Office de la Proprieté Canadian
Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2539297 C 2010/07/20

(11)(21) 2 539 297

(12 BREVET CANADIEN
CANADIAN PATENT
13) C

(86) Date de déepot PCT/PCT Filing Date: 2004/09/10

(87) Date publication PCT/PCT Publication Date: 2005/03/31
(45) Date de délivrance/lssue Date: 2010/07/20

(85) Entree phase nationale/National Entry: 2006/03/15

(86) N° demande PCT/PCT Application No.: |IB 2004/002977
(87) N° publication PCT/PCT Publication No.: 2005/028452

(30) Priontes/Priorities: 2003/09/22 (GB0322159.5);
2004/02/12 (GB0403150.6); 2004/07/05 (GB0415110.6)

51) ClInt./Int.Cl. COrD 249/08 (2006.01),
A6TK 31/4196 (2006.01), A671F 5/70(2006.01),
COrD 40171/04 (2006.01), COsD 401/74 (2006.01),
COrD 403/04 (2006.01)

(72) Inventeurs/Inventors:

BROWN, ALAN DANIEL, GB:;

SMITH, CHRISTOPHER RONALD, US;
ELLIS, DAVID, GB

(73) Proprietaire/Owner:
PFIZER INC., US

(74) Agent: SMART & BIGGAR

(54) Titre : DERIVES DE TRIAZOLES SUBSTITUES EN TANT QU'ANTAGONISTES DE L'OXYTOCINE
54) Title: SUBSTITUTED TRIAZOLE DERIVATIVES AS OXYTOCIN ANTAGONISTS

N—N

(57) Abréegée/Abstract:

/

//
N

\ R2
N

RS
R4
|
L

R ()

The present invention relates to a class of substituted 1,2,4-triazoles of formula (I) with activity as oxytocin antagonists, uses
thereof, processes for the preparation thereof and compositions containing, said, inhibitors. These inhibitors have utility in a variety
of therapeutic areas including sexual dysfunction, particularly premature ejaculation (P.E.).

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~




CA 02539297 2006-03-15

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

CORRECTED VERSION

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date (10) International Publication Number
31 March 2005 (31.03.2005) PCT WO 2005/028452 A1

(51) International Patent Classification’:  CO7D 249/08, (74) Agent: RUDDOCK, Keith; Pfizer Research and Develop-

401/14, A61K 31/4196, A61P 5/10, CO7D 401/14, 401/04, ment, Ramsgate Road, Sandwich, Kent CT13 9NJ (GB).

403/04

(81) Designated States (unless otherwise indicated, for every
(21) International Application Number: kind of national protection available): AE, AG, AL, AM,
PCT/1B2004/002977 Al, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
(22) International Filing Date: GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
10 September 2004 (10.09.2004) KG, KP, KR, KZ, 1L.C, LK, LR, .S, LT, LU, LV, MA, MD,

MG, MK, MN;, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
/W,

(25) Filing Language: English

(26) Publication Language: English

(84) Designated States (unless otherwise indicated, for every

(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,

0322}59.5 22 September 2003 (22.09.2003) GB GM. KE. LS. MW. MZ. NA. SD. SL. SZ. TZ. UG. ZM.
0403150.6 12 February 2004 (12.02.2004) GB 7TW). F 0 (AM. AZ. BY. KG. K7. MD. RU. TI. TM
0415110.6 5 July 2004 (05.07.2004) GB h Eumasian (AW, AZ, BY, 8G, 82, VD, U, 1, IV
110. y W European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI,
(71) Applicant (for GB only): PFIZER LIMITED [GB/GB]; SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
Ramsgate Road, Sandwich, Kent CT13 9NJ (GB). GW, ML, MR, NE, SN, TD, TG).

(71) Applicant (for all designated States except GB, US):  pyublished:
PFIZER INC. [US/US]J; 235 East 42nd Street, New York, __

with international search report
NY 10017 (US).

(48) Date of publication of this corrected version:
(72) Inventors; and 21 July 2005

(75) Inventors/Applicants (for US only): BROWN, Alan,
Daniel [GB/GB]; Pfizer Global Research and Develop- . .
ment, Ramsgate Road, Sandwich, Kent CT13 9NJ (GB). (15) Information about Correction: _
ELLIS, David [GB/GB]; Pfizer Global Research and see PCT Gazette No. 29/2005 of 21 July 2005, Section II
Development, Ramsgate Road, Sandwich, Kent CT13
ONJ. SMITH, Christopher, Ronald [GB/US]; Pfizer Fortwo-letter codes and other abbreviations, refer to the "Guid-

Global Research and Development, 10770 Science Center  ance Notes on Codes and Abbreviations" appearing at the begin-
Drive, San Diego, CA 92122 (US). ning of each regular issue of the PCT Gazette.

(54) Title: SUBSTITUTED TRIAZOLE DERIVATIVES AS OXYTOCIN ANTAGONISTS

2005/028452 A1 I N O 01 0 A 0 00 R

(57) Abstract: The present invention relates to a class of substituted 1,2,4-triazoles of formula (I) with activity as oxytocin antago-
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Substituted Triazole Derivatives as Oxytocin Antagonists

The present invention relates to a class of substituted 1,2,4-triazoles with activity
as oxytocin antagonists, uses thereof, processes for the preparation thereof and
compositions containing said inhibitors. These inhibitors have utility in a variety

of therapeutic areas including sexual dysfunction, particularly premature
ejaculation (P.E.).

Eur. J. Med. Chem. 1985, 20(3), pp257-266, refers to derivatives of
1,2,4-triazoles  having analgesic and  antiinflammatory  properties.
WO 03/053437 refers to 1,2,4-triazoles having activity as oxytocin antagonists.

EP 1,293,503 refers to derivatives of 1,2,4-triazoles having glycine transporter
inhibiting properties.

The first aspect of the present invention provides for compounds of formula (l)

wherein

V, W, X and Y, which may be the same or different, represent C-R° or N:
Z 1S C-H or N;
R' is selected from:

(i) a phenyl ring substituted with two or more substituents, which may be
the same ‘or different, each independently selected from halo,
(C+-Co)alkyl, (C1-Ce)alkoxy, cyano, C(ONR'R®, NR'R®, NR’C(O)R'® and
N[C(O)R"’],; and
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(i) a five to seven membered aromatic heterocyclic ring containing 1-3
hetero atoms selected from N, O and S and N-oxides thereof; said ring
being optionally substituted with two or more substituents, which may be
the same or different, selected from halo, (C4-Cg)alkyl, (C4-Ce)alkoxy,
cyano, C(O)NR'R®, NR'R®, NR'C(O)R"® and N[C(O)R™];;

R? is selected from:
(i) H, OH, OR®, NR’R®, NR’C(O)R'® and N[C(O)R"L;

(i) a 5-7 membered N-linked heterocycle containing 1-3 heteroatoms
selected from N,O and S; said ring being optionally substituted with one or
more groups selected from (C4-Cg)alkyl, (C4-Ce)alkoxy anad C(O)NR7R8;

and

(ili) (C1-Cs)alkyl optionally substituted with an N-linked 5-7 membered

heterocycle containing 1-3 heteroatoms selected from N, O and S;
R? is selected from H and (C1-Cg)alky!;
R* is selected from H, (C1-Cg)alkyl ana OR”;

R® is selected from halo, (Ci-Ce)alkyl, (Ci-Ce)alkoxy, NR'R?, NR'C(O)R" and
N[C(O)R"“};

R° is selected from H, halo, (Ci-Cg)alkyl, (C4-Cg)alkoxy, cyano, NR'R®,
NR’C(O)R'°, N[C(O)R"], and C(O)NR'R®;

R’ and R® which may be the same or different, are selected from H and
(C4-Ce)alkyl; |




— - | CA 02539297 2006-03-16
' 3

1] A AT P & = mAfs &P S s na P S ,w' W' VAP — —t b - N — - -—-c-\ Ak WA - Bt PSS LA e L L A kS g

Printed: 31-03-2006] FAX ,DESCPAMD . epoNETEERLAND PCT/IBO4/029 77
" 003 06.06.2005 "17:i%0:49"

é |

PC26064A PCT REPLACEMENT PAGE

-3-

R? is (C,-Cg)alkyl, which is optionally substituted with with one or more groups
each independently selected from (Cs-Cg)aikoxy and an N-linked §-7 membered
heterocycle containing 1-3 heteroatoms selected from N, O and S; and

5 R Is selected from (C-Cg)alkyl and (Ci-Ce)alkoxy;

a tautomer thereof or a pharmaceutically acceptable sait, solvate or polymomph of
said compound or tautomer,

10  with the proviso that tha compound of formula () is not
3-ethyi-5<{4-imidazol-1-yiphenyl)-4-(4-methoxyphenyl)-4H-[ 1,2 4]triazole.

