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ANTAGONISTAS DEL RECEPTOR IL-8

REIVINDICACIONES:

1.  Un método para el tratamiento de un estado de enfermedad mediada por
quimiocina se liga a un receptor IL-8 & o B en un mamifero, seleccionado del grupo
compuesto por 'malaria, restinosis, angiogenesis, ateriosclerosis, osteoporosis,
gingivitis, liberacion de células del tallo hemotopoyéticas no deseadas y
enfermedades causadas por virus respiratorios, virus de herpes y virus de hepatitis,
incluyendo pero no limitando a virus de Hepatitis B y Hepatitis C.

dicho compuesto consiste en administrar a dicho mamifero una cantidad efectiva de

un compuesto de la formula:

-2

(n,)m—@‘
N

R o

en donde:

R es -NH —C(X3)-NH-(CR 3R )V — Z:
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Zes W, HET M , un alquil C1-10 sustituido opcionalmente,
un alquenil C2-10 sustituido opcionalmente, o un alquinl C2-10 sustituido

opcionalmente;

X es C(X)a, C(Q), C(8S), S(0);, PO(ORy), 0 C=N-R,g;

X, es independientemente hidrégeno, halogeno, alquil Cy.;o, NR4Rs, alquil C,.
10-NR4Rs, C(O)NRR;, alquil C,.yp sustituido opcionalmente, alcoxi C;.jp sustituido
opcionalmente, alcoxi C,.;o sustitido por halo, hidroxi, aril, aril alquil C,., arloxi,
aril alquiloxi C).4, heteroaril, heteroarilalquil, heterociclico alquil C; heterociclico
o heteroaril alquiloxi C,4;

X,es=0,0=S§;

R, es seleccionado independientemente de hidrégeno; haldgeno, nitro, ciano,
alquil C;.;p sustituido por halo; alquil C,.;o; alquenil C; o; alcoxi C,.jo; alcoxi C,.5o
sustituido por halo; acida; (CRgRg)qS(O)tR; hidroxi; hidroxi alquil Cy; aril, aril
alquil C,.; aril alquiloxi C,.4; heteroaril; heteroarilalquil, heterociclico, alquil C,4
heterociclico; heteroaril alquiloxi C,; aril alquenil C;.jp; heteroaril alquenil Cs.p;
alquenil C;.;o heterociclico; (CRsRg)QNR4Rs; alquenil C;.,0 C(O)NR4Rs; (CRsRg)q
C(O)NR4R;; (CRsRg)qC(O)NR4R)0; S(O);H; S(O)Rs; (CReRs)q C(O)Ry; alquenil
Cz.10 C(O)Ryy; alquenil C—.0 C(O)ORy;; (CRsRg)q C(O)OR;3; (CRsR)QOC(O)R,;;
(CRaRg)qNR4C(O)R;), (CRgRg)q NHS(O);R 19, 0 (CRsRs)qS(O)NR4Rs;

o dos medios R, juntos pueden formar O-(CH;)sO- o un anillo saturado o
insaturado de 5 a 6 miembros, y en donde los medios aril, heteroaril y heterociclico

pueden ser sustituidos opcionalmente;

n es un entero con un valorde 1 a 3;

m es un entero con un valorde 1 a 3;
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qesO,ounenteroconlmvnlqrde!_a 10;
r es 0, o un entero con un valor de 1 a 4;
s es un entero con valor de 1 a 3;

tes 0, o un entero con un valorde 1 0 2;
ves 0, o un entero con un valor de 1 a 4;

p es un entero con un valor de 1 a 3;
HET es un heteroaril sustituido opcionalmente;

Rs y Rs son independientemente hidrégeno, alquil C,4 sustituido
opcionalmente, aril sustituido opcionalmente, aril alquil C,4, heteroaril sustituido
opcionalmente, heteroaril alquil C, 4 sustituido opcionalmente, heterociclico, o alquil
C4 heterociclico, 0 Ry y Rs junto con el nitrégeno al que estin ligados forman un
anillo de 5 a 7 miembros que opcionalmente puede comprender un heteroidtomo
adicional seleccionado de oxigeno, nitrégeno o azufre;

Y es seleccionado independientemente de hidrégeno; halégeno; nitro; ciano;
alquil C,.o sustituido por halo; alquil C;.,o; alquenil C,.o; alcoxi C,.0; alcoxi C.jo
sustituido por halo; azida; (CRsRs)q S(O)Ry; hidroxi, hidroxi alquil C,.; aril, aril
alquil C,; ariloxi, aril alquiloxi C,4; heteroaril; heteroarilalquil; heteroaril alquiloxi
C,; heterociclico, alquil Cy4 heterociclico, aril alquenil C,.; heteroaril alquenil C,.
10; alquenil C;,o heterociclico; (CRgRs)q NR4Rs; alquenil Cy,9 C(O)NR4Rs;
(CReR)q C(O)NR4Rs; (CRsRe)q C(O)NR4Ryq; S(O)H; S(O):Rs; (CRsRa)q C(O)Ry;
alquenil Cy,0 C(O)R;; alquenil C;.0 C(O)OR,;; C(O)R)1; (CRsR)q C(O)OR,3;
(CReRg)q OC(O)Ry;; (CRgRs)q NR(C(O)R;;, (CRsRs)q NHS(O)Rd, (CRsRs)q
S(O)NR4Rs; 0 2 medios Y juntos pueden formar O-(CH;)sO o un anillo saturado o
insaturado de 5 a 6 miembros; en donde los medios que contienen aril, heteroaril y
heterociclico pueden ser sustituido opcionalmente.
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Rs y Ry son independientemente hidrégeno o un grupo alquil Ci4; o Ry Ry
junto con el nitrégeno al que estin l.igados' forman un anillo de 5 a 7 miembros el
cual puede contener opcionalmente un heterodtomo adicional seleccionado de
oxigeno, nitrgeno o azuffe;

Rg es independientemente hidrégeno o alquil C,4;
R|o €S alquil C].lo C(O)zRa;

Ry es hidrégeno, alquil C,,, aril sustimido opcionalmente, aril alquil C,,
sustituido opcionalmente, heteroaril sustituido opcionalmente, heteroaril alquil C,
sustituido opcionalmente, heterociclico sustituido opcionalmente, o alquil C,4
heterociclico sustituido opcionalmente;

R,2 es hidrégeno, alquil C,.,y, aril sustituido opcionalmente o arilalquil
sustituido opcionalmente;

Ri3 ¥ Ry4 son independientemente hidrégeno, alquil C,, sustituido
opcionalmente, o uno de R,3 y R,4 pueden ser aril sustituido opcionalmente;

R;s ¥ Rys sonindependientemente hidrégeno, o un alquil C1-4 sustituido

opcionalmente;

Ry7 es alquil C,4 aril, arilalquil, heteroaril, heteroaril alquil C;.,
heterociclico, o alquil C,4 heterociclico, en donde los anillos aril heteroaril y
heterociclico todos pueden ser sustituidos opcionalinente;

R;s es hidrégeno, alquil C;.o sustituido opcionalmente, alcoxi C,.,9, alcoxi
Cia0 sustituido por halo, hidroxi, aril alquil C,4, aril alquenil C,4, heteroaril,
heteroaril alquil C,4, heteroaril alquenil C,4, heterociclico, o alquil C,4
heterociclico, en donde todos los medios que contienen aril, heteroaril y
heterociclico pueden ser sustituidos opcionalmente;
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Ry9 es ciano, nitro, S(O)NR¢Rs, S(Q)SRm alquil, aril alquil C,4, arnl alquenil Jk'
Cs.4, heteroaril, heteroaril alquil C,4, heteroaril alquenil C,4, heterociclico o alquil
C,4 heterociclico, en donde los medios que contienen alquil, aril, heteroaril y

heterociclico todos pueden ser sustituidos opcionalmente;

Ra es NR¢Rs, alquil, aril alquil C,4, aril alquenil C,4, heteroaril, heteroaril
alquil C,4, heteroaril alquenil C,4, heterociclico, o alquil C,4 heterociclico, en
donde los medios que conticnen aril, heteroaril, y heterociclico pueden ser
sustituidos opcionalmente.

]

el anillo E es seleccionado opcionalmente de:

o *
()n - »
o S
mn V4
o B 0 :I‘I(Y) e
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el asterisco (*) denota el punto de enlace del anillo;
o una sal farmacéuticamente aceptable de lo mismo.

2. El método segiin la Reivindicacién 1, en donde R, es haldgeno, ciano,
nitro CF;, C(O)NR4R;, alquenil C(O)NR,Rs, C(O) R4R;o, alquenil C(O)OR,,,
heteroaril, heteroarilalquil, heteroaril alquenil o S(O)NR4Rs.

3. El método segln la Reivindicacién 1, endonde X es C(O) o C(S).
4.  El método seglin las Reivindicaciones 1 a 3, en donde Z es W.

5. El método segiin la Reivindicacién 4 en donde Y es halégeno, alcoxi
Ci4, aril sustituido opcionalmente, arilalcoxi sustituido opcionalmente, metilen
dioxi, NR4R;s, tio alquil C,, tioaril, alcoxi sustituido por halo, alquil C,4 sustituido
opcionalmente, o hidroxi alquil.

6. El método segim la Reivindicacién 1, en donde el compuesto es

seleccionado del grupo compuesto por:

N-4-(Benzimidazolin-2-ona-N’(2’-bromofenil)urea;
N-4-(1H,3H-2,1,3-benzotiazol 2,2-diéxido)-N’(2-bromofenil)urea;
N-4-(7-Ciano-1-N-metil-bencimidazolin-2-tiona)-N"-(2,3-diclorofenil)urea;
N-4-(7-Ciano-bencimidazolin-2-tiona)-N"~(2’ bromofenil)urea;
N-4-(7-Ciano-1-metil-bencimidazolin-2-tiona)-N’-(2’ bromofenil)urea;
N-4-(7-Ciano-2-oxo-3-metilbencimidazolin-7-il}-N"+(2’ bromofenil)urea;
N-4-(7-Ciano-bencimidazolin-2-ona)-N’-(2° bromofenil)urea;
N-4-(7-Ciano-bencimidazolin-2-tiona)-N’-(2,3-diclorofenil)urea; y
N-4-(7-Ciano-bencimidazolin-2-inina)-N"-(2" bromofenil)urea;

o una sal farmacéuticamente aceptable de lo mismo.
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IL-8 RECEPTOR ANTAGONISTS

FIELD OF THE INVENTION

This invention relates to novel benzo-2-triazole substituted compounds,
pharmaceutical compositions, processes for their preparation, an use thereof in treating
I1-8, GROa, GROB, GROy snd NAP-2 mediated discases.

BACKGROUND OF THE INVENTION

Many different numes have been applicd to Interleukin-8 (IL-8), such as
neutrophil attractant/activation protein-1 (NAP-1), monocyte derived neutrophil
chemotactic factor (MDNCEF), nentrophil activating factor (NAF), and T-cell
lymphocyte chemotactic factor. Interlenkin-8 is 2 chemoaitractant for neutrophils,
basophils, and 2 subset of T-cells. It is produced by a majority of mclested cells
including macrophages, fibroblasts, endothelial and epithelial cells exposed to TNF,
IL-1c, IL-1P or LPS, and by neutrophils themselves when exposed to LPS or
chemotactic factors such as FMLP, M. Baggiolini et al., ], Clin, Invegt, 84, 1045
(1989); J. Schroder et al, ], Immunol. 139, 3474 (1987) and ], Immunol. 144, 2223
(1990) ; Strieter, et al., Scicnce 243, 1467 (1989) and ], Biol, Chern, 264, 10621
(1989); Cassatella et al., 1. Immunol, 148, 3216 (1992).

GROa, GROS, GROY and NAP-2 glso belong to the chemokine a family. Like
IL-8 these chemokines have also been referred to by different names. For instance
GRO®, B, Yhave been referred to 2 MGSAa, b and g respectively (Melanoma Growth
Stimulating Activity), see Richmond et al., J. Cell Physiology 129, 375 (1986) and
Chang et al., ). Jmmunol 148, 451 (1992). All of the chemolkines of the a-family which
possess the ELR motif directly preceding the CXC motif bind to the IL-8 B receptor.

IL-8, GROt, GROP, GROY, NAP-2, and ENA-78 stimulate a sumber of
functions in vitro. They have all been shown to have chemoattractant properties for
neutrophils, while IL-8 and GROQ have demonstrated T-lyraphocytes, snd basophiles
chemotactic activity. In addition IL-8 can induce histamine release fram basophils
from both normal and atopic individuals GRO-« and I1.-8 can in addition, induce
lysozomal enzyme reloase and respiratory burst from neatrophils. IL-8 has also been
shown to increase the surface expression of Mac-1 (CD11WCD18) on neutrophils
without de novo protein synthesis. This may contribute to increased adhesion of the
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vascular endothelial colls. Many known din;nesmchamterimdbymusivc
neutrophil infiltration. As IL-8, GROa, GROB, GROy and NAP-2 promoie the
accumulation and activation of neutrophils, these chemokines have been implicated in a
wide range of acute and chronic inflammatory disorders including psoriasis and
rheumatoid arthritis, Baggiolini et al., FEBS Lett. 307, 97 (1992); Miller et al., Crit,
Rev, Immunol, (2. 17 (1992); Oppenheim et al., Ango, Rev. Immunol. 9, 617 (1991);
Seitz et al., J, Clin, Invest, §7, 463 (1991); Miller et al., Am. Rev, Respir. Dis, 146, 427
(1992); Donnely et al., Lancet 34], 643 (1993). In addition the ELR chemokines (those
coutaining the amino acids ELR motif just prior to the CXC raotif) have also been
imuplicated in angiostasis. Strieter et al., Science 258, 1798 (1992).

In vitro, [L-8, and NAP-2 inducs neutrophil shape change, chemotaxis, granule
release, and respiratory burst, by binding to and activating receptors of the seven-
transmembrane, G-protein-linked family, in particular by binding to IL-8 receptors,
most notably the B-receptor. Thomas et al., |, Biol, Chem, 266, 14839 (1991); and
Holmes et al., Science 253, 1278 (1991). The development of non-peptide small
molecule antagonists for members of this receptor family has precedent. For a review
see R. Freidinger in: Progress in Drug Research. Vol. 40, pp. 33-98, Birkhauser Verlag,
Basel 1993. Hence, the IL-8 receptor represents a promising target for the dsvelopment
of novel anti-inflammatory ageats.

Two high affinity human IL-8 receptors (77% homology) have been
chamcterized: IL-8Ra, which binds only TL.-8 with high affinity, and IL-8Rb, which has
high affinity for IL-8 as well as for GROct, GROB, GROYand NAP-2. See Holmes ct
al., supra; Murphy et al., Sciegee 253, 12680 (1991); Lee et al., J, Biol, Chem. 267,
16283 (1992); LaRosa et al., L, Biol. Chem, 267, 25402 (1992); and Gaylc etal, L,
Biol, Chen. 268, 7283 (1993).

There remains a need for treatment, in this field, for compounds which am
capable of binding to the IL-8 a or b receptor. Therefore, conditions associated with an
increase in IL-8 production (which is regponsible for chemaotaxis of newtrophil and T-
cells subsets into the inflammatary site) would benefit by comnpounds which are
inhibitors of IL-8 receptor binding.

