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SUBSTITUTED 3-CYANO-[1.7}, [1.5), and [1.8]-NAPHTHYRIDINE
INHIBITORS OF TYROSINE KINASES '

BACKGROUND OF THE INVENTION

This invention relates to certain substituted 3-cyano-[1.7], [1.5], and [1.8]
naphthyridine 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 result of deregulation
of these PTKSs. The compounds of this invention are anti-cancer agents and are useful
for the treatment of cancer in mammals. In addition, the compouﬁds of this invention
are useful for the treatment or inhibition of polycystic kidney disease and colonic
polyps in mammals. This invention also relates to the manufacture of said 3-cyano-
[1.7], [1.5], and [1.8] Iiaphthyridines, their use for the treatment of cancer and
polycystic kidney disease, and the pharmaceutical preparations containing them.

Protein tyrosine kinases are a class of enzymes that catalyze the transfer of a
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 conditions, as a
result of either mutation or overexpression, these receptors can become deregulated;
the result of this is uncontrolled cell proliferation which can lead to tumor growth and
ultimately to the disease known as cancer [Wilks A.F., Adv. Cancer Res.., 60, 43
(1993) and Parsons, J.T.; Parsons, S.J., Important Advances in Oncolégy, DeVita V.T.
Ed., I.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 the phosphorylation

event is a necessary signal for cell division to occur and since overexpressed or
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" mutated kinases have béen associated with cancer, an inhibitor of this event, a protein

tyrosine kinase inhibitor, will have therapeutic value for the treatment of cancer and
other diseases characterized by uncontrolled or abnormal cell growth. For example,
overexpression of the receptor kinase product of the erbB-2 oncogene has been
associated with human breast and ovarian 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 dévelopme'nt of

specific PTK inhibitors as potential anti-cancer therapeutic agents [some recent

- reviews: Burke. T.R., Drugs Future, 17, 119 (1992) and Chang, C.J.; Geahlen, R.L., .

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

~ of this invention are also useful for the treatment and preventic)n 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 factor 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 J., et al., Pediatric Research ,

37(6), 755 (1995); Gattone 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 receptors, 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

family. (For review, see Rony Seger and Edwin G. Krebs, FASEB, Vol. 9, 726, June
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1995). . The compounds of this invention can inhibit the action of two of these
kinases: MEK, a MAP kinase kinase, and its substréte ERK, a MAP kinase. MEK is
activated by phosphorylation on two seﬁné residues by upstream 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 and
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 MEK 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 hds been demdnstrated'thét inhibition ef
MEK prevents activation of ERK and subsequent activation of ERK substrates in
cells, resulting in inhibition of cell growth stimulation and reversal of the phenotype
of ras-transformed cells (David T. Dudley, Long Pang, Smm J. Decker, Alexander J.

~ Bridges, and Alan R. Saltiel, PNAS, Vol. 92, 7686, Aungust 1995). Since, ‘as

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

of MEK and ERK , they are 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 III 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 gene
product readily inducible in a linéage-unresu'icte_d manner with proinflammatory
cytokines such as IL-1 or TNF. Soluble LERK-1 has been shown to stimulate
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angiogenesis in part by stimulating ECK in a muring model of comeal angiogenesis.
Unlike their normal counterparts, tumor cells of various linéagés constitutively
express LERK-1 and this expression can further be upregulated by hypoxia and
proinflammatory cytokines. Many of these tumor ¢élls 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 transformation 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 kinas¢™ activity mediating” signaling cascade

“induced by its binding and cross-linking to LERK-1 may be therapeutically beneficial

in- cancer, inﬂammatofy 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. -

Growth 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 pvaides them adéquate
perfusion. Hence inhibiting angiogenesis 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 angiogenic 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-prevénting survival factor for endothelial cells.
Almost all nucleated tissues in the body possess the capability to express VEGF in
response to various stimuli including hypoxia, glucose deprivation, advanced
glycation products, inflammatory cytokines, etc. ~Growth-promoting angiogenic
effects of VEGF are mediated predominantly via its signaling receptor Kinase insert
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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 disease states
such as cancer that depend on blood vessel growth. 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.

The Src family of cytoplasmic protein tyrosine kinases consists of at least
eight mémbers that participate in a variety of signaling pathways (Schwartzberg, P.
L., Oncogene 17: 1463-1468, 1998). The prototypical member of this tyrosine kinase
family is p60*™ (Src). Src is involved in proliferation and migration responses in
many cell types. In limited studies, Src activity was found to be elevated in breast,
colon (~90%), pancreatic (>90%) and liver (>90%) tumors. Greatly increased Src
activity was also associated with metastasis (>90%) and poor prognosis. Antisense
Src message impedes growth of colon tumor cells in nude mice (Staley et al., Cell
Growth & Differentiation. 8(3):269-74, 1997), suggesting that Src inhibitors should

slow tumor growth. In addition to its role in cell proliferation, Src also acts in stress

response pathways, including the hypoxia response, and nude mice studies with colon
tumor cells expressing antisense Src message have reduced vascularization (Ellis, et
al., J. Biol. Chem., 273(2):1052-7, 1998), which suggests that Src inhibitors would be
anti-angiogenic as well as anti-proliferative. The compounds of this invention inhibit
Src kinase and are therefore useful for the treatment of disease states that that depend,

at least in part, on deregulation of Src kinases.
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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-[1.7], [1.5],
and [1.8] naphthyridines. Throughout this patent application, the naphthyridines ring

systems will be numbered as indicated in the formulas below.

