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SUBSTITUTED 3-CYANOQUINOLINES AS PROTEIN TYROSINE KINASES
INHIBITORS

BACKGROUND OF THE INVENTION

This invention relates to certain substituted 3-cyano quinoline compounds as
well as the pharmaceutically acceptable' salts thereof. The compounds of the present
invention inhibit the action of certain growth factor receptor protein tyrosine kinases
(PTK) and other protein kinases thereby inhibiting the abnormal growth of certain. .
cell types. The: compounds of this invention are therefore useful for the treatment of -
certain diseases that are the resuit of deregulation of these PTKs. The compounds of

this invention are anti-cancer agents and are useful for the treatment of cancer in . - . .

mammals. In addition, the compounds of this invention are useful for the treatment of

polycystic kidney disease in mammals. This invention also relates to the manufacture .. :

. of said 3-cyano quinolines, their use for the trcatment of cancer and polycystic kidney -
- disease, and the pharmaceutical preparations containing them.
15 . 7
- phosphate group:from ATP to a tyrosine residue located on a protein substrate. -

- Protein tyrosine kinases clearly play a role in normal cell growth. Many of the growth .-~ -

factor receptor proteins function as tyrosine kinases and it is by this process that they
effect signaling: The interaction of growth factors with these receptors is a necessary
event in normal regulation of cell growth. However, under certain condition;s; asa
result of either mutation or overexpression, these receptors can become deregulated;
the resuit of which is uncontrolled cell proliferation which can lead to tumor growth
and ultimately 1o the disease known as cancer [Wilks A.F., Adv. Cancer Res., 60, 43

.(1993) and Parsons, J.T.; Parsons, S.J., Important Advances in Oncology, DeVita

V.T. Ed., 1.B. Lippincott Co., Phila., 3 (1993) ]. Among the growth factor receptor
kinases and their proto-oncogenes that have been identified and which are targets of
the compounds of this invention are the epidermal growth factor receptor kinase
(EGF-R kinase, the protein product of the erbB oncogene), and the product produced
by the erbB-2- (also referred to as the neu or HER2) oncogene. Since }he

phosphorylation event is a necessary signal for cell division to occur and since .

‘Protein tyrosine kinases are a class of enzymes that catalyze the transfer of a -+
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overéxpressed or mutated kinases have been associated with cancer, an inhibitor of
this event, a protein tyros_ine kinase inhibitor, will have therapeutic value for the
treatment of cancer and other diseases charaéfcrizcd by uanh_trolled or abnormal cell
growth. For example, ovérexpression of the receptor kinasé product of the erbB-2
oncogene has been associated with human breast and ovanan cancers [Slamon, D. J.,

et. al., Science, 244, 707 (1989) and Science, 235 , 1146 (1987)] Deregulation of
EGF-R kinase has been associated with epidermoid tumors [Reiss, M., et. al., Cancer

Res., 51, 6254 (1991)], breast tumors [Macias, A., et. al., Anticancer Res., 7, 459

(1987)], and tumors involving other major organs [Gullick, W.J., Brit. Med. Bull.,; 47,
87 (1991)). Because of the importance of the role played by deregulated receptor
kinases in the pathogenesis of cancer, many recent studies have. dealt with the

development of specific PTK inhibitors as potential anti-cancer therapeuhc agents-

[some recent reviews: Burke T.R., Drugs Future, 17, 119 (1992) and Chang, C.J.; . -
Geahlen, RL., J. Nat. Prod., 55, 1529 (1992)]. The compounds of this invention. ..

inhibit the kinase activity. of EGF-R and are therefore: useful for treating certain. -

disease states, such as cancer, that result, at least in part, from deregulation of this

receptor. . The .compounds gf this invention are also useful for the treatment and.
prevention of certain pre-cancerous conditions, such as the growth of colon polyps, -

that result, at least in part, from deregulation of this receptor., ) :

It is also known that deregulation of EGF receptors is a fa_c_tor in the growth of
epithelial cysts in the disease described as polycystic kidney disease [Du J., Wilson P.
D., Amer. J. Physiol., 269(2 Pt 1), 487 (1995); Nauta 1., et al., Pediatric Research ,
37(6), 755 (1995); Gatione V.H., et al., Developmental. Biology, 169(2), 504 (1995);
Wilson P.D., et al., Eur. J. Cell Biol, 61(1), 131, .(1993)]. The compounds of this
invention, which inhibit the catalytic function of the EGF re(_:ep'tor_s, are consequently
useful for the treatment of this disease. .

The mitogen-activated protein kinase (MAPK) pathway is a:major pathway in
the cellular signal transduction cascade from growth factors to the cell nucleus. The
pathway involves kinases at two levels: MAP kinase kinases (MAPKK), and their
substrates MAP kinases (MAPK). There are different isoforms in the MAP kinase
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family. (For review; see Rony Seger and Edwin G. Krebs, FASEB, Vol. 9, 726, June
1995).  The compounds of this invention can inhibit the action of two of these
kinases: MEK, a MAP kinase kinase, and its substrate ERK, a MAP kinase. MEK is
activated by phosphorylaﬁdn. on two serine residues by hpst‘ream-- kinases such as
members of the raf family. When activated, MEK catalyzes phosphorylation on a
threonine and a tyrosine residue of ERK. The activated ERK then phosphorylates
ang activates transcription factors in the nucleus, such as fos and jun, or other cellular -
targets with PXT/SP sequences. ERK, a p42 MAPK is found to be essential for cell"

proliferation and differentiation. Over-expression and/or over-activation of Mck or. .-
ERK has been found to be associated with various human cancers (For example, -~
Vimala S. Sivaraman, Hsien-yu Wang, Gerard J. Nuovo, and Craig C. Malbon, J.
Clin. Invest. Vol. 99, No. 7April 1997). It has been demonstrated that inhibition of -

. MEK prevents ‘activation of ERK and subsequent activation of ERK substratés in ...
cells, resulting in inhibition of cell growth stimulation and reversat of the phenotype -~ = -
of ras-transformed cells (David T. Dudley, Long Pang, Stuart J. Decker, Alexander J. -.. ..
Bridges, and Alan R. Saltiel, PNAS; Vol. 92, 7686, August 1995). Since; as. -

demonstrated below, the compounds of this invention can inhibit the coupled action: -

of MEK and ERK , they arc useful for the treatment of diseases such as cancer which .

are characterized by uncontrolled cell proliferation and which, at least in part, depend

on the MAPK pathway.

Epithelial Cell Kinase (ECK) is a receptor protein tyrosine kinase (RPTK)
belonging to the EPH (Erythropoietin Producing Hepatoma) family. = Although
originally identified as an epithelial lineage-specific tyrosine kinase, ECK has.
subsequently been shown to be expressed on vascular endothelial cells, smooth
muscle cells, and fibroblasts. ECK is a‘type I transmembrane glycoprotein with the
extracellular ligand-binding domain consisting of a cysteine-rich region followed by
three fibronectin type IIl repeats. - The intracellular domain of ECK possesses a
tyrosine kinase catalytic domain that initiates a signal transduction cascade reflecting
the ECK function. ECK binds and is subsequently activated by its counter-receptor,
Ligand for Eph-Related Kinase (LERK)-1, which is an immediate early response
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gene 'product readily inducible in a lineage-unrestricted manner with proinflammatory

cytokines such as IL-1 or TNF. Soluble LERK-1 has been shown to stimulaté ,

angiogenesis in part by stimulating ECK in a murine model of corneal angiogenesis.
Unlike their normal counterparts, tumor cells of van’o;i_s lineages constitutively

‘express LERK-1 and this expression can further be uprcgulated by hypoxia and

proinflammatory cytokines. Many of these tumor cells also express ECK at higher
levels than their normal counterparts, thereby creating an opportunity for autocrine
stimulation via ECK : LERK-1 interaction. The increased expression of both ECK
and LERK-1 has been correlated with the transfonnatiori of melanomas from the
noninvasive horizontal phase of growth into very invasive vertically growing
metastatic melanomas. Together, the ECK : LERK-1 interaction is believed to

. promote tumor growth via its tumor growth promoting and angiogenic effects. Thus,

the inhibition of the ECK tyrosine kinase -activity- mediating signaling cascade

induced by its binding and cross-linking to LERK-1 may be therapeutically berieficial -
in cancer, inflammatory’ diseases, and hyperproliferative disorders. As.is.shown
below, the compounds of this invention inhibit the tyrosine kinase activity of ECK

and are therefore useful for the treatment of the aforementioned disorders.

_ Gr_owth of most solid tumors is dependent on the angiogenesis involving
activation, proliferation and migration of vascular endothelial cells and their
subsequent differentiation into capillary tubes. Angiogenization of tumors:allows
them access to blood-derived oxygen and nutrients, and also provides them adequate
perfusion. Hence inhibiting aﬁgiogcnesis is an important therapeutic strategy in not
only cancer but also in a number of chronic diseases such as rheumatoid arthritis,
psoriasis, diabetic retinopathy, age-related macular degeneration, and so on. Tumor
cells produce a number of angiogenic molecules. Vascular Endothelial Growth Factor
(VEGF) is one such amgiogenic factor. . VEGF, a homodimeric disulfide-linked
member of the PDGF family, is an endothelial cell-specific mitogen and is known to

cause profound increase. in the vascular endothelial permeability in the affected

tissues. VEGEF is also a senescence-preventing survival factor for endothelial cells.

Almost all nucleated tissues in the body possess the capability to express VEGF in
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r'eSpénse‘- ‘to various stimuli including hypoxia, glucosc deprivation, advanced
glycation products, inflammatory cytokines, etc. Growth-promoting angiogenic
effects of VEGF are mediated predominantly via its signaling receptor Kinase insert

Domain containing Receptor (KDR). The expression of KDR is low on most -
endothelial cells; however, activation with angiogenic agents results in a significant.

upregulation of KDR on endothelial cells. - Most angiogenized blood vessels express -

high-levels of KDR. KDR is a receptor protein tyrosine kinase with an extracellular

VEGF-binding domain consisting- of 7 immunoglobulin-like domains and a

cytoplasmic domain containing the catalytic tyrosine kinase domain split by a kinase-

insert: region.. Binding to VEGF causes dimerization of KDR resulting in its

- autophosphorylation and initiation of-signaling cascade. Tyrosine kinase activity of =
- KDR is essential for mediation of its functional effects as a receptor for VEGF.
Inhibition of KDR-mediated functional effects by inhibiting KDR’s catalytic activity
is: considered to be an important therapeutic strategy in the treatment of angiogenized
disease states including cancer. As is shown below, the compounds of this invention -
inhibit the tyrosine kinase activity of KDR and are therefore useful for the treatment -

of the aforementioned disease states.

* - In addition to the above utilities some of the compounds of this invention are -

useful for the preparation of other compounds of this invention.
- The compounds of this invention are certain substituted 3-cyano quinolines.

Throughout this patent application, the quinoline ring system will be numbered as

indicated in the formula below; the numbering for the quinazoline ring system is also -

shown :
5 4 5 - 4 :
[ooRINee)
y Z
7 N® 2 7 N) 2
8 1 8 1

No 3-cyano quinolines have been reported that have biological activity as
inhibitors -of protein tyrosine kinases. A 3-cyano quinoline with a 4-(2-methyl
anilino) substituent having gastric (H'/K')-ATPase inhibitory activity at high

" PCT/US99/22054
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concéntrations has been described [Ife R.J., et al.; J. Med. Chem., 35(18), 3413
(1992)]. _

There are quinolines that do not have the 3-cyano substituent and, unlike the
compounds of this inventioh,_ are unsubstituted at the 4-position but are reported to be
inhibitors of protein tyrosine kinases [Gazit A., et al., J. Med. Chem., 39(11), 2170
(1996)]. A series of quinoliﬁes that have a 3-pyridyl substii,uent and no substituent at
the 4-position have been :,(_iescribed as mhibitors of platélet derived growth factor
receptor kinase [Dolle R.E,, et al., J. Med. Chem., 372, 2627 (1994) -and Maguire
M.P,, et al., J. Med. Chem., 372, 129 (1994)). The patent applications WO 96/09294
and ‘'WO-9813350, describe inhibitors of protein tyrosine kinases that:include 4-
anilino quinolines with a large variety of substituents on positions 5-8 but which must
also have a hydrogen or.fluorine -atom at position:3. The US patent 5,480,883

1.~ describes quinoline derivatives that are inhibitors of protein tyrosine kinases but these

15

derivatives do not have the unique combination:of substime;its, including the 3-cyano
group, contained in.the compounds; of the present invention. The applications WO-
9802434 and- WO-9802438 describe quinoline -derivatives. that are tyrosine*kinase

- - inhibitors but these quinolines do not have the important 3-cyano substituent . = - =+
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... In addition to quinolines, certain quinazoline derivatives that are similar, in

- some respects, to the compounds of this invention are known to be inhibitors of

protein tyrosine kinases. The application EP-520722 describes :4-anilinoguinazolines
that contain simple substituents such as chloro, trifluoromethyl, -or nitro groups at
positions 5 to 8. The application EP-566226 is similar but v_}ith'a much larger variety
of substituents now allowed at positions 5 to 8. The Application WO0-9609294
describes compounds with similar substituents at positions 5 to 8 and with the
substituent at to 4-position co_nsisting of some polycyclic ﬁng syétems. Some simple
substituted quinazolines are also described in the applications W0-9524190, WO-
9521613, and WO-9515758. The applications EP-602851 and WO-9523141 cover
similar quinazoline derivatives where the aryl group attached at position 4 can be a
variety of heterocyclic ring structures. The application EP:-635498 describes cértain

quinazoline derivatives that have alk@noylamino and alkynoylamino groups among
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the substituents at position 6 and a halogen atom at position 7. The application WO-
9519774 describes compounds where one or more of the carbon atoms at positions 5-
8 can be replaced with heteroatoms resulting in a large variety of bicyclic systems
where the left-hand ring is a 5 and 6-membered heterocyclic ring; in addition, a
5  variety of substituents are allowed on the left-hand ring. The application EP-682027-
Al describes certain pyrrolopyrimidine inhibitors of PTKs. The application WO-
9519970 describcs compounds in which the left-hand aromatic ring of the basic
quinazoline structure has been replaced with a wide variety. of different heterocyclic
rings so that the resulting inhibitors are tricyclic. The application EP-635507 -
10 describes quinazolines where an additional 5 or 6-membered heterocyclic rilig with
optional substitution is fused at positions 5 and 6.

In addition to the aforementioned patent applications, a number of -
publications describe 4-anilinoquinazolines: Fry, D.W., et. al., Scierice, 265, 1093 =
(1994), Rewcastle G.W., et. al., J. Med. Chem., 38, 3482 (1995), and Bridges, A.J., -

15 et al, J. Med. Chem., 39, 267, (1996). There are no publications that ‘describe 3-

cyano quinolines as PTK inhibitors.

DESCRIPTION OF THE INVENTION
This invention provides a compound of formula 1:

20
(CHR)-X
Vae
R4 Z_
Gy N C=N
Z
Gs N
R4
1
wherein:

X is a bicyclic aryl or bicyclic heteroaryl ring system of 8 to 12 atoms where the
bicyclic heteroaryl ring contains 1 to 4 heteroatoms selected from N, O, and S
25 - with the proviso that the bicyclic heteroaryl ring does not contain O-O, S-S,
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or S-O bonds and where the bicyclic aryl or bicyclic heteroaryl ring may be

_ optionally mono- di-, tri, or tetra-substituted with a substituent selected from

the group consisting of halogen, oxo, thio, alkyl of 1-6 carbon atoms, alkenyl
of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, azido, hydroxyalkyl of 1-6
carbon = atoms, halomethyl, alkoxymethyl of 2-7. carbon atoms,
alkanoyloxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms,
alkylthio of 1-6 carbon atoms, hydroxy, trifluoromethyl, cyano, nitro,

‘carboxy, carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms,
. . phenoxy, phenyl, thiophenoxy, benzoyl, benzyl, amino, alkylamino of 1-6 -

carbon atoms, -dialkylamino of 2 to. 12 carbon -atoms, phenylamino,

“ benzylamino, alkanoylamino of 1-6 .carbon atoms, alkenoylamino of 3-8

carbon atoms, - alkynoylamino of 3-8 carbon atoms, carboxyalkyl of 2-7

- carbon atoms, carboalkoxyalky of 3-8 carbon atoms, aminoalky! of 1-5 carbon
atoms,” N-alkylaminoalkyl of 2-9 carbon atoms, N,N-dialkylaminoalkyl of 3- - -
...10 . carbon atoms, -N-alkylaminoalkoxy -of: 2-9..carbon atoms, N,N-

dialkylaminoalkoxy of 3-10 carbon atoms, mercapto, and benzoylamino; or

-+ +Xds a radical having the formula:

20

25

30

/A\T/L )

‘wherein A is a 'pyri'diny1-, pyiirhidiny],’ or phenyl ring; wherein the pyridinyl,

pyrimidinyl, or phenyl ring may be optionally mono- or di-substituted with a
substituent selected from the group consisting of halogen, alkyl of 1-6 carbon
atoms, alkenyl of 2-6 carbon atoms, a]kynyl of 2-6 carbon atoms, azido,
hydroxyalkyl of 1-6 carbon 'atoms? haldinethyl, alkoxymethyl of 2-7 carbon
atoms, alkanoyloxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms,
alkylthio of 1-6 carbon atoms, hydroxy, trifluoromethyl, cyano, nitro,
carboxy, carboalkoxy of 2-7 carbon atoms, carbo_alkyl of 2-7 carbon atoms,
phenoxy, phenyl, thiophenoxy, benzoyl, benzyl, amino, alkylamino of 1-6
carbon atoms, dialkylamino of 2 to 12 carbon atoms, phenylamino,

. benzylamino, a]kanoylamino of 1-6 carbon atoms, alkenoylamino of 3-8

carbon atoms, alkynoylamino- of 3-8 carbon atoms, carboxyalkyl of 2-7

PCT/US99/22054



WO 00/18761

9.

carbon atoms, carboalkoxyalky of 3-8 carbon atoms, aminoalkyl of 1-5 carbon
atoms, N-alkylaminoalkyl of 2-9: carbon atoms, N,N-dialkylaminoalkyl of 3-
10 carbon atoms, N-alkylaminoalkoxy of 2-9 carbon atoms, N,N-

- dialkylaminoalkoxy of 3-10 carbon atoms, mercapto, and benzoylamino;

5 Tisbonded to a carbon of A and is:

10

15

20

25

30

- NH(CH,),, -O(CH),~, -S(CH,),~, -NR(CH)),- , -(CH,),-
~(CH,),NH -, - (CH,),O -, - (CH,), S , or - (CH,).NR -;

L is an unsubsitituted phenyl ring or a phenyl ring mono-, di-, or tri-substituted witha * -

substituent selected from the group consisting of halogen, alkyl of 1-6 carbon -
atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, azido, -
hydroxyalkyl of 1-6 carbon atoms, halomethyl, alkoxymethyl of 2-7 carbon
atoms, alkanoyloxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms,
‘alkylthio of 1-6 carbon atoms, hydroxy, triﬂupromethyl,’ cyano, nitro, - -

" carboxy, carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms, =
. - phenoxy, phenyl, thiophenoxy, benzoyl, benzyl, amino, alkylamino of 1-6 - -

carbon atoms, dialkylamino of 2 to 12 carbon 'atoms, phenylamino, |

benzylamino, alkanoylamino of 1-6 carbon atoms, alkenoylamino of 3-8 -
carbon atoms, alkynoylamino of 3-8 carbon atoms, carboxyalkyl of 2-7
carbon atoms, carboalkoxyalky of 3-8 carbon atoms, aminoalkyl of 1-5 carbon
atoms, N-alkylaminoalkyl of 2-9 carbon atoms, N,N-dialkylaminoalkyl of 3-
10 carbon atoms, N-alkylaminoalkoxy of 2-9 carbon atoms, N,N- -
dialkylaminoalkoxy of 3-10 carbon atoms, mercapto, and benzoylamino;

- provided that L can be an unsubstituted phenyl ring only when m > 0 and T is
- not -CH,NH- or -CH,0O-; or
L is a 5- or 6-membered heteroaryl ring where the heteroaryl ring contains 1 to 3

heteroatoms selected from N, O, and S, with the proviso that the heteroaryl
ring does not contain O-O, S-S, or S-O bonds, and where the heteroaryl ring
is optionally mono- or di-substituted with a substituent selected from the

- group consisting of halogen, oxo, thio, alkyl of 1-6 carbon atoms, alkenyl of

2-6 carbon atoms, alkynyl of 2-6 carbon atoms, azido, hydroxyalkyl of 1-6

PCT/US99/22054
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carbon atoms, halomethyl, alkoxymethyl of 2-7 carbon atoms, alkanoyloxy-
methyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms, alkylthio of 1-6
carbon atoms, hydroxy, trifluoromethyl, cyano, nitro, carboxy, carboalkoxy of
2-7 carbon atoms, carboalkyl of 2-7 carbon atoms, " phenoxy, phenyl,
thiophenoxy, benzoyl, benzyl, amino, alkylaminb_- of 1-6 carbon atoms,
dialkylamino of 2 to 12 carbon - atoms, - phenylamino, benzylamino,

alkanoylamino of 1-6 carbon atoms, alkenoylamino of 3-8 carbon atoms,

-alkynoylamino of 3-8 carbon atoms, carboxyalkyl of 2-7 carbon atoms,

carboalkoxyalky of 3-8 carbon atoms, aminoalkyl of 1-5 carbon atoms, N-

~ alkylaminoalkyl of 2-9 carbon atoms,N,N-dialkylaminoalkyl of 3-10 carbon
- atoms, N-alkylaminoalkoxy of 2-9 carbon atoms, N;N-dialkylalninoalkoxy of

3-10 carbon atoms, mercapto, and benzoylamino; -

»." Zi8 “NH-,-0-, -S-, or -NR-3 '
+ .« -+ Ris‘alkyl of 1-6 carbon atoms; or carboalkyl of 2-7 carbon atoms;

20

25

atoms, alkenyl of 2-6 carbon ‘atoms, alkynyl of 2-6 carbon atoms, alkenyloxy
of 2-6 carbon: atoms, alkynyloxy of 2-6 carbon atoms, hydfoxymethyl,
halomethyl, alkanoyloxy of 1-6 carbon atoms, alkenoyloxy of 3-8 carbon

- atoms, alkynoyloxy of 3-8 carbon atoms, alkanoyloxymethyl of 2-7 carbon

atoms, alkenoyloxymethyl of 4-9 carbon -atoms, alkynoyloxymethyl of 4-9
carbon atoms, alkoxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms,
alkylthio of 1-6 carbon atoms, alkylsulphinyl - of 1-6 carbon atoms,
alkylsulphonyl of 1-6 carbon atoms, alkylsulfonam_idd of 1-6 carbon atoms,
alkenylsulfonamido of 2-6 carbon atoms, alkynylsulfonamido of 2-6 carbon
atoms, hydroxy, trifluoromethyl, triﬂuoromethoxy, cyano, nitro, carboxy,
carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms,; phenoxy,
phenyl, thiophenoxy, benzyl, amino, hydroxyamino, alkoxyamino of 1-4

~carbon atoms, . alkylamino of 1-6 carbon atoms, dialkylamino of 2 to 12

carbon atoms, N-alkylcarbamoyl, N,N-dialkylcarbamoyl, N-alkyl-N-

PCT/US99/22054
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- alkenylamino of 4 to 12 carbon atoms, N,N-dialkenylamino of 6-12 carbon
atoms, phenylamino, benzylamino,

* (C(Re)2)p.
Rr-C(Re)—N NH(CR))cY- | ReRy-CH-M—(C(Rela)c Y-
(CRe)p |

R7~(C(Re)a)g-Y- . Rr-(C(Re)2)lp-M~(C(Re)o)icY- . or Het-(C(Re)a)-W(C{Re)o)i-Y-:

or R1 and R4 are as defined above and G or G2 or both are Ra—NH— ;
10 or if any of the substituents Ry, G2, G3, or R4 are located on contiguous
carbon atoms then they may be taken together as the divalent radical

_ 'O'C(R6)z'0 o )
Y is a divalent radical selected from the group consisting of
—(CHp),— , —0— ,and —N—

, , | _'Rls ;
15 Rgis -NRgRg, -ORg, -J, N(Rg)3 ", o -NRG(ORg) ;
 Mis >NRg, -O-, >N-(C(Rg))pNRgR, or >N-(C(Rg)2),-ORe:
W is >NRg, -O- or is a bond;
Het is is sclected from the group consisting of morpholine, thiomorpholine,
thiomorpholine S-oxide, thiomorpholine S,S-dioxide, piperidine, pyrrolidine,
20 aziridine, pyridine, imidazole, 1,2,3-triazole, 1,2,4-triazole, thiazole,
thiazolidine, tetrazole, piperazine, furan, thiophene, tetrahydrothiophene,.
(OCH,CHL0),

&

wherein Het is optionally mono- or di-substituted on carbon or nitrogen with

tetrahydrofuran, dioxane, 1,3-dioxolane, tetrahydropyran, and

25 Rg, optionally mono- or di-substituted on carbon with hydroxy, -NRg)2, or
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-ORg, optionally mono or di-substituted .on carbon with the mono-valent
radicals -(C(Rg)2)sORg or -(C(Rg)2)sN(Rg)2, and optionally mono or di-
substituted on a saturated carbon with divalent radicals -O- or -O(C(Rg)2)s0-;

5 Regis hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-
| 6 carbon atoms, cycloalkyl of 1-6 carbon atoms, carboalkyl of 2-7 carbon
atoms, carboxyalkyl (2~7 carbon atoms) phenyl, or phenyl optionally
substitated with one or more halogen, alkoxy of 1-6 carbon atoms,
. triﬂuoro_methyl, amino, alkylamino of 1-3 carbon atoms,. dialkylémino of 2-6
1'.0 | carbon atoms, nitro, cyano, azido, halomethyl, a]kokymethyl of 2-7 carbon
atoms, alkanoyloxymethyl of 2-7 carbon atoms, alkyltluo of 1-6. carbon
atoms, hydroxy, carboxyl carboa]koxy of 2—7 carbon atoms, phenoxy, phenyl,
thiophenoxy, benzoyl benzyl phenylammo benzylamino, alkanoylammo of
. 1-6 carbon atoms, or alkyl of 1-6 (carbon atoms; with the prowso that the -
15 . | alkenyl or alkynyl moiety is bound to a nitrogen or oxygen atom through a -

saturated carbon atom;

R2,is Selected from the group consisting of
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R3 is mdependently hydrogen alkyl of 1-6. carbon atoms, carboxy, carboa]koxy of

1-6 carbon atoms, phenyl, carboalkyl of 2-7 carbon atoms,

_ | CRay
RACRIZ—N N-ClRd)r
(C(Radlp
R~CRelds. .  Rr(C(Re)lM—(CRa))

ReRg-CH-M—(C(Re)2). ,or Het-(C(Re)2)W-(C(Rg)2)

10  Rs is independently hydrogen, alkyl of 1-6 carbon atoms, carboxy, carboalkoxy of

1-6 carbon atoms, phenyl, carboalkyl of 2-7 carbon atoms,

(C(Re)2)p

' RT(C(RG)Z)p—N\ . /N‘(C(Rs)z)r‘

(C(Re)2)p
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R7—(C(Rel)s . R7.(C(Re)2)p-M—(C{Re)2)r -

ReRo-CH-M—(C(Re)2)r . or Het-(C(Re)2)gW-(C(Re))r

Rg, and Rg are each, independently, -(C(Rg)2){NRgRg. or -(C(Rg)2)r ORg;
J is independently hydrogen, chlorine, fluorine, or bromine;

Q is alkyl of 1-6 carbon atoms or hydrogen;

a=0orl;

g=1-6; .

k=0-4;

nis 0-1;

mis 0—3;.'

p=2-4;

q=0-4;

r=1-4; |

s =1-6;

u=0-4 and v =0-4 , wherein the sum of u+y is 2-4;
or a pharmaceutically acceptable salt thereof,
provided that |

when Rg is alkenyl of 2-7 carbon atoms or alkynyl of 2-7 carbon atoms, such

alkenyl or alkynyl moiety is bound to a nitrogen or oxygen atom

through a saturated carbon atom;
and further provided that

when Y is -NR6- and R7 is -NRgRs, -N(Rg)3", or -NRg(ORg), then g = 2-6;

when M is -O- and R7 is -ORg then p = 1-4;
when Y is -NRg- then k = 2-4;
when Y is -O- and M or W is -O- then k = 1-4;
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when W is not a bond with Het bonded through a nitrogen atom then g = 2-4;
and when W.is a bond with Het bonded through a nitrogen atom and Y is -O-
or -NRg- then k =2-4. |

The pharmaceutically acceptable salts are those derived from such organic and
inorganic acids as: acetic, lactic, citric, tartaric, succinic, maleic, malonic, gluconic,
hydrochloric, hydrobromic, phosphoric, nitric, sulfuric, methanesulfonic, and
smﬂarly known acceptable ac1ds

_ Preferred bicyclic aryl or b1cychc heteroaryl ring systems mclude naphthalene,
1,2,3,4-tetrahydronaphthalenc, indane, 1-oxo-indane, 1,2,3,4ﬂtetrahydroqumohne,

naphthyridine, benzofuran, 3-oxo-1,3-dihydro-isobenzofuran, benzothiaphene, 1,1-

dioxo-benzothiaphene, indole, 2,3-dihydroindole, : 1,3-dioxo-2,3-dihydro-1H-

isoindole, benzotriazole, 1H-indazole, indoline, benzopyrazole, 1,3-benzodioxole,
| benzdoxazole, purine, phthalimide, coumarin, chromone, quinoline, terahydro-
'qhinoline, isoquinoline, benzimidazole, quinazoline, pyrido[2,3-blpyridine, pyrido- -
[3,4-b]pyrazine, pyrido[3,2-c]pyridazine, pyrido[3,4-b]pyridine, 1H—pyrazole[3,4~'-
d]pyrimidine, 1,4-Benzodioxane, pteridine, 2(1H)-quinolone, 1(2H)-isoquinolone, 2-
on—2,3-dihydro—benzthiazo‘lé, 1,2-methylenedioxybenzene, 2-oxindole, 1,4-benz- -

isoxazine, benzothiazole, quinoxaline, quinoline-N-oxide, isoguinoline-N-oxide, -

quinoxaline-N-oxide, qumazohne—N—ox:de, benzoazme, phthalazine, l4-dioxo-

1,2,3,4-tetrahydro-phthalazine, 2-o0xo-1 2—d1hydro—qu1nolme 2,4-dioxo-1 4—d1hydro-

2H-benzo[d][1,3]oxazine, 2,5-dioxo-2,3,4,5-tetrahydro-1H-benzo[c][ 1 ,4]d1az¢p1ne,
or cinnoline.

When Lisa$sor 6-membered heteroaryl ring, preferred heteroaryl rings
mclude pyridine, pyrimidine, imidazole, thiazole, thiazolidine, pyrrole, furan
thiophene, oxazole, or 1,2,4-triazole.

Either or both rings of the b1cychc aryl or bicyclic heteroaryl group may be
fully unsaturated partially saturated, or fully saturated. An oxo substituent on the
bicyclic aryl or bicyclic heteroaryl moiety means that one of the carbon atoms has a
carbonyl group. An thio substituent on the bicyclic aryl or blcychc heteroaryl moiety
means that one of the carbon atoms has a thiocarbonyl group.
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" When L is a 5 or 6-membered heteroaryl ring, it may be fully unsaturated,
partially saturated, or fully saturated. The heteroaryl ring can be bound to A via
carbon or nitrogen. An oxo substituent on the heteroaryl ring means that one of the
carbon atoms has a carbonyl group. An thio substituent on the heteroaryl ring means’
that one of the carbon atoms has a thiocatbonyl group.

The alkyl portion of the alkyl, alkoxy, alkanoyloxy, alkoxymethyl,
alkanoyloxymethyl, alkylsulphinyl, alkylsulphonyl, alkylsulfonamido, carboalkoxy,:

carboalkyl, carboxyalkyl, carboalkoxyalkyl, alkanoylamino, N-alkylcarbamoyl, and: - - -

N,N-dialkylcarbamoyl , N-alkylaminoalkoxy, N,N-dialkylaminoalkoxy include both
straight chain as well as branched carbon chains. The alkenyl portion of the alkenyl,
alkenoyloxymethyl, alkenyloxy, alkenylsulfonamido, substituents include both’

 straight chain as well as branched carbon chains and one or more sites of unsaturation

and all possible configurational isomers. The alkynyl portion of the alkynyl,

alkynoyloxymethyl, alkynylsulfonamido, alkynyloxy, substituents include both-
straight chain as well as branched carbon chains and one or more sites of

_unsamratioﬂ. Carboxy is defined as a -CO2H radical. Carboalkoxy of 2-7 carbon .-

._atoins is defined as a -CO2R" radical, where R" is an alkyl radical of 1-6' carbon

atoxhs. Cafboxyalkyl is deﬁﬁed as a HO2C-R™- radical where R" is a divalent alkyl
radical of 1-6 carbon atoms. Carboalkoxyalkyl .is defined as a R"O2C-R™- radical
where R" is a divalent akyl radical and where R" and R™ together have 2-7 carbon
atoms. Carboalkyl is defined as a -COR" radical, where R" is an alkyl radical of 1-6
carbbn atoms. Alkanoyloxy is defined as a -OCOR" radical, where R" is an alkyl
radical of 1-6 carbon atoms. Alkanoyloxymethyl is defined as R"CO2CH2- radical,
where R" is an alkyl radical of 1-6 carbon atoms. Alkoxymethyl is defined as
R"OCH2- radical, where R" is an alkyl radical of 1-6 carbon atoms. Alkylsulphiny] is
defined as R"SO- radical, where R" is an alkyl radical of 1-6 carbon atoms.
Alkylsulphonyl is defined as R"SO2- radical, where R" is an alkyl radical of 1-6
carbon _iioms. Alkylsulfonamido, alkenylsulfonamido, alkynylsulfonamido are
defined as R"SO2NH- radical, where R" is an alkyl radical of 1-6 carbon atoms, an -
alkenyl radical of 2-6 carbon atoms, or an alkynyl radical of 2-6 carbon atoms,
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respei:tively. N-alkylcarbamoyl is defined as R"NHCO- radicai, where R" is an alkyl
radical of 1-6 carbon atoms. N,N-dialkylcarbamoyl is deﬁné_d as R" R'NCO- radical,
where R" is an alkyl radical of 1-6 carbon atoms, R’ is an alkyl radical of 1-6 carbon
atoms and R', and R" may be the same or different . When X is substituted, it is
preferred that it is mono- , di- , or tri-substituted, with monosubstituted being most
preferred. It is preferred that of the substituents R1 and R4, at least one is hydrogen
and it is most preferred that both be hydrogen. It is also preferred that X is a phenyl
ring, Zis -NH-, and n = 0.

Het is a heterocycle, as defined above which may be optionally mono- or di-
substituted with Rg on carbon or nitrogen, optionally mdno- or di-substituted on

carbon with hydroxy, -N(Rg)2, or -ORg, optionally mono or di-substituted on carbon
with with -(C(R¢)2)sORg or -(C(Rg)2)sN(Rg)2 , and 'optionally mono ‘or di- -
substituted ona saturated carbon with divalent -O- or -O(C(Rﬁ)z)so- (carbonyl and

ketal groups , respect:vely), in some cases when Het is substituted with -O-'- -
(carbonyl), the carbonyl group can be hydrated. Het may be bonded to W when q = 0
via a carbon atom on the heterocyclic ring, or when Het is a nitrogen containing’
heterocycle which also contains a saturated carbon-nitrogen bond, such heterocycle
may be bonded to carbon, via the mtrogen when W is a bond. When q = 0 and Het is
a nitrogen containing heterocycle which also contains an unsaturated carbon-nitrogen
bond, that nitrogen atom of the heterocycle may be bonded to carbon when W is a
bond and the resulting heterocycle will bear a positive.:-charge. When Het is
substituted with Rg, such substitution may be on a ring carbon, or in the case of a

nitrogen containing heterocycle, which also contains a saturated carbon-nitrogen,
such nitrogen may be substituted with Rg or in the case of a nitrogen containing
beterocycle, which also contains an unsaturated czirbon—nitmgen, such nitrogen may
be substituted with Rg in with case the heterocycle will bear a positive charge.
Preferred heterocycles include pyridine, 2,6—disubstitﬁted 'morpholine, 2,5-
disubstituted thiomorpholine, 2-substituted imidazole, substituted thiazole, N-



10

15

20

WO 00/18761 - | PCT/US99/22054

-19 -

substituted imidazole, N-subsitituted 1,4-piperazine, N-subsitituted piperadine, and -
N-substitutcd pyrrolidine.

The compounds of this invention may contain one or more asymmetric carbon.
atoms; in such cases, the compounds. of this invention include the individual
diastereomers, the racemates, and the individual R and S entantiomers thereof. Some
of the compounds of this invention may contain one or more double bonds; in such
cases, the compounds of this invention include each of the possible configurational

isomers as well as mixtures of these isomers.

The compounds having formula 1 and their salts may be prepared by a process

which comprises

(a)  reacting a compound having the formula

CH)-X
R1 _ Z/( Z)n . |
Gy E ' ‘ CO-NH;
. G2 )
R4

wherc Ry, Gy, Gy, R4, Z, n and X are as defined above with a dehydrating agent so as

to convert the aminocarbonyl group into a cyano group, or

(b)  reacting a compound having the formula
A1-NH-A,
or a salt thereof with a compound having the formula
QA
where Q is a leaving group and A;, A; and Aj are such that 'AI-NAz—A3 is a

compound conforming with formula 1; or
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©) . ' reacting 2 compound having the formula
A4-OH
or a salt thereof with a compound having the formula
- QAs
where Q is as defined above and A4 and Ag are such that A,4- O-A5 isa compound

conforming with formula 1; or

(d)  adding an acid to a compound having formula 1 so that an acid addition salt is

' prepared.

The preparation of the compounds and intermediates of this invention encompassed -
by Formula 5 is described below in Flowsheet 1 where Z, X, n, R,, G,, G,, and R, are
as described above. According to the sequence of reaction outlined in Flowsheet 1, a

quinoline-3-carboxylic acid ester of Formula 2 is hydrolyzed with base to furnish a - -

carboxylic acid of Formula 3. The carboxylic acid group of 3 is converted to an acyl -
imidazole by heating it with carbonyldiimidazole in an inert solvent such as
dimethylformamide (DMF) followed by the addition of ammonia to gi\}e the amide 4.
Dehydration of the amide functional group with a dehydrating agent such as
trifluoroacetic anhydride in pyridine, phosphorous pentoxide in an inert solvent, or
the like gives the 3-cyano quinolines, 5, of this invention. In those cases where any of
the intermediates have an asymmetric carbon atom, they can be used as the racemate
or as the individual R or S entantiomers in which case the compounds of this
invention will be in the racemic or R and S optically active forms, respectively. The
quinoline-3-carboxylic acid esters of Formula 2, the quinoline-3-carboxylic acids of
Formula 3, and the quinbline-s-carboxylic amides of Formula 4 needed to prepare the
compounds of this invention are either already known to the art or can be prepared by
procedures known in the art as detailed in the following references:

Sarges, Reinhard; Gallagher, Andrea; Chambers, Timothy J.; Yeh, Li An, J. Med.

Chem., 36, 2828 (1993); Savini, Luisa; Massarelli, Paola; Pellerano, Cesare; Bruni,
Giancarlo, Farmaco, 48(6), 805 (1993); Ife, Robert J.; Brown, Thomas H.; Keeling,
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David J.; Leach, Colin, J. Med. Chem., 35, 3413 (1992); Hanifin, J. William;
Capuzzi, Rosemary; Cohen, Elliott, J. Med. Chem., 12(5), 1096 (1969); Marecki,
Paul E.; Bambury, Ronald E., J. Pharm. Sci., 73(8), 1141 (1984); Pellerano, C.;
Savini; L.; Massarelli, P.; Bruni, G.; Fiaschi, A. L, Farmaco, 45(3), 269, (1990);

5  Marecki, Paul E.; Bambury, Ronald E., J. Pharm. Sci., 73(8), 114 (1984); patent
application WO 8908105; US patent 4343804; US patent 3470186.

FLOWSHEET 1
CHa)y-X _{(CHa)aX
z/( 2)n _ . R Z/ 2/n
CO,R' " NaOH
ethanol -
" _{(CH)pX
R z7 -
1. carbonyldiimidazole, DMF Gy N CONH;  (CF3CO0 _ .
— ridine
2. NH, G; N/ Pyridine
R
4

10  The preparation of the compounds of this invention encompassed by Formula 12 is
described below in Flowsheet 2 where X, Z, n, R, G,, G,, and R, are as described
above. The substituted aniline of Formula 6 is heated with or without-a solvent with

the reagent 7 to give intermediate 8 as a mixture of isomers. Thermolysis of 8 in a
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high 'boiling solvent such as diphenyl ether at 200-350°C gives the 3-cyano
quinolones of Formula 9; these intermediates may also exist in the 4-hydroxy
quinoline tautomeric form. In those cases where R, is a hydrogen atom, the
intermediates 9 may be formed as a mixture of two regioisomers. These isomers can
be separated by methods well known in the art including, but not limited to, fractional

crystallization and chromatographic méth'ods. The separated isomers can then be

. converted separately to the compounds of the invention. Alternatively, the isomers
_can be separated -at a later stage of the synthesis. Heating compounds 9 with or

- without solvent with ‘a chlorinating agent such as phosphorous oxychloride or

phosphorous pentachloride gives the 4-chloro-3-cyano quinolines of Formula 10.

- Condensation of 10 with a nucleophilic amine, aniline, mercaptan, thibi)henol,
. phenol, or alcohol réagent of Formula 11 gives.the 3-cyano quinolines intermediates
- of Formula 12; this condensation can be accelerated by heéting ‘the reaction mixture .
. -or. by using basic catalysts such as trialkylamines, sodium hydride in an inert solvent, -

sodium or potassium alkoxides in an-alcohol solvents, and the like. In those cases

where the substituents may contribute an asymmetric carbon atom, the intermediates ..

- ¢can be used as the r'aceméte or as the individual R or S entaﬁtiome_rs _in which case the .

- - compounds of this invention will be in the racemic or R and S optically active forms,

respectively. In cases where the substituents may contribute more than one

_asymmetric carbon atoms, diasteriomers may be prescnt; these can be separated by

methods well known in the art including, but not limited to, fract_ional_ crystallization

_ a_ind chromatographic methods. In those cases where R,, G, G,, and R, moieties

~ contain primary or secondary amino groups, the amino groups may first have to be

used in protected form prior to reaction with reagent 7. Suitable protecting groups
include, but are not limited to, tert-butoxycaﬂ:onyl (BOC) and ben;yloxycarbonyl
(CBZ) protecting groups. The former protecting group can be removed from the final
products of Formula 12 by treatment with an acid such as t;iﬂuor.bactic acid while the
latter protecting group c_an'be removed by catalytic hydrqgenation In those cases
where the R, G,, G,,. and R, moieties contain hydfoxyl_ groups, the hydroxyl groups
may first have to be used in protectcd form prior to reaction with reagent 7. Suitable
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protecting groups include, but are not limited to, t-butyldimethylsilyl, tetrahydro-

pyranyl, or benzyl protecting groups. The first two protecting groups can be removed

from the final products of formula 12 by treatment with an acid such as acetic acid or-

hydrochloric acid. while the latter protecting group can be removed by catalytic
5 hydrogenation. ' '

FLOWSHEET 2

R, OO __ £OCoHs R,
- CN:
G; NH; G; N
Ry Re GOk
6
Ry O
c ' G, C=N POClsor PCIS
—_— | >
PhOPh G; N
R4
9
' : R ~{CH2)p-X
Ry ¢l H-Z—(CHp), —X e, ! c=N
Gy = LI . Y
Z n-butanol Gy N/
G2 N R4 )
R4
10 12

The preparation of intenn_ediate. 15 (identical to intermediate 9 of Flowsheet
10 2) can also be prepared as describe below in Flowsheet 3. Heating the substituted
aniline of Formula 13 with dimethylformamide dimethyl acetal with or without a

solvent gives intermediates for Formula 14. The reaction of 14 with the lithium anion
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of acétonitxﬂe prepared using a base such as n-butyl lithium or the like in an inert
solvent gives the 3-Cyano quinolones, 1S, or the 3-cyano-4-hydroxy quinoline
tautomers thereof which can be converted to the compounds of this invention. In
those cases where R,, G,, G,, and R, moieties contain primary or secondary amino
groups, the amino groups may first have to be used in pfotected fom_x. Suitable
protecting groups include, but are not limited to, tert-butoxycarbonyl (BOC) and
benzyloxycarbonyl (CBZ) protecting groups. The fbrmer protecting group can be

removed from the final products of Formula 15 by treatment with an acid such as

trifluoroactic acid while the latter protectilig group can be removed by catalytic
hydrogenation. In those cases where the R,, G,, G,, and R, moieties contain hydroxyl

- groups, the hydroxyl groups may first have to be used in protected form. *Suitable
protecting groups include, but are not limited to, t-butyldimethylsilyl, tetrahydro- .
pyranyl, or benzyl protecting groups. The first two protecting groups can be removed

from the final products of formula 15 by treatment with an acid such as acetic acid or

hydrochloric acid while the Tatter protecting group can be removed by catalytic

hydrogenation.
FLOWSHEET 3
Ry ' R
Gy COH | Gy CO,CH,
' DMF acetal o
- I~
G “NH, G; N~ N(CHa)
R4 | | R4
14
13

Li+ -CH,CN
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The preparation of the compounds of this invention encompassed by Formula 24 is
described below in Flowsheet 4 wherein R1, G2, R4, Z, n, and X are defined. R10 is

alkyl of 1-6 carbon atoms (preferably isobutyl). R2' is a radical selected from the
5  group consisting of: '

' R3 R 'Rs . R3 R3
. o ] __< 3 P —_—
R3 - ’ R R 1 — R3 1 Rﬁ_s_——( ’
3 3 Ry R ‘R Rj
g )
Ry )= N : o
o Ry \(CR)

Rs.

