*}

10

15

20

25

30

35

‘WO 01/00615 PCT/EPO0/0S67T

-1-

RESPIRATORY SYNCYTIAL VIRUS REPLICATION INHIBITORS

The present invention is concerned with benzimidazoles and imidazopyridines having
antiviral activity, in particular, they have an inhibitory activity on the replication of the
respiratory syncytial virus. It further concerns their preparation and compositions
comprising them, as well as their use as a medicine.

Human RSV or Respiratory Syncytial Virus is a large RNA virus, member of the family
of Paramyxoviridae, subfamily preumovirinae together with bovine RSV virus. Human
RSYV is responsible for a spectrum of respiratory tract diseases in people of ail ages
throughout the world. It is the major cause of lower respiratory tract illness during
infancy and childhood. Over half of all infants encounter RSV in their first year of life,
and almost all within their first two years. The infection in young children can cause
lung damage that persists for years and may contribute to chroni¢ Iung disease in later
life (chronic wheezing, asthma). Older children and adults often suffer from a (bad)
common cold upon RSV infection. In old age, susceptibility again increases, and RSV
has been implicated in a number of outbreaks of pneumonia in the aged resulting in
significant mortality.

Infection with a virus from a given subgroup does not protect against a subsequent
infection with an RSV isolate from the same subgroup in the following winter season.

Re-infection with RSV is thus common, despite the existence of only two subtypes, A
and B.

Today only three drugs have been approved for use against RSV infection. Ribavirin, a
nucleoside analogue, provides an aerosol treatment for serious RSV infection in
hospitalized children. The aefosol route of administration, the toxicity (risk of
teratogenicity), the cost and the highly variable efficacy limit its use. The other two
drugs, RespiGam® and palivizumab, polyclonal and monoclonal antibody
immunostimulants, are intended to be used in a preventive way.

Other attempts to develop a safe and effective RSV vaccine have all met with failure
thus far. Inactivated vaccines failed to protect against disease, and in fact in some cases
enhanced disease during subsequent infection. Life attenuated vaccines have been tried
with limited success. Clearly there is a need for an efficacious non-toxic and easy to
administer drug against RSV replication.
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EP-A-0,005,318 , EP-A-0,099,139 , EP-A-0,145,037 , EP-A-0,144,101 ,

EP-A-0,151, 826 EP-A-0,151,824 , BP-A-0,232,937 , EP-A-0,295,742 , EP 0 297,661 ,
EP-A-0,307,014 , WO 92 01697 describe benzimidazole and imidazopyridine
substituted piperidine and piperazine derivatives as antihistaminics, antiallergics or
serotonine antagonists. '

Thus, the present invention concerns the compounds of formula ()

1
G\/R
N al\z
Q <\ I"éls ®

their prodrugs, N—_oxidcs, addition salts, quaternary amines, _metal complexes and

stereochenﬁcally isomeric forms wherein
1_,2 .3

-a'=a®-a’=a%- represents a bivalent radical of formula
-CH=CH-CH=CH- (a-1);
N=CH-CH=CH- (@-2);
-CH=N-CH=CH- (a-3);
-CH=CH-N=CH- (a-4); or
-CH=CH-CH=N- (a-5);

wherein each hydrogen atom in the radicals (a-1), (a-2), (a-3), (a-4) and (a-5) may
optionally be replaced by halo, C;.¢alkyl, nitro, amino, hydroxy, '
C:.¢alkyloxy, polyhaloC,.¢alkyl, carboxyl, aminoC;.¢alkyl, mono- or
di(C,;4alkyl)aminoC;.galkyl, C;.salkyloxycarbonyl, hydroxyC,.salkyl, or a

radical of formula
/ﬁ\aryl

wherein =Z is =0, =CH-C(=0)-NR*R*", =CH;,, =CH-C, ¢alkyl, =N-OH or

=N-0-C;.¢alkyl;
Q is a radical of formula
4
‘ ‘ i
R*—N X— i —
R2—N—Alk—X!—  R*—N—C(=0)—Alk—X'— ~7 Y\/>—X

CH.
(i), (CHy),

®-1) ®2) ®3) - (o)
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N, i,
(b-5) (b-6) ®&-N

wherein Alk is Cy.salkanediyl;

Y! is a bivalent radical of formula -NR*- or ~-CHNR?’R)-;
X'is NR?, 8, §(=0), S(=0),, O, CH;, C(=0), C(=CHy), CH(OH), CH(CHy),
5 CH(OCH3), CH(SCH;), CH(NR*R®"), CH,-NR* or NR*-CHp;
X is a direct bond, CHz, C(=0), NR*, C;.4alkyl-NR?, NR*-C, 4alkyl;
tis2,3,4o0r5;
wis1,2,3,40r5;
vis2or3;and
10  wherebyeach hydrogen atom in Alk and the carbocycles and the heterocycles defined in
radicals (b-3), (b-4), (b-5), (b-6), (b-7) and (b-8) may optionally be replaced by
R>; with the proviso that when R is hydroxy or Cy.¢alkyloxy, then R® can not
replace a hydrogen atom in the o position relative to a nitrogen atom;
G is a direct bond or Cj.j¢alkanediyl optionally substituted with one, two or three
15  substituents selected from hydroxy, Cy.¢alkyloxy, arylCy.salkyloxy, C;salkylthio,
arylC,_galkylthio, arylcarbonyl, HO(-CH,-CH;-O),-, Cy.¢alkyloxy(-CH;-CHz-0)y-,
arylCi salkyloxy(-CH,-CH,-O),~, amino, mono-or di(C,.¢alkyl}amino,
C.¢alkyloxycarbonylamino and aryl;
R! is a bicyclic heterocycle selected from quinolinyl, quinoxalinyl, benzofuranyl,
20  benzothienyl, benzimidazolyl, benzoxazolyl, benzthiazolyl, pyridopyridyl,
naphthiridinyl, 1 H-imidazo[4,5-b]lpyridinyl, 3H-imidazo[4,5-b]pyridiny],
imidazo [1,2-a]pyridinyl 2,3-dihydro-1,4-dioxino[2,3-b]pyridyl or a radical of formula

7 ¢ N
(CH:Jm gﬂ) \N ' (CHz)>m QN]:HE.

(c-1) 2 {c-3) (c-4)

X | « ] s (cng),, cnz)p
N

5) (c-6) (c7) (c-8)
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‘and said bicyclic heterocycles may optionally be substituted in either of the two cycles

with 1 or where possible more, such as 2, 3 or 4, substituents selected from halo,
hydroxy, amino, cyano, carboxy, Ci.alkyl, C;salkyloxy, Ci-alkylthio, C;salkyloxy-
Cisalkyl, aryl, arylC,.calkyl, arlel.galkyloxy, hydroxyC,.salkyl, mono-or di(C;.alkyl)-
amino, mono-or di(C,salkyl)aminoC, calkyl, polyhaloC;.ealkyl, Ci.salkylcarbonylamino,
Ch-alkyl-SO;-NR*-, aryl-S0,-NR*-, C.salkyloxycarbonyl, -C(=0)-NR*R*, HO(-
CH,-CHz-O)y-, halq(-CHz-CHyO)n-, C1.6alkyloxy(-CI-Ig¥CI-Iz-O)n-, arylC,galkyloxy(-
CH,-CH,-O),- and mono-or di(Csalkyl)amino(-CHz-CHz-O)u-;

each n independently is1,2,30r4;

eachm independenﬂy islor2;

each p independently is 1 or 2;

each R? independently is hydrogen, formyl, Cy.¢alkylcarbonyl, Hetcarbonyl
pyrrolidinyl, piperidinyl, homopiperidinyl, Cs.7cycloalkyl substituted with NR®),, or
C1.10alkyl substituted with N(RS), and optionally with a second, third or fourth
substituent selected from amino, hydroxy, Cs.7cycloalkyl, C,.salkanediyl, piperidinyl,
mono-or di(C,.calkyl)amino, C;salkyloxycarbonylamino, aryl and aryloxy;

R3 is hydrogen, hydroxy, C;.salkyl, Cy.salkyloxy, arylC;.salkyl or arylC, 5a1kyloxy,
Ris hydrogen, C).¢alkyl or arylC;.¢alkyl;

R%%, R®, R* and R* each independently are hydrogen or Cyalkyl; or

R* and R®, or R* and R** taken together form a bivalent radical of formula -(CHz);-
wherein sis 4 or 5;

R® is hydrogen, C; 4alkyl, formyl, hydroxyC;.galkyl, C;.galkylcarbonyl or
Ci.¢alkyloxycarbonyl; |

aryl is phenyl or phenyl substituted with 1 or more, such as 2, 3 or 4, substituents
selected from halo, hydroxy, C;.¢alkyl, hydroxyCi.galkyl, polyhaloCy.salkyl, and
Ci.¢alkyloxy;

Het is pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl.

The term prodrug as used thr(;ughout this text means the pharmacologically acceptable
derivatives, e.g. esters and amides, such that the resulting biotransformation product of
the derivative is the active drug as defined in the compounds of formula (I). The
reference by Goodman and Gilman (The Pharmacological Basis of Therapeutics, gh
ed., McGraw-Hill, Int. Ed. 1992, “Biotransformation of Drugs”, p. 13-15) describing
prodrugs generally, is hereby incorporated.

As used herein Cy.salkyl as a group or part of a group defines straight or branched chain
saturated hydrocarbon radicals having from 1 to 3 carbon atoms such as methyl, ethyl,
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propyl, 1-methylethyl and the like; Cy4alkyl as a group or part of a group defines
straight or branched chain saturated hydrocarbon radicals having from 1 to 4 carbon
atoms such as the group defined for C,_salkyl and butyl and the like; C,4atkyl as a
group or part of a group defines straight or branched chain saturated hydrocarbon
radicals having from 2 to 4 carbon atoms such as ethyl, propyl, 1-methylethyl, butyl and
the like; Cy¢alkyl as a group or part of a group defines straight or branched chain
saturated hydrocarbon radicals having from 1 to 6 carbon atoms such as the groups
defined for C;4alkyl and pentyl, hexyl, 2-methylbutyl and the like; C;.oalkyl as a group
or part of a group defines straight or branched chain saturated hydrocarbon radicals
having from 1 to 9 carbon atoms such as the groups defined for C;.¢alkyl and heptyl,
octyl, nonyl, 2-methylhexyl, 2-methylheptyl and the like; C;.palkyl as a group or part of
a group defines straight or branched chain saturated hydrocarbon radicals having from 1
to 10 carbon atoms such as the groups defined for C;galkyl and decyl, 2-methylnonyl
and the like. C3.7cycloalkyl is generic to cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl and cycloheptyl; C, ;alkanediyl defines bivalent straight and branched chain
saturated hydrocarbon radicals having from 2 to 5 carbon atoms such as, for example,
1,2-ethanediyl, 1,3-propanediyl, 1,4-butanediyl, 1,2-propanediyl, 2,3-butanediyl, I,5-
pentanediyl and the like, C, salkanediyl is substituted on Cj.10alkyl as provided for in_
the definition of R?, it is meant to be substituted on one carbon atom thus forming a
spiro moiety; C,_jalkanediyl defines bivalent straight and branched chain saturated
hydrocarbon radicals having from 1 to 4 carbon atoms such as, for example, methylene,
1,2-ethanediyl, 1,3-propanediyl, 1,4-butanediyl and the like; C, calkanediyl is meant to
include C, jalkanediyl and the higher homologues thereof having from 5 to 6 carbon
atoms such as, for example, 1,5-pentanediyl, 1,6-hexanediyl and the like;
C,.joalkanediyl is meant to include C, (alkanediyl and the higher homologues thereof
having from 7 to 10 carbon atoms such as, for example, 1,7-heptanediyl, 1,8-octanediyl,
1,9-nonanediyl, 1,10-decanediy! and the like.

As used herein before, the ter;n (=0) forms a carbonyl moiety when attached to a
carbon atom, a sulfoxide moiety when attached to a sulfur atom and a sulfonyl moiety
when two of said terms are attached to a sulfur atom. The term (=N-OH) forms a
hydroxylimine moiety when attached to a carbon atom.

The term halo is generic to fluoro, chlcro, bromo and iodo. As used in the foregoing

and hereinafter, polyhaloC,.salkyl as a group or part of a group is defined as mono- or
polyhalosubstituted C; galkyl, in particular methyl with one or more fluoro atoms, for
example, difluoromethyl or trifluoromethyl. In case more than one halogen atoms are
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attached to an alkyl group within the definition of polyhaloCi4alkyl, they may be the
same or different.

As described hereinabove, R.l defines a bicyclic heterocycle which may optionally be
substituted. The substituents may be divided over both rings or they may be attached to
one and the same ring.

When any variable (e.g. aryl, RZR3, RY, R, R® etc.) 6ccm_'s more than one time in any
constituent, each definition is independent. '

It will be appreciated that some of the compounds of formula (I) and their prodrugs,
N-oxides, addition salts, quaternary amines, metal complexes and stereochemically
isomeric forms may contain one or more centers of chirality and exist as
stereochemically isomeric forms. ' '

The term “stereochemically isomeric forms” as used hereinbefore defines all the
possible stereoisomeric forms which the compounds of formula (I), and their prodrugs,
N-oxides, addition salts, quaternary amines or physiologically functional derivatives
may possess. Unless otherwise mentioned or indicated, the chemical designation of -
compounds denotes the mixture of all possible stereochemically isomeric forms, said
mixtures containing all diastereomers and enantiomers of the basic molecular structure
as well as each of the individual isomeric forms of formula (I) and their prodrugs,
N-oxides, salts, solvates or quaternary amines substantially free, i.e. associated with less
than 10%, preferably less than 5%, in particular less than 2% and most preferably less
than 1% of the other isomers. Stereochemically isomeric forms of the compounds of
formula (I) are obviously intended to be embraced within the scope of this invention.
As used hereinafter the terms trans or cis are well-known by the person skilled in the
art.

For therapeutic use, salts of the compounds of formula (I) are those wherein the
counterion is pharmaceutically acceptable. However, salts of acids and bases which are
non-pharmaceutically acceptable may also find use, for example, in the preparation or
purification of a pharmaceutically acceptable compound. All salts, whether pharma-
ceutically acceptable or not are included within the ambit of the present invention.

The pharmaceutically acceptable acid and base addition salts as mentioned hereinabove

~ are meant to comprise the therapeutically active non-toxic acid and base addition salt

forms which the compounds of formula (I) are able to form. The pharmaceutically
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acceptable acid addition salts can conveniently be obtained by treating the base form
with such appropriate acid. Appropriate acids comprise, for example, inorganic acids
such as hydrohalic acids, e.g. hydrochloric or hydrobromic acid, sulfuric, nitric,
phosphoric and the like acids; or organic acids such as, for example, acetic, propanoic,
hydroxyacetic, lactic, pyravic, oxalic (i.e. ethanedioic), malonic, succinic (i.e. butane-
dioic acid), maleic, fumaric, malic (i.e. hydroxybutanedioic acid), tartaric, citric,
methanesulfonic, ethanesulfonic, benzenesulfonic, p-toluenesulfonic, cyclamic,
salicylic, p-aminosalicylic, pamoic and the like acids.

Conversely said salt forms can be converted by treatment with an appropriate base into
the free base form.

The compounds of formula (I) containing an acidic proton may also be converted into
their non-toxic metal or amine addition salt forms by treatment with appropriate organic
and inorganic bases. Appropriate base salt forms comprise, for example, the
ammonium salts, the alkali and earth alkaline metal salts, e.g. the lithium, sodium,
potassium, magnesium, calcium salts and the like, salts with organic bases, e.g. the
benzathine, N-methyl-D-glucamine, hydrabamine salts, and salts with amino acids such
as, for example, arginine, lysine and the like. )

The term addition salt as used hereinabove also comprises the solvates which the
compounds of formula (I) as well as the salts thereof, are able to form. Such solvates
are for example hydrates, alcoholates and the like.

The term “quaternary amine” as used hereinbefore defines the quaternary ammonium
salts which the compounds of formula (I) are able to form by reaction between a basic
nitrogen of a compound of formula (I) and an appropriate quaternizing agent, such as,
for example, an optionally substituted alkylhalide, arylhalide or arylalkylhalide, e.g.
methyliodide or benzyliodide.- Other reactants with good leaving groups may also be
used, such as alkyl trifluoromethanesulifonates, alkyl methanesulfonates, and alkyl p-
toluenesulfonates. A quaternary amine has a positively charged nitrogen.
Pharmaceutically acceptable counterions include chloro, bromo, iodo, trifluoroacetate
and acetate. The counterion of choice can be introduced using ion exchange resins.

It will be appreciated that the compounds of formula (I) may have metal binding,
chelating, complexating properties and therefore may exist as metal complexes or metal
chelates. Such metalated derivatives of the compounds of formula (I) are intended to
be included within the scope of the present invention,
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Some of the compounds of formula (I) may also exist in their tautomeric form. Such
forms although not explicitly indicated in the above formula are intended to be included
within the scope of the present invention.

A special group of com pounds are those compounds of formula (I) wherein one or
more of the following restrictions apply:

- Q is a radical of formula (b-1), (b-3), (b-4), (b-5), (b-6), (b-7) or (b-8);

- X? is a direct bond, CH; or C(=0);

- R!is a bicyclic heterocycle selected from quinolinyl, quinoxalinyl, benzofuranyl,
benzothienyl, benzimidazolyl, benzoxazolyl, benzthiazolyl, pyridopyridyl,
naphthiridinyl, 1H-imidazo[4,5-b]pyridinyl, 3H-imidazo[4,5-b]pyridinyl,
imidazo[1,2-a]pyridinyl, or a radical of formula

H H .
< Og O

(c-1) {c-2) (c-3) (c-4)
(CHy)p (CHy)p
Z Z 2 AN A NN
@%’ (L QQ"“% @Q%
N N ™. N
N N
{c-5) (c-6) (c-7) (c-8)

and said bicyclic heterocycles may optionally be substituted in either of the two cycles
with 1 or where possible more, such as 2, 3 or 4, substituents selected from halo,
hydroxy, amino, cyano, carboxy, C,.¢alkyl, Cy.calkyloxy, Cigalkylthio, C;.salkyloxy-
Cisalkyl, aryl, arylC,.¢alkyl, arylC, galkyloxy, hydroxyC;.salkyl, mono-or di(C,ealkyl)-
amino, mono-or di(Cy.salkyl)aminoC;galkyl, poljlhanC;_ﬁalkyl, Ci-salkylcarbonylamino,
C).calkyl-SO,-NR*-, aryl-SO5-NR**-, C;.alkyloxycarbonyl, -C(=0)-NR*R*, HO(-
CH,-CH,-0),-, halo(-CH,-CH,-0),~, C;.salkyloxy(-CH,-CH>-0O),-, arylCyealkyloxy(-
CH,-CH,-0),- and mono-or di(Cy.salkyl)amino(-CH;-CHz-O)x-;

each n independentlyis 1, 2, 3 or 4;

each m independently is 1 or 2;

each p independently is 1 or 2;

-eachR? ihdépéndently is hydrogen, pyrrolidinyl, piperidinyl, homopiperidinyl,
Cs.7cycloalkyl substituted with NHR®, or Cy.1oalkyl substituted with NHR® and
optionally with a second, third or fourth substituent selected from amino, hydroxy,
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Cs.cycloatkyl, Ca salkanediyl, piperidinyl, mono-or di(Cy.salkyl)amino,
Ci-salkyloxycarbonylamino, aryl and aryloxy;

-Riis hydrogen, hydroxy, Cy.salkyl, Cy¢alkyloxy or arylCy.¢alkyl;

-Rbis hydrogen, C;.4alkyl, formyl, C; salkylcarbonyl or C;salkyloxycarbonyl.

Another special group of compounds are those compounds wherein -a'=a*-a*=a’- is a
radical of formula (a-1), (a-2) or (a-3).

Yet another special group of compounds are those compounds wherein Q is 2 radlcal of
formula (b-5) wherein v is 2, and Y'is -NR%-,

Also interesting compounds are those compounds wherein R?is Ci.10alkyl substituted
with NHR®,

Other interesting compounds are those compounds wherein G is a direct bond or
Ci.10alkanediyl optionally substituted with one two or three substituents selected from
hydroxy, C,¢alkyloxy, arylC,.salkyloxy, HO(-CH,-CH;-O)y-, C).galkyloxy(-CHz-CH,-
O)a-, arylCy_galkyloxy(-CH,-CH,-O);-.

Preferred compounds are : :
(2)-N-[1-(2-aminoethyl)-4-piperidinyl}-4-methyl-1-[1-(8-quinolinyl)ethyl]-1H-
benzimidazol-2-amine monohydrate;
(£)-N-[1-(2~amino-3-methylbutyl)-4-piperidinyl]-1-(2-bromo-5,6,7,8-tetrahydro-8-
quinolinyl)-1 H-benzimidazol-2-amine trihydrochloride trihydrate;
(2)-N-[1-(2-amino-3-methylbutyl)-4-piperidinylj-1-[(2-ethoxyethoxy)-8-quinolinyl-
methyl}-4-methyl-1H-benzimidazol-2-amine;
(£)-N-{1-(2-amino-3-methylbutyl)4-piperidinyl]-1-(2-chiore-5,6,7,8-tetrahydro-5-
quinoxalinyl)-7H-benzimidazol-2-amine trihydrochloride trihydrate;
(£)-N-[1-(2-amino-3-methylbutyl )-4-piperidinyl]-1-[(1-methy}-1 H-benzimidazol-4-
yDmethyl]-1H-benzimidazol-2-amine;
(£)-N-[1-(2-amino-3-methylbutyl)-4-piperidinyl]-1-(ethoxy-8-quinolinylmethyl)-Z H-
benzimidazol-2-amine;
(2)-N-[1-(2-amino-3-methylbutyl)-4-piperidinyl}-4-methyl-1-(5,6,7,8-tetrahydro-5-
quinoxalinyl)-1 H-benzimidazol-2-amine;
()-N-[1-(2-aminoethyl)-4-piperidinyl]-7-methyl-3-(8-quinolinylmethyl)-3 H-imidazo-
[4,5-b]pyridin-2-amine tetrahydrochloride trihydrate;
(£)-N-[1-(2-amino-3-methylbutyl)-4-piperidinyl}-7-methyl-3-(8-quinolinylmethyl)-3 H-
imidazo{4,5-b]pyridin-2-amine tetrahydrochloride monohydrate;
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(%)-N-[1-(2-amino-3-methylbutyl)-4-piperidinyl]-1-(8-quinolinylmethyl)- 1 H-
imidazo(4, 5—c]pyridin—2-amine trihydrochloride dihydrate;
N-[1-(2-ammoethyl)—4—p1pmdmyl]—4—mcthyl- -(8-qmnohnylmethyl)—IH-benz1m1dazol-
2-amine;

N—[1-(8-qulnohnylmethyl)-]H-benznmdazol-2—yl]-1 3-propaned1amme
trihydrochloride monohydrate;
(x)-N-[1-(2-aminoethyl)-4-piperidinyl]-1-[(2-cthoxyethoxy)-8-quinolinylmethyl}-1H-
benzimidazol-2-amine trihydrochloride dihydrate;
(2)-N-[1-(2-amino-3-methyibutyl)-4-piperidinyl]-1-(8-quinolinylmethyl)-1 H-imidazo-
[4,5-b]pyridine-2-amine trihydrochloride dihydrate;
(:)-N-[1-[1-(auﬁnomethyl)-Z:_-methylpropyl]-4-piperidiny1]~1-[(2—¢thoxyethoxy)-8-
quinolinylmethyl]-H-benzimidazol-2-amine;
(£)-N-[1-(2-aminoethyl)-4-piperidinyl]-3-(2-quinolinylmethyl)-3 H-imidazo-
[4.5-b]pyridin-2-amine trihydrochloride trihydrate;
()-N-[1-(2-amino-3-methylbutyl)-4-piperidinyl]}-1-(1-isoquinolinylmethyl)-1 H-
benzimidazol-2-amine trihydrochloride trihydrate;
N-[1-(2-aminoethyl)-4-piperidinyl}-1-(5,6,7,8-tetrahydro-5-quinoxalinyl)-1H-
benzimidazol-2-amine trihydrochloride trihydrate; |

the prodrugs, the N-oxides, the addition salts, the quatemnary amines, the metal
complexes and the stereochemically isomeric forms thereof.

