
R3  hydrogen, F, Cl, alkyl having 1, 2, 3 or 4 carbon atoms, CF35,
30 S0O2CH3 or SOoNHDo;
R4  hydrogen, methyl, F, Cl, -OR(13), -NR(14)R(15) or -CF3;
R(13), R(14) and R(15)
independently of one another hydrogen, methyl, CFz or CH2-CF3;
R5  hydrogen or F;
35 and the pharmacologically acceptable salts thereof.

Particular preference is given to compounds of the formula I in which the
meanings are:
X oxygen, sulfur or NR6;



R6 hydrogen, nethyl or CH2-CF3; mzero or 1; n zero, 1 or 2; p zero or 1,
- 5qlor 2, r zero or 1; where the total of m n, p, qand r is at |east 2;
Rl hydrogen, nethyl, F, d, -OR(7), -NR(8)R(9) or -CF3; R(7), methyl, CF3
or CH2-CF3; 10 R(8) and R(9) independently of one another hydrogen, nethyl
or CH2-CF3; R2 hydrogen, F or O; R3 CF3, SO2CH3 or SO2NH2; R4 hydrogen;
15 R5 hydr ogefRBor hyd@tﬁl@"t H‘@%ﬁﬁr@'&bﬁf@bcal |y acceptable salts thereof.
Very partlculﬁ{ pretrysnge is given to the follow ng conpounds of the
formula 1 ected fromthe group: 20

N- [ 4- (3, 3- di f Puor 0€9%: Rt Bxy) - 5- met hanesul f onyl - 2- et hyl benzoyl } -

© guani di ne, Zer

CN[4-(3,3-di fPuorogycIZgbutyl am no) - 5- met hanesul f onyl - 2- et hyl benzoyl ] -

© quani di ne,“ N 4 [ ( i fl uorocycl obutyl) et hyl

am no} - 5- met hanesukérmngt 1;2- net hyl - 25 benzoyl } guani di ne and

N-{4-[(3, 3-di g‘) haPL ﬂ?é’ﬁ%t%%trﬁlﬁ ﬁt{ﬁ ljicf‘mﬁnzﬁ}iegsteé hanesul f onyl - 2- met hyl -

benzoyl } guani di ne” and ptabl e salts thereof. 30 The

l conpounds of Re f Bydigigen mel“&b!ﬂ Exﬁhp@@(?%el\@ﬂ%)ﬁ (P gerfeB3:R1 to R4, contain
one or nore S@??mﬁypb% r@g&_rcypaand they may thus be, mdependently of
or

one anot her, configuration. The conpounds may exist as
optical itdnmeRé8)ard R(Bkterioners, as racemates or as 35 nixtures thereof.

The present i md@ptehaanwlﬁp@m@aﬁ@mealhydtofy&pﬁmhﬂ dr@mB-OF3; t he conmpounds
R2  hydrogen, F or CI;
R3  CF3, SO2CH3 or SOoNHo;
R4  hydrogen;
15 R5  hydrogen orF;
and the pharmacologically acceptable salts thereof.

Very particular preference is given to the following compounds of the
formula I, selected from the group:

20  N-[4-(3,3-difluorocyclobutoxy)-5-methanesulfonyl-2-methylbenzoyl]-
quanidine,
N-[4-(3,3-difluorocyclobutylamino)-5-methanesulfonyl-2-methylbenzoyl]-
gquanidine,
N-{4-[(3,3-difluorocyclobutylymethylamino]-5-methanesulfonyl-2-methyl-

25 benzoyllguanidine
and
N-{4-[(3,3-difluorocyclobutyl)methylamino}-5-ethanesuifonyl-2-methyi-
benzoyl}guanidine
and the pharmaceutically acceptable salts thereof.

30
The compounds of the formula |, for example the substituents R1 to R4,
contain one or more syntheses of asymmetry and they may thus be,
independently of one another, of the S or R configuration. The compounds -
may exist as optical isomers, as diasteriomers, as racemates or as

35  mixtures thereof.

The present invention encompasses all tautomeric forms of the compounds
of the formula [ and Il



of the formula | and Il. 4 Al kyl radicals may be straight-chain or
branched. This also applies if they have substituents or occur as
substituents of other radicals, for exanple in fluoroal kyl radicals or
al koxy radi cal s. Exanples of alkyl radicalgs are nethyl, ethyl, n-propyl,

i I (= 1 th b) I
secrburyl (= TAKYEAMA a%%b%ﬁuaébrph@bfq‘} reﬁcaedl‘“rawr%e[%%wéq% hthel

Pr efer]red al kyha\reaslmlmltlseras@rrmthyas sebstithents-qgf ot radivads, lfepexamplle inOne gr
nor e or exa e adi ca nma e
repl aced by fqutg%(rﬁf)%gyg'{aﬁ%als EQE‘E@?‘%EX@FQ'E’ EHMESOJ? ‘(ﬂygwrcgg’ %lgl S Zre d
trifl uor omet hymethyl.2ethyk nrgropwl; isspngpyl 4nd -me Ul tisgbutyBubst i t ut ed

thyl 2ethyk, I l4nd tmdethy®)) nrdudd butys
al kyl radi eal s%_l@ynﬁﬁgm;]m%%% alnﬁretimﬁrom %telﬁr@ute,[red conmpounds of

the formula | are t ciandr is from
¥

2 to 6. 15 The haeqirmeéwiatﬂth’aﬁsrrpy 5\“@”&@@@'5@"9 fb@‘@&’b@ih or-PEeRari ng a
conmpound of tdimfs@pi’wﬁ d)ne\diln@dsrecﬂme’)daﬁ@gﬂeﬁeQCB' m@;re ﬁgmyéhohtefnstrhe
formula Il 0I 0. _in |ch R( t%ﬂ av ted

meani ng, and Laf% radi AP U%’éﬂ? g?é’émf 3’5’@5’8@9 ﬁHE 'eophilic
substitution, ﬂwarbalkghmuilahlmare 2biudheEmetttyl, \232 Setrilaoxbedieylianatt | ves of the

formil a |yd n Ml ubroearsabdititn alRSHAERR!NaP LB RN RURy 2 PhenoXY

group, phenyl 'hr' o - pyTi o gr up,” a ni
het er ocycl e, @Slm%ﬂal y 1l-imdazolyl, are advantageously obt ained in a
manner known to the skill ed worker fromthe under | yi ng carbonyl chlorides
(formula 11, which in turn can 5 thenselves be prepared in a
manner known t%fecf%e%repmw%méhe forBvia hare th?é@r‘ﬂwmg‘ the wdshafine &ci ds
(formula 11; Qind @ frere@md 6. usi ng thi onyI chloride. 5 Besides the
car bonyl c@ or| es of the formula Il (L =dC) it is also possible to
prepare other activated acid derivatives of the formula Il in a manner
known per se the #ueinion adiditianallynelatdsytorayplmessifer prepdsng faocompaund pf L =
OH), such the formula 1, which comprises reacting a compound of the formula I
H2)p

( J FZ)n

| ~

( HZ)m

RS R2 ()

X R1
L
R3
R4 O
20

in which R(1) to R(5) and m to r have the stated meaning, and L is a
leaving group which can easily undergo nucleophilic substitution, with
guanidine.

25 The activated acid derivatives of the formula Il in which L is an alkoxy,
preferably a methoxy, group, a phenoxy group, phenylthio, methylthio,
2-pyridylthio group, a nitrogen heterocycle, preferably 1-imidazolyl, are
advantageously obtained in a manner known to the skilled worker from the
underlying carbonyl chiorides (formula I, L = CI}, which in turn can



~activations

- Synposi um Pep

as the methyl esters of the formula Il with L = OCH3 by treatnment with
gaseous HCl in nethanol, the imdazolides of the formula Il by treatnent
10 with carbonyl diimdazole [L = 1-im dazolyl, Staab, Angew. Chem Int. Ed.
Engl. 1, 351 - 367 (1962)], the m xed anhylrides with Cl-COOC2HS or tosyl
chlorlde in th enc of triethylamne 1n an inert solvent as
_ ﬁﬂ%@?@&% 8 PreRarGOHA 2dNaYREnRowN kxtheskilled werkendom &ie wi t h
. O [(cyano(et hownderying ) hubem) oM H1L L @Hi for exampld vibimgaRiomy 15
Z tetrafl uor obor%@ "TOTU") [Pr ocee ings of the 2 Eur opean Pepti de

é 1990, Editors E. Gralt and D. Andreu, Escom Leiden,

. 1991] are possible. A number of suitable methods for prepari ng activated

* carboxylic #Ci §e§g$b%ﬁé 'c‘cll?o%rﬁri cﬁl@ﬁdég Bmﬂé“f()krlnufﬁ @\rﬂl' —%@?tt g(;:l'&l’dﬂ' pé%s Eifgéé)

~ Advanced Organi c
page 350, i ndi BERA&HY Oéfaﬁfra%wme\deafa@ Gegvativescefitha f@ﬂmlélﬁ lbl@ta mné@r Kaewsxyl i c

ﬁci d dfr i ;’ﬁt I vEenlolée gn@ctﬂyﬁfrﬁm t*he'dndé’rfyhg Wé@aﬁﬁst(@ﬁmﬁlaollal‘}e- (:)PI) ﬁd%pgggl .
nown to the skil/le rker_in

sol vent. Those®WAiEM éasfﬁré\f)ﬁhgiﬂ F&@@Bvﬁ'g‘ﬁ bpﬁ'@ptﬂéﬁ'@? "Bﬂmo"?’ he net hyl
benzoates (I[; ghseousdHB) wvmnbkhamtﬁ,rthdlummaroﬁdefef ?wtlf@kmulﬁmbwlﬁetﬁlﬁienﬂr THE
t ot re n Nt 0 ese salvents
feactions 1 b SAREN G fidbiSiedP = 1 IRinLEN SR At B E A EShe y
been carried oﬁngl i, 8pit ot367 (1R6R}], el mixedsanhydltidea svithHE-CAIQE1He 0y tadyhne,

di oxane or hIUﬂH@Yr‘?Lhe gltesf'eﬁcé‘lo?ﬂ'le?ﬁ)éaﬁﬁi%@ﬁn rférp%vent ,gé e{cﬂvéﬂﬁﬂs

presence of a %ase suc he reactlon

" of 11 with guaffBenwoic peids with @pyclphexsdca;'@@dhmm@@@ @rmtb an aC| d
scavenger, foroeP( o?eﬂh%x?&&boﬁ?lﬁrﬁbﬂf I&%@)Qﬁﬁncﬂuﬁﬁljﬁ-@é}raﬁ@trgﬂ

BZ%?QSQLS 'HBFF&%%%;@@M%[%F%&EEJ% %'%gh«e@wp@ﬁe lﬁfﬂ@ﬁ?y: IngCan
benzoi ¢ aci d ngmetunv%emfdetehmg‘mrﬂmbas El Gn@lt%rimDV\Anarw @#Reefi,bed in the
Lt erature, eI SRTRRRTE A huites (PLAGe bhinRT GFp RESHAG S Y
activated carboxylic acid derivatives of the formula Il are indicated in
J. March, Advanced Organic Chemistry, third edition (John Wiley & Sons,
20 1985), page 350, indicating source literature.

