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QUINOLINE AND QUINOXALINE COMPOUNDS AS PDGF-RECEPTOR AND/OR LCK TYROSINE 
KINASE INHIBITORS . 

CROSS REFERENCE TO RELATED APPLICATIONS 

5 This is a continuation-in".'part of U.S. Patent Application No. 09/198, 718, filed November 24, 
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1998, which is, in turn, a continuation-in-part oflntemational Patent Application No. PCT/US98/11036. 
filed May 28, 1998, which· is, in tum, a continuation-in-part of U.S. Patent Application No. 08/972,614, 

filed November 18, 1997, which is, in tum, a continuation-in-part of U.S. Patent Application No. 

08/864,455, filed May 18, 1997, now abandoned. 

BACKGROUND OF THE INVENTION 

1: Field of the Invention 
This invention is directed to the inhibition of cell proliferation and/or cell matrix production 

15 and/or cell movement (chemotaxis) and/or T cell activation and proliferation using of 
quinoline/quinoxaline compounds which are useful protein tyrosine kinase inhibitors (TKls). 

CelJular signaling is mediated through a system of interactions which include cell-cell contact or .· 

cell-matrix contact or extracelJular receptor-substrate contact. The extracellular signal is often. 

communicated to other parts of the cell via a tyrosine kinase mediated phosphorylation event which 
20 affects substrate proteins downstream of the cell membrane bound signaling complex. A specific set of 

receptor-enzymes such as the insulin receptor, epidennat growth factor receptor (EGF-R) or platelet­
derived growth factor receptor (PDGF-R) are examples of tyrosine kinase enzymes which are involved in 
cellular signaling. Autophosphorylation of the enzyme is required for efficient enzyme-mediated · 
phosphorylation of substrate proteins containing tyrosine residues. These substrates are known to. be 

25 responsible for a variety of cellular events including ceJlular proliferation, cellular matrix production, 

cellular migration and apoptosis to name a few. 

It is understood that a large number of disease states are caused by either uncontrolled : 
reproduction of cells or overproduction of matrix or poorly regulated programmed cell ,death (apoptosis). 

These disease states involve a variety of cell types and include disorders such as leukemia, cancer, 
30 glioblastoma, psoriasis, inflammatory diseases, bone diseases, fibrotic diseases, atherosclerosis and 

restenosis occurring subsequent to angioplasty of the coronary, femoral or kidney arteries or, 

fibroproliferative disease such as in arthritis, fibrosis of the lung. kidney and liver. In addition, 

deregulated cellular proliferative c-0nditions follow from coronary bypass surgery. The inhibition of 

tyrosine kinase activity is believed to have utility in the control of uncontrolled reproduction of cells or 

35 overproduction of matrix or poorly regulated programmed cell dead1 (apoptosis). 

It is also known that certain tyrosine kinase inhibitors can interact with more than one type of 

tyrosine kinase enzyme. Several tyrosine kinase enzymes are critical for the nonnal function of the 

body. For instance, it would be undesirable to inhibit insulin action in m~st normal circumstances. 

Therefore. compounds which inhibit PDGF-R tyrosine kinase activity at concentrations less than the 

40 concentrations effective in inhibiting the insulin receptor kinase could provide valuable. agents for the 
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selective treatment of diseases characterized by cell proliferation and/or cell matrix production and/or 

· cell movement (cbemotaxis) such as restenosis. 

This invention relates to the mOdulation and/or inhibition of cell signaling, ceJl proliferation, 

extracellular matrix production, chemotaxis, the control of abnormal cell growth and cell inflammatory 

5 response. More specifically, this invention relates to the use of substituted quinoxaline compounds 

which exhibit 8eJective inhibition of differentiation; proliferation or mediator release by effectively 

inhibiting platelet.:.derived growth factor-reeeptor (PDGF-R) tyrosine kinase activity and/or Lek tyrosine 

kinase activity. 

10 

15. 

20 

25 

2. Reported Developments 

A number of literature reports describe tyrosine kinase inhibitors which are selective for tyrosine 

kinase receptor enzymes such as EGF-R or PDGF-R or non-receptor cytosolic tyrosine kinase enzymes 

such as v-abl, pS6lck or c-src. Recent reviews by Spada and Myers (Exp. Opi11. Ther. Parents 1995; 5(8). 

80S) and Bridges (Exp. Opin. 171er. Pa1e111s 1995, 5(12), 1245) summarize the literature for tyrosine 

kinas.e inhibitors and EGF-R selective inhibitors respectively~ ·Additionally Law.and Lydon have 

summarized the anticancer p9tential of tyrosine kinase inhibitors (Emergmg Drugs: The Prospect For 

Improved Medicines 1996, 241-260). 

Known inhibitors of PDGF-R tyrosine kinase activity includes quinoline-based inhibitors 

reported by Maguire et al. (J. Med. Chem.· 1994, 37, 2129), and by Dolle et al. (J. Med Chem. 1994, 37, 

262_7). A class of phenylamin~pyrlrnidin~based inhibitors was recently reported by Tr&Xler et al. in EP 
564409 and.byZimmennan, J.; and Traxler, P. et al. (Biorg. & Med Chem. Lett. 1996, 6(11),1221-

1226)and by Buchdunger~ E. et al. (Proc: Nat. Acad. Sci.1995, 92, 2558). Despite the progress in the 

field there are 'no agents from these classes of compounds that have been approved for use in humans for 

treating proliferative disease. 

The :CorreJatfon betWeen the multifactorial disease of restenosis with PDGF and PDGF-R is well-

doc~ented throughout the scientific literature. However, recent developments into the understanding of 

fibrotic diseases ofthe lung (Antoniades, H. N.; et al. J. C/in. Invest. 1990, 86, JOSS), kidney a11d liver 

(Peterson, T. C. lfepatology, 1993, 17, 486) have also implicated PDGF and PDGF-R as playjng a roJe. 

For instance glOmerulonephritis is a major cause of renal failure and PDGF has been identified to be a 

30 potent mitogen for mesangial cells in vitro as demonstrated by Shultz et al. (Am. J. Physiol. 1988, 255, 

F674) and by Floege, et al. (Clin. Exp. lmmun. 1991. 86, 334). It has been reported by Thornton, S. C.; 

et al. (Clin. Exp. Immu11. 1991, 86, 79) that TNF-alpha and PDGF (obtained from human rheumatoid 

arthritis patients) are the major eytokines involved in proliferation of synovial cells. Furthermore, 

specific tumor cell types have been identified (see SiJVer, B. J., BioFactors, 1992, J, 217) such as 

35 gJiobJastoma and Kaposi's sarcoma which overexpress either the POOF protein or receptor thus leading 

to the uncontrolled growth of cancer cells via an autocrine or paracrine mechanism. Therefore, it is 

anticipated that a POOF tyrosine kinase inhibitor would be useful in treating a variety of seemingly 

unrelated human disease conditions that can be characterized by the involvement of POOF and or PDGF­

R in their etiology. 
40 The role of various non-receptor tyrosine kinases such as·pS6'c" (hereinafter .. Lek") in 

inflammation-related conditions involving T cell activation and proliferation has been reviewed by 
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Hanke, et al (lnjlamm. Res. 1995. 44, 351) and by Bolen and Bnigge (Ann. Rev. Jmmunol., 1997. 15, 
371). These inflammatory conditions include allergy; autoimmune disease, rheumatoid arthritis and 

transplant rejection. Another recent review summarizes various classes of tyrosine kinase inhibitors 

including compounds having Lek inhibitory activity (Groundwater, et. al Progress in Medicinal 
5 Ch2mistry, 1996, 33, 233). Inhibitors of Lek tyrosine kinase activity include several natural products · 

which are generally non-selective tyrosine kinase inhibitors such as staurosporine, genistein, certain 

flavones and erbstatin. Damnacanthol was recently reported to be a low nM inhibitor of Lek 

(Faltynek, et. al; Biochemistry. 1995; 34, 12404). Examples of synthetic Lek inhibitors include: a 

series of dihydroxy-isoquinoline inhibitors reported as having low micromolar to submicromolar 

10 activity (Burke, et. al J: Med Chem. 1993, 36, 425); and a quinoline derivative found to be much less· 

active having an Lek JC,,11 of 610 micromolar. Researchers have also disclosed a series of 4-

substituted quinazolines that inhibit Lek in the low micromolar to submicromolar range (Myers et al, 

W095/15758 and Myers, et. al Bio01-g. Med Chem. Lett 1997~ 7, 417). Researchers at Pfizer(Hanke, 

et. al J. Biol. Chem. 1996, 271, 695) have disclosed two specific pyrazolopyrimidine inhibitors known 

15 as PPI and PP2 which have low nanomoJar potency against Lek and Fyn. (another Sl'.C-family kinase) ... 

20 

No Lek inhibitory has been reported regarding quinoline or quinoxaline based compounds. Therefore, 

it is anticipated that a quinoline or quinoxaline based inhibitor of Lek tyrosine kinase activity .could be 

useful in treating a variety of seemingJy unrelated human disease conditions that can be characterized 
by the involvement of Lek tyrosine kinase signaling in their etiology. 

SUMMARY OF THE INVENTION 

This invention is directed to a compou11d of formula I: 

R1c 

R1~z..._yx 
AJl~ 

R1a N (I) 

25 wherein 

Xis L,H or L:?Z2; 

L, is (CR3aR3b)r or (CR3aR311).,,-~-(CR3·.R3·11>..; 

~ is (CR3,.R3b)p·Z4-(CR3·.R3·b)q or ethenyl; 
Z1 is CH orN; 

30 ~is optionally substituted cycJoalkyl, optionally substituted cycloalkeny~ optionally substituted 

heterocyclyl or optionally substituted heterocyclenyl: 

Za is 0, NR., S, SO or S02; 

.l.i is 0, N~, S, SO, SO:! or a bond; 

misOorl; 

35 n is 2 or 3, and n + m = 2 or 3; 

. p and q are independently 0, I, 2, 3 or 4, and p + q = 0, I. 2, 3 or 4 when Z4 is a bond, and p + q = 

0, I. 2 or 3 when Zs is other than a bond; 
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r is 2, 3 or4; 

R11 and Rib are incfependently optionally substituted alkyl, optionally substituted aryl. optionally 

substituted heteroaryl, hydroXy, acyloxy, optionally sub$titµted alkoxy, optionally substituted 

cycloalkyloxy~ optionally substituted heterocycJyJoxy, optionally substituted heterocycJylcarbonyloxy, 

5 optionaJJy substituted aryJoxy, optionally substituted heteroaryloxy, cyano, R5~., or acylR,N-, or one 

ofR,. and R,11 is hydrogen or halo and the other is optionally substituted alkyl, optionally substituted aryl, 

optionally substituted heteroaryl, hydroxy, acyloxy, optionalJy substitufed alkoxy, optionally substituted 

cycloalkyloxy, optionally substituted heterocycly1oxy, ()ptionally ·substituted h~terocyclylcarbonyloxy, 

·· optionally substituted ary1oxy, optionally substituted heteroaryJoxy, cyano, RsR.GN- or acylR,N-; . 

: . 10 R1c is hydrogen, optionally substituted alkyl, optionally substituted aryl. optionally substituted 

.. . : .. 

15 

heteroaryl, hydroicy, acyloxy, optionally substituted a1koxy~ optionally substituted cycloalkyloxy, 

· optionally substituted beterocyclyloxy. optionally substituted aryloxy, optionally substituted .. 
. · heteroaryloxy,,:halo, cyano, R5~N- or.acylR,N-; . 

R31• R3.,. R3•1 and· R~·b are independently hydrogen or alkyl; 

R. is hydrogen? ~dk.yl or acyl; and ·. 

R, and ~·are independently hydrogen or alkyl. or R, ~d ~ taken together with the nitrogen 

atQrn to whi~h Rs and Rti;are attac!led form azaheterocyclyl, or 
. . . . . ·.·. .· . . . .,· 

an N-oxide thereof, hydrate thereof, solvate thereof, procfrugthereof. or a phannaceutically 
acceptable salt thereof. :· . . ; 

20 Another aspect of the invention is directed to a pharmaceutical composition comprising a 

· 'phannaceutically effective a~ount Of a com.,ound of formula· I or a phannaceutieally acceptable salt 

thereof and a pharmaceutically acceptable carrier. The invention is also directed to intermediates useful 

in preparing compounds of fonnula I,. methods for the preparation of the intermediates and compounds of 

fonnula I, and the use of a compound of fonnula I for treating a patient suffering from or·subject to 

25 disorders/conditions involving ceUular differentiation, proliferation, extracellular matrix production or 

mediator release and/or T ceJI activation and proliferation~ 

30 

DETAILED DESCRIPTION OF. THE INVENTION 

As used above, and throughout the description of the invention, the following terms, unless 

otherwise indicated, shalt be understood to have the following meanings: 

Definitions 

"Patient" includes both human and other mammals. 

35 "Effective amount'" means an amount of compound of the present invention effeCtive in 

inhibiting PDGF-R tyrosine kinase activity and or Lek tyrosine kinase activity, and thus producing the 

desired therapeutic effect. 

"Alkyl'' means aliphatic hydrocarbon group which may be bran~hed-or straight-chained having 

about 1toabout10 carbon atoms. Preferred alkyl is "loweralkyl" having about I to about 6 carbon 

40 atoms; more preferred having about 1 to about 4 carbon atoms~ Branched means that one or more lower 

alkyl groups such as methyl. ethyl or propyl are attached to a linear alkyl chain. The alkyl group is aJso 
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optionally substituted by alkoxy, halo, carboxy, hydroxy or~~-. E.'l.amples of alkyl include methyl, 
fluoromethyl, difluorometbyl, trifluoromethyl, ethyl, n-propyl, isopropyl, butyl, sec-butyl, t-butyl, amyl 

and hexyl. 
"Alkenyl" means an aliphatic hydi'ocarbon group containing a carbon-carbon double bond and 

5 which may be straight or branched having about 2 to about.10 carbon atoms in the chain. Preferred· 

alkenyl groups have 2 to about 6 carbon atoms in the chain; and more preferably about 2 to about 4 

carbon atoms in the chain. Branched means that one or more lower alkyl groups such as methyl, ethyl or 
propyl are attached to a linear alkenyl chain. "Lower alkenyl" means about 2 to about 4 carbon atoms in 

the chain which may be straight or branched. The alkenyl group may be substituted by carbalkoxy. 

10 E.xemplary alkenyl groups include ethenyl,. propenyl, n-butenyl, i-butenyl, 3-methylbut-2-enyl~ n.,. 
pentenyl, heptenyl, octenyl, cyclohexylbutenyl and· decenyl. 

"Ethylenyl" means a -CH=CH- group. 
"Cycloalkyl" means a non-aromatic mono- or multicyclic ring system of about 3 to abot1t 10 

carbon atoms. The cycloalkyl group as a portion of variables R1., R11, or R1c is optionalJy substituted by 
15 one or more, preferably one to three, more preferably one to nvo, of the following "cycloalkyl 

substituents'", alkyl, hydroxy, acyloxy, alkoxy, haloj R.,~N-, acylRsN-, carboxy or RsRtiNCO­
substituents, or a bivalent oxygen (-0-) on two adjacent carbon atoms to form an epoxide, more preferred 
substituents are alkyl, hydroxy, acyloxy, alkoxy, bivalent oxygen and ~CO-. The cycloalkyl group 
as a portion of variables Z2 is optionally substituted by one or more, preferably one to three, more 

20 preferably one to two. of the following "cycloalkyl substituents". alkyl, alkoxy, halo, R5~-. acylR,N•; 
carboxy or ~~NCO- substituents, or a bivalent oxygen (-0-) on two adjacent carbon ato~s to fonn an·· 
epoxide, more preferred substituents are alkyl, hydroxy, acyloxy, alkoxy, bivalent oxygen and Rs~CO­
. Furthermore, when the cycloalkyl group is subStituted with at least two hydroxy substituents, then at 

least two of the hydroxy substituents may be ketalatecl or acetalated with an aldehyde or ketone .of one to 

25 six carbon atoms to form the corresponding ketal or acetal. Ketalization of a gem-diol results in: 
fonnation of a spiro fused ring system. A preferred spiro cycloalkyl ring is l,4-dioxaspiro[4,S]dec-8-yl. 
Preferred unsubstituted or substituted rnonocyclic cycloalkyl rings include cyclopentyl, 

fluorocyclopentyl, cyclohexyl, and cycloheptyl; more preferred are cyclohexyl and cyclopentyl.. 
Exemplary multicyclic cycloalkyl rings include 1-decalin, adamant-(1- or 2-)yl, [2.2. l]bicycloheptanyl 

30 (norbornyl) and [2.2.2]bicyclooctanyl; more preferred are [2.2.1 ]bicycloheptanyl, and 

[2.2.2]bicyclooctanyl. 

"Cycloalkenyl" means a non-aromatic monocyclic or multicyclic ring system containing a 

carbon-carbon double bond and having about 3 to about 10 carbon atoms. The cycloalkenyl group as a 

portion of variables R11, R1b or R1, is optionally substituted by one or more, preferably one to three, more 

35 preferably one to two cycloalkyl substituents as described above. The cycloalkenyl group as a portion of 

variables Zi is optionally substituted by one or more, preferably one to three, more preferably one to two 

cycJoalkyl substituents as described above. Preferred unsubstituted or substituted monocyclic 

cycloalkenyl rings include cyclopentenyl, cyclohexenyl and cycloheptenyl; more preferred is 

cyclopentenyl and cyclohexenyl. Preferred multityclic cycloalkeny1 rings include [2.2.1 ]bicycloheptenyl 

40 (norbomenyl) and [2.2.2]bicyclooctenyl. 



W000/31051 PCT/US99/2782S 

6 

11AryJ" means aromatic carbocycJic radical containing a~out 6 to about 10 carbon atoms. 
Exemplary aryl include ph~nyl or naphthyl, or phenyl or naphthyl substituted with one or more aryl 
group substituents which may be the same or different, where "aryl group substituent" includes 

hydrogen, hydroxy, halo,.aJkyJ, alkoxy. carboxy. alkoxycarbonylorY1Y7NCO-, wherein Y1 and Y2 are 

5 independently hydrogen or alkyl. Preferred aryJ group substituents inclu~ hydrogen, halo and alkoxy. 

"Heteroaryl" mean~ about a 5- to about a l 0-: membered aromatic monc>cyclic or multicyclic 
hydrocarbon ring system in which one or more of the ciui>on atoms in the ring system is/are element(s) 

other than carbon, for example nitrogen, oxygen or·suJfur. The designatio11 of the aza, oxa or tbia as a 

prefix before heteroaryl define that at least a nitrogen, oxygen or sulfur atom is present respectively as a 
10 ring atom. The"heteroaryJ" may also be substituted ~y one or rnpre of the above-mentioned "aryl group 

substituents". Exemplary heteroaryl groups include substituted pyrazinyl,.furanyl, thienyJ, pyridyl, 
pyrimidinyl, isoxazolyl, isothiazolyl, oxazoJyl, thiazolyl, pyrazolyl, furazanyl, pyrrolyl. imidazo[2,l­

b]thiazolyl, beitzofurazanyl, indolyl, azaindolyl, benzimidazolyl, benzothienyl, quinolinyl, imidazolyl 

and· isoquinoJiilyl. 

15 "Heterocyclyl'' means an about 4 to about IO member monocyclic or multicyclic ring system 
· ' wherein one or more oftbe atoms in the ring•system is ~n element other d1an. carbon chosen amongst 

nitrogen, oxygen or sulfur. The heterocyclyl group as a·· portion of variabl~ R1., R1b or R1c is optionally 
substituted by one' or more~ preferably one to three. more preferably one to two cycloalkyl substituents as 
described above. The heterocyclylgroup as.a portion ofvariables Z:i is optiooaUy substituted by one or 

20·. more, preferably one to three. more preferably one fo'two·cycloalkyJ substituents as described above. 
,. . The designation of the aZa,. ;oxa t1r thia as a .prefix befo~ heterocyclyl define that at least a nitrogen, 

·oxygen or sulfur atonf is presenfrespectively' as a: ring :atoin. ·· E~mpJary monocycJic ·heterocyclyl groups 
· include piperidyl, pytrolidinyl, 'piperazinyl, lil.orpboJinyt thiomorpholinyl, thiazolidinyl, .1,3-dioxolanyl, 

1,4-dioxanyl; tetrahydrot'uranyl, tetrahydrothiophenyl~ tetrahydrotbiopyranyJ, and the like; ·Exemplary 
25 · · heterocyclyl moieties include quinuclidyl, pentarnethyleilesulfide, tetrahydropyranyl, 

· tetrahydrothiophenyl, pyrrolidinyl, tetrahydrofuranyl, 7-oxabicyclo[2.2.l]heptanyl or 

4-piperidinopiperidine. 
"Hetemcyclylcai'bonyloxy" means a h~erocyclyl-C(O)O- group wherein the heterocyclyl is as 

defined herein. An exemplary. heterocyclylcarbonyloxy group is (1,4']-biperidinyl-1 '-carbonyloxy 

30 · (4-piperidinopiperid-1-ylcarbonyloxy) ... 

"Heterocyclenyl" means an about 4 to about 10 member monocyclic or multicyclic ring system 
· I which is partially unsaturated.and wherein one or more of the atoms in the ring system is an element 

other than carbon chosen amongst nitrogen, oxygen or sulfur. The heterocyclenyl group as a portion of 

variables R11, R1h or R1c is optionally substituted by one or more, pre{erably one to three, more 

35 preferably one to two cycl°*1lkyl su.bstituents as described aboye. The heterocyclenyl group as a portion 

of variables Z2 is optionally substituted by one or more~ pref~rably one to~. more preferably one to 
two cycloalkyl substituentsas described above. The designation of the aza, oxa orthia as a prefix before 

heterocyclenyl defme that at least a nitrogen, oxyg~n or sulfur atom is present respectively as a ring 
atom. Exemplary monocyclic azaheterocyclenyl groups include 1,2,3,4- tetrahydrohydropyridyl, 

40 1,2-dihydropyridyl, 1.4-dihydropyridyl, l ,2,3,6~tetrahydropyridy1, 1,4.5,6-tetrahydropyrimidyl, 2-

pyrrolinyl, 3-pyrrolinyl. 2-iinidazolinyl, 2-pyrazolinyl. and the like. Exemplary oxaheterocyclenyl 
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groups include 3,~ihydro-2H-pyran, dihydrofuranyl, and fluorooihydrofuranyJ. An exemplary 
multicyclic oxaheterocyclenyl group is 7.;oxabicyclo[2.2. l]heptenyl. Exemplary monocyclic 
thiaheterocyclenyl groups include dihydrothiophenyl and dihydrothiopyranyl. 

"Acyl'' means an H-CO- or alkyl-CO- group in which the alkyl group is as previously described. 
5 Preferred acyls c.ontain i lower alkyl. Exemplary acyl groups include formyl, acetyl, propanoyl, 2-

methylpropanoyl, butanoyl and caproyl. 
"Aroyl" means an aryl-CO- group in which the alkyl group is as previously described. 

Exemplary groups include benZ<>yl and 1- and 2-naphthoyl. 
"Alkoxy" means an alkyl-0- group in which the alkyl group is as previously described. 

