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(57) Abstract: The invention relates to snbstituted thiophene derivatives of formula

R3

R5 R7 (I). wherein: R1 to R8 have the meanings as cited in the claims. Medicaments
R2 containing compounds of this type are useful in preventing or treating various dis-

eases. Thus, these compounds can be used, among other things, for treating breath-

101984 Al

m /L ing disturbances and snoring, for improving the breathing drive, for treating acute
and chronic diseases, diseases triggered by ischemic and/or reperfusion events as

N RG well as by proliferative or fibrotic events, for the treatment or prophylaxis of dis-

eases of the central nervous system, lipid metabolism and diabetes, blood clotting

R1 R4 H and parasitic infection.

(57) Zusammenfassung: Die Erfindung betrifft substituierte Thiophen-Derivate der Formel (I) worin R1 bis R8 die in den Ansprii-
"-.. chen wiedergegebenen Bedentungen haben. Medikamente, die Verbindungen dieses Typs enthallen, sind niitzlich bei der Priivention
oder Behandlung diverser Erkrankungen. So lassen sich die Verbindungen unter anderem verwenden zur Behandlung von Atemstd-
rungen und des Schnarchens sowie zur Verbesserung des Aiemantriebes, zur Behandlung von akuten und chrenischen Erkrankungen,
durch ischiimische und/oder Reperfusionsereignisse sowie durch proliferative oder durch fibrotische Erelgmsse ausgeltsten Erkran-
kungen, zur Behandlung oder Prophylaxe von Erkrankungen des zentralen Nervensystems, des Fettstoffwechsels und des Diabetes,

der Blutgerinnung und des Befalls durch Parastien.




and chroni c di seases, diseases triggered by ischem c and/or reperfusion
events as well as by proliferative or fibrotic events, for the treatnent

or prophylaxis of dis- eases of the central nervous system Ilipid

met abol i sm and di abetes, blood clotting and parasitic infection. WO
03/101984 PCT/ EP03/ 05465 SUBSTI TUTED THI OPHENES, METHOD FOR THE PRODUCTI ON
THERECF, WOHIS/I9108& AS A MEDI CAVENT OR DI AGNOSTI C REAGENT, ARCTAERENTAGHIENT
CONTAI NI NG THE SAME 5 Substituted thi ophenes, nmethod for the production
thereof, their use as a nedi canent or diagnostic reagent, and a nedi canent

cont ai ni ng $UBSTHNETEDETHIORHENSS, MEBH@SD F@EWHE@R@MTI@N THEREOF, t he
substituted thio hene derivatives canents_conpri sing

conmpounds of t hils! B\SeAME@@MEINEQ%DMNQS@COREP‘@T r@\“?aﬁl ous
di sorders. Thus, the CO”%EgﬁéAﬁ/ﬁfN‘P?)G'ﬁ?ﬂ% I'Né?'i-i@él\ﬂn for the treatnent

of respiratory dlsorders and snoring, nproving the respiratory
drive, for the treatnent of acute and chronlc dlsorders di sorders
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coagul ati o y parasites ention relates to conpounds
of the fornula 1 R8 20 I in which: R and R2 independently of one anot her
are H F._d

o St TG iyeiion Tefalks 1l CRappiAd ol Bieaing of e g fbsttad fiophidhe ddivhuvés
of the formuia |. Medicaments comprising compounds of this type are of use for
10  preventing or treating various disorders. Thus, the compounds can be used, inter alia,
for the treatment of respiratory disorders and snoring, and for improving the respiratory
drive, for the treatment of acute and chronic disorders, disorders triggered by ischemic
and/or reperfusion events and by proliferative or fibrotic events, for the treatment or
prophylaxis of disorders of the central nervous system and lipid metabolism, and

15 diabetes, blood coagulation and infection by parasites.
The invention relates to compounds of the formula |,

R3 R7
gro RS

/L

N RB
R1 R4
20
|
in which:
R1 and R2
independently of one another are H, F, CI, Br, I, CN, NO2, -(X)n—CqH2q-Z,

25 cycloalkyl having 3, 4, 5 or 6 carbon atoms, alkenyl having 2, 3 or 4 carbon

atoms, alkenylalkyl having 3 or 4 carbon atoms, ethynyl or alkylalkynyt having
3 or 4 carbon atoms;

n iszeroor 1;



atons, al kenyl al kyl having 3 or 4 carbon atons, ethynyl or alkyl al kynyl
having 3 or 4 carbon atons; n is zero or 1; 2 X is oxygen, NH N CH3,
S(Ok; kis zero, 1 or 2; qis zero, 1, 2, 3, 4, 5 or 6; Z is hydrogen or
Cn2mtl; 5 mis zero, 1, 2, 3 or 4; R3 is hydrogen, nethyl, F, d, Br, I,
CN, S(Ok-CH3, -N&2, -OCH3; k is zero, 1 or 2; R4 is hydrogen, cycl oal kyl
having 3, 4, 5, or 6 carbon atons, alkenﬁq having 2, 3 or 4 carbon atons,
al kenyl al kyl having 3 or 4 carbon atonms, ethynyl or 10 al kyl al kynyl havi ng
3 or 4 carbon atonms, -CrH2r - Y; r is zero, 1, 2, 3 or 4; Y is hydrogen or
trifluoronethyly RSiQQQmBQmQQﬁ NMgﬂggg 8%[ together are a bond;. R7 and
R8 15 independently of oné another are ?3 -C5) -al kyl, (C2-C5)-al kenyl,
(C2-C5) al kynyl, (C3-K%6)-cyskerd Kydr Dr (C4-C6)-cycl oal kenyl or R7 and R8
toget her are an al kyl.ene chain _conprising 3 to 8 carbon atons; 20 where
none, sone or &l of'?ﬁ@ﬁ%1h€dﬁoﬁg§°é5bns may be replaced by fluorine

atoms; or R7 afd R8 is hydrogen or CmFama1;
5 m is zero, 1, 2, 3 or 4;
R3 is hydrogen, methyl, F, CI, Br, I, CN, S(O)}-CH3, -NO», -O-CHg;
k is zero, 1 or 2;

R4 is hydrogen, cycloalkyl having 3, 4, 5, or 6 carbon atoms, alkeny! having 2, 3 or
4 carbon atoms, alkenylalkyl having 3 or 4 carbon atoms, ethynyl or

10 alkylalkynyl having 3 or 4 carbon atoms, -C/Hor - Y;
r is zero, 1,2, 3 or 4;
Y is hydrogen or trifluoromethyl;

R5 and R6 are hydrogen or together are a bond;.
R7 and R8

15 independently of one another are (C3-Cs}-alkyl, (C2-Cs)-alkenyl, (Co-Cs)-

alkynyl, (C3-Cg)-cycloalkyl or (C4-Cg)-cycloalkenyl

or
R7 and R8
together are an alkylene chain comprising 3 to 8 carbon atoms;
20 where none, some or all of their hydrogen atoms may be replaced by fluorine
atoms;
or ‘
R7 and R8
together are a radical
R12 A1t
o Vel
og Ro

where R5 and R6 together form a bond;
R10 and R11




together are a radical 25 R10 RO where R5 and R6 together forma bond; R10
and R11 3 independently of one another are hydrogen, fluorine, chlorine,
brom ne, nethyl, CN, OH -OCH3, NO2, NH2 or -CF3; R9 and R12 are hydrogen
or F; 5 or one of the substituents RO and R12 is hydrogen; and the other
is F, A, Br, I, CN, N2, COOH CO NR13R14, S02- NR13R14, al kenyl having 2,
3 or 4 carbon atomns, al kenylal kyl having3 10 or 4 carbon atons, ethynyl,
al kyl al kynyl having 3 or 4 carbon atoms or -(X)n - CgH2g-Z; R13 and R14
are identical or different hydrogen or alkyl having 1, 2, 3 or 4 carbon

atoms; 15 20 or RI13 iaddpétideritgastidnerartihéy drachydirddar) #uofife WHI6nd hey are
attached forma saturated 5-, 6- or 7-nenbered ring; nis zero or 1;

bromine, methyl, CN, OH, -O-CHs, NO2, NH» or -CF3;
R9 and R12
are hydrogen or F;
5 or
one of the substituents R9 and R12
is hydrogen;
and the other is F, Cl, Br, I, CN, NO2, COOH, CO-NR13R 14, SO»-
NR13R14, alkenyl having 2, 3 or 4 carbon atoms, atkenylalkyl having 3
10 or 4 carbon atoms, ethynyl, alkylalkynyl having 3 or 4 carbon atoms or
-(X)n— CqH2q'Z§
R13 and R14
are identical or different hydrogen or alkyl having 1, 2, 3 or 4
carbon atoms;
15 or
R13 and R14 together with the nitrogen to which they are attached
form a saturated 5-, 6- or 7-membered ring;
n is zero or 1;
X is oxygen, NH, N-CHz, S(O);
20 k is zero, 1 or 2;
q is zero, 1,2, 3,4,50r6;
and
Z is hydrogen or CrFamq1:

m is zero, 1, 2, 3 or 4;

25 and their pharmaceutically acceptable salts, and their trifluoroacetic acid salts.

One embodiment relates to compounds of the formula | in which
R1 and R2

independently of one another are H, F, Cl, Br, I, CN, NO2, -(X)n — CqHag - Z,

30 cycloalkyl having 3, 4, 5 or 6 carbon atoms, alkenyl having 2, 3 or 4 carbon



X is oxygen, NH, NCH3, S(Ok; Kk is zero, 1 or 2; qis zero, 1, 2, 3, 4, 5
or 6; and Z is hydrogen or CnF2mtt; mis zero, 1, 2, 3 or 4; 25 and their
pharmaceutically acceptable salts, and their trifluoroacetic acid salts.
One enbodi ment relates to conpounds of the formula | in which Rl and R2

| ndependently of one another are H F, d, Br, 1, ON, NO&2, -(X)n - CgH2q -
Z, 30 cycloalkyl having 3, 4, 5 or 6 caﬂbon atons alkenyl having 2, 3 or
4 carbon 4 atons, al kenyl al kyl having 3 or 4 car bon atons, ethynyl or

al kyl al kynyl having 3 or 4 carbon atonms; n is zero or 1; X is oxygen, NH,
N-CH3, S(Ok; atokd, alkemylalkyl having;3 or 4 sarbancatofns, 2thydyl ¢ alkylatkybyl hating
hydrogen or Cnﬁingé E I S zero 1, 2, 3 or 4, R3 is hydrogen, nethyl, F
a, , r& -0- CH3; 10 R4 is hydrogen, cycl oal kyl
haV|ng 3 4, 5,por 6 |§%bﬁ9 r@tons al kenyl having 2, 3 or 4 carbon atons,
aIkenyIaIkyI having 3 or 4 carbon atoms, ethynyl or alkylal kynyl having 3

or 4 carbon atoxs, GQ'd&ggenZ\lHQNL(Sngs@)kl 2, 3 or 4, Zis hydrogen or
trifluoronmethyl; 15 R5 and

5 k is zero, 1or2;
g iszero, 1,2,3,4,50r6;
Z is hydrogen or CmFome1:
m iszero, 1,2,3 0r4;

R3 is hydrogen, methyl, F, Cl, Br, |, CN, S(O)k-CHs, -NOs, -O- CHs;

10 BR4 is hydrogen, cycloalkyl having 3, 4, 5, or 6 carbon atoms, alkenyl having 2, 3 or
4 carbon atoms, alkenylalkyl having 3 or 4 carbon atoms, ethynyl or

alkylalkynyl having 3 or 4 carbon atoms, -CqHog — Z;

q iszero,1,2,30r4;
4 is hydrogen or triflucromethyl;
15 R5and R6
are hydrogen or together are a bond;
R7 and R8

independently of one another are (C3-Cs)-alkyl, (C2-Cs)-alkenyl, (C2-Cs)-

atkynyl, (C3-Cg)-cycloalkyl or (C4-Cg)-cycloalkenyl

20 or
R7 and R8
together are an alkylene chain comprising 3 to 8 carbon atoms;
where none, some or all of their hydrogen atoms may be replaced by fluorine
atoms; |
25 or
R7 and R8

together are a radical



are hydrogen or together are a bond; R7 and R8 independently of one

anot her are (C3-C5)-al kyl, (C2-C5)-al kenyl, (C2-C5)- alkynyl,

(C3-C6)-cycl oal kyl or (C4-C6)-cycloal kenyi 20 or R7 and R8 together are an
al kyl ene chain conprising 3 to 8 carbon atons; where none, some or all of
their hydrogen atons nmay be replaced by fluorine atons; 25 or R7 and R8
together are a radical 5 R12 RO 5 10 15 80 where R5 and R6 together forma
bond; R9, R10 and R11l independently of one another are hydrogen, fluorine,
chlorine, bromne, methyl, CN, OH -OCH3, NO2, N-12 or -CF3; RO and R12
are hydrogen; or one of the substituemts RORand R12

R10
Y,

R9

where R5 and R6 together form a bond;
R9, R10 and R11

independently of one another are hydrogen, fluorine, chiorine,

5 bromine, methyl, CN, OH, -O-CHg, NO2, NH2 or -CFs;
RS and R12
are hydrogen;
or
one of the substituents R9 and R12
10 is hydrogen;

and the otheris F, CI, Br, I, CN, NOo, COOH, CO-NR13R14,

S02-NR13R14, alkenyl having 2, 3 or 4 carbon atoms,
alkenylalkyl having 3 or 4 carbon atoms, ethynyl, alkylalkynyl
having 3 or 4 carbon atoms or -(X)p - CqH2g-Z;

15 R13 and R14
are identical or different hydrogen or alkyl having 1,2, 3 or 4
carbon atoms;

n iszeroor 1;
X is oxygen, NH, N-CHg, S(O)x;
20 k is zero, 1 or 2;
q iszero, 1,2,3,4,50r6;
and
p is hydrogen or CmFama1;
m iszero, 1,2,30r4;

25 and their pharmaceutically acceptable salts, and their trifluoroacetic acid salts.

Preference is given to compounds of the formula |, in which:



I s hydrogen; and the other is F, d, Br, I, CN, NO2, COON, CO NR13R14,
S02- NR13R14, al kenyl having 2, 3 or 4 carbon atons, al kenyl al kyl having 3
or 4 carbon atons, ethynyl, alkylal kynyl having 3 or 4 carbon atons or
-(X)n -- CgH2g-Z; R13 and R14 are identical or different hydrogen or alkyl
having 1, 2, 3 or 4 carbon atons; n is zero orl; X is oxygen, NH, N CH3,
S(Ok; kis zero, L or 2; qis zero, 1, ®, 3, 4, 5o0or 6; and Zis
hydrogen or CnF2m1; mis zero, 1, 2, 3 or 4; 25 and their
pharmaceutically acceptable salts, and their trifluoroacetic acid salts.
Pref erenc&liandyR2en to conpounds of the formula |, in which: 6 RL and R2
I ndependently of one another are H F, O, Br, CH3, CF3 , S02CH3, SO2NHZ;
but where at nosepaadentiyt dfeonsudrmtheanet id, R1Ch Rd, GPlaj §Ft3y802@é113 STphIEo;
hydrogen, F or C; 5 R4 is hydrogen, alk having 1, 2 or 4 carbon
atoms, or cycl opvophere atrpoginerd tﬁﬁé%?éﬂ@g@rﬁbﬁnﬂd@%tﬂmdrﬁ%n,a bond; R7
and R8 togat herlsaﬁﬁr(’j’@er?lﬁ(éﬁlépe chain conprising 3, 4, 5, 6, 7 or 8 carbon
at ons; ' ’

5 R4 is hydrogen, alkyl having 1, 2, 3 or 4 carbon atoms, or cyclopropy!;

R5 and R6
are hydrogen or together are a bond;
R7 and R8
together are an alkylene chain comprising 3, 4, 5, 6, 7 or 8 carbon atoms;
10 or
R7 and R8
together are a radical
R12 R11
/ R10
R9
where R5 and R6 together form a bond;
15 R10 and R11 |
independently of one another are hydrogen, OH, flucrine or chlorine;
R9 and R12
are hydrogen;
or
20 one of the substituents RS and R12
is hydrogen;
and the otheris F, Cl, Br, CN, COOH, CO-NR13R14, SO>-NR13R14
or -(X)n — CgHog-Z;
R13 and R14
25 are identical or different hydrogen or methyl;
n iszeroor t;
X is oxygen, NH, N-CHz or S(O)y;
k is zero, 1 or 2;



10 or R7 and R8 together are a radical R1I0O RO where R5 and R6 together form
a bond; 15 R10 and R11l i ndependently of one another are hydrogen, OH,
fluorine or chlorine; RO and R12 are hydrogen; or 20 one of the
substituents RO and R12 is hydrogen; and the other is F, d, Br, O\, CO OH,
CO- NR13R14, S02-NR13R14 25 or -(X)n - CgH2g-Z; R13 and R14 are identical

or different hydrogen or nmethyl; n is zéro orl; X is oxygen, NH, N CH3 or
S(Ok; kis zero, 1 or 2; 7 qis zero, 1, 2, 3 or 4, Z is hydrogen or

CF3; and their pharmaceutically acceptable salts, and their trifluoroacetic

acid salts. 5 Particujar priekerence, 8ergiven to conpounds of the fornmula 1
in which: Rl and R2

y4 is hydrogen or CFg;

and their pharmaceutically acceptable salts, and their trifluoroacetic acid salts.

5 Particular preference is given to compounds of the formula 1 in which:
R1 and R2

independently of one another are F, Cl, Br, CHz or CF3;
R3 is hydrogen;
R4 is hydrogen, methyl, ethyl;
10 R5andR6
are hydrogen or together are a bond,
R7 and R8

together are an alkylene chain comprising 3, 4, 5, 6, 7 or 8 carbon atoms;
or

15 R7andR8

together are a radical
R12 R11

R10
/

R9
where R5 and R6 together form a hond;
R10 and R11
20 independently of one another are hydrogen, OH or fluorine;
R9 and R12
are hydrogen;
or
one of the substituents R9 and R12
25 is hydrogen;
and the other is F, Cl, Br or -(X)n — CqHaqg-Z;

n is zero or 1;

X is oxygen, NH, N-CH3 or S(O)k;



i ndependent|ly of one another are F, d, Br, CH3 or CF3; R3 is hydrogen; R4
I s hydrogen, nethyl, ethyl; 10 R5 and R6 are hydrogen or together are a
bond; R7 and R8 together are an al kyl ene chain conprising 3, 4, 5, 6, 7 or
8 carbon atons; or 15 R7 and R8 together are a radical R12 20 25 R11 R10
R9 where R5 and R6 together forma bond; R10 and R11 independently of one
anot her are hydrogen, OH or fluorine; R® and R12 are hydrogen; or one of
the substituents R9 and R12 is hydrogen; and the other is F, O, Br or
-(X)n - CgH2g-Z; n is zero orl; X is oxygen, NH, NCH3 or S(O)k;

k is zero, 1 or 2;
q is zero or 1;
Z is hydrogen or CF3;

and their pharmaceutically acceptable salts, and their trifluoroacetic acid salts.

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

trans-R,R-2-chloro-3N-(3a,4,5,6,7,7a-hexahydro-1H-2-benzimidazolyl)-4-methyi-3-

10 thienylamine,
trans-R,R-2-bromo-3N-(3a,4,5,6,7,7a-hexahydro-1H-2-benzimidazolyl)-4-methyi-3-
thienylamine,
2-chloro-3N-(2-benzimidazolyl)-4-methyi-3-thienylamine,
2-bromo-3N-(2-benzimidazolyi}-4-methyl-3-thienylamine,

15 2-chloro-3N-(4-methyl-2-benzimidazolyl)-4-methyl-3-thienylamine,
2-chloro-3N-(5-fluoro-2-benzimidazolyl}-4-methyl-3-thienylamine,
2-chloro-3N-(4-chloro-2-benzimidazolylamino)-4-methyithiophene,
2-bromo-3N-(4-chloro-2-benzimidazolylamino)-4-methylthiophene,
2-bromo-3N-(4-fluoro-2-benzimidazolylamino)-4-methylthiophene,

20  2-chloro-3N-{4-fluoro-2-benzimidazolylamino)-4-methylthiophene,
2-chloro-3N-{4-hydroxy-2-benzimidazolylamino)-4-methyithiophene,
(1H-benzimidazol-2-yl)-(2-chloro-4-methyithiophen-3-yl)-methylamine,
(2-bromo-4-methylthiophen-3-yl)-(5-fluoro-1H-benzimidazol-2-yl)-amine,
2-chioro-3N-(2-benzimidazolylamino)-4-methyithiophene,

25  2,4-dichloro-3N-(2-benzimidazolylamino)thiophene,
2-bromo-4-chloro-3N-(2-benzimidazolylamino)jthiophene,
2,4-dichloro-3N-{4-methyl-2-benzimidazolylamino)thiophene,
trans-R,R-2,4-dichloro-3N-(3a,4,5,6,7,7a-hexahydro-1H-2-benzimidazotyl)-3-
thienylamine,

30 or
2,4-dichloro-3N-(4-chloro-2-benzimidazolylamino)thiophene

and their pharmaceutically acceptable salts, for example the hydrochloride or the



8 k is zero, 1 or 2; qis zero or 1; Zis hydrogen or CF3= and their

phar maceutically acceptable salts, and their trifluoroacetic acid salts. 5
Very particular preference is given to the followi ng conpounds of the
formula I, selected fromthe group consisting of: trans-

R, R-2-chl oro-3N-(3a, 4,5, 6,7, 7a- hexahydro-1 H 2-benzi m dazol yi) - 4- et hyl - 3-
10 thienyl amine, trans- R R-2-brono-3N-(3a, 4,5, 6,7, 7a- hexahydro-1

H 2- benzi m dazol yl ) - 4- net hyl - 3- t hi enyl am ne,

2- chl or o- 3N- ( 2- benzi m dazol yl ) - 4- et hyl - 3-t hi enyl am ne,

2- br omo- 3Ny(iRthemidedicineghethhndsiiRiré oBehdh entleatBrmsoundbd

2-chl or o- 3N- (4- et hyl - 2- benzi m dazol yl) - 4- net hyl - 3-t hi enyl am ne,

2-chl oro- 3N- (5-fl uor o- 2- benzi m dazol yl ) - 4- et hyl - 3-t hi enyl am ne,

2- chl or o- 3N- (4- chl or o- 2- benzi m dazol yl am no) - 4- net hyl t hi ophene,

2-b 3 .
o br oo SN EL AU RN REIIATARE e b&BrEGentin IS [0 of tRE( 83, Syjtable acic
2- chl or o- adhitipn-dalte @are salth ehal phamaxdoglgailmnoaptableacmt fqu@damm@haﬁ@es,
2- chl of 0- 3N- yd 4- | t hj. 0

- boncb s INpAEDATH AR R BRIIRR Bplics TR, Bha Rt

(2- bromo- écgﬁtéwlpmsgﬁa@@ ﬁmwsmf%nbtes%@nie;kbmfz—.af@sd9Ztelue%e¥b|}cr?d1é§\e

2-chl oro- 3N- ( 2- benzi m dazol él am no) - 4- met hyl t hi ophene,
2, 4- di chl edipires Zupwiatesi g z@ngdleérrglnba)maﬁe@pgbﬁ@rolphosphates maleates,

2- brono- 4 3 | y p .
2. 4- i onl BRSSO R AR LBS & Pin s G prara to the physiologically
: acceptable anions; but a[so trifluoroacetates. If the compounds contain an acid group,
10 they are capable of forming salts with bases, for example as alkali metal salts,
preferably sodium or potassium salts, or as ammonium salts, for example as salts with

ammonia or organic amines or amino acids. They can also be present as zwitterion.

If the compounds of the formula | contain one or more centers of asymmetry, the
15 compounds can independently be both S- and R-configured. The compounds can be

present as optical isomers, as diastereomers, as racemates or as mixtures thereof.

The compounds of the formula | can furthermore be present as tautomers or as a
mixture of tautomeric structures. This refers, for example, to the following tautomers:

20

R7

R2 R5 _ R2 R5 R7 R2 R5
N
)l\ RS RS
r;f R6
R4 H

(ifR4=H)

Alkyl radicals can be straight-chain or branched. This also applies when they carry

substituents or are present as substituents of other radicals, for example in fluoroalkyi
25 radicals or alkoxy radicals. Examples of alkyl radicals are methyl, ethyt, n-propyl,

isopropyl (= 1-methylethyl), n-butyl, isobutyl {= 2-methylpropyl}, sec-butyl (= 1-methyi-



trans-R, R-2,4-dichloro-3N-(3a,4,5,6,7, 7a- hexahydro-1

H 2- benzi m dazol yl)-3- thienylamne, 30 or 2,4-dich loro-3N (4-ch lo
ro-2-b enzimd azolyl am n o)thiop hen e and their pharmaceutically
acceptabl e salts, for exanple the hydrochloride or the 9 hydrobrom de or

t he net hanesul fonate of each of the conmpounds. The conpounds of the formula
| can be present in the formof their sall@s. Suitable acid addition salts
are salts of all pharmacol ogically acceptable acids, for exanple halides,

5 in particular hydrochlorides, hydrobrom des, |actates, sulfates,

citrates, ptapy) aérbbutya(‘:eﬂ At-disethylotgt)ahen gn’aébyémyl iérﬂpbﬁﬁﬂ neopentyl or
benzenesubf 0 g uenesul f onat es, I nates, fumarates, gl uconates,
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Alkynyl radicals can be straight-chain or branched. This also applies when they are
present as substituents, for example in alkynylalkylene. The alkynyl radicals can be

15 unsaturated in different positions. Examples of alkynyl radicals are ethynyl, propynyl or
butynyl.

Examples of cycloalky! radicals are cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl.
Substituted cycloalkyl radicals can be substitued in any positions. The cycloalkyl
20 radicals may also be present branched as alkylcycloalkyl or cycloalkylalkyl.

Also described are methods for preparing compounds according to the invention.
Thus, the substances described by formula ! can be prepared in a manner known to
the person skilled in the art from the isothiocyanate il parent compounds and the

25 appropriate diamines {ll,

A3
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e Rs. R7

SN H,N
N=C=5 R8

R1 H.N Re
il O




25 radicals or al koxy radicals. Exanples of alkyl radicals are nethyl,
ethyl, n-propyl, isopropyl (= 1-nethylethyl), n-butyl, isobutyl (=

2-met hyl propyl), sec-butyl (= 1-nethyl 10 propyl), tert-butyl (=1, 1 -d
met hyl ethyl), n-pentyl, isopentyl, tert-pentyl, neopentyl or hexyl.
Preferred al kyl radicals are nethyl, ethyl, n-propyl, isopropyl, n-butyl,
tert-butyl, n-pentyl, n-hexyl. In alkyli1tadicals, one or nore, for exanple
1, 2, 3, 4, 5, 6, 7, 8 or 9, hydrogen atons may be substituted by fluorine
atons. Exanples of such fluoroalkyl 5 radicals are trifluoronethyl,

2, 2, 2- tri The Hhieaiddyderiviaivd aHistPisa8iANY asReRh&irieaife $§@3‘7(§Iﬁ2§b usirgpbsti tut ed
aI kyI radi cal s may be substituted in any positions. Al kenyl radicals may be
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for preparing conpounds according to the |nvent|on Thus, the substances
described by fornmula 1 can be prepared in a manner known to the person
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react the isocyanates IV
R3 Ro
< =
N=C=0
R1 IV

with amines of the type of formula il to give the compounds of the formula I. Here, the
15  urea derivative which is formed as an intermediate is cyclized using phosphorus

oxychloride to give the corresponding compounds of the formuia [.

In the present invention, it was surprisingly possible to demonstrate that the
compounds described are potent inhibitors of the sodium/proton exchanger (NHE), in
20 particular the sodium/proton exchanger of subtype 3 (NHES).

The NHES3 inhibitors known to date are derived from compounds of the acylguanidine
type (EP825178), of the norbornylamine type (DE199 60 204), of the 2-guanidino-
quinazoline type (WO 0179186) or of the benzamidine type (W0O0121582,

25  WO0172742). Squalamine, which has also been described as NHE3S inhibitor
(M. Donowitz et al. Am. J. Physiol. 276 (Cell Physiol. 45): C136 — C144), is, according
to current understanding, not, unlike the compounds of the formula |, effective
immediately, but rather via an indirect mechanism and thus reaches its maximum
potency only after one hour. Such NHE3 inhibitors which act by a different mechanism



R N=C=S R8B H2N R6 ii Ill 11 The thiourea derivative which is forned as an
internmediate is cyclized using nethyliodide (Synthesis, 1974, 41 - 42) or
carbodiimde (Synthesis, 1977, 864 - 865) or using p-toluenesul fonyl
chloride to give the correspondi ng conpound of the formula 1. If the

| sot hi ocyanates |1 enployed here are not commercially available, they 5 can
be prepared in a manner known fromthe Hbterature fromthe correspondi ng

am not hi ophene derivatives, using nethods known to the person skilled in
the art, for exanple by treatnent with thiophosgene (J. Med. Chem, 1975,

057, 104 e TherelPaRREIBIA 4o ECORERRon R oty BhecTHl cotlifinas ' 7% ¢

al so posséd&,bmin?tcstt@iaeeﬁtwri_y react the isocyanates IV RL IV with am nes
of the type of fornula Ill to give the conpounds of the formula I. Here,
the 15 urea derivative which is forned as an internediate is cyclized
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weak NHE action, clonidine has a high affinity for the adrenergic alpha2 receptor and

10 the imidazoline 11 receptor, mediating a strong hypotensive action (Ernsberger et al.,
Eur. J. Pharmacol. 134, 1, 1987).

Clonidine-like compounds having a thiophene ring instead of the phenyl ring are known
from DE1941761. These known compounds differ from the structures of the formula |
15 described herein in that they have considerably smaller radicals R7 and R8 and in
particular by the fact that R7 and R8 are not capable of forming a joint ring.
By these differences in the substituents R7 and RS, it is possible to eliminate the
undesirable clonidine-like cardiovascular effects described above, which are mediated
by the alpha-adrenoceptor action. At the same time, owing to these differences in the
20 substituents, the NHE-inhibiting properties of the compounds described herein are
enhanced to the micromolar and submicromolar range, whereas the compounds
known from DE1941761 show only extremely weakly pronounced NHE-inhibiting
effects, if any. Thus the main representative compound from DE1941761, the
hypotensive agent thiamenidine selected as development product, has, in each case at
25 300 uM, no inhibiting effects on the NHE-subtypes NHE1, NHE2, NHE3 and NHES

which were tested.