Reaction of an activated carboxylic acid derivative of the formula Il with
guanidine takes place in a manner known to the skilled worker in a protic or
aprotic polar but inert organic solvent. Those which have proved suitable

25  for the reaction of the methyl benzoates (lI; L = OCHgs ) with guanidine are
methanol, isopropanol or THF at temperatures from 20°C to the boiling
point of these solvents. Most reactions of compounds Il with salt-free
guanidine have advantageously been carried out in aprotic inert solvents
such as THF, dimethoxyethane, dioxane or DMF. However, it is also

30 possible to use water in the presence of a base such as, for example,
NaOH as solvent in the reaction of Il with guanidine.

If L is CI, it is advantageous to add an acid scavenger, for example in the
form of excess guanidine, to bind the hydrohalic acid.

35
The carboxylic acid derivatives of the formula If can be prepared from
compounds of the formula [ll. Some of the underlying benzoic acid
derivatives of the formula Il are known and described in the literature. The
unknown compounds of the formula Ill can be prepared by methods known



5 The introduction of the fluorocycl oal kyl nucleophiles into the 4 position
t'akes pl ace by nucl eophilic aromatic substitution. Suitably protected
benzoic acid derivatives of the formula ill, such as, for exanple, the

met hyl or ethyl esters, are enployed in ghis case. L' is a |eaving group
whi ch can easi“% ge_re | aced by nucl eophilic aromatic substitution, such
as F, O, Br, ifomipe§leraf@pcr3. The benzoic acid derivatives of the
formula Il obtained are then reacted by one of the process variants

[ he formula | of the invention. 15

Benzoyl guani di nes of the fornula I
to bind acid to formsalts. Sujita
phar macol ogi cal | y accept abl e aci d%
hydrochl ori des, |actates, sulfates
phosphat es, 20 net hyl sul f onat ’ esubaties. The conpounds of the
formula | are substituted acyl guani dinesipnd inhibit the cellular
sodi um proton anti porter (Na+/ H+-ex@®¥ang€y, NHE). 25 The conpounds of the
invention, of the formula I, are distinguished by having unusually
favorabl e ADVE (absorption distribution nmetabolism excretion) properties

conpar ﬁdbw'ts_t h @w&oaagﬁ@ybﬂmwr?ﬁmoélmﬁdm{op%é ntethgl4! ;?éﬁiticﬂfpt ivity in
dependent. on (AEEY PIRGR MR GE BT AIAIEIRI S RATLGD: SN eBHERCSd, known
gpyl guani di nesbenzlol&: acidpievingtvetesict hbbegmhiarmj su%rsaﬁ,\mor[\lﬁéampﬁ)ttlﬁ@lmﬁyl

i sadvant ageo c I ties. .Because of the NHE-inhihitor
or oper 1 ea. 10} AaHsTHsc Bt SRRIOVERN S 5" 36 g BRIE SrhllP R
phar maceut i caldasilgbeepphiced yahycleoptilicaforaalc substiiticen, stioh aste Qi Bvdnt i on
and treat gpnt QfodEaasgs caused by activation or activated NHE, and of

di seases caused secondafily by the NHE-rel ated danmage. 5 Since NHE
i nhibitors predom nantly act via their effect on cellular pH regul ation,

they can generpid emmi6 anki Aaf,alioas b ficformud fi BLRLREA aré tEPMEIHY Ch
regul ate the i ntrachI | ul ar SpH .Wltg sui,t apl e conbi nation
one of the process variants described above to give compounds of the
formula | of the invention.

exanpl e haliqjqe)s, in particular
, tartrates, acetates,

15
Benzoylguanidines of the formula | are generally weak bases and are able
to bind acid to form salts. Suitable acid addition salts are salts of all
pharmacologically acceptable acids, for example halides, in particular
hydrochlorides, lactates, sulfates, citrates, tartrates, acetates, phosphates,
20 methylsulfonates, p-toluenesulfonates.

The compounds of the formula | are substituted acylguanidines and inhibit
the cellular sodium-proton antiporter (Na+/H+-exchanger, NHE).

25 The compounds of the invention, of the formula |, are distinguished by
having unusually favorable ADME (absorption distribution metabolism
excretion) properties compared with known benzoylguanidines, together
with excellent activity in the inhibition of NA+/H+ exchange; these
advantageous properties are dependent on the fluorinated cycloalkyl group.

30
In contrast to known acylguanidines, the compounds described herein
show no unwanted and disadvantageous saluretic properties.

Because of the NHE-inhibitory properties, the compounds of the formula |



partners being inhibitors of the carbonic anhydrase enzyne group, 10
i'nhibitors of systens transporting bicarbonate ions, such as of the sodium
bi carbonat e cotransporter (NBC) or of the sodi um dependent chloride-
bi car bonat e exchanger (NCBE), and NHE inhibitors mﬁth inhibitory effect on

ot her NHE subt becaus&q | S possi bI e throu emto enhance r
modul at e t he g phargnaseatcalya tsemem A8 syliablevHeE

15I | ?hl blt t O{ﬁ fdeahél b@ehﬁéﬁlénc: Ekﬁtmg Ociff titseafesrmm@a @9 abwyationent i on
rel at es 0 e eve f.eat nent o cu n r se
Veterinary andaumiEd Nefih.ARE of ASSdE  beiieSEL PRty i B Nt SRR 1 Fon

are suitable faamage treatnent of di seases caused by ischem a and by
reperfusiog. The conpounds descri bed herein are suitable because of their
phar macol ogi cal roperties as antiarrhythm c nedi capents. 25 OMng to their
car di oprot ect i 80@ éhibiterseprademinantly tast sviaf thelife effeek @ geliulandtor 11

and/or the ph&é?ﬁ@ﬁéh' Cﬂh'ew c%ﬁc%jéﬁé%ﬁr Sed t éoﬁlbﬁfe@f)fbe?fefﬁmdﬂyt %ﬂfﬂdd)t'ﬁ@} y
suitable for a

oot o RS BlcPrSe R estnrirabllin 8! aeCELIBHG crtngnkgen "€
Lmnthihbit:] eor \% ﬁﬁrtr;ersedamg tllh]ﬁibﬂ@ﬂ_s:'\(lﬁhm otarponiel aqudme%lﬁynae;s%@u@t ed
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acceptabl e salts thereo e I nvention can, because of 35
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rel ates t 39t heéMRIPHgEs §POS8 Nt s for surgical interventions. 8 Thus,

t he conpounds can be used during organ transplantations, it being possible
to use the co u c r

during the re veapgat‘gqb?o@g‘éﬁé%ﬁoéfewborg&@gﬁ&?@&?ﬁ%ﬁi@%&e ‘Qﬁo(ﬁ 5‘%‘; ment
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| i kew se val uabl e nedi canents wt protective effect when performng
angi opl as€Pc sthis: dbg NlﬂEépb@ﬁp[SOﬁfsthq gwention are suitable for the treatment of

diseases caused by ischemia and by reperfusion.

The compounds described herein are suitable because of their
pharmacological properties as antiarrhythmic medicaments.

25 Owing to their cardioprotective component, the NHE inhibitors of the
formula | and/or 1l and/or the pharmaceutically acceptable salts thereof are
outstandingly suitable for infarction prophylaxis and infarction treatment
and for the treatment of angina pectoris, in which cases they also
preventively inhibit or greaily reduce the pathophysiological processes

30 associated with the development of ischemia-induced damage, in particular
in the triggering of ischemia-induced cardiac arrhythmias. Because of their
protective effects against pathological hypoxic and ischemic situations, the
compounds of the formula | and/or Il and/or the pharmaceutically
acceptable salts thereof used according to the invention can, because of

35 inhibition of the cellular Nat/H+ exchange mechanism, be used as
medicaments for the treatment of all acute or chronic ischemia-induced
damage or diseases induced primarily or secondarily thereby.

This also relates to their use as medicaments for surgical interventions.



exanple on the heart as well as on peripheral organs and vessels. 10 It has
energed that the conpounds of the invention are exceptionally effective
nmedi caments for life-threatening arrhythmas. Ventricular fibrillationis
term nated and the physiol ogical sinus rhgthmof the heart is restored. 15

Since NHEL inhibitors of hu n tissue a d or gans, ecially the heart,
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car di ot oxi Ci ty, resul t| ng from corredl cation with NHE1l inhibitors makes it
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I nhi bi tor?Pof the invention of the formula I and/or Il and/or the

pharmaceutrcal |y acceptable salts thereof can be used when there is
heart - damagi ndt tvaer pmedgert itbat the taoympoiuwndso ofrdhe sipventinn arexéxaeptionally on

external supDigkeRfiyd hyrheaeaﬁ@rn@n%r TReuRemRARS o] oVBHifadiarnd/ or

Il .and/or the armaceuti ca acce

suitabl e for @aﬂ@mmgﬁ i%@?'@?dvﬁﬂqﬁ %PHY%Q@QI@' st dwbient of thepheart é dance
with their proggeteaye effect against ischem a-induced damage t he
conpounds,pf the invention are also suitable as nedicanents 9 for the
treat ment 18f ischenmias of the nervous system especially of the central
nervous systerﬁlndﬂ@Nhﬂi‘smihntatdrsof humaxetigslie dnarrorghas) esadciadlytthefheast, r oke or

bt ememr coFoat BB RBCUTY otet DErlR AR bR ey
t herapy and prepérjusien dubalseiagsirsidhe cytotoxic effect of medicaments like those
used in particular in cancer therapy and the therapy of autoimmune
20 diseases, combined administration with compounds of the formula | and/or
Il and/or the pharmaceutically acceptable salts thereof is suitable for
inhibiting the cytotoxic, especially cardiotoxic, side effects of said
compounds. The reduction in the cytotoxic effects, especially the
cardiotoxicity, resulting from comedication with NHE1 inhibitors makes it
25 additionally possible to increase the dose of the cytotoxic therapeutic
agents and/or to prolong the medication with such medicaments. The
therapeutic benefits of such a cytotoxic therapy can be considerably
increased by combination with NHE inhibitors.