10 Preferred alkoxy is "lower alkoxy" having about 1 to about 6 carbon atoms. The alkoxy may be 
optionally substituted by one or more amino~ alkoxy, carboxy, alkoxycarbonyl. carboxyaryl, carbamoyl 
or heterocyclyl groups. Exemplary alkoxy groups include methoxy, ethoxy, 11-propoxy, i-propoxy, 11-

butoxy, heptoxy, 2-( morpholin-4-yl)ethoxy, 2-( ethoxy)ethoxy. 2-( 4-methylpiperazin· I :-yl )ethoxy, .. 
carbamoyl, N-methylcarbamoyl. N.N-dimethylcarbamoyl. carboxymethoxy and 

15 methoxycarbonylmethoxy. 
"Cycloalkyloxy" means a cycloalkyl-0- group in which the cycloalkyl group is as previously 

described. Exemplary cycloalkyJoxy groups include cyclopentyloxy and cyclohexyJo:x:y. 
"Heterocyclyloxy" means a heterocyclyl-0- group in which the heterocyclyl group is a~ 

previously described. Exemplary hctcrocyclyloxy groups include quinuclidyloxy, 
20 pentamethylenesulfldeoxy, tetrahydropyranyloxy, tetrahydrcithiophenyloxy, pyrrolidinyloxy, 

tetrabydrofuranyloxy and 7-oxabicyclo[2.2. I ]heptanyloxy. 

25 

"Aryloxy" means aryl-0- group in which the aryl group is as previously described. 
"Heteroaryloxy" means heteroaryl-0- group in which the heteroaryl group is as previously 

described. 
"Acyloxy" means an acyl-0- group in which the acyl group is as ~reviously described. 
••carboxy'' means a HO(O)C- (carboxylic acid) group. 
"Rs~N-" means a substituted or unsubstituted amino group, wherein Rs and~ are as previously 

described. Exemplary groups include amino (H2N-), methylamino, ethylmethylamino, dimethylamino 
and diethylamino. 

30 " RsR6NCO-" means a substituted or unsubstituted carbamoyl group, wherein Rs and ~ are as 
previously described. Exemplary groups are carbam:oyl (H2NCO-), N-methylcarbamoyl (MeNHCO-) 
and N,N-dimethylaminocarbamoyl (Mc2NCO-). 

"AcylR~ N-" means an acylamino group wherein Rs and acyl are as defined herein. 
"Halo" means fluoro, chloro, bromo, or iodo. Preferred are fluom, chloro or brorno. and more 

35 preferred are fluoro or chloro. 
"'Prodrug" means a form of the compound of formula I suitable for administration to a patient 

without llndue toxicity. irritation, allergic response, and the like, and effective for their intended use, 
including ketal, ester and zwitterionic fofll'.IS. A prOdrug is transformed in vivo to yield the parent . .. 

compound of the above formula, for example by bydrcilysis in blood. A thorough discussion is provided 
40 in T. Higuchi and V. Stena, Pro-drugs as Novel Delivery Svstems, Vol. 14 of the A. C. S. Symposium 
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Series, and in Edward B• Roche; ed., Bioreversible Carriers in.Drug Design, AmericanPhannaceutical 

Association and Pergamon Press, 1987, both of :which ~ incorporated he.rein by reference. 

"Solvate" means a physical association of a compound of this invention with one or more solvent 

molecules. This physical associatio~ .involves varying degrees of ionic and covalent bonding, including 

5 hydrogen bonding. In certain instances the solvate will be capable of isolation, for example when one or 

more solvent molecules are incorporated in the crystal lattice of the crystalline solid. ''Solvate" 

encompasses both solution-phase and isolable solvates. · Exemplary solvates include ethanolates, 

methanolates> and the like. '•Hydrate" is a solvate wherein the solvent molecule(s) is/are H20. 

10 

- ·15 

Pi'efelTed Embodiments 

A preferred cc>mpound aspect of the invention is a compound offonnula I wherein 

L, is (CR3.R1.Jm-Zs-(CRniR;i.·i.:>u; 

- · L2 is (CR3,R3b}p-Z~·(CR,.~R1•b)q; 
Z2 is optionally substituted cycloalkyl, optionally substituted cycloalkenyl 01· optionally . 

substituted heterocyclyl; 

Z4 is 0 and NR.; -
- m isO; 

n is 2 orJ; 
p+q =Oor l; -

20 R11 and Rib are independently optionaJly substituted alkyl, optionally substituted alkoxy,_ 

25 

optionally substituted cycloalkyloxy, optionally substituted heterocyclyloxy or R,R.sN-, or one of R1a and 

Ri1i is hydrogen or halo and the other is optionally substituted alkyl, optionally substituted alkoxy, 

optionally substituted cyclo.iilkyloxy, optionally SUbS,titu~ed. heteroc,yclyloxy or R,R6N-; 

R1c is hydrogen, optionally substituted alkyl or optionally substituted alkoxy; 

R:;a, R311, R3·a and R, . ., are independently hydrogen or lower alkyl; 

R. is hydrogen; and 

R5 and ~taken together with the nitrogc:n atom to which R5 and ~are attached fonn 

azaheterocyclyl, or 

an N-oxide thereof. hydrate thereof, solvate thereof, prodrug thereof, or phannaceutically 

30 acceptable salt thereof. 

35 

Another prefelTed compound aspect of the invention is a compound of formula I wherein 

Xis~~; 

L2 is {CR31R3h),·Z..-{CR, .• R3·11)q~ 
~ is optionally substituted cycfoalkyl or optionally substituted cycloalkenyl; 

Z3 is 0 and NR.; 

pis O; 

qisOorJ; 

R11 and R11, are independently optionally subsQtuted alkyl, -optionally substituted alkoxy, 

optionally substituted cycloalkyloxy or optionally substituted heterocyclyloxy, or one of-R1• and R11, is 

40 hydrogen or halo: 

R1c is hydrogen; 
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an N-oxide thereof, hydrate thereof, solvate thereof, prodrug thereof, or phannaceutically 
aeceptable salt thereof. 

5 Another preferred compound aspect of the invention is a compound of formula J wherein L 1His 
loweraJkyl 

Another preferred compound aspect of the invention is a compound of formula I wherein Z1 is 
CH. 

Another preferred compound aspect of the invention is a compound of formula I wherein Z1 is N. 
10 Another preferred compound aspect of the invention is a compound of formula 1 wherein ~ is . 

optionally substituted cycloalkyl. 
Another preferred compound aspect of the invention is a compound of formula 1 wherein Zi is 

alkyl substituted monocyclic cycloalkyl; more preferred methylcyclopentyl or methylcyclohexyl. 
Another preferred compound aspect of the invention is a compound of formula I wherein Z2 is 

15 multicyclic cycloalkyl; more preferred [2.2. l]bicycloheptanyl (norbomyl) and [2.2.2]bicycl0<>ctanyl. 
Another preferred compound aspect of the invention is a compound of fonnula I wherein Z? is 

optionally substituted cycloalkenyl; more preferred cyclopentenyl and cyclohexenyl. Prefer)'.ed 
multicyclic cycJoalkenyl rings include [2.2.l]bicycloheptenyl (norbomenyl) and [2.2.2]bicycloocteny1. 

Another preferred compound aspect of the invention is a compound of formula I wherein Z? is 
20 cyclopentenyl or cyclohexenyl. 

25 

Another preferred compound aspect of the invention is a compound of formula I wherein Z2 is 
multicyclic cycJoalkenyl; more preferred [2.2. l ]bicycloheptenyl (11orbornenyl) or [2.2.2]bicyclooctenyl. · 

Another preferred compound aspect of the invention is a compound of formula I wherein. p and q 
areO. 

Another preferred compound aspect of the invention is a compound of formula I wherein p + q = 
1. 

Another preferred compound aspect of the invention is a compound of formula I wherein Zs is 0 .. 
Another preferred compound aspect of the invention is a compound of formula I wherein Z4 is 0, 

and p and q are 0. 

30 Another preferred compound aspect of the invention is a compound of formula J wherein Z4 is 0, 
andp+q= 1. 

Another preferred compound aspect of the invention is a compound of formula I wherein Z4 is 

Another preferred compound aspect of the invention is a compound of formula I wherein z .. is 
35 NR... and p and q are 0. 

Another preferred compound aspect of the invention is a compound of formula I wherein Z4 is 
NR .. , and rn + n = I • 

Another preferred compound aspect of the invention is a compound of formula 1 wherein z,. is S. 
Another preferred compound aspect of the invention is a compound offonnula I wherein Z4 is S, 

40 and p and q are 0. 
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Another preferred COIJ1pound aspect of the invention ~s a compound of fonnula I wherein z.. is s, 
andp+q= 1. 

·Another preferred compound aspect of the invention js a compound of fonnula I .wherein R,. and 

R11, are independently optionally hydroxy substituted lower alkyl, hydroxy, lower alkox.y, cycloalkyloxy, 
5 heterocyclyloxy, or one of R,. and R111 is hydrogen or halo. 

Another preferred compound aspect of the invention is a compound of fonnuJa I wherein R,. and 

R,., are independently hetero~yclylcarbonyloxy or optionally substituted lower alkoxy; more preferably, 

the lower alkoxy is methoxy or ethoxy~ 

Another preferred compound aspect of the.invention is a compound of formula 1 wherein R1• and 
· · 10 · R111 are lower alkyl; more prderably the lower alkyl is methyl or ethyl. 

Another preferred compound aspect of the invention is a compound ofform1:1la I.wherein one of 
R1i and R,11 is lower alkoxy,and the otherofR1a and R1b is halo; more preferably the lower aJkoxy is 

" · methoxy or ethoxy, ·and the·halo· is chloro or bromo. 

· Another .preferred compound aspect of the· invention is a compound of formula I wherein one of 

15 · • R1• and R,11 is lower alkyl; and the other of R10 and R,11 is lower.alkoxy; more preferably the lower alkoxy 
.is rnethoxy or ethox.y,: and the.lower alkyl is methyl or etbyl. .· . 

. Another preferred compound aspect of the invention is a compound offonnula I where~n one of 
.R11 and Ri11 is lower alkoxy. and. the other of R1• and R1b is cycloalkyloxy; more preferably the l?wer 
alkoxy is methoxy' or ethoxy, and the cycloalkyloxy is cyclopentyloxy or cyclohex.yle>xy. 

20 · An<>ther preferred compound aspect of theJnvention is a compound of formula I wherein one of 

· · · R,.·and R 11, is hydrogen,· and the .. other.ofR18 and R11; is lower alkoxy, cycloalkyloxy or heterocyclyloxy; 
:more preferably the lower alkoxy is methoxy or ethoxy,.and the cycloalkyloxy is cyclopentylQxy or 

· · ,·cyclohexyloxy, and the heterocyclyloxy is furanyloxy. · 

· , · · Another preferred compound aspect of the .invention is a compound of formula lwherein R,. is 
25 ·hydrogen, lower.alk.ylor lower alkoxy; ·more preferably the lower alkoxy is methoxy or etboxy. 

Another preferred compound aspect of the invention is a compound of formula I wherein Z2 is 
(hydroxy or alkyl) substituted hydroxycycloalkyl, more preferred is (lower alkyl)hydroxycycJoalkyl. 

Another preferred compound aspect of the invention is a compound of fonnula I wherein R11 and 

R1b are lower alkox.y wherein the lower alkoxy is optionally substituted with alkoxy, h,eterocyclyl, 

30 carboxy, alkoxycarbonyl or carbamoyl.. 
Another preferred compound aspect of the invention is a compound offonnuJa 1 wherein one of 

R11 and R,b is unsubstituted lower alkoxy and the other of R1• a11d R1b is lower aJkoxy substituted with 
alkoxy, heterocyclyl, carboxy, alkoxycarbonyl or carbamoyl. 

Another preferred compound aspect of the invention is a compound of formula I wherein one of 

35 R11 and Rib is methoxy and the other of R,. and R1h is [ 1,4']-bipiperadin-1 '-ylcarbonyloxy. 

2-( ethoxy )ethoxy. 2-( 4-morpholinyl)ethoxy, 2-( 4-.rn~thylpiperazin-1-yl)ethox.y, carboxymethoxy, 

methoxycarbonylmethoxy, aminocarbonylmethoxy, 

N-methyJaminocarbonylmethoxy or N.N-dimethylaminocarbonylmethox.y. 

40 Preferred compounds according to the invention are selected from the following species: 
3-Cyclohexyloxy-6, 7-dimethoxyquinoline; 
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2-cyclohexylamino-6,7-dimethoxyquinoxaline; 
exo-bicyclo [2.2.l]hept-2-yl- (6-chloro-7-methoxyquinoxalin-2-yl)amine; 
exo-bicyclo [2.2.1 ]hept-2-y1- (7-chloro-6-methoxyquinoxalin-2-yl)amine; 
Bicyclo[2.2.1]hept-2-yl-(607•dimethyl-quinoxalin-2-yl)-amine; 

5 2-cycloheptylamino-6,7-dimethox.yquinoxaJine; 
2-cyclopentylam.ino-6, 7-dimethoxyquinox.aline: 
2-cyclohexylamino-6-methox.yquinoxaline; 
3-Aminocycloh~yl-6.7-dimethoxy-quinoJine; 

( 6, 7-dimethoxy-quinolin-3-yl)-cis-(3-(R)-methyl-cyclohexyl) amine; 
10 2-Cyclohexylamino-6-methoxy-7-bromo-quinoxaJine hydrochloride; 

( 6, 7.;0imethoxyquinolin-3-yl)-cis/trans-(3-(R)-methy1-cyclohexyl)-am ine 
( 6, 7-Dimethoxyquinolin-3-yl)-trans-(3-(R)-methyl-cyclohexyJ)-amine 
(6, 7-Dimethoxyquinolin-3-yl)-cis-(3-(R)-methyl-cyclohexyl)-amine; 
( 6. 7-dimethoxy-quinolin-3-yl )- (3-methyl-cyclopentyl) amine; 

15 Cyclohex-3-enyl-(6, 7-dimethoxyquinoxalin-2-yl)-amine; 
2, 7-Bis-cyclohexyloxy-6-methoxy-quinoxaline; 
Cyclohexyl-(6, 7-dimethoxyquinoxalin-2-ylmethyl)-amine; 
(6, 7-Dimethoxyquinolin-3-yl)-isobutyl amine; 
Cyclohexyl-(6-methoxy-7-morpholin-4-yl-quinoxalin-2-yl)-amine; 

20 (±)-Bicyclo[2.2.1]hept-2-yl-(6, 7-dimethoxyquinox.alin-2-yl)-amine; 
exo-bicyclo[2.2.l]bept-S-en-2-yl-(6,7-dimethoxyquinoxalin-2-yl)-amine; 
Cyclohexyl-(6.8-dimethyl-quinoxalin-2-yl)-amine; 
Endo-bicyclo[2.2. l ]hept-2-yl-( 6, 7-dimethoxyquinox.aJin-2-y !)-amine; 
(6, 7-Dimethoxyquinoxalin-2-yl)-( 4-methoxy-cycJohexyJ)-amine;; 

25 Exo-bicyclo[2.2.1]hept-2-yl'-(6-methoxyquinox.alin-2-yl)-amine; 
exo-2-(Bicyclo[2.2.1 ]hept-2-yloxy )-6, 7-dimethoxyquinoxaline; 
2-(Bicyclo[2.2.2]oct-2-yloxy)-6, 7-dimethoxy-quinoxaline; 
Endo-2-(bicyclo[2.2. l ]hept-2-yloxy )-6. 7-dimethoxy-quinoxaline; 
exo-2-(Bicyclo[2.2.1]hept-S-en-2-yloxy)-6,7-dimethoxyquinoxaline; 

30 2-(Bicyclo[2.2.1]hept-S-en-2-yloxy)-6,7-dimethoxyquinoxaline; 
2-Cyclohexyloxy-6, 7-dimethoxyquinoxaJine; 
2-cyclopentylthio-6,7-dimethoxy-quinoxaline; 
6,7-dimethox.y-2-cyclopentyloxy-quinoxaline; 
2-cyclopentylmethyloxy-6,7-dimethoxy-quinoxaline; 

35 6,7-dimethoxy-2-tetrahydropyran-4-oxy-quinoxaline: 
exo,exo-6, 7-dimethoxy-2-( S,6-epoxy-bicyclo[2.2.1 ]heptan-2-yloxy)-quinoxaline; 
cisltrans-4-(6. 7-Dimethoxyquinoxalin-2-yloxy)-cycJohexanecarboxylic acid; 
6, 7-Dimethoxy-2-(4-methoxy-cyclohex.yloxy)-quinoxaline; 
3-Cyclohexyloxy-6, 7-dimethoxyquinoxaline 1-oxide; 

40 ( 1R.2R,4S)-( + )-Bicyclo[2.2. I ]hept-2-yl-(6, 7-dimethoxyquinoxalin-2-yl)-amine; 
(1 S,2S.4R)-(-)-Bicyclo[2.2.1]hept-2-yl-(6,7-dimethoxyquinoxalin-2-yl)-amine; 

PCT/US99/27825 
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2-(6, 7-Dimethoxy-quinolal.lin-2-yJ)-2-aza-bicyclo[2.2.2]octan-:j-one; 
Cisltrans-4-(6, 7-Dimethoxy,-quinowin-2-ylamino )-cyclohexanecarboxyJic acid 

methyl ester; 

Cis/trans-4-(6. 7-dimethoxy-quinoxalin-2-ylamino }cyclohexanecarboxylic acid; 

PCT/US99/2782S 

5 Cis-4-(6, 7-dimethoxy-quinoxalin-2-ylamino)-cyclohexanecarbaxylic acid methyl ester; 
Trans-4-(6,7-dimetl1oxy-quinoxaJin-2-ylamjno)-cyclohexanecarboxy1icacid methyl ester; 

(6. 7-dimethoxy-quinoxaline-2-yl)-cis/trans-(3-(R)-methylcyclohexyl) amine; 

(6. 7-dimethoxy-quinoxaline-2-yl) -trans-(3-(R}methylcyclohexyl) amine; 

( 6, 7-dimethoxy-quinoxaline-2-yl)-cis-(3-(R}metbylcyclohexyl) amine; and . 

10 · methyl cis/trans-4-(6,1-'Dimethoxyquinoxalin-2-yloxy)-cyclohexanecarboxylate, or 

an N-oxide thereof, hydrate· thereof. solvate thereof, prodrug thereof. or pbannaceutically acceptable salt 
· · thereof .. · 

More preferred compounds are the following: . 

15 . 2-cyclohexylamino-6, 7-dimethoxyquinoxaline; 

exo·-:bicyclo (2.2.l]bept-2-yl- (6-chloro-7•methoxyquinoxalin-2.;.yl)amine; 

exo-bicyclo [2.2. l]hept-2-yJ- (7~chloro-6-meth~xyquinoxaJin-2-yl)amine; 
Bicyclo[2.2. l ]hept-2-yl-( 6,7..,dimethyl.,quinoxalin-2-yl)-amine; 

2-cycloheptylamino-6, 7-dimethoxyquinoxaline; · 

·. 20 2-cyclopentyJamino-6,.7-din,i.ethoxyquinoxaline; • 

3-Aminocyclohexyl-6, 7,,-dimethoxy-quinoline; .: . 
( 6. 7-dimethoxy-quinolin-3-yl)-cis-(3•(R)-methy1-cycloh~xyJ) amine~ 

( 6~ 7-Dimethoxyquinolin-3-y 1)-cis/ trans-(3-(R}.methyl-cyclohexyJ)-amine 

(6, 7-DimethoxyquinoJin-3-yJ)-trans-(3-(R)-methyl-cycJohexyl)-amine 

25 ( 6, 7-Dimethoxyquinolin-3-yl)-cis-(3-(R)-methyl-cyclohexyl)-amine; 

Cyclohex-3-enyl-( 6, 7-dimethoxyquinoxalin-2-yl)-amine; 

2, 7-Bi~cyclohexyloxy-6.:.methoxy-quinoxaline; 

(6,7-Dimethoxyquinolin'."3-yl)-isobutyl amine;. 

(±)-Bicyclo[2.2.l]hept'."2-yl-(6,7-dimethoxyquinoxalin-2-yl)-amine; 
30 e.xD-'.bicyclo[2.2.1]hept-5-en-2-yl-(6, 7-dimethoxyqui.noxalin-2-yl}amine; 

Endo-bicyclo[2.2. I ]hept-2-yl-( 6, 7-dimethoxyquinoxalin-2-yl)-amine; . 

Exo-bicyclo[2.2. 1 ]hept-:-2-yl-(6-methoxyquinoxalin-2-yl)-amine; 

exo-2-(Bicyclo[2.2.1]hept-2-yloxy)-6,7-dimethoxyquinoxaline; 

2-(Bicyclo[2 .2.2]oct-2-yloxy)-6. 7-dimethoxy-quinoxaline; 

35 Endo-2-(bicyclo[2.2. l ]hept-2-yloxy)-6, 7-dimethoxy-quinoxaline; 

exo-2-(Bicyclo[2.2. l ]hept-S.,en-2-yloxy )-6, 7-dimethoxyquinoxaline; 

2-(Bicyclo[2.2. I ]hept-S-en-2-yloxy)-6, 7~dimethoxyquinoxaline; 

2-Cyclohexyloxy-6, 7-dimethoxyquinoxaline; 

2-cyclopentylthio-6, 7-dimethoxy-quinoxaline; 

40 6, 7-dimethoxy-2-cyclopentyloxy-quinoxaline; 

2-cyclopentylmethyioxy-6, 7-dimethoxy-quinoxaline; 
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6, 7-dimethoxy-2-tetrahydropyran-4-oxy-quinoxaline; 
exo.exo-6, 7-dimethoxy-2-(5,6-epoxy-bicyclo[2.2.1 ]heptan-2-yloxy)-quinoxaline; 
6, 7-Dimethoxy-2-( 4-methoxy-cyclohexyloxy)-quinoxatine; 
(1R.2R,4S)-(+)-Bicyclo[2.2.l]hept-2-yl-(6,7-dimethoxyquinoxalin-2-yl)-amine; 

PCT/US99/27825 

5 (I S,2S,4R)-(-)-Bicyclo[2.2.1]hept-2-yl-(6,7-dimethoxyquinoxalin-2-yl)-amine; 
Cis/trans-4-( 6, 7-Dimethoxy-quinoxalin-2-ylamino )-cyclohexanecarboxylic acid 

methyl ester; 
Cis-4-(6, 7-dimethoxy-quinoxalin-2-ylamino)-cyclohexanecarboxylic acid methyl ester; 
Trans-4-( 6, 7-dimethoxy-quinoxalin-2-ylamino )-cyclohexanecarboxylic acid methyl ester; 

10 (6, 7-dimethoxy-quinoxaline-2-yl)-cis/trans-(3-(R)-methylcyclohexyl) amine; 
(6,7-dimethoxy-quinoxaline-2-yl)-tran.¥-(3-(R)-methylcyclohexyl) amine; 
c (6,7-dimethoxy-quinoxaline-2-yl)-cis-(3-(R)-rilethylcyclohexyl) amine; and 
methyl cis/tramr-4-( 6. 7-Dimethoxyquinoxalin-2-yloxy )-cyclohexanecarboxylate. or 
an N-oxide thereof, hydrate thereof, solvate thereof, prodrug thereof, or pharmaceutically acceptable salt 

15 thereof .. 

It is to be understood that this invention covers all appropriate combinations of the particular and 
preferred groupings referred to herein. 

The compounds of this invention may be prepared by employing procedures known in the 
literature starting from known compounds or readily prepared intermediates. Exemplary general 

20 procedures follow. 