Compounds of the formula | are distinguished in that they inhibit the cellular
sodium/proton exchanger, and in particular by their NHE3-inhibitory action.

30
NHES3 is found in the body of various species, preferably in the gall bladder, the
intestine and the kidney (Larry Fliegel et al., Biochem. Cell. Biol. 76: 735 - 741, 1998),



(M Donowtz et al. Am J. Physiol. 276 (Cell Physiol. 45): C136 - Cl44),
I's, according to current understanding, not, unlike the conpounds of the
formula 1, effective immediately, but rather via an indirect mechani sm and
thus reaches its nmaxi num potency only after one hour. Such NHE3 inhibitors
which act by a different nmechanism 12 are therefore suitable for use as
conbi nation partners for the present conidbunds according to the invention.
Clonidine, which is simlar to the conmpounds descri bed here, is known as a
weak NHE 5 inhibitor. However, its action on the NHE3 of the rat is, with

a hal f naitioah dlstbbidetscted MR e {E2M4 &£80) Nefirds2ienpd|79e 501 eBni3y.
noderate. In contrast, it shows a certain selectivity for the NHE2 (J.

Olowski et at. J. Biol. Chem 268, 25536). It would therefore be nore
accurate to refer to clonidine as an NHE2 inhibitor. In addition to the
weak NHE @wmgot@, the | NJAFdnhibiteryprapestigs, ereampguridsrofithe feimdad ege suilapador
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are known from DE1941761. These known conpounds differ fromthe structures

of the formula 1 15 described herein in that they have considerably smaller
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devel opmegitioprdifitibier NME subtype&dinéafRyatan modulate or enhance the
pharmacologically relevant pH-regulating effects of the NHE inhibitors described

15 herein.

The use of the compounds according to the invention relates to the prevention and
treatment of acute and chronic diseases in veterinary and human medicine.

20 The pharmacological action of the compounds of the formula 1 is characterized in that
they induce an improvement in the respiratory drive. They can therefore be used in the
treatment of disturbed respiratory conditions which may, for example, occur in the
following clinical conditions and diseases: disturbed central respiratory drive (e.g.
central sleep apnea, sudden infant death, postoperative hypoxia), muscular-related

25 respiratory disorders, respiratory disorders after long-term ventilation, respiratory
disorders during adaptation in a high mountain area, obstructive and mixed forms of
sleep apnea, acute and chronic lung diseases with hypoxia and hypercapnia.

The compounds additionally increase the muscle tone of the upper airways, so that
snoring is suppressed. As a result, the compounds mentioned are advantageously

30 used for preparing a medicament for the prevention and treatment of sleep apnea and
muscular-related respiratory disturbances and for preparing a medicament for the

prevention and treatment of snoring.



25 300 pM no inhibiting effects on the NHE-subtypes NHE1, NHE2, NHE3 and
NHES5 which were tested. Conpounds of the fornula | are distinguished in
that they inhibit the cellular sodiunifproton exchanger, and in particular
by their NHE3-inhibitory action. 30 NHE3 is found in the body of various
species, preferably in the gall bladder, the intestine and the ki dney
(Larry Fliegel et al., Biochem Cell. Bid#. 76: 735 - 741, 1998), 13 but
can al so be detected in the brain (E. Ma et at., Neuroscience 79: 591 -
603). Onng to the NHE-inhibitory properties, the conpounds of the formula
| are suitable for the prevention and treatnent of di seases caused by an
activation of NHE or bg@an 5 activated NHE, and of di seases which are
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Cainfl . : : . F

Lo ot SBBEIBLIBY AL L B g Oy T bR acicoss

i nt racel | ahdthereby silreadp ircreasibg nedpiatonyadiivity, sasoe reruli ofhwitich @andnoleatbd

enzy groutP of %,0 t he carbonate .dehgdrata es, ] nhi Ejtors of the

bi car bbnaPe9bAD p&ﬁ@ﬁé?ﬁi%& PO meHEﬁ gy bﬁ@c ¥¥Bm bi car bonat e

cotransporter (NBC) or the sodi um dependent chloride/bicarbonate exchanger
(NCBE), and also NHE inhibitors having inhibitory action on other NHE
subt ypes, Oing to theiyNHES-inbibitont acton, émheompounds apterdingctol thgiimedritipn spare

rel evant I at i effects.of the NHE inhibitors.described 15 herein.
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drive (e. Suitable by way of example for use as drugs for treating ischemic noxa, for example

acute kidney failure.

15 Furthermore, the compounds are also suitable for treating all chronic renal disorders
and forms of nephritis which, as a consequence of increased elimination of protein,
result in chronic kidney failure. Accordingly, the compounds of the formula | are
suitable for preparing a medicament for the treatment of diabetic late damage, diabetic
nephropathy and chronic renat disorders, in particular all inflammations of the kidney

20 (nephritides) associated with increased elimination of protein/albumin.

It has been shown that the compounds used according to the invention have mild
laxative action and, accordingly, can also be used advantageously as laxatives or for
the prophylaxis of intestinal ObStl’l;lCﬁOFI..
25
Furthermore, the compounds according to the invention can be used advantageously
for the prevention and therapy of acute and chronic disorders of the intestinal tract
triggered, for example, by ischemic states in the intestinal region and/or by subsequent
reperfusion or by states and events of inflammation. Such complications can occur, for
30 example, by lack of intestinal peristalsis, as is frequently observed, for example, after
surgical interventions, in the case of bowel obstruction or in cases of strongly reduced
intestinal motility.



central sleep apnea, sudden infant death, postoperative hypoxia),

muscul ar-rel ated 25 respiratory disorders, respiratory disorders after

| ong-termventilation, respiratory disorders during adaptation in a high
nountai n area, obstructive and m xed forns of sleep apnea, acute and
chronic lung diseases wth hypoxia and h%gercapnia. The conpounds
additionally increase the nuscle tone of 'Yhe upper airways, so that

snoring is suppressed. As a result, the conpounds nentioned are

advant ageously 30 used for preparing a nedi canent for the prevention and
treatnment of sleep apnea and nuscular-related respiratory disturbances and
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particular those which trigger ischemically induced cardiac arrhythmias. Owing to their
15  protective action against pathological hypoxic and ischemic situations, the compounds

of the formula | used according to the invention can, as inhibitors of the cellular Na'/H"

exchange mechanism, be used as medicaments for treating all acute or chronic
damage caused by ischemia, or diseases induced primarily or secondarily by this
damage.
20
This relates to their use as medicaments for surgical interventions. Thus, the
compounds according to the invention can be used for organ transplantations, where
the compounds can be used both for protecting the organs in the donor before and
during removal, for protecting organs that have been removed, for example during
25 treatment with or storage in physiological bath fluids, and also during transfer into the
recipient organism pretreated with compounds of the formula .

The compounds are also useful medicaments with protective action during angioplastic
surgical interventions, for example on the heart, but also in peripheral organs and

30 vessels.

Since NHE inhibitors protect human tissue and organs not only effectively against



20 (nephritides) associated with increased elimnation of protein/albumn.
It has been shown that the conpounds used according to the invention have
mld |axative action and, accordingly, can also be used advantageously as
| axatives or for the prophylaxis of intestinal obstruction. 25
Furthernore, the conpounds according to the invention can be used

advant ageously for the prevention and tﬂ@rapy of acute and chronic

di sorders of the intestinal tract triggered, for exanple, by ischenc

states in the intestinal region and/or by subsequent reperfusion or by
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| used according to the invention can, as inhibitors of the cellular Na+/ Ht+

exchange nechani sm_be used as nedicanents for treati ng all acute or
chroni ¢ Owing to their protective action against ischemically induced damage, the compounds

according to the invention are also suitable for use as medicaments for treating
ischemias of the nervous system, in particular the central nervous system, where they
15 can be used, for example, for treating stroke or cerebral edema.

The compounds of formula | are also suitable for the therapy and prophylaxis of
diseases and disorders induced by overexcitability of the central nervous system, in
particular for the treatment of epileptic disorders, centrally induced clonic and tonic

20 spasms, states of psychological depression, anxiety disorders and psychoses. Here,
the NHE inhibitors according to the invention can be used on their own or in
combination with other substances having antiepileptic action or with antipsychotic
active compounds, or carbonate dehydratase inhibitors, for example acetazolamide,
and also with other inhibitors of NHE or of the sodium-dependent chloride/bicarbonate

25 exchanger (NCBE).

In addition, the compounds of the formula | according to the invention are also suitable
for treating types of shock, such as, for example, of allergic, cardiogenic, hypovolemic
and bacterial shock.

30
The compounds of the formula | can also be used for the prevention and treatment of
thrombotic disorders since, as NHE inhibitors, they are also capable of inhibiting



damage caused by ischem a, or diseases induced primarily or secondarily by
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for organ transpl antations, where the conpounds can be used both for
protecting the organs in the donor befor$ and during renoval, for
protecting organs that have been reaned,7for exanpl e during 25 treatnent
with or storage in physiological bath fluids, and also during transfer into
the recipient organismpretreated with conpounds of the formula I. The
conpoundsplaielebaggregatidmthareskivasrdn addilionhthey seadqreventartinkihit e@xcesajve

angi opl asti,c__s L.cal. i nteryventions, for e . but also in
peri pherafel%?%eaﬁélglgﬁ%t%ﬂé Q;é%f @laﬂg:p ﬁ@g %ﬁ@.@ﬂﬁ{“ﬂf‘?‘%ﬂ@gﬁ?&@@% lman tissue
and or gangvingrandifictel Eag thrombogeaiy siéctihg slataigewhhdaRked place Foswiagand
reperfusion but al so against the cytotoxic action of nedicanments used in

parti cul alschamiAed repeidispy Ihisdhuheossibledpyedrceané phiminale the patogenic he
conbi ned  aRLMUFJ ik two%o&%wﬁs.o cdoP@inbB! e RHE ihRickls 808 T oF
uci ng 0 py. By re

suppressi ng or r the'C oxl c effects a thera uci ng the
cyt ot oxi cpfeseht swveation capbet¢enbbined evdthdithtoeormpoynddiyaviogradiiceagubative t h NHE

inhibitors it is furtherngre pqossible to crease .the dose of .the
cyt ot oxi caRHEF HHETIAAICARB, SUE B7.JPE AR FeRATRIAAN QNGB tRHE cament s.

The thera {a;ghggo@nﬁéﬁ\}at&é shrepldKhazs! QFdRiiLa%eE Q@é@@éucﬁe%&ft fed

consi der a Inatton wth NHE I nhibitors. e ‘conpounds of the
f ormul a | antagosists, dbtter Xa griagonistsamedicanenis eiihfiprinolyticlactiapythwbmboxare

medi cgirent s_havi ng_an_.undesi r gbl ardi ot axi.c _conponent, OMng,to their
or ot o | vEECEBIAMaganE: ProgsmdesiPieye abids. thilod an@deBftunds
accor di ngcfopiddirell ﬂmeprdiﬁé) . C@hBMedUiseadt!iRe brssant RIHES inkaslicrs RiRt ISCBEY
treating ischem as of the nervous system in particular the central
nervous sifgildiars andfas witheihibitors of carbonate dehydratase, such as, for example, with

acetazolamide, is particularly beneficial.

15  Furthermore, the compounds of the formula | according to the invention have strong
inhibiting action on cell proliferation, for example on fibroblast cell proliferation and
proliferation of smooth vascular muscle cells. The compounds of the formula | are
therefore useful therapeutics for diseases in which cell proliferation is a primary or
secondary cause and can therefore be used as antiatherosclerotics, as agents against

20 chronic kidney failure and against neoplastic diseases. Thus, they can be used for
treating organ hypertrophy and hyperplasia, for exampie of the heart and the prostate.
Compounds of the formula | are therefore suitable for the prevention and treatment of
cardiac insufficiency (congestive heart failure = CHF) and for the treatment and
prevention of prostate hyperplasia and prostate hypertrophy.

25
The compounds of the formula | furthermore delay or prevent fibrotic disorders. Thus,
they are excellent agents for treating fibroses of the heart, and also pulmonary fibrosis,
liver fibrosis, kidney fibrosis and other fibrotic disorders.

30  Since there is significant elevation of NHE in essential hypertensives, the compounds
of the formula | are suitable for the prevention and treatment of high blood pressure

and of cardiovascular disorders.



15 can be used, for exanple, for treating stroke or cerebral edema. The
conpounds of fornmula | are also suitable for the therapy and prophyl axi s of
di seases and di sorders induced by overexcitability of the central nervous
system in particular for the treatnent of epileptic disorders, centrally
I nduced clonic and tonic 20 spasns, states of psychol ogi cal depression,

anxi ety disorders and psychoses. Here, 1%e NHE inhibitors according to the
i nvention can be used on their own or in conbination with other substances
havi ng antiepileptic action or with antipsychotic active conpounds, or
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ant agoni sts, nedi canents fibrinolytic aCtion, throndboxane recept or
ant agoni sits regsipdeisidiyRes, suak asilegarsin, dbesartan tvalsaviana omapadsilat, st s,

gemopatrilat, endothelin antagonists, renin inhibitors, adenosine receptor agonists,

inhibitors and activators of calcium channels, such as glibenclamide, glimepiride,

15 diazoxide, cromakalim, minoxidil and its derivatives, activators of the mitochondrial
ATP-sensitive potassium channel (mitoK(ATP) channel), inhibitors of other potassium
channels, such as inhibitors of Kv1.5 etc.

Owing to their antiphlogistic action, the NHE inhibitors can be used as antiinflammatory

20 agents. Mechanistically interesting is the inhibition of the release of mediators of
inflammation. Thus, the compounds can be used alone or in combination with an
antiphlogistic agent for the prevention or treatment of chronic and acute inflammatory
disorders. The combination partners used are advantageously steroidal and non-
steroidal antiinflammatory agents.

25
Moreover, it has been found that compounds of the formula | exert a beneficial
influence on serum lipoproteins. They can therefore be used for the prophylaxis and
regression of atherosclerotic changes by excluding a causal risk factor. This includes
not only primary hyperlipidemias but also certain secondary hyperlipidemias as are

30 encountered, for example, in diabetes. Additionally, the compounds of the formula |
reduce infarcts induced by metabolic anomalies considerably and, in particular, lead to
a significant reduction in the size and severity of the infarct induced.



cl opi dogrel, ticlopidine, etc. Conbined use of the present NHE inhibitors
with NCBE inhibitors and/or with inhibitors of carbonate dehydratase, such
as, for exanple, with acetazolamde, is particularly beneficial. 15
Furthernore, the conmpounds of the formula | according to the invention have
strong inhibiting action on cell prolifqéation, for exanple on fibrobl ast
cell proliferation and proliferation of 'Snooth vascul ar nuscle cells. The
conpounds of the formula | are therefore useful therapeutics for diseases
in which cell proliferation is a primary or secondary cause and can
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the prevention and treatment of coronary vascospasms and myocardial infarcts

15  induced by hypercholesterolemia and endothelial dysfunction, for preparing a
medicament for the treatment of the conditions mentioned in combination with
hypotensive substances, preferably with angiotensin converting enzyme (ACE)
inhibitors and angiotensin receptor antagonists. A combination of an NHE inhibitor of
the formula | with an active compound that fowers the lipid concentration in the blood,

20 preferably an HMG-CoA reductase inhibitor (for example lovastatin or pravastatin), the
latter having hypolipidemic action, thereby enhancing the hypolipidemic properties of
the NHE inhibitor of the formula §, has been found to be a favorable combination with
increased action and reduced use of active compound.

25 Thus, compounds of the formula | bring about effective protection against endothelial
damage of various origins. Owing to this protection of the vessels against the
syndrome of endothelial dysfunction, compounds of the formula | are useful
medicaments for the prevention and treatment of coronary vascospasms, peripheral
vascular diseases, in particular intermittent claudication, of atherogenesis and

30 atherosclerosis, of left-ventricular hypertrophy and of dilated cardiomyopathy, and of
thrombotic disorders.



formula I. Furthernore, the NHE inhibitors of the present invention can be

used in conbination with cal cium antagoni sts such as verapam |, diltiazem
am odi pine or nifedipine, and also with ACE inhibitors, such as, for
exanple, rampril, enalapril, 10 lisinopril, fosinopril or captopril.

Further favorable conbination partners include beta- blockers such as
nmet oprol ol, albuterol etc., antagonists &0 the angi otensi n receptor and
its receptor subtypes, such as l|osartan, irbesartan, valsartan,
omapatrilat, genopatrifat, endothelin antagonists, renin inhibitors,
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cardiomyopathy and other disorders which occur as a result of diabetes. In this

15  connection, they can be combined advantageously with the antidiabetic medicaments
described above under the NIDDM treatment. A combination with a favorable
administration form of insulin may be of particular importance.

In addition to the protective effects against acute ischemic events and subsequent

20 likewise acute reperfusion events, the NHE inhibitors of the formula | according to the
invention also have direct therapeutically useful action against disorders and
impairments of the entire mammalian organism which are associated with
manifestations of the chronically progressing aging process and are also independent
of acute states of hypoperifusion, and may also occur under normai, non-ischemic

25 conditions. These pathological age-related manifestations, such as disease, iliness
and death, induced over the long time of aging, which are now accessible to treatment
with NHE inhibitors, are disorders and disturbances caused to a substantial extent by
age-related changes in vital organs and their function which become more and more
important in the aging organism. .

30 Disorders associated with age-related dysfunction and age-related symptoms of wear
of organs are, for example, inadequate responsiveness and reactivity of the blood
vessels fo contraction and relaxation reactions. This age-related decline in vascular



medi canent for the treatnment of hypercholesterolema, for preparing a

medi canent for the prevention of atherogenesis, for preparing a nedi canent
for the prevention and treatnment of atherosclerosis, for preparing a

medi canent for the prevention and 5 treatnent of di seases induced by

el evated chol esterol |evels, for preparig? a nedicanment for the prevention
and treatnent of diseases induced by end6éthelial dysfunction, for
preparing a nedi canent for the prevention and treatnent of hypertension
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Thus, compounds of the formul'a I bring about effective protection against
endot hel i §lonsigignatinn BRY likewisedeagivghie combinalionavithhgpeteosive medicahentse

vessel s agai,n t.he, ~syndr ome of endothel ial dysfunction, conpeuads of the
Formil a 1 S 3h b ACEIBAPRER: APa BRI FrreptarAiedBRtisnthrdld St ot
coronary 4asgRnias Bic., BEwithAltesabolistasmiimalizifh Feediesmehts, Bath aswhelesterol-
intermittent cl audi cation, of atherogenesis and
15 lowering agents. The compounds of the formula | are thus suitable for the prevention of
age-related tissue changes and for prolonging life while maintaining a high quality of

fife.

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

20 antiporter (Na/H exchanger) which, in numerous disorders (essential hypertension,
atherosclerosis, diabetes, elc.}, is also elevated in cells which are easily amenable to
measurements, such as, for exampie, in erythrocytes, platelets or leukocytes. The
compounds used according to the invention are therefore suitable as excellent and
simple scientific tools, for example in their use as diagnostic aids for the determination

25  and differentiation of particular types of hypertension, but also of atherosclerosis, of
diabetes and of late complications of diabetes, of proliferative disorders, etc.

NHES inhibitors are furthermore suitable for treating disorders (human and veterinary)
caused by bacteria and by protozoa. in the case of disorders caused by protozoa,
30 particular mention may be made of malaria diseases of man and of coccidiosis in

poultry.
Moreover, the compounds are suitable as agents for controlling sucking parasites in



30 atherosclerosis, of left-ventricular hypertrophy and of dil ated

cardi onyopat hy, and of thronbotic disorders. 20 Mdreover, NHE inhibitors
of the formula | are suitable for treating non-insulin- dependent diabetes
(NI DDM where, for exanple, insulin resistance is suppressed. Here, to
enhance anti di abetic efficacy and qualité of action of the conpounds
according to the invention, it may be fa 8rable to combine these conpounds
with a 5 biguanide such as nmetformn, with an antidi abetic sul fonyl urea,
such as glyburide, glinepiride, tolbutam de, etc., a glucosidase
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time of aging, which are now accessible to treatnent

Medicaments comprising a compound | can be administered, for example, orally,

15 parenterally, intramuscularly, intravenously, rectally, nasally, by inhalation,
subcutaneously or by a suitable transcutaneous administration form, with the preferred
administration being dependent on the particular appearance of the disorder. Here, the
compounds | can be used alone or together with pharmaceutical excipients, both in
veterinary medicine and in human medicine and in crop protection.

20
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,

25 preservatives, solubilizers or colorants.

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 tablets, coated tablets, two-
30 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



with NHE inhibitors, are disorders and di sturbances caused to a substanti al
extent by age-related changes in vital organs and their function which
beconme nore and nore inportant in the aging organism % 30 Di sorders
associated wth age-rel ated dysfunction and age-rel ated synptons of wear

of organs are, for exanple, inadequate rggponsiveness and reactivity of the
bl ood vessels to contraction and rel axafton reactions. This age-rel ated
decline in vascular 21 reactivity to constricting and relaxing stimuli,
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or water, or a mixture of such solvents.

15  The formulation may, if required, also comprise other pharmaceutical excipients such
as surfactants, emulsifiers and stabilizers, and a propellant gas. Such a preparation
normally contains the active compound in a concentration of about 0.1 to 10, in
particular of about 0.3 to 3% by weight.

20 The dosage of the active compound of the formula I to be administered and the
frequency of administration depend on the potency and duration of action of the
compounds used; also on the nature and severity of the disease to be treated, and on

the sex, age, weight and individual response of the mammal to be freated.

25 On average, the daily dose of the compound of the formula ! for a patient weighing
about 75 kg is at least 0.001 mg/kg, preferably 0.1 mg/kg, up to a maximum of
30 mg/kg, preferably 1 mg/kg, of body weight. In acute situations, for example
immediately after suffering high-altitude breathing disorders, it may even become
necessary for the dosages to be higher. Especially on i.v. use, for example for an

30 infarct patient in an intensive care unit, up to 200 mg/kg per day' may be necessary.
The daily dose can be divided into one or more, for example up to 4, individual doses.



measurenents, such as, for exanple, in erythrocytes, platelets or

| eukocytes. The conpounds used according to the invention are therefore
suitable as excellent and sinple scientific tools, for exanple in their
use as diagnostic aids for the determ nation 25 and differentiation of
particul ar types of hypertension, but also of atherosclerosis, of diabetes
and of |ate conplications of diabetes, 84 proliferative disorders, etc.
NHE3 i nhi bitors are furthernore suitable for treating disorders (human and
veterinary) caused by bacteria and by protozoa. In the case of disorders
caused byREAHIAPSE thd Lxpafifrichtd ahd BRAMDRIE: may be made of malaria di seases
of man and of coccidiosis in poultry. Mreover, the conpounds are suitable
as agents for controlling sucking parasites in 22 human and veterinary
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medicine and in crop protectighon). 5 min — 95% acetonitrile (0.1% HCOOH); 2 min

— 95% H20 (0.1% HCOOH); 1 min; 0.45 m{/min.

15 B
stationary phase: YMC J'sphere H80 ~41 2.1 x 33 mm
mobile phase: 95% H20 (0.1% HCOOH) —» 95% acetonitrile (0.08%
HCOOH); 2.5 min - 95% acetonitrile (0.08% HCOOH); 0.5
min — 95% H20 (0.1% HCOOH); 0.5 min; 1.3 ml/min.
20 C
stationary phase: YMC J’sphere H80, 4y, 2.1 x 20 mm
mobile phase: 90% H20 (0.05% TFA) — 95% acetonitrile; 1.9 min; —» 95%
acetonitrite 0.5 min; 1 ml/min.
D
25  stationary phase: Merck Purospher 3¢ 2 x 55 mm
mobile phase: 95% H20 (0.1% HCOOH)— 95% acetonitrile (0.1%
HCOOH); 3.4 min — 95% acetonitrile (0.1% HCOOH),
1 min — 95% H20 (0.1% HCOOH); 0.2 min; 0.75 mi/min.
E
30 stationary phase: Merck Purospher 3y 2 x 556 mm



20 Excipients suitable for the desired pharnmaceutical fornulation are
famliar to the skilled worker on the basis of his expert know edge.
Besi des solvents, gel formers, suppository bases, tablet excipients and
ot her active ingredient carriers, it is possible to use, for exanple,
antioxi dants, dispersants, emulsifiers, antifoans, masking flavors, 25
preservatives, solubilizers or colorant8d For a formfor oral use, the
active compounds are mxed with the additives suitable for this purpose,
such as carriers, stabilizers or inert diluents, and converted by

abl ot's, TAACIRERL ' Capsul Tar HiD fO REIC AT S QR A R (0Eke
Exanpl es of inert carriers vwRigh DS ed 08bE, ﬁlﬁlgt(bgbs%mgnesi a,
I

magnesi um car bonat e, potassi um pﬁ)ospjﬁ’at e, act ose?&gbucose or starch,
especially corn starch. Prep@fFaCO@OH);drmimOcti/mil/miake pl ace 23 both as dry
and as V\i__t granul es. Exanples of suitable oily carriers or solvents are
veget abl & or animal oils such as sunflower oil or fish liver oil. For

subcuf angpunaREpfadéneous OVM?{%?N&:@QJ{@O,%M sbimhhpn, the active

conmpounds 5 used are converte nto a solution, suspension or enulsion, if

desired wdiiletpiasatbst ances gamtie@(Y.069% CFBCOOMI-BOSEY, fetdhiffe; 2 min; —
solubilizers, emulsifiers or other “excipients. Exanples of suitable

solvents are: water, physiol @98fcaletardlrilen®. danimiaabeliis, for exanple
et hanol , propanol, glycerol, and al so sugar solutions, such as glucose or
manni tol solutions, or else a mxture of the various solvents nmentioned. 10

Suit abl e s, ARAVIRALE LRl ol ALTHLAIA thefoiRgbahdiabhan | n the form of

aerosols o sprays are, for exanp ol ut1ons; suspensions or enul sions
of the astatiomacpphasmd of tHMerdioPunisphér RR18 (p0ak)266ut 25 airhy accept abl e
sol vent, such as, in particular, ethanol or water, or a m xture of such
sol vent s maislemtaseor nul at i on90HyH20(0.086uiTFéad> 20%naastentriie;el ominsr

phar maceuti cal excipients such )
25 mi/min

Example 1: 3N-(5-Fluoro-2-benzimidazolyl)-4-methyi-3-thienylamine hydrochloride

x HCI

ﬁﬁﬁ

15 S

a) 4-Methyl-3-thienyl isothiocyanate
is obtained by reacting equimolar amounts of 3-amino-4-methylthiophene and
N,N'-thiocarbonyldiimidazole in anhydrous tetrahydrofuran (THF) by stirring the
20 reaction mixture at room temperature for 5 hours and then allowing the mixture to
stand at room temperature overnight. 4-Methyi-3-thienyl isothiocyanate is isolated by
distillative removal of the solvent under reduced pressure using a rotary evaporator,
dissolving the residue in ethyl acetate and washing the organic phase repeatedly with
water. The organic phase is dried over sodium sulfate and the organic solvent is then
25 distilled off under reduced pressure using a rotary evaporator, giving 4-methyl-3-thienyl
isothiocyanate as a brown oily residue. 4-Methyl-3-thienyl isothiocyanate can be used

without further purification.



as surfactants, enulsifiers and stabilizers, and a propellant gas. Such a
preparation normally contains the active conpound in a concentration of
about 0.1 to 10, in particular of about 0.3 to 3% by weight. 20 The dosage
of the active conpound of the formula | to be adm nistered and the
frequency of adm ni stration depend on the potency and duration of action of
the conpounds used; also on the nature 8&d severity of the disease to be
treated, and on the sex, age, weight and individual response of the mammal
to be treated. 25 On average, the daily dose of the conpound of the formula

:) f1 or ?kpb) i ent Nv@#@inintgs-flab?ﬁggﬁﬁl)%-(i45methfyl-BaE}er@l)ﬂﬁdl;rég/ kg],c pr ef er abl %
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breat hin i t EH r

hi gherI %gggéﬁgij?;ﬁlgﬁwll.sambcgéﬁ%ﬁ exalrrgpe ésoragynng Tké ar g?ﬁ%gﬁ;ﬁ ’éﬂrffb P‘;‘ral an

i nt ensi vestirmed atiraam tempemunedon@mmgrspamd thn alh;w&xétmsiaeémymghfﬂaeddhel y
dose cgm be di vi exanpl e to 4, indiyidua

d i.nt,
Coecs 5., 38uEntis 46 HRlfled AE el R dicePraSaitE Risind B by byalon the are
enant | oepi; AlsfoueTprifloR Sliba JeReIAMMISIHE b thiXturel STdefical Bropitidrinby

rotation is given. these data are mssing, the conpounds are racemates
or 5 not tqsmnecamﬂyﬂ%ape@te The retention times (Rt) given below refer to

LCVS neas paraneters: Analytical nethods: 10 A
st ationar ??@ﬁg&tﬂé@ﬁélﬁﬂgphg&ﬁy 12 x 55 mm nobi |l e phase: 95% H20 (0.1 %
-> 95%aceton|tr| le (0.1 % HCCI]—D 5 m n -> 95%acetonitri le (0.1 %
HCOC]—!? m -* 9500 H2O (0.1 % HCOC]—4I) m / m
0 " 3N -(5-Fluoro-2- benz:mld%iz olyl)- -methyl -3- t’hienylamlne hydrochlonde

A molar excess (about 1.5 to 4 mol) of methyl iodide is added to 1.5 g (0.0053 mol) of
N-(2-amino-5-fluorophenyl)-N’-(4-methyl-3-thienyl)thiourea in 50 ml of anhydrous
ethanol, and the mixture is boiled at reflux for 5 hours. The mixture is allowed to stand

15  at room temperature overnight and the ethanol is then distilled off under reduced
pressure using a rotary evaporator, water is added to the residue and the pH is
adjusted to 8-9 using saturated aqueous sodium bicarbonate solution. The mixture is
extracted repeatedly with ethyl acetate, the organic phase is washed with water and
dried over sodium sulfate, the solvent is distilled off under reduced pressure using a

20 rotary evaporator and the residue is purified by silica gel column chromatography using
a solvent mixture of identical proportions of ethyl acetate and toluene (hereinbelow
referred to as “mixture 2") as mobile phase. The oily product obtained after distillative
removal of the organic solvent is dissolved in ethyi acetate and made highly acidic
using a saturated solution of hydfogen chloride in dry diethyl ether, and the precipitate

25 that crystallizes out is, after relatively long standing, filtered off. Crystalline solid, m.p.
192 +/- 2°C.