30 In addition, the NHE1 inhibitors of the invention of the formula | and/or I
and/or the pharmaceutically acceptable salts thereof can be used when
there is heart-damaging overproduction of thyroid hormones,
thyrotoxicosis, or on external supply of thyroid hormones. The compounds
of the formula | and/or |l and/or the pharmaceutically acceptable salts

35 thereof are thus suitable for improving therapy with cardiotoxic
medicaments.

In accordance with their protective effect against ischemia-induced
damage, the compounds of the invention are also suitable as medicaments



and di sorders induced by overexcitability of the central nervous system in
particular for the treatnment of epileptic disorders, centrally induced
clonic and tonic spasns, states of psychol ogi cal depression, anxiety

di sorders 10 and psychoses. In these casgs it is possible to use the NHE
i-nhibitors described herein alone or in“onbination with other substances
with anti epi fasplhiectreaineritt 9f mchamiapof dhetnervags isysternmgespieciallys of dne
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other inhibitors o ori de-Dbi carbonate 15
exchanger ( NCBiEgke onef ¢eyepealedemaed according to the invention of the
formula | and/or the pharnaceutically acceptable salts thereof are

additionally Ljkewi se suitable_ for the ,freatnent of types of shock such
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t hronbogenic factars,. Th .,[30 NﬂHﬁ.inh' bitors of th resent invention can
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t hrombi n ant agoni'sts, ?jac or tﬁa ant agonlpstg, W@yl cl h iu IJ%é:ténces wth
fibrinol ytd ¢ axehangey (NCBE)nboxane 35 receptor antagoni sts,

phosphodi esterase inhibitors, factor Vila antagonists, clopidogrel,

ticol opi di ne c. Conbi ned use of the present NHE inhibitors wth NCBE

i nhibitors anﬁﬁ%ﬁomwnﬁﬁmssﬂﬁﬁcgr g Lathsonventigmotithedermsulad apd/or they

exanpl e, w t hphaetaznitisaihdaccdalplardalte Uhaicby aheagditichaly likkVisd bgitamepounds

O o, hor ! RinBEREoAS PRAL PSSR, SRl de BGCEPLEsor Sigha, (ner cof used
i nhi bi t ord0 ef taliogemic¢, teypproleniie aatibactarfal shbtls, for exanpl e fi brobl ast
cellular proliferation and the proliferation of snpoth vascul ar
The compounds of the formula | and/or the pharmaceutically acceptable
salts thereof can likewise be used for the prevention and treatment of
thrombotic disorders because they, as NHE inhibitors, are able to inhibit
25 platelet aggregation themselves. They are additionally able to inhibit or
prevent the excessive release, occurring after ischemia and reperfusion, of
mediators of inflammation and coagulation, especially of von Willebrand
factor and of thrombogenic selectin proteins. It is thus possible to reduce
and eliminate the pathogenic effect of significant thrombogenic factors. The
30  NHE inhibitors of the present invention can therefore be combined with
other anticoagulant and/or thrombolytic active ingredients such as, for
example, recombinant or natural tissue plasminogen activator,
streptokinase, urokinase, acetylsalicylic acid, thrombin antagonists, factor
Xa antagonists, medicinal substances with fibrinolytic activity, thromboxane
35 receptor antagonists, phosphodiesterase inhibitors, factor Vlla antagonists,
clopidogrel, ticolopidine etc. Combined use of the present NHE inhibitors
with NCBE inhibitors and/or with inhibitors of carbonic anhydrase such as,
for example, with acetazolamide, is particularly beneficial.



5 nuscle cells. The conpounds of the fornmula | and/or 11 and/or the

phar maceutical | y acceptabl e salts thereof are therefore suitable as

val uabl e therapeutic agents for diseases in which cellular proliferation
represents a primry or secondary cause,4and can therefore be used as
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11 can furthegithenareedatdfuppisb diiaishvbidy £ Aigiddtophapislemi@eler s such
as 20 fibrotic disorders. They are thus suitable as excellent agents for the

treatment of cardiac fibroses, and of pulmonary fibrosis, hepatic fibrosis,

renal fibrosis and other fibrotic disorders.

They can thus be used for the treatment of organ hypertrophies and

hyperplasias, for example of the heart and the prostate. They are therefore

25  suitable for the prevention and treatment of heart failure (congestive heart
failure = CHF) and for the treatment and prevention of prostate hyperplasia
or prostate hypertrophy.

Since there is significant elevation in NHE in essential hypertensives, the
30  compounds of the formula | and/or the pharmaceutically acceptable salts
thereof are suitable for the prevention and treatment of high blood pressure
and of cardiovascular disorders.
In these cases they can be used alone or with a suitable combination and
formulation partner for high blood pressure treatment and of cardiovascular
35 disorders. Thus, for example, one or more diuretics with a thiazide-like
action, loop diuretics, aldosterone and pseudoaldosterone antagonists,
such as hydrochlorothiazide, indapamide, polythiazide, furosemide,
piretanide, torasemide, bumetanide, amiloride, triamterene, spironolactone
or eplerone, can be combined. The NHE inhibitors of the present invention



verapam |, diltiazem am odipine or nifedipine, and with ACE inhibitors
such as, for exanple, rampril, enalapril, lisinopril, fosinopril or
captopril. Further beneficial combination partners are al so beta-bl ockers
such as netoprolol, 5 albuterol etc. antﬁgoni sts of the angi otensin
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chol est er ol parti cul serum

It has additionally been found that compounds of the formula | and/or the

25 pharmaceutically acceptable salts thereof show a beneficial effect on
serum lipoproteins. It is generally acknowledged that blood fat levels which
are too high, called hyperlipoproteinemias, represent an essential risk
factor for the development of arteriosclerotic vascular lesions, especially
coronary heart disease. The reduction of elevated serum lipoproteins

30 therefore has exceptional importance for the prophylaxis and regression of
atherosclerotic lesions. Besides the reduction in total serum cholesterol, it
is particularly important to reduce the proportion of specific atherogenic
lipid fractions of this total cholesterol, in particular of the low density
lipoproteins (LDL) and of the very low density lipoproteins (VLDL),

35 because these lipid fractions represent an atherogenic risk factor. By
contrast, a protective function against coronary heart disease is ascribed to
the high density lipoproteins. Accordingly, hypolipidemics should be able to
reduce not only total cholesterol but, in particular, the VL.DL and LDL serum
cholesterol fractions. It has now been found that NHE 1 inhibitors show
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for producing a medicament for the prevention and treatment of
atherosclerosis-induced hypertension, for producing a medicameni for the
prevention and treatment of atherosclerosis-induced thromboses, for

25  producing a medicament for the prevention and treatment of
hypercholesterolemia-induced and endothelial dysfunction-induced
ischemic damage and post-ischemic reperfusion damage, for producing a
medicament for the prevention and treatment of hypercholesterolemia-
induced and endothelial dysfunction-induced cardiac hypertrophies and

30 cardiomyopathies and of congestive heart failure (CHF), for producing a
medicament for the prevention and treatment of hypercholesterolemia-
induced and endothelial dysfunction-induced coronary vasospasms and
myocardial infarctions, for producing a medicament for the treatment of
said disorders in combinations with hypotensive substances, preferably

35 with angiotensin converting enzyme (ACE) inhibitors and angiotensin
receptor antagonists. A combination of an NHE inhibitor of the formula |
and/or the pharmaceutically acceptable salts thereof with an active
ingredient lowering the blood fat levels, preferably with an HMG-CoA
reductase inhibitor (for example lovastatin or pravastatin), the latter



35 with angiotensin converting enzyme (ACE) inhibitors and angiotensin
receptor antagonists. A conbination of an NHE inhibitor of the formula I
and/ or the pharmaceutically acceptable salts thereof with an active
ingredient lowering the blood fat levels,qpreferably with an HVG CoA
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For the prz VeneEr{tldiaber‘Elc(i: éctl\e/ﬁ}tr gﬁ type 01l eﬁect f%n%e compounds of the invention to
be combined with a biguanide such as metformin, with an antidiabetic
sulfonylurea such as glyburide, glimepiride, tolbutamide etc., with a
glucosidase inhibitor, with a PPAR agonist such as rosiglitazone,
pioglitazone etc., with an insulin product in a different administration form,

25 with a DB4 inhibitor, with an insulin sensitizer or with meglitinide.

Besides the acute antidiabetic effects, the compounds of the formula |
and/or the pharmaceutically acceptable salts thereof counteract the
development of late complications of diabetes and can therefore be used

30 as medicaments for the prevention and treatment of late damage from
diabetes such as diabetic nephropathy, diabetic neuropathy, diabetic
retinopathy, diabetic cardiomyopathy and other disorders arising as a result
of diabetes. In this connection they can be combined advantageously with
the antidiabetic medicaments thus described under NIDDM treatment.

35 Combination with a favorable dosage form of insulin could be particularly
important in this connection.

The NHE inhibitors of the invention, of the formula |, and/or the
pharmaceutically acceptable salts thereof show, besides the protective
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progression of sa&%f}ﬁ'thél ém%mﬁ‘aé ‘P VasSHRERIRY @fmb%@émgb?emﬁﬁ
cl audi cati_ogn. An exa anot her varl gg
i €0t heof the age- related progression of endothelial dysfuncuon Wthh can be
process t he®
abolished highly significantly by NHE inhibitors. The compounds of the
formula | and/or the pharmaceutically acceptable salts thereof are thus
outstandingly suitable for the treatment and prevention of age-related
progression of endothelial dysfunction, especially of intermittent

25 claudication.