‘Most preferred compounds are :

(£)-N-[1-(2-amino-3-methylbutyl)-4-piperidinyl]-3- (qumohnylmethyl)—3H—mndazo[4 5-
b]pyridin-2-amine;

(#)-N-[1- (2-amzno-3-methylbutyl)4~p1pendmyl]-4~mcthyl-1-(8-qumolmylmethyl)-1H-
benzimidazol-2-amine;
(£)-N-[1-(2-aminoethyl)-4-piperidinyl]-1-(2-chloro-5,6,7,8-tetrahydro-5-quinoxalinyl)-
4-methy1-1H-benznmdazol-2—amme trihydrochloride. tnhydrate
(2)-N-[1-(2-aminoethyl)-4-piperidinyl}-1-(5,6,7 8-teuahydro—2 3-dimethyl-5-
quinoxalinyl)-1H-benzimidazol-2-amine trihydrochloride tnhydrate,
(2)-N-[1-(2-amino-3-methylbutyl)-4-piperidinyl}-1- [(2-ethoxyethoxy)— -quinolinyl-
methyl}-1H-benzimidazol-2-amine;
(#)-N-[1-(2-amino-3-methylbutyl)-4-piperidinyl-1-(3-chloro-5,6,7,8-tetrahydro-5-
quinoxalinyl)—1H-bcnziir1idazol-2~amine trihydrochloride monohydrate;
(:)-N—[l-(2-anﬁnoethyl)-4—-pipeﬂdinyl]-1-(3-chloro—S;6,7,8—tetrahydro—5—quinoxalinyl)—
4-methyl-1H-benzimidazol-2-amine trihydrochloride dihydrate;
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()-N-[1-(2-aminoettii)-4-piperidinyl]-1-[(2-ethoxyethoky):E-quinolinyimethyl}4-
methyl-1H-benzimidazol-2-amine monohydrate;
{z)-N-{1-(2-amino-3-methyibutyl)-4-piperidinyl}-3-(8-quinolinylmethyl)-3 H-imidazo-
[4.5-c]pyridin-2-amine trihydrochloride tetrahydtate;
(2)-N-[1-(2-aminoethyl)-4-piperidinyl}-3-(8-quinolinylmethyl)-3 H-imidazo[4,5-b]-
pyridin-2-amine; :
(x)-N-{1-(2-amino-3-methylbutyl)-4-piperidinyl}-4-methyl-1-[{(1-methyl-/H-
benzimidazol-4-yl)methyl]-1 H-benzimidazol-2-amine;
(z)-N-[1-(2-amino-3-methylbutyl)-4-piperidinyl]-1-(2-chloro-5,6,7,8-tetrahydro-5-
quinoxalinyl)-4-methyl-1 H-benzimidazol-2-amine;

the prodrugs, the N-oxides, the addition salts, the quaternary amines, the metal
complexes and the stereochemically isomeric forms thereof.

In general, compounds of formula (I) can be prepared by reacting an intermediate of
formula (TI-a) or (1I-b), wherein P represents a protecting group, such as, for example
Ci4alkyloxycarbonyl, or those protecting groups mentioned in Chapter 7 of ‘Protective
Groups in Organic Synthesis’ by T Greene and P. Wuyts (John Wiley & Sons Inc.,
1991), with an intermediate of formula (IIT), wherein W is a suitable leaving group, _
such as a halo atom, e.g. chioro, bromo, in the presence of a suitable base, such as, e.g.
sodium hydride. Said reaction can be performed in a reaction-inert sotvent, such as
N,N-dimethylfonnanﬁde

R—G—W,

Rl
—~ ] I 2 { |
:N S
(-2 N I b

Q-_QNI (as RI_G—WI

()

Compounds of formula (I} wherein, in the definition of Q, R? or at least one R®
substituent is hydrogen, said Q being represented by H-Q,, and said compounds being
represented by formula (I-a), can be prepared by deprotecting an intermediate of
formula (IV) wherein P represents a protecting group, for example C;.
salkyloxycarbonyl, benzyl, or those protecting groups mentioned in Chapter 7 of
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‘Protective Groups in Organic Synthesis’ by T Greene and P. Wuyts (John Wiley &
Sons Inc., 1991).

Rl ) . /Rl
7
G\ 1 % 1
< —— =
P—Q - —_—
\N g @ , \N v'e ?
av @)

When P represents, for example, C;alkyloxycarbonyl, said deprotection reaction can
be performed by, for example, acidic hydrolysis in the presence of a'suitable acid, such
as hydrobromic, hydrochloric, sulfuric, acetic, or'u'iﬂuoroac'etic acid or a mixture of
said acids, or by alkaline hydfolysis m the presence of a suitable base, such as, for
example potassium hydroxide, in a suitable solvent such as water, alcohol, 2 mixture of
water-alcohol, methylene chloride. Suitable alcohols are methanol, ethanol,
2-propanol, 1-butanol and the like. In order to enhance the rate of the reaction, it is
advantageous to heat the reaction mixture, in particula_r up to the reflux temperature.
Alternatively, when P represents, for example, benzyl, the deprotection reaction can be
performed by catalytic hydrogenation in the presence of hydrogen and an appropriate
catalyst in a reaction-inert solvent. A suitable catalyst in the above reaction is, for
example, platinum-on-charcoal, palladium-on-charcoal, and the like. An appropriate
reaction-inert solvent for said reaction is, for example, an alcohol, e.g. methanol,
ethanol, 2-propanol and the like, an ester, e.g. ethylacetate and the like, an acid, e.g.
acetic acid and the like.

The catalytic hydrogenation reaction described above can also be used to prepare a
compound of formula (I-a) by deprotecting and reducing an intermediate of formula
(IV) wherein Q; comprises an unsaturated bond, said Qy being represented by
Q12(CH=CH), and said intermediate being represented by formula (IV-a).

1 1
{ {
N 3l\~ 2 N. N2
P— Q1 CH=CHI— :E,,f 13 —_— H-—Q1—<\NI (13
N 2 o Cad
@V-a) : t-a)

Compounds of formula (@) wherein, in the definition of Q, both R6 substituents are
hydrogen or R? and R* are both hydrogen, said Q being represented by H,N-Q., and
said compounds being represented by formula (I-a-1), can also be prepared by
deprotecting an intermediate of formula (V).
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a9 > BN—Qz I
\N L J \N a4’/“3
0
\)) (T-a-1)

Said deprotection reaction can be performed in the presence of a suitable base such as,
for example hydrazine, or in the presence of a suitable acid, such as hydrochloric acid
and the like, in a suitable solvent, such as an alcohol, acetic acid and the like.

Cﬁmpounds of formula (I-a-1) can also be prepared by deprotecting an intermediate of
formula (VI) according to the procedure described for the preparation of compounds of
formula (I-a).

1 1
P N 31\ 2 N a]\ 2
\ 2 a
v <\N l o <\N I P ls
i) (l-a-1)

Compounds of formula (F-a) or (I-a-1), wherein Q, or Q; comprise a hydroxy
substituent, said Q; or Q; being represented by Q;-(OH) or Q»(OH), and said
compounds being represented by formula (I-a-2) or (I-a-1-1), can be prepared by
deprotecting an intermediate of formula (VII) or (VII) as described hereinabove for the
preparation of compounds of formula (I-a).

R} R!
{ {
N al\az N al\az
O R Ot
N ¥ N &7
vm I-a-2)
R 1 R]
g ¢
P \ ! \

N a\ 2 N al\ 2
}N Q (O \ I ]3 > H;N—Qy (0H)—-—<\ IA TB
N

N ~?
(Vi) (Fa-1-1)
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Compounds of formula (I) wherein, in the definition of Q, both R® substituents are
hydrogen or R? and R* are both hydrogen, and the carbon adjacent to the nitrogen
carrying the R®, or R? and R* substituents contains at least one hydrogen, said Q being
represented by H,N-QsH, and said compounds being represented by formula (I-a-1-2)
can also be obtained by reductive amination of intermediates of formula (IX) in the
presence of a suitable amination reagent, such as, for example, ammonia,
hydroxylamine, or benzylamine, and in the presence of a suitable reducing agent, e.g.
hydrogen, and an appropriate catalyst. An appropriate catalyst in the above reaction is,
for example, platinum-oh-charcoal, palladium-on-charcoal, rhodium-on-Al,03, and the
like, optionally in the presence of a catalyst poison, such as a thiophene solution. A
suitable reaction-inert solvent for the above reaction is, for example, an alcohol, e.g.

- methanol, ethanol, 2-propanol and the like.

l

/Rl
C‘ a’\ 2 amination \N al\ 2
o \NI 4"’1‘3 . HZN—%*<\NI (’13
) ) (-a-1-2) )

Compounds of formula (I), wherein Q comprises a -CH,NH, moiety, said Q being
represented by HN-CH;-Qy, and said compounds being represented by formula

- (I-a-1-3) can be prepared by reducing an intermediate of formula (X).

/Rl G/Rl ’
Qr<\N &az reduction \ }\\ 2
NC— \N:[ap!3 - HzN—CH:!-H\NIaf'!‘B
(I-a-1-3)

Said reduction can be performed with a suitable reducing agent, such as lithium
aluminium hydride or hydrogen, optionally in the presence of a suitable catalyst, such
as Raney Nickel. A suitable solvent for the above reaction is, for example,
tetrahydrofuran, or a solution of ammonia in an alcohol. Suitable alcohols are
methanol, ethanol, 2-propanol and the like. Said reduction reaction performed in a
solution of ammonia in an alcohol can also be used to prepare compounds of formula
(I-a-1-3), wherein R is substituted with C;.¢alkyloxyC,_galkyl, said R! being
represented by R'-Cy.salkyloxyC;.salkyl, and said compounds being represented by
formula (I-a-1-3-1) starting from an intermediate of formula (X-a).
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reducuon C{ ’Q 2
NC~— HzN"CHz_QA"<\NI 33
ammonlalc1.salkyIOH NN

(X-a) (-a-1-3-1)
Compounds of formula (I}, wherein Q comprises a -CH,~CHOH-CH2-NH; moiety, said
Q being represented by H,N-CH,-CHOH-CH,-Qy, and said compounds being
represented by formula (I-a-1-3-2), can be prepared by reacung an intermediate of
formula (XI) with ammonia in the presence of a suitable reaction-inert solvent, such as
an alcohol, e.g. methanol.

C(Rl /Rl
\
:S J\}2 JK\aQ
7 \N:[ 4 —®  HN—CH;—CHOH—CH,—Qy \I ,!3
a‘lla N 349
(-a-1-3-2)

Compounds of formula (I), wherein, in the definition of Q, R? or one R® substituent is
formyl, said Q being represented by H-C(=0)-Q;, and said compounds being
represented by formula (I-b), can be prepared by reacting an intermediate of formula
(XII) with formic acid, formamide and ammonia.

l C{RI
Q Ne
il o2
C1-4alkyl-—C-CH2—-Q1—<NI I 3 e PC_QF_%IB - Lg
&

d-b)

& .
Compounds of formula (I), wherein, in the definition of Q, R? is otber than hydrogen,
said R? being represented by R", R*is hydrogen, and the carbon atom adjacent to the
nitrogen atom carrying the R? and R* substituents, carries also at Ieast one hydrogen
atom, said Q being represented by R-NH-HQs, and said compounds being represented
by formula (I-c), can be prepared by reductive amination of an intermediate of formula
(XTI with an intermediate of formula (XIV) in the presence of a suitable reducing
agent, such as hydrogen, and a suitable catalyst, such as palladium-on-charcoal,
platinum-on-charcoal, and the like. A suitable reaction-inert solvent for the above
reaction is, for example, an alcohol, e.g. methanol, ethanol, 2-propanol and the like.
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(0=)Qs'<\NI Zg + -Rz’-N_Hz __a_nu_latf_r_\» RZa-NH-—HQr<\N Ia%iz
. N a4’/ N y (’ 3
10:411)) XIv)

Compounds of formula (I-c), wherein R® represents C;.jpalkyl substituted with NR®,
and with hydroxy, and the carbon atom carrying the hydroxy, carries also two hydrogen
atoms, said R* being represented by [(Cy-salky)CH,OH)-N(R®),, and said compounds
being represented by formula (I-c-1), can be prepared by reducing an intermediate of
formula (XV) in the presence of a suitable reducing agent, such as lithium aluminium
hydride, in a suitable reaction-inert solvent, such as tetrahydrofuran.

1 /RI
%,
2 reduction al\az
Rz (Cyoalky-NH—HQs I > RN (CrpallolNH—HQs I ls
(=O)OC1-4alkyl CH,0H Y
(Ic-D

Compounds of formula (I) wherem, in the definition of Q, R? or one RE substituent is_
hydrogen, said Q being represented by H-Q;, and wherein R' is a bicyclic heterocycle
substituted with 1 or more substituents selected from hydroxy, hydroxyC,_salkyl, or
HO(-CH,-CH,-O),-, said substituents being represented by formula A-OH, said R'
being represented by R'*-(A-OH),,, with w being the amount of substituents on R'*
ranging from 1 to 4, and said compounds being represented by formula (I-d), can be
prepared by deprotecting an intermediate of formula (XVI) with a suitable acid, such as
hydrochloric acid and the like, optionally in the presence of a suitable solvent, such as
an alcohol. Suitable alcohols are methanol, ethanol, 2-propanol and the like.
Alternatively, one protecting group may also protect more than one substituent of R'%,
said protecting group being represented by Py, as represented by formula (XVI-a). The
two ways of protecting the substituents of R'?, i.e. with a separate, as in formula (XVI),
or a combined, as in formula (XVI-a), protecting group, may also be combined in the
same intermediate, as represented by formula (XVI-b).
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T l~0\ o _H
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N a\az N. \32
X I A
a
(XVI-b) (-d-2)

Compounds of formula (I), wherein Q is a radical of formula (b-2), said compounds
being represented by formula (I-e), can be prepared by reacting an intermediate of
formula (XVII) with an intermediate of formula (XVIII) in the presence of sodium
cyanide and a suitable reaction-inert solvent, such as an alcohol, e.g. methanol and the
like.

I

}I

1'4a|kyl'—0—(f-Alk—X‘—<“ |3+ RIR‘N—H —>R2R4N—C-Alk—x I

( 8.

{Xvi)
Xvig (I-e)

Compounds of formula (I), wherein in the definition of Q, X* is Cp4alkyl-NR*, said Q
being represented by QsN-CH,-C).3alkyl-NR*, and said compounds being represented
by formula (I-p), can be prepared by reacting an intermediate of formula (XIX) with an
intermediate of formula (XX) in the presence of isopropyl titanate (IV) and a suitable
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reducing agent, such as NaBH;;CN, and in the presence of a suitable reaction-inert
solvent, such as methylene chloride and an alcohol, e.g. ethanol.

R! R!
( {
2 g
H—-C-—Cl-galkyl-—NR‘—<\N | ?+QsN—H - QN=CH;Cy-salkyl—NR I (33
N 4 NN\ 7
XX 000 (t-p)

Compounds of formula (I-p), wherein R? is Cy.alkylcarbonyl, and Q is a radical of
formula (b-6), wherein ¥! is NR?, said compounds being represented by formula (I-p-
1), can be prepared by reacting an intermediate of formula (XIX) with an intermediate
of formula (XX-a) according to the procedure described for the preparation of a

compound of formula (I-p).
/RI
]
1
N. N2 /~\
H——E—-C,—,ﬂ@—m“'(\ I \L * C1-salky1——ﬁ—N —
NN\ #8 o
0aX) Goca)

1
e
™\ M "\Tz
Cy-galkyl— CHy—Cjalkyl—NR* I
gl o< 1

(--p-1)
Compounds of formula (I), wherein G is substituted with hydroxy or HO(-CH,CH;0),-,
said G being represented by G,-OH, and said compounds being represented by formula
(i-q), may be prepared by deprotecting an intermediate of formula (XXT), wherein P
represents a suitable protecting group, for example, benzyl. Said deprotection reaction
can be performed by catalytic'hydrogenation in the presence of hydrogen and an
appropriate catalyst in a reaction-inert solvent. A suitable catalyst in the above reaction
is, for example, platinum-on-charcoal, palladium-on-charcoal, and the like. An
appropriate reaction-inert solvent for said reaction is, for example, an alcohol, e.g.
methanol, ethanol, 2-propanol and the like, an ester, e.g. ethylacetate and the like, an
acid, e.g. acetic acid and the like.
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Compounds of formula (I), wherein G is substituted with hydroxy and the carbon atom
carrying the hydroxy substituent carries also at least one hydrogen, said G being
represented by H-G,-OH, and said compounds being represented by formula (F-g-1),

5 can also be prepared by reducing an intermediate of formula (XXII).

¥ ¥
(0=, H—Gz—-OH
reduction
oy =
XXy (-1}

Said reduction reaction can be performed in the presence of a suitable reducing agent,
such as, for example sodium borohydride, in a reaction-inert solvent, such as an alcohol
or tetrahydrofuran or a mixture thereof. Suitable alcohols are methanol, ethanol,

10  2-propanol and the like.

Compounds of formula (I) may be converted into each other following art-known
functional group transformation reactions, comprising those described hereinafter.

15 The compounds of formula (I) may be converted to the corresponding N-oxide forms
following art-known procedures for converting a trivalent nitrogen into its N-oxide
form. Said N-oxidation reaction may generally be carried out by reacting the starting
material of formula (f) with an appropriate organic or inorganic peroxide. Appropriate
inorganic peroxides comprise; for example, hydrogen peroxide, alkali metal or earth

20  alkaline metal peroxides, e.g. sodium peroxide, potassium peroxide; appropriate
organic peroxides may comprise peroxy acids such as, for example, benzenecarboper-
oxoic acid or halo substituted benzenecarboperoxoic acid, e.g. 3-chlorobenzenecarbo-
peroxoic acid, peroxoalkanoic acids, e.g. peroxoacetic acid, alkylhydroperoxides, e.g.
t.butyl hydro-peroxide. Suitable solvents are, for example, water, lower alcohols, e.g.

25  ethanol and the like, hydrocarbons, e.g. toluene, ketones, e.g. 2-butanone, halogenated
hydrocarbons, e.g. dichloromethane, and mixtures of such solvents.
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Compounds of formula (I), wherein R! is a bicyclic heterocycle substituted with

C, ¢alkyloxycarbonyl, said R! being represented by R'-C(=0)OC.6alky], and said
compounds being represented by formula (I-f), can be prepared by esterification of a
compound of formula (I-g) in the presence of a suitable alcohol, e.g. methanol, ethanol,
propanol, butanol, pentanol, hexanol and the like, and in the presence of a suitable acid,
such as hydrochloric acid and the like.

R'~C(=0)OH R'—C(=0)0C,-galkyl
d c\' -
\ l a'\iz esterification _<NI‘l\iz
Q—< - Q
\N:En P 33 \N & b
d-g) -

Compounds of formula (I-a) may be converted into compounds of formula (I) wherein,
in the definition of Q, R? or at least one R® substituent is other than hydrogen, said R?
or R® being represented by Z;, said Q being represented by Z;-Q;, and said compounds
being represented by formula (I-h), by reaction with a reagent of formula (XXTII),
wherein W3, is a suitable leaving grdup, such as a halo atom, e.g. bromo, or
4-methylbenzenesulphonate, in the presence of a suitable base, such as, for example
disodium carbonate, dipotassium carbonate, sodium hydroxide and the like, in a
reaction-inert solvent, e.g. 3-methyl-2-butanone, acetonitrile, N.N-dimethylformamide.

{ {
N a‘\az | al\az
H—=Qr—\ I I + ZWy  —e—— zl-—Ql—<:‘I l,
N a(,a . a(/a

(I-a) (XXIH) (I-h)

Compounds of formula (I-h), wherein, in the definition of Z;, R? is CH,-Ch.salkyl
substituted with N(R®),, said ¢ompounds being represented by formula (I-h-1), can also
be prepared by reacting a compound of formula (I-a) wherein, in the definition of H-Q;,
R? is hydrogen, said H-Q, being represented by H-Qyy, and said compounds being
represented by formula (I-a-3), with an intermediate of formula (XXIV), in the presence
of a suitable reducing agent, such as sodium cyanoborohydride, in a suitable reaction-
inert solvent, such as an alcohol.
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XXIV) @-b-1)

(I-2-3)
Compounds of formula (I-h), wherein Z; comprises formyl, C, salkylcarbonyl,
Hetcarbonyl or C;.salkyloxycarbonyl, said Z; being represented by Z;,, and said
campounds being represented by formula (I-h-2), can be converted into compounds of
formula (I-a), by acidic hydrolysis in the presence of a suitable acid, such as
hydrobromic, hydrochloric, sulfuric, acetic, or trifluoroacetic acid or 2 mixture of said
acids, or by alkaline hydrolysis in the presence of a suitable base, such as, for example
potassium hydroxide, in a suitable solvent such as water, alcohol, a mixture of water-
alcohol, methylene chloride. Suitable alcohols are methanol, ethanol, 2-propanol,
1-butanol, sec. butanol and the like, In order to enhance the rate of the reaction, it is
advantageous to work at elevated temperatures.

1

1
g {
1
e Y
T, e Y —_— =
N a(, 2’ & \NI#/AI!S
-h-2) (F-a)

Compounds of formula (I-b) can be prepared by reacting a compound of formula (I-a)
with formic acid.

1 1
G)‘
2 2
H—Q.—<;‘I + HC(—O)OH —  HCEO—Q—{ I P !9
d-a) (-b)

Compounds of formula (I) wherein R’ is a bicyclic heterocycle substituted with
hydroxy, said R’ being represented by HO-R'', and said compounds being represented
by formula (I-i), can be prepared by deprotecting a compound of formula (I-j), wherein
R is a bicyclic heterocycle substituted with C,_galkyloxy or arylC).¢alkyloxy, said C;.
¢alkyl or arylC.galkyl being represented by Z,, and said R’ being represented by Z,-O-
R". Said deprotection can be performed in a reaction-inert solvent, such as, for
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example methylene chloride, in the presence of a suitable deprotecting agent, e.g.

tribromoborane.
0—2, OH
I, ' . I,
o <
deprotecti \
o & Tl 0
\N:[a(""s - \N Ve
@) | @

Compounds of formula (T) wherein R’ is a bicyclic heterocycle substituted with

5 halo(-CH;-CH;-0),, said compounds being represented by formula (I-k), can be
converted into compounds of formula (I-1-1) or (I-I-2) by reaction with an appropriate
amine of formula (XXV) or (XXVI) in a suitable reaction-inert solvent, e.g.

tetrahydrofuran. o
halo(-CH;-CH,-0); ,n - (Crsalkyl)li’('CHz'CHz-O)n
Q—-<N Iﬁ +  NHa(Cyealkyl) ————> I
- (1)

| (CraalkyDaN (-CHy-CHz- 0)—R

. . 2

. _ + NH(C,.salkyl)z -_— Q <\ In 4413
XXV 42)

10 Compounds of formula (I) wherein R! is a bicyclic heterocycle'substituted with halo,
said compounds being represented by formula-(I-m) can be'convertcd into
compounds of formula (I) by reaction with 1-butanethiol in the presence of
palladium-on-charcoal and'CaO in a suitable reaction-inert solvent, such as
tetrahydrofuran.

. ¢}
o &
Q—<\N | (fls Q—<\N

15 (-m) . 0
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Compounds of formila (I) wherein 2 hydrogen atom in thié Hidicals of formula (a-1),
(2-2), (2-3), (a-4) or (a-5) is replaced by nitro, said compounds being represented by
formula (I-n) may be reduced to a compound of formula (I-o) in the presence of a
suitable reducing agent, such as hydrogen, optionally in the presence of a suitable
catalyst, such as platinum-on-charcoal, and optioﬁally in the presence of a snitable
catalyst poison, e.g. a thiophene solution. The reaction may be performed in a suitable
reaction-inert solvent, such as an alcohol.

R! A

Q-;}:I —No,  ———> Q—(j:

(-n)

In the following paragraphs, there are described several methods of preparing the
intermediates in the foregoing preparations. A number of intermediates and starting
materials are commercially available or are known compounds which may be prepared
according to conventional reaction procedures generally known in the art or analogous
to the procedures described in EP-A-0005318, EP-A-0099139, EP-A-0151824 ,
EP-A-0151826 , EP-A-0232937 , EP-A-0295742 , EP-A-0297661 , EP-A-0539420,
EP-A-0539421 , US 4,634,704 , US 4,695,569.

In the foregoing and the following preparations, the reaction mixture is worked up
following art-known methods and the reaction product is isolated and, if necessary,
further purified.