5 4 .5 4 5. 4
T IS0 sma
~ 7 ps
7 NN 2 NN 2 NN 2
8 1 8 1 8 1

Some 3-cyano-quinoline derivatives are inhibitors of tyrosine kinases and are

described in WO-9843960. The patent US-5780482 and application WO-9500511

describe some condensed 4-aminopyridine compounds that have antirheumatic
activity and can contain a cyano group at the 3-position. The application WO-
9813350 describes some naphthyridines that are inhibitors of VEGF but these
inhibitors do not have the important 3-cyano substituent.

- Certain quinazoline derivatives are known to be inhibitors of protein tyrosine

‘kinases. The application EP-520722 describes 4-anilinoquinazolines that contain

simple substituents such as chloro, trifluoromethyl, or nitro groups at positions 5to 8.
The applications EP-566226 and US-5616582 are similar but with a much larger
variety of substituents now allowed at positions 5 to 8. The application WO-9609294
describes compounds with similar substituents at positions 5 to 8 and with the.
substituent at 4-position’ consisting of scime polycyclic ring systems. Some simple
substituted quinazolines are also described in the applications WO-9524190, WO-
9521613, and WO-9515758. The applications EP-602851 (US-5580870) 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

“and US-5475001 describe certain quinazoline derivatives that have alkenoylamino

and alkynoylamino groups among the substituents at position 6 and a halogen atom at
position 7. The applications WO-9519774 and WO-9823613 describes compounds
where one or more of the carbon atoms at positions 5-8 of a quinazoline can be

replaced with heteroatoms resulting in a large variety of bicyclic systems where the
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left-hand ring is a 5 and 6-membered heterocyclic ring; in addition, a variety of
substituents are allowed on the lefi-hand ring. The application EP-682027-Al
describes certain pyrrolopyrimidine inhibitors of PTKs. The application W0-9519970

describes 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.

DESCRIPTION OF THE INVENTION

This invention provides a compound of formula 1:

-/(CHZ),,-X_ |
y4
' N
A | P
N
1

wherein: _ .
X is cycloalkyl of 3 to 7 carbon atoms, which may be optionally substituted with one

or more alkyl of 1 to 6 carbon atom groups; or

X is pyridinyl, pyrimidinyl, or Ph; or

Xis .a bicyclic aryl or bicyclic heteroaryl ring system of 8 to 12 atoms, .where the
bicyclic heteroaryl ring contaihs 1 to 4 heteroatoms selected from N, O, and S;
whefein 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, _ézido,_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, trifluoromethyl, cyano, nitro, carboxy, cai'boalkoxy of 2-7 carbon
atoms, carboalkyl of 2-7 carbon atoms, pheﬁoxy, phenyl, thiophenoxy,
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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, carboalkoxyalkyl of 3-8 carbon
atoms, aminoalkyl of 1-5 carbon atoms, N-alkylarninoalkyl 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,
methylmercapto, and benzoylamino; or

X is the radical /E\T,L ;

E is pyridinyl, pyrimidinyl, or Ph;

T is substituted on E at carbon and is
- NH(CHz)ur-, -O(CH2)n~, -S(CHz)ur, -NR(CHo)w- , -(CH2)w-
~(CH2)xNH -, - (CH2)rO -, - (CH)wS- , or - (CH2)mNR -;

L is a Ph; 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; wherein the heteroaryl ring may be
optidnally 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,'alkylthio' of 1-6 carbon atoms,
hydroxy, trifluoromethyl, cyano, nitro, :Carboxy, éarboalkoxy 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 carboxi atoms, carboalkoxyalkyl of 3-8 carbon
atoms, aminoalkyl of 1-5 carbon atoms, "N-al]cylaminoalkyl 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,

methylmercapto, and benzoylamino;
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Pyridinyl, pyrimidinyl, or Ph are pyridinyl, pyrimidinyl, or phenyl radicals,
respectively, which may be optionally 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, cyanb, nitro, carboxy,
carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms, benzoyl,
amino, alkylamino of 1-6 carbon atoms, dialkylamino of 2 to 12 carbon atoms,
alkanoylamino of 1-6 carbon atoms, alkenoylamino of 3-8 carbon atoms,
alkynoylamino of 3-8 carbon atoms, carboxyalkyl of 2-7 carbon atoms,
carboalkoxyalkyl of 3-8 carbon atoms, aminoalkyl of 1-5 carbon atoms, N-
alkylaminoalkyl of 2-9 carbon atoms, N,N-dia_]kylaminoa]kyl of 3-10 carbon
atoms, N-alkylaminoalkoxy of 2-9 carbon afoms, N,N-dialkylaminoalkoxy of
3-10 carbon atoms, mercapto, methylmercapto, and benzoylamino; |

Z is -NH-, -O-, -S-, or -NR- ;

R is alkyl of 1-6 carbon atoms, or carboalky! of 2-7 carbon atoms;

A” is a diavalent moiety selected from the group
Gy

G4
IS TS
Gs % Y§ o SN %
Gs Gs

G1, G2, G3, and G4 are each, independently, hydrogen, halogen, alkyl of 1-6 carbon
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, hydroxymethyl,
halomethyl, alkanoyloxy of 2-6 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,
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alkyls’ulphonyl 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-a]kenyiamino of
4 to 12 carbon atoms, N,N:dialkenylamino of 6-12 carbon atoms,
phenylamino, benzylamino, R;NH,
(C(He)z)p\
R7‘(C(R6)2)p_N\ /N'(C(Rs)'z)k'Y- - RgRg-CH-M—(C(Re)o)i-Y-
(C(Re)2)p

R7-(C(Re)2)g-Y- - R7~(C(Re)2)p-M—(C(Re)2)-Y- - Het'(C(Rs)é)q'W'(C(Rs)z)k'Y' '