Example 2: 2-Chloro-3N-(5-fluoro-2-benzimidazolyl)-4-methyl-3-thienylamine
hydrochloride and 2,5-dichloro-3N-(5-fluoro-2-benzimidazolyl)-4-methyi-
30 3-thienylamine hydrochloride



15 B stationary phase: YMC J' sphere H30 -4/12.1 x 33 nm nobil e phase: 95%
H20 (0.1 % HCOOH) -a 95% acetonitrile (0.08% HCOOH); 2.5 mn -> 95%
acetonitrile (0.08% HCOOH); 0.5 mn -* 95% H20O (0. 1% HCOOH); 0.5 min; 1.3
m/mn. 20 C stationary phase: nobile phase: D 25 stationary phase:
nobi | e phase: E YMC J'sphere H30, 4u, 2.1 x 20 mm 90% H20 (0. 05% TFA) -+
95% acetonitrile; 1.9 nin; -* 95% acetofltrile 0.5 min; 1 nmImin. Merck
Pur ospher 3112 x 55 mm 95% H20 (0. 1% HCOOH) - > 95% acetonitrile (0. 1%
HCOOH); 3.4 min -* 95% acetonitrile (0.1 % HCOCH); 1 mn -* 95% H20 (0.1 %
HCOOH); 0.2 mn; 0.75 mImn. 30 si@tionary phase: Merck Purgsgher 3p 2 x

) macetonitrile (0.05% 5F

55 nm 25 nobi |l e pRasea. 95% H20 (0. 05% CF3COOR).- 3~Q5°
CF3COOH); 3.4 nin m‘%&eﬁonitrile(o.%% hagle: CF3COOH) ; 1
mn; 0.75 mM/mn. Y ere 80,4y, 2.1 xR~

e s

Cl
ci S

A solution of 0.24 g (0.0018 mol) of N-chlorosuccinimide in 15 m! of glacial acetic acid
is added dropwise to a solution of 0.5 g (0.0018 mol} of 3N-(5-fluoro-2-benzimidazolyl)-
5 4-methyl-3-thienylamine hydrochloride in 25 ml of glacial acetic acid, the reaction

mixture is stirred at room temperature for about 2 to 3 hours and the sclvent is distilled
off under reduced pressure using a rotary evaporator. Water is added to the residue
and the mixture is then made alkaline using 2N NaOH and extracted with ethyl acetate,
the organic phase is washed with water and dried over sodium sulfate and the solvent

10 s distilled off under reduced pressure using a rotary evaporator. The resulting oily
residue is, by medium pressure column chromatography, using a so!vent-mixture of
20 parts of ethyt acetate, 10 parts of n-heptane and 3 parts of glacial acetic acid
(hereinbelow referred to as “mixture 17”) as mobile phase, separated and treatment
with a solution of hydrogen chloride gas gives:.

15  2-chloro-3N-(5-fluoro-2-benzimidazolyl)-4-methyl-3-thienylamine hydrochloride from
fraction 1 and 2: colorless to slightly yellowish crystalline product, m.p. 200-202°C,
2,5-dichloro-3N-(5-fluoro-2-benzimidazolyl}-4-methyl-3-thienylamine hydrochloride

from fraction 3: colorless to slightly yellowish crystalline product, m.p. 286-288°C.

20 Example 3: 3N-(5,6-Dichloro-2-benzimidazolyl)-4-methyl-3-thienylamine

hydrochloride
x HCI
Ct N
T
Ci N 7\
S

a) N-(2-Amino-4,5-dichlorophenyl)-N'-(4-methyl-3-thienyl)}thiourea
25 is obtained analogously to the reaction described in example 1 b) from 4-methyl-




nmobi | e phase: 96% H20 (0. 05% CF3000H) - * 95% acetonitrile; 2 mn; -> 95%
acetonitrile 0.4 mn; 1 m/mn. Preparative HPLC was carried out under the
foll owi ng conditions: 10stationary phase: Merck Purospher RP18 (10NM 250 X
25 mm nobi | e phase: 90% H20O (0. 05% TFA)-* 90% acetonitrile; 40 mn; 25

m /mn Exanple 1: 3N (5-Fl uoro-2-benzi m dazol yl ) -4-net hyl - 3-t hi enyl am ne
hydrochl oride x HClI 15 a) 4-N@thy|-3-thig§yl | sot hi ocyanate i s obtained by
reacting equi nol ar anounts of 3-am no-4-nethylthi ophene and

N, N -t hi ocarbonyl dii m dazol e i n anhydrous tetrahydrofuran (THF) by stirring
the 20 rddbienyisathiaayepate anddd-dichioeo-dt2:dimniinobénzena:. Crystdllinkesolid) | owi ng
t he nixtugﬁ%%gcﬁéggg%at room tenperature overni ght. 4-Methyl-3-thienyi

i sot hi ocyanfate | ated by distillative renmoval of the sol vent under
reduced pressure using a rotary evaporator, dissolving the residue in

et hyl acetate and washing the organic phase repeatedly with water. The

organi c phhse i3NdpiGRicharp-Lhandmidardivi-4-neihyt-Bdhienylemioe sydvashioride t hen
25 digtil AL, e v 1Oy Ql.ving
4 et 1 - 5 ko #PERod SRNEIAC RGOS diSLiibbd i SlthieGl BPROA @ e ik
4- Met hyl - 3 5tdicklioydphesyt)i'o@ymetiiyd-Scthiery thiserda aMd inethyl fodidder
purificatjon. 26 b)_. 2- Am no- 5-f | uor ophenyl ) - N - (4- et hyl

-3-thi enybﬂqtﬁlﬁnlﬁ éé"(glj"é@- #8P-a#4°%. f | uor o- 1, 2- di ami nobenzene is added to a
solution of 0.02 nol of 4-nethyl-3-thienyl isothiocyanate in 60 m of
anhydrous THF. The reaction mxture is stirred at roomtenperature for 2
hour s andExérapleasd: oweBN(8-Brrairdidazelyl)+4ymethyrBithidmeyldmaa ngdrbchlsritben
distilled off under reduced pressure using a rotary evaporator and the
oily residue is purified on a silica gel columH@sing a m xture of

I dentical proportions of N
0
FooD
S

a) N-(2-Aminophenyl)-N'-(4-methyl-3-thienyl)thiourea

10

is obtained analogously to the reaction described in example 1 b) from 4-methyl-
3-thienyl isothiocyanate and 1,2-diaminobenzene. Crystalline solid having a 1st m.p. of
177-182°C, followed by another crystallization and 2nd m.p. 285-290°C.
15
b) 3N-(2-Benzimidazolyl)-4-methyl-3-thienylamine hydrochloride
is obtained analogously to the procedure described in example 1 ¢} from
N-(2-aminophenyl)-N'-(4-methyl-3-thienyl)thiourea and methyl iodide.
Crystalline solid following recrystallization from ethyl acetate/ethanol, m.p. 194-200°C.
20
Example 5: 3N-(-4-Fluoro-2-benzimidazolyl)-4-methyl-3-thienylamine hydrochloride

e x HCI
N\>_..H
s

S

is obtained as an oily amorphous product by hydrogenation of 3-fluoro-2-nitrophenyl

a) 3-Fluoro-1,2-diaminobenzene

25 hydrazine (prepared by reaction of 2,6-difluoronitrobenzene with hydrazine hydrate)




tol uene and ethyl acetate. Brown crystalline solid. Mp. 180C. 10 c)

3N- (5- Fl uor o- 2- benzi m dazol yl ) - 4- et hyl - 3-t hi enyl am ne hydrochl ori de A

nol ar excess (about 1.5 to 4 nol) of methyl iodide is added to 1.5 g
(0.0053 mol) of N-(2-am no-5-fluorophenyl)-N -(4-nethyl-3-thienyl)thiourea
in 50 m of anhydrous ethanol, and the nbxture Is boiled at reflux for 5
hours. The m xture is all owed to stand 15 roomtenperature overni ght and
the ethanol is then distilled off under reduced pressure using a rotary
evaporator, water is added to the residue and the pHis adjusted to 8-9
usi ng sat usiagehydm;gmmmd 30U paiiddiura oincczaben satalyeitdmme”thm@atn‘mm is
extracted, re ah}edl W.th eh?él acetate, the organic phase is washed with
wat er and©HSEHTE ARgsh GPfeHPE™ t he solvent is distilled off under
reduced pressure using a 20 rotary evaporator and the residue is purified
by silica gel col urm chromat ography using a solvent m xture of identical

proportioBs of Nt{@yhmina-8diuerepieny TNle(ﬁé“?HM'érfhmamlouféﬂerred to as

B o AP R el BB SRR O 3R hBlGL™ ' v

hi ghl y acgdhienyLisoirfocyanateiaad 8dluppd-112- dmrmhobandzeﬂmemrpétbmneds@hd,rp@inyof
diethyl ether, and the precipitate 25 that crystallizes out is, after

rel ativel 99¢Qm80§¥|9'hé| °Ctiltered off. Crystalline solid, mp. 192 +/ -
2C. 30 Example 2:

2- Chl or 0- 3N- (5-fl uor o- 2- benzi m dazol yl ) - 4- met hyl - 3-t hi enyl am ne

hydr ochl oc)' de aBN- (24—th:iro#ﬁ bemmﬂﬁ@dzbly‘l) &mmeth?l—@delmehwadﬁme)hyﬁr)ochldnidehyl

N chi B o BRRN craaaciis i BP rpesip dassibed npiamp® L akEamApAEor o o
sol ution g{ftu%réprsb Xﬂ\ hﬁ?gm& r??ﬂg}eﬂg‘gﬂﬁouﬂe‘éoéﬁ@%e ddiiél agabitinousS

4- et hyl - I enyl | aci al acetic acid, the
react i on precipitate Whlch crystallizes under acetone. Crystalline solid, m.p. 220-230°C.

Example 6: 3N-(4,6-Difluoro-2-benzimidazolyl)-4-methyl-3-thienylamine
15 hydrochloride

x HCI

\ kl

a) N-(2-Amino-3,5-difluorophenyl)-N'-(4-methyl-3-thienyl)thiourea

is obtained analogously to the reaction described in example 1 b) from 4-methyl-
20  3-thienyl isothiocyanate and 3,5-difluoro-1,2-diaminobenzene. Crystalline solid, 1st

melting point: 178-182°C, another crystallization with 2nd m.p.: 299-301°C.

b) 3N-(4,6-Difluoro-2-benzimidazolyl)-4-methyl-3-thienylamine hydrochloride

is obtained analogously to the procedure described in example 1 ¢) from N-(2-amino-
25 3,5-difluorophenyl)-N’-(4-methyl-3-thienyl)thiourea and methyl iodide. Amorphous

precipitate which crystallizes under ethyi acetate. Crystalline solid, m.p. 232-234°C.



m xture is stirred at roomtenperature for about 2 to 3 hours and the
solvent is distilled off under reduced pressure using a rotary evaporator.
Water is added to the residue and the m xture is then made al kal i ne usi ng
2N NaOH and extracted with ethyl acetate, the organic phase is washed with
wat er and dried over sodium sul fate and éﬂe solvent 10 is distilled off
under reduced pressure using a rotary evaporator. The resulting oily
residue is, by nediun1pressure col um chr omat ogr aphy, using a sol vent

m xture of 20 parts of et7y acetate, 10 parts of n-heptane and 3 parts of

gl aci al aEé@meiea& BN{(A & Bi7nErirafivoreRahenzimidszalyl): 4rimeattyles-tivenylamineobi | e

phase, separated anw @bﬂﬁ with a solution of hydrogen chloride gas

gives:. 15 2-chl oro- ? dor o- 2- benzi m dazol yl ) - 4- net hyl - 3-t hi enyl am ne

hydrochloride from fraction 1 and % colorless to slightly yell ow sh

crystalline product, mp. 200-202C, x H

2,5-dichloro-3N(5-fl uor o- 2- benZiwj-dagot| ) 14- et hyl - 3-t hi enyl am ne

hydrochloride fromfraction 3. co eswsl ightly yellow sh crystalline

product, mp. 286-288C. 20 Exanyg-€™S g} ] AN

3N- (5, 6-Di chl oro- 2-benzi m dazol yl ) - 4- met'hyl - 3kt ¥ enyl am ne hydrochl ori de x

HC CE Cl a) N (2-Am no-4,5-dichl orophenyl)-N § 4- met hyl - 3-t hi enyl ) t hi our ea

25 i s obtained anal ogously to the reaction described in exanple 1 b) from

4-met hyl 28 3-thienyl isothiocyanate and 4, 5-di chl oro- 1, 2-di am nobenzene.

Cryst & | | sol - (A A

3N- ( 5%6 Dichl or‘gqg %@r@ ?ﬁagﬁgigggﬂﬁ cﬁ&geenkm N3 4 H"et%lsatnq‘en Q/‘glr"beghl oride 5

i s obtai nlsd)bamaédgmakjgpusbf thBepeamtmduﬂ%odbed lin beample Ehaafrpl'rm-lneihytf-r om

2 b SRR TR A BAehS SRS
m.p.: 286-290°C.

10 b) 3N-(3,4,5,6-Tetrafiuoro-2-benzimidazolyl)-4-methyl-3-thienylamine
hydrochloride
is obtained analogously to the procedure described in example 1 ¢) from N~(2-amino-
3.4,5,6-tetraflucrophenyi)-N'-(4-methyl-3-thienyljthiourea and methyl iodide.
Amorphous precipitate which crystallizes under ethyl acetate. Crystalline solid,

15  m.p. 225-228°C.

Example 8: 3N-(4-Methyl-2-benzimidazolyl)-4-methyl-3-thienylamine hydrochloride

x HCI
N\>——H
!
S

20 a) N-(2-Amino-3-methylphenyl}-N'-(4-methyl-3-thienyi)thiourea
is obtained analogously to the reaction described in example 1 b) from 4-methyi-
3-thienyl isothiocyanate and 3-methyl-1,2-diaminobenzene. Crystalline solid, m.p.
184-186°C,

25 b) 3N-(4-Methyl-2-benzimidazolyl}-4-methyl-3-thienylamine hydrochlioride



Exampl e 4: 3N-(2-Benzi m dazol yl') - 4-net hyl - 3-t hi enyl am ne hydrochl ori de x

HCl 10 a) N-(2- Am nophenyl)-N -(4-nethyl-3-thienyl)thiourea is obtained

anal ogously to the reaction described in exanple 1 b) from 4-nethyl -
3-thienyl isothiocyanate and 1, 2-di am nobenzene. Crystalline solid having a
1 st mp. of 177182C, followed by another crystallization and 2nd m p.
285-290C. 15 b) 3N (2-Benzi ni dazol yl ) - 4- &kt hyl - 3-t hi enyl ani ne hydrochl ori de
i s obtained anal ogously to the procedure described in exanple 1 ¢) from

N- (2- am nophenyl )-N - (4-net hyl - 3-t hi enyl )t hi ourea and net hyl i odi de.

Cryst al | i izeolstained dreldégoishota therpretedure dastrived incewarhplel 1 elciedrat/(24dminot
mp. 194- éooc

dﬂ%tth%@ﬁyﬁﬁdﬁzrapm Bhieeyhihiouses pnd ety igi qey&mrnhew de a)

3N-(-4-Fl
3- Fl uor o- @ @@ﬂﬁhz‘e% Lﬁﬁe@'aeéﬁmés tNihy sBd) B itfh:
hydr ogenat 1 on of 3-tluoro-2-nitrophenyl ydra2|ne prepare y reaction

of 2, 6-di BRAWE.oni t robenzene with hydrazi ne hydrat e) 29 using hydrogen and
10% pal | adi um on carbon catalyst in nmethanol at room tenperature and
at nospheri c pressure. b)

N-(2- Am ngxgmipla!9r ophgas-BNN3a( 458 Ithé:atHw&wH)Meazmaaféolywqhbmwed
yl -

anal ogously to the reaction descri bed in exanple | b) from 4-neth

3- t hi enyl 3itbisnylasaipadydeochieride fraegmate) 2- di am nobenzene. Crystal line solid,
point of deconposition > 240C. c)

3N- (- 4- Fl uor o- 2- benzi mi dazol yl ) - 4 met hyl - 3- t hi gl ami ne hydrochloride 10 is

obt ai ned anal ogously to the proce e_¢ SCI’I bed in exanple 1 c) from
N- (-2- am no- 3-fluorophenyl) - hy N hi yI )t hi ourea and net hyl
i odi de. Anor phous

10 a) trans-N-(2-Aminocyclohexyl)-N'-(4-methyi-3-thienyl)thiourea (racemate)
is obtained analogously to the reaction described in example 1 b) from 4-methyl-
3-thienyl isothiocyanate and racemic trans-1,2-diaminocyclohexane. Crystalline solid,
m.p. 205-210°C,

15 b) trans-3N-(3a,4,5,6,7,7a-Hexahydro-1H-2-benzimidazolyl)-4-methyl-
3-thienylamine hydrochloride (racemate)
0.6 g of racemic trans-N-(2-aminocyclohexyl)-N'-(4-methyl-3-thienyl}thiourea is
suspended in 60 m! of toluene and dissolved by heating at 90°C. The mixture is
allowed to cool to 70°C, a solution of 0.376 g of dicyclohexylcarbodiimide in 5 mi of

20 anhydrous toluene is added dropwise and the mixture is stirred for a total of about
10 hours at 70°C and for 2-3 days at room temperature. The crystalline solid is filtered
off, the solvent is removed under reduced pressure using a rotary evaporator and the
resulting oily residue is dissolved in a little ethyl acetate. Following addition of an
anhydrous solution of hydrogen chloride in diethyl ether, a viscous precipitate is

25 formed which, after addition of a little ethanol, crystallizes. Crystaliine solid,
m.p.: 261-264°C.



precipitate which crystallizes under acetone. Crystalline solid, mp.

220- 230C. Exanple 6:

3N- (4, 6-Di fl uoro-2-benzi mi dazol yl ) -4-net hyl -3-thi enyl ami ne 15

hydr ochl ori de a)
N—(2-Anino-3,5-dif|uorophenyl)-N‘-(4-netgél-3-thienyl)thiourea I s obtained
anal ogously to the reaction described invexanple 1 b) from4-nethyl- 20
3-thienyl isothiocyanate and 3, 5-difluoro-1, 2-di am nobenzene. Crystalline
solid, 1 st nmelting point: 178-182C, another crystallization with 2nd

m p.: 299Ezemple 18) = irans-R,R-3N-(3a,4,5,6,7,7a-Hexahydro-1H-2-benzimidazolyl)-

3N- (4, 6- Diyf ) met hyl - 3-t hi enyl am ne hydrochloride is
obtalnedE%Hégﬁggaﬁpgﬁp%hﬁhg§%§é%% r%@ described in exanple 1 ¢) from

N- (2-am no- 25 3, 5-difluorophenyl)-N -(4-nmethyl-3-thienyl)thi ourea and

met hyl iodi de. Anorphous precipitate mhlch cr ¥&tChI 1 i zes under et hyl
acetate. Crystalline solid, mnp. . 30 Exanple 7:

3N- (4,5, 6, 7-Tetrafl uoro- 2- benzi ni nmet Ayl - 3-t hi enyl am ne

hydrochl oride 5 a)
N-(2- Am no- 3, 4,5, 6-tetraf |l uorophenyl)-N"-(4- é - 3- thienyl)thiourea S
obt ai ned anal ogously to the reaction descri bed |n exanple 1 b) from

4- et hyl - 3-thienyl isothiocyanate and

3,4,5,6-tetrafl uoro-1, 2-di am nobenzene. Crystalline solid, mp.: 286-290C.
10 b) BN &8, 4, Strend#, Ra éMrﬁm%c{dﬂ@ﬁé)m otwﬁ, mb}hytsnmté?w\(}trﬁo&@aenyl am ne
hydrochloride is obt ai ned anal o gously 'to the procedure described in exanple
1 ¢) fronislgtaingdianglogously to the reactlon described in example 1 b) from 4-methyl-

3,4,5, 6- h d nethyl ..
Cod de. - b BvERRR0ERats 2ha banrE A5 ebebhakle B sipeialigh diesiioa
Crystalli ﬁei e:cﬂdjmd chkomatayragity, AAding v adoteht mixture con3|st|ng of 10 parts of

3N (4- Met hyl -2 benzi m dazol yl ) 4- math | - 3-thi enél am ne drochl oride 20 a)

N- ( 2- Ami n8ty! aeetaie. Snieang oty ptaneeﬁmﬂrtssnftrmt@u n)etqmlwleeé partsop mpetheaol
anal ogpushyqg thd8r S6AL MYt 8G6ESRE bR AR RbbidN rdrER8Y 45 BB LMbktire 47),

as an amorphous oily product in addition to a crystaliine product having a higher

molecular weight of m.p. 94-100°C.
The amorphous product is processed further without further purification.

15  trans-R,R-N-(3a,4,5,6,7,7a-Hexahydro-1H-2-benzimidazolyl)-4-methyl-3-thienylamine
hydrochloride
is obtained analogously to the procedure described in example 1 ¢) by reacting
R,R-N-{2-aminocyclohexyl)-N’-(4-methyl-3-thienyl)thiourea and methyl iodide in
anhydrous ethano! as solvent and reaction medium. Amorphous precipitate which is
20 chromatographed on silica gel using mixture 4 as mobile phase and crystallized under
acetone. Crystalline solid, m.p. 235-238°C.

Example 11:  trans-S,8-3N-(3a,4,5,6,7,7a-Hexahydro-1H-2-benzimidazolyl)-
4-methyl-3-thienylamine hydrochloride

25 S




3-thienyl isothiocyanate and 3-nethyl -1, 2-di am nobenzene. Crystalline
solid, mp. 184-186C, 25 b)

3N (4- Met hyl - 2- benzi m dazol yl ) - 4-met hyl - 3-t hi enyl ami ne hydrochloride 31 is
obt ai ned anal ogously to the procedure described in exanple 1 ¢) from

N- (2-am no- 3-net hyl phenyl)-N -(4-nmethyl -3-thienyl)thi ourea and net hyl
iodide. Anprphous precipitate which cry33allizes under acetone.
Crystalline solid, point of deconposition: 320C. 5 Exanple 9:
trans-3N-(3a, 4,5, 6, 7, 7a- Hexahydro-1 H 2-benzi m dazol yl ) - 4- met hyl -

3-thi enyl am ne hydrochl oride (racemate) x HCl 10 a)

trans- N (2- Am nocycl oheﬁ/‘lt%AN'_-M- met hyl - 3-t hi enyl )thiourea (racemate) is
obt ai ned &hal oglé¥E-y:96 rineayclohedditY (hanethil-2-thippylithioussa s r om

4- et hyl - .35 b ' ' Yol i ) .

"2 ai s kbRd el WRhh AP PR udsRAG i S ) fgm4-methy!

t r ans- 3N- 83hipAylSsGthibcyaniexarid/ tans-5, 341 2-deminotytdatexane- Bl seppdrgtion by silica
3-thienyl ami ne hydrochl orid racenmate .6 of racemc .

r ans S (SELBY bRy iS58 Fiile 458 TioBle PRESH. ceranamormhois e
in 60 M pioduel menRiigsiftoh prucedt RighBeRlolatGatwabRt of M. Baiesg.is
allowed to cool to 70C, a solution o6f 0.376 g of Ui cycl ohexyl carbodiim de
in 5 mM olheamoippauspeoduct sqirecesseddushetwithouiferthatptificatiort ure is

stirred for a total of about 10 hours at 70C and for 2-3 days at room
tenperature. The crystalline solid is filtered off, the solvent is renoved

under redbrced PEASSEIS-NI@aML58,7 TasHexaape-1 Al-2ibeninitAgolyl)esdmyg oi ly
residue is dissolved in alittle ethyl acetate. Follow ng addition of an

anhy dvbus3-dipnylrBrne hydkpghlogids chi oride in diethyl ether, a viscous

precipit 4 S f | LA Of |1 Gl

orystal ?%g:sﬂtéi&ég &n%’cﬁ%%g%gﬁﬁ% P?éée%furé‘ggéérib%ﬁ iRfe@mpil 4 § 15} 2a08hg
S,5-N-(2-aminocyclohexyl)-N'-(4-methyl-3-thienyl)thiourea and methy! iodide in
anhydrous ethanol as solvent and reaction medium. Amorphous precipitate which is
chromatographed on silica get using mixture 4 as mobile phase and crystallizes under

15 acetone. Crystalline solid, m.p. 225-230°C.

Example 12:  2-Chloro-3N-(2-benzimidazolyl)-4-methyl-3-thienylamine hydrochloride
and 2,5-dichloro-3N-(2-benzimidazolyl}-4-methyi-3-thienylamine hydrochloride

x HCI X HCI
Nk I ] N\>—H
Q:uFI\g e
cl S Cl S
20

are obtained analogously to the procedure described in example 2 from
3N-(2-benzimidazolyl)-4-methyl-3-thienylamine hydrochloride and N-chlorosuccinimide
in glacial acetic acid. Column chromatography on silica gel using mixture 17 as mobile
phase resulis in the separation of 2,5-dichloro-3N-(2-benzimidazolyl)-4-methyl-

25 3-thienylamine hydrochloride {colorless crystalline compound, m.p.: 291°C) from
2-chloro-3N-(2-benzimidazolyl)-4-methyi-3-thienylamine hydrochloride {(colorless
crystalline compound, m.p. 257-259°C).



mp.: 261-264C. 32 Exanple 10: trans-R R-3N-(3a, 4,5, 6, 7, 7a- Hexahydro-1

H 2- benzi m dazol yl )- 4-nmethyl - 3-thi enyl am ne hydrochloride x HCI 5 a)
trans- R R-N-(2-Am nocycl ohexyl)-N -(4-nethyl-3-thienyl)thiourea is
obt ai ned anal ogously to the reaction described in exanple 1 b) from

4-met hyl - 3-thienyl isothiocyanate and trans- R R-1, 2-di am nocycl ohexane by
separation by silica gel colum chronatéﬁraphy eIutlng with a sol vent

m xture consisting of 10 parts of ethyl acetate, 5 parts of n-heptane, 5
parts of nethylene chloride, 5 parts of nethanol 10 and 1 part of 26%
strength Eqam1amnﬂ1ca’llQﬂ¢e3Pd1(ﬁﬂE$1bw-2-®Bezmdaz@y&'§ methyl-3etbienyjamings an
annrphoushgg R’§EUCt in addition to a crystalline product having a higher
nmol ecul ar '@éﬂ m p. 94-100C. The anor phous product is processed
further without further purification. 15 tra

R-N-(3a, 4,5,6,7, 7a- Hexahydro-1 H 2-penzi m dazol yl) - 4- et hyl - 3- t hi enyl am ne
hydr ochl ori de i s obtai ned anal ogo v t?f procedure described in exanple
1 c) by reacting R RN (2-am noc he N -f4-met hyl - 3-t hi enyl )t hi ourea
and methyl iodide in anhydrous eths as s nt and reaction nmedium
Anor phous precipitate which is 20 chro to hed on silica gel using

m xture 4 as nobile phase and crystallizel und%r acetone. Crystalline
solid, mp. 235-238C. Exanple 11: trans-S, S-3N-(3a, 4,5, 6,7, 7a- Hexahydro- 1
H-2-benzinidazo|yi)- 4- et hyl - 3-t hi enyl ami ne hydrochl oride x HCl 25 33 a)

trans-$, Sis3hbtarretMmisysishRinb)prdtedite MRisBibed irf SkAAple)d fLAHERA4-methyl-

2-benzimidazolyl)-4-methyl-3-thienylamine hydrochloride and N-chlorosuccinimide in

glacial acetic acid. Following column chromatography on silica gel using mixture 17 as
mobile phase, 2-chioro-3N-{4-methyl-2-benzimidazolyl)-4-methyl-3-thienytamine
hydrochloride is obtained as a colorless to slightly yellowish crystalline product.

10 M.p. 255-259°C.

Example 14:  2-Chloro-3N-(4,5,6,7-tetrafiuoro-2-benzimidazolyl)-4-methyl-

3-thienylamine hydrochloride

15
is obtained analogously to the procedure described in example 2: from
3N-(4,5,6,7-tetrafluoro-2-benzimidazolyl)-4-methyl-3-thienylamine hydrochloride and
N-chlorosuccinimide in glacial acetic acid. Crystalline product. M.p. 233-235°C.



I s obtained anal ogously to the reaction described in exanple 1 b) from
4-met hyl - 3-thienyl isothiocyanate and trans-S, S-1, 2-di am nocycl ohexane by
separation by silica 5 gel colum chronmat ography using m xture 4 as nobile
phase, as an anorphous oily product in addition to a product of higher
nol ecul ar wei ght of mp. 94-102C.. The anorphous product is processed
further without further purification. b)35
trans-S, S-N-(3a, 4,5, 6,7, 7a- Hexahydro-1 H 2-benzi m dazol yl ) -4-net hyl - 10
3-thi enyl am ne hydrochl oride is obtained anal ogously to the procedure
descri bedExampieatPl e ttamg-24hlore8Ni(8g,4,5,6,7,7a-hexahydro-1H-2-benzimidazolyl)-
S,S—N—(Z-aning@yclqhexyb}-N'- 4-ﬁ§%£y -3-thie?yl)thiourea and net hyl i odide
in anhydfdnethyt-gdngnyiagiag hydiae e(BraMyR) nedi um  Anor phous preci pitate
whi ch is chronmat ographed on silica gel using mxture 4 as nobil e phase and
crystallizes under 15 acetone. Crystalline sofff# mp. 225-230C. Exanple
12: 2-Chl oro-3N-(2-benzi m dazol yl hyl.r 3-t hi enyl am ne hydrochl ori de
and 2,5-dich|oro-3N—(2-benzim'dazE;j;Efrtl 3-t hi enyl am ne

Ly

hydrochl oride x HOf x HCO C 20 a | ogously to the procedure
described in exanmple 2 from 3N-(2-benzim dakgol¥l)-4-nethyl-3-thienyl am ne
hydr ochl ori de and N-chl orosucci nim de i ncbl actal acetic acid. Colum
chromat ography on silica gel using mxture 17 as nobile phase results in
t he separation of 2,5-dichloro-3N(2-benzimdazolyl)-4-nmethyl 25

3-thi enyl am ne hydrochl oride (colorless crystalline conpound, mp.: 291 C
from 2-cisl thams&qr@lwmqigecnrgmdme Hesartredin exasmyie2ifien hydr ochl ori de

(col orl esgy &LY, Q€ neh., A7 C). EX: .