25 

In addition. compounds of formula I are prepared according to the following Schemes I-VIII, 
wherein the variables are as described above, excepting those variables which one skilled inthe art 
would appreciate would be incongruent with the method described. 
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Scheme I 

·5 Scheme II 

HX~ --··nc xX -~1 . . . ¢1 . , . Zi . --R,·. . . . 1c . ·. 'Y:. . -

.. . . y "'."_'.·- . ' ~ "© 
~a .~. X-OMS . ~· · 

R,a 

Scheme Ill 

10 

I .··. ~~ .·. > 
·xx· · ·. .. ~Cl · · .... O:a···. ,,-~· · °'-.(;\ .·. . , . . excess . . ·. _-- . ~ I- NaH, THF f . # ··. ~ · ----

Scheme IV 

N02 1) H2. Pd/C 
2) NaCNBH4t MeOH 
----.... 

NH 

'® 
15 

o~ 
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SchemeV 

N02 
1) H2, Pd/C 
2) HONO, HCI, heat 
3)Ph3P, DEAD . ____ .,.. 

HO'y:;\ 

0 

.. '@ 
\!!; 

Scheme VI 

. R,c 

R,~Z.y-X'" ___ 1_>_N_a_s_et-"-------

~ ~ 2) base, RBr or 
R1a N ROH, Ph3P, DEAD or 

RCOCI 

wherein at least one of R 1a• R1b and R,c Is 
lower alkoxy and X"' Is L1 OP' or L2Z2 wherein 
P' is a protecting group suitable for protecting 
a hydroxyl moiety in the presence of base and 
an alkylating agent 

wherein at least one of R1a• R1b and R1c are 
defined herein and where Xis L10P', the 
protecting group P' is then removed to provide 
the corresponding OH moiety 

In Schemes VI, VII and VIII, R represents a precursor group to R,., R,b or R,0 as defined herein, such that 
reaction of RBr, ROH, or RCOCI with the aromatic hydroxy group under the conditions described in. 
Schemes VI, VII and VIII results in formation of R •• Ri 0r R, . 
Representative RBr include bromoacetic acid and met~yl and ethyl bromoacetate. 
Representative ROH include 2-ethoxyethanol, 2-(4-morpholinyl)ethanol and 
3-(4-methylpiperazinyl)propanol. . 
A representative RCOCI is [1,4']-bipiperidin-1'-ylcarbonyl chloride. 
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Scheme VII 

HO)):NO I~ . 2. 

1) ~. Pd/C 
I~ re• HO)):N 

MeO ~ .h 
2) ·NaOH · . .· . · • $Odium gtyoxalate . N 

MeO h N~ 
3) POCl

3 
.. 

MeOyyNyCI 

HO~~ 

base, RBr or . 
ROH PhP .· 
RCOCI 3 ' DEAD or 

as described · Sch .. in emes 1 11· 111 : · " · :' • orlX 

MeOYYNYCI 

R1~~ 

·R,~NyX" 

MeO~~·· 
. . N 

MeO~N· .. · .. 

·R,µ;r~· 

N 

wherein X"' is L · · 
. wherein P" is a 10P" or L2Z2 
protecting a hylroup suitable for 
the reaction conr:f:1 moietY under 
Schemes I II Ill ns described in 

.. • • andlX 
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Scheme VIII 

1) H2, Pd/C 

2) NaOH, sodium glyoxalate 

3) POCl3 
4) Protection 

P"':CCN X'" ~ y 
'#~ Meo N 

M»eNyX"' 

~ 
P"' N 
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MeOnNyCI 

I#~ 
P"'O N 

wherein X"' is L10P" or L2Z2 
wherein P" and P"' are groups 
suitable for protecting a hydroxyl 
moiety under the reaction conditions 
described in Schemes I, II, Ill and IX 

R1~NyX'" 

,~.~ Meo N 

ROH, P~P, DEAD or 
RCOCI Meo N X"' xxr R1a N 

Scheme IX 

:xX:rc_'---:-:-:-:-:-~----- :):):)x· 
X1 is0,Brorl 

X'" is 0-1 OP' or L~,). 
wherein P' Is a group 

. appropriate for protecting 
a hydroxy moiety in the 
presence of a Gringard 
Reagent 

Scheme X 

whereX'" isl10P' 
then OP' moiety 
may be converted 
to the corresponding 
OH moiety using an 
appropriate deprotection 
agent 
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2) Zz-nucleophlle 

Meo ... ,..!:~~OH 
MeO~N~ 

~H4 

I. General Procedures: 
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. NaBHa 
p 

I 1)Zz amine to form imine 
2)Na8H4 

. . 

- R1c 

:x5:;0 

PCTIUS99/27825 

2) ~leelrophile -

1
.1) base 

MeoJ:,ZV'0.{0 
MeO~N~ . 

5 I. Coupling of 2-chloro substituted quinoxaline and amines or anjlines 

A mixture of2-chloro-6,7-dimethoxyquinoxaline(1 cq.) and a11 amine (about l to about-5 eq.) is 

heated at about 160 to about 180°C from about three hours to overnight. The dark-brown residue is 

dissolved in methanol/ methylene chloride (0%-10%) and chromatographed--011 silica gel eluted with 

hexane/ethyl acetate or methanol/methylene chJoride (0%-100%) to yield the desired product. The 

10 desired product may be purified further through recrystalliza~ion in methanol, methylene chloride or 

metbanoJ/water. 

2. Coupling of 2-chloro substituted quinoxaline and alcohols or phenols 

A suspension of an alcohol or mercaptan (1 eq.) ancl sodium hydride (about l to about3 eq.) in 

15 anhydrous DMF!fHF (Oo/o-SOo/o) is refluxed for. J hour before addition of 2-chloro-6, 7-

dimethoxyquinoxaline (1 eq.). The resulting niixti,lre is refluxed for about one tQ _about four hours. The 

suspension is neutralized· to about pH 5-8 and partitioned between methylene chloride and brine. The 

residue after concentration of methylene chloride is chromatographed on silica gel eluted with 

hexane/ethyl acetate or methanol/methylene chloride (0%-100%) to give the desired product. 

20 
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3. Reductive amination reaction with amino-quinolines and aldehydes or ketones. 
An appropriately substituted 3-amino quinoline (l eq.) is stirred with l eq. of the appropriate 

aldehyde or ketone in methanol (or another suitable solvent mixture) until TLC indicates imine 
fonnation is complete •. Excess NaCNBH.i or NaBH.i, or another suitable reducing agent is added and the 

5 mixture is stirred until TLC shows consumption of the intennediate imine. The mixture is concentrated 
and the residue is chromatographed on silica gel with hexane/ethyl acetate (0-100 %) or 
chloroform/methanol (0-20%) to give the desired product. 

10 
4. coupling reaction of 3-amino substituted quinolines and brmnophenyl compounds; 

An appropriately substituted 3-amino quinoline (I eq.) 1s stirred with -1.4 eq. of a strong base 
such as sodium 1-butoxide, ~. eq. of the appropriate bromophcnyl compound, and catalytic amounts of 
2,2'-bis(diphenylphosphino )-1-1 '-binaphthyl (S-BINAP) and bis(dibenzy1ideneacetone)-Palladium 
(Pd(dba)2) are mixed in an inert organic solvent such as toluene under an inert atmosphere Sltch as argon 
and heated to about 80°C overnight. The mixture is cooled, diluted with a solvent such as ether, filtered. 

15 concentrated and chromatographed with 50% EtOAc/hexane to give the desired product. 

S. Ether fonnation from 3-hydroxy substituted quinolines via Mitsunobu conditions. 
A THF solution of an appropriately substituted hydroxyquinoxaline (at about 0 to about 25 °C) is 

treated with 1 eq. each of the desired alcohol, triphenylphosphine and finally diethylazodicarboxylate 
20 ·(DEAD) or a suitable equivalent. The reaction progress is monitored via TLC and upon completion of 

the reaction (about 1 to about 24 hours) tl1e mixture is concentrated and the residue is chromatographed 

25 

30 

35 

' on silica gel to yield the desired product. 

6. Dealkylation of a lower alkoxy substituted quinoline or quinoxaline, and subsequent alkylation .. 
An appropriate lower alkoxy substituted quinoli.ne or quinoxalinc (1 eq.) in DMF is treated with 

excess sodium ethanthiolate (usually about 2 or more eq.) and the reaction mixture is stin-ed with heating 
from about 1 to about 24 hours. The mixture is partitioned between water and ethyl acetate. Extractive 
workup followed by chromatography, if necessary, provides the corresponding desired hydroxy 
substituted quinoline or quinoxaline product. 

The hydroxy substituted quinoline or quinoxaline product can be alkylated using the conditions 
for the Mitsunobu reaction as detailed above. Alternatively, simple alkylation using methods well­
known in the art with a reactive alkyl- or benzyl- halide using NaH or another appropriate base in a 
suitable solvent provides the desired alkylated product. 
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7. Oxidation of a nitrogen in a quinoline or quinoxaline to the corresponding N-oxide. 

An imine (=N-) moi~ in a·quinoli~e or quinoxaline compound of formula (1), may be converted 

to the correspon<fi~g compo~nd wherein the !mine moiety is oxidiz.ed to an N.-Oxide, preferably by 

(eac:ting with a peracid, for eumple peracetic acid in acetic acid or m-chloroperoxybenz0ic acid in an 
. . . . . :· . 

5 inert solvent.such as dic~lorpmetbanc, at a temperatur~ from about room temperature to reflux, 

10 

preferably at eleVated temperature. 

The compounds of the present invention are useful in the form of the free base or acid or in the 

form of a pharrn~eutically acc~ptable salt thereof. All fonns are within the scope of the invention. 

Where the comP,wid ~fthe present invention is substituted with a basic moiety. acid addition 
- -

salts are formed and are simply a more eonvenient form for use; and in praetice, use of the salt form 

i~erently amounts to use of the free base form. The acids which can be used to prepare the acid. 

addition salts include preferab1y those which produce. when combined with the free base, 
pharmaceutically acceptable salts, that is, salts whose anions are non-toxic to the patient in 

15 pharmaceutical d~es of the salts, so that the beneficial i~hibitory effects on POOF inherent in the free 

base are not vitiated by side effeS:ts asc,ribable to the anions. Although phannaceutically acceptable salts 
of said baSic compounds are prefe~ed. all acid addition Salts are iiSeful as sources of the free base form 
even if the particular sal~ p~r s~. is desired ~nly as an intermediate product as, for example, when the saJt 
is formed. only for purpose~ of purification, and identification, or when it is used as intennediate in 

-20 preparing a pharmaceutically acceptable salt by ion exchange procedures. Pharmaceuti~lly acceptable 
saits within the scope of the invention are those derived from the following acids: mineral acids such as 

hydrochloric acid, sulfuric .acid, phosphoric acid and sulfaniic acid; and or~nic acids such as acetic acid, 
citric acid, lactic acid, tartaric acid, maJonic ·acid, methanesufonic acid, ethanesulfonic acid, 
benzenesulfo~ic acid~ p-~lhenesulfonic add, c)rclohex~Jsulfamic acid, quinic acid~ and the like._ The 

25 corresponding acid ad.diti~n salts comprise the foJlowing: hydrohalides. e.g. hydrochloride and 
hydrobromide, sulfate, phosphate; nitrate, sulfamate, acetate, citrate, lactate, tartarate, malonate, oxalate, 

salicylate, propionate, succinate, fumarate~ maleate, methylene-bis-J3-hydroxynaphthoates, gentisates, 

mesylates, isethionates~d di-p-toluoyltartratesmethanesulfonate, ethanesulfonate, benzenesulfonate, p­

toluenesulfonate, cyclohexylsulfamate and quinate, respectively. 

30 Ac~rding to a further feature of the invention, acid addition salts of tbe compounds of this 

invention are prep~d by reaction of the free base with the appropriate acid, by the application or 

adaptation of known methOds. For exampJe, the acid addition saltS of the compounds of this invention 
are prepared either by dissolving the free base in aqueous or aqueous-alcohol solution or other suitable 

solvents containing the appropriate acid and isolating the salt by evaporating the solution, or by reacting 

35 the free base and acid in an organic solvent, in which case the salt separates directly or can be obtained 

by concentration of the solution. 

The compounds of this invention can be regenerated from the acid addition salts by the 

application or adaptation of known methods. For example, parent compounds of the invention can be 
regenerated from their acid addition salts by treatment with an alkali. e.g. aqueous sodium bicarbonate 

40 solution or aqueous ammonia solution. 
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·Where the compound of the invention is substituted with an acidic moiety, base addition salts 
may be fonned and are simply a more convenient fonn for use; and in practice, use of the salt fonn 
inherently amounts to use of the free acid fonn. The bases which can be used to prepare the base 
addition salts include preferably those which produce, when combined with the free acid, 

5 phannaceutically acceptable salts, that is, salts whose cations-are non-toxic to the animal organism in 
pharmaceutical doses of the salts, so that the beneficial inhibitory effects on POOF inherent in the free 
acid are not vitiated by side effects ascribable to the cations; Pharmaceutically acceptable salts, 
including for ex.ainple alkali and alkaline earth metal salts, within the scope of the invention are those 
derived from the following bases: sodiwn hydride, sodium hydroxide, potassium hydroxide, calcium 

10 hydroxide, aluminum hydroxide, lithium hydroxide, magnesium hydroxide~ zinc hydroxide, ammonia; 
trimethylammonia, triethylammonia, ethylenediamine, n-methyl-glucamine, lysine, arginine, ornithine, 
choline, N.N'-dibenzylethylenediamine, chloroprocaine, diethanolamine, procaine, n­
benzylphenethylam ine, diethylam ine, piperazine, tris(hydroxymethyl )-aminomethane,_· 
tetrarnethylammoniurn·hydroxide. and the like. 

15 Metal salts of compounds of the present invention may be obtained by contacting a bydr.ide, 
hydroxide, carbonate or similar reactive compound of the chosen metal in an aqueous or:organic solvent 
with the tree acid form of the compound. The aqueous solvent employed may be water or it may be a 
mixture of water with an organic solvent, preferably an alcohol such as methanol or ethanol;. a ketone 
such as acetone, an aliphatic ether such as tetrahydrofuran, or an ester such as ethyl acetate. Such 

20 reactions are normally conducted at ambient temperature but they may, if desired, be conducted with 
heating. 

Amine salts of compounds of the present invention may be obtained by contacting an ·amine in 
an aqueous or organic solvent with the free acid form of the compound. Suitable aqueous solvents 
include water and mixtures of water with alcohols such as methanol or ethanol, ethers such as 

25 tetrahydrofuran. nitriles such as acetonitrile. or ketones such as acetone. Amino acid salts may be 
similarly prepared. 

The compounds of this invention can be regenerated from the base addition salts by the . 
application or adaptation of known methods. For example, parent compounds of the invention can be 
regenerated from their base addition salts by treatment with an acid, e.g., hydrochloric acid. 

30 As well as being useful in themselves as active compounds, salts of compounds of the invention 
are useful for the purposes of purification of the compounds, for example by exploitation of the solubility 
differences between the salts and the parent compounds, side produ(..1s and/or starting materials by 
techniques well known to those skilled in the art. 

Compounds of the present invention may contain asymmetric centers. These asymmetric centers 
35 may independently be in either the R or S configuration. It will also be apparent to those skilled in the 

art that certain compounds of formula lmay exhibit geometrical isomerism. Geometrical isomers 
include the cis and trans fonns of compounds of the invention, i.e., compounds having alkenyl moieties 
or substituents on the ring systems. In addition. bicyclo ring systems include endo and e.To isomers. The 
present invention comprises the individual geometrical isomers, stereoisomers, enantiomers and mixtures 

40 thereof. 
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Such isomers can be $eparated from their mixtures, by the application or adaptation of known 

methods, for example chromatographic techniques and recrystallization techniques, or they are 

separately prepared from the appropriate isomers of their intermediates, for example by the application 

or adaptation of methods cJescribed herein. 

5. The starting materials and intennediates are prepared by the application or adaptation of known 

methods, for example metho4s as described in the Reference Examples or their obvious chemical 

equivalents, or by methods described according to the invention herein. 

The present invention. is further exemplified but not limited by the following illustrative 

examples which describe the preparation of the compounds according to the invention. 

10 Further, the following examples are representative of the processes used to synthesize the 

compounds of this invention .. · 

EXAMPLE 1 3-CycJohexyloxy-6, 7-dimethoxyquinoline . 

To a ,TI-IF solution (30 mL) at 0°C is added 3-hydroxy-6.7~irnethoxyquinoJine (0.237 g, L 15 

15 mmol), cyclohexanol (0.347 g, 3.46 mmol), Pl13P (0.908 g, 3.46 mmoJ). Diethylazodicarboxylate is 

added portionwise until the solution retained a deep red color (0.663 g, 3.8.J mmol). After 4 hours the 

solution is concentrated and the residue chromatographed (50% EtOAc in hexanes). The product is 

recrystallized from. isopropanol/hexanes as the HCI salt as a white solid (m.p. 229-232°C, dee.). 

20 EXAMPLE 2 2~Anilino .. 6-isopropoxy .. quinoXatine hydrochloride . 

To NaH (0.033 g, 0.84 mmol) under argon is added I mL DMF. 2-Aiiilino-6-quinoxalinol(O. I 

g, 0.42 mmol) in 1.5 mLDMF is added portionw·l~e. After 30 minutes, 2-bromopropane is added · 

dropwise and the solution is heated to 50°C for 1.5 hours. The cooled reaction mixture is quenched with 

water .and partitioned between EtOAc and H20, washed with 1:120 (3X), brine, dr:ied (MgS04), and 

25 concentrated. TI1e resulting residue is chromatographcd (30% Et()Ac/hexanes) to provide 0.05 g 

dialkylated product and 0.1 g of the title compound. An analytical sample of the HCI salt is obtained by 

addition oflPA (isopropanol)/HCI to an Et20/IPA solution of the free base to provide HCI salt (m.p. 205-

2100C dec.). Anal.Calcd.forC 17H 17N30 •HCI: C,64.65;H,5.74;N, 13.3l;Found: C,64.Sl;H,S.90; 

N, 13.09. 

30 
EXAMPLE 3 2-cycJobexyJamino-6, 7-dimethoxyquinoxaline 

To 0.3 g (J.34 mmol) of 2-chloro-6, 7-dime(hoxyquinoxaline is added approx. I mL of 

cyclohexylamine. TJte mixture is heated overnight at JOS °C and a further IO hours at 135 °C. The mix 

is partitioned between CH~Cl1 and saturated NaHC03• The organic layer is dried (MgS04) and 

35 concentrated. The resulting syrup is chromatographed (I : I EtOAc : CH2CI:?) to provide 0.265 g of the 

product as a It. brown solid in 69% yield (m.p. 188-189.5). Anal. caJcd for Cu;H21N30a: C, 66.88; H. 
7.37; N, 14.62. Fowid: C, 66.82; H, 7.28; N. 14.45. 
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Using the standard coupling protocol above using the appropriate starting materials the following are 

prepared: 

ex.o-bicyclo [2.2. l]hept-2-yl- (6-chloro-7-methoxyquinoxalin-2-yl)amine 
5 (m.p. 171-173 °C)~ Anal. calcd forC16H11N30CI: C, 63.26; H, S.97; N, 13.83. Found: C, 63.37; H, 5.91; 

N, 13.83. 

exo-bicyclo [2.2.l]hept-2-yl~ (7-chloro-6-methoxyquinoxalin-2-yl)amine 

(m.p. 146-147.5 °C). Anal .. calcd for C16H18N30Cl: C, 63.26; H, 5.97; N. 13.83. Found: C, 63.34; H, 

10 S.93; N, 13.77. 

15 

Bicyclo[2.2.1]hept-2-yl-(6, 7-dimethyl-quinoxalin-2-yl)-amine 
(m.p. 155-57 °C). Anal. calcd forC 17H21N3: C, 76.37; H, 7.92; N, 15.72. Found: C, 75.58; H; 7.S5~N. 

15.38. 

2-cycloheptylamino-6.7-dimethoxyquinoxaline 
(m.p.134-136°C). Anal.CalcdforC17H23N30 2:C,67.75;H, 7.69;N, 13.94. Found: C,67.SO;H,7.61; 

N, 13.n. 

20 2-cyclopentylamino-6. 7-dimethoxyquinoxaline 
(m.p. 149-15J 0C). Anal. Calcd forC1,H19N30z: C, 65.91; H, 7.01; N, 15.37. Found: C, 66.04; H, 6~96; 

N, 15.47. 

2-cyc1ohexylamin<r6-methoxyquinoxaline 

25 (m.p. 242-248°C). 

EXAMPLE 4 3-Aminocyclohexyl-6, 7-dimethoxy-quinoline 
To a MeOH (3 mL) solution of 4A powdered molecular sieves (0.11 g) under argon is added 

3-amino-6,7-dimethoxy-quinoline hydrochloride (0.17 g, 0.68 mmol) and NaOMe (0.039 g. 0.71 mmol). 
30 The reaction mixture is stirred at room temperature for 30 min., and cyclohexanone (0.074 mL, 0.71 

mmol), then pyridine•borane (0.072 mL, 0.071 mmol) are added portionwise. The mixture is stirred for .. 

4.S h, then SN HCl (1.4 mL, 6.8 mmol) is added ponionwise. The reaction mixture is stirred 45 min., 

then made strongly basic with SN NaOH. The mix is partitioned between EtOAC and H:P. and the 

aqueous layer is washed with EtOAc (2X). The combined organic layers are washed with brine~ (IX). 
35 dried (MgS04), chromatographed (50% EtOAc/hexanes), and recrystallized from EtOAc/hexanes to 

obtain 0.112 g light-yellow solid in 57% yield (m.p. 164-165); Anal. calcd for C11H22N20 2: c. 71.30; H, 

7.74; N, 9.78. Found: C, 71.45; H, 7.49; N, 9.80. 
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EXAMPLE 5 2~cycJohexylamino-6-methoxy-7-brom~uinoxaline hydrochloride 

To 0. 75 g (2. 7 mmoJ) 7: I 7-bromo.-6-methoxy-quiooxaJin-2-ol : 6-bromo.-7-methoxy­

quinoxalin-2-ol in a sealed tube is added S mL cyclohexylamine. The reaction mixture is heated to 120° 

C for 2 h. Cyclohexylamine is removed under reduced pressure~ and the residue is partitioned between 

5 Et0Ac/H10. The organfo layer is washed with H20 (2X), brine (iX), and dried (MgS04). The resulting 

material is chromatographed (20% then 30% EtOAc/hexanes) to provide 0.81 g major product in 88% 

yield. An analytical sample is obtained by converting approximately 0.13 g of the free base into its 

hydrochloride salt (m.p. 280. dee.). Anal. calcd for C1,H11N30Br • HCl: C, 48.34; H, 5.14; N, 11.27. 

Found: C, 48.51; H, 4.98; N0 ll.09 .. 
:. 10 

EXAMPLE6 (6, 7-dimethoxy-quinolin-3-yl)-cis-(3-(R}-methyl-cyclohexyl) amine 

dihydrochloride and ( 6, 7-dimethoxy"".quinolin"".3-yl)-trans-(3-(R)-methyl-: 

cyclohexyl) amine· dihydrochloride 

A cis/trans mixture of ( 6, 7-Dimethoxy-quinolin-3,.yl)- (3-(R}-methyl-cyclohexyl)-amine . 