Rs

: " ' - 7 ©(Rs)2)y -
R3=8=8—(C(Rs))y— R3/‘0>( -+ Rg—N I :

Rs . “(CReN” “Rs '

/ (C(Rs)2)y / (C(Rs)2)u
0 | r 8 I
\ (C(Re)2N

Rs N (C(RekW Rs

HCH2e  (CHo)sd E
= HCH)y—=—
HeH)! |

10  wherein R, R3,R5, ), 5,1, u, and v are defined. According to the reactions outlined

in Flowsheet 4, a 4-chloro-3-cyano-6-nitroquinoline, 16, can be reacted with an
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amine or aniline 17 by heating in an inert solvent such as tetrahydrofuran, butanol, or
methoxyethanol to give compounds of Formula 20 where Z is -NH-. The reaction of
16 with a mercaptan or thiophenol 18 in an inert solvent can be -accomplished using a
base such as sodium hydride to give compounds of Formula 20 where Z is -S-. The
reaction of 16 with a alcohol or phenol 19 in an inert solvent can be accomplished
using a base such as sodium hydride to give compounds of Formula 20 where Z is -
-O-. Compounds of Formula 20 can be reduced to a 6-amino-3-cyano-quinoline, 21,
using a reducing agent such as sodium hydrosulfite in a two phase system consisting
of tetrahydrofuran and water in the'presence of a small amount of phase transfer
catalyst or by using iron in refluxing protic solvents cbntaining_ acetic acid or
ammonium chloride. Acylation of 21 with either an acid chloride of Formula 22 ora -

mixed anhydride of Formula 23 (which is prepared from the -corresponding

'~ carboxylic acid) in an inert solvent such as tetrahydrofuran (THF) in the presence of -

an organic base such as pyridine, triethylamine, diisopropylethylamine, or N-methyl
morpholine gives the compounds of this invention of Formula 24. In ‘those cases
where 22 or 23 have an asymmetric carbon atoni, they can be used as the raccmate or
as the individual R or S entantiomers in which casé the compounds of this invention -
will be in the racemic or R and S optically active forms, respectively. In :those cases,
where the R2' contains primary or secondary amino groups, the amino groups will
first have to be protected prior to anhydride or acid chloride formation. Suitable
protecting groups include, but are not limited to, tert-butoxycarbonyl (BOC) and
benzyloxycarbonyl (CBZ) protecting groups. The former protecting grou]S can be
removed from the final products of Formula 24 by treatment with an acid such as
trifluoroactic acid while the latter protecting gronp can be removed by catalytic
hydrogenation. In those cases where the R2' contains hydroxyl groups, the hydroxyl
groups may first have to be protected priof.to anhydride or acid chloride formation.
Suitable protecting groups include, but are not limited to, t-butyldimethylsilyl,
tetrahydropyranyl, or benzyl protecting groups. The first two protecting groups can be
removed from the final products of Formula 24 by treatment with an acid such as

acetic acid or hydrochloric acid while the latter protecting group can be removed by
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catalytic hydrogenation. In those cases, in intermediates 17, 18, or 19 where X

contains primary or secondary amino groups or hydroxyl groups, it may be necessary:

to protect these groups prior to the reaction with 16. The: same amine or alcohol

protecting groups describe above can be used and they can be removed from the

products 24 as previously described.

FLOWSHEET 4

HzN-(CHz) X (17)
HS-(CHZ),,-X (18), NaH, THF

R, Cl
OsN X C=N HO-(CHz),-.-X (19), NaH, THF
. 2 >
G5 N
Rq
16
| ‘R, z-(CHanX
CH3;CO,H, CaH50H
HaCOH, C; e N?
R4
21
Ly R 7-(CHX
R\ _N C=N
N
T
Gy N

R Z,(CHz)n-X
O,N X C=N
J
Gz N~
Re
20
o
2—( or 2—<OCOR1°

,zz | 23

THF, pyridine, or (CoHs)sN - -
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By using methods similar to that describe above in Flowsheet 4, the intermediates 25
can be converted to the compounds of this invention, 26.

R, 77 (CHanX

Gy ~p =N jj)\G | y
A caeccccmc—a- E Rz' N N/
OoN N H R
Ra )
» 26

In order to prepare the compounds of this invention, certain amines are required.
Some representative amines are shown .below in List A wherein Rg, p, and r are as
defined above. These amines are available commerciaily, are known in thé chemicél S
literature, or can be prepared by simple procedures that are well known in the art. In

10 some cases, these amines may have an asymmetric carbon atoms; they can be used as
the racemate or they can be res'oive& _ahd used as the individual R or S entantiomers in
which case the compounﬁs of this invention will be in the racemic or 6ptic_ally- active -
forms, respectively. Throughout this application in the Flowsheets shown below,
these amines, and other similar amines, will be represented by the generic structure

15  of the formula:

(R'),NH , wherein this formula can represent a primary or secondary amine.
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ListA -
Hs _ 'RB\NIHG
Re NH y
WM. (s
Re “Rs N—(C{Rela)p —NH
Ry fo
N—(C(Re))y —NH Rg—0—(C(Re)ok R
{
F}s NH
Re—O—(C(Re)), —NH  Rg—O—(C{Rg));
ORs ' Rg—0—(C(Rel)
(C{Reldp
Rg—0—(C{Rglaly —NH Rs—N—(C{Rg))r
ReN—, /\ N=N,
D_NHRS . Rg— NH 8 VNH
' | Re Rs: :
o NH ‘ \
\ / 10} NH S H
>_/ ) -
X HG RS
/N I\ O/ N
S NH 0=§ NH O”s NH

NH CNH >
Re
NH < MNH Vol

O
Q-

- PCT/US99/22054

ORg
Rs - (GRal)p
N—(C(Re)), —NH
Rg
Rs—N—(C(Rg}) Ro
R NH

Re—N—(C(Re)

Re
J NH
Ry >—NH

RgN NHR;

NHRg

NHRsg

In order to prepare the compounds of this invention certain alcohols are

required. Some representative alcohols are shown below in List B wherein Rg, p, and

r are as defined above. These alcohols are available commercially, are known in the

chemical literature, or can be prepared by simple procedures that are well known in

the art. In some cases, these alcohols may have an asymmetric carbon atoms; they can
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be used as the racemate or they can be resolved and used as the individual R or S
entantiomers in which case the compounds of this invention will be in the racemic or
optically active forms, respectively. Throughout this application in the Flowsheets
shown below, these alcohols, and other similar alcohols, will be represented by the
generic structure of the formula;

R'OH
ListB

-
Rg—OH R'N—(C(Rs)z)-p—OH Rg—O—(C(Re)2}—OH

A |
Re—O~(C(Rdaly ReN—(C(Rdar Re-O—(C(Raa)

| H —OH H.

Re—O—(C(Rg)2)r | Hs—'%(c(ﬂs)z)r RG—HG—'(C(RG)Z)' |

| O—OH' BGNC>—0H : RDOH | I. _.
Eon moon  Joon

In order to prepare some of the compounds of this invention certain mixed
anhydrides of Formulas 31, 34, and 38 are required; these are prepared as outlined
below in Flowsheet 5-6 wherein Rg, R10, X, Z, n, and s are as defined above. J' is a

halogen atom chlorine, bromine, or iodine, or is a toslyate (p-toluenesulfonate) or

mesylate (methanesulfonate) grou_p.' The reaction of 27 with an amine of List A is _

accomplished 'by' heating in an inert solvent such as tetrahydrofuran or N,N—
dimethylformamide, or using potassium or cesium carbonate in acetone. The

temperature and duration of the heating will depend on the reactivity of 27; longer
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reaction times and higher temperatures may be required when s is greater than 1.
Treatment of 28 with an alkyl lithium reagent followed by quenching with an.
atmosphere of dry carbon dioxide furnishes thé carboxylic acids of formula 29. These
can be converted- to mixed anhydrides of Formula 31 using a reagent such as
isobutylchloroformate in an inert solvent such as tetrahydrofuran in the presence of a
base such as N-methylmorpholine. These anhydrides can then be used to prepare the
compounds of this invention as described above in Flowsheet 4. The reaction of 27
with an alcohol of List B is accomplished- using sodium hydride or other -non-
nucleophic base such as potassium or cesium carbonate in an inert solvent such as
tetrahydrofuran, acetone, or N,N-dimethylformamide. In some cases, the alcohol of
List B can also be the solvent of the reaction. Treatment of 32 with an alkyl lithitm
reagent followed by quenching with an atmosphere of dry carbon dioxide furnishes -
the carboxylic acids of formula 33. .These. can be converted to mixed anhydrides

- Formula 34 using a reagent such as isobutylchloroformate in an inert solvent such as

tetrahydrofuran .in the presence of a base such as N—methylmorphdline.- These
anhydrides can then be used to prepare the compounds of this invention as described

above in Flowsheet 4.
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. FLOWSHEETS .
. (RY2NH
J=CRe))s—=—=—H = — RRN—(CRg))s—=—H
N S o _ 28
._27 0
| 'R100—( 30
1. THF, n-BuLi Yy ' IR : - Cl '
—_— (R)2N—(C(Rg)2)s—==—CO2H -
2.CO, - ' ' ' THF, :
29 N-methylmorpholin
y — ’/O
(R)2N—(C(Re)2)s—=—C,
. ,0
31 o7 Jo-Rio
_ : R'OH o
J—(C(Rg))s—=—"H ————» RO—(CRe))s—=—H
27 : K2CO3, acetone . 32 '
. NaH, THF | R100—(Cl 30
1. THF, n-Buli .
n R'O—(C(Re)p)s—==—CO,H —_—
2.CO, THF,
33 N-methyimorpholine
. — P
R 0—(C(R6)2)s—'_._—c\
0
P
34 0" ORy -

As outlined in Flowsheet 6 below wherein R1, G2. R4, Rg, R10, X, Z, n, and
s are as defined above, alcohols 35 can be protected with a t-butyl dimethysilyl
protecting group by the reaction with the respective silyl chloride in methylene

chloride in the presence of triethylamine and 4-N,N-dimethylamino pyridine
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(DMAP). The resulting protected -alcohols, 36, are converted to the acetylenic
Grignard reagents which, in turn, are maintained under an atmosphere of dry carbon:
dioxide to give the carboxylic acids 37. As described above these are converted to the
mixed-anhydrides 38 which on reaction with the 6-amino3-cyanoquinoline 39 gives
5 40. In the final step of the sequence, the silyl protecting group is removed by treating
with acid in a protic solvent mixture 10 .give the compounds represented by Formula

41.
FLOWSHEET 6
HO—(C(Re)p)s—==—H-LBUSICH)—CL t-BuSi(d-ia)z—O—(C(ﬁs)é)s%-:—-H
: : CHaCl, (C2Hg)a, '
35 'DMAP 36
1. THF, MeMgBr Lo THF, :Rwo‘(c,_; -

t+-BuSI(CH3);—0—(C(Re))s—=—C"

2.c0; “OH N-methyimorpholine
37
: R, 7z-(CHanX
tBUSI(CHy);~O-—(CRe—=—C>  , N ~-N
C’ N/ ®
/
38 & ORyo ¢ 5
R, z-(CHIX
THF, pyridine _ H oN
+-BuSH(CHa)~0—(CRe)ds—=—C" x
o] 2
0 67 N
R4
R 7~ (CHIX
acetic acid/THF water n N
344 HO—(CR)s—==—C" N
o] Z
G; N
Ry
M

10
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" Compounds of this invention are also prepared as shown below in Flowsheet 7
wherein R], G2, R4, R6, R10. X, Z, n, and s are as defined above. J' is a halogen

atom chlorine, bromine, or iodine, or is a toslyate or mesylate group. Treatment of 42
with an alkyl lithium reagent at low temperature followed by ‘quenching with an
ammosphere of dry carbon dioxide furnishes the carboxylic acids of formula 43. These
can be converted to. mixed anhydrides of Formula 44 using a reagent such as
isobutylchloroformate it an inert solvent such as tetrahydrofuran in the presence of a
base such as N-methylmorpholine. These anhydrides can then be used to prepare the
compounds of this invention as by the reaction with the 6-amino-3-cyanoquinolines
45 described above in the Flowsheets. The reaction of 46 with an alcohol of List B is
accomplished using sodium hydride or other non-nucleophic base in an inert solvent
such as tetrahydrofuran or N,N-diméthylfonnahide to give the compounds of this
invention represented by 47. In some cases, the alcohol of List B can also be the
solvent of the reaction. The reaction of 46 with an amine of List A gives the
compounds of this invention represeﬁted by 48 is acc.b"mplished' by heating in an inert
solvent such as tetrahydrofuran or N,N-dimethylformamide, or using potassium or :
cesium carﬁonate in acetone. The temperature and duration of the heating will depend
on the reactivity of 46, lbnger reaction times and higher temperatures may be required

when s is gfeater than 1.
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FLOWSHEET 7
o 1. THF, n-Buli . P
S—(CReh)s—=—H ——— J—(CReh)s—"C,
2 2.CO, 3 OH
1 ZI(CHZ)II'X
R 0
10 —(c| J—(CRe)2)—= c’( m
THF
N—rnethylmorpholine “ “oR 10
Y z-(CH2)nX
THF, pyridine .
——— I (CReR)—= %’N S
X 4
Gy
ROH K2CO03, acetone (R')oNH
or
NaH, THF
| LR 7—(CHlyX | |
RO—(CRell—=—C" SN RN (CRe—=—
o] P
Gy N
Ry
47



- WO 00/18761 PCT/US99/22054

-36-

Using methods similar to that summarized above, 45b can be converted to 47b or
48b.

Ry 2z~(CHamX
Gq N CN
J asp
HaN* N :
R4
¥ N
Gy
. RO—(C(Relp)s—==— (RRN-—(C(Rglls—=— . f
o S ., P o

10

15

Othc_ér carboxylic acid chlorides and anhydrides needed. to prepare some .of the
compounds of this invention are prepared as shown below in Flowsheet 8 wherein
Ré, R3, R10, X, Z, J,-n, and s are as defined above. Q is an alkyl group of 1-6
carbon atoms. The esters 49, 53, or 57 can be hydrolyzed with a base such as barinm
hydroxide to give the respective carboxylic acid 50, 54, or §8. These acid can be
converted to the respective carboxylic acid chlorides 51 or 56 by using oxalyl
chloride and catalytic N,N-dimethylformamide in an inert solvent or respective mixed
anhydrides 55 or 59 by using isobutyl chloroformate and an organic base such as N-
methylmorpholine. The leaving group in compounds represented by Formula 52 can
be displaced by the amines of List A or the alcohols of List B by using procedures
previously described to give the intermcdiates 57 and 53, respectively. These
carboxylic acid chlorides 51 and 56 and these anhydrides 55 and §9 can be used to
prepare some of the compounds of this invention by using the methods outlined

herein above in the Flowsheets.
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FLOWSHEET 8
R3 :COzQ‘ Ba(OH)»
J'—(C(Rs)z); - R3 ethanol, H,O
o )
(cocl)y, Rs coOCl
CH,Cly, DMF (cat.) J—(C(Re)2)s - Rs
51
R'OH

Rz COQ°

J—(C(Re)2)s Ra K2CO3, acetone

or
§2 NaH, THF
Ba(OH), Rs . COsH
ethanol, H0 RO—(C(Rgk)s Rs
54
R O\\ O, ORqo
3 s
>-—-<— (o]
RO—(C(Rg)2)s Rs3 or
55
Rs :C020 (R)NH
J=—(C(Rgk)s Rs
52
Ba(OH), Rs
—————————— —
ethanol, H,O (R)2N—(C(Rg)2)s
58
R O\\ ,O\ LRy
3 O
= (o]

(R12N—(C(Rgk)s Rs
59

"PCTUS99/22054

Ra CO.H

J=(C(Reh)s Rs3
50

Rz £0Q
RO—(C(Rek)s Rs
53

P THF,

R1’O°—<Cl ‘N-methyimorpholine

or (COCl)z, CHaCl, DMF (cat)

Rs COCI

RO—(C(Rek2)s Rs

Rz C£O02Q

(R)2N—(C(Rek)s R3

57
o
COH R7°—(Cl
——————
R3 THF,

N-methylmorpholine
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By using the methods identical to those outlined above in Flowsheet 8, it is
possible to prepare the analogous carboxylic acid chlorides and anhydrides given
below in List C wherein R¢, R3, p, and s are as previously defined. G is the radical:

: : - OR10
)—Cl or - O0G\
o] o) o
and A is the radical:

=—N(R)2 : —OR' .,or —J'

wherein —N(R') is derived from the amines of List A, —OR' are derived from the

alcohols of List B, and I'is a leaving group as defined previously. - By making use of
these carboxylic acid chlorides and anhydrides, by following the methods
summarized in the above in Flowsheets, and by pursuing the details described in the .

examples given below, many of the compounds of this invention can be prepared.
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~ A(C(Ra2)s _
Rs Ry
R G
Rs (C(Ra)2)s-A

Rs  (C(Re)2)sA
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LISTC

A-(C(Re)2)s,

)—H )—S__{C(Re)z)s
R3 R

A-(C(Re) FS—'—<R3 R)—S—(

- s — 3

: Ry G A-(C(Rg)o)s

R G Rs G
Ry )= ACR). )=
A(C(RR2: Rs ‘R3 Rs
Ry G Ry G
FS_((C(&)»;—A L N=(®
R —— .
B R Rs  (CRa)A
Rs Rs Rs Rs
— G == Rs
R3 — R3 —
A-CRe))! Rs Rs (C(Rek)sA

Ry (C(RaA ACRIDs. __J
— G

9= ﬁ D)
K R CRI,

Compounds of this invention represented by Formulas 62-63 can be prepared

as shown in Flowsheet 9 wherein R1, G2, R4, Rg, R3, R10, X, Z, J', n, and s are as

defined above. The reaction of the carboxylic acid chlorides 60 and the 6-amino-3-

cyanoquinolines 61 using an organic base in an inert solvent gives the compounds of

this invention represented by Formula 62. The reaction of 62 with an alcohol of List

B is accomplished using sodium hydride or other non-nucleophic base such as
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potassium or cesium canlbonate in an inert solvent such as tetrahydrofuran, acetone, or
N,N-dimethylformamide to give the compounds of this invention represented by 63.
In some cases, the alcohol of List B can also be the solvent of the reaction.. The
reaction of 62 with an amine of List A to give the compounds of this invention
5  represented by 64 is accomplished by heating in an inert solvent such as
tetrahydrofuran or N,N-dimethylformamide. The tempecrature and duration of the
heating will depend on the reactivity of | 62; longer reaction times and higher
temperatures may be required when s is greéter than 1. In addition, by using this
method, thé carboxylic acid chlorides and mixed anhydrides listed in List C can be

10  used to prepare the analogous compounds of ' this invention.

FLOWSHEET 9

Ry z-CHX

R gcoOCI «~CN - r
— N,N-diisoprapylethylamine
60 Rs 61
. ,(cuz)n-x -
K2cos, acetone
R'OH | or
NaH, THF (R")2NH

7z~ (CH2)rX

N (R-hN—(C{Rsh)sW m

Ra H

R'O—(C(Rs)z)s%rN
Rz O

. 3 Gs
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By applying the methods summarized above, 61b can be converted to 63b. and 64b

via the intermediate 62b.
5
R, z~(CHawX
G, N CN
p
HoN N
R4 81b
'
R, z~(CHnX
Gy N
Ra P
J'—(qu)z)S\')\",NH N
Rq
Rs O 62p
I \
| g~(ChX ~(CHaleX
(CRe) j)\'r (R')zN—-(c(Rs)z)S\')\”, ji;ﬁj/
63b
10 The reaction of 62 or 62b with a nitrogen containing heterocycle HET which

also contains an unsaturated carbon-nitrogen bond is accomplished by refluxing in an
inert solvent and gives the compounds of this invention 64c and 64d, respectively
where the compound bears a positive charge. The counter anion J’- can be replaced
with any other pharmaceutically acceptable anion using the appropriate ion exchange

15  resin.
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~(CH2)p-X
Ry 2
Rs Ry z-(CHamX Gy N
I—CReks~ A\ N SN Ra P
Ry O J'—(C(Rs)z).%rNH N
3 O, N & 1
62 Ra : Rz O 62
Q
N
HET
R1 _Z'(CHZ)I’I'X
i+ o e ~
N R3
(C(Rskk\')\’run N
Ra O g4ad Re

Some of the compounds of this invention can be prepared as outline below in
Flowsheet 10 wherein R}, G2, R3, R4, Rg, R10, X, Z, T, n, and r are as defined
above. The acetylenic alcohols 65 can be coupled to the halides, mesylates, or
tosylates 66 using a base such as sodium hydride in an inert solvent such as
tetrahydrofuran. The resulting acetylene, 67, is then treated with an alkyl lithium
reagent at low temperature. Maintaining the reaction under an atmosphere of carbon
dioxide then gives the carboxylic acids 68. These, in turn, are reacted with the 6-
amino-3-cyanoquinolines, 69, via the mixed anhydrides to give the compounds of this
invention represented by Formula 70. Alternatively, the intermediates 67 can be
prepared starting with an alcohol 71 by first treating it with a base such as sodium
hydride in an inert solvent such as tetrahydrofuran and then adding an acetylene 72

that has an appropriate lcaving group. In a similar manner, the amino alcohols



- WO 00718761 | " ' PCT/US99/22054

-43 -

represented by the formula: (Rg)oN—(C(Rg)s),—OH by reacting with 72, and
applying the chemistry of Flowsheet 10, can be converted to the compounds of this

invention represented by the formulas:

. H Ry Z’(szn'x
(Rs)zN—(C(Rs)g),—O—(C(Rs)z),%g,' A
G N
R4
Ry z~ (CHZ)n'x
Gy N CN
S
—  _NH N
(Re)2N——(C(Rg)2—O—(C(Relyy—— C Ry
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FLOWSHEET 10

HO—(C(Re)2)y—==—H

65

ReO—(C(Ra)2)r—O—(C(Re)2)r

67

 ReO—(C(Ra))—O—(CRel)—=—F

o
1. Rmo—(m

N-methyl morpholine

2. HyN N
_ 69
Gy - N
R4

THF, pyridine, or
N-methylmorpholine v

ReO—(C(Re)2)r—O—(C(Re)2)r— —

ReO—(C(Re)2),—OH

71

ReO—(C(Re)2)r—O—(C(Re)2)r
67

1. THF, NaH
2. RgO—(C(Re)2)r—'
66
— , 1.THF, n-Buli
2.CO,
0O
68 OH
. R 2= (CHa)nX
— sl:,N S CN
0 Z
Gy N
R4
70
1. THF, NaH
2. J—(C(Rg)2)y—=—="H

72

=—H
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By applying similar methods as described: above, -69b can be converted to the

compounds of this invention represented by 70b.

R, z-(CHanX
Gy CN
P 69b
HaN N
Rs
; R, z-(CHnX
' Gy N
N/
— ~NH
ReO—(C(Re)2r—O—(CRe)—— & R
_ X 4
5 . 70b

The compounds of this invention representcd by Formula 76 and 77 are
prepared as shown below in Flowsheet 11 wherein R], R3, R4, Rg, and n defined

10  above and the amines HN(R")2 are selected from the group:

R

S\ /M 6
HN O , HN  N-Rg  and R,NH

6
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Refluxing 73 and 74 in an a solvent such as ethanol gives the intermediate 75 which

can react with an amine in refluxing ethanol to give the compounds of this invention

represented by Formula 76. Treating 75 with an excess of a sodium alkoxide in an

inert solvent or a solvent from which the alkoxide is derived gives the compounds of
S this invention of Formula 77.

FLOWSHEET 11
R, z~CHnX
Q OEt HaN CN
N ' . z S C,HsOH
4 G~ Nig
o] OEt b2
: TR
73 - 4 74
o , R 7-(CH2-X
N N
0 P
Et0 ©2 N
Rf 75
(R')2NH | CousOH RgONa 1 RgOH or THF
o 4 R 7~(CH2n-X QO 4 R z~(CHa)p-X
N . | N N CN
RO ©2 N
Ra
77

10
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In a manner similar to that described above, 74b can be converted to 76b or 77b.

Ry 2-(CHnX
Gy NN
2
HoN N
. Ry
74b
4 "\
R, z-(CHnX R, 2z~ (CHInX
G1 S CN o G1 X CN
O Z
NH N/ HN N
o R, o) Ry
76b . RgO 77b

(R")22N

Compounds of this invention represented by Formula 83 can be prepared as
shown in Flowsheet 12 wherein R1, G2, R4, R6, R3, R10, X, Z, n, and r are as
defined above. The reaction of the mecapto carboxylic acids 78 with the reagents 79

10 give the compounds represented by Formula 80. Alternatively, 80 can be prepared
from the mercaptan R3SH using the mercapto acid 78, triethylamine and 2,2'-
dipyridyl disulfide. Mixed anhydride formation to give 81 followed by condensation

with the 6-amino-3-cyanoquinolines 82 give the compounds of this invention.
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FLOWSHEET 12

O,
HsC~S—SRs

79

of

'HS—(C(Rg)2);—COOH 2-,20-dipyridyl disulfide , R3SH RsS—S—(C(Re)z),—COOH

Et;N, THF -
78 _ 80
O R1 . z’(CHz)n'x
R1o°—< ol o . . HaN N ~CN
> R3S—S—(C(Rg)2)—C—O0—CO2R4g + .
THF, : _ Gy N
N-methylmorpholine 81 ) o Ry
82
R R, z-(CH2hX
THF, pyridine n oN :
_— RaS—S—(C(Rs)2)—C~ =
0 Z
Gy N
R4

83
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By applying similar methods as described above 82b can be converted to 83b.

Ry 2z~ (CHzkX Ry z-(CHzhX
Gy N CN : G4 N CN
7 mmeence=
HoN N > ~NH N°
Rq R3S—8-—(C(Rs))r g Re
5 82b 83b

Compounds of this invention represented by Formulas 86-88 can be prepared -
10  as shown in Flowsheet 13 wherein R1, G2, R1, R4, R5, J', X, Z, and n are as defined : *
above. Q'is alkyl of 1-6 hydrogen atoms, alkoxy of 1-6 hydrogen atorﬁs, hydroxy, or . -
hydrdgen. Akylation of 84 with the 6-amino-3-cyanoquinolines 85 can be-
accomplished by heating in an inert solvent such as N,N—dimethylformami_de using a -
base such as poiassium carbonate to give the compounds of this invention represcnted -
15 by the Formula 86. When Q' is alkoxy, the ester group can be hydrolyzed to an acid -
using a base such as sodium hydroxide in methanol. In a similar manner, by using
intermediates 89 and 90, the compounds of this invention represented by Formulas 87

and 88 can be prepared, respectively.
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FLOWSHEET 13

R, z-(CHIwX

| /(CHz)n-X 2-(CHIpX
(8] Gz - N
87 : ' 88 '
Rs Q0
fv "" e
Q o} Rs

8% 20
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By applying similar methods as described above 85b can be converted to 86b-88b.

R, z-(CHanX
G, A CN
-
HoN N
R
4 8spb
/(CHz)n'x
7= (CHz)pX - .R1 ' Z,'(CHz),,-x
A\ -CN
-
IJV " N

88b

Compounds of this invention represented by Fonnula 93 can be preparéd as
shown in Flowsheet 14 wherein R1, G2, R1, R4, R5, X, Z, and n are as defined
above. The reaction of reagent 91 with the 6-amino-3-cyanoquinolines 92 is
accomplished using an excess of an organic base such as triethylamine and an inert

10 solvent such as tetrahydrofuran to give compounds of this invention represented by
Formula 93 . ’
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FLOWSHEET 14

Cdmpounds of this invention represcnted by Formula 96 can be prepared as
shown in Flowsheet 15 wherein R1, G1, R1. R4, Rs, Rg, W, Het, X, Z, k, ahd n are
as defined above by the Mitsunobu reaction of phenol 94 and an alcohol 95 in an inert
solvent. Alternatively, the Mitsunobu reaction can be applied to compound 97 to give
98. This compound can be converted to 96 as described above in Flowsheet 4. The
heterocycle can be introduced at the 6-position by using the corresponding

compounds where G, is hYdroxy and G‘v2 is located at the 7-position .
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‘FLOWSHEET 15
R, z-(CHIX -
Gy N ' Eo,d  Coet PPhs
.| / :
HO N 2. Het—-W-(C{Rgloa)icO-H
R4 ’ .95
94
Rq d 1 ’N=N\
G _CN © EtO COzEt PPhs
N 2C 2! .
HO N> 2. Het—W~(C{Re)a)0-H
95
98
97 _
CHNCHAX O | Re  7-(CHIX
or : : 1
HS-(CH,)a X (18), - NaH, THF G1 AN
or
CHo),=X (19), NaH, THF :
HOCHX (19 Het—W-(C{Re)2k-0 N
' Ra
96

There are certain functional group mahipulations that are useful to prepare the

compounds of this invention that can be applied to various intermediate 3-

5 cyanoquinolines as well as to the final compounds of this invention. These

manipulations refer to the substituents R1, G1, G2, or R4 that are located on the 3-

Cyanoquinolines shown in the above Flowsheets. Some of these functional group
manipulations are described below: - '

Where one or more of R1, G1, G2, or R4 is a nitro group,"it can be converted

10  to the corresponding amino group by reduction using a reducing agent such as iron in

acetic acid or by catalytic hydrogenation. Where one or more of R1, G1, G2, or R4 is

an amino group, it can be converted to the corresponding dialkyamino group of 2 to

12 carbon atoms by alkylation with at Jeast two equivalents of an alkyl halide of 1 to

6 carbon atoms by heating in an inert solvent or by reductive alkylation using an
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aldehyde of 1 to 6 carbon atoms and a reducing agent such as sodium
cyanoborohydride. Where one or more of R1, G1, G2, or R4 is a methoxy group, it
can be converted to the corresponding hydroxy group by reaction with a
demethylating agent such as boron tribromide in an inert solvent or by.heating with
pyridinium chloride with or without solvent. Where one or more of R1,-G1, G2, or
R4 is an amino group, it can be converted to the corresponding alkylsulfonamido,
alkenylsulfonamido, or alkynylsulfonamido group of 2 to 6 carbon atoms by the -
reaction with an alkylsulfonyl chloride, alkenylsulfonyl chloride, or alkynylsulfonyl
chloride, respectively, in an inert solvent using a basic catalyst such as triethylamine
or pyridine. Where one or more of R], Gi, G2, or R4 is an amino group, it can be .

converted to the corresponding alkyamino group of 1 to 6 carbon atoms by alkylation

-with one equivalent of an alkyl halide of 1 to 6 carbon atoms by heating in an ‘inert
- solvent or by reductive alkylation using an aldehyde of 1 to 6 carbon atoms and a -

reducing agent such as soqium cyanoborohydride in a protic solvent such as water or . :

alcohol, or mixtures thereof. Where one oif more of R1, G1, Ga, or R4 is-hydroxy, it

can be converted to the corresponding a]kano'y,loiy, group of 1-6 carbon atoms by -
. -reaction with an appropriate carboxylic acid chloride, anhydride, or mixed anhydride -

in a inert solvent using pyridine or a trialkylamine as a catalyst. Where one or more of -
R1, G1, G2, or R4 is hydroxy, it can be convertéd to the corresponding alkenoyloxy
group of 1-6 carbon atoms by reaction with an appropriate carboxylic acid chloride,
anhydride, or mixed anhydride in an inert solvent using pyridine or a trialkylamine as
a catalyst. Where one or more of R1, G1, G2, or R4 is hydroxy, it can be converted to -
the corresponding alkynoyloxy group of 1-6 carbon atoms by reaction with an
appropriate carboxylic acid chloride, anhydride, or mixed anhydride in a inert solvent
using pyridine or a trialkylamine as a catalyst. Where one or more of R1, Gi, G2, or -
R4 is carboxy or a carboalkoxy. group of 2-7 carbon atoms, it can be converted to the
corresponding hydroxymethyl group by reduction with an aﬁpropﬁate reducing agent
such as boranc, lithium borohydride, or lithium aluminum hydride in a inert solvent;
the hydroxymethyl group, in turn, can be converted to the corresponding halomethyl
group by reaction in an inert solvent with a halogenating reagent such as phosphorous -
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tribromide to give a bromomethyl group, or phosphorous pentachloride to give a

dhloromethyl' group. The hydroxymethyl group can be acylated with an appropriate

acid chloride, anhydride, or mixed anhydride in an inert solvent using pyridine or a

trialkylamine as a catalyst to give the compounds of this invention with the -

corresponding alkanoyloxymethyl group of 2-7 carbon atoms, alkenoyloxymethyl
group of 2-7 carbon atoms, or alkynoyloxymethyl group of 2-7 carbon atoms. Where
one or more of R1, G1, G2, or R4 is a halomethyl group, it can be converted to an
alkoxymethyl group of 2-7 carbon atoms. by d'isplacing_ the halogen atom with a =
sodium alkoxide in an inert solvent. Where one or more of Ri, G1, G2, or R4 is a
halomethy! group, it can be converted to an aminomethyl group, N-alkylaminomethyl
group of 2-7 carbon atoms or N,N-dialkylaminométhyl group of 3-14 carbon atoms
by displacing the halogen atom with ammonia, a primary, or secondary amine,
respectively, in an inert solvent. '

In addition to the methods described herein above, there a number of patent” .~ -

applications that describe methods that are useful for the preparation of the

compounds of this invention. Although these methods describe the preparation of =

certain quinazolines, they are also applicable to the prcparation' of correspondingly - "

substituted 3-cyanoquinolines. The chemical procedures described in the application
WO0-9633981 can be used to prepare the 3-cyanoquinoline intermediates used in this
invention wherein R1, Gi1, G2, or Rg are alkoxyalkylamino groups. The chemical’
procedures described in the application W0-9633980 can be used to prepare the 3-
cyanoquinoline intermediates used in this invention wherein R1, Gj, G2, or R4 are
aminoalkylalkoxy groups. The chemical procedures described in the application WO-
9633979 can be used to prepare the 3-cYanoquinoline intermediates used in this
invention wherein Ri, Gj, G2, or R4 -afe alkoxyalkylarhiho groups. The chemical
procedures described in the application W0-9633978 .can be used to prepare the 3-
cyanoquinoline intermediates used in this invention wherein Rl; G1, G2, or R4 are
aminoalkylamino groups. The chemical procedures described in the application WO-
9633977 can be used to prepare the 3-cyanoquinoline intermediates used in this
invention wherein R], G1, G2, or R4 are aminoalkylalkoxy groups. Although the
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above patent applications describe compounds where the indicated functional group
have been introduced onto the 6-position of a quinazoline, the same chemistry can be
used to introduce the same groups unto positions occupied by the R1, G1, G2, and R4

substituents of the compounds of this invention.

Representative compounds of this invention were evaluated in several
standard pharmacological test procedures that showed that the compounds of this
invention possess significant activity as inhibitors of protein tyrosine kinase and are
ant1prohfcrat1ve agents. Based on the activity shown in the standard pharmacological
test procedures, the compounds of this invention are therefore useful as antineoplastic
agents. The test procedures used and results obtained are shown below.

Inhibition of Epi

Represéntative teSt_cpmpdunds wéfc_ evaluated for their ability to inhibit the
phosphdi'ylation_ of the tyrosine residue of a peptide substrate catalyzed by ‘the
exizyme eﬁidennal growth factor feceptor kmase The pcpti_de substrate (RR-SRC) has '
the sequence arg-arg-leu-ile-glu-asp-ala-glu-tyr-ala-ala-arg-gly. The enzyme used in

this test procedure is the His-tagged cytoplasmic domain of EGFR. A recombinant

baculovirus (chEGFKSZ) was constructed containing the EGFR cDNA encoding
amino acids 645 - 1186 preceded by Met-Ala-(His),. Sf9 cells in 100 mm plates were
infected at an moi of 10 pfu/cell and cells were harvested 48 h post infection. A
cyfoplasmic extract was prepéred using 1% Triton X-100 and applied to Ni-NTA
column. After washing the column with 20 mM imidazole, HCEGFR was eluted wnh
250 mM imidazole (in 50 mM Na,HPO,, pH 8.0, 300 mM NaCl). Fractions collected
were dialyzed against 10 mM HEPES, pH 7.0, 50 mM NaCl, 10% glycerol, lug/mL
antipain and leupeptin and 0.1 mM Pefabloc SC. The protein was frozen in dry
ice/methanol and stored -70°C. | '
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" Test compounds were made into 10 ‘mg/mL stock solutions in 100%
dimethylsulfoxide (DMSO). Prior to experiment, stock solutions were diluted to 500
uM with 100% DMSO and then serially diluted to the desired concentration with
HEPES buffer (30 mM HEPES pH 7.4). .

For the enzyme reaction, 10 uL. of each: inhibitor (at various concentrations)
were added to each well of a 96-well plate. To this was added 3 uL. of enzyme (1:10
dilution in 10mM HEPES, pH 7.4 for final conc. of 1:120). This was allowed to sit
for 10 min on ice and was followed by the addition of 5 ul peptide (80 uM final
conc.), 10ul of 4X Buffer (Table A), 0.25 uL *P-ATP and 12 uL H,0. The reaction

was allowed to run for 90 min at room temperature and was followed by spotting the =~ -

entire volume on to precut P81 filter papers. The filter discs were washed 2X with-

0.5% phosphoric acid and radioactivity was measured using a liquid scintillation - -

counter.

ngge_n_b : ' ~ Final' - l' 100 Rxns
1 M HEPES (pH 7.4) 12.5 mM 50 uL

10mM Na, VO, 50 uM - 20ulL

1M MnCl, 10 mM 40 ul

1mM ATP 20 uM 80 uL.

Sp-ATP 2.5uCi 25uL
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" The inhibition data for representative compounds of the invention are shown
below in TABLE 1. The IC5( is the concentration of test compound needed to reduce

the total amount of phosphorylated substrate by 50%. The % inhibition of the test
compound was determined for at least three different concentrations and the ICs50

value was evaluated from the dose response curve. The % inhibition was evaluated

with the following formula: -

% mhxbmon 100 [CPM(dmg)/CPM(comrol)] x100
where CPM(drug) is in units of counts per minute and is a number expressing the

amount of radiolabled ATP (y-33P) incorporated onto the RR-SRC peptide substrate -

by the enzyme after 90 minutes at room temperature in the presence of test compound

as measured by liquid scintillation counting. CPM(control) is in units of counts per
minute and was a number expressing the amount of radiolabled ATP (y-33P) -

mcorporated into the RR-SRC pepude substrate by the enzyme after 90 minutes at
room temperature in the absence of test compound as measured by liquid scintillation
countmg The CPM values were corrected for the background counts produced by
ATP in the absence of the enzymatic reaction. Where it was possible to determine an
IC50 value, this is reported in TABLE 1 otherwise the % inhibition at 0.5 uM

concen_tration of test compound is shown in TABLE 1. Multiple entries for the same

.compound indicates that it was tested multiple times.
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TABLE 1: Inhibition of EGF-R Kinase (recombinant enzyme)

.

Example ICS0 (uMD %Inh @ 0.5 M
173 0.5

172 0.09
176 0.01
9 - >10° . 6
97 >10 7
101 >1 27
111 >1 10
148 >1 11
115 >0.5 49
167 >1 0
126 45
168 >1 1
127 >1 25
144 >1 .14
149 >1 9
156 _ >1 : 34
141 >1 55
142 >1 24
130 . o>l 5
129 >1 6.7
131 >1 0
150 0015 .
150 "~ 0.004
151 >1 34
152 >1 24
132 >1 0
133 >1 0
134 >1 : 35
135 >1 0
153 >1 14
136 >1 33
137 0.15

Inhibition of Epithelial Cell Kinase (ECK)

In this standard pharmacological test procedure, a biotinylated peptide
substrate is first immobilized on neutravidin-coated microtiter plates. The test drug,
the Epithelial Cell Kinase (ECK), Mg"™, sodium vanadate (a protein tyrosine
phosphatase inhibitor), and an appropriate buffer to maintain pH (7.2) are then added
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to the immobilized substrate-containing microtiter Wel!s. ATP is then added to initiate
phosphorylation. After incubation, the assay plates are washed with a suitable buffer
leaving behind phosphorylated peptide which is exposed to horse radish peroxidase
(HRP)-conjugated -anti-phospliotyrosine ‘monoclonal aﬂtibody. The antibody-treated
plates are washed again and the HRP activity in individual wells is quantified as a
reflection of degree of substrate phosphorylation. This nonradioactive format was
used to identify inhibitors of ECK tyrosiné kinase activity where the IC,, is the

* concentration of drug that inhibits ‘substrate phosphorylation by 50%. The results
: -obtained for representative compounds of this invention are listed in TABLE 2.
- Multiple entries for a given compound indication it was tested multiple times. -

- of the VEGF receptor

.. phosphorylated (a copolymer. of glutamic acid and-tyrosine, E:Y. :: 4:1) and other. - -

20

25

- .. In this standard: pharmacological;test. procedure, KDR protein is mixed, in the

.presence .or absence of a-inhibitor compound, with a substrate peptide to ‘be

..cofactors such as:. Mg"” and:sodium vanadate (a protein tyrosine phosphatase
. inhibitor) in an appropriate buffer to maintain pH (7:2). ATP and a radioactive tracer
(either P~ or P”- labeled ATP) is then add to initiate phosphorylation. After

-incubation, the radioactive phosphate associated with the acid-insoluble fraction of

the assay mixture is then quantified as reflection of substrate phosphorylation. This
radioactive format was used to identify inhibitors of KDR tyrosine -kinase activity
where the IC,, is the concentration of drug that inhibits substrate phosphorylation by
50%. The results obtained for representative compounds of this invention are listed in
TABLE 2. Multiple entries for a given compound indication it was tested muliple
times.
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To evaluate inhibitors of the MAP (mitogen activated protein) kinase a two
component coupled: standard pharmacological test procedure, which measures
phosphorylation of a serine/threonine residue in an appropriate sequence in' the
substrate in the presence and absence of a putative inhibitor, was used. Recombinant
human MEK 1 (MAPKK) was first used to activate recombinant human ERK2
(MAPK) and.the activated MAPK (ERK) was incubated with substrate (MBP peptide
or MYC peptide) in the presence of ATP, Mg” and radiolabeled *P ATP.: The
phosphorylated peptide was captured on a P 81 phosphoceliulose filter (paper filter or
embedded in microtiter plate) washed and counted by scintillation ‘methods.

The peptide substrates used in the assay are MBP, peptide substrate:”
(APRTPGGRR), or synthetic Myc substrate, (KKFELLPTPPLSPSRR*5 TFA. The:
recombinant enzymes used were prepared as GST fusion proteins of human ERK .2
and human MEK 1. Inhibitor samples were prepared as 10X stocks in' 10% DMSO:

and an' appropriate aliquot was used to-deliver cither 10 ug/ml for a single point:-

screening dose or 100, 10, 1, and 0.1 uM final concentration for a dose response curve.

Final DMSO concentrations were less than or equal to 1%.