Y is a divalent radical selected from the group consisting of

15

R7is -

with the proviso that G3 and G4 are not R;NH;

R¢

—§— , —(CH),— , —0— ,and —N—

NRgR, -OR, -J, -N(Rg)3 *, or -NR6(ORg) ;

M is >NRg, -O-, >N-(C(Rg)2)pNRgRg, or >N-(C(R¢)2)p-ORg;
W is >NRg, -O- or is a bond;
Het is a heterocyclic radical selected from the group consisting of morpholine,

20

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, tetrahydrofuran, dioxane, 1,3-dioxolane,
(OCHCH0), '

K‘u)..

tetrahydropyran, and
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which may be optionally mono- or di-substituted on carbon with Rg, hydroxy,

-N(Rg)2, -ORg -(C(Rg)2)sORg or -(C(R6)2)sNR6)2;
optionally mono-substituted on nitrogen with Rg; and
optionally mono or di-substituted on a saturated carbon with divalent radicals
5 -0- or -O(C(Rg)2)s0-;
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, carboxyalkyl 2-7 carbon atoms, phenyl, or phenyl optionally
substituted with one or more halogen, alkoxy of 1-6 carbon atoms,
10 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
15 1-6 carbon atoms, or alkyl of 1-6 carbon atoms; with the proviso that the
alkenyl or alkynyl moiety is bouhd to a nitrogen or oxygén atom through a
saturated carbon atom;

R2, is selected from the group consisting of

0 O
0 R;_% R3— R3 Ra 0
— Rs —
Rs—=— 7\ . H - - = Rs » R?_g:gk’
8 ° Rs Rs Ry Hfs
Rs . 0 j/
Rg _ R -
AN TN
R3 ! R3 —_— * ( ’
O .
L H R (CFRap

o : Ra_ o 0\\
Re—S—S—(CRa—4 Ra’% M

20
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/ (C(Re)aly N
Rs—N I ' 4 R
\ (C(Rs))y 0 0,
o) . -
o)
, (CRs)2) Y
Q _ Y
N ClRe)k” Rs © [N]
| S
0 N '
(C(Rs)z)u _
/ Iu\ : N4 No -
\ (CRel ( ]
N
l
\ |
J-(CH,) (CHz) J
o ( Oz “ i J‘(CHz) ——(D
K R’ J—(CHz)s
\
Q—é_< CH2 Rs ' CHZ
o R5 , Rs_ Q
o
Qo \CH | R \C'H R \CH
Jol 2 5 2 5 2
>_<— , | H— , and )—<— .
As Rs Q0L Rs Hs CO.Q
5 |

R3 is 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
HT(C(RG)Z)p_N\ \N‘(C(Rs)z)r-
(C(Re)2)p
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R/=(C(Re)ds- R7.(C(Re)2p-M—(C(Re)2)- -
RgRg-CH-M—(C(Rg)2)r. ,or Het-(C(Rgl)qgW-(C(Rg)o)-

R5 is hydrogen, alkyl of 1-6.carbon atoms, carboxy, carboalkoxy of 1-6 carbon atoms,
phenyl, carboalkyl of 2-7 carbon atoms,

/(C(Rs)z)p\
RT(C(RG)Z)p—N\ /N‘(C(Rs)z)r-
5 (C(Re)2)p
R~(C(Re)kds- . R7.(C(Rel)pM—(C(Rg)2l

RgRg-CH-M—(C(Rg)2r ,or Het-(C{Re)2)qW~(C(Rg)2)- '+

Rg, and Rg are each, independently, -(C(Rg)2){NRgRg, or -(C(Rg)2)r ORg;
10  Jis independently hydrogen, chlorine, fluorine, or bromine; '
'Q s alkyl of 1-6 carbon atoms or hydrogen;
a=0-1; |
g=1-6;
k=04,
15 nis0-1;
m is 0-3;
p=2-4
q=0-4;
o r=14;
20 s=1-6;
u = 0-4 and v = 0-4 , wherein the sum of u+v is 2-4;
or a pharinaceutically acceptable salt thereof,
provided that
when Rg is alkenyl of 2-7 carbon atoms or alkynyl of 2-7 carbon atoms, such
25 alkenyl or alkynyl mojety is bound to a nitrogen or oxygen atom
through a saturated carbon atom,;

and provided that
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when R3 is bound to sulfur, it cannot be hydrogen, carboxy, carboalkoxy, or

carboalkyl;
and provided that
when Y is -NRg- and R7 is -NR6R¢, -N(Rg)3 *, or -NRg(ORg), then g = 2-6;
5 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-thenk = 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-
10 or -NR6- then k =2-4; = '
and finally provided that

when A” is the moiety

or

n=0,
15 ZisNH,
G is hydrogen, halogen, alkyl, alkoxy, hydroxy, alkanoyloxy of 2-6 carbon
atoms, or phenoxy, and
Gy is hydrogen, halogen, alkyl, hydroxy, carboxyalkyl, carboalkoxyalkyl,
hydroxyalkyl, alkoxy,halomethyl, carboxyl, carboalkoxy, alkanoylamino, or
20 - alkenoylamino, '
then X can not be a pyridinyl, pyrimidinyl, or phenyl ring that is substituted
with a hydroxy or alkoxy group. | '

