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PRODUCTI ON THEREOF, USE THEREOF AS A MEDI CAMENT OR DI AGNORJ s FRaEENT

- Jerr] -~ Ihe invention relates to
i yor oﬁiﬁ?’%ﬁiﬁ%ﬁ’ﬁ%&ﬁéﬂwﬂ&ﬂ&%ﬁ&mma{mtDﬂNE@fRSéESSV#@RWE&l ]
9 have ARATIONS | Iption, suitable as.
anti -arrhythric r'rqggl Ig%éﬁtlgg%4% “@*3‘5&‘3@%199&911\,@\!@&%6&& s for infarct
infarct treatnent as well as for the treatnent of angina

prophyl axi s .and

pectori .Sgﬁaﬁxbonpounds inhibit as well as prevent the pathophysi ol ogical
processes resulting fromischemcally induced injuries, especially
triggering ischemcally induced cardiac arrhythm a

_ Dlhydrp'tt_]iaphenanthrenecarbonylguanidines, process for their preparation, their use
. @s medicament or diagnostic aid, and medicament comprising them
In .
5 b a. | first aspect, the invention relates fo
dlhydrothlaphenanthrenecarbonylguanidines of the formula |

in which the meanings are:
R(1) and R(3)

10 independently of one another hydrogen, alkyl having 1, 2, 3 or 4 carbon afoms
alkoxy having 1, 2, 3 or 4 carbon atoms, F, Cl, Br, I, CN, NR(10)R(11),
“Op(CH)n(CF2)x-CF3 0r (SOm)p-(CHo)(CFo)y-CFa;

R(10) and R(11)
independently of one another hydrogen, alkyl having 1, 2, 3 or 4
15 carbon afoms or -(CHZ),,-(CFZ)X-CF3;
- m zero, 1 or 2;
n zero, 1,2,3,4,50r6;
xandp
- - independently of one another zero or 1;
- 20 | R(2) hydrogen, F, C, Br, I, CN, alkyl having 1, 2, 3 or 4 carbon atoms, methoxy,
cycloalkyt having 3,4,5, 6,7 or8 carbon atoms,
R(4) and R(5) , :
independently of one another hydrogen, alkyl having 1, 2, 3 or 4 carbon atoms;
R(6), R(7), R(8) and R(9) :
25 indépendently of one another hydrogen, alkyl having 1, 2, 3 or 4 carbon atoms;
: -alkoxy having 1, 2, 3 or 4 carbon atoms, F, Cl, Br, I, CN, NR(12)R(13),
- “Og{CH2){CF2)e-CF3 or {SOW)-(CHg)-(CFo),-CF;
R(12) and R(13)
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" Di hydr ot hi aphenant hr enecar bonyl guani di nes, process for their preparati on,
their use as nedicanent or diagnostic ai d and nedi canent conpri sing t hem
. 51n afirst aspect, the invention r lates to

- di hydr ot hi aphenant hr enecar bonyl guani dines of the fornula | R4 R5 R7 R2 RO
R8 in which the neanings are: R(1) and R(3) 10 independently of on th e
ano er hydrogen, alkyl having 1, 2, 3 or 4 carbon atons, al koxy having 1,
2, 3 or4 carbon atibfependerdly ofgne anotimn hygepgen raliedhavingpd (1 pyid ( CF2) x- CF3
or -(SOMp-(CH2)n- éa%é?l%l&@g R(10) and R(11) independently of one another
hydr ogen, al kyl havin 3 or 4 carbon atonms or -(CH2)n-(CF2)x-CF3; m
zero, 1 or 2w n zefayo, 10r2; 3, 4, 50r 6; x and p independently of one

anot her zero or 1; 20 R(2) hydrogen, F, d, Br, 1, CN, alkyl having 1, 2, 3
or 4 carbon B8R¥HE, net hoxy,

5 zero, 1, 2,3,4,50r6;
g,s, tand v

independently of one another zero or 1;

or
_ R(6) and R(7} or R(7) and R(8) or R(8) and R{9)
. 10 together with the phenyi ring carrying them a naphthalene system;
A -5-, -S0- or -S02-

and the pharmaceutically suitable salts thereof.

Preference is given to compounds of the formula | in which the meanings are:
15 R(1)andR(3)
ihdependently of one ancther hydrogen, methyl, ethyl, methoxy, ethoxy, F, Cl,
'CN, NR(10)R(11), -Op~(CH2)n-CF3 or -(SOm)p-(CH2)n-CF3;
R(10) and R(11)
independently of one another hydrogen, methyl, ethyl or -CH»-CF3;

20 m zero, 1 or 2;
N zero, 1, 2 or 3;
p independently of one another zero or 1;

- R(2) hydrogen, F, Cl, CN, alkyl having 1, 2, 3 or 4 carbon atoms, methoxy,
cycloalkyl having 3, 4, 5 or 6 carbon atoms,
25 R(4)and R(5)
o independently of one another hydrogen, methyl or ethyl;
R(6), R(7), R(8) and R(9)
independently of one another hydrogen, alkyl having 1, 2, 3 or 4 carbon atoms;
_ methoxy, ethoxy, F, Cl, CN, NR(12)R(13) -Oq (CH2)-CF3 or '
30 (SOw(CHp)wCF3:
| R(12) and R(13)
lndependently of one another hydrogen, methyl or ethyl;.




.cycl.oal kyl having 3, 4, 5, 6, 7 or 8 carbon atons, R(4) and R(5)
‘independently of one anot her hydrogen, alkyl having 1, 2, 34(3{111{126‘03'( bon
atons; R(6), R(7), R(8) and R(9) 25 independently of one anot
- hydrogen, al kyl having 1, 2, 3 or 4 carbon atons; al koxy having 1, 2, 3 or
4 carbon atons, F, C, Br, I, CN, NR(12)R(13), '-Oq-(CH2)r(CF2)s-CF3 or
-(SOWt-(CH2)u-(CF2)v-CF3; R(12) and R(13) 14 June 2006 2 5 independently
- of one anot her hydrogen al kyl having 1, 2, 3 or 4 carbon atonms; w zero, 1
or 2; rand u zero, %{ , 4, 5o0or 6, ¢, s, t and v independently of one
anot her zero ¥r 1; %?r" 05y : and R(7) or R(7) and R(8) or R(8) and R(9) 10
toget her wi th. 4y phenyl ring carrying thema naphthal ene system A -5-,
-SO or -S02 and the pharmaceutical Iy suitable salts thereof. Preference is
~given to corrpounds zgrof he2 boBnula | in which the neanings are: 15 R(1) and
R(3) |ndependent ¥of one anot her hydrogen, nethyl, ethyl, nethoxy, ethoxy,
F, ?6) R(11), -0Op-(CH2)n-CF3 or -(SOmp-(CH2)n-CF3; R(10) and
R(l.‘5) independentlwngép%@p@f%@m(ggg}odmt;hyl, et hyl or -CH2-CF3;

or .
R(6) and R(7) or R(7) and R{8) or R(8) and R(9)

together with the phenyl ring carrying them a naphthalene system;
A -S-, -80- or -SO9-

' 10  and the pharmaceutically suitable saits thereof.

Particular preference is given to compounds of the formula |, in which the meanings
are: ' '
R(1}
15 hydrogen, methyl, ethyl, methoxy, ethoxy, F, Cl, NR{10}R(11),
© -Op-{(CH2)-CF3 or {SOm)p~(CH2)n-CF3;
R(10) and R(11)
independently of one another hydrogen, methytl, ethyl or ~CH»-CF3;
m zero, 1 or 2;
. 20 . n,p independently of one another zero or 1;
R(2) hydrogen, F, Cl, methyl, cycloalkyl having 3, 4, 5 or 6 carbon atoms,
R(3), R(4) and R(5)
| hydrogen;
R(6}, R(7), R(8) and R(9)
| 25 independently of one another hydrogen, methyl; methoxy, ethoxy, F, Cl,
NR(12).R(13), -Og-(CH2)-CF 3 or -(SOw)t-(CH2)-CF3;
R(12) and R(13)
independently of one another hydrogen, methyl or ethyl;
w - zero, 1or2; | | o
30 - g, rtandu
' | | . independently of one another'zero or1,;
or




20 mzero, | or 2; n zero, 1, 2 or 3; p independently of one another zero

or 1; R(2) hydrogen, F, d, CN, alkyl having 1, 2, 3 or 4%r@b@%0nﬁ,
met hoxy, cycloal kyl having 3, 4, 5 or 6 carbon atons, 25 ?2{ and R(5)

i ndependent|ly of one anot her hydrogen, nethyl or ethyl; R(6), R(7), R(8)
and R(9) independently of one another Rydrogen, alkyl having 1, 2, 3 or 4
carbon atons; nethoxy, ethoxy, F, d, CN, NR(12)R(13), -Og-(CH2)rCF3 or 30
-(SOW t-(CH2)u-CF3; R(12) and R(13) independently of one another hydrogen,

met hyl Ry6) ahli(7) &f IO, or 2; rand u zero, 1, 2 or 3; (
and t iFﬁd()apende(rQIy%@%ﬁ%ﬁo@hﬂsﬁ%ggol?@ 1; or R(6) and R(7) or.R(7) and
R(8) or R(8) tegrihey ith theypiére ringtdartykey B ¥ naphfshl6Res EydtBa;t hem a '
napht h?\l ene §§_st_§§ AS(-)S-, -SO or -S02 10 and the pharmaceutically

sui tabl e sal {2t Rer 8&6>“Rarti cul ar preference is given to conpounds of the

f or mul Q"HQE‘%@Q%ﬁ&%?"@%%%ﬂ??ﬁém&1) 15 hydrogen,_-rret hyl , ethyl,

met hoxy,

Very patticular preference is given to compounds of the formula 1 in which the
meanings are:

R(1)
hydrogen, methyi, methoxy, ethoxy, Cl, NR(10)R(11), -O-CH»-CF3 or
' 10 ~(SOm)p-(CH2)n-CF3;
R{10) and R(11)
‘independently of one another hydrogen, methyl, ethyt or -CH9-CF3;
m zero, 1 or 2;
p - zeroor1,
15  R(2) hydrogen, F, Cl or methyi;
- R(3), R(4) and R(5)

hydrogen;

R(6), R(7), R(8) and R(9)
independently of one another hydrogen, methyl; methoxy, ethoxy, F; Cl, -O-

20 CHo-CFg or «(SOw)-(CHo),,-CF3;

w zero, 1 or 2;
tandu

independently of one another zero or 1;
or
25 R(6)and R(7) or R(7) and R(8) or R(8) and R(9)
together with the phenyl ring carrying them a naphthalene system;
A '802.-

and the pharmaceutically suitable salts thereof,

30 * In a second aspect, there is provided the use of a compound of formula | for

producing a medicament for the treatment or prophylaxis of disorders caused
" by ischemic states. -




op-(CH2)n-CF3 or -(SOmp-(CH2)Nn-CF3; R(10) and R(11) independently of one
anot her hydrogen, nethyl, ethyl or -CH2-CF3; mzero, | or 125450 P

i ndependent|ly of one another zero or 1; R(2) hydrogen, F &J met hyl ,

cycl oal kyl having 3, 4, 5 or 6 carbon atons, R(3), R(4) and R(5) hydrogen;
R(6), R(7), R(8) and R(9) 25 independently of one another hydrogen, nethyl;
net hoxy, ethoxy, F, d, NR(12)R(13)21 -Og-(CH2) r-CF3 or -(SOwWt-(CH2)u-CF3;
R(12) and R(13) independently of one 8not her hydrogen, nmethyl or ethyl; w
zero, 1 or 2; 30, r, t and u independently of one another zero or 1; or
14 June 2006 4 R(6) and R(7) or R(7) and R(8) or R(8) and R(9) together

wi th t He pHiinglaspacy thwreyisnpravided dheapde lodl 2 wensgycuredof f8rmSla | {60 or
-S02 and_the pharmaceutically syjtable salts thereof:- 5 Very particul ar
pref er é’ﬁeQU‘r"Qgg@véﬂe Igamsiio dls#‘%f reptmest Rfl #rephvlaniss @ mMyocardiahi ngs

are: R Wm : t hoxy, ethoxy, O, NR(10)R(11), -O CH2-CF3 or
10 (soﬁnﬁ*ﬁf?@[zﬁﬁ&%ﬁg; fniag!™® |
In a fourth aspect, there is provided the use of a compound of formula | for

producing a medicament for the treatment or prophylaxis of angina pectoris.