SUMMARY OF THE INVENTION

This invention provides for a method of treating a chemokine mediated disease,

wherein the chemokine is one which binds to an IL-8 a or B receptor and which method

-2-
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comprises administering an effective amount of a compound of Formula (I) or (IT) or a
pharmaceutically acceptable salt thereof. In particular the chiemokine is I1.-8.

This invention also relates to a method of inhibiting the binding of IL-8 to its
receptors in a mammal in need thereof which comprises administering to said mammal
an effective amount of a compound of Formula (T) or (IT).

The present invention also provides for the novel compounds of Formula (T),
and (II) and pharmaceutical compositions comprising a compound of Formula (I), and
(IT) and a pharmacentical carrier or dilvent,

Compounds of Formula (I} uzeful in the present invention are repeesented by

the structure:
'R 18
(R)m 0
H.
R @
wherein
R is -NH -C(X2)-NH- (CR)3R1 )y - Zi
——\(CR..R‘J
P
—L}/
Z is W, HET, (in ,an optionally substituted Cy.10 alkyL 2

optionally substimted C5_1q alkenyl, or an optionally substituted C5.1¢ alkynyl;

X is C(X )2, ©(0), C(S), 8(0)2, PO(ORy), or C=N-Rg;

X is independently hydrogen, halogen, Cy.10 alkyl, NR4Rs, C1-10 alkyl-NR4RS,
C(O)NR4Rs, optionally substituted C.10 alkyl, C}.10 alkoxy, halosubstitated
C)-10 alkoxy, hydroxy, aryl, aryl C}.4 alkyl, aryloxy, aryl C1-4 alkyloxy,
heteroaryl, hetercarylalkyl, heterocyclic, beterocyclic Cj—galky), or heteroaryl C1.4
alkyloxy;

X3 is =0, or=S8;

R} is independently selected from hydrogen; halogen; nitro; cyyano; halosubstitated
C1-10 akkyl; C1.10 alkyl: C2.10 alkenyl; Cj-10 alkoxy; halosubstituted C1-10
alkoxy; azide; (CRgRg)q S(O)xR4, hydroxy; hydroxy C.-salkyl; seyl; aryl C1-4
alkyl; aryloxy; aryl C1-4 alkyloxy; heteroaryl; heteroarylalkyl: heterocyclic,

-3
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heterocyclic C_4alkyl; hetercaryl C1.4 alkyloxy; aryl Ca. 10 atkenyl; heteroaryl
C2-10 alkeayl: heterocyclic C2-10 alkenyl; (CRgRg)}NR4Rs; C2.10 alkenyl
C(O)NR4R35; (CRgRg)q C(O)NR4R5: (CRgRg)q C(O)NR4R10; S(O)3Rs;
(CRgRg)q C(O)R11; C2-10 alkenyl C(O)R11; C2-10 alkenyl C(OYOR}1: C(O)R11;
(CRgRg)q C(O)OR|2; (CRgRg)q OC(O) Ri1: (CRgRg)q NR4C(O)R11;
(CRgRgIGC(NR4INR4Rs; (CRgRg)g NR4C(NR$)R1 1: (CRgRg)q NHS(O)2R17; or
(CRgRg)q S(0)2NR4Rs: or two R moieties together may form O-(CH2)gO ora 5
to 6 membered saturated or unsaturated ring; and wherein the aryl, heteroaryl, and
heterocyclic containing moleties may all be optionally substituted;

n is an integer having a value of 1 to 3;

m is an integer having a valve of 1 to 3;

q is 0, or an integer having a value of 1 to 10;

s is an integer havinga value of 1 to 3;

tis 0, or an integer having a valne of 1 or 2;

v is 0, or an integer having a value of 1 10 4;

p is an integer having a value of 1 10 3;

HET is an optionally sobatituted heteroaryl;

R4 and RS are independently hydrogen, optionally substituted Cj_4 alkyl, optionally
substituted aryl, optionally substituted aryl C}.4alkyl, optionally substitated
heteroaryl, optionally sobstituted heteroaryl Cj-4alky), heterocyclic, or heterocyclic
C1-4 alkyl, or R4 and R together with the nitrogen to which they are attached form

a 5 to 7 member ring which may optionally comprise an additional heteroatom
sclected from O/N/S;

Y is independently selected from hydrogen; halogen; nitro; cyano; halosubstituted
C1-10 alkyl; C1-10 alkyl; C2.10 alkenyl; C3-10 slkoxy; halosabstituted C}.10
alkoxy; azide; (CRgRg)q S(O)R4; hydroxy; hydroxyCj-4afkyl; aryl; aryl C1.4
alkyl; aryloxy; arylC}.4 alkyloxy; beteroary}; hetorosrylalkyl; heteroaryl C14
alkyloxy; beterocyclic, beterocyclic C1gatiyl; aryl C2.10 alkenyl; heteroaryl C2-
10 alkenyl; heterocyclic C2-10 alkenyl; (CRgRg)q NR4RS; C2.10 alkenyl
C(O)NR4R5; (CRgRg)q C(O)NR4RS; (CRgRg)q C(O)NR4R 1, S(O)3Rs;
(CRgRg)q C(O)R11; C2-10 alkenyl C(O)R11; C2-10 alkenyl C(O)OR1§;
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(CRgRg)q C(O)OR12; (CRgRg)q OC(O) R11: (CRgRg)q NR4C(O)R11:
(CRgRgMC(NR4INR4Rs; (CRgRg)q NR4C(NRs)R] 1: (CRgRg)q NHS(O)2R,; or
{CRgRg)q S{OY2NR4Rs; or two Y moieties together may form O(CH2)sO ora S
to 6 membered saturated or unsaturated ring; and wherein the aryl, heteroaryl, and
heterocyclic containing moieties may all be optionally substimted;

R6 and R7 are independently bydrogen or a C)-4 alkyl group, or Rg and R7 together with
the nitrogen to which they are attached form a 5 to 7 member ring which ring may
aptionally contain an additional heteroatom which beteroatom is selected from oxygen,
nitrogen or sulfur;

Rg is independently hydrogen or C1.4 alkyl;

R1q is Cy.10 alkyl C(O)2Rs;

R1] is hydrogen, C}.4 alkyl, optionally substituted aryl, optionally substituted aryl
C1-4alkyl, optionally substituted heteroaryl, optionally substituted
heteroarylC1._4alkyl, optionally substituted heterocyclic, or optionally substimtad
heterocyclicC1-4alkyl;

R]2 is hydrogen, C1.10 alkyl, optionally substituted aryl or optionally substitated
arylalkyl;

R13 and R4 are independently hydrogen, or optionally substitwed C1-4 alkyl, or one
of R13 and R4 may be optionally substituted ary};

R5 and R} g are independenly hydrogen, or an optionally substituted Cy .4 alkyl;

R17 is C1-4alkyl, aryl, arylalkyl, heteroaryl, heteroarylCj-4alkyl, heterocyclic, or
heterocyclicC)-4alkyl, wherein the aryl, heteroary] and heterocytlic containing
moicties may all be optionally substituted; -

R} 3 is hydrogen, optionally substituted C}.10 alkyl, C1-10 alkoxy, halosubstituted
C1-10 alkoxy, hydroxy, arylCy.4 alkyl, arylC 9.4 alkenyl, hetercaryl, hetcrosryl-
C1-4nlkyl, heteroarylCy 4 alkenyl, heterocyclic, or heterocyclicCy.4 alkyl, wherein
the aryl, heteroaryl and heterocyclic containing moieties may all be optionally
substituted;

Rjg is cyano, nitro, S(0)2NR4Rs, S(O)7R17, alkyl, arylCy_g4 alkyl, aryiC 54 alkenyl,
beteroary, heteroaryl-Cj4alkyl, heteroaryiCy 4 alkenyl, heterocyelic, or
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heterocyclicCy_4 alkyl; and wherein the alkyl, aryl, heteroaryl and heterocyclic
containing moietics may all be optionally substituted;

R, is NRgR7, alkyl, arylCy_ alkyl, arylC 2 4 alkenyl, heteroaryl, heteroaryl-Cy 4alkyl,
heteroarylCg,4 alkenyl, heterocyclic, or heterocyclicCy4 alkyl; and wherein the

5 aryl, heteroaryl and heterocyclic containing moeities may all be optionally
substitated;

the E containing ring is optionally selected from

el d
m.

10 nY) : the asterix * denoting point of attachment of the ring;
or a pharmaceutically acceptable salt thereof.
Compounds of Formmula (IT) useful in the present invention are represented by

the structure:
-X
N

15 R 1))
whercin

Ris -NH -C(X2)-NH- (CR13R 14y - Z;
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Zis W, HET, (¥in . optionally substituted C;_1 ¢ atkyl, optionally
substituted C3.10 alkenyl, or opticnally substituted C5_jq alkynyl;

Xis N, or CQX7);

X is hydrogen, halogen, C1.10 alkyl, NR4Rs, C]-10 alkyl-NR4Rs, C(O)NR4Rs, C1-
10 alkylC(O)NR4Rs, opticnally substitated Cj.10 alkyl, C;-10 alkoxy,
halosubstituted C}.10 alkoxy, hydroxy, aryl, aryl C}-4 alkyl, aryloxy; aryl C1-4
alkyloxy, heteroaryl, heteroarylalkyl, heterocyclic, heterocyclic C-4alkyl, or
heteroaryl C1-4 alkyloxy;

X3 is =0, or =§;

Ry is independently selected from bydrogen; halogen; nitro; cyanc; halosubstituved
C1-10 alky}; C1.10 alkyl; C2-10 alkenyl; C1-10 alkoxy; halosubstituted C1.10
alkoxy; azide; (CRgRg)q S(O)R4, hydroxy; hydroxy Cy_4alkyl; aryl; aryl Cy4
alkyl; aryloxy; aryl C1.4 alkyloxy; heteroaryl; heteroarylalikyl; heterocyclic,
beterocyclic C1-4alkyl; heteromryl C)4 alkyloxy; aryl C2.10 alkeny!; heteroaryl
C2-10 alkenyl; heterocyclic C2.10 alkenyl; (CRgRg)NR4RS; C2.10 alkenyl
C(O)NR4Rs; (CRgRg)q C(O)NR4RS: (CRgRg)g C(O)NR4R]10: S(O)3Rg:
(CRgRg)qg C(OIR1 1: C2-10 alkenyl C(O)R11; C2-10 alkenyl C(O)OR11; C(O)R11;
(CRgRg)q C(O)OR]12; (CRgRg)q OC(0) R11; (CRgRgIGNR4C(O)R1 1
(CRRRGC(NRONR4Rs; (CReRg)q NR4CINRR 1; (CRgRg)q NHS(O)2R)7;
(CRgRg)q S(O)2NR4Rg; or two R] moieties together may form O-(CH2)s-O ora § --.
to 6 membered samrated or unsamrated ring; and wherein ths aryl, heteroaryl, and
heterocyclic containing moieties may all be optionally substituted;

n is an integer having a value of 1 t0 3;

m is an integer having a valoe of 1 to 3;

q is O, or an integer baving a value of 1 to 10;

tis 0, or an integer having a value of 1 or 2;

s is an integer having a valoe of 1 to 3;

v is 0, or an integer having a value of 1 to 4;

p is an integer having a value of 1 to 3;
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HET is an optionally substituted heteroaryl;
R4 and R§ arc independently hydrogen, optionally substituted C1.4 alkyl, optionally

10

15

substituted aryl, optionally substituted aryl C1-4alkyl, optionally substituied
heteroaryl, optionally substituted heteroaryl C1-4alkyl, heterocyclic, beterocyclic
C1-4 akky), or R4 and RS together with the nitrogen to which they are attached form

2 5 to 7 member ring which may optionally comprise an additional heteroatom
selected from O/N/S;

Y is independently selected from hydrogen; halogen; nitro; cyano; halosubstituted

Ci-10alkyl; C1-10 alkyl; C2.10 alkenyl; C].10 alkaxy: halosubstituted C1.10
alkoxy; azide; (CRgRg)q S(OxR4; hydroxy; hydroxyCj 4alkyl; aryl; aryl C1.4
alkyl; aryloxy; arylC1.4 alkyloxy; heteroary); heteroarylalkyl: hetercaryl C1-4
alkyloxy; heterocyclic, heterocyclic C1-4alkyl; aryl C2-)0 alkenyl; heteroaryl Cp.
10 alkenyl; heserocyclic C2.10 alkeayl; (CRgRg)q NR4ES; C2-10 alkenyl
C(O)NR4Rs5; (CRgRg)q C(O)NR4Rs: (CRgRg)q C(O)NR4R 10; S(O)3Rs:
(CRgRg)a C(O)R11; C2-10 alkenyl C{O)R11; C2-10 alkeny! C(O)OR11:
(CRgRg)q C(O)OR12; (CRgRg)q OC(O) R11; (CRgRgGCINRINR4Rs:
(CRgRg)q NR4C(NR35)R ] 1: (CRgRg)q NR4C(O)R11; (CRgRg)q NHS(O)2R,;
(CRgRg)q S(O)2NR4R35; or two Y moietics together may form O-(CH)s-O ora 5
to 6 membered satvrated or unsaturated ring; and wherein the aryl, heteroaryl, and
heterocyclic containing moieties may all be optionally substituted;

Rg and R7 are independeatly hydrogen or a C}_4 alkyl group, cr Rg and R7 together with

the nitrogen to which they are attached form a 5 to 7 member ring which ring may
optionally contain an additional heteroatom which heteroatcm is selected from oxygen,
nitrogen or sulfor;

Rg is independently hydrogen or C1-4 alkyl;

R10 is C1-10 alkyl C(O)2Rg:

R11 is hydrogen, C1-4 alkyl, optionally substitated aryl, optionally substituted aryl
C1-4alkyl, optionally substituted heteroaryl, optionally sebstituted
heteroarylC_4alkyl, optionally substimted heterocyclic, or optionally substituted
beterocyclicC1-4alkyl;
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R12 is hydrogen, C1-10 alkyl, optionally subs;ilmed u"yl or optionally substituted
arylalkyl;

R13 and R4 are independently hydrogen, or optionally substituted C1.4 alkyl, or one
of R13 and R14 may be optionally substimted aryl;

R|5 and R g are independently hydrogen, or an optionally substituted C14 alkyl;

R17 is Cy_4alkyl, aryl, arylalkyl, heteroaryl, heteroarylCj-4alkyl, beterocyclic, or
heterocyclicCy.4alkyl; and wherein the aryl, heteroaryl and heterocyclic containing
moieties may all be optionslly substituted;

Rq is NRgR7, alkyl, arylC} .4 alkyl, arylC) 4 alkenyl, heteroaryl, heteroaryl-Cy qalkyl,
heteroarylCy._4 alkenyl, heterocyclic, or heterocyclicC.4 alkyl; and wherein the

aryl, heteroaryl and heterocyclic coutaining moieties may all be optionally
substituted:

the E comtaining ring is optionally selected from

Zl]: LY Eg)
° ;(Y)n/ o ;nY ;or

n(Y) ; the asterix * denoting point of attachment of the ring;
oc a pharmacentically acceptable salt thereof.
DETAILED DESCRIPTION OF THE INVENTION
The compounds of Forrnula (I) and (II) may also be used in association with the
veterinary treatment of mammals, other than humans, in need of inhibition of IL-8 or
ather chemakines which bind to the IL-8 a and b receptors. Chemokine mediated

-9
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diseases for remment, dm-npunicnllyorpml;hylactiully. in animals include disease
states such as those noted herein in the Methods of Treatment section.,

As readily seen, the diffecence between compounds of Formmula (T) and (II) lies
in the unsaturation of the A containing ring, and hence the substitutions on the X
moiety. The remaining terms, defined below, are the same for both compounds of
Formula (T) and (II} unless otherwise indicated.