Unless otherwise indicated, alky! and alkoxy groups may be straight or branched
and contain 1 to 6 carbon atoms and preferably 1 to 4 carbon atoms. Examples

-~ 15 of alkyl include methyl, ethyl, n-propyi, isopropyl, n-butyl, isobutyl, sec-butyl,
pentyl and hexyl. Examples of alkoxy include methoxy, ethoxy, isopropoxy and
n-butoxy.

Halo means fluoro, chloro, bromo or icdo and Is preferably fluoro.
20
A heterocycle may be saturated, partially saturated or aromatic. Examples of
hetaeracyclic groups are thiolanyl, pyrrolidinyl, pyrmrolinyl, imidazolidinyl,
imidazolinyl, sulfolanwi, dioxolanyl, dihydropyranyl, tetrahydropyranyl, piperidinvi,
pyrazolinyl, pyrazolidinyl, dioxanyl, morpholinyl, dithianyl, thiomorpholiny,
25 piperazinyl, azepinyl, oxazepinyl, thiazepinyl, thiazolinyl and diazapanyl.
Examples of aromatic heterocyclic groups are furyl, thienyl, pyrrolyl, oxazolyl,
thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl,

thiadiazolyl, pyridyl, pyrimidinyl, pyrazinyi, pyridazinyl, triazinyl.
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Unless' otherwise indicated, the term substituted means substituted by one or
more defined groups. In the case where groups may be selected ifrom a number

of alternative groups, the selected groups may be the same or difierent.

5

Preferred aspects of the invention are defined below.
In a preferred aspect, the present invention comprises compounds of formula ([)
wherein

10
1 or 2 of the groups V, W, X and Y represent N when the remainder represent
C-R";
Z is C-H or N;

15

R' is selected from:

(i) a phenyl ring substituted with two or more substituents, which may be
the - same or different, each independently selected from halo,

20 (C1-Co)alkyl, (C1-Cs)alkoxy, cyano, C(O)NR'R®, NR'R®, NR'C(O)R™ and
N[C(O)R"]2; and

(i) a five to seven membered aromatic heterocyclic ring containing 1-3
hetero atoms selected from N, O and S and N-oxides thereof; said ring

25 being optionally substituted with two or more substituents, which may be
the same or different, selected from halo, (Ci-Ces)alkyl, (C4-Ce)alkoxy,
cyano, C(O)NR'R®, NR'R®, NR'C(O)R'® and N[C(O)R "]z

Preferably, R” is selected from:
30
() H, (C+-Ce)alkoxy, (C1-Cs)alkoxy-(Cs-Ce)alkoxy, NR'R, NR’C(O)R™ and
N[C(O)R'%],; and
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(i) a 5-7 membered N-linked heterocycle containing 1-3 heteroatoms

selected from N,O and S; said ring optionally substituted with one or more
groups selected from (C4-Cg)alkyl, (C1-Ce)alkoxy and C(O)NR7R8;

5 R®is selected from H and (C+-Ce)alkyl;
R* is selected from H, (C-Cg)alkyl and OR’;

R® is (C4-Ca)alkyl, (C1-Cs)alkoxy or NR'R®,

10
R° is H, halo, (C+-Ce)alkyl, (C4-Cs)alkoxy, cyano or NR'R®;
R7 and RS, which may be the same or different, are selected from H and
(C1-Ceg)alkyl;

15

R® is (C4-Ce)alkyl optionally substituted with (C4-Ce)alkoxy; and

R0 is selected from (C4-Cg)alkyl and (C4-Ce)alkoxy;

20 a tautomer thereof or a pharmaceutically acceptable salt, solvate or polymorph

of said compound or tautomer.

In another preferred aspect, the present invention comprises compounds of

formula (1) wherein

25
1 or 2 of the groups V, W and Y represent N when the remainder represent C-R°
and X is CH;
Z is C-Hor N;

30

R' is selected from:




CA 02539297 2006-03-15
WO 2005/028452 PCT/1B2004/002977

-6-

(i) a phenyl ring substituted with two substituents, which may be the same
or different, each independently selected from halo, (C4-Cs)alkyl,

(C4-Cz)alkoxy, and cyano; and

5 (i) a pyridyl ring or N-oxide thereof each substituted with two substituents,
which may be the same or different, each independently selected from

halo, (C4-C3)alkyl, (C4-Cs)alkoxy, and cyano;

R? is selected from:

10
(i) H, (C-Cs)alkoxy, (C1-Cs)alkoxy-(C-Cs)alkoxy and N((C+-Cs)alkyl)z; and
(i) a 5 membered N-linked heterocycle containing 1-3 nitrogen atoms,
said ring optionally substituted with C(O)NR'R®;

15

R3 is selected from H and (C-Cg)alkyl;

R* ié selected from H, (C1-Cg)alkyl and ORQ;
20 R®is (C4-Cs)alkyl, (C1-Cg)alkoxy or NR'R®;

R is H, (C1-Ce)alkyl, (C1-Ce)alkoxy or NR'R®,

R’ and R® which may be the same or different, are selected from H and
25  (Cy-Cg)alkyl; and |

R® is (C+-Cg)alky! optionally substituted with methoxy;

a tautomer thereof or a pharmaceutically acceptable salt, solvate or polymorph

30 of said compound or tautomer.

In another preferred aspect, the present invention comprises compounds of

formula (1) wherein
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W and Y are each independently CH or N and X and V are each CH,;
Z 1S N;

R' is a phenyl ring substituted with two substituents, which may be the same or
different, each independently selected from fluoro, chloro, methyl, methoxy, and

cyano;

10 R? is selected from H, methoxy, ethoxy, 2-methoxyethoxy, dimethylamino,
1,2,3-triazol-2-yl and pyrollidinyl, the latter being optionally substituted Dby
CONHQ;

R® is selected from H and (C4-Cg)alkyl;

15
R*is H: and

R° is methoxy:

20 a tautomer thereof or a pharmaceutically acceptable salt, solvate or polymorph

of said compound or tautomer.

Preferred embodiments of the compounds of formula (I) according to the above
aspects are those that incorporate two or more of the following preferences.
25 o
Preferably, 1 or 2 of the groups V, W, X and Y represent N when the remainder
represent C-R°.
In a preferred emodiment, X is CH.
In a preferred emodimeht, 1 or 2 of the groups V, W and Y represent N when the
30 remainder represent C-R° and X is CH;
Preferably, Y is N or CR®.
More preferably, V, W and Y are each independently CH, C-OCHs or N.
Most preferably, W and Y are each independently CH or N.
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In the most preferred embodiment, W and Y are each independently CH or N
and X and V are each CH.

In a preferred emodiment, Z is N.

5 In another preferred emodiment, Z is CH.

Preferably, R' is selected from:

(i) a phenyl ring substituted with two or more substituents, which may be

10 the same or different, each independently selected from halo,
(C1-Co)alkyl, (C1-Ce)alkoxy, cyano, C(O)NR'R®, NR'R’, NR’C(O)R™ and
N[C(O)R™]; and

(i) a five to seven membered aromatic heterocyclic ring containing 1-3
15 hetero atoms selected from N, O and S and N-oxides thereof; said ring
being optionally substituted with two or more substituents, which may be
the same or different, selected from halo, (C4-Cg)alkyl, (C1-Ce)alkoxy,
cyano, C(O)NR'R®, NR'R®, NR'C(O)R'® and N[C(O)R"};;

20 More preferably, R’ is selected from:

(i) a phenyl ring substituted with two substituents, which may be the same

or different, each indepéndently selected from halo, (C¢-Cs)alkyl,

(C4-Ce)alkoxy, cyano, C(O)NR'R®, NR'R’, NR’C(O)R" and N[C(O)R"’]3;
25 and o “

(i) a pyridy! ring or N-oxide thereof each substituted with two substituents,

which may be the same or different, each independently selected from

halo, (C1-Cg)alkyl, (C1-Cs)alkoxy, cyano, C(O)NR’R®, NR'R®, NR'C(O)R"
30 and N[C(O)R"L.

Yet more preferably, R' is selected from:
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(i) a phenyl ring substituted with two substituents, which may be the same
or different, each independently selected from halo, (Ci-Cs)alkyl,
(C4-Cg)alkoxy and cyano; and

5 (i) a pyridyl ring or N-oxide thereof each substituted with two substituents,
which may be the same or different, each independently selected from

halo, (C1-Cs)alkyl, (C¢-Cs)alkoxy and cyano.