In a fifth aspect, there is provided the use of a compound of formula | for
producing a medicament for the treatment or prophylaxis of ischemic states of the
heart.

In a sixth aspect, there is provided the use of a compound of formula | for
producing a medicament for the treatment or prophylaxis of ischemic states of the

peripheral and central nervous system and of stroke.

In a seventh aspect, there is provided the use of a compound of formula | for
producing a medicament for the treatment or prophylaxis of ischemic states of

peripheral organs and limbs.

In an eighth aspect, there is provided the use of a compound of formula | for

producing a medicament for the treatment of states of shock.

In a ninth aspect, there is provided the use of a compound of formula | for
producing a medicament for use during surgical operations and organ

transplantations.

In a tenth aspect, there is provided the use of a compound of formula | for
producing a medicament for the preservation and storage of transplants for

-surgical procedures.




R(10) and R(11) independently of one another hydrogen, nethyl, ethyl or
-CH2-CF3; mzero, 1 or 2; p zero or 1; 15 R(2) hydrogen, '1_'4J191e23ﬁ)6m9t hyl ;
R(3), R(4) and R(5) hydrogen; R(6), R(7), R(8) and R(9) independently of
one anot her hydrogen, nethyl; nethoxy, ethoxy, F, d, -0- 20 CH2-CF3 or
-(SOM) t-(CH2)u-CF3; w zero, 1 or 2; t and u independently of one another
zero or 1; or 25 R(6) and R(7) or R(7) and R(8) or R(8) and. R(9) together
wi th the phenyl ring carrying them a naphthal ene system A -S02 and the
pharmaceutically suitable salts therggf. 30 In a second aspect, there is
provi ded the use of a compound of formula | for producing a nedi canent for
the treatnent or prophylaxis of disorders caused by ischemc states. 14

June 23196 4% In a third aspect, there is provided the use of a conpound of
f or mul &N 1@ geventy aghestinthere Feprovided dherure ofia compaunst obffopnulshyifaki s of

o ovi aBP GGl g B BE isofyfs B Whioa S Hontetfien: 1o

t he tr eeprssehtsd pARPPYF 88EondHry 2Bg58a pectoris.

In a twelfth aspect, there is provided the use of a compound of formula | for
- producing a medicament for the treatment or prophylaxis of disorders of lipid

metabolism.

In a thirteenth aspect, there is provided a medicament comprising an effective

amount of a compound of formula |.

The compounds of the formula | may with appropriate substitution exist in
stereoisomeric forms. If the compounds of the formula | contain one or more

centers of




In a fifth aspect, there is provided the use of a conmpound of formula |I for
- produci ng a nmedi canent for the treatnment or prophyl axis oflg SJhog States
of the heart. In a sixth aspect, there is provided the use a conpound
of formula | for producing a nedicanent for the treatnent or prophyl axi s
~ of ischemc states of the peripheral %pd central nervous system and of
‘stroke. In a seventh aspect, there is provided the use of a conpound of
_ formula | for produ0|ng a nmedi canent for the treatment or prophylaxis of

. ischemc states ﬁg@eper heral organs and linbs. In an eighth aspect, there

is proRREemeHy. @Yﬁrﬁ%@ﬁﬂfrﬂpmbpﬁﬁﬂﬁ anothgr, th&r%é%fgigaﬁo'hﬁﬂﬂ@arrent
for t hﬁ?@oﬁﬂéﬁ%‘%noﬁéﬁbsélgﬁe &t eﬂ’!ﬁl‘ﬁ‘nﬁersl B. p‘f Hﬁ&n@ﬁp&c duastrept%rﬁellss aHHOV' ded

t he use of a”conpoun oduc for us
during mmtuylesadf twp@ranmrermemmkomejmformsaego Ieaanhﬂmenrssand/ur dzaswnédimesspect

th i. t d of f | | f d
i canBrAtyTEHoE bt L ey Shifoling AR e SRl ore far prare SIS g cal
progedqheént.&ﬁnmn%geﬁe bl Bowhseie%%ia) 2R8 G dehdierstat ehﬁ%&@éﬂ the

use of a co ound ormul a I‘O UCI g a ne IC&ITEI’I'[
t r eat megtnd pftheifeam @& mixturesbi tba twelelnaptlomefre imavarious natips es #rthe farrpof mary or

d Lfth t,. th dth f
compountatarares inilidfal $BrdqtoRSR Ay b REtiared e B iArbahatnt 8o,
pr ophy| mkdsredy cbriendenal méthlouelo@l foﬁekanb@he Wstéféo%eﬁabtﬂ’lé Qﬂﬂhés@SWECt
there is grow ded a nedi canment CO&BI’I si ng effective anbunt of

conpouri@obile hyiregen atomsiase eeReating %@SQMGHYWWIE&SQ eﬁ@@mlmﬁesaqibroprl ate
- SHBt T tbidedobhsidl ihe bERBBLAGLB ihe bRy, | T the compounds of the

fornul
The designated alkyl radicals may be straight-chain or branched. The invention further
relates to a process for preparing the compound I, which comprises reacting a

| compound of the formula Il
15

in which R(1) to R(9) and A have the stated meaning, and L is a leaving group
amenable to easy nucleophilic substitution, with guanidine.
- 20
The activated acid derivatives of the formula Il in which L is an alkoxy, preferably a
methoxy, group, a-phenoxy group, phenylthio, methyithio, 2-pyridyithio group, a
nitrogen heterocycle, preferably 1-imidazolyl, are advantageously obtained in a
manner known per se from the underlying carbonyi chlorides (formula ll, L = ClI), which
25 inturn can be prepared in a manner known per se from the underlying carboxylic acids
(formula II, L = OH), for example with thionyl chloride.
- Besides the carbonyl chlorides of the formula Il (L = Cl), it is also possible to prepare
-other activated acid derivatives of the formula Il in a manner known per se directly from




centers of 14 June 2006 5 asymmetry, these may have, independently of one
~another, the S configuration or the R configuration. Al ReSsidIP6
‘Stereoi soners, e.g. enantioners or diastereoners, and m xtures of two or
nore stereoisoneric fornms, e.g. enantioners and/or diastereoners, 1in any
rati os, belong to the invention. Thus,xenantioners for exanple belong to
“the 5 invention in enantiopure form both as |evorotatory and as

' dextrOrotatory antipodes, and in the formof mxtures of the two
enantl? vari ous ra%i he form of racenates | ndi vi dual

,stereoﬁ%%HBﬁj%”lﬂ%gl BBZ%iF &5 ‘g‘;csf"ﬁalt"’l%é orapian, s 7 L), SHak esihemethylasiersr e by
conven LH?forHﬁH"FP%h% GHa ByAfRAortiih! FIORE HRAA KieiUAONER] - ||
sent

nobi | e rogen atons are pr e pres I nvention also enconpasses

al | 10|rhmtz@n@és §fth@ff6ﬁmﬂélltl455€tréﬁﬂi@mﬂﬂ1 @érbbhﬂdﬁﬂfdﬁibl% IL- = Thmidigongnat ed
al kyl radicals may be stralcg -chain or branched. The invention further

reI at eStaap, &w@wmdnt 53 pﬁnglnb 35ie-363(1862)), the mired mnbydpidés B vitheact i ng

R ok R REatla fio Sy T didaindfn §teSehee S Getbnile M it sikinasl ¢ o
Gor ) var Rl EPaivafions BPberatiq Aftds Wit uBhiiBh SMarb intoe (B Gt 25
met hox - [(gyemqietfmxpﬂmbouyl)rgetbwtanqjhmmd]t‘lh’l 8,3- tmwdn)éthi?lummampyr i dyI t hi o

bt a1 nisdratio Sl T OTHEH pésediss pbia Hist Buterad RPids Sumposomh.or | des
(formupap hdies kogo qédltor@@ Sira®ardd Dt Khﬂréiﬁ{?s%n@i.%l?%rnqugﬂ A FRABSF ofknOWN
per se fromthe under | yi ng carboxyl'i ¢ aci
10  suitable methods for preparing activated carboxylic acid derivatives of the formula Il
are indicated in J. March, Advanced Organic Chemistry, 3rd Edition (John Wiley &
Sons, 1985), page 350, indicating the source literature.
Reaction of an activated carboxylic acid derivative of the formula Il with guanidine
takes place in a manner known per se in a protic or aprotic polar but inert organic
15 solvent. Those which have proved suitable in the reaction of the methyl benzoates
(I1, L = OMe) with guanidinomethanol, isopropanol or THF from 20°C to the boiling
point of these solvents. Most of the reactions of compounds Il with salt-free guanidine
have advantageously been carried out in aprotic inert solvents such as THF,
dimethoxyethane, dioxane. However, water can also be used as solvent in the reaction
20  of Il with guanidine if a base such as, for example, NaOH is employed.
When L is Cl, it is advantageous to add an acid scavenger, e.g. in the form of excess

guanidine to bind the hydrohalic acid.

Assembly of the dihydrothiaphenanthrenecarboxylic acid framework advantageously
25  starts from appropriately substituted benzylsulfanyls, phenylmethanesulfinyls or
| phenyimethanesulfonyls. These are subjected to an inframolecular aryl-aryl coupling
as known in principle (see Chem. Rev. 95 (7), 2457 (1985) or “Metal-catalyzed Cross-
coupling Reactions®, Diederich, Francois; Stang, Peter J.; Editors Germany (1998)
Publisher: (Wiley-VCH, Weinheim, Germany), 517) or Tetrahedron (1998), 54(3/4),
30 263). Coupling of a boronic acid with a suitable aryl halide such as an aryl chloride,
aryl bromide, aryl iodide or with a suitable aryl ester such as an aryl mesytate or aryl

 triflucromethanesulfonate is preferred. In these cases, the boronic acid function may




(formula It, L = OH), for exanple with thionyl chloride. Besides the
carbonyl chlorides of the formula Il (L =0C), it is also P)@gﬂcbio%to
‘prepare other activated acid derivatives of the formula If I n a nanner
known per se directly from 14 June 2006 6 the underlying benzoic acid

derivatives (formula I'l, L = OH), such7as the nethyl esters of the formula
11 with L = OCH3 by treatnent with gaseous HCl in nethanol, the
i mdazolides of the formula Il by treatnment with carbonyl diimdazole [L =

1-imdazolyl, Staab, Angew. Chem Int. Ed. Engl. 1, 351 -367 (11_962)], t he
mi xed aAAY@PPERNMqdUgedboth on-taebeprd aid ertp benmais add reactent Ibsedsnce of
b By et u bk e oo\l on B ARIHKBY 'R TRuBheBRATUE 2! 0

“with di carbodiim
O [ (cya(ta9n)has(Re prasdnydg 4k tFaoyinaizeladestoibed stick abtatinganatehal innoRichR(1)