In compounds of Formula (1), suitably R} is independently selected from
hydrogen; halogen; nitro; cyanc; halosubstituted Cj-10 alkyl, such as CF3; Cy.10 alkyl,
such as methyl, ethyl, isopropyl, or o-propyl; C2-10 alkenyl; C1.10 alkoxy, such as
methoxy, or ethoxy; halosubstitated C1- )10 alkoxy, such as trifluoromethoxy; azide;
(CRgRg)q S(O)R4. wherein tis 0, 1 or 2; hydroxy; hydraxy C].4atkyl, such as
methanol or ethanol; aryl, such as phenyl or naphthyl; aryl Cj.4 alkyl, such as benzyl;
aryloxy, such as phenoxy; aryl C1-4 alkyloxy, such as benzyloxy; heteroaryl;
heteroarylalkyl; heteroaryl Cy-4 alkyloxy; aryl C2-10 alkenyl; heteroaryl C2.10
alkenyl; heterocyclic C2.-10 alkenyl; (CRgRg)gNR4RS: C2.10 alkenyl C{O)NR4Rs:
(CRgRg)q C(O)NR4RS; (CRgRg)X) C(O)NR4R10; S(O)3H; S(O)3Rg: (CRgRg)q
C(O)R1); C2-10 alkenyl C(O)R11: C2-10 alkenyl C(O)OR11; C{O)R11: (CRgRg)q
C(O)OR12: (CRgRg)q OC(O) R11; (CRgRg)q NR4C(O)R]1;
(CRR)ACINRINR4Rs5; (CRgRg)q NR4C(NRs)R11: (CRgRg)q NHS(O)2R17:
(CRgRg)q S(O);NR4Rs: or two R] moietics together may form O-(CH2)s-O ora 50 6
membered saturated or unsaturated ring. All of the aryl, heteroeryl, and heterocyclic
containing moicties may be optionally substituted as defined herein below.

Preferably, R} is hydrogen, halogen, cyano, nitro, CF3, (CRgRg)q
C(O)NR4Rs, Cp_10 alkenyl C(O)NR4RS, (CRgRg)q C(O)R4R 10, C2. 10 alkenyl
C(O)OR )2, heteroaryl, heteroaryl Cy_4 alkyl, heteroaryl C), 1 alkenyl, or
S(O)2NR4Rs. More preferably, R} is halogen, cyano, or nitro. For compounds of
Formula (T) and (IT), R is preferably in the 4-position.

For use herein the term "the aryl, beteroaryl, and beterocyelic containing
moistics” refers to both the ring and the alkyl, or if included, the alkenyl rings, such as
sryl, arylalkyl, and aryl alkenyl rings. The term "moieties” and "rings” may be
interchangeably used throughont,

-10-
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Suitably, s is an integer having a vnlue of | to‘3.

It is recognized that R moiety may be substituted on either the benzene ring or
the X containing ring, if possible.

When R} forms a dioxybridge, s is preferably 1. When R} iorms an additional
unsaturated ring, it is preferably 6 membered resuiting in a naphthylene fring system.
These ring systems may be substituted independeatly, 1 to 3 times by the other R}
moicties as defined above.

Suitably, R4 and R§ are independently hydrogen, optionally substituted C).4
alkyl, optionally substituted aryl, optionally substituted aryl C1-4alkyl, optionally
substitnted heteroaryl, optionally substituted heteroaryl Cj-4atkyl. heterocyclic, or
heterocyclicC].4 alkyl, or R4 and R together with the nitrogen ¢ which they are

attached form a 5 to 7 member ring which may optionally comprise an additional
heteroatom selected from O/N/S.

Suitably, Rg and R are independently hydrogen or a Ci-4 alkyl group, or Rg and
R7 together with the nitrogen to which they are attached form a 5 10 7 member ring which
ring may optionally contain an additional heteroatom which heteroatom is selected from
oxygen, nitrogen or sulfur.

Suitsbly, Rg is independeatly hydrogen or C1.4 alkyl.

Suitably, q i 0 or an integer having & value of 1 to 10.

Suitably, R0 is C}-10 alkyl C(O)2Rg, such as CH2C(0)2H or CH2C(0)2CH3.

Suitably, R11 is hydrogen, C1-4 alkyl, aryl, aryl C}4 alkyl, heteroaryl,
heteroaryl Cj-4alkyl, heterocyclic, or heterocyclic Cj.4alkyl.

Suitably, R}2 is hydrogen, Cy_jq alkyl, optionally substituted aryl or optionally
substitated arylalyl )

Suitably, R13 and R14 are independently hydrogen, ¢ an optionally substitated
C1-4 nlkyl which may be straight or branched as defined herin, or one of R13 snd R14
arc an optionally substituted aryl.

Suitably, v is 0, or an integer having a value of I to 4.

When Ry 3 or Rj4 are an optionally substituted alkyi, the alkyl moiety mey be
substituted one to three times independently by halogen; halosubstituted C.4 alkyl
such as trifluoromethyl; hydroxy; hydroxy Ci1-4alkyl, C1-4 alkoxy; such as methoxy, or
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cthoxy, halosubstituted C1.1p alkoxy, 5(0)13'4'. ayl; ;“RARS'. NHC{O)R4:
C(O)NR4Rs; or C(O)ORg.

Suitably, R17 is C142lkyl, aryl, arylalkyl, heteroaryl, heteroarylC]4alkyl,
heterocyclic, or heterocyclicC-4alkyl, wherein all of the aryl, heteroaryl and
heterocyelic containing moietics may all be optionally substituted.

Suitably, Y is independently selected from hydrogen; halogen; nitro; cyano;
halogubstiruted C]-1¢ alky}; C1-10 alkyl; C2-10 alkeny); C1.10 alkoxy; halosubstituted
C1.-10 alkoxy; azide; (CRgRg)q S(O)R4; hydroxy; hydruxyCy4alkyl; mryl; aryl C14
alkyl; aryloxy; arylC}-4 alkyloxy; heteroaryl; heteroarylalkyl; hetercaryl C1.4
alkyloxy; beterocyclic, heterocyelic Cy-4alkyl; aryl C2.10 alkeayl; heteoaryl C2.10
alkenyl; heteracyclic C10 alkenyl; (CRgRg)q NR4Rs; C2-10 alkenyl C(O)NR4RS;
(CRgRg)X) C{O)NR4Rs; (CRgRg)q C(O)NR4R10; S(O)3H; S(O)3Rs: (CRgRg)q
C(O)R1); C2-10 alkenyl C(O)R11; C2-10 alkenyl C(O)OR11; (CRgRg)q C(O)OR12;
(CRgRg)q OC(0) R11; (CRgRg)IC(INR4INR4Rs; (CRgRg)g NRyC(NR5)R1 1;
(CRgRg)q NRAC(O)R11: (CRgRg)q NHS(O)oR,; or (CRgRg)q S(O)2NR4R5; or two
Y moieties together may form O-(CH2)s-O or & 5 to 6 memnbered saturated or
unsaturated ring. The aryl, beteroaryl and heterocyclic containing moietics noted above
may all be optionally substituted as defined hecein.

When Y forms a dioxybridge, 2 is preferably 1. When Y forms sn additional
nnsaturated ring, it is preferably 6 membered resulting in a naphthylene ring system.
These ring systems may be substituted 1 to 3 times by other Y moietics as defined
above.

Suitably, R, is NRgR7, alkyl, aryl C}j_4 alkyl, arylC 2 4 alkenyl, heteroaryl, .
heteroaryl-Cy 4alkyl, heterourylCy_4 alkenyl, heterocyclic, heterocyclicCy4 alkyl,
wherein all of the ary), heteroaryl and heterocyclic containing rings may all be
optionally substituted.

Y ia preferably a balogen, C1-4 alkoxy, optionally substituted aryl, optionally
substitnted aryloxy or arylalkoxy, methylene dioxy, NR4RS, thio Cy.4alkyl, thioaryl,
balosubstitated alkoxy, optionally substituted C1.4 alkyl, or hydroxy alkyl. Y is more
proferably mono-substituted balogen, disubstitted halogen, mono-substinsted alkoxy,

-12-
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disubstituted alkoxy, methylenedioxy, aryl, w alkyl, more preferably these groups are
mono or di-substituted in the 2 position or 2'-, 3*position on a phenyl ring.

While Y may be substituted in any of the ring positions, a is preferably one.
While both R1 and Y can both be hydrogen, it is preferred that at least one of the rings
be substituted, preferably both rings are substituted.

Suitably, R is -NH -C(X2)-NH- (CR13R 14)y - Z.

| _IJ(cnlsHu,P

Suitably, Z is W, HET, (n , an optionally substituted C1.10
alkyl, an optionally substitated C_)() alkenyl, or an optionally substituted C3-1p
alkynyl.

Suitably, p is an integer having a valoe of 1 to 3.

X is suitably =0, or =S.

Tn compounds of Formala (T), suitebly X is C(X})2, C{O), C(S). S(O)p.
PO(ORy4) or C=N-R ;0.

Suitably, Ry is cyano, nitro, S(O)2NR4R5, S(O)2R 7, alkyl, arylCy_4 alkyl,
arylC 2 4 alkenyl, heteroary), heteroary-Cy.4alkyl, beteroarylCy 4 alkenyl, heterocyclic,
heterocyclicC 4 alkyl, wherein the alkyl, aryl, heteroaryl and heterocyclic containing
rings may all be optionally substituted. Preferably Rg Is cyano.

When X is C(X1)p, X} is suitably independently hydrogen, halogen, NR4Rs,
C1-10alkyINR4Rs, C(O)NR4R5, C1-10 alkyl-C(O)NR4RS, optionally substitated C1-
10 alkyl, C1.10 alkoxy; kalosubstituted C).10 alkexy, aryl; aryl C1.4 alkyl; aryloxy;
aryl C14 alkyloxy; heteroaryl; heteroarylalkyl; heterocyclic, beterocyclic C1-4alkyl; or
heteroaryl C)-4 alkyloxy. The Cj_1q aikyl group may be optionally substituted one or
more times by hydroxy, NR4Rs, or halogen. Preferably, at least one of X is hydrogen.

Preferably, for componnds of Farmula (I), X is C(S) or 1 C(O) moiety, more
prefecably C(O). i

Suitsbly, R}g is hydrogen, optionally sabstituted C1.10 alkyl, C)-10 alkoxy,
halosubstituted C1-10 alkoxy, hydroxy, arylC1.4 alkyl, aryiC 7.4 alkenyl, heteroaryl,
heteroaryl-Cy_4alky), beteroaryiCs_4 alkenyl, beterocyclic, or heterocyclicCy 4 alkyl,

-13-
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wherein all of the aryl, heteroaryl and beterocyclic rings may all be optionally
substituted. Preferably Ryg is hydrogen or alkyl, more prefersbly hydrogen.

In compounds of Formula (II), suitably X is N, or C(Xy), preferably X is N.

Preferably, when X is C(X1), X is hydrogen or halosubstituted alkyl.

It is recognized that in compounds of Formula (IT) thut the ring system can exist
in a tautomeric form.

Suitably when Z is a heteroaryl (HET) ring, it is suitadly a hetcroaryl ring or
ring system. If the HET moiety is a multi ring system, the ring containing the
beteroatom does not need 1o be directly attached to the urea moiety through the
(R13R]4)y linkage of the ring(s) in these ring systeons may be optionally substitated as
defined herein. Preferably the HET moiety is a pyridyl, which may be 2-, 3- or 4-
pyridyl. If the ring is a multi system ring it is preferably benzimidazole,
dibenzothiophene, or an indole ring. Other rings of interest include, but are not limited
to thiophene, furan, pyrimidine, pyrrole, pyrezale, quinoline, isoquincline, quinazolinyl,
oxazole, thiazole, thiadiazole, triazole, imidazole, or benzimidazole.

The HET ring may be optionally substituted independently one to five,
preferably 1 to 3 times by Y as defined above. The substitutions may be in any of the
ring(s) of the HET system, such as in a benzimidazole ring.

Suitably R} 5 and Ry tre independently hydrogen, or an optionally substituted
C1-4 alky] as defined sbove for Ry3 and Ry 4.

Suitably, the E containing ring is optionally selected from

- 14~
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n(Y) ; the asterix * denoting point of sttachment of the ring.

The E ring denoted by its point of attachment throngh the asterix (*) may
optionally be present. If it is not present the ring is a phenyl moiety which is
substitoted by the R| terms as shown. The E ring may be substituted by the (Y)n
moicty in any ring, samrated or ensaturated, and is shown for purposes herein
substituted only in the unsaturated ring(s).

While Y in the W term may be substituted in any of the 5 ring positions of the
pheny] moiety (when E is absent), Y is preforably mono-substitnted in the 2*-position or
3" position, with the 4™ preferably being unsubstituted. If the phenyl ring is
disubstituted, substituents are preferably in the 2" or 3° position of a monocyclic ring.
‘While both R1 and Y can both be hydrogen, it is prefered thet at least one of the rings
be substituted, preferably both rings are substitated.

As used herein, "optionally substituted” mmless specifically defined shall mesn
such groups as halogen, such as fluorine, chlorine, bromine or iodine; hydroxy; hydroxy
sabstituted Cj.10alkyl; C1-10 alkoxy, such as methoxy or ethoxy; S(O)m* C1-10 alkyl,
wherein m’ is 0, 1 or 2, such as methyl thio, methyl sulfinyl or methyl sulfonyl; amino, i
mono & di-substituted amino, such as in the NR4Rs gronp; NHHC(O)Rg; C(O)NR4RS;
C(O)OH; S(0)2NR4R5; NHS(0)2R20, C1-10 alkyl, such as methyl, ethyl, propyl,
isopropyl, or t-butyl; halosubstituted C1.10 alkyl, such CF3; mn opticnally substituted
uyl.mhnphenyl,ormwtimllymblﬁnmdﬂvhlklykmchlsbumlorphmhyl.
optionally substituted heterocylic, optionally substituted heterocylicalky), optionally
substituted heteroaryl, optionally substituted heteroary] alkyl, wherein these aryl,
heteroaryl, or heterocyclic moieties may be substituted one to two times by halogen;
hydroxy; hydroxy substituted alkyl; Cj-10 alkoxy; S(O)m'C1-10 alkyl; amino, mono &

-15-
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di-substituted amino, such as in the NR4Rs ;:mp: C1:|o alkyl, or halosubstituted
C1-10 alkyl, such as CF3.