The pharmaceutic'al'ly acceptéblé salts are those deﬁved from such organic and

25  inorganic acids as: acetic, lactic, citric, tartaric, sﬁccinic, 'ﬁlaleic, malonic, gluconic,

hydrochloric, hydrobromic, phosphoric, nitric, sulfuric, methanesulfonic, and
similarly known acceptable acids.
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Preferred bicyclic aryl or bicyclic heteroaryl ring systems include naphthalene,
1,23 A-tetrahydronaphthalene, tetralin, indane, 1-oxo-indane, 1,2,3,4-tetrahydro-
quinoline, naphthyridine, benzofuran, 3-oxo-1,3-dihydro-isobenzofuran, benzothia-
phene, 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-
quinoline, 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, pteridfne, 2(1H)-quinolone, 1(2H)-iso-
quinolone, 2-0x0-2,3-dihydro-benzthiazole, 1;,2-methylenedioxybénzene, 2-oxindole,
1,4-benzisoxazine, benzothiazole, quinoxaline, quinoline-N-oxide, isoquinoline-N-
oxide, quinoxaline-N-oxide, quinazoline-N-oxide, benzoazine, phthalazine, 1.4-
dioxo-1,2,3,4-tetrahydro-phthalazine, 2-oxo-1,2-dihydro-quinoline, 2,4-dioxo-1,4-
dihydro-2H-benzo[d](1,3]oxazine, 2,5-dioxo-2,3,4,5-tetrahydro-1H-benzo[e][1,4]di-

azepine, or cinnoline.

When L is a 5 or 6-membered heteroaryl ring, preferred heteroaryl rings
include pyridine, pyrimidine, imidazole, thiazole, thiazolidine, pyrrole, furan,

thiophene, oxazole, or 1,2,4-triazole.

Either or both rings of the bicyclic 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. A thio substituent on the bicyclic aryl or bicyclic heteroaryl moiety
means that one of the carboh atoms.has a thiocarbonyl group. When a compound of
this invention contains a moiety which contains a heteroaryl ring, such heteroaryl ring

does not contain 0-0, S-S, or S-O bonds in the ring.

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 T via
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carbon or nitrogen. An oxo substituent on the heteroaryl ring means that one of the

carbon atoms has a carbonyl group. A thio substituent on the heteroaryl ring means

* that one of the carbon atoms has a thiocarbonyl group.

‘The alkyl portion of the alkyl, alkoxy, alkanoyloxy, alkoxymethyl,
alkanoyloxymethyl, alkylsulphinyl, alkylsulphonyl, alkylsulfonamido, carboalkoxy,
carboalkyl, carboxya]kyl," 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 unsaturatien

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

unsaturation. Carboxy is defined as a -CO2H radical. Carboalkoxy of 2-7 carbon
atoms is defined as a -CO2R" radical, where R" is an alkyl radical of 1-6 carbon
atoms. Carboxyalkyl is defined 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
carbon atoms. Alkanoyloxy is defined as a -OCOR" radical, where R" is an alkyl
radical of 1-6 carbon atoms. Alkanoyloxyin’ethyl‘ 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. Alkylsulphinyl is

defined as R"SO- radiéal, where R” is an alkyl radical of 1-6 carbon atoms.
Alkylsulphonyl is defined as R"SO2- radiéal, where R" is an alkyl radical of 1-6
carbon atoms. 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,
respectively. N—Ialkylcarbatrlloyl' is defined as R"NHCO- radical, where R" is an alkyl
radical of 1-6 carbon atoms. N,N-dialkylcarbamoyl is defined as R" RNCO- radical,




WO 00/66583

10

15

20

25

30

PCT/US00/10250

-17-

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. X is peferably phenyl optionally
substituted by one or more of methyl, hydroxy, phenoxy or halogen. When X is
substituted, it is preferred that it is mono- , di- , or tri-substituted, with mono- and di-
substituted being most prefexfred. Itis preferréd that of the substituents G; and Gy, at
least one is hydrogen and it is most preferred that both be hydrogen. 1t is also
preferred that X is a phenyl ring, Z is -NH-, and n=0.

Het is a heterocycle, as defined above which may be optionally mono- or di-
substituted on carbon with Rg, optionally mono-substituted on nitrogen with Rg,
optionally mono- or di-substituted on éarbbn with hydroxy, 'N(RG)Z, or “ORg,.
optionally mono or di-substituited on carbon with -(C(Rg)2)sORg or
-(C(Rg)2)sN(Rg)2, and optionally mono or di-substituted on a saturated carbon with
divalent -O- or -O(C(Rg)2)sO- (carbonyl and ketal groups, respectively); in some
cases when Het is substituted with -O- (carbonyl), the carbonyl group can be
hydrated. Het may be bonded to W when q=0viaa 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 nitrogen
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 contaihing heterocycle, which also contains an unsaturated

carbon-nitrogen, such nitrogen may be substituted with Rg in with case the

heterocycle will bear a posiﬁve charge. Preferred heterocycles include pyridine, 2,6-
disubstituted morpholine, 2,5-disubstituted thiomorpholine, 2-substituted imidazole,
substituted thiazole, N-substituted imidazole, N-subsitituted 1,4-piperazine, N-
subsitituted piperadine, and N-substituted pyrrolidine.
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The compounds of this invention may contain one or more asymmetnc carbon
atoms; in such cases, the compounds of th1s 1nvennon include the individual
diasteromers, the racemates, and the individual R and S entantiomers thereof. Some
of the compound of this invention may contain one or more double bonds; in such
cases, the compounds of this 1nvent10n mclude each of the possible configurational
isomers as well as mixtures of these isomers. When a compound of this invention
contains a moiety containing the same substituent more than once (for example, when

R7 is -NR¢Rg), each substituent (Rg, in this example) may be the same or different.