An example of another variable characterizing the aging process is the
decrease in the contractility of the heart and the decrease in the adaptation
of the heart to a required pumping performance of the heart. This reduced

30 efficiency of the heart resulting from the aging process is in most cases
associated with a dysfunction of the heart which is caused inter alia by
deposition of connective tissue in the cardiac tissue. This deposition of
connective tissue is characterized by an increase in the weight of the heart,
by an enlargement of the heart and by restricted function of the heart. It

35 was surprising that it was possible virtually completely to inhibit such an
aging of the organ heart. The compounds of the formula | and/or the
pharmaceutically acceptable salts thereof are thus outstandingly suitable
for the treatment and prevention of heart failure, of congestive heart failure
(CHF).



decrease in the contractility of the heart and the decrease in the
ddaptation of the heart to a required punping performance of the heart.
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in nost cases associated with a dysfunct{gn of the heart which is caused
i'nter alia by deposition of connective tissue in the cardiac tissue. This
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animals, for these NHE inhibitors to be combined with other active
principles, measures, substances and natural products used in gerontology
and based on a different mechanism of action. Such classes of active

25 ingredients used in gerontological therapy are: in particular vitamins and
substances with antioxidant activity. Since there is a correlation between
caloric loading or food intake and the aging process, combination with
dietary measures is possible, for exampie with appetite suppressants.
Consideration may likewise be given to combination with hypotensive

30 medicaments such as with ACE inhibitors, angiotensin receptor
antagonists, diuretics, Ca*? antagonists etc., or with metabolism-
normalizing medicaments such as cholesterol-lowering agents.
The compounds of the formuia | and/or the pharmaceutically acceptable
salts thereof are thus outstandingly suitable for the prevention of age-

35 related tissue changes and for prolonging life while maintaining a high
guality of life.

The compounds of the invention are effective inhibitors of the cellular
sodium/proton antiporter (Na/H exchanger) which, in numerous disorders



25 ingredients used in gerontological therapy are: in particular vitamns
and substances with antioxidant activity. Since there is a correlation
between <caloric loading or food intake and the agi ng process, conbination
with dietary measures is possible, for ggnple with appetite suppressants.
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in erythrocyﬁ% fte tye ukocytes. The conpounds used according to
the invention are therefore suitable as excellent and sinple scientific
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20  used aione or tog ther with (\gharmaceutlcai excipients, both in veterinary
medicine and in human medicine. The medicaments generally contain
active ingredients of the formula | and/or the pharmaceutically acceptable

salts thereof in an amount of 0.01 mg to 1 g per dose unit.

25 Excipients suitable for the desired pharmaceutical formulation are familiar
to the skilled worker on the basis of his expert knowledge. Besides
solvents, gel formers, suppository bases, tablet excipients and other active
ingredient carriers, it is possible to use, for example, antioxidants,
dispersants, emulsifiers, antifoams, masking flavors, preservatives,

30 solubilizers or colors.

For a form for oral use, the active compounds are mixed with the additives
suitable for this purpose, such as carriers, stabilizers or inert diluents, and
converted by conventional methods into suitable dosage forms such as

35 tablets, coated tablets, two-piece capsules, aqueous, alcoholic or oily
solutions. Examples of inert carriers which can be used are gum arabic,
magnesia, magnesium carbonate, potassium phosphate, lactose, glucose
or starch, especially corn starch. Preparation can moreover take place both
as dry and as wet granules. Examples of suitable oily carriers or solvenis



active ingredients of the fornmula | and/or the pharmaceutically acceptable
salts thereof in an anmount of 0.01 ng to 1 g per dose unit. 25 Excipients
suitable for the desired pharmaceutical fornulation are famliar to the
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The dosage of the active ingredient of the formuia | to be administered and
the frequency of administration depend on the potency and duration of
action of the compounds used; also on the nature and severity of the

25 disorder to be treated, and on the sex, age, weight and individual response
of the mammal to be treated.

On average, the daily dose of a compound of the formula | for a patient
weighing about 75 kg is at least 0.001 mg/kg, preferably 0.01 mg/kg, up to

30 amaximum of 10 mg/kg, preferably 1 mg/kg, of bodyweight. For acute
episodes of the disorder, for example immediately after suffering a
myocardial infarction, it may be necessary for the dosages also to be
higher. Especially on i.v. use, for example for an infarct patient in an
intensive care unit, up to 700 mg per day may be necessary. The daily

35 dose can be divided into several, for example up to 4, individual doses.



The dosage of the active ingredient of the formula | to be adm nistered and
the frequency of administration depend on the potency and duration of
action of the conpounds used; also on the nature and severity of the 25

di sorder to be treated, and on the sex, ??e,- wei ght and i ndi vi dual response
of the mammual to be treated. On average, the daily dose of a conpound of
the formul a ILigbef abliaviatians: wei ghi ng about 75 kg is at |east 0.001 ny/ kg,
preferably 0.01 ng/kg, up to 30 a maxi num of 10 ng/ kg, preferably 1 ng/kg,
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after sufferifg nyoc%?%?rgtlo’?‘ﬁfsrﬁrr'tél{tlocﬁ‘nmeﬁbqlﬂﬁm“%fﬁ%féssary for the
dosages al so €Dibe hi ghighidaksiPeyl-fldtlyarshd - v. use, for exanple for an

i nfarct p%tie@}Pi n an cii.ntensile,tcare unit, up to 700 ng per day nay be
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4, individualDMbses. 18NIN-dgimethydbimamwidet i ons: ADME
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5 DIP dii sopr%AyI et here%wl%?ﬂedqﬁngﬁ%l formam de EA ethyl acetate (EtQAc)
El electron ilpact eq. elgoiremlrepact 10 ES el ectrospray ionization Et ethyl
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2- met hole-oz-ngghyl pr opaPIECre8Pray ipRIEalifier at ure 20 THE t et rahydr of ur an
Exanpl e 1: N-E#- (3, 3- Diéthyior ocycl obut oxy) - 5- net hanesul f onyl - 2-

met hyl benzoyl I]-IEE’ani di ne,

-heptane
KOtBu potassium 2-methylpropan-2-olate
Me methyl
15 MeOH methanol
mp melting point
NMP 1-methylpyrrolidin-2-one
MTB 2-methoxy-2-methylpropane
RT room temperature
20 THF tetrahydrofuran

Example 1: N-{4-(3,3-Difluorocyclobutoxy)-5-methanesulfonyl-2-
methytbenzoyl]guanidine

F. F
0]
o
~ N N<
7N T H
0 No
25 H

a} (3,3-Difluorocyclobutoxymethyl)benzene

20.0 g of 3-benzyloxycyclobutanone (Bull. Chem. Soc. Jpn. (1984), 57(6),
1637) were dissolved in 150 mi of CH2Clp, and a solution of 25.0 g of

30 [bis(2-methoxyethylYamino]sulfur trifluoride in 30 ml of CH2Cl> was added
dropwise at RT. After stirring at RT for 5 h, 12.0 g of diethylaminosulfur
trifiuoride were added. After stirring at RT for a further 20 h, the reaction



SS H I 25 O0 N, Ha) (3,3-Difluorocycl obut oxynmet hyl ) benzene 20.0 g of
3-benzyl oxycycl obut anone (Bull. Chem Soc. Jpn. (1984), 57(6), 1637) were
di ssolved in 150 mM of CH2Cl 2, and a solution of 25.0 g of 30

[ bi s(2- met hoxyet hyl)arri nol sul fur trifl uorigje in 30 m of CH2CI 2 was added

dropwi se at RT, er St i fo 0 f.die | a sul fur
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3,3-Di fluorpcycl obutanol 22.4 g of (3,3-difl uorocycl obut oxymnet hyl ) benzene

are dissolved jin 100_ m  of eth | ether, and 1.4 g of 10% Pd/ C are added.
Hydr ogenat i on Ba¥d3-liflpprasyciehutanol Rt under 20 bar of H2 for 5 h. The

catal yst was vmheﬂo 331dﬂfﬂloi@cy%ioblfto@rﬁéﬂhyl b@rﬁi’éﬁe arRNGis§bleed M YOO OR Was
distilled. 14 e _pr tl)$l58 n re obtained as a
mxture with d‘?ecﬁﬁ{/ﬁyl% rgﬂ QBf @ﬁ’e /%15 ﬂé%fﬁ%‘ﬁa 'r"%téﬁﬂ\é@ Wi t hout
further purificatiedoutaj RWemrlr[;dr 20 bar of Hp for 5 h. The catalyst was washed with
4-(3,3-dify I 70 f
rethyl 4 o 0 B st PIEAfRelngr AT 1BE RIS GRRAUAT EAIRE pladi® ™ ©
3, 3-di f | uor ocy(bodingtpoinl 8GHEY wersohjained Es2Caixtwes withidistblylether ando ni  of
anhydr ous VP @ngbris! iThiefldbreits T0dciéd dinBRe i RF pficigri ur e s then

diluted with concentr at e aqueous sol ution and 20
extracted 3 tines with 100 m of EA each tine. It was dried over Na2SO4,

and the sol verd) Metyl aB\GdifluBrotyerdut -%%bﬂﬂir@%h}fo n@h{éﬁ b8fzoaket h
Dl P resul t%d |r2 380 ngr(gf a coldc():?@ess CC%?P (Dl ﬁy I\/Eﬁ( DCIC)): 335 25

d) N-[4- (é 3-Di fl uorocycl obut oxy) - 5- net hanesul fonyl 2- rret hyI benzoyl ] -
guani di ne 370 mg of methyl 4-fluoro-5-methanesulfonyl-2-methylbenzoate, 297 mg of

3,3-difluorocyclobutanol and 1.47 g of Cs2CO3 were dissolved in 10 ml of

anhydrous NMP and stirred at 60°C for 4 h. The reaction mixture was then

diluted with 125 ml of a 50% concentrated aqueous NaHCO3 solution and
20 extracted 3 times with 100 mi of EA each time. It was dried over NasS0y4,

and the solvent was removed in vacuo. Chromatography on silica gel with

DIP resulted in 380 mg of a colorless oil.