- tetraflyo ora ' U’ Proceedi ngs of the 21st European Peptide
Synposi ?HTF{?&@IS{K@%’QI%@Y% 't%tﬁtﬁdsmeag@gr and Xgand i arg A hglegerer gi den,

aci & et Do R TRE RS SR T RIS LB R TR R SR bR ©

O gani ¢ pkdrersbht indits AIfbIBRIRd(@Ppf~. Oftie \acBdn & ca?AB8 out %éh@dgﬂgfpr%ﬁ

indicating the source literaturée. Reaction of an activate oxy?i c acid

deri vat solgent, ptaferably DMFRol DMA tdt oleaipaithitee bbtkesh Ol 8Ad ithe BolliRg PRintknown
inert organic 15 solvent. Those

per sei€a rotic or aprotic polar but 0 . _
whi ch h @ep%é‘(ﬁ‘é@ Rigfarablyatitampgeatutes atwaen #0f Ganee12R/C.benzoates (11, L =
Owve) w th guani di nonet hanol, isopropanol or THE from 20C to the boiling

poi nt of these solvents. Mdst of the reactions of conpounds Il with

salt-free guani dine have afffantageously been carried out in aprotic inert
sol vents such as THF, I oxpet hane, di oxane. However, water can al so be
used -as solvent in the 2 dn 20 of Il with guanidine if a base such as,
for exanple, NaCOH is_enpl oyedi Wen L is O, it is aﬁxantageous to add an
aci.d scavenger, e.g.R#m[thelforof excess guyanidine\;B%bind the

hydrohal i c acid. AR%enbldy ofy t he di hydrot hi apH&hant A goxyl ic acid

framework advanfageowskKy 25 starts from appgopriaiel y /
benzyl sul f anyl s, ¢ \u,- spanesul fTnyl's or G

0
RT R2 Rt R2R9 RS
10 ] ]
The derivatives of the general formula Il are preferably prepared from 3-mercapto-
, f_:‘:} benzoic acid derivatives or from 3-sulfinobenzoic acid derivatives of the formula 1V with
_ activated benzyl derivatives of the formula V:
15
R7
R3 A-H R6 R8 .
L
x + R4R5 N i
o)
R1 RO z Y
v \'/

| “In this case, Z is a leaving group amenable fo easy nucleophilic substitution, such as,
for example, chlorine, bromine, iodine, mesylate, tosylate or trifluoromethanesulfonate.
“The derivatives IV and V are reacted in a suitable solvent such as DMF, THF or




phenyl met hanesul fonyl s. These are subjected to an intranol ecul ar aryl -aryl
coupling as known in principle (see Chem Rev. 95 (7), 241:}21&196 or

~ "Metal -catal yzed Cross- coupling Reactions", Diederich, Francols: Stang,
Peter J.; Editors Germany (1998) Publisher: (WIey-VCH Wi nheim
Germany), 517) or Tetrahedron (1998), 54(3/4), 30 263). Coupling of a
boronic acid with a suitable aryl hali'de such as an aryl chloride, aryl
brom de, aryl iodide or with a suitable aryl ester such as an aryl nesylate"

or aryl trifluoronmethanesul fonate is preferred. In these cases, the
bor oni @cainirifeu einganbass such asitrethyanmite haldPBAcat a fempeaters edwheon t he

o use Bl & B UEEPaTRY Brbs Ao b STHRAC Proseisom e 1 el Chehedy 867y
38(22) andatc3844. Formula 11l describes such a starting material in which

R(1) to R(9) and A and L have the stated meaning, and X and Y are each a
~hal ogen or an -0 SQ2CH3 or an -O SQ2CF3. The preferred catalytic netal is

| & adi Jid cul N i f The, reaction
P4 oBafR) ) Ko Uod  S oFAAORI ryTBoo
t emper Suitablebll;ﬁdvadditiﬁg Osgnd agéleezill(gmbf gzg%agﬂhaéi??lg\gié?ﬂy%c i élrtflléfalgildszgj‘r% ag8 ylgt
' t [ ., - T .
' tlgrrgelr %x#nhgfédﬁp\vg\gf g%'@ﬁ’%@"@ﬁﬁ@?%ﬁ' lagiatag, suifatesqpitratisetasiralisy prepar ed
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f or mul &h&-compounds | are substituted acylguanidines.

110
Compared with known compounds, the compounds of the invention are distinguished
by exceptionally high activity in inhibition of Na*/H* exchange.
Just like the known compounds, they have no undesired and disadvantageous salurific
properties but have very good antiarrhythmic properties as are important, for example

- 15 for the treatment of disorders occurring in association with manifestations of oxygen
deficiendy. As a consequence of their pharmacological properties, the compounds are
butstandingly suitable as antiarrhythmic medicaments with a cardioprotective
component for prophylaxis of infarction and treatment of infarction, and for the
treatment of angina pectoris, and they also inhibit or greatly reduce in a preventive
20  manner the pathophysiological processes associated with the development of

ischemia-induced damage, especially in the initiation of ischemia-induced cardiac
arrhythmias. Because of their protective effects against pathological hypoxic and
‘ischemic situations, the compounds of the invention, of the formula |, can be used, as

- aconsequence of inhibition of the cellular Na*/H* exchange mechanism, as
25 medicaments for the treatment of all acute or chronic damage induced by ischemia or
~ disorders induced primarily or secondarily thereby. This relates to their use as

medicaments for surgical operations, e.g. in organ transplants, where the compounds
can be used both to protect the organs in the donor before and during removal, to
protect removed organs for example during treatment with or storage thereof in

30 physiological bath fluids, and on transferring to the recipient organism. The compounds
are likewise valuable medicaments with a protective effect when angioplastic surgical

~ operations are performed for example on the heart and on peripheral vessels. In




RBRR7T AAHR6, RBR5 -r R4--- Y'RORRL R IVVInthis case, Zis a |leaving
group anenable to easy nucleophilic substitution, such as, ;4% R8P e,
‘chlorine, bromne, iodine, nesylate, tosylate or trifluoronethanesul fonate.
The derivatives IV and V are reacted in a suitable solvent such as DVF, THE
or 14 June 2006 acetonitrile, using a qise such as triethylam ne or D PEA
-at a tenperature between -20C and the Hoiling point of the solvent,
preferably at a tenperature of between 0C and 40C. Aroylguanidines | are
general ly weak bases and are able to bind acid to formsalts. Suitable

aci d adaceardaneainith theie pseieciveotifadtiagainet ischemigiinduded davage dbke aci ds,
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Conpared wi th known conpounds, the conpounds of the invention are
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- propert example, of allergiz chadibgerfiorhyposolingic akll bateridighbeieat ment of di sorders
occurring in association with manifestations of oxygen deficiency. As a
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cardi oprot ecti ve

_ - proliferation and the proliferation of smooth vascular muscle cells. The compounds of
- ‘ 10  the formula | are therefore suitable as valuable therapeutic agents for disorders in.
which cell proliferation represents a primary or secondary cause, and can therefore be
used as ‘antiatherosclerotics, agents to prevent late complications of diabetes, cancers,
fibrotic disorders such as pulmonary fibrosis, hepatic fibrosis or renal fibrosis, organ
hypertrophies and hyperplasias, especially for prostate hyperplasia and prostate

15  hypertrophy.

The compounds of the invention are effective inhibitors of the cellular sodium-proton

antiporter (Na*/H* exchanger) which in numerous disorders (essential hypertension,
~ atherosclerosis, diabetes etc.) is also increased in cells which are readily amenable to
. 20 measurements, such as, for example, in erythrocytes, platelets or ieukocytes, The
| compounds of the invention are therefore suitable as excellent and simple scientific
~ tools, for example in their use as diagnostic aids for the determination and
differentiation of particular forms of hypertension, but also of atherosclerosis, of
diabetes, proliferative disorders etc. In addition, the compounds of the formula | are
25  suitable for preventive therapy to prevent the development of high blood pressure, for
example of essential hypertension.
It has additionally been found that compounds of the formula | show a beneficial effect
on serum lipoproteins. it is generally 'acknowtedged that blood lipid levels which are too
_ high, so called hyperlipoproteinemias, represent a considerable risk factor for the |
30  development of arteriosclerotic vascular lesions, especially coronary heart disease.
| - The lowering of elevated serum lipoproteins therefore has exceptional importance for

'the_ prophylaxis and regression of atherosclerotic lesions. Besides a reduction in total




conponent for prophylaxis of infarction and treatnent of infarction, and
for the treatnent of angina pectoris, and they al so |nh|blhjﬁﬁeg%%atly

" reduce in a preventive 20 nmanner the pat hophysi ol ogi cal processes
associated with the devel opnent of ischem a-induced danage, especially in
the initiation of ischem a-induced cardiac arrhythmas. Because of their

- protective effects agai nst pat hol ogi cdP hypoxi ¢ and ischem c situations,

t he conpounds of the invention, of the fornula I, can be used, as a
consequence of inhibition of the cellular Na+/ H+ exchange nmechanism as 25
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vessels. In 14 June 2006 9 accordance with their protective effect against
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ew E ui t abl { i_' reatrrent of%@ es of shock such as, for
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for exahanged, ﬁmwme gendtically otlatest hypevipidentiash hpy chnfteemforerbendseshoot h
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st abith 8 RO S0 T dBEaPn o Aari s htc PePudire et thE Biniiatgacr
prol i f arcaukarvidkeRER? ETHhEseAinBIUIdEB ot olly mﬁgﬂﬂwperﬁﬁuémmaﬁm 4130 cbAgihef ore be
used as antiatherosclerotics, agents to prevent l'ate conplications of
di Hbet. seconsigy Byrerlipidemias as occur for example, in association with diabetes. In
addition, the compounds of the formula | lead to a marked reduction in the infarctions
_induced by metabolic abnormalities and, in particular, a significant reduction in the
induced infarct size and its severity. Compounds of the formula | further lead to
effective protection against endothelial damage induced by metabolic abnormailities.
20  This protection of vessels against the syndrome of endothelial dysfunction makes
compounds of the formula | valuable medicaments for the prevention and treatmerit of
coronary vasospasms, of atherogenesis and of atherosclerosis, of left-ventricular
hypertrophy and of dilated cardiomyopathy, and thrombotic disorders.
_ Said compounds are therefore advantageously used for producing a medicament for
25 the treatment of hypercholesterolemia; for producing a medicament for the prevention
of atherogenesis; for producing a medicament for the prevention and treatment of
atherosclerosis, for producing a medicament for the prevention and treatment of
- disorders induced by elevated cholesterol levels, for producing a medicament for the
prevention and treatment of disorders induced by endothelial dysfunction, for
30 producing a medicament for the prevention and treatment of atherosclerosis-induced
hypertension, for producing a medicament for the prevention and treatment of

atherosclerosis-induced thromboses, for producing a medicament for the prevention




fibrotic disorders such as pulnonary fibrosis, hepatic fibrosis or renal
fibrosis, organ hypertrophies and hyperplasias, especiallysfigL. Rjogstate
“hyperplasia and prostate 15 hypertrophy. The conmpounds of the i1 nvention are
effective inhibitors of the cellular sodiumproton antiporter (Na+/ Ht+
exchanger) which in nunmerous disorders gessential hypert ensi on,

- atherosclerosis, diabetes etc.) is alsa I ncreased in cells which are

- readily anenable to 20 neasurenents, such as, for exanple, in erythrocytes,

pl atelets or |eukocytes. The conpounds of the invention are therefore
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i mportance for the prophyl axis and regression of atherosclefrotic |esions.
Besi desangiptansgin ¢anveriing enzayme {ACE) intibibss andsangioteosivireseripoantagonists,

P77 BomhulREr R B PBAGR of 8, BRBPR ok Bla MapPIRiRE s enst Ty
| i popr oingrétert,- Prefeabily Witk aneiMG-CoAdeaaCtaselinmBRO0leey.Nevdsvatil s because
these lipid fractions represent an_at h_erogenl cris actor. By contrast, a

pr ot ect PhA¥api@lin).item [afteainayinasa bypelipidgm t anddheinceeasing theed to t he
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reduce n ol'estero , In particu DL
ser um ctarhbination withrenhianoed .effect bad redueedestive dngredidmtusagarpounds of  t he

f la_l | uabl e therapeutically utiljzable properties in relation

t 8”%;‘5@ ég%\i\ﬁi\s/t?at?oe}n of so |Em%)royon excha¥uge inhibﬁors of tﬁe? rmutla Fas novel |
medicaments for reducing elevated blood lipid levels, and the combination of
~sodium/proton exchange inhibitors with hypotensive medicaments and/or medicaments
having hypolipidemic activity are claimed.