The compounds of this invention can be prepared from commercially
available starting materials or starting miterials which can be prepared- using
literature procedures. More specifically, the preparation of the compounds and
intermediates of this invention encompassed by Formulas 8a-c is described below in
Flowsheet 1 where X, n, Gy, G1, and G, are as described above. The reaction of 2
with a chlorinating reagent such as thionyl chloride or oxalyl ch_loﬁde in methylene
chloride using dimethylformamide as a catalyst gives the acid chlorides of formula 3.
Condcnsation of 3 with reagent 4 in refluxing methylene chloride gives intermediate
5. Heating 5 with ammonium hydroxide in ethanol gives the quinolone 6 or the
corresponding hydroxy naphthyridine tautomer. Chlorination with phosphorous
oxychloride or oxalyl chloride furnishes 7. Condensation of 7 with various amines,
anilines, alcohols, phenols, mercaptans, and thiophenols give thc compounds of this
invention 8a-c. Thus, 7 can be reacted with an amine or aniline by heating in an inert
solvent such as tetrahydrofuran, butanol, or methoxyethanol to give compounds of
Formula 8a where Z is -NH-. The reaction of 7 with 2 mercaptan or thiophenol in an
inert solvent can be accomplished using a base such as sodium hydride to give
compounds of Formula 8c where Z is -S-. The reaction of 7 with an alcohol or phenol
in an inert solvent can.be accomplished ucin'g a base such as sodium hydride to give

compounds of Formula 8b where Z is -O-.
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The preparatioh of the compounds of this invention encompassed by Formula

12, which are important intermediates for the preparation of other compounds of this

invention, is described below in Flpwsheet 2 where Z, X, n, G; and G4 are as

described above. Nitration of 9 with fuming nitric acid and sulfuric acid followed by

5  chlorination with refluxing phosphorous oxychloride gives 10. By using the methods

described above in Flowsheet 1, 10 is converted to compounds represented by

formula 11. Reduction of 11 with iron and ammonium chloride in a water-methanol

mixture, at reflux, gives the éompounds of this invention represented by formula 12.
Compound 12, in turn, can be used to prepare other compounds of this invention. -

10
Flowsheet 2
Gy G,
H O . CozH 1. HNO:;. HzS04 - OoN S COzH
. —
g I A 2. POClg ' I y/
67" N" OH | G5~ N ol
9 10
: : G, Z(CHp)n-X
Methods of Scheme 1 - OaN A CN Fe, NHCI
' s / H>0, CH;OH
G5~ NN en s
1

Gy  Z(CHy)-X

HaN A AN
LA
Gy~ N N

12
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The preparation of the compounds and intermediates of this invention

encompassed by Formulas 19a-c is described belpw in Flowsheet 3 where X, n, G;,

G3s, and G, are as described above. Reduction of the nitro group of 13 using hydrogen
and a nickel catalyst followed by protection of the a:ﬁino group as a t-butoxy-
carbonatederivative (BOC group) gives 14. Lithiation of 14 in ether using n-butyl
lithium occurs at low temperature. Trapping with carbon dioxide followed by
acidification gives a carboxylic acid which can be converted to the methyl ester by
treatment with trimethylsilyl diazomethane in methanol. Alternatively, the lithiated
species can be reacted with ethylchloroformate to give 15 directly. The lithium
enolate of acetonitrile is prepare in tetrahydrofuran by addition of acetonitrile to a
cold solution of n-butyl lithium. Addition of a telrahydm_furan solution of 15 1o the
solution of lithio acetonitrile at low temperature gives, after work up, compound 16.
The reaction of 16 with dimethylformamide dimethylacetal gives the hydroxy
naphthyridine intermediate 17 or a tautomer thereof. Chlorination with phosphorous
oxychloride or oxalyl chloride furnishes 18. Condensation of 18 with various amines,
anilines, alcohols, phenols, mercaptans, and thiophenols give the compounds of this

invention 19a-c.



PCT/US00/10250

WO 00/66583
-22.
Flowsheet 3 -
@ | e
a 4 1. Raney Ni, Hp Ga
- Gy ,\I N 2. (BOC)0, t-bistanal, CH,Cl,  Gian
S
NO, N NH-BOC
Gs G3
13 14
. 1.n-butyl U, ether _ s
2. dry COp, TMSCHN, , methanol G,
or CHy0C0C) _ ~

10

(CHa)zNCH(OCHs)z G

Gy NH(CHp)-X
_ Gy CN
NH,(CHy)n-X 1 i
B s
ethanol 7SN
Gy 192
Gy O(CHp)yX
HO(CHg)-X G O
——
NaH, THF "] N\
Gy 19
Ga  S(CHa)pX
HS(CH,),-X NG
——————ritem s
NaH, THF "J PN\
Gs 18¢

The preparation of the compounds of this invention encompassed by Formulas
22a-d, which are important intermediates for the preparation of other compounds of
this invention, is described below in Flowsheet 4 where Z, X, n, Gs, and G, are as
described above and J’ is fluorine or chlorine. The chloropyridine 20a can be
converted to the corresponding fluoropyridine 20b by heating a solution oi" it with KF
in dimethylsulfoxide. By using the methods describes above in Flowsheet 3, 20 is
converted to compounds represented by formula 21. The fluoride atom of 21 can be
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displaced with p-methoxybenzylamino group by heating with p-methoxybenzylamine

in an inert solvent. Cleavage of the p-methoxybenzylamino group using trifluoro-

acetic acid gives the 6-amino derivative 22a. Condensation of 21 with various other

amines, anilines, alcohols, phenols, mercaptans, and thiophenols (some of which are

listed in Lists A and B below) give the compounds of this invention 22b-d.
Flowsheet 4
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The preparation of the compounds' and intermediates ‘of this invention
encompassed by Formulas 29a-c is described below in Flowsheet 5 where X, n, Gy,
G,, and G are as described above. The nitro group of 23 can be reduced to the amino
group by catalytic hydrogenation in an inert solvent. The condensation of 24 and the
reagent 25 by heating in the absence of solvent gives 26. Thermal cyclization of 26 in
refluxing Dowtherm or diphenyl ether gives the compound.27 or its corresponding
tautomer. Chlorination of 27 in refluxing phosphorous oxychloride furnishes 28.
Condensatidn of 28 with various ainines, anilines, alcohols, phenols, mercaptans, and

thiophenols gives the compounds of this invention 29a-c.