The reaction was run as follows in 50 mM Tris kinase buffer, pH 7.4 in a
reaction volume of 50 ul.. The éppropriate volume of kinase buffer and inhibitor
sample was added to the tube. Appropriate dilution of enzyme was delivered to give 2-
5 ug recombinant MAPK (Erk ) per tube. The inhibitor was incubated with MAPK
(Erk) for 30 min at 0° C. Recombinant Mek (MAPKK) ( 0.5-2.5 ug) or fully activated
Mek (0.05-0.1 units) was added to activate the Erk and incubated for 30 min at 30° C.
Then substrate and gamma *P ATP was were added to give a final concentration of
0.5- 1 mM MBPP or 250-500 uM Myc; 0.2-0.5 uCi gamma P 33 ATP/tube; 50 pM
ATP final concentration. Samples were incubated at 30°C for 30 minutes and the
reaction was stopped by adding 25 ul of ice cold 10 %TCA .After samples were
chilled on ice for 30 min, 20 pl of sample was transferred onto P 81 phosphocellulose
filter paper or appropriate MTP with embedded P 81 filter. Filter papers or MTP
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were washed 2 times with a large volume of 1% acetic acid, then 2 times with water.
The filters or MTP were briefly air dried before addition of scintillant and samples
were counted in the appropriate scintillation counter set-up for reading *P isotope.
Samples included a positive control (activated enzyme plus substrate); a no enzyme
control; a no substrate control; samples with different concentrations . of putative.
inhibitor; and samples with reference inhibitors (other active: compounds or non-
specific inhibitors such as staurosporine or K252 B). -

The raw data was captured as .cpm. Sample replicates were averaged and
corrected for background.@punt._ Mean cpm data was tabulated by group and %
inhibition by a test compound was calculated as (corrected cpm control- corrected.
cpm sample/control) X 100 = % inhibition. If several concentrations of inhibitor were
tested, IC, values (the concentration which gives 50% inhibition) were determined
graphically from the dose response curve for % inhibition or by an appropriate
computer program. The results obtained for representative compounds. of this
invention are listed in TABLE 2 where there may be separate entries for the' same
compound; this is an indication that the compound was evaluated more than one time.

TABLE 2

Inhibition of Kinase insert Domain containing Receptor (KDR), Epithelial Cell
- Kinase (Eck), and Mitogen Activated Protein Kinase (Mek-Erk)

‘ : KDR Eck Mek-Erk

Example pM uM___ uM
96 8.0214 > 53476 2
< 1

SR - 0.8

97 >2.5610 > 2561 55
08 : 529872 > 2649 25
> 2.6494 _ < 1

04

< 0.1
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_ Table 2.(continued)

*KDR Eck
uM aM

. PCT/US99/22054

Mek-Erk

100

21.4247

>722892 > 48193

-0.15

0.25
025
0.15
0.8

0.2
02
0.3
04
11
04
0.25
04
0.05
0.299
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Table 2 (continued)
KDR Eck Mek-Erk
Example uM M AM
101 5.3706 > 53.706 0.8
< 1
0.001
< 0.001
102 14.1123 > 56449 10
0.5
01
1
1
0s -
103 >53.419 15
0.5
< 1
< 0.001
104 > 745527 > 49702 35
105 76.6479 > 51.099
106 23.0734 > 46.147 1.1
) 0.2
107 > 71.8735 > 47916
108 > B80.3428 > 2.678
> 2.6781
109 23.9006 > 47.801 > 100
> 100
110 > 774393 0.155 > 100
> 25.8131 0.036 50
111 > 77.0416 > 51.361 > 100
> 100
112 > 71.1744 > 47450 > 100
113 8.6630
115 5.5648 > 27.824 25
> 27824 > 2.782
119 1.5504 22.148
2.2148 > 2215
125 35
126 8.3565 > 27.855 > 100
> 2.7855 > 2,786
> 2.7855 > 2.786
127 > 673428 . > 44.895 > 100
128 > 79.9148 > 53.277 > 100
100
129 > 25.8790 > 25879 > 100
130 > 26.5647 > 26.565 > 100
131 > 264262 > 26.426 > 100
132 > 28.0594 > 28.059 90
133 > 28.05%4 > 28.059 90
134 > 28.0594 > 28.059 > 100
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Table 2 (continued)
~KDR Eck Mek-Erk
ample M uM M
135 -26.8538% -0.537 > 100
136 .29.0377 0.871 1.8
2.9038 3
137 28.9553 > 2.896 11
2.8955 2
138 -86.8634- . > 28.954 > 100
2.8954 > 2.895
139 21.8093 > 2,181 15
2.1809 _
140 21.7623 2.176 22
.2.1762 _ 115
‘141 63.4242 > 31.712 1.1
: 3
3
2
142 94.8392 > 31.613 30
‘143 47.5682 > 31.712 6
3.1712 > 3.171 6
2
144 94.8392 > 31.613 > 100
94.8392 > 100
146 T3
147 S
148 95.1363 > 63.424 > 100
149 94,8392 > 31.613 > 100
> 100
150 0.5808 > 29,038 < |
2
0.8
0.3
151 28.9550 > 28.955 20
152 0.0000 > 27825 > 100
153 28.0594 > 28.059 > 100
154 12.8256 0.770 0.5
2.5651 < 0.1
155 : 4
156 79.7071 > 26.569 35
' 35
171 < 1
0.001
0.0025
< 0.001
166 2.5391 0.762:
167 24.8472 0.025 8
24847 > 2485
168 < 1
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Inhibition of Cancer Cell Growth as Measured by Cell Number

Human tumor cell lines were plated in 96-well plates (250 pliwell, 1-6 x 104
cells/ml) in RPMI 1640 medium, cbntaining 5% FBS (Fetal Bovine Serum). Twenty
four hours after plating, test compounds were added at five log concentrations (0.01-
100 mg/ml) or at lower concentrations for the more potent compounds. After 48
hours exposure to test compounds, cells were fixed with trichloroacetic acid, and
stained with Sulforhodamine B. After washing with tﬁchlctoacetic acid, bound dye
was solubilized in 10 mM Tris base and optical density was determined using plate

* - reader. Under conditions of the assay the optical density is proportional to the number

of cells in the well. IC, s (concentrations causing 50% inhibition of cell growth) were
determined from the growth inhibition plots. The test procedure is described in details

~by Philip Skehan et. al, J.Natl C'ané. Inst.,- 82, 1107-1112 (1990). These data are .
- ‘shown below in TABLE 3 . Information about-some . of the cell lines used in these

< test procedures is available from the. American Typé Tissue Collection: Cell Lines -

25

30

" ‘and Hybridomas, 1994 Reference Guide, 8th Edition.: -

- Table3

Inhibition of Cancer Cell Growth as Measured by Cell Number (IC,, pg/mL)

. MDA-MB- ' . -
Ex. 435  A431 SK-BR3 A2780 DDP SW620 3T3  3T3/c-erbb2
99 0.020 0025 0016 0032 0036 0033 - :

100  0.067 0369 0420 0270 0249 0325

101 0073 0216 018 0231 0313 0326

101 0365 0123 0.0374 0286 153  0.933

102 0490 1309 0780 1491 3.054 218

103 0309 1611 0767 2391 2.690 2.637

104 0021 0.049 0034 0044 0107 0207

105 0235 0270 0.281 0411 0853 0375
106 2.045 1961 >5 55 55 >5

107 >5 >5  >§ | 55  >5  >5

108 0352 0342 0294 <0005 0525 0.0198
109 >5 >5  >5 2922 55 4616

110 0.0280 0.0244 0.0281 - © 0.0181 00923 0.0311
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Table 3 (continued)
MDA-MB- - _ - S
Ex. 435 A431 SK-BR3 A2780 DDP SW620 3T3  3T3/c-erbb2
111 3.404 >5 >5 - 1565 >5 @ 3.301
112 0.0033 0257 0.336- 0.146 0.392 0.251
115 0.0359 0.0368  0.0220 © 00212 0344 0.0267
126 2.626 0.78 2.094 ' 4313 3.219 4.3801

127 >5 >5 >5 >5 >5 >5

In Vivo Inhibition of the Growth of Human Colon Carcinoma SW620

Representative compounds of this: invention (listed below) were evaluated in
an in vivo standard pharmacological test procedure which measured its ability to -
inhibit the growth of human epidermoid tumors. Human colon carciﬁoma SW620
cells (American Type Culture Collection, Rockville, Maryland #CCL-227 ) were
g’rown' in vitro as described above. BALB/c nu/nu female mice (Charles River,
Wilmington, MA) were used in this in vivo standard pharmacological test procedure. -
A unit of 7 X 106 cells were injected SC into mice. When tumors attained _5 mass of - -
between 80 and 120 mg, the mice were randomized into treatment groups (day zero). :
Micé were treated IP once a day on days 1 through 20 post staging with doses of - -
either 30, 10, 3 or 1 mg/kg/dose of the compound to be evaluated in 0.2% Klucel. -

Control animals received vehicle only. Tumor mass was determined every 7 days

[(ength X width2)/2] for 28 days post staging. Relative tumor growth (Mean tumor
mass on days 7, 14, 21, and 28 divided by the mean tumor mass on day zero) is
determined for each treatment group. Statistical analysis (Student-t-test) of log
relative tumor growth compares treated verses control group. A p-value (p < 0.05)
indicates a statistically significant reduction in relative tumor growth of treated group
compared to the vehicle control. ' |

The compound of. Example 99 was evaluated for its ability to inhibit the
growth of human colon carcinoma in vivo using the standard pharmacological test
procedure described above. The results obtained are shown in Table 4.



10

15

20

WO 00/18761 PCT/US99/22054

-68 -

_ "TABLE4
In Vivo Inhibition of the Growth of Human Colon Carcinoma SW620 (9791CD-
186) in Mice by the Compound of Example 99. Reiative Tumor Growth

a |- b e . fd b ¢ d b c d c
Drug Treaunent | Day 7 { #T/C | (p) |Day 14 ] %T/C| (p) |Day21 | %T/C| (p) ST
mg/kg/dose | .
Klucel (Placebo) | 4.10 11.59 11.23 13715

Example 99 (301P)| 181 | 44 | <001 385 | 33 |<001| 444 | 40 [ 002 | a5

Example 99 (10IP)| 3.69 9 1 037 | 7.88 68 0.18 | 9.75 87" | 036 55

Example99 GIP)| 380 | 93 | 0.62 | 1253 | 108.] 0.78 | 1647 | 147 0.54 55

a) Compound administered on days 1 throngh 20 IP :
b) Relative Tumor Growth = Mean Tumor Mass on Day 7. 14,21
‘Mean Tumor Mass on Day 0

c) %T/C = Relative Tumor Growth of Treated Group

Relative Tumor Growth of Placebo Group X 100 .
d) Statistical analysis (Student-t-test) of Log Relative Tumor Growth. A p-value (p=0.05) indicates a
statistically significant redixc_tion in Relative Tumor _Growth of Treated Group, compared to Placebo
Control. ' ' - '
e) S/T = No. Survivors/No. Treated on Day +21 post tumor staging.

As shown in Table 4, the compound of Example 99 inhibited tumor growth;
for example at '30:mglkg (administered i.p. during days 1-20), tumor growth was
inhibited by 56% at day 7, 67% at day 14, and 60% at day 21.

Based on the results obtained for representative compounds of this invention,
the compounds of th1s invention are antineoplastic agents which are useful in treating,
inhibiting the growth of, or eradicating neoplasms. In particular, the compounds of
this invention are useful in treating, inhibiting the growth of, or eradicating
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neoplasms that express EGFR such as those of the breast, kidney, bladder, mouth,
larynx, esophagus, stomach, colon, ovary, or lung. In addition, the compounds of this.
invention are useful in treating, inhibiting the growth of, or eradicating neoplasms of

the breast that express the receptor protein produced by the erbB2 (Her2) oncogene.

Based on the results obtained, the compounds of this invention are also useful in the:

treatment of polycystic kidney disease.

The compounds of this invention may formulated neat or may be combined. - :

with one or more pharmaceutically acceptable carriers for administration. -For.
example, solvents, diluents and the like, and may be administered orally in such

forms as tablets, capsules, dispersible powders; granules, or suspensions containing,

for example, from about 0.05 to 5% of suspending agent, syrups containing, for.
_'example, from about 10 to 50% of sugar, and elixirs containing, for example, from: . = = "
'abo,ut 20 to 50% ethanol, and the like, or parenterally in the form of sterile injectable == -
solution or suspension containing from about 0.05 to 5% suspending agent'in an .. :.

* isotonic medium. Such pharmaceutical preparations may contain, for example, from

about 0.05 up to about 90% of the active ingredient in combination with the carrier;
more usually between about 5% and 60% by weight.

‘The cffective dosage of active: ingredient employed may vary depending on . .
me'particular compound employed, the mode of administration and the severity of the -~

condition being treated. However, in general, satisfactory results are obtained when
the compounds of the invention are administered at a daily dosage of from about 0.5
1o about 1000 mg/kg of body weight, optionally given in divided doses two to four
times a day, or in sustained release form. The total daily dosage is projected to be
from about 1 to 1000 mg, preferably from about 2 to 500 mg. Dosage forms suitable
for internal use comprise from about 0.5 to 1000 mg of the active compound in
intimate admixture with a solid or liquid pharmaceutically acceptable carrier. This
dosage regimen may be adjusted to provide the optimal therapeutic response. For
example, several divided doses may be administered daily or the ‘dose may be

proportionally reduced as indicated by the exigencies of the therapeutic situation.
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The compounds of this invention may-be administered orally as well as by
intravenous, intramuscular, or subcutaneous routes. Solid carriers include starch,
lactose, dicalcium phosphate, microcrystalline cellulose, sucrose and kaolin, while
liquid carriers include sterile water, polyethylene glycols, non-ionic surfactants and.
edible oils such as corn, peanut and sesame oils, as are appropriate to the nature of the
active ingredient and the particular form of adnﬁnistrétion .desired. Adjuvants
customarily employed in the preparation of pharmaceutical compositions may be
advantageously included, such as flavoring agents, coloring agents, preserving agents,
and antioxidants, for example, vitamin E, éscorbic acid, BHT and BHA.

The preferred pharmaceutical compositions from the standpoint of ease-of
preparation and administration are solid compositions, particularly tablets and hard--
filled or liquid-filled capsules. Oral administration of the compounds is preferred.

In some cases it may be desirable to administer the compounds directly to the .. . .

airways in the form of an aerosol.- P o
The compounds of this invention may also be adminisiered parenterally or
intraperitoneally. Solutions or suspensions of these active compounds as a free base
or pharmacologically acceptable salt can t.ie'prepared in water suitably mixed with a
surfactant such as hydroxy-propylcellulose. Dispersions can also be prepared in -
glycerol, liquid polyethylene glycols anid mixtures thereof in oils. Under ordinary

. conditions of storage and use, these preparation contain a preservative to prevent the

growth of microorganisms.

The pharmaceutical forms suitable for injectable use include sterile -aqueous -
solutions or dispersions and sterile powders for the extemporaneous pfep’aration of
sterile injectable solutions or dispersions. In all cases, the :form must be sterile and-
must be fluid to the extent that easy syringability exists. It must be stable under the
conditions of manufacture and storage and must be preserved against the
contaminating action of microorganisms such as bacteria and fungi. The carrier can
be a solvent or dispersion medium containing, for example, water, ethanol, polyol
(e.g., glycerol, propylene glycol and liquid polyethylene glycol), suitable mixtures
thereof, and vegetable oils. '
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" For the treatment of cancer, -the' compounds of this invention can be
administered in combination with othér antitumor -substances or with radiation
therapy. These other substances or radiation treatments can be given at the same or at

different times. as the compounds of this invention. These combined therapies may

- effect synergy and result in improved efficacy. For éxample, the compounds of this

invention can be used in combination with mitotic inhibitors such as taxol or
vinblastine, alkylating agents such as cisplatin or cyclophosamide, antimetabolites
such as 5-fluorouracil or hydroxyurea, DNA intercalators such as adriamycin or
bleomycin, topoisomerase inhibitors such as etoposide or camptothecin,
antiangiogenic agents such as angiostatin, and antiestrogens such as tamoxifen.

The preparation of representative examples of the ‘compounds of this

invention is described below.

Example 1 -
1.4-Dihydro-7-methoxv-4-0x0-gquinoline-3-carbonitrile
A mixture of 30.2 g (245.2 mmol) of 3-methoxy aniline and 41.5 g (245.2 .
mmol) of ethyl(ethoxymethylene) cyanoacetate was heated in the absence of solvent
to 140°C for 30 minutes. To the resulting oil was added 1200 ml of Dowtherm. The
solution was refluxed with stirring under nitrogen for 22 hours. The mixture was.
cooled to room temperature and solid was collected and washed with hexancs. The
solid was recrystallized from -acetic acid to give 17 g of 1,4-dihydro-7-methoxy-4-
oxo-quinoline-3-carbonitrile: mass spectrum (electrospray, m/e): M+H 200.9.

To a suspension of 10 g (49.6 mmol) of 1,4-dihydro-7-methoxy-4-oxo-quinoline-3-
carbonitrile in 160 ml of trifluroacetic anhydride was added 6 g (74.9 mmol) of
ammonium nitrate over a period of 3 hours. The mixture was stirred an additional

two hours. Excess anhydride was removed at reduced pressure at 45°C. The residue
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was stirred with 500 ml of water. The solid was collected and washed with water. The
solid was dissolved in 1000 ml of boiling acetic acid and the solution was treated with
decolorizing charcoal. The mixture was filtered and concentrated to a volume of 300
ml. Cooling gave a solid which was collected giving 5.4 g of 1,4-dihydro-7-methoxy-
6-nitro-4~oxo-qui_noline-3—c5rbonin'ile as a brown solid: mass spectrum (electrospray,
m/e): M+H 246. h

A mixture of 5. 3 g (21 6 mmol) of 1 4-d1hydro-7-methoxy-6—n1tro—4—oxo-qumolme—

3-carbonitrile and 9 g (43.2 mmol) of phosphorous pentachloride was heated at
__ '165°C for 2 hours The mlxture was dﬂuted with hexanes and the- s011d was collected. -

. The solid was d1ssolved m 700 ml ethyl acetate and washed with cold dllute sodium-

15

'_ hydrox1de solutlon The soluuon was dned over magnesmm sulfate and filtered -
'through a pad of s1hca gel gwmg 5 2 g of 4-chloro-7-methoxy-6-n1tro-qumohne—3—

o carbomtnle asatan sohd.

30

I Example 4

. 2-Cyano-3- 4-pitrophenylamino)acrylic Acid Ethy il _
4-Nitroaniline (60 Og, 0.435mol) and ethyl(ethoxymethylene) cyanoacetate (73.5g,
0.435mol) were mixed mechanically in a flask. The mixture was heated at 100°C for
0.5h after it had melted and resolidified. A 114 g portion of the crude product was
recrystallized from dimethylfonnamidé 1o give 44.2g of yellbw crystals; mp 227-

228.50C.

A slurry of 25.0g (95.8mmo}) of 2-cyano-3-(4~nin'ophenylamino)acrylic acid ethyl
ester in 1.0L of Dowtherm A was heated at 2609C under N2 for 12.5h. The cooled

reaction was poured into 1.5L of hexane. The product was collected, washed with |
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hexane and hot ethanol and dried in vacuo. Theére was obtained 18.7g of brown solid.
An analytical sample was obtained by recrystallization from dlmethylfonnaxmdel-
ethanol: mass spectrum (electrospray, m/e): M+H 216.

Example 6
~ 4-Chloro-6-nitro-guinoline-3- nitrile
A mixture of 31.3g (0.147mol) of 6-nitro-4-oxo-1,4-dihydro-quinoline-3-carbonitrile
and 160mL of phosphorous oxychloride was refluxed for 5.5h. The phosphorous
oxychloride was removed in vacuo and the residuve was poured over ice and
neutralized with sodium bicarbonate. The product was collected, washed with- water
and dried in vacuo (S0°C). There was obtained 33.5g of tan solid; solid: mass -
spectrum (electrospray, m/e): M+H 234. |

Example 7
2-Cyano-3-(2-methyl-4-nitrophenylacrylic Acid Ethy] Ester

A mixtore of 2-methyl-4-nitroaniline (380 g 250 ‘mmol), ethyl - -

(ethoxymethylene)cyanoacetate (50.8 g, 300 mmol), and 200 ml of toluene was -
reflaxed for 24 h, cooled, diluted with 1:1 eihér-hexane, and filtered. The resulting
white solid was washed with hexane-ether and dried to give 63.9 g, mp 180-210°C.

Example 8
1.4-Dihydroguinoline-8-methyl-6-nitro-3-carbonitrile
A stirred mixture of 64 g (230 mmol) of 2-cyano-3-(2-methyl-4-nitrophenyl)acrylic
acid ethyl ester and 1.5 L of Dowtherm A was heated at 260°C for 12 h, cooled,
diluted with hexane, and filtered. The grey solid thus obtained was washed with
hexane and dried to give 51.5 g, mp 295-305°C
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A stirred mixture of 1,4-dihydroquinoline-8-methyl—6—nitrb_-3—carbonitxﬂe (47 g, 200
mmol) and 200 ml of phosphorous oxychloride was refluxed for 4 h. The
phosphorous oxychloride was removed in vacuo, and the residue was stirred with
methylene chloride at 0°C and treated with a slurry of ice and sodium carbonate. The
organic layer was separated and washed with water. The solution was dried .and
concentrated to a volume of 700 ml. - The product was precipitated by the addition of

-hexane and cooling to 0°C. The white solid was filtered off and dned to give 416 g, -
“‘mp 210-212°C.- ' :

‘Example 10 -~
7-Ethoxy-4-hydroxy-quinoline-3-carbonitrile

~ A mixwre of 10 g (73 mmol) of 3-éthoxy- aniline’ and 12.3 g (73 mmol) of ethyl

- r15-

(ethoxymethylene) cyanoacetate ‘was heated in 90° ml of Dowther at: 140°C for 7 -

- " hours. To this mixture was added 250 ml of Dowther. The solution was stirred and

s reﬂuxed under mtrogcn for 12 hours with penodlcally distilling out the eliminated -

25

30

'ethanol “The mixture was cooled to room temperature and the solid was collected and
" washed with hexane. The crude solid was treated with boiling ethanol and then

filtered to give 9.86 g of brown solid: mass spectrum (electrospray, m/e): M+H 214.7.

Example 11

To a suspension of 5 g (23 mmol) of 7-Ethoxy-4-hydroxy-quinoline-3-carbonitrile in
75 mi of tﬁﬂuroacetic anhydride' was added 5.5 g (69 mmol) of ammonium nitrate
over é period of 6 hours at room temperature. Excess anhydride was removed at
reduced pressure at 45°C. The residue was stirred with 300 ml of water. The solid
was collected and treated with boiling ethanol to give 3.68 g of tin solid: mass
spectrum (electrospray, m/e) M+H 259.8. '
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-Example 12

4-Chioro-7-ethoxy-6-pitro-quinoline-3-carbonitrile
A mixture of 345 g (13 mmbl) of 7-Ethoxy-4-hydroxy-6-nitro-quinoline-3-
carbonitrile, 5.55 g (26 mmol) of phosphorous pentachloride, and 10 ml of
phosphorous oxychloride was refluxed for 3 hours. The mixture was diluted with
hexane and the solid was collected.. The solid was dissolved in 500 ml of ethyl
acetate and washed with cold diluted sodium hydroxide solution. The solution was
dried over magnesium sulfate and filtered: through a pad of silica gel. The solvent -
was removed giving 2.1 g of beige solid: mass spectrum (electrospray, m/e) M+H
277.7.

A mixture of 12.6 g (75 mmol) of 2-methoxy-4-nitro aniline and 12.7 g (75 mmbl)- '
of ethyl (ethoxym_emylene) cyanoacetate was heated in 100 ml of Dowther at 120°C -

- for overnight and 180°C for 20 hours. To this mixture was added 300 m} of Dowther.

The solution was stirred and refluxed under nitrogen for 12 hours with periodically

distilling out the eliminated ethanol. The mixture was cooled to room temperature

and the solid was collected and washed with hexane. The crude solid was treated with

boiling. ethanol and then filtered to give 12 g of brown solid: mass spectrum
(electrospray, m/e): M+H 245.8.

Example 14
4-Chloro-8-methoxv-6-nitro-qui

A mixture of 4 g (16 mmol) of 8-Methoxy-4-hydroxy-6-nitro-quinoline-3-
carbonitrile, 6.66 g (32 mmol) of phosphorous pentachloride, and 15 ml of
phosphorous oxychloride was refluxed for 2.5 hours. The mixture was diluted with
hexane and the solid was collected. ‘The solid was dissolved in 500 ml of ethyl
acetate and washed with cold diluted sodium hydroxide solution. The solution was

dried over magnesium sulfate and filtered through a pad of silica gel. The solvent



- 10

15

20

25

30

. WO 00/18761 PCT/US99/22054

-76 -

was removed giving 2.05 g of tan solid: mass spectrum (electrospray, m/e) M+H
263.7. '

Examp.le 15
4-Chloro-but-2-yanoic acid - -

Propargyl chloride (2 mL, 26.84mmol) was dissolved. in 40 mL of
tetrahydrofuran under nitrogen and cooled to -78°C. After addition of n-butyllithium
(5.4 mL, 13.42mmol, 2.5 M in n-hexane) and stirred for 15 min, a stream of dry
carbon dioxide was passed through it at -78°C for two hours. The reaction :solution

- was filtered and neutralized with 3.5 mL of 10% sulfuric acid. - After evaporation of

the solution, the residue was extracted with ether. The ether solution was washed
with saturated brine solution, and dried over sodium sulfate. After evaporation of the
dry.‘cmer_ solution, 0.957g (60%) of an oil product was obtained: ESMS m/z 116.6

- Example 16 . -
-4-Dimethviamino:-but-2-y

n-Butyl lithium in hexane (96mL, 2.5 M in n-hexane) was slowly added to 1--

dimethylamino-2-propyne (20g, 240mmol) in 100 mL of tetrahydrofuran under

nitrogen. The mixture was stirred for 1 h at -780C, then dry carbon dioxide was pass

‘through overnight. The resulting solution was poured into water and washed with

ethyl acetate. The aqueous layer was evaporated under reduced pressure to give the
crude acid. The dry acid was dissolved in methanol, and the insoluble salt was

. removed via filtration. The filtrate was collected and dried in vacuo to give 15.6g of

4-dimethylamino -but-2-ynoic acid: mass spectrum (m/e):M-H 126.

Example 17

Bis-(2-methoxy-ethyl)-prop-2-ynvl-amine

Propargyl bromide (17.8g, 150mmol) was added dropwise to a mixture of
bis(2-methoxy-ethyl)amine (20g, 150mmol) and cesium carbonate (49g, 150mmol) in
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350mL of acetone. The mixture was stirred' overnight under nitrogen at room
temperature. The inorganic salts were then filtered off, and the solvent was removed.
The residue was dissolved in saturated sodium bicarbonate solution and extracted
with ethyl acetate. The organic extracts were then evaporated to give 20g of bis-(2- -
methoxy-ethyl)-prop-2-ynyl-amine: mass spectrum: (m/e): M+H 172.

n-Butyl lithium in hexane (42mL, 2.5M in n-hexane) was slowly added to
bis-(2-methoxy-ethyl)-prop-2-ynyl-amine (18g, 10Smmol) in 80mL of tetrahydro--

furan under nitrogen. The mixture was stirred for 1 h at -78°C, then dry carbon: - -

dioxide was passed through overnight. The resulting solution was poured into water -

and washed with ethyl acetate. The aqueous layer was evaporated under reduced

pressure to give the crude acid. The dry acid was dissolved in methanol, and the
insoluble salt was removed via filtration. The filtrate was collected and dried in vacuo-

~ 1o give 18g of 4-[bis-(2-methoxy-ethyl)-amino]-but-2-ynoic acid: mass spectrum -

(m/e):M-H 214.

“Example 19
1-Methyl-4-prop-2-ynvl-piperazine
Propargyl bromide (23.8g, 200mmol) was added dropwisc to a mixture of 1-
methyl-piperazine (20g, 200mmol) and cesium carbonate (65g, 200mmol) in 350mL
of acetone. The mixture was stirred overnight under nitrogen at room temperature.
The inorganic salts were then filtered off, and the solvent was removed. The residue
was dissolved in saturated sodium bicarbonate solution and extracted with ethyl
acetate. The organic extracts wefe then evaporated to give 7.5g of 1-methyl-4-prop-2-
ynyl-piperazine: mass spectrum (m/e): M+H 139.
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n-Butyl lithium in hexane (17.2mL, 2.5M in n-hexane) was slowly added to
1-methyl—4—prop—2-ynyl—piperazine (6.0g, 43.5mmol) in 40mL of tetrahydrofuran
under nitrogen. The mixture was stirred for 1 hr at -780C, then dry carbon dioxide

was passed through overnight. The resulting solution was poured into water and

‘washed with ethyl acetate. The aqueous layer was evaporated under reduced pressure

to give the.crude acid. The dry acid was dissolved in méthanol, and the insoluble salt

- was removed via filtration. The filtrate was collected and dried in vacuo to give 7g of
- :4~(4-methyl-piperazin-1-yl)-but-2-ynoic acid: mass spectrum (m/e):M-H 181. -

S .- Example 21 :
(2-Methoxy-ethyl)-methyl-prop-2-ynyl-amine
Propargyl bromide (26.8g, 225mmol) was added dropwise to a mixture of N-
(2-methoxyethyl)methyl .amine (20g, 225mmol) and cesium carbonate (73g,

-225mmol) in 350mL of acetone. The mixture was stirred overnight under nitrogen at
' .room temperature. The inorganic salts were then filtered off, and the solvent was = -

-Temoved. The residue was dissolved in saturated sodium bicarbonate solution and

extracted with ethyl acetate. The organic extracts were then evaporated to give 14g of
(2-methoxy—ethyl)-methyl-perfZ-ynyl-amine: mass spectrum (m/e): M+H 127.

Example 22

n-Butyl lithium in hexane (37.8mL, 2.5 M in n-hexane) was slowly added to .
(2-methoxy-ethyl)-methyl-prop-2-ynyl-amine (12.0g, 94.5Smmol) in 90mL of
tetrahydrofuran under nitrogen. The mixture was stirred for 1 br at -78°C, then dry
carbon dioxide was passed through overnight. The resulting solution was poured into
water and washed with ethyl acetate. The aqueous layer was evaporated under
reduced pressure to give the crude acid. The dry acid was dissolved in methanol, and
the insoluble salt was removed via filtration. The filtrate was collected and dried in
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vacuo to give 15g of 4-[(2-methoxy-ethyl)-methyl-amino]-but-2-ynoic acid: mass
spectrum (m/e): M-H 170.

Example 23
-methyl- -2-ynyl-amine
Propargyl bromide (33.4g, 281mmol) was added dropwise to a mixture of
.isopropyl-methyl— amine (20g, 281mmol):and cesium carbonate (90g, 28Immiol) in
350mL of acetone.. The mixture was stirred overnight under nitrogen at room

temperature. The inorganic salts were then filtcred off, and. the solvent was removed.

The residue was dissolved in saturated- sodium bicarbonate solution' and extracted -

with ethyl acetate. The organic extracts were then evaporated to  give 4.6g of allyl--
methyl-prop-2-ynyl-amine: mass spectrum (m/e): M+H 110.

Example 24

4-(Allyl-methyl-amino)-but-2-ynoic acid
‘n-Butyl lithium in hexane - (16.4mL, 2:5M in n-hexane) was slowly added to

allyl-methyl-prop-2-ynyl-amine (4.5g, 46mmol) in 50 mL of tetrahydrofuran under =~ -

nitrogen. The mixture was stirred for 1 hr at -780C, then dry carbon dioxide was
passed through overnight. The resulting solution was poured into water and washed
with ethyl acetate. The aqueous layer was evaporated under reduced pressure to give
the crude acid. The dry acid was dissolved in methanol, and the insoluble salt was
removed via filtration. The filtrate was collected and dried in vacuo to give 4.1g of 4-
(allyl-methyl-amino)-but-2-ynoic acid: mass spectrum (m/e): M-H 152.

‘Example 25 .

4-Methoxymethoxy-but-2-ynoic acid
To a suspension of 8.2 g of 60% sodium hydride in mineral oil in 271 mL of
tetrahydrofuran at 0°C with stirring under nitrogen was added dropwise 10 g of
propargyl alcohol over 15 min. The mixture was stirred an additional 30 min. To the
stirred mixture at 0°C was added 15.8 g of chloromethylmethyl ether. Stirring was
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continued at room temperature over night. The mixture was filtered and the solvent
was removed from the filtrate. The residue was distilled (35-38°C, 4 mm) giving 8.5
g of a liquid. The distillate was dissolved in 200 mL of ether. The solution was stirred
under nitrogen and cooled to -78°C as 34.1 mL of 2.5 molar n-butyl lithium in
hexanes was added over 15 min. Stirring was continued for another 1.5 hr. Dry
carbon dioxide was allowed to pass over the surface of the stirring reaction mixture as

it warmed from -78°C to room temperature. The mixture was stirred under a carbon

. dioxide atmosphere over night. The mixture was poured into a mixture of 14 mL of
. hydrochloric acid and 24 mL of water. The organic layer was separated and dried -

over magnesium sulfate. The solvent was removed and the residue was maintained at .

100°C at 4 mm for 1 hr giving 10.4 g 4-Methoxymethoxy-but-2-ynoic acid.

-+ - .Example 26
. -+ 4-Bromo crotonic acid
After the method of Braun [Giza Braun, J. Am. Chem. Soc. 52, 3167 (1930)},

. 15.77 g (0.05 moles) of ﬁr_lely powdered - barium hydroxide was added portionwise

over. a period of about an hour. Cooling and vigorous stirring were continued for

~about 16 hours. The reaction mixture was then extracted with 100 mL of ether. The

aqueous layer was treated with 2.67 mL (4.91 g; 0.05 moles) .of concentrated sulfuric
acid. The resulting mixture was extracted with 3-100 mL portions of ether. The
combined ethereal extracts were washed with 50 mL of brine, then dried over sodium
sulfate. The solution was taken to an o0il in vacuo . This oil was taken up in about
400 mL of boiling heptane, leaving 2 gum. The heptane solution was separated and
boiled down to about 50mL. Cooling gave 3.46 g of product.
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- Example 27
: . - 4-(2-Methoxy-ethoxy)-but-2-ynoic acid: - -

To a suspensic.)n of 6.04 g (151 mmol) of 60% sodium hydride in 200 ml of
tetrahydrofuran at 0 °C was add 10 g (131.4 mmol) of 2-methoxyethanol dropwise-
over 15 min. After 1 hr, 19.54 g (131.4 mmol) of 80% propargyl brorriide was added-
dropwise. After stirring 17 hr at room temperature, the mixture was filtered and: the:
solvent was remove. The residue was distilled (48-51 °C, 4mm) to give 11.4 g of a
colorless liquid. This was dissolved in 250 ml of ether and cooled to -78 °C with
stirring under nitrogen. To this solution was added 39.95 ml (99.9 mmol) of 2.5M n- -
butyl: lithium. solution in hexanes dropwise over 15 min. After 1.5 hr, dry carbon
didxide" was bubbled in as the mixture slowly warmed to room temperature. The -
mixture- was maintained in a carbon dioxide atmosphere overnight. To the mixture -
was'added 100 ml of 3N hydrochloric acid-and solid sodium chloride. The organic -

layer was separated and dried over magnesium sulfate. The solvent was removed and .

the residue was maintained under vacuum giving 11.4 g of the title compound. : mass . - -
. spectrum (electrospray, m/e, negative mode): M-H 156.8.

Example 28
4-(Methoxymethoxy)-but-2-ynoic acid

To a suspension of 8.2 g (205 mmol) of 60% sodium hydride in 271 ml of -
tetrahydrofuran was added dropwise at 0 °C with stirring 10.0 g (178.4 mmol) of -
propargyl alcohol . After 30 min, 15.8 g (196.2 mmol) of chloromethylmethyl ether -
was added. After stirring over the weekend: at room temperature, the mixture was - -
filtered and the solvent was remove. The residue was distilled (35-38 °C, 4mm) to"
give 8.54 g of a colorless liquid. This was dissolved in 200 m! of ether and cooled to -
78 °C with stirring under nitrogen. To this solution was added 34.1 ml (85.3 mmol)
of 2.5M n-buty} lithium solution in hexanes dropwise over 15 min. After 1.5 hr, dry
carbon dioxide was bubbled in as the mixture slowly warmed to room temperature.
The mixture was maintained in a carbon dioxide atmosphere overnight. To the -
mixture was added 14 ml of hydrochloric acid in 24 ml water. The organic layer was
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separated and dried over magnesium sulfate. The solvent was removed and the

residue was maintained under vacuum giving '10.4.g of the title. compound as a liquid.

_ Example 29 -
4-((25)-2-methoxymethylpyrrolidin- 1-yl)butynoic Acid:
n—Butyllithiuﬁ solution in hexane (35.9 mmol) was added over 10 min to a solution
of 5.49 g (35.9 mmol) of (2S)-2-methoxymethyl-1-prop-2-ynylpyrrolidine in 100 mL
of THF at -78°C under N,. After stirring .cold for 1 h, CO, was bubbled into the
solution as it slowly came.to 25°C. After stirring overnight, 100 mL of water was

-added, the reaction was extracted with ethyl acetate and the extracts ‘were discarded.

_ The reaction was adjusted to pH 7 with 20% H,SO, and solvent was removed. The -
. residue was slurried with methanol and filtered. The filtrate. was evaporated and dried - -
. in vacuo.to give 7.06 g of 4-((2S)-2-methoxymethylpyrrolidin-1-yl)butynoic acid as a- -
brown foam: mass spectrum (electrospray, m/e): M+H 198.0. .

.- Example30- . -

A mixture of 4.82 g (41.9 mmol) of S-2-(methoxymethyl)pyrrolidine, 13.7 g (41.9
mmol) of cesium carbonate and 5.00 g (41.9 mmol) of propargyl bromide in 80 mL
of acetone was stirred at 25°C overnight. The reaction was filtered and solvent was
removed from the filtrate. The residue was diluted with a small amount of water and
satd NaHCO, and extracted with ether. The extract was treated with Darco, dried and
evaporated to give 5.93 g of (25)-2-methoxymethyl-1-prop-2-ynylpyrrolidine as a
yellow orange oil: mass spectrum (electrospray, m/e): 153.8.

Example 31

n-Butyllithium in hexane (55.8 mmol) was added dropwise to a solution of 10.1 g
(55.8 mmol) of 3-(1,4-dioxa-8-azaspiro[4,5]dec-8-yl)but-2-yne in 185 mL of THF at
-78°C under N,. After stirring at -78°C for 1 h, CO, was bubbled into the solution as



10

15

20

25

30

. 'WO 00/18761 - S e PCTIUS99/22054

-83-

it slowly came to 25°C . After stirring overnight, the reaction 'was diluted with 150
mL of water , extracted with ethyl-acetate and the extracts-were discarded. The
solution was adjusted to pH 6 with 2 M sulfuric acid and evaporated. The residue
was slurried with methanol and filtered. The filtrate was evaporated and dried in
vacuo to give 4.5 g of 4-(1,4-dioxa-8-azaspiro[4,5]dec-8-yl)but-2-ynoic acid as a
brown amorphous solid: mass spectrum electrospray, m/e): M-+H 225.8.

Example 32
3-(1.4-Dioxa-8-azaspiro[4 S]dec-8-yl)but-2-yne
A mixture of 10.0 g (69.9 mmol) of -1,4-dioxa-8-azaspiro[4,5]decane, 22.8 g (69.9
mmol) of cesium carbonate and 8.32 g (69.9 mmol) of propargyl bromide in 165 mL

of acetone was stirred overnight at 25 °C. The reaction was filtered and the filtrate

was evaporated to dryness. A small amount of water and satd NaHCO); was added to
the residue and it was extracted with ether. The ethereal extracts were treated: with -
Darco, dried and evaporated to give 10.8 g of 3-(1,4-dioxa-8-azaspiro[4,5]dec-8-
yDbut-2-yne as a yellow orange oil: mass spectrum (electrospray, m/e): M+H-181.8. -

Example 33
- Methyl 4-benzyloxy-2-(dimethylaminomethyleneamino)-S-methoxybenzoate =~ -~
A stired mixture of 70.0g (244 mmol) of methyl -2-amino-4-benzyloxy-5-
methoxybenzoate (Phytochemistry 1976, 15, 1095) and 52 ml of dimethylformamide
dimethyl acetal was heated at 100°C for 1.5 h, cooled, and evaporated directly under
high vacuum to give 81.3 g of off-white solid, mp 134-140°C; NMR (CDCl,) d 3.01
(s, MeN). - - |

To a stirred solution of 26.9 ml of n-butyllithium (2.5 M in hexane) in 50 ml of THF
at -78°C was added a 3.51 ml of acetonitrile in 20 m] of THF during 10 min. After
stirring at -78°C for 30 min, the 1i_1ixture was ftreated with 10 g of methyl 4-
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benzjlloxy-2-(dimethylaminomethyle_neaminq)-5-methoxybenzoate in 20 ml of THF
during 5 min. . After 15 min at -78°C the stirred mixture was warmed to 0°C for a
further 30 min. It was then treated with 5 ml of acetic acid, warmed to 25°C and
stirred for 30 min. - The mixture was evaporated to dryness, and diluted with aqueous
sodium bicarbonate. The resulting off-white solid was filtered, washed with water,
cthyl acetate and ether. After drying, 4.5 g of 7-benzyloxy-4-hydroxy-6-methoxy-
quinoline-3-carbonitrile was obtained as an off-white solid, dec > 255°C ; mass
spectrum (electrospray, m/e) M+H 307.

‘Example 35 -
_ 7-benzyloxy-4-chloro-6-methoxy-quinoline-3-carbonitrile
To a stirred suspension of 1 g of 7-benzyloxy-4-hydroxy-6-methoxy-quinoline-3- -
carbonitrile in 10 ml of methylene chloride was added 5 ml of oxalyl chloride M in:
methylene chloride), and 2 drops of N,N-dimethylformamide. The mixture was -
refluxed for 20 min and to it was.slowly added aqueous sodium bicarbonate until the: .

bubbling ceased. Following separation of the layers, the\org'anic layer was evaporated

+ .to a small volume, then passed through a plug of magnesol. Elution with 50 ml.
. methylene chloride, followed by evaporation . provided 0.6 g of 7-benzyloxy-4-

chloro-6-methoxy-quinoline-3-carbonitrile as a pale yellow solid, mp 282-284°C;
mass spectrum (electrospray, m/e) M+H 325. '

_ s Example 36 :
4-chloro-7-hydroxy-6-methoxy-quinoline-3-carbonitrile

A stirred suspension of 0.54 g of 7-benzyloxy-4-chloro-6-methoxy-quinoline-3-
carbonitrile in 10 ml of methylene chloride was cooled to 0°C. To this was added 10
ml of boron trichloride (1M in methylene chloride). The mixture darkened as it
warmed to room temperature and a solid precipitated out. After stirring for 1 hour, no
further reaction was observed. The solid (unreacted starting material) was filtered
off, the remaining solution was cooled to 0°C and quenched by the dropwise addition

of methanol. Following evaporation of the solvent, the residue was dissolved in
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methylene chloride/methanol/acetone. Purification of this residue was carried: out
using silica’ gel chromatography, eluting: with a solvent gradient of 1 to 5 percent
methanol/methylene chloride, to provide 0.075 g of 4-chloro-7-hydroxy-6-methoxy-
quinoline-3-carbonitrile as a yellow solid, dec >245°C; mass spectrum (electrospray,
m/e) M+H 235.2. '

“Example37 =

A mixture of 0.070 g of 4-chloro-7-hydroxy-6-methoxy-quinoline-3-carbonitrile,
0.062' g of 3-(4-pyridyl)-1-propanol and 0.235 g of triphenylphosphine in 3 ml of

‘methylene chloride under nitrogen was cooled to 0°C. To this was added 0.14 ml of

diethyl azodicarboxylate dropwise. After 30 minutes, the reaction mixture ‘was-. :

warmed to room temperature and further stirred for 2 hours. The mixture was:

concentrated down to 1ml and purified by silica gel chromatography, eluting with a = -

solvent gradient of 1 to 2 percent methanol/methylene chloride, to provide 0.090 g of -

4-chloro-6-methoxy-7-(3-pyridin-4-yl-propoxy)-quinoline-3-carbonitrile as an off- . .~ -* - -

white gum.

Example 38

A mixwre of 40 g (20 mmol) of 1,4-dihydro-7-methoxy-4-oxo-quinoline-3- -
carbonitrile and 8.3 g (40 mmol) of phosphorous pentachloride was heated at 165°C
for 3 hours. The mixture was diluted with hexanes and the solid was collected. The
solid was mixed with brine and dilute sodium hydroxide solution and extracted
several times with a mixture of tet‘rahydrofuré.n and ethyl acetatc. The solution was
dried over magnesium sulfate and filtered through a pad of silica gel giving 3.7 g of
4-chloro-7-methoxy -quinoline-3-carbonitrile as a white solid:* mass spectrum
(electrospray, m/e): M+H 218.9.
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A : mixture  of 30.6 g of 4-aminoveratrole and 432 g of diethyl
ethoxymethylenemalonate was heated at 100 for 2 h and at 165°C for 0.75 h. The-
intermediate thus obtained was dissolved in 600 ml of diphenyl ether, and the
resulting solution was heated at reflux temperature for 2 h, cooled, and diluted with

* . hexane. The resulting solid was filtered, washed with hexane followed by ether, and
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dried to provide the title compound as a brown solid, mp 275-285°C.