20  Also claimed are the administration of sodium/proton exchange inhibitors of the
formula |, and the combination of sodium/proton exchange inhibitors with hypotensive
medicaments, especially with ACE inhibitors {for example ramipril) and with
'angiotensin receptor antagonists (for example losartan) as novel medicaments for the
treatment of CHF.

25
Medicaments comprising a compound | can moreover be administered orally,
parenterally, intravenously, rectally or by inhalation, with the preferred administration
being'dependent on the particular appearance of the disorder. The compounds | can
moreover be used alone or together with pharmaceutical excipients, both in veterinary

30  medicine and in human medicine. | |




on the serumlipid levels. Thus, they significantly reduce the el evated

serum LDL and 10 VLDL concentration which are to be observqg ol @%@nple
“due to increased dietary intake of a cholesterol- and lipid-ric et or
~in association with pathol ogical nmetabolic changes, for exanple,

.. genetically related hyperlipidem as. 'll'?ey can therefore be used for the
c

- prophyl axis and regression of atherosclerotic |esions through the
elimnation of a causal risk factor. These include not only primary
: hyperlkPidenias but al so certain 15 secondary hyperlipi demi as as occur, for
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of #nd Féh@r@%lve@yﬁ(f)ﬂiﬂﬁi&é&rbrm. conmpounds of the formula | val uable

medi cafrents for the prevention and treatment of coronary vasospasns, of
at herogenesi s and of atherosclerosis, of left-ventricular hypertrophy and

f dilated i t d t hronboti dis .. Said.
Cher ef EPEA{OTRIATHOHST e SEHVS EOMBPHAE ARy RErb It M At SOBBIG T
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prevention of atherogenesis; for producing a nedicanent for "the prevention
and- t r sapyamenalfmethods inde suableidosage fopnduch ag tabletsdcoated tablets; twre

PP obleRB A ylese A, Blaonie B S SollfoNE Ioialorer 8 MerrarreiaAh or
di sor deas bendedefte une arsit)@hbghedily, Shageédiom cdrbone, poRESaShaspHRgs canent

for the prevention and treatnent of atherosclerosis-induced ﬁlpertensi on,
for pr en §lusoss o siareh: esracially copn staseh.i Rieparationreas meraover take place

e opshese A A SRt ol sl b LI A ERCERFE R |02,
and envegdtableasr ahislioits swch as smeflovest oil srdfisiniiver dimage and posti schem ¢
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into a solution, suspension or emulsion, if desired with the substances customary for
this purpose, such as solubilizers, emulsifiers or other excipients. Examples of suitable
solvents are: water, physiological saline or alcohol, e.g. ethanol, propanol, glycerol,
either as sugar solutions such as glucos or mannitol solutions, or else a mixture of the
20  various solvents mentioned.
-Suitable as pharmaceutical formulation for administration in the form of aerosols or
sprays are, for example, solutions, suspensions or emulsions of the active ingredient of
the formula | in a pharmaceutically acceptable solvent such as, in particular, ethanol or
water, or a mixture of such solvents. The formulation may if required also comprise
25 other pharmaceutical excipients such as Surfactants, emulsifiers and stabilizers, and a
propellant gas. Such a preparation normally dontains the active ingredient in a
concentration of about 0.1 to 10, in particular of about 0.3 to 3 % by weight.
The dosage of the active ingredient of the formula | to be administered and the
ﬁmmmmyda&ﬁMﬂmmmdmwmhmﬂwpMmmydewmbnMadbnﬁﬂm
30 compounds used; also on the nature and severity of the disorder to be treated, and on.

- the sex, age, weight and individual response of the mammal to be {reated.




 treatnment of hyper chol esterol em a - i nduced and endot hel i aI

dysfunction - induced cardiac hypertrophies. cardionyopaties and congestive

heart 5 failure (CHF), for producing a nedicament for the gy gﬁ@ dggn and
unction -

i nduced coronary vasospasns and myocardi al infarctions, for prodUC|ng a

~medi canent for the treatnent of said i sorders in conbinations with

- hypot ensi ve substances, preferably wi f angi ot ensi n converting enzyne

(ACE) inhibitors and angi otensin receptor antagonists, 10 a conbi nation of

an NHE i nhibitor of the formula | with a hypolipidenmc active ingredient,
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of sodj uni proton exchange inhibitors of the forrmula I, and the conbination

of sodinteRsiyeEaie Wik w&rta@qodﬁgm 62y and ko of brvapighianaybe inespesary;
especially with ACE inhibitors (for exanple ramipril) and with angiotensin
receptor antagonists (for exanple |losartan) as novel nedicanments for the
t r eat nkist obabliddkiatidbs:Medi canent s conpri sing a conpound | can noreover be
' d inistered orally, parenterally, intravenously, rectally or by
: lation, with the preferred adm nistration being dependent on the
partlcular @nggrancetggthﬁ, R@BRAfMe The conpounds | can noreover be
used al one or together w harmaceuti cal excipients, both in veterinary
30 medi ci neDMA in hudﬂﬁldm@ﬁbWﬁéekﬂwdeune 2006 12 Excipients suitable for
the desired Rﬂ?rn&ceUtiﬁ%hne91”Ve@1 gn are famliar to the skilled

DMF N,N-dimethylformamide
15 EA ethyl acetate (EtOAC)
' eq. equivalent
MeOH methanol

Pd(dppf)o [1,1’-bis(diphenylphosphino)ferrocene]palladium(ll) chloride/-

methylene chloride complex (1:1)

20 "RT room temperature
m.p. melting point

THF tetrahydrofuran
- 25 Experimental part
General method for the synthesis of dihydrothiaphenanthrenecarbonylguanidines
Stage 1)  Methyl 4-bromo-5-chlorosulfonyl-2-methylbenzoate
30 12 g of 4-bromo-5-chlorosuifonyl-2-methylbenzoic acid (J.Med.Chem. 1997, 40, 2017)

and 20 ml of thionyi chloride were boiled under reflux with exclusion of moisture for

"8 hours. The excess thionyl chloride was removed in vacuo in a rotary evaporator, and




- worker on the basis of his expert know edge. Besi des solvents, gel forners,

suppository bases, tablet excipients and other active ingrqghﬁﬁgzdb@rriers,

it is possible to use, for exanple, antioxidants, dispersants,

emul sifiers, antifoans, masking flavors, preservatives, solubilizers or
colors. For a formfor oral use, the qctive conpounds are mxed with the

~additives suitable for this purpose, duch as carriers, stabilizers or

‘inert diluents, and converted by convenional mnmethods into suitable dosage

forms such as tablets, coated tablets, two 10 pi ece capsul es, aqueous,
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act osdr e BB TGRS visSBRRGIN 2B FOOCAMR G Bl S A B o
nor eovey.7 nfile? M@K Estirkst 8t B6°Clfar 28M.0A AFtHERY . DR b8 MEOHEEGEBRhES aBllegui t abl e
- oily carriers or solvents are vegetable or animal oils such as sunfl ower

oi | ~ or Teliawed by stirrigg|at S05CHer 4 dudbetraacinmsmidturiervas diuted withu290 ml of EA on,
t hegactj I ' |-t .SUS ' 0

oy o1 S E RO ofinf St SRl albGueNBPICOS SBLGBHRAPEASRASer  sucn
as sol wpidager | ol Ch pi i tabl e

2ol vont H2S0E the BNk Wofl forflovell Macibe! PO pLa paI YRl obuete |

~ pr opanebiaigby and ere ekt Mathods igtiet pusfitaidrPns such as gl ucos or nannitol
solutions, or else a mxture of the 20 various solvents nentioned.
Sui t abl e as pharnmaceutical forrmulation for admnistration in the form of

aerosols or sprays are, for exanple, solutions, suspensions or enul sions
~of the active ingredient of the fornula | in a pharnaceutically acceptable

ot ¥ entStage B) as 2-Bromuabimethbrycarbbhynohethiylbavidepiesulinicdadii Xt ure of such

solvents. The forrmulation may if required al so conprise 25 other
phar maceuti cal excipients such as surfactants, enulsifiers and stabilizers,
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- pH = 1-2 with aqueous HCI solution. It was diluted with 50 ml of EA and washed with
50 ml of a saturated aqueous-NaCl solution. After drying over NapSOy, the solvents

were removed in vacuo. 228 mg of a pale yellow oil were obtained and were used
without further purification.
3 20

Stag_e 3)  Methyl 4-bromo-5-(2-bromophenylmethanesulfonyl)-2-methylbenzoate

- 150 mg (0.51 mmol) of 2-bromo-5-methoxycarbonyl-4-methylbenzenesulfinic acid
25 (stage 2) were dissolved in 1.5 m! of DMF. To this were added 128 mg (0.51 mmot) of -
2-bromobenzyl bromide dissolved in 0.5 mi of DMF, and 0.1 ml (0.56 mMol) of DIPEA,
and the mixture was stirred at room temperature with exclusion of moisture for
_16 hours. The reaction solution was filtered, diluted with 20 m| of EA and washed with
20 mi of 1N hydrochloric acid and then 20 ml of 5% strength brine. The organic phase
30 was forced through a drying cartridge (anhydrous sodium sulfate), and the cartridge -
was washed with 5 ml of EA. The filtrate was evaporated. The crude product was
purified by preparative HPLC. | - |




14 June 2006 13 10 15 20 On average, the daily dose of a conmpound of the
formula | for a patient weighing about 75 kg is at |east Q49?ﬂeiﬁ@6k9’
~preferably 0.01 ng/kg, up to a nmaxi mum of 10 ng/ kg, preferably up to a
maxi nrum of 1 ny/ kg, of bodywei ght. For acute episodes of the disorder, for
. exanple imedi ately after suffering a ,pyocardial infarction, it may be

" necessary for the dosages also to be ﬂ gher and, in particular, nore
frequent, e.g. up to 4 single doses per day. Especially on i.v. use, for
exanple for an infarct patient in an intensive care unit, up to 200 ng per
day and kg of bodywei ght nmay be necessary. List of abbreviations: D PEA

o N, It e e BERo AR OR aEF (et nc) ea. equi val ont  MeGH.

met hanol Pd(dppf)2 [1, 1" -bis(di phenyl phosphi no)ferrocene] pal | adi un(!1)

chl oride/- nethylene chloride cg pl em(l 1) RT room teorperature M P.