In a preferred embodiment, R' is a phenyl ring substituted with two substituents,
10  which may be the same or different, each independently selected from fiuoro,

chloro, methyl, methoxy and cyano.

In another preferred embodiment, R' is pyridine-N-oxide substituted with two
methyl groups.

15
Preferably, R* is selected from:
(i) H, (C1-Ce)alkoxy, (C1-Ce)alkoxy-(C+-Ce)alkoxy, NR’R®, NR'C(O)R™ and
N[C(O)R'%]; and “
20

(i) a 5-7 membered N-linked heterocycle containing 1-3 heteroatoms
selected from N,O and S; said ring optionally substituted with one or more
groups selected from (C4-Ce)alkyl, (C4-Ce)alkoxy and C(O)NR'R".

25 - More preferably, R* is éelecfed from:
(i) H, (C4-Cs)alkoxy, (C1-Cs)alkoxy-(C-Cs)alkoxy and N((C4-Cg)alkyl)2; and

(i) a 5 membered N-linked heterocycle containing 1-3 nitrogen atoms,
30 said ring optionally substituted with C(O)NR'R".
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Yet maqre preferably, R® is selected from H, methoxy, ethoxy, 2-methoxyethoxy,
dimeth&zlamino, 1,2,3-triazol-2-yl and pyrollidinyl, the latter being optionally
substituted by CONH..

Most preferably, R? is selected from H and methoxy.

Preferably, R® is H or (C1-Cg)alkyl.
Most preferably, R’ is H.

Preferably, R* is H, (C1-Cs)alkyl or OR”.

More preferably, R* is H, (C4-Cg)alky! or (C4-Ca)alkoxy.
Most preferably, R* is H, methyl or methoxy.

In a preferred embodiment, R* is H.

Preferably, R® is (C4-Ca)alkyl, (C1-Cs)alkoxy or NR'R".
More preferably, R® is (C1-Ca)alkoxy or NR'R".
Most preferably, R® is methoxy or NHCHa.

In a preferred embodiment, R® is methoxy.

Preferably, R® is H, halo, (C1-Ce)alkyl, (C1-Ce)alkoxy, cyano or NR'R®.
More preferably, R® is H, (C1-Cg)alkyl, (C1-Ce)alkoxy or NR'R°. |
Yet more preferably, R® is H, (C1-Ca)alkyl or (C4-Ca)alkoxy.

Most preferably, R® is H, methyl or methoxy.

In a preferred embodiment, R° is H or methyl.

In a most preferred embodiment, R® is H.

Preferably, R’ is H or (C4-Cs)alkyl.
Most preferably, R is H or methyl.

Preferably, R° is H or (C1-C3)alky|. |
Most preferably, R® is H or methyl.

Preferably, R” is (C1-Ce)alkyl optionally substituted with (C1-Cs)alkoxy.
More preferably, R® is (C1-Ce)alkyl optionally substituted with methoxy.
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Most preferably, R’ is methyl.

Preferred compounds of formula (I) are:
2-(4-fluoro-2-methylphenyl)-5-(5-methoxymethyl-4-(6-methoxypyridin-3-yl)-4H-
[1,2,41triazol-3-yl)-pyridine;
2-(2,3-dimethylphenyl)-5-(5-methoxymethyl-4-(6-methoxypyridin-3-yi)-4H-
[1,2,4]triazol-3-yl)-pyridine;
5-(4-fluoro-2-methylphenyl)-2-(5-methoxymethyl-4-(6-methoxypyridin-3-yl)-4H-
[1,2,4]triazol-3-yl)-pyridine;
5-(2,3-dimethylphenyl)-2-(5-methoxymethyl-4-(6-methoxypyridin-3-yl)-4 H-
[1,2,4]triazol-3-yl)-pyridine;
1-[5-[5-(2,3-dimethylphenyl)-pyridin-2-yl}-4-(6-methoxypyridin-3-yl)-4 H-
[1,2,4]triazol-3-yImethyl]-pyrrolidine-(2 S)-2-carboxylic acid amide;
5-(2,3-dimethylphenyl)-2-(5-pyrrolidin-1-ylmethyi-4-(6-methoxypyridin-3-yi)-4H-
[1,2,4]triazol-3-yl)-pyridine;
2-(4-fluoro-2-methylphenyl)-5-[5-methoxymethyl-4-(6-methoxypyridin-3-yl)-4H-
[1,2,4]triazol-3-yl]-pyrazine,;
2-(2,3-dimethylphenyl)-5-[5-methoxymethyl-4-(6-methoxypyridin-3-yl)-4H-
[1,2,4]triazol-3-yl]-pyrazine; "
2-(4-fluoro-2-methylphenyl)-5-[4-(6-methoxypyridin-3-yl)-5-methyl-4H-
[1,2,4]triazol-3-yl]-pyrazine;
2-(2,3-dimethylphenyl)-5-[4-(6-methoxypyridin-3-yl)-6-methyl-4H-[1,2,4]triazol-3-
vl}-pyrazine;
2-(4-cyano-2-methylphenyl)-5-[4-(6-methoxypyridin-3-yl)-5-methyl-4 H-

[1 ,2,4]triazo|—3-yl]-pyraiine; |
2-(5-fluoro-2-methoxyphenyl)-5-[4-(6-methoxypyridin-3-yl)-5-methyi-4 H-
[1,2,4]triazol-3-yl]-pyrazine;
2-(4-cyano-2-methylphenyl)-5-[5-methoxymethyl-4-(6-methoxypyridin-3-yl)-4 H-
[1 ,2,4]triazol-3-yl]~pyrazi.ne;
5-(4-cyano-2-methylphenyl)-2-[5-methoxymethyl-4-(6-methoxypyridin-3-yl)-4 H-
[ ,2,4]triazol-3-y|]-byridine;
2-(5-fluoro-2-methoxyphenyl)-5-[5-methoxymethyl-4-(6-methoxypyridin-3-yl)-4 H-
[1,2,4]triazol-3-yl]-pyridine;
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2-(2-fluoro-5-methoxyphenyl)-5-[4-(6-methoxypyridin-3-yl)-5-methyl-4H-
[1,2,4]triazol-3-yl]-pyrazine;
2-(2-fluoro-5-methylphenyl)-5-[4-(6-methoxypyridin-3-yl)-5-methyl-4H-
[1,2,4]triazol-3-yl]-pyrazine;
2-(2,5-difluorophenyl)-5-[4-(6-methoxypyridin-3-yl)-5-methyl-4H-[1,2,4]triazol-3-
vll-pyrazine;

2-(3,5-dimethylphenyl)-5-[4-(6-methoxypyridin-3-yl)-5-methyl-4H-[ 1,2,4 ]triazol-3-
vl}-pyrazine;
2-(2,5-dimethylphenyl)-5-[4-(6-methoxypyridin-3-yi)-5-methyl-4H-[1,2,4 ]triazol-3-
vl]-pyrazine;
2-(2,5-dichlorophenyl)-5-[4-(6-methoxypyridin-3-y)-5-methyl-4H-[1,2,4]triazol-3-
vl]-pyrazine;
2-(2-fluoro-5-methoxyphenyl)-5-[4-(6-methoxypyridin-3-yl)-5-methyl-4
H-[1,2,4]triazol-3-yl]-pyrazine;
2-(3,5-difluoro-phenyl)-5-[4-(6-methoxypyridin-3-yl)-5-methyl-4H-[ 1,2,4 [triazol-3-
yil-pyrazine;
2-(2,3-dimethylphenyl)-5-[5-[(2-methoxyethoxy)methyi]-4-(6-methoxypyridin-3-yl)-
4 H-1,2,4-triazol-3-yl]pyridine;
2-(5-chloro-2-methoxyphenyl)-5-[5-[(2-methoxyethoxy)methyl]-4-(6-
methoxypyridin-3-yl)-4 H-1,2,4-triazol-3-yl]pyridine;
2-(4-fluoro-2-methoxyphenyl)-5-[5-[(2-methoxyethoxy)methyl]-4-(6-
methoxypyridin-3-yl)-4 H-1,2,4-triazol-3-yl]pyridine;
2-(5-fluoro-2-methoxyphenyl)-5-[5-[(2-methoxyethoxy)methyl]-4-(6-
methoxypyridin-S-yl)-4H—1 2,4-triazol-3-yl]pyridine;
2-(5-f|uoro--2-methylphenyl)~5-[5-[(2-methoxyethoxy)methyl]~4-(6~methoxypyridin-
3-y)-4H-1,2,4-triazol-3-yl]pyridine;
2-methoxy-5-{3-[(2-methoxyethoxy)methyl]-5-[6-(2-methoxy-5-
methylphenyl)pyridin-3-yi}-4 H-1,2,4-triazol-4-yl}pyridine;
2-(2-f|uoro~3-methoxyph‘enyl)-5-[5-[_(2-methoxyethoxy)methyl]-—4-(6-
methoxypyridin-3-yl)-4 H-1,2,4-triazol-3-yl]pyridine;
2-(3,5-difluorophen‘yl)-5-[5-[(2-methoxyethoxy)methyl]-4-(6-methoxypyridin-8-y|)-
4 H-1,2,4-triazol-3-yl]pyridine;
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2-(2,5-dimethoxyphenyl)~5-[5-[(2-methoxyethoxy)methyl]-4-(6-methoxypyridin-S-
y)-4 H-1,2,4-triazol-3-yl]pyridine;
2-(3~chloro-4-fluorophenyl)-5-[5-[(2-methoxyethoxy)methyl]—4-(6-methoxypyridin--
3-yl)-4H-1,2,4-triazol-3-yl]pyridine; and
2-(3-f|uoro-2-methoxyphenyl)-5-[5-methoxymethy|-4-(6-methoxypyridin-3-
yl)-4H-[1,2,4]triazol-3-yl]-pyrazine;
2-(3-f|uoro-2-methoxy-phenyl)-5-[4-(6-methoxy-pyridin-3-y|)-5-methyl-4-H-
[1,2,4]triazol-3-yl]-pyrazine;