Flowsheet 5
G .G1 N = 25
NN H2, Pd/C N EtO CN.
G5 NO, Gz NH, :
G3 _ GS
23 24
o)
G N .
O powtnem &1 IN\ | N pook
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Gz ﬁ/\r Gz ﬁ
3 CN Gy
26 7
NH(CH,)p-X
-GN CN
NH(CHz)o-X Y 2
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' G
G N L CN G
't | I HO(CHp)-X - G, IN\ o -ON ach
N P > '
Gy N NaH, THF Gs N
Gg G,
S(CHy)p-X
28 HS(CHy)n-X ~ Gy IN\ ~ N 29¢
: NeH, THF Gs ZNNT
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The preparation of the compounds of this invention encompassed by Formuia

32, which are important intermediates for the preparation of other compounds of this
invention, is described below in Flowsheet 6 where Z, X, n, G; and G3 are as
describéd above. Starting with compounds 30 where the amino group is protected as

5 its acetate derivative and using the methods outlined above in Scheme 5, the
compounds represented by formula 31 are obtained. Condensation of 31 with various
amines, anilines, alcohols, phenols, mercaptans, and thiophenols as described in
Flowsheet 5 gives the compounds of this invention 32. The conditions of these

condensation reactions also results in removal of the acetate protecting group.

10
Flowsheet 6
|
HaCOCHN Ny Methods of Scheme 5§ HyCOCHN l Nor SN
| """""""""""" > AN =
Gz;g)\N 02 . . - Gz G N
Gs ' 3
30 | | 31
Z(CHa)=X
HaN._N_A_CN
Methods of Scheme 5 I
....................... - AN £
Gs N
Ga
32

The preparation of the compounds of this invention encompassed by Formulas
15 36, 38, and 40 is described below in Flowsheet 7 wherein G2, G3, G4, Z, n, and X are

defined. R1Q is alkyl of 1-6 carbon atoms (preferably isobutyl). R2' is a radical

selected from the group consisting of:
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o | Ra_ / .-Hs Rs— H3— R3

Rs - ’ _ R R3 : — | Rs H R{-—g_=< . ]
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J{CHDs__ (CHa)e~d
= +(CHY)—=—

J-(CHo){

wherein Rg, R3, R5, J, s, 1, u, and v are defined. According to the reactions outlined

5 in Flowsheet 7, acylation of 33 with either an acid chloride of Formula 34 or a mixed
anhydride of Formula 35 (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 36. In those cases where 34 or 35 have an

10  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. In those cases, where the R2' contains
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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-butoxycarbonjll (BOC) and benzyloxycarbonyl (CBZ)
protecting groups. The former protecﬁng group can be removed from the final
products by treatment with an acid such as trifluoroactic acid while the latter
protecting group can be removed by catalytic hydrogenation. In those cases where the
R2' contains hydroxyl groups, the hydroxyl groups may first have to be protected
prior 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 by
treatment with an acid such as acetic acid or hydrochioric acid while the lafter
protecting group can be removed by catalytic hydrogenation. In those cases, in
intermediates 33, 37, or 39 where X contains primary or secondary amino groups or
hydroxyl groups, it may be necessary io protect these groups'pzior to the reaction with
34 or 35. The same amine or alcohol protecting groups describe above can be used
and they. can be removed from the products as previously described. In a similar

manner, 37 can be converted to 38 and 39 can be converted to 40.
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Flowsheet 7.
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5 By using methods similar to that describe above in Flowsheet 7, the intermediates 41-

can be converted to the compounds of this invention, 42. The analogous [1.8]-

paphthyridine can be prepared in the same way.

77 (CHz)p-X 77 (CHy) X
G N A C=N oG IN\ =N
I = I/ cmcsannmmannmen - R I/U\N L N/
H:N N . 2 NI
Gs 3
41 42

In order to prepare the compounds of this invention, certain amines are required.

10  Some representative amines are shown below in List A wherein Rg, p, and r are as

defined above. These amines are available commercially, are known in the chemical
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literature, or can be prepared by simple procedures that are well known in the art. In
some cases, these amines may have one or more asymmetric carbon atoms; they can
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

5 optically active forms, respectively. Throughout this application in the Flowsheets
shown below, these amines, and other similar amines, will be represented by the
generic structure of the formula:

(R)>NH , wherein this formula can represent a primary or secondary amine.
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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

5 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 céses, these alcohols may have one or more asymmetric carbon

atoms; they can be used as the racemate or they can be resolved and used as the
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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
List B

Re
Re—OH  N—(C(Rgl)s~OH  Rg—O—(C(Re)z)OH

Re

. e
Rs—O—(C(Rg)2): Rg—N—(C(Rg)2), Re—O—(C(Reg)2)r

)>OH g OH g OH
Reg—O—(C(Rg)2); Re—N—(C(Rg)2) Rg—N—(C(Rg)2)