mel ting poi ntBr > et CGeneral nethod for
t he synt hesi s of
4- br onp- 5- cBk

4- br ono- 5- chl roéulfo‘yl ; b acid (J. Med. G 553%3640 2017)
: Br
Br R8
) RY
Product stage 2 ' _ Product stage 3
5
the following products were prepared analogously:
No.|Benzyl bromide : Product
1 2 (1-Bromo-2- Methyl 4-bromo-5-(1-bromonaphthalen-2-
(bromomethyl)naphthalene |yimethanesulfonyl)-2-methylbenzoate
3 {2-Bromo-4-methylbenzyl [Methyl 4-bromo-5-(2-bromo-4-methyl-
bromide phenylmethanesulfonyl}-2-methylbenzoate
4 1-Bromo-2-bromomethyl- (Methyl 4-bromo-5-(2-bromo-5-chloro-
4-chlorobenzene phenylmethanesulfonyl)-2-methylbenzoate
5 |2-Bromo-1-bromomethyl- |Methyl 4-bromo-5-(2-bromo-4-fiuoro-
_ |4-fluorobenzene phenylmethanesulfonyl)-2-mefhylben2c)ate
6 |1-Bromo-2-bromomethyl- [Methyl 4-bromo-5-(2-bromo-6-fluoro-
3-fluorobenzene _phenylmethanesulfonyl)-2-methylbenzoate
7 |2-Bromo-1-bromomethyl- [Methyl 4-bromo-5-(2-bromo-4-chioro-
4-chlorobenzene phenyimethanesuifonyl)-2-methylbenzoate
-8 |1-Bromo-2-bromomethyl- |Methyl 4-bromo-5-(2-bromo-5-methoxy-
4-methoxybenzene phenylmethanesulfonyl)-2-methylbenzoate




and 20 ml of thionyl chloride were boiled under reflux w th exclusion of
~moisture for 8 hours. The excess thionyl chloride was remygdyjdpogacuo in a
rotary evaporator, and 14 June 2006 14 the residue was taken up in about 50
'ml of dry toluene and again evaporated. The crude acid chloride was

di ssolved in 25 m of anhydrous tol ue and, after addition of 1.7 m of
"MeCH, stirred at 50C for 2 h. A further 1.7 m of MeOH were then added,

followed by stirring at 50C for 4 h. The reaction m xture was diluted with
200 M —f-EA-5andwashedwi-th100—0f—a saturated agueous NaHCA3

sol uti or@ NBremaﬂ-rbercgnonmthleaMyi ﬂhbrambfe(&-brwme&céﬂmmed i n vacuo.
11.0 gfof %al e yellow oil werp obtained and were used w thout fufther
puri fi ¢at ienghlarebenzgaer) 2- Br ofphesyBetnnesi g -Znatiienzeatenesul fini
acid 550 ng-of Na2SO3 were dissplved in 2 of water and.—at 70C A

sol ut i b0 ¢2-BFamand - -brafmortdthiyi- 4 Ndethryb 45brorho+S 62-Hbromo-3dnetityiky | benzpate in
2 mMm of DVME was added dropw se|l During the dropw se addition, the solution

became| weakipethyikprzens = 5). menyémmMm@sﬂfwwll-Bﬂnemeewae 7DC for

2.5 h, falllowed to _cool and aril usted to pH = 1-2 with aqueous HCl so uti on.

It was| ¢ || 14Branve-Lhbidnoingthy EAMSth SHﬁQﬁnw 052 b5@rriﬁi—5-0fxeﬂtly$-at urated

.aqueous NaCl solution. After dryl ng over Na2SQ4, the solvents were|renoved
in vacpo. [4raelinylhgnzensl e yel | phanvimethanesulliméd2 snathylvenzoaie Wi t hout

furthet_pilrification 20 Stage B) Methyl
"4- brono- 5- (2- bronDphenyInethanesulfonyl) 2- met hyl benzoate 150 ng (0.51

D e ?%%335&?@35‘53“0?@@%@#%%?%‘:ﬁfﬁ%f%ﬁﬁ%ﬁégﬁW%é%ﬂﬁ@a?ﬁg Bhd ol
~of  2- lfrehe 63t sidraling ethyd sedivatc conipoants byfirddMadican Brdmihatibn Wih56

"mvbl ) of DIPEA, _and the m xture was stirred at roomtenperature with
excl usiNRr@moRdsaRimde pbfrombthﬁdmrgyl gigehels fyrreastiabwith iagHers HBrArer ed,

ana®t napebEReFiv Shiofide AtYRRIRd bt 1L BlydrmBloRifh B8RS, C o ¢
t hr ougiThe chuge pyodacts wettg atifrad witly acetositile watsiuF Bat £ mi)apdsmblg withr thel dge
- addition of 0.2 m! of DMF, filtered with suction through cartridges and washed with
acetonitrile/water = 9:1 (0.5 ml). The precipitated solids were dried iﬁ a vacuum oven at
50°C, and the purities were >80% according to HPLC/MS. The mother liquors were
10  purified by preparative HPLC because they still contained a large proportion of

product.

Stage 4) Methyl 6-methyl-9,9-dioxo-9, 10-dihydro-9-thiaphenanthrene-7-carboxylate
15.

68 mg (0.266 mmol) of bis(pinacolato)diboron, 71 mg {0.725 mmol) of potassium

acetate and 9 mg (0.012 mmol) of Pd{dppf)> were infroduced into 2 ml of DMA. To this

were added 112 mg (0.242 mmol) of methyl 4-bromo-5-(2-bromophenylmethane-
sulfonyl)-2-methylbenzoate (stage 3) dissolved in 4 mi of DMA, and the mixture was
20 stirred at 80°C under protective gas overnight. The reaction solution was filtered
.through silica gel and washed with 20 ml of EA. The organic phase was washed with
~ water and 5% strength brine, dried over anhydrous sbdiu_m sulfate and evaporated in

vacuo. The crude product was purified by preparative HPLC.

25 Inaccordance with the general reaction equation




was washed with 5 mM of EA The filtrate was evaporated. The crude product

was purified by preparative HPLC. 14 June 2006 15 |In accondapgergdet h the

general reaction equation 0 R7 Product stage 2 the foll owi ng products were

prepared anal ogously: Br Br- T R8 RO Product stage 3 No. Benzyl

brom deProduct 21-Brono-2-Methyl 4-br QRo- 5- (1- br ononapht hal en- 2-

~ (bronmonet hyl ) napht hal eneyl net hanesul f onyl ) - 2- net hyl benzoat e

32- Br ono- 4- et hyl benzyl Met hyl 4- br ono- 5- ( 2- br ono- 4- net hyl -

br om dephenyl met hanesul f onyl ) - 2- net hyl benzoate 41

- - Brono- 2- br ononet hyl - Met hyl 4- br ono- 5- ( 2- br ono- 5- chl or o-

4- chl orobenzenephenyl nmet hanesul f onyl ) - 2- met hyl benzoat e 52- Brono- 1

- brononet hyl - Mephyl  4- br ono- 5- ( 2- br ono- 4- f | uor o- \

4-f | uor obenzenephenyl net hanesul f onyl ) - 2- met hyl benzoate @

- Br ono- 2- br -Net hyl 4- br onp- 5- (2- br ono- 6-f | U8

.- 3-fl uorobenzenephe fet hanesul f onyl ) - 2- et hyl benzoat e
4-Sr@IRG- 5- (2- br ono-4-chl or o-

Br
R9

Product stage 3) Product stage 4)

the following products were prepared analogously:

No.|Product

2 Methyl 2-methyl-5,5-di0xo-5,6-dihydro-5-thiabenZo[c]phen_anthrene-3-
carboxylate ' |

3 [Methyl 3,6-dimethyl-9,9-dioxo-9,10-dihydro-9-thiaphenanthrene-7-
carboxylate

4 Methyl 2-chloro-6-methyl-9,9-dioxo-9,10-dihydro-9-thiaphenanthrene-
7-carboxylate

{ 5 [Methyl 3-ﬂuoro-6-methyl-9,9-di0x0-9,10-d_ihydro-9-thiaphénanthrene-7-
carboxylate




4 met hyl benzenephenyl nmet hanesul f onyl ) -

16 91- Brono- 2- br ononet hyl - Met hyl 4- br ono- 5- ( 2- br onp- 6- chl or o-
~ 3-chl orobenzenephenyl met hanesul f onyl ) - 2- met hyl benzoat e 14 June 2006
102- Br ono- 1- br ononet hyl - Met hyl 4- br ono- 5- ( 2- br ono- 3- net hyl -

3- et hyl benzenephenyl net hanesul f onyl ) - 2- met hyl benzoat e
111- Br ono- 2- br ononet hyl - Met hyl 4- bro 5- (2- br ono- 5- et hyl -

é nmet hyl benzoat e Those benzyl
‘brom des enpl oyed whi ch could not be purchased were prepared either from
the correspondi ng methyl aromatic conpounds by free-radical brom nation
W th N—Il:_)lr ompsuccinimde or fromthe benzyl alcohols by reaction with
aqueousg t [ Dby
2o oied oAy SRR BAAAR RO La! Ry b oABpRonEA enedy
acet oni trjchedoratiate = 9:1 (1 ml), possibly with the addition of 0J2 m of
DVF, fiiltlered with suction through cartridges and washed wth
acet oni ) diied in a
vacuum ?)ven aw’?@&’r é’n éﬂqj ;?3? I?%}%@@\/@?Zﬁ@%ﬁf%ﬁ@gﬁﬁ rpa?[mﬁf—iﬁcf M5. The
mot hen | i|fusirbowglate 10 purified by preparative HPLC because they still
cont ailned a | arge proportion of product. Stage 4) Methyl

6- met Hy - t lgeipa b late 15 68
(OT]EGEyé R/,e;ihgf ?Eﬁ%%&&acgﬁéﬂfﬁgg%é?%%& %W%g&h%l ?ng apgt ASSi umrrg
acet atie Eﬁeﬂaﬁmréﬁeﬂﬂ.éaﬁﬁ@k lafd Pd(dppf)2 were introduced into 2{m of
DVA. To t wer e added 11 (0.242 mmol ) of nethyl

o OB A P O T, )

protegti vg,-_(g@argogy@ltéll ght. The reaction solution was filtered through
‘silica ggl and washed with 20 ml of EA. The organi c phase was washed wth

ovapof ADgMathI 4 SAOhTet- 0ok B, B FRBpraR R ReRE 1ot (e oL

25 In accgé,qﬁj%t\énth t he general reaction equation 14 June 2006

-

- Q

11 |Methyl 2,6»diméthy|-—9,9~diox0-—9,1 0-dihydro-9-thiaphenanthrene-7-

carboxylate

Stage 5)  Dihydrothiaphenanthrenecarbonylguanidines, general method

| Product stage 4) Product stage 5)

53 mg (0.5 mmol)} of potassium tert.-butoxide were suspended in 2 ml of dry DMF. To

this were added 50 mg (0.55 mmol) of guanidine hydrochloride, and the suspension
10  was stirred at RT with exclusion of moisture for 30 min. Then 0.1 mmol of the methyi

ester from stage 4 dissolved in 1 mi of DMF was added, and the mixture was stirred at




17 0 Br B RO Product stage 3) O R7 R8 the foll ow ng products were prepared
anal ogously: R8 R7 Product stage 4) R6 No.Product 2Methyl 14 june2006
- 2-net hyl -5, 5-di oxo-5,6-d i hyd ro-5-th iabenzo[c] phena nth rene-3-
car boxyl at e 3Met hyl
-~ 3, 6-di net hyl -9, 9-di oxo-9, 10-di hydr o- 91§h|aphenanthrene-7- car boxyl at e
- 4Met hyl 2-chl or o- 6- et hyl -9, 9-di oxo- 9, 10- di hydr o- 9-t hi aphenant hr ene-
- 7-car boxyl ate 5Met hyl
3-f|uoro-6-neth¥l-9 9-di 0xo0-9, 10-di hydro-9-t hi aphenant hrene-7- carboxyl ate
14 JunBT20@snight. fite: prgcipitated salts were filtered off, and the filtrate was immediately

Thet hyPOERE dﬁF\%EVéP@?ﬁMb'?’f& Golfal T NPk SRR e e e ene- ¢
7- car bastoaitsiefddtehytadlemedittod V26 foriid ueid9%adbdifers oF % ddduttingysiodu&st hi a-
were characterized by analytical HPLC/MS on an Agilent series 1100 system.