and tautomers thereof and pharmaceutically acceptable salts, solvates and

polymorphs of said compound or tautomer.

Most preferred compounds of formuila (i) are:
2-(4-f|uoro-2-methylphenyl)-s-(5-methoxymethyl-4-(6-methoxypyridin-3-yl)-4H-
[1,2,4]triazol-3-yl)-pyridine;
2-(2,3-dimethylphenyl)-—5-(5-methoxymethyl-4-(6-methoxypyridin-3-y|)-4H-
[1,2,4]triazol-3-yl)-pyridine;
5-(4-f|uoro-2—-methylphenyl)-2-(5-—methoxymethyl-4-(6-methoxypyridin-3-yl)-4H-
[1,2,4]triazol-3-yl)-pyridine;
5-(2,3-dime“thylphenyl)-z-(5-methoxymethyl-—4:(6-methoxypyridin-3-yl)-4H-
[1,2,4]triazol-3-yl)-pyridine;

1 -[5-[5-(2,3-dimethylphenyl)-pyridin-2-yl]-4-(6-methoxypyridin-S-yl)-4H—
[1,2,4]triazol-3-ylmethyl]-pyrrolidine-(25)-2-carboxylic acid amide;
5-(2,3-dimethylphenyl)-2-(5-pyrrolidin-1 -yImethyi-4-(6-methoxypyridin-3-yl)-4H-
[1,2,4]triazol-3-yl)-pyridine;
2-(4-f|uoro-2—methyl|5henyl)-5-[5-methoxymethyl-4-(6-methoxypyridin-3-y|)-4H- |
[1,2,4]triazol-3-yl]-pyrazine;
2-(2,3-dimethylphenyl)-5-[5-methoxymethyl-4-(6-methoxypyridin-3-yl)-4H-
[1,2,4]triazol-3-yl]-pyrazine;
2-(4-quoro-2-methy|phenyl)-5-[4-(6-methoxypyridin-s-yl)-5-methyl-4H-
[1,2,4]triazol-3-yl]-pyrazine;
2-(2,3-dimethylphehyl)-5-[4-(6-methoxypyridin—8-yl)-5-methyl-4H-[1 2,4triazol-3-
vl]-pyrazine;
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2-(4-cyano-2-methylphenyl)-5-[4-(6-methoxypyridin-3-yl)-5-methyl-—4H-
[1,2,4]triazol-3-yl]-pyrazine;
2-(5-f|uoro-2-methoxyphenyl)-5-[4-(6-methoxypyridin-—3-yl)-5-methyl-4H-
[1,2,4]triazol-3-yl]-pyrazine;
2-(4-cyano-2-methylphenyl)--5-[5-methoxymethyl-4-(6-methoxypyridin-B-yI)-4H-

- [1,2,4]triazol-3-yl]-pyrazine;

5-(4-cyano-2-methylphenyl)-2-[5-methoxymethyl-4~(6-methoxypyridin-3-yl)-4H-
[1,2,4]triazol-3-yl]-pyridine;
2-(5-f|uoro-2—methoxyphenyl)-5-—[5-methoxymethyl-4-(6-methoxypyridin-3-yl)-4H-—
[1,2,4]triazol-3-yl]-pyridine; and
2-(3-f|uoro-z-methoxyphenyl)-5-[5-methoxymethyl-4-(6-methoxypyridin-3-
yl)-4H-[1,2,4]triazol-3-yl]-pyrazine;
2-(3-f|u6r0-2-methoxy-phenyl)-5-[4-(6-methoxy—pyridin-3-yl)—5-methy|-4-H-
[1,2,4]triazol-3-yl]-pyrazine;

and tautomers thereof and pharmaceutically acceptable salts, solvates and

polymorphs of said compound or tautomer.

Pharmaceutically acceptable salts of the compounds of formula (1) comprise the
acid addition salts thereof.

Suitable acid addition salts are formed from acids which form non-toxic saits.
Examples include the  acetate, aspartate, benzoate, besylate,
bicarbonate/carbonate, bisulphate/sulphate, borate, camsylate, citrate, edisylate,
esylate, formate, fumarate, gluceptate, gluconate, glucuronate,
hexafluorophosphate, hibenzate, hydrochloride/chloride, hydrobromide/bromide,
hydroiodide/iodide, iséthionéte, lactate, malate, maleate, malonate, mesylate,
methylsulphate, naphthylate, 2-napsylate, nicotinate, nitrate, orotate, oxalate,
palmitate, pamoate, phosphate/hydrogen phosphate/dihydrogen phosphate,

saccharate, stearate, succinate, tartrate, tosylate and trifluoroacetate salts.

Hemisalts of acids may also be formed, for example, hemisulphate salts.
For a review on suitable salts, see Handbook of Pharmaceutical Salis:

Properties, Selection, and Use by Stahl and Wermuth (Wiley-VCH, Weinheim,
Germany, 2002).
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Pharmaceutically acceptable salts of compounds of formula (1) may be prepared

by one or more of three methods:

(1) by reacting the compound of formula (1) with the desired acid;
(1i) by removing an acid-labile protecting group from a suitable precursor of

the compound of formula (1) using the desired acid; or

(i) by converting one salt of the compound of formula (l) to another by
reaction with an appropriate acid or by means of a suitable 1on exchange

column.

All three reactions are typically carried out in solution. The resulting salt may
precipitate out and be collected by filtration or may be recovered by evaporation
of the solvent. The degree of ionisation in the resulting salt may vary from

completely ionised to almost non-ionisea.

The compounds of the invention may exist in both unsolvated and solvated
torms. The term ‘solvate’ is used herein to describe a molecular complex
comprising the compound of the invention and a stoichiometric or non-
stoichiometric amount of one or more pharmaceutically acceptable solvent
molecules, for example, ethanol. The term ‘hydrate’ is employed when said

solvent is water.

Included within the scope of the invention are compiexes such as clathrates,
drug-host inclusion cbmpléxes wherein the drug and host are present In
stoichiometric or non-stoichiometric amounts. Also included are complexes of
the drug containing two or more organic and/or inorganic components which may
he in stoichiometric or non-stoichiometric amounts. The resulting compiexes
may be ionised, partially ionised, or non-ionised. For a review of such
complexes, see J Pharm Sci, 64 (8), 1269-1288, by Haleblian (August 1975).
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Hereinafter all references to compounds of formula (I) include references to

salts, solvates and complexes thereof and to solvates and complexes of salis
thereof.

The compounds of the invention include compounds of formula (l) as
hereinbefore defined, including all polymorphs and crystal habits thereof,
prodrugs and isomers thereof (including optical, geometric and tautomeric

isomers) as hereinafter defined and isotopically-labeled compounds of formula

().