R20 is suitably C1_4 alkyl, aryl, aryl Cj_4alkyl, heteroaryl,
heteroarylC1-4alkyl, heterocyclic, or heterocyclicCy4alkvl.

Suitable pharmaceutically acceptable salts are well known to those skilled in
the arnt and include basic salts of inorganic and organic acids, such as hydrochloric acid,
hydrobromic acid, sulphuric acid, phospheric acid, methane: sulphonic acid, ethane
sulphonic acid, acetic acid, malic acid, tartaric acid, citric acid, lactic acid, oxalic acid,
succinic acid, fernaric acid, maleic acid, beazoic acid, salicylic acid, phenylacetic acid
and mandelic acid. In addition, pharmaceutically acceptable: salts of compounds of
Formula (T) may also be formed with a pharmaceutically acceptable cation, for instance,
if a substituent group comprises a carboxy moiety. Suitable pharmacentically
acceptable cations are well known to those skilled in the art and include alkaline,
alkaline earth, ammoninm and quaternary ammmonium cations.

The following terms, as used herein, refer to:

* "halo” - all halogens, that is chioro, fluoro, bromo aad iodo.

* "Cj.10alkyl” or "alkyl” - both straight and branched chain radicals of 1 to 10
carbon atoms, uniess the chain length is otherwise limited, including, but not limited to,
methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, tert-batyl, n-pentyl and
the like.

s "cycloalkyl” is used herein to mean cyclic radicals, preferably of 3to B
carbons, including but not limited to cyclopropyl, cyclopentyl, cyclohexyl, and the like,

* "alkenyl" is used herein at all accurrences to mean straight or branched chain
radical of 2-10 carbon atoms, unless the chain length is limited thereto, including, bot
not limited to ethenyl, 1-propenyl, 2-propenyl, 2-methyl-1-propenyl, 1-butenyl, 2-
butenyl and the like.

* "aryl” - phenyl and naphthyl;

* "heteroaryl” (on its own or in any combination, such as "heteroaryloxy®, or
*heteroaryl alkyl") - a 5-10 membered aromatic ring system in which one or more rings
contain one or more heteroatoms selected from the group consisting of N, O or S, such
as, but not limited, to pymrole, pyrazole, foran, thiophene, quinoline, isoquincline,
quingrolinyl, pyridine, pyrimidine, axazole, thiszole, thiadiszole, triazole, imidazole, or
benzimidazole,

- 16~
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» *heterocyclic™ (on its oWn or in any combination, such a5 "heterocyclicalkyl”)
- a saturated or partially unsaturated 4-10 membered ring system in which one or more
ringseontainnmormehe:emtomsseleewdfrm;nhegmup consisting of N, O, or §;
such as, but not limited to, pyrrolidine, piperidine, piperazine, morpholine,
tetrahydropyran, or imidazolidine.

= "arylalkyl" or "heteroarylalkyl" or "heterocyclicalkyl™ is used herein to mean
C1-10 alky), as defined above, sitached to an aryl, heteroary| or heterocyclic moiety, as
also defined herein, unless otherwisc indicated.

* "sulfinyl" - the oxide S (O) of the corresponding sulfide, the term "thio™
refers to the sulfide, and the term "sulfonyl” refers to the fully oxidized S(0)2 moiety.

* "wherein two R] moieties (or two Y moicties) may together forma S or 6
membered saturated or unsaturated ring” is used herein to mean the formation of an
aroralic ring system, such as napthylene, or is a phenyl moitty having attached 2 6
membered partially saturated or unsaturated ring such as a C5 cycloalkenyl, i.e. hexene,
or a C§ cycloalkeny] moiety, such as cyclopentene.
Exemplified compounds of Formula (T} include:
N-4-(Benzimidazoline-2-one-N'-(2"-bromophenyl)urea;
N-4-(1H,3H-2,1,3-benzothiazole 2,2-dioxide)-N'-(2-bromopheny]) urea
N-4-(7-Cyano-1-N-methyl-benzimidazoline-2-thione)-N'-(2,3-dichlorophenyl) urea
N-4-(7-Cyano-benzimidazoline-2-thione)-N'-(2 bromopbenyl) urea
N-4-(7-Cyano-1-methyl-benzimidazoline-2-thione)-N'-(2 bromophenyl) urea
N-4-(7-Cyano-1-methylbenzimidazoline-2-one)-N'-(2,3-dichlorophenyl) urea
N-4-(7-Cyano-benzimidazoline-2-one)-N'-(2-bromophenylnirea
N-4-(7-Cyano-benzimidszoline-2-thione)-N'-(2,3-dichlorophenyl) urea
N-4-(7-Cyano benzimidazoline-2-imine)-N'-(2-bromophenyT) urea; and
N-(4-Cyano-2-0x0-3-methylbenzimidazol-7-yI)-N'-(2-bromophenyl) wrea.
Exemplified compounds of Formula (II) inchade:
N-7-(Benzotriazole)-N'-(2-bromophenyl)urea;
N-7-(4-Bromobenzotrinzole)-N'-(2,3-dichorophenyi)ures;
N-7-(4-Bromo-2-trifluoromethyl-benzimidsrolyl)-N'-(2-bromophenyl)uares;
N-4-(2-Triflucromethyl-benzimidazolyl)-N'-(2-bromophbenylurea
N-7<(4-Cyano-benzotriazole)-N'-(2,3-dichlorophenyl) urea
N-74{4-Cyano-benzotriazole)-N'-(2-bromophenylyurea
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N-7-{4-Cyano-2-riffuoromethyH beazimidazolyl)-N-(2-bromophenyljurea
N-7-(4-Cyano-benzimidazolyl)-N*(2.3-dichlorophenyl) urea; and
N-7-(4-Cyano-benzimidazolyl)-N'-(2-bromophenyl) urea.

5  For purposes herein, the above noted nomenclature is based upon the numbering of the
ring systems as follows:

{for Formula (1)); and 7 (for Formula (TD)).

METHODS OF PREPARATION

10 The compounds of Formmula (I) may be obtained by applying synthetic
procedures, some of which are illustrated in the Schemes below. The synthesis
provided for in these Schemes is applicable for the producing of Formula (T) having a
variety of different Z and R groups which are reacted, employing optional substitaents
which are suitably protected to achisve compatibility with the reactions outlined herein.

15  Subsequent deprotection, in those cases, then affords compounds of the nature generally
disclosed. Once the urea nuclens has been established, forther compounds of thess
formulas may be prepared by applying standard technigues for functional group
interconversion, well known in the art. While the schemes are shown with various
componnds of Forrmula (I} this is merely for illustration purposes only and not a

20  limitation on the extent of synihesis available nsing these methods.

- 18-
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Schcn':: 1 )
Oy 4.0
N
NH! ) Ilbf
a !
o, NH
Ny,
1 ¢ 09,
l)mz. HOAc

If the 2-nitro substituted heterocyclic compound 2-gcheme | is not
commercially available it can be made by tresting the commercially xvailable 3-nitro
phenylene diamine ]-scheme | with sodinm nitrite in a protic solvent such as HOAc.

Scheme 2

0§N..o'
NH, e NH
o - QX
N "
b O_'N*O
i | 2
a)Triphosgena, Et4N, DMF

If the 2-nitro substituted heterocyclic compound 2-scheme 2 is not
commercially available it can be made by treating the commercially available 3-pitro
phenylene dismine |-scheme 2 with triphosgene and triethylamine in DMF or the
thiophosgene to form the thio urea. Or altematively with anothe: carbonyl with no
leaving groups such as carbonyl di-imidazole.

-19-
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Schewe 3
o,,“,.o"
NH, N
QL - L
N, J.eﬂ .
1 ° o,
) Tnflucroncehc artydnde bjToluens, refhae

¥ the 2-setro substwutad hotesocyche compound 2-4chems 3 1 not
$ commmrcally avaslebie it can be made by trestng the commerciaily svasisble 3-mitro
phonylene duamme 1-achane 3 with the corvespanding ankydnds then efluxeg
wivens

Scherma 4
1 2 05'.';[0 2
* a) @iy, THF, J0°C 1) 80CIy c) m-CPBA @ Hg, PG ) NaOy, SN He80,,

I the 2-netro svbstaituted heterocyche compound 3-achams 4 1s wot
commercsally avasiable &t can be made by tresting compound 2-achas 4, wnder

1S  standesd sutrating condshons (asag HINO3 ar NaNOj) at 29°C. H hetmvocyclis
compound 2-achamg 4 i not cormmercially sveslable it csn be mads from the

commarceally svaslebls 1, 2-didbennyihamme J-achams 4 with inethylanuns at <20°C,
then thuonyl chiands followed by axdation wath -CPBA and sedection of the benxyl
groups uang Hyy/ N m MeOH
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Schome §
!
N, \
AL, — (N
N, . b
1 0““‘1.'.)z
8) PROPLO)Cl; b) NaNOy

I the 2-netro substwwied heterocyche compound 2-gchame $ 15 not
5  commarcially avinlable it can bs mads by teatng the commencanlly avasiable 1, 2-
desmns J-echome § with PROP(O)CI3 followed by standasd mtrating condiions (snng

HNOs or NaNO3) st 2°C

Schame 6
CI —2 QI J
O‘N;o .'I..ﬂ. °‘~..° 2
) Formaidehyde, refux

10
1f ha heserocyche compound 2-acheme 6 1 not cowmercially avasiable o can
be made by tresting the commercally avalabls |, 2-diamene 1-achame 6 with
formaldekydo at reflux
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Schome 7
o —— O
0‘";01 N, 2

#) Hy PA/C, MaOK b) PRNCO, DMF, 00°C

1 the demred amline 2-acheme 7 13 not commeecally available the
coryesponding mtro compound 1-achazeg 4 15 then reduced under standerd condition
(H2 Pd/CorSaCly) The ortho subststuted pheny) ures 1 3-acharms 7 may be prepared
by standard conditsons mnvelving the condansation of the commerceally avmleble
substiuted eryl 1socysaete(Aldnch Chemcal Co , Milwatkee, W1 ) with the
corrsponting armhns 2-gchems 7 10 am aprotic solvent sech as (DMF or toluene)

I the 7-anmee subetatnd heterocyclic compound 4-achars § 19 not
commercaally availeble it can be made by treating the commercally avaslsbie 2-bvomo-
S-nstroambms 1:acheces § with & macleapiule such as, copper (T) cyamds or slternativaly
tns can be wsed for peliadicm catalysimd coupling reactions, and pyndme m an aprons
solvent such as DIMF 10 form the 2-cyano-S-aatroanilme 2-achome § The duarmme 3=
schame £ can be formed by tencting 2-cyano-S-nutroandne 2-achame § wih
wtramethy! hydemzing 10dids and & strong kindered bass such a3 sodwm t-pentonuds,
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an aprotic solvent such as DMSO. MT-min;Myll;obenmimle 4-gcheme 8 can
be made by reacting the diamine 3-scheme 8 with sodium pitrite, in a protic solvent
such as HOAc, followed by reduction of the nitro group with a suitably reducing agent,
such as PA/C in MeOH. Alematively the diamine 3-Schemn2 § can be used to
synthesize the other named heterocyclics described herein. The aromatic rings of the
compounds can be further functionalized by conditions well known in the art such as
bromination or other electrophilic substitution reactions. These substitnents can be
further manipulated using standard nucleophilic substitutions such as reaction with an
anion (such as sodium methoxide), or in palladium catalyzed coupling reaction
chemistry.

The amino substitated heterocyclic compound 4-gcheine-§ can thenbe
converted to the corresponding urea by condensation with a commercially available

isocyanate,
Ancther aspect of the present invention are the novel compounds of the
forroala:
(Rym .
B
H
NH,

wherein R} and m are as defined in Fornwla (fI). Preferably, R} is bromo or cyano.
Preferably R is substituted in the 4-position of the ring.
Another aspect of the present invention are the novel compounds of Formula (IV):

Osp ©

NH,

_@ygm H,
wherin R and m are as defined for Formula (II), provided that R1 is other than
hydrogen. Preferably R is cyano, or bromo.

Another aspect of the present invention is the novel process of making a
compound of the formula:
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(R;)m

(Rym N
with sodium pitrite in a protic solvent, followed by reduction of the nitro group to yield
a compound of Formula (I1I).
Lastly, another aspect of the present invention is the analagous process for
producing a compound of Formula (II) as defined above, which process comprises
&) reacting a compound of the formmia:
(R,)m

with a compound of the formula:
C(X2)-N-(CR]3R4)y - Z; wherein R, m, X3, R 3, R14. v and Z are as defined in
Formula (IF) to yield a compound of Fornmla {II).

SYNTHETIC EXAMPLES
The invention will now be described by reference to the following examples which are
merely illustrative and are not to be construed as a limitation of the scope of the present
invention. All temperatures are given in dagrees ceatigrade, nll solvents are highest available
purity and al} reactions run under anhydrons conditions in an argon atmosphere unless
In the Examples, all temperatures are in degrees Centigrade (°C). Mass spectra were
performed upon 2 VG Zab mass spectrometer using fast atom bornbardment, uniess otherwise

- 24-
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indicated. !H-NMR (hereinafter "NMR") spe;tn were recorded at 250 MHz using a Bruker

AM 250 or Am 400 spectrometer. Multiplicities indicated are: s=singlet, d=doublet, t=triplet,

q=quartet. m=multiplet and br indicates a broad signal. Sat. indicates a saturated solution, eq

indicates the proportion of a molar equivalent of reagent relative to the principal reactant.
General Mcthod B; Synthesis of N, N~ phenyl urea To a solution of phenyl

isocyanate(1.0 equiv.) in dimethyl formamide (1ml) the corresponding aniline (1.0

equiv,) was added. The reaction mixture was stirred at 80°C until complete (3-16

hours), then removed solvent under vacuum. The purification, yields and spectral

characteristics for each individual compound are listed below.