Example 40 - -

- Amixture:of 28.8 g of 3-carbethoxy-4-hydroxy-6,7-dimethoxyquinoline and 16.6 ml
- of. phosphorous oxychloride: was stitred- at. 110°C :for 30 min, cooled to 0°C, and-
- treated with a mixture of ice and ammonium.hydroxide. The resulting grey sohd was
- filtered, washed with water and ether, and dried, mp 147-150°C. '

Example 41
Ethyl 2-cvano-3-(3.4-dimethoxyphenylamino)acrylate

A mixture of 7.66 g of 4-aminoveratrole, 8.49 g of ethyl ethoxymethylenecyano-

acetate, and 20 ml of to]_uene was heated at 100°C for 90 min. The toluene was

evaporated to give a solid, mp 150-155°C. -

Example 42

A mixture of 40¢g of ethyl 2-cyano-3-(3, 4-d1mcmoxyphenylammo)acrylate and1.2L
of Dowtherm® A was refluxed for 10 h, cooled, and diluted with hexane. The
resulting solid was filtered, washed with hexane followed by dichloromethane, and
dried; mp 330-350°C (dec).
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‘Example 43

A stirred mixture of 20 g of 1,4-dihydro-6,7-dimethoxy-4-oxo-quinoline-3- -

carbonitrile and 87 mi of phosphorous oxychloride was refluxed for 2 h, cooled; and
evaporatcd free of volatile matter. The residue was stired at 0°C with
dichloromethane-water as solid sodium carbonate was added until the aqueous layer
was pH 8. The organic layer was separated, washed with- water, dried: and
concentrated. Recrystallization from dichloromethane gave a solid, mp 220-223°C.

Example 44
Methyl 2-(dimethylaminomethyleneamino)benzoate

To a stirred solution of 7.56 g of methyl anthranilate in 50 ml of dimethylformamide -

- PCT/US99/22054

at 0°C was added 5.6 ml of phosphorous oxychloride during 15 m. The mixtufe was == : ..

heated at 55 for 45 m, cooled to 0, and diluted with dichloromethane. The mixture = -

was basified at 0°C by slow addition of cold 1N'NaOH to pH 9. The dichloromethane . © " .

layer was separated, washed with water, dried and concentrated to an oil.

Example 45 -
1.4-Dihvdro-4-oxo-quinoli

A stirred mixture of 1.03 g of methyl 2-(dimethylaminomethyleneamino)benzoate, -

0.54 g of sodium methoxide, 1.04 ml of acetonitrile, and 10 ml of toluene was

refluxed for 18 h. The mixture was cooled, treated with water, and brought to pH 3
by addition of dilute HC1. The resulting solid was extracted with ethyl acetate. The
extract was washed with water, dried and evaporated. The residue was recrystallized

from ethanol to give a solid, mp 290-300°C.

"Example 46

A mixwre of 102.4 g (411.7 mmol) of 3-chloropropyl p-toluene sulfonate, 75 g
(411.7 mmol) of 4-hydroxy-5-methoxy -benzoic acid methyl ester, 75.7 g (547.5
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-mmol) of potassium carbonate, and 1.66 g (4.1 mmol) of methyl-tricapryl ammonium

chloride in 900 ml of acetone was stirred rapidly at reflux for 18 hr. The mixture was
filtered and the solvent was removed giving 106 g of the tile compound - after

recrystallization from a chloroform-hexane mixture. -

- Example 47
4-(2- - -S-m¢ -benzoic acid methyl ester
By using an identical method as.in Example 46, 77 g of 4-hydroxy-5-methoxy -
benzoic acid methyl ester, 99.2 g of 2-chloroethyl p-toluene sulfonate, 77.7 g of

- potassium carbonate, and 1.7 g (4.1 mmol) of methyl-tricapryl ammonium chloride

. »was converted to 91.6 g of the title compound: mass spectrum (electrospray, m/e,):

. M+H 245.0

5
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methyl ester in 300 ml acetic acid was added dropwise 100 ml of 70% nitric acid. The

mixture was heated to 50°C for 1 hr and then poured into ice water. The mixture was

- extracted with chloroform. The organic solution was washed with dilute sodium
. hydroxide and then dried over magnesium sulfate. The solvent was removed. Ether
~ was added an the mixture was stirred until solid was deposited. The solid was

collected by filtration giving 98 g of 4-(3-Chloro-propoxy)-5-methoxy-_2-nitro-
benzoic acid methyl ester as white crystals : mass spectrum (electrospray, m/e,): M+H

- 303.8; 2M+NH, 623.9.

Example 49
4-(2-Chloro-ethoxy)-5-methoxy-2-nitro-benzoic acid methy] ester
By using an identical method as in Example 48, 85 g of 4-(2-Chloro-ethoxy)-5-
methoxy -benzoic acid methyl ester was nitrated to give 72 g of the title compound:

mass spectrum (electrospray, m/e,): 2M+NH, 595.89
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Example 50

A mixture of 91 g (299.6 mmol) of 4-(3-chloro-propoxy)-5-methoxy-2-nitro-benzoic
acid methyl ester and 55.2 g (988.8 mmol) of iron was mechanically stirred- at reflux
in a mixture containing 60.1 g ammonium chloride, 500 ml water, and 1300 mi

methanol for 5.5 hr. The mixture was concentrated and mixed with ethyl acetate. The

organic solution was washed with water and saturated sodium bicarbonate. The - -

solution was dried over magnesium sulfate and filtercd through a short column of =

silica gel. The solvent was removed and the residue mixed with 300 m! of ether-
hexane 2:1. After standing 73.9 g of the title compound was obtained as a pink solid :-
mass spectrum (electrospray, m/e): 2M-HC1+H 511.0; M+H 273.8 ;

‘A mixturc of 68.2 g (235.4 mmol) of 4-(2-chloro-ethoxy)-5-methoxy-2-nitro-benzoic ~ -
acid methyl ester and 52.6 g (941.8 mmol) of iron was mechanically stirred at-reflix -
in a mixture containing 62.9 g ammonium chloride, 393 ml water, and 1021 ml

methanol for 15 hr. The mixture was concentrated and mixed with ethyl acetate. The
organic solution was washed with water and saturated sodium bicarbonate. The
solution was dried over magnesium sulfate and filtered through a short column - of
silica gel. The solution was concentrated to 200 ml and diluted with 250 of hot
hexane. After standing 47.7 g of the title compound was obtained as a solid : mass
spectrum (electrospray, m/e) M+H 259.8.

Example 52

1-(2-Chloro-ethoxy)-4-hydroxy-6-methoxy-quinoline-3-carbonitrile
A mixture of 25 g (96.3 mmol) of 2-amino-4-(2-chloro-ethoxy)-5-methoxy-benzoic

acid methyl ester and 17.2 g (144.4 mmol) of dimethyformamide dimethyacetal was
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heated to reflux for 1.5 hr. Excess reagents were removed at reduced pressure leaving
30.3 g of a residue which was dissolved in 350 ml of tetrahydrofuran.

In a separate flask, to a stirred solution of 80.9 ml of 2.5M n-butyl lithium in hexane .
~ in 300 ml of tetrahydrofuran at -78°C was. added dropwise 8.3 g (202.1 mmol) of

acetonitrile over 40 min. After 30 min, the above solu_tioh of amidine was added
dropwise over 45 min at -78°C. After 1 hr, 27.5 ml of acetic acid was added and the
mixture was allow to warm_'to.room temperature. The solvent was removed and water
was. added. Solid was collected by filtration and washed with water and ether. After

drying in vacumn, 18.5 g of the title compound was obtained as a tan powder: mass

spectrum (electrospray, m/e) M+H 278.8.

...~ By using the method of example 52 and starting with 6.01 g of the corresponding .
15
; title compound was obtained as-a tan powder: mass spectrum (electrospray, m/e) -

amidine, 1.58 g of acetonitrile, and:15:35 ml: of n-butyl lithium solution, 3.7-g of the - -

- M+H 292.8; 2M+H 584.2

20

7-(3-Chloro-propoxy)-4-chloro-6-methoxv-quinoline-3-carbonitrile

A mixture of 3.5 g (12 mmol) of 7-(3-chloro-propoxy)-4-hydroxy-6-methoxy-

25

quinoline-3-carbonitrile and 28 ml of phosphorous oxychloride was refluxed for 1.5
hr. Excess reagent was removed at reduced pressure. The residue was mixed with ice
cold dilute sodium hydroxide and ethyl acetate. The mixture was extracted with a
combination of ethyl acetate and tetrahydrofuran. The combined extracts were
washed with a saturated solution of sodium bicarbonate, dried over magnesium
sulfate, and filter through a short column of silica gel. Solvents were removed giving
3.2 g of the title compound as a pink solid that is used with additional purification.
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A’ solution of 8 g (28.7 mmol) of 7-(2-Chloro-ethoxy)-4-hydroxy-6-methoxy-
quinoline-3-carbonitrile and 18.2 g (143.5 mmol) of oxalyl chloride in 80 ml of
methylene chloride containing 0.26 g of dimethylformamide was stirred at reflux for
2.5 hr. The solvent was removed. The residue was mixed with cold dilute sodium
hydroxide and extracted several time with ethyl acetate and tetrahydrofuran. The
combined extracts were dried over magnesium sulfate and the solution was passed”
through a short silica gel column. The solvents were removed giving 6.0 g of the title

compound as an off-white solid that is used without additional purification.

Example 56

A mixture of 795 g (326 mmol)- of 6-ethoxy-7-methoxy-4-0xo-1,4-""

dihydroquinoline-3-carbonitrile and 50 mL of phosphorous oxychloride was refluxed - =

for 3h 40 min. The phosphorous oxychloride was removed in vacuo and the residue -
was slurried with ice water. Solid NaHCO, was added (pHB) and the product was”
collected by filtration, washed well with water and dried in vacuo (40°C). The yield =
was 7.75 g of 4-chloro-6-ethoxy-7-methoxyquinoline-3-carbonitrile as a tan solid:
mass spectrum (electrospray, m/e): M+H 262.8, 264.8. '

A solution of 10.2 g (45.3 mmol) of methyl 2-‘amino-5-elhoxy—4-methbxy benzoate
and 10.8 g (90.7 mmol) of dimethylformamide dimethyl acetal in 50 mL of dimethyl-
formamide was refluxed for 3 h. Volatile material was removed and the residue was
azeotroped with toluene and dried in vacuo to give the formamidine as a purple syrup.
n-Butyllithium '(100 mmol) in hexane was diluted with 60 mL of tetrahydrofuran at’
-78°C. A solution of 4.18 g (102 mmol) of acetonitrile in 80 mL of tetrahydrofuran

was added over 15 min and the solu_tion was stirred for 20 min. The crude
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-7+ 13.1 g (233 mmol) of powdered iron and 17.7 g (334 mmol) of ammonium chloride
~ +;in 95 mL of water and 245 mL of methanol: was refluxed for 4.5 h. An additional .. :
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formamidine was dissolved in 80 mL of tetrahydrofuran and added dropwise to the
cold solution over 0.5 h. After stirring for 2h, the reaction was quenched-at -78°C
with 13 mL of acetic acid. It was allowed to warm to room temperature and volatile

- material was removed in vacuo. The residue was slurried with water and the crude

product was collected by filtration washed with water and dried. This material was
then washed with chloroform and dried to give 7.95 g of 6-ethoxy-7-methoxy-4-0xo-
1,4-dihydroquinoline-3-carbonitrile as yellow crystals: mass spectrum (electrospray,
m/e): M-H243.2. .

- . Example 58

M -Amino-5-ethoxy-4-methox benzqa

- A mixture of 17.0 g (66.7 mmol) of methyl 5-ethoxy-4-methoxy-2-nitrobenzoate, -

13.1 g of iron was added followed by refluxing for 2.5 h. :Then an additional 13.1 g
of iron and 17.7 g of ammonium chloride was added and refluxing was continued for:
12 h. The reaction was filtered through Celite and methanol was removed from the
filtrate. The filtrate was extracted with chloroform and the extracts were treated with
Darco, evaporated and dried in vacuo (50°C).The yield was 11.0 g of methyl 2-

‘amino-5-ethoxy-4-methoxybenzoate as tan crystals: mass spectrum (electrospray,

m/e): M+H 225.9.

Example 59 -
} Methyl 5-Ethoxy-4-methoxy-2-nitrobenzoate _
A mixture of 15.0 g (74.1 mmol) of methyl 3-ethoxy-4-methoxybenzoate in 45 mL of
acetic acid was treated with 15 mL of conc nitric acid dropwise over 12 min. The -
reaction was kept at 55°C for 45 min, cooled to 25°C and poured into ice water. The
product was extracted into methylene chloride and the extracts were washed with

water and dil sodium hydroxide, dried and evaporated. The yield was 17.8 g of
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methyl" 5-ethoxy-4-methoxy-2-nitrobenzoate: as - ye]low crystals: mass spectrum’
(electrospray, m/e): M+H 256.0. - IR

Example 60
Methyl 3-Ethoxy-4-methoxybenzoate

A mixture of 24.3 g (134 mmol) of methyl 3-hydroxy-4-methoxybenzoate, 36.8 g

(267 mmol) of anhyd potassium carbonate and 31.4 g (201 mmol) of ethyl iodide in"
500 mL of dimethylformamide was stirred at- 100°C for 5.5 h. An additional amount
of ethyl iodide (31.4 g) and potassium carbonate (18.4 g) was added and heating was
continued for 2 h more. The reaction was filtered and volatile material was removed
from the filtrate in vacuo. The residue was slurried with water and filtered to collect
the product which was washed with water and dried. Recrystallization from heptane -
gave 15.6 g of methyl 3-ethoxy-4-methoxybenzoate as white crystals: mass spectrum "

" (electrospray, m/e): M+H 210.9.

Example 61

Methyl 3-Hvdroxy-4-methoxybenzoate
A solution of 30.8 g (183 mmol) of 3-hydroxy-4-methoxybenzoic acid-and 6 mL of -
conc sulfuric acid in 600 mL of methanol was refluxed overnight. Most of the
solvent was removed and the remaining solution was poured into 600 mL of water -
containing 25 g of sodium bicarbonate. The product was extracted into ether, treated
with Darco, dried and evaporated. The yield was 31.8 g of methyl 3-hydroxy-4- -
methoxybenzoate as pale yellow crystals.

Ex'ample 62

To a stirred solution of 157 g (50 mmol) of ethyl 2-amino-4,5-bis(2-
methoxyethoxy)benzoate (W0-96130347) in 50 ml of DMF at 0°C was added
phosphorous oxychloride (5.6 ml, 60 mmol) during 15 m. The resulting solution was
heated at 55°C for 45 m, cooled, diluted with methylene chloride, and treated at 0°C



15

20

25

30

WO 00/18761 PCT/US99/22054

-94.-

with 200 ml of N/1 sodium hydroxide during 2 m. The organic layer was separated
and washed at 0°C with water. The solution was dried and evaporated with added
toluene present to give 18.4 g of amber oil; NMR (CDCI,) 6 3.02 (s, Me,N).

-To a stirred solution of n-butylllithium (44 ml of 2.5 M in hexane; 110 mmol) in 65

ml of THF at -78°C was added a solution of acetonitrile (5.85 ml, 112 -mmol) in 110

.~ ml-of THF during 10 m. After stirring at -78°C for 15 m, the mixture was: treated
10 -

with a solution of N’-[2-carbethoxy-4,5-bis(2-methoxyethoxy)phenyl]-N,N-dimethyl-

- formamidine in 75 ml of THF during 20-m. After 30 m at-78°C the stirred mixture -

was treated with acetic acid (14.3 ml, 250 mmol).. The mixture was warmed to 25°C -

and stirred for 2 h. The mixture was evaporated to dryness, and diluted with water. - = - -
The resulting white solid was filtered, washed with water, and dried to give 10.7 g; . -

mass spectrum (electrospray, m/e) M+H 319.2. .

- A stirred mixture of 1,4-dihydroquinoline-5,6-bis(2-methoxyethoxy)-3-carbonitrile

9.68 g, 30.4 mmol) and 30 ml of phosphorous oxychloride was refluxed for 1.5 h.

- The resulting solution was concentrated under vacuum, and.the residue was stirred
with methylene chloride at 0°C as ice-water and sodium carbonate were added until -

pH of mixture was 8-9. The organic layer was separated, washed with water, dried
and concentrated to give a tan solid; mass spectrum (electrospray, m/e) M+H 337.1,
339.1.

Example 65
Methyl 4-methoxy~3-(§-momhohn-4-yl-propoxy) )benzoate-
A stirred mixture of methyl isovanillate (22.6 g, 124 mmol), N-(3-chloropropyl)-
morpholine (254 g, 155 mmol), potassmm carbonate (18.8 g, 136 mmol),
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tetrabutylammonium iodide (0.92 g, 2.5 mmol), and 248 ml of 2-butanone was
refluxed for 20 h. The 2-butanone was evaporated off, and the residue was stirred
with water at 0°C. The resulting white solid was filtered off, washed successively
with water and hexane, and dried; mp 90-94°C.

To a stirred solution of methyl: 4-methoxy-3-(3-morpholin-4-yl-propoxy))benzoate
(30.9 g, 100 mmol) in 100 ml of acetic acid at 25°C was added 50 ml of 70% nitric
acid during 30 m. The solution was heated to 45°C at which point the reaction started
and was self-sustaining at that temperature. After a total of 1.5 h-at 45-50°C the.
mixture was cooled to 0°C, treated with ice-water and 240 g (1.75 mol) of potassium
carbonate, and extracted with ethyl acetate. The extract was:washed with water,
dried, and concentrated to give a yellow solid, mp 78-82°C.

Example 67
Methyl 2-amino-4-methoxy-5-(3-morpholin-4-yl-propoxy))benzoate
A solution of methyl 4-methoxy-3-(3-morpholin-4-yl-propoxy))-2-nitrobenzoate
(32.5 g, 91.7 mmol) in 110 ml of methanol and 220 ml of ethyl acetate was
hydrogenated at 55 psi in the presence of 2.0 g of 10% Pd on carbon catalyst at 25°C.
After 4 h the mixwre was filtered, and the filtrate was evaporated to dryness. The
residue was recrystallized from acetone-hexane to give a tan solid, mp 78-82°C.

Example 68
Ethyl 2-(dimethylaminomethyleneamino)-4-methoxy-5-

(3-morpholin-4-yl-propoxy))benzoate
A mixture of methyl 2-amino-4-methoxy-5-(3-morpholin-4-yl-propoxy))benzoate

(6.49 g, 20 mmol) and dimethylformamide. dimethyl acetal (4.25 ml, 30 mmol) was
heated at 100°C for 1.5 h. All volatile materials were evaporated off directly at 70°C
to give a syrup; mass spectrum (electrospray, m/e) M+H 380.5.
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... . Example 69

_carbonitrile . - - .
To a stirred solution of n—butylllithiﬁm (17.6 ml of 2.5 M in hexane; 44 mmol) in 26
ml of THF at -78°C was added a solution of acetonitrile (1.85 mi, 45 mmol) in 44 m}
of THF during 10 m. After stirring at - 78°C for 15 m, the mixture was treated with a
solution of ethyl 2-(dimethylaminomethyleneamino)-4-methoxy-5-(3-morpholin-4-yl-

- . .propoxy))benzoate (7.6 g, 20 mmol) in 30.m] of THF during 20 m. = After 90 m at

10

15

20

25

30

~78°C the mixture was treated with carbon dioxide while warming slowly to 25°C and
then evaporated to dryness. The residue was partitioned with n-butanol (200 ml) and
half-saturated NaCl solution (40 ml). The organic layer was separated, washed with
saturated NaCl solution, and evaporated to dryness. The resulting solid was triturated

. successively with boiling acetone and methanol, filtered, and dried to give a tan solid,
- mp 255-260°C. - ' '

A stimed mixwre of 1,4-Dihydroquinoline-7-methoxy-6-(3-morpholin-4-yl-

propoxy))-4-oxo-3-carbonitrile (4.75 g, 13.8 mmol), 0.10 ml of DMF, and 55 ml of
thionyl chloride was refluxed for 3 h. Volatile matter was removed by cvaporation at
30°C, and the residue was stirred at 0°C with a mixture of .methylene chloride and
water containing potassium carbonate to give pH 9-10. The organic layer was
separated, washed with water, dried -and concentrated to give a brown solid; mass
spectrum (electrospray, m/e) M+H 362.4, 364.4.

Example 71 .

Mixed 122. mg (0.50 mmol) 7-ethoxy-1,4-dihydro-6-methoxy-4-oxo-quinoline-3-

carbonitrile and 2.0 ml methylene .chlqride under N, and kept temperature near 25°C.
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Added 218 pl (2.5 mmol) oxalyl chloride and 10 pl (0.125 mmol) DMF. Stirred
overnight, diluted with chloroform and stirred in saturated sodium bicarbonate until
basic. Separated layers and dried organics with magnesium sulfate, stripped solvent
and dried in vacuo, giving 117 mg of tan solid: mass spectrum (electrospray m/e):
M+H = 262.8, 264.8.

Added 54.0 ml (135 mmol) n-butyl lithium to 150 ml' THF and chilled to -78°C.
under N,.- Added dropwise over 20 minutes 7.05 ml (135 mmol) acetonitrile in 200
ml THE. Stirred 15 minutes and added a solution of 17.99 g (64.2 mmol) methyl 4-
ethoxy-5-methoxy-2-(dimethylaminomethylencamino)benzoate in 150 ml THF

dropwise over 20 minutes. Let stir for 0.5 hour‘at -78°C. Added 11.0 m1 (193 mmol). -
‘acetic acid and warmed gradually to 25°C. After 2.5 hours, stripped solvent, slurried

residue with water, collected solids and dried in vacuo, giving 13.025 g of yellow
solid: mass spectrum (electrospray m/e); M+H = 245.2.

Example 73
Methyl 4-ethoxy-5S-methoxv-2-( g'mgthﬂaminomethvleheaminollz'enzoaté

A mixture of 15.056 g ( 66.9 mmol) methy! 2-amino-4—ethoxy—SLmemokybenidate=
and '14.1 ml (100 mmol) N,N-dimethylfon’namide dimethylacetal was heat'e.d' to
100°C under N,. At 4.5 hours added 4.7 ml (33.3 mmol) more DME/DMA .and-
removed heat at 5 hours. Stripped'solvent; azeoiroped with tblliéne, and dried in
vacuo, giving 18.211 g of grey-brown solid: mass spectrum (electrospray m/e):
M+H =2813. |

Example 74
Methyl 2-amino-4-e¢thoxy-S-methoxybenzoate

A mixture of 24.110 g (94.5 mmol) methyl 4-ethoxy-5-methoxy-Z-nitrobénzoate,
15.81 g (283 mmol) iron powder, 25.28 g (472 mmol) ammonium chloride, 135 ml
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water, and 350 ml methanol was heated to reflux under N,. At -both 3 and 5.5 hours
added the same amount of iron and ammonium chloride. Removed heat at 6.5 hours,
added ethyl acetate and saturated sodium bicarbonate, filtered through celite and
separated layers. ~'Washed organic layer with saturated sodium bicarbonate, dried
with magnesium sulfate, stripped solvent, and dried in vacuo, giving 17.594 g of pink

- solid: : mass spectrum (electrospray m/e): M+H = 226.2.

Example 75

mthﬂ 4»gmozgy—j-methoxx-z-mtrgbenzgate
Dissolved- 5. OOg (23.7 mmol) methyl 4-etlwxy-3-methoxybenzoate in 25 ml acetic

-acid under N, and added 6.1 ml (95.1 mmol) 69% nitric acid dropwise over 30
.- -minutes. - Heated to -50°C for-1.5 hours and poured onto ice bath. - Extracted with -
" :chloroform, washed with dilute sodium -hydroxide solution and filtered through

magnesium sulfate. Stripped solvent and dried in vacuo, giving 5.268 of off-white
solid: mass spectrum (electrospray m/e): M+H =255.8.

| - Example76
‘Methyl 4-ethoxy-3-methoxybenzoate

- . A mixture of 25.0_g (137 mmol) methyl vanillate, 38.87 g (274 mm_ol)_l potassium
20

carbonate, 500 ml DMF, and 16.5 ml (206 mmo}) ethyl iodide was heated to 100°C

‘under N,. At 2.5 hours, cooled and removed solids. Swripped solvent, and partitioned

between water and methylene chloride. Stripped solvent and dried in vacuo, glvmg '
25.85 g of white solid: mass spectrum (EI m/e): M =210.0.

Example 77
Z-Ethoxy- xy-quinoline-3-carbonitrile
A mixture of 10 g (73 mmol) of 3-ethoxy aniline and 12.3 g (73 mmol) of ethyl
(ethoxymethylene) cyanoacetate was heated in 90 ml of Dowther at 140°C for 7
hours. To this mixture was added 250 ml of Dowther. The solution was stirred and

refluxed under nitrogen for 12 hours with periodically distilling out the eliminated
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ethanol. The mixture was cooled to room temperature and the solid was collected and

washed with hexane. The crude solid was treated with boiling ethanol and then
filtered to give 9.86 g of brown solid: mass spectrum (electrospray, m/e): M+H 214.7.

Example 78 -

To a suspension of 5 g (23 mmol) of 7-Ethoxy-4-hydroxy-quinoline-3-carbonitrile in
75 ml of trifluroacetic anhydride was added 5.5 g (69 mmol) of ammonium nitrate
over a period of 6 hours at room temperature. Excess anhydride was removed at
reduced pressure at 45°C. The residue was stirred with 300 ml of water. The solid .
was collected and treated with boiling ethanol to give 3.68 g of tin solid: mass
spectrum (electrospray, m/e) M+H 259.8. ' :

A mixture of 3.45 g (13 mmol) of 7-Ethoxy-4-hydroxy-6-nitro-quinoline-3- -
- carbonitrile, 5.55 g (26 mmol) of phosphorous pentachloride, and 10 ml of * -

phosphorous oxychloride was refluxed for 3 hours. The mixture was diluted: with
hexane and the solid was collected. - The solid was dissolved in 500 ml of ethyl
acetate and washed with cold diluted sodium hydroxide solution. The solution was"
dried over magnesium sulfate and filtered through a pad of silica gel. The solvent
was removed giving 2.1 g of beige solid: mass spectrum (electrospray, m/e) M+H'
277.7. '

A mixture of 12.6 g (75 mmol) of 2-methoxy-4-nitro aniline and 12.7 g (75 mmal)
of ethyl (ethoxymethylene) cyanoacetate was heated in 100 ml of Dowther at 120°C
for overnight and 180°C for 20 hours. To this mixture was added 300 ml of Dowther.

The solution was stirred and refluxed under nitrogen for 12 hours with periodically



- ‘WO 00/18761 : _ PCTAUS99/22054

-100 -

distilling out the elimiﬁated ethanol. - The mixture was coo_led to room temperature
and the solid was collected and washed with hexane. The crude solid was treated with
boiling ethanol and . then filtered to give 12 g of brown solid: mass spectrum
(electrospray, m/e): M+H 245.8.

~ Example 81 -

4-Chloro-8-methoxy-6-nitro-guinoline-3-carbonitrile

‘A mixture of 4 g (16 mmol) of 8-Methoxy-4-hydroxy-6-nitro-quinoline-3-

- . carbonitrile, 6.66: g (32 mmol). of phosphorous pentachloride, and 15 ml of

S 10 -

phosphorous oxychloride was refluxed for 2.5 hours. . The mixture was-dilutcd with
.. 'hexane and the solid was collected. The solid was dissolved in 500 ml of ethyl - -

-~ acetate and washed with cold diluted sodium hydroxide solution. The solution was -

15
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* dried over magnesium sulfate and filtered through a pad of silica gel. The solvent -
. was removed giving 2.05 g of tan solid: mass spectrum (electrospray, m/e) M+H

263.7.
. ‘Example 82

A’ mixwre of 4.82 g of _methyl.3,4,5-trimethoxyanthrani1até- in 20 ml of N,N-

dimethylformamide dimethyl acetal was refluxed for 18 hours and concentrated in

* vacuo.. The crude amidine product was used in the next step -without. further

purification. : : : : : _ .
To 25 ml of tetrahydrofuran at -78°C was added 17.6 ml of 2.5M n-butyllithium in
hexanes. Then 2.35 ml of acetonitrile in 45 ml of tetrahydrofuran was added
dropwise. The mixture was stirred at ~78°C for 15 minutes. Then a solution of the
crude amidine in 30 ml of tetrahydrofuran was added dropwise. The mixture was
stirred at -78°C for 30 minutes, then 5.7 ml of acetic acid was added. The mixture
was warmed to room. temperature, and 100 mi of water was added. The product was

collected, washed with water, and dried to give 4.14 g of .4-hydroxy-6,7,8-
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trimethoxy-quinoline-3-carbonitrile ‘as a solid, mp 280°C (decomposed); mass
spectrum (electrospray, m/e): M+H 261.2. ' ' '

Example 83
4-Chloro-6.7.8-trimethoxy-guinoline-3-carbonitrile
A stirred mixture of 1.30 g of 4-hydroxy-6,7.8-trimethoxy-quinoline-3-carbonitrile,
10 ml of phosphorous oxychloride, and1 drop of N,N-dimethylformamide was
refluxed for 10 minutes and evaporated free of volatile matter. The residue was
stirred with 20 ml of 5% methyl alcohol in ethyl acetate. The product was collected:
and dried to give 1.12 g of 4-chloro-6,7,8-trimethoxy-quinoline-3-carbonitrile as a
solid, mp 161-163°C; mass spectrum (EI, m/e): M 278.0452.

Example 84

A mixture of 3.46 g of 2-amino-3,6-dimethoxybenzoic acid (Manouchehr Azadi-=
Ardakani and Timothy W. Wallace, Tetrahedron, Vol. 44, No. 18, pp. 5939 to 5952;

1988) in 20 ml of N,N-dimethylformaide dimethyl acetal was refluxed for 18 hours
and concentrated in vacuo. To the residue was added 180 mi of ethyl acetate. The.
mixture was filtered, and 200 ml of hcxanes was added to the filtrate. The mixture

was then concentrated to 100 ml. The product was collected and dried 't give 3.25 g

of 2-(dimethylamino-methyleneamino)-3,6-dimethoxy-benzoic acid methylester as a -
solid, mp 81-83°C; mass spectrum (EI, m/e): M 266.1263.

Example 85
4-Hydroxy-5.8-dimethoxy-quinoline-3-carbonitrile
To 12.5 ml of tetrahydrofuran at -78°C was added 8.8 ml of 2.5M n-butyllithium in
hexanes. Then 1.18 ml of acetonitrile in 25 ml of tetrahydrofuran was added
dropwise. The mixture was stirred at -78°C for 15 minutes. Then a solution of 2-
(dimethylamino-methyleneamino)-3,6-dimethoxy-benzoic acid ‘methylester in 62 ml

of tetrahydrofuran was added dropwi_s'e. The mixture was stirred at -78°C for 10
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minutes, then warmed to room temperature in 15 minutes. Acetic acid (3 ml) was
added, followed by 200 ml of water. The product was collected, washed with water,
and dried to. give 1.57 g of 4—hydroxy-5,8.—dimethoxy-quinoline—3-carbonitri1e as a
solid, mp 300-305°C; mass spectrum (EI, m/e): M 230.0685.

A stirred mixture of 1.30 g of 4-hydroxy-5,8-dimethoxy-quinoline-3-carbonitrile, 10

-ml of phosphorous oxychloride, and 2 drops of N,N-dimethylformamide was refluxed
- for 10 minutes and evaporated free of volatile matter. The fesidue was stirred: with
50 ml of water. The product was collected and dried to give 1.74 g of 4-chloro-5,8- :
- dimethoxy-quinoline-3-carbonitrile as a solid, mp. 165-167°C; mass spectrum (EL

. m/e): M 248.0346.
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L R ExampleS'I _ e

Methyl 2-(glmethylammgmethyleneammo)-4,5 dlethoxybenéoate
To a stirred solution of methyl 2-amino-4,5-dicthoxybenzoate (4.79 g, 20. mmol) in
20 ml of DMF at 0°C was added phosphorous oxychloride (2.24 ml, 24 mmol) during
15 m. The mixture was warmed.to 55°C and stirred for 45 m. The resulting solution
was diluted with methylene chloride, cooled to 0°C, and treated with 80 ml of
precooled N/1 sodium hydroxide during 5 m. The organic layer was separated and
washed at 0°C with with water. The solution was dried_and concentrated to give an
amber oil; NMR (CDCL,) 6 3.00(s, Mg, N).

Example 88
1,4-Dihydroquinoline-6.7-diethoxy-4-0x0-3-carbonitrile -
To a stirred solution of n-butyllithium (17.6 ml of 2.5 M in hexane; 44 mmol) in 25
ml of THF at -78°C was added a solution of .acetonitrile (2:35 ml, 45 mmol) in 44 ml
of THF during 10 m. After stirring at -78°C for 15 m, the mixture was treated with a
solution of ethyl 2-(dimethylaminomethyleneamino)-4,5-diethoxybenzoate (5.83 g, -
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19.8 mmol) in 30 ml of THF during 30 m. - After 30 m at -78°C the mixture was
treated with 5.7 ml (100 mmiol) of acetic acid and evaporated to dryness. The residue

‘was stirred in water, and the resulting precipitate was filtered off, washed with water,

and dried to give 4.01 g of off-white solid; NMR (DMSO-d,) d 8.58(s, 2-H).

Example 89 -
4-Chlor: -di -quinoline-3-carbonitrile.
In the. manner of Example 64 treatment of 1,4-dihydroquinoline-6,7-diethoxy-4- - -
oxo-3-carbonitrile with phosphorous oxychloride gave the title compound as a pink -
solid, mp 170-175°C. '

Example 90

2-(Dimethylamino-methyleneamino)-3-m XV- ic aci ester

A reaction mixture of 5.0 g (29.9 mmol) of 2-amino-3-methoxy-benzoic acid in'250 .+ -

mL of DMF-DMA was heated at 100-105° C for 2.5 hr, and then the ‘solvent was -

removed to give a red- purple viscous oil. After standing in a refrigerator, the oil - -

solidified to give 5.8 g of the product as a red-purple solid in 82.8 % yield, mass -
spectrum (electrospray, m/e): M+H 236.9

Example 91
1.4-Dihydro-8-methexy-4-0xo-quinoline-3-carbonitrile
To 35.0 mL of THF was added 26.6mL (66.4 mmol ) of n-BuLi solution during 5
min at -78°C. To the stirred solution was added a solution of 3.55 mL (67.9 mmol)
of CH,CN in 65 mL of THF during 10 min which time the solution became white
suspension, and then continued to stir for 15 min at -78° C. To the suspension was
added a solution of 5.8 g (24.5 mmol) of 2-(Dimethylamino-methyleneamino)-3-
methoxy-benzoic acid ‘methyl ester in 45 mL of THF during 30 min, and -then
continued to stir 30 min at -78° C during which time the mixture gradually became
clear. The solution was quenched with 8.5 mL of HOAc. The resulting thick shurry

was stirred and warmed to room temperature. After most of the solvent was
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evaporated, the residue was diluted with cold water. The scparate solid was collected
by filtration and washed with water. After drying in vacuo, this afforded 3.8 g of the

product as an off white solid in 77.6 % of yield, m.p. 270° C (dec.), mass spectrum
(electrospray, m/e): M+H 201.1

Example 92
4-Chloro-8-methoxy -quinolinc-3-carbonitrile

- A mixture of 3.8 g (19  mmol) of 1,4-dihydro-8-methoxy-4-oxo-quinoline-3-
-. carbonitrile and 40 mL of phosphorous oxochloride .and 5 drops of DMF was

refluxed for 0.5 hours. The mixture was evaporated to dryness and diluted with
hexanes. The solid was collected and mixed with cold dilute sodium carbonate-
solution and extracted several times with ethyl acetate. The organic layer was dried
over sodium sulfate and filtered through a pad of silica gel. Removal of the solvent
gave 3.8 g of 4-chloro-8-methoxy -quinoline-3-carbonitrile as an off white solid in 91
% yield, mass spectrum (electrospray, m/e): M+H 219.1.. '

- Example 93. . .

ro-7-methoxyv-quinoline-3-car

In the manner of Example 64 treatment of 1,4-dihydroquinolin-7-methoxy-4-0x0-3-

carbonitrile with phosphorous oxychloride gave the title compound as a tan solid;

mass spectrum (electrospray, m/e) M+H 219.2, 221.2. -

, - loxy-4-hydroxy-6- eth_ xy-quinoline-3-carbonitrile _
To a stirred solution of 26.9 m1 of n-butyllithium (2.5 M in hexane) in 50 ml of THF
at -78°C was added a 3.51 ml of acetonitrile in 20 ml of THF during 10 min. After
stirring at -78°C for 30 min, the mixture was treated with 10 g of L17741-150 (B.
Floyd) in 20 ml of THF during 5 min. After 15 min at -78°C the stirred mixture was

warmed to 0°C for a further 30 min. It was then treated with 5 ml of acetic acid,

warmed to 25°C and stirred for 30 min. The mixture was evaporated to dryness, and
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diluted with aqueous sodium bicarbonate. The resulting off-white solid was filtered,
washed with water, ethyl acetate and- ether. After drying; 4.5 g of 7-benzyloxy-4-
hydroxy-6-methoxy-quinoline-3-carbonitrile was obtained as an off-white solid, dec
>255°C ; mass spectrum (electrospray, m/e) M+H 307.

Example 95

To a stirred suspension of 1 g of 7-benzyloxy-4-hydroxy-6-methoxy-quinoline-3-
carbonitrile in 10 ml of methylene chloride was added 5 ml of oxalyl! chloride (2M in
methylene chloride), and 2 drops of N,N-dimethylformamide. The mixture was .
refluxed for 20 min and to it was slowly added aqueous sodium bicarbonate until the
bubbling ceased. Following separation of the layers, the organic layer was:
evaporated to a small volume, then passed through a plug of magnesol. Elution with: - -
50 ml methylene chloride, followed by evaporation provided 0.6 g of 7-benzyloxy-4- "~
- chloro-6-methoxy-quinoline-3-carbonitrile as a pale yellow solid, mp 282-284°C;

mass spectrum (electrospray, m/e) M+H 325.

A solution of 400 mg (1.44 mM) of 4-chloro-6,7-diethoxy-quinoline-3-carbonitrile . -
and 258 mg (1.88 mM) of 6-Aminoindoline dihydrochloride salt in 10 ml of ethanol:

was refluxed for 3 hours. To the warm solution was added 1 ml of 1M sodium
carbonate and the sample was heated for S minutes at 100°C, then poured into 300 m}
of ice water. The solid was collected, washed with water followed by ether and dried

under vacuum at 80°C. The solid was dissolved in 50/50 methanol / chloroform and

dried onto silica gel and purified by chromatography using a gradient of 20% to 50%

acetone in hexane to yield 496 mg of the title compound as a tan solid: mass spectrum

(electrospray, m/e): M+H 375.1, mp = 121-124°C.
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.- refluxed for 3 hours. To the warm solution was added 1 ml of 1M sodium carbonate
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353 mg (2.35 mM) of 6-aminobenzothiozole in 15 ml of ethanol was refluxed for 3

hours. To the warm solution was added 2 drops of concentrated HC] and the sample
was heated for 5 minutes at 100°C, then the solid was isolated by filtration. The solid
was taken up into 20 ml of ethanol and digested for 1 hour. The hot solution was

- filtered and the isolated solid was washed with ethanol and dried under vacuum at

80°C to yield 666 mg of 4-(benzothiazol-6-ylamino)-6,7-diethoxy-quinoline-3-
carbonitrile HC] Salt as a tan solid: mass spectrum (electrospray, m/e):: M+H 391.0,
mp = 285-287°C. :

. - Example 98

and the sample was heated for 5 minutes at 100°C, then poured into 300 mi of ice
water. The solid was collected, washed with water followed by cther and dried under
vacuum at 80°C to yield 526 mg of 4-(Benzo[1,3}dioxol-5-ylamino)-6,7-diethoxy-
quinoline-3-carbonitrile. as a tan solid: mass spectrum (clectrospray, m/e): M+H
378.0, mp = 200-203°C. - -

A solution of 400 mg (1.44 mM). of 4-chloro-6,7-diethoxy-quinoline-3-carbonitrile
and 250 mg (1.88 mM) of 6-aminoindazole in 10 m! of ethanol was refluxed for 3
hours. To the warm solution was added 1 ml of IM sodium carbonate and the sample
was heated for 5 minutes. at 100°C, then poured into 300 ml of ice water. The solid

was collected, washed with water followed by ether and dried under vacuum at 80°C
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to yicld 448 mg of 6,7-Diethoxy-4-(1H-indazol-6-ylamino)-quinoline-3-carbonitrile
as a tan solid: mass spectrum (electrospray, m/e): M+H 374.1, mp = 143-145°C.

Example 100

A solution of 400 mg (1.44 mM) of 4-chloro-6,7-diethoxy-quinoline-3-carbonitrile *
and 330 mg (1.88 mM) of 7-Amino-4-methyl-coumarin in 15 ml of 2-

methoxyethanol was refluxed for 3 hours. To the warm solution was added 1 ml of

1M sodium carbonate and the sample was heated for 5 minutes at 100°C, then poured

into 300 ml of ice water. The solid was collected, washed with water followed by

ether and dried under vacuum at 80°C to yield 431 mg of 6,7-Diethoxy-4-(4-methyl- - -

- 2-0x0-2H-chromen-7-ylamino)-quinoline-3-carbonitrile as a tan solid: mass spectrum

(electrospray, m/e): M+H 416.0, mp = 282-284°C.

Example 101 -

A solution of 964 mg (3.50 mM) of 4-chloro-6,7-diethoxy-quinoline-3-carbonitrile - - -

and 830 mg (6.29 mM) of 6-Aminoindole in 5 ml of 2-methoxyethanol was refluxed
for 3 hours. To the warm solution wés added 1 ml of 1M sodium carbonate and the -
sample was heaied for 5 minutes at 100°C, then poured into 300 ml of ice water. The
solid was collected, washed with water followed by ether and dried under vacuum at
80°C to yield 712 mg of 6,7-Diethoxy-4-(1H-indol-6-ylamino)-quinoline-3-
carbonitrile as a yellow solid: mass spemum'(electrospray, m/e): M+H 373.0, mp =
128-130°C.

‘Example 102

A solution of 500 mg (2.00 mM) of 4-chloro-6,7-dimethoxy-quinoline-3-carbonitrile
and 975 mg (2.61 mM) of 6-aminoindazole in 15 ml of 2-methoxyethanol was
refluxed for 3 hours. To the warm solution was added 1 ml of 1M sodium carbonate
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and the sample was heated for. 5 minutes at 100°C, then poured into 300 ml of ice
water. The solid was collected, washed with water followed by ether and dried under
vacuum at 80°C to yield 738 mg of the title compound as a tan solid: mass spectrum
(electrospray, m/e): M+H 345.9, mp = 180-183°C.

- A solution of 1.07 mg (3.87 mM) of 4-chlo_ro-6,7-diet_hoxy:—quinol_ine-S-carbonitrile
- and 675 mg (5.00 mM) of 5-Aminobenzotriazole in 15 ml of 2-methoxyethanol was

- refluxed for 3 hours. To the warm solution was added 1 ml of 1M sodium carbonate

and the sample was heated for 5 minutes at 100°C, then poured into 300 ml of ice
watcr.  The solution was made acetic by addition of concentrated HCI and the solid

was collected, washed with water followed by ethier and dried under vacuum at 80°C.. - :
'The solid was taken up into 200 ml of methanol and 500ul of 5 N sodium hydroxide
- and boiled:for 20 minutes. To this he_tero_geneous mixture was added 100 ml of -

- .glacial acetic acid and the volume was reduced to a total of 100 ml by boiling. To the

20
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. room temperature mixture, 500 ml of ice cold water was-added and the solid was

- - collected, washed with water followed by ether and dried under vacuum at 80°C to

yield 738 mg of Name as a brown solid: mass spectrum (electrospray, m/e): M+H
375.0, mp = Decomposed at 115°C.