Rf (DIP) = 0.21 MS (DC!): 335

25  d) N-{4-(3,3-Difluorocyclobutoxy)-5-methanesulfonyl-2-methylbenzoyi}-
guanidine

566 mg of guanidinium chloride were dissolved in 5 ml of anhydrous DMF
and added o a solution of 604 mg of KOtBu in 5 ml of anhydrous DMF.
30 This solution of guanidine in DMF prepared in this way was added to a
solution of 360 mg of methyl 4-(3,3-diflucrocyclobutoxy)-5-
methanesulfonyi-2-methylbenzoate in 5 mi of DMF and stirred at RT for
24 h. The reaction mixture was diluted with 125 ml of a 50% concentrated
agueous NaHCOs3 solution and extracted 3 times with 80 ml of EA each
35 time. It was dried over NasSQOy4, and the solvent was removed in vacuo.
Chromatography on silica gel with EA/MeOH 5:1 afforded 175 mg of
colorless crystals, mp 273°C (with decomposition).
Rf (EA/MeOH 5:1) = 0.50 MS (ES™): 362



. were dissolved i

566 ng of guanidi niumchloride were dissolved in 5 mM of anhydrous DV and
added to a solution of 604 ng of K&tBu in 5 m of anhydrous DWF. 30 This
solution of guanidine in DVMF prepared in this way was added to a solution
of 360 ng of nethyl 4-(3,3-difluorocycl ohut oxy)-5-

met hanesul f onyl - 2- net hyl benzoate in 5 m <6f DW and stirred at RT for 24
h. The reacti &axample @ e was diluted with 125 m of a 50% concentr at ed

. aqueous NaH i =t h 35

Timec Tt vas oF F‘W%ﬁ?@é@&%ﬁ?@%ﬁﬁi553?@%&“8‘“&33%@%%@

: Chr omat ogr aph@UaRidiNg i ca gel with EA/ MeOH 5:1 afforded 175 ng of coI orl ess

: crystals, np 273C (with deconposition). Rf (EA/MeOH 5:1) = 0.50 M5 (ES+):

. 362 20 Exanple g

P N[4-(3,3-D fluogpcycl obut yl am no) - 5- net hanesul f onyl - 2- net hyl benzoyl ] -

- guanidine 5 a) 3- Di f 1 uor ocycl obutyl am ne, hydrochloride 16.7 g of

3, 3-di fl uor ocychobut anecar boxylic acid (J. Og. Chem. 1987, 52, 1872)

180 m of CHC1l3, and 36 nml of H2SO4 (98% were 10 added.

ated to,.50C and, at this tenperature, 16 g of NaN3 were

e course of 45 mnutes. The m xture was stirred

coolcﬁd to roomtenperature and finally poured onto
mes with 100 nl of diethyl ether each tine

- The m xture waspH
added in portions ©
at 50C for 2 hgnd
250 g of ice. EXE;
recovered 0.7 @ “of\unreactled 3 d|f|uorocyclobutanecarboxyl|c 15 acid. The
aqueous phase was adjuste&‘I @ = 12-13 with aqueous NaOH solution and
extracted 3 tines with 100 of CH2CI 2 each tine. The organic phase was
washed wi th 100 M of water Nland then 130 ml of a 2N aqueous HCl sol ution
wer e added  and the volatile constituents were renoved in vacuo. 15.3 g of
a colorless solid were obtained, np 315C 20 (deconposition). b)

N- ( 3,3-Difl uoepe;azbmdrmtm éﬁ‘ﬁm!é fyipaeieride 60 g of
e e S Ay s S ot e Dl %, .
a cl ear sol ut 18n2) Wbsfndlsaolvm‘ in 180 mil ofA@HGRL had 8Suhf ofitiiS©H{9I8% Pwerarvas
slowly adfigd dHABY P nitdrd REsHRARd R'563CBHA Cat AR tefiderktrs LAY of!
NaN3; were added in portions over the course of 45 minutes. The mixture
was stirred at 50°C for 2 h and then cooled to room temperature and finally
poured onto 250 g of ice. Extraction 3 times with 100 ml of diethyl ether
each time recovered 0.7 g of unreacted 3,3-difluorocyclobutanecarboxylic
15 acid. The aqueous phase was adjusted to pH = 12-13 with aqueous NaOH
solution and extracted 3 times with 100 ml of CH>Cl, each time. The
organic phase was washed with 100 ml of water, and then 130 ml of a 2N
agueous HCI solution were added and the volatile constituents were
removed in vacuo. 15.3 g of a colorless solid were obtained, mp 315°C
20 (decomposition).

b} N-(3,3-Diflucrocyclobutyl)methanesulfonamide
0.60 g of 3,3-difluorocyclobutylamine, hydrochloride, were suspended in
40 ml of CH;Cl; and, at RT, 2.9 ml of triethylamine were added. This
25 resulted in a clear solution. Then, at RT, 1.0 ml of methanesulfonyl chloride -
was slowly added dropwise, and the reaction mixture was left to stand at
this temperature for 16 h. The volatile constituents were then removed in
vacuo, and the residue was taken up and partitioned with 200 m! of EA and
100 ml of a saturated aqueous NayCOj solution. The organic phase was
30 subsequently washed twice with 20 mi of a saturated aqueous NaHSO,
solution each time and twice with 30 ml of a saturated aqueous Na,COs



this tenperature for 16 h. The volatile constituents were then renoved in
vacuo, and the residue was taken up and partitioned with 200 mM of EA and
100 m of a saturated aqueous Na2CO3 sol ution. The organi ¢ phase was 30
subsequently washed twice with 20 m of g sat urat ed agueous NaHSO4
solution each time and twice with 30 m 1 a saturated aqueous Na2C33 21
sol uti on eachsolutien enlistimerddgsCewasarsedripr doyingyrand the soblerdmtasnvas renoved

i n vacuo. 700 %%@H‘%‘?"%bgézﬁ ﬁﬁlﬂQoﬁfe%s?@%i@ivU@Q'ot@igéﬁA) = 0.28 M5

(DCl): 186 5 'f: uorocycl obutyl amno net hanesul f onyl -
2- et hyl benzoBf €EB) 7848 of N- (3, 3-di f1 uor ocycl obut yl ) net haM&s(BEOnH36 de,
0.93 g of nmethyl 4-fluoro-5-nethanesul fonyl -2-nethyl benzoate and 1.5 m

of N'-tert-buty]- NN N._.N._-tetrapethyl guani di ne were dissolved in 10 m of
P 10" ¢ artir LA e Sed-PiieE e DRSS - METHAESLIARY o o xt U & s
cool ed to RT2-rAgthylbetizeateh 200 m of EA and washed firstly 3 times with 20

m  of t d . S Lyti ti hen, 3 t.i ith
30 m of a saroaebl GorRulBre R b RS M R0 BB A Ceed 1 or
dryi ng, and t #dlupod-bemethaesuiomi-@dmiethyienroatechnd rielh od o pistedbudylt i ca 15
I ith DIP gf ] cal Y 5 0.31 M5 (ESH+):
824 \élm) 4- (3, 3%’%%3%%%‘2‘?%‘ errgdn%ﬁ%g?éréeoqn%st Ianesnuﬁ Bﬁ]a‘ -I?ret hyl benZ(()i C :
acid 2101ty Enhydieia) amd(%l,r@détﬂ%%@yéﬂbmhweaﬁi%mmrﬁaWﬁarwglﬁdf onyl 20
rloLs ROk O OF EJCalid weshet I imed wiZomich 3 1
ueou ut i xture ) [ k .
o then the SoilRiRdaiEpus NethRa SoToR Baf thfRara i thes VERAR T 1
%0 m  of yva}1 eof aaeltur?teﬂdaqtmqubl Na L0y sdsiuﬁmueadstihﬁ.]!\@SO;V@B used ferx: [1 act2 gd
tines wt : S My X e
sol vent was ré&ﬁ@c??ﬁdntﬁ\ea%ﬁgemtW%@%QQH\@ﬁ%@pﬁgﬂoﬁé%gf%h\)@rnegﬂg%t ai ned.
Rf (EA) =19. 4geivwity BE jaffosdssi 230 mg of a colorless foam.
N[4-(3,3-Dif 2 tyl am -5-neth | f | - 2- met - 30
[ 4-( Rygbgs)f?gtqu yl am no) met hanesul f ony me mmﬁ%ﬁ[‘d

guanidine 40 ng o 3, 3-di fl uorocycl obut yl am no) - 5- met hanes
2- met hyl benzoic acid were dissolved in 1 ml of DMF (anhydrous) and, at

d) 4-(3,3-Difluorocyclobutylamino)-5-methanesulfonyl-2-methylbenzoic acid
210 mg of methyl 4-(3,3-difluorocyclobutylamino)-5-methanesulfonyl-

20 2-methylbenzoate were dissolved in 10 ml of dioxane, and 0.47 mi of a 2N
aqueous NaOH solution was added. The mixture was stirred at RT for 18 h
and then the solvents were removed in vacuo. The residue was taken up in
10 ml of water, adjusted to pH = 2 with aqueous HCI solution and extracted
3 times with 20 m] of EA each time. MgS0Q4 was used for drying, and the

25 solvent was removed in vacuo. 196 mg of an amorphous solid were
obtained.

Rf (EA) = 0.40 MS (ES™): 318

e) N-{4-(3,3-Difluorocyclobutylamino)-5-methanesulfonyl-2-methylbenzoyl]-
30 guanidine
40 mg of 4-(3,3-difluorocyclobutylamino)-5-methanesuifonyl-
2-methylbenzoic acid were dissolved in 1 ml of DMF (anhydrous) and, at
RT, 26 mg of CDI were added, and the mixture was stirred at RT for 6 h to
result in the intermediate imidazolide. Alongside, 72 mg of guanidine
35 hydrochloride were stirred together with 70 mg of KOiBu in 1 ml of DMF
(anhydrous) at RT for 30 minuies. This soiution of the guanidine base was
then added to the solution of the imidazolide, and the mixture was left to
stand at RT for 18 h. It was then diluted with 50 ml of water and the pH was
adjusted to pH = 8 with dilute aqueous HCI solution. Three extractions were



RT, 26 ng of CDI were added, and the m xture was stirred at RT for 6 h to
result in the intermediate imidazolide. Al ongside, 72 ng of guanidine 35
hydrochl ori de were stirred together with 70 ng of K& Bu in 1 m of DWW
(anhydrous) at RT for 30 m nutes. This sgéution of the guanidi ne base was
then added to the solution of the imdazofide, and the m xture was left to
stand at RT f oarrieg dut with 1t ohE&A edhutimd and; BftsOdnvingbverdiigBOanthet he pH

e 33 S R o A AOSROY aing Wlg o1o

MySH4, the sebtaind.was rempved in vacuo. ng of an anor phous solid were
obt ai ned. Rf RE@EMQ%@QO;(M =042 Ms (ES ) 360 5 The NHEubs %F_rgﬂ b360 on was
determ ned. as follows: FLI assay for determ ning NHE-1 inhibitors by

measur ene of the recovery in pH in transfected cell lines which express

human NHE- 1 1Th@iNHBsISiafiibitiorcwas idetbrmitied as &sliows: PR (f1 uorescent i magi ng
plate reader) wth black-walled 96-well mcrotiter plates with clear

bases. The transfected cell |ines expressing the various NHE subtypes (the
parent al cel | FLIRR asg@y for deltwrwining Niddenhditorsubig raeasuremgnief ter esul t  of

nmut agenesi s aFéi:o%éB/SlHQﬂ-‘FCIH%hs%%}é‘cﬁ&él%eéﬂﬁlcﬁﬁ%’?%lﬁﬁpﬁﬁ‘?\ﬂ‘?@-ﬁ”g day at a

density of -25 000 cell's/well e growt e transfected
cells (I sthve +10% fetal calf serun) additionally contains G418 as