2~ ont or o- N CRAEEH T AR EERIE b il ettt ABb e
hydrochloride (racemate) and N-chlorosuccinimide in glacial acetic acid. Crystaliine
product. M.p. 258-260°C.

10 Example 16: trans-R,R-2-Chioro-3N-(3a,4,5,6,7,7a-hexahydro-1H-2-benz-
imidazolyl)-4-methyl-3-thienylamine hydrochloride and trans-R,R-2,5-dichloro-
3N-(3a,4,5,6,7,7a-hexahydro-1H-2-benzimidazolyl}-4-methyl-3-thienylamine
hydrochloride

x HCY x HCI

Oy RO
Ci S Ci S

156  are obtained analogously to the procedure described in example 2: from trans-
R,R-3N-(3a,4,5,6,7,7a-hexahydro-1H-2-benzimidazolyl)-4-methyl-3-thienylamine
hydrochloride and N-chlorosuccinimide in glacial acetic acid following chromatographic
separation of the two crystalline products in the following order:

a) trans-R,R-2,5-dichloro-3N-(3a,4,5,6,7,7a-hexahydro-1H-2-benzimidazolyl)-

20 4-methyl-3-thienylamine hydrochloride, decomposition with foaming starting at 80°C,
b} trans-R,R-2-chloro-3N-(3a,4,5,6,7,7a-hexahydro-1H-2-benzimidazolyl)-
4-methyl-3-thienylamine hydrochloride, crystalline product. M.p. 260-262°C.



hydrochl oride 5 is obtai ned anal ogously to the procedure described in
exanple 2 from 3N (4-nethyl - 2-benzim dazol yl)-4-nethyl -3-thi enyl am ne
hydrochl ori de and N-chl orosuccinimde in glacial acetic acid. Follow ng
col um chromat ography on silica gel using mxture 17 as nobile phase,
2-chl or o- 3N- (4- et hyl - 2- benzi m dazol yl ) - 4- met hyl - 3-t hi enyl am ne

hydrochl oride is obtained as a colorless3®o slightly yellow sh crystalline
product. 10 M P. 255-2590C. Exanple 14:

2-Chl oro-3N-(4,5,6,7-tetrafl uoro-2-benzi m dazol yl ) - 4-net hyl - 3-thi enyl am ne
hydro?:hl gEkaiapIBSﬂ:S -8 Sk aibag N3y, 4, 5,6, hZaprexahgkiroe! idgsbenbed in
exanple 2; from . . .

3N- ( 4, 5, simidagalylyrrmsthyl-3-thisnylaming JwAyeonIoridget hyl - 3- t hi enyl ami ne

hydrochl ori de and N-chl orosuccinimde in glacial acetic acid. Crystalline
product. M p. 233-235C. 35 Exanple 15: X HCI

trans-2-Chl oro-3N-(3a, 4,5, 6,7, 7a-hexahidr oyl H 2-benzi m dazol yl ) -

4- et hyl - 3-t hi enyl am ne hydrochl ¢ (\}a-e&mat x HCl 5 is obtained

anal ogously to the procedure descrik In e le 2: from

3N-(3a,4,5,6,7, 7a- hexahydro-1 H 2-benzim d | 1) -4-net hyl - 3-t hi enyl am ne
hydrochl ori de (racemate) and N-chl orosuc&ni niede in gl aci al acetic acid.
Crystalline product. Mp. 258-260C. 10 Exanpl e 16:

trans-R R-2-Chl oro-3N-(3a, 4,5, 6,7, 7a- hexahydro-1 H 2- benz-

I m dazol sl = =4 2| ) K O o I in R

R 2. 5.9 Zir?l)%ﬁr{%'%%%“f’ @%w bé%@eﬁﬁ%?@%‘* feitfplb'2: fiom

H- 2- benzi trads8058N-{3k, 415 61| 7eBhéxahydyd-4 k- 2-d enbiyni dazdiyipd-methyl-Behienylddhine
hydrochloride and N-chlorosuccinimide in glacial acetic acid following chromatographic

separation. Colorless crystalline product, m.p. 258-260°C.

10 Example 18: 2-Bromo-3N-(2-benzimidazolyl)-4-methyi-3-thienylamine hydrochloride
and 2,5-dibromo-3N-(2-benzimidazolyl)-4-methyl-3-thienylamine hydrochioride

x HC} x HCI

N
Oy A

are obtained analogously to the procedure described in example 2: from
3N-(2-benzimidazolyl)-4-methyl-3-thienylamine hydrochloride and N-bromosuccinimide

15  (instead of N-chlorosuccinimide) in glacial acetic acid. Foliowing column
chromatography on silica gel using a mixture of 5 parts of dichloromethane, 3 parts of
n-heptane, 1 part of glacial acetic acid and 1 part of ethanol (hereinbelow referred to
as “mixture 17) as mobile phase and treatment with a solution of hydrogen chloride gas
in ether, 2-bromo-3N-(2-benzimidazolyl)-4-methyl-3-thienylamine hydrochloride, a

20 crystalline product of m.p. 228-231°C, and 2,5-dibromo-3N-(2-benzimidazolyl)-
4-methyl-3-thienylamine hydrochloride, a crystalline product of m.p. 208-210°C, are
obtained by fractional crystallization in ethy! acetate.



Cl 15 are obtained anal ogously to the procedure described in exanple 2:
fromtrans- R, R-3N-(3a,4,5,6,7, 7a- hexahydro-1

H 2- benzi m dazol yl ) - 4- net hyl - 3-t hi enyl am ne hydrochl ori de and

N-chl orosuccinimde in glacial acetic acid follow ng chronmat ographic
separation of the two crystalline produc? in the follow ng order: a)
trans- R R-2,5-dichloro-3N-(3a,4,5,6,7, 7a- hexahydro-1 H 2-benzi m dazol yl) -
20 4-net hyl - 3-t hi enyl am ne hydrochl ori de, decorrposi t i on with foam ng
starting at 80C, b) trans-R, R-2-chloro- B@QéBa 4, 7, 7a- hexahydro- 1

H- 2- benzi FXaERE §9) - HaneRuRt2-BrompaiNAmt ,W@-b@rﬂhyndr@éH 2-beseal | i ne

product . 3P0 )
trans-S, Sh@a&ﬁ%gﬁ 42%9?%%65'%%%%%&%?9% a‘id I—f-af'sbe’rﬁ%z2 5-dibromo

i m dazol y BN-@a6 /87, 73-HdxabpytcanHmbayzimiddr oyl j-denathiyics- tthiehﬁrl@fnlﬁwel S
obt ai ned ﬁﬂ&é g&) sy to the procedure described in exanple 2: from
trans- S, SN rigles g, 7, 7a- hexahydro- 1

H 2- benzi m dazol yl)-4-nmet hyl - 3-thi enyl am ne hydrochl ori de and

N-chl orosuccinim de in glacial acetHCt acid foI | owi ng chr ometi@gr aphi c

separation. Colorless~syysyallijne product, ) 28N260 10 Exanple 18:

2- Brono- 3N- ( 2- benzi oI H4-me hyl - 3- th| e ‘§_b'§d | ori de and

2, 5-di br onp- 3N- ( 2- bér gz ol nmet hyl - am n drochl oride x
HCI x HCl are obtained ana‘i ogou Iy\to t he pr ocedure descy Bp exanple 2:
from 3N-(2-benzim dazolyl)- $iyl - 3-t hi enyl am ne h ocBl ori de and

N- br oMsucci ni mi de 15 (instead of N-chlorosuccininmide) in glacial acetic
acid. Follow ng colum chrorrat ography on silica gel using a mxture of 5

parts of dichl oronethane, arts of . '
are obtained analogously o the procedure described in example 19: from

trans-R,R-3N-(3a,4,5,6,7,7a-hexahydro-1H-2-benzimidazolyl)-4-methyl-3-thienylamine
hydrochloride and N-bromosuccinimide in glacial acetic acid. Following column

10 chromatography on silica gel using mixture 1 as mobile phase, and treatment with a
solution of hydrogen chloride gas in ether, trans-R,R-2-bromo-
3N-(3a,4,5,6,7,7a-hexahydro-1H-2-benzimidazolyl)-4-methyl-3-thienylamine
hydrochloride, crystalline product, m.p. 215-218°C and trans-R,R-2,5-dibromo-
3N-(3a,4,5,6,7,7a-hexahydro-1 H-2-benzimidazolyl)-4-methy!—3—thienylarhine

15  hydrochloride, crystalline product, m.p. 218-220°C are obtained following fractional
crystallization in ethyl acetate.

Example 20: 3N-(4-Chloro-2-benzimidazolylamino)-4-methylthiophene hydrochloride

Cl x HCI
eas

S
20
a) N-(2-Amino-3-chiorophenyl)-N'-(4-methyl-3-thienyl)thiourea
is obtained analogously to the reaction described in example 1 b) from 4-methyl-3-
thienyl isothiocyanate and 3-chloro-1,2-diaminobenzene (prepared by catalytic
hydrogenation of 3-chloro-2-nitroaniline using Pt on activated carbon under
25 atmospheric pressure at room temperature). Crystalline solid, m.p. 298-305°C,



n- heptane, 1 part of glacial acetic acid and 1 part of ethanol (hereinbel ow
referred to as "mxture 1") as nobile phase and treatnent with a sol ution
of hydrogen chloride gas in ether,

2- br ono- 3N- ( 2- benzi m dazol yl ) - 4- et hyl - 3-t hi enyl am ne hydrochl oride, a 20
crystalline product of mp. 228-231 C, and

2, 5-di br onp- 3N- (2- benzi mi dazol yl ) - 4-net BBl - 3-t hi enyl ami ne hydrochl oride, a
crystalline product of mp. 208-210C, are obtained by fractional
crystallization in ethyl acetate. 37 Exanple 19:

trans-R R-2-Brono-3N-(3a, 4,5, 6, 7, 7a- hexahydro-1 H 2-benz-
inidazolyl£-4-neth | - 3-t hi enyl ami ne hydrochl oride and trans-

R R-2,5-dP Bbh&-cbﬁ@@a@%zyﬁaazpmrﬁmmpmymhlophene hydrochloride

H 2- benzi kg =4 -3-t i | am . él‘ﬁFmT i N
are obt ai nﬁge @%ﬂ*ﬁd o%%%g%di{wobt ﬁ'g %ng%‘%!%méd% ggg%‘?lﬂte | ﬁréeﬁg}wg?@qﬁéé'%%{%&
trans- R, BhRibgiSny-N'-@l-mhetadBethismydirthiclirea and methyl iodide. Amorphous

H 2-b imd |yl ),-.4- met hyl - 3-t hj | am hyd | ori d

N br onbe BB A avieh BTt ASSler Sl Ao ok BRI oK o

chr omat 096@93%889iti§h|24g)32@b using mxture 1 as nmobile phase, and treatnent
with a solution of hydrogen chloride gas in ether, trans-R R-2-brono
3N-(3a, 4,5, 6,7, 7a-hexahydro-1 H 2-benzi m dazol yl)-4-net hyl - 3-t hi enyl am ne
hydr ochl otd de, ,CLys l,i ne.ar.odyct ._.215-218C an .

7 ane: R REXASIRE B TR A ENcre ZbBzinlgaaialtl-4-methyitniophens

H 2- benzi pydaeplofide 4- met hyl - 3-thi enyl am ne 15 hydrochl oride, crystalline
product, mp. 218-220C are obtained follow ng fractional crystallization

in ethyl acetate. Exanple 20: cl x HC
3N- (4- Chl or 0- 2- benzi m dazol yl am no - hyht hi ophene hydrochloride d x
HCl 20 N—nN

10 Cl S

. is obtained analogously to the procedure described in example 2 from 3N-(4-chloro-2-
benzimidazolyl)-4-methyl-3-thienylamine hydrochloride and N-chlorosuccinimide in
glacial acetic acid. Following silica gel column chromatography using a mixture of 10
parts of methylene chloride and 1 part of methanol as mobile phase, 2-chloro-3N-

15  (4-chloro-2-benzimidazolylamino)-4-methylthiophene hydrochioride is, after
crystallization under ethyl acetate, obtained as a colorless to slightly yellowish solid.
M.p. 270-272°C.

Example 22: 2-Bromo-3N-(4-chioro-2-benzimidazolylamino)-4-methylthiophene
20 hydrochloride

Cl x HC!
Iy
0
Br S

is obtained analogously to the procedure described in example 2 from 3N-(4-chloro-
2-benzimidazolylamino)-4-methylthiophene hydrochloride and N-bromosuccinimide

25 (instead of N-chlorosuccinimide) in glacial acetic acid. Following silica gel column
chromatography using a mixture of 20 parts of ethyl acetate, 10 parts of n-heptane and



a) N-(2-Am no-3-chl orophenyl)-N -(4-nethyl-3-thienyl)thiourea is obtained
anal ogously to the reaction described in exanple 1 b) from 4-net hyl - 3-

t hi enyl isothiocyanate and 3-chl oro-1, 2-di am nobenzene (prepared by

catal ytic hydrogenation of 3-chloro-2-nitroaniline using Pt on activated
carbon under 25 atnospheric pressure at roomtenperature). Crystalline
solid, mp. 298-305C, 38 b) 39

3N- (4- Chl or o- 2- benzi m dazol yl am no) - 4- net hyl t hi ophene hydrochloride is
obt ai ned anal ogously to the procedure described in exanple 1 ¢) from

N- ( 2- ami n®parts cifigtacigi laestit peid ag dobité pirhss ahd itreaghint Wit arsodutiordoineydrggen
i odi de. Ammrphous 5 ecipjtate Lch crystallizes under. ethyl acetate.

O ystai 11 808G Bas BN SbioneabhiaohbIR barmBREeobiapPEs1

2- Chl or o- B FIHrRRE RSl R ARk ha bY NechioRBeRdr S MPERSR in ethyl

hydr ochl ori dm}aﬂx HCII%?O Cl- s is obtai ged anal ogourgl y to th(la pr ocedur e
descri bedadatatexiarthe presencernf diyd(ogenithiodde saturated ether. Crystalline product of
benzi rd dazol yl)q 45 hyl - 3-t hi enyl am ne hydrochl ori de and

N- chl g’arosrﬁ'c%idrﬁeﬁé%ﬁ n glacial acetic acid. Followi ng silica gel colum

chromat ography using a m xture of 10 parts of nethylene chloride and 1
part of nethanol as nobile phase, 2-chloro-3N 15

( 4- chl or dEXamBle-2%: (@Brema-4retbylthioplens, B Gphiare- Hybeszeindazd-2-y)amine
crystallization undef ethyl  acetatgysobtained as a colorless to slightly
yellowish solid. M ?& Exanpl e 22:

ai

2- Brono- 3N- (4- chl or o- ez ol yl am no) - 4- net hyl t hi ophene 20
hydrochloride C x HC 15 o anal ogously to the procedure descri bed
in exanple 2 from 3N (4-chl oBe="X-Penzi m dazol yl am no) - 4- net hyl t hi ophene
hydr ochl ohydtecldnddsl br onosucci ni m de

10 (5-Fluoro-1H-benzimidazol-2-yl)-(4-methylthiophene-3-yl)amine (300 mg) (example 1)
was dissolved in glacial acetic acid (50 ml). At room temperature, N-bromosuccinimide
(207 mg) dissolved in glacial acetic acid (10 mi), was slowly added dropwise,. with
vigorous stirring. After the addition had ended, stirring was continued for another
10 min and the glacial acetic acid was then distilled off under reduced pressure, and

15 the residue was dissolved in ethyl acetate and washed with saturated potassium
carbonate solution. The organic phase was dried over magnesium sulfate, filtered and
concentrated. The residue was purified by preparative chromatography and the
product-containing fractions were combined, freed from acetonitrile, made basic and
extracted three times with ethyl acetate. The organic phases were combined, dried

20 (MgSOg4) and filtered. Following removal of the solvent under reduced pressure, water

and 2N hydrochloric acid were added fo the residue and the mixture was freeze-dried.
This gave 245 mg of the desired product.
LCMS-Rt (B): 0.95 min

MS (ES™, M+H"): 326.09
25



25 (instead of N-chlorosuccinimde) in glacial acetic acid. Follow ng
silica gel colum chromatography using a m xture of 20 parts of ethyl
acetate, 10 parts of n-heptane and 39 3 parts of glacial acetic acid as
nobi | e phase and treatnment with a solution of hydrogen <chloride gas in

et her, 2-brono-3N-(4-chl oro-2-benzi m dazol yl am no)-4- nethylt hi ophene
hydrochl oride i s obtained by fractionat eﬂlocrystal lization in ethyl acetate
in the presence of hydrogen-chloride-saturated ether. Crystalline product

of 5 mp.278-280C Exanpl e 23: (2-Brono-4-nethylthiophene-3-yl)-(5-fluoro-1
H- benzoi nEdample 24)2-Baoinoe3N-f4-fluotd-2-be@kimidazoligladninortemethylthiophiend

(5-Fl uorozl nzimd | =2-vl)-(4-net hylt hi ophene- 3-yl)anm pe 0 np)
Loxanp o 1yaraeRBRERArE Bieisiotd-ah ittt Re amititzal ST A ik

t enper at uftgopherly IyMedisIeHaé M de (207 ng) dissolved in glacial acetic acid
(10 M), was slow'y added dropwi se,.wth vigorous stirring. After the
addi ti on had ended, stifring was *d#ti nued fof another XCri n and t he
glacial acetic acid wa R distilled off upd fieduced pressure, and 15
t he residue was dissol 3 W th saturated

pot assi um carbonate +QN. or gami c ' over magnesi um
sulfate, filtered and concEntraftie The residue Mas puri P+ by
preparative chromat ography an8rt héS product-contai nBrig f$actions were
conbined, freed fromacetonitrile, nmade basic and extracted three tines
W th hyl acetate. The organic phases were conbi ned, dried 20 (MgSO4) and

filtered. ARt SD.16TYGHN-BrorhBSUCTHINEIE I A lof GREMSRE BRRHEDddda 8 a
solution of 0.214 g of 3N-(4-fluoro-2-benzimidazolylamino)-4-methyithiophene

hydrochloride in 6 ml of glacial acetic acid, and the mixture is stirred at room
temperature for 30 minutes. After removal of the solvent by distillation, water is added
10 to the residue and the mixture is made alkaline using 2N NaOH and extracted with
ethyl acetate. The organic phase is dried, the solvent is distilled off and the residue is
separated by silica gel column chromatography using a mixture of 20 parts of ethyl
acetate, 10 parts of n-heptane and 3 parts of glacial acetic acid. The hydrochlorides of
the two compounds are obtained by distilling off the fractionated solutions, dissolving
15 the residue in ethyl acetate and precipitating the product by addition of hydrogen-
chloride-saturated diethyl ether. Crystaliization was promoted by gentle warming.
Example 24a: 2-Bromo-3N-(4-fluoro-2-benzimidazolylamino)-4-methylthiophene
hydrochloride: colorless crystals; m.p. 212°C (decomposition).
Example 24b: 2,5-Dibromo-3N-(4-fluoro-2-benzimidazolylamino)-4-methylthiophene
20 hydrochloride: colorless crystals; m.p. 242-244°C (decomposition).

Example 25: 3N-(5-Methoxy-2-benzimidazolylamino)-4-methylthiophene

HSC-O\C[N\>_ ﬁ
S

25  a) N-(2-Amino-4-methoxyphenyl)-N'-(4-methyl-3-thienyl)thiourea
A mixture of 5.89 g of 4-methylthiophene 3-isothiocyanate and 5 g of 4-methoxy-
1,2-diaminobenzene in 60 mi of anhydrous THF is stirred at room temperature for




and 2N hydrochloric acid were added to the residue and the m xture was
freeze-dried. This gave 245 ng of the desired product. LCMS-Rt (B): 0.95
mn M (ES+, MtH{): 326.09 25 40 Exanple 24:

2- Bronp- 3N- (4-f | uor o- 2- benzi m dazol yl am no) - 4- net hyl t hi ophene

hydrochl ori de and 2, 5-di brono- 3N- (4-f | uor 0- 2- benzi m dazol yl am no) - 4- net hyl -
t hi ophene hydrochloride B 5 A solution oftto. 161 g of N-bronpbsuccinimde in
6 mM of glacial acetic acid is added to a solution of 0.214 g of

3N (4-fl uoro-2-benzi m dazol yl am no) - 4- met hyl't hi ophene hydrochloride in 6
m of gl aEim:luracaeﬁi the msolvibnt ndistilfesl off. Water i$ added to b misidumg tine maxtpes &t ur e

for 30 m'n e vent by distjllatio ter i

L teq 10, PRvadlad Wit Ginu araiRe, e dork soRiiol i teel RithiacovaetieatBRT Agiinang
extractedg I@fénlib séﬂré\’ft' is @é—%@b@ratér@%ﬁﬁ g@ﬂtlé m@?ﬁﬁﬁg 'tﬁe Q'ééu@@e id f?@aﬁééi' vent is

distilled f and the residue Is ?/ l'ica gel col umm

chr omat ogmﬂa}edjsmg diisppsapyt ether and tbalsphdcﬁ iltereg off. Bc@watcwstalon@aahct of

n- hept of glacial acetic acid. The hydrochl orides of the
t wo coip ;3d1§3r—991§b ained by distilling off the fractionated sol utions,

di ssolving 15 the residue in ethyl acetate and preC|p|tat|ng t he product by
addi tion of hydrogen- chloride-saturated diethyl ether. Crystallization was
pronot ed ByAdaidure o283 agf N-Eamina4methoxyphenyl)-N*(4- methyl-3-thienyl)thiourea,

2-B 3y 1t
hyd?ggﬁl orus(ol%0 Hﬁ%&ﬁ |'%%sgnéhm1%i%ﬂ%m%%‘5 ?ﬁgbgy'so%"tgpgﬁ@.% XL .
2,5-Di brOBﬂ'}O&N& (ahdfthe sodvent Isenmenrdnstmedlqﬁamﬂm)er4smﬂbulthn@ré@mm P4ing

hydrochl or col orl ess 242- 244C (deco osl tio Exanpl e
25: 3N N@WS@ Ris e SR INE IR MRS Aline and trien

extracted with ethyl acetate, the organic phase is treated with water and then with
activated carbon and the product is purified by silica gel column chromatography using
a mobile phase mixture of 20 parts of ethyl acetate, 10 parts of n-heptane and 3 parts
of glacial acetic acid. This gives 3N-(5-methoxy-2-benzimidazolylamino)-4-

15  methylthiophene as an amorphous product.

Example 26: 3N-(5-Methoxy-2-benzimidazolylamino)-4-methyithiophene hydrochloride
x HCi

H,C-0
-

S

20 s obtained by precipitating a solution of 0.2 g of 3N-(5-methoxy-2-benzimidazolyl-
amino)-4-methylthiophene (example 25) in 10 ml of ethyl acetate using a saturated
solution of hydrogen chloride gas and diethyl ether, giving a crystalline precipitate.
M.p.: 222-225°C



C-O0 HN3, \\~ H 25 a)

N- ( 2- Am no- 4- net hoxyphenyl )-N - (4-net hyl -3-thi enyl )thiourea A m xture of
5.89 g of 4-nethylthi ophene 3-isothiocyanate and 5 g of 4-nethoxy-

1, 2-di am nobenzene in 60 mM of anhydrous THE is stirred at roomtenperature
for 41 2 hours, and the solvent is distilled off. Water is added to the
residue, the nmixture is extracted with 42hyl acetate, the dark solution is
treated with activated carbon and the organic solvent is re-evaporated.
Wth gentle warm ng, the residue is treated repeatedly with diisopropyl

et her andEkﬁmpreoii':ciz-'m\|drb13w§5*-ﬁmﬁéxy-ﬁrbénmmiﬂaswldnhine)-aqhémyltﬁiophene
n1p.143-146C.#§é.A m xture of 2.83 g of

N- ( 2- ani nibydroalPHE®yphenyl ) - N' - (4- net hyl - 3-t hi enyl )thi ourea, 8.5 g of

met hyl iodide, and 100 ml of anhydrous ethanol idpoiled under ref lux for
5 hours, and the solvent is thegndistilled off and water is added to the
residue. Using 10 2N aqueous sd& u | d&l sol pytion, the mxture is
made al kaline and then extracted w h Neetdte, the organi ¢ phase is
treated with water and then with actrvat carﬁ:%>and t he product is
purified by silica gel colum chromatographysus™~yg a nobile phase mxture
of 20 parts of ethyl acetate, 10 parts of n-%eptane and 3 parts of glacial
acetic acid. This gives 3N (5-nethoxy-2-benzi m dazol yl am no)-4 15

met hyl t hi gphene as an annrghous product .

Ex | e 26: -
3N ( 5-8vet Fekgboutisete 2 %ilpyy |ajmﬁ%?t%5%&»@{57#?%-&@%%%@%@&%28&'- X HCi
"BGO amino)-4-methylthiophene hydrochloride, 0.046g of N-chlorosuccinimide and 10-15 mi

of glacial acetic acid is heated at 45°C. The glacial acetic acid is then distilled off,
water is added to the residue and the mixture is adjusted o pH 9-10 using 2N NaOH.
The mixture is extracted with ethyl acetate, the solvent is evaporated and the residue
10  is chromatographed on silica gel on a medium-pressure column using a mixture of

20 parts of ethyl acetate, 10 parts of n-heptane and 3 parts of glacial acetic acid. The
base obtained after removal of the solvent by distillation is, in ethy! acetate, converted
into the hydrochloride using saturated etheral hydrogen chioride solution, and the
product is crystallized under ethyl acetate. Crystalline solid m.p.: 182-186°C.

15
Example 28: 2,5-Dichloro-3N-(5-methoxy-2-benzimidazolylamino)-4-methylthiophene
hydrochloride
x HCH
HE,C-O\@N\>_H
) -
Cl S

20  Analogous work-up of a reaction mixture of 3N-(5-methoxy-2-benzimidazolylamino)-4-
methylthiophene hydrochloride, N-chlorosuccinimide and glacial acetic acid for about 2
to 2% hours at 55°C gave 2,5-dichloro-3N-(5-methoxy-2-benzimidazolylamino)-
4-methyithiophene. Crystalline solid, m.p.: 278-282°C.



20 is obtained by precipitating a solution of 0.2 g of

3N- (5- et hoxy- 2- benzi m dazol yl - am no) - 4- net hyl t hi ophene (exanple 25) in 10
m of ethyl acetate using a saturated solution of hydrogen chloride gas
and diethyl ether, giving a crystalline precipitate. Mp.: 222-2250C 42
Exanpl e 27: 2-Ch|oro-3N—(5-nethoxy-2-ben§énidazonIanino)-4-nethy|thiophene
hydr ochl oride x HCI H3C-O 5 For about 2 2'/2 hours, a mxture of 0.519 g
of 3N-(5-met hoxy- 2-benzi m dazol yl - am no) - 4- met hyl t hi ophene hydrochl ori de,
0. 046g of N-chl orosuccinimde and 10-15 m of glacial acetic acid is

heat ed at Examplerfe: %N“cié*il\&ﬂithaxyéﬂi-bﬁrmhhi!iazglydafﬁimog%smethyﬁhimne hysgirenhlaride
added to the residue and the nixgy e is adjusted to pH 9-10 using 2N NaCH.
The mixture is extracted with ethyl "acetate, tihwcisol vent is evaporated and
the residue 10 i s chromatographed on silhca gel on a medi um pressure col umm
using a mxture of 20 parts of et ce‘a§$, 190 parts of n-heptane and 3
parts of glacial acetic acid. The t after renoval of the
solvent by distillation is, in ethyl acegé;;,lco verted into the
hydrochl ori de using saturated etheral hydrogen~ghloride solution, and the
product is crystallized under ethyl acetate. Crystalline solid mp.:

182- 186C. ajl5 Exatetbory1,2-diaminobenzene

2,5-Di chl goro- 3N-.( 5. et hoxy-2-.benzi mi dazol.yl api,no) - 4- net hyl t hi.ophene
v ochl oNPa@PlRiNeH SR BigHe OBy RiGaaLEaT R ITR e 2 P URENER WG ur e of
3N- ( 5-gret Agdrogen d@BZinY FHaaey wicREl aPatatystBE AHrk MerapbeneraBil 8 pré el ot
N-chl orosucci ni mde and gl acial acetic acid for about 2
: 3 bar. The product was converted into the thiourea without further purification.
b) N-(2-Amino-3-methoxyphenyl)-N‘-(4-methyl-3-thienyl)thiourea
is obtained analogously to the procedure described in example 25 a) from 3-methoxy-
1,2-diaminobenzene and 4-methyl-3-thienyl isothiocyanate in anhydrous THF, followed
10 by medium-pressure chromatography on silica gel using a mixture of 1 part of toluene
and 1 part of ethyl acetate. Crystaliine solid, m.p.: 148-153°C. Solidification of the melt

and next m.p. at 260°C.

c) 3N-{4-Methoxy-2-benzimidazolylamino)-4-methyithiophene hydrochloride

15 is obtained analogously to the procedures described in examples 25 and 26 from
N—(2-amino—3-methoxyphehyl)-N‘-(4-methyl-S-thieny!)thiourea by heating with methyl
iodide in THF, analogous work-up and treatment of the benzimidazole with HCl in
ether.
Crystalline solid, m.p.: 230-235°C.

20
Example 30: 2-Chloro-3N-(4-methoxy-2-benzimidazolylamino)-4-methylthiophene
hydrochloride

0 x HCI

O
S—N
N N

Cl S




to 21/2 hours at 55C gave 2, 5-dichl oro-3N-(5-net hoxy-2-benzi m dazol yl am no)
4- met hyl t hi ophene. Crystalline solid, mp.: 278-282C. 43 Exanpl e 29:

3N- (4- Met hoxy- 2- benzi m dazol yl am no) - 4- et hyl t hi ophene hydrochloride H3C 0
X HCl a) 3-Methoxy-1,2-di am nobenzene was obtained as a brown oil by .

hydr ogenati on of 2-methoxy-6-nitroaniline using 5 hydrogen gas and Raney

ni ckel as catalyst at roomtenperature afld a pressure of 3 bar. The
product was converted into the thiourea without further purification. b)

N- ( 2- Am no- 3- net hoxyphenyl )-N - (4-net hyl -3-thi enyl )thiourea i s obtained

anal ogousAymbdureraf 0ot gow @N- @Mhoxybéfbeinmmwazplyknnﬁﬁopa-memyﬂtﬂepmmmxy-

1,2-di 3-th hj hyd THF,
Fol lowed oGpicRds, indd QELericimpeaioa any T4 Sias Soalingtis
m xture Oheételaaétwt: foPhBSHe2 Pd'dvzlhdiﬁgtmé Hﬁictw 'acéﬁ@hahqs ther/&isaldd o,

solid, mp C. Solidification of e nelt and next mp. at 260
c) 3N—(4 mttefdayadgedémherrewitmgn@mmpw laadwtgdtm‘ﬂdﬁhamwdﬂa@m EBhede 15

bt d lo t d bed | 25 and 26
oo 18 (oFPREISRR I B G e RBEBES R Bt B IR e
heat i ng Wehibr@bldphedash sifica EelesﬂFa m@@ibﬁgpsé%sw&olumwmhg aeaikfiRabfof the
benzi m dazole with HCl in ystalline solid, mp.: 230-235C. 20

Exanpl e 380 p@f@ﬂf@ﬂ@ylme(atenﬁ ﬁ@ﬁ?ﬂéﬂmﬁpﬁmﬁ and & parkswirglacial aeatieyaciti Gghene
hydr ochl o 4 X

S (4 et [ iy By Poactals, Bofferiod into e Bysirgetioris yeing ety
0.046 ¢ oéth‘éralhﬁymogmchiondn@elmm m&smtoughgyamwammecs@d; th.ps

10 248-250°C.