15 prepared by reductive amination of 3-amino.-6, 7 ,-dimethoxyquinoline and 3-(R)-methyl cyclohexanone 

is separated by RP-HPLC. Both samples are re-chromatographed (70% EtOAc/hexanes) to obtain pure 

free base. An analytical.sample of each isomer is obtained by c9nverting separately the free bases into 
·the amorphous and somewhat hygroscopic dihydrochloride salts. 500 MHz 1H NMR is consistent for the 

product and LC/MS and· F AB confirmed M+H ::;: 30 l for each isomer. · 
. 20 

·EXAMPLE7 . Cyclohe:x::.3-enyl-(6, 7'."dimethoxyqtiinoxalin-2-yl)-amine 

To a solution oftrans-+(6, 7-dirnethoxy-quinoxalin-2-ylamino)-cyclohexanol (303 mg, lmmol) 

in 10 mL of THF at -78° C are added triphenylphosphine (524 mg, 2 mmol) and diethyl azodicarboxylate 
( l mL). The mixture is stirred at ~ 78° C for one hour before addition of +nitrobenzoic acid (334 mg, 

25 2 mmol). After being stirred .at -78~ C for one hour, the mixture is continued to stir at ROOM . 

TEMPERATURE for additional hour and.then concentrated. The residue is chromatographed on silica 

gel (ether) to give 250 mg (87. 7%) ,of cyclol1ex-3-enyl-(6, 7-dimethoxyquinoxalin-2-yl)-amine. 

EXAMPLE 8 · .2-Anilino'.'6-quinoxalinol .. 

. 30 By the method ofFeutrill,.G. I.; Mirrington, R. N, Tet., Lett. 1970, 1327; the aryl methyl ether is 

converted to the phenol derivative. To 2-anilino-6~methoxy-quinoxaJine (0.27 g, J .07 mmol) under 

argon in DMF is added the sodium $81t ofethanethiol (0.19 g, 2 mmol). The reaction mixture is heated 

to 110°C overnight. The mixture is concc:mtrated and partitioned between EtOAc and H20/S% tartaric 

acid such that the pH of the aqueous layer is approximately 4. The organic layer is washed with H:iO 
35 (4X),then with 2.5% NaOH (4X). The basic layers combined, washed with EtOAc (2X}, re-acidified 

with 5% tartaric acid, and washed with multiple portions of EtOAc. TI1e organic layers are combined, 

washed with brine, dried (Na2S04), and concentrated. The res1:1lting solid is chromatographed {50% 

EtOAc/ hexanes). An analytical sample is obtained by triturating the p~duct with Et20 to provide a 

yellow powder (m.p. 21 I-213°C). Anal. Calcd. forC 14H11N30: C, 70.88; H, 4.67; N. 17.7J; Found: C, 

40 70.64; H. 4.85; N, 17.58. 
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EXAMPLE9· Phenyl-[6-(tetrahydrofuran-3-(R)-yl-oxy)quinoxalin-2-yl]amine 
To a 1HF solution at 0°C under argon is added 2-anilino-6-quinoxalinol (0.23 g, 0.97 mmol), 

(S}(+)-3-hydroxytetrahydrofuran (0.086 mL, 1.3 mmol). and triphenylphosphine (0.31 g, 1.2 mmol). 
DEAD (0.18 mL, 1.2 mmol) is added portionwise. The reaction is allowed to warm to room temperature 

5 and stirred for 1.5 hours. The mixture is concentrated and partitioned between EtOAc and H20'. The 
organic layer is washed with H20, brine, dried (MgS04), and concentrated. The resulting yellow oil is 
chromatographed (50% EtOAc/hexanes) and taken up in E'20nPA. HCI/ Et20 solution is added 
dropwise and the resulting red-orange powder is dried in vacuo. The powder is free-based by stirring in 
MeOH with washed (3X' H20, SX MeOH) basic ion exchange resin. The mixture is stirred 30 minutes, 

10 filtered, concentrated, and recrystaJlized from EtOAc/hexanes to provide, in two crops, the product (m.p. 
173-175°C). Anal. Calcd; forC 18H17N30 2: c. 70.35; H, 5.57; N, 13.67; Found: C, 70.19; H, 5.60; N, 
13.66. 

E~MPLE 10 2,7-Bis-cyclohexyloxy-6-methoxy-quinoxaline 
15 To a DMF solution (5 mL) ofNaH (0.32 g, 8 mmol) under argon, cyclohexanol (0; 7 mL, 6. 7 

mmol) is added dropwise. The mixture is stirred at room temperature for 25 minutes, then 2-chloro-6,7-
dimethoxyquinoxaline is added portionwise. The reaction is stirred for 15 minutes at room temperature, 
at 90°C for 2 hours, and at 1 JOOC for 1 hour. The mixture is cooled, quenched with H20, and partitioned 
between EtOAc/ H20. The organic layer is washed with H20 and brine, dried (MgS04), and 

20 chromatographed (10% EtOAclhexanes) to provide a waxy white solid (m.p. 75-78°C). Anal. Calcd~ for 
C21H2aN20 3: C, 70.76; H. 7.92; N, 7.86; Found: C, 70.81; H, 7.79; N, 7.70. 

EXAMPLE 11 Cyclohexyl-(6, 7-dimethoxyquinoxalin-2-ylmethyl)-amine 
To a 0.067 M solution of 6, 7-dimethoxy-2-quinoxaline carboxaldehyde in 2: I MeOH/l ,2- . 

25 dichloroethane (7.5 mL, 0.5 mmol) is added cyclohexylamine (0.11 mL, 0.9 mmol). The reaction is 
allowed to stir at room temperatUre overnight, then NaBH.i (0.038 g, 1 mmol) is added and the reaction 
mixture is stirred overnight. The mixture is then concentrated and chromatographed (SO% 
EtOAc/hexanes-approximately 5% MeOH in 50% EtOAc/hexanes). The oil is dissolved in EtOAc/ 
hexanes and treated with HCJ in EtOH. The resulting solution is concentrated and the solids are 

30 triturated with isopropanol to provide a white solid after drying in vacuo at 60 °C (m.p. 185-190°C, dee.). 

35 

Anal. Calcd. for C17H23N30 2 •HCJ: C, 60.44; H, 7 .16; N, 12.44; Found: C, 60.48; H, 6.88; 
N, 12.07. 

EXAMPLE 12 (6, 7-Dimethoxyquinolin-3-yl )-trans-(3-(R)-methyl-cyclohexyl)-amine and ( 6, 7-
Di.methoxyquinolin•3-yl)-cis-(3-(R)-methyl-cyclohexyl)-amine 

The reaction is performed similarly to the above preparation using the free base of 3-amino-6, 7-
dimethoxyquinoline (0.32 g, 1.6 mmol) and (R)-(+)-3-methylcyclohexanone (0.23 mL •. J .9 mmol). The 
product mixture obtained is chromatographed (70% EtOAc/hexanes). and recrystalHzed from 
EtOAc/hexanes to obtain a white solid (1: 1 mixture of cis and trans isomers)(m.p. I 53-160°C). Anal. 

40 Calcd. for C18H31N20 2: C, 71.97: H, 8.05; N, 9.33; Found: C, 72.1:?; H. 7.85; N, 9.29. 
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Using the standard coupling protocol above using the appropriate starting material the .folJowing is 

prepared: 

(6, 7-dimethoxy-quioolin-3-yl)- (3-methyl-cyclopentyl) amine 

5 (m.p. 106-109°C). Anal. Calcd for·C17H22N20 2: C, 71.30; H, 7.74; N, 9.78. Found: C, 71.24; H, 1.56; N, 

9.61. 

' . EXAMPLE 13 · 3-{6, 7-Dimethoxyquinolin-3-yl-amino)-2,2-dimethyl-propan-1-ol 

The reaction is run similar to the preparation in-Example 1 I. To a MeOH solution of 4A 

· 10 powdered molecular sieves (0.35 g) under argon is added 3~amino-6,7-dimethoxyquinoline (0.32 g, 1.6 

mmol) and 2,2-diniethyl-3-hydroxypropionaldehyde (0.19 g, 1.9 mmol) .. The productmixture is 

cbromatographed {3%MeOH/CHC13) to afford 0.10 g of material which is partitioned between 

CH2Cl/JO%NaOH. The organic layer is washed with JO% NaOH. H20, and brine, then dried (MgS04), 

15 

20: 

~-· ... 

and recrystallized from EtOAc/heianes to provide a light-orange solid (m.p. 17~ l 73.S0 C). Anal..Calcd. 

forC16H22NP3: c, 66.18; H, 7.64; N~ 9.65; Found: c, 66.11; H, 7.49; N, 9.33. . 

U~ing the st8ndard'coupllng protoeolabove using the appropriate starting material tbe following is 

prepared: 
.. ~ ' 

(6,7~Dimethoxyquinolin-3'"'yl)-is0butyl amine : ·. 

(m.p. 158-162°C). Anal. Calcd forC 15H2oN2~: C, 69.20; H, 7.74; N, 10.76. Found: Cr 69.06; H, ·7.82; 
N~ J i.Ol. . 

·.: . 

. '· . EXAMPLE 14 . · · Cyelohexyl-(6-metho>.:'Y~ 7-morpholin-4:-yl-quinoxalin-2-yl)-~ine 

25 This preparation is based on an adaptation of the method described by Buchwald, et al. J. 4m. 
Chem: Soc., 1996, J 18, 1215. To a toluene solution of2-cyclohexylamino-6-methoxy-7-bromo­

quinoxaline (0.1 g, 0.3 mmoJ) under argon is added morpholine (0.1 g.. 0.3 mmol), sodium tert-butoxide 

(O.o4 g; 0.42 mmol);$·{-)-BINAP (cat., 0;001 g), and bis(dibenzylideneacetone)-palladium (cat .• 0.001 

g); The reaction mixture ~s heated to 80°C overnight. · The mixture is cooled, diluted with Et20, filtered, 

-30 concentrated, and chromatographed (50% EtOAc/hexanes). The product.is recrystallized ftom 
EtOAc/hexaiies to proVide, in two crops, to provide a yellow solid (m.p. 194-J 96°C). Anal. Calcd. for 

C1JiuN40 1: C, 66.64; H, 7.65; N, 16.36; Found: C, 66.60; H, 7.60; N, 16.Sl. 

35 
EXAMPLE IS · trans-4-(7-Chloro•6-methoxy-quinoxalin-2-amino)-cyclohexanol and trans -4-

(6-Chloro-7,;.methoxy.,quinoxalin-2-yJ-amino )-cyclohexanoJ 

To a reaction flask under argon fitted with a Dean-~~rktrap and a condenser is added 6: I 2, 7-

dichloro-6,;.ITiethoxy-quinoxaJine : 2,6-dichloro-7-methoxy-q1,1.inoxaline (0.30 g, 1.3 mmol) and tran.Y-4-

amino-cyclohexanol (0.3S g, 3 mmol). The reaction mixture is heated to 170°C for approximately 10 

hours, then concentrated and chromatographed twice, (7% Me0WCHCJ3, .then 5% MeOH/CHCl3). The 

40 product is recrystallized from EtOAclhexanes to provide a light-yellow solid (m.p. 144-147°C). Anal. 

Calcd. for C1,H26N,Oz .OA H20: C, 57.20; H, 6.02; N, 13.34; Found: C, 57.21; H, S.97; N, 13.0.8~~ H 
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NMR. analysis revealed thattb~:J>roduct is a 2: l mixture of tranit ~41·~(1~chloro-6-01ethoxy-quinoxalin-2-
amino )-cyclohexanol: trans-4-(6-chloro-7-methoxy-quinoxalin-2-yl~amino)-cyclohexanoL 

EXAMPLE 16 trans-4-(6. 7-Dimethoxyquinoxalin-2-ylamino )-cyclohexanol 
5 trans- 4-aminocyclohexanol (0.11g.2 eq.) and 2-chloro-6,7-dimethoxyquinoxaline (O;J g. 1 eq.) 

are combined and heated to I 60- I 800C for a period of 4-8 hours. The dark-brown suspension is filtered 
and concentrated. The residue is purified on a flash column eluted with 3% methanol/methylene chloride 
to provide the product as a yellow powder with m.p. of l 19-123°C. Anal. Calcd. forC 16H21N30 3: C, 
62.33; H, 7.05; N, 13.63; Found: C, 62.35; H, 7.09; N. 13.18. 

10 The compound could be recrystallized by the following method. Starting with 0.2 g of yellow 
powder in a mixture of2.S mL of water and 1 .25 mL of methanol a clear orange-colored solution is 
obtained upon reflux. The hot solution is left standing and cooled gradually. Orange-colored needle-like 
crystals are collected by filtration and dried under high vacuum to give a yellow solid (m.p. 119-120. 0 C). 

Alternatively, the HCI salt of the title compound is prepared as follows: To a solution 9f tra11s-
15 4-(6,7-dimethoxyquinoxalin-2-ylamino)-cyclohexanol it1 isopropanol is added a solution of HCI at 0°C. . 

20 

25 

The mixture is stirred·· for 15 minutes before filtration. The solid collected is dried under a high vacu!,lm 
to provide the tra11.r-4-(6,7-dimethoxyquinoxalin~2-ylamino)-cyclohexanol hydrochloric acid ~It. Anal. 
Calcd. forC 1Jl22CIN30 3 •1.2 H20: C, 53.19; H, 6.80; N. 11.63: Cl, 9.81; Found: C, 53J4; H. 6.85: N, 
1 1.24; Cl, 10.28; 

Alternatively, the sulfate salt of the title compound is prepared as follows: In a typical· 
procedure, trans-4-(6, 7-dimethoxyquinoxalin-2-ylamirio)-cyclohexanol is dissolved in acetone or 
another suitable organic solvent with warming up to 45 °C as necessary. To the resultant solution is 
carefully added· aqueous H2S04 ( 1 equiv .• I M ·solution) with rapid stirring. The salt thus formed is 
collected and dried to provide the sulfate in >80% yield. 

EXAMPLE 17 (±)-Bicyclo[2.2. l]hept-2-yl-(6, 7-dimethoxyquinoxalin-2-yl}amine 

. ·, 

Procedure A: A mixture of2-chloro-6,7-dimethoxyquinoxaline (5 g. 22.3 mmol) and (±)-exo­
norbomyl-2-amine (10 g, 90 mmol) is heated at 160-180°C overnight. The dark-brown residue is 
dissolved in 200 mL of methylene chloride and washed with IN NaOH (50 mL). The organic layer is 

30 dried over magnesium sulfate and then filtered. The residue after concentration is chromatographed on . 
silica gel eluted with hexane/ethyl acetate (80%) to provide the desired product as a yellow solid which 
can be recrystallized in methanol. 

Procedure B: A mixture of 2-chloro-6, 7-dimethoxyquinoxaline (9 g, 40.1 mmol) and (±)-exo­
norbomyl-2-amine (S.77 g. 52 mmol), Sodium t-butoxide (4.22 g, 44 mmol), 2,2'-

35 bis( diphenylphosphino )-1-1 '-binaphthyl (BINAP; 120 mg) and bis( dibenzylideneacetone)-palladium 
Pd(dba)~. 40 mg in 80 ml of toluene is heated at 80°C for eight hours. Another portion of BIN AP (60 
mg) and Pd(dba1(20 mg) is added and the mixture is heated at l00°C overnight. After being di1uted 
with 200 ml of methylene chloride, the reaction mixture is washed with JN NaOH (100 mL). The 
organic layer is dried over magnesium sulfate and filtered. The residue after concentration is 

40 chromatographed on silica gel eluted with hexane/ethyl acetate (80%) to provide the desired product as a 
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light-yellow solid (01.p. 188-189°C). Anal. Calcd. for C17"21N30i: C, 68.20; H, 7.07; N. 14.04; Found: 

C, 68.18; H, 7.03; N, 14.03. 

The following compounds are prepared similarly beginning with the appropriate starting material 

(procedure A). 

exo-bicyclo[2.2. l ]hept-S-en-2-yl-{6, 7-dimethoxyquinoxalin-2-yl)-amine (m.p. l 75-177°C). Anal. CaJcd. 

for C17H1.,N30 2 •0.4H20: C, 60.94; H, 6.56; N, 13.78; Found: C, 66.98; H, 6.62; N, 12,73. 

Cyclohe.xyl-(6,8-dimethyl-quinoxalin-2.:.yl)-amine [MS m/z: 255 (M+)]. Anal. Calcd. for C16H21N3: C, 

10 75.26; H, 8.29; N, 16.46; Found: C, 75.08; H, 8.28; N, 15.86. 

Endo-bicyclo[2.2.l ]hept .. 2-yl-( 6, 7-dimethoxyquinoxaJin-2-yJ)-amine {m~p. 79-82° C). 

(6, 7-Dimethoxyquinoxalin-2-yl)-( 4-methoxy-cyclohexyl)-amine (m.p. S8-68°C). 

15 Anal. Calcd. for C17H23N30 3 •0.5 H20: C, 62.56; H, 7.41; N, 12.87; Found: C, 62.53; H, 7.22; N, 12.22. 

Exo-bicyclo[2.2. l ]hept-2-yJ-(6-methoxyquinoxalin-2-yJ)-amine (rn.p. 98-100° C). 

Anal. Calcd forC 1Jl19N30: C, 11.35; H, 7.lJ; N.15.60. Found: C, 70.38; H. 7.03; N, IS.OS. 

20 EXAMPLE 18 · exo-2-(Bicyclo[2.2. I ]hept-2-yloxy)-6, 7-:dimethoxyquinoxaline 

.. A mixture of e.x0-2~norborneol (223 mg, 2 mmol) and NaH (600/o, I 00 mg, 2.S mmol) in 10 mL 

of anhydrous TIIF is refluxed for 0.5 hour before addition of 2-chloro-6, 7-dimethoxyquinoxaline (336 

mg, 1.5 mmol). The resulting mixture is continued to refluxed for two hours. The residue after filtration 

and concentration is chromatographed on sili~a geJ (50% ether/hexane) to provide the desired product as 

25 a white solid (m.p. 135-137°C). Anal. Calcd. for C17H20N20 3: C, 67.98; H, 6.71; N, 9.33; Found: C, 

67.96; H, 6.762; N, 9.19. 

Using the standard coupling.protocol above using the appropriate starting materials the following are 

prepared: 

· 30 2-(Bicyclo[2.2.2]oct-2-yloxy)-6, 7-dimethoxy.;quinoxaline (m.p. 147-148° C). 

Endo-2-(bicyclo[2.2.l]hept-2"'.'Yloxy)-6,7-dimethoxy-quinoxaline (m.p. 110-111° C). 

exo-2-(Bicyclo[2.2. l]hept-5-en-2-yloxy)-6, 7-dime_thoxyquinoxaline (m.p. 108-110°C). Anal. Calcd. for 

35 C17H18Np,: C~ 68.44; H, 6.08; N. 9.39; Found: C, 68.54; H, 6.23; N, 9.27. 

2-(Bicyclo[2.2.1]hept-5-eu-2-yloxy)-6,7-dimethoxyquinoxaline (m.p. 93-9S0 C). . 

Anal. Calcd. forC 17H18N20 3: C, 68.44; H, 6.08; N, 9.39; Found: C, 68.n; H, 5.98; N, 9.25. 

40 2-Cyclohexyloxy-6, 7-dimethoxyquinoxaline (m.p. 104-106° C), 
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2-cyclopentyltbio-6,7-dimethoxy-qui11oxaline (m.p. 123-124~ C). 
Anal. Calcd for C15H18N20 2S: C, 62.04; H, 6.iS; N, 9.6S. Found: C, 6L90; H, 6.02; N, 9.48. 

6,7-dimethoxy-2-cyclopentyloxy-quinoxaline (m.p; 87-89° C). 
5 Anal. Calcd for C1sff18N20,: C, 65.68; H, 6.61; N, 10.21~ Found: C, 65.63; H, 6.S2;N, J0.13. 

2-cyclopentylmethyloxy-6, 7-dimethoxy-quinoxaline (m.p. 99-102° C). 
Anal. Calcd for C1JI20N20 3: C, 66.65; H, 6.99; N, 9.72. Found: C, 66.66; H, 7.03; N, 9.70; 

10 6, 7-dimethoxy-2-tetrahydropyran-4-oxy-quinoxaline (m.p. 155-158° C). 
Anal. Calcd for C15H18N20 4: C, 62.06; H, 6.25; N, 9.65. Found: C, 62.26; H, 6.27; N, 9.67. 

exo,exo-6, 7-dimethoxy-2-(5,6-cpoxy-bicyclo[2.2.1 ]heptan-2-yloxy)-quinoxaline (m.p. 173-175° C). 

15 EXAMPLE 19 cis/t,.ans-4-(6,7-Dimethoxyquinoxalin-2-yloxy)-cyclohexanecarboxylic acid. 
A mixture of cis/trans-4-hydroxy-cyclohexanecarboxylic acid ( 144 mg, 

1 mmol) and NaH (60%, 160 mg. 4 mmoJ) in anhydrous THF/DMF(JO mL/2 mL) is refluxed for one 
hour before addition of2-chloro-6,7-dimethoxyquinoxaline (225 mg, 1 mmol). The resulting l)lixture is 
continued to refluxed for four hours. The reaction mixture is neutralized to pH 5 and extracte4 with 

20 ethyl acetate (2xSO mL). The combined organic solutions are dried over magnesium sulfate and filtefed., 
The residue after concentration is cbromatographed on silica gel (ethyl acetate, followed by methanol) to .. 
provide the desired product as a white solid (m.p. 90-93 °C). Anal. Calcd. for C17H21.1N205 •O.S H20: · C, 
59.89; H, 6.19: N. 8.22; Found: C, 59.91; H, 6.62; N, 7.90. 

25 EXAMPLE 20 6, 7-Dimethoxy-2-( 4-methoxy-cyclohexyloxy)-quinoxaline 
A mixture of cis/trans-4-(6, 7-dimethoxy-quinoxalin-2-y1oxy)-cycloheX8nol (170 mg, 0.56 

mmole) and NaH (60%, 22.4 mg. 0.56 mmole) in anhydrous THF/DMF (10 mU2 mL) is stirred at 0° C . 
for 10 min. before addition of methyl iodide (SO µL, 0.56 mmole). After being stirred at ROOM 
TEMPERATURE for four hours, the reaction is quenched with water (0.5 mL) and concentrated. The 

30 aqueous layer is extracted with methylene chloride (2x20 mL) and the combined organic solutions are 
washed with brine (5 mL). The residue after concentration is chromatographed on silica gel (30% ethyl 
acetate/hexane) to give 80 mg (45%) of the desired product (m.p. 85-90° C). 
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EXAMPLE2l 3-Cycloh~yloxy-6, 7-dimethoxyquinoxaJine I-oxide. 

A mixture of 2-cyclo~exyloxy-6,7-dimethoxyquinoxaline (~ l 0 mg, 0.38 mmol) and meta­

chlorobenzoic peracid (70%, 113 mg, 0.46 mmol) in 10 ml of methylene chloride is stirred at room 

temperature for one day. The solution after filtration is concentrated and the residue is chromatographed 

5 on silica gel (20% ethyl acetate1J1exane) to provide the desired product (m.p. 167-169 °C). 

trans-4-(6, 7-Dimethoxy-+oxy-quinoxalin-2-yJamino )-cyclohexanol (m.p. 220-222°C) is prepared 

similarly. Anal. Calcd. for C 16H:nN30 4 •0.2 H20: C, 59.42; H, 6.69; N, 12.99; Found: C, 59.43; H, 6.64; 

N, 12.95. 