:gl egtn 1:22 ?ntz Tghé@sbﬁcgébé?héeigglmsfﬁgfﬂm ﬂlh“@reﬁé@&qmlﬁ Ibfé.terhéeefd%FFfGCt ed
u u

ooy 2l tladtcunian B8 AolEr Rlater B dcATbages, The fanmisaraes- Av
(2,7 bis( caefbmaesae)kprbé;sﬁg (tlaaadan@.)s NiHEDsuitipe (the qairentaboelt iney bAPHY |

S kai | 20 ApeEpeendobeRoly NI s A Srodiy otmllidiersiany | The”

cells ar e15 heauinsaqnlmt eelegtiorgratefsgeded the precadingtiay at acigrsity o | eads to
| oadi ng of theZG@'OQ%éﬂ’sMbl[t he fluorescent dye whose fluorescence intensity

depends on pH w th NHACI whi ch nakes the cells sl |/ght | y al kal i ne.
[T e growth medium for the fransfected cells (Iscove +109%

serum) additionally contains G418 as selection antibiotic in order to ensure
the presence of the transfected sequences.]

fetal calf

20
The actual assay starts with the removal of the growth medium and
addition of 100 ul of loading buffer per well (6 xM BCECF-AM [2°,7'-
bis(carboxyethyl}-5-(and -6)-carboxyfluorescein, acetoxymethyl ester] in
20 mM NH4Cl, 115 mM choline chloride, 1 mM MgClz, 1 mM CaCls,

25 5 mM KCI, 20 mM HEPES, 5 mM glucose; pH 7.4 [adjusted with KOH]).
The cells are then incubated at 37°C for 20 minutes. This incubation leads
to loading of the cells with the fluorescent dye whose fluorescence intensity
depends on pHi, and with NH4Cl which makes the cells slightly alkaline.
[The nonfluorescent dye precursor BCECF-AM is, as ester, membrane-

30 permeable. The actual dye BCECF which is not membrane-permeable is
liberated inside cells by esterases.]

After this incubation for 20 minutes, the loading buffer which contains
NH4Cl and free BCECF-AM is removed by washing three times in a cell

35 washer (Tecan Columbus) with in each case 400 ul of washing buffer
(133.8 mM choline chloride, 4.7 mM KCI, 1.25 mM MgCls, 1.25 mM CaCly,
0.97 mM KoHPO4, 0.23 mM KH2PO4, 5 mM HEPES, 5 mM glucose; pH
7.4 [adjusted with KOH]). The residual volume remaining in the wells is
90 ul (50-125 44 possible). This washing step removes the free BCECF-AM



[ The nonfl uorescent dye precursor BCECF-AMis, as ester, nenbrane 30
permeabl e. The actual dye BCECF which is not nenbrane-perneable is

| i berated inside cells by esterases.] After this incubation for 20 m nutes,
t he | oadi ng buffer which contains NH4ACI ﬁnd free BCECF-AM is renoved by
washing three tinmes in a cell 35 washer % ecan Col unbus) with,in each case
400 NI of wasarmmgesmw@saopnseq&em efbkiramovhl off theexternal NM4KGIDUS in25 mv

MCL2, 1. 25 ?ﬁq@aragdﬁz &?3 %]3)'5 mM KH2PO4, 5 mM HEPES, 5 mM

glucose ust e esi dual vol yre remaining in the

wells is 90 p3incs hqgsuwmnws@ﬁtmr@qe UhflMHmmhMSﬁéﬁHeM%@ﬂ@%bYree
BCECF- AM 23 tﬁ@%frfb%l bﬁhe@d@c@ﬁmﬁlé?ﬂl‘l‘ﬁ %ﬁ]d)tf)y EHEsﬁt%@a\ﬁ@ht ﬂ%térﬁ@n&&ﬂser nal

NH4 i ons, intracel lular acidification (-- 4). Since the

equi l i bri @m oPassopLRldne Nbg thipugh mqwilmnmﬁanwhwaﬁmmpm%y t he

renoval of thesaks [@H§|rémaﬁln@|%M@ﬂ1b Euiist %:cﬁﬂlbiﬁé'éﬁﬂée bhffeant aneous 5
passage of the t he nenbr ane, the wa %l# gg%@rlpcess results

hr oy
in H+ renaini 'HHaF‘?JB‘h%Fea‘E’&‘BC%@W '%\H]aé/iﬁ"e?“fq{@ lﬁé‘élgéc {tRersistel | ul ar

aci di ficati onongkinoughy event uaIIy |l ead to cell death if it perS|sts | ong

h., It t h th hi buf f
oo o1 e (LR o Bl B3k e R B S PR B bk 1o
i nst ant ar‘i@ousbemmeeeﬂraceﬂulaheoqhum ibhs swmid tdad tacan instantadeduserecbveryd NHE
| sof or s 6ﬁhbl§1ﬂffgr%%ghriﬁé"ébﬁﬂﬁy cﬁfqpe%%ndnéde@JéBﬂrﬁxsused (1 oading

buf fer, washl n recover contarn any HCQO3 ions,

because the E)F%H@\‘U%e Uﬂp@'t@ﬁrfﬁbﬂhhﬂ@ biiers useddlaagingbufien washing

interfering bwlﬁeérb@mgwl&ﬁ@pﬂaﬂmorﬁblh dAraHCBLOlIohss pabaide tHeesent in the
parental LAP-1 cell Tinpe. The Ui)%l&agép pl at es ne{]h the acidified cells

are then (up FP@SQOC%PEG'P@EP%@F%WO @ctivalian ehintarresingr Ricarbgnate-t he

FLI PR | & heddpdridlent phigreguiatenesysibms préserntrin sioe paratial LiAP-exsdlitipg. by | i ght
with a wavel ength of 488 nm generated 20 by an argon |aser, and the
measured paraneters (laser power, illumnation time and aperture of the
CCD caner a i nthe pucratisd plates wathRheRRjdikied celthaseihesdup ha20trhimutesaibere

f1 tor escence [ tabgioptfansiartFtRELUIPR PG TRER. MRt ReRar s
phot ogr aph beflupjeseandilyedy expitedooplighinwitty asvaelengib of d88rie geneeatedof t war e
control . o t &y h8%irgon laser, and the measured parameters (laser power, illumination

time and aperture of the CCD camera incorporated in the FLIPR) are

chosen so that the average fluorescence signal per well is between 30 000

and 35 000 relative fluorescence units.

25  The actual measurement in the FLIPR starts with a photograph being taken
by the CCD camera every two seconds under software control. After ten
seconds, the recovery of the intracellutar pH is initiated by adding 90 ul of
recovery buffer (133.8 mM NaCl, 4.7 mM KCI, 1.25 mM MgCl», 1.25 mM
CaClz, 0.97 mM K2HPOg4, 0.23 mM KH2PO4, 10 mM HEPES, 5 mM

30 glucose; pH 7.4 [adjusted with NaOH]) by means of the 96-well pipettor
incorporated in the FLIPR,

Positive control wells (100% NHE activity) are those to which pure recovery
buffer is added, while negative controls (0% NHE activity) receive washing -
buffer. Recovery buffer with twice the concentration of test substance is

35 added to all the other wells. Measurement in the FLIPR terminates after 60
measurements (fwo minutes).

The raw data are exported into the ActivityBase program. This program
firstly calculates the NHE activities for each tested substance concentration



seconds, the recovery of the intracellular pHis initiated by adding 90 u
of recovery buffer (133.8 M Nad, 4.7 nMKCl, 1.25 nM MyCl2, 1.25 nM

Cad 2, 0.97 nM K2HPO4, 0.23 nM KH2PO4, 10 mM HEPES, 5 nM 30 gl ucose; pH 7.4
[adjusted with NaOH ) by neans of the 965yel| pipettor incorporated in the
FLIPR Positive control wells (100% NHE @ttivity) are those to which pure
recovery bufangd, fign shikked theviidevalegaionibe substances . (Swcaitie andress pf

recei ve washing. r: 2 r j i i on of

t est substanc@gﬁi rggg{éégd%gg?tﬁrgé/%trm:?@t)gghﬁé&é&%ﬁ%@ﬁﬁfg@%%ﬁﬁéﬁﬂthe FLI PR
termi nat es afwingdo deceeasing Mtk activitiatfigharadi. vaturs, itdg/imaedanlte export ed
nto the ActidibatarevalagsR et hEinsaRieMaining paRlih Yy fidh it AbRskNR NHE
activities for each tested substance concentration and, fromthese, the
| 50 val u®s fioreseenceafithe positiveiceptroisis lipeafr ess of pH recovery is not

| i near throughout the experinment, but falls at the end ow ng to decreasing

NHE activity[at higher pH_ _Values, it is]inportang .t.a,.sel.ect 1.qr
eval uati on )(; the gpncllgzﬁglﬂ?if he part in \rlrﬁi (&Jq‘hAnh'h}t'PBA&Em['?{\ﬂh
fl uorescencel of the positiye controls is|linear. Exanpf@ NHElI i nhibitjon
IC50 [nM 1 T 579 W 037106410 25 Patent clrainms PCI/TEPO3705738 1. A
fluorinated cycl oal kyl -derivati zed benzoyl guanidine of the formula | (1) 5
R4 0O N NH2 in which the nmeanings are: X oxygen, sulfur or NR6; R6

hydr ogen, al kyl having 1, 2, 3 or 4 carbon atons or (CH2)k-CF3; k 0, 1, 2
or 3; 10 mzero, 1, 2 or 3;




n zero, 1, 2 or 3; p zero, 1, 2, or 3; g1, 2 or 3; r zero, 1, 2 or 3; 15
where the total of m n, p, g and r is at |least 2; Rl hydrogen, alkyl
having 1, 2, 3 or 4 carbon atons, F, O, -OR(7), -NR(8)R(9) or -CsF2s+1;
R(7), R(8) an endently of one t her hydrogen g 1,
2 or 3 carbonqN%Q%/gggg(Pgr (CH2)t-CF3; s ?502 3 or 4; PCQ*/EPQ?JO%‘?BB 4,
R2 hydrogen F al k having 1, 2, 3 or 4 carbon atom; or CF3; RS

hydr ogen, C&ateai"klﬂm%aw ng 1, 2, 3 or 4 carbon atons, CF3 or 25 SQuR10;
u zero, 1 or 2; R10 al kyl having 1, 2, 3 or 4 carbon atonms or NR11l R12; R11

and R12 i ndepende . . I . | 3 or 4
car bon at ons; e‘go ;F?hhﬁg}rg%tggg:ﬁcr%gﬁﬁwﬁéﬂ‘gg}%ggﬂi&zgg’l@aﬁdﬂg?ﬁbﬁ%ﬁ}%g‘h‘n‘s F,