Intermediates of formula (IIT) can be prepared by reacting an intermediate of formula
(XXVII) with a suitable leaving group, i.e. Wy, introducing agent, e.g. 1-halo-
2,5-pyrrolidinedione in the presence of dibenzoyl peroxide, in a reaction-inert solvent,
e.g. tetrachloromethane.

pog
R—G—H ————— R—G—W

XX (i

Intermediates of formula (XX VII), wherein Rlisa bicyclic heterocycle substituted with
chloro, said R! being represented by C1-R' and said intermediates being represented by
formula (XXVII-a) can be prepared by reacting an intermediate of formula (XXVII),
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wherein (O=)R'°H is defined as a carbonyl derivative of R wherein one carbon or
nitrogen, adjacent to the carbonyl, carries at least one hydrogen, with phosphorus -
oxychloride. Intermediates of formula (XXVIII) may also react as their enol tautomeric
forms. -

POCls .
(0=)R_"’H-—G—H —— =R} —G—H
XV XXVil-a)

Intermediates of formula (XX VII), wherein R!is 2-triflucromethyl-3-methyl (3H)-
imidazo[4,5-b]pyridine, and G is CHj, said intermediates being represented by formula
(XXVII-b), can be prepared by reacting N-2,6-dimethyl-2,3-pyridinediamine
(Heterocycles, 38, p 529, 1994), with trifluoroacetic acid.

H
7 | be, n |
CH, NH— - CFg-COOH Eﬁ: ’> cF,
| P —> N

Ni,

(XXVIl-b)

Intermediates of formula (III) wherein W, is chloro, which is attached to a carbon atom
carrying at least one hydrogen, said G being represented by GsH, and said intermediates
being represented by formula (III-a) can also be prepared by reacting an intermediate of
formula (XXIX) with thionylchloride in a reaction-inert solvent, e.g.
methylenechloride.
SOCI
R—GiH—OH e  RI—GH—Cl
(XXIX)  (-a)

Intermediates of formula (XXIX) can be 'prepared by reducing an intermediate of
formula (XXX) in a reaction-inert solvent, e.g. an alcohol, in the presence of a suitable
reducing agent, e.g. sodium borohydride.
reduction
R'—Gy(=0) » R'—GyH—OH

OXX) (XXIX)

Alternatively, intermediates of formula (XXTX) can also be prepared by deprotecting an
intermediate of formula (XXXI), wherein P is a suitable protecting group, e.g.
Ci.salkylcarbonyl, in a reaction-inert solvent, such as an alcohol, in the presence of a
suitable base, e.g. sodium hydroxide. '
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R—GH—O0—P . ———p» RI—G,H—CH

XXH (XXIX)
Intermediates of formula (XXX), wherein Gs(=0) is CH(=0), said intermediates being
represented by formula (XXX-a), can be prepared by reacting an intermediate of
formula (XXXII), wherein W3 is a suitable leaving group, such as a halo atom, €.g.
bromo, with N,N-dimethylformamide in the presence of butyllithium in a reaction-inert
solvent, e.g. tetrahydrofuran, diethylether or a mixture thereof.
R—~W; ————» R—CHEFO

OOt 0XXX-3)

Intermediates of formula (XXX-a) can also be prepared by oxidizing an intermediate of
formnla R’-CH;—OH in the presence of a suitable oxidizing agent, e.g. MnOz in a
reaction-inert solvent, e.g. methylenechloride.
R'—CH,—OH — R'—CH=0)

(XX-a)
Intermediates of formula R'-CH,-OH, wherein Rlis 2,3-dimethylquinoxaline, said
intermediates being represented by formula (XCI) can be prepared by reducing an
intermediate of formula (XCII) in a reaction-inert solvent, e.g. tetrahydrofuran, in the

presence of a suitable reducing agent, e.g. potassium borohydride in the presence of
lithium chloride.

IN reduction ﬁ
S - T
N
O—CH H
C—
il 2CHs CH,~~OH
(Xci

(Xcy

Intermediates of formula (XCII) can be prepared by reacting ethyl 2,3-diaminobenzoate

(Tetrahydron, 28, 3271, 1972) with 2,3-butanedione in the presence of disodium
disulfite.

NH, N
CHy—C—C—CH; e I
NH, B0 S
2 0O O

(lll—O—CI-bCH; ﬁ_O—CH2CH3
0 (0
(XCliy
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Intermediates of formula (XXXI), wherein R! is 5,6,7,8-tetrahydroquinoline, which can
optionally be substituted, GQH is CHy, and P is Cy.4alkylcarbonyl, said intermediates
being represented by formula (XXXI-a) can be prepared by reacting an intermediate of
formula (XCII) with C Ma]kylamd anhydnde at elevated temperamtes in the presence
of a suitable base, e.g. sodium hydroxlde

(Ij\m C(,;\cnz—o—c—cnamyl

f1-4a|k!ll
XCHl l) $= o _ (X0(-a)

i
C=0

I
Cy-4aliyl
Intermediates of formula (XCIII) can be prepare_:d by oxidizing an intermediate of

" formula (XCIV) with a suitable oxidizing agent, e.g. a peroxide such as 3-chloro-

benzenecarboperoxoic acid, in a reaction-inert solvent, e.g. methylene chloride.

oxidation =
0L, == OO
N® CHs ﬁl 3

Xctv) Xc)

Intermediates of formula (XCIV) can be prepared by reducing an intermediate of
formula (XCV) (Org. Prep. Proced. Int., 23, p 386-387, 1991) with an appropriate
reducing agent, e.g. hydrogeﬁ, in the presence of a suitable catalyst, e.g. palladium-on-
charcoal, and a suitable acid, e.g. trifluoroacetic acid.

m reductlon ’:IJ\
2
CH, CHs

Intermediates of formula (TV) can be prepared by reacting an intermediate of formula
(XXX1I-a) or (XXXIII-b), wherein P represents a sujtable protecting group, such as,
for example, C;salkyloxycarbonyl, with an intermediate of formula (II) according to
the reaction described for the general preparation of compounds of formula ().
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.y "
P—Qr—4\ l5 R—G—Ww; 1
NN () e
\ 1
(XXXIM-2) —o f(NI\\Tz
Y 3
1.’ N
. w
P—Q | ls R'—G—W,
N7 )

(XXXIII-b)

Intermediates of formula (IV) can also be prepared by reacting an intermediate of

forraula (XXXIII-a) with an intermediate of formula (XXXIV) that has reacted with

methanesulfonyl chloride, in the presence of a suitable base, such as sodium hydride,
5 and in the presence of a suitable reaction-inert solvent, e.g. N,N-dimethylformamide.

1
! N G\;R N
X2 e 2
1>—Ql—<\l I £3 + RMG—0H +CI-SO;—CHy ——» P—Qr—<\_I alxl
N < NN\
(CCXXTIL-5) (XXV) (v

Intermediates of formula (IV) can also be prepared by a cyclization reaction of an
intermediate of formula (XXXV) in a reaction-inert solvent, ¢.g. an alcohol or
N,N-dimethylformamide, in the presence of mercury oxide and sulphur.

—x!
L &
al\az cyclization N N2
I 2 e [ T
P—-Qr-ﬁ'—HN v N v
s
10 (KXXV) )

Intermediates of formula (IV) wherein Q; comprises an unsaturated bond, said Q; being
represented by Q1.(CH=CH), and said intermediates by formula (IV-a), can be prepared
by reacting an intermediate of formula (XXXVI) with an intermediate of formula ()
in the presence of a suitable base, such as dipotassium carbonate.
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1
o _ G/R
1 . al\ 2 a \N al\ 2
. a
P_Qh(CH=CH)_<\ I ) I3 + R1_G-W1 —- P_Q1H(CH=CH)‘<\NI 443.}3
N7 -a(’ _ 'Y
' {1 '
XXXVI) o '- - (AV-a)

Intermediates of formula (IV) wherein, in the definition of Qy, the X! or X2 moieties in
the radicals of formula (b-l) to (b-8) represent NH, said Q, bemg represented by Q-
NH, and said intermediates by formula (IV-b), may also be prepa_red by reacting an

5 intermediate of formula (XXXVII) with an intermediate of formula p:0:0:4%11)}

R! o _ R
G\/ o
N J\\az . )
halo—<\ | I, + P—Q—m — p—Q;— I
N & :
(XXXVII) ool : avb)

Intermediates of formula (IV) wherein R! is a bicyclic heterocycle substituted with
amino or mono- or di(Cy.salkyl)amino, said R’ being represented by R*R™N-R"",
wherein R* and R™ are defined as described above, and said intermediates being

10  represented by formula (IV -), can be prepared by reacting an intermediate of formula
(XXXIX) with an appropnate amine, represented by formula (XL), in the presence of
an appropriate catalyst, e. g palladlum, and (R)-(4+)-2, 2’-bls(d1pheny1-phosph1no) 1,1°-
binaphtyl, in a smtable reactlon—mert solvent, e.g. tetrahydrofuran

5b
halo—R"  R®—N—R"

d d

\ \ 1
NG I}Sb N A2

P—Qy | 1. + re—m —_— P—Qn—< i

N\ B JE

N ¥ . N ¥
(XXXIX) X (IV-c)

15  Intermediates of formula (IV) wherein R' is a bicyclic heterocycle substituted with
C(=0)-NR*¥R*®, wherein R*®and R* are defined as described above, said R* being
represented by R**R®N-C(=0)-R", and said intermediates being represented by
formula (IV-d), can be prepared by reacting an intermediate of formula (XXXIX) with
an appropriate amine, represented by formula (XL), under an atmosphere of carbon

20  monoxide, in the presence of a suitable catalyst, e.g. palladium (II) acetate, and
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1,3-bis(diphenylphosphifio)propane, in a suitable reactiofiiért solvent, e.g.
tetrahydrofuran.

" 4
halo—R‘ RSa_._N__(l:_/.Rl'
G
\ 1
R® co !
P-Q1—< I Rsa-—rliH —_— Mo\ I
N v
X0 (Iv-d)

" Intermediates of formula (V) wherein P-Q; comprises C;.10alkyl or Cs.scycloalkyl

substituted with NRS-P, said C;.j¢alkyl or Csscycloalkyl being represented by Zs, said
P-Q, being represented by P-NR §_Za-Qip, and said intermediates being represented by
formula (IV-¢), can be prepared by reacting a compound of formula (I-a-3) with an
intermediate of formula (XLI), wherein W, represents a sujtable leaving group, such as
p-toluenesulphonate, Said reaction can be performed in a reaction-inert sotvent, €.g.
acetonittile, in the presence of a suitable base, e.g. dipotassium carbonate.

R1 R‘
H—Q, b_<N I P—H3-W4 —_— P—N'—Zé_le"(q ]:
(%L1}
(-2-3) (IV-¢)

Intermediates of formula (IV-¢), wherein R is hydroxyCy.salkyl, said intermediates
being represented by formula (IV-e-1), can be prepared by reacting an intermediate of
formula (XLH) with an intermediate of formula (XLHI) in the presence of a suitable
base, e.g. dipotassinm carbonate, and a suitable solvent, .g. acetonitrile.

Rl R!

CrellylOH N8y,
I
%?/Lo—ZQ—Q“, 4 :‘:A\P P—N—C,—ﬁalk?IOH — P—-N--Zrer<\NI (:1!3

Cy-galkyl

1-43lky o L Vel
Intermediates of formula (XXXIII-a) or (XXXIII-b) can be prepared by protecting an
intermediate of formula (XLIV) with a suitable protecting group, such as, for example,
Cialkyloxycarbonyl, in a reaction-inert solvent, such as methylene chloride or an

alcohol, e.g. methanol, ethanol, 2-propanol and the like, in the presence of a suitable
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reagent, e.g. di Cy4alkyl dicarbonate and optionally in the presence of a suitable base,
e.g. sodium acetate.

L
a\
,i[ protection P—Qr-<1: I ;I:
N. agaz
H—Q ‘_<\ Iﬁ 13 /
N &
P
. N a\ 2
~<

&) h\
. (XXXII-b)

Alternatively, intermediates of formula (XXXIII-a) or (XXXIII-b) can be converted into

5  anintermediate of formula (XLIV) by reaction with a suitable acid, such as
hydrochloric acid or 'hydrobfomic acid and the like or mixtures thereof, in the presence
of a suitable solvent, e.g. water.

(XXXIMl-a)

Intermediates of formula (XXXIII-a) or (XXXIII-b), wherein in the definition of Qi the

10 X' or X2 moieties in the radicals of formula (b-1) to (b-8) represent NH, said Q; being
represented by Q,.~-NH, and said intermediates by formula (XXXIlI-a-1) or
(XXXIM-b-1), can be prépared by reacting an intermediate of formula (XL.V-a) or
(XLV-b), wherein W represents a suitable leaving group, such as for example a halo
atom, e.g. chloro, with an intermediate of formula (XL VI).

T o
N: a\az N 2
Ws—<\N:En(’=|l3 * P—QrNH; —> P—an—N*""(\NI(,I;

 KLV-2) (XLvi) XXXI-a-1)
i 1
1
‘1\ 2 N2
W;—<\N I L ¥ P—QeNH; — P QueNE—Q l Ts
NN\ NN
15 (XLV-b) vy XXIm-b-1)

Intermediates of formula (XLV-a) or (XLV-b) can be prepared by reacting an
intermediate of formula (XLVII-a) or (XLVII-b) with H,P(=0)(W5s)s in the presence of
a suitable acid, e.g. hydrochloric acid.
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H
'I&I HZP(=0)(ws)s ?I
< 3
N -
(XLVIi-a) XLV-a)

T HoP(=0)}(W5)s f !
—_— _<
o=<:§I‘(’i3 " \NIMI’
(XLVIEb) (XLV-b)

Intermediates of formula (XLVII-a) or (XLVII-b) can be prepared by reacting an
intermediate of formula (XLVIII-a) or (XLVII-b) with an intermediate of formula (IL).

H;I ¢ I + HZN—lCI)——NHZ — =< I

(XLVllI-a) (L)

P

N2 ﬁ
L + HN—C—NH, —>
H,N £3
2 3

(iL)
(XLVHI-b) (XLVH~b)

5 Intermediates of formula (XXXIII-a) can also be prepared by reacting an intermediate
of formula (XILVI-a) with P-Q;-C(=NH)-O-CH,-CHj in a reaction-inert solvent, such

(XLVU-a)

as an alcohol.
\,2 NG i d ,
y Ia + 0"\ — P—Qr-<\:Ia(,I3
(XLVIll-a)

COXI-a)

Intermediates of formula (XXXV) can be prepared by reacting an intermediate of
10 formula (L) with an intermediate of formula P-Q;=C=S, which is synthesized according
to the procedures described in EP 0005318, in a reaction-inert solvent, such as an

alcohol, e.g. ethanol. To increase the reaction rate, the reaction may be performed at
elevated temperatures.
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|

- N2
R—G—HN J\\az ' | 1
I , + P-Qu=C=S —> P—Qrf— P2

NHy aﬁa ' 8 :

L : : :

Intermediates of formula (L) can be obtained by reducing an intermediate of

formula (LI) in a reaction-inert solvent, e.g. an alcohol, in the presence of a suitable
reducing agent, e.g. hydrogen, and an appropriate catalyst, e.g. Raney Nickel.

1 ' l—G—HN- !
RI—G—F“:I“\TZ . reduction R—G HNIa_\?Z
3 a
N N BN N

Intermediates of formula (L[) can be prepared by reacting an intermediate of formula
(LID) with an intermediate of formula (LII), in which W represents a suitable leaving
group, such as a halo atom, e.g. chloro. This reaction may be performed in a reaction-

inert solvent, e.g. acetonitrile, in the presence of a suitable base, e.g. dipotassium
10  carbonate.

Wo -2\ 2 RL—G—HN a'\,
R'—'G—NHZ + ; I 4,, !3 —_—— I 43

O,N 2 O,N aﬁ
L L (wy

Intermediates of formula (LII) can be prepared by reacting an intermediate of formula
(LIV) with a suitable acid, such as hydrochloric acid, in the presence of a suitable
solvent, e.g. an alcohol, e.g. ethanol.

i

C=0
R’—G—N<C=o _— R'—GfNHz
l!l (L
15 W@

Intermediates of formula (LIV) can be prepared by reacting an intermediate of formula
(I with NaN[C(=0)H]..



10

15

20

ig_ o oy OO _ - ——— .

WO 01/00615 PCT/EP00/05677

-33-

R—G—w, + NaNICE=OHL - RI_G.,<C=°

=0

(n ;f{_
L)

Intermediates of formula (LI) can also be prepared by reacting an intermediate of
formula (LII) with an intermediate of formula (LV) (J. Org. Chem., 25, p 1138, 1960)
in a reaction-inert solvent, e.g. N,N-dimethylformamide, in the presence of an

- appropriate base, e.g. sodium hydride.

1 1
We N2 Rl—Gc—H 2
R‘-—G—Nn-—lc«-n + | P b L b

Cl) ON il ON a(,a
v (L) (&)

Intermediates of formula (XXXVI) can be prepared by dehydrating an intermediate of
formula (LVI) with a suitable acid, such as sulfuric acid.

P T
\2 3\32

P—Q4 a(CHg-CHOH)'——<\NI (,13 _— P—Q 18‘(c1e1=cn)—<_ A Iﬂ( J{*‘
a N i

{Lvh (POXV1)
Intermediates of formula (LVI) wherein, in the definition of Qa, the X* or X2 moieties
are CHj, said Q;, being represented by Qy,, and said intermediates being represented
by formula (LVI-a), can be prepared by reacting a carbonyl moiety of formula (LVI)
with an intermediate of formula (LVIO) in the presence of N,N-diisopropylamine and
butyl lithium, in a suitable reaction-inert solvent, e.g. tetrahydrofuran.

5|
1!1 a]\ o2 ’ N K\az
P—CQ1a(CH;C=0) + g, 4 [ [, — P—Q1g(CHy CHOH)—CHz—4{ ' 4
NN NN
(Lvin
({Lvim) (LVI-a)

Intermediates of formula (IV), wherein G is Cy.jpalkanediyl substituted with
Ci.ealkyloxy, arylC_salkyloxy, HO(-CH,CH,0),-, C1.¢alkyloxy(-CH;CH,0),-, or
arylC,_galkyloxy(-CH,CH,O),-, said group of substituents being represented by O-Zq,
said G being represented by Z,-O-G;, and said intermediates being represented by
formula (IV-f), can be prepared by reacting an intermediate of formula (XXXTII-a), with
an intermediate of formula (LIX), optionally in the presence of a suitable acid, such as
p-toluenesulfonic acid and the like, and optionally in the presence of a suitable solvent,
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such as N,N-dimethylacetamide. To increase the reaction rate, the reaction may be

carried out at elevated temperatures.
1

24—0_‘31

0-Z4
(LX) ' (V-5

B | |
| 1
N2 P
P_QI—<; I 4’,13 + RL—GI\ ——— PQI-{IH

Xli-a)

Intermediates of formula (LIX) can be prepared by reacting an intermediate of formula
(LX) with a reagent of formula (LXT) or (LX) in a reaction-inert solvent, such as an

alcohol, or toluene, in the presence of an acid, e.g. 4-methylbenzenesulphonic acid.
ZyO-H (LX) or

Zy
R=—G,(=0) - RL—GI/?. :
o2, oz

G0 —o—tao-craim X X

Intermediates of formula (LX) can be prepared by oxidizing an intermediate of formula
(LXTID) with a suitable oxldlzmg agent, e.g. MnOz, in a reaction-inert solvent, such as
mcthylene chloride.

(LX) - (LX)

Intermediates of formula (IV-f) can also be prepared by reacting an intermediate of
formula (IV) wherein G is C-jpalkanediyl substituted with hydroxy, said G being
represented by GI-OH and said intermediates being represented by formula av-g),
with an intermediate of formula (LXIV), wherein W5, is a suitable leaving group, such
as a halo atom, e.g. iodo, in the presence of a suitable base, e.g. sodium hydride, in a
reaction-inert solvent, e.g. tetrahydrofuran. '

R! 1
HO-—C'il Z4"—0‘-Gl .
. Ne 73,2
P-Ql—<\ o ZeW7 — p—g N I (!13
(LXIV) .
(IV-g) (V)

Intermediates of formula (IV-g), wherein the carbon atom of G; carrying the hydroxy,
also carries a hydrogen atom, said G;-OH being represented by H-G»-OH, and said
intermediates being represented by formula (TV-g-1), can be prepared by reducing an
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intermediate of formuia (LXV) in the presence of a suitablé réducing agent, e.g. sodium
borohydride, in a reaction-inert solvent, such as an alcohol, tetrahydrofuran or a mixture
thereof. Intermediates of formula (LXV) can also first be deprotected, e.g. in the
presence of a suitable acid, such as hydrochloric acid and the like, resulting in

5 intermediates of formula (LXVI), followed by a reduction, resulting in a compound of

formula (I-g-1) wherein Q represents H-Q, said compounds being represented by
formula (I-g-1-1).

1 1
R §

Gy(=0) H'-cil—OH
1
X a;\az reduction _<N A
P—Qr—\ I I - o | P ls
I N
(LXV) IvV-g-1)

l deprotection

i iy

Gy(=0) H—G2—0H 1
] al\a’ reduction N N2
H—Q | ], —— U\ ls
\ 3 (,a

N a(’ a N 2

(LXVI) et

Intermediates of formula (IV), wherein G is ethyl substituted with hydroxy, said
10  intermediates being represented by formula (IV-g-2) can also be prepared by reacting an
intermediate of formula (XXXIII-a) with an intermediate of formula (LXVII) in the

presence of a suitable base, such as sodium hydride, in a reaction-inert solvent, such as

N,N-dimethylformamide.
t

H—?—OH

o, o

x,2

P—Q1_<\N l afL + R‘—<\o — P—Q‘—<\:Iaé£3
(XXXIlI-a) LXvi av-g-2)

15 A subgroup of intermediates of formula (IV-g-2), represented by formula (IV-g-2-1),
can also be prepared by reacting an intermediate of formula (LXVIIT) with an



WO 01/00615 PCT/EP00/05677
-36-

intermediate of formula (LXIX) in the presence of 1,3-dicyclohexylcar50diimide, ina
reaction-inert solvent, e.g. toluene.

/?1
, OH |
l a\iz + P—N<:>—N=C=S
3 ) ’

N N (LXIX)

Y

H Rl

O ,[ !

(Iv-g-2-1)

(LX)

Intermediates of formula (LXV) can be prepared by reacting an intermediate of formula

5 (XXXIII-a) with an intermediate of formula (LXX), wherein Wj is a suitable leaving
group, such as a halo atom, e.g. bromo, in the presence of a suitable base, e.g. sodium
hydride, in a reaction-inert solvent, e.g. N,N-dimethylformamide.

Rl
lil Gz(=0)
N l\az
P—or— :[a [, + ROx0rwy ——> p—q,._<
NTNF (LX) |
OXXiN-a) : (LXV)

Intermediates of formula (V) can be prepared by reacting an intermediate of formula
10  (LXXI) with 1H-isoindole-1,3 (2H)-dione in the presence of triphenylphosphine and

diethyl azodicarboxylate
AR
G\
2 N
oo ] j; @f} — @#w%\
(LXXI)

Intermediates of formula (V) may also be prepared by reacting an intermediate of
formula (LXXTI) with 1H-isoindole-1,3 (2H)-dione in the presence of a suitable base,
15 such as sodium hydride, and a suitable solvent, such as N, N -dimethylformamide.
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g ! f G\/R 1
o] N2

0§S/L0— l \?3 + —<{ ' a\laz

é N 2 ARR-IN B

1~4alkyl a N a(
(LX) 0 0
W)

Intermediates of formula (LXXII) can be prepared by reacting an intermediate of
formula (LXXI) with an intermediate of formula (LXXIII), wherein Wy represents a
suitable leaving group, such as a halo atom, e.g. chloro, in the presence of a suitable
base, such as N, N -diethyl-ethanamine, and a suitable solvent, such as methylene
chloride.

/R' /Rl
\, I
HO—Q;—\ I + %//0 —— x /O-Qz I i‘
NEE T T [ N\
* Cy-qalkyl Cralivl *
{LXXD) ) (LXXIt)

Intermediates of formula (V), wherein in the definition of Q,, R%is Ci-10alkyl, said Q;
being represented by C;.10alkyl-Q;s, and said intermediates by formula (V-a), can be
prepared by reacting a compound of formula (I-a-3) with an intermediate of formula
(LXXIV), wherein Wy is a suitable leaving group, such as a halo atom, e.g. chloro, in
the presence of a suitable base, such as dipotassium carbonate, and a suitable solvent,
such as acetonitrile.