_ - - Example 104 -
4-(1.3-Dioxo-2.3-dihydro-1H-isoindo}-3- i
carbonitrile .
A solution of 400 mg (1.44 mM) of 4-chloro-6,7-diethoxy-quinoline-3-carbonitrile
and 305 mg (1.88 mM) of 4-Aminophthalimide in 10 m! of ethanol was refluxed for

3 hours. To the warm solution was added 1 ml of 1M sodium carbonate and the

sample was heated for 5 minutes at 100°C, then poured into 300 ml of ice water. The
solid was collected, washed with water followed by ether and dried under vacuum at
80°C to yield 348 mg of 4-(1,3-Dioxo-2,3-dihydro-1H-isoindo}-5-ylamino)-6,7-
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diethoxy-quinoline-3-carbonitrile as ‘a yellow solid: mass spectrum (electrospray,
m/e): M+H 402.9, mp = 248-251°C. -

Example 105-

nzof1,4]dioxin-6-

A solution of 400 mg (1.44 mM) of 4-chloro-6,7-diethoxy-quinoline-3-carbonitrile
and 232 mg (1.54 mM) of 1,4-Benzodioxane-6-amine in 15 ml of 2-methoxyethanol
was rcfluxcd for 3 hours. To the warm solution was added 1 ml of 1M sodium
carbonate and the sample was heated for 5 minutes at 100°C, then poured. into 300 ml
of ice water. The solid was collected, washed with water followed by ether and dried -
under vacuum at 80°C to yield 526 mg of 4-(2,3-Dihydro-benzo[1,4]dioxin-6- -

ylamino)-6,7-diethoxy-quinoline-3-carbonitrile as a yellow solid: mass spectmim

(electrospray, m/e): M-+H 402.9, mp = 225-227°C.

Example 106

A solution of 400 mg (1.19 mM) of 4-chloro-6,7-(2-methoxyethoxy)-quinoline~3- -

carbonitrile and 174 mg (1.31 mM) of 6-Aminoindazole in 12 ml: of - 2- -

methoxyethanol was refluxed for 3 hours. To the warm solution was added 1 ml of -
1M sodium carbonate and the sample was heated for 5 minutes at-100°C, then poured.
into 300 ml of ice water. The solid was collected, washed with water followed by

-ether and dried under vacuum at 80°C to yield 362 mg of 4-(1H-Indazol-6-ylamino)-

6,7-bis-(2-methoxy-ethoxy)-quinoline-3-carbonitrile as a orange solid: mass spectrum

(electrospray, m/e): M+H 434.0, mp = 105-110°C.

carbonitrile
A solution of 400 mg (1.44 mM) of 4-chloro-6,7-diethoxy-quinoline-3-carbonitrile
and 273 mg (1.54 mM) of 4-Aminophthalhydrazide Hydrate in 15 ml of 2-
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methoxyethanol was refluxed for 3 hours. To the warm solution was added 1 ml of
1M sodium carbonate and the sample was heated for 5 minutes at 100°C, then poured
into 300 ml of ice water. The solution was made acetic by addition of concentrated
HCI and the solid was collected, washed with water followed by ether and dried
under vacuum at 80°C. The solid was taken up into 200 ml of methanol and 500yl of |
5 N sodium hydroxide and boiled for 20 minutes. To this heterogeneous mixture was
added 100 ml of glacial acetic acid and the volume was reduced to a total of 100 ml

.. by boiling.” To the room temperature mixture, SO0 ml of ice cold water was added

- 10
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and the solid was collected, washed with water followed by ether-and dried under
vacuum at 80°C. The solid was digested in 400 ml of ethanol until the volume had

- been reduced to 150 ml: The hot solution was filtered and the solid was washed with
.. ethanol and to dried under vacuum at 80°C yield 121 mg of the title compound as a -
;-white solid: mass spectrum: (electrospray, m/e): M+H 418.0, mp= 3270°C."

and 205 mg (1.54 mM) of 5-Aminoindan in 12 ml of 2-methoxyethanol was refluxed
for 3 hours. - To the warm solution was added 1 m! of 1M sodium carbonate and the

sample was heated for S minutes at 100°C, then poured into 300 ml of ice water. The

solid was collected, waéhed with water followed by ether and dried under vacuum at

~ 80°C. The brown solid was dissolved digested in 200 ml of ethanol and the volume

was reduced t0.100 ml. The solid was isolated from the warm solution and washed
with ethanol followed by ether and dried under vacuum at 80°C. to yield 435 mg of
6,7-Diethoxy-4-(indan-5-ylamino)-quinoline-3-carbonitrile as a brown solid: mass
spectrum (electrospray, m/e): M+H 374.0, mp = 85-88°C.
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- - Example 109-
'4-(2:4-Dioxo-1.4-dihydro-2H-benzo[ d][ I.3]oxazin-6-vlamino)-6.7-dieth
quinoline-3-carbonitrile -
A solution of 400 mg (1.44 mM) of 4-chloro-6,7-diethoxy-quinoline-3-carbonitrile,
274 mg (1.54 mM) of 5-Aminoisatoic Anhydride and 161 mg (1.44 mM) of pyridine
hydrochloride in 15 ml of 2-methoxyethanol was refluxed for 3 hours. The hot

solution was filtered and the solid was washed with ethanol and to dried under
vacuum at 60°C yield 482 mg of the HCI salt of 4-(2,4-Dioxo-1,4-dihydro-2H- -
benzo[d][l,3]oxaiin—6—ylamino)—6,7-diethoky—quinoline-3-carbonitxilc as a ' gray
solid: mass spectrum (electrospray, m/e): M+H 418.9, mp = >270°C.

Example 110 -

. A solution of 400 mg (1.44 mM) of 4-chloro-6,7-diethoxy-quinoline-3-carbonitrile; -~

227 mg (1.54 mM) of 6-Amino-1-Indanone and 161 mg (1.44 mM) of pyridine
hydrochloride in 12 ml of 2-methoxyethanol was refluxed for 3 hours. To the warm

solution: was added 1 ml of 1M sodium carbonate and the sample was heated for 5 . .

minutes at 100°C, then poured into 300 ml of ice water. The solid was collected,
washed with water followed by ether and dried under vacuum at 830°C to yield 483 -

mg of 6,7-Diethoxy-4-(1-o0xo-indan-5-ylamino)-quinoline-3-carbonitrile as a. white

 solid: mass spectrum (electrospray, m/e): M+H 388.0, mp = Decomposed at 263°C.

Example 111

carbonitrile
A solution of 400 mg (1.44 mM) of 4-chloro-6,7-diethoxy-quinoline-3-carbonitrile, -
230 mg (1.54 mM) of 6-Aminophthalide and 161 mg of pyridine hydrochloride in 12
ml of 2-methoxycthanol was refluxed for 3 hours. To the warm solution was added 1
ml of 1M sodium carbonate and the sample was heated for 5 minutes at 100°C, then
poured into 300 ml -of ice water. The solid was collected,” washed with water
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followed by cther and dricd nnder'vacuum.-gt 80°C to.yield 535 mg of 6,7-Diethoxy-

4-(3-0x0-1,3-dihydro-isobenzofuran-5-ylamino)-quinoline-3-carbonitrile  as a white
solid: mass spectrum (electrospray, m/c): M+H 390.1, mp = 280-284°C.

A solution of 400 mg (1.44 mM) -of 4-chloro-6,7-diethoxy-quinoline-3-carbonitrile,

- 230 mg (1.54 mM) of 6-Amino-1,1-dioxobenzo[b]thiophene and 161 mg of pyridine

.- . hydrochloride in 12 ml of 2-methoxyethanol was refluxed for 6 hours. . To the warm -
10 -

solution was added 1 ml of 1M sodium carbonate and the sample was heated for 5

- - minutes at 100°C, then poured into 300 ml of ice water. The solid was collected,
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washed with water followed by ether and dried under vacuum at 80°C. The solid was
dissolved in acetone and dried onto silica gel under high vacuum.. Purification of the
compound was obtained by chromatography using a gradient of 30% to 50% acetone
in hexane. The first of the three components of the mixture isolated from the column
was the desired product. Removal of the solvent by evaporation yielded 69 mg-of 4-

.--(1,1-Dioxo-1H-benzo[b]thiophen-6-ylamino)-6,7-diethoxy-quinoline-3-carbonitrile.
‘ as a yellow solid: mass spectrum (electrospray, m/e): M+H 421.9, mp = 155-160°C. -

Example 113

A solution of 400 mg (1.61 mM) of 4-chloro-6,7-methoxy-quinoline-3-carbonitrile
and 366 mg (1.77 mM) of 6-amincindoline dihydrochloride in 12 ml of 2-
methoxyethano] was refluxed for 3 hours. The warm solution was filtered to isolate
the resulting solidwhich was then washed with water followed by ether and dried
under vacuum at 80°C. The solid was dissolved in 1 to 1 methanol and chloroform
and dried onto silica gel under high vacuum. Purification of the compound was
obtained by chromatography using a gradient of 30% to 60% acetone in hexane. The
first of the three components of the mixture isolated from the column was the desired

product. The column fractions were reduced to a volume of 10 ml and then diluted
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with 250 m] of hexane. The resulting solid was isolated, washed with hexane and
dried under vacuum at 80°C to give 16 mg of "-4-(2,3-Dihydro=’]H-indo]-6-ylamino)- '
6,7-methox.y-quinoline-3-carbonitrile'-as a tan’ solid: mass spectrum (electrospray,
m/e): M+H 347.0, mp = Decomposed at 175°C. ' '

A mixture of 5.00g (21.5 mmol) 4-chloro-6-nitro-3-quinolinecarbonitrile, 200 ml
cthanol, and 3.40 g (25.8 mmol) 5-aminoindole was heated to reflux under N, for 3.5
hours. * Removed heat, made basic with saturated sodium bicarbonate and stripped

solvents, azeotroping with ethanol. Collected solids and washed with hexane, then. -

water. Dissolved solids in 200 ml ethyl acetate , added Darco and filtered. Stripped -

solvent and dried in vacuo overnight (50°C). Washed twice more with ether to
removed starting material aminoindole. 4.372 g of red-brown solid: mass spectrum '
(m/e electrospray): M+H =330.2. ' ' o

* ‘Example 115
amino)-6-methox:

A mixture of 500 mg (1.90 mmol) 4-chloro-7-ethoxy-6-methoxy-quinoline-3--
carbon_iuile, 30 ml ethanol, and 304 mg (2.28 mmol) 6-aminoindazole was heated to -
reflux under N,. Removed heat at 4 hours and made basic with saturated sodium
biéé\rbonate. Stripped solvents, slurried residue with hexane, collected solids and
dried. Washed with water and dried in.vacuo, giving 546 mg of tan solid: mass
spectrum (electrospray m/e): M+H = 359.9.

Example 116
. 1-Benzyloxy-4-chloro-6-methoxy-guinoline-3-carbonitrile
A total of 500 mg (1.63 mM) of 7-benzyloxy-4-hydroxy-6-methoxy-quinoline-3-
carbonitrile was taken up into 3 ml of oxalyl chloride (2M in CHCL) and allowed to
stand for. 15 min followed by refluxing for 1 h. The solution was allowed to cool and



WO 00/18761 PCT/US99/22054

-114-

then diluted with 300 mg of hexane to give a green solid.. The solid was isolated and
washed with excess hexane and dried under vacuum at-40°C to yield 586 mg of 7-
benzyloxy-4-chloro-6-methoxy-quinoline-3-carbonitrile as the hydrogen chloride salt. -
This compound was taken immediately on for the next step.

Example 117

_aﬂmm

A solution: of 586 mg (1.60 mM) of 7-benzyloxy-4-chloro-6-methoxy-quinoline-3-
10 carbonitrile, 560 mg (1.70 mM) of 6-Aminoindolin dihydrchloride s_alt-_and 208 mg
~ (1.80 mM) of pyridine hydrochloride in 13 ml of 2-methoxyethanol was refluxed for
*:3-hours. - The reaction was allowed to: cool to room temperature and the resulting.
solid was isolated and washed with excess ethanol and dried under vacuum at 80°C.
The resulting solid was digested in 300.ml of ethanol and the volume was reduced to
15 100 ml. The solid was isolated from the hot solution and the digestion process was
" repeated a second time. ' The solid was once ‘again isolated from the hot solution to-
- yield 206 mg of  7-benzyloxy-4-(2,3- dlhydro-lH indol-6-ylamino)-6-methoxy- -

qumol1ne-3—carbomtnle as a tan solid.

To 5 ml of trifluoroacetic acid was added 206 mg 7—benzyloxy-4~(2,3-dihydro-lH-
indol-6-ylamino)-6-methoxy-quinoline-3-carbonitrile and the reaction was refluxed

25 for 1.5h. The TFA was removed under vacuum and the resulting film was dissolved
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in 7 ml of methanol followed by the addition -of 50 ml of ice cold saturated sodium
bicarbonate. The solution was:allowed to stand at 10°C for 1 h. The resulting solid'
was isolated, washed with excess water and- dried under vacuum- at 80°C to yield

107 mg of 4-(2,3-dihydro-1H-indol-6-ylamino)-7-hydroxy-6-methoxy-quinoline-3-

-carbonitrile. This compound was taken directly on to the next step without

purification.

guinoline-3-carbonitrile
To:a 0°C solution consisting of 2 ml of chloroform, 1 ml of tetrahydrofurane, 167 mg
(0.64 mM) of tripheny! phosphine, 52 pul (0.40 mM) of 4-hydroxypropylpyridine and
107 mg (0.32 mM) of the 4-(2,3-dihydro-1H-indol-6-ylamino)-7-hydroxy-6- -
methoxy-quinoline-3-carbonitrile, was slowly added 101 pL (0.64 mM) of DEAD.

The reaction was allowed to run at 0°C for 15 min and then allowed to warm to room .~ .

temperature. The heterogeneous solution was allowed 1o stir at room temperature for
7 hour. TCL and ES MS showed no signs of product formation. An additional 1 ml

of chloroform and 500 mL of tetrahydrofurane was added and the reaction was - - -

refluxed for 14 hours. Once again no signs of product formation were seen. “The
volume of the reaction was reduced to 1 ml by heating and then brought up to 4 ml by -
addition of tetrahydrofurane. Once the reaction had cooled to room temperature, and
additional 80 mg (0.32 mM) of triphenyl phosphine, 25 pl (0.20 mM) of 4-.
hydroxypropylpyridine was added followed by the slow addition of 50 pL (0.32 mM)
of DEAD. The reaction quickly turned to a clear brown solution. After six hours at
room temperature, TLC and the mass spectrum showed the reaction was complete.
To the reaction mixture was added 10 ml of 1N HCl followed by 20 ml of water. The
solution was extracted five time with 25 m] portions of chloroform. The water layer
was allowed to stand for three hours at room temperature and the resulting brown )
solid was isolated By filtration. The filtrate was treated with solid sodium bicarbonate
until a Yellow solid fcll from solution. The precipitate was isolated and washed with

excess water followed by 1 ml of diethyl ether and dried under vacuum at 80°C to
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15 . :
© Nitric Acid__(lS mL) was added dropwise to a solution of 15.0 g (77.3 mmol) of 2,3-
: dih_ydro-bénzo[l,4]dioxin¢-6'5cé1rbdxy1ic -acid methyl ester in 45 mL .of HOAC. - The -
. solution was heated at 60°C for 1.5 h. ‘An additional 9 mL of HNO; was then added .
- and heating was continued for 1.5 h at 70°C. The reaction was poured into ice-H,0

. 20 . and the solid product was collected, washed well with H,O and dried.
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give 57 mg of 4-(2,3-dihydro-1H-indol-6-ylamino)-6-methoxy-7-(3-pyridin-4-yl-

propoxy)-quinoline-3-carbonitrile as a yellow solid: mass spectrum (electrospray,
m/e): 452.3 M+H, 226.7 M+2H/2, mp = 100-105°C.

'Example 120

2.3-Dihydro-benzol 1.4}dioxine-6-carboxylic. acid methyvl ester
A solution of 19.6 g (109 mmol) of 2,3-dihydro-benzo[1,4]dioxine-6-carboxylic acid

" (J. Chem. Soc., 3445, 1957) in 400 mL of MeOH containing 4 mL of H,SO, was
- refluxed overnight. Sodium bicarbonate (18 g) was added, the solvent was removed

and the residue was triturated several times with Et,0. The washes were combined,
filtered through anhyd MgSO, and evaporated to yield 20.7 g of the title compound as
a pale yellow oil: mass spectrum (electron impact, m/e): 194,

- ‘Example 121

-Nitro-2.3-di

Recrystallization from heptane-toluene yielded 16.8 g of the title compound as yellow
crystals: mass spectrum (electron impact, m/e): 239.

_ E_xample 122
7-Amino-2,3-dihydro-benzof 1.41dioxine-6- _
A mixture of 12.0 g (50.2 mmol) of 7-nitro-2,3-dihydro-benzo[1,4]dioxine-6-

carboxyiic acid methyl ester, 11.2 g (201 mmol) of powdered Fe and 13.3 g (257
mmol) of NH,Cl in 175 ml of MeCH ahd 70 mL of Hp was refluxed for 5.5 h. -An
additional 11.2 g of Fe and 13.3 g of NH,Cl was added and the mixture was heated
for 5.5 h more. Finally, 5.5 g of Fe and 6.5 g of NH,Cl was added and the mixture
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was heated for 4 h. The cooled reaction was filtered through Celite, the pad was
washed well with MeOH and the filtrate and washings were combined. The solvent
was removed: and the residue was slurried in H,O and collected. The crude product
was filtered through silica (CHCL) to give 9.5 g of the title compound as tan crystals:
mass spectrum (electrospray, m/e): M+H 209.9.

Example 123
9-0x%0-2.3.6.9-tetrahydro-{1 4]dioxinof2.3-
A solution of 9.71 g (46.5 mmol) of 7-amino-2,3-dihydro-benzof1,4]dioxine-6-
carboxylic acid methyl ester and 11.1 g (92.9 mmol) of dimethylformamide dimethyl
acetal in 45 mL of DMF was refluxed under N, for 6 h. Volatile material was

removed and the residue was azeotroped with toluene and dried in vacuo to give the: .

formamidine as a purple syrup.

n-Butyllithium (102 mmol) in hexane was diluted with 70 mL of THF at -78°C under - -

* N,.. A solution of 4.31 g (105 mmol) of acetonitrile in 85 mL of THF was added over. : ="
15-min and the solution was stired for 25 min. The crude formamidine was . -
dissolved in 90 mL of THF and added dropwise to the cold solution over 0.5 h.- After * =
stirring for 1.25 h, the reaction was quenched at -78°C with 13.4 mL of acetic acid. It- -

was allowed 10 warm to room temperature and volatile material was removed in

vacuo.- The residue was slurried with H,O and the crude product was' collected by
filiration, washed with H,O and dried. The solid material was boiled with MeOH, -
collected and dried in vacuo (S0°C) to yield 7.62 g of the title compound as a tan
powder: mass spectrum (electrospray, m/e): M+H 228.8.

A mixture of 7.06 g (31.0 mmol) of WAY 170839 and 35 mL of POC], was refluxed
for 3.5 h. The POCl, was removed and ice-H,0 was added followed by solid
NaHCO, to pH 8. The product was collected, washed well with H,O and dried in



WO 00/18761 PCT/US99/22054

-118 -

vacuo to yield 7.42 g of 9-chloro-2,3-dihydro[1,4]dioxino[2,3-g]quinoline-8-
carbonitrile as a tan solid: mass spectrum (electrospray, m/e): . M+H 246.8.

.~ Example 125

A mixture of 1.00 g (4.07 mmol) of 9-chloro-2,3-dihydro[1,4]dioxino[2,3-

. glquinoline-8-carbonitrile and 0.649 g (4.88 mmol) of 6-aminoindazole in 25 mL of

EtOH was refluxed under N, for 5.7 h. Satd NaHCO, was added and the solvent was
removed. . The residue was slurried with H,O, filtered, washed with HLO and cold

EtOH and dried. . The crude product was boiled with EtOH, filtergd and dried in.
-vacuo (50°C) to yield 1.06 g of -9-(lH:indazol-.6=ylamino)-2,3-_dihydro[1,4]dioxino- S

.. [2,3-g]quinoline-8-carbonitrile as tan crystals: - mass spectrum (electrospray, m/e):

15
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30

- M+H 344.3.

Example 126

A mixture of 1.00 g (3.82 mmol) of -4—ch10ro—6-ethoxy-7-methoxyquinolihe-3- .
carbonitrile and 0.609 g (4.58 mmol) of 6-aminoindazole in 20 mL of EtOH was

- Tefluxed under N, for 8 h. Satd NaHCO, was added, solvent was removed and the
20

residue was azeotroped twice w1th EtOH. The solid was slurried with cold EtOH,
collected, washed twice with H,0 and dried. Recrystallization from EtOH yielded
0.646 g of 6-ethoxy-4-(1H-indazol-6-ylamino)-7-methoxyquinoline-3-carbonitrile as
tan crystals: mass spectrum (electrospray, m/e): M+H 359.9. :

Example 127

_ ylamino)-guinoline-3-carbonitrile - :
A mixture of 0.5 g (1.8 mmol) of 4-chloro-6,7-diethoxy-quinoline-3-carbonitrile ,
035 g (1.8 mmol) of 7-amino-1-methyl-2,5-dioxo-2,3,4,5-tetrahydro-1H-
benzole}[1,4]diazepine, and 0.21 g of pyridiné hydrochloride was refluxed in
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ethoxyethanol for 5 hr. The solvent was removed at reduced pressure. The residue:

was stirred with ammonium hydroxide and the insoluble material was collected to
give 0.8 g of title compound as a a tan solid. crystals: mass spectrum (electrospray,
m/e): M+H 446.0.

- Example 128

A mixture of 0.279 g of 4-chloro-6,7,8-trimethoxy-quinoline-3-carbonitrile, 0.147 g -
of 6-aminoindazole, 0.020 of pyridine hydrochloride, and 15 ml of ethoxyethanol was

stirred under nitrogen, at reflux temperature for 1 hour. The mixture was cooled:and-

added to 100 ml of water. To this mixture was added sodium carbonate to pH9. The - *

product was collected washed ‘with. water, and- dried to give 0.332 g of 4-(1H-
indazol-6-ylamino)-6,7,8-trimethoxy-quinoline-3-carbonitrile as a solid, - mp 243-
245°C; mass spectrum (EI, m/e): M 375.1331. '

Example 129

carbonitrile

A mixture of 0.249 g of 4-chloro-6,7-dimethoxy-quinolin-3-carbonitrile; 0.174 g of
carbostyril 124, 0.020 g of pyridine hydrochloride, and 10 ml of ethoxyethanol was
stirred under nitrogen, at reflux temperature for 30 minutes. The mixture was cooled
and added to 40 ml of water. To this mixture was added sodium carbonate to pH 9.
The product was collected, washed with water, and dried to give 0.356 g of 6,7-
dimethoxy-4-(4-methyl-2-oxo-1,2-dihydro-quinolin-7-ylamino)-quinoline-3-
carbonitrile as a solid, mp >300°C; mass spectrum (electrospray, m/e): M+H
387.1446.
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- ... Example 130

A mixture of 0.249 g of 4-chloro-6,7-dimethoxy-quinolin-3-carbonitrile, 0.237 g of
5-amino-2-methylbenzothiazole dihydrocholride, 0.158 g of pyridine, and 10 ml of
ethoxyethanol was stitred under nitrogen, at reflux temperature for 20 minutes. The
mixture was cooled and added to 40 ml of water. To this mixture was added sodium
carbonate 10 pH 9. The product was collected, washed with water, and dried to give
0356 g -of 6,7-dimethoxy-4-(2-methyl-benzothiazol-5-ylamino)-quinoline-3-
carbonitrile as a solid, mp 118-120°C; mass spectrum (EI, m/e): M 376.0973. .

. Example 131 = . -

- .- -carbonitrile

. - A mixture of 0.249 g of 4—chloro-6,7-dimethoky:quin_olin-3-c_arbqnitrile, 0.166 g of

15

- 6-amino-2-benzothiazolinone, 0.020- g of pyridine -hydrochloride, and 10 ml of

ethoxyethanol was stirred under nitrogen, at reflux temperature for 20 minutes. The

;.. mixture was cooled and added to 40 ml of water. To this mixture was added sodium

.20

25

- carbonate and concentrated hydrochloric acid to adjust pH to 7.. The product was

collected, washed with water, and dried to give 0.326 g of 6,7-dimethoxy-4-(2-0xo-
2,3-dihydro-benzothiazol-6-ylamino)-quinoline-3-carbonitrile as-a solid, mp 285-
287°C; mass spectrum (electrospray, m/e): M+H 379.0858.

A mixture of 0,249_ g of 4-chloro-6,7-dimethoxy-quinolin-3-carbonitrile, 0.288 g of
5-aminoquinoline, 0.020 g of pyridine hydrochloride, and 10 ml of ethoxyethanol
was heated under nitrogen in a sealed tube at 200°C for 2 hours. The mixture was
cooled and added to 100 ml of water. To this mixture was added sodium carbonate to
pH 9. The product was collected, washed with water, and dried to give 0.132 g of
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6,7-dimethoxy-4-(quinolin-5-ylamino)-quinoline-3-carbonitrile as a solid, mp 115°C

“(decomposed); mass spectrum (EI, m/e): M 356.1276..

A mixture of 0.249 g of 4-chloro-6,7-dimethoxy-quinolin-3-carbonitrile, 0.288 g of
S-aminoisoquinoline, 0.020 g of pyridine hydrochloride, and 10 ml of ethoxyethanol
was heated under nitrogen in a sealed tube at 200°C for 2 hours. The mixture was

cooled and added to 100 ml of water. To this mixture was added sodium carbonate to

pH 9. The product was collected, washed with water, and dried to give 0.100 g of 4--
(isoquinolin-5-ylamino)-6,7-dimethoxy-quinoline-3-carbonitrile as a solid, mp 140°C |
(decomposed); mass spectrum (EI, m/e): M 356.1279. e '

Example 134

lin-8-vlamino)-

“A mixture of 0.249 g of 4-chloro-6,7-dimethoxy-quinolin-3-carbonitrile, 0.288 g of

8-aminoquinoline, 0.020 g of pyridine hydtochloride,— and 10 ml of ethoxyethanol-
was heated under nitrogen in a sealed tube at 200°C for 2 hours. The mixture was:
cooled and added to 100 ml of water. To this mixture was added sodium carbonate to-
pH 9. The product was collected, washed with water, and dried to give 0.167 g of -
6,7-dimethoxy-4-(quinolin—8—ylamino)-quinoline-S-carbonitﬁ]e as a solid, mp 150°C -
(decomposed); mass spectrum (EI, m/e): M 356.1271. '

A mixture of 0.249 g of 4-chloro-6,7-dimethoxy-quinolin-3-carbonitrile, 0.233 g of
5-amino-8-hydroxyquinoline dihydrocholride, 0.158 g of pyridine, and 10 ml of
ethoxyethanol ‘was stirred under nitrogen, at reflux temperature for 2 hours. The
mixture was cooled and added to 40 ml of water. To this mixture was added sodium
carbonate and concentrated hydrochloﬁc acid to adjust pH to 7. The product was
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co]léct_ed, washed with water, and dried to give 0.210 g of 4-(8-hydroxy-quinolin-5-

ylamino)-6,7-dimethoxy-quinoline-3-carbonitrile as a solid, mp 150°C (decomposed); .

mass spectrum (EI, m/e): M 372.1228.

A mixture of 0.249 g of 4-chloro-6,7-dimethoxy-quinolin-3-carbonitrile, 0.132 g of
4-aminoindole, 0.020 g of pyridine hydrochloride, and 10 ml of ethoxyethanol was

-stirred under nitrogen,-at reflux temperature for 2 hours. The mixture was cooled and
-“added to -40: ml of water. To this mixture was added sodium carbonate and
- concentrated hydrochloric acid to adjust pH:to 7. ‘The product was collected, washed.
" with water, and dried:to.give 0.249 g of ‘4-(1H-indol-4-ylamino)-6,7-dimethoxy-
qumolme-S-carbomtnle as a solid, mp 260°C (decomposed), mass spectrum (EI, -

- 'm/e): M 344.1282. IR ' : '
15

Exalnple 137 .

‘A mixture of 0.249 g of 4-chloro-6,7-dimethoxy-quinolin-3-carbonitrile, 0.132 g of

5-aminoindazole, 0.020 g of pyridine hydrochloride, and 10 ml of ethoxyethanol was
stirred under nitrogen, at reflux temperature for 2 hours. The mixture was cooled and
added to 40 ml of water. To-this mixture was added sodium carbonate and
concentrated hydrochloric acid to adjust pH to 7. The product was collected, washed
with water, and dried to give 0.252 g of 4-(1H-indazol-5-ylamino)-6,7-dimethoxy-.
quinoline-3-carbonitrile as a solid, mp 290-295°C; mass spectrum (EI, m/e): M
345.1217. !

A mixture of 0.148 g of 4-chloro-5,8-dimethoxy-quinolin-3-carbonitrile, 0.093 g of

6-aminoindazole, and 5 ml of ethoxyethanol was stirred under nitrogen, at reflux
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temperature for 30 minutes. The mixture’ was cooled and added to 50 ml of water.
To this mixture was added sodium carbonate to pH 9. The product was collected,
washed with water, dried, and washed with 10 ml of hexanes-ethyl acetate (4:1) to
give 0.189 g of 4-(1H-indazol-6-ylamino)-5,8-dimethoxy-quinoline-3-carbonitrile

as a solid, mp 302-305°C; mass spectrum (EI, m/e): M 345.1223.

Example 139

carbonitrile hydrochloride
A mixture of 0362 g of 4-chloro-7-methoxy-6-(3-morpholin-4-yl-propoxy))-
quinoline-3-carbonitrile, 0.267 g of 6-aminoindazole, and 10 ml of ethoxyethanol was
stirred under nitrogen, at reflux temperature for 30 minutes. The mixture was cooled

and added to 50 ml of a mixture of ethyl acetate/acetone/methyl alcohol (5:5:2). - The * °

product was collected, washed with water, dried, and washed with 10 ml of hexanes-
ethyl acetate (4:1) to give 0.189 g of 4-(1H-indazol-6-ylamino)-7-methoxy-6-(3-
morpholin-4-yl-propoxy)-quinoline-3-carbonitrile hydrochloride as a solid, mp 100°C -
(decomposed); mass spectrum (electrospray, m/e): M+H 459.2146.

Example 140

A mixture of 0362 g of | 4—ch10ro-7-methoxy-6-(3-moxpholin-4—y1—pmpoxy))—

quinoline-3-carbonitrile, 0.268 g of 5-aminobenzotriazole, and 10 ml of ethoxy-
ethanol was stirred under nitrogen, at reflux temperature for 30 minutes. The mixture
was cooled and added to 50 ml of a miﬁ_:tuie of ethyl acetate/acc_tone/methyl alcohol
(5:5:2). The product was collected, waishéd with water, dried, and washed with 10
ml of hexanes-ethyl acetate (4:1) to give 0.142 g of 4-(3H-benzotriazol-6-ylamino)-7-
methoxy-6-(3-morpholin-4-yl-propoxy)-quinoline-3-carbonitrile hydrochloride as a
solid, mp 260°C (decomposed); mass spectrum (electrospray, m/e): M+H 460.2096.
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. Example 141

To a suspension of 2186 mg (1.0 mmol) of d4-chloro-6-methoxy-3-
quinolinecarbonitrile and 159.8 mg (1.2 mmol) of 6-aminoindazole in 10 mL of 2-
ethoxyethanol was added 115.6 mg (1.0 mmol) of pyridine hydrochloride. The
resulting reaction mixture was refluxed for 1 hr. After cooling, most of solvent was

evaporated off and the residue was diluted with ether. The precipitate was collected

by filtration and was taken into water. The aqueous suspension was neutralized to PH.

7-8 by addition of sat. sodium carbonate aqueous solution and stirred for 15 min. The

separated solid was filtered -off and washed with water and ether. After drying in

vacuo, 297.5 mg (94.3 %) of the product was obtained as a deep yellow solid, m.p. >

- 250° C, mass (electrospray, m/e): M+H 315.8.- HRCIMS m/z: cacld 315.112 for
" C,H,N,O (M), obsd315.1124 - = .- - . % o

"Usihg an ahalogous prdcé&ufe“té that descnbed in Example 141, 218.6 mg (i mihol). S

of 4-chloro-6 -methoxy—3-quinolinecérbonitr_ile in 10 mL of 2-ethoxyethanol and in

the presence of 115.6 mg (1 mmol) of pyridlilne. h_Ydrochloride was reacled with 161.0-

mg (1.2 mmol) of 5-aminobenzotriazole to give 302.9 mg (95.8 %) of the product as

a yellow solid, m.p. >250° C, mass (electrospray, m/e): M+H 316.9. HRCIMS calcd:

316.107 for C,.H,N,O (M"), obsd 316.1081

Example 143

-ylamino)-7-methoxy-quinoline-3-carbonitrile

Using an analogous procedure to that described in Example 141 , 200.0 mg (0.914

mmol) of 4-chloro-7-methoxy-3-quinolinecarbonitrile in 10 mL of 2-ethoxyethanol

and in the presence of 105.6 mg (0.914 mmol) of pyridine hydrochloride was reacted
with 147.8 mg (1.1 mmol) of 6-aminoindazole to give 280.0 mg (97.3 %) of the
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product as a deep: yellow solid, m.p. >250° C, mass (electrospray, m/e): M+H 315.9.
HRCIMS: calcd 315.112 for C,.H,,N,O:(M"), obsd 315.1124.

Example 144 -

Using an analogous procedure to that described in Example 141, 218.6: mg (1.0:
mmol) of 4-chloro-7-methoxy-3-quinolinecarbonitrile in 10 mL of 2-ethoxyethanol’
and in the presence of 115.6 mg (1.0 mmol) of pyridine hydrochloride was réacted:
with 161.0 mg (1.2 mmol)' of 5-aminobenzotriazole to give 231.0mg (73.1 %) of the-

- product as a light brown solid, m.p. >250° C, mass (electrospray, m/e): M+H 3169

HRCIMS: caled 316.107 for C,H,N,O (M"), obsd 316.1063.

Examplg. 145

A reaction mixture of 1.74 g (5.52 mlhbl) of 4—(1H—Indazo]-6-ylamino)-_7-methoxy—; L
quinoﬁne—S-carboniuile and_' 15.3 g of ﬁyridiné hydrochloride was heated at 200-210° -
C for 1.5 hr. After cooling, the mixture was taken into 3% NH,OH -aqueous solution.
The precipitate was collected by filiration and washed with water. Drying in vacuo
afforded 1.66 g (63.8 %) of the product as deep brown solid, m.p. >250° C, mass
(electrospray, m/e): M+H 301.9. HRCIMS: calcd 302.1042 for C,H, N,O (M+) obsd
302.1079.

Example 146

Using an analogous procedure to that described in Example 141 , 1.0 g (4.57 mmol)
of 4-chloro-7-methoxy-S-quinolinecarbonitrile, 724.8 mg (548 mmol) of 5-
aminoindole and 528.3 mg (4.57 mmol) of 5-aminoindole in 35 mL of 2-
ethoxyethanol was heated at 120° C for 2 hr. The work up gave 1.38 g of the product
as a greenish gray solid, m.p. >250° C, mass (electfospray, m/e): M+H 3149
HRCIMS: calcd 314.117 for C,H N,O (M"), obsd 314.1135.
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. Example 147

Using an analogous procedﬁre to that described in Example 145, 1.45 g (4.58 mmol)
of 4-(3H-benzotrizol-5-ylamino)-7-methoxy-quinoline-3-carbonitrile and 10 g of
pyridine hydrochloride was heated for 1. hr. The work up gave 1.04 g ( 75.4 % ) of
the product as a dark brown solid, m.p. >250° C, mass (electrospray, ﬁ/e): M+H

© 303.3. HRCIMS: calcd 301.0838 for C,;H,,N,O (M), obsd 301.0833.

Using an analogous procedure to that described in Example 141 , 328.0 mg (1.5
mmol} of 4-chloro-8-methoxy-3-quinolinecarbonitrile, 219.7 mg (1.65 mmol) of 6- -
aminoindazole and 105.6 mg (173.3 mmol) of pyridine hydrochloride in 15 mL.of 2-
ethoxyethanol'was heated at 100° C for 2 hr. The work up gave 373.8 mg (79 %) of
the product as a yellow solid, m.p. 242° C. (dec.), mass (electrospray, m/e): M+H -
315.9. HRCIMS: calcd 315.112 for C,;H ,N,O (M"), obsd 315.1126..

. Example 149

Using an analogous procedure to that described in E'xé.mple 141 , 218.6 mg (1
mmol) of 4-chloro-8-methoxy-3—quinolinecé'rbonitn'le, 161.0 mg (1.2 mmol) of 5-
aminobenzotriazole and 115.6 mg (1 mmol) of pyridine hydrochloride in 10 mL of
2-ethoxyethanol was heated at 100° C for 1 hr. The work up gave 213.5 mg (67.6 %)
of the product as a yellow solid, m.p. >250° C, mass (electrospray, m/e): M+H 316.9.
HRCIMS: calcd 316. 107 for C,.,HuN O (M"), obsd 316.1079.
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Example 150

Using an analogous procedure to that described in Example 141, 248 .7 mg (1 mmol)
of ' 4-chloro-6,7-dimethoxy-3-quinolinecarbonitrile, 158.6 mg (1.2 mmol) of 5-
aminoindole and 115.6 mg (1 mmol) of pyridine hydrochloride in 10 mL of 2-
ethoxyethanol was refluxed for 0.5 hr. The work up gave 338.7 mg (98.5 %) of the
product as a yellow solid, m.p. >250> C, mass (electrospray, m/e): M+H = 344.9.
HRCIMS: calcd 344.127 for C,)H, N0, (M), obsd 344.1277. =

Example 151

Using an analogous procedure to that described in Example 150 , 248.7 mg (1 mmol)- -

of 4-chloro-6,7 -dimethoxy-3 -quinolinecarbonitrile, 159.8 mg (1.2 mmol) of 5-
aminobehzoimdazole and 115.6 mg (1 mmol) of pyridine hydrochloride in 10 mL of
2-ethoxyethanol was refluxed for 1 hr. The work up gave 233.6 mg (67.7 %) of the
product as a brown solid, m.p. 230°C (dce.), mass (electrospray, m/e) M+H 34509.
HRCIMS: calcd 346.1304 for C,,H,,N,O, (M"), obsd 346.1325. I

Example 152

carbonitrile
Using an analogous procedure to that described in Example 150 , 248.7 mg (1 mmol)
of 4-chloro-6,7-dimethoxy-3-quinolinecarbonitrile, 294.4 mg (2.0 mmol) of 2-
methyl-5-aminobenzimidazol and 115.6 mg (1 mmol) of pyridine hydrochloride in
10 mL of 2-ethoxyethanol was refluxed for 4 hr. The work up gave 220.2 mg (61.3 |
%) of the product as a sand color solid, m.p. 207°C (dce.), mass (electrospray, m/e):
M+H 359.9. HRCIMS: calcd 359.138 for C,,H,,N,O, (M"), obsd 359.1403.
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Example 153
- Dime -4} ine-6-vlamino)-quinoline-3-carbonitrile

Using an analogous procedure to that described in Example 150 , 248.7 mg (1 mmol)
of 4-chloro-6,7 -dimethoxy-3 -quinolinecarbonitrile, 173.8 mg (1.2 mmol) of 6-

aminoquinoline and 115.6 mg (1 mmol) of pyridine hydrochloride in 15 mL of 2-
ethoxyethanol was refluxed for 6 hr. The work up gave 212.5 mg (59.5 %) of the
product as a orange solid, m.p. 241-243° C, mass (electrospray, m/e): M+H 356.8.
HRCIMS: calcd 356.127 for C,;H,.N,O, (M"), obsd 356.1275. |

- mmol) of 4-chloro-6,7-dimethoxy-3-quinolinecarbonitrile, 213.2 mg (1.2 mmol) of 1- -
-amino-4-chloronaphthalenen and- 115.6. mg (1 mmol) of pyridine hydrochloride in 12
- mL of 2-ethoxyethanol was refluxed for overnight. The work up- gave 290.1 mg

. (74.4 %) of the product as a yellowish green solid, m.p. >250°C, mass (electrospray,

25

m/e): M+H 390.2. HRCIMS: calcd 389.093 for C,H,,N,0,CI(M"), obsd 389.0938. -

Example 155

- -Using an analogous procedure to:that described in Example 150 ,. 248.7 mg (1

mmol) of 4-chloro-6,7 -dimethoxy-3 -quinolinecarbonitrile, 176.7 mg (1.2 mmol) of
1-amino-5,6,7,8-tetrahydronaphthalene and 115.6 mg (1 mmol) of pyridine
hydrochloride in 12 mL of 2-ethoxyethanol was refluxed for 2 hr. The work up gave
195.1 mg (54.3 %) of the product as a yellow solid, m.p. 248° C (dec.), mass -
(electrospray, m/e): M+H 360.1. HRCIMS: caicd 359.163 for- C,,H N,0,CI(M"),
obsd 359.1632.
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Using an analogous procedure to that described in Example 150 , 278.7 mg (1 mmol)
of 4-chloro-6,7-dimethoxy-3-quinolinecarbonitrile, 161.3 mg (1.2 mmol) of 5-
aminobenzotriazole and 115.6 mg (1 mmol) of pyridine hydrochloride in 10 mL of
2-ethoxyethanol was refluxed for 10 min. The work up gave 246.3 mg (65.4 %) of
the product as: a yellow solid, m.p. 205° C (dec.), mass (electrospray, m/e): M+H
376.9. HRCIMS: calcd 376.128 for C,;H, N O,(M"), obsd 376.1264. '

guinoline-3-carbonitrile
A reaction mixture of 196.5 mg (0.5 mmol) of the 7-(2-chloro-ethoxy)-4»(lH:-'_’_.-'
indazol-6-ylamino)-6-methoxy-quinoline-3-carbonitrile, 500.9 mg (5 mmol) of l-

methylpiperazine and 74.5 mg (0.5 mmol) of sodium iodide in 10 mL of DME was S

heated at 135° C for 15 hr under N, in a sealed tube. After cooling, the solvent was"

removed and the residue was taken into 15 mL of brine. The aqueous solution was. = .

extracted-with 15 % methanol/methylene chloride. The organic solvent was dried:
over Na,SO, and- filtered. Removal of the solvent gave the crude product solid.
Purification of the crude product on preparative TLC (developing solvent: 15'%
methanol/methylene chloride) to give a yellow foam solid. Trituration of the foam
solid with ether yielded 117.9 mg (51.6%) of the product as a yellow solid, m.p. 179°
C (dec.), mass (electrospray, m/e): M+H 458.0.

. Example 158

quinoline-3-carbonitrile
Using an analogous procedure to that described in Example 157 , 196.5 mg (0.5
mmol) of the 7-(2-chloro-ethoxy)-4-(1H-indazol-6-ylamino)-6-methoxy-quinoline-3-
carbonitrile, 375.6 mg (5.0 mmol) of 2-(methylamino)-ethanol and 75.0 mg (0.5
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mmol) of sodium iodide in 5 mL of DME was heated at 135° C for 15 hr, The work
up gave 116.4 mg (54.0 %) of the product as a yellow solid, m.p. 179°C (dec.), mass
(electrospray, m/e): M+H 433.0,

Example 159

_ _ . guinoline-3-carbonitrile ... .
Using an analogous procedure to that described in Example 157 ,. 196.5 mg (0.5
- mmol) of the 7-(2-chloro-ethoxy)-4-(1H-indazol-6-ylamino)-6-methoxy-quinoline-3-

carbonitrile, 525.7 mg (5.0 mmol) of diethanolamine and 75.0 mg. (0.5 mmol) of
sodium iodide in 6 mL of DME was heated at 135°.C for 15 hr. The work up gave
109.1 mg (47.2 %) of the product as a yellow solid, m.p. 150° C (dec.), mass
(electrospray, m/e): M+H 463.0.

Example 160
yI)-ethoxyl-4-( -indazol-6 -ylamino)-6-methoxy-

'.Using an “a.nalo'gous procedure to that described in Example 157 , 196.5 mg (0.5
_ ' ﬁxm_ol) of the 7—(2-chlor6-etho'xy)-4-(lH-in_dazol-6-ylamino)-6-methoxy—quinoline—3—
20

carbonitrile, 505.8 mg (5.0 mmol) of 4-hydroxypiperidine and 75.0 mg (0.5 mmol) of
sodium iodide in 5 mL of DME was heated at 135° C for 16 hr. The work up gave
97.9 mg (42.8 %) of the product as a off white solid, m.p. 174° C (dec.), mass
(electrospray, m/e): M+H 459.0.