Preparation o Bromo 'A-.‘:}j‘JA!‘J Ie
a)Preparation of 4-nitrobenzotriazole

To a solution of 3-nitro-phenylenediamine(15.3g, 100 millimole (hereinafter
mmol)) in acetic acid (SOmilliliter (hereinafier”mi™)) was stirred with sodium
nitrite(6.9¢, 100 mmol). The mixture was then heated to 60° C for 1 hour (hercinafter
*hr™). The reaction was then cooled to room temperature and water was added, the
desired product precipitated out of solution and the mixture was filtered to give the
desired product(10.7 grams (hersinafter”g”), 65 %). 'H NMR (CD3SOCD3): 5858 (d,
1H), 8.44 (d, 1H), 7.61 (t, 1H).
b)Preparation of 4-amincbenzotriazole

To a solution of 4-nitrobenzotriazole(4g, 24 4mmiol) in methanol(250ml) was
added 10% Pd/C (1.0g). The mixture was flushed with argon, then hydrogen was
bubbled through the solution for 10 minutes (hereinafter "min") :ind a hydrogen
atmosphere wes maintained at balloon pressure for 4 hors. The reaction mixture was
flushed with argon and 10% Pd/C (1.0g) was additionally added and a hydrogen
atmosphere was maintained at balloon pressore overnight. The mixture was filtered
through celite and the celite was washed with methanol. The solvent was evaporated
and chromatography of the resulting solid on silica gel (S%M2OX/ CH.CL) gave the
desired produci(2.0g, 82 %). 'H NMR (CD3S02CD3): §8.71 (s, 1H), 7.16 (1, 1H), &75
(d, 1H), 636 (d, 1H), 5.90 (s, 1H).
c) Preparation of 4-amino-7-bromobenzotriszole
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To a solution of 4-aminobenzotriazole(S50 milligram (hercinafter "mg"),
4.1mmol) in acetic acid (10ml) was added potassium bromide (520mg, 4.4mmol),
ammonium molybdate(67mg, 0.55mmol) and hydrogen peroxide (0.5ml, 30%). The
mixture was stirred at 25° C for 3 hors. The solvent was evaporated and
chromatography of the resulting solid on silica gel (EtOAc/ Hexane(lequiv./lequiv.))
gave the desired prodnci(400 mg, 45 %). 'H NMR (CD3S0,CD+): 57.29 (d, 1H), 649
(d, 1H), 6.05 (bs, 3H).

d) Preparation of N-7-[4-Bromo-[2,4}-benzotriazale]-N[2, 3-dichlorophenyl] urea

N-[5-Bromo-2-benzotriazole]-N{2, 3-dichlorophenyl] urea was prepared from
4-amino-7-bromobenzotriazole (330mg, 1.50 mmol) according to the procedure in
General Methiod B. The product was purified by chromatography of the resulting solid
on silica gel(BtOA</ hexane(2equiv./3equiv.)). (410mg, 68%). ‘H NMR
(CD3S0CD7): § 10.42 (s, 1H), 925 (s, 1H), 8.20 (dd, LH), 7.96 (d, 1H), 7.64 (d, 1H),
7.33 (m, 2H).

To a solution of 3-nitro-phenylenediamine(1.0g, 6.53 mmol) in
dimethylforamide(20ml) was added triphosgene(0.775g, 2.60 numol)and triethylamine(1:ml,
7.80mmol). The mixture was theu heated to 80° C for shout] hour. The solvents were then
evaporated and the product was precipitated out of solution with methylene
chloride/hexane(1equiv./20equiv.). (700mg, 64%). "H NMR (CD3S02CD3): 3 11.61 (s,
1H), 11.35 (s, 1H), 7.85 (4, 1H), 7.34 (d,1H), 7.1S (1, 1H).
b)Preparation of 4-amino-benzimidazolin-2-one

To a solution of 4-nitro-benzimidazolin-2-one (700mg, 3.9mmol) in
methanol(50mi)and acetic acid(10ml) was added 10% Pd/C (200mg). The mixture was
flushed with srgon, then hydrogen was bubbled through the solution for 10 min. and &
hydrogen atmosphere was maintained at balloon pressure overnight. The mixture was
filtered through celite and the celitc was washed with methanol. The solvent was
evaporated and chromatograplhry of the resuiting solid on silice gel (10%MeOH/ CH,CL)
gave the desired product(500mg, 86 %). '"H NMR (CD3S02CD)3): 5 10.34 (s, 1H),
10.01 (s, LH), 6.66 (¢, LH), 6.24 (d,1H), 6.22 (d, 1H), 5.15 (bs, 2H).
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c)Preparation of N—[benzinidmlin—S—onol-N'-iz-brom;phenyl] wea

N-[benzimidazolin-3-one}-N-{2-bromophenyl} urea was prepared from 4-
amino-benzimidazolin-2-one (80mg, 0.54 mmol) according to the procedure in General
Method B. The product was purified by chramatography of the resulting solid on silica
gel(BtOAc/ hexene(lequiv/lequiv.)). (120mg, 64%). "H NMR (CD3S0CD4): 3 10.68
(s, 1H), 10.03 (s, IH), 9.08 (s, 1H), 8.15 (d, 1H), 8.08 (s, 1H), 7.62 (d, 1H), 7.34 (¢, 1H),
6.99 (1, 1H), 6.92 (d, 2H), 6.73 (d, 1H).

a)Preparation of 4-nitro-2-trifluoromethylbenzimidazole

To a solution of 3-nitro-phenylenediamine(1.0g, 6.53 mmol) was added
trifluoroacetic anhydride(1.37g, 6.53mmol). The mixturc was then stired for 1 hr. The
solvents were then evaporated and the product was reflnxed in toluene for 2 hrs. The
solvents were then evaporated and the desired product was obtained(1.43g, 95%). "H NMR
(CD3S09CD4): 8940 (s, 1H), 831 (d, 1H), 839 (d, 1H), 7.58 (¢, 1H).
b)Preparation of 4-amino-2-trifluoromethylbenzimidazole

To a solution of 4-nitro-2-trifluccomethylbenzimidazole (700mg, 3.0mmol) in
methanol(SOml)and was added 109% Pd/C (200mg). The mixture was flushed with
argon, then hydrogen was bubbled through the solution for 10 min. and a hydrogen
atmosphere was maintained at balloon pressure overnight. The mixcture was filtered
through celite and the celite was washed with methanol. The solvent was evaporated
and chromatography of the resulting solid on silica gel (10%MeOEV CH.CL) gave the
desired product(560mg, 93 %). "H NMR (CD3S02CD3): § 1049 (s, 1H), 7.09 (1, 1H),
6.72 (d, 1H), 630 (d, 1H), 5.52 (bs, 2H). o
c)Preparation of 4-amino-7-bromo-2-trifiucromethylbenzimidazole

To a solution of 4-amino-2-triflucromethylbenzimidazole (180mg, 0.9mmol) in
acetic acid(10ml) was added potassium bromide(117mg. 0.99mmol), smmoninm
molybdate(12mg, 0.099mmol) and hydrogen peroxide(0:2ml1,30%). The mixture was
stirred at 25° C for 3 hrs. The solvent was evaporated and chromatography of the
resulting solid on silica gel (EtOAc/ Hexane(lequiv./1equiv)) gave the desired
product(103mg. 39 %). 'H NMR (CD,0D): 5 7.11 (d, 1H), 6.35 (d, 1H).
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d)Prepacation of N-{4-bromo-2-trifluoromethyl-7-benzimidazolyl]-N{2-bromophenyl)
ures

N-[4-bromo-2-trifluoromethyl-7-benzimidazolyl]-N'-[2-bromophenyl] urca was
prepared from 4-amino-7-bromo-2-trifluoromethylbenzimidaxole (33mg, 0.54 mmol)
according to the procedure in General Method B. The product was purified by
chromatography of the resulting solid on silica gel{ExOAc/ hexane (1equiv./lequiv.)).
(35mg, 63%). 'H NMR (CD3SOCD3): 59.95 (s, 1H), 9.54 (s, 1H), 9.07 (s, 1H), 8.06
(d, 1H), 7.99 (d, 1H), 7.62 (d, 1H), 7.33 (t, 1H), 7.01 (¢, 1H).

Prepanation of N-[4-Triazolophenyl}-N"-J2-bromophem
a)Preparation of 2, 6-Dinitro(1-phenylsulfonyl)aniline
To the solution of 2, 6-dinitroaniline (2 g, 10.92 rnmol) in THF (20 mL),
sodium hydride (437 mg, 10.92 mmol) was added. After 10 minutes, benzenesulfonyl
chloride (1.4 mL, 10.92 mmol) was added. The reaction mixtore was stirred at room
temperature for 16 hours. Then. the reaction mixture was pattitioned between ethyl
acetate and water. The combined organic layer was dried over MgSO,, filtered and
concentrated under reduced pressure and chromatography of the resulting liquid on
silica gel (hexane/ethyl acetate(Sequiv/.1equiv.)) gave product (2.6 g, 74%). EI-MS m/z
324 (M).
b) Preparation of 2, 6-Diamino{1-phenylsulfonyl)aniline
To the sohation of 2, 6-Dinitro(1-phenylsulfoaylaniline (450 mg, 1.39 mmol) in
ethanol (10 mL), Tin (M) chloride (1.57 g, 6.95 mmol) was sdded. The reaction mixture was
stirred at reflux for 4 hours. Then was cooled to room temperature. The NaHCO3 (aqueous)
was added to pH= 7. Then was extracted with ethyl acetate (3x). The combined organic
Iayer was dried over MgSO,, filtered and coucentrated under reduced pressure to give * -~
prodnct (338mg, 92%). EI-MS m/z 264 (M").
c) Preparation of N-{2-Benzenesulfonylamino-3-aminophenyl)-N"-(2-bromophenyl)urea
‘To a sohtion of 2-bromo phenyl isocyanate (0.16 mg, 1.28 mmol) in DMF (1.5
mL), the 2, 6-diamino{1-phenylsulfonylaniline (338 mg, 1.23 mmol) was added. The
Teaction mixture was stirred at 80°C for 16 bours, then cooled to room temperature.
Chromatography of the resulting liquid on silica gel (hexane/ethyl
acetate(Sequiv./lequiv. to lequiv./lequiv.)) gave product (430 mg, 73%). EI-MS m/z
461 (M").

lurca
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d)Preparation of N{LTﬁmbphmyl)-N‘{Mlhm)

The N-(2-Benzenesulfonylamino-3-aminophenyl)-N*(2-bromophenyl)urea
(235 mg, 0.51 mmol) was added to HCI/H.O (0.51 mL/1.02 mL), cooled 50 0°C. Sodium
nitrate (35.4 mg, 0.51 mmol) was added to the reaction mixture. The reaction mixture
was stirred at 0°C for 30 minutes. The sodivm cyanide (25 mg, 0.51 mmol) was added
to reaction mixture and warmed to room temperature. The reaction mixture was stirred
at room temperature for 18 hours. Then it was extracted with three times by ethyl
acelate. The organic extracts were combined, dried over MgSO,, filtered and
concentrated under reduced pressure and chromatography of the resuliing solid on silica
gel gave product (100 mg, 59%). EI-MS w/z 333 (M').

Preparation of N-7-[2-trifluoromethylbenzimmidazol
a)Preparation of 4-nitro-2-triflucromethylbenzimidazole

Ta 1 solution of 3-nitro-phenylenediamine(1.0g, 6.53 mmol) was added
trifluoroacetic aphydride(1.37g, 6.53mmol). The mixture was then stiored for 1 br. The
solvents were then evaporated and the product was refluxed in tolnene for 2 hrs. The
solvents were then evaporated and the desired product was obtained (1.43g, 95%). 'H
NMR (CD3S02CD3): 5 9.40 (s, 1), 8.31 (d, 1H), 8.39 (d, 1H), 7.58 (¢, 1H).
b)Preparation of 4-amino-2-trifluoromethylbenzimidazole

To a solution of 4-nitro-2-trifluoromethylbenzimidazole {700mg, 3.0mmol) in
methanol(SOm!)and was added 10% PA/C (200mg). The mixtnre was flushed with
argon, then hydrogen was bubbled through the solution for 10 min. and s kydrogen
ammosphere was maintained at balloan pressure overnight. The mixture was filtered
through celite and the celite was washed with methanol. The. solvent was evaporated
and chromatography of the resulting solid on silica gel (10%MeOH/ CH,CL) gave the-.—
desired product(560mg, 93 %). 'H NMR (CD3S02CD3): 5 1049 (s, 1H), 7.09 (t, 1H),
6.72 (d, 1H), 6.30 (d,1H), 5.52 (bs, 2H).
¢) Preparation of N-7-[2-trifluoromethyl benzimidazolyl}-IN-[2-bromophenyi] urea

N-7-[2-trifleoromethy] benzimidazolyl}-N[2-bremophenyl] urea was prepared
from 4-amino-2-trifluoromethylbenzimidazole (360mg, 1.79 mmal) according to the
procedure in General Method B. The product was purifizd by chromatography of the
resulting solid on silica ge(EYOAc/ hexane(lequiv./lequiv.)). (35mg, 63%). 'H NMR
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(CD3S02CD1): 89.94 (s, 1H), 989 (s, 1H), 9.02 (s, 1H), 8.09 (d, 1H), 8.00 (d, 1H),
7.61 (d, tH), 7.32 (m, 2H), 7.20 (d, 1H), 7.00 (t, 1H).
Example 6

a) Preparation of 2-cyano-5-nitroaniline

To a solution of 2-bromo-5-nitroaniline (5.0g, 23 mmol) in dimethylforamide
(100m!) and pyridine (20ml) was stirred with coppex(l) cyanide (2.05g,64 mmol). The
mixture was then heated to 160° C for 48 hrs. The reaction was then cooled to room
temperature and filtered through celite, the celite was washed with ethyl acetate. The
solvent was evaporsted and chromatography of the resulting solid o silica gel
(25%EtOAc/ Hexane) gave the desired product (2.64 g, 70 %). 'H NMR
(CD3COCDy): § 7.75 (s, 1H), 7.70 (d, 1H), 7.44 (dd, 1H), 6.25(bs, 2H).
b)Preparation of 2-cyano-5-nitro-phenylenediamine

To a solution of 2-cyano-5-nitroaniline (435 mg, 2.57mmol) in
dimethylsulfoxide (25ml) was added tetramethylhydrazine iodide (534 mg, 2.67mmol)
and sodium t-pentoxide (880 mg, 8.0Immol). The mixture was stirred at room
temperature for 12 brs., the reaction was quenched with 10% HCL. Precipitated solids
were filtered and the remaining solution was extracted with ethyl acetate, the solvent
was evaporated and chromatography of the resulting sofid on silica gel (25%EtOAc/
Hexane) gave the desired product (254 mg, 53 %). "H NMR (CD3COCD?3): 57.49 (d,
1H), 7.03 (bs, 2H), 6.80 (d, 1H), 5.78(bs, 2H).
¢)Preparation of 4-cyano-7-nitrobenzotriazole

To a solution of 2-cyano-S-nitro-phenylenediamine (120 mg, 0.67 mmol) in
acetic acid (20mi) was stirred with sodium nitrite (50 mg. 0.72 mmol). The mixture
was then heated to 60° C for 1 br. The reaction was then cooled to room temperature
and the solvents were evaporated and chromatography of the remiting solid on silica
gel (SOBEOAc/ Hexane) gave the desired product (120 mg, 95 %). '"H NMR
(CD3COCD3): §8.70 (d, 1H), 8.25 (d, 1H).
d) Preparation of 4-cyano-7-aminobenzotriazole