Rl
G/
\ 1 ] g
N2
+
H'—Qlfq 73 N—Cjoalky—W—>
N7\

(-a-3) R!

/

0
G
LXXIV
( ) \N al\ ,
N—'Crma’kyl_Qm‘(\ I Tg
N £
(6

(V-a)
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Intermediates of formula (LXXT) wherein, in the definition of Q,, the carbon atom
carrying the hydroxy, also carries two hydrogen atoms, said HO-Q, being represented
by HO-CH;-Q2, and said intermediates being represented by formula (LXXI-a), can be
prepared by reducmg an intermediate of formula (LXXV) in the presence of a suitable
reducing agent, such as lithium aluminium hydride, in a suitable reaction-inert solvent,
e.g. tetrahydrofuran. '

Rl

& ,Rl

“\
Cy-4alkyl—0—C(=0)—Q: I \T reductlon Ho—CH2—Q2 _<\ I T

CXxXv) (LXX-a)

Intermediates of formula (LXXT), wherein, in the definition of Q,, the carbon atom
carrying the hydroxy, carries also at least one hydrogen, said HO-Q, being represented
by HO-QsH, and said intermediates being represented by formula (LXXI-b), can be
prepared by reducing an intermediate of formula (IX) with a suitable reducing agent,
e.g. sodium borohydride, in a reaction-inert solvent, e.g. an alcohol.

/Rl /R‘
\ 1
a\ 2 reduction : N N2
00— | j: > HO—QH{ I I
N Y
(1X) _ (LXXI-b)

Intermediates of formula (VI) wherein, in the definition of Qz, R? is Cj.;oalkyl
substituted with N(P), and the carbon atom adjacent to the nitrogen atom carrying the
R? substituent carries also at least one hydrogen atom, said Q; being represented by
(P)2N-Ci.10alkyl-NH-Q,,H, and said intermediates being represented by formula (VI-a),
can be prepared by reductive amination of an intermediate of formula (LXXVI]) with an
intermediate of formula (LXXVII) in the presence of a suitable reductive agent, such as
hydrogen, and a suitable catalyst, such as palladium-on-charcoal, platinum-on-charcoal,
and the like, and optionally in the presence of a suitable catalyst poison, such as a
thiophene solution. A suitable solvent in this reaction is a reaction-inert solvent, such
as an alcohol.
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R1 . : /R
¢
N
(‘3=)<22a_§q a /N—Cx joalky=-NHy —> P,N—cl-.oalkyx—NH—Qz,H—g, 33
(LXOXVI) o~
LXKV (Vi-a)

Intermediates of formula (LXXVI) can be prepared by deprotecting an intermediate of
formula (LX>XVII) in the presence of a suitable acid, such as hydrochleric acid and the
like, in a suitable solvent, e.g. water.

G l /RI
[0\ \N Jﬁz }\l
_< - (0'=pu—<
o/Qu N:Ea?aa \N
{LXXVIH) (LXXV)

Intermediates of formula (IX) may be prepared by deprotecting an intermediate of

formula (LXXIX) in the presence of a suitable acid, e.g. hydrochloric acid and the like.

R‘ ’

/H\ j: — «n—w{ji

Intermediates of formula (LXXIX) can be prepared by reacting an intermediate of
formula (LXXX) with an intermediate of formula (III) in the presence of a suitable
base, e.g. dipotassium carbonate, in a suitable reaction-inert solvent, e.g. acetonitrile.

t
/R

] ;
N2 N2
O o\
o ,04—<\:I An +  R—G—W, E O/Q‘—<‘I 13
4~ N a(’

) o LXXIX)

Intermediates of formula (LXXX) wherein, in the definition of Qs, the X! or X* moiety
of the radicals of formula (b-1) to (b-8) represent NH, said Qs being represented by
Qs-NH, and said intermediates being represented by formula (LXXX-a), may be
prepared by cyclizing an intermediate of formula (LXXXI) in the presence of mercury
oxide and sulphur, in a suitable reaction-inert solvent, c.g. an alcohol.
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) 1 cyclization i
S ount N EO\Q_.;:-NH T 1
0 I S P
Hy 1 . a
LXXX-a)

Intermediates of formula (LXXXT) can be prepared by reducing an intermediate of
formula (LXXXT) in the presence of a suitable reducing agent, such as hydrogen, in the
presence of a suitable catalyst, such as palladium-on-charcoal, platinum-on-charcoal
and the like, in a suitable solvent, e.g. a mixture of ammonia in alcohol. Suitable
alcohols are methanol, ethanol, 2-propanol and the like.

S
1 8
1 . I
E?;Qg-NH/C\ N2 reduction R Eo .-NHIC\ al\az
| la - L—o” Il l5
O,N aﬁ _ HN . 8
LXXXm) : (LXXXT)

Intermediates of formula (LXXXII) can be .prepared by reacting an intermediate of
formula (LXXXI) with an intermediate of formula (LXXXIV) in a suitable reaction-
inert solvent, e.g. ethanol.

S=C=N___al_, i
NUIPEN L
E?;%Pnuz * o Iaflj S Eo/Qa N NHj[, FI:
O,N 3
(LXXXIN) {LXXXIV) (LX) *

Intermediates of formula (IX), wherein, in the definition of Qj, R? comprises Cj-jpalkyl,
said Q3 being represented by C;.joalkyl-Q 1, and said intermediates being represented
by formula (IX-a), can be prepared by reacting a compound of formula (I-a-3) with a
reagent of formula (LXXXYV), wherein (O=)C;.j0alkyl represents a carbonyl derivative
of Ci.j0alkyl and wherein W7y, is a suitable leaving group, such as a halo atom, e.g.
bromo, in a reaction-inert solvent, e.g. acetonitrile, in the presence of a suitable base,
e.g. dipotassium carbonate.



10

15

20

WO 01/00615 PCT/EPO0/05677
41-

. r!

1 /

G
H-Qn;'—<v + (0=)C1-walkyl—Wu-—> (0=)C1-1oalkyl‘le‘—<q I a3

Ve a &
(IX-a}
(l-a-3)

Intermediates of formula (X) wherein Q4 comprises Cy.oalkyl, said Q4 being represented
by Cy.9alkyl-Qqp, and said intermediates being represented by formula (X-a), can be
prepared by reacting a compound of formula (I-a-3) with a reagent of formuia
(LXXXVT) wherein W), represents a suitable leaving group, such as a halo atom, e.g.
chloro, in a reaction-inert solvent, e.g. 3-methyl-2-butanone, in the presence of a
suitable base, e.g. dipotassium carbonate, sodium bicarbonate and the like.

Rl
R’ /
§
N: ax\az
H—Qxb—(:l‘ |3 +Wpy—Crodllgb—CN  —— NC—Cyyally—Qus4 I{‘IP
N <

{L00VH) (X-a)
(l-a-3)

Intermediates of formula (X), wherein NC-Q4 represents NC~(CisalkyDR*IN-C(=0)-
Alk-X!, said intermediates being represented by formula (X-b), can be prepared by
reacting an intermediate of formula LXXXVID) with an intermediate of formula
(LXXXVIIN) in the presence of di-1H-imidazol-2-yl-methanone, a suitable base, such as
N, N -diethyl-cthanamine, and a suitable solvent, such as methylene chloride.

H
G\/R ’
1
i Ny )
HO-C—alx'— || ], *NC-Crsilli—nH /RI
N Wiae
(LYOXVI {LXOXVIIN r* o
NC-C,-gan(yl—N—C-—Alk-X‘—(q |

X-b)
Intermediates of formula (XT), wherein Q4 represents Qip, said intermediates being
represented by formula (XI-a), can be prepared by reacting a compound of formula
(I-a-3) with an intermediate of formula (LXXXIX), wherein W3 represents a suitable
leaving group, such as a halo atom, e.g. chloro, in the presence of a suitable base, such
as disodium carbonate, and in the presence of a suitable solvent, such as 3-methyl-2-
butanone.
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RI
4

(LOOKIN)

I .2
LT Ao Aaal 1T
NN\ : N u

(I-a-3) XL0)

Intermediates of formula (XIX) can be prepared by reactmg an intermediate of formula
(XC) with a suxtable ac1d such as hydrochlonc acid.

R ' 1
| G\/"
1-4311!)'1“-0 ' ’i"’ a'\ 2
c.-gan:yl—NR‘—<N I —— &—G—ngﬂm—NR4—< | ;'13
c,-4a\ky1-o N I

Pure stereochemically isomeric forms of the compounds of formula (I) may be obtained by
the application of art-known procedures. Diastereomers may be separated by physical
methods such as selective crystallization and chromatographic techniques, e.g., counter-
current distribution, liquid ch}omatography and the like.

The compounds of formula (I) as prepared in the hereinabove described processes are
generally racemic mixtures 6f enantiomers which can be separated from one another
following art-known reso_luti(m procedures. The racemic compounds of formula (I) which
are sufficiently basic or acidicf_:: may be converted into the corresponding diastereomeric salt
forms by reaction with a éuitable chiral acid, respectively chiral base. Said diastereomeric
salt forms are subsequently séparated, for example, by selective or fractional crystallization
and the enantiomers are liberated therefrom by alkali or acid. An alternative manner of
separating the enantiomeric forms of the compounds of formula (T) involves liquid
chromatography, in particulai liquid chromatography using a chiral stationary phase. Said
pure stereochemically i 1somenc forms may also be derived from the corresponding pure
stereochemically i isomeric forms of the appropriate starting materials, provided that the
1Teaction occurs stereospemﬁcally. Preferably if a specific stereoisomer is desired, said
compound will be synthesized by stereospecific methods of pmparaﬁon. These methods
will advantageously employ enantiomerically pure starting materials.

The compounds of formula (I) show antiviral properties. Viral infections treatable
using the compounds and methods of the present invention include those infections
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brought on by ortho- @hd i)aramyxoviruses and in partlcu'iﬁf $y human and bovine
respiratory syncytial virus (RSV).

The in vitro antiviral activity against RSV of the present compounds was tested in a test
as described in the experimental part of the description, and may also be demonstrated
in a virus yield reduction assay, The in vivo antiviral activity against RSV of the
present compounds may be demonstrated in a test model using cotton rats as described
in Wyde et al. (Antiviral Research (1998), 38, 31-42).

Due to their antiviral properties, particularly their anti-RSV properties, the compounds
of formula (I) or any subgroup thereof, their prodrugs, N-oxides, addition salts,
quaternary amines, metal complexes and stereochemically isomeric forms, are useful in
the treatment of individuals experiencing a viral infection, particularly a RSV infection,
and for the prophylaxis of these infections. In general, the compounds of the present
invention may be useful in the treatment of warm-blooded animals infected with
viruses, in particular the respiratory syncytial virus.

The compounds of the present invention or any subgroup thereof may therefore be used
as medicines. Said use as a medicine or method of treatment comprises the systemic-
administration to viral infected subjects or to subjects susceptible to viral infections of
an amount effective to combat the conditions associated with the viral infection, in
particular the RSV infection.

The present invention also relates to the use of the present compounds or any subgroup
thereof in the manufacture of a medicament for the treatment or the prevention of viral
infections, particularly RSV infection.

The compounds of the present invention or any subgroup thereof may be formulated
into various pharmaceutical forms for administration purposes. As appropriate
compositions there may be cited all compositions usnally employed for systemically
administering drugs. To prepare the pharmaceutical compositions of this invention, an

) effective amount of the particular compound, optionally in addition salt form or metal

complex, as the active ingredient is combined in intimate admixture with a
pharmaceutically acceptable carrier, which carrier may take a wide variety of forms
depending on the form of preparation desired for administration. These pharmaceutical
compositions are desirable in unitary dosage form suitable, particularly, for
administration orally, rectally, percutaneously, or by parenteral injection. For example,
in preparing the compositions in oral dosage form, any of the usual pharmaceutical



10

15

20

25

30

35

WO 01/00615 PCT/EP00/05677

-44-

media may be employed such as, for example, water, glycols, oils, alcohols and the like
in the case of oral liquid preparations such as suspensions, syrups, elixirs, emulsions
and solutions; or solid camers such as starches, sugars, kaolin, lubricants, binders,
disintegrating agents and the like in the case of powders, pills, capsules, and tablets.
Because of their ease in édﬂninistration, tablets and capsules:repxesent the most
advantageous oral dosage unit forms, in which case solid pharmic’eutical carriers are
obviously employed. For parenteral compositions, the carrier w1]l usually comprise
sterile water, at least in large part, though other ingredients, for example, to aid
solubility, may be included. Injectable solutions, for example, may be prepared in
which the carrier compﬁéeé saline solution, glucose solution _or'é mixture of saline and
glucose solution. Injectable suspensions may also be prepared m which case
appropriate liquid carriers, suspending agents and the like may be employed. Also
included are solid form preparations which are intended to be converted, shortly before
use, to liquid form prepaja’tibns. In the compositions suitable fof percutaneous
administration, the carrier optionally comprises a penetration enhancing agent and/or a
suitable wetting agent, optionally combined with suitable additives of any nature in
minor proportions, which additives do not introduce a signifii:anf‘ deleterious effect on
the skin. o o

The compounds of the present invention may also be administered via oral inhalation or
insufflation by means of methods and formulations eniployedf in the art for
administration via this way. Thus, in general the compounds of the present invention
may be administered to the lungs in the form of a solution, a suspbnsion or a dry
powdei', a solution being preferred. Any system developed for the delivery of solutions,
suspensions or dry pdwders via oral inhalation or insufflation are suitable for the
administration of the present compounds.

Thus, the present invention also provides a pharmaceutical coinposition adapted for
administration by inhalation or insufflation through the mouth comprising 2 compound
of formula (I) and a pharmacentically acceptable carrier. Preferably, the compounds of
the present invention are administered via inhalation of a solution in nebulized or
aerosolized doses.

It is especially advantageous to formulate the aforementioned pharmaceutical
compositions in unit dosage form for ease of administration and uniformity of dosage.
Unit dosage form as used herein refers to physically discrete units suitable as unitary
dosages, each unit containing a predetermined quantity of active ingredient calculated
to produce the desired therapeutic effect in association with the required pharmaceutical
carrier. Examplés of such _uriit dosage forms are tablets (includjng scored or coated
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tablets), capsules, piils, éuppositmies, powder packets, wiifefs, injectable solutions or
suspensions and the like, and segregated multiples thereof.

In general it is contemplated that an antivirally effective daily amount would be from
0.01 mg/kg to 500 mg/kg body weight, more preferably from 0.1 mg/kg to 50 mg/kg
body weight. It may be appropriate to administer the required dose as two, three, four or
more sub-doses at appropriate intervals throughout the day. Said sub-doses may be
formulated as unit dosage forms, for example, containing 1 to 1000 mg, and in
particular 5 to 200 mg of active ingredient per unit dosage form.

The exact dosage and frequency of administration depends on the particular compound
of formula (I) used, the particular condition being treated, the severity of the condition
being treated, the age, weight, sex, extent of disorder and general physical condition of
the particular patient as well as other medication the individual may be taking, as is
well known to those skilled in the art. Furthermore, it is evident that said effective
daily amount may be lowered or increased depending on the response of the treated
subject and/or depending on the evaluation of the physician prescribing the compounds
of the instant invention. The effective daily amount ranges mentioned hereinabove are
therefore only guidelines.

Also, the combination of another antiviral agent and a compound of formula (I) can be
used as a medicine. Thus, the present invention also relates to a product containing (a)
a compound of formula (I), and (b) another antiviral compound, as a combined
preparation for simultaneous, separate or sequential use in antiviral treatment. The
different drugs may be combined in a single preparation together with pharmaceutically
acceptable carriers. For instance, the compounds of the present invention may be
combined with interferon-beta or tumor necrosis factor-alpha in order to treat or prevent
RSV infections. '

The following examples are intended to illustrate the present invention.

Experimental part
Hereinafter, “DMF” is defined as N,N-dimethylformamide, “DIPE” is defined as

diisopropyl ether.

A._Preparation of the intermediate compounds

Example Al

a) Sodium methoxide (0.2 mol) was added to a mixture of N-(4-piperidinyl)-1H-
benzimidazol-2-amine dihydrobromide (0.1 mol) in methanol (389ml), the mixture
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was cooled on an ice bath and stirred for 2 hours.

Di-tert-butyldicarbonate (0. lmol) was addedtoa cooled m1xture on an ice bath and
then stirred for 18 hours at room temperature. The mixture was evaporated and
suspended in water/DIPE. The residue was filtered off, washed with water/DIPE and
dried. The residue was boiléd up in CH30H, yielding 17 46g (55.2%) of 1,1-
dimethylethyl 4-(1H-benz:m1dazol—2—ylannno)— -plpendmecarboxylate mp. 249.4°C
(interm. 1).

b) A mixture of intermediate (1) (0.05 mol), 2—(chloromethyl)quino]ine
monohydrochloride (0.055 mol) and sodium carbonate (0 075 mol) in DMF (250ml)
was stirred at 55°C overnight. The solvent was evaporated.: The residue was taken up
in H2O and CH,Cly. The organic layer was separated, dned ﬁltered and the solvent
was evaporated. The resldue was purified by column chromatography over silica gel
(eluent: CHaCly/CH30H 97/3 and 95/5). The pure fractlons_ were collected and the
solvent was evaporated. The residue was suspended in DIPE, filtered off and dried,
yneldmg 13.5g (59%) of 1 .1-dimethylethyl 4—[[1-(qu1nolmylmethyl)—1H benzimidazol-
2-yl] amino]- l—plpendmecarboxylate (interm. 2).

Example A2 :

a) A mixture of 5,6,7,8- tetrahydro-Z(lH)-qumoxahnone in phosphoryl chloride
(200ml) was stirred and refluxed for 3 hours. The solvent was evaporated The
residue was taken up in ice and CH>Clp. The mixture was basified with NH4OH. The
organic layer was separa_tod,: dried (MgSOy), filtered and the solvent was evaporated,
yielding 34g (86%) of 2-chloro-5,6,7,8-tetrahydroquinoxaline (interm. 3).

b) A mixture of intermediate (3), 1-bromo-2 5—pyrohdmedlone (0.116 mol) and
dibenzoyl peroxide (1.3g) i in tetrachloromethane (400ml) was stirred and refiuxed for
35 minutes, brought to room temperature and then filtered. The reaction was carried
out again using the same quantities. The residues were combined. The solvent was
evaporated. The residue (60g) was purified by column chroniatography over silica gel
(eluent: cyclohexane/EtOAc 85/5; 15-35 ym). Two pure fractions were collected and
their solvents were evaporated, yiclding 25 g (43%) of (+)-5-bromo-2-chlore-5,6,7,8-
tetrahydroquinoxaline (interi_‘_n. 4) and 12 g (21%) of (£)-8-bromo-2-chloro-5,6,7.8-
tetrahydroquinoxaline. | :

¢) A dispersion of sodium hydride in mineral ol (60%) (0.0518 mol) was added
portionwise at 5°C under N2 flow to a mixture of intermediafé (1) (0.0471 mol) in
DMF (200ml). The mixture was stirred at 5°C/10°C for 1 hour. A solution of
intermediate (4) (0.0565 mol) in DMF (50ml) was added dropwise. The mixture was
stirred at room temperature for 3 hours and poured out into HyO. The precipitate was
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filtered off and taken up n CHyCly. The organic solutiofi was dried (MgSOy), filtered
and the solvent was evaporated. The residue (32g) was purified by colummn
chromatography over silica gel (elnent: CH,Clo/CH30H/ NH4OH 95/5/0.1; 20-45
pm). The pure fractions were collected and the solvent was evaporated, yielding 13.3g
(58%) of (2)-1,1-dimethylethyl 4-[[1-(2-chloro-5,6,7,8-tetrahydro-5-quinoxalinyl)-1H-
benzimidazol-2-ylJamino]-1-piperidinecarboxylate (interm. S).

Example A3

a) 2,3-Butanedione (0.0776 mol) was added at room temperature to a solution of
sodium pyrosulfite (0.1 mol) in water (75ml). The mixture was heated to 70°C and
then added to a solution of ethyl 2,3-diaminobenzoate (0.0776 mol) in water (75ml).
The mixture was stirred at 100°C for 12 hours, cooled, basified with K>CO3 10% and
extracted with EtOAc. The organic layer was separated, dried (MgSOy), filtered and
the solvent was evaporated. The residue (17.5g) was purified by column chromato-
graphy over silica gel (eluent: CHyClp/EtOAc 93/7; 20-45 um). The pure fractions
were collected and the solvent was evaporated, yielding 12g (67%) of ethyl
2,3-dimethyl-5-quinoxalinecarboxylate (interm. 6).

b) Lithium chloride (0.6 mol) was added portionwise at 80°C to a mixture of
intermediate (6) (0.06 mol) and potassium tetrahydroborate (0.6 mol) in tetrahydro-
furan (300ml). The mixture was stirred at 80°C for 5 hours, cooled, poured out into
H20 and extracted with EtOAc. The organic layer was separated, washed with HpO,
dried (MgSO0y), filtered and the solvent was evaporated, yielding 10.5g (91%) of
(2)-1,2,3 4-tetrahydro-2,3-dimethyl-5-quinoxaline-methanol (interm. 7).

¢) MnO; (100g) was added portionwise at room temperature to a mixture of
intermediate (7) (0.0546 mol) in dichloromethane (500ml). The mixture was stirred at
room temperature overnight, filtered over celite, washed with CHaCly and the filtrate
was evaporated. The product was used without further purification, yielding 7.8g
(77%) of 2,3-dimethyl-5-quinoxalinecarboxaldehyde (interm. 8).

d) Sodium tetrahydroborate (0.084 mol) was added portionwise at 5°C to a mixture of
intermediate (8) (0.042 mol) in methanol (100ml). The mixture was stirred at 5°C for
30 minutes, hydrolized cold and extracted with EtOAc. The organic layer was
separated, dried (MgSO,), filtered and the solvent was evaporated, yielding 6.7g (85%)
2,3-dimethyl-5-quinoxalinemethanol (interm. 9).

e) Thionyl chloride (0.045 mol) was added dropwise at 5°C to a mixture of
intermediate (9) (0.03 mol) in dichloromethane (50ml). The mixture was stirred at
room temperature for 2 hours, poured out on ice and KoCO3 10%. The organic layer
was separated, washed with K;CO3 10%, dried (MgSOy), filtered and the solvent was
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evaporated. The product was used without farther punﬁcahon, yxeldmg 6.2g (quant.)
of 5-(chloromethyl)-2, 3-dm1ethyl—qumoxalme (interm. 10). :

f) A dispersion of sodium hydnde in mineral oil (60%) (0. 021 mol) was added
portionwise at 5°C under Nz flow to a mixture of mtermcd:ate (l) (0.02 mol) in DMF
(30ml). The mixture was sun'ed at 5°C under N3 flow for 1 hour A solution of
intermediate (10) (0.03 mol)_ in a small amount of DMF was added dropwise at 5°C.
The mixture was stirred at room temperature under N2 flow for 2 houts, hydrolized and
extracted with EtOAc. The organic layer was separated, waéhed several times with

- HpO, dried (MgSO0y), filtered and the solvent was evaporated. The residue (12.5g) was

purified by column chromatography over silica gel (cluent: dH2C12/ CH30H/NH4OH
97.5/2.5/0.1; 20-45 pm). Two pure fractions were collected and their solvents were.
evaporated, yielding 7.8g (80%) of 1,1-dimethylethyl - 4-[[1{[(2,3—dimethyl—5-quino—
xXalinyl)methyl}- 1H-benzimidazol-2—yl]amino]-l-piperidinecarboxylate (interm. 11).

Example A4

8—Bromo-2-methquu1nohne (0.0675 mol) was added poruonw1se at -70°C under Np
flow to a mixture of a solution of butyllithium in hexane (1 6M) (0.135 mol) in
tetrahydrofuran (300ml) and diethy] ether (300ml). The mixtire was stirred for 30
minutes. A solution of DMF (0.405 mol) in tetrahydrofuran (100m1) was added
quickly. The mixture was cooled to -70°C and stirred for 15 minutes. Ethanol (70ml)
and a NH4Cl solution 10% were added. The mixture was brought to room temperature
and stirred for 15 minutes. NH4Cl was added. The mixture was extracted with BtOAc.
The organic layer was separated, washed with H»O, dried (M_gSO4), filtered and the
solvent was evaporated. The product was used without further purification, yielding
15g (>100%) of 2-methyl-8-quinolinecarboxaldehyde (intemi.. 12).