10 EXAMPLE 22 (1R,2R,4S)-(+)-Bicyclo[2.2.l]hept-2-yl-(6,7:-~imethoxyquinoxalin-2-yl)-amine 

··The (±}-bicyclo[2.2. l]hept-2-yl-(6,7".dim~thoxyquinoxalin-2.;yl)-amine of Example 17 is 

resolved on a chiral HPLC column (Chiralpac AD, 25x2 cm, 60% heptane/40% ethanol with 10 mM 

(ISH+)-camphorsulfonic acid, 12 mUminute) and the above titled product is obtained as the first eluent. 

The fractions collected are combined and washed with 50 mL of I NNaOH before drying(MgS04). The 

15 solution after filtration is concentrated on a rotovap and then dried under a high vacuum. A yellow solid 

is obtained. [a]l0 +19.5° (c=0.20, CH2Cl2)-8.p; 184-186 °C. Anal. calcd for C17H21N3~ x 0.3 H20: c. 
66.90; H, 7.IS;N, 13.77. Fm.and: C, 66.86; H. 7.01; N, 13~86. 

EXAMPLE 23 ( 1 S,2S,4R)-(-)-Bicyclo[1.2.1]hept~2-yl-(6,7-dimethoxyquinoxalin-2-yl)-amine 
20. · · (i) The '{±)-bicyclo[2;2. l]hept.;2-yl'-(6, 7"'dimethoxyqu~noxalin-2:-yl)-amine of Example 17 is 

resolved on a chiral HPLC (Chiralpac AD, 25X2 cm, 60%heptane/40% ethanol with 10 mM (lS}-(+)­

camphorsulfonic acid,: 12 ml/~in) as the second elute. The fractions collected are combin~d a~d washed 

with 50 mL of l N NaOH :before dried over magnesium sulfat~. The solution after filtration is 

concentrated on a rotovap and then dried under a high vacuum. A yellow solid is obtained. [a]/0 -19.5° 

25 (c=0.22, CH2Cl2) m.p; .~ 85· 187° c .. · 
- (ii) A mixture of2'-chloro-6,7-dimi;thoxyquinoxaline (462 mg. 2.06 mmole) and (lS, 2S, 4R)­

norbornyl-2-amine (300 mg; 2.7 mmoJe). Sodium t-butoxide (220 mg. 2.3 mmole). BJNAP (9 mg) and 

Pd(dba)2(3 mg) in 10 mL of toluene is heated at 80°-100° C overnight. The suspension is 

chromatographed on siHca g~I eluted with hexane/ethyl acetate (60%) to give 370 mg (60%) of the 

30 desired product as a yellow solid which had the same retention time as the first elute under the above 

chiral HPLC condition.- [aJl0 -19°(c=O.19, CH2Cl2) 

EXAMPLE24 2-( 6. 7-Dimethoxy-quinoxalin-2-y1}-2-aza-bicyc1o[2.2.2 ]octan-3-one 

2-Azabicyclo[2.2.2]octan-3-one (228 mg, 2.3 mmole} is dissolved in a mixture of THF/DMF (5 

35 mU3 mL) and treated with NaH (60%, 184 mg, 4.6 mmoJe). The resulting mixture is heated at 60° C for 

0.5 hour before addition of2-chloro ... 6,7-dimethoxyquinoxaline (344 mg, 1.5 mmole). After being heated 

at 800 C overnight. the reaction mixture is concentrated . The residue is chromatographed 011 silica gel 

(SO% ethyJ acetate/hexane) to give 164 mg (23%) Qf a yellow solid (m.p. 158-159° C). 

40 
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EXAMPLE 25, Cis/trans-4-(6,7-Dimethoxy-quinoxalin-2-ylamino)-cyclohexanecarboxylic acid 

methyl ester 
To a solution of2-(6,7-dimethoxy-quinoxalin-2-y1}2-aza-bicyclo[2.2.2]octan-3-one (100 mg, 

0.32 mmole) in 10 mL of methanol is added a freshly prepared NaOMe/methanol solution (54 mg. 

5 I mmole) and the mixture is stirred at ROOM TEMPERATURE for 0.5 hour before concentrated. 

10 

15 

Methylene chloride is used to extract and· then dried with magnesium sulfate. The residue after filtration 

and concentration is chromatographed on silica gel ( 40% ethyl acetate) to give 85 mg (77%) of cis/trans-

4-(6, 7-dimethoxy-quinoxalin-2-ylamino )-cyclohexanecarboxylic acid methyl ester as a light yellow solid 

(m.p. 68-80° C). 

EXAMPLE 26 Cisltrans-4-(6, 7-dimethoxy-quinoxalin-2-ylamino )-cyclohexanecarboxylic acid 

When NaOMe in above procedure is replaced with NaOH, 2-(6,7-dimethoxy-quinoxalin-2-yl)-2- . 

aza-bicyclo[2.2.2]octan-3-one is converted into cisltrans-4-(6, 7-dimethoxy-quinoxalin"'.2-ylamino)­

cyclohexanecarboxylic acid. 

EXAMPLE27 Cis-4-(6, 7-dimethoxy-quinoxalin-2-ylamino )-cyclohexanecarboxylic acid 

methyl ester and trans-4-(6,7-dirnethoxy-quinoxalin-2-ylarnino} 

cyclohexa11ecarboxylic acid methyl ester 

Cis-4-( 6, 7-dimethoxy-quinoxalin-2-ylarnino }cyclohexanecarboxylic acid methyl ester. [MS m/z: 

20 345 (M'")]and trans-4-(6,7-dimethoxy-quinoxaJin-2-ylamino)-cyclohexanecarboxylic acid methyl ester·· 

[MS ml:: 345 (M}] are separated on preparative TLC from cisltrans-4-(6,7'."dimethoxy-quinoxalin-2-

ylamino )-cyclohexanecarboxylic acid ester with 65% ethyl acetate/hexane as first and s~cond elutes 

· respectively. 

25 EXAMPLE 28 irans-4-[7-methoxy-6-(2-morpholin-4-yl-ethoxy)-quinoxalin-2-ylamino]­

cyclohexanol and trans-4-[6-methoxy-7-(2-morpholin-4-yl-ethoxy)-quinoxalin-

2-ylamino ]-cyclohexanol 

The title compound is prepared by Mitsunobu coupling of 6-hydroxy-7-methoxy-2-

chloroquinoxaline: 7-(2-morpholin-4-ylethoxy)-6-methoxy-2-chloroquinoxali11e and 2-(morpholin-4-

30 yl)ethanol using the procedure of Example I and reaction of the resulting 6-(2-morphoJin-4-ylethoxy)-7-

methoxy-2-chJoroquinoxaline: 7-(2-morpholin-4-ylethoxy)-6-methoxy-2-chloroquinoxaline and traus-4-

amino-cyclohexanol using the procedure of Example 11. 

35 

40 

EXAMPLE29 2-[2-(trans-4-Hydroxy..cyclohexylamino )-7-methoxy-quinoxalin-6-yloxyl]-1-

acetic acid and 2-[2-(trans-4-Hydroxy-cyclohexylamino )-6-methoxy-quinoxalin-

7-yloxyl]-l-acetic acid 

The title compound is prepared by dealkylation of 4-(6.7-dimethoxyquinoxaline-2-

ylamino )cyclohexanol using the sodium salt of ethanethiol in DMF as described in Example 8, followed 

by alkylation with brornoacetic acid in the presence of base as described in general procedure 6. 
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2-(2-(ttans-4-Hydroxy-cyclohexylamirio)-7-metboxy-quinoxalin-6-yJoxyl]-N,N­
diinethyl-acetamide and 2-[2-(trans-4-Hydroxy-cyclohexylamino)-6-methoxy­
quinoxalin-7 ~yloxyJ]-N,N-dirnethyJ-acetamide 

The title compound~ prepared by aminolysis of the compound of Example 29 using 
5 dimethylamine. 

EXAMPLE31 ( 6, 7•dimethoxy-quinoxati~-2-yl}(3-(R)-methylcyclohexyl) amine and its 
·. cis and trans isomers 

The compounds are initially prepared as a mixture of cis and trans isomers. They are prepared 
· 10 rro·m the cyclohexyl amine derived from reduction of the oxime of3-(R)-methylcyctohexanone followed 

by coupling of the amine with 2-chlo~6~7-dimethoxyquinoxaline using the standard conditions. An 
•)"_; · analytieal sample of each isomer is obtained via preparative RP-:HPLC. The .300 MHz 1H NMR and MS 

· 'are consistent for both structures although the relative stereochemistry could not be assigned definitively 
for the cyclohex-yl -carbon bearing the nitrogen . 

. , ' 15 

·.· 

·20 

25 

EXAMPLE32 . methyl cis/trans•4-(6;7-Dimethoxyquinoxalin-2•yloxy)-cyclohexanecarboxylate. 

The title compou11d is prepared by esterifying the product of Example 19 using standard 

techniques to afford the title compound. M.p. 130- I 32°C: Anal., Calcd for C 11H2....N20 5: C, 62.42; H. 
. 6:40; N, 8.09~ Found: C, 62.60; H, 6.55; N, 7.89. 

""_:"" .. 

' INTERMEDIATE EXAMPLE t . · 4-Bromo.;5-methoxy-benz¢ne-1,2-diamine dihydrochlorid~ 
To a solution of EtOAc (50 mL) and S-bromo..+methoxy-2-nitro-phenylamine (2.5 g, 10 mmol). 

under argon is added 5% Pd/C (0.5 g). The reaction mixture is hydrogenated at 50 psi for 1 hour. The 

mixture is filtered through CeJite into a solution of HCl/lPA/EtOAc, and the pad is washed with 

additional EtOAc. The resulting precipitate is filtered off to provide White solid. 

INTERMEDIATE EXAMPLE 2 7-Bromo-6-methoxy-quinoxalin-2-ol and 6-Bromo-7-methoxy-

quinoxalin-2-ol 
<30 To a solution of MeOH ( 1 S mL) under argon is added~pulverized NaOH pellets (0.86 g, 21 

mmol) and 4-bromo-5-methoxy-benzen~J.2-diamine dihydrochJoride (2.7 g, 9.3 mmo1). The mixture is 
stirred for 10 minutes, then a solution of 45% ethyl glyoxylate in toluene (2. 7 g, 12 mmol) is added 

portionwise. The reaction mixture is refluxed for 1 hour, then cooled. Water is added, then the 

suspension is filtered. The resulting solid is washed successively with H20, MeOH, IPA, and Et20 to 

35 provide a yellow powder~ 

INTERMEDIATE EXAMPLE 3 7-Brom0-2•chloro-6-methoxy-quinoxaline and 6-Bromo-2-
chloro-7-methoxy-quinoxali~ 

To a mixture of 7-bromo-6-methoxy-quinoxalin-2-oi and 6-bromo-7-methoxy-quinoxalin-2-ol (I 

40 g. 3.9 mmol is added POCh (S ml). The reaction mixture is refluxed 1 hour, poured into ice water, 
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filtered, then washed with water to provide a light-tan solid. Ratio of 7-bromo-2-chloro-6-methoxy­

quinoxaline : 6-bromo-2:..cbloro-7-methoxy-quinoxaline is approximately 7: 1 by 1H NMR. 

INTERMEDIATE EXAMPLE 4 S-Chloro-4-methoxy-2-nitroaniline 

5 To a solution ofN-(S-chloro-4-methoxy-2-nitrophenyl)-acetamide (2 g. 

10 

8.2 mmol) in SN HCl (20 mL) is added 1,4-dioxane(IO mL), and the mixture is stirred at 60°C for LS 

hours. The reaction mixture is concentrated and partitioned between EtOAc/2 N NaOH. The aqueous 

layers are washed with EtOAc (3X), brin~ dried (MgS04), adsorbed onto silica gel, and 

chromatographed (70% EtOAc/hexa:nes) to provide an orange powder. 

JNTE.RMEDIA TE EXAMPLE 5 4-Chloro-5-methoxy-benzene-1 ,2-diam ine dihydrochloride 

To a solution of EtOAc (25 mL) and S-chloro-4-methoxy-2-nitro-phenylamine (1.6 g, 7.9 mrnol) 

urtder argon is added 5% Pd/C (05 g). The reaction mixture is hydrogenated at 50 psi fon l hour. The 

mixture is filtered under N2 through Celite into a solution of I N HCl/Et20 in EtOAc, and the pad is 

15 washed with additional EtOAc. The J'esulting precipitate is filtered off to provide a white solid. 

INTE.RMEDJATE EXAMPLE 6 7-Chloro-6-methoxy-quinoxalin-2-ol and 

6-Chloro-7-methoxy-quinoxalin-2-ol 
To a solution of 4-chloro-S-methoxy-berizene-1,2-diamine dihydrochloride ( 1.8 g, 7 .2 mmol) in 

20 EtOH (15 mL) under argon is added TEA (2.5 mL, 18 mmol) at 0°C. The mixture is stirred for 20 

minutes, then a solution of 45% ethyl glyoxylate in toluene (2.1 g, 9.3 mmol) is added portionwise. The 

reaction mixture is wanned to room temperature, refluxed for 1.5 hour, then cooled. water is added, then 

the suspension is filtered and washed successively with H:iO. IPA, and Et20 to provide a light-yellow 
powder. The product is azeotroped several times with toluene and dried in vacuo before use. 

25 
INTERMEDIATE EXAMPLE 7 2,7-Dichloro-6-methoxy-quinoxaline and 2,6-

Dichloro-7-methoxy-quinoxaline 

To a mixture of 7-chJoro-6-methoxy-quinoxaHn-2-ol and 6-chJoro-7-methoxy-quinoxalin-2-ol (I 

g, 4.7 mmol) under a CaCl2 drying tube is addedPOCJ.i (5 mL). The reaction mixture is refluxed 30 

30 minutes, poured into cold saturated NaHCO; solution~ filtered, then washed with water to provide a solid. 

The ratio of2,7-dichloro-6-mcthoxy-quinoxaline: 2,6-dichJoro-7-methoxy-quinoxaline is approximately 

6:1 by 'H NMR. 

INTERMEDIATE EXAMPLE 8 (IS, 2S; 4R)-norborny'l-2-amine 

35 (3a): To a solution of R-(+)-Endo-norbonieoJ (2.24 g, 20 mmole) in 20 mL ofTHF at -78° Care 

added triphenylphosphine (6.55 g. 25 inmole), phthalimide (3.68 g, 25 mmole) and diethyl 

azodicarboxylate (4.4 ml; 28 mmole). The mixture is stirred at ROOM TEMPERATURE ovemight and 

then concentrated. The residue is chromatographed on silica gel (20 % ethyl acetate/hexane) to give 4.6 

g (95%) of (JS, 2S, 4R )-2-bicyc1o[2.2. J )hept-2-yl isoindole-1,3-dione. 

40 (3b): A mixture of(lS, 2S. 4R )-2-bicyclo[2.2.llhept-2-yl isoindole-1,3-dione (1.2 g, 5 mmole) 

and monohydrated H2NNH2 (300 mg, 6 mmole) in 10 mL of methanol is refluxed for four hours before 
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concentrated to dryness; ·methylene chloride (2x I 00 mL) is use(t to extract and the solid is removed by 

filtration. Evaporation of methylene chloride affords 300 mg (54%) of (IS, 2S, 4R)-norbomyl-2-amine . 

INTERMEDIATE EXAMPLE 9 . exo-Bicyclo[2.2. l ]hept-~-en".'2-amine 

5 exo-bicyclo[2.2.1]hept~5-en-2-amine is prep~ with the; same procedures as in 

INTERMEDIA 'IE EXAMPLE J 2 from 5-norbomen-2•ol via a versatile intermediate e:xo- 2-

bicyclo[2.2. I ]hept-5-en-2".'yl isoindole-1,3".dione • 

INTERMEDIATE EXAMPLE 1 O 2-Methyl-6, 7".dimethoxyquinoxaline 

10 The title compound is prepared using an adaptation of the published method ofTamao. et al. 

Tetrahedron, 1982; 38, 3347-3354. To a THF solution llnder argon is added 2-Chloro-6,7-

dimethoxyquinoxaline (5 g, 26 mmol) and NiCJ2(dppp) (0.14 g, 0.26 mmol). The reacti<m mixture is 

cooled to 0°C, and a 3 M solution of MeMgBr in Et20 (13 mL, 39 ~mol) is added portionwise. The 

reaction mixture is allowed to warm to room temperature, stirred for I hour, then refluxed for 1.5 hours. 

1.5 The mixture is cooled, quenched with 10% HCI, stirred JO minutes, then made,basic with 5% NaOl-1. 

CH2Cl2 and H20 are added to the reaction, and the mixture stirred overnight. Additional CH2Clz H20, 

and NaCl are then. added M<i th~ mixture js filtered. The resulting solution is poured in~o a separatory 

funnel, and the aqueous layers are wa:shed 3X with CH2Cl2• The organic layers are combined, washed 
witJl brine, dried (MgS04). concentrated onto silica gel, and chromatographed (50%-80~ 

20 EtOAc/hexanes) to provid!i' a orlilnge s~lid (4:9% yield) ... 

INTERMEDIATE EXAMPLE ll •. . 6,7~Dimethoxy-:2-quinoxaline carboxaldehyde : 
To a reaction f)a$k under argon is.added 1,4-dioxane (20 mL), 2-methyl..,6,7-

dimethoxyquinoxaline (l.09 g, 5.3 mmol)and Se02 (1.8 g, 16 mmol). The mixture is heated to 100°C 

25 for 2 hours 45 minutes, cooled, and filtered through Celite. The pad is washed with portions of EtOAc 

and CH2Cl2• The resulting !!Olution is concentrated, taken up in MeOHI CH2Cl2, loaded onto a silica gel 

column, and chromatographed (30% EtOA~CH2CI~) to provide an off-white solid (73% yield). 

· INTERMEDIATE EXAMPLE 12 (2exo, 5exo)-5-Aminobicyclo[2.2.1 ]heptan-2-acetate 

30 exo-5-Acetoxybicyclo[2.2.l]heptan-2-one and exo-6-acetoxybicyclo[2.2.I] heptan-2-one are 
obtained from the bicyclo[2.2. I ]hepta-2,5-diene according to the procedure of R. Gagnon (J. Chem. 

Soc., Perkin trans. 1, 1 SOS 1995) with minor modification. 

To a solution of exo-5-acetoxybicyclo[2.2. l ]heptan-2-one (350 mg, 2.08 rnmol) in 10 mL of 

THF at room temperature is added a 1 M boraneffHF solution ( 1.2 mL, 1.2 mmol), The mixture is 

35 stirred for 0.5 hour before quenched at 0°C with methanol (3 mL) and JN HCl ( 1.5 mL). Ethyl acetate 

(3x 30 mL) is used to extract and dried over magnesium sulfate. The residue after filtration and 

concentration is chromatographed cm silica gel to provide (2endo,Sexo)-S-acetoxybicyclo [2.2.IJ heptan-

2-ol. 

To a solution of (2endo,Sexo)-S-acetoxybicyclo [2.2.1] hepta11-2-ol (350 mg, 2.06 mmol) in 

40 THF (10 mL) is added phthalimide (454 mg. 3.09 mmol ), triphenylphosphine (810 mg, 3.09 mmol) and 

. j diethyl azodicarboxylate (0.49 mL,. 3.09 mmol ) at 0°C. The reaction is left to stir overnight and then is 
J 
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condensed on the rotovap and the residue is purified by coJumn· chromatography (20% ethyl 
acetate/hexane) to provide the desired product as a yellow solid. 

A mixture of the above solid (300 mg, J mmol ) and hydrazine (0.126 mL, 2.2 mmol ) in S mL 
of methanol is heated to reflux for six hours. After removal of methanol. dichloromethane (3x 30 mL) is 

5 used to extract the residlle. Concentration of the solvent affords (exo,exo)-5-aminobicyclo[2.2.1 ]heptan-
2-acetate (127 mg, 75%) which is used in the coupling reaction without further purification. 

10 

Similarly, (2endo,Se.xo)-5-aminobicyc1o[2.2.1 ]heptan-2-acetate, (2endo,6exo)-6-

aminobicyc1o[2.2-. J ]heptan-2-acetate and (2exo,6e.xo )-6-aminobicyclo[2.2.l ]heptan-2-acetate are 
prepared from proper starting material. 

INTERMEDJA TE EXAMPLE 13 2-methoxy-4,S-diaminophenol dihydrochloride 
The title compound is prepared by hydrogenation of2-methoxy-4,5-dinitrophenol according to 

the procedure of Ehrlich et al..J. Org.Chem., 1941; 12, 522; 

15 INTERMEDIATE EXAMPLE 14 7-hydroxy-6-methoxy-quinoxaline-2-ol and· . 

6-hydroxy-7-methoxy-quinoxaline-2-ol. 

20 

The title compounds are prepared from 4-methoxy-5-hydroxybenzene-1,2-diaminc 
dihydrochloride by reaction with NaOH and ethyl glyoxalate using the procedure oflntermediate 
Example2. 

INTERMEDIATE EXAMPLE 15 7-hydroxy-6-methoxy-2-chloroquinoxaline and 

6-hydroxy-7-methoxy-2-chloroquinoxaline. 
The title compounds are prepared from 7-hydroxy-6-methoxy-quinoxaline-2-ol and 

6-hydroxy-7-methoxy-quinoxaline-2-ol by reaction with POCl~ using the procedure oflntennediate 
25 Example 3. 

The compounds of fonnula I as described herein inhibit inhibition of cell proliferation and/or cell 
matrix production and/or cell movement (chemota.xis) via inhibition of PDGF-R tyrosine kinase activity. 
A large nwnber of disease states are caused by either uncontrolled reproduction of cells or 

30 overproduction of matrix or poorly regulated programmed cell death (apoptosis). These disease states 
involve a variety of cell types and include disorders such as leukemia, cancer, glioblastonia, psoriasis, 
inflammatory diseases, bone diseases, fibrotic diseases, atherosclerosis and occurring subsequent to 
angioplasty of the coronary, femoral or kidney arteries or, fibroproliferative disease such as in arthritis, 
fibrosis of the lung. kidney and liver. In particular, PDGF and PDGF-R have been reported to be 

35 implicated in specific types of cancers and tumors such as brain cancer, ovarian cancer, colon cancer, 
prostate cancer lung cancer. Kaposi's sarcoma and malignant melanoma. In addition, deregulated 
cellular proliferative conditions follow from coronary bypass surgery. The inhibition of tyrosine kinase 
activity is believed to have utility in the control of uncontrolled reproduction of cells or overproduction 

40 
of matrix or poorly regulated programmed cell death (apoptosis). 

This invention relates to the modulation and/or inhibition of cell signaling, cell proliferation 
and/or cell matrix pro~uction and/or cell movement (chemotaxis). the control of abnormal cell gro~h 
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and cell inflammatory respoq~e. More specifically, this jnv.ention relates.tothe use of substituted 

quinoline and quinoxaline compounds which exh_ibit selective inhibi.tion ()f differentiation, J'l'()liferation. 

matrix production, chem~is or m~diator release by effectively inhibiting platelet-derived growth 

factor-receptor (PDGF-R) tyn:)sine kinase activity. 

5 Initiation of autophosph9rylation, i.e., phosp"orylation of die growth factor receptor itself, and of 

. the phOsphorylation of ah~ ofint111cellular substrates are ~ome of the. bio~hemical events which are 

involved in cell signaling, cell .proli(~ion, matrix. production, chemotaxis and mediator release. 