As indicated, so-called ‘pro-drugs’ of the compounds of formula (l) are also
within the scope of the invention. Thus certain derivatives of compounds of
formula (I) which may have little or no pharmacological activity themselves can,
when administered into or onto the body, be converted into compounds of
formula (1) having the desired activity, for example, by hydrolytic cleavage. Such
derivatives are referred to as ‘prodrugs’. Further information on the use of
prodrugs may be found in Pro-drugs as Novel Delivery Systems, Vol. 14, ACS
Symposium Series (T. Higuchi and W. Stella) and Bioreversible Carriers in Drug

Design, Pergamon Press, 1987 (ed. E. B. Roche, American Pharmaceutical
Association).

Prodrugs in accordance with the invention can, for example, be produced by
replacing appropriate functionalities present in the compounds of formula (I) with
certain moieties known to those skilled in the art as ‘pro-moieties’ as described,

for example, in Design of Prbdrugs by H. Bundgaard (Elsevier, 1985).
Some examples of prodrugs in accordance with the invention include

(i) where the compo'und of formula (I) contains an alcohol functionality (-OH),
an ether thereof, for example, a compound wherein the hydrogen of the
alcohol functionality of the compound of formula () is replaced by
(C4-Cg)alkanoyloxymethyl; and
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(i)  where the compound of formula (l) contains a primary or secondary
amino functionality (-NH, or -NHR where R # H), an amide thereof, for
example, a compound wherein, as the case may be, one or both
hydrogens of the amino functionality of the compound of formula (1) is/are
replaced by (C+-Cqg)alkanoyl.

Further examples of replacement groups in accordance with the foregoing
examples and examples of other prodrug types may Dbe found in the

aforementioned references.

Moreover, certain compounds of formula (I) may themselves act as prodrugs of

other compounds of formula (l).

Also included within the scope of the invention are metabolites of compounds of
formula (), that is, compounds formed in vivo upon administration of the drug.

Some examples of metabolites in accordance with the invention include

(i) where the compound of formula (I) contains a methyl group, an
hydroxymethyl derivative thereof (-CHz -> -CH,OH): -

(i)  where the compound of formula () contains an alkoxy group, an hydroxy
derivative thereof (-OR -> -OH);

(i) where the compound of formula (I) contains a tertiary amino group, a

secondary amino derivative théreof (-NR'R” -> -NHR' or -NHR?);

(iv)  where the compound of formula (I) contains a secondary amino group, a

orimary derivative thereof (-NHR' -> -NHy);

(v}  where the compound of formula (l) contains a phenyl moiety, a phenol
derivative thereof (-Ph -> -PhOH); and
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(vi)  where the compound of formula (I) contains an amide group, a carboxylic
acid derivative thereof (-CONH; -> COOH).

Compounds of formula (I) containing one or more asymmetric carbon atoms can
exist as two or more stereoisomers. Where a compound of formula (I) contains
an alkenyl or alkenylene group, geometric cis/trans (or Z/E) isomers are
possible. Where structural isomers are interconveriible via a low energy barrier,
tautomeric isomerism (‘tautomerism’) can occur. This can take the form of proton
tautomerism in compounds of formula (l) containing, for example, an imino, keto,
or oxime group, or so-called valence tautomerism In compounds which contain
an aromatic moiety. It follows that a single compound may exhibit more than one

type of isomerism.

Included within the scope of the present invention are all stereolsomers,
geometric isomers and tautomeric forms of the compounds of formula (1),
including compounds exhibiting more than one type of isomerism, and mixtures
of one or more thereof. Also included are acid addition salts wherein the
counterion is optically active, for example, a-lactate, or racemic, for example, dl-

tartrate.

Cis/trans isomers may be separated by conventional techniques well known 1o
those skilled in the art, for example, chromatography and fractiona

crystallisation.

Conventional techniques for the preparation/isolation of individual enantiomers
include chiral synthesis from a suitable optically pure precursor or resolution of
the racemate (or the racemate of a salt or derivative) using, for example, chirai

high pressure liquid chromatography (HPLC).

Alternatively, the racemate (or a racemic precursor) may be reacted with a
suitable optically active compound, for example, an alcohol, or, in the case
where the compound of formula (l) contains an acidic or basic moiety, a base or

acid such as 1-phenylethylamine or tartaric acid. The resulting diastereomeric
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mixturfe may be separated by chromatpgraphy and/or fractional crystallization
and one or both of the diastereoisomers converted to the corresponding pure

enantiomer(s) by means well known to a skilled person.

Chiral compounds of the invention (and chiral precursors thereof) may be
obtained in enantiomerically-enriched form using chromatography, typically
HPLC, on an asymmetric resin with a mobile phase consisting of a hydrocarbon,
typically heptane or hexane, containing from 0 to 50% by volume of isopropanol,
typically from 2% to 20%, and from 0 to 5% by volume of an alkylamine, typically

0.1% diethylamine. Concentration of the eluate affords the enriched mixture.

Stereoisomeric conglomerates may be separated by conventional techniques
known to those skilled in the art - see, for example, Stereochemistry of Organic
Compounds by E. L. Eliel and S. H. Wilen (Wiley, New York, 1994).

The present invention includes all pharmaceutically acceptable isotopically-
labelled compounds of formula (l) wherein one or more atoms are replaced by
atoms having the same atomic number, but an atomic mass or mass number

different from the atomic mass or mass number which predominates in nature.

Examples of isotopes suitable for inclusion in the compounds of the invention
include isotopes of hydrogen, such as °H and °H, carbon, such as ¢, °C and
4G chlorine, such as *Cl, fluorine, such as '°F, iodine, such as 123 and ',
nitrogen, such as "*N and "°N, oxygen, such as O, 'O and 80, phosphorus,

such as *?P, and sulphur, such as *°S.

Certain isotopically-labelled compounds of formula (I), for example, those
incorporating a radioactive isotope, are useful in drug and/or substrate tissue
distribution studies. The radioactive isotopes tritium, Ie. °H, and carbon-14, i.e.
1“C, are particularly useful for this purpose in view of thelr ease of incorporation

and ready means of detection.
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Substitution with heavier isotopes such as deuterium, /.e. °H, may afford certain
therapeutic advantages resulting from greater metabolic stability, for example,
increased in vivo half-life or reduced dosage requirements, and hence may be

preferred in some circumsiances.

Substitution with positron emitting isotopes, such as ''C, "°F, O and "N, can be
useful in Positron Emission Topography (PET) studies for examining substrate

receptor occupancy.

Isotopically-labeled compounds of formula (I) can generally be prepared by
conventional techniques known to those skilled in the art or by processes
analogous to those described in the accompanying Examples and Preparations
using an appropriate isotopically-labeled reagent in place of the non-labeled

reagent previously employed.

Pharmaceutically acceptable solvates in accordance with the invention include
those wherein the solvent of crystallization may be isotopically substituted, e.g.
D-0, dg-acetone, da-DMSO.

Also within the scope of the invention are intermediate compounds as
hereinafter defined, all salts, solvates and complexes thereof and all solvates
and complexes of salts thereof as defined hereinbefore for compounds of
formula (1). The invention includes all polymorphs of the aforementioned species

and crystal habits thereof.

When preparing compounds of formula (l) in accordance with the invention, it is
open to a person skilled in the art to routinely select the form of intermediate
which provides the best combination of features tor this purpose. Such features
include the melting poiht, solubility, processability and yield of the intermediate

form and the resulting ease with which the product may be purified on isolation.

Drug Product
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Compounds of the invention intended for pharmaceutical use may Dbe
administered as crystalline or amorphous products. They may be obtained, for
example, as solid plugs, powders, or films by methods such as precipitation,
crystallization, freeze drying, spray drying, or evaporative drying. Microwave or

radio frequency drying may be used for this purpose.

They may be administered alone or in combination with one or more other
compounds of the invention or in combination with one or more other drugs (or
as any combination thereof). Generally, they will be administered as a
formulation in association with one or more pharmaceutically acceptable
excipients. The term ’excipient’ is used herein to describe any ingredient other
than the compound(s) of the invention. The choice of excipient will to a large
extent depend on factors such as the particular mode of administration, the
effect of the excipient on solubility and stability, and the nature of the dosage

form.

Pharmaceutical compositions suitable for the delivery of compounds of the
present invention and methods for their preparation will be readily apparent to
those skilled in the art. Such compositions and methods for their preparation
may be found, for example, in Remington's Pharmaceutical Sciences, 19th
Edition (Mack Publishing Company, 1995).

Oral Administration

The compounds of the invention may be administered orally. Oral administration
may involve swallowing, so that the compound enters the gastrointestinal tract,
or buccal or sublingual administration may be employed by which the compound

enters the blood stream directly from the mouth.

Formulations suitable for oral administration include solid formulations such as
tablets, capsules containing particulates, liquids, or powders, lozenges (including
liquid-filled), chews, multi- and nano-particulates, gels, solid solution, liposome,

films, ovules, sprays and liquid formulations.