Example AS _ )

a) A mixture of 3-methoxy-2-methquuinoline (0.081 mol) in tﬁﬂuoro—acetic acid
(150ml) was hydrogenated at room temperature under a 3-4 bar pressure for 48 hours
with palladium on activated carbon (2g) as a catalyst. After uptake of hydrogen

(2 equiv.), the cata]yst was filtered through celite and washed with H0. The filtrate
was basified with a concentrated NH40H solution and extracted w1th CH2Clp. The
organic layer was separated dried (MgSO4), filtered and the solvent was evaporated,
yielding 14.3g (quant.) of 5 .6,7,8- tetrahydro—B-methoxy-2-methquumolme (interm. 13).
b) 3- Chlombenzenecarbopemx01c acid (0.1 mol) was added portionwise at 5°C to a
mixture of intermediate (13) (0.067 mol) in dichloromethane (300ml). The mixture
was stirred at room temperature overnight, basified with K2CO3 10% and separated
into its layers. The aqueous layer was extracted with CHxCly. The combined organic
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layer was dried (MgSO}}, filtered and the solvent was eifijtated, yielding 13.7g
(quant.) of 5,6,7,8-tetrahydro-3-methoxy-2-methylquinoline, 1-oxide (interm. 14).

c) A mixture of intermediate (14) (0.067 mol) in acetic anhydride (100ml) was stirred
at 90°C for 1 hour, poured out on ice and basified with NaOH 3N. CH,Cl, was added.
The organic layer was separated, washed with a diluted NaOH solution, dried
(MgSOy), filtered and the solvent was evaporated, yielding 16.8g (quant.) of
5,6,7,8-tetrahydro-3-methoxy-2-quinolinemethanol acetate (ester) (interm. 15).

d) A mixture of intermediate (15) (0.067 mol) and sodium hydroxide (13g) in
methanol (60ml) was stirred and refluxed for 20 minutes, poured out on ice and
extracted with CHaCly. The organic layer was separated, dried (MgSOy), filtered and
the solvent was evaporated, yielding 12.3g (95%) of 5,6,7,8-tetrahydro-3-methoxy-2-
quinolinemethanol (interm. 16).

In a similar way was also prepared (+)-5,6,7,8-tetrahydro-2-methyl-8-quinolinol
(interm. 17).

Example A6 _
Phosphorus tribromide (0.0105 mol) was added dropwise at 0°C/5°C under N7 flow to

a mixture of (+)-5,6,7,8-tetrahydro-2-methyl-8-quinolinol (intermediate 17) (0.03 mol)
in toluene (20mI). The mixture was brought to room temperature and stirred at room"

temperature overnight. Ice water was added. The mixture was basified with a
concentrated NaOH solution and extracted with CHyCly. The organic layer was

separated, dried (MgSOy), filtered and the solvent was evaporated. The residue (6g)
was purified by column chromatography over silica gel (eluent: CH;Clo/CH30H 99/1;
20-45 um). The pure fractions were collected and the solvent was evaporated, yielding
2g (29%) of (+)-8-bromo-5,6,7,8-tetrahydro-2-methylquinoline (interm. 18).

Example A7

a) A mixture of N-2,6-dimetyl-2,3-pyridinediamine (0.122 mol) in trifluoro-acetic acid
(250ml) was stirred and refluxed for 6 hours and :l)rought to room temperature. The
solvent was evaporated. The residue was taken up in CHxClp and KoCO3 10%. The
organic Iéycr was separated, dried (MgSOy), filtered and the solvent was evaporated.
The residue (32g) was purified by column chromatography over silica gel (eluent:
CHoCl/EtOAc 97/3; 20-45 um). The pure fractions were collected and the solvent
was evaporated. The residue was taken up in petroleum ether. The precipitate was
filtered off and dried, yielding 15g of residue (fraction 1). The mother layer was
evaporated. The residue was combined with 14.1g of fraction 1, yielding 28.9 g of
1,6-dimethyl-2-(trifluoromethyl)-1 H-imidazo[4,5-b]pyridine; mp. 100°C (interm. 19).
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b) 1-Bromo-2 5-pyrolid.inedione (0.0735 mol) and dibenzoyl peroxide (1.5g) were
added at room temperature toa soluhon of intermediate (19) (0.07 mol) in tetrachloro-
methane (450ml). The mixture was stirred and refluxed for 7 hours, then brought to
room temperature and ﬁltered The reaction was carried out again using the same
quantities. The mixtures were combined. The solvent was evaporated. The residue
(50g) was purified by column chromatography over silica gel (eluent: CH2Cl/CH30H
100/0 and 98/2; 20-45 um) The pure fractions were collected and the solvent was
evaporated, yielding 20.2g (49%) of 6- (bromomethyl)—l -methyl-2-(trifluoromethyl)-
1H-imidazo[4, 5-b]pyridine (interm. 20). _

¢) A mixture of ethyl 4-(1H-benzimidazol-2-ylamino)-1-piperidine-carboxylate -
(0.0464 mol), intermediate (20) (0.051 mol) and potassium carbonate (0.1392 mol) in
acetonitrile (250ml) was stirred and refluxed for 90 minutes and then brought to room
temperature. Water was added and the mixture was extracted twice with CH2Cla. The
combined organic layer was dried (MgSO0y), filtered and the solvent was evaporated.
The product was used without further purification, yielding 23g (>100%) of ethyl 4-
(f1- [[1-methyl-2-(tnﬂuoromethyl)—lH—1m1da.zo[4 5-b]pyndm-6-yl]methyl] 1H-

benzmudazol—Z-yl]mno]- -p1pendmecarboxylate (interm. 21)

Example A8 o _

A mixture of ethyl 4-(1H-bmzimidazol—2-ylamino)-l-pipel"id_ine_-.carbox'ylate (0.0289
mol), 7-chlofo—6,7-dihydro-5H-cyclopenta[b]pyridine (0.0289 mol) and potassium
carbonate (0.0867 mol) in acetonitrile (250ml) was stirred and refluxed for 48 hours
and then brought to room temperature. The reaction was carried out again using the
same quantities. The mixtures were combined, poured out mto H20 and extracted with
EtOAc. The organic layer was separated, washed with H20,_ dned (MgSOy), filtered
and the solvent was evaporated. The residue (25g) was purified by column
chromatography over silica gel (eluent: CHClo/ CH30H/NH40H 97/3/0.5; 20-45
pm). Two fractions were collected and their solvents were cvaﬁbrated, yielding 8g of
ethyl 4-[[1-(6,7-dihydro—_5H4l-pyrindin—?—yl)-lH-benzimidazol-Z-yl]amino]-l-
piperidinecarboxylate (interm. 22). '

Example A9 _

a) A dispersion of sodium hydride in mineral oil (0.261 mol) was added portionwise at
room temperature under N2 flow to a mixture of N-8-quinolinylformamide (0.174 mol)
in DMF (500ml). The mixture was stirred at room temperature for 1 hour. A solution
of 1-chloro-2-nitrobenzene (0.53 mol) in DMF (200mI) was added dropwise. The
mixture was stirred at 140°C for 12 hours and then brought to room temperature. HoO
was added and the mixture was extracted with CH,Clo. The organic layer was
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separated, dried (MgSO%), filtered and the solvent was evaporated. The residue (110g)
was purified by column chromatography over silica gel (eluent: CHpCly/cyclohexane
80/20; 20-45 pm). The pure fractions were collected and the solvent was evaporated,
yielding 9.8g (21%) of N-(2-nitrophenyl)-8-quinolinamine (interm, 23).

5  b) A mixture of 6-guinolinemethanamine (0.074 mol), 2-chloro-3-nitropyridine
(0.0888 mol) and potassium carbonate {0.185 mol) in acetronitrile (200ml) was stirred
and refluxed for 5 hours and then cooled to room temperature. EtOAc and HyO were
added. The mixture was extracted with HC1 3N. The aqueous layer was basified with
K2CO3 solid and extracted with CHpCl;. The combined organic layer was dried

10  (MgSOy), filtered and the solvent was evaporated, yielding 17.8g (84%) of N-(3-nitro-
2-pyridinyl)-8-quinolinemethanamine (interm. 24).

Example A10
a) A mixture of intermediate (24) (0.064 mol) in methanol (200ml) was hydrogenated
under a 3 bar pressure for 2 hours with Raney nicke] (10g) as a catalyst. After uptake

15  of hydrogen (3 equiv), the catalyst was filtered through celite and the filtrate was
evaporated, yielding 14.8g (93%) of N2~(8-quinoiinylmethyl)-2,3-pyridinediamine
(interm. 25).

b) A mixture of intermediate (25) (0.059 mol) and ethyl 4-isothiocyanato-1-piperidine-
carboxylate (0.059 mol) in methanol (150m1) was stirred and refluxed for 4 hours and

20  brought to room temperature. The solvent was evaporated. The residue was purified
by column chromatography over silica gel (elvent: CHyCly/CH30H 97/3; 20-45 pm).
The desired fractions were collected and the solvent was evaporated, yielding 10.5g
(37%} of ethyl 4-[{[[2-[(8-quinolinylmethyl)amino}-3-pyridinylJamino]}sulfinyl}-
amino}-1-piperidine-carboxylate (interm. 26)

25  ¢) A mixture of intermediate (26) (0.026 mol), mercury(Il) oxide (0.052 mol) and
sulfur (0.2g) in ethanol (120ml) was stirred and refluxed for 2 hours, brought to room
temperature and filtered over celite. The filtrate was evaporated, yielding 8.7g (96%)
of 4-[[1-(8-quinolinylmethyl)-1 H-imidazof4,5-b]pyridin-2-yljamino}-1-piperidine-
carboxylate (interm. 27).

30 Example All
a) A mixture of 8-quinolinecarboxaldehyde (0.092 mol) and 4-methylbenzenesulfonic
acid (0.3g) in 2-ethoxyethano} (110ml) was stirred and refluxed for 24 hours using a
Dean Stark apparatus. The solvent was evaporated. The reaction was carried out again
using the same quantities. The residues were combined and taken up in CHyCls. The
35 organic solution was washed with KoCO3 10% and decanted. The organic layer was
dried (MgSOy), filtered and the solvent was evaporated. The residue (41g) was
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purified by column chromatography over silica gel (eluent: CH>Cl/CH30H 98/2; 20-
45 um). Two pure fractions were collected and their solvents were evaporated,
yielding 20g (34%) of 8-[bis(2-ethoxyethoxy)methyllquinoline (interm. 28).

b) A mixture of 8-quinolinecarboxaldehyde (0.248 mol), triethoxymethane (0.4464
mol) and 4~methylbenzénesulfonic acid (4g) in ethanol (250ml) was stirred and
refluxed for 1 hour, brought to room temperature, poured out into K2CO3 10% and
extracted with EtOAc. The organic layer was separated, dried (MgSOy), filtered and
the solvent was evaporated. The product was used without further purification,
yielding 48.5¢g (80%) of 8-(diethoxymethyl)-quinoline (interm. 29).

¢) A mixture of 2-quinolinecarboxaldehyde (0.08 mol) and 4-methylbenzenesulfonic
acid (0.25g) in ethanol (100ml) was stirred and refluxed for 48 hours and brought to
room temperature. The reaction was carried out again using the same quantities. The

mixtures were combined. The solvent was evaporated. The residue was taken up in
CH,Cl. The organic solution was washed with K2CO3 10% and with H»O, then dried
(MgS0y), filtered and the solvent was evaporated. The product was used without

further purification, yielding 32.5g of 2-(diethoXymethyl)quinoline (interm. 30).
Example A12 -

Intermediate (1) (0.0377 mol) and intermediate (29) (0.0755 mol) were heated at -
160°C for 1 hour and then purified by column chromatography over silica gel (eluent:

‘CH,Clo/CH3OH 98/2; 15-35 pm). The pure fractions were collected and the solvent

was evaporated, yielding 15g (79%) of (z)-1,1-dimethylethy! 4-[[1-[ethoxy(8-quino-
linyl)methyl]-1H-benzimidazol-2-yljamino]-1-piperidinecarboxylate (interm. 31).

Example A13

4-Methylbenzenesulfonyl chloride (0.2222 mol) was added portionwise at 10°C to a
mixture of 1,1-dimethylethyl [1-(hydroxymethyl)-2-methylpropyljcarbamic acid (ester)
(0.202 mol) in pyridine (65ml). The mixture was stirred at 10°C for 2 hours. HyO
(75ml) was added at 10°C. The precipitate was filtered off, washed with H2O and
taken up in CHaCly. The organic solution was washed with H0, dried, filtered and
the solvent was evaporated, yielding 49g (68%) of (+)-1,1-dimethylethyl [1-{{[(4-
methylphenyl)sulfonylJoxy]methyl]-2-methylpropyiJcarbamate; mp. 85°C(interm. 32).

Example Al4
a) A mixture of compound (33) (0.0347 mol), 1-bromo-3-methyl-2-butanone (0.052
mol) and potassium carbonate (0.104 mol) in acetonitrile (255ml) was stirred and

refluxed for 2 hours and filtered. The filtrate was evaporated. The residue was taken
up in HO and the mixture was extracted with EtOAc. The organic layer was

separated, dried (MgSQO3), filtered and the solvent was evaporated. The product was
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used without further purification, yielding 16.84g of (x)-1-[4-[[1-[ethoxy(8-
quinolinyl)methyl]-1 H-benzimidazol-2-ylJamino)-1-piperidinyl]-3-methyl-2-butanone
(interm. 34) (quant.). '

In a similar way were also prepared :

5  1-[4-(1H-benzimidazol-2-ylamino)-1-piperidinyl}-3-methyl-2-butanone;
1-[4-[[1-(8-quinolinyl)-1H-benzimidazol-2-yl}amino]-1-piperidinyl]}-3-methyl-2-
butanone; and
1-[4-{[1-(2-quinolinylmethyl)-1H-benzimidazol-2-ylJamino]-1-piperidinyl}-3-methyl-
2-butanone.

10 b) A mixture of intermediate (34) (0.036 mol) in methanol (200ml) was stirred at

10°C. Sodium tetrahydroborate (0.04 mol) was added portionwise. The mixture was
stitred for 90 minutes. H,O was added. The solvent was evaporated. The residue was

extracted with CH»Clp. The organic layer was separated, washed with HyO, dried
(MgSOy), filtered and the solvent was evaporated, yielding 17g (96%) of (x)-4-[[1-

15  [ethoxy(8-quinolinyl)methyl]-1H-benzimidazol-2-ylJamino}-alpha-(1-methylethyl)-1-
piperidinesthanol (interm. 35).
¢) Diethyl azodicarboxylate (0.015 mol) was added dropwise at 0°C under N3 flow to a
solution of intermediate (35) (0.01 mol), phthalimide (0.015 mol) and triphenyl- .
phosphine (0.015 mol) in tetrahydrofuran (100ml). The mixture was stitred at room

20 temperature for 2 hours. EtOAc was added. The mixture was extracted with HCl 3N
and separated into its layers. The aqueous layer was washed twice with EtOAc,
basified with K2CO3 solid and extracted with CHoClp. The combined organic layer
was dried (MgSOy), filtered and the solvent was evaporated. The residue was purified
by column chromatography over silica gel (eluent: CH2Cly/CH30H/NH4OH 97/3/0.2;

25  20-45 pm). Two pure fractions were collected and their solvents were evaporated,
yielding 2.3g (30%) of (+)-2-[2-[4-[[1-[ethoxy(8-quinolinylymethyl]-1H-benzimidazol-
2-yl}amino]-1-piperidinyl]-3-methylbutyl]-1H-isoindole-1,3(2H)dione (interm.

N

d) Preparation of intermediate (80)

of Y H

A solution of (0.024 mol) (prepared according to A14b)

H

J 0
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and Et3N (0.072 mol) in CHCl, (100mi) was cool_éd to 0°C under N, flow. A mixture
of methanesulfonyl chloride (0.036 mol) in CH.Cl; (a small amount) was added

. dropwise. The mixture was allowed to cool to room temperature while stirring for 3

hours. Water was added. The mixture was decanted. The orgamc layer was dried

(MgSO), filtered and the solvent was evaporated, yielding 8_.5g of intermediate (80)
(86%).

e) Preparation of intermediate (81)

o 0
A solution of 1H-isoindole-1 3(2H)-d10ne (0.0828 mol) in DMF (80m1) was cooled to
10°C. NaH 60% in oil (0.0828 mol) was added portionwise. The mixture was allowed
to cool to room temperature while stirring for 1 hour. A mixture of intermediate (80)
(0.0207 mol) (prepared acéording to Al4d) in DMF (a small amount) was added
dropwise. The mixture was stirred at room temperature for 1.5 hours, at 60°C for 5
hours and at room temperature for the weekend. The residue (9.6g) was crystallized

from diethyl ether and CH3CN. The precipitate was filtered off and dried, yielding 4g of -
intermediate (81) (42%).

Example A15

a) A mixture of 1-[4-(1H-benzimidazol-2-ylamino)-1-piperidinyl]-3-methyl-2-
butanone (0.03 mol) and benzenemethanamine (0.09 mol) in methanol (200ml) was
hydrogenated at 40°C under a 3 bar pressure for 48 hours with palladium on activated
carbon (1.3g) as a catalyst. After uptake of hydrogen, the catalyst was filtered through
celite, washed with CH3OH and the filtrate was evaporated. Hydrogenation was
continued for 24 hours. After uptake of hydrogen, the catalyst was filtered through
celite, washed with CH30H and the filtrate was evaporated. The residue was purified
by column chromatography over silica gel (eluent: CH2Cly/CH3;OH/NH4OH 85/14/1;
20-45 pm). The desired fractions were collected and the solvent was evaporated. The
residue was crystallized from diethyl ether. The precipitate was filtered off and dried,
yielding 0.4g of ()-N-[1-(2-amino-3-methylbutyl)-4-piperidinyl]-1 H-benzimidazol-2-
amine; mp. 138°C (interm. 37).

b) Di-tert-butyl dicarbonate (0.02 mol) was added at 5°C to a mixture of intermediate
(37) (0.0186 mol) in dichloromethane (60ml). The mixture was stirred at room
temperature for 3 hours and poured out into HyO. The organic layer was separated,
dried (MgS0y), filtered and the solvent was evaporated. The product was used without
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further purification, iliei&ing 5.9g of (+)-1,1-dimethylethj] fi-[[4—[[1-[(1,1-dimeﬂ1yl—
ethoxy)carbonyl]-1H-benzimidazol-2-ylJamino]-1-piperidinyljmethyl]-2-methyl-
propyljcarbamate (interm. 38).

Example A16
5 A mixture of 1-[4-[[1-(8-quinoclinyl)-1 H-benzimidazol-2-ylJamino]-1-piperidinyl]-

3-methyl-2-butanone (0.0222 mol) and benzenemethanamine (0.0666 mol) in methanol
(250ml) was hydrogenated at 40°C under a 3 bar pressure for 24 hours with palladium
on activated carbon (1.5g) as a catalyst. After uptake of hydrogen, the catalyst was
filtered through celite, washed with CH»Cl, and CH30H and the filtrate was

10  evaporated. Palladium on activated carbon (1.5g) and methanol (250ml) were added
again. Hydrogenation was continued at 40°C under a 3 bar pressure for 24 hours.
After uptake of hydrogen, the catalyst was filtered through celite, washed with CH,Cl,
and the filtrate was evaporated. The residue (22g) was purified by column
chromatography over silica gel (eluent: CHCly/CH3OH/ NH40H 95/5/0.1 and

15  85/15/1; 20-45 um). Three pure fractions were collected and their solvents were
evaporated, yielding 2.6g 1-[4-[[1-(1,2,3,4-tetrahydro-8-quinolinyl)-1 H-benzimidazol-
2-yl]amino)-1-piperidinyl]-3-methyl-2-butanone (interm. 40) (fraction 1), 2.9g of
fraction 2 and 0.7g of fraction 3. Fraction 2 and 3 were crystallized from CH3CN. The
precipitate was filtered off and dried, yielding 0.82g (+)-N-[1-[3-methyl-2-

20  [(phenylmethyl)aminoJbutyl}-4-piperidinyl}-1-(1,2,3,4-tetrahydro-8-quinolinyl)-1H-
benzimidazol-2-amine ; mp. 126°C and 0.55g of N-(4-piperidinyl)-1-(1,2,3,4-
tetrahydro-8-quinolinyl)-1H-benzimidazol-2-amine; mp. 205°C (comp. 48).

Example A17
a) A mixture of N-(4-piperidinyl)-1-(4-quinolinylmethyl)-1H-benzimidazol-2-amine

25  {(comp. 23) (0.0129 mol), chloroacetonitrile (0.0155 mol), potassium iodide (0.00129
mol) and potassium carbonate (0.0258 mol) in 4-methyl-2-pentanone (80ml) was
stirred and refluxed for 5 hours. HyO was added. The solvent was evaporated. HpO
and CH,Clp were added. The precipitate was filtered off. The filtrate was separated
into its layers. The organic layer was dried (MgSQy), filtered and the solvent was

30 evaporated. The residue (3.5g) was purified by column chromatography over silica gel
(eluent: CHyCly/ CH3OH/NH4O0H 95/5/0.3; 15-40 pm). The pure fractions were
collected and the solvent was evaporated. The residue was crystallized from CH3CN.
The precipitate was filtered off and dried, yielding 0.94g 4-([1-(4-quinolinylmethyl)-
1H-benzimidazol-2-ylJamino]-1-piperidineacetonitrile; mp. 190°C (interm. 41).

35 b) A mixture of N-(4-piperidinyl)-[1,2’-bi-1H-benzimidazol]-2-amine (comp. 71)
(0.01 mol), chloroacetonitrile (0.01 mol) and sodium hydrogen carbonate (0.02 mol) in
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DMF (50ml) was stirred at 50°C overnight. The solvent was evaporated. The residue
was taken up in HO and the mixture was ex_trécted with CH2C1;. The organic layer
was separated,-dried, ﬁitered and the solvent was evaporated. The residue was
suspended in DIPE, filtered off and dried, yielding 2.3g (63 %) of product. This
fraction was purified over silica gel on a glass filter (eluent: CH2Clp/(CH30H/NH3)

97/3). “The pure fractions were collected and the solvent was evaporated, yielding

1.36g (37%) of 4—[(1,2’-bi—1H—benzimidazol-2;yl)amino]-l-pipeﬁdine-acetonitrile
(interm. 42). ' ' '

Example A18

Preparation of intermediate @H/n\é (84)

A mixture of 2-chloro-1H-benzimidazole (0.0189 mol) and 1,1-dimethylethy]
2-aminocyclohexanecarbamoate (0.04725 mol) (prepared according to Ala))was
stirred at 140°C for 3 hours, then brought to room temperature and taken up in
CH2Clo/CH;0H. The same procedure was repeated 3 times on the same quantities of
2-chloro-1H-benzimidazole and 1,1-dimethylethyl 2-aminocyclohexanecarbamoate.
The mother layers were brought together, dried MgSOy), filtered and the solvent was
evaporated. The residue (28g) was purified by column chromatography over silica gel
(eluent: CH,Cl,/CH3;OH/ NH,OH 96/4/0.1; 15-35pm). Two fractions were collected
and the solvent was evaporated, yielding 4.5g of intermediate (84) (24%).

Example A19
[0}

~Hear IO

Preparation of intermediate H !\(Ij (76)

A mixture of quantities of ethyl 4-(1H-benzimidazol-2-ylamino)-1-piperidine-

S & X
carboxylate (0.0154 mol), Rﬁ/ (0.0154 mol) (prepared

according to A14d) and X,CO3 (0.0463 mol) in CH;CN (50ml) and DMF (5ml) was
stirred and refluxed for 6 hours, poured out into H,O and extracted with EtOAc. The
organic layer was separated, dried (MgSOy), filtered and the solvent was evaporated.
The residue was purified by column chromatography over silica gel (eluent:
CH,ClCH;0H 97/3; 35-70um). The pure fractions were collected and the solvent was
evaporated, yielding: 0.87g of intermediate (76) (13%).
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Example A20
(82)

a) Preparation of intermediate

A solution of ° (0.0105 mol) (pfepared according to

ooy

Alb) in HCI 6N (60ml) was stirred and refluxed for 12 hours and then brought to room
temperature. The solvent was evaporated. The residue was taken up in 2-propanol. The
precipitate was filtered off, washed with CH;CN, washed with diethy] ether and dried,
yielding: 4g of intermediate (82) (94%).