Example 31: 3N-(4-Chloro-8-trifluoromethyl-2-benzimidazolylamino)-4-methyl-
thiophene hydrochloride

Cl x HCI
Loy
S

15 a) N-(2-Amino-3-chloro-5-trifluoromethylphenyl)-N‘-(4-methyl-3-thienyl)thiourea
is obtained analogously to the procedure described in example 25 a) by reacting
3-chloro-5-trifluoromethyl-1,2-diaminobenzene and 4-methyl-3-thienyl isothiocyanate in
anhydrous THF at room temperature for 3 days. The solvent is distilied off and water is
added to the residue, and the mixture is then extracted with ethyl acetate, the soivent

20 is again distilled off and the amorphous residue is crystallized under diisopropyl ether.
M.p.: > 310°C.

b) 3N-(4-chloro-6-trifluoromethyl-2-benzimidazolylamino)-4-methylthiophene
hydrochloride

25 is obtained analogously to the procedures described under examples 25 and 26 from
N-(2-amino-3-chloro-5-trifluoromethylphenyl)-N*-(4-methyl-3-thienyl)thiourea by boiling
with methyl iodide in THF under reflux conditions for 5 hours, analoegous work-up and
purification by medium-pressure silica gel column chromatography using a mixture of
identical parts by volume of ethyl acetate and toluene. The solvent is evaporated and



heated at 40C for about 2 to 21/2 hours. The glacial acetic acid is then
distilled off, water is added to the residue and the pHis adjusted to
9-10 using 2N NaOH. The 5 mixture is extracted with ethyl acetate, the
solvent is evaporated and the residue is chromatographed on silica gel on
a nmedi um pressure colum using a m xture gf 20 parts of ethyl acetate, 10
parts of n-heptane and 3 parts of glaciaﬂ acetic acid. The resulting base
is, in ethyl acetate, converted into the hydrochloride using saturated

et heral hydrogen chloride solution. Colorless to Iight-yeIIOM/crystaIIine
sol i d, m he res@iug4is than disselvadin ettyl acetate, giving, by addition of a saturated solution

3N-(4-Chl gy o-6-trifluoromnethyl -2-benzim o] 1 no)-4- | - .1 hio ne
hyar ochl of BEtepel chigfidd T sisthyie RSl AABESle SR OV
phenyl ) - Namfido)oeiithylthibpherityhydrbtifibried as Ia%r?ghmh@qﬁeapné@gs@ﬁdjymtm: bhe-
procedure described 1n exanple 25 a) by reacting

3-chl or 0- 818G+ | uor omet hyl - 1, 2-di ami nobenzene and 4- met hyl - 3-t hi enyl

i sot hijocyanate in anhydrous THE at roomtenperature for 3 days. The
solvent is distilled off and water is added to the residue, and the

m xture i Exaimple 821 2-GiHied-3N{4-chidrgi6-tiflabadnesthylie beakivedazd@lamina)gai n
SLEEL{leSﬁ%&;ﬁgE%P%ESn%g$&RQ%H§MLeSIdue Is crystal lized under diisopropy
3N-(4-chloro-6-trifluoronethyl-2-benzgm dazol yl,gq no) - 4- met hyl t hi ophene
hydrochl ori de 25 i s obtained anal ogously to the procedures described under
exanpl es 25 and 26 from N H

N- (2-am no-3-chloro-5-trifluoroneth -n??f' | - (/4- met hyl - 3-t hi enyl )t hi oure
a by boiling wth nethyl iodideFCh der . ux conditions for 5
hours, anal ogous work-up and purification g m|dl um pressure silica gel

col um chromat ography using a m xture of identical parts by vol une of

ethyl acepahitacbftond4 gt SNFEnRthagRL-benzinvdagiahrting) i ndihylthiophene

10 hydrochloride, 0.151 g of N-chlorosuccinimide and 20 ml of glacial acetic acid is stirred

at room temperature for 2 hour and heated at 60°C for one hour. The glacial acetic
‘acid is then distilled off, water is added to the residue and the pH is adjusted to 9-10
using 2N NaOH. The mixture is extracted with ethyl acetate, the solvent is evaporated
and the residue is chromatographed on silica gel on a medium-pressure column using

15  a mixture of identical parts of toluene and ethyl acetate. The solvent is distilled off and
the resulting base is then, in ethyl acetate, converted into the hydrochloride using
saturated etheral hydrogen chloride solution,. Colorless to light-yellow crystalline solid.
mp.: 247-250°C.

20 Example 33: 3N-(4-Carboxy-2-benzimidazolylamino)-4-methylthiophene hydrochioride
OOH x HCI

N\>_n

S
a) N-(2-Amino-3-carboxyphenyl)-N'-(4-methyl-3-thienyl)thiourea
is obtained analogously to the procedure described in example 25 a) from 3-carboxy-
1,2-diaminobenzene and 4-methyl-3-thienyl isothiocyanate in anhydrous THF, followed
25 by medium-pressure chromatography on silica gel using a mixture of 12 parts of

methylene chioride and 1 part of methanol. Amorphous product.



the residue is then dissolved in ethyl acetate, giving, by addition of a
saturated solution of hydrogen chloride in diethyl ether,
3N-(4-chloro-6-trifluoronethyl -2-benzi m dazol yl - am no) - 4- net hyl t hi ophene
hydrochl ori de as a crystalline precipitate. Solid, mp.: 210- 213C. 5
Exanpl e 32: 2-Chl oro- 3N- (4-chl or o- 6- trlfluoronethyl 2- benzi m dazol yl am no) -
4- met hyl t hi ophene hydrochl ori de Cl F3C x*4C cr s A mixture of 0.34 g of
3N- ( 4- et hoxy- 2- benzi ni dazol yl ani no) - 4- net hyl t hi ophene 10 hydrochl ori de,
0.151 g of N-chlorosuccinimde and 20 m of glacial acetic acid is stirred
at roomtenperature for 1/2 hour and heated at 60C for one hour. The

| aci al | | ed. of f ded id
I the i1 o afiatabey 8rberaticrra YT RaF Syl SipRRGH hy draghfork; g
Wi th ethyis cﬁﬁﬁhé&l‘by BdithgE® b@smﬂbn 0B 1¢ en\zg@@f Nt(gdammdsicaﬂad@ghdnﬁ)-l s

chromatogra hed on“silica gel on a I um pressure colum using

m xture oN*- Mmﬁhwaﬂ-thmyﬂ)&l@ﬂre@@nﬁbaé gaﬁam@thwlomfétra@%m!m@ﬂﬁmwnﬂei s

5 i s A B B, A g

SO' ution, um@mé §ssoustHCI Slhkﬁ theepiee ltate’istfmbfemeffS@iysdalhnéYEOhd PHMMtAHO0C. 20
npl e 33: Car box ben2| m dazol yl am no) - 4- net hyl t hi ophene
hydr ochl ocaewmm% I3L§|5‘é
N- ( 2- Am no- 3- car boxyphenyl ) - N -(4-nmethyl -3-thienyl)thiourea is obtained
anal ogously to the procedure described in exanple 25 a) from 3-carboxy-
Example 34: 2-Chioro-3N-(4-carboxy-2-benzimidazolylamino)-4-methylthiophene

10  hydrochioride

OOH x HCl
N
H
S—N
N
oo 1Y
o s

is obtained analogously to the procedure described in exampie 32 from 0.2 g of 3N-
(4-carboxy-2-benzimidazolylamino)-4-methylthiophene hydrochloride and 0.103 g of
N-chlorosuccinimide in 20-25 ml of glacial acetic acid and precipitation of the

15  corresponding hydrochloride using HCl-saturated diethyl ether in ethyl acetate and
subsequent crystallization under diisopropy! ether and ethyl acetate. Point of
decomposition 170°C.

Example 35: 3N-{4-(1-Piperidinocarbonyl)-2-benzimidazolylamino]-4-methylthiophene

20 hydrochloride
O

x HCl

N\)—H

S
0.215g of N,N’-carbonyldiimidazole is added to a mixture of 0.330 g of 3N-(4-carboxy-
2-benzimidazolylamino)-4-methylthiophene hydrochloride, 30 ml of anhydrous THF
and 5 ml of anhydrous dimethylacetamide. The mixture is stirred at room temperature




1, 2-di am nobenzene and 4-nethyl -3-thi enyl isothiocyanate in anhydrous THF,
followed 25 by nmedi um pressure chromatography on silica gel using a

m xture of 12 parts of nmethylene chloride and 1 part of nethanol. Anorphous
product. 46 b) 3N (4-Carboxy-2-benzi m dazol yl am no) - 4- net hyl t hi ophene
hydrochloride is obtained by boiling a sglution of 1.12 g of

N- (2- am no- 3- car boxyphenyl ) - N'-(4-nethyﬂ73-thienyl)thiourea and 3.1 g of
nmet hyl iodide in 60 m of ethanol under 5 reflux. The solvent is
evaporated, water is added to the residue, the pHis adjusted to 5 wusing
2N aqueousborH(bomnmame whe the ewdletiorsoff ¢arben eibxidd haocgased, landed.4 1 igdf
poi nt of deco sifion S5

D 0h or o- BB RNE RIDR) AHCBEnE e SALIGH I SHH b L PORRIemRerAIuspRrA hoyts and,

hydr ochl oraﬁ@?sfdnang%we?n@m 3hé elveRfisisiiRYo  enddideRiOsEPrEsBuARSHE bed in
exanple 32 fromO

(4- car boxyesadu@n&irwamcbwsth aritero fhessolist is filteracopih and disspiveshinsthyl@cetaten. 103

o o adrREBER it Aot AP sdfetf i dnger, o

di et hyl etrdducedpreshiyre. Foalrslile andrpouyratedstt crystallization under
di i sopropyl ether and ethyl acetate. Point of deconposition 170C. Exanple

35: hSSL [ 4- (1- Pi peridi nocarbonyl)-2-benzi m dazol yl am no] - 4- net hyl t hi ophene
20 | .
o ﬁr ;OSEX%_F"&@‘%%- g‘%@ﬁooi car I‘%N'I‘h% PRERARd e RGN ida2agehihg)- 2

2-benzi m daiﬁfh@ﬁ@hjrdi@):hl@rtdet hyl t h| ophene hydrochl oride, 30 ml of anhydrous
THE and 5 of anhydrous di net hyl acetam de. The mi xture is stirred at
roomtenperature 47

N O
x HC!

N\)_H
95
Cl S

A mixture of 0.2 g of 3N-[4-(1-piperidinocarbonyl)-2-benzimidazolylamino]-4-methyl-

10

thiophene hydrochloride and 0.086g of N-chlorosuccinimide in about 20 ml of glacial
acetic acid is stirred at room temperature for 1% hours and at 35°C for about 30 min,
the solvent is distilled off and the residue is, after addition of water, made alkaline

15 using 2N NaOH. Following extraction with ethyl acetate, the solvent is evaporated and
the residue is purified by medium-pressure silica gel column chromatography using a
mixture of 20 parts of ethyl acetate, 10 parts of n-heptane and 3 parts of glacial acetic
acid. The solvent is distilled off, the residue is dissolved in ethyl acetate and the
mixture is acidified using a solution of ether saturated with hydrogen chloride. The

20 amorphous residue is crystallized under a mixture of ethyl acetate with a little acetone
and a little ethanol. Amorphous solid, point of decomposition from 100°C.



for about 4 hours, when the evolution of carbon di oxi de has ceased, and
0.411 g of piperidine is then added. The solution is stirred at room
tenperature for 2 hours and, after standing overnight, the solvent is
distilled off under reduced pressure. The residue is triturated with
water, the solid is filtered off and diszglved in ethyl acetate, 5 the

I nsoluble fraction is renoved by filtrat™n and the solvent is distilled
of f under reduced pressure. Foam|i ke anorphous product. Exanple 36:

2- Chl or 0- 4- et hyl - 3N- 4-(1-pi£eridinocarbqnyl)-2-benzinidazolylanino]-

t hi opheneExg@plcBlR-Cinore-Ihe(4-llgom-Zibenaingdazolplamigo)od-nséhylhipphene
-piperidiﬂﬁﬁgamgﬂa ) - 2- benzi m dazol yl am no] - 4- net hyl - t hi ophene

hydr ochl oride .086g of N-chlorosuccinimde in about 20 m of gl acial
acetic acid is stirred at roomtenperature for J1./2 hours and at 35C for
about 30 mn, the solvent is distilled off an he residue is, after
addition of water, nade al kaline | EN Fol | om ng extraction
with ethyl acetate, the solvent i ra nd the residue is purified
by nmedi um pressure silica gel colum c onatbg\ phy using a mxture of 20
parts of ethyl acetate, 10 parts of n-hepgah nd 3 parts of glacial acetic
acid. The solvent is distilled off, the residue is dissolved in ethyl
acetate and the mxture is acidified using a solution of ether saturated

ith hyd Lde.  The .20 i d ' tallized .und
i xturd op e Setiea Gl B AERRr B 483 S S A EhiSie pbiiigroh-"
Amor phousagind)di-mzahyithisiheteanpoeshidfids i dsunt POARI offlabivpaBét: Zdtd and the
2- Chl oro- 3N- (4-fl uoro- 2-benzi m dazol yl am no) - 4- net hyl t hi ophene
hydr ochl ofibderesistifred aj repmnNeapesalyes faf 30 minutes and atie8-6a5Cdopanotiesf

3N (4-fl ugyQs2- | ) Vs = ' 4- ' i '

abourt 20" pE Ty iy Speedes dRMISE G tEBt Rkeek B850 VBT IR dd

t enper at uteethbaeside mnalthe pHzcadjlisted 16 @boliot 0-anotigiag 2N NaOH, and the mixture
10 is extracted with ethyl acetate, which is then distilled off. The residue is

chromatographed on a silica gel column under medium-pressure conditions using a

mixture of 20 parts of ethyl acetate, 10 parts of n-heptane and 3 parts of glacial acetic

acid. After concentration, the residue is dissolved in a little ethyl acetate and the

hydrochloride is precipitated by addition of hydrogen-chloride-saturated diethyl ether.
15  Colorless to light-yellow crystalline solid. M.p.: 268-270°C. |

Example 38: 2-Chloro-3N-(4-hydroxy-2-benzimidazolylamino)-4-methylthiophene

hydrochloride
H x HCI
"N\ H
YN
e
cl” s

20
A suspension of 0.13 g of 2-chloro-3N-(4-methoxy-2-benzimidazolylamino)-4-methyl-
thiophene hydrochloride in about 20 mi of anhydrous methylene chloride is added to a
suspension of 0.29 g of activated anhydrous aluminum chloride in 10 ml of anhydrous
methylene chloride, and the reaction mixture is stirred at 55°C for 2 hours. After

25 cooling, the reaction mixture is poured into ice-water and extracted with ethyl acetate,
the organic phase is dried over sodium suifate and the solvent is distilled off. The



1'/2 hours. The acetic acid is distilled off under reduced pressure, water
is then added to the residue and the pHis adjusted to about 10-11 using
2N NaOH, and the mixture 10 is extracted with ethyl acetate, which is then
distilled off. The residue is chronmatographed on a silica gel columm under
medi um pressure conditions using a mxture of 20 parts of ethyl acetate,
10 parts of n-heptane and 3 parts of gl at9al acetic acid. After
concentration, the residue is dissolved in alittle ethy[ acetate and the
hydrochloride is precipitated by addition of hydrogen-chloride-saturated

di et hyl etésigue Exhpoimatagrgphedoh iagdilicayga!lcoiron yatat nediugiressurdgonditions
268- 270C. Exanpl e ,38: .
2- Chl or o- %N”@g-o RIS 2D Bt PhetyLansipten A PRS- R RSRIEAP G5KeR Barts of glacial
hydr ochl ogééte: 28ld farsdifieestBhiel s @onBertfatéd ¥nder reduced pressure, The residue is
2-chl or o- 3N- (4- nmet hoxy- 2- benzi m dazol yl am no) - 4- met hyl - t hi ophene

hydr ochl oflisgelved ity apetats and thahydroehloride isprasiitated by iaddition efdded to a

annyarus dheeRyieRidtids Al LmRME Ex A SBIT D Pecfae Bt ssc

for 2 hours. After 25 cooling, the reaction mxture is poured into
ice-water _and extracted with ethyl acetate, A the organic phase is dried
over sodi ERplg %9@-&W&orpr?é\l-é%beemm%zqiwgmfmw)e‘érnzﬁtgy"hmheme residue is
chromat ographed on a silica get colym Hnder medi um pressure conditions
using a mxture of 20 parts of et ca}a_t , 10 parts of n-heptane and 3
parts of glacial acetic acid, and_ths ua L5 concentrated under reduced
pressure. The residue is dissolved’in gthyl facetate and the hydrochl ori de
is precipitated by addition of 5 hydrogen $1 de-saturated diethyl ether.
Crystalline solid. Mp. 246-248C. Exanple 39:

2- Chl or o- BMehtainedriyi addiag 8NyNabtio)a golutiomef 8ig efifrehlerd3N-{2-benrimidazolyi-

10 amino)-4-methylthiophene hydrochloride in 200 ml of water until a pH of 10 is set. The

crystals are filtered off and washed repeatedly with water. Yield: 2.52 g. Colorless
crystal powder. M.p. 182-185°C.

Example 40: 2-Chloro-3N-(2-benzimidazolylamino)-4-methylthiophene hydrobromide

x HBr
NO H
oy
NN
15 Cl S

0.25 g of 2-chioro-3N-(2-benzimidazolylamino)-4-methylthiophene is dissolved in 10 mi
of ethanol, 0.1 mi of 48% strength HBr is then added and the mixture is stirred at room
temperature for a little while. The solvent is distilled off and the residue is crystallized
under ethyl acetate. Yield: 0.29 g. Colorless crystals, point of decomposition:

20 252-254°C.



HC is obtained by adding 2N NaCH to a solution of 3 g of

2-chl or o- 3N- (2- benzi m dazol yl - 10 am no) - 4- net hyl t hi ophene hydrochl oride in
200 mM of water until a pH of 10 is set. The crystals are filtered off and
washed repeatedly with water. Yield: 2.52 g. Colorless crystal powder.

M p. 182-185C. Exanple 40:

2- Chl or o- 3N- ( 2- benzi m dazol yl am no) - 4- me??lyl t hi ophene hydrobrom de x HBr N
H15 S 'S 0.25 g of 2-chlo ro-3 N-(2-benzimd azo Iyl am

i no) -4-methyl thiophene is dissolved in 10 M. of ethanol, 0.1 m of 48%
strengt h BEpmple #heerCiiriedBNntébenaimigazalylamiro)s4-metbthiophenmadipisnrid salir
for alittle while. The | vent is distilled off and the residue is
crystallized wunder eth 2\2;15 Yiegld: 0.29 g. Col orhggﬁ crystal s, point
of deconposition: 20 25 5 Ml Bobks” "

2- Chl or 0- 3N- ( 2- benzi m dazol yl@am nqg) - 4 net hyl t hi ophene adipic acid salt H
COON N X HOOC HCr "Sis obtaim Nal ogously to the procedure descri bed
in exanple 40 from 2-chl oro-3N (2-benzi m dazol yl am no) - 4- et hyl t hi ophene
usi ng oneisciaingramalagousty foi the prockduse descrihastin exarsplal 4 frompe-chlbB-B5i7 C.

(2-benzimidazolylamino)-4-methylthiophene using one equivaient of adipic acid.
5 Colorless crystals. M.p. 155—-157°C.

Example 42: 2-Chloro-3N-(2-benzimidazolylamino}-4-methylthiophene oxalic acid salt

N
H
Cl: »—N _COOH
N {\ X Hooc

H /
o s

10 is obtained analogously to the procedure described in example 40 by reacting
2-ch10ro-3N-(2-benzimidazonIamino)-4-methylthi0phene with one equivalent of oxalic
acid in ethyl acetate. Colorless crystals. M.p.: 220-222°C.

Example 43: 2-Chloro-3N-(2-benzimidazolylamino)-4-methylithiophene phosphoric acid
15 salt

s
E I\g X H;PO,
Cl S
is obtained analogously to the prdcedure described in example 40 from 2-chloro-3N-
(2-benzimidazolylamino)-4-methylthiophene using one equivalent of phosphoric acid.
Colorless crystals. Decomposition range: 113-175°C.
20
Example 44: (1H-Benzimidazol-2-yl}-(2-chloro-4-methylthiophen-3-yl)methylamine

O
nH B

S
cl




Exampl e 42: 2-Chl or o- 3N- ( 2- benzi m dazol yl am no) - 4- met hyl t hi ophene oxalic
acid salt x HOOC ~COOH 10 is obtai ned anal ogously to the procedure
described in exanple 40 by reacting

2- Chl or 0- 3N- ( 2- benzi m dazol yl am no) - 4- et hyl t hi ophene with one equi val ent
of oxalic acid in ethyl acetate. Cblorleis crystals. Mp.: 220-222C
Exanpl e 43: 2-Ch|oro-3N—(2-benzin1dazo|y m no) - 4- met hyl t hi ophene
phosphoric acid 15 salt H3PO4 CIS -S is obtained anal ogously to the
procedure described in exanple 40 from 2-chl oro- 3N

(2- benzi nFmgopqwammO;wpomahyhtmmmmﬂéa@mg)gvmmmnmsenuﬁonfof 2- ch!oro-

Eggrsrgrgr Iﬂnga@lbenZIml azolyﬁsf txy?ltffl thteny?emlnrgjaszlstr'ng,nfrcr)r%n %mp e%g} ang dry

H- Benzi m gagiednod (20 i, anéihgﬂbeldé ('Tﬂtrhgi \F:Bé tRiPadded Bbdmhé”é’ mme‘&@[dé?orf:bi“e' y

powdered dry potassi um carbonate was added t sol ution of
2- chi or o- MENetUE ai@dmgﬁrmsﬂryngrandrﬁtewmwetm%hwmm refipcfonthree days.

i opuiZe e RO YRR e rloen e s B8 rbFfug W oo Tt ur e

was kept paditioneébetwedroethyhacstattoand watdhthesethyEadeta@sphapenyas dhed with
reduced pressure and the residue was then partitioned between ethyl

acet at e aﬁ'@g\ﬂ&ﬂé’m stlfate etngynagpesiumesyidie wanditermd elfand dine f'ﬁ'@éﬁ‘lé@ﬁum
sul fate, %rbel%' dﬂ}hﬁé o ?Jl(}gﬁct\fl\dééé ?Legﬁ)lﬂ'ff edadw%rtegﬁréﬂ\)etlﬁlalt_

evapor at e to ryness purtfie re ara i ve HPLC.
The pr odpﬂ&mbnbaﬂamim\g;frhcﬁtms WBEe mnblredmd)aﬂeareinoahg $hie aeemomltrﬂg Uriter

acetonitri der 10 reduce re freeze-dri r further

Sori (10t [esficB st ga, Eeoamarien. B fyrhe P GCRIGh cigR RIOBHEINAS WRAel usi ng

et hyl ace e

conbi ned angMAIGRIRE(GH don SORME BT acoRiteRang (g the prodift
containing fractions were combined and then evaporated to dryness, and the residue
was taken up in HCI and freeze-dried. This gave 5 mg of a solid.
LCMS-Rt (A): 2.04 min

15 MS (EST, M+H"): 278.05
Example 45: (5,6-Difluoro-1H-benzimidazol-2-yl)-{4-methylthiophen-3-yl)amine

F Ny XCF-COOH
4
F N

Ho 0\

5

trifluoroacetic acid salt

20
3-Isothiocyanato-4-methylthiophene (1.08 g), dissolved in absolute tetrahydrofuran
(30 mi}, was added dropwise to a solution of 1,2-diamino-4,5-difluorobenzene (1 g ) in
absolute tetrahydrofuran (20 ml). The mixture was then stirred at room temperature for
2 hours and allowed to stand overnight. Methyl iodide (0.44 ml) was added and the

25 mixture was then stirred for 8 hours and allowed to stand overnight. The tetrahydro-
furan was then removed under reduced pressure, the residue was partitioned between
ethyl acetate and water, the phases were separated and the ethyl acetate phase was
dried over magnesium sulfate. The residue was absorbed under silica gel and
chromatographed on silica gel using the mobile phase n-heptane : ethyl acetate = 1:1.



was taken up in HCl and freeze-dried. This gave 5 ng of a solid. LCVG-Rt
(A: 2.04 mn 15 M5 (ES+, MtH+): 278.05 Exanple 45: (5,6-Di fluoro-1 H ben
zi m dazol - 2-yl)-(4-nmet hyl t hi ophen-3-yl)am ne trifluoroacetic acid salt 20
3-1 sot hi ocyanat o- 4- net hyl t hi ophene (1.08 g), dissolved in absolute
tetrahydrofuran (30 m), was added dropw se to a sol ution of

1, 2- di am no- 4, 5-di fl uorobenzene (1 g) imP2absol ute tetrahydrofuran (20 m).
The m xture was then stirred at roomtenperature for 2 hours and all owed
to stand overnight. Methyl iodide (0.44 m) was added and the 25 m xture

was then Fhisigawed 29 mg diake Sesifet abmpvand ke tisé fae baer ni ght . The
tetrahydro- furan was then renpved under reduced pressure, the residue was

partiti onBd IHRHRERCtiQN KoM the @bave chrmmaleaearhywas pHaked bysreparalive Bl -and
t he et hyl : I Q‘pﬂﬂgﬁh r.esi due wa
absorbe)é ﬁﬁgﬁiﬁé?ﬁe;éggﬁggm;ﬁ%ﬁc'hggﬁgy%g?ap e oﬁa&sﬁ%gé ggltéqggiar?gsl hg >

nobi | e phtiflaoroacetic ani saliet hyl acetate = 1:1. 52 This gave 229 ng of the
desir c st f.ree base. An inmpure fraction fromthe above

chr ogogﬁ%%@'ﬂ' f"&d by preparative HPLC. Following freeze-drying,
42.2 ng o 4 iifle)d2§§ und were isolated as trifluoroacetic acid
salt. 5L ((?\i'}' 1798-mn M (ES}, MrH+): 266. 13 Exanpl e 46:

(2- Chl or o- 4- net hyl t hi ophen-3-yl)-(5, 6-di fluoro-1 H benzoi m dazol -

2-yl)am ne hydrochloride 10 At room tenperature, a solution of

N- chl or osExampledatg2(QRIdrd4magthyithiophen-3hylRr (%6 idiflucaci 1H-bensbimid@sladded
dropwi se to a sol ution of g5, 6-di fluoro-1 H benzi m dazol -2-yl)-(4-

2-yl)amine hydrochiorid
F N y XHe
oL
e s

H

Cl
10 S

At room temperature, a solution of N-chlorosuccinimide (124.6 mg) in glacial acetic
acid (5 ml} was added dropwise to a solution of (5,6-difluoro-1H-benzimidazol-2-yl}-(4-
methylthiophen-3-ylJamine (225 mg) in glacial acetic acid (5 ml). The mixture was then
15  stirred at room temperature for 3.5 hours. The glacial acetic acid was then removed
and the residue was taken up in water and adjusted to pH 10 using 2 M aqueous
sodium hydroxide solution. The aqueous phase was extracted three times with ethyl
acetate, the combined organic phases were dried over magnesium sulfate and the
solvent was removed. The residue was purified by preparative chromatography and
20 the product-containing fractions were combined, freed from acetonitrile, made basic

and extracted three times with ethyl acetate. The organic phases were combined, dried
(MgSQy), filtered and concentrated. The residue was taken up in water, acidified with

10% strength hydrochloric acid and freeze-dried. This gave 81 mg of the desired
product as a solid.
25 LCMS-Rt (A): 2.15 min

MS (ES™, M+H™): 300.11



met hyl t hi ophen-3-yl)am ne (225 ng) in glacial acetic acid (5 m). The
m xture was then 15 stirred at roomtenperature for 3.5 hours. The gl aci al
acetic acid was then renoved and the residue was taken up in water and
adjusted to pH 10 using 2 M aqueous sodium hydroxi de solution. The aqueous
phase was extracted three tines with ethyl acetate, the conbined organic
phases were dried over magnesi um sul fate®&nd the solvent was renmoved. The
residue was purified by preparative chromatography and 20 the
product-contai ning fractions were conbined, freed fromacetonitrile, nmade
basi ¢ anBxampleadT . q@-BiomeedmatbgithibphesBhy)-(56-elithiozo- THbenrgaidazgHiagps
were conbi ned, dried (MJSOX), filtered and concentrated. The residue was
taken up #MMfater, acidified with 10% strength hydrochloric acid and
freeze-dried. This gave 81 ng of the desjyred product as a solid. 25
LCMS-Rt (A): 2.15 mn WM (ES+, @ 0. L 53 Exanpl e 47:
1
n

(2- Brono- 4- net hyl t hi ophen- 3-yl) - (5, benzoi m dazol - 2-yl) -
amine 5 At roomtenperature, a selut¥o nosuccinimde (8 ng) in
glacial acetic acid (0.5 nl) was added dg to a solution of

(5, 6-difluoro-1 H benzi m dazol -2-yl)- (4-methy thi ophen-3-yl)an ne
trifluoroacetic acid salt (15 ng, exanple 45) in glacial acetic acid (0.5
m) in a ReactiVial, and the m xture was stirred at roomtenperature for

0.5 h.5 Thar A iemasialuieaa soliRon'RBRIeAStRInARIL PP Sbieidt BBt acid

saturated 10 potassi um carbonate sol ution and ethy etale were ad
t he resi d{(e§ Mhwasadgadidropwisedo wsolulinmoid, Grdilupie 1 Hgbenrimigarad--yias t hen

extracted, tw it cet at Th i_ned-organi c ases re dried
csi ng maofetieltidahens® Pamtertfbinafyta SERRAIED stndnexmBETEs o fdciaine
resi due th@dtic &I@(O8MATt 8 ReRIVIA! ar tHehRixtisrel wanstirkedl at radtd YempeRitaEstdre
was purified gly preparative chromat ography. The 15 product-contai ni ng

f ract i onsOsdt-el eoagstisaaridwasiher iemewed Hedeoeduced sressare aatsgqturated
10 potassium carbonate solution and ethyl acetate were added to the residue. The

organic phase was removed and the aqueous phase was then extracted twice with
ethyl acetate. The combined organic phases were dried using magnesium sulfate and
the drying agent was then filtered off. The residue that remained after removal of the
solvent under reduced pressure was purified by preparative chromatography. The

15  product-containing fractions were combined and ffeed from acetonitrile, saturated
sodium bicarbonate solution was added to the residue and the mixture was extracted

three times with ethyl acetate. The organic phases were combined, dried (MgSQ4) and

filtered. After removal of the ethyl acetate under reduced pressure, the residue was

coevaporated with toluene and then dried under high vacuum. This gave 8.1 mg of the
20 desired compound.