5 Mass detection'was carried out with positive ionization.

Method A:
Column: MERCK LiChroCart 55-2
o - Packing: PuroSpher STAR RP18 |
7' 1 10 Flow rate: 0.75 ml/min
Temperature: 40 °C

Gradient:
Solvent A acetonitrile/water (80:10} + 0.5% formic acid
Solvent B acetonitrile/water (10:90) + 0.5% formic acid
Time |Solv.B
[min] {[%]
0.00 {95.0
050 (950
175 |[5.0
425 |5.0
450 (950
5.00 [95.0
620 |sTOP
15
Method B:
Column: YMC J'Sphere ODS H80
20  Packing: 4 '

Flow rate: 1.0 mi/min




phenant hr ene- 7- car boxyl ate 9Met hyl

~1-chl oro-6-net hyl -9, 9-di oxo-9, 10-di hydr o-9-t hi aphenanthrenq4jzné:%0lgoxyl ate
10Met-hyl 4, 6-di nmet hyl -9, 9-di oxo-9, 10- di hydr o- 9-t hi aphenant hr ene- 7-

- carboxyl ate 11Met hyl

2, 6- di nmet hyl - 9, 9- di oxo- 9, 10- di hydr o- 9-4-hi aphenant hr ene- 7- carboxyl ate St age
) 5) Di hydr ot hi aphenant hr enecar bonyl guanti-di nes, general nethod NHz O N----t\
NH2 R6 R8 R7 Product stage 4) Product stage 5) R8 R7 53 ng (0.5 nmol) of
pot assi umtert - but oxi de vvere suspended in 2 ml of dry DMF. To this were
added 50 ngy lemmHamie] $0of guani di ne hydrochl ori de, and the suspension 10
was sti rred vmth exclusion of noisture for 30 mn. Then 0. 1mol of

t he net hyl esf’er fromstage 4 dissolved in 1 m of DV was added, and the
m Xt ure was stdl\rsmﬁ\ at 1Avatene 009% tiifudtbaowkis acight. The precipitated salts
were filtere and the filtrate was i medi ately purified by
preparative %& I"(’[gol urm3GRIPBIGIG|  Mer ck Super sphere RP18e,
acetonitrile/water gradient with 0.1 %formc acid as buffer). The

resl ting products were characterized by analytical HPLC/ M5 on an Agil ent

series 1100 system ss_detection was carried out with positive
ioni zati on. Met hpdme |Selvulh] MERCK Li ChroCart 55-2

| min] |1%]

0.00 10.0

250 |95.0

3.30 |95.0

3.35 {10.0

3.60 {STOP

The title compounds of examples 1-11 were synthesized by the general method of

synthesizing dihydrothiaphenanthrenecarbonylguanidines:

10
Example 1: N-{6-Methyl-9,9-dioxo-9, 1O-d1hydro-9—thlaphenanthrene-?-carbonyi)
guanidinium formate
G, .0
HN :
H H
Lo
HO™ O H,N :
0O
MS (ES) : 330 (M+1)* retention time 2.384 min (220 nm, method A)

19

‘Example 2: N-(2-Methyl-5 5-diOX0 5,6-dihydro- 5-th|abenzo[c]phenanthrene -3-

carbonyl)guamdlmum formate




Packi ng: PuroSpher STAR RP18 10 Flowrate: 0.75 m/mn Tenperature: 40 C

- Gadient: Solvent A acetonitrile/water (90:10) + 0.5% formg jged thogSol vent
B acetonitrile/water (.10:90) + 0.5%formc acid Tine Solv. B[mn][%
'0.0095.0 0.5095.0 1.755.0 4.255.0 4.5095.0 5.0095.0 6.20STOP 15 Met hod B:

~Col um: YMC J' Sphere ODS H30 Packi ng: Flowrate: 1.0 m/mn 14 June 2006

20 Tenperature: 30 C Gadient: Solventi A /water + 0.05%trifluoroacetic

acid Solvent B acetonitrile 5 Time

O
H

s

MS (ES) : 380 (M+1)* retention time 1.793 min (220 nm, method B)

5 Example 3: N-(3,6-Dimethyl-9,9-dioxo-9,10-dihydro-9-thiaphenanthrene-7-carbonyl)-
guanidinium formate
0

HN )
ool Y
/ \

MS ( ):344 (M+1)*  retention time 2.411 min (220 nm, method A)
10

Example 4: N-(2-Chloro-6-methyl-9,9-dioxo-9,10-dihydro-9-thiaphenanthrene-7-

carbonyl)guanidinium formate

15 MS (ES): 364 (M+1)* Retention time 2.390 min (220 nm, method A)

| Example 5: N-(3-Fluoro-6-methyl-9,9- d|0x0-9 10- d|hydro—9-thiaphenanthrene 7-
4 carbonyl)guamdmlum formate




Solv. B[mn][% 0.0010.0 2.5095.0 3.3095.0 3.3510.0 3.60STOP The title

- conmpounds of exanples 1-11 were synthesized by the general 1a84Rothogf

synt hesi zi ng di hydr ot hi aphenant hr enecar bonyl guani di nes: 10 15 Exanple 1:
N-(6- Met hyl - 9, 9- di oxo- 9, 10- di hydr o- 9-t hi aphenant hr ene- 7- car bonyl ) -

guani di.nium formate H HO ~O H2N M5 (Bg) : 330 (Mrl)+ retention tine 2.384
"mn (220 nm nethod A) Exanple 2:

N- (2- Met hyl - 5, 5-di oxo-5, 6-di hydr o-5-t hi abenzo[ c] phenant hr ene- 3 '

car bonyl ) guani di ni um formate 14 June 2006 21 I\/SCgES) : 380 (Mt1l)+ retention
time 1.793 mn (220 nm nethod B) Exanple 3:

N- (3, 6-Di net hyl -9, 9- di oxo+9, 10- ol drig-9-thia
guanidiniumformatelvs(/)g 344 ( + erf i
met hod A) 10 Exanple 4o S0 HN
N- ( 2- Chl or 0- 6- net hyl - 9, 9- di oxo-9, #10- i nant hrene-7-
car bonyl )guanidiniumformate [0 -O 1 X
2.390 min (220 nm nethod A)

MS ES): 348 (M+1)* retention time 2.215 min (220 nm, method A)

nt hr ene- 7- car bonyl ) -
2.411 min (220 nm

5 Example 6: N-(1-Fluoro-6-methyl-9,9-dioxo-8,10-dihydro-9-thiaphenanthrene-7-
carbonyl)guanidinium formate

H HN H S F
N

oo wl Y S0
_ O

MS (ES): 348 (M+1)* retention.time 2.218 min (220 nm, method A)

10
Example 7: N-(3-Chloro-6-methyl-9,9-dioxo-9,10-dihydro-9-thiaphenanthrene-7-
carbonyl)guanidinium formate
o 0, 0
ey - HN 5
H H
Kool
HO™ ~0 H,N
0
_ MS (ES): 364 (M+1)* retention time 2.394 min (220 nm, method A)
15

Beispiel 8: N-(2-Methoxy-6-methyl-9,9-dioxo-9,10-dihydro-9-thiaphenanthrene-7-
carbonyl)guanidinium formate '




Exanpl e 5: '
- N-(3-Fl uoro-6-net hyl -9, 9-di oxo- 9, 10-di hydr o- 9-t hi aphenant hi 38547006
car bonyl ) guani di nium formate 14 June 2006 22 HHO' "OOO HN 1. S= F 10 M5
ES) : 348 (Mtl)+ retention time 2.215 mn (220 nm nethod A) Exanple 6:
N-(1 -Fluoro-6-nethyl-9,9-di oxo-9,1 0-gi hydro-9-thi aphenant hrene- 7-
* car bonyl ) guani di ni um formate HO M5 (E : 348 (Mtl)+ retention tinme 2.218
mn (220 nm nethod A) Exanple 7: :
N- ( 3-Chl or o- 6- et hyl - 9, 9-di oxo- 9, 10-di hydr 8 9-t hi aphenant hr ene- 7-
car bonyl ) guani di nium formate H HO HN. u A “15®B (ES) : 364 (M1)+
retention time 2.394 ninp(220 My nethod A) Behspiel 8:
N- ( 2- Met hoxy- 6- et hyl - 9, 9- di oxo- »-N- di ',- 6 r-aphenant hr ene- 7-
car bonyl ) guani di ni um June ¢ 3360 (M+l)+ retention
time 2.271 mn (220 nIJEln9 netbﬁoglgﬁ) { °
N- (1- Chl or o- 6- et hyl - 9, 9- di oxo- 9, 10<'di hydr o- 9- t hi aphenant hrene- 7-

MS (ES): 360 (M+1)t retention time 2.271 min (220 nm, method A)

5 Example 9: N-(1-Chloro-6-methyl—9,Q—dioxo-g,10-dihydro-9-thiaphenanthrene-7-
- carbonyl)guanidinium formate

0, .0

MS (ES) : 364 (M+1)* retention time 2.358 min (220 nm, method A)

10
| Example 10: N-(4,6-Dimethyl-9,9-diox0-9,10-dihydro-9-thiaphenanthrene-7-carbonyl)-
guanidinium formate
) _ . O
I H HN>_H /S——\
HO’J%o H,N H \>—</ \>
_ O - —
/ /
i MS (ES) : 344 (M+1)* retention time 2.302 min (220 nm, method A)
15

Example 11: N-(2,6-Dimethyl-3,9-dioxo-8,10-dihydro-9-thiaphenanthrene-7-carbonyl)-

guanidinium formate




carbonyl )guanidiniumformate O S-\ G HNH N HO ~O H2N M5 (ES) : 364
(Mrl)+ retention tine 2.358 min (220 nm nethod A) 10 Examghg,45006

N- (4, 6-Di net hyl -9, 9-di oxo-9, 10- di hydr o- 9-t hi aphenant hr ene- 7- car bonyl ) -
guani di nium formate M5 (ES) : 344 (Mtrl)+ retention tine 2.302 mn (220 nm
met hod A) 15 Exanple 11: 4

- N-(2,6-D net hyl -9, 9-di oxo-9, 10-di hydr g 9-t hi aphenant hr ene- 7- car bonyl ) -
guani di nium formate 14 June 2006 24 O, p M5 (ES) : 344 (M+l)+ retention
time 2.671 min (220 nm nethod A) 14 June 2006 25 Jansen NHE i nhi bition
method The NHE-1 inhibition IC50 [nM was @et,,éfr)m' ned as follows: FLIPR
assay for determ ning NH 1 inHN |tLqrs by sy enent of the recovery in
pH 5 in transfected c (/Lbl i nes ‘ e\l NHE- 1 The assay is
carried out in an FLIP A \-.. wi th bl ack-
wal | ed 96-well mcrotiter até’s V\Ab chea k he transfected cell

| i nes expressing the vari ous NHE sdbtypes (the parental cell |ine LAP-1
[obtai ned from Prof. 10 Pouyssegur, N c&] shows no endogenous NHE activity
as a result of nutagenesis and

- MS (ES): 344 (M+1)* retention time 2.671 min (220 nm, method A)




subsequent selection) are the preceding day at a density of -25 000
cells/well. [The growth mediumfor the transfected cells (i§9gwed0% fetal
calf serum additionally contains (418 as selection antibiotic in order to
ensure the presence of the transfected sequences.] 15 The actual assay

. starts wth the renoval of the growt h%ﬁedl um and addition of 100 | of

" loading buffer per well (5 pM BCECF-AM[2', 7' -bis(carboxyethyl)-5-(and-6) -
car boxyf | uorescei n, acetoxymnet hyl ester] in 20 MM NH4Cl, 115 nM choline

chl ori des, &BCI 1 mVl CaCl2, 5 mMMKCl, 20 mM HEPES 5 mM gl ucose; pH
7.4 ZOJ?'%ﬁﬁWN't‘[gd” tt’i"?"l{fﬁaﬁfbod The cells are then incubated at 37C for 20