To a solution of 4-cyano-7-nitrobenzotriazole (120 mg, ¢.63mmol) in methanol
(250ml) was added 10% Pd/C (1.0g). The mixture was flushed with argon, then
hydrogen was bubbled through the solntion for 10 min. and a hydrogen atmosphere was
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maintained at balloon pressure for 4 hrs. The reaction mixture was flushed with argon
and 10% Pd/C (1.0g) was additionally added and a hydrogen atmosphere was
maintained at balloon pressure for 1 hr. The mixture was filtered through celite and the
celite was washed with methanol. The solvent was evaporated and chromatography of
the resulting solid on silica gel (5%MeOH/ CH,CL) gave the desired product (95 mg, 94
%). 'H NMR (CD30D): § 7.58 (d, iH), 6.53 (d, 1H).
¢) Preparation of N-[5-cyano-2-benzoltriazale]-N"[2,3-dichlorophenyl) urea
N-{5-cyano-2-benzotriazole}-N"-[2,3-dichlorophenyl] urea was prepared from
7-amino-4-cyanobenzotriazole (95mg, 0.60 mmol) acconding to the procedure in
General Method B. The product was purified by chromatography of the resulting solid
on silica gel (EtOAc/ hexane(2equiv./3equiv.)). (410mg, 58%). 'H NMR
(CD3COCD3): & 10.85 (s, 1H), 940 (s, tH), 8.34 (d, 1K), 8.20 (d. tH), 7.94 (d, 1H),
7.36 (d, 1H), 731 (t, 1H). -

ition of N-(2-Bromophen -cyano-1H-benzo
To a solution of 2-bromo-5-nitroaniline (5.0g, 23 mmol) in dimethylforamide
{100ml) and pyridine (20ml) was stirred with copper (I} cyanide (2.05g.64 mmol). The
mixture was then heated to 1609 C for 48 hrs. The reaction was then cooled to room
temperature anxd filtered through celite, the celite was washed with ethyl acetate. The
solvent was evaporated and chromatography of the resulting solid on silica gel
(25%EzOAc/ Hexane) gave the desired product (2.64 g, 70 %). "H NMR
(CD300CD7): 8 7.75 (s, 1H), 7.70 (d, 1H), 7.44 (dd, 1H), 6.25(bs, 2H).

b) Preparation of 2-cyano-5-nitro-phenylenediamine

To a solution of 2-cyano-5-nitroaniline (435 mg, 2. 67imol) in

dimethyisulfoxide (25ml) was added tetramethylhydrazine iodide (334 mg, 2.67mmol)

and sodium t-pentoxide (880 mg, 8.01mmol). The mixtnre was stirred st room
temperature for 12 hrs., the reaction was quenched with 10% HCl. Precipitated solids
were filtered and the remaining solution was extracted with ethyl acetats, the solvent
was evaporated and chromatography of the resulting solid on silica gel(25%EtOAc/
Hexane) gave the desired product (254 mg, 53 %). "H NMR (CD3COCD3): § 749 (d,
1H), 7.03 (bs, 2H), 6.80 (d, 1H), 5.78(bs, 2H).

¢) Prepamation of 4-cyano-7-nitrobenzotriazole

-31-
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To a solution of 2-cyano-5-nitro-phenylenediamine (120 mg, 0.67 mmol) in
acetic acid (20ml) was stirred with sodium nitrite (50 mg, 0.72 mmol). The mixtare
was Lhen heated to 60° C for 1 hr. The reaction was then cooled to room temperature
and the solvents were evaporated and chromatography of the resulting solid on silica
gel (S0%E1OAc/ Hexane) gave the desired product (120 mg, 95 %). 'H NMR

(CD3COCD3): 5 8.70 (d, 1H), 8.25 (d, 1H).

d)Preparation of 4-cymno-7-aminobenzotriazole

To a solution of 4-cyano-7-nitrobenzotriazole (120 mg, 0.63mmol) in methanol
(250ml) was added 10% Pd/C (1.0g). The mixtore was flushed with argon, then
hydrogen was bubbled through the solution for 10 min. and a hydrogen atmosphere was
maintained at balloon pressare for 4 hrs. The reaction mixture was flushed with argon
and 10% Pd/C (1.0g) was additionally added and a hydrogen atmospherc was
maintained at balloon pressure for 1 hr. The mixtare was filtered through celite and the
celite was washed with methanol. The solvent was evaporated and chromatography of
the resulting solid on silica gel (5%MeOH/ CH,CL) gave the desired product (95 mg, 94
%). 'H NMR (CD30D): 5 7.58 (d, 1H), 6.53 (d, 1HD.
¢) Preparation of N-[4-cyano-{1,4}-benzotriazol-7y)HN-[2-bromaphenyl] urea

N-[5-cyano-2-benzotriazole}-N-[2-bromophenyl] urea was prepared from 7-
amino-4-cyanobenzotriazole (95mg, 0.60 mmol) according to the procedure in General
Method B. The product was purified by chromatography of the resulting solid on silica
gel(EtOAc/ hexane(2equiv.3equiv.)). (410mg, 68%). 'H NMR (CD35S0,CD3): &
10.83 (s, 1H), 9.18 (s, 1H), 8.20 (d, 1H), 8.05 (d, 1H), 7.99 (d, 1H), 7.66 (d, 1H), 740

(¢, 1H), 7.06 (t, 1H).

Using the analogous procedures to those indicated above or in the scheinatics, the

following compounds may be synthesized:

Example 8: N-(2H,4H-3,2.4-benzothiazole 3,3-dioxide)-N-(2-bromopheay) urea 1H
NMR (DMSO0-dg) 5 10.95(s, 1H), 10.32(s, 1H), 9.05(s, 1H), 8.49(:, 1H), 8.08(d, 1H,
J=11.50Hz), 7.63(4, 1H, }=11.50H2), 7.35(¢, 1H), 7.18(d, 1H, J=11.50), 7.01(¢,

1H),6.91(t, 1H), 6.60(d, 1H, J=11.50)

B
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Example 9: N-(5-cyano-4-N-methyl-benzimidazolin-3- thione)-N"-(2,3-dichlora-pheny}l)
urea 'H NMR (DMSO-dg) 8 11.20(s, 1H), 9.52(s, 1H), 8.62(s, 1H), 8.15(m,2H), 7.61(d,
1H, J=13.25Hz), 7.45(d, 1H, Ju13.25Hz), 7.37(m, 2H), 3.94(d, 3H)

Example ]0: N-(5-cyano-benzimidazolin-3-thione)-N"(: bromophenyl) urea IHNMR
(DMSO-dg) & 11.57(s, 1H), 1043(s, 1H), 9.51(s, 1H), 8.31(s, 1H), 8.09(d, 1H,
J=13.25Hz), 7.68(d, 1H, J=13.25Hz), 7.54(d, 1H, J=13.25), 7.44-7.36(m, 2H), 7.07(t,

1H)

Example 11: N-(5-cyano-4-N-methyl-benzimidazolin-3-thione)-N'{(2 bromopheayl)
urea |H NMR (DMSO-dg) & 11.25(s, TH), 9.51(s, 1H), 8.31(s, 1H), 8.09(d, 1H,
J=13.25), 7.67(d, 1H, J=13.25Hz), 7.61(d, 1H, J=13.25Hz), 7.50(d, 1H, J=13.25),

7.39(t, 1H), 7.06(t, 1H), 3.94(s, 3H)

Example 12: N-(4-Cyano-2-oxo-3-methylbenzimidazol-7-y1)-N(2,3-dichlorophenyl)
urea 'H NMR (DMSO-dg) 5 10.94(s, 1H), 9.46(s, 1H), 8.65(s, 1H), 8.18(m, 1H), 7.40-
7.31(m, 3H), 7.26(d, 1H, J=13.25Hz), 3.55(s, 3H)

Example 13: N~(4-Cyano-2-0xo-2,3-diltydrobenzimidazol-7-yl)-N*(2-bromo-
phenyljurca 1H NMR (DMSO-dg) & 11.86(s, 1H), 10.82(s, 1H), 9.94(s, 1H), 8.70(s,
1HD, 8.65(d, 1H, J=13.25H2), 8.11(d, 1H, J=13.25Hz), 7.85(, 1K), 7.76(m, 2H), 7.50(t,

1H)

Example 14: N-(4-Cyano-2-trifluorometiry)-7-benzimidazolyl)-N'(2-bromophenyl)
urea JH NMR (DMSO-dg) § 10.30(s, 1H), 9.25(s, 1H), 8.24(s, 1H), 7.96(m, 2H),
7.85(d. 1H, J=13.25Hz), 7.66(d, 1H, J=13.25Hz), 7.49(t, 1H), 7.07(t, 1H)

Example 15: N-(4-Cyano-7-benzimidszoly!)-N'-(2,3-dichlorophenyl) urea 1H NMR
(OMSO-dg) 5 10.45(s, 1H), 10.34(s, 1H), 9.48(s, 1HD, 8.44(s, 1H), 8.15(m, 28), 7.68(d,

1H, J=13.25Hz), 7.85(t, 1H), 7.37(m, 2H)

-33-
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Examole 16: N-(4-Cyano-7-benzimidazolyl)-N'(2-bromophenyl) urea 1H NMR
(Acetone-dg) & 11.81(s, 1H), 9.45(s, 1H), 8.84(s, 1H), 8.34(s, 1E0), 8.26(m, 2H), 7.65(d,
2H), 7.41(t, 1H), 7.06(, 1H)

Example 17: N-(5-cyano-benzimidazolin-3-thione)-N*-(2,3-dichlorophenyl) urea 1H
NMR (DMSO-dg) § 11.54(s, 1H), 10.42(s, 1H), 9.52(s, 1H), 8.62(s, 1H), 8.15(m, 1H),
7.54(d, 1H, J=13.25Hz), 7.40-7.30(t, m, 3H)

Example 18: N-(5-cyano-N-cyano-2-guanidine)-N'-(2-bromophenyl) urca 1H NMR
(DMSO-dg) § 10.89(s, 1H), 11.02(s, 1H), 9.65(s, 1H), 8.42(s, 1H), 8.04(d, 1H,

J=13.25Hz), 7.66(d, 1H, J=13.25Hz), 7.50(m, 1H), 7.40(t, 1H), 7.06(t, 1H)

Ezample: 19: N-(4-Cyano-2-oxo-3-methylbeazimidarol-7-y1)-N"(2-bromophenyl) urea,
altematively called: N-4-(7-Cyano-1-methylbenrimidazolin-2-one)-N'-(2-bromophenyl) -
urea LH NMR (DMS0-dg) d 10.89(s, 1H), 9.39(s, 1H), 8:30(s, IH), 8.10(d, 1H,

J=13.25), 7.76(d, 1H, J=1325Hz), 7.45-7.32(m, 2H), 7.26(d, 1H, J=13.25), 7.03 (1, 1H),
3.57 (s, 3H).

METHOD OF TREATMENT

The compounds of Formula () and/or Formula (II), or phannaceutically
acceptable salts thereaf, can be used in the manufacture of a medicament for the
prophylactic or therapeutic treatment of any disease state in a human, or other mammal,
which is exacerhated or cansed by excessive or umregulated IL-8 cytokine production
by such mammal’s cell, such as but not limited to monocytes and/or macrophages, o8 —
other chemokines which bind to the IL-8 & or P receptor, also referred to as the type I
or type Il receptor.

For purposes herein, the term "compounds of Formula (T)", or “Formmila (T)*
will also refer to “componnds of Formmula (II)" or “Formula (IT)" unless otherwise
indicated.

Accordingly, the present invention provides a method of treating & chemokine
mediated disease, wherein the chemokine is one which binds to an IL-8 & or B receptor
and which method comprises administering an effective amount of a compound of

-3
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These diseases are primarily chumd.zudbymulive nevtrophil infiltration, T-
cell infiltration, or neovascular growth, and are associated with increased -8, GROx,
GROB, GROY or NAP-2 production which is responsible for the chemotaxis of
nentrophils into the inflammatory site or the directional growth of endothelial cells. In
contrast to other inflammatory cytokines (IL-1, TNF, and IL-6), IL-8, GROa, GROB,
GROY or NAP-2 has the nniqus property of promoting neutrophil chemotaxis, enzyme
release including but not limited to clastase release as well as superoxide production
and activation. The a-chemokines but particularly GROg, GROB, GRQy or NAP-2,
working through the IL-8 type 1 or II receptor can promote the neovascularization of
tumors by promoting the directional growth of endothelial cells. Therefore, the
inhibition of IL-8 induced chemotaxis or activation would lead to a direct reduction in
the neutrophil infiltration.

Recent evidence also implicates the role of chemokines in the trestment of HIV
infections, Littleman et al., Nature 381, pp661 (1996) and Koup et al., Nature 381, pp
667 (1996).

The present invention also provides for a means of treating, in an acute setting, as well
as preventing, in those individuals deemed susceptible to, CNS injuries by the chemokine
receptor antagonist compounds of Formula (T).

CNS injuries as defined herein include both open or penetrating head trauma,
such as by surgery, or a closed head tranma injury, such as by an injury to the head
region. Also included within this definition is ischemic stroke, particularly to the brain
area.

Ischemic stroke may be defined as a focal neurologic disorder that results from
insufficient blood supply to a particular brain area, usually 23 a consequence of an
embolus, thrombi, or local atheromatous closare of the biocd vessel. The role of
inflammatory cytokines in this are has been emesging and the present invention
provides a mean for the potential treatment of these injuries. Relatively little treatment,
for an acute injury such as these has been available.

TNF-a is a cytokine with proinflammatory actions, including endothelial
leukocyte adhesion molecule expression. Leukocytes infiltrats into ischemic brain

" lesions and hence compounds which inhibit or decrease levals of TNF would be useful

for treatment of ischemic brain injury. See Liu et al., Stoke, Vol. 25., No. 7, pp 1481-
88 (1994) whose disclosure is incorporated herein by reference.

- 36-
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Models of closed head injuries and treatment with mixed S-LO/CO agents is
discussed in Shohami et al., J. of Vaisc & Clinical Physiology and Pharmacology, Vol.
3, No. 2, pp. 99-107 (1992) whose disclosure is incorporated herein by reference.
Treatment which reduced edema formation was found to improve functional outcome in
those animals treated.

Present evidence also indicates the use of IL-8 inhibitors in the treatment of
atherosclerosis. The first reference, Boisvert et al., J Clin Invest, 1998, 101:353-363
shows, through bone mamrow transplantation, that the absence of IL-8 receptors on stem
cells (and, therefore, on monocytes/macrophages) leads to a rednction in the
development of atherosclerotic plaques in LDL receptor deficient mice. Additinal
supporting references are: Apostolopoulos, et al., Arterioscler Thromb Vasc Biol.
1996, 16:1007-1012; Liu, et al., Arterioscler Thromb Vasc Biol, 1997, 17:317-323; Rus,
ez al., Atherosclerosis. 1996, 127:263-271.; Wang et al., J Biol Chem. 1996, 271:8837-
8842; Yue, et al., Eur J Pharmacol. 1993, 240:81-84; Koch, et a1, Am J Pathol, 1993,
142:1423-1431.; Lee, et al., Immunol Lett, 1996, 53, 109-113.; und
Terkeltaub et al., Arterioscler Thromb, 1994, 14:47-53.

The compounds of Formula (T) are administered in an amount sufficient to
inhibit I1.-8, binding to the IL-8 alpha or beta receptors, from binding to these receptors,
such as evidenced by a reduction in nentrophil chemotaxis and activation. The
discovery that the compounds of Formula (I) are inhibitors of IL.-8 binding is based
upon the effects of the compounds of Formulas (I) in the in vitro receptor binding
assays which are described herein. The compounds of Formula (I) have been shown to
be inhibitors of type II IL-8 receptors.