10

15

20

25

30

CA 02539297 2006-03-15

WO 2005/028452 PCT/1B2004/002977

00

Liquid formulations include suspensions, solutions, syrups and elixirs. Such
formulations may be employed as fillers in soft or hard capsules and typically
comprise a carrier, for example, water, ethanol, polyethylene glycol, propylene
glycol, methylcellulose, or a suitable oil, and one or more emulsifying agents
and/or suspending agents. Liquid formulations may also be prepared by the

reconstitution of a solid, for example, from a sachet.

The compounds of the invention may also be used In fast-dissolving, fast-
disintegrating dosage forms such as those described in Expert Opinion In
Therapeutic Patents, 11 (6), 981-986, by Liang and Chen (2001).

For tablet dosage forms, depending on dose, the drug may make up from T
weight % to 80 weight % of the dosage form, more typically from 5 weight % to
60 weight % of the dosage form. In addition to the drug, tablets generally contain
a disintegrant. Examples of disintegrants include sodium starch glycolate,
sodium carboxymethyl cellulose, calcium carboxymethyl cellulose,
croscarmellose sodium, crospovidone, polyvinylpyrrolidone, methyl cellulose,
microcrystalline cellulose, lower alkyl-substituted hydroxypropyl cellulose, starch,
pregelatinised starch and sodium alginate. Generally, the disintegrant will
comprise from 1 weight % to 25 weight %, preferably from 5 weight % to 20
weight % of the dosage form.

Binders are generally used to impart cohesive qualities to a tablet formulation.
Suitable binders include miérocrystalline cellulose, gelatin, sugars, polyethylene
glycol, natural and synthetic gums, polyvinylpyrrolidone, pregelatinisea starch,
hydroxypropyl cellulose and hydroxypropyl methylcellulose. Tablets may also
contain diluents, such as lactose (monohydrate, spray-dried monohydrate,
anhydrous and the iike), mannitol, xylitol, dextrose, sucrose, sorbitol,

microcrystalline cellulose, starch and dibasic calcium phosphate dihydrate.

Tablets may also optionally comprise surface active agents, such as sodium

lauryl sulfate and polysorbate 80, and glidants such as silicon dioxide and talc.




10

15

20

25

30

CA 02539297 2006-03-15
WO 2005/028452 PCT/1B2004/002977

993

When present, surface active agents may comprise from 0.2 weight % to 5
weight % of the tablet, and glidants may comprise from 0.2 weight % to 1 weight
% of the tablet.

Tablets also generally contain lubricants such as magnesium stearate, calcium
stearate, zinc stearate, sodium stearyl fumarate, and mixiures of magnesium
stearate with sodium lauryl sulphate. Lubricants generally comprise from 0.25
weight % to 10 weight %, preferably from 0.5 weight % 10 3 weight % of the
tablet.

Other possible ingredients include anti-oxidants, colourants, flavouring agents,

preservatives and taste-masking agents.

Exemplary tablets contain up to about 80% drug, from about 10 weight % 1o
about 90 weight % binder, from about 0 weight % to about 85 weight % diluent,
from about 2 weight % to about 10 weight % disintegrant, and from about 0.25

weight % to about 10 weight % lubricant.

Tablet blends may be compressed directly or by roller to form tablets. Tablet
blends or portions of blends may alternatively be wet-, dry-, or melt-granulated,
melt congealed, or extruded before tabletting. The final formulation may
comprise one or more layers and may be coated or uncoated; it may even be

encapsulated.

The formulation of téblets' is discussed in Pharmaceutical Dosage Forms:
Tablets, Vol. 1, by H. Lieberman and L. Lachman (Marcel Dekker, New York,

1980).

Consumable oral films for human or veterinary use are typically pliable water-
soluble or water-swellable thin film dosage forms which may be rapidly dissolving
or mucoadhesive and typically comprise a compound of formula (I), a film-

forming polymer, a binder, a solvent, a humeciant, a plasticiser, a stabiliser or
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emulsifier, a viscosity-modifying agent and a solvent. Some components of the

!,. " : »
formulation may perform more than one function.

The compound of formula (I) may be water-soluble or insoluble. A water-soluble
compound typically comprises from 1 weight % to 80 weight %, more typically
from 20 weight % to 50 weight %, of the solutes. Less soluble compounds may
comprise a greater proportion of the composition, typically up to 88 weight % of
the solutes. Alternatively, the compound of formula (I) may be in the form of

multiparticulate beads.

The film-forming polymer may be selected from natural polysaccharides,
proteins, or synthetic hydrocolloids and is typically present in the range 0.01 to
99 weight %, more typically in the range 30 to 80 weight %.

Other possible ingredients include anti-oxidants, colorants, flavourings and
flavour enhancers, preservatives, salivary stimulating agents, cooling agents, Co-
solvents (including oils), emollients, bulking agents, anti-foaming agents,

surfactants and taste-masking agents.

Films in accordance with the invention are typically prepared by evaporative
drying of thin aqueous films coated onto a peelable backing support or paper.
This may be done in a drying oven or tunnel, typically a combined coater dryer,

or by freeze-drying or vacuuming.

Solid formulations for oral administration may be formulated to be immediate
and/or modified release. Modified release formulations include delayed-,

sustained-, pulsed-, controlled-, targeted and programmed release.

Suitable modified release formulations for the purposes of the invention are
described in US Patent No. 6,106,864. Details of other suitable release
technologies such as high energy dispersions and osmotic and coated particles

are to be found in Pharmaceutical Technology On-ling, 25(2), 1-14, by Verma et
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al (2001). The use of chewing gum to achieve controlled release is described in

WO 00/35298.

Parenteral Administration

The compounds of the invention may also be administered directly into the biood

stream, into muscle, or into an internal organ. Suitable means for parenteral
administration include intravenous, intraarterial, intraperitoneal, intrathecal,
intraventricular, intraurethral, intrasternal, intracranial, intramuscular and
subcutaneous. Suitable devices for parenteral administration include needle

(including microneedle) injectors, needle-free injectors and infusion techniques.

Parenteral formulations are typically aqueous solutions which may contain
excipients such as salts, carbohydrates and buffering agents (preferably to a pH
of from 3 to 9), but, for some applications, they may be more suitably formulated
as a sterile non-aqueous solution or as a dried form to be used in conjunction

with a suitable vehicle such as sterile, pyrogen-free water.

The preparation of parenteral formulations under sterile conditions, for example,
by lyophilisation, may readily be accomplished using standard pharmaceutical

techniques well known to those skilled in the art.

The solubility of compounds of formula (l) used in the preparation of parenteral
solutions may be increased by the use of appropriate formulation techniques,

such as the incorporation of solubility-enhancing agents.

Formulations for parenteral administration may be formulated to be immediate
and/or modified release. Modified release formulations include delayed-,
sustained-, pulsed-, cbntrolled-, targeted and programmed release. Thus
compounds of the invention may be formulaied as a solid, semi-solid, or
thixotropic liquid for administration as an implanted depot providing modified
release of the active compound. Examples of such formulations include drug-

coated stents and poly(di-actic-coglycolic)acid (PGLA) microspheres.
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Topical Administration

The compounds of the invention may also be administered topically to the skin
or mucosa, that is, dermally or transdermally. Typical formulations for this
pu‘rpose include gels, hydrogels, lotions, solutions, creams, ointments, dusting
powders, dressings, foams, films, skin patches, wafers, implants, sponges,
fibres, bandages and microemulsions. Liposomes may also be used. Typical
carriers include alcohol, water, mineral oil, liquid petrolatum, white petrolatum,
glycerin, polyethylene glycol and propylene glycol. Penetration enhancers may

be incorporated - see, for example, J Pharm Sci, 88 (10), 955-958, by Finnin and
Morgan (October 1999).

Other means of topical administration include delivery by electroporation,

iontophoresis, phonophoresis, sonophoresis and microneedle or needle-free

(e.g. Powderject™, Bioject™, efc.) injection.

Formulations for :topical administration may be formulated to be immediate
and/or modified release. Modified release formulations .include delayed-,

sustained-, pulsed-, controlled-, targeted and programmed release.