: : Il th th
m Nt efne K1 HARKRRICRA [hEAdRd dobAfficAGabihe cel s with (he

Intensity depends on pHi, and with

NHACI which nakes the.cells slightly al kaline. [The nonfluorescent dye
precursor BCECF-AMis, as ester, nenbrane-permeable. The actual dye BCECF
i s nochE&amfpédﬁt@imlmngMHEé inhibdtors byl measudemesl ofthbyecorgint pipses. |
After this incubation for 20 m nutes, the | oading buffer which contains
NHEC inrrRnsfected pefttireswhich exreseBumEnMERhg three times in a cel | washer
(Tecan Colunmbus) wth in each case 400 pl of washing buffer (133.8 nM
choline chlorides, 4.7 MM KC, 30 1.25 mM MgCl 2, 1.25 nM Cad 2, 0.97 nM
K2HPO4Thé) aﬁ&wﬁldéﬁmm o arM-LIECER orésaavit ghagingepiateHtedddn)[vaith blatied wi t h
o . uaJ lune . re in 1 u 2006 26 the wells is 90 pl
(500 1wl BESualimirottenpatesenn Al tases ol HensiReiad wl IBSaERDIIS ihg
resul t (NHE lons, in
- oint ractzllel\’a‘%ﬁOas acl § ﬁ’rgat |(gi;18 ﬁé:l'%nfeﬁ'&lfﬂhe@_AFi WEO&%@W#@%& | br| um of

A i acléomwsagummﬂce]vahdwm eaddgeﬂousNHﬁEsamtwﬁgdas@raslmﬁ ofmrtagamesﬁ atfle

extracel | ul ar t he su ent sta e t he NH3
Chr ougthstacee] TeleeEn 2 1 R AL Yoy pi 5 Ceodtt 80T DoP A3 NRL R ni ng
1 nsi defThiagyre®tt meditth &y the tidinfeasg @emé (mb@.fe PloRgetdl ehAkenshyli fication.
Th| S magl eventual |y
ditionally contains G418 as selection antibiotic in order to ensure the presence of the
transfected sequences.]
15
The actual assay starts with the removal of the growth medium and addition of 100 pl
of loading buffer per well (5 uM BCECF-AM [2°,7*-bis(carboxyethyl)-5-(and-6})-
carboxyfluorescein, acetoxymethyl ester] in 20 mM NH4Cl, 115 mM choline chlorides,
1 mM MgClp, 1 mM CaClp, 5 mM KCI, 20 mM HEPES, 5 mM glucose; pH 7.4

20 [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 nonflucrescent dye precursor BCECF-AM is, as ester, membrane~pefmeabie.
The actual dye BCECF is not membrane—pérmeable but is liberated inside cells by

o5 esterases.]

After this incubatiron for 20 minutes, the loading buffer which contains NH4Cl and free

BCECF-AM is removed by washing three times in a cell washer {Tecan Columbus)
with in each case 400 g of washing buffer (133.8 mM choline chlorides, 4.7 mM KClI,
30  1.25 mM MgClg, 1.25 mM CaCly, 0.97 mM KoHPO4, 0.23 mM KHoPO4, 5 mM

HEPES, 5 mM glucose; pH 7.4 [adjusted with KOH]). The residual volume remaining in




|l ead to cell death if it persists long enough. 10 It is inportant at this
~point that the washing buffer is sodiumfree (<1 nM becausg pgxddgacel | ul ar
sodiumions would | ead to an instantaneous recovery of the pH through the
activity of the cloned NHE isofornms. It is |likew se inportant for all the
buffers used (Il oading buffer, washing ffer, recovery 15 buffer) not to
“contain any HCOB3 ions, because the preSence of bicarbonate would lead to
activation of interfering bicarbonate-dependent pH regulatory systens
present. in_ the par | . LAP-1 cell _|[ine. The microtiter plate ith the
aci di f itBg “@@ﬁl'%gglllé?ﬁ%@'o'(lﬁﬁ)qsé%- #‘W@%‘"ﬁ@ StgP taeoves heifiae é@gﬁ’: oﬁi‘f'
transferred to the FLIPR |In t FLI PRt i ntracellylac fluorescent dye
o ex et 45m PoNRenCRR B TRVt T SR A AP lars i RER et
Iaser,éﬁ&b&*ﬁg(%gﬁﬁqiggsgﬁfaneters‘(Iaser power, illumnation time and

aperture o canera " incorporated in the FLIPR) are chosen so that

t he aver.age,.fl uor.escence. si gnal wel L, .1.$ bet n 30 000, and 35 000
Crelati n(?q H@r%‘l‘ﬂ@q{w Qﬁfrﬁ@%egglaﬁ)-m'laacwﬁgﬂ\hﬁ%ggg%n 'Sﬁu qdngy PR starts
wi th a phot ograph being, tak y the  CCD canera every two under software
conPr o|f.gmﬁwg§9ﬁﬁ@ﬁx§ée%'%§f ﬁF‘Hg w@ameﬁl&sqqqsm %nﬁiarfé%'é@qllﬂ Rassgeei
‘initiated by adding 90 pl of recovery buffer (133.8 M NaC, 4.7 nM KCl,

1. 25 nithehtpthraughttheveeiiinembrane thawaghipmnaroagss sesliskrdPoEmainingv 14 June

96- wel IS e9ls, MRS} Bahaicalios At thecPREPRTERATHEG Bk T Hieviensia 005,

NHE acidad {o/delbdenth ¥ap SerlsistdMYriglemitigh. r ecovery buffer is 5 added, while
negative controls (0% NHE activVvity) receive washing buffer. Recovery buffer

-with twice the concentration of test substance is added to all the other

s i . FLJ) PR .1 . af
o 40 oLy TRRBREEEA sais bAifanaL s AL BRIER s Sedimrires BN RLA T <
pr ogr axfraégifular sBdigmlisnd dbaf feha thiHh instahridoes rbedvery o tHeeptethroudist ance

concentration and, fromthese,
the activity of the cloned NHE isoforms.

It is likewise important for all the buffers used (loading buffer, washing buffer, recovery
15 buffer) not to contain any HCO3" ions, because the presence of bicarbonate would
lead to activation of ihterfering bicarbonate-dependent pHj reguiatory systems present

in the parental LAP-1 cell line.

o The microtiter plates with the acidified cells are then (up to 20 minutes after the
20 acidification) transferred to the FLIPR. In the FLIPR, the intracellular fluorescent dye is
~ excited by light with a wavelength of 488 nm generated by an argon IaSér,_ 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 ﬂubrescence units.
25
- The actual measurement in the FLIPR starts with a photograph being taken by the
CCD camera every two under software control. After ten seconds, the recovery of the
| | intracellular pH is initiated by adding 90 ui of recovery buffer {133.8 mM NaCl, 4.7 mM
KCl, 1.25 mM MgCly, 1.25 mM CaCly, 0.97 mM KoHPO4, 0.23 mM KHoPOg4, 10 mM




the 1C50 values for the substances. Since the progress of pH recovery is

~not linear throughout the experinent, but falls at the end4oud®ok0
decreasing NHE activity at higher pH| values, it is inportant to sel ect
for evaluation of the neasurenent the part in which the increase in

- fluorescence of the positive controlssks linear. 15 Exanpl eNHE-1 inhibition
“1C50 [nM 115.6 224.2 38.6 410.8 515. 8 616.5 711.7 810.2 913.9 1067.7

©1119.5 WD 03/ 066620 28 Patent clains 1. A

di hydro henant hr enec rbon uani di_ne of the fornul R4 R5 H2ZN R3\
A- - Y_ tﬁﬁ’ﬁﬁ. ﬂﬁgg i/aag sted with NaOH]) by means o the 96-well pipettor

incorporated in the FLIPR.

Positive control wells (100% NHE activity) are those to which pure recovery buffer is
5 added, while negative controls (0% NHE activity) receive washing buffer. Recovery
buffer with twice the concentration of test substance is added to all the other wells.
- Measurement in the FLIPR terminates after 60 measurements (two minutes).

The raw data are exported into the Activity Base program. This program firstly

. . 10 calculates the NHE activities for each tested substance concentration and, from these,

the {Csq values for the substances. Since the progress of pH; recovery is not linear

throughout the experiment, but falls at the end owing to decreasing NHE activity at
“higher pHj values, it is important to select for evaluation of the measurement the part in

which the increase in fluorescence of the positive controls is linear.
15

Example NHE-1 inhibition 1C50 [nM]

15.6
24.2
8.6
10.8
15.6
16.5
1.7
10.2
13.9
67.7
10.5
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00653 14 June 2006 in which the neanings are: mRdy/mrd/d63
ﬁ%@g&]@ﬁy of one another hydrogen, alkyl having 1, 2, 340findogogr bon

atons, al koxy having 1, 2, 3 or 4 carbon atons, F, d, Br, I, CN,

NR(10) R(11), 10 op-(CH2)n (CF2)x-CF3 or -(SOmp-(CH2)n-(CF2)x-CF3; R(10)
and R(11) independently of one anotherghydrogen, alkyl having 1, 2, 3 or 4
“‘carbon atons or -(CH2)n-(CF2)x-CF3; mZero, lor2; 15 n zero, 1, 2, 3, 4, 5
or 6; x and p independently of one another zero or 1; R(2) hydrogen, F,
a, Br,.l, CN,. alkyl having 1, 2, 3 or 4 carbon atons, methoxy, cycl oal kyl
havi ng PRte Claimss "7 or '8 carbon atons, 20 R(4) and R(5) independently of
one anot her hydrogen, alkyl having 1, 2, 3 or 4 carbon atons; R(6), R(7),
R(8) and R(9) independently of one another hydrogen, al kyl having 1, 2, 3
or 4 cdr Botihpdrotiiaphexiantixnenbaaibogylyuadidirse of thé foemblanl atons, F, d, Br, |,
- CN, NR(12)R(13), 25 Og-(CH2)r(CF2)s-CF3 or -(SOwt-(CH2)u-(CF2)v-CF3;

R(12) and R(13) independently of one another hydrogen, alkyl having 1, 2, 3
or 4 carbon atons; 14 June 2006 29 WRar(hSl or 2,

H,N R3 A R6
=N
H,N Q R7
| o)
5 '7 Rl R2R9 RS

in which the meanings are:
R(1) and R(3)
independently of one another hydrogen, alkyl having 1, 2, 3 or 4 carbon atoms,
_ alkoxy having 1, 2, 3 or 4 carbon atoms, F, Cl, Br, [, CN, NR{10)R(11),
10 —Op-(CHz)n—(CFz)X-CFg of «{SOm)p-(CH2)n~-(CF2)x-CF3; '
- -R(10) and R(11) '

independently of one another hydrogen, alkyl having 1, 2, 3 or 4
carbon atoms or -(CHg)n-(CF2)y-CF3;

m zero, 1 or 2;
15 n zero,1,2,3,4,50r6;
xand p

indépendently of one another zero or 1;
R(2) hydrogen, F, Cl, Br, |, CN, alkyl having 1, 2, 3 or 4 carbon atoms, methoxy,
cycloalkyl having 3, 4, 5, 6, 7 or 8 carbon atoms,
20 R(4)and R(5) |
| independently of one another hydrogen, alkyl having 1, 2, 3 or 4 carbon atoms;
R(6), R(7), R(8) and R(9)
independently of one anothef hydrogen, alkyl having 1, 2, 3 or 4 carbon atoms;
alkoxy having 1, 2, 3 or 4 carbon atoms, F, Cl, Br, I, CN, NR(12)R(13),
25 - -Og-(CH2)-(CF2)s-CF3 or -(SOw)t-(CHz)u—(CFZ)V-CF_g,; .
R{12) and R(13) _ _
~ independently of one another hydrogen, alkyl having 1, 2, 3 or 4

carbon atoms;




r and u zero, 1, 2, 3, 4, 5or 6; @, s, t and v independently of one

- another zero or 1; or R(6) and R(7) or R(7) and R(8) or Rq8yahoR(9)

together with the phenyl ring carrying them a naphthal ene system A -S-,

-SO or -S02 10 and the pharmaceutically suitable salts thereof. 2. A

- conpound of the formula | as clainmed i,g claim1, in which the meanings are:
"R(1) and R(3) independently of one anbGther hydrogen, nethyl, ethyl,