N:
b) Preparation of intermediate (83)

YD

Intermediate (82 (0.0094 mol) was added at room temperature to CH;Cl, (70ml). Et;N
(0.0188 mol) was added. 1,1’-carbonylbis-1H-imidazole (0.0188 mol) was added. The
mixture was stirred at room temperature for 4.5 hours. (Methylamino)acetonitrile .HCI
(0.0188 mol) was added. The mixture was stirred at room temperature for 12 hours, The
organic layer was separated, washed twice with water, dried (MgSOy), filtered and the
solvent was evaporated. The residue was purified by column chromatography over
silica gel (eluent: CH,Cl,/CH;0H 98.5/1.5; 35-70 um). The pure fractions were
collected and the solvent was evaporated. The residue (2.2g) was crystallized from
CH;CN. The precipitate was filtered off and dried, yielding: 1.5g of intermediate (83)
41%).

Example A21

N

/@/ (interm. 85) (0.0461 mol)
“Y"Ij

A mixture of intermediate
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(prepared acc-ording to Alb) in HC1 3 N (200ml) was stirred and refluxed for 1 hour.

The solvent was evaporated. The residue was taken up in EtOAc and NH4OH. The

mixture was stirred for 30 minutes and filtered. The solvent was evaporated. The
product was used ' '

without further purification, yielding 14g of

Tables 1, 2 and 3 list intermediates which were prepared analogous to one of the above
examples.

Table 1
N
fq LA
CHy— O—C—NC>— 4
L Ry
Rb
Int.|Ex. |R* |R® |R® nla |*|b |R* |R® |Rf|RE
No.| No.
43 |al0c|H |H |H - 1|{N [2|lc |- |8 |H |H
44 |A12 | cls|H lo(CH).0CHs |1 |cH |8|c |H |H |H |-
45 |A12 |CHs|H |o(CH)0CHs |1 |CcH |2]|Cc |- H |H |H
46 [A7c |cH{H {H 1lcH |2IN |- ocHs|- |H
47 A7c |H |H |H 1|cu |2|lc |- |H |H |a
48 |A7¢ |H |H |H 1|lcu |2lc |- |H |a|H
49 A7c |H |H |H 1|lcu {2|lc |- |H |H |H
2 Alb |CH|H |H 1{cu |2|lc |- |H |H |H
50 [A12 | CH;| CHs| OC,H; 1|cH |glc |[H |H |H |-
51 |12 [CHs|H | OC,H;s 1{cH {2]c |- |H |H |H
52 |A12 | CH;|H | OCHs 1|CcH |2|C |- |oCH:|H |H
31 |A12 |CH3|H | OCH;s i1|cH |slc {H |H [|H |-
53 a3f {H |H |H 1|cH |8|c |H |H H |-
54 la3f [CHalH |H 1|lcu [8iN |H |H |-
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Int. |Ex. |R* |R® |R° nfa |*[b |R® [R° [R[R®
No.{ No. ) _
55 A7c [CH;|H |H 1{CH |8|C [CH; |H H |-
11 JA3f |CH;|H |H 1|CH |8|N [CH; [CHs {- |-
56 A7c |H |{H |H 1|CH |{4|C IH H - |H
57 Aic |H |CH3|H 1{CH |8|C {H H H |-
27 AlociH |{H [H 1[N g§(C |H H H |-
58 A10c|H |H |- 0|CH |8|C |H H H |-
66 {Al2 | CHs| CH3| O(CHs)OCHs |1 |CH |8iC [|H H H |-
67 A12 |CH3| H | O(C;Hs)OCHs |1 {CH [8]C [H H H |-
68 |Alb | CH3| CHs| CH; 1]CH {8|C |H H H |-
69 Alb {CH3lH |H 1{CH |2(C |- OCH; [H |H
70 Alb |CH3|H |H 1|CH [2|N |- H - |H
71 |JAlb |CH3|H {H 1 |{CH |8{C |OCH;3jH H |-
* = position bicyclic heterocycle
Table 2
(CHp)y—L
(A N
Cﬁg—?—O—C—NO—N |
R N
R
Int. |Ex. |R* [R® |n L
No.| No.
59 A2 [CH;[H |0 (;[Nj\
N Cl
60 A8 |H |H |0 Q[”j
61 |A2c |[H |H |0 ij
N
N, 1
5 lA2c |CH3{H |oO Q[;r
21 A7c |[H |H |1 /(j:}_c"’
N
CH;
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Int.|Ex. [R* |R® |n | L
No. | No. :
62 |A3f |CHs|H iD\m
63 |A7c |CH; |H C]:;'
64 |a7c |H |H s:@
—
65 |A2c | CHy| H —<:©
22 A8 |H (H qj
) N
72 |A2¢ | CH3| CH; (F[b/q
73 |A2c | CH;3| CHs q;j\ﬂ
74 A2c | CHaj CH, (;(? )
. 3.
75 |A2 | CH;| CHs| EF(":[
3
76 |a19 |[H |H \@
Table 3
~
|
N
N,

L—Nm—(lLJ@
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Int. Bx. L Physical data,
No.No.
77 Alb
NN CHy)s
78 |Alb
SN OIC(CHB)3
H
79 IA1b trans
C(CH3)3
o
80 (Al4d 0\/? ' :
_ N"\s/
e
81 [Alde °(\(
CH,
o
H
82 |A20
GII/\
83 {A20 b
- N
N//\/ r\
B. aration of the final compounds
Example B1

a) A mixture of 2-propanol and hydrochloric acid (15ml) was added to a mixture of
intermediate (2) (0.0284 mol) in 2-propanol (150ml). The mixture was stirred and
refluxed for 90 minutes and cooled. The precipitate was filtered off, washed with
2-propanol and DIPE and dried, yielding 10.36g of N~(4-piperidinyl)-1-(2-quinolinyl-
methyl)-1H-benzimidazol-2-amine dihydrochloride (comp.1).

b) A mixture of compound (1) (0.01 mol) and scdium carbonate (0.03 mol) in
4-methyl-2-pentanone (250ml) was stirred and refluxed for a few hours using a water
separator (until gas development stops). 2-Bromoethyl carbamic acid 1,1-dimethyl-
ethyl ester (0.015 mol) was added. The mixture was stirred and refluxed for 18 hours
using a water separator, then cooled, washed with H;O, dried, filtered and the solvent
was evaporated. The residue was purified by column chromatography over silica gel
(eluent: CH,Cl/C,HsOH 95/5 and 90/10). The pure fractions were collected and the
solvent was evaporated, yielding 3.8g of 1,1-dimethylethyl [2-[4-[[1-(2-quino-
linylmethyl)-1H—benzinﬁdazol-2—yl]a:ﬁino]—l-pipeﬁdinyl}emyllcarbamate (comp. 2).
¢) A mixture of compound (2} (0.0076 mol) in a mixture of 2-propanol and
hydrochloric acid (10m1) and 2-propanol (100ml) was stirred and refluxed for 1 hour
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and then cooled. The precipitate was filtered off, washed with 2-propanol and DIPE
and dried, yielding 3.08g of N-[1-(2-aminoethyl)-4-piperidinyl]-1-(2-quinoliny}-
methyl)-1H-benzimidazol-2-amine tetrahydrochioride - monohydrate (comp. 3).

d) A mixture of compound (115) (0.00305 mol) in HBt/HOAc 33% (34ml) was stirred
at room temperature for 2 hours, poured out on ice, basified with a concentrated
NH;OH solution and extracted with CH;Cl,. The organic layer was separated, dried
(MgSOy), filtered and the solvent was evaporated. The residue was purified by column
chromatography over silica gel (eluent: CH,Cly/CH;0H/NH,0OH 96/4/0.2; 15-40 pm).
Two fractions (F1 and F2) were collected and their solvents were evaporated, yielding
0.56g F1 (46%) and 0.69g F2 (50%). F1 was crystallized from diethyl ether. The
precipitate was filtered off and dried, yielding 0.27g of (+)-N-[1-(2-amino-3-
methylbutyl)#piperidinyl]-4-mcthy1—1-(8-quinolinylmethyl);IH-benzimidazol-Z-
amine (comp. 116). ' .

¢) A mixture of compound (155) (0.0024 mol) in CH;0H (3ml) and 2-propanol (15ml) -
was stirred and refluxed for 2 hours, filtered, washed with 2-propanol and dried. The
residue (1.05g) was taken up in CH,Cl; and basified with NH,OH. The organic layer
was separated, dried (MgSO,), filtered and the solvent was evaporated. The residue
(0.42g) was purified by column chromatography over silica gel (eluent: CH,Cly/
CH;OH/NH4OH 85/15/2; 15-40 pm). The pure fractions wcré colléctéd and the solvent
was evaporated. The residue (0.35g) was dissolved in CH3OH and converted into the
ethanedioic acid salt. The precipitate was filtered off and dried. This fraction was taken
up in water and CH;Cl, and alkalized with K2CO3 10%. The orgimic layer was
separated, dried (MgSQO,), filtered and the solvent was evaporated. The residue (0.21g)
was purified by column chromatography over silica gel (eluent: CH>Cl,/CH30H/
NH,OH 75/28/1; 15-40 um). The pure fractions were collected and the solvent was
evaporated, yielding 0.13g of compound (156). '

Example B2

A mixture of intermediate (27) (0.02 mol) in hydrochloric acid (6N) (85ml) was stirred
and refluxed at 50°C overnight and then brought to room temperature. The solvent
was evaporated. The residue was taken up in K2CO3 10% and extracted with CHaCly.
The organic layer was separated, dried (MgSO4), filtered and the solvent was
evaporated, yielding 5g (69%) of N-(4-piperidinyl)-3-(8-quinolinylmethyl)-3H-
imidazo[4,5-b]pyridin-2-amine (comp. 41).

Example B3 |

A mixture of intermediate (41) (0.00668 mol) in a solution of ammonia in methanol
(7N) (70ml) was hydrogenated at room temperature under a 3 bar pressure for 5 hours
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with Raney nickel (27é5as a catalyst. After uptake of jdfBgen (2 equiv.), the catalyst
was filtered through celite, washed with CH,Cly and CH30H and the filtrate was
evaporated. The residue was taken up in CH,Cl> and a small amount of CH3OH. The
organic solution was washed with HpO, dried MgSOy), filtered and the solvent was
evaporated. The residue was crystallized from EtOAc. The precipitate was filtered off
and dried, yielding 1.6g (60%) of N-[1-(2-aminoethyl)-4-piperidinyl]-1-(4-quinolinyl-
miethyl)-1H-benzimidazol-2-amine ; mp. 196°C (comp. 24).

Example B4

A mixture of intermediate (36) (0.00351 mol) in hydrazine (2.5ml) and ethanol (30mI)
was stirred and refluxed for 20 minutes and brought to room temperature. Ice water
was added. The mixture was extracted with CHzCl; and separated into its layers. The
aqueous layer was washed twice with CHzCly. The combined organic layer was dried
(MgS0Oy), filtered and the solvent was evaporated. The residue was taken up in diethyl
ether. The precipitate was filtered off and dried, yielding 1g of (x)-N-[1-[1-(amino-
methyl)-2-methylpropyl]-4-piperidinyl]-1-[ethoxy(8-quinolinyl)methyl]-1H-
benzimidazol-2-amine; mp. 202°C (comp. 100).

Example B5

Intermediate (32) (0.1382 mol) was added at 55°C to a mixture of (:)-1-_[ethoxy(3-
methoxy-2-quinolinyl)methyl}-N-(4-piperidinyl)-1H-benzimidazol-2-amine (0.0346
mol) and potassium carbonate (0.242 mol) in acetonitrile (108ml) and DMF (20ml) (1
equiv of intermediate (32) was added every hour). The mixture was stirred at 55°C for
1 hour and filtered. The filtrate was poured out into H20 and the mixture was
extracted with EtOAc. The organic layer was separated, washed with a saturated NaCl
solution, dried (MgSQ4), filtered and the solvent was evaporated. The residue was
purified by column chromatography over silica gel (cluent: CH,Clp/CH30H/ NH4OH
98/2/0.4 and 96/4/0.5; 20-45 pm). Two fractions were collected and their solvents
were evaporated, yielding 2.5g (23%) of (+)-1,1-dimethylethyl [1-[[4-{[1-[ethoxy(3-
methoxy-z-quinolinyl)methyl']-IH—bcnzimidazol-Z-yI]amino}- 1-piperidinylJmethyl]-2-
methylpropyl]lcarbamate (comp. 38).

Example B6

A mixture of 1-[4-[[1-(2-quinolinylmethy})-1H-benzimidazol-2-yljamino]-1-
piperidinyl)-3-methyl-2-butanone (0.0158 mol) and benzenemethanamine (0.0474 mol)
in methanol (150ml) was hydrogenated at 40°C under a 3 bar pressure for 48 hours
with palladium on activated carbon (0.7g) as a catalyst. After uptake of hydrogen (1
equiv), the catalyst was filtered through celite, washed with CH;Cly/ CH30H and the

filtrate was evaporated. The residue (11.5g) was purified by column chromatography
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over silica gel (eluent: CH2Cly/CH30OH/NH4OH 94/6/0.5; 20-45 pm). The pure
fractions were collected and the solvent was evaporated, yleldmg 4g of residue. This

fraction was converted into the hydrochloric acid salt with 2-propanol/ HCl. The

precipitate was filtered off and dried, yielding 5.1g of product ‘This fraction was
converted into the free base and then purified by column chromatography over Cig
(eluent: CH30H/NH40Ac 60/40 and 80/20; column: KROMASIL C18). Two pure
fractions were collected and their solvents were evaporated, yieiding 0.8g of fraction 1
and 2g of fraction 2. Fraction 1 was crystallized from diethyl ether. The precipitate
was filtered off and dried, y1eld1ng 0.5g of (+)-N-[l-(2—ammo-3—methy1buty1)-4~
piperidinyl}- 1—(2-qmnohnyhnethyl)—lH benmmdazol—Z—amme, mp. 135°C (comp. 6).
Fraction 2 was dissolved in 2-propanol and converted into the hydrochloric acid salt
(1:4). The precipitate was ﬁltered off and dried, y_1cldmg 2. 2g of (£)-N-[1-(2-amino-3-
methylbutyl)—4-piperidiny§]—.,1-[(l,2,3,4-tetrahydro-2-quinolinyl)methyl]-l H-
benzimidazol-2-amine té&éhydrochloﬁde monohydrate; mp 230°C (comp. 46).

Example B7

a) A dispersion of sodium hydnde in a mineral oil (60%) (0.01 mol) was added
portionwise at 0°C under N> flow to a mixture of intermediate (38) (0.005 mol) in
DMF (25ml). The mlxture was stirred at room temperature for 1 hour. A solution of
2-(bromomethyl)-3-methoxyquinoline (0.0055 mol) in DMF (10ml) was added
dropwise. The mixture was stirred at room temperature for 2 hours, hydrolized with
K2CO3 10% and extracted with EtOAc. The organic layer was separated, washed with
NaCl, dried (MgSOy), ﬁlteréd and the solvent was evaporated, yielding 4.5g (>100%)
of (£)-1,1-dimethylethyl [1-[[4-[[1-[(3-meﬂloxy-z-qmnohnyl)methyl] -1H-benzimi-
dazol-2-yl]-amino}- 1—plpendmyl]memyl]-z-methylpropyl]carbamate (comp. 14).

b) A dispersion of sodium hydride in a mineral oil (60%) (0.014 mol) was added
portionwise at 0°C under N> flow to a mixture of intennedia;te (38) (0.007 mol) in
DMF (30ml). The m_ixturé v{zas stirred at 5°C for 1 hour. A soltiﬁon of (£)-2,8-di-
bromo-5,6,7,8-teuahydroquihohne (0.0084 mol) in DMF (10ml) was added dropwise.
The mixture was stirred at room temperature for 2 hours. H0 and EtOAc were added.
The organic layer was separated, washed with a saturated NaCl solution, dried
(MgSQy), filtered and the solvent was evaporated. The residue (5.6g) was purified by
column chromatography over silica gel (eluent: CH>Clp/CH30H/NH4OH 97/3/0.5; 20-
45 pm). The pure fractions were collected and the solvent wﬁs evaporated, yielding
1.1g (25%) of (+)-1,1-dimethylethyl [1-[{4-[[1-(2-bromo-5,6,7,8-tetrahydro-8-
quinolinyl)—lH-benzimidale-Z-yl]amino]-1-piperidinyl]meth&l]—'Z—methylpropyl]-
carbamate (comp. 55). |
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¢) A mixture of intefinediate 84 (0.0145 mol), 8-bromométtiylquinoline (0.0174 mol)
and K>COj3 (0.029 mol) in CH3N (70ml) was stirred and refluxed for 4 hours, then
brought to room temperature. The solvent was evaporated. The residue was taken up in
HO and extracted twice with CH,Cl,. The organic layer was separated, dried (MgSQOy),
filtered and the solvent was evaporated. The residue was crystallized from diethyl
ether/CH3CN. The precipitate was filtered off and dried, yielding 5.07g of compound
79 (74%).

Example B&

c) (:)—N-[1-(2-ami:i6-3-mcthylbutyl)—4—pipeﬁdinyl]-1-{(5,6,7,8-tetrahydro—3—meﬂ10xy—
2-quinolinyl)methyl]-1 H-benzimidazol-2-amine tetrahydrochloride monohydrate
(0.00218 mol) was basified with KoCO3 10%. The mixture was extracted with
CHClp. The organic layer was separated, dried (MgSOy), filtered and the solvent was
evaporated, to give A". A mixture of A’ in dichloromethane (50ml) was cooled to 0°C.
A solution of tribromoborane in dichloromethane (0.01526 mol) was added dropwise.

The mixture was stirred at room temperature overnight, poured out on ice, basified
with a concentrated NH4OH solution, decanted and extracted with CHyCla. The

organic layer was separated, dried (MgSO4), filtered and the solvent was evaporated.
The residue (1.1g) was purified by column chromatography over silica gel (eluent:
CH,Cly/CH3;OH/NH4OH 90/10/0.5; 20-45 pm). The desired fractions were collected
and the solvent was evaporated. The residue was converted into the hydrochloric acid
salt (1:4) with HCl/2-propanol. The precipitate was filtered off and dried, yielding
0.5g (37%) of (+)-N-[1-(2-amino-3-methylbutyl)-4-piperidinyl]-1-[(5,6,7,8-tetrahydro-
3-hydroxy-2-quinolinyl)methyl]-1H-benzimidazol-2-amine tetrahydro-chloride '
monohydrate; mp. 240°C (comp. 63).

Example B9
a) A mixture of compound 158 (0.0089 mol) in HC1 3N (40ml) was stirred at 100°C

for 12 hours, then brought to room temperature and poured out on ice and NH,OH.
EtOAc was added. The preciéitate was filtered off, washed with EtOAc and dried,
yielding 2g of compound 159.

b) A mixture of compound 168 (0.00895 mol) in HC1 3N (35ml) was stirred at 100°C
for 24 hours. The solvent was evaporated. The residue was taken up in EtOAc. The
mixture was basified with NH;OH. The organic layer was separated, dried (MgSO,),
filtered and the solvent was evaporated. Part of this fraction (0.7g) was crystallized
from CH3CN. The precipitate was filtered off and dried, yielding 0.3g of compound
167.
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¢) A mixture of compound 176 (0.00373 mol) in HC1 3N (20ml) was stirred at 100°C
for 12 hours, brought to room temperature, poured out on ice, basified with NH,OH
and extracted with EtOAc The organic layer was separated, dned (MgSO,), filtered
and the solvent was cvaporated This fraction was dlssolved in 2-propanol and
converted into the hydrochlonc acid salt (1:3). The prcc:pxtate was filtered off and
dried, yielding 1.5g of compound 173 (77%). :

Example B10

A mixture of intermediate | . (interm. 87) (0.002 mol)

o
(prepared according to A1b)), 1,2-ethanediamine (0.02 mol) and NaCN (0.0002 mol)
in CH30H (7ml) was heated at 45°C for 4 hours and then brol__lght to room temperature.
Water was added. The mixture was extracted with CH;Cly, T:he organic layer was
separated, dried (MgSO,), filtered and the solvent was evaporated. The residue (0.65g)
was purified by column chromatography over silica gel (eluex_fit: :
CH;Cl,/CH;OH/NH,OH 90/10/1; 35-70 pm). The pure fractions were collected and -
the solvent was evaporated, yielding 0.42g of compound 170'(56%)

Example B11

A mixture of intermediate (interm. 88) (0.0077 mol)

(prepared according to Al4a)) and formic acid/NH; (0.0462 mol) in formamide (35ml)
was stirred at 140°C for 30 min and then brought to room temperature, CH;Cl, was
added. The organic layer was separated, washed with K2COs 10%, dried (MgSOy),
filtered and the solvent was evaporated. The residue (4g) was ',pu_rifiod by column
chromatography over silica gel (eluent: CH,Cl/CH;OH/NH,OH 97/3/0.1; 15-40 pm).
Two pure fractions were collected and their solvents were evaporaited. The second
fraction was crystallized from CH3CN and diethyl ether. The precipitate was filtered
off and dried, yielding: 1.37g of compound 137 (46%).

Example B12
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Isopropyl titanate (IV) '(6:.0294 mol) was added at room f@ﬂ‘)iicrature to a mixture of
intermediate 85 (0.0245 mol) and 1-acetylpiperazine (0.027 mol) in CH>Cl, (50ml) and
ethanol (50ml). The mixture was stirred at room temperature for 7 hours. NaBH;CN
{0.0245 mol) was added portionwise. The mixture was stirred at room temperature for
12 hours. H,O was added. The mixture was filtered over celite and washed with
CH;Cl,. The filtrate was separated into its layers. The organic layer was dried (MgSOy),
filtered and the solvent was evaporated. The residue (6.7g) was purified by column
chromatography over silica gel (eluent: CH,Cl/CH;OH/NH,OH 95/5/0.2; 15-40 pm).
The pure fractions were collected and the solvent was evaporated. This fraction was
crystallized from 2-propanone. The precipitate was filtered off and dried, yielding:
0.64g of compound 176.

Tables 4 to 13 list the compounds of formula (I) which were prepared according to one
of the above examples.