Example 161

methoxy-quinoline-3-carbontrile
Using an analogous procedure to that described in Example 157 , 196.5 mg (0.5
mmol) of the 7-(2-chloro-ethoxy)-4-(1H-indazol-6-ylamino)-6-methoxy-quinoline-3- .
carbonitrile, 651.0 mg (5.0-mmol) of 1_-(2-hydroXyethy1)piperazine and 75.0 mg (0.5
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mmol) of sodium jodide in 5 mL of DME was heated at 135° C for 16 hr. The work
up gave 90.5 mg (37.1 %) of the product as a yelow solid, m.p. 174°C (dec.), mass
(electrospray, m/e): M+H 488.0. '

Example 162

methoxy-guinoline-3-carbonitrile
Using an analogous procedure to that described in Example 157 ,. 196.5 mg (0.5
mmol) of the 7-(2-chloro-ethoxy)—4f(1H—indazol-6-y1amino)-6-methoxy-quinoline-3-
carbonitrile, 716.0 mg (5.0 mmol) of 1,4-dioxa-8-azapiro[4,5]decane and 75.0 mg
(0.5 mmol) of sodium iodide in 5 mL of DME was heated at 135° C for 16 hr. The
work up gave 173.1 mg (69.2 %) of the product as aoff white solid, m.p. 245°C’
(dec.), mass (electrospray, m/e): M+H 501.0. ' ‘ '

Example 163
-7-(2-thiomorpholin-4-yl-ethoxy)-
carbonitrile
Using an analogous procedure to that described in Example 157, 173.0 mg.
(0.44mmol) of the 7-(2-chloro-éthoxy)-4-(1H-indazol-6-ylamino)-6-methoxy-
quinoline-3-carbonitrile, 454.0 mg (4.4 mmol) of thiomopholine and 66.0 mg (0.44 °
mmol) of sodium iodide in 4 mL of DME was heated at 135° C for 16 hr. The work
up gave 108.4 mg (53.5 %) of the product as a light yellow solid, m.p. 213-215°C.,

mass (electrospray, m/e): M+H 461.0.

Example 164

6-methoxy-quinoline-3-carbonitrile

_Using an analogous procedure to that described in Example 157, 173.0 mg

(0.44 mmol) of the 7-(2-chloro-ethoxy)-4-(1H-indazol-6-ylamino)-6-methoxy-
quinoline-3-carbonitrile, 515.5 mg (4.4 mmol) of 2-([1,3]-dioxolan-2-ylmethyl-
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methjrlamine and 66.0 mg (0.44 mmol) of sodium iodide in 4 mL of DME was
heated at 135° C for 16 hr. The work up gave 136.1 mg (65.2 %) of the product as a
yellow solid, m.p. 185-187°C., mass (electrospray, m/e): M+H 475.1 -

Imeth_oxyﬂ. m’ng]iﬁg;_ 3 ;carﬁonimf
Using an analogous procedure to .that. described in Example 157, 173.0 mg
(0.44mmol) of the 7-(2-¢hloro-ethoxy)-4-.(IH-indazol-_6-y1amino)—6—methoxy— :
quinoline-3-carbonitrile, 586.0 mg (4.4 mmol) of 1,2,3,4-tetrahydroisoquinoline and
66.0 mg (0.44 mmol) of sodium iodide in 4 mL of DME was heated at 135° C for 16
hr. The work up gave 109.3 mg (50.6 %) of the productas.a yellow solid, m. p 170-
173°C., mass (electrospray, m/e): M+H 491.0

Example 166 -

A mixture of 0.50 g (1 equivalent)_ of :'_7-_'(2-chloro-.ethoxy)-4~chloro—6—meth0xy-
quinoline-3-carbonitrile, 0.25 g (1.1 equi__vlélents) of 6-aminoindazole, 0.22 g (1.1
equivalents) of pyridine hydrochloride and .15 ml of 2-methoxyethanol was heated in
120°C oil bath for 2 hours. The reaction progress was monitored by thin layer
chromatography (acetone/hexane 1:1). After 2 hours, the reaction mixture was
cooled to room temperature; a total of 25 ml of 1M sodium bicarbonate was added
and the reaction was stirred for 1 hour. The resultant precipitate was collected,
washed with water and dried in vacuo at 60°C overnight to give 0.645 g (97%) of the
desired product. :mass spectrum (electrospray m/e): M+H = 393.9 (M+H)"; Analysis
caléulated for.C,H,CINO, : 2 H,0: Calculated C:55.88; H:4.69; N:16.29 ;Found
C:55.63; H:4.78; N:15.24
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'Example 167 ..

carbonitrile.
A mixture of 0.67 g (1 equivalent) of 7-(2-chloroethoxy)-4-(1H-indazol-6-ylamino)-
6-methoxyquinoline-3-carbonitrile, 0.097 g (0.4 equivalent) of sodium iodide and 15
ml of 2M dimethylamine in tetrahydrofuran was heated at 135°C for 14 hours in a
sealed tube. The reaction mixture was diluted with ethyl acetate, washed with

saturated sodium bicarbonate, the organic layer was dried over magnesium sulfate and * -

concentrated to give 0.50 g. The crude product was purified by chromatography
(Silica Gel: ethyl acetate, ethyl acetate/methyl alcohol/triethylamine 6:4:0.1) to give
0.312 g (46%) of pure product.

MP 218-219°C :mass spectrum (electrospray m/c): - M+H =402.9 .

Example 168

The title compound was prepared by the procedure of Example 167 using 0.616:g of
7-(2-chloroethoxy)-4-(1H-indazol-6-ylamino)-6-methoxyquinoline-3-carbonitrile,

0.094 g of sodium iodide and 2.03 ml of morpholine to give after purification by

chromatography- (Silica Gel: ethyl acetate, ethyl acetate/methyl alcohol/triethyl- -
amine 6:4:0.1) 0.196 g (28%) of the des1red produCL MP 133 135°C :mass spectrum
(electrospray m/c): M+H =4450.

Example 169

The title compound was prepared by the procedure of Example 166 using 0.442 g of
7-(2-chloro-ethoxy)-4-chloro-6-methoxy-quinoline-3-carbonitrile , 0.22 g 5-amino-
benzotriazole, 0.190 g of pyridine hydrochloride and 15 ml of 2-methoxyethanol to

PCT/US99/22054
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give 0.48 g (82%) of the desired product :mass spectrum (electrospray m/e): M+H =
394.8.

Example 170 -

The title compound was prepared by the procedure of Example 166 using 0.311 g of
7-(3-chloro-propoxy)-4-chloro-6-methoxy-quinoline-3-carbonitrile, 0.147 g of 6-
aminoimidazole, 0.128 g of pyridine hydfoéhloride and 12 m} of ethoxyethanol to
give 0.367 g (90%) of the desired product. MP 280-285°C :mass spectrum
(electrospray m/e): M+H =4079 .

Example 171

m;bomml

‘The title compound was prepared by the procedure of Example 167 using: 0.408°g of -
- (3-chloropropoxy)-4-(1H-indazol-6-ylamino)-6-methoxyquinoline-3-carbonitrile, 1.4 - .
- ml-of morpholine, 0:060 g of sodium iodide'and- 12 ml of ethylene glycol dimethyl = -
“cther to give 0.255 g (56%) of -the' desired product. MP 143-145°C; HRMS:

C,,HuNGO 'm/z 458.2084; 5(mu) -1.7 -

Example 172 '

_ : quinolinecarbonitrile
In the manner of Example 141 reaction of 4-chloro-6,7-diethoxy-3-quinoline-

carbonitrile with 3-chloro-4-(1-methyl-2-imidazolylthio)aniline (WO-9615118) gave
the title compound as a tan solid, mp 285-290°C. |
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quinolinecarbonitrile
In the manner of Example 141 reaction of 4-chloro-6,7-dimethoxy-3-quinoline-
carbontitrile with 3-chloro-4-(1-methyl-2-imidazolylthio)aniline (WO0-9615118) gave .
the title compound as a white solid, mp 302-307°C.

- Example 174
4-[3-Chloro-4-(1-methyl-1H-imidazol-2-

A mixture of 5.00 g (21.5 mmol) 4-chloro-6-nitro-3-quinolinecarbonitrile, 250 ml
ethanol, and 6.18 g (25.8 mmol) 3-chloro-4-(1-methyl-1H-imidazol-2-ylsulfanyl)- - -

aniline (WO-9615118) was heated to reflux under N,. Removed heat at 3 % hours
and made basic with a solution of saturated sodium bicarbonate. Stripped solvents -

and azeotroped with ethanol. Slurried residue with hexane and collected solids. .~

Washed with water, dried in vacuo. Boiled solids in hexane to remove excess aniline,
air dried. Boiled in 2 L ethyl acetate, and because of -éxtreme-insolubility, collected -
solids and dried in vacuo, giving 5.90 g of yellow solid: mass spectrum (electrospray -
m/e): M+H =437.2, 439.1.

Example 175
6-Amino-4-[3-chloro-4-(1-methyl- 1H-imj
quinoline-3-carbonitrile
A mixture of 5.734 g (13.1 mmol) 4-[3-chloro-4-(1-methyl-1H-imidazol-2-
ylsulfanyl)-phenylamino]-6-nitro-quinoline-3-carbonitrile, 250 ml ethanol, and 14.83

£ (65.6 mmol) tin chloride dihydrate was heated to reflux under N,. Removed heat at
2 ¥ hours and added a large volume of ice water. Made basic with sodium
bicarbonate and stirred for 2 hours. With mixture still basic, extracted with

chloroform, stirred organic layer with Darco, dried with sodium sulfate and filtered.
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Strippéd solvent and dried in vacuo, giving 2.86 g of yellow-brown solid: mass
spectrum (electrospray m/e): M+H =407.3, 409.3..

- Example 176 - .

q uinolin-ﬁ-xl-}-a_cgglamide o ST -_
Dissolved most of 1.00 g (2.46 mmol) 6-amino-4-{3-chloro-4-(1-methyl-1H-

- imidazol-2-ylsulfanyl)-phenylamino]-quinoline-3-carbonitrile 'in 3.5 ml-hot DMF,

added 12 ml THF and chilled to 0°C. Added 377-pl triethyl amine and 225 ul (2.70.
mmol) acryloyl chloride. Removed ice bath at 15 minutes and stripped solvent at 2

hours. Slurried residue in water, collected -solids and air dried overnight. - Boiled in

" ethyl acetate, collected solids and dried in vacuo, giving 670 mg of yellow-brown .. -

solid; mass spectrum (electrospray m/e); M+H = 461.1;, 462.2.

" 6-Amino-4-(1H-indol-5-ylamino)-quinoline-3-carbonitrile - -

Covered 200 mg of 10%- Palladium on carbon with 75 ml ethanol. Added 2.00 g

(6.07 .mmol) 4-(lH-indol-5-ylamino)-6-"nit'roaquinoline-3;carboniuile and~477 ul

'(15.2 mmol) hydrazine. Heated to reflux under N, for 2 hours. Filtered hot through™  _

celite and washed through with hot methanol. Removed solvent and dried in vacuo
(50°C), giving 1.89 g brown solid: ‘mass spectrum (m/e electrospray): - -M+H =
300.2. L ' - '

Example 178 - T
3—chloro-4'-(1.3-thiazol-2-ylsulfanyl)aniline R

To a suspension of 3.8 g sodium hyd;‘id_é (60% in mineral oil)-in 100 ml of
dimethylformamide was added slowly a solution of 10.0 g of 2-mercapto thiazole in
100 ml of dimethylformamide. After 15 min a solution of 15.0 g 3-chloro-4-fluoro

nitrobenzene in 50 ml of dimethylformamide was added. After 4 hirs, the mixture was
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poured into water. The resulting solid was collected'; washed with water, and dried in
vacuum. This material was mechanically stirred at reflux in a mixture of 830 ml of
methanol, 230 ml of water, 37.0 g of ammonium chloride, and 30.1 g of iron powder
for 4 hrs. The bioling mixture was filtered. The solvent was removed from the filtrate -
and the residue was extracted with hot ethyl acetate. The ethyl acetate solution was
filtered through a short silica gel column. The solvent was removed and the residue -
was recrystallized from ether hexane -giving- 17.7 g of an off white solid. : mass
spectrum electrospray, m/e): M+H 243.1.

By using a procedure similar that that described above, the following:
intermediates needed to prepére some of the compounds of this invention can be

made.

- 3-chloro-4-(1H-imidazol-1 -yl)amlme

2—[(4-ammo—2-ch10ropheny1)sulfanyl]-4(3H)-qumazohnone _
N-(4-anuno-2-chlorophenyl)-N-(3-pyndmyhnethyl)acetam1de
2-chloro-N~1~-[5-(trifluoromethyl)-1,3,4-thiadiazol-2-yl]-1 4-benzened1am1ne

. 3—chloro-4-[(4,6-d1methyl—2-pymmdmyl)sulfanyl]anﬂme
~ 3-chloro-4-[(4-methyl-2-pyrimidinyl)sulfanyl]aniline

4-[(4-phenyl-1,3-thiazol-2-yl)sulfanyl)-3-(triflucromethyl)aniline
4-[(4-phenyl-1,3-thiazol-2-yDsulfanyl]-3-(chloro)anilinc

Example 179
1-(2-chloro-4-agminobenzyl)- 1H-imidazole
A solution of 10 g of 4-bromomethyl-'3-chlorc_>"nitrobenzene and 5.44 g of imidazole
in 125 m! of tetrahydrofuran was refluxed for 4 hrs. The solvent was removed and the
residue was dissolved in ethyl acetate. Th_e solution was washed with water and dried -
over magnesium sulfate. The solvent was removed and the residue was extracted
several times with ether. The ether extracts were diluted with two volumes of
hexanes. 1-(2-Chloro-4-nitrobenzyl)-1H-imidazole (4.3 g) crystallized as a white
solid. A 4 g portion of this material was mechanically stirred at reflux with 153 m} of
methanol, 52 ml of water, 8.1 g of ammonium chloride, and 6.6 g of iron pbwder for.
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2 hrs. The hot mixture was filtered and solids were washed with hot methanol-
tetrahydrofuran mixtures. Solvents were removed from the combined filtrates. The
residue was extracted several times with hot E_zth&l acetate, The ethyl acetate solution
was treat with magnesium sulfate and ictivated charcoal. Filtering and removing the
solvent gave the 3.9 g of the title compound. -

By using the methods described in Examples 1-179 above and the methods
described in the patent apphcanons W0-98/43960 and WO-99/09016, the compounds

of this invention listed in Table 5 were prepared.

Table$
- 180 4-(2-Hydroxy-naphthalen-1 -y]anuno)-6 7-d1methoxy- 240dec 3719 (M+H) -
quinoline-3-carbonitrile

181 4-(2,3-Dihydro-benzo[1,4]dioxin-6-ylamino)-6,7- 200-201 (3640 (M+H)
dimethoxy-guinoline-3-carbonitrile :

182 4-(2-Mercapto-benzothiazol-6 -ylammo)-6 7- dlmethoxy- >255dec {3948 (M+H)

. . qumolme-3—carbommle ) : .

183 4-(6-Hydroxy-naphthalen-1 -ylammo) 6 7-d1methoxy- 1208 dec 372.0 (M+H)
quinoline-3-carbonitrile CE

184 4-(1H—Indazol—6-ylammo)-S-methoxy—qmnolme-3- >260 3158 (M+H) -

: - icarbonitrile : N '

185 4~(2-chloro-5-methoxyamlmo)-5-methoxyqumolme—3— 185-187  ¢339.9 (M+H)

' carbonitrile ' " '

186 4-[(2-Ammo-4—ch1orophenyl)anuno]-ﬁﬂ-d:methoxy-S- 215dec . i354.9 (M+H)
quinolinecarbonitrile '

187 4-[(3-hydroxy-2-naphthyl)amino]-6, 7-dm1ethoxy—3- 11277-282° i372.2 (M+H)
quinolinecarbonitrile dec

188 4-{ 3-chloro-4-[(1-methyl-1H-imidazol-2- 467.2 (M+H)
yl)sulfanyl)anilino }-7-methoxy-6-nitro-3- -

: quinolinecarbonitrile

139 6-amino-4-{3-chloro-4-[(1-methyl-1H-imidazol-2- 437.0 (M+H)
yhsulfanyl]anilino}-7-methoxy-3-quinolinecarbonitrile. -

190 (E)-N-(4-{3-chloro-4-[(1-methyl-1H-imidazo}-2- 548.1 (M+H),
yl)sulfanylJanilino }-3-cyano-7-methoxy-6-quinolinyl)-4- 274,7 (M+2H)*
(dimethylamino)-2-butenamide

191 4-[3-chloro-4-(1,3-thiazol-2-ylsulfanyl)anilino]-7- 470.0 (M+H)
metho'xx-6-mtro-3-9uinolinecarbonilrile

192 6-amino-4-[3-chloro-4-(1,3-thiazol-2 440.1 (M+H) -

_ ylsulfanyDanilino]-7-methox -3-qumohnecgg;§_:gmmle =

193 (E)-N-{4-[3-cbloro-4-(1,3-thiazol-2-ylsulfanyl)anilino}- 551.1 (M+H),
3-cyano—7-methoxy-6--qumohnyl}-4-(dmemylammo)- - 1276.2 (MH2H)"
2-buténamide :

194 ° :4-[3-chloro-4-(1H-imidazo)-1 -yl)amlmo]-7-methoxy-6— 421.3 (M+H),
nitro-3-quinolinecarbonitrile 211.1 (Ma2H)”
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195 6-amino-4-[3-chloro-4-(1H-imidazol-1 -yl)amlmo]-‘l- 391.2 (M+H),
methoxy-3-quinolinecarbonitrile - 1196.2 (M+2H)"

196 (E)-N-{4-[3-chloro-4-(1H-imidazol-1-yl)anilino}-3- 502.4 (M+H),
cyano-?-methoxy-&qumolmyl}-4-(dxmethylammo)-2- 251.7 (M+2H)"
butenamide _

197 4-{3-chloro—4-[(4—oxo-3 4-dihydro-2- 531.2 (M+H),
quinazolinyl)sulfanyllanilino) -7-methoxy-6-m|ro—3- 266.2 M+2H)"
quinolinecarbonitrile :

198 6-amino-4-{3-chloro-4-[(4-0x0-3,4-dihydro-2- 501.3 (M+H),
qumazolmyl)sulfmyl]amlmo}-7-methoxy-3- 251.1 M+21)*

tquinolinecarbonitrile :

199 . {(E)-N-(4-{3-chloro-4-[(4-0x0-3,4-dihydro-2- 612.4 (M+H),
quinazolinyl)sulfanyl]anilino}-3-cyano-7-methoxy-6- 306.7 (M+2H)"
guinolinyl)-4-(dimethylamino)-2-butenamide :

200 6-methoxy-7-[3-(4-morpholinyl)propoxy}-4-[4-(4- 139-141 'i510.2 M+H), -
pyridinylmethyDanilino}-3-quinolinecarbonitrile 255.7 (M+2H)"”

201 6-methoxy-7-[3-(4-morpholinyl)propoxy}-4-[4-(3- 112-114  i510.3 (M+H), -
pyridinylmethylanilino]-3-quinolinecarbonitrile ' 1255.7 (M+2H)"?

202 6-methoxy-7-[3-(4-morpholinyl)propoxy}-4-[4-(2-- 168-170 i510.2 (M+H),

_ipyridinylmethyhanilino}-3-quinolinecarbonitrile 255.7 M+2H)"™

203 = i{(B)-N-(4-{4-[acetyl(3-pyridinylmethyl)amino]-3- 584.1 M+H), ..

chloroanilino}-3-cyano-7-methoxy-6-quinolinyl)-4- 292.7 M+2H)*
‘i(dimethylamino)-2-butenamide

204 N-{2-chloro-4-[(3-cyano-7-methoxy-6-nitro-4- 503.1 (M+H),
quinolinyl)aminolphenyl}-N-(3-- 252.1 (M+2H)"
pyridinylmethylacetamide

205 N-{4-[(6-amino-3-cyano-7-methoxy-4- 473.1 M+H),
quinolinyi)amino}-2-chlorophenyl}-N-(3- 237.2 M+2H)"

fpyridinylmethyacetamide -
© 206  iN-(4-{[6-(acetylamino)-3-Cyano-7-methoxy-4- 515.1 M+H)
quinolinyl]Jamino}-2-chlorophenyl)-N-(3-
pyridinylmethyl)acetamide
207 4-[3-chloro-4-(1,3-dimethyl-2,4,6-trioxohexahydro-5-  i270-272  :509.2 (M+H) .
. pyrimidinyl)anilino}-7-methoxy-6-nitro-3-
. quinolinecarbonitrile N

208 4-{3-chloro-4-[(4-phenyl-1,3-thiazol-2- 256-262 5462 M+B)
yl)sulfanyl]amlmo}-7-methoxy—6—mtro-3- '
quinolinecarbonitrile

209 6-methoxy-7- [3-(4-morphohnyl)propoxy]-4-[4-(3— 152-153  i515.3 (M+H),
thienylmethyl)anilino}-3-quinolinecarbonitrile 2583 (M+2H)?

210 6-methoxy-7-[3-(4-morpholinyl)propoxy]-4-[4-(2- 152-154 5153 (M+H),
thienylmethyl)anilino]-3-quinolinecarbonitrile 258.3 (M+2H)”

211 6-mcthoxy-4-(4-phenoxyamlmo)—7—[2-(2H—1 2, 3 triazol- i154-155 - i479.3 (M+H) ,
2-yDethoxyl}-3-guinolinecarbonitrile ' :

212 6-methoxy-4-(4-phenoxyanilino)-7-[2-(1H-1,2,3-triazol- :188-189 4479.3 (M+H) :
1-yDethoxy]-3-quinolinecarbonitrile ' !

213 {4-(4-benzylanilino)-6-methoxy-7-[2-(2H-1,2,3-triazol-2- 1167-170  1477.4 (M+H)

~_iyDethoxy]-3-guinolinecarbonitrile :

214 4-(4-benzylanilino)-6-methoxy-7-[2-(1H-1,2,3-triazol-1- 471.5 (M+H)

yDethoxy]-3-guinolinecarbonitrile



quinolinecarbonitrile
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215 i6-methoxy-7-[3-(4-morpholinyDpropoxy}-4-f4-(2- 127-130  {512.6 (M+H),
__ ipyridinyloxy)anilino}-3-guinolinecarbonitrile e ni256.8 (M+2H)"
216 4-{3-chloro-4-[(1-methyl-1H-imidazol-2- 234-235  :565.4 (M+H),
' yl)sulfanyl]anilino}-6-meﬂ\oxy:-'7_-[3-.(4- : 283.5 (M+2H)"*
morpholinyl)propoxy]-3-quinolinecarbonitrile
217 -4-[4-(2-furylmethyl)§mlmo]-6-methoxy-7 [3-(4- . i149-151  i499.5 (M+H),
morpholinyl)propoxyl-3-guinolinecarbonitrile o 250.3 (M+2H)*
218 6-methoxy-7-[3- (4-morpholmy1)propoxy]—4-[4- 132-134 503 4 (M+H),
' (teuahydro—2—furanylmethyl)amhno]-3- S {2524 (Me2H)?
quinolinecarbonitrile _
219  i4-[4-(3 furylmelhyl)anﬂmo]-&metboxyﬂ-[&l -(4- :163-165  i499.5 (M+H),
' morpholinyl)propoxyl-3-quinolinecarbonitrile ...1250.3 (M+2H)”
220 6-methoxy-7-[3«(4-morpholinyl)propoxy]-4-[4- -1123-125  i503.4 (M+H),
: (teu'ahydro-3-furanylmethyl)anﬂmo]-3- . . 252.2 (M+2H)"

: quinolinecarbonitrile

221 4-(3-chloro-4-{[5-(trifluoromethyl)-1,3, 4-th1adnazol-2- 536.1 (M+H)
yl]ammo}amlmo)-7-ethoxy—6-mu'o-3- :
- quinolinecarbonitrile - . . :
222 )-N-[4-(3-chloro-4-{[5-(tnﬂuoromethyl)—l 3 4- 16173 (M+H),

' thnadlazol-z-yl]ammo}amhno)-B-cyano—?-ethoxyé- 309.3 (M+2H)*

qmnolmyl]-4-(d1mctbyhmxno)-2—quggm1de . _ _ :
223 4-[3-chloro-4~(4-pyndmyloxy)amllno]-7-ethoxy-6-mtm- o 462.2 (M+H),

_ 3-quinolinecarbonitrile . ; 231.6 (M+2H)"
224 6-ammo-4—[3-chlom-4-(4-pyndmyloxy)amlmo]-7- 432.4 (M+H), -
' ethoxy-3-quinolinecarbonitrile - - 2166 (M+2H)”
225 (E)-N-{4-[3-ch1oro-4-(4-pyndmyloxy)amlmo]-3-cyano- 15434 (M+H),
Co 7-ethoxy-6-qumolmy1}-4-(d1methylammo)-2- ' 272.2 (M+2H)"*

ibutenamide : - .
226 4-{ 3-ch10ro-4—[(3-pyndmylmethyl)ammo]amlmo}-?— 461.3 (M+H),
. methoxy-6-nitro-3-quinolinecarbonitrile . . 2314 (M+2H)"
227 i6-amino-4-{3-chloro-4-[(4-phenyl-1,3-thiazol-2- 166-172  :516.2 (M+H)
' vD)sulfanyllanilino }-7-methoxy-3-quinolinecarbonitrile -
228 6-amino-4-(3-chloro-4-{[5-(trifluoromethyl)-1,3,4- 506.3 (M+H)
thiadiazol-2-yfJamino}anilino)-7-ethoxy-3- - . :
... iquinolinecarbonitrile )
229 6—methoxy-7-[3—(4-morpholmyl)prop6xy]-4-[4-(2-. ' 106-108  §{523.5 (M+H),
phenylethylanilino)-3-quinolinecarbonitrile 262.4 (M+2H)"
230 (B)-N-(4-{3-chloro-4-[(4-phenyl-1,3-thiazol-2- 154-157  1627.3 (M+H),
yl)sulfanyl]amlmo}-3-cyano-7-methoxy-6-qumohnyl)-4— _ 314.3 (M+2H)*
(dimethylamino)-2-butenamide - .
231 4-[3-chloro-4-(1H-imidazol-1 -yl)anﬂmo]-ﬁ-methoxy-?- 130-133  i519.3 (M+H),
' [3-(4-morpholinyl)propoxy: -3-guinolinecarbonitrile : 260.3 (M+2H)”
232 6-methoxy-7-[3-(4-morpholmyl)propoxy]-4-[4—(3- 135-137  i512.2 (M+H),
pyridinyloxy)anilino)-3-quinolinecarbonitrile __ 256.7 (M+2H)”
233 . 4-[3-chloro-4-(4—pyndmyloxy)am1mo] -6-methoxy-7-[3- i174dec  :546.1 (M+H),
(4-morpholinyl)propoxy]-3-quinolinecarbonitrile i 273.8 (M+21)*
234 6-mcthoxy-7-[3-({—morpholmyl)pmpoxy]—4-[4-(4— 129-131  i512.1 (M+H),
pyridinyloxy)anilino]-3-quinolinecarbonitrile ' 256.8 (M+2H)"*
235 4-[2-chloro-4-(1 3-thmzol-2-ylsulfanyl)amhno]—6- 122 568.0 (M+H),
methoxy-7- [3-(4-morpholmyl)propoxy]-3- : 284.7 (M+2H)"
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236 N-[2-chloro-4-({3-cyano-6-methoxy-7-[3-(4- 120dec  i601.1 (M+H),

-~ jmorpholinyl)propoxy]l-4-quinolinyl }amino)pheny1]-N- : 301.3 (M+2H)"
(3-pyridinylmethyl)acetamide ' '

237 6-methoxy-7-[3-(4-morpholinyDpropoxy}-4-[4-(1H- 208 dec  i501.2 (M+H),
tetraazol-5-ylmethyl)anilino]-3-quinolinecarbonitrile : .1251.0 (M+2H)"

238 ©  i6-methoxy-7-[3-(4-morpholinyl)propoxy]}-4-[4-(2H- 186-187 i500.3 (M+H),
1,2,3-triazol-2-ylmethyDanilino)-3-quinolinecarbonitrile 12508 (Ma2H)”

239 6-methoxy-7-[3-(4-morpholinyl)propoxy}-4-[4-(1H- 200-201  i500.2 (M+H),
1,2,3-triazol-1-ylmethyDanilino]-3-guinolinecarbonitrile 250,7 (M+2H)**

240 4-(2,4-dichloro-5-methoxyanilino)-6-methoxy-7-{2-(2H- {223-226  i485.1 (M+H)
1,2,3-triazol-2-yl)ethoxy]-3-quinolinecarbonitrile '

241 4-(2,4-dichloro-5-methoxyanilino)-6-methoxy-7-[2-(1H- 1196-197  i485.1 M+H)
1,2,3-triazol-1-ylethoxy)-3-guinolinecarbonitrile '

242 7-ethoxy-6-nitro-4-{4-[(4-phenyl-1,3-thiazol-2- 594.0 M+H) -
yDsulfanyl}-3-(trifluoromethyl)anilino]-3- : :
quinolinecarbonitrile : '

243 6-amino-7-ethoxy-4-[4-[(4-phenyl-1,3-thiazol-2- 564.0 M+H)
yDsulfanyl}-3-(triffucromethyl)anilino)-3-
quinolinecarbonitrile : '

244 (E)-N-{3-cyano-7-ethoxy-4-[4-[(4-phenyl-1,3-thiazol-2- 675.0 (M+H),
yl)Sulfanyl]-S-(triﬂuoromethyl)anilino]-6—quinolinyl}'-4- 338.3 (M+2H)"
(dimethylamino)-2-butenamide

245 4-[3-chloro-4-(1H-imidazol-1-ylmethyl)anilino}-7- 4491 (M+H),
ethoxy-6-nitro-3-quinolinecarbonitrile 225.2 (M+2H)"

246 6-amino~4-[3-chloro-4-(1H-imidazol-1- 419.2 (M+H),
yhmethylanilino]-7-ethoxy-3-quinolinecarbonitrile 210.3 (M+2H)*

247 (E)-N-{4-[3-chloro-4-(1H-imidazol-1-ylmethyl)anilino}- { 530.2 (M+H),
3-cyano-7-ethoxy-6-quinoliny! }-4-(dimethylamino)-2- 265.8 (M+2H)™
butenamide . :

248 4-(3-chloro-4-[(4-methyl-2- 493.0 (M+H)
pyrimidinyl)sulfanyl}anilino}-7-ethoxy-6-nitro-3-
quinolinecarbonitrile

249 6-amino-4-{3-chloro-4-{(4-methyl-2- 463.1 (M+H)
ipyrimidinylsulfanyl]anilino}-7-ethoxy-3-
quinolinecarbonitrile

250 (E)-N-(4-(3-chloro-4-[(4-methyl-2- 574.1 (M+H),
pyrimidinyl)sulfanyl)anilino}-3-cyano-7-ethoxy-6- 287.8 M+2H)*

tquinolinyl)-4-(dimethylamino)-2-butenamide '

251 4-{3-chloro-4-[(4,6-dimethyl-2~ 507.1 (M+H)
pyrimidinyDsulfanyljanilino}-7-ethoxy-6-nitro-3- o
guinolinecarbonitrile

252 6-amino-4-{3-chloro-4-[(4,6-dimethyl-2- 477.1 M+H)
pyrimidinyl)sulfanyl}anilino}-7-ethoxy-3-
guinolinecarbonitrile

253 (E)-N-(4-{3-chloro-4-[(4,6-dimethyl-2- 588.1 (M+H),
pyrimidinyl)sulfanylJanilino}-3-cyano-7-ethoxy-6-- 294.8 (M+2H)"
quinolinyl)-4-(dimethylamino)-2-butenamide

254  i4-[4-(1H-imidazol-2-ylmethyl)anilino}-6-methoxy-7-[3- :156-158  499.3 (M+H),
{4-morpholinyl)propoxy}-3-quinolinecarbonitrile 250.3 (M+2H)"*

255 6-methoxy-7-{3-(4-morpbolinyl)propoxy]-4-[4-(1H- 180 dec 501.3 (M+H),

tetraazol-1-ylimethyhanilino}-3-quinolinecarbonitrile

251.3 M+2H)"”
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256 6-methoxy-7-[3-(4-morpholinyl)propoxy]-4-{4-(2H- 123 dec . " {501.2 (M+H),
' tetraazol-2—ylmemyl)amlino]-3—qumohnecarbommle 2513 M+2H)
257 4-{3-chloro-4-[(4,6-dimethyl-2- ' 110-113  :591.1 (M+H),
. pynnudmyl)sulfanyl]amlmo}-6-methoxy-‘7-[3;(4- : ' 296.2 (M+2H)"
. morpholinyl)propoXy]-S-Quix\olinewrboniuile S
258 4-{3-chloro-4-[(4-methyl-2- - §10-113 577.1 M+H),
_ pyrmndmyl)sulfanyl]amhno}-6-methoxy-7-[3-(4— T 289.2 (M+2H)"
morpholmyl)propoxy]-3-qumolmecmbomtnle _ - .- i5717.1 M+H),
289.2 (M+2H)"
259 )-N-[4-(3-chloro-4—([2- 194-198  i601.3 (M+H),
(phenylsulﬁanyl)acetyl]ammo}amlmo)-3-cyano-7- 301.1 (M+2H)"*
methoxy-6-guinolinyl}-4-(dimethylamino)-2-butenamide
260 i4-[4-(2,6-dimethoxyphenoxy)anilino}-6-methoxy-7-[3- i160-162 i571.4 (M+H)
(4-morpholinyl)propoxy]-3-quinolinecarbonitrile 3 :
261 6-methoxy-4-{4-(3-methoxyphenoxy)anilino]-7-[3-(4-  :132-134 1541.5 (M+H)
: morpholinyl)propoxy]-3-quinolinecarbonitrile '
262 6-methioxy-4-{4-[(1-methyl-1H-imidazol-2- . 208-210 {5314 (M+H)
ylsulfanyljanilino }-7-[3-(4-morphohnyl)propoxy]-3- '
quinolinecarbonitrile g :
263 - i(E)-N-{4-[3-chloro-4-(1,3- thmzol-z-ylsu!fanyl)anﬂmo]- -1595.1 (M+H),
, 3-cyano-?-methoxy-6-qumohnyl}-4-[(2— 298.1 (M+2H)”
methoxyethyl)(methyl)amino}-2-butenamide: ! _
264  i(B);N-(4-{3-chloro-4-[(5-phenyl-1,3- tlnazol-z- 627.1 (M+H),
' yl)sulfanyl]amhno}-3-cyano—7-methoxy-6—qmnohnyl)—4— 314.1 (M+2H)"
. e i(dimethylamino)-2-butenamide . . .. .
265 (E)-N-(4-{3-chloro-4-[(4-phenyl-1, 3-th1azol-2- - §641.3 (M+H),
' yl)sulfanylJanilino}-3-cyano-7-' ethoxy-6-qumolmyl)-4- 321.2 (M+2H)*
(dimethylamino)-2-butenamide : L :
266 .14-{3-chloro-4-[(4,6-dimethy}-2- 173-176  1478.4 (M+H)
pyrimidinyl)sulfanyljanilino}-6, 7-dm1ethoxy-3-
quinolinecarbonitrile
267 i6,7-dimethoxy-4-({6-[(4-phenyl-1,3-thiazol-2- 250 (dec) {498.3 (M+H)
yl)sulfanyl]-a-pyndmyl}anuno)-S-qumolmecarbomtnle
268 4-{3-chloro-4-[(1-methyl-1H-imidazol-2- 232-234 i547.3 (M+H)
yl)sulfanyllanilino}-6-methoxy-7-[3-(2H-1,2,3-triazol-2- ;'
_iyl)propoxyl-3-guinolinecarbonitrile :
269 4-{3-chloro-4-[(1-methyl-1H-imidazol-2- ' 208-210 {5473 (M+H)

yDpropoxy}-3-quinolinecarbonitrile
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o A

A compound of formula 1 bhaving the structure:

(CH2)p-X
/ .

wherein: _
X is a bicyclic aryl or bicyclic heteroaryl ring system of 8 to 12 atoms where the’

bicyclic heteroaryl ring contains 1 to 4 heteroatoms selected from N, O, and S -
with the proviso that the bicyclic heteroaryi ring doés not contain O-O, S-S,
or S-O bonds and where the bicyclic aryl or bicyclic heteroaryl ring may be’

-optionally mono- di-, tri, or tetra-substituted with a substituent selected from

the group consisting of halogen, oxo, thio, alkyl of 1-6 carbon atoms, alkenyl
of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, azido, hydroxyalkyl of 1-6
carbon atoms, halomethyl, alkoxymethyl of 2-7 carbon atoms, alkanoyloxy-
methyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms, alkylthio of 1-6

carbon atoms, hydroxy, trifluoromethyl, cyano, nitro, carboxy, carboalkoxy of

. 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms, phenoxy, phenyl,"

thiophenoxy, benzoyl, benzyl, amino, alkylamino of 1-6 carbon atoms,
dialkylamino of 2 to 12 carbon. atoms, phenylamino, benzylamino,
alkanoylamino of 1-6 carbon atoms, alkenoylamino of 3-8 carbon atoms,
alkynoylamino of 3-8 carbon atoms, carboxyalkyl of 2-7 carbon atoms,

carboalkoxyalky of 3-8 carbon atoms, aminoalkyl of 1-5 carbon atoms, N-

-alkylaminoalkyl of 2-9 carbon atoms, N,N-dialkylaminoalkyl of 3-10 carbon

atoms, N-alkylaminoalkoxy of 2-9 carbon atoms, N.N—dia.lkylamirioalkoxy of

3-10 carbon atoms, mercapto, and benzoylamino; or

"PCT/USY9/22054
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X is a radical having the formula:

/A\T/L

wherein A is a pyridinyl, pyrimidinyl, or phenyl ring; wherein the pyridinyl,
pyrimidinyl, or phenyl ring may be optionally mono{ or di-substituted with a
substituent selected from the group consisting of halogen, alkyl of 1-6 carbon
atoms, élkeny_l'of 2-6 carbon atdms, alkynyl of 2-6 carbon atoms, azido,
hydroxyalkyi of 1-6 carbon atoms, halomethyl alkoxymethyl of 2-7 carbon
atoms, alkanoyloxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms,
alkyltluo of 1-6 carbon atoms, ‘hydroxy, tnﬂuoromethyl cyano, nitro,
carboxy, carboa]koxy of 2-7 carbon atoms, carboalkyl of 2-7- carbon atoms,

- phenoxy, phenyl, thibphehbiy, "ben'zoyl benzyl, amino, alkylamino of 1-6

-carbon atoms, dxalkylammo of 2 to 12 .carbon atoms, phenylammo benzyl-
ammo, alkanoylammo of-1-6 carbon -atoms, alkenoylamino of 3-8 carbon

. . atoms, alkynoylammo_of ‘3-8 carbon atoms, carboxyalkyl of 2-7 carbon atoms,

carboalk'o'xyalky' of 3:8 carbon atoms, aminoalkyl of 1-5 carbon atoms, N-

a]kylammoalkyl of 2: 9 carbon atoms, NN—dmlkylammoa]kyl of 3-10 carbon -

atoms N—a]ky]ammoa]koxy of 2—9 carbon atoms, N, N—d1alkylam1noalkoxy of -

- 3-10 carbon atoms, mercapto, and benzoylammo,

T is bonded to a carbon of A and is:

= NH(CHz)m-’ -O(CH,) S(CH?)m-’ -NR(CHz)m 4 (CHl)m

CH),NH -, - (CH,),0+, - (CH,),S- , or - (CH,,NR

Lisan unsubsmtuted phenyl ring or a phenyl ring mono-, di-, or tri-substituted with a
- substituent selected from the group con51st1ng of halogen, alkyl of 1-6 carbon

atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6 carbon ‘atoms, azido,
_'hydroxya]kyl of 1-6-carbon atoms, ‘halomethyl, alkoxymethyl of 2-7 carbon
atoms, alkanoyloxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms,
alkylthio of 1-6 carbon atoms, hydroxy, trifluvoromethyl, cyano, nitro,
carboxy, carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms,
phenoxy, phenyl, thiophenoxy, benzoyl, benzyl, amino, alkylamino of 1-6

carbon atoms, dialkylamino of 2 to 12 carbon atoms, phenylamino,
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' ‘benzylamino, alkanoylamino of 1-6 carbon atoms, alkenoylamino of 3-8
carbon atoms, alkynoylamino of 3-8 carbon atoms, carboxya_lkyl' of 2-7
carbon atoms, carboalkoxyalky of 3-8 carbon atoms, aminoalkyl of 1-5 carbon
atoms, N-alkylaminoalkyl of 2-9 carbon atoms, N,N-dialkylaminoalkyl of 3-
10 carbon atoms, N-alkylaminoalkoxy of 2-9 carbon'atoms, N,N-dialkyl-
aminoalkoxy of 3-10 carbon atoms, mercapto, and benzoylamino; provided

. that L can be an unsubstituted phenyl ring only when m >0 and T is not
-CH,NH- or -CH,O-; or

L is a §5- or 6-membered heteroaryl ring where the heteroaryl ring comtains 1 to 3
heteroatoms selected from N, O, and S, with the proviso that the heteroaryl
ring does not contain O-0, S-S, or S-O bonds, and where the heteroaryl ring
is optionally mono- or di-substitated with a substituent selected from the
group consisting of halogen, oxo, thio, alkyl of 1-6 carbon atoms, alkenyl of
2-6 carbon atoms, a]kynjl of 2-6 carbon atoms, azido, hydroxyalkyl of 1-6
carbon atoms, halomethyl, alkoxymethyl of 2-7 carbon atoms,’
alkanoyloxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms, - -
alkylthio of 1-6 carbon atoms, hydroxy, triflnoromethyl, cyano, nitro,
carboxy, carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms,
phenoxy, phenyl, thiophenoxy, benzoyl, benzyl, amino, alkylamino of 1-6

. carbon étoms, dialkylamino of 2 to 12 carbon atoms, phenylamino,
benzylamino, alkanoylamino of 1-6 carbon atoms, alkenoylamino of 3-8 -
carbon atoms, alkynoylamino of 3-8 carbon atoms, carboxyalkyl of 2-7
carbon atoms, carboalkoxyalky of 3-8 carbon atoms, aminoalkyl of 1-5 carbon -
atoms, N-alkylaminoalkyl of 2-9 carbon atoms, N,N-dialkylaminoalkyl of 3-
10 carbon atoms, N-alkylaminoalkoxy of 2-9 carbon atoms, N,N-
dialkylaminoalkoxy of 3-10 carbon atoms, mercapto, and benzoylamino;

Zis -NH-, -O-, -S-, or -NR- ;

R is alkyl of 1-6 carbon atoms, or carboalkyl of 2-7 carbon atoms;

‘G1, G2, Ry, and R4 are each, independently, hydrogen, halogen, alkyl of 1-6 carbon
atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, alkenyloxy
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" of 2-6 carbon atoms, alkynyloxy of 2-6 carbon atoms, hydroxymethyl,
halomethyl, alkanoyloxy of 1-6 carbon atoms, alkenoyloxy of 3-8 carbon
“atoms, alkynoyloxy of 3-8 carbon atoms, alk_anoylokymethyl of 2-7 carbon
 atoms, alkenoyloxymethyl of 4-9 carbon atoins, alkynoyloxymethyl of 4-9
éarbon atoms, a]]{bxymeﬂlyi of 2-7 -i:arbbn atoms, alkoxy of 1-6 carbon atoms,
alkylthib of 1-6 carbon atoms, allesulphinyl of 1-6 carbon atoms,
alkylsulphonyl of 1-6 carbon atoms, a]kylsulfonarmdo of 1-6 carbon atoms,
alkenylsulfonam1do of 2-6 carbon atoms, alkynylsulfonalmdo of 2-6 carbon
atoms, hydroxy, tnﬂuoromethyl tnﬂuoromethoxy, Cyano,  nitro, carboxy,

- carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms, phenoxy, -

j.. phényl,.thiophenoxy, benzyl, amino, hydroxyamino, alkoxyamino of 1-4
' carbon ‘atoms, alkylamino- of 1-6 carbon atoms, dialkylamino of 2 to 12
“carbon ~ atoms, N-alkylcarbamoyl NN-dlalkylcarbamoyl, N-alky]-N- '
-.alkenylémmo of- 4 to 12 carbon atoms, NN—dxalkenylammo of 6-12 carbon

atonds, phenylammo, benzylammo, _

RACRN -~ N(CRakY-  ReRe-CHM—(C(RaICY- .
S (CRee .