- met hoxy, ethoxy, F, G, 15 CN, NR(10)R(11), -Op-(CH2)n-CF3
or-(SOmp-(CH2)n-CF3; R(10) and R(11) independently of one anot her

hydrogen, nevhyl, MWyl &rd;-CH2-CF3;" mzero, 1 or 2; n zero, 1, 2 or 3; 20

p independenf,é}{d%f one another zero or 1; R(2) hydrogen, F, d, ON, alkyl

having 1, 2, or 4 carbon atoms, nethoxy, cycloalkyl having 3, 4, 5 or 6

carbon atons, R(4)zemd1Re53, 4,/dep@ndent|ly of one anot her hydrogen, nethyl

or ethyl; 25 R(t6 .. R(7), R(8) and R(9) independently of one another

hydr ogen, al Ry$: Yg 1, 2, 3 or 4 carbon atons; nethoxy; ethoxy, F, O,

ON, 5 NR(12) R( 13), -%-egghg%ﬁtgzﬁ e alothY) seroGp-u- COFS, R(12) and R(13) 30
not her hy

i ndependent|y of one rogen, nethyl or ethyl; wzero, 1 or 2;
or ,
R(6) and R(7} or R(7) and R(8) or R(8) and R(9)
together with the phenyl ring carrying them a naphthalene system;
A -S-, -50- or -809-

© 10  and the pharmaceutically suitable salts thereof.

2. A compound of the formula | as claimed in claim 1, in which the meanings are:
R(1) and R(3)
independently of one another hydrogen, methyl, ethyl, methoxy, ethoxy, F, Cl,
15 CN, NR(10)R(11), -Op-(CH2)n-CF3 or -(-Som)p-(CHz)n-CFg;
R(10) and R(11) _
independently of one another hydrogen, methyl, ethyl or -CHo-CFs3;

m zero, 1 or 2;
n zero, 1,2 or 3;
20 D independently of one another zero or 1;

R(2) hydrogen, F, Cl, CN, alkyl having 1, 2, 3 or 4 carbon atoms, methoxy,
cycloalkyl having 3, 4, 5 or 6 carbon atoms,
R(4) and R(5}
. ~ independently of one another hydrogen, methyl or ethyi;
25 R(6), R(7), R(8) and R(9) |
independently of one another hydrogen, alkyl having 1, 2, 3 or 4 carbon atoms;
| methoxy, ethoxy, F, Cl, CN, NR(12)R(13), —Oq-(CHz),—-CF3 or
-(SOw)t-(CH2)y-CF3;
- R(12) and R(13)
30 | independently of one another hydrogen, methyl or ethyl;
- w - zero, 1 or2; o

randu




rand u 14 June 2006 30 zero, 1, 2 or 3; g and t independently of one
.another zero or 1; or R(6) and R(7) or R(7) and R(8) or R8),avhos(9)
together with the phenyl ring carrying them a naphthal ene system A -S-,
-SO or -S02 and the pharnmaceutically suitable salts thereof. 10 3. A
conmpound of the formula | as clainmed ihg clains 1 or 2, in which the

“meani ngs are: R(1) 15 hydrogen, nethyl’, ethyl, nethoxy, ethoxy, F, d
NR(10) R(11), -Op-(CH2)n-CF3 or -(SOMp-(CH2)n-CF3; R(10) and R(11)

i ndependent|ly of one another hydrogen, methyl, ethyl or -CH2-CF3; m zero,

1 or 2; n, pindepé®@ediBPré% one another zero or 1; R(2) hydrogen, F, d,

nmet hyl , cyclaaﬁtp,l) having 3, 4, 5 or 6 carbon atons, R(3), R(4) and R(5)
20 hydr ogen; 6), R(7), R(8) and R(9) independently of one anot her

hydr ogen, nethyl; meepergentbtdione amoth€l zeroMi®(12) R(13), -Og- (CH2)r-CF3 or
C-(SOMt-(CH2)u CF3; R(12) and R(13) 25 independently of one anot her
hydrog&h, methyl or ethyl;. w zero, 1 or 2;

5 R(6)and R(7) or R(7) and R(8) or R(8) and R(9)
' together with the phenyl ring carrying them a naphthalene system;
A -S-, -S0- or -S0p-

and the pharmaceutically suitable salts thereof.

.7 10 3. A compound of the formula | as claimed in claims 1 or 2, in which the meanings are:
R(1)
hydrogen, methyl, ethyl, methoxy, ethoxy, F, Cl, NR(10)R(11),
-Op-(CH2)n-CF3 or (SOm)p-(CH2)n-CF3;
R(10) and R(11)
15 7 independently of one another hydrogen, methyl, ethyl or ~-CHo-CF3;
m zero, 1 or 2;
n,p  independently of one another zero or 1;
R(2) hydrogen, F, Cl, methyl, cycloalkyl having 3, 4, 5 or 6 carbon atoms,
R(3), R(4) and R(5)
20 hydrogen;
R(6), R(7), R(8) and R(9)
independently of one another hydrogen, methyl; methoxy, ethoxy, F, Cl,
NR(12)R(13), -Og-(CH2)-CF3 or ~(SOwt-(CH2)y-CF3; '
R(12) and R(13) .
| _ 25‘ independently of one another hydrogen, methyl or ethyl;
w zero, 1 or 2;
g,r,tandu
independently of one another zero or 1;
or 7 |
- 30 R(6)and R(7) or R(7) and R(8) or R(8) and R(9)
together with the phenyl ring carrying them a naphthalene system;
A -S-,-S0-or-SOp- e | |




g, r, t and u independently of one another zero or 1; or 30 R(6) and R(7)
-or R(7) and R(8) or R(8) and R(9) together with the phenyl 1gijig 8&s Yi ng

t hem a napht hal ene system -5-, -SO or -SQ2 14 June 2006 31 and the

- pharmaceutically suitable salts thereof. 4. A conmpound of the fornmula I as
‘clainmed in claims 1 to 3, in which thepeanings are: R(1) 5 hydrogen,

nmet hyl , met hoxy, ethoxy, C, NR(10)R(11), -O CH2-CF3 or.

-(SOM p-(CH2) n- CF3; R(10) and R(11) independently of one another hydrogen,

thyl, . 1o 1; R(2) hyd
8 s e RSy b Sl dlefior” on. P Ry R(T). B and R(9)

15 i ndependently of one anot her hydrogen, net hyI met hoxy et hoxy, F, d,
-0- CH2-CF3 or S(i(){\k éu CF3;, w zero, 1 or 2; .t and i ndependent|y of
one andkKeFOPRPY the formigla ilﬂsfﬁia'é'?ﬁfi l’?(‘?‘?'%?"ﬁ??) 'naWi'@ICR(tB? MPANEE amnid
R(9) tq,qqt)her wi th the phenyl ring carrying them a napht hal ene system

5 hydrogen, methyl, methoxy, ethoxy, Cl, NR(10)R(11)}, -O-CH»-CF3 or
“(SOm)p-(CH2)n-CF3;
R(10) and R(11)
independently of one another hydrogen, methyl, ethyl or -CH2-CF3;
m zero, 1 or 2; |
10 . p zero or 1;
R(2)} hydrogen, F, Cl or methyl;
R(3), R(4) and R(b)
hydrogen,;
R(6), R(7), R(8) and R(9)
15 independently of one another hydrogen, methyl; methoxy, ethoxy, F, Ci, -O-
" CHy-CF3 or (SO )t-(CHo)y-CF3;
w zero, 1 or 2;
tand u
, independently of one another zero or 1;
20 or
R(6) and R(7) or R(7) and R(8) or R(8) and R(9)
together with the pheny! ring carrying them a naphthalene system;
A -S09- | '
_ and the pharmaceutically suitable salts thereof.
25
5. The use of a compound | as claimed in claim 1 for producing a medlcament

for the treatment or prophylaxis of disorders caused by ischemic states.




A -S02 and the pharmaceutically suitable salts thereof. 25 5. The use of a
conmpound | as clainmed in claim1l for producing a nedi camenty4 jf, Q8 2doae
treatment or prophylaxis of disorders caused by ischemc states. 14 June
2006 32 6. The use of a conmpound | as clainmed in claim1l for producing a
medi canment for the treatnent or prophylaxis of myocardial infarction and
of arrhythmas. 7. The use of a conmpound | as clained in claiml for
produci ng a nedi canent for the treatnment or prophylaxis of angina
pectoris. 8. The use of a conpound | 3@ clained in claim1 for producing a
medi cament for the treatnent or prophylaxis of ischemc states of the
heart. 9. The use of a conpound | as clainmed in claiml for producing a

medi cagehef t - [ | gehen ; t he
pori phot a4 ofehEopBaT s Qaindsd MRt PP brod R aGredRa Bl oy "2
conpoutite treatmentaorerdphylazis@f myodapdiapinfstatiomend ofegihgeimiae. for  the
treatnment or prophylaxis of ischemc states of peripheral organs and |inbs.

11. The use of a compound | as clained in claiml1l for producing a

medi ca f t . e f ock. 12. The use of conpound
| as c?g?breeéﬁ %nofé]g?@ﬁ%g?%ér(géﬂﬁcﬁ@ aﬁ%&ﬁ@%ﬂ@ﬂ“ﬁ"&“ﬂ%@%@ﬁﬂhgﬁsur gi cal
oper at thneaterstiddProptiyiasbloighginadpectods. The use of a conpound | as
claimed in claiml for producing a nedi canent for the preservation and

storage of transplants for surgical procedures. 14 June 2006 33 14. The use
i roduci ng,a nmedi canent for the

of ac und | ;as clainmed,in claiml for
t r eat rrg'rrﬁ) R%Psai(g(?r RUPROY \;\ﬁﬁéﬁﬁ'mﬂ ingraim 15) dPrLprashicing A saedicamenbiarnary or
secondge/iréaAMesht or prophylaxis of ischemic states of the heart.

9. The use of a compound | as claimed in claim 1 for producing a medicament for
the treatment or prophylaxis of ischemic states of the peripheral and central
nervous system and of stroke.

10.The use of a compound | as claimed in claim 1 for producing a medicament for

the treatment or prophylaxis of ischemic states of peripheral organs and limbs.

11.The use of a compound | as claimed in claim 1 for producing a medicament for
the treatment of states of shock.

12.The use of a compound | as claimed in claim 1 for producing a medicament for

use during surgical operations and organ transplantations.

13.The use of a compound | as claimed in claim 1 for producing a medicament for

the preservation and storage of transplants for surgical procedures.




15. The use of a conpound | as clained in claiml for producing a
medi canent for the treatnent or prophylaxis of disorders qfyhebshs
nmet abol i sm 16. A nmedi canent conprising an effective anount of a conpound

as clained-in one or nore of clains 1 to 4.

33

14. The use of a compound | as claimed in claim 1 for producing a medicament for
the treatment of disorders in which cell proliferation represents a primary or

secondary cause.

15. The use of a compound | as claimed in claim 1 for producing a medicament for

the treatment or prophylaxis of disorders of lipid metabolism.

16. A medicament comprising an effective amount of a compound | as claimed in

ohe or more of claims 1 to 4.