C, -OR(13), 26 5 -NR(14)R(15) or -CvF2v+l; R(13), R(14) and R(15)

i ndependent|y of one another hydrgg Al al kyl having 1, 2 or 3 carbon atons
or (CH2) WCF3; and the pharmacglkqgi IIy accept abl e salts thereof. v1,2, 3
or 4, w0,1, 2, 3, or 4; R5hydr'¢gen ofT)n 10 2. A conpound of the fornula |

as claimed in claiml1, wherei gh pani ngs are: X oxygen, sul fur or NR6;

R6 hydrogen, nethyl or CH2-CF3] ), 1 oor 2

R2 ()]
X R1
Ra Ny -NH,
R4 O 1;2
5
in which the meanings are:
X oxygen, sulfur or NR6;
R6  hydrogen, alkyl having 1, 2, 3 or 4 carbon atoms or {(CH2)k-CF3;
0,1,20r3;
10 zero, 1,2 0r 3;

zero, 1,2 or 3;
zero, 1,2, or 3;
1,2 0r3;
zero, 1, 2 or 3;
15  where the total of m, n, p, g and r is at least 2;
R1 hydrogen, alkyl having 1, 2, 3 or 4 carbon atoms, F, Cl, -OR(7),
-NR(8)R(9) or -CsFas.41;
R(7}, R(8) and R{9)
independently of one another hydrogen, alkyl having 1, 2 or 3 carbon
20 atoms or (CH2)t-CFg;
s 1,2, 30r4; '
t 0,1,2,3o0r4,
R2  hydrogen, F, Cl, alkyl having 1, 2, 3 or 4 carbon atoms or CF3;
R3 hydrogen, F, Cl, alkyl having 1, 2, 3 or 4 carbon atoms, CF3 or
25 SOyR10; -
v zero, 1 or 2;
R10 alkyl having 1, 2, 3 or 4 carbon atoms or NR11R12;
R11 and R12 independently of one another hydrogen or alkyl having 1, 2, 3
or 4 carbon atoms;
30 R4  hydrogen, alkyl having 1, 2, 3 or 4 carbon atoms, F, CI, -OR(13),

-~ 0 T S 3 K



15 n zero, 1
total of m n
-OR(7), -NR(8
anot her hydro
CF3; R3 hydro
SQ2CH3 or S2
-CF3; R(13),
met hyl, CF3 o

or 2, p zero, 1 or 2, qgq1l1or 2; r zero, 1 or 2; where the
, P, gand r is at least 2; 20 Rl hydrogen, nethyl, F, d,

JR(9) or -CF3; R(7), R(8) and R(9) independently of one
gen, nmethyl, CF3 or CH2-CF3;5g R2 hydrogen, F, O, nethyl
1, 2, 3 or 4 carbon atons, CF3,

%ﬁgf EZ\“%H)'%@E%!W%:. ng,ﬂ’F, a, -OR(13), -NR(14)R(15) or

or
25

ﬁg\ﬁg;%@m ddl/)15)ndependent |y of one another hydrogen,
. - CE3: 5 _hyd F. .3 d th | ogi cal |
accept abl e salr‘[1 efp eégly_ol? _ne%ricgﬁ%{:@%&og?n, ‘ﬁ@g@"fﬂge&p? %(raga CC@I?B(FP) I gai ny

wher ei n t hetomseam{Otweles; X oxygen, sulfur or NR6; 35 R6

claim1l or 2,
hydr ogen, t
1 or 2; 27%;3
R1 hydr ogen,

or CH2-CF3; 5
or CH2-CF3;

10 R5 hydroge

10

156

20

25

30

35

IV' or1%123%%; m zero or 1; n zero, 1 or 2; p zero or

zero o
met hylQ, 2,8, or40R(7), -NR(8)R(9) or-CF3; R(7), nmethyl,

1;
CF3

F@gS) o lg)ér":ndependently of one anot her hydrogen, nethyl
h e of. d SPCH3 oy SC2NH2; R4 hydrogen;

%/ rogen, . ; R3 CE3,
rang} the pharmacologically acceptable salts thereof.

2. A compound of the formula | as claimed in claim 1, wherein the
meanings are:

X oxygen, sulfur or NRG;

R6  hydrogen, methyl or CHz-CFg;

m zero, 1 or 2;
n zero, 1 or 2;
p zero, 1 or 2;
q 1or2;

r zero, 1 or 2;

where the total of m, n, p, g and r is at least 2;

R1 hydrogen, methyl, F, Cl, -OR(7), -NR(8)R(9) or -CF3;

R(7), R(8) and R(9)

independently of one another hydrogen, methyl, CF3 or CH2-CF3;

R2  hydrogen, F, Cl, methyl or CF3;

R3  hydrogen, F, Cl, alkyl having 1, 2, 3 or 4 carbon atoms, CF3,
S0OoCH3 or SOaNHg;

R4  hydrogen, methyl, F, CI, -OR(13), -NR(14)R(15) or -CFg;

R(13), R(14) and R(15)

independently of one another hydrogen, methyl, CF3 or CH2-CF3;

R5  hydrogen or F;

and the pharmacologically acceptable salts thereof.

3. A compound of the formula | as claimed in claim 1 or 2, wherein the
meanings are:

X oxygen, sulfur or NR6;

R6  hydrogen, methyl or CHz-CF3;

m zeroor 1;

n zero, 1 or 2;
p zero or 1,

q 1orz;

q

re the total of m n, p, qand r is at |east 2



and the pharnmacol ogically acceptable salts thereof. 4. A conpound of the
formula | as clained in one or nore clains 1, 2 and 3, selected fromthe
group: 15 )
N—[4-(3,3-d|f|uorocyclobutoxy)-5-nethane§ylfonyl-2-nethy|benzoyl]-
guani di ne,

N-[ 4( 3, 3-di f | Uor ocy@abut;yl anmi no) - 5- met hanesul f onyl - 2- net hyl benzoyl ] -
guani di ne, N-§f: | f lﬁ#ﬂ"l .am noJ - 5- met hanesu

| fonyl - 2- et h ?&%§:?gﬁggtﬁ$'ﬁ ﬁﬁ |neﬁéé§%§%§ 4ﬁ%é3,3-d

ifluorocyclobéﬂyl) REEREEIY S delnzABE N tRRIBIEZLE 165/13: benzoyl } guani di ne
and the phar nREBU iRV @Fgc@ﬁ@qg@@;sal ts thereof. 25 5. A conpound of the
formula | ndé&@fﬂgf E armaceutically acceptable salts thereof as clainmed
in one or r and § 1 to 4 for use as nedicanent. 30 6. The use of a
conpound of timdependently of aedansthehhygdrogempetiyl oaldHp-Cigrept abl e salts

t hereof as Clébnﬁdhi$ one or re of clainms 1 to 4 for producing a

medi cament  f of<t he"Y$ @HeHehfr ' prophyl axi s of acute or chronic danage,

di sorders or Rddire€g, Sgldner 8020Hpans and tissues caused by ischenmic
events or by Rgper%gﬁbﬁgnevents, for the treatnment or 35 prophyl axis of
arrhythmas, of life-tHAreatening ventricular fibrillation of the heart, of
myocar di al0 i nR&r ct hydrogen oafgi na pectoris, for the treatment or

prophy| axi s obnd SEBRAMANGEA addiptiiiaihits Merbsshem ¢ states of the

peri pheral and central nervous system or of stroke or of ischemc states of
peri pheral organs and tissues, for the treatnent or prophylaxis of states

of 28 shgck,4.or dAmmridthéCfd?rm@hli a@rﬂéih‘feﬂi?tdmwmbr@ﬁl@nMWZDL I mary

or secondary S n net astasi s, of prostate hypertrophy or

of prostate ﬂ§€§r g?'ﬁg{eﬁ%’ﬁﬁé?ﬁg%%m erosis or of inpairnents of lipid

met abol i sth oN-[AHGIB-diflbotbqycdaitaey)-S-mefwarnasalibayl-2metisdbanzaf]-

hypert ensi on,ﬂlﬁ?,%ingi sorders of the central nervous system especially of
in

di sorders res g "through CNS overexcitability, such as epil eﬁlsjy or
central Iy i ndNdéB,sebinarpsy@dplutyleminpsermaethangsulionyl-2enetiwibangeylbus syst em

especi al ly of quanidine,
N-{4-[(3,3-difluorocyclobutyl)methylamino}-5-methanesulfonyl-2-methyl-
20  benzoyllguanidine
and
N-{4-{(3,3-difluorocyclobutyl)methylamino}-5-ethanesulfonyl-2-methyl-
benzoyl}lguanidine
and the pharmaceutically acceptable salts thereof.

25
5. A compound of the formula | and/or the pharmaceutically acceptable
salts thereof as claimed in one or more of claims 1 to 4 for use as
medicament.