By effectively inhibiting Lele tyrpsine kinase activity, the compounds of this invention are also 

useful in the treatment of resistance to transplantation and autoimmune diseases such as rheumatoid 

10 arthritis, multiple sclerosis and systemic lupus erythematosus, iri transplant rejection, in graft vs. host 

disease, in hyperproliferative disorders such as tumors and psoriasis, and in diseases in which ceJls 

receive pro-inflammatory signals such as asthma, inflammatmy bowel disease and pancreatitis: In the 

. treatnicnt of resistance to transplantation, a compound of this inveniion may· be used either . 

prophylacticalJy or in response to an adverse reaction by the human subject to a transplanted organ or 

15 tissue. When used prophylactically, a compound of this invention is administered to the patient or to the 

tissue or organ to be transplanted in advance of the transplantatici.ll operation. Prophylactic treatment 

may also include administrati~n of the medication afterthc;transplantation operation but before any signs 

of adverse reaction to.transplantatio~;are observed. When admi.nistered in response to an adverse 
reaction, a compound of this invention is administered directly to the patient in order to treat resistance 

: 20 · to transplantation after outward signs· of the resistance have been manifested. 

AccQrding to afufther.feature of the invention: there is provided a method.ofinhibiting_PDGF 

tyrosine kinase activity ccm~prising conti:tcting a compound according to claim 1 with a composition 

containing a POOF tyrosine kinase. 

. According to a :fu~~~rfeature of the invention there is provided method of inhibiting Lek 

25 tyrosine kinase activity oomprising contacting a compound according to claim 1 with a composition 

containing a Lek tyrosine kinase. 

According to a further feature of the invention there is provided a method for the treatment of a 
patient suffering from, or subject to, conditions which may be ameliorated or prevented by the 

! · administration .of an inhibitor of PDGF-R tyrosine kinase activity and/or Lek tyrosine kinase activity, for 

30 example conditions as herejnbef"ore described, which comprises the administration to the patient of an 

effective amount of compound of formula I or a composition containing a compound offonnuJa I, or a 

phannaceutically acceptable salt thereof. 

Reference herein to treatment should be understood to include prophylactic therapy as weJI as 

treatment of established conditions. 

35 The present invention also includes within its scope pharmaceutical compositions which 

comprise phannaceutically acceptable amount of at least one of the compounds of fonnula I in 
association with a phannaceutically acceptable carrier, for example, an adjuvant, diluent, coating and 

excipient. 

In practice compounds or compositions for treating according to the present invention may 

40 administered in any variety of su~table forms, for example, by inhalation, topically, parenterally, rectally 

or orally; more preferably orally .. More. specific routes of administration include intravenous, 
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intramuscular; subcutaneous, intraocular, intrasy11ovial, colonical, peritoneal, transepithelial including 
transdennal. ophthalmic, sublinguaJ, buccal, ·dermal, ocular, nasal inhalation via insufflation, and 
aerosol. 

The compounds of fonnula I may be presented< in forms permitting administration by the most 
5 suitable route and the invention also relates to pharmaceutical compositions containing at least one 

compound according to the invention which are suitable for use as a medicament in a patient. These 
compositions may be prepared according to the customary methods, using one or more pharmaceutically 
acceptable adjuvants or excipients. The adjuvants comprise,. inter alia, diluents, sterile aqueous media 
and the various non-toxic organic solvents. The compositions may be presented in the form of tablets, 

1 O pills, granules, powders. aqueous solutions or suspensions, injectable solutions, elixirs or syrups, and 
may contain one or more agents chosen from the group comprising sweeteners such as sucrose, lactose, 
fructose, saccharin or Nutrasweet', flavorings such as peppermint oil, oil of wintergreen; or cherry or 
orange flavorings, colorings, or stabilizers such as methyl- or propyl-paraben in order to obtain 
pharmaceutically acceptable preparations. 

15 The choice of vehicle and the content of active substance in the vehicle are generally determined 
in accordance with the solubility and chemical properties of the product; the particular mode of 
administration and the provisions to be observed in pharmaceutical practice. For example, excipients 
such as lactose. sodium citrate, calcium carbonate, dicalcium phosphate and disintegrating agents such as 
starch, alginic acids and certain complex silica gels combined with lubricants such as magnesium 

20 stearate, sodium lauryl sulfate and talc may be used for preparing tablets. troches. pills, capsules and the 
like. To prepare a capsule. it is advantageous to use lactose and liquid carrier, such as high molecular. 
weight polyethylene glycols. Various other materials may be present as coatings or to otherwise modify 
the physical form of the dosage unit. For instance, tablets, pills, or capsules may be coated with shellac, 
sugar or both. When aqueous suspensions are used they may contain emulsifying agents or agents which 

25 facilitate suspension. Diluents such as sucrose, ethanol, polyols such as polyethylene glycol, propylene 
glycol and glycerol, and chlorofonn or mixtures thereof may also be used. In addition, the active 
compound may be incorporated into sustained-release preparations and fonnulations. 

For oral administration. the active compound may be administered, for example, with an inert 
diluent or with an assimilable edible carrier, or it may be enclosed in hard or soft shell gelatin capsules, 

30 or it may be compressed into tablets, or it may be incorporated directly with the food of the diet, or may 
be incorporated with excipient and used in the fonn of ingestible tablets, buccal ·tablets. troches, 
capsules, elixirs, suspensions, syrups, wafers. and the like. 

For parenteral administration; emulsions, suspensions or solutions of the compounds according 
to the invention in vegetable oil, for example sesame oil, groundnut oil or olive oil, or aqueous-organic 

35 solutions such as water and propylene glycol, injectable organic esters such as ethyl oleate, as well as 
sterile aqueous solutions of the phannaceutically acceptable salts, are used. The injectable fonns must 
be fluid to tbe extent that it cari be easily syringed, and proper fluidity can be maintained., for example. 
by the use of a coating such as lecithin, by the maintenance of the required particle size in the case of 
dispersion and by the use of surfactants. Prolonged absorption of the injectable compositions can be 

40 brought about by use of agents delaying absorption. for example, aluminum monostearate and gelatin. 
The solutions of the salts of the products according to the invention are especially useful for 

.i 
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administration by intramuscuJar or subc.lltl!n~m.; •nj&?Ction. Solutions of the active compound~ a free 

base or phannacologically acceptable ~t ~ 1>e P.re~d in ~ter .suitably mixed with a surfactant such 
as hydroxypropyl-cellulo.SC. Dispersion can also be prepared in glycerol, liquid polyethylene gJycoJs, 

. ; . ·. 

and mixtures therepf and.m ~ils .. The aquepµs .soh~ti~s, also comprising solutions of the salts in pure 

5 distilled water. may be used f<>r·intniverious ~mi~istration with the proviso that their pH is suitably 

adjusted, that they arejU<U~i~usly buffere4.and re)ldered isotonic.with a sufficient quantity of glucose or 

sodium chloride and that~e~ are sterili~ by J,~~~~g, irradiation, .microfiltration,. and/or by various 

antibacterial and aotifungal ~gents, for ~:XEUDPI~. eara~ns, chlorobutanoJ, phenol, sorbic acid, thimerosal, 

and the Hke. 

10 

15 

.20 

Sterile injectable. sC>~µtions are prepared by incorporating the active compound in the required 

.. amount in the appropria1;~,5o~vent.with -v~ol,Js of.the otherjngredients enumerated above, as required, .. ·• . . . : 

followed by filtered sterili~fion. Genera!Jy, djspersiops are prepaJ1!d by incorporating the various 

. . sterilized active ingredi~nt'h1to a sterile veJiicle which contains the basic dispersion medium .and the ·: . . . . . . . . ~ . . ' . 

·required other ingredients fr()m those enumerate~. abov~. In the case of sterile powders for the 

. preparation of steril~ injt!cta,ble solutio.°'s, ihe p~ferred methods, of preparation are vacuum drying and 

the freeze drying techniqu~ \Vhich.yiel4 a po~der ofthe active in,gl1'dient plus any additional desired 

ingredient from previous))". steriJe..filte~<i _solution ~l'!ereof .. 

Topical adminis~tion, geJs (W~ter or alc(}~I based). creams or ointments containing . ·.·. ; . . ·. 

' compounds of the invention inay be us~ .. C.om1x,n1nds of the invention may be also incorporated in a geJ 

· or matrix base for appli~ti()n in a.patch,.»'hich w<>Qld allow a controlled release o( compound through 

.transdennalbarrie~ .;, ... 

. . · · For administration: by inhalatio)l, c~poupcli;:ofthe invention may be dissolved .or suspended in 

, ·a suitabJe carrier. for use, in a nebulizerp~ a suspension or soh1tion aerosol, or may be absorbed or 
· adsorbed onto a suitable SQl.id carrier for use i~-~ 4ry.~wcler,i~er. .· . 

25 Solid compositi,()ns for re~ administrat~on incl~!le suppositories formulated i11 accordance with 

.30 

known methods and containjng at least.~11e co~pow1d offonnula I . 
. : . . : . 

Compositions acc;w.-ding to the ~n~ention m~y:als() be fonnulated in a manner which resists rapid 

clearance from the vascular,_( arterial o~ :ve11~us) wall ·by CO!lVectio~ and/or di:ffUsion, thereby increasing 

.the residence time of the viral parti_cl~. at the desired site of ~ion. A periadventitial depot comprising a 

compound according to the invention may be used for sustained release. One such useful depot for .. ,• :· . .:··. ' . . 

administering a compound l;lCCOrding to t~e •nv~ntion may be a copolymer matrix. such as ethylene-vinyl 

acetate, or a polyvinyl alcohol gel surrounded by a SiJastic shell. Alternatively, a compound according 

to the invention may be delivered JocaJJy from a silicone polym~r implanted in the adventitia. 

An alternative approach for minimizing wa~out of a c<>ptpound according to the invention 

35 during percutaneous, trannrascula~ delivery comprises the use of nOndiffusible. drug-eluting 

microparticles. The microp.articles may b,e comp,ris.ed of a variety'.of synthetic polymers, such as 

polylactide for exampl~, '?rnatural sub~nces, inc.luding proteiilS ~rpolysaccharides. Such 

microparticles _enable str8.t~gic manipulation of variables including tota] dose of drug. and kinetics of its 

release. Microparticles Call be injected efficiently into the a11erial or venous wall through a porous 

40 balloon catheter or a balloon over stent, and are retained in the va~cular wall and the periadventitial 

tissue for at least about tw0 weeks. f'.ormulations and methodologies for locai, intravascular site-spe~ific 
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_::· .: ,· :.": ';.:·~-.:.'.·l .. 
delivery of therapeutic agents·a:re discussed in Reissen et al. (J..A.1:1kf;;bll. Cardiol. 1994; 23: 1234-1244), 

the entire contents of which are hereby incorporated by reference. 
A composition according to the invention may also comprise a hydrogel which is prepared from 

any biocompatible or non-cytotoxic (homo or hetero) polymer, such as a hydrophiJic polyacrylic acid 

5 polymer that can act as a drug absorbing sponge; Such polymers have been described, for example, in 

application W093/08845; the entire contents of which are hereby incorporated by reference. Certain of 

them, such as, in particular, those obtained from ethylene and/or propylene oxide are commercially 

available. 
In the use of compounds according to the invention for treating pathologies which are linked to 

10 hyperproliferative disorders, the compounds according to the invention can be administered in different 

ways. For the treatment of restenosis, the compounds of the invention are administered directJy to the . 

blood vessel wall by means of an angioplasty balloon which is coated with a hyd1'0phiHc film (for 
example a hydrogel) which is saturated with the compound, or by means of any other catheter containing 

an infusion chamber for the compound, which can thus be applied in a precise manner to the site to be 
15 treated and allow the compound to be liberated locally and efficiently at the location of the cells to be 

treated. This method of administration advantageously makes it possible for the compound to contact 
quickly the cells in need of treatment. 

The treatment method of the invention preferably consists in introducing a compound according 

to the invention at the site to be treated. For example, a hydrogel·containing composition can be· 
20 deposited directly onto the surface of the tissue to be treated, for example during a surgical intervention. 

Advantageously, the hydrogel is introduced at the desired intravascular site by coating a catheter, for 

example a balloon catheter, an.d delivery to the vascular walJ, preferab1y at the time of angioplasty. In a. 
panicularly advantageous manner, the saturated hydrogel is introduced at the site to be treated· by means 
of a balloon catheter. The balloon may be chaperoned by a protective sheath as the catheter is advanced 

25 toward the target vessel, in order to minimize drug washoff after the catheter is introduced into the 

bloodstream. 

Another embodiment of the invention provides for a compound according to the invention to. be 

administered by means of perfusion balloons. These perfusion balloons, which make it possible to 

maintain a blood flow and thus to decrease the risks of iscbaemia of the myocardium• on inflation of the 
30 balloon, also enable the compound to be delivered locally at nonnal pressure for a relatively long time, 

more than twenty minutes, which may be necessary for its optimal action. Alternatively, a channelled 

balloon catheter ("channelled baUoon angioplasty catheter", Mansfield Medical; Boston Scientific Corp., 

Watertown, MA) may be used. The latter consists of a conventional balloon covered with a layer of24 

perforated channels which are perfused via an independent lumen through an additional infusion orifice. 

35 Various types of balloon catheters, such as double balloo11, porous balloon, microp~rous balloon, channel 

balloon, balloon over stentand hydrogel catheter. all of which may be used to practice the invention, are 

disclosed in Reissen et al. ( 1994), the entire coilterits of which are hereby incorporated by reference. 

The use of a perfusion balloon catheter is especially advantageous, as it has the advantages of 
both keeping the balloon: inflated for a longer period of time by retaining the properties of facilitated 

40 sliding and of site-specificity of the hydrogel. are gained simultaneously. 
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Another aspect of the present i1wention rcJat~s to a phatmac.t'utical composition comprising a 

compound according to th~)~vention and poloxamer, such as PoJo~er 407 is a non-toxic,. 

biocompatible polyol, co~~rcially available (BA~l", Parsippany; NJ) ... 

A poloxamer imp~gnated with a cpmpound according. to the invention may be deposited directly 

5 on the surface of the tissne t~ be treated, for ~ple 4uring a surgical intervention. Poloxamer 

possesses essentially the ~~e advantages as.hydrpgel while having a h>wer viscosity. 

The use of a chann~~ balloon cathetet: witb a poloxamer impregnated with a compound according 

to the invention is especi~.lly advantageous. In this case, the advantages of both keeping the balloon 

inflated fora longer perio~·~ftime, while retaininJi: the properties of facilitated sliding, and of site-

10 specificity of the poloxal11et; ~re gained simultan~usly,. 
The percentage· of.active ingredjent in the .compositions of the invention may be varied, it being 

necessary that it should c~ri~itute a propoqion.such th~t a sui.tabJe dosage shall be obtained. Obviously. 

several unit dosage forms: !Day be administered ~:about the same time. A dose employed may be 

determined by a physici~n or qualified medical professional, and depends upon the desired therapeutic 

15 effect, the route ofadmi";isttation and tile duration of the treatment, and the condition of the patient. Jn 

the adult, the doses are genefally from about O.OOJ to about SO, p~ferably about O.OOJ to about S, mg/kg 

body weight per day by in~~lation, from about 0.01 to about, l OQ, preferably 0. J to 70, more especially 

0.5 to 10, mg/kg body weigl;it per day by oral administration, and from about 0.00 I to about JO, 

preferably O.OJ to I 0, m~g body we.ight per day by intravenous administration. In each particular case, 

20 the doses are detennined iii ~ccordance with the fa~ors distinctive to the patient to be treated, such as 

age. weight, general state ~fhealth and.oth~r characteristics which can influence the efficacy of the 

compound according to the invention~ , . . 

The compounds/coippositio1is ~ording to. th.e inyention may be administered as frequently as 

necessary in order to obtain: the. des~red therapeutic effe~ . So111e patients may respond rapidly to a 

25 higher or lower dose and.m~y find much weaker maintenance doses adequate. For other patients, it may 

be necessary to have long~tc:rm treatments at the rate of I to 4 do8es per day. in accordance with the 

physiological requirements •of each particular patient. , Generally, the active product may be administered 

or.lily 1 to 4 times per day~ Of course, for other patients, it wiU be necessary to prescribe not more than 

30 
one or two doses per day .. ··. · .. ' 

The compounds of tile present invention may also be formulated for use in conjunction with 
•" 

other therapeutic agents-such as agents or in .connection with the application of therapeutic techniques to 

address phannacologicaJ cQnditions which may be ameliorated through the application of a c9mpound of 

fonnula I. such as in the following: 

The compounds o:fthe p~sent invention may be used in the treatment of restenosis post 

35 angioplasty using any devic:e such as balloon. ablation or laser tecJmiques. The compounds of the present 

invention may be .used ii).. the treatment of restenosis following stent placement in the vasculature either 

as 1) primary treatment fqr. vascular blockage, .or 7> in the instance where angiopl~ty using any device 

fails to give a patent 8*9'_; t11e compound~ of the present invention m~y be used either orally, by 

parenteral administration, or the comp()und could be applied topically through the intervention of a 

40 specific device or as a properly fonnulated coating on a stent device. 
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In one aspect, the c~i~g on a stent device is fonned by aP~tftng polymeric material in which 
the compound of the invention is incorporated to at least one surfa.Ce of the stent device. 

Polymeric materials suitable for incorporating the compound of the invention include polymers 
having relatively low processing temperatures such as polycaprolactone. poly( ethylene-co-vinyl acetate) 

5 or poly( vinyl acetate or silicone gum rubber and polymers having similar relatively low processing 
. temperatures. Other suitable polymers include non-degradable polymers capable of carrying and 
delivering therapeutic drugs such as latexes, urethanes, polysiloxanes, styrene-ethylene/butylene-styrene 
block copolymers (SEBS) and biodegradable. bioabsorbable polymers capable of carrying and delivering 
therapeutic drugs, such as poJy.:.DL-lactic acid (DL-PLA), and poly-L-lactic acid (L-PLA); 

10 polyorthoesters, polyiminocarbonates, aliphatic polycarbonates, and polyphospbazenes. 
A porosigen may also be incorporated in the drug loaded polymer by adding the porosigen to the 

polymer along with the therapeutic drug to form a porous. drug loaded polymeric membrane. 
"Porosigen" means as any moiety; such as microgranules of sodium chloride; lactose, or sodium heparin, · · 
for example. which will dissolve or otherwise be degraded when immersed in body fluids to)eave behind . 

15 a porous network in the polymeric material. The pores left by such porosignes can typically be a large as 
IO microns. The pores fonned by porosignes such as polyethylene glycol {PEG}, polyethylene 
oxide/polypropylene oxide (PEO/PPO) copolymers, for example, can also be smaller than one micron, 
aJthough other similar materials which form phase separations from the continuous drug loaded. 
polymeric matrix and can later be leached out by body fluids can also be suitable for forming pores 

20 smaJJer than one micron. The polymeric material can be applied to the stent while the therapeutic drug 
and porosigen material are contained within the polymeric material, to allow the porosigen to be 
dissolved or degraded by body fluids when the,stent is placed in a blood vessel, or alternatively, the 
porosigen can be dissolved and removed from the polymeric material to form pores in the polymeric 

25 
material prior to placement of the polymeric material combined with the stent within a blood vessel. 

If desired, a rate-controlling membrane can also be applied over the drug loaded polymer, to 
limit the release rate of the compound of the invention. The rate-controlling membrane can be added by 
applying a coating form a solution. or a lamination; The rate-controlling membrane applied over the 
polymeric material can be fonned to include a unifonn dispersion of a porosigen in the rate-controlling 
membrane, and the porosigen in the rate-controlling membrane can be dissolved to leave pores in the 

30 rate-controlling membrane typically as large as 10 microns,. or as smalJ as J micron, for example, 
although the pores can also be smaller than 1 micron~ The porosigen in the rate-controlling membrane 
can be, for example sodium chloride, lactose, sodium heparin, polyethylene glycol, polyethylene 
oxide/polypropylene oxide copolymers, and mixtures thereof. 

In another aspect, the coating on the stent device can be fonned by applying the compound of the 
35 invention to at least one surface of the stent device to form a bioactive layer and then applying one or 

more coats of porous polymeric material over the bioactive layer; such that the porous polymeric 
material has a thickness adequate to provide a controUed release of thc compound. 

The porous polymeric material may be composed of a polyamide. parylene or a pai-ylene 
derivative applied by catalyst-free vapor desposition. "Parylene" refers to a polymer based on p-xylylene 

40 and made by vapor phase polymerization as descrjbed in U.S. Pat. No. 5,824,049, incorporated herein by 
reference. 
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Alternatively, the porous polymeric material is applied by plasma deposition. Representative 

polymers suitable for pla$~·~eposition include poly( ethylene oxide}, poly( ethylene glycol}, 
poly(propylene oxide}, an«l 'p~lymers of methane, silicone, tetrafluoroethylene tetramethyldisiloxane. and 

the like. 
Other suitable·polY,ID~r systems include polymers derived from photopolymerizable monomers 

such as liquid monomers p~ferably havi11g at least two cross linkable C-C (Carbon to Carbon} double 
bonds, and being a non-gas~U.S addition polymerizable ethylenically unsaturated compound, having a 

boiling point above 100 ~C,, at atmospheric pressure, a molecular weight qf about 100-1500 and being 

capable of forming high rhol~ular weight ~dition polymers readily. More preferably, the monomer is 

·10 · preferably an addition photQpolymerizable polyethylenically unsatw"ated acrylic or methacrylic acid 
··. · . ester oontaining two or m~r~>acrylate or metbacrylate groups per molecule or mixtures thereof. 

. Representative examples of~uch muJtifuntional acrylates are ethylene glyeol diacrylate, ethylene glycol 
· dimethacrylate~ trimethylopiopane triacrylate,. triinethylopropane trimethacrylate. · pentaerythritol 
tetraacrylate or pentaerythritol tetramethacrylate, 1,6-hexanediol dimethacrylate, and diethyleneglycol 

15· · · dimethacrylate. 
Also useful in some special instances arc monoacrylates such as n-butyl-acrylate, n-butyl 

methacr}'late, 2-ethylhexyl ·~~rjrlate, lauryJ'.;.acryJate;. and 2-hydroxy-propy) acrylate. SmalJ quantities of 
amides of (meth)acrylic acid, such as N•methylol inethacrylamide butyl ether are also suitabl~ N-vinyl 
comp()unds such as N;.vinyl 'pyrrolidone, vinyl esters of aliphatic monocarboxylic acids such as vinyl 

20 · · ~ oleate, vinyl ethers of diols'~uch a:s butanediol;;l,4-divinyl ether and allyl ether and allyl ester are also 
suitable; Also included are other m·onomers such· as the· reaction products of di- or po1yepoxides such as 

butanediol~ 1; 4-diglycidyl ether or bisphenol A diglycidyl ether with (meth}acrylic acid. The 

· characteristics of-the photOJ>olymerizable liquid dispersing medium can be modified for the specific 
purpose by a suitable selection of monomers or. m~tures thereof.. . 