As used herein, the term "IL-8 mediated disease or disease state” refers to any
and all disease states in which IL-8, GRO¢, GROf, GROY, NAP-2, or ENA-78 playsa.—=
role, either by production of IL-8, GROa, GROf, GROY, NAP-2, or ENA-78
themselves, or by IL-8, GROx, GROf, GROY, NAP-2, or ENA-78 causing another
monokine to be released, such as but not limited to IL-1, IL-6 or TNF. A discase state
in which, for instance, IL-1 is a major component, and whose production or action, is
exacerbated or secreted in response to [L-8, would therefore be considered a disease
stated mediated by IL-8.

As used herein, the term “chemckine mediated disease or disease stats” refers
to any and all diseasa states in which a chemokine which binds to an 1L-8 e or B

-37-
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receptor plays a role, such as but not limited w‘IL-S.GROa.GROﬂ. GROy, NAP-2, or
ENA-T8. This would include a disease state in which, IL-8 plays a role, either by
production of IL~8 itself, or by IL-8 causing anothor monokine to be released, such as
but not limited to IL-1, [L-6 or TNF. A discase state in which, for instance, IL-1is 2
major component, and whose production or action, is exacerbated or secreted in
response to IL-8, would therefore be considered a disease stated mediated by IL-8.

As used berein, the term "cytokine” refers to any secreted polypeptide that
affects the functions of cells and is 2 molecule which modulates interactions between
cells in the immune, inflammatory or hematopoietic response. A cytokine includes, but
is not limited to, monokines and lymphokines, regardless of which cells produce them.
For instance, a monokine is generzlly referred to as being produced and secreted by a
manonuclear cell, such as a macrophage and/or monocyte. Many other cells however
also praduce monokines, such as natural killer cells, fibeoblasts, basophils, neutrophils,
endothelial cells, brain astrocytes, bone marrow stromal cells, epideral keratinocytes
and B-lymphocytes. Lymphokines are generally referred to as being produced by
lymphocyte cells. Examples of cytokines include, but are not limited to, Interleukin-1
(IL-1), Interievkin-6 (IL-6), Interleukin-8 (IL-8), Tomor Necrosis Factor-alpha (TNF-a)
and Tumor Necrosis Factor beta (TNF-8).

As used herein, the term "chemokine® refers to any secreted polypeptide that
affects the functions of cells and is a molecule which modulates interactions between
cells in the immune, inflammatory or bematopoietic response, similar to the term
*“cytokine" above. A chemokine is primarily secreted through cell transmembranes and
causes chemotaxis and activation of specific white blood cells and leukocytes,
neutrophils, monocytes, macrophages, T-cells, B-cells, endothelial cells and smooth
muscle cells. Examples of chemokines includs, but are not linited to, IL-8, GROa, .—
GROP, GROY, NAP-2, ENA-78, IP-10, MIP-]ot, MIP-8, PR4, md MCP 1, 2, and 3.

In order to use a compound of Fornmla (I) or a pharmacentically acceptable salt
thereof in therapy, it will normally be formulated into a pharmaceutical composition in
relates to a pharmacentical composition comprising an effective, non-toxic amount of a
compound of Formauia (I) and a pharmaceutically acceptable carrier or diluent.

Compounds of Formula (T), pharmaceutically accoptable salts thereof and
pharmacentical compoesitions incorporating such may conveniently be administered by

-38
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any of the routes conventionally used for drug administration, for instance, orally,
topically, parenterally or by inhalation. The compounis of Farmula (T) may be
administered in conventional dosage forms prepared by combining a compound of
Formula (I) with standard pharmaceutical carriers accosding to conventional
procedures. The compounds of Formula () may also be administered in conventional
dosages in combination with a known, second therapentically active compound. These
procedures may involve mixing, granulating and compressing or dissolving the
ingredients as appropriate to the desired preparation. It ‘will be appreciated that the
form and character of the pharmaccutically acceptable character or diluent is dictated
by the amount of active ingredient with which it is to be combined, the route of
sdministration and other well-known veriables. The carrier(s) must be “acceptable” in
the sense of being compatible with the other ingredients of the formulation and not
deleterious to the recipient thereof.

‘The pharmaceutical carrier cmployed may be, for example, either a solid or
liquid. Exemplary of solid carriers are lactose, terra albs, sucrose, talc, gelatin, agar,
pectin, acacia, magnesium stearate, stearic acid and the like. Exemplary of Liquid
cmriers are syrup, peanut oil, olive oil, water and the like. Similarly, the carrier or
diluent may include time delay material well known to the art, such as glyceryl mono-
stearate or glyceryl distearate alone or with a wax.

A widls varicty of pharmaceutical forms can be employed, Thus, if  solid
carrier is used, the preparation can be tableted, placed in & hard gelatin capsule in
powder or pellet form or in the form of a troche or lozengs. The amount of solid carrier
will vary widely but preferably will be from about 25mg. ta about 1g. When a liquid
carrier is used, the preparation will be in the form of a synip, exmulsion, soft gelatin
capsule, sterile injectable liquid such as an ampule or nonaqueous liquid suspension.

Compounds of Formula () may be administered topically, that is by non-
systemic adwinistration. This includes the spplication of a rompound of Formula (T)
extermally to the epidermis or the buccal cavity and the instillation of such a compound
into the ear, eye and nose, such that the compound does not significantly enter the blood
stream. In contrast, systemic administration refers to oral, intravenous, intraperitoneal

Formulations suitable for topical administration include liquid or semi-Tiquid
preparations suitable for penetration through the skin ta the site of inflammation such as
liniments, lotions, creams, ointments or pastes, and drops suitable for administration to
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the eye, ear or nose. The active ingredient maycompme. for topical administralion,
from 0.001% to 10% w/w, for instance from 1% to 2% by weight of the formulation. It
may however comprise as much as 0% w/w but preferably will comprise less than 5%
wiw, more preferably from 0.1% to 1% w/w of the formulation.

Lotions according to the present invention include those suitable for application
to the skin or eye. An eye lotion may comprise a sterile aqueous solution optionally
containing a bactericide and may be prepared by methods similar to those for the
preparation of drops. Lotions or liniments for application to the skin may also include
an agent to hasten drying and to cool the skin, such as an alcobol or acetone, and/or a
moisturizer such as glycerol or an oil such as castor oil or arachis oil.

Creams, ointments or pastes according to the present invention are semi-solid
formulations of the active ingredient for external application. They may be made by
mixing the active ingredient in finely-divided or powdered form, alone or in solution or
suspension in an aqueous or non-aqueous fluid, with the aid of suitable machinery, with
& greasy or non-greasy base. The bass may comprise hydrocarbons such as hard, soft or
liquid paraffin, glycerol, beeswax, a metallic soap; a mucilage; an cil of natural origin
such as almond, comn, arachis, castor or olive oil; wool fat or its derivatives or a fatty
acid suoch as steric or oleic acid together with an alcobol such as propylene glycol or a
macrogel. The formulation may incorporate any suitable surface active agent such as
an anionic, cationic or non-ionic surfactant such as a sorbitan ester or a polyoxyethylene
derivative thereof. Suspending agents such as natural gums, cellulose derivatives or
inorganic materials such as silicaceous silicas, and other ingredients such as lanolin,
may also be included.

Drops according to the present invention may comprise sterile aqueous or oily
solutions or suspensions and may be prepared by dissolving the uctive ingredient in a
suitable aqueous solution of a bactericidal and/or fungicidal agent and/or any other
suitable preservative, and preferably including a surface active sgent. The resulting
solution may then be clarified by filtration, transferred to a suituble container which is
then sealed and sterilized by antoclaving or maintaining at 98-100 °C. for half an hour.
Alternatively, the solution may be sterilized by filtration and transfesred to the container
by an aseptic technique. Examples of bactericidal and fungicidal agents snitable for
inclusion in the drops are pheaylmercuric nitrate or acetate (0.002%), benzalkonium
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chloride (0.01%) and chiorhexidine acctate (0.01%). Suitable solveats for the
preparation of an oily solution include glycerol, diluted alcohol and propylene glycol.
Compounds of formula (I) may be administered parenterally, that is by
intravenous, intramuscular, subcutaneous intranasal, intrarectal, intravaginal or
intraperitoneal administration. The subcutancous and intramuscular forms of parenteral
administration are generally preferred. Appropriate dosage forms for such
administration may be prepaced by conventional techniques. Compounds of Formula
(I) may also be administered by inhalation, that is by intranasal and oral inhalation
administration. Appropriate dosage forms for such administration, such as an acrosol
formulation or a metered dose inhaler, may be prepared by converitional techniques.
For all methods of use discloged herein for the compounds of Formula (I), the
daily cral dosage regimen will preferably be from about 0.01 to about 80 mg/kg of total
body weight. The daily parenteral dosage regimen about 0.001 to about 80 mg/kg of
total body weight. The daily topical dosage regimen will preferably be from 0.1 mg to

15

150 mg, administered one to four, preferably two or three times daily. The daily
inhalation dosage regimen will preferably be from about 0.01 mg/xg to about 1 mg/kg
perday. It will also be recognized by one of skill in the an that the optimal quantity
and spacing of individual dosages of a compound of Formula (I) or a pharmaceutically
acceptable salt thereof will be determined by the nature and extent of the condition
being treated, the form, route and site of administration, and the prrticular patient being
treated, and that such optimums can be determined by conventionul techniques. It will
also be appreciated by one of skill in the axt that the optimal courss of treatment, i.c.,

the nurober of doses of a compound of Formula (I) or a pharmaceutically acceptable salt
thereof given per day for a defined number of days, can be ascertained by those skilled
in the art using conventional course of treatment determination tests.

The invention will now be described by reference to the following biological
examples which are merely illustrative and are not to be construed as a limitation of the
scope of the present invention.

BIOLOGICAL EXAMPLES

The IL-8, and Gro-a chemokine inkibitory effects of componnds of the prosent
invention are determined by the following in vitro assay:
Receptor Binding Assays:

-41-



1
4]
ba

£3
1

(4]
b
(4]
Uk
Uh)

10

P50942P

[1251] 1L-8 (human recombinant) is obtained from Amersham Corp., Arlington
Heights, IL., with specific activity. 2000 Ci/mmol. Gro-a is obtained from NEN- New
England Nuclear. All other chemicals are of analytical grade. High levels of
recombinant human IL-8 type a and b receptors were individually expressed in Chinese
hamster ovary cells as described previously (Holmes, et al., Science, 1991, 253, 1278).
‘The Chinese hamster ovary membranes were homogenized accarding to a previously
described protocol (Haour, et al., J Biol Chem., 249 pp 2195-2205 (1974)). Except that
the homogeniration buffer is changed to 10mM Tris-HCL, 1mM MgS04, 0.5mM
EDTA (ethylene-disminetetra-acetic acid), 1m MPMSF (a-toluenesulphonyl fluoride),
0.5 mg/L Leupeptin, pH 7.5. Membrane protein concentration is determined using
Pierce Co. micro-assay kit using bovine scrum albumin as a standard. All assays are
performed in a 96-well micro plate format. Each reaction mixtare contains 1251 1L.-8
(025 nM) or 1251 Gro-a and 0.5 pg/m. of 1L-8Ra or 1.0 pg/ml. of IL-8Rb membranes
in 20 mM Bis-Trispropane and 0.4 mM Tris HC1 buffers, pH 8.0, containing 1.2 mM
MgS0O4, 0.1 mM EDTA, 25 mM NaCl and 0.03% CHAPS. In addition, drug or
compound of interest is added which has been pre-dissolved in DMSO 30 as to reach a
final concentration of between 0.01nM and 100 uM. The assay is initinted by addition
of 125111.-8. After 1 hour at room temperature the plate is harvested using a Tomtec
96-well harvester onto & glass fiber filtermat blocked with 1% polyethylenimine/ 0.5%
BSA and washed 3 times with 25 mM NaCl, 10 mM TrisHCl, 1 mM MgSOy4, 0.5 mM
EDTA, 0.03 % CHAPS, pH 74. The filter is then dried and counted on the Betaplate
liquid scintillation counter. The recombinant IL-8 Ra, or Type L, receptor is also
referred (o herein as the non-permissive receptor and the recombinant IL-8 Rb, or Type
II, receptor it referred to as the permissive receptor. -

Representative compounds of Formula (I), and (II), Examples 1to 11, and 13 to
19 herein demonstrated positive inhibitory activity of < 30 pmg in this assay. For The
compound of Example 12 did not demonstrate activity at <30 umg in this assay, likely
due to solubility issucs.

Chemotaxis Assav ;

The in vitro inhibitory properties of these compounds are determined in the
neutrophil chemotaxis assay as described in Current Protocols in Immunology, vol. I,
Suppl 1, Unit 6.12.3., whose disclosure is incorporated herein by reference in its
entirety. Neutrophils where isolated from human blood as described in Current
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Protocols in Immunology Vol. I, Suppl 1 Unit 7.23.1, whose disclosure is incorporated
herein by reference in its entirety. The chemoattractants IL-8, GROe, GRO, GROY
and NAP-2 are placed in the bottom chamber of a 48 multiwell chamber (Neuro Probe,
Cabin John, MD) at a concentration between 0.1 and 100 nM. The two chambers are
separated by a Sum polycarbonate filter. When compounds of this invention are tested,
they are mixed with the cells (0.001 - 1000 nM) just prior to the addition of the cclls to
the upper chamber. Incobation is allowed to proceed for between about 45 and 90 min.
at about 37°C in a humidified incubator with 5% CO,. At the end of the incubation
period, the polycarbonate membrane is removed and the top side washed, the membrane
then stained using the Diff Quick steining protocol (Baxter Products, McGaw Park, IL,
USA). Cells which have chemotaxed to the chemokine are visually counted using &
microscope. Generally, four fields are connted for each sample, these numbers are
averaged to give the average number of cells which had migrated. Each sample is
tested in triplicate and each compound repeated at least four times. To certain cells
(positive control cells) no compound is added, these cells represent the maximum
chemotactic response of the cells. In the case where a negative control (unstimulated)
is desired, no chemokine is added to the bottom chamber. The difference between the
positive contro! and the negative control represents the chemotactic activity of the cells.
Elastase Release Assay:

The compounds of this invention are tested for their ability to prevent Elastase
release from human neutrophils. Neutrophils are isolated from human blood as
described in Current Protocols in Immunology Vol. I, Suppl 1 Unit 7.23.1. PMNs 0.38

x 108 cells suspended in Ringer’s Solution (NaC1 118, KC1 4.56, NaHCO3 25, KHyPOy

l.OS.Gluoosell.l.I'IEPES5nMpH7.4)uephcedinucllwellofl96wellphtein_ -

a volome of 50 ul. To this plate is added the test compound (0.001 - 1000 nM) in a
volume of 50 ul, Cytochalasin B in a volume of 50 ul (20ug/ml) and Ringers buffer in a
volume of 50 ul. These cells are allowed to warm (37 °C, 5% CO2, 95% RH) for 5 min
before IL-8, GROa, GROf, GROY or NAP-2 at a final concentration of 0.01 - 1000 nM
was added. The reaction is allowed to proceed for 45 min. before the 96 well plate is
centrifuged (800 xg 5 min.) and 100 ul of the supernatant repnoved. This supernatant is
added to a second 96 well plate followed by an artificial elastase substrate (MeOSuc-
Ala-Ala-Pro-Val-AMC, Nova Biochem, La Jolla, CA) to a final concentration of 6
ug/m] dissolved in phosphate buffered saline. Immediately, the plate is placed in a
-43-
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fluorescent 96 well plats reader (Cytoflnor 2350, Millipore, Bedford, MA) and data
collected at 3 min. intervals according to the method of Nakajima et al J. Biol Chem
254 4027 (1979). The amount of Elastase released from the PMNS3 is calculated by
measuriog the rate of MecOSuc-Ala-Ala-Pro-Val-AMC degradation.
TNF-c: in Traumstic Brain Infary Assay