Table 4
8 ob
s &~ ' ,
Ry i/
4g /> 8
SL/N1
/2
?Hz
N
R"—l'i Hm
Comg Ex. |a |R® R® + IRC Physical data
No. | No.
1 Bla |CH |H H 2 H HC1 (1:2)
2 Bb [CH |H H 2 *k
3 Blce |CH |H H 2 CH,CH.NH, HCI(1:4):H,0(1:1)
4 Bla |CH |H H 8 H
5 Bla |CH |H H 2 H
6 B5 |CH |H H 2 CH,CHZ-propyl)NH,
7 B3 |CH |H H 8 CH(2-propyl)CH,NH,
8 IB3 |CH|H H 2 | CHQ2-propyDCH;NH. | B0 (1:1)
9 Bla {CH |H 8-Cl 2 H HCI(1:2)
10 |Bk |CH |H H 8 CH,CH(2-propyl)NHa
11 (B3 |CH |H 8-Cl 2 CH(2-propyl)CH.NH,
12 Bla (CH {[40H |H 2 H
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CompEx. {a |[R* |R® |+ |R® Physical data
No. | No. : . : .
13 |B3 {cH|H |[sci |2 |CH,CHQpropy)NH,
14 |B6a |CH |3-OCH:;|H 2 | (C=0)OC(CH:)s
15 |Ble |[CH |30CH;|H |2 |CH,CH(-propy)NH,
16 |Béa [N |[3CHy |H |2 |*=
17 |Ba |CH|H [H . |8 |=m | HC1 (1:3)
18 |Ba [N [H |H |8 |H N
19 |Be [N |H H 8 | CH,CHQ2-propy)NH, | HCI(1:3); Hy0(1:3)
20 |Bla [N |3-0CH;|H 2 |H '
21 |B4 |N |3-0CH:;|H 2 e
22 |Blk |N 3-OCH;| H 2 CH,CH(2-propyl)NH,
23 |Bl |CH |H H 4 |Hm
24 |B2 |cH |H H 4 | CH,CHNH,
88 |[Bla |N [2CH, {3cH; {8 |H
89 (Bl |N |[2CH; {3-CH; |8 |CH,CHQ-propyDNH, | HCI(1:4);H,0(1:2)
9% |Bla |CH |2-CH; |H 8 |H
91 |Blc |cH |2CH, |H 8 | CHCH(2-propyDNH, | H,0 (1:1)
92 (B2 |cH |2cH, |H 8 | CH;CH,NH,
104 |B3 [cH |H H 8 | CH;CH(2-propy)NH,
105 |B3 (cH |H H 8 | CH(2-propy)CH;NH,
106 |Ble [N |3CH; |H 2 | CH:CHQ2-propyDNH, | H,0(1:2)
109 |B5S |CH |H H g | %
110 {BS |N |2CH; [3-CH; |8 |
111 |BS |CH |2CH; |H g | ek
12 |Bs [N |H H g | v
113 |B7 {cH |H H g | ww

e ¥ position bicyclic heterécycle
e ** (CH,),NH(C=0)OC(CH;)s
e *** CH,CH(2-propy)NH(C=0)OC(CH;)
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Table 5 |
8
s 7
8,
A
R°—NC>—N‘H—[/ NS
L
Rb
Comp|Ex. {a |R® R |* |R° G Physical
No. } No. data
25 |Bla |CH|H H |2 |H CHOG,H; .
26 |B3 |CH|H H |2 | CHQ-propyDCHNH; | CHOCH; | H.O (1:1)
27 |B3 |cH|H H |2 | CH,CHQ-propyDNH; | CHOCH;
28 |Bla {CH |H H |2 {H o
29 |B3 |CH|H H |2 | CHQpropy)CH,NH, | *** H,0 (1:1)
30 |Bla |[CH|H H |8 |H ek
31 {B3 |CH|H H |8 | CH,CH(2-propyDNH, | **+
32 |B3 |cH|H H |8 | CHQ-propyDCH,NH, | ***
33 |Bla {CH|H H {8 |H CHOG,H;
34 |Bla |CH|3-0cH;{H |2 |H CHOG,H;
35 |Bla [N |H H {2 |H CH,
36 |B4 |N |H H |2 |* CH,
37 |Blc [N |H H |2 | CH,CH(2-propy)NH, | CH, HCl (1:4)
38 |B4 |CH|30cH;|H [2 |** CHOC,H;
39® |Blc |CH |3-0CH;|H {2 | CH.CH(2-propyl)NH; | CHOG:H; | HCI (1:3);
H,0 (1:2)
40 {B2 N |H H |2 | CH,CH,NH; CH,
41 |Bla [N |H 'H |8 |H CH,
42 Blec [N |H H |8 | CH,CH(2-propyDNH; | CH:
43 |Bla |CH |H CH:| 8 |H CH;
4 |Bla |CH|H CH;|8 |H CHOGC;H;
45 |B2 |N |H H |8 | CH,CHNH, CH;
100 |B3 |CH{H H 8 | CH(2-propyl)CH,NH, | CHOC,H;s
107 [Bic |CH {H H |8 CHZCH(Z-pgopyl)NHz CHOG;H;
H{(CH;),
115 |B5 |CH|H CH;| 8 \/T\ﬁ/ﬂ\o/c(ms)’ CH,
116 |B1d [CH |H CH,| 8 | CH,CH(2-propyhNH, | CH,
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Comp{Ex. |a {|R R |* |R° G Physical
No. | No. data
117 |Bld |CH |H CHs| 8 | CH=0 CH;
118 ({Bid |cH |H CH;| 8 | CH.CH,NH, ok H,0(1:1)
119 |Bid |cH |H CH;| 8 | CHLCH(2-propy)NH, | ***
120 |B3 N |H CH;| 8 | CH,CH,NH, ‘CH, HCI(1:4);
H,0(1:3)
121 |B1d [CH|H CHs| 8 | cH=0 e
122 |Blc [N |H CH| 8 | CH,CH(2-propy)NH; | CH, HCI(1:4);
| H,0(1:1)
123 ({Bld |CH|H CH;| 8 | CHCH,NH, CH,
124 {Bic |cH|H H |8 | CH.CHNH, e HCI(1:3);
| H,0(1:2)
125 |Blc |cH|H CHs| 8 | CH,CH,NH, CHCH, |H,001:1)
126 |Bld |CH|3-OCH;|H |2 |CH.CHNH, CH, H,0(1:2)
127 |Bic {cH|4-cH, |H |2 | CHCHE-propyDNH, | CH, HCI(1:4);
| H,0(1:1)
128 |Blc |CH|H H |8 | CH,CH,NH, CH, HCI(1:4);
' HO(L:1)
129 |Blc |CH|H H |8 | CH,CHNH, CHCH; . | H,0(1:1)
130 |Bic |cH|4cH, |H |2 | CH.CHNH, CH, HCI(1:4);
| . H,0(1:2)
131 |Blc |CH|H H |4 | CH,CH(2-propyhNH, | CH, HCI(1:4);
' H,0(1:2)
131 |Bib [CH|H CH,| 8 CH,
. /\ﬁ C(CHy)3
132 |Bwb |cH|H H |8 /ﬁ\ |em
: . O/C(CHs)s
H
133 |B2 |cu|H H |8 |H CHCH, |HCI(1:2);
H,0(1:2)
134 |Blc |cH|H H |2 | CH.CHNH, CHCH, |H,0(1:1)
135 |B2 |cH|4CH; |H |2 |H CH, HCI(1:2)
136 |B2 |N |H CH:|8 |H CH,
137 |B11 |cH|H H {8 |cH= CH,

* position quinoline
** CH,CH(2-propy)NH(C=0)OC(CH;);

*** CHO(CH,),OC;H;
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Table 6
€
s 7
4.7 R 8
3 / NH
/X
G
|
RE—N
N
Comp. |Ex. * |G R* Physical data
No. No.
46 Bs5 2 |CH, |CH,CH(2-propyNH, | HCK1:4);H,O(1:1)
47 B5 8 -CHz CH,CH{(2-propyhNH; | HCI(1:4);H0(1:1)
48 B5 8 |- H
49 B35 8 |- CH,CH(2-propyDNH, | H;0 (1:1)
* position bicyclic heterocycle
Table 7
-]
5 7
RA .
41' /\
SI\/N 1
/2
G
|
O
N
Rc
Co. |Ex. {*la R 4G |R R°® | Physical data
No. | No.
50 Bla |[8|CH H - H H
51 |B5 {8|cH H - | CH,CH(2-propy)NH, | H
52 Bla |8 |N H - H H | HCI(1:3)
53 B3 (8N H - | CH(2-propy)CH,NH; | H
549 B3 |8|N H - | CH,CH(2propyDNH: | H | HLO (1:1)
55 B6b {8 |CH R-Br |- ¥ H
56 Blc |8 {CH R-Br |- CH,CH(2-propy)NH, | H HCI(1:3);H,0(1:3)
57 B6b {8 {CH R-CH; |- ** H
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Co. |Ex. [*{a R G |R R° | Physical data
No. | No. '
s8 |Blc|s|cH b.cHy|- | CHCHQpropyhNH,|H | HCI(1:4)H,0(1:1)
59 |B6a|2|CH H |CHy|** H
60 |Bic|2|CH H |CH,| CH.CH-propyD)NH, | H | HCI(1:4):H,0(1:1)
161 |B6a |2 | CH B-OCH| CH,| ** H
62 |Blic |2 |CH B-OCH| CH,| CH,CH(2-propyh)NH;{ H | HCI(1:4):H,0(1:1)
63 |B7 |2 |CH P-OH | CH:| CH:CH(2-propyDNH, |H | HC(L:4):H,0(1:1)
64 |Bla|8|N Pa1 |- |H |=
65 |B4 [8|N Ba |- |* H
66 |Blc |8{N B-CI |- |CHCHQpropy)NH,|H |HCI(1:3;H0(1:1)
67 |B2 |8|N H |- |CHCHNH H |HC(Q:3):H001:3)
|68 [Blai{s|N pa |- [H |u
69 |B4 [8IN pa1 [- [** 1=
70"? |Bic {8 |N p-C1 |- |CH.CHQ-propyDNH,| H | HCI(1:3);H0(1:1)
139 |Bilc |S|N B |- |CHCHNH, 1 cH; | HOI(1:3):H,0(1:2)
140 |Bud|5|N H |- |CHCHQ-propyl)NH,| CH,
141 |Bic |5|N P |- |CHCHNH CH, | HCI(1:3);H,0(1:3)
142 |Bic |5|N

-Cl |- CH,CH(2-propyDNH; | CH,
e * position bicyclic heterocycle :
s ** CH,CH(2-propyDNH(C=0)OC(CH;)s

Table 8
Rb

R~z b

~O=1

Comp. |Ex. |a [b |R* |R G R° Physical data
No No. '

71 N [N |H |H - H

72 s [N |- H - H HBr(1:2);H,0(2:1)
73 Bla |O |[N |- H - H
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Comp. |[Ex. |a |b |R* |[R® G R® Physical data
No No.
74 N |N |H H CH, [H
75 N N H H CH; CH,CH,NH, H0 (1:1)
76 O CH |- H CH; |H
77 N |IN |CH |H CH. |H
78 Blc [N |N |CH; {H CH, | CH,CH,NH,
79 S CH §- H CH; |H
80 Bla |S N |- H CH; |H HCI(1:2);H:0(1:1)
81 B2 N [N |H H - CH,CH,;NH, HCK(1:4)
82 Bla [N |N |H OCH; |CH, |H
83 Blb |S N |- H - * H,0(1:1)
84 Blc |S N |- H - CH,CH,NH, HCK(1:3);H,0(1:1)
85 Blb {N |N |CH, |H CH, |*
86 Blb (O |{N |- H - *
87 Ble |0 |N {- H - CH,CH,NH,
* CH,CH,NH(C=0)OC(CHs)s
Table 9
oS
C(O
N
C%m

Comp. No. Ex. No. Physical data

102 Bla H HCI1 (1:3)

103 BS CH,CH(2-propyDNH, { H,O (1:1)
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Table 10
?ﬂ
N,
Rb_O——NH—J(_.D
Re
Comp.| Ex. | R® R° | G-R® Physical data
Rar No. No. ' :

' | =<CD
93 H H TN
N
~-CH.
101 CH,CH,NH, H "<\j©
. S:
94 CH.CHNH(C=0)0 |H _m

CH:CH;3

95 CH,CH,NH, = _CH
96 Bla|H H ~CHy=—y s
0

97 B2 | CH.CH.NH; H —H,c—y | ™ HCI(1:3);H,0(1:1)

98 Bla | H H -

99 | Bic | CH,CH(2-propyl)NH,| H = HCI(1:3);H0(1:3)

108 |B5 | CH,CH-propyhNH,| H _Hz‘__@
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| Comp] Ex. | R? R° |GR" Physical data
Ror No. |} No.
114 * H | —x
2N\
143 B6 | CH;CH(2-propyl)NH,] CH; —y
% CH,CH(2-propyl)NH(C=0)OC(CH)s
Table 11
. ]
5
7
4 I /\ 8
aN{ 2N
/2
g .
RC
~O-=1YY
(1]
a2
; !
Co |Ex. }a-al-aZ-a3 * |R* |R°|R G Physical
No. | No. data
144 |Blc | CH=N-CH=C {8 |H |- | CH.CH(2-propyDNH, [H, HCI(1:3);
H,0(1:4)
145 |Blc [CH=CN=C [8 |H |H | CH.CH(Q2-propyDNH, [H, HCK(1:3);
. H,0(1:2)
146 | Ble [ CH=C-C=N |8 |- H | CH,CH(2-propyDNE, [H, HCK(1:3);
H,0(1:2)
147 | B2 | CH=C-CH=C |8 |CH; |Cl|H CH,
148 | B3 |CH=N-CH=C |8 |H |- |CH.CH:NH, CHOC,Hs
149 |B2 | CH=C-CH=N {8 |- H|H CH, HCI(1:2);
H,0(1:1)
150 { Blc { CH=C-CH=C |7 | CH; | C1 | CH,CH,NH, CH, HCI(1:4);
H;0(1:2)
151 |B3 |CH=N-CH=C {8 |H |- |CH;CHNH, CH,
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Co |Ex. |a-al-a2a3 * |IR* |R°|R° 5 Physical
No. | No. - data
152 |B2 |CH=N-CH=C |8 |{H |- |H CH, HCI(1:4);
: H;0(1:2)
153 | B3 | CH=C-CH=N |8 |- H_| CH,CH.NH, CHOC,H;
s position bicyclic heterocycle
Table 12
NH.
b/
i
[ ]
Co | Ex. Physical
No. | No. ' data
154 |Blc |H | 3-propylamine HCI(1:3);H,0(1:1)
H
155 | B1b |H
msc)sc/‘\"/"\/\ NN\
5 _
156 |Ble |H | e AN
157 | B7c |H Q trans
@0 o\n— - N
B o
158 {B7c |H | BN
(o)
159 {B9a | H 2-ethylamine _
160 { Blc { H 3-propylmethylamine
161 | Blc |H cis;HCI(1:3);H,0(1:1)
HzN\/\
H
162 |Ble. [H | T HCI(1:4):H,0(1:1)
- NN
2
163 | B4 |H 3-isobutylamine
164 | Blc |H 2-ethylmethylamine HCI(1:2)
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Co |Bx. |R* |[R® Physical
No. | No. data
165 [Bla | & Q trans;H,0(1:1)
H;N
166 | B9a | CH; | 2-ethylamine
167 { B9 | H N/O\ cis
_ H
168 | B7c |H (m N/O\ cis
Hy
H
169 |B3 |H e HCI(1:3):H,0(1:2)
~N CH,—
H,N
170 | B10 | H N CH—
H,N
Ir
171 {B1O |H u (CHa: H,0(1:1)
NN CH—
H,oN
\g/
172 |Ble |H | BN A~/ \ ci— HCI(1:4);H,0(1:2)
173 | Boc | H /\ —_— HCI(1:3)H,0(1:2)
174 (Ble [H | BN~/ \ o
|
CH
175 | B7c |H Q cis
HCHC— 0_“— HN
Q
176 | B12 | H HzN\/\U/ \ A
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Table 13
ECHZ),,——L
N
O 7S
A
Ra
Co |Ex. |G L R,. |Physical
No. | No. data
177 | B1d | 2-ethylamine NI% H |HCI(1:3%H,0
1:3
N/ CH; ( )
178 | Bic | 2-ethylamine s H [HCI(1:4)H,0
N.
jl 1:4)
N
179 | Bic | 2-ethylamine Ny~ CH3|H.0(1:1)
P
N ch,
180 | B1b amac\‘jL Nyt H
{1 CHy—
{\ N CH;,
181 | Bic Wi"c‘*ﬁ’ NS H [HC(1:3)H,0
CH— g (1:2)
182 | Blc | 2-ethylamine \ H [HCL:3)H0
(1:2)
N o
183 | Bic | 2-ethylamine Z l H
N P o
N7 N _
184 | Blc | 2-ethylamine = H [HCK1:4)H,0
SNt (1:1)
185 | B1d | 2-ethylamine EOI X H (CH042:7)
P
o) N
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Table 14: Physical data
Comp. C H melting point
No.
Theor. Exp. | Theor. | Exp. ] Theor. Exp.

1 6140 | 60.70 5.85 604 | 1627 | 1554

3 51.08 51.16 6.07 635 | 14.89 14,17

4 73.92 73.29 6.49 6.52 | 19.59 19.38 206°C

6 73.27 73.12 7.74 7.73 18.99 18.77 135°C

7 73.27 71.85 7.74 7.80 18.99 18.61 188°C

8 7040 69.73 7.88 740 | 18.24 17.56 80°C

9 > 250°C
10 73.27 72.82 7.74 7.58 18.99 18.63 172°C
11 190°C
13 67.98 66.43 6.97 6.79 17.62 17.02 164°C
15 71.16 70.66 7.68 7.58 17.78 17.81 210°C
19 5145 51.64 6.97 6.89 16.15 15.96 240°C
22 68.47 68.04 745 7.52 | 20.70 20.55 206°C
23 73.92 71.70 6.49 6.53 19.59 19.92 140°C
24 71.97 69.89 7.05 7.10 | 20.98 20.07 196°C
89 51.46 53.22 6.94 7.11 15.00.| 15.14 24°C
91 70.85 69.82 3.07 8.29 17.71 17.48 180°C
92 7243 71.51 7.29 7.30 | 20.27 20.10 176°C
104 72.87 70.26 7.53 7.27 19.61 18.73 88°C
105 72.87 71.37 7.53 7.39 | 19.61 19.39 135°C
106 65.69 66.19 7.96 762 | 19.86 19.71 110°C
26 69.02 | 69.16 | 7.99 7.68 | 16.65 | 16.79 140°C
27 71.57 70.60 7.87 7.80 | 17.27 17.14 166°C
29 67.86 67.64 8.08 7.79 1532 15.15 100°C
31 70.16 68.97 7.98 7.97 15.84 15.56 110°C
32 70.16 69.35 7.98 8.34 15.84 14.73 98°C
33 | 7179 | 7072 | 678 | 717 | 1744 | 16.69 145°C
37 215°C
39 209°C
40 68.80 66.01 6.78 6.60 | 2442 2331 138°C
42 70.40 69.14 7.50 7.50 | 22.10 21.68 180°C
43 74.36 73.02 6.78 6.65 18.85 18.41 155°C
44 72.26 71.53 7.03 7.26 16.85 16.40 186°C
45 68.80 66.74 6.78 6.64 | 2442 23.77 178°C
100 71.57 71.16 7.87 7.93 17.27 17.44 202°C
107 71.57 69.77 7.87 7.85 17.27 16.40 78°C
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Comp. H N melting point

No. :
Theor. Exp. | Theor Exp. | Theor ‘Exp.

46 230°C
47 : 230°C
48 72.59 71.54 7.25 7.13 20.16 1991 205°C
49 69.30 70.08 | 8.50 _ 837 | 18.65 18.93 140°C
51 72.19 70.66 8.39 843 19.43 18.79 120°C
53 69.25 68.88 8.14 8.28 22.61 22.23
54 66.49 66.30 8.26 177 21.71 21.53 144°C
56 46.27 47.19 6.57 6.44 1245 12.16 >250°C
58 ' 210°C
60 212°C
62 52.51 53.38 7.24 7.63 13.12 12.37 240°C
63 51.76 52.74 7.08 7.32 1341 12.93 240°C
66 50.43 50.60 6.60 | 6.58 16.47 16.28 > 250°C
67 47.62 46.73 690 | 6.83 17.67 | 17.19 230°C
70 238°C
80 210°C
81 48.38 47.77 5.61 5.61

82 67.00 66.51 6.43 6.29 | 2232 | 22.12-
83 61.15 | 62.11 | 671 | 660 | 1646 | 16.88
84 48.51 48.46 5.62 5.35 16.16 16.03
87 67.00 66.42 6.43 6.55 2232 21.80
103 68.78 68.77 8.31 8.23 19.25 18.78 88°C
96 58.73 58.59 5.16 5.03 22.83 2240 144°C
97 | 210°C
99 5351 | 5263 | 17.15 7.02 | 13.87 | 13.24 200°C
108 70.08 68.99 7.92 8.10 22.00 21.65 160°C
116 203°C
117 218°C
141 225°C
177 >260°C
139 190°C
118 48°C
144 220°C
143 | 70.55 | 66.03 8.11 8.14 | 2133 | 1898
119 145°C
121 185°C
140 172°C
120 210°C




WO 01/00615 _ PCT/EP00/05677

-81-
Comp. C H N melting point
No.

Theor. Exp. | Theor. {| Exp. | Theor. Exp.
142 ' 98°C
122 245°C
154 . 90°C
145 190°C
123 194°C
124 150°C
146 _ - 240°C
125 74°C
178 160°C
150 >250°C
126 90°C
127 200°C
128 210°C
157 185°C
159 140°C
151 | 212°C
160 | 73.02 | 7295 | 6.71 6.70 | 2027 | 2035 o
129 | ] 170°C
130 150°C
131 >250°C
152 230°C
153 169°C
131 120°C
161 206°C
132 160°C
133 210°C
134 81°C
162 210°C
147 >250°C
163 168°C
179 116°C
135 | 62.16 | 62.10 | 6.12 606 | 1576 | 1571
164 146°C
136 188°C
165 112°C
166 114°C
149 210°C
180 247°C
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| Comp. C H N melting point
No. o o .
Theor. Exp. | Theor. | Exp. | Theor.{ Exp.
167 . o 167°C
181 - 235°C
182 _ _ o >250°C
184 4175 | 47.58 6.01 6.37 | 17.72 17.00
169 | 180°C
170 73°C
171 72°C
172 : 178°C .
173 : 190°C
137 : 196°C
175 . 228°C
176 _ : 168°C
185 | _ _ 158°C

C. Pharmacological example -

Example C1 : In vitro screening for activity against Respiratory Syncytial Virus.

The percent protection égéinst cytopathology caused by viruses (antiviral activity-or
ICso) achieved by tested compounds and their cytotoxicity (CC:50) were both calculated
from dose-response curves. The selectivity of the antiviral effect is represented by the
selectivity index (SI), calculated by dividing the CCso (cytotoxic dose for 50% of the
cells) by the ICs (antiviral activity for 50 % of the cells).

Automated tetrazolium-based colorimetric assays were used for determination of ICsp
and CCsj of test compounds. Flat-bottom, 96-well plastic microtiter trays were filled
with 180 ul of Eagle's Basal Medium, supplemented with 5 % FCS (0% for FLU) and
20 mM Hepes buffer. Subsequently, stock solutions (7.8 x final test concentration) of
compounds were added in 45-p1 volumes to a series of triplicate wells so as to allow
simultaneous evaluation of their effects on virus- and mock-infected cells. Five five-
fold dilutions were made directly in the microtiter trays using a robot system. Untreated
virus controls, and HeLa cell controls were included in each test. Approximately 100
TCIDs0 of Respiratory Syncytial Virus was added to two of the three rows in 2 volume
of 50 pl. The same volume of medium was added to the third row to measure the
cytotoxicity of the compounds at the same concentrations as those used to measure the
antiviral activity. After two hours of incubation, a suspension (4 x 103 cells/ml) of
HelLa cells was added to all wells in a volume of 50ul. The cultures were incubated at
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37°C in a 5% CO7 atmobphere. Seven days after infection thie cytotoxicity and the
antiviral activity was examined spectrophotometrically. To each well of the microtiter
tray, 25 ul of a solution of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyitetrazolium
bromide) was added . The trays were further incubated at 37°C for 2 hours, after which
5 the medium was removed from each cup. Solubilization of the formazan crystals was

achieved by adding 100 pl 2-propanol. Complete dissolution of the formazan crystals
were obtained after the trays have been placed on a plate shaker for 10 min. Finally, the
absorbances were read in an eight-channel computer-controlled photometer (Multiskan
MCC, Flow Laboratories) at two wavelengths (540 and 690 nm). The absorbance

10  measured at 690 nm was automatically subtracted from the absorbance at 540 nm, so as
to eliminate the effects of non-specific absorption.
Particular ICsq, CCso and SI values are listed in Table 15 hereinbelow.