25: Other usefulpolymer systems include a. polymer that is biocompatible and minimizes irritation 
to the vessel wall when the .stent is implanted.· The polymer may be either a biostable or a bioabsorbable 
polymer depending' on the desired rate of r¢1ease or the desired· degree of polymer stability. 
Bioabsorbable polymers that could be used include poly(L-lactic acid}, polycaprolactone, poly(lactide-­

co-glycolide }, poly(hydroxybutyrate). poly (bydroxybuty~co-valerate}, polydioxano11e, 
30 polyorthoester, polyanhyd~ide, poly(glycolic acid), poly(D, L-lactic acid), poly(glycolic acid­

cotrimethylene carbonate),. polyphosphoester; polyphosphoesterurethane, poly( amino acids), 

cyanoacrylates, poly(tri~~ylene carb~nate), poly (iminocarbonate), copoly( ether-esters) (e.g., 
PEO/PLA), polyalkylene oxlates, polyphoosphazenesand biomolecules such as fibrin, fibrinogen, 

cellulose, starch. coJlag~n and hyaluronic acid. AJso. biostable polymers with a relatively low chronic 

35 tissue response such.as polyurethanes, silicones, aµd polyesters could be usc;:d and other polymers could 

aJso be used if they can be ~issolved and cured or polymerized on the stent such as polyolefins, 
polyisobutylene and ethyle~e-alphaolefine copolymers; acrylic polymers and copolymers. vinyl halide 

polymers and copolymers, mich as polyvinyl chloride; polyvinyl ethers, such as polyvinyl methyl ether; 

poJyviny1idene halides,·such as poJyvinylidene fluoride and polyvinylidene chloride; polyacrylonitrile, 
40 polyvinyl ketones, polrymrJ aromatics., such as polystyrene, polyvinyl esters, such as polyvinyl acetate: 

copolymers ofvinyl monomers with each other and olefins, such as ethylene-methyl methacrylate 
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copolymers. acrylonitril-styf~ii~ copolyers, ABS resins, and etliyt~aai~inyl acetate copolymers; 
polyamides, such as Nylonc 66 and polycaprolactam; alkyl reins, i)ol)icarbonates; polyoxymethylenes; 
polyimides, polyethers; epoxy reins, polyurethanes; rayon; rayon-triacetate; cellulose, cellulose acetate, 
cellulose but)'rate; cellulose acetate buryrate; cellophane, ceJlulose nitrate; cellulose propionate; 

5 cellulose ethers; and carboxymethyl cellulose. 
In addition to plasma deposition and vapor phase deposition, other techniques for applying the 

various coatings on the stent surfaces may be employed. For example, a polymer solution may be 
applied to the stent and the solvent allowed to evaporate, thereby leaving on the stent surface a coating of 
the polymer and the therapeutic substance. Typically, the solution can be applied to the stent by either 

10 spraying the solution onto the stent or immersing the stent in the solution. 
The compounds of the present invention may be used in the treatment ofrestenosis in. 

combination with any anticoagulant, antiplatelet, antithrombotic or profibrinolytic agent. Often patients 
are concurrently treated prior, during and after interventional procedures with agents of these classes 
either in order to safely perform the interventional procedure or to prevent deleterious effects of 

15 thrombus formation. Some examples of classes of agents known to be anticoagulant, anti platelet, . · 
antithrombotic or profibrinolytic agents include any formulation of heparin, low molecular weight 
heparins, pentasaccharides, fibrinogen receptor antagonists, thrombin inhibitors, Factor Xa inhibitors, or 
Factor VII a inhibitors. 

The compounds of the present invention may be used in combination with any antihypertensive 
20 agent or cholesterol or lipid regulating agent in the treatment of restenosis or atherosclerosis concurrently 

with the treatment of high blood pressure or atherosclerosis. Some examples of agents .that are useful in 
the treatment of high blood pressure include compounds of the fo]]owing classes: beta-blockers., ACE: 
inhibitors, calcium channel antagonists and alpha-receptor antagonists. Some examplei; of agents that . 
are useful in the treatment of elevated cholesterol levels or disregulated lipid levels include compounds 

25 known to be HMGCoA reductase inhibitors, compounds of the fibrate class, 
The compounds of the present invention may be used in the treatment ofvarious fonns of cancer 

either alone or in combination with compounds known to be useful in the treatment of cancer; 
It is understood that the present invention includes combinations of compounds of the present 

invention with one or more of the aforementioned therapeutic class agents 
30 Compounds within the scope of the present invention exhibit marked pharmacological activities 

35 

according to tests described in the literature which tests results are believed to correlate to 
pharmacological activity in humans and other mammals. The following pharmacological in vitro and in 
vivo test results are typical for characterizing compounds of the present invention, 

Preparation of Phannaceutfoal Compositions and 
Phannacological Test Section 

Compounds within the scope of this invention exhibit significant activity as protein tyrosine 
kinase inhibitors and possess therapeutic value as cellular antiproliferative agents for die treatment of 
certain conditions including psoriasis. atherosclerosis and restenosis injuries. Compounds within the 

40 scope of the present invention exhibit the modulation and/or inhibition of cell signaling and/or cell 
proliferation and/or matrix production and/or chemotaxis and/or cell inflammatory response, and ca_n be 
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used in preventing or. delaying the-occurren~ or reoccurrence of such conditions or otherwise treating 
the condition. . ·', :,. . . . 

To determine the. E;ff~venes.~ of compounds of this invention, the phannacological tests 

described below. which ~ accepted in the art and ~cognized_ to correlate with pharmacological activity 

5 in mammals. are utilized; G~mpounds within the scope of this inventi9n have been subjected to these 

various tests, and the reslJJts:obtained ~ believed to correlate to useful ceJJular differentiation mediator 

10 

15 

·20· 

. . 

activity. The results of th~ tests are believed to-providt'. suffacient infonnation to persons skiJled in the 

phannacological and me4icinal chemistry arts to determine the parameters for using the studied 

compounds in one or more Qfthe therapies described herein. 

1. PDGF-R Tyrosine Kinase Autophosphorylation ELISA assay 

The titled assay i$ ~ifonned as described by ~Ue et at (J. Med Chem. 1994, 37~ 2627), which 

. is incorporated herein. by reference, With the exception of using the cell lysates derived from Human 
aonic smooth muscle cells:(~MSC) as described below. 

·. ·'' ",. 

2. Mitogenesis AssayGeneral Procedure 

a. Cell Culture 

Human ·aortic sn:iooth muscle cells (passage 4-9) are plated in 96 well plates in a growth · 
supporting medium at 60of(ceUs/we11 and allowed to grow 2-3 days. 

At approximately 85% confluence, cells are growth arrested with serum free media (SFM). 

b. Mitogenesis Assay.\ 

After 24 hour serum deprivation; medium is· removed lll)d replaced with test compound/vehicle 

in SFM (200 µl/weU). Compounds are solubilized in cell culture DMSO at a concentration of 10 mM 

and·furtherdilutions are•mlide in SFM. · 

25 After 30 min preincubation with compound, cells are stimulated with PDGF at JO ng/mL. 

Determinations are perforl11ed in duplicate with stimulated and unstimulated wells at each compound 

concentration. . : .. . .· · 

Four hours later; 1 ~Ci ~H thymidine/well is added .. 

Cultures are tenn~ri~ted 24 hours after addition of growth factor. Cells are lifted with trypsin and 

·· 30 harvested onto a filter ~~t using an aut.omated cell harvester (Wallac Machll96). The filter mat is 

counted in a scintillation counter (Wallac Betaplate) to detennine DNA-incorporated label. 

3: . Chemotaxis Assay 

Human aortic smooth muscle cells (HASMC) at earlier passages are obtained from ATCC. Cells 

35 are grown in Clonetics SmOM 2 SingleQuots (media and cells at passages 4-10 are used. When cells are 

80% confluent. a fluorescent probe, calceinAM (5 mM, Molecular Probe), is added to the media and 

ceJls are incubated for ~(! minutes. After washing with HEPES buffered saline, cells are lifted with 

trypsin and neutralized with MCDB 131. buffer(Gibco)with 0.1%BS~. 10 mM g]utamine and 10% fetal 

bovine serum. After centrifugaticm, cells are washed one more time and resuspended in the same buffer 

40 without fetal bovine serum at 30000 cells/SO mL~ Cells are incubated with different concentrations of a 

compound of fonnula l(final DMSO concentration= 1 %) for 30 min at 37°C. For chemotaxis stud.ies, 
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96 well modified Boyden chmnbers (Neuroprobe, Inc.) and a poly~i>,Sria.te membrane with S mm pore 

size (Poretics, CA) are used; The membrane is coated with collagen'(Sigma C36S7, 0.1 mglmL). 

PDGF-~P (3 ng/mL) in buffer with and without a compound of formula I are placed in the lower 

chamber. CeJls (30,000), with and without inhibitor, are placed in the upper chamber. Cells are 

5 incubated for 4 hours. The fiJter membrane is removed and cells on the upper membrane side are 

removed. After drying; fluoresce on the membrane is determined using Cytofluor II (Millipore) at 

excitation/emission wavelengths of 485/530 nm. In each experiment, an average cell migration is 

obtained from six replicates. Percent inhibition is detennined from DMSO treated control values .. From 

five points concentration-dependent inhibitions, JC50 value is calculated. Results are presented as a 

10 mean±SEM from five such experiments. 

4. EGF-Receptor Purification 

EGF-receptor purification is based on the procedure of Varden and Schlessinger. A4;31 cells are 

grown in 80 cm2 bottles to confluency (2 x I 0 7 cells per bottle). The cells are washed twice with PBS 

15 and harvested with PBS containing 11.0 mmol EDTA (I hour at 37°C, and centrifuged at 600g for 10 

minutes. The cells are solubilized in 1 mL per 2 x 101 cells of cold solubilization buffer(50 mmol 

Hepes buffer, pH 7.6, 1% Triton X-100, 150 mmol NaCl, 5 mmol EGTA, I mmol PMSF, 50 mg/mL • 

aprotinin, 25 mmol benzamidine, S mg/111L leupeptic, and 10 mg/mL soybean trypsin. inhibitor) _for 20 .· 

minutes at 4°C. After centrifugation at I 00,000g for 30 minutes, the supernatant is loaded onto a WGA- : 

20 agarose column (100 mL of packed resin per 2 x. I07 ceJls) and shaken for2 hours at. 4°C. The: 

unabsorbed material is removed and the resin washed twice with HTN buffer (SO mmol Hepes, pH 7 .6, 

0.1 % Triton X-100, 150 mmol NaCl}, twice with HTN buffer containing I M NaCl, and twice with . 

HTNG buffer(SO mmol Hepes, pH 7.6, 0.1% Triton X-100, 150 mmol NaCl, and 10% glycerol). The 

EGF receptor is eluted batchwise with H1NG buffer containing O.S M, N-acety1~D-glucosami1,1e .(200 mL 

25 per 2 x 10 7 cells.). The eluted material is stored in aliquots at -70°C and diluted before use with 

TMlNG buffer (SO mmol Tris-Mes buffer, pH 7 .6, O. l % Triton X-100, 1 SO mmol NaCl, 1 OOIO glycerol). 

S. Inhibition ofEGF-R Autophosphorylation 

A43 J cells are grown to confluence on human fibronectin coated tissue culture dishes. After. 

30 washing 2 times with ice-cold PBS, cells are Jysed by the addition of 500 mU dish of lysis buffer (SO 

mmol Hepes, pH 7.5, lSO mmol NaCl, 1.S mmolMgCl2, 1 mmol EGTA, IOo/o glycerol, lo/otriton X-

100, I mmol PMSF, 1 mg/ml aprotinin, 1 mg/mL leupeptin) and incubating S minutes at 4°C. After 

EGF stimulation (SOO mglmL 10 minutes at 37°C) immunoprecipitation is performed with anti EGF,.R 

(Ab l 08) and the autophosphorylation reaction (50 mL aliq110ts, 3 mCi [g-32P]ATP) sample is carried 

35 out in the presence of2 or 10 mM of compound of the present invention, for 2 minutes at 4°C. The 

reaction is stopped by adding hot electrophoresis sample buffer. SDA-PAGE analysis (7.5% els) is 

foJlowed by autoradiography and the reaction is quantitated by densitometry scanning of the x-ray films. 

a. Cell Culture 

Cells tenned HER 14 and K721Aare prepared by transfecting NIH3T3 cells (clone 2.2) (From 

40 C. Fryling. NCI, NIH), which lack endogenous EGF-receptors, with cDNA constructs of wild-type EGF-
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receptor or mutant. EGF-receptor lacking tyrosine kinase activity (in which Lys 721 at the A IP-binding 

site is replace by an Ala residue, respeetively). All cells· are grQWD i11 DMEM with 10% calf serum 

(Hyclone, Logan, Utah); 

5 6. Selectivity vs. PK.A ·and PKC is determined using commercial kits: 

a. Pierce Colorimetric PKA Assay Kit, Spinzyme Format 

Brief Protocol: 

PKA enzyme (bovine heart) lU/assay tube 

· Kemptide peptide (dye labeled) subStrate 

10 45 minutes@30°C 

Absorbance at 570 nm 

b. Pierce Colorimetric PKC Assay kit. Spinzyme Fonnat 

· Brief Protocol: · · · · · · · 

PKC enzyme (rat brain) 0.~2SU/assay tu~e 

15 Neurogranin peptide (dye lat>eled) substrate 

30 minutes@ 30°C 

Absorbatice at 570 nm 

1. · · · · p561"t Tyrosine Kinase Inhibition Activity Measurements 

pS61
"k Tyrosine kinase inhibition activity is determined according to a procedure disclosed in 

United States Patent No. 5,7i4A93, in~orporated herein by t~ference. 

In the a1teniative, the. tyrosine ki~ase inhibitiOn activity is determined according to the following 

method. A substrate (tyrcisme-containing substrate, Biot-((3 Alah-Lys:-Vat..:Glu..;Lys-Ile-Oly-Glu-Gly-

25 Thr;.Tyr-Glu-Val-Vat-Tyr-Lys-(NH:i) recognized by P56k:k, I µM) is first phosphoryiated in presence or 

absence ofa 'given concentration of the test compound, by a given amount of enzyme (enzyme is 

produced by expression of P561
c11 gene in a yeast construct) purified from a cloned ye~ (purification of 

the enzyme is done by following classical methods) in the presence of ATP (lOµM) MgCJ2( 2.SmM), 

· MnC12 (2.SmM); NaCl (2SmM), DTT (0.4mM) in Hepes SOmM, pH 7.5, over 10 min at ambient 

30 temperature. The totalreactioil "volume is 50µ1, and the reactions are performed in a black 96-well 

fluoroplate. The reaction is stopped by addition of 150µ1 of stopping buffer (I OOmM Hepes p.H7.S, KF 

400mM, EDTA 133 mM,. BSA lg/I.) containing a selected anti tyrosine antibody labeled with the 

Europium cryptate (PY20-K) at 0.8pg/ml and allophycocyanine-labelled streptavidin (XL665) at 4µglm1. 

The labeling ofStreptavidiil. and anti-tyrosine antibodies were performed by Cis-Bio International 

35 (France). The mixture is counted using a Packard Discovery counter which is able to measure time­

resolved homogeneous fluQrescence transfer (excitation at 337 nm, readout at 620 nm and 665 nm). The 

ratio of the 665 run signal l 620nm signal is a measure of the phosphorylated tyrosine concentration. The 

blank is obtained by replacing enzyme l>y buffer. The specific signal is the difference between the ratio 

obtained without inhibitor and the ratio with the blank. The percentage of specific signal is calculated. 

40 The IC50 is calculated with lO concentrations of inhibitor in duplicate using Xlfit soft. The reference 

compound is staurosporine (Sigma) and it exhibits an ICso of30± 6 nM (n=20). 
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8. Measurement of Tumor Inhibition In Vitro 

The inhibition of tumor growth in vitro by the compounds of this invention is determined as 

5 follows: 

C6 rat glioma cell line (provided by ATCC) is grown as monolayers in Dubelcco's Modified 

Eagle Medium· containing 2 mM L-g1utamine, 200 U/m1penicillin,200 µglml streptomycin and 

supplemented with 10% (v/v)~heat inactivated foetal calf serum. CeJls in exponential phase of growth 

are trypsinized, washed with PBS and diluted to a final concentration of 6500 cells/ml in complete 

10 medium. Drug to be tested or control solvent are added to the cell suspension (2.5 m1) tmder a volume of 

50 µI and 0.4 ml of 2.4% Noble Difeo agar maintained at 45 °C are added and mixed. The mixture is 

immediately poured into Petri dishes and left standing for 5 minutes at 4 °C. The number ofcellular 

clones (>60 cells) are measured after 12 days of incubation at 37 °C under 5% C~ atmosphere. Each 

drug is tested at 10, l, 0.1, and 0.01 µg/ml (final concentration in the agar) in duplicate. Results are 

15 expressed in percent inhibition of clonogenicity relatively to untreated controls. IC50's are determined 

graphically from semi-logarithmic plots of the mean value determined for each drug concentration. 

9. Measurement of Tumor Inhibition In Vivo 

20 The inhibition of tumor growth in vivo by the compounds of this invention is determined using a 

subucatenous xenograft model as described in U.S. Pat. Nos. 5,700,823 and 5,760,066, in which mice are . 

implanted with C6 glioma cells and tumor growth is measured using venier calipers. 

The results obtained by .the above experimental methods evidence that the oompounds within the 

25 scope of the present invention possess useful PDGF receptor protein tyrosine kinase inhibition properties 

or p56"".t tyrosine kinase inhibition properties, and thus possess therapeutic value. The above 

pharmacological test results may be used to determine the dosage and mode of administration for the. 

particular therapy sought. 

The present invention may be embodied in other specific forms without departing from the spirit 

30 or essential attributes thereof. 
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I. A compound of formula I 

5 wherein 

X is L,H or L:Zz; 

l.1 is ~CR3.,R3bh or (CRJaR31t),..-Z3-(CR3·.R3·b)n; 

L2 is(CR3.R3Jp".'Z4-:(CR,.1R~,,).q or ethenyl; 
Z1 is CH orN; 
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10 z? is optionally substitu.~d cycloalkyl, optionally substituted cycloalkenyl, optionally substituted 
. . . ' 

heterocyclyl or optionally substituted hete~cyclenyl; 
:. :. . . 

Z3 is 0, NR.i. s. SO or S~; 
Z4 is O. ~. S, SO, S02 or a bond; 

misOor I; 

.15 n is 2 or 3, and n + m =2 or3; .... 
p an~.q are independently o: 1~ 2, 3 or 4, an~ p + q = o. 1, 2,3 or4 when Zt is a bond, and.p+ q = 0, 1, 2 

. or 3 whenZ4 is other than a bond; 

rjs2,3or4; 

R,a and R1bare independently optionally :mbstituted aikyl, optionally substituted aryl, optionally 

20 substituted heteroaryl, hydri,xy, a~yloxy. optiOnaJly substiruted alkoxy, optionally substiruted 

cycloatkylo~y. optionally substituted heterocyclyloxy, optionally substituted heterocyclylcarbonyloxy, 

optionally substituted arylo~y. optionally su~stitu~d heteroaryloxy, cyano, R5R6N- or acyJRsN-, or one 

ofRle and Rib.is hydrogen or halo and the other is optionally si.1bstituted alkyl, optionally substituted aryl, 

optionally substituted heteroaryl, hydroxy, acyloxy, OJ:>tionally substituted alkoxy, optionally substituted 

25 cycloaikyloxy, optionally substituted heterocyclyloxy, optionaJly substituted heterocycJylcarbonyloxy, 

optionally substituted aryloxy. optionally substituted heteromyloxy, cyano, ~~- or acyfRsN-; 

R1c is hydrogen, optionally substituted alkyl, optionally substituted aryl, optionally substituted heteroaryl. 

hydroxy, acyloxy, optiona~ly substituted alkoxy, optionally substituted cycloalkyloxy, optionally 

substituted heterocyclylo:!l..-y, optio11ally substituted aryloxy. optionally substituted heteroaryloxy, halo, 

30 cyano, ~~- or acylR5N-; 

R3., R3b, R3°1 and R3·b are independently hydrogen or alkyl; 

~ is hydrogen, alkyl or acyl; and 

Rs and ~ are independently hydrogen or alkyl, or Rs and ~ taken together with the nitrogen atom to 

which R, and ~are attached form azaheterocyclyl, or 

35 an N-oxide thereof, hydrate thereof, solvate thereof, prodrug thereof, or a phannaceutically acceptable 

salt thereof. 
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2. The compound of claim 1 where;n 

L1 is (CR:1aR3b)m-~-(CR,·.R3·11}.; 

L2 is (CR31R3b)p-Z..-(CR3·aR3'1,)q; 
Z2 is optionally substituted cycloalkyl, optionally substituted cycloalkenyl or optionally substituted 

5 heterocyclyl; 

Z4 is 0 and NR..; 

mis O; 

n is 2 or3; 

p+q=Oorl; 
10 R1• and R1b are independently optionally substituted alkyl, optionally substituted alkoxy, optionally 

substituted cycloalkyloxy. optionally substituted heterocyclyloxy or R5~N-, or one of R11 and R1b is 

hydrogen or halo and the other is optionally substituted alkyl, optionally substituted alkoxy. option,aUy 

substituted cycloalkyloxy, optionalJy substituted heterocyctyloxy or R,~N-; 

Ric is hydrogen, optionally substituted alkyl or optionally substituted alkoxy; 

15 R3., R3b, R3-1 and Rn. are independently hydrogen or lower alkyl; 
~ishydrogen;and 

20 

R.s and ~taken together with the nitrogen atom to which Rs and Rti are attached fonn azaheterocyclyl, or 
an N-oxide thereof, hydrate thereof, solvate thereof, prodrug thereof, or pharmaceutical1y acceptable salt 

thereof. 

3. The compound of claim J wherein 

X isLzZ2; 
~ is (CR3,R3b)p-Z4-(CR, •• Rs,,)q; 

~ is optionally substituted cycloalkyl or optionally substituted cycloalkenyl; 

25 z, is 0 and N~; 

pis O; 

qisOorl; 

Ria and R1b are independently optionally substituted alkyl, optionally substituted alkoxy, optionally 
substituted cycloalkyloxy or optionally substituted heterocyclyloxy, or one of R,. and R11, is hydrogen or 

30 halo; 
R1c is hydrogen; 

Rr. and Rn are independentJy hydrogen; and 

~ is hydrogen, or 

an N-oxide thereof, hydrate thereof, solvate thereof, prodrug thereof, or pharmaceuticalJy acceptable salt 

35 thereof. 

4. The compound of claim I wherein L1 H is Jower alkyl 

5. The compound of claim I wherein Z1 is CH. 

40 
6. The compound of claim I wherein Z1 is N. 
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· 7. The compound of claim l wherein Z2 is optionally substi~ted cycloalkyl. 

8. The compound of claim 1 wherein ~ is alkyl substituted monocyclic cycloalkyl. 

9. The compound of claim 1 wherein Z2 is methylcyclopentyl or methylcyclohexyl. 

1 O; The compound of claim 1 wherein z~ is multicyclic cycloalkyl. 

10 J I. The compound of claim l wherein Z2 is [2.2.l ]bicycloheptanyl (norbornyl) or 

[2.2.2)bicyclooctanyl. 

12. The compound of claim l wherein Zi is optionally substituted cycloalkenyl. 

. 15 13,, The compound of claim t wherein Z2 is cyclopentenyl and cyclohexenyJ. 

•l .• ·, 

, .. J4. . . , The compound of .c~aim ,J w~e,rein Z2 is [2.2.1 Jb.icycloheptenyJ (norbornenyl) or 

•·.•.· 

20. 

25 

[2.~.2]~icyclooctenyl. ... 
c"·.·.•: 

15 •. 

16. 

17. 

is; 

;· .. 

The compound of claim I wherein p and q. are 0. . . : •;., ·: .. •· 

The compound ~f claim i. wherein p + 9 '7 1. 

The compou~d of claim I .wherein Z4 i~ 0 ..• 

· The compound of claim 1 wherein Z4 is O. and p and q are 0. 

19. The compound of claim 1 wherein Z.. is 0, and p + q = 1. 

30 20. The compound of claim I wherein Z4 is~-

21. The compound of claim 1 wherein Z4 is NR.it and p and q are 0 . 

. 22. The compound of claim 1 wherein Z is NR... and m + n = 1. 