LCMS-Rt (D): 1.45 min

MS (ES™, M+H"): 343.96



sodi um bi carbonate sol ution was added to the residue and the m xture was
extracted three tines with ethyl acetate. The organi c phases were

conbi ned, dried (MgSX) and filtered. After renoval of the ethyl acetate
under reduced pressure, the residue was coevaporated with toluene and then
dri ed under high vacuum This gave 8.1 ng of the 20 desired conpound.
LCMS-Rt (D): 1.45 min MS (ES}, MrH+): 32%.96 54 Exanpl e 48:

[ (2- Chl or o- 4- net hyl t hi ophen-3-yl)-(4,5,6,7-tetrahydro-1 H benzi m dazol - 2-

yl )] am ne hydrochloride a) 1, 4-Di oxaspiro[4.5]dec-6-ylam ne H2 5 The am ne
requi red Examplad8d(R-Chigropt-amednythiophemed o) d(dih; 6, Fniet rah@ib- 18 ddéhzimidazol-2-

2- Chl or oc reacted wth phthalimde to give 2-(2-oxocycl o-
hexyl)isoyﬁ%@pﬁéﬁygggrgﬁ®? whi ch was ketalized with ethylene glycol in the-
presence of para-toluenesul fonic acid, giving

2-(1, 4-di oxaspiro[ 4. 5] dec-6-yl)isoindol e-1, 3-dione. 10 Treatnent with
hydrazineah}dk@F@aﬁﬂﬂﬂéﬁﬂW%}éﬂémﬁﬁﬁhaIinideradical gave the desired

1, 4- di oxaspi ro[ 4. 5] dec- 6-yl am ne. b)
1- (1, 4-Di oxaspiro[4.5] dec-6-yl)-3-(4-neth
solution of 3-isothiocyanato-4-nethylthig
in absolute tetrahydrofuran (10 m ) g
1, 4-di oxa- spiro[4.5]dec-6-yl am ne (Eau absol ute tetrahydrofuran (10
m), the m xture was stirred at roomte ratfre for 2 hours and the

sol verg was then renoved under reduced p ure. The residue was purified

combi nod, | e &0afe FETERe SR AR kPR [ dirpraacs Wi s TH8fg 2 <" @

2-Chlorocyclohexanone was reacted with phthalimide to give 2-(2-oxocyclo-

{ ophen-3-yl)thiourea S 15 A
b (296.2 ng, see exanple 1 a)
agded dropwi se to a solution of

Q
-

hexyl)isoindole-1,3-dione, which was ketalized with ethylene glycol in the presence of
para-toluenesulfonic acid, giving 2-(1,4-dioxaspiro[4.5]dec-6-yl)iscindole-1,3-dione.

10 Treatment with hydrazine hydrate to remove the phthalimideradical gave the desired
1,4-dioxaspiro[4.5]dec-6-ylamine.

b) 1-(1,4-Dioxaspiro[4.5]dec-6-yl)-3-(4-methylthiophen-3-yl)thiourea

/N/”\N/I:/\]
H HQ 0
_/

15 A solution of 3-isothiocyanato-4-methylthiophene (296.2 mg, see example 1a) in
absolute tetfahydrofuran (10 ml) was added dropwise to a solution of 1,4-dioxa-
spirof[4.5]dec-6-ylamine (300 mg) in absolute tetrahydrofuran (10 ml), the mixture was
stirred at room temperature for 2 hours and the solvent was then removed under

. reduced pressure. The residue was purified by preparative chromatography and the

20 prbduct-containing fractions were combined, freed from acetonitrile, made basic and
extracted three times with ethyl acetate. The organic phases were combined, dried
(MgS04) and filtered. This gave 428 mg of the desired product.

LCMS-Rt (A): 3.57 min
MS (EST, M+H™): 313.19
25



extracted three times with ethyl acetate. The organi c phases were conbi ned,
dried (MgSO4) and filtered. This gave 428 ng of the desired product.
LCMS-Rt (A): 3.57 mn M (ES+, MtH ): 313.19 S 25 55 c¢) 1 - (1, 4- D oxaspi
ro[4.5] dec-6-yl)-2-methyl -3-(4- methylth i ophen-3-yl) isothio urea S
S HOO 1-(1,4-Dioxaspiro[4.5]dec-6-yl)-3-(4-nethylthiophen-3-yl)thiourea
(393 ng) was dissolved in absolute tet r%'?]ydrofuran (8.5 mM), and a
solution of nethyl iodide (179 ng) 5 in absolute tetrahydrofuran (0.5 m)
was added. The mixture was then stirred at 70C in sand bath for 2 days.
Et hyl aceg)at-61 . dddoxaspiroféiGistec&-yiieemettad3-@rmethytihianhenrdHyt)isethiciisdaur e was
washed twice with water. The organi c phase was dried over magnesi um
sul fate and the sol vent was reno terAiltration. The residue was
purified by preparative chronmatggraphy dth
were conbined, 10 freed from ac (tcikhe, DA
times with ethyl acetate. The organi & phables yws{e conbined, dried (MySO4)
and filtered. This gave 59 ng of the desiHechro ct which was used
directly for the next step. LCM5-Rt (C): 1.05 \m MS (ES', MHH}): 327.4 15
d) N-(1, 4-D oxaspiro[4.5]dec-6-yl)-N -(4-nethylthiophen-3- yl)guanl dine S NH
1-(1,4-Dioxaspiro[4.5]dec-6-yI)-3-(4-methylthiophen-3-yl)thiourea (393 mg) was

dissolved in absolute tetrahydrofuran (8.5 ml), and a solution of methyl iodide (179 mg)
5 in absolute tetrahydrofuran (0.5 ml} was added. The mixture was then stirred at 70°C
in sand bath for 2 days. Ethyl acetate was then added to the reaction mixture, and the

mixture was washed twice with water. The organic phase was dried over magnesium
sulfate and the soivent was removed after filtration. The residue was purified by
preparative chromatography and the product-containing fractions were combined,

10  freed from acetonitrile, made basic and extracted three times with ethyl acetate. The

organic phases were combined, dried (MgSQy) and filtered. This gave 59 mg of the
desired product which was used directly for the next step.
LCMS-Rt {(C): 1.05 min
MS (ES™, M+H"): 327.4
15
d) N-(1,4-Dioxaspiro[4.5]dec-6-yl)-N'-(4-methylthiophen-3-yl}guanidine

: Ho O
_/
In a ReactiVial, a 7 M solution of ammonia in methanol (2 mf) was added to 1-
(1,4-dioxaspiro[4.5]dec-6-yi)-2-methyl-3-(4-methylthiophen-3-yl)isothiourea (58.8 mg),
20 and the mixture was heated in a sand bath at about 100°C for 16 hours. Removal of
the solvent gave a residue of 51 mg of an oily product which was directly reacted
further.
1L.CMS-Rt (C): 1.00 min

MS (EST, M+H™): 296.4



NN HOO1JIn a ReactiVial, a 7 Msolution of ammonia in nethanol (2 m)
was added to 1 (1, 4-d

i oxaspi ro[ 4. 5] dec- 6-yl)-2-net hyl - 3- (4- net hyl t hi ophen-3-yl)isothi ourea (58.8
ng), 20 and the m xture was heated in a sand bath at about 100C for 16
hours. Renoval of the solvent gave a residue of 51 ng of an oily product
which was directly reacted further. LCME Rt (©O: 1.00 mMmn M (ES+, MH):
296.4 56 e) -

N- ( 2- Chl or 0- 4- et hyl t hi ophen-3-yl)-N -(1, 4-di oxaspi ro[ 4. 5] dec- 6-yl ) guani di n
e SNHNNOC H

vas 5 o SISV PR ke b oaty Pl Rkt sdha iaraune (42 ™

N-chl orosuccinimde (20.3 ng) in glacial acetic acid (5 m) was added
slowy. The m xture was stirred hours and then allowed to
stand at room tenperature over $he which the glacial acetic
acid was renoved under reduced p due was taken up in water
and the m xture was adjusted to 8 um hydr oxi de sol uti on.

10 The basic phase was extracted' three tines et hyl acetate and the
conbi ned organi c phases were dried over magnesidm sul fate, filtered and
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phases were conbi ned, dried
in glacial acetic acid (5 ml) was added slowly. The mixture was stirred for a number of

hours and then allowed to stand at room temperature over the weekend, after which
the glacial acetic acid was removed under reduced pressure, the residue was taken up
in water and the mixture was adjusted to pH 10 using 2N sodium hydroxide solution.
10  The basic phase was extracted three times with ethyl acetate and the combined
organic phases were dried over magnesium sulfate, filtered and concentrated. The
residue was purified by preparative chromatography and the product-containing
fractions were combined, freed from acetonitrile, made basic and extracted three times

with ethyl acetate. The organic phases were combined, dried (MgSQ4) and filtered.

15  Removal of the solvent under reduced pressure gave 24 mg of the desired product
which was used directly for the next step.
£t CMS-Rt (C): 1.09 min
MS (ES*, M+H™): 330.4

20 1) ((2-Chloro-4-methylthiophen-3-yl)-{4,5,8,7-tetrahydro- 1H-benzoimidazol-2-yl))amine

hydrochloride
~
e AL
N
Cl e

N-(2-Chloro-4-methyithiophen-3-yl)-N'-(1,4-dioxaspiro[4.5]dec-6-yl)guanidine (24 mg)
was dissolved in 2N hydrochloric acid (1 ml) and stirred at room temperature for
25 30 min. Concentrated hydrochioric acid (1 ml) was then added, and the mixture was




15 Renoval of the sol vent under reduced pressure gave 24 ng of the desired
product which was used directly for the next step. LCMS-Rt (O : 1.09 mnt
M5 (ES+, MrH+): 330.4 20 f)

((2-Chl oro-4-net hyl t hi ophen-3-yl)-(4,5,6,7-tetrahydro-1

H benzoi m dazol - 2-yl ))am ne hydrochl ori de

N-(2- Chl oro-4-met hyl t hi ophen-3-yl)-N - (15 5%- di oxaspi ro[ 4. 5] dec- 6-yl ) guani di n
e (24 ng) was dissolved in 2N hydrochloric acid (1 m) and stirred at room
tenperature for 25 30 min. Concentrated hydrochloric acid (1 m) was then
added, angfirretbiarianother twadaiirs.sthie midufeowas tvarhdiiutedovithoa title Water andt ur e

h | | d..f d d d
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2- Chl or o- Rb € i0-9 21 B | yI am no) - 4- et hyl t hi ophene benzenesul fonate 10
2- Chl gr o- 3N ( 2-4benzi ym dazol_yl am no) - 4- net hyl t hi ophene (250 ng) was

di ssolaledMﬁn((ESrHlf_m't@ WﬁB nd benzenesul fonic acid (150 ng), dissolved in
THE (5 m), was added wth stirring. After 3 h, the reaction m xture was
left in the fridge overnight. The precipitate was filtered off with suction

and dri edzﬁémamgl@@hz&rbssn \(@5@Hﬂ'\rmsaifén;agm.ﬁdsyem?@thymo;méwCt Col orl ess
crystals. 235C 15 Exanp

2- Chl or o- mm(el!elsetﬁqnatedazol yI am no) 4- et hyl t hi ophene net hane- sul fonate s
o HO\ 20

10  2-Chloro-3N-(2-benzimidazolylamino)-4-methylthiophene (250 mg) was dissolved in
THF (5 ml), and benzenesulfonic acid (150 mg), dissolved in THF (5 ml), was added
with stirring. After 3 h, the reaction mixture was left in the fridge overnight. The

| precipitate was filtered off with suction and dried at 75°C under high vacuum, giving
the desired product. Colorless crystals. M.p.: 235°C

15  Example 50: 2-Chloro-3N-(2-benzimidazolylamino)-4-methylthiophene methane-
sulfonate
0 o
N
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H
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was obtained analogously to the procedure described in example 49 from 2-chloro-

Cl

3N-(2-benzimidazolylamino)-4-methylthiophene using one equivalent of

20 methanesulfonic acid. Colorless crystals. M.p.: 227°C



was obt ai ned anal ogously to the procedure described in exanple 49 from
2-chl oro- 3N-(2-benzi m dazol yl am no) - 4- met hyl t hi ophene usi ng one equi val ent
of rmethanesul fonic acid. Colorless crystals. Mp.: 227C 58 Exanpl e 51:

2- Chl or 0- 3N- ( 2- benzi m dazol yl am no) - 4- net hyl t hi ophene benzoate 0 was

obt ai ned anal ogously to the procedure desgri bed in exanple 49 from

2-chl oro-3N- (2-benzi m dazol yl am no) - 4- ne hyl t hi ophene usi ng one equi val ent
of benzoic acid. For 5 the precipitation, the reaction m xture was
concentrated to half of its original volune, and ether (30 m) was then
added. CoExampks5 tra-Shkire;3NA(P-benzipdiGatoigiapiiro)s2-methylthiophene benzoate

2,4-Di chl oro- 3N- ( 2- benzi m dazol yl am no) t.hi ophene hydrochloride x HCl 10 a)
Met hyl 3-acetyl am not hi ophene 2-carboxylate/WHxh si nul t aneous heating in an
oi | bath, 567 ml of acetic anhydride arg adjed/ dropwise to a nixture of
942 g of nethyl 3-am nothi ophene-2-carboxylate and 1 000 m  of toluene,
and the m xture is then boiled und §u_>ﬁ conditions for 11/2 hours and
15 subsequently cooled in an ice bs about OC. The crystals are
filtered off and washed twice with a liHtl ¢ i{sopropanol and twice with

di i sopropyl ether. Methyl 3- acetyl am notdr ne- 2- car boxyl ate can be
obtained fromthe filtrate by further concentration and crystallization.
M EI 93- gﬁé:s ﬁbﬂaibéd Ma&lggbu?ly&o elhvg bﬁcmemmld_és@?ibe_d in example 49 from 2-chloro-3N-

i chl or ot hj ophene- 2-carboxylate Wth magnetic stirring at a reaction,

t enper at %Zl@@ff%&'wﬂ o-methyditiariiane using prasquisalent of heazeiggsigl. For
dr opwisse i f ; ok 5 ) ' - 3-

car bosyl s TeCpigien g edction islurc Fhc ¥onchr Rt oS! 1 BAARARAUmSE ¢ or
anot her 2ambetter 430 mipwaedhemddded e€bloxesoonistdisma.[f.ot980t her 15 i nut es.
The solvent is 25 distilled off under reduced pressure, ethyl acetate is
then added to the residue and the

Example 52: 2,4-Dichloro-3N-{2-benzimidazolylamino)thiophene hydrochloride

x HCI
Cry g
Cl ]

10
a) Methyl 3-acetylaminothiophene 2-carboxylate
With simultaneous heating in an oil bath, 567 ml of acetic anhydride are added
dropwise to a mixture of 942 g of methyl 3-aminothiophene-2-carboxylate and 1 000 mi
of toluene, and the mixture is then boiled under reflux conditions for 112 hours and

15 subsequently cooled in an ice bath to about 0°C. The crystals are filtered off and
washed twice with a little isopropanol and twice with diisopropyl ether. Methy! 3-
acetylaminothiophene-2-carboxylaté can be obtained from the filtrate by further

concentration and crystallization. M.p. 93-95°C.

20  b) Methyl 3-acetylamino-4,5-dichlorothiophene-2-carboxyiate
With magnetic stirring at a reaction temperature of 20-30°C, 17.9 g of sulfuryl chloride
SO.Cl, are added dropwise to a solution of 19.9 g of méthyl 3-acetylaminothiophene-2-
carboxylate in 100 mi of chloroform. The mixture is then stirred at 40°C for another
2 hours and boiled under reflux conditions for another 15 minutes. The solvent is

25 distilled off under reduced pressure, ethyl acetate is then added to the residue and the



59 crystals are, after standing, filtered off. Mp. 136-138C. c) Methyl
3-acetyl am no-4 chl orot hi ophene-2-carboxylate A m xture of 25 g of nethyl
3-acet yl am no- 4, 5-di chl or ot hi ophene- 2- car boxyl ate, about 5 10 g of
triethylamne, 300 mMl of methanol and 1 g of palladiumon carbon is, at
room tenperature and under atnospheric pressure, hydrogenated until the
upt ake of hydrogen has stopped. The cat 9yst is filtered off and the
mxture is then concentrated by distillation under reduced pressure until
crystallization begins, water is then added and the solid is filtered off.
Col or | essCrysials are; aftesistansing, ditered off \Mp. 18621382C€C. 10 d) Met hyl

3-am no- 4- chl or ot hi ophene-2-carboxylate In a mxture of 50 m of nethanol
and 50 m of concentrated hydrochloric acid, 7 g of nethyl

3-acetyl ag) Nt Ghhcy muwhmratm%ﬁm@@@hﬁamtétlrred at 60C for 4
hours, under refl ux hours an room tenperature for another 3

days. AnyAdnityrgiaf a5 QBNIGH?M' Sreeetylaminet4iSsdichlesyibipnhenerd-catoxplate, mm

about g/ 348f, 0 [ t.i.0

reduce% p? g s%f? ﬁet‘f&#ﬁ?ﬁw %%62@(?? ?'Jllé(;tﬁaﬁ Iéﬁoﬁ@ﬁﬁgﬂ?ﬁﬁﬁbﬁ&éwoﬁ is %te'% ture
is sti rrehbmpet'auﬂmamimmﬁtaimspbmmpwshere hydrogenbes] amtil thdaptakel ofr | ess
crystalsg fil off ddried jn.a streamof air. Mp.: 62-64C e)

3. Ami no- af Y,‘&TPQPB s el%atgb/sblsgﬂteppec{ gtgp\nd the mixture Is then concentrated
3-am no-4

of KOH and’ ?%%“%“%?Hﬁﬂ"%?asﬁﬁbt"‘ﬂ?%?n@‘;ﬁﬂr i @eRtor Boding uilch Sl added] 7

3 hours aaud the selid isdilered) off addiwdleds opstais from isopodpaniobrM.patide 478Cat 60C,
of 15 CE concentrated hydrochloric acid and 30 ml of water. This

resultd in a vi gorous evolution of CO2. After. further stirring at 60C for

about 40 g} RIetRd 3- érhmdm&ﬂ&rétm r@deog\@grw%gecool a layer of 50-100 ni

of nmethyl tert-butyl ether is e , the ture is nmade al kaline using
concent r aled miyives 0§ 50 ¢ali of rmﬁi]\aﬂ@b@mb% onlwf concenfrated bydmoblarc agithad g dfs
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under refiux for 5 hours and at room temperature for another 3 days. Any precipitate
15  that has formed is removed by filtration, and about 1/3 of the volume of the solvent is
removed by distillation under reduced pressure. Following addition of about 100 ml of
water, the mixture is stirred at room temperature for another 15 minutes and the
colorless crystals are filtered off and dried in a stream of air. M.p.: 62-64°C.
e) 3-Amino-4-chlorothiophene
20  18.02 g of methyl 3-amino-4-chlorothiophene-2-carboxylate are added to a solution of
11.1 g of KOH and 160 mi of water and the mixture is then boiled under reflux for
3 hours and, after cooling, added dropwise to a solution, which is at 60°C, of 15 mi of
concentrated hydrochloric acid and 30 ml of water. This results in a vigorous evolution
of CO,. After further stirring at 60°C for about 40 minutes, the mixture is allowed to
25  cool, a layer of 50-100 ml of methyl tert-butyl ether is added, the mixture is made
alkaline using concentrated aqueous sodium hydroxide solution and the aqueous
phase is extracted in a separating funnel. The aqueous phase is extracted two more
times with methyl tert-butyl ether, and the combined organic extracts are washed once
with water in a separating funnel. The organic phase is dried, the solvent is distilled off
30  and the oily-amorphous residue is chromatographed on a silica gel column using a
mixture of 1 part of ethyl acetate and 1 part of toluene.



times with nethyl tort-butyl ether, and the conbined organic extracts are
washed once wth water in a separating funnel. The organic phase is dried,
the solvent is distilled off 30 and the oily-anorphous residue is

chromat ographed on a silica gel colum using a mxture of 1 part of ethyl
acetate and 1 part of toluene. 60 f) 4-Chloro-3-thienyl isothiocyanate 1.46
g of thiocarbonyldiimdazole are added t 80a solution of 1.1 g of 3-am no-4-
chl or ot hi ophene in 20 m of anhydrous THF, and the m xture is stirred at
room tenperature for one hour. The solid is distilled off under reduced
pressure, flmmmﬁ-ﬂtaeﬁylilsotdlmmhmed in ethyl acetate, the organic phase is
treated t arating, funnel and thenﬁ?rled and the

sol vent 3%@3.%5@%@%@&'&'"%&2@%@@ addnttiop SolHEQR of 4.1 g19f 3-ayniped-
4- chl or 0- 3nidibiitphdrizah Boos)y 8N dRSuLTAR! zn@me ;M?’hﬁ#b isSstirfdeat rb8ACt €d

further wi thout further purification st eps.
N- ( 2- A nd@mpatatiireNor pne diouor iessolid !erd)StblledlaﬁwmrmeM@ pfessure, the residue

1, 2-di am nohenz Lam ne a. sol of 1.4 g of
2 ohi obo- 2 DRPOGH 1t SERRAESRE e BoANidphAsE F aed ndisd Wi Walin A s ue s
stirred afge éﬂﬂiﬁgﬁﬁﬁﬁ@fraﬂdmhénfd?fedabﬁ@‘the?Qolbé’Htr|§ a@aﬁh a@ﬁuépbffﬁﬂaer ﬁeduced
distilled off un reduced pressure. The residue is treated with water
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the resid gﬁg| e silica gel colum
chr omat og?g%ﬁadgm ﬁéﬂ%&@?ﬁ% émg'fk‘%'fg%ﬁ&acet ate and tol uene. Brown-
yel l ow solid. h) 4- ChI or o- 3N- (2- benzim dazol yl am no) t hi ophene 20 A sol ution
of 0.169 um hydroxide in 5 nl of water, followed by a solution of
0. 363Jr 6 o%)&l {%Mﬂ%h&rfyan@r&cmlem %‘éh’?ﬁyfi_‘b*%fe%f THF, is added to a
sol ution ef in
25 m of an%@gﬁggéﬁ?@%ége m xt re 3’) %d;érrﬁﬁ%msoé‘%{%% {J%ngggjg%)h%q% Ebig
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residue | Soér%etghep%ra\{\tnutre fo\?%tbout 38 ?loﬁ)r(s ér? he sg}nvent is dlS¥lh8d off under reduced

pressure. The residue is treated with water and extracted with ethyl acetate, the

15 solvent is distilled off again and the residue is purified using medium-pressure silica gel
column chromatography using a 1:1 mixture of ethyl acetate and toluene. Brown-

yellow solid.

h) 4-Chloro-3N-(2-benzimidazolylamino)thiophene

20 A solution of 0.169 g of sodium hydroxide in 5 ml of water, followed by a solution of
0.363 g of p-toluenesulfonyl chloride in 10 ml of THF, is added to a solution of 0.5 g of
N-(2-aminophenyl)-N’-(4-chloro-3-thienyl)thiourea in 25 ml of anhydrous THF. The
mixture is stirred at room temperature for 3 hours, the solvent is then distilled off under
reduced pressure and the residue is treated with water and extracted with ethyl

25 acetate. After removal of the solvent by distillation, the product is purified by medium-
pressure silica gel chromatography using a mixture of 20 parts of ethyl acetate,
10 parts of n-heptane and 3 parts of glacial acetic acid as eluent.

For characterization, a small portion of the 4-chloro-3N-(2-benzimidazolylamino)-

30 thiophene was, in ethyl acetate, using ethereal hydrogen chloride solution, converted
into 4-chloro-3N-(2-benzimidazolylamino)thiophene hydrochloride and characterized.
Colorless crystals. M.p.: 256-260°C.



25 acetate. After renoval of the solvent by distillation, the product is
purified by nmedium pressure silica gel chromatography using a m xture of
20 parts of ethyl acetate, 10 parts of n-heptane and 3 parts of gl aci al
acetic acid as eluent. For characterization, a small portion of the

4- chl or 0- 3N- ( 2- benzi m dazol yl am no) 30 thlophene was, in ethyl acetate,
usi ng et hereal hydrogen chloride sol uti ofi] converted into

4- chl or o- 3N- ( 2- benzi m dazol yl am no) t hi ophene hydrochl ori de and
characterized. Colorless crystals. Mp.: 256-260"C. 61 i)

* 2,4-Dichl oro-3N-(2-benzi m dazol yl anmi no) t hi ophene hydrochl oride A solution
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wat er, thesrapganire fohalseuti ShalirsCtheddseticRid Rl then distiled bfturde? de@ided/nder 10
reduced pressure. The residue is purified under medi um pressure conditions
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15 Exanp cg.@ Brom)-_g-chl Qr.o- 3 - benzi m dazol yl am no)t hi gphene
hydro'l:Qﬂ oFE? ed,preEgsULes h%ff?%ﬁuws lew isgl Wﬁr et REss R AIRIONE DY m of

glacial a |
4- chl or o- gﬁﬁ"@ eng?déé%égﬂ?q\sméo ﬂg'ﬁﬁl ophe gal?cﬁ%‘f’lemy\ QEetQ{e,OIOSpQTQBf
n-heptane and 3 parts of glacial acetic acid as eluent and then precipitated from ethyl
acetate by addition of a solution of hydrogen chloride in diethyl ether. Colorless

crystalline product. M.p. 264-268°C.

15
Example 53:
2-Bromo-4-chloro-3N-(2-benzimidazolylamino)thiophene hydrochloride
x HG
N
O ¢
N
s
Br S

A solution of 0.356 g of N-bromosuccinimide in 6 ml of glacial acetic acid is added

20 dropwise to a solution of 0.5 g of 4-chloro-3N-(2-benzimidazolylamino)thiophene in
15 mi of glacial acetic acid, and the mixture is stirred at room temperature for another
15 minutes. The solvent is distilled off and the residue is treated with water and made
alkaline using aqueous sodium hydroxide solution. Following extraction with ethyl
acetate, the organic phase is washed with water, dried and concentrated under

25 reduced pressure. The residue is chromatographed on silica gel using medium-
pressure conditions and a mixture of 20 parts of ethyl acetate, 10 parts of n-heptane
and 3 parts of glacial acetic acid as eluent. Following distillative removal of the solvent,
the residue is taken up in ethy! acetate and 2-bromo-4-chioro-3N-(2-benzimidazolyl-
aminojthiophene hydrochloride is precipitated by addition of a solution of hydrogen



15 m of glacial acetic acid, and the m xture is stirred at room
tenperature for another 15 mnutes. The solvent is distilled off and the
residue is treated with water and nmade al kal i ne usi ng agueous sodi um
hydr oxi de sol ution. Follow ng extraction with ethyl acetate, the organic
phase is washed with water, dried and concentrated under 25 reduced
pressure. The residue is chromat ogr aphed®®n silica gel using nedium
pressure conditions and a m xture of 20 parts of ethyl acetate, 10 parts of
n- heptane and 3 parts of glacial acetic acid as eluent. Follow ng

di stil | at chieridegasanh disthyl fethero Cotorless crystaltins prhoict. Mipak264-+#66°0. et hy|
acetate and 2-brono-4-chl oro-3N-(2-benzi m dazol yl - am no)t hi ophene
hydrochloride is precipitated by addition of a solution of hydrogen 62
chl ori de 1 l Heh D aMife :

264 2660, Sy Tbm 3SR PIHORIpHREE 1PES opﬂﬁﬁf’f’é"i‘ bl

H benzi m h}ﬂf@D lprige) am ne hydrochl oride 5 a)

aFrudto- 8] HerRrRRREIRnan s AP MR T ™ o5 ) ana

4- chl oro- 3 t hi p_yl | sot hi ocy ate (exanpl e 52c), dissolved in THE (15 m),
was added dropwis@ mithitirri’ng. The solution was stirred at room

t enperature for-aba 3 nd then 10 allowed to stand overnight. The
reacti on m xt @ s-thien chincehtrated, and the residue was purified by
preparative HP he gy odu ontaining fractions were conbined, freed
fromacetoftri made basic and extracted three tines with ethyl

acetate. The orgahi c phases were conbined, dried (MgS™) and filtered.
Renoval oﬂ-FIudm-t,@l-pkmtyle;wd%arﬁmﬁ (860 ofig)tvas dissolved ipT bHES. mi) Sand¥BsHROroE F) :

ﬁ'_ tz)gn ;nl 21 g%@@%%;?’qh}%@t e%a?npl?g 5§c s3h2hNh %i}??w? FnY)l, m%_gddé%r&b%wise

with stirring. The solution was stirred at room temperature for about 3 hours and then

10 allowed to stand overnight. The reaction mixture was then concentrated, and the
residue was purified by preparative HPLC. The product-containing fractions were
combined, freed from acetonitrile, made basic and extracted three times with ethyl

" acetate. The organic phases were combined, dried (MgSO4) and filtered. Removal of
the solveni gave 625 mg of the desired product.