30 6. The use of a compound of the formula | and/or the pharmaceutically

acceptable salts thereof as claimed in one or more of claims 1 to 4 for
producing a medicament for the treatment or prophylaxis of acute or
chronic damage, disorders or indirect sequelae of organs and tissues
caused by ischemic events or by reperfusion events, for the treatment or
35 prophylaxis of arrhythmias, of life-threatening ventricular fibrillation of the
heart, of myocardial infarction, of angina pecioris, for the treatment or
prophylaxis of ischemic states of the heart, of ischemic states of the
peripheral and central nervous system or of stroke or of ischemic states of
peripheral organs and tissues, for the treatment or prophylaxis of states of



anxi ety states, depressions or psychoses, for the treatnment or prophyl axis
of non-insulin-dependent diabetes nellitus (NIDDM or |ate danage from 10
di abet es, of thronboses, or disorders resulting from endotheli al
dysfunction, of intermttent claudicatiompgfor the treatnent or prophylaxis
of fibrotic diso dera. of interﬁal1 org)?nlﬂs, fjbrotic disorders of the liver,
fibrotic di sotif&isObfISEAReSIndHRICh celliyratipratigndsperietd R RARAM Y and
fibrotic di sorsbeondafy cadse, béaancerf of mekastasie phipobiade hppepiudh?idmfof hear t
failure or of ' hear T -I . N1.G: k anmat ory

di sorders, of ﬁjﬁggﬁgb&ég?i%sl%d& %gé%ﬁgtéc@%%%?%* "?’P,Fgﬁ["gfﬁ?é&adﬁé'pb¢ cocci di osi s
in poul try andnetabolise, phhighrhjoed presspes dn ipanticuardofesgentiak kypesteastom, i ons,

for preser g ngofafsbrabfy bMBe denfAPREABLS fsgglreni%d‘ﬁ)ieﬁﬁéllygff%ﬁﬁgé%sr’es[@flgect od

el nat agi ng IO GBS DYSPUIHILY. 1158, 35 B IGRRY arKBATAN NG, cduct | on of
the cardi ot oxigorelfsienss of disordersaf ehé f@@ﬁiiréil VO s 3?%?“1*?3%%‘#9 bggﬂf?tc ;le
o o abr o ou el S EBEPAD Aok AP pRIGMAGR, o TPk, LSRRG oL
conbi nat i on wiafinookineulinddpendenitdiatetes cnelitesi(NgDBM) ertiatef damage from ng a
rredi camentof ofyihgiel! SAHRGHboSs, R YRS B<Afting A epbioffiyal! ¢, damage,
i sorders or indirect sequelae of organs and tiSsues caused by ischemc
events or by ras&ndionoafl tesmitenticlaudipatian, dor therireaiment op PyoRviaxin of
S0 nvocar o a DIV QEERIRS RGOS MhRAC gty 08 o ficlear o
pr dgKyI axis Ofdisqr @F%ﬁé)@’eé‘i'%’ﬂ%?ibfoqorﬂsq’i@ﬁ of yessels Aagibraiicisardsrs phe
g snelcle etssmoshel sophyn, Siakeiysty orchges
tates of 18nodEERRL Bould SFYTpc Bhalnafa OB ahoREs i e FER R Bl
primary or sedynpretyzosaos ejalafa endofcocddiosts imgroatinaand foraisepinomirgical
T e oA AR a Bl P RRER NI T L, o
essential hypédfranspianis forgiurgicabpigeeguess, fardoreventing agenselatasstissust em
CoPTep g nhEPapRp oS Sacpamat eI 1, Ul
nbrvous. s 98t erfoloagista Ui 15% Sre iRAey Atbiedbictioa oh e raiRiowR sleBees.
for the treat rmymtm)(icqm’l@phtdrqxbdu@ﬁgraoqiia%nsstld did. dependent di abet es
mellitus (NIDDM or | ate damage from di abetes, of
7. The use of a compound of the formula | and/or the pharmaceutically
acceptable salts thereof as claimed in one or more of claims 1 to 4 in
25  combination with other medicaments or active ingredients for producing a
medicament for the treatment or prophylaxis of acute or chronic damage,
disorders or indirect sequelae of organs and tissues caused by ischemic
events or by reperfusion events, for the treatment or prophylaxis of
arrhythmias, of life-threatening ventricular fibrillation of the heart, of
30  myocardial infarction, of angina pectoris, for the treatment or prophylaxis of
ischemic states of the heart, of ischemic states of the peripheral and central
nervous system or of stroke or of ischemic states of peripheral organs and
tissues, for the treatment or prophylaxis of states of shock, of diseases in
which cell proliferation represents a primary or secondary cause, of cancer,
35 of metastasis, of prostate hypertrophy or of prostate hyperplasia, of
atherosclerosis or of impairments of lipid metabolism, of high blood
pressure, in particular of essential hypertension, of disorders of the central
nervous system, especially of disorders resulting through CNS
overexcitability, such as epilepsy or centrally induced convulsions, of

-



t hromboses, or disorders resulting from endothelial dysfunction, of 5

intermttent claudication, for the treatnent or prophylaxis of fibrotic

di sorders of internal organs, fibrotic disorders of the liver, fibrotic

di sorders of the kidney, fibrotic di sorg rs of vessels and fibrotic

di sorders of the heart, for the treatne or prophylaxis of heart failure

. or of congest disortiesaraf thé aehtnaleracus sysieny especially of amdistytstatesdi sor der s,
of disorders : i  di 0815l N

poultry and f GEHREgIanS o beERbRETor Bl (Rtenf P BROCHYIGRERL AORHSIINS 1 1o

preservi ng andepepdengliabetan spelitis {NRBPM ardateslarpags frany digbetess opr event i ng

. age-rel at ]ged tirﬁ&iﬂllﬁoséb,a&giﬁs(?ifd@ﬁ‘? %@{ﬂﬁ@ {i@maetrr&ﬂiii@imwugbﬁ@gtcﬁd ?g?ihnst
aging or for .prolgn ife, for the treatment and re i'on o e

car di ot oxi€ efrﬁ‘éﬂ?'ﬁeﬁL&%Bd'Fﬂﬁ?’btfekm?oté‘i’%mlﬁmPBP"?)&B&@&“’ ﬁgﬁﬁmﬁpagnost ic aid.

8. The gise of ldiz;ocd&mmimten‘ialbi'@ﬁsz)lﬁtftdtii: disatieroof thedivehaibretedisoeddrsy

accept abl e sa

t fe . clial i | i Lnation.wth
cardi ot oxi c aﬁtﬁkeyggﬁégif@?ﬁ%cdﬁggﬁ%% 8?8%52“'5“?68 @ﬁ‘é&e@?gﬁ%s Pr)ﬁy'lepr oducing a
20 nedi canent heatthfor dokitreatreentdirqrophdasia of bgadtfeilire grrafwengestive BearThe use
of @ compoundydfurd N obEhnlc MG ihatohPdRBAIGBCEHILGRH cadlfhy 20! ©
salts, alone or In conbination wth ot her ned canents or ap?ive_
i ngredi enl®, REotereg.Ridnalaria aadmfcosaigiasis in peyitry @odder use i swaicehment for
25 the treat nppbrapionBpiRdryaN ttaneblaneatiochsafst (FBSEMIry &lrB@Ringdi sorders or

I ndirect sequel ae of organs.and tissues caused | sSchem c events or by

r eper f usi on eﬁ@ﬁ?@lan%{ogf’w@'?é]é)r%‘f’e‘i"‘éﬁ'r%BBF?d’eS‘Bxg i?&efrﬁg’rﬁ‘ij isw%nd/ or the
phar maceut i cachgngsGoapmeichy 2 msalicamenhtediestedbgamsbaging ardobi nati on with
ot her nedi ca ACt i i i [ i Lor 7 for
or oduci ng. a mEaanding iR, sor e At ahd rBduct SFle ArdRAE AN L 20
fibrillatl®n #iyrelexicosisaafor ppduringradiagaestic aid.conpound of the fornula |
and/ or the pharmaceutically acceptable salts thereof alone or in

conmbi nation wth oé,iﬁer medi canenta@ﬁr Q%th ive ingredients as clained in
claim6 and/of-7 fdhe @ FRMROWRG PE HieiRrmils | anwor thepharmacsitieally
prophyl axi s otct@itableastits. thdftof 48 .cldifRdus &ldiin Airteombinationfwitthe formul a |
and/ or its phar rzﬁcteui ica ‘lv)é t accegt abl e %al ts, . .al one cfr i r} corgé)i nation with
ot her nedi canBAtHOGKIC AT QEOtOXIEME]|CEMIRNTS QF aEiNG Igiedignts|far posiushig 3r 7
for produd ngnedeaimnenineith rédirced cardiotoxic and cytotoxic properties.

9. The use of a compound of the formula | and/or its pharmaceutically
acceptable salts, alone or in combination with other medicaments or active
ingredients, as claimed in claim 6 and/or 7 for producing a medicament for

25 the treatment or prophylaxis of acute and chronic damage, disorders or
indirect sequelae of organs and tissues caused by ischemic events or by
reperfusion events.

10.  The use of a compound of the formula | and/or the pharmaceutically

30 acceptable salts thereof alone or in combination with other medicaments or
active ingredients as claimed in claim 6 and/or 7 for producing a
medicament for the treatment of life-threatening ventricular fibrillation of the
heart.

35 11. The use of a compound of the formula | and/or the pharmaceutically
acceptable salts thereof alone or in combination with other medicaments or
active ingredients as claimed in claim 6 and/or 7 for producing a
medicament for the treatment of or prophylaxis of metastasis.



the treatnent or prophylaxis of fibrotic heart diseases, of heart failure
or of 5 congestive heart failure. 13. A nedicine for human, veterinary

and/ or phytoprotective use conprising an effective anmount of at |east one
conpound of the fornula I and/or the phajgmceutically acceptable salts as

clainmed in on r re of 10 clainms 1 to 4, t ther with pharmaceuytically
accept abl e ca‘ra'r%c') ersnﬁﬁﬂse g8 ai@mp&y,ndﬁ,th%?qmm?%?ﬁegﬁ%ﬂtsml}wémaceeyéiﬁynary
and/ or ghy; opramceptable salis aloampr ins¢orgbiaatieh bt dtiter ﬁ‘@fﬂidatm@’itsair a:cfh’r’ét I ;)ne
conmpound of t .1 he Y e alts
as mgl ai med i nhﬁg%ﬂg%méfgaréec%ﬁn g@ﬂé@é’@%%@ﬁ{%?ﬁ’ﬁé&“ﬁﬁ ﬁ‘%ﬁﬁ%ﬁ’ﬁiﬁa ically
accept abl e carthe dieatragat onprephylaxis offibcolimhheart diseases hofdidedt failure or of

phar macol ogi calpn@ekiivenhba9ialirgnts or nedi canments.

13. A medicine for human, veterinary and/or phytoprotective use
comprising an effective amount of at least one compound of the formula |
and/or the pharmaceutically acceptable salts as claimed in one or more of

10 claims 1 to 4, together with pharmaceutically acceptable carriers and
additives.

14. A medicine for human, veterinary and/or phytoprotective use
comprising an effective amount of at least one compound of the formula |

15  and/or the pharmaceutically acceptable salts as claimed in one or more of
claims 1 to 4, together with pharmaceutically acceptable carriers and
additives in combination with other pharmacological active ingredients or
medicaments.