35 
23. The compound of claim J wherein ~ is S. 

24. The compowid of claim l wherein ~ is S, and p and q are 0. 

40 25. The compound of claim l wherein Z.i is S, and p + q = 1. 

lli1iiDiifli 
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26. The compound of claim I wherein R11 and R1b are independently optionally hydroxy substituted 
lower alkyl, bYdroxy, lower alkoxy, cycloalkyloxy, heterocyclyloxy, or one of R 111 and R1b is hydrogen or 
halo. 

5 27. The compound of claim I wherein R11 and R1b are independently heterocyclylcarbonyloxy or 
optionally substituted lower aJkoxy. 

28. The compound of claim l wherein the lower alkoxy is methoxy or ethoxy. 

10 29. The compound of claim 1 wherein R11 and R1b are lower alkyl. 

30. The compound of claim 1 wherein the lower alkyl is methyl or ethyJ. 

31. The compound of claim 1 wherein one ofR11 and R1b is lower alkoxy, and the other ofR11 and 
15 R1b is halo. 

32. The compound of claim J wherein the lower alkoxy is methoxy or ethoxy, and the halo is chloro 
orbromo. 

20 33. The compound of claim I wherein one ofR11 and R1b is lower alkyl, and the other of R11 and R1b 

is lower alkoxy. 

34. The compound of claim 1 wherein the lower alkoxy is methoxy or ethoxy, and the lower alkyl i~ 
methyl or ethyl. 

25 
35. The compound of claim 1 wherein one of R1• and R1b is lower alkoxy, and the other of R11 and 
R 11, is cycloalkyloxy. 

36. The compound of claim I wherein tbe lower alkoxy is methoxy or ethoxy, and the cycloalkyloxy 
30 is cyclopentyloxy or cyclohexyloxy. 

37. The compound of claim l wherein one ofR11 and R1b is hydrogen, and the other ofR11 and R1b is 
lower alkoxy, cycloalkyJoxy or heterocyclyloxy. 

35 38. The compound of claim 37 wherein the lower alkoxy is methoxy orethoxy. 

39. The compound of claim 37 wherein the cycloalkyJoxy is cyclopenlyloxy or cyclohexyloxy. 

40. The compound of claim 37 wherein the heterocyclyloxy is furanyloxy. 
40 

41. The compound of claim I wherein Ric is hydrogen, lower alkyl or lower alkoxy; 
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42. The compound of claim 41 wherein the low~ alkoxy is mefhoxy or ethoxy. 

43. The compound of claim I wherein R,. and R1b are lower alkoxy optionally substituted with 
5 alkoxy, heterocyclyl, carboxy, alkoxycarbonyl or carbamoyl. 

10 

. . 15 

44. The compound of claim 1 wherein one of R11 and R1b is unsubstituted lower alkoxy and the other 
of R11 and R1b is lower alkoxy substituted with alkoxy, heterocyclyl, carboxy, alkoxycarbonyl or 
carbamoyl. 

45. · · The compound of claim I wherein one of )l1• and R1b is methoxy and the other of R1a and R1b is 

[ l,4']-bipiperadin-1 '-ylcarbonyloxy. 2-(ethoxy)ethpxy, 2-(4-morpholinyl)ethoxy, 2-( 4-methylpiperazin-
· l-yl)ethoxy,• carboxymethoxy, methoxycarbonybnethoxy, aminocarbonylmethoxy, 
N-methylatninocarbonyJmethoxy or N.N-dimethylaminocarbonylmetboxy . 

· ·46. · · A compound according to claim I which is: 
3-Cyclohexyloxy-6,7-dimethoxyquinoline,· 
2-cyclohexylamino-6,7-dimethoxyqt1inoX&line; 
exo-bicyclo [2.2. 1 ]hept-2-yl- ( 6-chloro-7-methoxyquinoxalin-2-yl)amine; 

20 exo-bicyclo [2;2~ 1 ]hept-2-yl-{7-ch loro-6 .. methoxyquinoxalin-2-yl}amine; 
. . 

Bicyclo[2.2,l ]hept.;.2-yl-(6, 7-dimethyl-quinoxalin.;.2.,yl}-amine; 
2 .. cycloheptylamino-6,7-dimethoxyquinoxaline; 
2-cyclopenty lamino-6, 7-dimethoxyquinoxaline; 

2-cyclohexylamino-6-methoxyquinoxaline;· 
25 3-AininocyClohexyl-6, 7-dimethoxy-quinoline; 

( 6~ 7-dimetboxy-quinolin.,3-yJ}-ciit-(3-(R)-methyl-cyclohexyJ) amine; 
· .. 2-C..yclohexylamino,..6-methoxy-7-bromo-quinoxaline hydrochloride; 

( 6, 7-DimethoxyquinoJin~3-yJ)..cis/trans-(3-(R)-methyl-cyclohexyJ)-amine 
( 6, 7-Dimethoxyquinolin-3-yl)-trans-(3-(R)-methyl~cyclohexyl)-amine 

30 (6, 7-Dimethoxyquinolin-3-yl)-cis-(3-(R)-methyl-cyclohexyl)-amine; 

(6, 7-dimethoxy-quinolin-3-yl)- (3-methyl-cyclopentyl) amine; 

Cyclohex-3-enyl-(6, 7-dimethoxyquinoxalin-2-:yl)-amine; 

2, 7-Bis-cyclohexyloxy-6-methoxy"'.'quinoxaline; 

Cyclohexyl-(6, 7-dimethoxyquinoxalin-2-ylmethyl)-amine; 

35 (6, 7-Dimethoxyquinolin-3-yl)-isobutyl amine; 

Cyclohexyl-(6-methoxy-7-morpholin-4-yl-quinoxalin-2-yl)-amine; 

(±)-Bicyclo[2.2.1]hept-2-yl-(6,7-dimethoxyquinoxalin-2-yl)-amine; 

exo-bicyclo[2.2.1]hept-S-en-2-yl-(6, 7-dimethoxyquinoxalin-2-y 1)-amin.e; 

Cyclohexyl-(6,8-dimethyl-quinoxalin-2-yl)-amine; 

40 Endo-bicyclo£2.2.1]hept-2-yl-(6, 7-dimethoxyquinoxalin-2-yl)-amine; 
(6, 7-DimethoxyquinoxaJin-2-yl)-( 4•metboxy-cyclohexyl)-amine;; 

·11i~ii~r . . . 
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Exo-bicyclo[2.2. l]hept-2-yl-(6~methoxyquinoxalin-2-yl)-amine; .. 
exo-2-(Bicyclo[2.2.1]hept-2-yloxy)-6,7-dimethoxyquinoxaline; 
(Bicyclo[2.2.2]oct-2-yloxy)-6,7-dimethoxy-quinoxaline; 
Endo-2-(bicyclo[2.2. I ]hept-2-yloxy)-6, 7-dimethoxy-quinoxaline; 

·1 i: 

5 exo-2-{Bicyclo[2.2. 1]hept-S-en-2-yloxy)-6,7-dimethoxyquinoxaline; 
(Bicyclo[2.2.1 ]hept-5-en-2-yloxy )-6; 7-dimethoxyquinoxaline; 
2-Cyclohexyloxy-6, 7-dimethoxyquinoxaline; 
2-cyclopentylthio-6, 7-dimethoxy-quinoxaline; 
6, 7-dimetboxy-2-cyclopentyloxy-quinoxaline; 

10 2-cyclopentylmethyloxy-6, 7-dimethoxy-quinoxaline; 
6,7-dimethoxy-2-tetrahydropyran-4-oxy-quinoxaline; 
exo,exo-6, 7-dimethoxy-2-( S,6-epoxy-bicyclo[2.2.1 ]heptan-2-yloxy )-quinoxaline; 
cis/trans-4-(6, 7-Dimethoxyquinoxalin-2-yloxy)-cyclohexanecarboxylic acid; 
6, 7-Dimethoxy-2-( 4-methoxy-cyclohexyloxy)-quinoxaline; 

15 (1R,2R,4S)-(+}-Bicyclo[2.2.l]hept-2-yl-(6,7-dimethoxyquinoxalin-2-yl)-amine; 
( lS.2S,4 R)-(-)-Bicyclo[2.2. l ]hept-2-yl-( 6. 7-dimethoxyquinoxalin-2-yl)-amine; 
( 6, 7-Dimethoxy-quinoxalin-2-yl)-2-aza-bicyclo[2.2.2]octan-3-one; 
Cis/trans-4-( 6, 7-Dimethoxy-quinoxalin-2-ylamino )-cyclohexanecarboxylic acid 
methyl ester; 

20 Cis/trans-4-(6,7-dimethoxy-quinoxalin-2-ylamino)-cyclohexanccarboxylic acid; 

PCT/US99/2782S 

Cis-4-( 6, 7-dimethoxy-quinoxalin-2-ylainino )-cyclohexanecarboxyl ic acid methyl ester; 
Trans-4-(6, 7-dimethoxy-quinoxalin-2-ylamino )-cyclohexanecarboxylic acid methyl ester; 
(6, 7-dimethoxy-quinoxaline-2-yl)-cis/trans-(3-(R)-methylcyclohexyl) amine; 
(6, 7-dimethoxy-quinoxaline-2-yl)-trans-(3-(R)-methylcycJohexyl) amine; 

25 (6, 7-dimethoxy-quinoxaline-2-yl)-cis-(3-(R)-methylcycJohexyl) amine; or 
methyl cis/trans-4-(6,7-Dimethoxyquinoxalin-2-yloxy)-cyclohexanecarboxylate~ or an N-oxide thereof, 
hydrate thereof. solvate thereof. prod mg thereof. or phannaceuticalty acceptable salt thereof. 

47. A compound according to claim I which is 2-cyclohexylamino-6,7-dimethoxyquinoxaline, or an 
30 N-oxide thereof, hydrate thereo(. solvate thereof, prodrug thereof, or phannaceutically acceptable salt 

thereof. 

48. A compound according to claim 1 which is exo-bicyclo [2.2. l]hept-2-yl- (6-chloro-7-
methoxyquinoxalin-2-yl)amine, or an N-oxide thereof, hydrate thereof, solvate thereof, prodrug thereat: 

35 or pharmaceutically acceptable salt thereof. 

49. A compound according to claim J which is exo-bicyclo [2.2.1 ]hept-2-yl- (7-chloro-6-
methoxyquinoxalin-2-yl)amine; 

ttiliiiWif 
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SO. A compound according to claim I which is Bicyclo[2.2~1]hept-2-yl-(6,7-dimethyl-quinoxalin-2-

yl}amine, or an N-oxide thereof, hydrate thereof, scdvate thereof,· prodrug thereof, or phannaceutically 

acceptable sa1t thereof. 

5 . S 1. A compound acc0rcling to claim 1 which is 2-cycloheptylamino-6,7-dimethoxyquinoxaline, or an 

10 

15 

20 

25 

N-oxide thereof, hydrate thereof. soJvate thereof, prodrug thereof, or pharmaceutically acceptable salt 

thereof. 

52. A compound according to claim 1 which is 2-cyclopentylamino-6, 7-dimethoxyquinox.aline, or an 

N-oxide thereof, hydrate thereof, solvate thereof, prodrug thereof, or pharrriaceutically acceptable salt 

thereof. 

53. A compound accor4ing to claim 1 whicfl is 3-Aminocyclohexyl-6, 7-dimethoxy-quinoline, or an 

N-oxide thereof, hydrate thereof, solvate thereof. prodrug thereof, or phannaceutically acceptable salt 

thereof. 

54. A compound according to claim l which is (6, 7~imethoxy-quino1in-3-yl)-cis-(3-(R}methyl-

cyclohexyl) amine, .or an N~de.thereof, hydrate thereof, solvate thereof, prodrug thereof, or 

pharmaceutically acceptable salt thereof. 

SS. A compound ac~rding to claim I which is (6, 7-Dimethoxyquinolin-3-yl}cisltrans-(3-(R)-

methyl,.cyclohexyl)-amine, or an N-oxide thereof, hydrate thereof, solvate thereof, prodrug thereof, or 

pharmaceutically acceptab~e salt thereof. 

56. A compound according to claim 1 which is (6, 7-Dimethoxyquinolin-3-yl)-trans-(3-(R)-methyl-

cyclohexyl)-amine, or anN-oxide thereof, hydrate thereof, solvate thereof, prodrug thereof, or 

pharmaceutically acceptable salt thereof. 

57. A compound according to claim 1 wh•c::h is (6, 7-Dimethoxyquinolin-3-yl}cis-(3-(R}methyl-

30 cycJohexyl)-amine, or an N;.oxide thereof, hydrate thereof, solvate thereof, prodrug thereof, or 

phannaceuticaUy acceptable salt thereof. 

58. A compound accof(jing to claim 1 which is Cyclohex-3-enyl-( 6,7-dimethoxyquinoxalin-2-yl)-

amine, or an N-oxide th~of, hydrate thereof, solvate thereof, prodrug thereof, or phannaceutically 

35 acceptable salt thereof. 

40 

59. A compound according to. claim I which is 2,7-Bis-cyclohexyloxy-6-rnethoxy-quinoxaline, or an 

N-oxide thereof, hydrate thereof, solvate thereof. prodrug thereof,. or pharmaceutically acceptable salt 

thereof. 
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60. A compound according to claim l which is {6, 7-Dimettioxyqiiinolin-3-yl)-isobutyl amine, or an 
N-oxide thereo(. hydrate thereof, solvate thereof, prodrug thereof, or pharmaceutically acceptable salt 
thereof. 

5 61. A compound according to claim 1 which is (±)-Bicyclo[2.2.1]hept-2-yl-(6,7-
dimethoxyquinoxalin-2-yl)-amine, or an N-oxide thereof. hydrate thereof. solvate thereof, prodrug 
thereof, or pharmaceutically acceptable salt thereof. 

62. A compound according to claim 1 which is exo-bicyclo[2.2.1]hept-S-en-2-yl-(6,7-
10 dimethoxyquinoxalin-2-yl)-amine, or an N-oxide thereof. hydrate thereof, solvate thereof, prodrug 

thereof, or pharmaceutically acceptable salt thereof. 

63. A compound according to claim 1 which is Endo-bicyclo(2.2. l]hept-2-yl-(6,7-
dimethoxyquinoxalin-2-yl)-amine, or an N-oxide thereof, hydrate thereof. solvale thereof, prodmg 

15 thereof, or pharmaceutically acceptable salt thereof. 

20 

64. A compound according to claim 1 which is Exo-bicyclo[2.2.J]hept-2-yl-(6-methoxyquinoxa1in-
2-yl)-amine, or an N-oxide thereof, hydrate thereof, solvate thereof,; prodrug thereof, or pharmaceutically 
acceptable salt thereof. 

65. A compound according to claim 1 which is exo-2-(Bicyclo[2.2.1]hept-2-yloxy)-6,7-
dimethoxyquinoxaline, or an N-oxide thereof, hydrate thereof, soJvate thereof, prodrug thereof. or 
phannaceutically acceptable salt thereof. 

25 66. A compound according to claim 1 which is 2-(BicycJo[2.2.2]oct-2-yloxy)-6.7-dimethoxy-
quinoxaline. or an N-oxide thereof, hydrate thereof, soJvate thereof, prodrug thereof, or pharmaceutically 
acceptable salt thereof. 

67. A compound according to claim 1 which is Endo-2-(bicyclo[2.2.l]hept-2-yloxy)-6.7-dimethoxy-
30 quinoxaline. or an N-oxide thereof, hydrate thereof, solvate thereof, prodrug thereof, or pharmaceutically 

acceptable salt thereof. 

68. A compound according to claim 1 which is e.xo-2-(Bicyclo[2.2. l ]hept-5-en-2-yloxy)-6, 7-
dimethoxyquinoxaline, or an N-oxide there0f, hydrate thereof, solvate thereof, prodrug thereof, or 

35 pharmaceutically acceptable salt thereof. 

40 

69. A compound according to claim 1 which is 2-(Bicyclo[2.2.J]hept-5-en-2-yloxy)-6.7-
dimethoxyquinoxaline, or an N-oxide thereof,; hydrate thereof. solvate thereof, prodrug thereof, or 
pharmaceutically acceptable salt thereof. 
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70. ·A comp<>und acc0f4ing to claim 1 which is 2-C:yclohexyloxy-6. 7-dimethoxyquinoxaline, or an 

N-oxide thereof, hydrate th~feof, soJvate thereo; prodrug thereof, or pharmaceuticaJJy acceptable salt 

thereof. 

5 71. A coin pound accordipg to claim 1 which is 2-cyclopcntyJthio-6, 7-dimethoxy~quinoxaline, or an 

N-oxide thereof. hydrate ~~@or, SQlvate thereof, prodrug thereof, or phannaceutically acceptable salt 

thereof. 

25 

72. A compound accordjng to claim l which is 6, 7-dimethoxy-2-cyclopentyJoxy-quinoxaline, or an 

N-oxide thereof. hydrate tf1et:eof. solvate thereof, prodrug thereof; or phannaceutically acceptable salt 

thereof. 

73. A compound acco~ing to claim 1 which is 2-cyclopentylmethyloxy-6,7-dimed1oxy-quinoxaline, 

or an N-oxide thereof. hydrate thereof. solvate thereof, prodrug d1ereof. or pharmaceutically acceptable 
salt thereof. 

74. A compound acCQfdingto claim 1 which is 6,7-dimethoxy~2-tetrahydropyran-4-oxy-quinoxaline, 
or an N-oxide thereof, hyd~ thereof. so)vate thereof, prodrug thereof, or pharmaceutically acceptable 

salt thereof. 

15. Acompound according to claim I which is exo,exo-6, 7-dimethoxy-2-(S,6-epoxy-
bicyclo[2;2.1 ]heptan-2~y1Qxy)-quinoxaline, or an N-oxide thereof, hydrate thereof, solvate thereof, 

prodrug thereof: or phannaceutieally acceptable salt thereof. 

76. . A compound acqording to claim I which is 6, 7-Dimethoxy-2-(4-methoxy-cyclohexyJoxy)­

quinoxaline, or an N-oxid~ thereof, hydrate thereof. solvate thereof, prodrug thereof, or pharmaceutically 
acceptable salt thereof. · ·. . 

77. A compound a~<m:ling to claim 1 which is (1R,2R,4S}(+)-Bicyclo[2.2.t]bept-2-yl-(6,7-

30 dimethoxyquinoxalin-2"'.'yJ)-amine, or an N-oxide thereof, hydrate thereof. solvate thereof, prodrug 

thereof, or pharmaceuticalJ~ acceptable salt thereof. . 

78. A compound accon.ling to claim 1 which is (1S,2S,4R)-(-)-Bicyclo[2.2.l}hept-2-y1-(6,7-

dimethoxyquinoxalin-2•yl)-amine, or an N-oxide thereof, hydrate thereof. solvate thereof, prodrug 

35 thereof, or pharmaceutically acceptable salt thereof. 

40 

.: . 

79. A compound accprding to claim 1 wl:Jich is Cis/trans-4-(6,7-Dimethoxy-quinoxalin-2-ylamino)-

cycJohexanecarboxyJic a<:id methyl ester, or an N-oxide thereof, hydr~ thereof, solvate thereof, prodrug 

thereof, or phannaceuticalJy acceptable salt thereof. 
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80. A compound according to claim 1 which is Cis-4-(6, 7-dirri~dky-quinoxalin-2-ylamino)-
cycJohexanecarboxylic acid methyl ester, or an N-ox.ide thereof, hydrate thereof, soJvate thereof, prodrug 

thereof, or pharmaceutically acceptable salt thereof. · 

5 81. A compound according to claim- I which is Trans-4-(6, 7-dimethoxy-quinoxalin-2-ylamino)-

cyclohexanecarbox.ylic acid methyl ester, or an N-oxide thereof, hydrate thereof, solvate thereof. prodrug 

thereof, or pharmaceutically acceptable salt thereof. 

82. A compound according to claim· t which is (6, 7-dimethoxy-quinoxaline-2-yl)-cis/trans-(3-(R)-

10 methylcyclohexyl) amine, or an N-oxide thereof, hydrate thereof, soJvate thereof, prodrug thereof, or 

phannaceuticalJy acceptable salt thereo~ 

83. A compound according to claim 1 which is (6, 7-dimethoxy-quinoxaline-2-yl)-t,.ans-(3-(R)-

methylcyclohexyl) amine, or an N-oxide thereof, hydrate thereof, solvate thereof, prodrug thereof. or 

15 pharmaceutically acceptable salt thereof. 

20 

84. A compound according to claim 1 which is (6, 7-dimethoxy-quinoxaline-2-yl)-cis-(3-(R)-

methylcyclohexyl) amine, or an N-oxide thereof, hydrate thereof, solvate thereof, prodrug thereof, or 

phannaceuticaJJy acceptable salt thereof. 

85. A compound according to claim 1 which is methyJ cisltrans-4-(6, 7-Dimethoxyquinoxalin-2-

yloxy)-cyclohexanecarboxylate. or an N-oxide thereof, hydrate thereof, solvate thereof, prodrug thereof, 

or pharmaceutically acceptable salt thereof. 

25 86. A pharmaceutical composition comprising the compound of cJaim I , or pharmaceutically 

acceptable salt thereof and a pharmaceuticalJy acceptabJe carrier. 

87. A method of inhibiting PDGF tyrosine kinase activity comprising contacting a compound 

according to claim I with a composition containing a PDGF tyrosine kinase. 
30 

88. A method of inhibiting Lek tyrosine kinase activity comprising contacting a compound 

according to claim 1 with a composition co11taining a Lek tyrosine kinase. 

89. A method of inhibiting cell proliferation, differentiation, or mediator release in a patient 

35 suffering from a disorder characterized by such proliferation and/or differentiation and/or mediator 

release comprising administering to a patient a pharmaceutically effective amount of the compound 

according to claim J • 

90. A method for treating a pathology linked to a hyperproliferative disorder, said method 

40 comprising administering to a patient in need of such treatment a pharmaceutica11y effective amount of 

the compound according to claim I . 
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91. The method according to claim 90, wherein said pathology is restenosis. 

92. A method of treating restenosis in a patient comprising administering to said patient in need of 

5 such treatment a pharmaceutically effective amount of the compound according to claim J at a 

predetennined site. 

10 

15 

93. The method according to claim 90, wherein said hyperproliferative disorder is at a site of 

mechanical injury to an arteriaJ wall produced by treatment of an atherosclerotic lesion by angioplasty. 

94. The method according to ~laim 92, wherein the compound according. to claim I is administered 

by means of an angioplasty balloon coated with a hydrophilic film saturated with the compound 

according to claim J ; 

95. The method according to clajm 92, wherein the compound according to claim 1 is administered 

by means of a catheter comprising an infusion cl)amber containing a solution of the compound according 

·to claim 1. ·.: , 

96. The method according to claim 92 wherein the compound according to claim I is administered 

20 .. by means of a coating .on a stent device, wherein the coating comprises a compound according to claim 

J. 

97. The method according :to claim 90 wherein the .pathoJogy linked to a hyperproliferative disorder 

is a cancer susceptible to treatment by inhibition of PDGF tryosine kinase. 

25 
98. The method according to claim 97 wherein the cancer.is brain cancer, ovarian cancer, colon 

cancer, prostate cancer, lung cancer, Kaposi's sarcomo or malignant melanoma. 

99. A method for treating inflam~ation in a patient suffering from such disorder comprising 

administering to said patient an effective amount of a compound according to claim 1. 

30 
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