Inhaled/Intranasal Administration

The compounds of the invention can also be administered intranasally or by
inhalation, typically in ;[he form of a dry powder (either alone, as a mixture, for
example, in a dry blend with lactose, or as a mixed component particle, for
example, mixed with phospholipids, such as phosphatidylcholine) from a dry
powder inhaler or as an aerosol spray from a pressurised container, pump,
spray, atomiser (preferably an atomiser using electrohydrodynamics to produce
a fine mist), or nebuliser, with or without the use of a suitable propellant, such as
1.1,1,2-tetrafluoroethane or 1,1,1,2,3,3,3-heptafluoropropane. For intranasal

use, the powder may comprise a bioadhesive agent, for example, chitosan or

cyclodexirin.
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The pressurised container, pump, spray, atomizer, or nebuliser contains a
solution or suspension of the compound(s) of the invention comprising, for
example, ethanol, aqueous ethanol, or a suitable alternative agent for
dispersing, solubilising, or extending release of the active, a propellant(s) as
solvent and an optional surfactant, such as sorbitan trioleate, oleic acid, or an

oligolactic acid.

Prior to use in a dry powder or suspension formulation, the drug product is
micronised to a size suitable for delivery by inhalation (typically less than 5
microns). This may be achieved by any appropriate comminuting method, such
as spiral jet milling, fluid bed jet milling, supercritical fluid processing to form

nanoparticles, high pressure homogenisation, or spray drying.

Capsules (made, for example, from gelatin or hydroxypropylmethyicellulose),
blisters and cartridges for use in an inhaler or insufflator may be formulated to
contain a powder mix of the compound of the invention, a suitable powder base
such as lactose or starch and a performance modifier such as Fleucine,
mannitol, or magnesium stearate. The lactose may be anhydrous or in the form
of the monohydrate, preferably the latter. Other suitable excipients include

dextran, glucose, maltose, sorbitol, xylitol, fructose, sucrose and trehalose.

A  suitable solution formulation for wuse in an atomiser using
electrohydrodynamics to produce a fine mist may contain from 1ug 10 20mg of
the compound of the ihvenfion per actuation and the actuation volume may vary
from 1l to 100pl. A typical formulation may comprise a compound of formula (1),
propylene glycol, sterile water, ethanol and sodium chloride. Alternative solvents
which may be used instead of propylene glycol include glycerol and polyethylene
giycol.

Suitable flavours, such as menthol and levomenthol, or sweeteners, such as
saccharin or saccharin sodium, may be added to those formulations of the

invention intended for inhaled/intranasal administration.
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Formulations for inhaled/intranasal administration may be formulated to be
immediate and/or modified release using, for example, PGLA. Modified release

formulations include delayed-, sustained-, pulsed-, controlled-, targeted and

programmed release.

In the case of dry powder inhalers and aerosols, the dosage unit is' determined
by means of a valve which delivers a metered amount. Units in accordance with
the invention are typically arranged to administer a metered dose or “puff’
containing from 2 to 30mg of the compound of formula (). The overall daily
dose will typically be in the range 50 to 100mg which may be administered in a

single dose or, more usually, as divided doses throughout the day.

Rectal/Intravaginal Administration

The compounds of the invention may be administered rectally or vaginally, for
example, in the form of a suppository, pessary, or enema. Cocoa buiter IS a

traditional suppository base, but various alternatives may Dbe used as

appropriate.

Formulations for rectal/vaginal administration may be formulated to be
immediate and/or modified release. Modified release formulations include

delayed-, sustained-, pulsed-, controlled-, targeted and programmed release.

Ocular/Aural Administration

The compounds of the invention may also be administered directly to the eye or
ear, typically in the form of drops of a micronised suspension or solution In
isotonic, pH-adjusted, sterile saline. Other formulations suitable for ocular and
aural administration include ointments, biodegradable (e.g. absorbable gel
sponges, collagen) and non-biodegradable (e.g. silicone) implants, waters,
lenses and particulate or vesicular systems, such as niosomes or liposomes. A

polymer such as crossed-linked polyacrylic acid, polyvinylalcohol, hyaluronic
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acid, a cellulosic polymer, for example, hydroxypropylmethylicellulose,
hydroxyethylcellulose, or methyl cellulose, or a heteropolysaccharide polymer,
for

example, gelan gum, may be incorporated together with a preservative, such as
benzalkonium chloride. Such formulations may also be delivered by

jontophoresis.

Formulations for ocular/aural administration may be formulated to be immediate
and/or modified release. Modified release formulations include delayed-,

sustained-, pulsed-, controlled-, targeted, or programmed release.

Other Technologies

The compounds of the invention may be combined with soluble macromolecular
entities, such as cyclodextrin and suitable derivatives thereof or polyethylene
glycol-containing polymers, in order to improve their solubility, dissolution rate,
taste-masking, bioavailability and/or stability for use in any of the aforementioned

modes of administration.

Drug-cyclodexirin complexes, for example, are found to be generally useful for
most dosage forms and administration routes. Both inclusion and non-inclusion
complexes may be used. As an alternative to direct complexation with the drug,
the cyclodextrin may be used as an auxiliary additive, i.e. as a carrier, diluent, or
solubiliser. Most commonly used for these purposes are alpha-, beta- and
gamma-cyclodexirins, :exarn’ples of which may be found in International Patent
Applications Nos. WO 91/11172, WO 94/02518 and WO 08/55148.

Kit-of-Parts

Inasmuch as it may desirable to administer a combination of active compounds,
for example, for the purpose of treating a particular disease or condition, 1t Is
within the scope of the present invention that two or more pharmaceutical

compositions, at least one of which contains a compound In accordance with the
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invention, may conveniently be combined in the form of a kit suitable for

coadministration of the compositions.

Thus the kit of the invention comprises two or more separate pharmaceutical
compositions, at least one of which contains a compound of formula (I) in
accordance with the invention, and means for separately retaining said
compositions, such as a container, divided botile, or divided foil packet. An

example of such a kit is the familiar blister pack used for the packaging of

tablets, capsules and the like.

The kit of the invention is particularly suitable for administering different dosage
forms, for example, oral and parenteral, for administering the separate
compositions at different dosage intervals, or for titrating the separate
compositions against one another. To assist compliance, the kit typically

comprises directions for administration and may be provided with a so-called
memory aid.

Dosage

For administration to human patients, the total daily dose of the compounds of
the invention is typically in the range 50mg to 100mg depending, of course, on
the mode of administration and efficacy. For example, oral administration may
require a total daily dose of from 50mg to 100mg. The total daily dose may be
administered in single or divided doses and may, at the physician’s discretion,
fall outside of the typicél range given herein.

These dosages are based on an average human subject having a weight of
about 60kg to 70kg. The physician will readily be able to determine doses for
subjects whose weight falls outside this range, such as infants and the elderly.

For the avoidance of doubt, references herein to. “treatment” include references

to curative, palliative and prophylactic treatment.
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Processes

Compounds of general formula (I) where R? is H, R® is H and where R', R%, R’,
R X V., W, Y and Z are as described herein may be prepared according to

reaction scheme 1.

-’Y l --"Y || X"""’ \,/,L
/zl( \ﬁJLO’CHa — /zl( »JLN’NHZ — /Q N O CH3
halo w=V halo w=VY H halo w=V
(1) (1) (IV)
halo = Cl or Br "
Y
N=N Y Y
_ - ‘
_Y *T’JL CH
X N / »\CH vV /Q ) N 3
/ N 3 e haloT = o
R we R Z
= |
| NGV
NP4 i
V
hS (1) R (V)
Scheme 1

Compounds of formula (!l) are either commercially available or can be prepared

by analogy with the methods described in J. Org. Chem., 66(2), 605-608; 2001
and UK Pat. Appl., 2219793, 20 Dec 1989.

Alternatively, when V, W, X or Y = CR®, compounds of formula (ll) can be
prepared from commercial compounds using standard chemical reactions and

transformations of R®.

When R°® is alkoxy and preferably methoxy, R° is incorporated by substitution of

a functional group, preferably chloro, as exemplified in preparations 84-36.

Compounds of formula (11l) may be prepared from compounds of formula (1) by
process step (i), whcih comprises reaction with hydrazine monohydrate in a

suitable solvent such as methanol or ethanol between -10°C and refiux. Typical
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conditions comprise heating 1 equivalent of aryl ester (Il) and 1.2-3 equivalents

of hydrazine monohyrate in methanol at reflux for 18-48 hours.

Compounds of formula (IV) may be prepared from compounds of formula (111) by
process step (i), which comprises reaction with N,N-‘dimethylacetamide dimethyl
acetal (available from Aldriéh) in a suitable solvent such as
N,N-dimethylformamide, N-methyl pyrrolidine or toluene followed by the addition
of a suitable acid catalyst such as trifluoroacetic acid, para-toluenesulfonic acid,
camphor sulfonic acid, or hydrochloric acid. Typical conditions comprise heating
1 equivalent of aryl hydrazide (lll) and 1.3 equivalenis ot N,N-dimethylacetamide
dimethyl acetal in N,N-dimethylformamide to 60°C for 2 hours, followed by
concentration in vacuo, addition of toluene and 0.025 equivalents of para-

toluenesulfonic acid, which is then heated to refiux for 2 hours.