15 LCMS-Rt (F): 1.28 min

MS (ES", M+H™M): 302.0

b} (4-Chlorothiophen-3-yl)(5-fluoro-1H-benzimidazol-2-yl)amine
F N H
T, o
N
s

20  1-(2-Amino-4-fluorophenyl)-3-(4-chlorothiophen-3-yl)thiourea (625 mg) was dissolved
in THF, and a solution of NaOH (0.207 g) in water (9 ml) was added. Over a period of
5 min, a solution of p-toluyl chloride. (O 395&;’57 ‘in THF (10 mi) was added dropwise.
After the addition had ended, the mixture was stirred at room temperature for one hour.
For work-up, water and ethyl acetate were added to the reaction mixture, and the

25 phases were separated in a separating funnel. The aqueous phase was extracted



F- NHS d 20 1-(2-Am no-4-fluorophenyl)-3-(4-chlorothiophen-3-yl)thiourea
(625 ng) was dissolved in THF, and a solution of NaOH (0.207 g) in water
(9 M) was added. Over a period of 5 min, a solution of p-toluyl
chloride..(0.395 g" in THE (10 m ) was added dropw se. After the addition
had ended, the m xture was stirred at roomtenperature for one hour. For
wor k-up, water and ethyl acetate were adB8d to the reaction mixture, and
the 25 phases were separated in a separating funnel. The aqueous phase was
extracted 63 three tines with ethyl acetate and the conbi ned ethyl acetate

phases wetlredrtinees with lethylrageisée v s teinbiner ethyfagidatel pHaseBaverealried with
filtered and concentrated. Thi s_]glave 135 ng of the desired product.
LCMVB- Rt ( Byagngsgan ﬁp[{a’rg, farifiegwith\ghargoal Jjered and concentrated. This gave

(2, 4-Di chl-lggcemgiogp{b(e%%ﬁyﬂlyrggﬂ&{ uoro-1 H benzi m dazol - 2-yl ) am ne

hydr ochl ori rot hr ophen-3-yl)(5-fluoro-1

H benzi m d&MS-F-(FF):) 80 min( 85 ngy) was dissolved in 10 glacial acetic acid
(4 m), and N-chlorosuccinimde (42 ng), dissolved in glacial acetic acid
(4 m)S V\A&SSEESV\JMHi%&i&B&@ roomtenperature, with vigorous stirring. After
the addition had ended, the m xture was stirred at roomtenperature for 45
-min and then at 50C for 5 h. After the addition of further

N-chl or os b R : St it el 141D : 15\ f OUr .
Tol uene.( S0k oL ¢ ichRen S G rEBoneilitedcRBt iifle RlarSHiond o
acetic acid=was distilled off. The residue was dissolved in ethyl acetate
and el ut ed ' t edppot assi um car bonate sol ution. The ethyl acetate

phase was cl
N
HCI HCI 4 \
S

(4-Chlorothiophen-3-yl}{5-fluoro-1H-benzimidazol-2-yl}amine (85 mg) was dissolved in
10 glacial acetic acid (4 ml), and N-chlorosuccinimide (42 mg), dissolved in glacial acetic
acid (4 ml), was slowly added at room temperature, with vigorous stirring. After the
addition had ended, the mixture was stirred at room temperature for 45 min and then at
50°C for 5 h. After the addition of further N-chlorosuccinimide (4 mg) stirring at 50°C
was continued for one hour. Toluene (20 ml) was then added to the reaction mixture,
15 and the glacial acetic acid was distilled off. The residue was dissolved in ethyl acetate
and eluted using saturated potassium carbonate solution. The ethyl acetate phase was
dried over magnesium sulfate, filtered and concentrated. The residue was purified by
preparative HPLC and the product-containing fractions were combined, freed from
acetonitrile, made basic and extracted three times with ethyl acetate. The organic
20 phases were combined, dried (MgS04) and filtered. After removal of the solvent, water
and 2N hydrochloric acid were added 1o the residue, which was then freeze-dried. This
gave 17 mg of the desired product.
LCMS-Rt (E): 2.65 min
MS (EST, M+H™): 301.93
25



dried over magnesiumsulfate, filtered and concentrated. The residue was
purified by preparative HPLC and the product-containing fractions were
conbi ned, freed from acetonitrile, made basic and extracted three tines
with ethyl acetate. The organic 20 phases were conbi ned, dried (MySH) and
filtered. After renoval of the solvent, water and 2N hydrochl oric acid
were added to the residue, which was th@ﬁ freeze-dried. This gave 17 ng of
the desired product. LCMS-Rt (E): 2.65 min M5 (ES+, M+H}): 301.93 25 64
Exanpl e 55: (2-Brono-4-chl orothi ophen-3-yl)(5-fluoro-1

H- benzi nifdanyle 55y (2-Brome-4-thidrotisibbhen-Beyl 5 Fuotd-1 anmmrdmhggd)énﬁhé( S
fluoro-1 H-benf rtadazol 2-yl)am ne (50 ng, exanple 54b) 5 was dissolved in
gl aci al &vdieddlondey (4 m ), and N-bronosuccini mide (33 ng), dissolved in
glacial acetic acid (4 m), was slowy added at roomtenperature, with

Vi gor ous ' ] N‘terHt he addition had ended, the m xture was stirred
at room tenpg § lqlS m n, t‘ol uene (20 m) was then added to the
reacti on m xt i ajChcetic acid was distilled off. The

resi due was di's&dl ve acetate and washed with 10 saturated

pot assi um car bonat e | uti he ethyl acetate phase was dried over
magnesi um suHClte, filB é concentrated. The residue was purified by
preparative chromatography 8nd the product-containing fractions were
conbi ned, freed from acetonitrile, made basic and extracted three tines

with et hid-Ghierotitiephama-yNadlpto-1HHhenzimiderel %wﬁgmm(SQjmgeexamg@éb)and
were SaadiS 8o ETR Gachll acdle 250 £, AR Thrdmodihigmit M e dsdnég!

the desi lireglaeiabdgetic acid (4 ml), was siowly added at room temperature, with vigorous

stirring. After the addition had ended, the mixture was stirred at room temperature for
45 min, toluene (20 ml) was then added to the reaction mixture and the glacial acetic
acid was distilled off. The residue was dissolved in ethyl acetate and washed with
10 saturated potassium carbonate solution. The ethyl acetate phase was dried over
magnesium sulfate, filtered and concentrated. The residue was purified by preparative
chromatography and the product-containing fractions were combined, freed from
acetonitrile, made basic and extracted three times with ethyl acetate. The organic
phases were combined, dried (MgS04) and filtered. After removal of the solvent, water
15 and 2 N hydrochioric acid were added to the residue, which was then freeze-dried.
This gave 27 mg of the desired product.
LCMS-Rt (E): 2.29 min

MS (ES™, M+H"): 347.87

20 Example 56: (2,4-Dichlorothiophen-3-yl1){5,6-difluoro-1H-benzimidazol-2-yl amine
hydrochloride

a) 1-(2-Amino-4,5-difluorophenyl)-3-(4-chlorothiophen-3-yl }thiourea



LCMS-Rt (BE): 2.29 nmnin WM (ES MrH+): 347.87 20 Exanpl e 56:

(2, 4-Di chl orot hi ophen-3-yl) (5, 6-di fluoro-1 H benzi m dazol -2-yl)am ne

hydr ochl ori de a)

1- (2- Am no- 4, 5-di fl uorophenyl ) - 3- (4-chl or ot hi ophen-3-yl )t hi ourea 65 H

1, 2- Di am no- 4, 5-di fl uor obenzene (1.02 g) was initially charged in abs. THE
(15 m), and 4-chloro-3-thienyl isothiodyanate (1.25 g, exanple 52c),

di ssolved in abs. THE (15 nl), was added dropw se. Further treatnent

anal ogously to exanpl e 54a) gave 5 773 ng of the desired conpound. LCMS-Rt
(F) 1.32 , MtH+): 320.0 b)

-y13 (5, 6-di fluoro-1 H benzi mi dazol -2-yl)anine C 10

1- (2 Am no- 4,1p f Fhenyl) 3-(4-chl orot hi ophen-3-yl)thiourea (773 np)
was initi ] JH (20 M), and a solution of NaOH (240 ng) in
water (9 mi) foll owed by sgplution of tosyl chloride (528 ng) in THE (10
m) were added. Fur nt anal ogously to exanple 54b) gave 275 ngy
of the desired coBpount. 15 LCMS-Rt (F): 0.95 min M5 (ES+, M+H+): 286 c)
(2, 4-Di chl orot hi ophen-BLyl) (5,6-dif luoro- 1 H benzini dazol - 2-yl)ani ne
hydrochl ori de 66 (4- Chlorothlophen 3- yI)(5 6-di fluoro-1

H benzi ni t@zianing4) adifluerghergeng )(1.020)i was indiadlly chal‘gatglecabm Talttfé(*ti&:nﬁcl d (8

adtiea: ar o S oe eV RN R Ts G SRl BR8) iRl M, TS

(15 ml), was added dropwise. Further treatment analogously to example 54a) gave

5 773 mg of the desired compound.
LCMS-Rt (F): 1.32 min
MS (ES™, M+H"): 320.0

b) (4-Chlorothiophen-3-yl)(5,6-difluoro-1H-benzimidazol-2-yl}amine
F N
H
TR e
10

1-(2-Amino-4,5—difluorbphenyl)—S-(4-chIorothiophen-s-yl)thiourea (773 mg) was initially
charged in THF (20 ml), and a solution of NaOH (240 mg) in water (9 mi) followed by a
solution of tosyl chloride (528 mg) in THF (10 mi) were added. Further treatment
analogously to example 54b} gave 275 mg of the desired compound.

15 LCMS-Rt (F): 0.95 min

MS (ES*, M+H™): 286

¢) (2.4-Dichlorothiophen-3-yl)(5,6-difluoro-1H-benzimidazol-2-yl)amine hydrochloride

F N\>__H

y Cl
F
HCI Hmﬂ

S




58 ng of the desired product. 5 LCM5-Rt (E): 2.97 mn WM (ES{, MtH+t):
319. 88 Exanpl e 57: (2-Bronp-4-chlorothiophen-3-yl)(5,6-difluoro-1

H benzi m dazol - 2-yl )am ne hydrochloride C 10

(4- Chl or ot hi ophen-3-yl) (5, 6-difluoro-1 H benzi m dazol -2-yl)am ne (125 ng,
exanpl e 55b) was dissolved in glacial acetic acid (8 m), and

N- br onosucci ni mi de (78 ng) di ssolved i n6gl acial acetic acid (2 nml), was
slowy added at roomtenperature, wth vigorous stirring. Further

treat ment anal ogously to exanple 55c) gave 77 ng of 15 the desired
product . (4-OorBthidphen-3-yBis, BMPﬂudY@-N—ESénzzMT@#ﬁol 23 fandife o gﬁv’f’ﬁsmltlally
4- Choor o- 3N- (4- et hyl - 2- benzi m dazol am n%thl op ene hédroch oride 20
XHCl S apharged-in@catic acigdBrpl) pmihglsp jon (of Chisueeipingide {52 myg))in ticetic aaidi s

- chi or ofSHTHER Fptka LS R et Do BoSUBVY: e sidBhve i ng

medi um psesﬁglbetr@dlem(jt“ﬁodhctonat ography on silica gel with a mxture of 20
parts_of eth acetate, .10 parts of n-heptane and 1 part of ethyl acetate.

Br owr? shL{-M &EM% nm'p 193-196C. b) e)
4- Chl oroﬁ@l—éf r}ﬁ {]’y 6% zi m dazol yl am no) t hi ophene 5 i s obtained
anal ogou (£ +Ms e given in exanple 52h) from N-(2-am no- 3-

Example 57: (2-Bromo-4-chlorothiophen-3-y1)(5,6-difluoro-1H-benzimidazol-2-ylyamine

hydrochloride
F N\ Y-
N>'N Ci
F H / \

B
s

(4-Chlorothiophen-3-yl)(5,6-difluoro-1H-benzimidazol-2-yl)amine (125 mg,

10

example 55b) was dissolved in glacial acetic acid (8 ml), and N-bromosuccinimide

(78 mg) dissolved in glacial acetic acid (2 ml), was slowly added at room temperature,

with vigorous stirring. Further treatment analogously to example 55¢) gave 77 mg of
15  the desired product.

LCMS-Rt (E): 2.39 min

MS (ES’, M+H"): 365.86

Example 58: 4-Chloro-3N-(4-methyl-2-benzimidazolylamino)thiophene hydrochloride

x HCl
'g,n cl
N
e
20 S

a) N-(2-Amino-3-methylphenyl)-N’-(4-chloro-3-thienyl)thiourea
is obtained analogously to the procedure given in example 52g) from 4-chloro-3-thienyl

isothiocyanate and 1,2-diamino-3-methylbenzene, using medium pressure column




met hyl phenyl )-N - (4-chl oro-3-thienyl)thi ourea using nmedi um pressure col um
chromat ography on silica gel with a mxture of 10 parts of dichl oronet hane
and 1 part of nethanol, as an anorphous, foam|like product. Preparation of
t he 4-chl oro-3N-(4- nethyl -2-benzi m dazol yl am no)t hi ophene hydrochloride in
ethyl acetate using diethyl 10 ether saturated with hydrogen chl ori de gas.
Crystal line product, mp. 325-327C. Exan®lfe 59:

2, 4-Di chl oro- 3N- (4- et hyl - 2- benzi m dazol yl am no) t hi ophene hydrochl ori de 15
i s obtained anal ogously to the procedure given in exanple 52i) from

4- cm or o- Ghvofatogepy i IoMsng?lrWi&aamixﬂum: gamtphﬂﬁw@nfyl aodtate, 1?( parts of

c“; Cetal | Hhesteand 1halt SoaBvimatecBumpiishyglow sohd, mp.: 195 06-E"
trans-(3aS, 7aS) - 4- Chl oro- 3N-( 3a, 4, 5, 6, 7, 7a- hexahydro-1 H 2- 20

benzi m dazol yl ) - 3-t hi enyl am ne hydrochl ori de xHCl a)
trans- S, Sbpe} 4L o3y dtroetbyly?-benzintidazdlylamingthiopkene ) t hi ourea 68 is

bt ai ned anal | ' ' i | b) f .
&-chl of o- B-RRR A sh o) BT oo RN <XEMMe 521 Rt ATINEsame by
col urm- chrr@mwlplgér@@jﬂNC(at-ém@ad-arthi@ﬁylym_icﬁjréhmi@heummgr@smé&@mnpf 10

parts of ethyl acetate, 5 parts of  "dichloronmethane, 5 parts of n-heptane,
5 parts ofhigsiataa@mphy e siligeage! vith amisiire ob 10 parts oidichieromethane pnduspardr k

product ' | r Ay r D, aRnsz{3asS,
29) - 4. cnp s ech A5 BorAGLe. Kot bo'el BRElarat G iR, 4 Pold 3R3d

t hi enyl anmethyl<2-benzitidazogdarama)ibispiheng Hydréditodoipastnyleadgitateruding geampl e
52h) fromtrans-S, S- 3N (2- . )

am not§ | siex pRiLrRied Wil Rygjogen chiqrideygas: fnstialine produntuarr s335-337/1C.

chl oride and subsequent application of medi um pressure col umm

chromat ography on silica gel wusing a mxture of 10 parts of

di chl or onExkhepée 5%d2,4-RiehloreBNa@tinettoll-2-Eenzimidazolylamino)thiophene

hydrochloride
x HCI
N
H
YR A

N .
H [

Cl S

15 s obtained analogously to the procedure given in example 52i} from 4-chloro-3N-(4-
methyl-2-benzimidazolylamino)thiophene and N-chlorosuccinimide in glacial acetic

acid, with analogous work-up. Crystalline product, m.p. 296-298°C.

Example 60: trans-(3aS,7aS)-4-Chloro-3N-(3a,4,5,6,7,7a-hexahydro-1H-2-
20  benzimidazolyl)-3-thienylamine hydrochloride

x HCI

N
\>_H Cl
oo

8

et

a) trans-S,S-3N-(2-Aminocyclohexyl)-N’-(4-chloro-3-thienyl)thiourea




anor phous, foamlike product. Preparation of the trans-S, S-4-chloro-3N 15
(3a,4,5, 6,7, 7a- hexahydro-1 H 2-benzi m dazol yl)-3-thi enyl am ne hydrochl ori de
i'n ethyl acetate and a little ethanol using diethyl ether saturated with
hydrogen chloride gas. Crystalline product, mp. 196-200C. Exanple 61:
trans-(3aR, 7aR) - 4- Chl oro- 3N- (34, 4, 5, 6, 7, 7a- hexahydro-1 H2- 20 be nzimd
azolyl)-3-th ie nyla nmine hydrochloride68 HO a) trans-(1

R, 2R) - 3N- ( 2- Ami nocycl ohexyl )-N - (4-chloro-3-thienyl)thiourea is obtained
anal ogously to the reaction given in exanple 1, b) from 4-chl oro-3-thienyl

i sot hi ocyaBBiaheNgndlbgassly fo fRedBhclion giveR it bgaﬁnﬁ@y,c&)qhﬁﬁaﬁwbw-suh@ﬁ?uent
col um- 25 chromat ographic separation on silica %el using a mxture of 10

parts of isathipcyarateand transpiS-3, ofiamiregyciohexage pyraotumon-chranptagsapitinane, 5

t f I f ' A , dark
P oducy PRIt orPlicd oBidng o mRIR Y Saiii b iy sPle ST BARS BES *
t rans- ( 3afthlg@iietiaid) HpartSOF G-heptarfe, 6, pariofirsthandl and 1 part of ammonia
H 2- benzi m_ dazol yl )-3- thienylam ne is obtained anal ogously t

tai, y to the
pr ocef@lur 438i3/&m), AR adampInacys khark peaduct whichrs pragessed Tarther without further
am nocyclv&;} g%l )-N -(4-chloro-3-thienyl)thiourea, p tol uenesulfonyl
chl ori de "an Subsequent application of medium pressure colum
chromat ography on silica gel using a mxture of 10 parts of ethyl acetate,

" bart o daNRAS( a5 b dioR St3adpph et Ramdropt baRan A pidE AR Fon  of
the t ransthieﬁgggﬁgﬂﬂ oro-3N-(3a,4,5,6,7,7a 10 hexahydro-1

H 2-benzim -3-thienyl am ne hydrochloride in ethyl acetate and a
litthe etihabiinasangjodgdusinio the procedunegivereh exarnplmbdhg from transiS, 8e3Nr2-

oi & 47 criBpBo Sy -G a - Sy P B Red, o usnashifamy siiaridesand
subsequent application of medium pressure column chromatography on silica gel
using a mixture of 10 parts of dichloromethane and 1 part of methanol, as an
amorphous, foam-like product. Preparation of the trans-S,S-4-chioro-3N-
15  (3a,4,5,6,7,7a-hexahydro-1H-2-benzimidazolyl)-3-thienylamine hydrochloride in ethyl
acetate and a little ethanol using diethyl ether saturated with hydrogen chicride gas.
Crystalline product, m.p. 196-200°C.

Example 61: trans-(3aR,?aR)-4-ChIoro-3N-(3a,4,5,6,7,Ta-hexahydro-1 H-2-
20  benzimidazolyl)-3-thienylamine hydrochloride

x HCI
N
H
\>—N Cl

NN

S
a) trans-(1R,2R)-3N-(2-Aminocyciohexyl)-N'-(4-chloro-3-thienyl)thiourea

is obtained analogously to the reaction given in example 1, b) from 4-chloro-3-thienyl

isothiocyanate and frans-(1R,2R)-(-)-1,2-diaminocyclohexane by subsequent column-
25 chromatographic separation on silica gel using a mixture of 10 paris of ethyl acetate,

5 parts of n-heptane, 5 parts of dichloromethane, 5 parts of methanol and 1 part of

ammonia (35-37%), as an amorphous, dark product which is processed further without

further work-up.



15 thi enyl am ne hydrochl ori de a)

ci s- 3N- (2- Ami nocycl ohexyl)-N-(4-chl oro-3-thienyl)thiourea is obtained

anal ogously to the reaction given in exanple 1, b) from 4-chl oro- 3-thienyl

I sot hi ocyanate and ci s-1, 2-di am nocycl ohexane by subsequent col um 20
chromat ographi ¢ separation on silica gel using a m xture of 10 parts of
ethyl acetate, 5 parts of n-heptane, 5ggarts of dichloronethane, 5 parts
of nethanol and 1 part of amnia (35-37%, as an anorphous, dark product
which is processed further wi thout further work-up. 25 b)

ci s-4-Chl oro-3N-(3a, 4,5, 6,7, 7a- hexahydro-1

H 2- benzi m dazol yl )-3-thi enyl am ne i s obtai ned anal ogously to the procedure
gi ven i nbgtranpl(8aR21aR}-A<Chi8r-BNHSat, 88, 7Ba-hexahydro-1H-2-benzimidazolyl)-3-

cycl ohexxrfé gl -g_é;gqchl oro-3-thi enyl)thiourea, p-toluenesulfonyl chloride and
subseque i cation of medium pressure col umm chr omat ogr aphy on
silica g t

n- hept an?: Obéﬁz)déuﬁit? géuﬂ ooft?lfgr%reﬁane p"a?‘té‘s‘%r?ﬁ‘8 Rangftrgﬁ%ﬁRo‘;’Nte
amonba @pIneHgqhexyl) d\l k(ﬂaxhlproe’i-ﬂyelpyl)jhmrea Iprteqhaerﬂsutionwfchldmje and

5 bens ShPseaTERP iR EINRBRSS lupnsivomalographypn siicaget and a
littl e euBMICA mikateef 1 géhy bf é’éﬂ}«?éc@tﬁfé’ @;&eﬂfk m thhepttindl 84RiMsSY Ori de gas.

"Crystalline product, mp.

trans- R, Flmloromeimr@ﬁ,&mnte(g@mtr@r@l and4- mthmmmm(&&az%)q asnaol yl )

3-t hi L h d d
P e e b e
N- (3804, 5\eﬁaﬁyd7re-ﬂe—2atar¢lmndbzblya 3lﬂﬁ§mymﬂ&ﬁaolhydrbcﬁohbé (nw{ Mhéstatd HRd a
N-chl orosucci ni m de and, anal ogous work-up. Crystalline uct. Foam ng

with subftefihaeel using G"ietﬂyl &thermra@ \Ebt'ahﬁd@gm chioride gas Crystalline
cis-2,4- B\'&Jﬂéﬂrlﬂ.é'ﬁﬂb‘?@ﬁ& 6, 7, 7a- hexahydro-1 H 2-benzi m dazol yl ) - 3-

Example 62: cis-4-Chloro-3N-(3a,4,5,8,7,7a-hexahydro-1H-2-benzimidazolyl)-3-
15  thienylamine hydrochioride

x HCI
Cl

a} cis-3N-(2-Aminocyclohexyl)-N'-(4-chloro-3-thieny})thiourea
is obtained analogously to the reaction given in example 1, b) from 4-chloro-3-thienyl
isothiocyanate and cis-1,2-diaminocyclohexane by subsequent column-

20  chromatographic separation on silica gel using a mixture of 10 parts of ethy! acetate,
5 parts of n-heptane, 5 parts of dichloromethane, 5 parts of methanol and 1 part of
ammonia (35-37%), as an amorphous, dark product which is processed further without
further work-up.

25  b) cis-4-Chloro-3N-(3a,4,5,6,7,7a-hexahydro-1H-2-benzimidazolyl)-3-thienylamine
is obtained analogously to the procedure given in example 52h) from 3N-{cis-2-amino-

cyclohexyl)}-N'-(4-chloro-3-thienyl)thiourea, p-toluenesulfonyl chloride and subsequent



t hi enyl ami ne hydrochl oride x HC is obtained anal ogously to the procedure
given in exanple 52i) by reacting cis-4- 20

chl oro-3N-(3a, 4, 5, 6, 7, 7a- hexahydro-1 H 2-benzi m dazol yl)-3-thi enyl am ne
wi th N-chl orosucci ni m de and anal ogous wor k-up. Crystalline product. M p.
270-274C. 71 Exanpl e 65:

4- Chl oro- 3N- (4-chl or o- 2- benzi m dazol yl afgno) t hi ophene hydrochl oride C X
NCI a) 1-N(2-Am no-3-chl orophenyl)-3-N-(4-chloro-3-thienyl)thiourea is
obt ai ned from 3-chl oro-1, 2-di am nobenzene and 4-chl oro- 3-thi enyl

| sot hi oc : ; [ | 3 and
crystall ?@E’fh} %‘r?nﬁ% e?tlhg 1 sc%%lf"tgg‘gl 1@@{] %?%gyggagﬁfﬁé Sﬁ%\%idnég u? @@n}éﬁg #\%
poi nts: of g0 phrtskF2iE acCetate b pars of sttedptarents parts of gichldronid@t2@Gebd parts of

- Chl or 0- 3N: ( 4-chl o 0- 2- i m dazol i hi ophene 10 is_obtai ned
anal ogouEgieRoan | Pat o BRETBRSARPEYE RS KB CY RIOdEt, BiRpErapTIOihe
(2-am nOa%mbﬂmﬁqhﬁ%,d,ﬁ%,%mmrﬂaRs-#HtilbéﬁxiHiBQ%@%gﬁ@tgﬁﬁyhaminelhydro-

p-tol uenesul fonyl " chloride and col dnm chromat ogr ap I"'ca gel "using a
m xt ube ehlaidedn ethydacetateand a lite ethamat, wsirig dietinil ettexrtsatieates! witihi | e phase

and subs ent di.stillati I val qf the ni.under reduced pressure,
as a foaﬁ&a{%,n ﬁﬁ%ﬂ%@%&@?ﬁ@ﬂ@‘? Rﬁﬂﬁﬂﬁ kaigfé:'éﬁq/eq't ed further into the
hydrochl ori de. c) 4-Chl oro-3N-(4-chl oro-2-benzi m dazol yl am no)t hi ophene
hydrochl oride is obtained by treating a solution of

4- chl or o E3RmMple 6R1 Bans-R.Ridrlliehlar-dNyBam.bé) T Rrdisxahpdiont dthenzinaideralyt
wth a S%'-Mf%“%”‘ﬂeq*e@%ﬁ”g&@&er 20 saturated with hydrogen chloride gas,

as a crystalTi'ne pre M p. 276-280C. 72 Exanple 66:
2, 4-Di chl oro- 3N (4-chl oro- 2- benzi m dazol yl am ng)ﬁ&i‘ophene

¢
Cl S

10
is obtained analogously to the procedure given in example 52i) by reacting trans-R,R-
4-chloro-3N-(3a,4,5,6,7,7a-hexahydro-1H-2-benzimidazolyl)-3-thienylamine with
N-chiorosuccinimide and analogous work-up. Crystaliine product. Foaming with
sublimation starting at 165°C.

15

Example 64: cis-2,4-Dichloro-3N-(3a,4,5,6,7,7a-hexahydro-1H-2-benzimidazolyl)-3-
thienylamine hydrochloride

x HC!

T

N
T
N .
s
Cl S
is obtained analogously fo the procedure given in example 52i) by reacting cis-4-

20  chloro-3N-(3a,4.,5,6,7,7a-hexahydro-1H-2-benzimidazolyl)-3-thienylamine with
N-chlorosuccinimide and analogous work-up. Crystalline product. M.p. 270-274°C.

1]

I (113



hydrochloride C x HC is obtained anal ogously to the procedure given in
exanpl e 52i) from 4-chloro-3N-(4- 5 nethyl-2-benzi m dazol yl am no)t hi ophene
and N-chlorosuccinimde in glacial acetic acid, wth anal ogous work-up.
Crystalline product, mp. 294-297C. Anal ogously to the conmpounds listed in
t he working exanples, it is possible to prepare the follow ng thiophene
derivatives: 10 71

2- br ono- 4- chl or o- 3N- (4- net hyl - 2- benzi m dazol yl am no) t hi ophene

hydrochl ori de, mp. 284-286C,

2- br ono- 3

hydr ochl gr | Q‘Jg‘f’é 85: W%gﬁcﬁﬁgWbéﬂﬁﬁﬂﬁzﬂﬁﬁ%ﬁ%%ﬂp@%ﬂ%r}ﬁwmcmorlde
trans-R, R- 2- brom)4chloro 3N-(2q,4,5,6,7, 7a- S{eg@!ydro 1

H 2- benzi m dazol yl )-3- thienyla ne hydr ochl o poi nt of deconposition:
215C, trans-(3aS, 7aS)- 2-br ono- -3N-(3a,4,5, 6, 7, 7a- hexahydro- 1

H 2- benzi m dazol yl )- 3-thien roct}l]orlde

2, 4-di met hyl - 3N ( 2- benzi m daah
2, 4-di met hyl - 3N- (4- et hyl - 2- benz
2, 4-di met hyl - 3N- (5-f | uor o- 2- benzi m da

hydr ochl ori de,
I)-3 t hiNgnyl ani ne hydrochloride

hydr ochl ori de,

2-chloro-3N-(4-trifluoroneth benzi m dazol yl ) - 4- et hyl - 3-t hi enyl am ne
25 hydr o@hf -,(%rgxmtno-&chloroph%nyl) 3-N- (4-chloro-3-tﬁ/|enyl)th|ouree¥ Y

2- chl o O3 0bibhelHAtK SR 2:diaR it dRz8AE Undl 4 chiofE shKlensr isBiRoMYaRR®

hydrochlor
5 analogously to the procedure described in example 1b) and crystallization under

diisopropyl ether, as a solid having two meilting points: m.p. 1: 152-155°C with
recrystallization; m.p. 2: >310°C

b) 4-Chloro-3N-(4-chloro-2-benzimidazolylamino)thiophene

10 is obtained analogously to the procedure described in example 52h) by reacting 1-N-
(2-amino-3-chlorophenyi)-3-N-(4-chloro-3-thienyl}thiourea with p-toluenesulfonyi
chloride and column chromatography on silica gel using a mixture of 3 parts of toluene
and 1 part of ethyl acetate as mobile phase and subsequent distillative removal of the
solvent under reduced pressure, as a foam-like, amorphous product which is

15  converted further into the hydrochioride.

¢) 4-Chloro-3N-(4-chloro-2-benzimidazolylamino)thiophene hydrochloride
is obtained by freating a solution of 4-chioro-3N-(4-chloro-2-
benzimidazolylamino)thiophene in ethyl acetate with a solution in diethy! ether

20 saturated with hydrogen chloride gas, as a crystalline precipitate. M.p. 276-280°C.