0 RN

Oon wOron T
R |

<>—OH RGNQ—OH O\/___>—OH

In order to prepare some of the compounds of this invention certain mixed
anhydrides are required; these are prepared as outlined below in the following
Flowsheets wherein R6, 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) group. The reaction of 43 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 43; longer reaction times and highei'
temperatures may be required when s is greater than 1. Treatment of 44 with an alkyl
lithium reagent followed by quenching with an atmosphere of dry carbon dioxide
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furnishes the carboxylic acids of formula 45. These can be converted to ‘mixed
anhydrides of Formula 47 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 in. the above flowsheets. The reaction of 43 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 48 with an alky! lithium reagent followed by
quenching with an atmosphere of dry carbon dioxide furnishes the carboxylic acids of
formula 49. These can be converted to mixed anhydrides formula 50 'using a réégent
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 in the above flowsheets.
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Flowsheet 8
(R")oNH
S—(CRI—=—H — (R)N—(C(Re))—=—H
44
43 0]
o Rmo—(cI 46
1. THF, n-Buli p—
- (R')zN—(C(Hs)a)s —_— CozH THF
2.CO; 45 N-methyimorpholine
__ P
(R')zN_(C(RG)Z)s - C\
0
47 d o-Fio
R'OH
J——(C(Rg)p)s—=—H R'O—(C(Rg)p)s—=—=H
43 K2CO3, acetone 48
%l’ H, THF o 40
1. THF, n-BuLi , _
- R'O—(C(Rg)o)s—=———CO,H THE
2.CO; 49 N-methylmorpholine
O
RO—(C(Re))—=—C"
O
d” ORy,
50

As outlined in Flowsheet 9 below wherein G2, G3, G4, Rg, R10, X, Z, n, and s

5 are as defined above, alcohols 51 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-di1ﬁethylamino pyridine
(DMAP). The resulting protected alcohols, 52, are converted to the acetylenic
Grignard reagents which, in turn, are maintained under an atmosphere of dry carbon
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dioxide to give the carboxylic acids 53. As described above these are converted to the
mixed anhydrides 55 which on reaction with the 6-amino-[1.7] naphthyridine 56 gives
57. In the final step of the sequence, the silyl protecting group is removed by treating
with acid in a protic solvent mixture to give the compounds represented by Formula
5 58. In the same manner the corresponding [1.8) naphthyridine 59 and the [1.5]
naphthyridine 60 can be prepared. . ' '
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Flowsheet 9
— g g UL i w l . -
HO—(C(Re)—=—H LBUSCHL—CL " 5 &i(CH,),~0—(CIRI)—=H
CHyClp, (CaHs)aN,
51 DMAP _ 52
o)
' 54
1.THF, MeMgBr __ o THR R1°°_(C,
~ +BuSI{CH3);—0—(C(Rg)o)s—=—C
2.CO, _ - OH N-methylmorpholine
' ' 53 '
6, z-(CHIX
0
FBUSICHa—O—(CRe—=—C"  , NN
55 . 0 IJ s N/ 56
)N
OR
o) 10 G, |
B I 7—(CH)X
THF, pyridine N CN
t-Bl-l3i(CHs)z"o—"(c(Rs)z)s"—:'-""'ﬁf' Xy
) O N_AA =z
- N
| Ga
- g, z-(CHINX
acetic acid/THF/water “ CN
31 N .HO—(C(Rs)z)s%lC':’ "\ X
O N. = N/
Gs
58
| G 5~ (CHa)yX
HO—{(C(Rl)—=—"C"" NS N
(] A =
G5 NN
59
) 7~(CHalnX
__ N
HO—(C(Re))i—=—C" IN\ SN
o)
G N
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Compounds of this 'iﬁvenﬁon are also prepared as shown below in Flowsheet -

10 wherein G2, G3, G4, R6, R10, X, Z, n, and s are as defined above. J' is chlorine,”

'bromine, or iodine, or is a toslyate or mesylate group. Treatment of 61 with an alkyl -

lithium reagent at low'temperature followed by quenchiﬁg with an atmosp‘heré of dry

| carbon dioxide furnishes the carboxylic acids of formula 62. These can be.converted - -

to mixed anhydrides of Formula 63 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 by the reaction with the 6-amino-[1.7] naphthyridine 64-described
above in the Flowsheets. The reaction of 65 with an alcohol of List B is-

- accomplished using sodium hydride or othef"non-nucleop'h'ic base in -an' inert solvént

such as tetrahydrofuran or N,N-dimethylformamide to give the compounds of this - -

invention represented by 66. In some cases, the alcohol of List B can also be the . -

solvent of the reaction. The reaction of 65 with an amine of List A gives the .

compounds of this invention represented by 67 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 65; longer reaction times and higher temperatures may be required

when s is greater than 1.
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Flowsheet 10
PEPYNURNES . L. e p— &
. 2)s— —— 3F - J— —
61 2.C0, - -
- /<° | G, z-(CHawX
) © THF, pyridine
NG S—(ClRel)—=— c’: + HZN,J N\ CN pyr
THF, ,c’ A2
N""#Mmorpholine 63 ORy, ™,
H G, Z’(CH2)n'X
J._(C(Rs)g)s%C’N NP
i IJ 65
o P 2
N
Gs
' K2COj3, acetone
R'OH or
Ner T (R)2NH
8
R'O—(C(Rg)a)s——— 9’ rJ W™ | |
0 N\ . Gs 7~(CHanX
66 Gs (R-)zN—(C(&)z)s_}ﬁ/N X CN
| o ’J =~ Z
N™ 67
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Using methods similar to that summarized above the’ [1.5] naphthyridines 68-70 and
the [1.8] naphthjrridines 71 and 72 can be prepared. |