Ry-(C{Rela)y™Y- . Rr-(C{Rel2)pM=(ClRal2) Y- or‘HeH(CRe)z)erW-(C(RelelicY-:
ot .R1 and R4 are as defined above and G or G2 or both are
RN - _. | _ |
or if any of the substituents Ry, G2, G3, or R4 are located on contiguous
carbon atoms then they may be taken together as the divalent radical
-0-C(Rg),-0-;
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Y is a divalent radical selected from the group corisiéting of

—(CHp)y— , —O— ,and —N—
Re

R7is -NRgRg, -ORg, -J, -N(Rg)3 *, or -NR4(ORg) ;
M is >NRg, -O-, >N-(CR¢)2)pNRgRg, or >N-(C(Rg)2)p-ORg;
W is >NRg, -O- or is a bond;

Het is is selected from the group consisting of morpholine, thiomorpholine, -
thiomorpholine S-oxide, thiomorpholine S,S-dioxide, piperidine, pyrrolidine,
aziridine, pyridine, imidazole, 1,2,3-triazole, 1,2,4-triazole, thiazole, -
thiazolidine , tetrazole, piperazine, furan, thiophene, tetrahydrothioph'ene, )
tetrahydrofuran, dioxane, 1,3-dioxolane , tetrahydropyran, and
(OCH,CH20), ' '

KH) ;

wherein Het is optionally mono- or di-substituted on carbon or nitrogen with -
R, optionally mono- or di-substituted on carbon with hydroxy, -N(Rg)2, or
-ORg, optionally mono or di-substituted on carbon with the mono-valent -
radicals -(C(Rg)2)sORg or -(C(Rg)2)sN(Rg)2. and optionally mono or di-
substituted on a saturated carbon with divalent radicals -O- or -O(C(Rg)2)sO-;
R6 is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-6 carbon atoms, aJkynjrl of 2- -
| 6 carbon atoms, cycloalkyl of 1-6 carbon atoms, carboalkyl of 2-7 carbon
atoms, carboxyalkyl (2-7 carbon atoms), phenyl, or phenyl optibna]ly '
substitated with one or more halogen, alkoxy of 1-6 carbon aioms,
trifluoromethyl, amino, alkylamino of 1 -3 carbon atoms, dialkylamino of 2-6
carbon atoms, nitro, cyano, azido, halomethyl, alkoxymethyl of 2-7 carbon
atoms, alkanoyloxymethyl of 2-7 carbon atoms, alkylthio of 1-6 carbon
atdms, hydroxy, carboxyl, carboalkoxy of 2-7 carbon atoms, phenoxy, phenyl,
thiophenoxy, benzoyl, benzyl, phenylamino, benzylamino, alkanoylamino of

1-6 carbon atoms, or alkyl of 1-6 carbon atoms; with the proviso that the
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* alkenyl or alkynyl moiety is_bqqul_'_tq a nitrogen.or oxygen atom through a
saturated carbon atom; '

R2, is selected from the group consisting of -

S ‘ol
~, CRe Y
Rg—N N ;R .
(C(Relalv oo
0' : . .
SORDe AL Y
J N B -
(CRe}2~ Rs. o [Nj
0 .
- | 0\\" |
(C(Rs)) - ~
g ’ AN
N CRsNW Rs | [ ]
| N



WO 0018761 - 1 ”!I’"cl m,ﬂ '"M" ”'l, " Im _' PCT/US99/22054

\ .
J-(CH CH,)s~d
R 50 (CHa, )_.g,:) & (CHz)s——%
AN

$

\ \
Rs Hy
Hs Q
o
\ \ \
QOZC>_f H, Rg :sz Rs f)Hz
Rs Rs Q0,C Rs Rs CO,Q
R3 is independently hydrogen, alkyl of 1-6 carbon atoms, carboxy, carboalkoxy of
5 1-6 carbon atoms, phenyl, carboalkyl of 2-7 carbon atoms,
/(C(RG)Z)p
RT(C(RS)Z)p—N\ /N‘(C(Rs)z)r
(C{Re)2)p
R7~(C(Re)2)s . R7(C(Re)2)p-M—(C(Ra)2)r

RRa-CH-M—(C(Relok. . r Het-(C{Rela) W-(CRela)r

10 Rs is independently hydrogen, alkyl of 1-6 carbon atoms, carboxy, carboalkoxy of
1-6 carbon atoms, phenyl, carboalky! of 2-7 carbon atoms,
(C(Re)2)p

R?'(C(RG)2)p—N\ /N"(C(R_s)z)r-
(C{Re)2)p
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Rr~(CRelde - .. Rru(CRe)M—(CRe)

RgRg-CH-M—(C(Rlo) ,or Het-(C{Re)a)-W-(C(Re)a)r

Rg, and Ry are each, independently, -(C(Rg)2)NR¢Rs, or -(C(Rg)2); ORg;

Jis independenﬂy-hydrogen;chlorine, ﬂuorine,_ or bromine;

Qs alkyl of 1-6 carbon atoms or hydrogen;
a=0orl; | ' |
_ | g=1-6;
k=04

nis0-1; .

‘mis0-3;

p=2-4;

9=0-4;

.15

20

s=1-6; S , _
~u=0-4and v =0-4, whercin the sum of u+v is 2-4;
_ or a pharmaceutically acceptable salt thereof,
_provided that o

_when Rg is alkenyl of 2-7 carbbn atdms or alkynyl of 2-7 carbon atoms, such
alkenyl or alkynyl moiety is bound to a nitrogen or oxygen atom
through a sa_turétcd carbon atom; |

and further provided that
when Y is -NR6- and R7 is -NRgR6, -N(Rg)3", or -NRg(ORg), then g = 2-6;
when M is -O- and R7 is -OR¢ then p = 1-4;
when Y is -NRg- then k = 2-4;
when Y is -O- and M or W is -O- then k = 1-4;
when W is not a bond with Het bonded through a nitrogen atom then q = 2-4;
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and when W is a bond with Het bonded through a nitrogeh atom and Y is -O- or
-NRg- then k =2-4. '

2. The compound according to claim 1 wherein Z is -NH- and n = 0 or a
pharmaceutically acceptable salt thereof.

3. The compound according to claim 2 wherein X is substituted or unsubstituted
bicyclic aryl or bicyclic heteroaryl ring system, or a pharmaceutically acceptable salt
thereof. | |

4, The compound according to claim 2 wherein X is the radical:

AL

and Aisa phenyl:ring , or a pharmaceutically acceptable salt thereof.

S. The compound according to claim 3 wherein Ry and R4 are hydrogen or a

phannéceutically acceptable salt thereof.

6. The compound according to claim 4 wherein Ry and R4 are hydrogen or a

pharmaceutically acceptable salt thereof.

7. The compound according to claim 3 wherein the bicyclic: aryl or bicyclic
heteroaryl ring system is selected from the group consisting of naphthaline,
1,2,3,4~tetrah§dronaphthaline, indane, 1-oxo-indane, 1,2,3,4-tetrahydroquinoline,
naphthyridine, benzofuran, 3-oxo0-1,3-dihydro-isobenzofuran, benzothiaphene, 1,1-
dioxo-benzothiaphene, indole, 2,3-dihydroindole, 1,3-dioxo-2,3-dihydro-1H-
isoindole, benzotriazole, 1H-indazole, indoline, benzopyrazole, 1,3-benzodioxole,
benzooxazole, purine, phthalimide;, coumarin, chromone, quinoline, terahydro-
quincline, isoquinoline, benzimidazole, quinazoline, pyrido[2,3-b]pyridine,
pyrido[3,4-b]pyrazine,  pyrido[3,2-c]pyridazine,  pyrido[3,4-b]pyridine, 1H-
pyrazole[3,4-d]pyrimidine, 1,4-Benzodioxane, pteridine, 2(1H)-quinolone, 1(2H)-iso-
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quinoione, 2-0x0-2,3-dihydro-benzthiazole, 1,2-methylenedioxybenzene, 2-oxindole,
1,4-benzisoxazine, benzothxazole qumoxa]me, quinoline-N-oxide," isoquinoline-N-
oxide, qumoxahne-N—o:ude qmnazolme-Ns-omde, benzoazine, phthalazine, 1,.4-
dloxo-1,2,3,4-teu‘ahydgo-pht_halazme, 2-oxq-l,2-d1hydro-qumohne, 2,4-dioxo-1,4-
dihydro-ZH-benzo[d][],3]oizizine, 2,5-diox0-2,3,4,5-tetrahydro-1H-benzo[e]{1,4}-

diazepine, and cinnoline or a pharmaceuticall& acceptable salt thereof.

8.  The compound according to claim 4 _vér'herein L is 5 or 6-membered heteroaryl
ring or a pharmaceutically _aéceptab]e salt thereof. .

9. The compound according to claim 8 wherein the heteroaryl ring is selected .
from the group consisting of pyridine, pyrimidine, imidazole, thiazole, thiazolidine,
pyrrole, furan, i:hiophene, oxazole, and 1,2,4-triazole or a pharmaceutically acceptable
salt thereof. o |

10.. The compound according to claim 4 wherein L is a substituted phenyl ring or

" a pharmacentically acceptable salt thereof.

- 11.  The compound accordmg to claim 1, whlch is:

a) 4-(2, 3-d1hydro—1H—1ndol—6-ylam1no) -6,7- dlethoxy-qumolme-3-carbomtnle or
| a pharmacentically acceptable salt thereof

b) 4—(benzoth1azol-6—ylam1no)-6 7- dlethoxy-qumohne-3-carbomtnle ora
pharmaceutically acceptable salt thereof; '

c) 4-(benzo[ 1,3]dioxol-5-ylamino)-6,7-diethoxy-quinoline-3-carbonitrile or a
pharmaceutically acceptable salt thereof; | _

d 6,7-diethoxy-4-(1H—ihdazol-6—y1mnino)¥qi1inoline-3-carbonitrile ora
pharmaceutically accépt'able salt thereof; o

&) 6,7-diethoxy-4-(4-methyl-2-oxo-2H-chromen-7-ylamino)-quinoline-3-

carbonitrile or a pharmaceutically acceptable salt thereof;
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' 6,7-diethoxy-4-(1H-indol-6-ylamino)-quinoline-3-carbonitrile or a

pharmaceutically acceptable salt thereof;
6,7-dimethoxy-4-(1H-indazol-6-ylamino)-quinoline-3-carbonitrile or a
pharmaceutically acceptable salt thereof;
4-(1,3-dioxo-2,3-dihydro-1H-isoindol-5-ylamino)-6,7-diethoxy-quinoline-3-
carbonitrile or a pharmacentically acceptable salt thereof;
4-(2,3-dihydro-benzo[1,4]dioxin-6-ylamino)-6,7-diethoxy-quinoline-3-

ccarbonitrile or a pharmaceutically acceptable salt thereof;

4-(1H-indazol-6-ylamino)-6,7-bis-(2-methoxy-ethoxy)-quinoline-3-
carbonitrile or a pharmaceutically acceptable salt thereof;
4-(1,4-dioxo-1,2,3,4-tetrahydro-phthalazin-6-ylamino)-6,7-diethoxy-
quinoline- 3-carbonitrile or a pharmaceutically acceptable salt thereof;
6,7-diethoxy-4-(indan-5-ylamino)-quinoline-3-carbonitrile or a
pharmaceutically acceptable salt thereof;
4-(2,4-dioxo-1,4-dihydro-2H-benzo[d][1,3] qxazin-é—ylamino)—-é,7-d_iethoxy-
quinoline-3-carbonitrile or a pharmaceutically acceptable salt thereof; -
6,7-diethoxy-4-(3-oxo-1 ,3-dihydro-isobeniofdran—5-y1amino)-quinoline-3—
carbonitrile or a pharmaceutically acceptable salt thereof;
4-(1,1-dioxo-1H--benzo[b]thiophen-6-ylamino)-6,7-diethoxy-quinoline-3-
carbonitrile or a pharmaceutically acceptable salt thereof;
4-(2,3-dihydro-1H-indol-6-ylamino)-6,7-dimethoxy-quinoline-3- carbonitrile
or a pharmaceutically acceptable salt thereof; '
7-ethoxy-4-(indazol-6-ylamino)-6-methoxy-3-quinolinecarbonitrile or a
pharmaceutically acceptable salt thereof;

4-(2,3-dihydro- 1H-indol-6-ylamino)-6-methoxy-7-(3-pyridin-4-yl- propoxy)-
quinoline-3-carbonitrile or a pharmaceutically acceptable salt thereof;
9-(1H-indazol-6-ylamino)-2,3-dihydro[ 1,4}dioxino[2,3-g]lquinoline-8-
carbonitrile or a pharmaceutically acceptable salt thereof;

PCT/US99/22054
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6 e d1eﬂ10xy—4-(1-methyl—2 5-dioxo-2,3,4,5-tetrahydro-1H-

benzole][1,4] dlazepm-7-ylam1no)-qmnohne—3-carbommle ora
pharmaceutically acceptable salt thereof;

4-( 1H-mdazol-6-yla1mno)-6 7,8-trimethoxy-quinoline-3-carbonitrile or a
pharmaceutically acceptable salt thereof;

6 7-dnnethoxy-4-(4-methyl-2—oxo—1,2—d1hydro-quinolin-7-ylamin0)- :
qu1nolme—3-carbomtnle

6,7- dnnethoxy-4-(2-methy1-benzottuazol-5-ylammo)-qmnohne—3—carbon1tnle
6,7-d1methoxy-4-(27qxo-2,3-dlhydro-ben,zoﬂnazol-G-ylam1no)—qu1nolme-3—
carbonitrile or a pharfnaceutica]ly acceptable salt thereof;
6,7-dimethoxy-4-(quinolin-5-ylamino)-quinoline-3-carbonitrile or a
pharmaceutically acceptable salt thereof;
4-(isoquinolin-5-ylamino)-6,7-dimethoxy-quinoline-3-carbonitrile or a -
pharmaceutically acééptable salt thereof; . .
6,7-dimethoxj—4—(qui_i;olin—&ylamino)—quinoline—_3—carbonitri1e ora
pharmaceutically agcéptable salt thereof;
4-(8-hydroxy-quinolin-5-ylamino)-6,7-dimethoxy-quinoline-3-carbonitrile or
a pharmaceutically acceptable salt therebf;
4—-(1H-indol—4—ylamind)-d?—dimethoxy-quinoline—3—carbonitri1e ora
pharmaccutically acceptable salt thereof;
4-(1H-indazol-5-ylamino)-6,7-dimethoxy-quinoline-3-carbonitrile or a
phaxmacéutically acceptable salt thereof; _
4—(1H—Indazol-6-ylamino)-5,8-dimethbxy—quinoline—3'-carboniu'ile ora
pharmaceutically acééptable salt thereof; :
4-(1H-indazol-6-ylamino)-7-methoxy-6-(3-morpholin-4-yl-propoxy)- -
quinolinef3-carbonitri1e ora phzirmac_euticallj acceptable salt thereof;
4-(3H-benzotriazol-5-ylamino)-7-methoxy-6-(3-morpholin-4-yl-propoxy)-
quinoline-3-carbonitrile or a pharmaceutically acceptable salt thereof;,
4-(1H -indazol 6-ylamino)-6-methoxy-quinoline-3-carbonitrile or a
pharmaceutically acceptable salt thereof;
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' 4-(3H -benzotriazol -5-ylamino)-6 -methoxy-quinoline-3-carbonitrile or a

pharmaceutically aceceptable salt théreof;

4-(1H -indazol -6-ylamino)-7-methoxy-quinoline-3-carbonitrile or a
pharmaceutically acceptable salt thereof;.

4-(3H -benzotriazol- 5-ylamino)-7-methoxy-quinoline-3-carbinitile or a
pharmacenutically acceptable salt thereof;

7-hydroxy-4-(1H -indazol- 6-ylamino)-quinoline-3-carbonitrile or a
pharmacentically acceptable salt thereof;

4-(1H -indol -5-ylamino)- 7-methoxy-quinoline-3-carbonitrile or a
pharmaceutically acceptable salt thereof; '
7-hydroxy-4-(3H -benzotrizol-5 -ylamino)-quinoline-3-carbonitrile or a
pharmaceutically acceptable salt thereof;

4-(1H -indazol- 6-ylamino)-8-methoxy-quinoline-3-carbonitrile or a
pharmaceutically acceptable salt thereof;

4~(3H -benzotriazol- 5-ylamino)-8-methoxy-quinoline-3-carbonitrile ora -

pharmaceutically acceptable salt thereof;

4-(1H -indol- 5-ylamino)- 6,7 -Dimethoxy-quinoline-3-carbonitrile or a
pharmaceutically acceptable salt thereof;

4-(1H -benzoimidazol-5 -ylamino)-6,7 -dimethoxy-quinoline-3 -carbonitrile
or a pharmaceutically acceptable salt thereof;

6,7- dimethoxy-4-(2- methyl-1H -benzoimidazol-5- ylammo)—qumohne—3-
carbonitrile or a pharmaceutically acceptable salt thereof;

6,7- dimethoxy-4-(quinoline-6-ylamino)-quinoline-3-carbonitrile ora -
pharmaceutically acceptable salt thereof;

4-(4- chloro-naphthalen-1 -ylamino)-6,7 -Dimethoxy-quinoline-3 -carbonitrile
or a pharmaceutically acceptable salt thereof:

6,7- dimethoxy-4-(5,6,7,8.- tetrahydro-naphthalen- 1 -ylamino)-quinoline-3-
carbonitrile or a pharmaceutically zico’eptable salt thereof;,

4-(3H- benzotriazol-5-ylamino)-6,7 ,8-Trimethoxy'-quinolihe—B—'carboniﬁile or
a pharmaceutically acceptable salt thereof;
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xx)  4-( 1H- indazol -6 -ylamino)-6-methoxy-7-[2- (4 -methy] - piperazin -1- y1)-

yy)

77)

bbb)

cce)

ddd)

eee)

£ge)

hhh)

ethoxy]-quinoline-3-carbonitrile or a pharmaceutically acceptable salt thereof;
7-{2-[(2-hydroxy-ethyl)-amino}-ethoxy}-4(1H -indazol-6 -ylamino)-6-
methoxy-quinoline-3-carbonitrile or a pharma.ceuﬁcaiiy acceptable salt
thereof;. : : . : :
7-{2-[bis-(2-hydroxy-ethyl)-amino]-ethoxy }-4-(1H -indazol- 6-ylamino)-6-
methoxy-quinoline-3-carbonitrile or.a pharmaceutically acceptable salt
thereof; -

7-[2-(4 -hydroxy-piperidin-1 -y1)- ethoxy]-4—( -indazol-6 -ylamino)-6- .
methoxy-quinoline-3-carbonitrile or a pharmaceutically acceptable salt -
thereof;

7—{2-[(4-(2-hydroxy-ethyl)-p1perazm— -yl)-ethoxy] 4—(1H -indazol- -6~
ylammo) 6-memoxy-qumolme-3-carbomtrﬂe ora pharmaceutically
acceptable salt thereof

7-[2- (1,4 dioxa-8 -aza- sp1r0[4 S]dec- -yl) ethoxy]-4—( 1H -indazol-6 - -
.ylammo) 6—methoxy-qumolme—B—carbommle or a pharmaceutically

' acceptable salt thereof;

7-[2-([1 3]dloxolan-z-yhnethyl-methyl-ammo) ethoxy]-4-(1H-1ndazol- 6-

ylamino)- 6-methoxy-qu1nolme-3—carbomtnle

7-[2-(3, 4—d1hydro- 1H-1soqumohn-2—y1)—ethoxy]-4-(1H-indazol‘-6- ylamino)-6-
methoxy-quinoline-3-carbonitrile ora pharmaceutically acceptable salt
thereof; - : :
4—(1H-1ndazol—6-y]ammo)-6—methoxy-7 (2-th10morpholm—4—yl-ethoxy)-
quinoline-3-carbonitrile or a pharmaceutically acceptable salt thereof;
7-(2-chloroethoxy)-4-(1H-indazol-6-ylamino)-6-methoxyquinoline-3-
carbonitrile or a pharmaceutically aét:eptable salt thereof;
7-(2-dimethylaminoethoxy)-4-(1H-indazol-6-ylamino)-6-methoxyquinoline-3-
carbonitrile or a pharmaceutically acceptable salt thereof;
4-(1H-indazol-6-ylamino)-6-methoxy-7-(2-morpholin-4-yl-ethoxy)quinoline- .
3-carbonitrile or a pharmaceutically acceptable salt thereof;;

PCT/US99/22054
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i -4-(3H-benzotr1azol—5—ylam1no)-7-(2-chlorocthoxy)-6-methoxquno]me—3-
carbonitrile or a pharmaceutically acceptable salt thereof;

kkk) 7-(3-chloropropoxy)-4-(lH-mdazol-6-ylam1no)-6-methoxyquinoline-3-
carbonitrile or a pharmaceutically acceptable salt thereof; '

1)  4-(1H-indazole-6-ylamino)-6-methoxy-7-(3-morpholin-4-ylpropoxy)-
quinoline-3-carbonitrile or a pharmaceutically acceptable salt thereof;

mmm) 4-[3-chloro-4-(1-mcthyl-Z—ithidazolylthio)phenylamino]—6,7-diethoxy-3-
quinolinecarbonitrile or a pharmaceutically acceptable salt thereof;

nnn) 4-[3-chloro—4—(l-methyl-2-imidazolylmio)phenylamino]-6,7-dimetl\oxy-3-

' quinolinecarbonitrile or a pharmaceutically acceptable salt thereof;

000) 6-amino-4-[3-chloro-4-(1-methyl-1H-imidazol-2-ylsulfanyl)-phenylamino]-
quinoline-3-carbonitrile or a pharmaceutically acceptable salt thereof;

PPP) N-{4—[3—chloro-4-(I-methyl-1H—imida‘zol-2-y1sulfahyl)-pheny]amino]-3-
cyano-quinolin-6-yl}-acrylamide or a phannaceuucally acceptable salt
- thereof; ' -

qqq) 6-amino-4-(1H-indol-5-ylamino)-quinoline-3-carbonitrile ora
pharmaceutically acceptable salt thereof;

rr)  4-(1H-indol-5-ylamino)-6-nitro-quinoline-3-carbonitrile or a phamiéceﬁtically
acceptable salt thereof; '

sss)  4-(2-Hydroxy-naphthalen-1-ylamino)-6,7-dimethoxy-quinoline-3-carbonitrile
or a pharmaceutically acceptable salt thereof;

ttt) 4—(2,3-Dihydro-benzo[l,4]dioxin-6-ylamino)—6,7-dimethoxy-quinoline—3-
carbonitrile or a pharmaceutically acceptable salt thereof; '

uuu) -(2-Mercapto-benzothiazol—ﬁ-ylamino)—6,7-dimeﬂloxy-quindline-3?
carbonitrile or a pharmaceutically acceptéble salt thereof;

vvv) 4-(6-Hydroxy-naphthalen-1-ylamino)-6,7- d1methoxy-qmnolme-3-carbomtnle
or a pharmaceutically acceptable salt thereof;

WWW) 4—(1H-Indazo]-ﬁ-ylammo)-5-methoxy-qumohné¥3-carbonitri1e ora

pharmaceutically acceptable salt thereof:
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4-(2-chloro-5-methoxyanilino)-5-methoxyquinoline-3-carbonitrile or a
pharmaceutically. acceptable salt thereof; _ '
4-[(2-Ammo—4-chlorophenyl)ammo] 6 7-d1methoxy-3-qumolmecarbon1trﬂe

or a2 pharmaceutically acceptable salt thereof
4-[(3-hydroxy-2-naphthyl)amino}-6,7- d1methoxy-3-qumolmecarbomlnle ora .
phaxmaceuucally acceptable salt thereof;

'4-{3—chloro-4-[(1-methyl-1H—xmldazol-z-yl)sulfanyl]amhno}-7-methoxy—6- .

nitro-3-quinolinecarbonitrile or a phanna_ceuncally acceptable salt thereof;

. 6-amino-4-{3-chloro-4-{(1 -méthyl-1H-imidazol-2—yl)su1fany1]a.nil_ino}-7-

methoxy-.3_—quinolinecarboni@e or a pharmaceutically acceptable salt thereof;
(E)-N-(4-{3-chloro-4-[ (1-methyl- 1H-imidazol-2-yl)sulfanyl}anilino}-3-

_cyano-7-methoxy-6-quinolinyl)-4-(dimethylamino)-2-butenamide or a

pharmaceutically acceptable salt thereof; - .. .
4—:[3-chlo_ro-4_-(1,3—thia_zol—2_%y1.su-,_1_f,anyl)anili_no]-7-methoxy-6-ni_tro—3—

- quinolinecarbonitrile or a pharmaceutically acceptable salt thereof;

6-amino-=4~[3_-chloro-4-;(_l,3&lhiaz01-2.-_ylsulfany.l)anilino]-7_-me_thoxy-3—
quinolinecarbonitrile or a pharmaceutically acceptable salt thereof;

(E)-N-{4-[3-chloro-4-(1,3-thiazol-2-ylsulfanyl)anilino}-3-cyano-7-methoxy-

6--quinolinyl }-4-(dimethylamino)-2-butenamide or a pharmaceutically

- acceptable salt thereof;

gege)

hhhh)

iiii)

i)

4—[3—chloro-4—(1H-mudazol- -yl)amlmo]-7-methoxy-6—n1tro-3-
quinolinecarbonitrile or a pharmaceutically acceptable salt thereof;
6-amino-4- [3-ch10r6-4—(_l_H-imidazol-1-y1)anilino}-.7-meﬂloxy-3-
quinolinecarbonitrile or a p_harmaceuticaily acceptable salt thereof;
(E)-N-{4-[3-chloro-4-(1H-imidazol-1-yl)anilino] -3-cyano-7-methoxy-6-
quinolinyl}-4.-(dimethylamino)—Z—-bu;enamide or a pharmaceutically
acceptable salt thereof;

4-{3-chloro-4-[(4-0x0-3 4—dlhydro-2-qu1nazolmyl)sulfanyl]anﬂmo}-7-
methoxy-6-nitro-3-quinolinecarbonitrile or a ph_a_xmaceuncally acceptable salt

thereof;
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6-amino-4-{3-chloro-4-[(4-oxo0-3,4-dihydro-2-quinazolinyl)sulfanyl]anilino }-
~ 7-methoxy-3-quinolinecarbonitrile or a pharmaceuncally acceptable salt
thereof;
(E)-N-(4-{3-chloro-4-[(4-0x0-3,4-dihydro-2-quinazolinyl)sulfanyl}anilino )-3-
cyano-7-methoxy-6-quinolinyl)-4-(dimethylamino)-2-butenamide or a
pharmaceutically acceptable salt thereof;, o

mmmm) 6-methoxy-7-[3-(4-morpholinyl)propoxy]-4-[4-(4-

nnnn)

0000)

PPPP)

pyridinylmethyl)anilino]-3-quinolinecarbonitrile or a pharmacentically
acceptable salt thereof;
6-methoxy-7-[3-(4-morpholinyl)propoxy]-4-[4-(3-pyridinylmethyl)anilino}-3- - - S
quinolinecarbonitrile or a pharmaceutically acceptable salt thereof; '
6-methoxy-7-[3-(4-morpholinyl)propoxy]-4-[4-(2-pyridinylmethyl)anilino}-3-
quinolinecarbonitrile or a pharmaceutically acceptable salt thereof;
(E)-N-(4-(4-[acetyl(3-pyridinylmethyl)amino]-3-chloroanilino }-3-cyano-7- -
methoxy-6-quinolinyl)-4-(dimethylamino)-2-butecnamide or a

- pharmaceutically acceptable salt thereof;

qq99)

8SSS)

ttit)

uuu)

vvvvy)

N-{2-chloro-4-[(3-cyano-7-methoxy-6-nitro-4-quinolinyl)amino]phenyl}-N-
(3--pyridinylmethyl)acetamide or a pharmacentically acceptable salt thereof;
N-{4-{(6-amino-3-cyano-7-methoxy-4-quinolinyl)amino]-2-chlorophenyl }-N-
(3-pyridinylmethyl)acetamide or a pharmaceutically acceptable salt thereof;
N-(4-{[6-(acetylamino)-3-cyano-7-methoxy-4-quinolinyl]Jamino }-2-
chlorophenyl)-N-(3-pyridinylmethyl)acetamide or a pharmaceutically
acceptable salt thereof; '

4- [3-chloro-4—(1,3-dimethyl—2,4,6-trioxohexahydro-5-'pyrim'idinyl)£nilino]~7-
methoxy-6-nitro-3-quinolinecarbonitrile or a pharmaceutically acceptable salt
thereof; ' :
4-{3-chloro-4-[(4-phenyl-1,3-thiazol-2-yl)sulfanyl]anilino }-7-methoxy-6-
nitro-3-quinolinecarbonitrile or a pharmaceutically acceptable salt thereof;
6-methoxy-7-[3-(4-morpholinyl)propoxy]-4-{4-(3-thienylmethyl)anilino}-3-
quinolinecarbonitrile or a pharmaceutically acceptable salt thereof;
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wwWw)_ . 6-methoxy-7-[3-(4-morpholinyl)propoxy]-4-[4-(2-thienylmethyl)-
anilino)-3-quinolinecarbonitrile or a pharmaceutically acceptable salt thereof;

XXXX) 6-methoxy-4—(4~phenoxyanilino)—7—[2—(2H-1,2,3-triazol-2—yl)ethoxy]-3—
quinolinecarbonitrile or a pharmaceutically acceptable salt thereof;

yyyy) 6-methoxy-4-(4-phenoxyanilino)-7-[2-(1H-1,2,3-triazol-1-yl)ethoxy]-3-
quinolinecarbonitrile or a pharmaceutically acceptable salt thereof;

2277) 4-(4-benzylanili_no).-6-methoxy-7-[2—(2H-l,2,3-triazol-2-y1)ethoxy]-3- .

quinolinecarbonitrile or a pharmaceutically acceptable salt thereof;

“aaaaa) 4-(4-benzylanilino)-6-methoxy-7-[2-(1H-1,2,3-triazol-1-yDethoxy}-3-

quinolinecarbonitrile or a pharmaceutically acceptable salt thereof;
bbbbb) 6-methoxy-7-[3-(4-morpholinyl)propoxy]-4-[4-(2-pyridinyloxy)anilino]-3-
quinolinecarbonitrile or a pharmaceutically acceptable salt thereof;
cccec). 4-{3-chloro-4-[(1-methyl-1H-imidazol-2-yl)sulfanyl]anilino }-6-methoxy-7-
- [3-(4-morpholinyl)propoxy]-3-quinolinecarbonitrile or a pharmaceutically
acceptable salt thereof, . . - ' Rt
ddddd) 4-[4-(2-furylmethyl)anilino}-6-methoxy-7-[3-(4-morpholinyl)propoxy]-3-
quinolinecarbonitrile or a pharmaceutically acceptable salt thereof;
eeeee) 6-methoxy-7-[3-(4-morpholinyl)propoxyl-4-[4-(tetrahydro-2-
furanylmethyl)anilino];3-quinolinecarbonitrile or-a pharmaceutically
. acceptable salt thereof; . : _ _ § . _
fifff) 4-[4-(3-furylmethyl)anilino]-6-methoxy-7-[3-(4-morpholinyl)propoxy]-3-
quinolinecarbonitrile or a pharmaceutically acceptable salt thereof;
ggggg) 6-methoxy-7-[3-(4-morpholinyl)propoxy}-4-[4-(tetrahydro-3-
furanylmethyl)anilino}-3-quinolinecarbonitrile or a pharmaceutically-
_acceptable salt thereof; . . . _
hhhhh) 4-(3-chloro-4-{[5-(trifluoromethyl)-1 ,3,4—thiadiazol-i-y]] amino }anilino)-7-
ethoxy-6-nitro-3-quinolinecarbonitrile or a pharmaceuticaily acceptable salt

thercof;

PCT/US99/22054
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ylJamino }anilino)-3-cyano-7-ethoxy-6-quinolinyl]-4-(dimethylamino)-2-
butenamide or a pharmaceutically acceptable salt thereof;,

iiii) 4-[3-chloro-4-(4-pyridinyloxy)anilino]-7-ethoxy-6-nitro-3-
quinolinecarbonitrile or a pharmaceutically acceptable salt thereof;

- Kkkkk) 6-amino-4-[3-chloro-4-(4-pyridinyloxy)anilino]-7-ethoxy-3-

quinolinecarbonitrile or a pharmaceutically acceptable salt thereof;
)  (E)-N-{4-[3-chloro-4-(4-pyridinyloxy)anilino]-3-cyano-7-ethoxy-6-
quinolinyl}-4-(dimethylamino)-2-butenamide or a pharmaceutically
acceptable salt thereof; o
mmmmm)  4-{3-chloro-4-[(3-pyridinylmethyl)amino]anilino }-7-methoxy-6-nitro- -
3-quinolinecarbonitrile or a pharmaceutically acceptable salt thereof;
nnnnn) 6-amino-4-{3-chloro-4-[(4-phenyl-1,3-thiazol-2-yl)sulfanylJanilino}-7-

methoxy-3-quinolinecarbonitrile or a pharmaceutically acceptable salt thereof; -~ -, -

00000) 6-amino-4-(3-chloro-4-{[5-(triflucromethyl)-1,3,4-thiadiazol-2- "
yllamino }anilino)-7-ethoxy-3-quinolinecarbonitrile or a pharmaceutically
acceptable salt thereof; - '

PPPPP) 6-methoxy-7-[3-(4-morpholinyl)propoxy]-4-[4-(2-phenylethyl)asnilino]-3-
quinolinecarbonitrile or 4 pharmaceutically acceptable salt thereof;

29999) (E)-N-(4-{3-chloro-4-[(4-phenyl-1,3-thiazol-2-yl)sulfanyl]anilino }-3-cyano-
7-methoxy-6-quinolinyl)-4-(dimethylamino)-2-butenamide or a - '
pharmaceutically acceptable salt thereof;

rrrr) - 4-[3-chloro-4-(1H-imidazol- 1-yl)anilino]-6-methoxy-7-[3-(4-
morpholinyl)propoxyl-3-quinolinecarbonitrile or a pharma'ceuu'cally
acceptable salt thereof;

sssss)  6-methoxy-7-[3-(4-morpholinyl)propoxy]-4-[4-(3-pyridinyloxy)anilino]-3-
quinolinecarbonitrile or a pharmaceutically acceptable salt thereof;

i)  4-[3-chloro-4-(4-pyridinyloxy)anilino}-6-methoxy-7-[3-(4-
morpholinyl)propoxy]-3-quinolinecarbonitrile or a pharmaceutically
acceptable salt thereof;

" PCT/US99/22054
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uuuuﬁ) 6-methoxy-7-[3-(4-morpholinyl)propoxy}-4-[4-(4-pyridinyloxy)anilino]-3-
quinolinecarbonitrile or a pharmaceutically acceptable salt thereof;

vvvvy) 4-[2-chloro-4-(1,3-thiazol-2-ylsulfanyl)anilino}-6-methoxy-7-[3-(4-
morpholinyl)propoxy]-3-quinolinecarbonitrile or a pharmaceutically
acceptable salt thereof;

wwwww)  N-[2-chloro-4-({3-cyano-6-methoxy-7-[3-(4-morpholinyl)propoxy]-4-
quinolinyl }amino)phenyl}-N-(3-pyridinylmethyl)acctamide or a
pharmaceutically acceptable salt thereof; .

xxxxx) 6-methoxy-7-{3- (4—morpholmyl)propoxy]-4-[4-( 1H-tetraazol-5-
ylmethyl)anilino}-3-quinolinecarbonitrile or a pharmaceutically acceptable

. salt thereof; - _ L Pk :

YYYYY) 6-methoxy-7—[3—(4-morphohnyl)propoxy]-4-[4»(2H-1 2,3-triazol-2-
ylmethyl)anilino}-3-quinolinecarbonitrile or:a pharmaceutically acceptable
salt thereof’; . At T

2z717) 6~methoxy-7-[3 (4—morpholmyl)propoxy]—4—[4-(1H—1 2,3-triazol-1-
ylmethyl)anilino]-3-quinolinecarbonitrile or a pharmaceutically acceptable
salt thereof; .

:aaaaaa)4—(2 4—d1chloro-5-methoxyamhno) 6-methoxy-7-[2-(2H-1,2,3-triazol-2- -

yDethoxy]-3-quinolinecarbonitrile or a pharmaceutically acceptable salt
thereof; _ o :

bbbbbb) 4-(2, 4~dxch]oro-5-methoxyamhno) 6-methoxy-7-[2-(1H-1,2,3-triazol-
1-yD)ethoxy]-3-quinolinecarbonitrile or a pharmaceutically acceptable salt
thereof; _ - .

ccceee) 7-ethoxy-6-nitro-4-[4-[(4-phenyl-1,3-thiazol-2-yl)sulfanyl]-3-
(trifluoromethyl)anilino}-3-quinolinecarbonitrile or a pharmaceutically
acceptable salt thereof;

dddddd) - 6-amino-7-ethoxy-4-[4-[(4-phenyl-1 3—th1azol-2—yl)su1fanyl}-3—
(triflnoromethyl)anilino]-3-quinolinecarbonitrile or a pharmaceutically

acceptable salt thereof;
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eceeee)(E)-N- { 3-cyano-7-ethoxy-4-[4-[(4-phenyl-1 »3-thiazol-2-yl)sulfanyl}-3-
(trifluoromethyl)anilino]-6-quinolinyl } - 4-(dxmethylammo)-z-butcnamlde ora
pharmaceutically acceptable salt thereof; '
ffffff) 4-[3-chloro-4-(1H-imidazol-1-ylmethyl)anilino]-7-ethoxy-6-nitro-3-
quinolinecarbonitrile or a pharmaceutically acceptable salt thereof;
gegeeg) 6-amino-4- [3-ch1oro44-(1H-imidazol-1-ylmethyl)anilino]-7-ethoxy~3-
- quinolinecarbonitrile or a pharmaceutically acceptable salt thereof:
hhhhhh) = (E)-N-{4-[3-chloro-4-(1H-imidazol-1-ylmethyl)anilino]-3-cyano-7- -
ethoxy-6-quinolinyl}-4-(dimethylamino)-2-butenamide or a phaxmaceuncally
-acceptable salt thereof; '
iiiiii) 4-{3-chloro-4-[(4-methy1-2-pynm1dmy1)sulfanyl]amlmo)-7-ethoxy-6-mtro-3—
quinolinecarbonitrile or a pharmacentically acceptable salt thereof’
1iiijj) 6-amino-4-{3-chloro-4-[(4-methyl-2-pyrimidinyl)sulfanyl]anilino}-7-ethoxy- -
3-quinolinecarbonitrile or 2 pharmaceutically acceptable salt thereof;
kkkkkk) (E)-N-(4-{3-chloro-4-[(4-methyl-2-pyrimidinyl)sulfanyl]anilino}-3- : -
cyano-7-ethoxy-6-quinolinyl)-4-(dimet-hylamino)-2—buténamide ora
 pharmaceutically acceptable salt thereof; |

1)  4-{3-chloro-4-[(4,6-dimethyl-2-pyrimidinyl)sulfanyl]anilino }-7-ethoxy-6-

nitro-3-quinolinecarbonitrile or a pharmacentically acceptable salt thereof;

mmmmmm) 6-amino-4-{3-chloro-4-{(4,6-dimethyl-2-
pyrimidinyl)sulfanyl]anilino }-7-ethoxy-3 -qumohnecarbomtnle ora
'pharmaceutically acceptable salt thereof;

nnnnnn) - (E)-N-(4-{ 3-chloro-4-[(4,6-dimethyl-2-pyrimidinyl)sulfanyl]anilino }-
3-cyano-7-ethoxy-6-quinolinyl)-4-(dimethylamino)-2-butenamide or a
pharmaceutically acccptable salt thereof;

000000) 4-[4-(1H-imidazol-2-ylmethyl)anilino]-6-methoxy-7-[3-(4-
morpholinyl)propoxy]-3-quinolinecarbonitrile or a pharmaceutically
-acceplable salt thereof; |
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Pppppp) - 6-methoxy-7-[3-(4-morpholinyl)propoxy]-4-[4-(1H-tetraazol-1-
ylmethyl)anilino}-3-quinolinecarbonitrile or a pharmaceutically acceptable
salt thereof; . _ :

qqqqqq®) - 6-methoxy-7-[3-(4-morpholinyD)propoxy]-4-[4-(2H-tetraazol-2-
ylmethyDanilino}-3-quinolinecarbonitrile or a pharmaceutically acceptable
sait thereof; _

rrrrrr)  4-{3-chloro-4-[(4,6-dimethyl-2-pyrimidinyl)sulfanyljanilino }-6-methoxy-7-
[3-(4-morpholinyl)propoxy]-3-quinolinecarbonitrile or a pharmaceutically
acceptable salt thereof; _ - :

8885s8). 4-{3-chloro-4-[(4-methyl-2-pyrimidinyl)sulfanyljanilino }-6-methoxy-7-[3-(4-
morpholinyl)propoxy]-3-quinolinecarbonitrile or a.pharmaceutically
acceptable salt thereof;

ttettt)  (E)-N-{4-(3-chloro-4-{ [2~(phenylsulfanyl)acety1]ammo }aml1no)—3—cyano—7-

methoxy-6-quinolinyl]-4-(dimethylamino)-2-butenamide or a.
pharmaceutically- acceptable salt thereof;

wuuouw) - 4-[4-(2; 6—dlmethoxyphenoxy)an111no]-6-methoxy-7 [3- (4-
morpholinyl)propoxy]-3-quinolinecarbonitrile or-a pharmaceutically
-acceptable:salt thereof;

- VVVVVY) 6-methoxy—4—[4—(3-methoxyphenoxy)amhno]-7 [3-(4- .

morpholinyl)propoxy]-3-quinolinecarbonitrile or a pharmaccutically
acceptable salt thereof; _ . :

WWWWWW) 6-methoxy—4—{4—[(1-methy1—lH-nmdazol 2—y1)su1fanyl]amhno}-7—[3-
(4-morpholinyl)propoxy]-3-quinolinecarbonitrile or a pharmaceutically
acceptable salt thereof;

XXXXXX) (E)-N-{4-[3-chloro-4-(1 3-thlazol-2-ylsu1fa.ny1)amhno] 3-cyano—7—
methoxy-6-quinoliny! }-4-[(2-methoxyethyl)(methyl)amino]-2-butenamide or
a pharmaceutically acceptable salt thereof;

YYYYYY) (E)-N-(4-{3-chloro-4-[(5-phenyl-1 3-ﬂuazol—2-y1)sulfanyl]amlmo} 3-
cyan_o—7-methoxy-6-qumolmy1)-4-(dlmethylam1no)-2_~butenam1de ora
pharmaceutically acceptable salt thereof;
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722777) (E)—N-(4-{3-chlbrdé4-[(4éphenyl-1,S-ﬂﬂazol-z-yl)sulfahyl]anilino}-3-cyano—
- 7-'ethoxy-6-quinolinyl)-4-(dimethylamino)-2-butenamide ora
‘pharmaceutically acceptable salt thereof;
aaaaaaa) 4-{3-chloro-4-[(4,6-dimethyl-2-pyrimidinyl)sulfanyl}anilino}-6,7-
5 dimethoxy-3-quinolinecarbonitrile or a phannaceutically acceptable salt
thereof
bbbbbbb) - 6,7-dimethoxy-4-({6-[(4-phenyl-1,3-thiazol-2-yl)sulfanyl]-3-
pyridinyl }amino)-3-quinolinecarbonitrile or a pharmaceutically acceptable sait
thereof; or
10  cceeecc) 4-{3-chloro-4-[(1-methyl-1H-imidazol-2-yl)sulfanyl]anilino }-6-
methoxy-7-[3-(1H-1,2,3-triazol-1-yl)propoxy]-3-quinolinecarbonitrile or a
pharmaceutically acceptable salt thereof. '

12. A method of treating, inhibiting the growth of, or eradicating neoplasms in a
15 mammal in need thereof which comprises administering to said mammal an effective
amount of a compound of formula 1 having the structure

(CHalaX

i
AN
2
N

wherein:
20 X is a bicyclic aryl or bicyclic heteroaryl ring system of 8 to 12 atoms where the
bicyclic heteroaryl ring contains 1 to 4 heteroatoms selected from N, O, and S
with the proviso that the bicyclic heteroaryl ring does not contain O-O, S-S,
or S-O bonds and where the bicyclic aryl or bicyclic heteroaryl ring may be
optionally mono- di-, tri, or tetra-substituted with a substituent selected from
25 the group consisting of halogen, oxo, thio, alkyl of 1-6 carbon atoms, alkenyl
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~ of 2-6 carbon atoms, 'a:lky_nyl of 2-6 carbon atoms, azido, hydroxyalkyl of 1-6
carbon atoms, . halomethyl, alkoxymethyl of 2-7 carbon atoms,
alkanoyloxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms,
alkylthio of 1-6 carbon atoms, hydroxy, trifluoromethyl, cyano, nitro, .