Phar macol ogi cal data: Test description: 5 In this test, the recovery of the
intracellular pH (pH) after an acidification, which starts when the NHE
i s capabl e of functioning, even under bicarbonate-free conditions, was
determ ned. For this purpose, the pH was determ ned using the pH sensitive
fluorescent dye BCECF (Cal bi ochem the precursor BCECF-AMis enpl oyed). The
cells were initially | oaded with BCECF. 72he BCECF fl uorescence was
determined in a 10 "ratio fluorescence spectroneter” (Photon Technol ogy
I nternational, South Brunswi ck, N.J., USA) vvi th excitati on wavel engt hs of
505 and i do an 1 A econverted
into theﬁ% uspggzga mc’;rtéﬁg‘% %Pﬁﬁé%qﬂ%&l a?.%ﬁz\ll\elfei'lr‘ﬂgo ncu tﬁed i n NH4Cl
buf f er (thm)or(dH%CI buffer: 115 mM NaCl, 20 MM NH4Cl, 5 mMKCl, 1 nM
CaCl2, 1 mM MySO4, 20 M Hepes, 5 mvlglucose 1 ng/m 15 BSA, a pH of 7.4
is established with 1 M NaCH) eveBlduring thexBECF | oadi ng. The
intracellular acidification was igduced by addition of 975 pl of an

@iali

NHACI -free buffer (see bel ow) uot scpf the cells incubated in
NHACl buffer. The subsequent ra over/y was recorded in the case
of NHE1 for two mnutes, in the ©ast ON NHE2 five mnutes and in the
case of NHE3 for three mnutes. To calBul ate i nhi bitory 20 power of the
tested substances, the cells were initialQly i n@stigated in buffers in

whi ch conpl ete or absolutely no pH recovery took place. For conplete pH

ecover Y id S8 abdBgagll T WY obaRaEh W edHOROMPHANKOHLIN 6153 &
NaH2Pﬁ)4 nﬁethyh-Z-Hepzmlﬂézofwhgicl)m}n)dﬂ?phmet)ﬁth é’hlﬁrosmcem_iraidbgstghxglwacbtla M

Na T % e ce [ ated in an

Na{OHm2 ree%Blﬂ?}V@irhmrg %é%’e%ﬁw 10 Gvstaling P@Q”CL SP%‘E‘@P?Q@: 25 mM CaCl2, 1.25
1\ |ng12 0. 97 n1\/| K2HPO4, 0.23 mM KH2PO4, 5 nM Hepes, 5 nM gl ucose, a pH

of 7.0 is established with 1 MKOH). The substances to be tested were nade
up i n t hdndegausht i theragnpgunsts. Ilstegtm\,tbﬁwqufngr%amﬂle&dteclslnsnsauble ioHprepaeach

tested cop C?oqlto(w?rtlg'] %?oﬁxen%gmatt@eg.e was expressed as a percentage of the
10 |

2-bromo-4-chloro-3N-(4-methyl-2-benzimidazolylamino)thiophene hydrochloride,
m.p. 284-286°C,
2-bromo-4-chloro-3N-{4-chloro-2-benzimidazolylamino)thiophene hydrochloride,
m.p. 304-306°C,

15 trans-R,R-2-bromo-4-chloro-3N-(3a,4,5,6,7,7a-hexahydro-1H-2-benzimidazolyt)-3-
thienylamine hydrochloride, point of decomposition: 215°C,
trans-{3aS,7aS)-2-bromo-4-chloro-3N-(3a,4,5,6,7,7a-hexahydro-1H-2-benzimidazolyi)-
3-thienylamine hydrochloride 243-254°C,
2 4-dibromo-3N-{2-benzimidazotyl)-3-thienylamine hydrochloride,

20 2.4-dimethyl-3N-(2-benzimidazolyl}-3-thienylamine hydrochloride,
2 ,4-dimethyl-3N-(4-methyl-2-benzimidazolyl)-3-thienylamine hydrochloride,
2 4-dimethyl-3N-(5-fluoro-2-benzimidazolyl}-3-thienylamine hydrochloride,
2-chloro-3N-{4-butoxy-2-benzimidazolyl)-4-methyl-3-thienylamine hydrochloride,
2-chloro-3N-{4-trifluoromethyl-2-benzimidazolyl)-4-methyl-3-thienylamine

25  hydrochloride,
2-chloro-3N-(4-methylsulfonyl-2-benzimidazolyl)-4-methyl-3-thienylamine
hydrochloride.



30 maxi mum recovery. Using the Sigma-Plot program the |1C50 value of the
substance in 74 question was cal culated for the individual NHE subtypes
usi ng the percentages for pH recovery. Results: Exanplel C50 (PM, 16
trans-R R-2-chloro-3N-(3a,4,5, 6,7, 7a- hexahydro-1 H 2-0. 27 (rNHE3)

benzi m dazol yl ) - 4- net hyl - 3-t hi enyl am ne hgdrochloride 12

2-chl or 0- 3N- ( 2- benzi ni dazol yl ) - 4- et hyl - 83t hi enyl ani ne0. 12 (r NHE3)

hydr ochl ori de 54: 2-brono-4-chl oro-3N-(2-benzi m dazol yl am no) t hi ophene0. 22
(hNHE3) hydrochl ori de 53:

2, 4- di chl Bharmided|@gibaindatai dazol yl ani no) t hi ophene0. 14 (hNHE3) hydrochl ori de
56: 2, 4-dichl oro-3N-(4-nethyl -2-benzi m dazol yl -0.22 (hNHE3) am no)t hi ophene
hydrochl ori de 60: trans-R R-2,4-dichloro-3N(3a,4,5,6,7, 7a- hexahydro-1

H 0. 19 (hftggaeé%ﬁgﬁ&%inidazolyl)-3 t hi enyl am ne hydrochl ori de 63:

2, 4-di chl or o- 3N- (4- chl or o- 2- benzi m dazol yl - 0. 54 (hNHE3) am no)t hi ophene
hydr ochl ori de '

5 In this test, the recovery of the intracellular pH (pHi) after an acidification, which staris
when the NHE is cépable of functioning, even under bicarbonate-free conditions, was
determined. For this purpose, the pHi was determined using the pH-sensitive
fluorescent dye BCECF (Calbiochem, the precursor BCECF-AM is employed). The
cells were initially loaded with BCECF. The BCECF fluorescence was determined in a

10  “ratio fluorescence spectrometer" (Photon Technology International, South Brunswick,
N.J., USA) with excitation wavelengths of 505 and 440 nm and an emission
wavelength of 535 nm, and was converted into the pHi using calibration plots. The

cells were incubated in NH4Cl buffer (pH 7.4) (NH4Cl buffer: 115 mM NaCl, 20 mM

NH4Cl, 5 mM KCi, 1 mM CaCls, 1 mM MgSOQy4, 20 mM Hepes, 5 mM glucose, 1 mg/ml
15 BSA; a pH of 7.4 is established with 1 M NaOH) even during the BCECF loading. The

intracellular acidification was induced by addition of 975 ul of an NH4Cl-free buffer (see

below) to 25 ul aliquots of the cells incubated in NH4Cl buffer. The subsequent rate of

pH recovery was recorded in the case of NHE1 for two minutes, in the case of NHE2
for five minutes and in the case of NHES for three minutes. To calculate the inhibitory

20 power of the tested substances, the cells were initially investigated in buffers in which
complete or absolutely no pH recovery took place. For complete pH recovery (100%),
the cells were incubated in Na*-containing buffer (133.8 mM NaCl, 4.7 mM KClI,

1.25 mM CaClg, 1.25 mM MgCls, 0.97 mM NagHPO4, 0.23 mM NaHoPO4, 5 mM

Hepes, 5 mM glucose, a pH of 7.0 is established with 1 M NaOH). To determine the
25 0% value, the cells were incubated in an Na*-free buffer (133.8 mM choline chioride,

4.7 mM KClI, 1.25 mM CaClg, 1.25 mM MgCly, 0.97 mM KoHPQy4, 0.23 mM KH2POy4, 5

mM Hepes, 5 mM glucose, a pH of 7.0 is established with 1 M KOH). The substances

to be tested were made up in the Na+-containing buffer. Recovery of the intracellular

pH at each tested concentration of a substance was expressed as a percentage of the
30 maximum recovery. Using the Sigma-Plot program, the IC50 value of the substance in



38: 2-chl oro- 3N- (4- hydr oxy- 2- benzi m dazol yl am no) - 4- 0. 84 ( hNHE3)

nmet hyl t hi ophene hydrochl ori de 75 18:

2- br ono- 3N- ( 2- benzi m dazol yl ) - 4- et hyl - 3-t hi enyl am ne0. 12 ( hNHE3)
hydrochl ori de 19: trans-R, R-2-b ro np-3 N-(3a,4,5,6,7, 7a- hexahyd ro- 1
H 2-0.56 (hNHE3) benzi m dazol yl)-4-nethyl -3-thi enyl am ne hydrochl ori de 2:
2-chl or o- 3N- (5-f | uor o- 2- benzi m dazol yl ) -7 net hyl - 3-0. 62 ( hNHE3)

t hi enyl am ne hydrochl oride 44: (1

H benzi m dazol - 2-yl ) - (2-chl oro-4-net hyl t hi ophen-3-yl)-1.59 (hNHE3)

I POn EporoTRars Rl Ao 16y fedpiidlal e HEYRES B e wBRePA s fof BT

H F, d  reBovery, CN, NO2, -(X)n-CgH2q-Z,

Results:

Example ICs0 [uM],

16
frans-R,R-2-chloro-3N-(3a,4,5,6,7,7a-hexahydro-1H-2- 0.27 (rNHE3)
benzimidazolyl)-4-methyl-3-thienylamine hydrochloride

12
2-chloro-3N-(2-benzimidazolyl }-4-methyl-3-thienylamine 0.12 (fNHE3)
hydrochloride

54:
2-bromo-4-chloro-3N-(2-benzimidazolylamino)thiophene 0.22 (hNHE3)
hydrochloride

53:
2 ,4-dichloro-3N-(2-benzimidazolylamino)thiophene 0.14 (hNHE3)
hydrochloride

56:
2,4-dichloro-3N-(4-methyl-2-benzimidazolyl- 0.22 (hNHE3)
amino)thiophene hydrochioride

60:
trans-R,R-2,4-dichloro-3N-(32,4,5,6,7,7a-hexahydro-1H- 0.19 (hNHE3)
2-benzimidazolyl)-3-thienylamine hydrochloride

63:

2 4-dichloro-3N-{4-chloro-2-benzimidazolyl- 0.54 (hNHE3)
amine)thiophene hydrochloride

38:
2-chloro-3N-(4-hydroxy-2-benzimidazolylamino)-4- 0.84 (hNHE3)
methylthiophene hydrochloride




cycl oal kyl having 3, 4, 5 or 6 carbon atons, al kenyl having 2, 3 or 4
carbon atons, al kenylal kyl having 3 or 4 carbon atons, ethynyl or

al kyl al kynyl having 3 or 4 carbon atons; 15 n is zero orl; X is oxygen,

NH, NCH3, S(Ok; k is zero, 1 or 2;, qis zero, 1, 2, 3, 4 5o0or 6; Zis
hydrogen or CnF2mtl; 20 mis zero, 1, 2, 3 or 4; R3 is hydrogen, nethyl,

F, C, Br, I, CN, S(Ok-CH3, -N02, -OCH® Kk is zero, 1 or 2; R4 is

hydr ogen, cycl oal kyl having 3, 4, 5, or 6 carbon atons, al kenyl having 2, 3
or 4 carbon atons, al kenylal kyl having 3 or 4 carbon atons, ethynyl or 25
al kyl al kynyl having 3 or 4 carbon atons, -CrH2r - Y; r is zero, 1, 2, 3 or

4; Y isJhydrUgen—UT—TTTfTUUTUﬂpThyTT—77*R5 and—R6—aye—hydrogen—or—toget her
are a bond; R7 and R8 independently of one another|are (C3-C5)-alkyl,
( C2- C3) - [d-bramyd-3N-(22b&iRimid deplyi)-4-nistRylBthiendhmiteky | 00.12 (hNHE3)
(C4-Co) - cloalkgﬁgl 5 or R7 and R8 together are an|al kyl ene chain
conpri si deogh¥orfle ar bon atons; where none, sone or|all of their hydrogen
at ons nely be replaced by fiuq@:ne atoms; 10-or
trans-R,R-2-bromo-3N-(3a,4,5,6,7,7a-hexahydro-1H-2- 0.56 (hNHE3)
benzimidazolyl)-4-methyl-3-thienylamine hydrochloride
2:
2-chloro-3N-(5-fluoro-2-benzimidazolyl)-4-methyl-3- 0.62 (hNHE3)
thienylamine hydrochloride
44:
(1H-benzimidazol-2-yl)-(2-chloro-4-methylthiophen-3-yi)- 1.59 (hNHE3)
methylamine




R7 and R8 together are a radical R12 R11 R10 RO where R5 and R6 toget her
forma bond; 15 R10 and R11 i ndependently of one another are hydrogen,
fluorine, chlorine, bromne, nethyl, CN, OCH -OCH3, NO02, NH2 or -CF3; R9
and R12 are hydrogen or F; 20 25 or one of the substituents RO and R12 is
hydrogen; and the other is F, O, Br, 1, CN, NO2, COON, CO NR13R14, 502-
NR13R14, wkesiioBavi ng 2, 3 or 4 carbon atons, al kenyl al kyl paIVEPES/G463 4
carbon atons, ethynyl, alkylal kynyl haviggg 3 or 4 carbon atons or -(X)n --
CgH2g-Z; 78 R13 and R14 are identical or different hydrogen or al kyl having
1, 2, 3 Q{etiaipdrbon atons; 5 10 15

1. A compound of the formula I,

R3 R7
Rro RS

— N>§ﬁ
R8
° = I}I/”\f?‘ R6
5 R1 R4 H
I
in which:
10 R1andR2
independently of one another are H, F, Cl, Br, |, CN, NO2, -(X)n~CqH2g-Z,
cycloalkyl having 3, 4, 5 or 6 carbon atoms, alkenyl having 2, 3 or 4 carbon
atoms, alkenylalkyl having 3 or 4 carbon atoms, ethynyl or alkylalkynyl having
3 or 4 carbon atoms;
15 n is zeroor1;
X is oxygen, NH, N-CH3, S(O);
k is zero, 1 or 2;
q iszero,1,2,3,4,50r6;
is hydrogen or CiFom+1;
20 m is zero, 1, 2, 3 or 4;
R3 is hydrogen, methyl, F, Ci, Br, [, CN, S(O)k-CHs, -NO2, -O-CHg;
k is zero, 1 or 2;
R4 is hydrogen, cycloalkyl having 3, 4, 5, or 6 carbon atoms, alkenyl having 2, 3 or
4 carbon atoms, alkenylalkyl having 3 or 4 carbon atoms, ethynyl or
25 alkylalkynyl having 3 or 4 carbon atoms, -CiHar - Y,
r is zero, 1,2,3 or 4,
Y is hydrogen or trifluoromethyl;



or R 3 and R14 together with the nitrogen to which they are attached
forma saturated 5-, 6- or 7-nenbered ring; nis zero or 1; X is oxygen,
NH, N-CH3, S(Ok; k is zero, | or 2; qis zero, 1, 2, 3, 4,50r6; and Zis
hydrogen or CnF2mtl; mis zero, 1, 2, 3 or 4; and its pharmaceutically
acceptable salts, and its trifluoroacetic acid salts. 2. A conpound as
claimed in claiml, in which: Rl and RZ7independently of one another are
H F, d, Br, CH3, CF3, SO2CH3, SO2NH2; but where at nobst one of the
substituents RL and R2 is hydrogen; 20 R3 is hydrogen, For C; R4 is
hydrogeng [ atons, or cyclopropyl; R5 and
R6 are hydﬁﬁé"lé%nhe"(l;%:{lr”r}étrP (}gnegrzwatrégefheﬁondél%&g and R8 25 together are an
al kyl ene RthamehR8onprising 3, 4, 5, 6, 7 or 8 carbon atons; or R7 and R8
together are a radical 79 R12 R11 RIO -

independently of one another are (C3-Cs)-alkyl, (C2-Cs)-alkenyl, (C2-Cs)-

alkynyl, (C3-Cg)-cycloalkyt or (C4-Cg)-cycloalkenyl

5 or
R7 and R8
together are an alkylene chain comprising 3 to 8 carbon atoms;
where none, some or all of their hydrogen atoms may be replaced by fluorine
atoms;
10 or
R7 and R8
together are a radical
Ri2 R11
Y R10
R9

where R5 and R6 together form a bond;
15 R10 and R11
independently of one another are hydrogen, fluorine, chiorine,
bromine, methyl, CN, OH, -O-CH3, NO», NH2 or -CF3;
R9 and R12

are hydrogen or F;

20 or
one of the substituents R9 and R12
is hydrogen;
and the otheris F, Cl, Br, !, CN, NO3, COOH, CO-NR13R14, SO»-
NR13R14, alkenyl having 2, 3 or 4 carbon atoms, alkenylalkyl having 3
25 or 4 carbon atoms, ethynyl, alkylalkynyl having 3 or 4 carbon atoms or

-(X)n - CqHaq-Z;



RO where R5 and R6 together forma bond; R10 and R11 independently of one
anot her are hydrogen, OH, fluorine or chlorine; 5 R9 and R12 are hydrogen
10 15 or one of the substituents RO and R12 is hydrogen; and the other is

F, d, Br, CN, COOH, CO NR13R14, S02-NRI3R14 or -(X)n - CgH2g-Z;, R13 and
R14 are identical or different hydrogen or nethyl; n is zero or 1; Xis
oxygen, NH, N-CH3 or S(Ok; k is zero,7& or 2, qis zero, 1, 2, 3 or 4,

i s hydrogen or CF3; 20and its pharmaceutically acceptable salts, and its
trifluoroacetic acid salts. 3. A conpound as clainmed in claim1 and/or 2,
in which: RL and R2 %g%wﬂfntly of one another are F, O, Br, CH3 or

CF3; R3 is hydrogen;

10

15

20

25

I'S hydrogen, nethyl, ethyl; R5 and R6
are identical or different hydrogen or alkyl having 1, 2, 3 or 4

carbon atoms;
or
R13 and R14 together with the nitrogen to which they are attached
form a saturated 5-, 6- or 7-membered ring;
n is zero or 1;

X is oxygen, NH, N-CH3, S(O)k;

k is zero, 1 or 2;
q is zero, 1, 2, 3,4, 5 or 6;
and
Z is hydrogen or CmF2m+1;
m is zero, 1, 2, 3 or 4;

and its pharmaceutically acceptable salts, and its trifluoroacetic acid salts.

2. A compound as claimed in claim 1, in which:
R1 and R2

independently of one another are H, F, Cl, Br, CH3, CF3, SO2CH3, SO2NH2;

but where at most one of the substituents R1 and R2 is hydrogen;
R3 is hydrogen, F or Cl;
R4 is hydrogen, alkyl having 1, 2, 3 or 4 carbon atoms, or cyclopropyl;
R5 and R6
are hydrogen or together are a bond;
R7 and R8
together are an alkylene chain comprising 3, 4, 5, 6, 7 or 8 carbon atoms;
or
R7 and R8

together are a radical

Z



are hydrogen or together are a bond; 80 R7 and R8 together are an al kyl ene
chain conprising 3, 4, 5, 6, 7 or 8 carbon atons; or R7 and R8 5 together
are a radical R12 R11 K, R10O RO where R5 and R6 together forma bond; R10
and R11 i ndependently of one another are hydrogen, OH or fluorine; 10 RO
and R12 are hydrogen; 15 or one of the substituents RO and R12 is

hydr ogen; and the other is F, O, Br orzg(X)n - CqH2g-Z; n is zero orl; X
is oxygen, NH, N-CH3 or S(Ok; k is zero, 1 or 2; qis zeroorl;, 20 Zis
hydrogen or CF3; and its pharmaceutically acceptable salts, and its
trifluoroacetic acid salts. 25 R12 R11

R10
/

R9
where R5 and R6 together form a bond;
R10 and R11

independently of one another are hydrogen, OH, fluorine or chlorine;
5 R9 and R12
are hydrogen;
or
one of the substituents R9 and R12
is hydrogen;

10 and the otheris F, Cl, Br, CN, COOH, CO-NR13R14, SO2-NR13R14
or -(X)n - CqHZq-Z;
R13 and R14

are identical or different hydrogen or methyl;

n is zero or 1;
15 X is oxygen, NH, N-CH3 or S(O);
k is zero, 1 or 2;
q is zero, 1, 2, 3 or 4,
Z is hydrogen or CF3;

and its pharmaceutically acceptable salts, and its trifiuoroacetic acid salts.
20

3. A compound as claimed in ¢laim 1 and/or 2, in which:

R1and R2

independently of one another are F, Cl, Br, CH3 or CF3;
R3 is hydrogen;
25 R4 is hydrogen, methyl, ethyl;
R5 and R6

are hydrogen or together are a bond;



4. A conpound of the fornula | as clained in one or nore of clains 1, 2 and
3, selected fromthe group consisting of:

trans-R R-2-chlorine-3N-(3a,4,5,6,7, 7a- hexahydro-1 H -2-benzim d
azolyl)-4-methyl -3- thienylam ne, 81

trans-R R-2-brono-3N-(3a, 4, 5, 6, 7, 7a- hexahydro-1

H 2- benzi m dazol yl ) - 4- net hyl - 3- t hi enyl @80 ne,

2- chl or o- 3N- ( 2- benzi m dazol yl ) - 4- net hyl - 3-t hi enyl am ne,

2- br ono- 3N- ( 2- benzi m dazol yl ) -4-nethyl -3 thienylam ne, 5

2-chl or o-l;gﬂ:atlé-lﬁat hyl - 2- benzi m dazol yl ) - 4- met hyl - 3-t hi enyl am ne,

2-chl or o- -f1uoro-2-benzi m dazol yl ) -4- et hyl - 3-t hi enyl am ne,

_ 2-chl or o- 3N- ( 4-toftbepats arealkylengachairy camprising 48, de6hg) T or 8paeben atoms;

2- br ono- 3N- (4- chl or o- 2- benzi m dazol yl am no) - 4- met hyl t hi ophene,

2- br ono- & (4- 11 uor o- 2- benzi mi dazol yl ani no) - 4- met hyl t hi ophene, 10

2-chl or o-@Nxhd-#d uor o- 2- benzi m dazol yl am no) - 4- met hyl t hi ophene,

2- chl or o- 3N- ( 4- hydr oxy- 2- benzi m dazol yl am no) - 4- met hyl t hi ophene, (1

H- bendi mi dazol tagsther as g dical- 4- et hyl t hi ophen- 3-yl) - et hyl ani ne,

(2- brono- 4- et hyl t hi ophen-3-yl)-(5-tugge-1 Hgbenzi mi dazol - 2-yl) -am ne,

2-chl or o- 3N- (2- benzi m dazol yl am no) - 4- hyl A hi ophene, 15

2, 4-di chl oro- 3N- (2- benzi m dazol yl am no) t hene,

2- br ono- 4- chl or o- 3N- ( 2- benzi m dazol yl an¥no) t MeRrfeene, 2,4-d i ch loro-3
N-(4-methyl-2-be nzi md azolyla mino)th /ophene,

trans-R R-2, 4-di chl oro-3N-(3a, 4,5, 6, 7, 7a- hexahydro-1 H 2-benzi m dazol yl) - 3-
t hi-enyl am ne, 20 and R9 .

2, 4-di chl or o- 3%93—8%3%‘8@@5?@%&%3@8"%@ no) t hi ophene and their

phar maceuti cal |
R10 and R11
independently of one another are hydrogen, OH or fluorine;
10 RS and R12

are hydrogen;

or
one of the substituents R9 and R12
is hydrogen;
15 and the other is F, Cl, Br or -(X)y — CgHog-Z;
n is zero or 1;
X is oxygen, NH, N-CH3 or S(O)x;
k is zero, 1 or 2;
g is zero or 1;
20 4 is hydrogen or CF3;

and its pharmaceutically acceptable salts, and its trifluoroacetic acid saits.

4. A compound of the formula | as claimed in one or more of claims 1, 2 and 3,
selected from the group consisting of:

25
trans-R,R-2-chlorine-3N-(3a,4,5,6,7,7a-hexahydro-1H-2-benzimidazoly!}-4-methyl-3-

thienylamine,



5. A compound of the fornmula | and/or a pharmaceutically acceptable salt
thereof as 25 clained in one or nore of clainms | to 4 for use as a

medi canent. 6. The use of a conpound of the formula | and/or a
pharmaceutically acceptable salt thereof as clained in one or nore of
claims 1 to 4 for preparing a nedicanent for the treatnment or prophyl axis
of respiratory disorders, in particular8tespiratory disorders 30 associ ated
wi th sl eeping, such as sleep apnea, or of snoring, for the treatnent or
prophyl axis of acute and chronic renal diseases, in particular acute kidney

failure %ns-‘ﬁ‘h@b@:ﬁgﬁyﬁggﬁé Rl g &g xeﬁygﬁi-Eﬁg%géﬁziﬂfidéiﬁlﬁﬂti—rﬂéihy[-ﬂ-“Ct ' on,

for the treatrent o ophyraxi's o pressure,’in particul ar
essent i athityyylamirensi on, of di sorders of the central nervous system in

particul gr disq whi ch are the resylt. of CNS overexcitability, such as
epi | epsygtﬁh?‘lr@ﬁﬁi'z#%‘?“izm @@ﬁg‘ﬁégﬁé‘yﬁgﬁb'e’wla&m"%’r ders of the central
nervous Q}ﬁbﬁi@_gﬂf{z;@ﬁzirﬁ@b%wﬁh%@ﬂqm_tﬁfyﬂy%mnedepl’eSSi ons and psychoses,

for 5 the treatnent or prophylaxis of acute’and _chroni‘c damage and
di sor@ler 8-chloror3juis-naethyk2-bsuaimidarciyvl)-hymelyhadhienglhaming, or by reperfusi on
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20 and

2,4-dichloro-3N-(4-chloro-2-benzimidazolylamino)thiophene

and their pharmaceutically acceptable salts.

5. A compound of the formula | and/or a pharmaceutically acceptable salt thereof as

25 claimed in one or more of claims 1 to 4 for use as a medicament.

6. The use of a compound of the formuta | and/or a pharmaceutically acceptable salt
thereof as claimed in one or more of claims 1 to 4 for preparing a medicament for the
treatment or prophylaxis of respiratory disorders, in particular respiratory disorders

30 associated with sleeping, such as sleep apnea, or of snoring, for the treatment or
prophylaxis of acute and chronic renal diseases, in particular acute kidney failure or

chronic kidney failure, or of disorders of intestinal function, for the freatment or



20 7. The use of a conpound of the fornmula | and/or a pharmaceutically
acceptable salt thereof as clained in one or nore of clains 1 to 4 in
conbination with other drugs or active conmpounds for preparing a

medi cament for the treatnent or prophylaxis of respiratory disorders, in
particular respiratory disorders associated with sl eeping, such as sleep
apnea, or of snoring, for the treatnent 8ar prophylaxis of acute and chronic
25 renal diseases, in particular acute kidney failure or chronic kidney
failure, or of disorders of intestinal function, for the treatment or
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medi canen or preventing age-re SSu€e change, T eal ni ng
heal t h atite preainuerdiof gtdte$ ef slnodk;) dlatmtﬂas:dan@ Iaigﬁmtmhcdaa‘ia‘@ tasuteSor éﬁ‘nenluse of
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Wi t 19t "eF transplants for surgical interventions, for preparing a medicament for use in surgical
operations and organ transplantations, for preparing a medicament for preventing
age-related tissue change, for maintaining health and prolonging life, for reducing
cytotoxic effects or for use as diagnostics.

20 7. The use of a compound of the formula | and/or a pharmaceutically acceptable salt
thereof as claimed in one or more of claims 1 to 4 in combination with other drugs or
active compounds for preparing a medicament for the treatment or prophylaxis of
respiratory disorders, in particular respiratory disorders associated with sleeping, such
as sleep apnea, or of snoring, for the treatment or prophylaxis of acute and chronic

25 renal diseases, in particular acute kidney failure or chronic kidney failure, or of
disorders of intestinal function, for the treatment or prophylaxis of high blood pressure,
in particular essential hypertension, of disorders of the central nervous system, in
particular disorders which are the result of CNS overexcitability, such as epilepsy or
centrally induced spasms, and of disorders of the central nervous system, in particular

30 states of anxiety, depressions and psychoses, for the treatment or prophylaxis of acute
and chronic damage and disorders of organs or tissues caused by ischemic events or

by reperfusion events and indirect sequelae thereof, of arrhythmias, of atherosclerosis,



15 drugs or active conpounds for preparing a nedi canent for the treatnent
or prophylaxis of respiratory disorders, in particular respiratory

di sorders associated with sleeping, such as sleep apnea. 9. The use of a
conmpound of the formula | and/or a pharmaceutically acceptable salt .20
thereof as clained in one or nore of clains 1 to 4 alone or in conbination
with other drugs or active conpounds f o preparing a nedi canent for the
treatment of prophylaxis or snoring. 10. The use of a conpound of the
formula | and/or a pharnmaceutically acceptable salt 25 thereof as clained
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8. The use of a compound of the formula | and/or a pharmaceutically acceptable salt
thereof as claimed in one or more of claims 1 to 4 alone or in combination with other

15  drugs or active compounds for preparing a medicament for the treatment or
prophylaxis of respiratory disorders, in particular respiratory disorders associated with

sleeping, such as sleep apnea.

9. The use of a compound of the formula | and/or a pharmaceutically acceptable salt
.20 thereof as claimed in one or more of claims 1 to 4 alone or in combination with other
drugs or active compounds for preparing a medicament for the treatment of

prophylaxis or snoring.

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

25 thereof as claimed in one or more of claims 1 to 4 alone or in combination with other
drugs or active compounds for preparing a medicament for the treatment or
prophylaxis of acute and chronic renal diseases, in particular acute kidney failure or
chronic kidney failure.

30 11. The use of a compound of the formula | and/or a pharmaceutically acceptable salt

thereof as claimed in one or more of claims 1 to 4 alone or in combination with other
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drugs or active compounds for preparing a medicament for the treatment or
prophylaxis of disorders of intestinal function.

12. A medicament for human, veterinary or phytoprotective use, comprising an
effective amount of a compound of the formula | and/or a pharmaceutically acceptable
salt thereof as claimed in one or more of claims 1 to 4, together with pharmaceutically
acceptable carriers and additives.

13. A medicament for human, veterinary or phytoprotective use, comprising an
effective amount of a compound of the formuia | and/or a pharmaceutically acceptable
salt thereof as claimed in one or more of claims 1 to 4, together with pharmaceuticaily
acceptable carriers and additives, in combination with other pharmacologically active

compounds or drugs.