Compounds of formula (V) may be prepared from compounds of formula (1V) by
process step (iii), which comprises reaction with a suitable aniline or
3-aminopyridine in the presence of a suitable acid, such as trifluoroacetic acid,
para-toluenesulfonic acid, camphor sulfonic acid, or hydrochloric acid In a
suitable solvent, such as xylene, heated at 150°C. Typical conditions comprise
heating 1 equivalent of 1,2,4-oxadiazole (IV), 2-3 equivalents of aniline or
aminopyridine and 0.04-0.1 equivalents of para-toluenesulfonic acid In xylene at
150°C for 18-23 hours.

Compounds of formula (I) may be prepared from compounds of formula (V) by
process step (iv), whiéh co'mprises a Suzuki coupling reaction with a suitable
boronic acid such as 2,3-dimethylphenyl boronic acid (commercially available), in
a suitable solvent, in the presence of a base and a palladium catalyst such as
[2-[(Dimethylamino-KN)methyl]phenyI-KC](tricyclohexylphosphine) :
(trifluoroacetato-KO-(SP;4-3)-palladium, prepared as described in
Organometallics, 2003, 22 (5), 987-999.

The Suzuki coupling reaction can be carried out as described in the literature:
Suzuki, A. Pure & Appl. Chem. 1985, 57, 1749 and reference contained within;
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Angew. Chem. Int. Ed. 2002, 41, 4176-4211 and references contained within.
Typicefl conditions comprise heating 1: equivalent of aryl bromide (V), 2.5
equivalents of boronic acid, 3 equivalents cesium carbonate. 0.06 equivalents of

palladium catalyst from preparation 3 in 1,4-dioxane at 120°C for 4 hours.

Compounds of general formula (I) where R® is H and and where R', R?, RY, R,
R® X, V, W, Y and Z are as described herein, except R? # H, may be prepared

according to reaction scheme 2.

Y 7 Y 7 H
- V X.,.- N o
0 \V/LLN Mo ——= ﬁ/lLN YR
halo™ Ny = H halo” w=Y T O
halo = Clor Br (lli) (V1)
l Vi
N-N
wYo U N\ R
TN N—N
el W= R’ ....E____m X’YYQ »\/F{2
7 | /Q N\ o
XA~ halo™ W~
(VIII) 0 Vf‘ (V)
N-N
X’Y\ /N»\/
R1/Q o 4
W Y | R
L
R0

Scheme 2

Compounds of formula (VI) can be prepared from aryl hydrazides of formula (lii)
by process step (v), which comprises reaction with an acid chloride, such as
methoxyacetyl chloride (for R® = OCHjs), in the presence of base such as
triethylamine, N-methyl morpholine, sodium carbonate or potassium hydroxide.
Typical conditions comprise heating 1.0 equivalents of aryl hydrazide (lil), 1.0-
1.3 equivalents of acid chloride, 1.2-2.0 equivalents of N-methyl morpholine in
dichloromethane at 0-25°C for 3-18 hours.
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Compounds of formula (VIl) can be prepared from compound (Vi) by process
step (vi), which comprises reaction with a suitable dehydrating agent such as
phosphorous oxychloride, trifluoromethanesulfonic anhydride, or phosphorous
pentachloride between a temperature of 25°C and 110°C. Typical conditions

comprise heating 1.0 equivalents of (V1) in phosphorous oxychloride at 110°C for
4 hours.

Compounds of formula (VIII) may be prepared from compounds of formula (VII)
by process step (iii), which comprises reaction with a suitable aniline or
3-aminopyridine in the presence of a suitable acid, such as trifluoroacetic acid,
para-toluenesulfonic acid, camphor sulfonic acid, or hydrochloric acid, In a
suitable solvent such as xylene, which is heated at 150°C. Typical conditions
comprise heating 1 equivalent of 1,2,4-oxadiazole (VIl), 3 equivalents of
aniline/aminopyridine and 0.04-0.1 equivalents of para-toluenesulfonic acid in
xylene at 150°C for 18-22 hours.

Compounds of formula (1) may be prepared from compounds of formula (Vill) by

process step (iv), which comprises a Suzuki coupling reaction as described in
scheme 1.

Compounds of general formula () where R* is NR'R® or a 5-7 membered
N-linked heterocycle as described herein, R® is H and where R', R*, R®, R®, R’,

R®, X, V, W, Y and Z are as described herein may be prepared according to

reaction scheme 3.
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Scheme 3

Compounds of formula (IX) can be prepared from aryl hydrazides of formula (11}
by process step (v), which comprises reaction with a suitable acid chloride, such
as chloroacetyl chloride, in the presence of a base, such as triethylamine,
N-methyl morpholine, sodium carbonate or potassium hydroxide. Typical
conditions comprise reacting 1.0 equivalents of aryl hydrazide (lil), 1.0-1.3
equivalents of chloroacetyl chloride, 1.2-2.0 equivalents of N-methyi morpholine

in dichloromethane at 25°C.

Compounds of formula (X) can be prepared from compounds of formula (1X) by
process step (vi), which comprises reaction with a suitable dehydrating agent
such as phosphorous oxychloride, trifluoromethanesulfonic anhydride, or
phosphorous pentachloride between a temperature of 25°C and 110°C. Typical
conditions comprise heating 1.0 equivalent of compound (IX) in phosphorous

oxychloride at 110°C for 4 hours.
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Compounds of formula (XI) can be prepared from alkyl chlorides of formula (X)
by process step (vii), which comprises reaction with a suitable primary or
secondary amine (HNR7R8) or a 5-7 membered N-linked heterocycle, optionally
in the presence of a base such as potassium carbonate, sodium carbonate or
cesium carbonate, in a suitable solvent such as acetonitrile or
N,N-dimethylformamide, by heating at 25-50°C for 2-18 hours. Typical conditions
comprise reacting 1 equivalent of alkyl chloride (X), 1.5 equivalent of amine
(HNR7R8) or 5-7 membered N-linked heterocycle and 2 equivalents of potassium

carbonate in acetonitrile for 18 hours at 25°C.

Compounds of formula (XIl) may be prepared from compounds of formula (XI)
by process step (iii), which comprises reaction with a suitable aniline or
3-aminopyridine, in the presence of a suitable acid, such as trifluoroacetic acid,
para-toluenesulfonic acid, camphor sulfonic acid, or hydrochloric acid, In a
suitable solvent such as xylene, heated at 150°C. Typical conditions comprise
heating 1 equivalent of 1,2,4-oxadiazole (XI), 3 equivalents of
aniline/aminopyridine and 0.04-0.1 equivalents of para-toluenesuifonic acid In
xylene at 150°C for 18-24 hours.

Compounds of formula (l) may be prepared from compounds of formula (XHlI) by
process step (iv), which comprisies reaction with a suitable boronic acid such as
2 3-dimethylphenyl boronic acid (commercially available), in a suitable solvent, in
the presence of a suitable base and palladium catalyst as described In

scheme 1.

Compounds of general formula (I) where R, R, R® R* R°, R® X,V,W,YandZ
are as described herein may alternatively be prepared according to reaction

scheme 4.
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Compounds of formula (ll) are prepared as described in scheme 1.

Compounds of general formula (Xill) can be prepared from compounds of

general formula (11) by process step (iv) as described in scheme 1.

Compounds of general formula (XIV) can be prepared from compounds oOf

general formula (XIIl) by process step (i) as described in scheme 1.

When Rz—-::H, compounds of general formula (XV) can be prepared from
compounds of general formula (XIV) by process step (viii), using a method

analogous to process step (i), as described in scheme 1.

When R%tH., compounds of general formula (XV) can be prepared from
compounds of general formula (XIV) by process siep (viii), using methods
analogous to steps (v) and (vi), as described in scheme 2 or steps (v), (vi) and

(vii) as described in scheme 3.

Compounds of general formula (I) can be prepared from compounds of general

formula (XV) by process step (iii), as described in scheme 1.

: 1 2
Compounds of general formula (l) where X is C-R® R’ is H and where R', R,
R* R, R°, V, W, Y and Z are as described herein may alternatively be prepared

according to reaction scheme 5.
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Compounds of formula (lll) are prepared as described in scheme 1.

When R2=H, compounds of general formula (IV) can be prepared from
compounds of general formula (lll) by process siep (viii), usi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>