Table 15

ICo. No.| ICsp (M) | CCso M) | T
42 0.0004 >10.05 >25119
31 0.0008 | 12.68 15849
56 0.0016 12.71 7943
145 0.00631 25.12 3981
6 0.0126 10.00 794
156 0.01259 19.95 1585
131 0.0316 19.94 631
53 0.1259 >9.95 >79
29 0.3162 10.12 32
148 1 25 25
97 1.5849 >99.85 >63
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Claims

1. A compound of formula

5
b

—~ 1T
N a4’

a prodrug, N-oxide, addition salt, quaternary amine, metal complex or stereochemically

isomeric form thereof wherein

-a'=a?-a’=a’- represents a bivalent radical of formula -
-CH=CH-CH=CH- (a-1);
-N=CH-CH=CH- (a-2);
-CH=N-CH=CH- (a-3);
-CH=CH-N=CH- (a-4); or
-CH=CH-CH=N- . (a-5)

wherein each hydrogen atom in the radicals (a-1), (a-2), (a-3), (a-4) and (a-5) may
optionally be replaced by halo, C,_¢alkyl, nitro, amino, hydroxy,
Ci.¢alkyloxy, polyhaloC;.salkyl, carboxyl, aminoC,.salkyl, mono- or
di(Ci4alkyl)aminoC;.¢alkyl, C,.salkyloxycarbonyl, hydroxyC,.salkyl, or a
radical of formula
J

wherein =Z is =0, =CH-C(=0)-NR*R™, =CH,, =CH-C}.¢alkyl, =N-OH or
=N-O-C,.salkyl;

Q is a radical of formula \

y * R’-E Xl— yi Kl
RZ=—N—Alk—X!——  RZ—N=—C(=0)—Alk——X1— \(CH2)“
(CHy),
®-1) ®-2) .(b-3) (b-4)
Y/n_\cﬂ_x:_ N....xz_ CH—x'— N—x2
\(C/Hz)v (CHz)v b Y\/
®-5) (b-6) ®-7) ®-8)
wherein Alk is C;.salkanediyl;
Y! is a bivalent radical of formula -NR2- or -CH(NRZR")-;
X!is NR*, S, $(=0), S(=0),, O, CHa, C(=0), C(=CH,), CH(OH), CH(CHy),

CH(OCHs), CH(SCH3), CHINR**R*®), CH,-NR* or NR*-CH;;
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A

X2 s a direct bond, CH,, C(=0), NR*, Cy4alkyl-NR*, NR*-C,_qalkyl;
tis2,3,40r5;
uis1,2,3,40r5;
vis2or3; and
whereby each hydrogen atom in Alk and the carbocycles and the heterocycles defined in
radicals (b-3), (b-4), (b-5), (b-6), (b-7) and (b-8) may optionally be replaced by
R?; with the proviso that when R® is hydroxy or Cy.¢alkyloxy, then R? can not
replace a hydrogen atom in the o position relative to a nitrogen atom;
G is a direct bond or Cy.jealkanediyl optionally substituted with one, two or three
substituents selected from hydroxy, C;.salkyloxy, arylC,.¢alkyloxy, Cisalkylthio,
arylCy.galkylthio, arylcarbonyl, HO(-CH,-CH,-O),-, Ci.¢alkyloxy(-CH,-CH,-O),-,
arylC;.salkyloxy(-CH>-CH,-0),-, amino, mono-or di(C;.galkyl)amino,
Ci-salkyloxycarbonylamino and aryl;
R! is a bicyclic heterocycle selected from quinolinyl, quinoxalinyl, benzofuranyl,
benzothienyl, benzimidazolyl, benzoxazolyl, benzthiazolyl, pyridopyridyi,
naphthiridinyl, 1 H-imidazo[4,5-b]pyridinyl, 3H-imidazo[4,5-b]pyridinyl,
imidazo[1,2-a}pyridinyl, 2,3-dihydro-1,4-dioxino]2,3-b}pyridyl or a radical of formula

H H
7 CI7 [f
(CHYm X~ CHp, <CHz)m m

c-1) (c-2) (c-3)
(C.Hz)p (CHZ)p
(c-5) 8

and said bicyclic heterocycles may optionally be substituted in either of the two cycles
with 1 or where possible more, such as 2, 3 or 4, substituents selected from halo,
hydroxy, amino, cyano, carboxy, Cy.¢alkyl, Cy.¢alkyloxy, Ci.¢alkylthio, C.salkyloxy-
C,.salkyl, aryl, arylC, ¢alkyl, arylC;.salkyloxy, hydroxyC;.salkyl, mono-or di(C;.salkyl)-
amino, mono-or di(C;.salkyl)aminoCy_¢alkyl, polyhaloCjsalkyl, C;.¢alkylcarbonylamino,
Ci¢alkyl-SO2-NR*-, aryl-SO2-NR*-, Cy.salkyloxycarbonyl, -C(=0)-NR*R*, HO(-
CH;-CH;-0),-, halo(-CH,-CH;-O);-, C1.¢2lkyloxy(-CH;-CH,-O),-, arylC,_salkyloxy(-
CH,-CH;-0),- and mono-or di(C,.salkyl)amino(-CH,-CH3-O),-;

each n independently is 1, 2,3 or 4;

each m independently is 1 or 2;
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each p independentlyis 1 or2;

each R? independently is hydrogen, formyl, C;.salkylcarbonyl, Hetcarbonyl,
pyrrolidinyl, piperidinyl, homopiperidinyl, Cs;cycloalkyl substituted with NRS),, or
Ci.10alkyl substituted with N(R®), and optionally with a second, third or fourth
substituent selected from amino, hydroxy, Cs.scycloalkyl, Ca.salkanediyl, piperidiny],
mono-or di(C;.galkyl)amino, C;.galkyloxycarbonylamino, aryl and aryloxy;

Riis hydrogen, hydroxy, C;.galkyl, C.¢alkyloxy, arylCy.salkyl or arylC,_galkyloxy;
R* is hydrogen, C,galkyl or arylC;.salkyl; |

R* R, R* and R* each independently are hydrogen or C;.alkyl; or

R* and R, or R* and R** taken together form a bivalent radical of formula -(CH,),-
wherein sis 4 or 5;

R® is hydrogen, Ci4alkyl, formyl, hydroxyC;.salkyl C;.sa.lkylcarbonyl or
Ci.salkyloxycarbonyl;

aryl is phenyl or phenyl substituted with 1 or more, such as 2, 3 or 4, substituents
selected from halo, hydroxy, C;.¢alkyl, hydroxyCl.saIkyl polyhaloC,_salkyl, and
Ci.ealkyloxy;

Het is pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl.

2. A compound according to claim 1 wherein -a'=a*-a®=a*- is a radical of formtﬂa

(a-1), (a-2) or (a-3).

3. A compound according to claim 1 or 2 wherein Q is a radical of formula (b-5)
wherein v is 2 and Y' is -NR2-.

4. A compound according to anyone of claims 1 to 3 wherein R? is Cy.jcalkyl
substituted with NHR®.

5. A compound according to anyone of claims 1 to 4 wherein G is a direct bond or
Ci.10alkanediyl optionally substituted with one, two or three substituents selected
from hydroxy, C.salkyloxy, arylC).salkyloxy, HO(-CH>-CH3-0),-, C;.salkyloxy(-
CH,-CH;-O)y-, arylCi.salkyloxy(-CH;-CHz-O)y-.

6. A compound according to claim 1 wherein the compound is selected from
(2)-N-[1-(2-aminoethyl)-4-piperidinyl]}-4-methyl-1-[1-(8-quinolinyl)ethyl]- 1 H-
benzimidazol-2-amine monohydrate; (+)-N-[1-(2-amino-3-methylbutyl)-4-
piperidinyl}-1-(2-bromo-5,6,7,8-tetrahydro-8-quinolinyl)-1 H-benzimidazol-2-
amine trihydrochloridé trihydrate; (+)-N-[1-(2-amino-3-methylbutyl)-4-
piperidinyl]-1-[(2-ethoxyethoxy)-8-quinolinylmethyl]-4-methyl-1#-benzimidazol-
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2-amine; (x)-N-[1-(2-amino-3-methylbutyl)-4-piperidinyl]-1-(2-chloro-5,6,7.8-
tetrahydro-5-quinoxalinyl)-7H-benzimidazol-2-amine trihydrochloride tribydrate;
(£)-N-[1-(2-amino-3-methylbuty})-4-pipetidinyt]-1-[(1-methyl-1H-benzimidazol-4-
yDmethyl}-7 H-benzimidazol-2-amine; ()-N-[1-(2-amino-3-methylbutyl)-4-
piperidinyl]-1-(ethoxy-8-quinolinylmethyl)-1 H-benzimidazol-2-amine; (+)-N-[1-
(2-amino-3-methylbutyl)-4-piperidinyl]-4-methyl-1-(5,6,7,8-tetrahydro-3-
quinoxalinyl)-1H-benzimidazol-2-amine; (+)-N-[1-(2-aminoethyl)-4-piperidinyl]-
7-methyl—3-(8-quinolinylmethyl)-3H-imidazo[4,5—b]pyxidin-z-amine
tetrahydrochloride trihydrate; (+)-N-[1-(2-amino-3-methylbutyl)-4-piperidinyl}-7-
methyl-3-(8-quinolinylmethyl)-3H-imidazo[4,5-b]pyridin-2-amine
tetrahydrochloride monohydrate; (+)-N-[1-(2-amino-3-methylbutyl)-4-piperidinyl]-
1-(8-quinolinylmethyl)-7 H-imidazo[4,5-c]pyridin-2-amine trihydrochloride
dihydrate; N-[1-(2-aminoethy})-4-piperidinyl]-4-methyl-1-(8-quinolinylmethyl)-
1H-benzimidazol-2-amine; N-[1-(8-quinolinylmethyl)-/H-benzimidazol-2-yl]-1,3-
propanediamine trihydrochloride monohydrate; (x)-N-[1-(2-aminoethyl)-4-
piperidinyl]-1-[(2-ethoxyethoxy)-8-quinolinylmethyl]-Z H-benzimidazol-2-amine

- trihydrochloride dihydrate; (+)-N-{1-(2-amino-3-methylbutyl)-4-piperidinyl]-1-(8-

quinolinylmethyl)-1H-imidazo[4,5-b]pyridine-2-amine trthydrochloride dihydrate;
(2)-N-[1-[1-(aminomethyl)-2-methylpropyl]-4-piperidinyl]-1-[(2-ethoxyethoxy)-8-
quinolinylmethyl]- ] H-benzimidazol-2-amine; (+)-N-{1-(2-aminoethyl)-4-
piperidinyl]-3-(2-quinolinylmethyl)-3 H-imidazo[4,5-b]pyridin-2-amine
trihydrochloride trihydrate; (&)-N-[1-(2-amino-3-methylbutyl)-4-piperidinyl]-1-(1-
isoquinolinylmethyl)- 7 H-benzimidazol-2-amine trihydrochloride trihydrate; N-[1-
(2-aminoethyl)-4-piperidinyl}-1-(5,6,7,8-tetrahydro-5-quinoxalinyl)-1 H-
benzimidazol-2-amine trihydrochloride trihydrate; (£)-N-[1-(2-amino-3-
methylbutyl)-4-piperidinyl]-3-(quinolinylmethyl)-3H-imidazo{4,5-b}pyridin-2-
amine; (x)-N-[1-(2-amino-3-methylbutyl)-4-piperidinyl]-4-methyl-1-(8-
quinolinylmethyl)-7H-benzimidazol-2-amine; (+)-N-[1-(2-aminoethyl)-4-
piperidinyl}-1-(2-chloro-5,6,7,8-tetrahydro-5-quinoxalinyl)-4-methyl- 1 H-
benzimidazol-2-amine trihydrochloride.trihydrate; (+)-N-[1-(2-aminoethyl)-4-
piperidinyl]-1-(5,6,7,8-tetrahydro-2,3-dimethyl-5-quinoxalinyl)-7 H-benzimidazol-
2-amine trihydrochloride trihydrate; (+)-N-{1-(2-amino-3-methylbutyl)-4-
piperidinyl]-1-[(2-ethoxyethoxy)-8-quinolinylmethyl]-/ H-benzimidazol-2-amine;
(£)-N-[1-(2-amino-3-methylbutyl)-4-piperidinyl-1-(3-chloro-5,6,7,8-tetrahydro-5-
quinoxalinyl)-7H-benzimidazol-2-amine trihydrochloride monohydrate; (+)-N-{1-
(2-aminoethyl)-4-piperidinyl]-1-(3-chloro-5,6,7 8-tetrahydro-5-quinoxalinyl)-4-
methyl-1H-benzimidazol-2-amine trihydrochloride dihydrate; (+)-N-[1-(2-
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aminoethyl)-4—piperidinyl]-1'-[(2_-ethoxyethoxy)—8-quinplinyhnethyl]—4—methyl-1H-
benzimidazol-2-amine monohydrate; (+)-N-[1-(2-amino-3-methylbutyl)-4-
piperidinyl]-3-(8-quinolinylmethyl)-3H-imidazo[4,5-clpyridin-2-amine
trihydrochloride tetrahydrate (:i:)-N-[1-(2-ammoethyl)—4—p1pendmyl]—3—(8-
quinolinylmethyl)-3H-imidazo[4, 5-b]pyridin-2-amine; (:)—N-[l-(Z—axmno-S-
methylbutyl)-4-piperidinyl}4-methyl-1- [(1-methyI-IH-benzthdazol-4-yl)methyl]-
1H-benzimidazol-2-amine; (£)-N-[1-(2-amino-3-methylbutyl)-4-piperidinyl}-1-(2-
chloro-5,6,7,8-tetrahydro-5-quinoxalinyl)-4-methyl-1H-benzimidazol-2-amine; a
prodrug, N-oxide, addition salt, quaternary amine, metal complex or
stereochemically isomeric form thereof. -

A compound according to any one of claims 1 to 6 for use as a medicine.

A pharmaceutical combositibncomprising a pharmaceutically acceptable carrier,
and as active ingredient a thgtapeutically effective amount of a compound as
described in any one of claims 1 to 6.

A process of prepaﬁng a composition as claimed in claim 8, characterized in that. a
pharmaceutically acceptable carrier is intimately mixed with a therapeutically
effective amount of a compound as described in any orie of claims 1 to 6.

An intermediate of formula

N. al\ 2
o I I ™

NN\ #8 _
with R!, G and -a'=a-a’=a*- defined as in claim 1, P being a protective group, and
Q1 being defined as Q according to claim 1 but being devoided of the R or R®

substituent,

An intermediate of formula

R!
7/
G

N
0=')03-<\NI ¢ l R (9]
a
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with R', G and -a'=a-a>=a*- defined as in claim 1, and {O=)Qs being a carbonyl
derivative of Q, said Q being defined according to claim 1, provided that it is
devoided of the NR?R* or NR? substituent,

. An intermediate of formula

]
|
(0=)Gz

w@; o

with R', Q and -a'=a’-a*=a*- defined as in claim 1, and (O=)G, being a carbonyl
derivative of G, said G being defined according to claim 1.

A process of preparing a compound as claimed in claim 1, characterized by,
reacting an intermediate of formula (II-a) or (II-b) with an intermediate of formula

(III)

—G—Wx

_<\,I ﬂ‘ CK;R | a2
%) °_<\NIKL

@

i
N
Q—<\ | a\fz RI—G—W,
NN m
()

withR!, G, Q and -a'=a%-a’=a*- defined as in claim 1, and Wi being a suitable
leaving group, in the presence of a suitable base and in a snitable reaction-inert
solvent;

deprotecting an intermediate of formula (V)

Rl Rl
S/
G-

.
e j: e A H-Qr_<\nifis

av) (I-a)
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with R', G, and -a'=a’-a’=a*- defined as in claim 1, H-Q, being defined as Q
according to claim 1 provided that R? or at least one R® substituent is hydrogen, and
P being a protective group;

deprotecting and reducing an intermediate of formula (IV-a)
]

Rl
G’R qd
\ a'\ X \ 31\32
r—ayean— |} —— 5 I b
N 2 NN
(IV-a) (I-a)

with R, G, and -a’=a’-a*=a*- defined as in claim 1, H-Q, being defined as Q
according to claim 1 provided that R? or at least one R® substituent is hydrogen,
Qu1.(CH=CH) being defined as Q provided that Q; comprises an unsaturated bond,

and P being a protective group;
deprotecting an intermediate of formula (V)
1 !
0 G/R G/
\ 1 _ \ 1
N- a\az a\az
N—Q; <\ I 5 HN—Qy <\ I I,
N a4” 2 N za
o .
M (-a-1)

with R', G, and -a'=a’-a’=a*. defined as in claim 1, and H,N-Q being defined as Q
according to claim 1 provided that both R® substituents are hydrogen or R? and R*
are both hydrogen;

deprotecting an intermediate of formula (VI)

1 Rl
{ ¢
1
P\N—Qz . I'NI’2 — | Y
P/ \ (33 . 2 & \ a( l:‘
(VD T-a-1)

with R!, G, and -a'=a’-a’=a®- defined as in claim 1, and HoN-Q; being defined as Q
according to claim 1 provided that both R® substituents are hydrogen or R? and R*
are both hydrogen, and P being a protective group;

deprotecting an intermediate of formula (VII) or (VII)
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/R‘ G/R
N
2
a
P—Qr(OP)—<\ I ;3 —_—— H—Qy (OH)—<\ Iglﬁ
om . (I-a-2)
R1 RI
N—Q; (OP)—<\ I ——=> H;N—Qy (0H)—<\ I
Vi) daih

withR’, G, and -a'=a’-a*=a*- defined as in claim 1, H-Q;-(OH) being defined as Q
according to claim 1 provided that R? or at least one R® substituent is hydrogen and
5 provided that Q comprises a hydroxy moiety, HoN-Q,(OH) being defined as Q
according to claim 1 provided that both R® substituents are hydrogen or R? and R*
are both hydrogen and provided that Q comprises a hydroxy moiety, and P being a

protective group;
g) amination of an intermediate of formula (IX)
\ 1
i . G\/R
\ al amination H—<N a2
E |
<o=>Q;-<v I - EoEq | \I
\, | P L A b
10 @) (-a-1-2)

with R', G, and -a'=a’-a’=a*- defined as in claim 1, and H,N-Q;H being defined as
Q according to claim 1 provided that both R® substituents are hydrogen or R? and R*
are both hydrogen, and the carbon adjacent to the nitrogen carrying the R®, or R?
and R* substituents contains at least one hydrogen, in the presence of a suitable

15 amination reagent;

h) reducing an intermediate of formula (X)
R R!
/ /

\ . \
N ”\az reduction ,N al\az
Nc—q;{\NI - 13 >  FN—CH;—! \NI ’!3
a

6.9) (I-2-1-3)
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with R', G, and -a'=a’-a’=a*- defined as in claim 1, and H,N-CH,-Q, being
defined as Q according to claim 1 provided that Q comprises a -CEH,-NH, moiety,
in the presence of a suitable reducing agent;

reducing an intermediate of formula (X-a)

A —Crrglkyl—0H /Rr—'Cl-salkyloxycl-salkyl
] G
1 \ 1

N2 reduction \\ 2

NC—=Q, <\ | L >  H,N—CHy—Qy f
a \

N7\ ammonia/C,_galkylOH ¥ =1

X-2) Q-a-1-3-1)

with G, and -a! =a -a’=a’- defined as in claim 1, H;N-CH>-Q; being defined as Q
according to claim 1 provided that Q comprises a -CH,-NH, moiety, and R” being
defined as R’ according to claim 1 provided that it comprises at least one
substituent, in the presence of a suitable reducing agent and suitable solvent;
amination of an intermediate of formula (XI)

R’ 1
N2 2
cnz—Q,,—(l I === HyN—~CH;—CHOH—CH,— Q4*<q I
XI1) "(I-a-1-3-2)
with R, G, and -a'=a%-a=a*- deﬁned as in claim 1, and H,N-CH,-CHOH-CH,-Qy

being defined as Q according to claim 1 provided that Q comprises a

CH,-CHOH-CH,-NH; moiety, in the presence of a suitable amination reagent;
reacting an intermediate of formula (XII) with formic acid, formamide and

" ammonia

' 1
{ {
]
N 2,2 :
C1~4alkyl—-C-CHz—Ql—<\ | \L _— H—C—Qr—<\ I
. N\
d-b)

(1)

with R', G, and -a'=a’-a’=a"- defined as in claim 1, and H-C(=0)-Q, being defined
as Q according to claim 1 provided that R? or at least one R® substituent is formyl;
amination of an intermediate of formula (XIII) by reaction with an intermediate of
formula (XIV)
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R!
G ’

O { .
] < Ny amination P
N7\ # N e

@ o)

with R!, G, and -a'=a’-a=a*- defined as in claim 1, and R**-NH-HQ;s being defined
as Q according to claim 1 provided that R? is other than hydrogen and is
represented by R®, R* is hydrogen, and the carbon atom adjacent to the nitrogen
5 atom carrying the R? and R* substituents, carries also at least one hydrogen atom,
in the presence of a suitable reducing agent;
m) reducing an intermediate of formula (XV)

Rl Rl
&
\ 1
z reduction \a2
(R‘)zN-(cl 9a1ky1)-NH—HQ¢<V ,— (R"),N—(cl-galkyl)—NH-—HQs<\ 13
C(‘°)°C1-4alkyl CH,0H &
(Ic-1)
with R}, G, and -2 =a2-a3=a“- defined as in claim 1, and
10 (R%);N-{(Cy.5alkyl)CH,OH}-NH-HQs being defined as Q according to claim 1

provided that R is other than hydrogen and is represerited by Ci.0alkyl substituted
with N(Re), and with hydroxy, and the carbon atom carrying the hydroxy, carries
also two hydrogen atoms, and provided that R* is hydrogen, and the carbon atom
adjacent to the nitrogen atom carrying the R? and R* substituents, carries also at
15 least one hydrogen atom, with a suitable reducing agent;
n) deprotecting an intermediate of formula (XVI), (XVI-a) or (XVI-b)
(A—0—P), (A—0—H),
G/Rla | G/Rh
\N al\az . \ a\ 2
P—Q; \NI{,;B — H—Qr‘<\ !

(XVD) d-d)
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0. A|\. | A—O0—H
AsJ12 Sple '
G/R G/
\ 1 \ 1
Ia%Tz Ik\az
P—Q—4 — Q4 |
\N e 3 \N P s
XVI-a) #d-1)
—H
(s} .
T 0\? A A—0—H
ARl p—0—p SRE—A—0—H
G
\ ]
N: ‘l\az N *l\az
o | F—— e [
N a(’ N a‘(’
XVI-b) (I-d-2)
with G, and -a'=a’-a’=a"- defined as in claim 1, and H-Q, being defined as Q
according to claim 1 provided that R? or at least one RS substituent is hydrogen,
5 and R'*-(A-O-H)y, R'*'-(A-O-H); and R"*"-(A-O-H); being defined as R’

according to claim 1 provided that R1 is substituted with hydroxy,
hydroxyC,.salkyl, or HO(-CH,-CH,-O),-, with w being an integei' fromito4
and P or P; being a suitable protecting group, with a suitable acid.

0) amination of an intermediate of formula (XVII)

1 1
{ {
1 1
N a2 N 2
C- 4ﬂkyl°'°_ﬁ'Alk_xL_§vI ;I3+R2R4N'—H —>H2H4N—ﬁ'Alk—Xl—‘<\N I 44!13
o ) o] a
Xvin
10 xvuy d-e)

with R!, G, -a'=a*-a’= 4—; Alk, X! R? and R* defined as in claim 1, in the presence
of a suitable amination agent;
p) amination of an intermediate of formula (XIX)

Rl Rl
& G\/
Q N ay N d
| 2 2
H—c—cl-aalkyl-NR“—(\ | |, +QeN—H —>Q5N—CH2—-C1-3alkyl—-NR4—<\ | ia
N -2 N #?

15 with R, G, and -a'=a’-a’=a*- defined as in claim 1, and QsN-CH,-Csalkyl-NR*
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being defined as Q according to claim 1 provided that in the definition of Q, X? is
CualkyI-NR4, in the presence of a suitable amination agent;

q) deprotecting an intermediate of formula (XXT)
1

Rl
' HO—
?—o—?l 1 ?l .

N N2 N

— 1 1 — 1 _k
NN\~ N ¢

XXD) )
5 with R', Q, and -a'=a’a’=a*- defined as in claim 1, and HO-G, being defined as

G according to claim 1 provided that G is substituted with hydroxy or
HO-(CH,CH,0-),;
1) reducing an intermediate of formula (XXII)

R B!
(0=):G o duct H—ciT-OH .
1 reduction
Ne -2 NI\az
Q_<\N l Vg ;3 N a”'/,ls
XX - (g-D)
10 with R', Q, and -a'=a-a’=a"- defined as in claim 1, and H-G,-OH being defined

as G according to claim 1 provided that G is substituted with hydroxy and the
carbon atom carrying the hydroxy substituent carries also at least one hydrogen, in
the presence of a suitable reducing agent.

15 and, if desired, converting compounds of formula (I) into each other following art-
known transformations, and further, if desirqd, converting the compounds of
formula (I), into a therapeutically active non-toxic acid addition salt by treatment
with an acid, or into a thérapeutically active non-toxic base addition salt by
treatment with a base, or conversely, converting the acid addition salt form into the

20 free base by treatment with alkali, or converting the base addition salt into the free
acid by treatment with acid; and, if desired, preparing stereochemically isomeric
forms, metal complexes, quaternary amines or N-oxide forms thereof.

14. A product containing (a) a compound as defined in claim 1, and (b) another
25 antiviral compound, as a combined preparation for simultaneous, separate or
sequential use in the treatment or the prevention of viral infections.
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15. A pharmaceutical composition cdmpn'sing a pharmaceutically acceptable carrier
and as active ingredients (a) a compound as defined in claim 1, and (b) another
antiviral compound.

I