This assay provides for examination of the expression of tumar necrosis factor
mRNA in specific brain regions which follow experimentally induced lateral fluid-
percussion tranmatic brain injury (TBI) in rats. Since TNF-ot is able to induce nerve
growth factor (NGF) and stimulats the release of other cytokines from activated
astrocytes, this post-traumatic alteration in gene expression of TNF-a plays an important
role in both the acute and regenerative response to CNS tranma. A sujtable assay may be
found in WO 97735856 or WO 97/49286 whose disclosures are incorporated herein by
reference.
CNS Injury model for IL-f mRNA

This assay characterizes the regional expression of interleukin-18 (JL-18) mRNA
in specific brain regions following experimental Iateral flnid-percossion traumatic beain
injury (TBI) in rats. Results from these assays indicate that following TBL, the temporal
expression of IL-18 mRNA is regionally stimulated in specific brain regions. These
regional changes in cytokines, such as I1-18 play a role in the posi-traumatic pathologic or
regenerative sequelae of brain injury. A suitable assay may be found in WO 97/35856 or
WO 97/49286 whose disclosures are incogrporated herein by reference.
In vivo - atheyeoschierosis assay:
In vivo models for measuring atherosclerosis in mice is based on the assay of Paigen et
al with small modifications as described below. See Paigen B, Momow A, Holmes PA,
Mitchell D, Williams RA. Quantitative assessment of atherosclerotic lesions in mice. . —
Atherosclerosis 68: 231-240 (1987); and Groot PHE, van Viijmen BJM, Benson GM,
Hofker MH, Schiffelers R, Vidgeon-Hat M, Havekes LM. Quantitative assessment of
aortic atheroaclerosis in APOE*3 Leiden transgenic mice and its relationship to seram
cholesterol exposure. Asterioscler Thromb Vasc Biol. 16: 926-533 (1996).
Sectioning and staining of the aortic sinus

Cross-sections of the aortic root are taken as has been described previously (1,2).
Briefly, tha hearts are bisected just below the level of the atria snd the base of the beart plus
aortic root are taken for analysis. After equilibrating the tissus in OCT compound ovemnight

y7e

(2%



10

15

P50942P

mehemsmimnnnedinocrcompmmdon‘acuon;:chnckmﬁglulnmumem
Company Ltd., UK) with the aorta facing the chuck. Ths tissue is frozen by surrounding the
chuckwitl-ldryice. The hearts are then sectioned perpendicular to the axis of the aorta,
starting within the heant and working in the direction of the aorta. Once the aortic root has
been identified by the appearance of the three valve leaflets, altemate 10 mm sections are
taken and mounted on gelatinised slides. Sections are air dried for 1 hour and subsequently
rinsed briefly in 60% isopropyl alcohol. The sections ar2 stained with Oil Red O,
counterstained with Mayer’s hacmatoxylin, cover slipped using glycerol gelatine and sealed
with nail vamnish.

Quantification of atherosclerosis in the aortic root

Ten alternate sections of the sortic root are imaged using an Olympus BH-2 microscope
equipped with an 4x objective and a video camera (Hitachi, HV-C10). Twenty-four bit
colour images are acquired and analysed using a PC (Datacell Pentium P5-133, Datacell,
Berks, U.K.) fitted with a framegrabbing board (Snapper, Active Imaging Ltd, Berks, U.K.)
and running Optimas software (version 5.1, Optimas Corp., WA, US.A.). The images are
the atherosclerotic lesion areas is performed by drawing around the lesions by hand using
the Optimas software. Colour thresholds are set that quaniify the areas that are stained red
within the lesions. Absalute values for the cross-sectional areas of the lesions and the areas
stained red are obtained by calibrating the software using an image of the grid on a
haemocytometer slide.

All publications, including but not limited to patents and patent applications, cited
in this specification nre herein incorporated by reference as if each individual publication
wera specifically and individually indicated to be incorporated by reference herein as
though fully set forth. -

‘The above description fully discloses the inveation including preferred
embodiments thereof. Modifications and improvements of the embodiments
specifically disclosed herein are within the scope of the following claims. Without
further elaboration, it is belicved that one skilled in the are can, using the preceding
description, utilize the present invention to its fullest extent. Therefore the Examples
herein are to be construed as merely illustrative and not a limitation of the scope of the
present invention in any way. The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows.
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What is Claimed Is:

1. A methoed of treating a chemokine mediated disease in a mammal in
need thereof, wherein the chemokine binds to an IL-8 @ or B receptor, selecied from the
group consisting of malaria, restinosis, angiogenesis, atherosclerosis, ostecporosis,
gingivitis, undesired hematopoietic stem cells release and diseases cansed by
respiratory viruses, herpesviruses, and hepatitis viruses,
which method comprises administering to said mammal an effective amount of a
compound according to the formmula:

H‘ll

15

wherein

v
(&)m-@f‘*
N

R is -NH -C(X5)-NH- (CRj3R19)y - Z:

Zis W, HET,

optionally substituted C3_1¢ alkenyl, or an optionally substituted Cy. 1 alkynylk

_\(GF'.H.)P
HVAE

(V)n

, an optionally substituted C;_10 alkyl, an

X is C(X1)2, C(0), C(S), S(O)2, PO(ORy), or C=N-Ryg;

X is independently hydrogen, halogen, C1-10 alkyl, NR4RS, C1-10 alkyl-NR4RS,
C(O)NR4RS, optionally substitnted C1.10 alkyl, C1-10 alkoxy, halosubstituted
C1-10 alkoxy, hydroxy, aryl, aryl C14 alkyl, aryloxy, aryl C}-4 alkylaxy, =
heteroaryl, heteroarylalkyl, beterocyclic, heterocyclic Cj-4alkyl, or beteroaryl C1.4
alkyloxy;

X1 is =0, or =S;

R} is independently selected from hydrogen; halogen; nitro; cyano; halosubstitated
C1-10 alkyl; C1.10 alkyl; C2-10 alkenyl; C}.10 alkoxy: halosubstituted C1-10
alkoxy; azide; (CRgRg)q S(O);R¢. hydroxy; hydroxy Cj-salkyl; aryl; aryl C14
alkyl; aryloxy; aryl C}.4 alkyloxy; hetexoaryl; heteroarylalkyl; heterocyclic;
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heterocyelic C1.4alkyk; hetsroaryl C1.4 alkyloxy; aryl C2.1 alkenyl; hetecoaryl
C2-10 alkenyl; heterocyclic Cp-10 alkenyl; (CRgRg)qNR4Rs; C2-10 alkenyl
C(O)NR4Rs; (CRgRg)q C(O)NR4RS; (CRgRg)q C(O)NR4R10; S(O)3Rs;
(CRgRg)q C(O)R1): C2-10 alkenyl C(O)R11; C2-10 alkenyl C(O)OR]3; C(O)R]1;
(CRgRg)q C(O)OR12; (CRgRg)q OC(0) R11; (CRgRgWCINRNR4Rs; (CRgRg)
NR4C(NRs)R{ y; (CRgRg)q NR4C(O)R11: (CRgRg)q NHS(O)2R)7; (CRgRg)q
S$(0)2NR4Rg; or two R| moieties together may form O-(CH2)sO ora S5to 6
membered saturated or unsaturated ring; and wherein the aryl, heteroaryl, and
heterocyclic containing moieties may all be optionally substituted;

10 -n is an integer having a value of 1 to 3;

15

m is an integer having a value of 1 t0 3;

qiso.oranhne.gr.rhnvingawlueofl to 10;

s is am integer having a value of  to 3;

tis 0, or an integer having a value of 1 or 2;

v is 0, or an integer having a value of 1 to 4;

p is an integer having a value of 1 to0 3; )

HET is an optionally substituted heteroaryl; _

R4 and RS are independently hydrogen, optionally substituted C1.4 alky), optionally
substituted aryl, optionally substitated aryl c{,.i,.ll:yl. optionally substituted
heteroaryl, optionally subatitated heteroaryl C1-4alkyl, heterccyclic, or heterocyclic
C1-4 alkyl, or R4 and R§ together with the nitrogen to which they are attached form
a 5 to 7 member ring which may optionally comprise an additional heteroatom '

 selected fromOINS;  © -

Y is independently selected from hydrogen; halogen; nitro; cyano; halosnbstituted
C1-10 alkyl; C1-10 alkyl; C2-1p alkenyl; C1-10 lllmv halosubstitated C3.-10
alkoxy; azide; (CRgRg)q S(OxR4; bydroxy; hydroxyCi4alkyl; aryl; aryl C1.4
alkyl; aryloxy; arylC1.4 alkyloxy; heteroaryl; heteroarylalkyl; heteroaryl C1.4
alkyloxy; heterocyclic, heterocyclic C)-4alkyl; aryl Cz.10 alkenyl; heteroaryl C2-
10 alkenyi; heterocyclic C2-10 alkenyl; (CRgRg)g NR4RS5; €210 alkenyl
C(O)NR4Rs; (CRgRg)q C(O)NR4Rs; (CRgRg)q C(O)NR4R10: S(O)3R8;
(CRgRg)q C(O)R11; C2-10 alkenyl C(O)R]1; C32-10 alkenyl C(OYOR] 1;
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{CRgRg)q C(O)OR2; (CRgRa)q,OC(O) R-l t: (CRgRg)q NR4C(O)R11;
(CRgRg)GC(NR4INR4Rs; (CRgRg)g NR4C(NR$)R} 1 (CRgRg)q NHS(O)zR4;
(CRgRg)a S(O)3NR4Rs; o two Y moieties together may form O-(CHz)s0 ora §
to 6 membered saturated or urisaturated ring; and wherein the aryl, heteroaryl, and
heterocyclic containing moietics may all be optionally substituted;

Ré and R7 are independently hydrogen or a C}.4 aikyl group, or R and R7 together with
the nitrogen to which they are attached form a 5 to 7 member ring which ring may
optionally contain an additional heteroatom which hetercatom is selected from oxyges,
nitrogen or sulfur; .

Rg is independently hydrogen or C14 alkyl;

- R0 is C1-10alkyl C(O)2Rs; |

15

R1] is hydrogen, C14 alkyl, optionally substituted aryl, optionally substituted aryl
Ci-4alkyl, optionally substituted heteroaryl, optionally substituted
heteroary]C1.-4alkyl, optionally substituted heterocyclic, or optionally substituted
heterocyclicC1.4alkyl;

'. Rj2 is hydrogen, Cy-10 alkyl, optionally substituted aryl or optionally substituted

arylalkyl;

R13 and R}4 are independently hydrogen, optionally substituted C).4 alkyl, or one of
R13 and R14 may be optionally substituted aryl;

Rys and Ry g are independently hydrogen, or an optionally substituted Cj.4 alkyl;

R17 is C1-4aikyl, ary], arylalkyl, heteroaryl, heteroarylCj_4alkyl, heteracyclic, or
beterocyclicC1.4alkyl, wherein the aryl, heteroary] and heterocyclic moieties may
all be optionally substituted; -

R13g is hydrogen, optionally substituted C}. 10 alkyl, Cj-10 alkoxy, halosubstituted
C1-10 alkoxy, hydroxy, arylCy_4 alkyl, aryiC 3 4 alkenyl, heteroaryl, heteroaryl-
C1-4alkyl, heteroarylCy 4 alkenyl, heterocyclic, o heterocyclicCy4 alkyl, wherein
all the aryl, heteroaryl and heterocyclic containing moicites may all be optionally
substitoted;

Ryg is cyano, nitro, S(O);NRgRs. S(0)2R17. alkyl, aryiCj .4 slkyl, aryIC 2.4 alkenyl,
heteroaryl, heteroaryl-Cy_4alkyl, heteroarylCy 4 atkenyl, heterocyclic, or
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heterocyclicCy.4 alkyl, wherein the alkyl, al:yl. hele;oll'yl and heterocyclic
containing moieites may all be optionally substituted;

Rq is NRR7, alkyl, aryiC1.4 alkyl, aryIC 3.4 alkenyl, heteroaryl, heteroary}-Cy_4alkyl,
heteroarylCs.4 alkenyl, heterocyclic, or heterocyclicCy.4 alkyl, wherein the aryl,
heteroary] and heterocyclic containing moieites may all be optionally substituted;

the E containing ring is optionally selected from

T

CD.

n(Y) : the asterix * denoting point of attachment of the ring;
or 2 pharmaceutically acceptable salt thereof.

2. The method according to Claim | wherein R1 is halogen, cyano, nitro,
CF3, C(O)NR4RS, alkenyl C(O)NR4RS, C(O) R4R 10, alkenyl C(O)OR]2, heteroaryl,
heteroarylalkyl , heteroaryl alkenyl, or S(O)NR4Rs.

" 3. The method according to Claim 1 wherein X is C(O) or C(S).

4, The method according according to any of Claims 1 to 3 wherein Z is

i
&
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5. The method according to Claim.4 whn;in Y is halogen, C].-4 alkoxy,
opticnally substitated aryl, optionally substituted arylalkoxy, methylene dioxy, NR4RS,
thioC] -4alkyl, thioaryl, halosubstituted alkoxy, optionally substituted C).4alkyl, or
hydroxy alkyl.

6. The method according to Claim 1 wherein the compound is sclected
from the group consisting of :
N-4-(Benzimidazoline-2-one-N'-(2-bromophenyl)ures;
N-4-(1H,3H-2,1,3-benzothiazole 2,2-dioxide)-N-(2-bromophenyl) urea;
N-4-(7-Cyano-1-N-methyl-benzimidazoline-2-thione)-N"(2,3-dichlorophenyl) urea;
N-4-(7-Cysno-benzimidazoline-2-thione)-N'-(2 bromopherry!) urea;
N-4-(7-Cyano-1-methyl-benzimidazoline-2-thione)-N"-(2 bromophenyl) urea;
N-(4-Cyano-2-ox0-3-methylbenzimidazol-7-y])-N'-(2-bromophenyl) urea
N-4-(7-Cyano-benzimidazoline-2-one)-N"(2-bromopheny{urea;
N-4-(7-Cyano-benzimidazoline-2-thione)-N-(2,3-dichlorophenyl) urca; and
N-4-(7-Cyano benzimidazoline-2-imine}-N'-(2-bromopheny]) urea; or
a pharmacentically acceptable salt thereaf.
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ABSTRACT

This invention rclates to novel compounds of Formula ([), and pharmaceutical
compositions thereof, and methods of treatment of discase states mediated by the
chemokine, Interleukin-8 (IL-8).
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