5 carboxy, carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms,
phenoxy, phenyl, thidphenoxy, benzoyl, benzyl, amino, alkylamino of 1-6
‘carbon atoms, dialkylamino of 2 to 12 carbon atoms, phenylamino,
benzylamino, - alkanoylamino of 1-6.carbon atoms, alkenoylamino of 3-8
éarbon atoms, alkynoylamino of 3-8 carbon atoms, - carboxyalkyl of 2-7
10 - carbon atoms, carboalkoxyalky of 3-8 carbon atoms, aminoalkyl of 1-5 carbon

- atoms, N-alkylaminoalkyl of 2-9 carboh atoms, N,N-dialkylaminoalkyl of 3-

10 carbon atoms, N-alkylaminoalkoxy of. 2-9 carbon atoms, N,N-
... . dialkylaminoalkoxy of 3-10 carbon atoms, mercapto, and benzoylamino; or
-+ Xisaradical having the formula: - . '

15 /A_‘-T’Lﬁ

‘wheréin A is a pyridiniyl, pyrimidinyl, or phenyl ring; wherein the pyridinyl,

' pyrim’idinyl,' or phenyl ring may be optionally mono- or di-substituted with a
substituent selected from the group consisting of halogen, alkyl of 1-6 carbon
atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, azido,

20 hydroxyalkyl of 1-6 carbon atoms, halomethyl, alkoxymethyl of 2-7 carbon
atoms, alkanoyloxymethyl of 2-7 carbon atoms, aikpxy of 1-6 carbon atoms,
alkylthio of 1-6 carl_jon atoms, hydroxy, trifluoromethyl, cyano, nitro,
carboxy, carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms,
phenoxy, phenyl, thiophenoxy, benzoyl, benzyl, amino, alkylamino of 1-6

25 carbon atoms, dialkylamino of 2 to 12 carbon atoms, phenylamino,
benzylamino, alkanoylamino of 1-6 carbon atoms, alkenoylamino of 3-8

. carbon atoms, alkynoylamino of 3-8 carbon atoms, carboxyalkyl of 2-7
carbon atoms, carboalkoxyalky of 3-8 éarbo’n atoms, aminoalkyl of 1-5 carbon
atoms, N-alkylaminoalkyl of 2-9 carbon atoms, N,N-dialkylaminoalkyl of 3-
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10 carbon atoms, N-alkylaminoalkoxy of 2-9 carbon atoms, N,N-

dialkylaminoalkoxy of 3-10 carbon atoms, mercapto, and benzoylamino;

T is bonded to a carbon of A and is:

-NH(CH,),-, -O(CH,),-, -S(CH,),-, -NR(CH,),- , -(CH,)_-
~(CH,),NH -, - (CH,),0 -, - (CH,),S- , or - (CH,),NR -;

L is an unsubsitituted phenyl ring or a phenyl ring mono-, di-, or tri-substituted with a

substituent selected from the group consisting of halogen, alkyl of 1-6 carbon
atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, azido,
hydroxyalkyl of 1-6 carbon atoms, halomethyl, alkoxymethyl of 2-7 carbon' .
atoms, alkanoyloxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms, -
alkylthio of 1-6 carbon atoms, hydroxy, trifluoromethyl, cyano,. niiro,' :
carboxy, carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms, -
phenoxy, phenyl, thiophenoxy, benzoyl, benzyl, amino, alkylamino of 1-6
carbon atoms, dialkylamino of 2 to 12 carbon atoms, phenylamino,
benzylamino,  alkanoylamino of 1-6 carbon atoms, alkenoylamino of 3-8

carbon atoms, alkynoylamino of 3-8 carbon atoms, carboxyalkyl of 2-7 -

carbon atoms, carboalkoxyalky of 3-8 carbon atoms, aminoalkyl of 1-5 carbon -
atoms, N-alkylaminoalkyl of 2-9 carbon atoms, N,N-dialkylaminoalkyl of 3-
10 carbon atoms, N-alkylaminoalkoxy of 2-9 carbon atoms, N,N-
dialkylaminoalkoxy of 3-10 carbon atoms, mercapto, and benzoylamino;
provided that L can be an unsubstituted phenyl ring only when m >0 and T is
not -CH,NH- or -CH,0-; or ' |

L is a 5- or 6-membered heteroaryl ring where the heteroaryl ring contains 1 to 3

~heteroatoms selected from N, O, and S, with the proviso that the heteroaryl
ring does not contain 0-O, S-S, or S-O bonds, and where the heteroaryl ring
is optionally mono- or di-substituted with a substituent selected from the
group consisting of halogen, oxo, thio, alkyl of 1-6 carbon atoms, alkenyl of
2-6 carbon atoms, alkynyl of 2-6 carbon atoms, azido, hydroxyalkyl of 1-6
carbon atoms, halomethyl, alkoxymethyl of 2-7 carbon atoms,
alkanoyloxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms,

PCT/US99/22054
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alkylthio of . 1-6 cé.rbon atoms, hydroxy, - trifluoromethyl, cyano, nitro,

carboxy, carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms,

phenoxy, phenyl, ﬂnophenoxy, benzoyl, benzyl, ammo, alkylamino of 1-6

carbon atoms, d1a11:ylam1no of 2 to 12 carbon. atoms, phenylamino,

5 benzylamino, alkanoiylamino of 1-6 carbon atoms, alkenoylamino of 3-8

carbon atoms, alkynbyla_mino- of 3-8 carbon atoms, carboxyalkyl of 2-7

5 _ carbon atoms, carboalkoxyalky of 3-8 carbon atoms, aminoalkyl of 1-5 carbon
. B atoms, N-alkylaminoalkyl of 2-9 carbon atoms, N,N-dialkylaminoalkyl of 3-
10 carbon. atoms, : N-alkylaminoalkoxy of. 2-9 carbon atoms, N,N-

10 dialkylaminoalkoxy of 3-10 carbon atoms, mercapto, and benzoylamino;
Zis -NH-, -O-, -§-, or -NR-; _ '
R is alkyl of 1-6 carbon atoms, or carboalkyl of 2-7 carbon atoms;
G], G2, R1, and R4 are. each independently, hydrogen, halogen, alkyl of 1-6-carbon
atoms, alkenyl of 2—6 carbon atoms, alkynyl- of 2-6 carbon atoms, alkenyloxy
o150 0 of 2-6 carbon  atoms, 'alkynyloxy of 2-6 carbon atoms, - hydroxymethyl,
‘halomethyl, alkanoyloxy of 1-6 carbon atoms, alkenoyloxy of 3-8 carbon
- atoms, alkynoyloxy of 3-8 carbon atoms, alkanoyloxymethyl of 2-7 carbon -
RO - - atoms, alkenoyloxymethyl of 4-9 carbon atoms, alkynoyloxymethyl of 4-9
carbon atoms, alkoxymethyl of 2-7 carbon atoms, atkoxy of 1-6 carbon atoms,
20 alkylthio - of 1-6 carbon atoms, alkylsulphinyl of 1-6 carbon atoms,
_alkylsulphonyl of 1-6 carbon atoms,. alkylsuifonami_do of 1-6 carbon atoms,
alkenylsulfonamido 6f 2-6 carbon atoms, alkynylsulfonamido of 2-6 carbon
atoms, hydroxy, trifluoromethyl, trifluoromethoxy, cyano, nitro, carboxy,
carboalkoxy of 2;7 carbon atoms, carboalkyl of 2-7 carbon atoms, phenoxy,
25 phenyl, thiophenoxy, benzyl, amino, hydroxyamino, alkoxyamino of 1-4
carbon atoms, alkylamino of 1-6 carbon atoms, dialkylamino of 2 to 12
carbon atoms, N-alkylcarbamoyl, N,N-dialkylcarbamoyl, N-alkyl-N-
alkenylamino of 4 to 12 carbon atoms, N,N-dialkenylamino of 6-12 carbon
atoms, phenylamino, benzylamino,
30
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/‘(C(Ra)z)p\ |
B7'(C(Ré)z)p‘"'N\' /N‘(C(Fls)z)k-Y' . ReRg"CH-M—(C(Rel2)cY-

(C(Ra)2)p
R7~(C{Rg)2)g-Y- . R7-(C(Re)2)p-M—(C(Re)2)i-Y- . or Het-(C(Rg)2)q"-W-(C(Re)2)k-Y-
or R1 and R4 are as defined above and G1 or G2 or both are
Ry—NH— ;
or if any of the substituents R1, G2, G3, or R4 are located on contiguous
carbon atoms then they may be taken together as the divalent radical
“0-C(R6),-O-; |
Y is a divalent radical selected from the group consisting of

—(CHp,— , —0— ,and —N—
| Rg

R7is -NRgRg, -ORg;, -J, -N(Rg)3 *, or -NRg(ORg) ;
M is >NRg, -O-, >N-(C(Rg)2)pNRgRg, or >N-(C(Rg)2)p-ORg;
W is >NRg, -O- or is a bond;

Het is is selected from the group consisting: of morpholinc, thiomorpholine,
thiomorpholine S-oxide, thiomorpholine S,S-dioxide, piperidine, pyrrolidine,
aziridine, pyridine, imidazole, 1,2,3-triazole, 1,2,4-triazole, thiazole,
thiazolidine , tetrazole, piperazine, furan, thiophene, tetrahydrothiophene,

| (OCH,CH0).

7

wherein Het is optionally mono- or di-substituted on carbon or nitrogen with

tetrahydrofuran, dioxane, 1,3-dioxolane, tetrahydropyran, and

Rg, optionally mono- or di-substituted on carbon with hydroxy, -N(Rg),, or
-ORg, optionally mono or di-substituted on carbon with the mono-valent
radicals -(C(Rg)2)sORg or -(C(Rg)2)sN(Rg)2, and optionally mono or di-
substituted on a saturated carbon with divalent radicals -O- or -O(C(Rg)2)sO-;
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Re is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-
6 carbon atoms, cycloalkyl of 1-6 carbdn atoms, carboalkyl of 2-7 carbon
atoms, carboxyalkyl (2-7 carbon atoms), phenyl, or phenyl optionally
substituted with one or more halogen, alkoxy of 1-6 carbon atoms,
trifluoromethyl, amino, alkylamino of 1-3 carbon atoms, dialkylamino of 2-6
carbon atoms, nitro, cyano, azido, halomethyl, alkoxymethyl of 2-7 carbon
atoms, alkanoyloxymethyl of 2-7 carbon atoms, alkylthio of 1-6 carbon

© . atoms, hydroxy, carboxyl, carboalkoxy of 2-7 carbon atoms, phenoxy, phenyl,
thiophenoxy, benzoyl, benzyl, phenylamino, benzylamino, alkanoylamino of -
1-6 carbon atoms, or alkyl of 1-6 carbon atoms; with the proviso that the
alkenyl or alkynyl moiety is bound to a nitrogen or oxygen atom through a
saturated carbon atom; - |

R2, is selected from the group consisting of

(C(R3)2)p
N - R : ' ' '
R3—S8—S (.C(R3)2)r__< , 3 o R 04 . N« Re ,
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0
/ (C(RS)Z)Ujl\/u\ 0\\ . I
Re—N - " _R
N (CReN s o o
; CRey ' N { .
Q & ON
(C(Rsl2y™ Rs E j
| | - (o)
| o o.\ _
(C(Rs)2)u~_- .
i SERIE
- (C(Rs)2y™ Rs E )
- N\ JCH). (CH)~) ;<3
F{5 ?02 2/s 2/s J (CH)
—— - 2
He Rg ' J(CH2>2_$—
Q_{J_} \ N
H2 Rs 'Hz
s Rs Q‘({is ’ )_§F
o} o}
\ \ \
QOZC>=€H2 Rs—- Hz Rs H2
’ ) é , and )—e ;
Rs Rs Q0,C Rs co,Q

5 R3is independently hydrogen, alkyl of 1-6 carbon atoms, carboxy, carboalkoxy of 1-6

carbon atoms, phenyl, carboalky! of 2-7 carbon atoms,
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(C(Relely
RrCRa—N  N-(ClRa)r
(CRedy
R-ClRelde . Rp(ClRellyM—(ClRa)a)r

ReR-CH-M—(C(Rel2). . or Het(ClRelz)y W-(C(Rele)r

5 R5 is mdependently hydrogen, alkyl of 1-6 carbon atoms, carboxy, carboalkoxy of
1-6 carbon atoms, phenyl carboa]kyl of 2-7 carbon atoms,
_ -/.(C.(Rs)z)p'- e
: -RT(C(Re)z)p—N\ ' '/N°(C(Rs)2)r'
) 3 {C(Re)2)p -

R~(C(Re)dde . Rz(C(Re)2)p-M—(C(Re)o)r

RgRo-CH-M—(C(Re)2) ..or Het-(C(Rg)2)gW-(C(Re)a)r

Rg. and Rg are each,=indepéndenﬂy, -(C(R6)2)INR5R5, or -(C(Rg)2)r ORg;
J is independently hydrogen, chlorine, fluorine, or bromine;
15 = Qis alkyl of 1-6 carbon atoms or hydrogen;
a=0orl;
g=1-6;
k=0-4;
nis 0-1;
200 mis0-3; -
pP=24
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q=0-4;
r=1-4;
s=1-6;
u=0-4 and v = 0-4 , wherein the sum of v+v is 2-4;
or a pharmaceutically acceptable salt thereof,
provided that '
when Rg is alkenyl of 2-7 carbon atoms or alkynyl of 2-7 carbon atoms, such
alkenyl or alkynyl moiety is bound to a nitrogen or oxygen atom
through a saturated carbon atom;
and further provided that )
when Y is -NRg- and R7 is -NR6R6, -N(Rg)3", o -NRg(ORg), then g = 2-6;
when M is -O- and R7 is -ORg then p = 1-4;
. when Y is -NRg- then k = 2-4;
when Y is -O- and M or W is -O- then k = 1-4;
when W is not a bond with Het bonded through a nitrogen atom thenq =2-4; *
and when W is a bond with Het bonded through a nitrogen atom and Y is -O- or
-NRg- then k = 2-4. | |

13.  The method according to claim 12 wherein the neoplasm is selected from the
group consisting - of breast, kid;aey, bladder, mouth, larynx, esophagus, stomach, -

colon, ovary, and lung.

14. A method of treating, inhibiting the progression of, or eradicating polycystic
kidney disease in 2 mammal in need thereof which comprises administering to said
mammal an effective amount of 2 compound of formula 1 having the structure
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wherein:

Xis a bicyclic aryl or bicyclic heteroaryl ring system of 8 to 12 atoms where the

bicyclic heteroaryl ring contains 1 to 4 heteroatoms selected from N, O, and S
with the proviso that the bicyclic heteroaryl ring does not contain O-O, S-S,
or S-O bonds and where the bicyclic aryl or bicyclic heteroaryl "ring' may be

_optionally mono- di-, tri, or tetra-substituted with a substituent selected from

the group consisting of halogeh; oSco, t}iio, alkyl of 1-6 carbon atoms, alkenyl

- of 2-6 carbon atoms, alkynyl of 2-6 caibon atoms, azido, hydroxyalkyl of 1-6

carbon atoms, halomethyl, alkoxymethyl of '2-7 cartbon atoms,
alkanoyloxymethyl . of 2-7 -carbon atoms,' alkoxy of 1-6 carbon atoms,
alkylthio of 1-6 carbon atoms, hydroxy, trifluoromethyl, cyano, nitro,
carboxy, carboalkoxy of 2-7 carbon a_toms-, carboalkyl of 2-7 carbon atoms,
phenoxy, phenyl, thiophenoxy, benzoyl, benzyl, amino, alkylamino of 1-6
carbon atoms, dialkylamino of 2 to 12 carbon atoms, phenylamino,
benzylamino, alkanoylamino of 1-6 carbon atoms, alkenoylamiﬁo of 3-8
carbon atoms, alkynoylamino of 3-8 carbon atoms, carboxyalkyl of 2-7
carboh_ atoms, carboalkoxyalky of 3-8 carbon atoms, _aminoalkyl of 1-5 carbon
atoms, N-alkylaminoalkyl of 2-9 carbon atoms, N,N-dialkylaminoalkyl of 3-
10 carbon atoms, N-alkylaminoalkoxy of 2-9 carbon atoms, N,N-

dialkylaminoalkoxy of 3-10 carbon atoms, mercapto, and benzoylamino; or
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X is a radical having the formula: -

AL

wherein A is a pyridinyl, pyrimidinyl, or 'pheny.l- ring; wherein the pyridinyl,
pyrimidinyl, or phenyl ring rhay be optionally mono- or di-sub_sﬁtuted with a:
substituent selected from the group consisting of halogen, alkyl of 1-6 carbon
atoms, alkenyl of 2-6 carbon atoms, alkyﬁyl of 2-6 carbon atoms, azido,
hydroxyalkyl of 1-6 carbon aioms, halomethyl, alkoxymethyl. of 2-7 carbon’
atoms, alkanoyloxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms,
alkylthio of 1-6 carbon atoms, hydroxy, trifluoromethyl, cyano, niﬁ'o,-
‘carboxy, carboalkoxy of 2-7 carbon atoms, carboalkyl:' of 2-7 carbon atoms,
phenoxy, phenyl, thiophenoxy, benzoyl, benzyl, amino, alkylamino of 1-6 -

carbon atoms, dialkylamino of 2 to 12 carbon atoms, phenylamino, - -

benzylamino, alkanoylamino of 1-6 carbon atoms, alkenoylamino of 3-8 @ - - -

carbon atoms, alkynoylamino of 3-8 carbon atbms, carboxyalkyl of 2-7
carbon aioms, carboalkoxyalky of 3-8 carbon atomé, aminoalkyl of 1-5 carbon -
atoms, N-alkylaminoalkyl of 2-9 carbon atoms, N,N-dialkylaminoalkyl of 3- -
10 carbon atoms, N-alkylaminoalkoxy of 2-9 carbon atoms, N,N-

dialkylaminoalkoxy of 3-10 carbon atoms, mercapto, and benzoylamino;

T is bonded to a carbon of A and is:

- NH(CHZ)m-’ -O(CI-Iz)m-’ -S(CHz)m-’ -NR(CHI)M- ’ -(CHz)n-
-(CH),NH -, - (CH,),0 -, - (CH)),S- , or - (CH,),NR -;

L is an unsubsitituted phenyl ring or a phenyl ring mono-, di-, or tri-substitated with a

substituent selected from the group consisting of ha]og_en; alkyi of 1-6 carbon
atoms, alkenyl of 2-6 carbon- atoms, alkynyl of 2-6 carbon atoms, azido,
hydroxyalkyl of 1-6 carbbn atoms, halomethyl, alkoxyméthyl’ of 2-7 carbon
atoms, alkanoyloxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms,
alkylthio of 1-6 carbon atoms, hydroxy, trifluoromethyl, cyano, nitro,
carboxy, carboalkoxy of 2-7' carbon atoms, carboalkyl of 2-7 carbon atoms,
phenoxy, phenyl, thiophenoxy, bénzoyl, benzyl, amino, alkylamino of 1-6

carbon atoms, dialkylamino -of 2 to 12 carbon atoms, phenylamino,

- PCT/US99/22054
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' benzylamino, alkanoylamino of 1-6 carbon atoms, alkenoylamino of 3-8
carbon atoms, alkynoylamino of 3-8 carbon atoms, carboxyalkyl of.2-7
carbon atoms, carboalkoxyalky of 3-8 carbon atoms, au;inoa]kyl of 1-5 carbon
atomé, N—a]kylamiuoalkyl of 2-9 carbon aioms, N,N-dia]kylaminoalky_l of 3-
10 carbon atoms, N-alkylaminoalkoxy of 2-9 carbon atoms, N,N-
dialkylamino_alkoxy of 3—10 carbon : atoms, mei'capto, and benzdylamino;
provided that L can be an unsubstituted phenyl ring only when m > 0 and T is
not -CH,NH- or -CH,0-; or | o

L is a 5- or 6-membered heteroaryl nng where the heteroaryl ring contains 1 10 3
heteroatoms selected from N, O, and S, with the proviso that the heteroaryl
riug does nut_con_tain 0-0, S-S, or S-O bonds, and where the heteroaryl ring
is optionally mono- or di-substituted wit_h a substituent selected from the
'group. consisting of :haiogen, oxo, thio, alkyl of 1-6 carbon atoms, alkenyl of
2-6 carbon atoms, alkynyl of 2-6 'carbon atumé azido, hydroxya_lkyl of 1-6
carbon atoms, halomethyl a]koxymethyl of 27 carbon atoms,

- alkanoyloxymethyl of 2-7 carbon atoms, a]koxy of 1-6 carbon atoms,
alkylthlo of 1-6 carbon atoms, hydroxy, tnﬂuoromelhyl Cyano, nitro,
'carboxy, carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms,
phenoxy, phenyl, thiophenoxy, benzoyl, benzyl, amino, alkylamino of 1-6
carbon atoms, dialkylamino of 2 to 12 carbun atoms, phenylaﬁﬁno,
benzylamino, a]kau_oylanﬁno of 1-6 carbon atoms, al'kenoyl:amino' of 3-8
carbon atoms, alkynoylamino of 3-8 carbon atoms, carboxyalkyl of 2-7
carbon atoms, carbd_alkoxyalky of 3;8 carbon atorus, aminoalkyl of 1-5 carbon
atoms, N-alkylaminoélkyl of 2-9 carbon atoms, N,N-dialkylaminoalkyi of 3-
10 carbon atoms, N-alkylaminoalkoxy | of 2-9 carbon atoms, N,N-
dlalkylammoalkoxy of 3-10 carbon atoms, mercapto and benzoylamino;

Z is -NH-, -O-, -S-, or -NR- ; _ _

R is alkyl of 1-6 carbon atoms, or carboalkyl of 27 carbon atmus;

Gl, G2, R1, and R4 are each, independeutly, hydrogen, halogen, é.lkyl _uf 1-6 carbon
atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, alkenyloxy
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" of 2-6 carbon atoms, alkynyloxy of 2-6 carbon' atoms, hydroxymethyl,

halomethyl, alkanoyloxy of 1-6 carbon atoms, alkenoyloxy of 3-8 carbon

atoms, alkynoyloxy of 3-8 carbon atoms, alkanoyloxymethyl of 2-7 carbon

atoms, alkenoyloxymethyl of .4—9' carbon atoms, alkynoyloxymethyl of 4-9.
carbon atoms, alkoxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms, -
alkylthio of 1-6 carbon atoms, alkylsulphinyl of 1-6 carbon atoms,:
alkylsulphonyl of 1-6 carbon atoms, alkylsulfonamido of 1-6 carbon atoms, -
alkenylsulfonamido of 2-6 carbon atoms, alkynylsulfonamido of 2:6 carbon -

- atoms, hydroxy, trifluoromethyl, trifluoromethoxy, cyano, nitro, carboxy,
carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms, phenoxy, - -

phenyl, thiophenoxy, benzyl, amino, hydroxyamino, alkoxyamino of 1-4.°
carbon atoms, alkylamino of 1-6 carbon atoms, dialkylamino of 2 to 12

carbon atoms, N-alkylcarbamoyl, N,N-dialkylcarbamoyl, N-alkyl-N-alkeny}-

amino of 4 to 12 carbon atoms, N,N-dialkenylamino of 6-12 carbon atoms,

phenylamino, benzylamino,

| ClRddy S

Rr-(C(Re)2)p— \ /N‘(C(Rs)z)k-Y- . ReRgCH-M—(C(Rglo)Y-
(C(Rel2)p

R7-(C(Re)2)g"Y- . R7-(C(Re)2)p-M-(C{Rg)2)iY- . or Het-(C(Rg)2)q-W~(C{Rg)o)i-Y-

| or R1 and R4 are as deﬁned above an_d G1 or G2 or both are

Rg—NH— ; | o
or if any of the substituents R1, G2, G3, or R4 are locaied on contiguous
carbon atoms then they may be taken together as the divalent radical
-0-C(R6),-0-;
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Y is & divalent radical selected from the group consisting of

—(CHp);— , -:0-‘ -, and - —N—
Re

R7is NR6R6, -ORg, -J, -N(Rg)3 *, or -NR6(OR6) ;
M is >NRg, -0- >N-(C(Rg)2)pNRgRg, or >N-(C(Rg)2)p- 0R6
W is >NRg, -O- or is a bond;

Het is is selected from the group consisting of morpholine, thiomorpholine,
thiomorpholine S-oxide, thiomorpholine S,S-dioxide, piperidine, pyrrolidine,
aziridine, pyridine, imidazole, 1,2,3-triazole, 1,2,4-triazole, thiazole,
thiazolidine , tetrazole, piperazine, furan, thiophene, tetrahydrothiophene,

" (OCH2CH0),

v

wherem Het is opnonally mono- or di-substituted on carbon or nitrogen with

tetrahydrofuran dtoxane, 1 3 d1oxolane tetrahydropyran, and

R5, opuonally mono- or d1-subsmuted on carbon with hydroxy, -N(Rg)2, or -
- ORg, optlonally mono or d1-subsututed on carbon with the mono-valent
radicals -(C(Rg)2)sORg or -(C(R6)2)SN(R6)2, and optionally mono or di-
substituted on a saturated carbon with divalent radicals -O- or -O(C(Rg)2)sO-;
R¢ is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-
6 carbon atoms, cycloalkyl of 1-6 carbon atoms, carboalkyl of 2-7 carbon
atoms, carboXya]kyl (2-7 carbon atoms), phenyl, Or. phenyl optionally
substituted with one or more halogen, alkoxy of 1-6 carbon atoms,
trifluoromethyl, amino, alkylamino of 1-3 carbon atoms, dialkylamino of 2-6
carbon atoms, nitro, cyano, azido, halomethyl, alkoxymethyl of 2-7 carbon
atoms, alkanoyloxymethyl of 2-7 carbon atoms, alkylthio of 1-6 carbon
atoms, hydroxy, carboxyl, carboalkoxy of 2-7 carbon atoms, phenoxy, phenyl,
thiophenoxy, benzoyl, benzyl, phenylamino, benzyvlamino, alkanoylamino of

1-6 carbon atoms, or alkyl of 1-6 carbon atoms; with the proviso that the
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alkenyl or alkynyl moiety is bound to a nitrogen or oxygen atom through a
saturated carbon atom; '
R2, is selected from the group consisting of

| 0
— —_— Rs —
R3 — . R R ' R3 ) Rz_-s=2\.
3 3 Rz Rs Rs Rg
Rs o} 0, .
Rs—f R3 _ Ry __/
\ : F;Rs (jg
Ra ’ R3 po——— ’ ' )
. '-Ra o. Rs R (C(Rs)z)p
. o Rs O OQ
[
Rs—S'S-(C(Ra)z)r—< , Rs’.% '
. _ 0 Rs B O// N,Re Ny
| )
O
- . o)
Ry I B
RN » N
\ CRs)” Rs 0" o,

O o
/CRsu~ | *.j/ |
(CRs)2”~ Rs o ENJ
(@]
0 SN '
(C(Rs)2)y :
54 | : & n
N CRe)2” Rs | [ ]
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HCHs, _ (CH
Rs} (SOZ (CHoey _{OHe J(CHZ)
RS J(CHz)s

{—f \ \
«3_{ ’_{ro
o |
C>_6H2 f)Hz Rs ?Hz
_ Rs QO,C - o Con ,
' +.R3 is independently hydrogen, alkyl of 1-6. carbon. Atoms, carboxy, carboalkoxy.of -

*-1-6 carbon atoms, phenyl, carb'oalky] of 2-7 carbon atoms,

o (C(Rs)z)p\ | ’
RT(C(RS)Z)p—N\ o NCRek)
(C(Re)2)p

R/~(C(Re))s R7.(C(Ra)2)p-M—(C(Re)2)-

RaRg'CH-M-(C( Rs) 2) r LOf Het'(C(Rs)z)q'W-(C(RG)Z)I’- ;

10  Rs5 is independently hydrogen, alkyl of 1-6 carbon atoms, carboxy, carboalkoxy of
1-6 carbon atoms, phenyl, carboalkyl of 2-7 carbon atoms,

(C(Re,)z)p\
RT(C(Rs)z)p"'N\ /N'(C(Ra)z)r-
" (C(Re)2)p
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R7=(C(Re)2)ss . - R7(C(Re))p"M—(C(Ra)2)r -

ReRg-CH-M—(C(Re)2) . or Het-(C(Re)2)qW-(C(Re)2)r
Rg, and Rg are each, independently, -(C(Rg)2);NR¢Rg, or -(C(Rg)2); ORg;
J is independently hydrogen, chlorine, fluorine, or bromine;
Q is alkyl of 1-6 carbon atoms or hydrogen; |
a=0orl;
g£=1-6;
k =0-4;
nis 0-1; |
mis0-3; .
p=24;
q=0-4;
r=1-4;
s=1-6;
u=0-4and v =0-4, wherein the sum of u+v is 2-4;
ora pharméceutically_ acceptable sah thereof,
provided that : _
when Rg is alkenyl of 2-7 carbon atoms or alkynyl of 2-7 carbon atoms, such
alkenyl or alkynyl moiety is bound to a nitrogen or oxygen atom
through a saturated carbon atom;
and further provided that N
when Y is -NRg- and R7 is -NRgRg, -N(Rg)3", or -NRg(ORg), then g =2-6;
when M is -O- and R7 is -ORg then p = 1-4;
when Y is -NRg- then k = 2-4;
when Y is -O- and M or W is -O- then k = 1-4;
when W is not a bond with Het bonded through a nitrogen atom then q = 2-4;

and when W is a bond with Het bonded through a nitrogen atom and Y is -O-
or -NRg- then k=2-4."
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15. A .phannaceutical_ compositi__og which comprises a compound of formula 1
having the structure

K
wherem

X isa blcychc aryl or blcychc heteroatyl ring system of 8 to 12 dtoms where the

bicyclic heteroaryl ring contains 1 to 4 heteroatoms selected from N, O, and s
with the provnso that the blcychc heteroaryl rmg does not contain 0-0, S-S,
or S-O bonds and Where the blcychc aryl or blcychc heteroaryl ring may be

optionally mono- di-, tri, or tetra-subsntuted with a qubshtuent selected from

the group cons:stmg of halogen, o0xo, thio, alkyl of 1-6 c;arbon atoms, alkenyl
of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, azido, hydroxyalkyl of 1-6

carbon atoms, halomethyl, alkbxymethYl- of 2-7 carbon atoms, alkanoyloxy-

methyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms, alkylthio of 1-6
carbon atoms, hydroxy, trifluoromethyl, cyano, nitro, carboxy, carboalkoxy of
2-7 carbon atoms, carboalkyl of 2-7 carbon atomé, ‘phenoxy, phenyl,
thiophenoxy, benzoyl, benzyi, amino, alkylamino of 1-6 carbon atoms,
dialkylamino of 2 to 12 carbon' atoms, phenylamino, benzylamino,
alkanoylamino of 1-6 carbon atotns, alkenoylamino of 3-8 carbon atoms,
alkynoylamino of 3-8 carbon atoms, carboxyalkyl of 2-7 carbon atoms,
carboalkoxyalky of 3-8 carbon atoms, aminoalky! of 1-5 carbon atoms, N-
alkylaminoalkyl of 2-9 carbon atoms, N,N-dialkylaminoalkyl of 3-10 carbon
atoms, N-alkylaminoa]koxy of 249 carbon atoms, N,N-dialkylaminoalkoxy of
3-10 carbon atoms, mercapto, and benzoylamino; or |
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X is a radical having the formula:

AL

wherein A is a pyndmyl pynm1dmy] or phenyl rmg, wherein the pyridinyl,

pynmldmyl or phenyl ring may be. opuonally mono- or di-substituted with a
substituent selected from the group consxstmg of halogen, alkyl of 1-6 carbon
atoms, alkenyl of 2-6 carbon atoms, alkyny! of 2-6 carbon atoms, azido,
hydr_oleélkyl of 1-6 carbon atoms, halomethyl, alkoxymethyl of 2-7 carbon-
atoms, alkanoyloxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms,
alkylthio of 1-6 carbon atoms, hydroxy, trifluoromethyl, cyano, nitro, |

carboxy, carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms,

phénoxy, phenyl, thiophenoxy, benzoyl, benzyl, amino, alkylamino of 1-6
- carbon atoms, dialkylamino of 2 to 12 carbon atoms, phenylamino,
- benzylamino, alkanoylamino of 1-6 carbon atoms, alkenoylamino of 3-8

carbon atoms, alkynoylamino of 3-8 carbon atoms, carboxyalkyl of 2-7

carbon atoms, carboalkoxyalky of 3-8 carbon atoms, aminoalkyl of 1-5 carbon -
atoms, N-alkylaminoalkyl of 2-9 carbon atoms, N,N-dialkylaminoalkyl of 3- -
10 carbon atoms, N—élkylaminoalkoxy of 2-9 carbon atoms, N,N-dialkyl- -

aminoalkoxy of 3-10 carbon atoms, mercapto, and benzoylamino;

T is bonded to a carbon of A and is:

- NH(CH),- -O(CH), -, -S(CH,), -, NR(CH),- , (CHL),-
-(CH,),NH -, - (CH)) O -, - (CH,),_S- , or - (CH,)_NR -;

L is an unsubsitituted phenyl ring or a phenyl ring mono-, di-, or tri-substituted with a

substituent selected from the group consisting of halogen, alkyl of 1-6 carbon
atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, azido,

' hydfoxyalkyl of 1-6 carbon atoms, halomethyl, alkoxymethyl of 2-7 carbon

atoms, alkanoyloxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms,
alkylthio of 1-6 carbon atoms, hydroxy, trifluoromethyl, cyano, nitro,
carboxy, carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms,
phenoxy, phenyl, thiophenoxy, benzby!, benzyl, amino, alkylamino of 1-6
carbon atoms, dialkylamino of.2 to 12 carbon atbms, phenylamino, benzyl-
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amino, alkanoylamino of 1-6 carbon atoms, alkenoylamino of 3-8 carbon
atoms, alkynoylamino of 3-8 earbon atoms, carboxyalkyl of 2-7 carbon atoms,
carboa]koxyalky of 3-8 carbon atoms, aminoalkyl of 1-5 carbon atoms, N-
alkylammoalkyl of 2-9 carbon atoms, N N-d1a]ky1ammoa1ky1 of 3-10 carbon
atoms, N-alkylamlnoalkoxy of 2-9 carbon atoms, N. N-dlalkylammoalkoxy of
3-10 carbon atoms, mercapto, and ben_zoylammo_, provided that L. can be an
 unsubstituted phenyl ring only when m > 0 and T is not -CH,NH- or -CH,O-;
or
L is a 5- or 6-membered heteroaryl nng where the heteroaryl ring contains 1 to 3
heteroatoms selected from N, O, and S, w1th the proviso that the heteroaryl
ring does not cont_am 0-0, S-S, or 8-O bonds, and where the heteroaryl ring -
is optionaily mono- or di-substituied w1t11 a substituent selected from the
group consnsnng of halogen, oxo, thlo alkyl of 1-6 carbon atoms, alkenyl of -
2-6 carbon atoms, a]kynyl of 2-6 carbon atoms, amdo, hydroxyalkyl of 1-6
carbon atoms, ha]omethyl, alkoxymethyl of 2-7 carbon a_toms, alkanoyl-
oxymethyl of 2-7 carben atome, a]i:oxy of 1-6 earbon_.‘ aiomé, alkylthio of 1-6
cafbon_ atoms,.hydroxy, triﬂuorbmet_hyl, Cyano, nitro, cerbo_xy,_ carboalkoxy of
27 carbon atoms, carboalkyl of 2-7 - carbon atoms, phenoxy, phenyl,
thiophenbxy, behzeyl, benzyl, amino, alkylamino of 1-6 carbon atoms,
dialkylamino of 2 to 12 carboi; atoms, phenylamino, benzylamino, alkanoyl-
amino of 1-6 carbon atoms, alkenoylainino of 3-8 cafbon atoﬁ:s; alkynoyl-
 amino of 3-8 carbon atoms, carboxyalkyl of 2-7 carbon atoms, carbo-
alkoxyalky of 3-8 carbon atoms, ammoa]kyl of 1-5 carbon atoms, N-alkyl-
ammoalkyl of 2-9 carbon atoms, N,N-dlalkylammoalkyl of 3-10 carbon
atoms, N—a.lkyléxﬁinoalkoxy of 2-9 carbon atoms, N,N-dialkylaminoalkoxy of
3-10 carbon atoms, mercapto, and benzoylamiﬁo; |
Zis-NH-,-O-,-8-,0r-NR-; _ _ _
R is alkyl of 1-6 carbon atoms, or carboalkyl of 2-7 carbon atoms;
G1, G2, R1, and Rq are each, independently, hydrogen, halogen, alkyl of 1_-6. carbon
atoms, alkenyl of 2-6 carbon 'a_torﬁs, alkynyl of 2-6 carbon atoms, alkenyloxy
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" of 2-6 carbon atoms, alkynyloxy of 2-6 carbon atoms, hydroxymethyl,
halomethyl, alkanoyloxy of 1-6 carbon atoms, alkenoyloxy of 3-8 carbon
atoms, alkynoyloxy of 3-8 carbon atoms, alkanoyloxymethyl of 2-7 carbom:

- atoms, alkenoyloxymethyl of 4-9 carbon atoms; alkynoyloxymethyl of 4-9 - -
carbon atoms, alkoxymethyl of 2-7 carbon atoms, alkoxy-of 1-6 carbon atoms,.
alkylthio of 1-6 carbon atoms, alkylsulphinyl of 1-6 carbon atoms,
alkylsulphonyl of 1-6 carbon atoms, alkylsulfonamido of 1-6 carbon atoms,
alkenylsulfonamido of 2-6 carbon atoms, a]kynylsulfonainido of 2-6 carbon
atoms, hydroxy, trifluoromethyl, trifluoromethoxy, cyano, nitro, carboxy,
carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms, phenoxy,

- phenyl, thiophenoxy, benzyl, amino, hydroxyamino, alkoxyamino of 1-4:
-carbon atoms, alkylamino of 1-6 carbon atoms, dialkylamino of 2 to 12.

- carbon atoms, N-alkylcarbamoyl, N,N-dialkylcarbamoyl, N-alky)-N-alkenyl-
amino of 4 to 12 carbon atoms, N,N-dialkenylamino of 6-12 carbon atoms, °
| phenylamino, benzylamino,

 (C(Rak),
Rr_(C(Re)z)p‘-N\ /N°(C(R6)2)k‘Y' , RgRg-CH-M—(C(Rg)o}-Y- ,
(C(Ra)2)p N

R7-(C(Re)2)gY- . R7-(C(Re)2)p-M=(C(Re)2)c-Y- . or Het-{C(Rg)a)q-W-(C(Re)o)i-Y-
or R1 and R4 are as defined above and G} or G2 or both are
‘Ry—NH— ;

. or if any of the substituents' R, G2, G3, or R4 are located on contiguous
carbon atoms then they may be taken together as the divalent radical

- -0-C(RG),-O-;
Y is a divalent radical selected from the group consisting of
—(CHy);™ , —O0— ,and —N— ;

6
R7is -NRgRg, -ORg, -J, -N(Rg)3 ", or -NRg(ORg) ;
M is >NRg, -O-, >N-(C(Rg)2)pNRgRg, 01 >N-(C(Rg)2)p-ORg:
W is >NRg, -O- or is a bond; ’
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Het' is is selected from the group consisting of morpholine, thiomorpholine,
thiomorpholine S-oxide, thio;horpholine S.3-dioxide, piperidine, pyrrolidine,
aziridine, pyridine, imidazole, 1,2;3-triazole, 1,2,4-triazole, - thiazole,

- thjazolidine , tetrazole, piperazine, furan, thiophene, tetrahydrothiophene,
' ' '(OCH,CH,0),

Rﬁ» |

tetrahydrofuran, dioxa:ie, 1,3-dioxolane, tetrahydropyran, and .
‘wherein Hét _is optionally mono- or di-substituted on carbon or nitrogen with
| Rg. optionaliy mono- or di-substituted on carbon with hydroxy, -N(Rg)3, or
-ORg, optionally mono or di-su_bstiiutgd on carbon with the mono-valent
radicals -(C(Rg)2)sORg or -(C(Rg)2)sN(Rg)2. and optionally mono or di-
substituted on a saturated carbon with divalent radicals -O- or -O(C(Rg)2)sO-;
R is hydrogen, alkyl of 1-6 carbon atoms, 'alkényl of 2-6 carbon atoms, alkynyl of 2-
" 6 carbon atoms, cycloalkyl of 1-6 carbon atoms, cérboalkyl of 2-‘_7 carbon
atoms, carboxyalkyl (2-7 carbon atoms), phenyl, or phenyl optionally
substitutéd with one or ‘more halogen, alkoxy of 1-6 carbon atoms,
triﬂudromethyl,'amino, alkylamino of 1-3 carbon atoms, dialkylamino of 2-6
carbon atoms, nitro, cyano, azido, halomethyl, alkoxymethyl of 2-7 carbon
atoms, alkanoyloxymethyl of 2-7 carbon atoms, alkylthio of 1-6 carbon
atoms, hydroxy, carboxyl, carboalkoxy of 2-7 carbon atoms, phenoxy, phenyl,
thiophenoxy, benzoyl, benzyl, phenylamino, benzylamino, alkanoylamino of
1-6 carbon atoms, or alkyl of 1-6 carbon atoms; with the proviso that the
alkenyl or alkynyl moiety is bound to a nitrogen or oxygen atom through a
~ saturated carbon atom;
R2, is selected from the group consisting of
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Ry Rs
\ |
Rs"S—'S"(C(R3)2)r—< ,B(“\ 4 N-Re
[
RE'
| o . , |
/ (C(Rs)z)urk N ' '
Re~N 7 N\a-Rs
N (CRaN Rs o - oTe
.

(/0

y (C(Rs)z)ujl\/“\ Y
\(C(Rs)2) N

v Rs E

Ca

(C(Rs)2)u j -
s/ | , 04 N
N CRs)N R [ j



_

WO 00/18761 l I!,’"j m,!l "!” ”,l, ” I!'I PCT/US99/22054

-188-
\ .
Rs_ .502 J-(CHy)s, (CHp)e-d J-(C ) é)
He Rs J(CHZ)?—;— | ’
Q—{_{ Lh
| o)
\ \ \
C>_<CH2 L f:Hz "R f)Hz
Rs Rs.  Q0,C Rs h co.Q

R3 is 1ndependently hydrogen, alkyl of 1-6 carbon atoms, carboxy, carboalkoxy of
-6 carbon atoms, phenyl carboalkyl of 2-7 carbon atoms,

' (C(Re)2)p
/- N
RT(C(RS)z)p—N\ ' /N"(C(Re)a)r‘
| (CRe)2)p
R7—(C(Rg)2)ss R7(C(Re)2)p-M—(C(Re)2)r |

'Raﬂg-CH-M-(cme)z)r. o Het(CRallg W-(CRal)r

10 Rs is independently hydrogen, alkyl of 1-6 carbon atoms, carboxy. carboalkoxy of
1-6 carbon atoms, phenyl, carboalkyl of 2-7 carbon atoms,
(C(Rek)y

/ \
RT(C(RG)Z)p—N\ /N'(C(Rs)z)r
(C(Re)2p
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Rr—(C(Re)2)s . R7.(C(Rg)2)p-M—(C(Re)2)r -

RgRg-CH-M—(C(Re)2)r . or Het-(C(Rg)2)gW-(C(Rg)2)
Rg, and Rq are each, independently, -(C(Rg)2):NRgRg, or -(C(Rg)2)r ORg;
J is independently hydrogen, chlorine, fluorine, or bromine;
Q is alkyl of 1-6 carbon atoms or hydfogen;
a=0orl;

g£=1-6;

k=0-4;

nis0-1;

m is 0-3;

p=2-4;

q=0-4;

r=1-4;

s = 1-6; _

u =0-4 and v = 0-4 , wherein the sum of u+v is 2-4;
or a pharmaceutically acceptable salt thereof,
provided that

when Rg is alkenyl of 2-7 carbon atoms or alkynyl of 2-7 carbon atoms, such

alkenyl or alkynyl moiety is bound to a nitrogen or oxygen atom

through a saturated carbon atom;
and further provided that

when Y is -NR¢- and R7 is -NR6R6, -N(Rg)3", or -NRg(ORg), then g = 2-6;

when M is -O- and R7 is -ORg then p = 1-4;
when Y is -NRg- then k = 2-4;
when Y is -O- and M or W is -O- then k = 1-4;

when W is not a bond with Het bonded through a nitrogen atom then q = 2-4;
and when W is a bond with Het bonded through a nitrogen atom and Y is -O- or

-NRg- then k=2-4and a pharmaceuﬁc':al carrier.
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16. A process for prepaﬁng a compound of formula 1 or a pharmaceutically

acceptable salt thereof which compri§es

(a)  reacting a compound having the formula
z.z (CH2)n'x

CO—NHz .

Ry

.5 ] o : : R4 o
where Ry, Gy, Gy, Ry, Z, n and X are as defined above with a dehydrating agent so as

to convert the aminocarbonyl group into a cyano group, or -.

o (b) . reacting a compound having the fofmula
10 - ANHA
or a salt thereof with a compound having the formula
: | 'Q-A3' _
where Q is a leaving groﬁp'and Ay, Az and Agj are such that Aj-NAj-Aj is a

compound conforming with formula 1; or -

15
- (¢)  reacting a compound having the formula
' -~ A4-OH
or a salt thereof with a compound having the formula
- Q-As

20  where Q is as defined above and A4 and As are such that Ag-O-As is a compound

conforming with formula 1; or

(d) adding an acid to a compound having formula 1 so that an acid
addition salt is prepared. | '