(R)2N—(C{Relh—=—

(R)N—(C(Rell—=—

H
' — ~N N
RO—(C(Re))s—=—C | X0
0] A =
Gs N N
71
G, z-(CHanX
H
: — _~-N CN
(R zN""(C(Rs)z)sT('.I‘a | XX
0O — —
Gs N N
72
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Other carboxylic acid chlorides and anhydrides needed to prepare some of the
compounds of this mvennon are prepared as shown below in Flowsheet 11 wherein
R6,R3,R10,. X,Z,7T, n, and s are as defined above. Q' is an alkyl group of 1-6 carbon
atoms. The. esters 73, 77, or 82 can be hydrolyzed with a base such as barium
hydroxide to give the respective carboxylic acid 74, 78, or 83. These acid can be
converted to the respective carboxylic acid chlorides 75 or 80 by using oxalyl
chloride and catalytic N,N—dimethylformamide in an inert solvent or respective mixed
anhydrides 79 or 84 by using isobutyl chloroformate and an organic base such as N-
methylmorpholine. The leaving group J’ in compounds represented by Formula 81
and 76 can be displaced by the amines of List A or the alcohols of List B by using
procedures previously described to give the intermediates 82 and 77, respectively.
The carboxylic acid chlorides 75 and 80 and the anhydrides 79 and 84 can be used to
prepare some of the compounds of this invention by usmg the methods outlined

herem above in the Flowsheets.
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- - Flowsheet 11
A - COQ - Ba(OH), ' Ry COH
J—(C(Rg)2s Rs ethanol, H;0  J—(C(Rg))s Rj
73 74 .
(COCl), Ry COCI
CHyCly DMF (cat.) J—(C(Rg)a)s. Rgs
75
Ry £OQ" .~ ROH Ry fFO0Q

J—(C(Re)2)s HRs

KsCOg, acetone

RO—(C(Rs))! Rg

or a7 -
76 NaH, THF '
o ReO (0 THF,
Ba(OH), Rz COH 10 ¢ N-methyimorpholine
sthanol, H,0 RO—(C(g)k)s  Rs or (COCi)z, CHoCly, DMF (cat)
78 .
O, O OR :
Ra X ¢ Ry  COCI
RO—(C(Re))s  Rs or R'O—(C(Re)z)s; Rs
79 80
Ry £O.Q' (R)NH Ra_— COQ"
J—(C(Rg))s Rs (R)2N—(C(Rg)a)s  Rs
81 82
O
Ba(OH)» Rs COZH Ry LCI
ethanol, H,0 (R)2N—(C(Rg)2)s Ra THF,
N-methylimorpholine

83
O_ OR;

O\\/\/
NS

(R)N—(C(Rgl)s Ra
84
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By using the methods identical to those outlined above in Flowsheet 11, it is
possible to prepare the analogous carboxylic acid chlorides and anhydrides given
below in List C wherein Rg, R3, p, and s are as previously defined. G is the radical:

R1o
}—CI or I O0-Gy
o] o] 0

and A is the radical:
—NR)2 : —OR' ,or —J

wherein —N(R')2 is derived from the amines of List A, —QOR' are derived from the

_ alcohols of List B,and J' is a leawiing 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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LISTC

| A{CRe)ds, Fo Rs |
A-(C(Rg)2)s. Rs A-(C(Rel)s. G == Rs )==C_<(C(Rs)z)s-A
Rs —

= = Ry )=

Rz G Rs Rs Ry G Rz G
Ry G Rs Ps R Rs
F< — Rs =\__ s
Rs (C(Rg)2s-A A-{C(Rg)2)s — - Rg
| B @ A{C(Ra2)s G
Rs  (ClRel)sA Ry G Rs G
— =\__ ' )=g_(ﬁs
Rﬁ=<a3 nﬁ—s—{ ACReY =
Ry G A{CRels  Rs Rs Rs
ACRgds, & = Ry G , Ry G
| >=$____(R3 )—:S_((cms)z)s-A' ?-_-S=<Ra
Rs As )~ - R _
Rs Rg Rs Rg o Ra- (C(Re))sA
' ' Rz R
ACRe)ds, FRs - A AN S he
— G —
R,  »—=( Ra = Rs
A A{C(Relds  PRs F3  (CRelsA
Ry Rs Ry (C(Relds-A A{CRe)ds. 1
— G — G
NS
{C(Re)2)s 4 3 £ R R,

Compounds of this invention represented by Formulas 88-95 can be prepared -

as shown in Flowsheet 12 wherein G1, G2, G3, G4, R6, R10, X, Z, T', n, and s are as

5 defined above. The reaction of the carboxylic acid ch_lorides'85 and the 6-amino-[1.7]
naphthyridines 86 using an organic base in an inert solvent gives the compounds of

this invention represented by Formula 87. The reaction of 87 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

10  N,N-dimethylformamide to give the compounds of this invention represented by 88.
In some cases, the alcohol of List B can also be the solvent of the reaction. The

reaction of 87 with an amine of List A to give the compounds of this invention
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represented by 89 is accomplished by heating in an inert solvent such as
tetrahydrofuran or N,N-dimethylformamide. The temperature and duration of the
heating will depend on the reactivity of 87; longer reaction times and higher
temperatures may be required when s is greater than 1. In addition, by using this
method, the carboxylic acid chlorides and mixed anhydrides listéd in List C can be
used to prepare the analogous compounds of this invention. By applying the methods
summarized above, The corresponding [1.8]-naphthyridines 90 and 91 and the
corresponding [1.5])-naphthyridines 92-95 can be prepared.

Flowsheetlz
G4 7—(CHalyX
Ry COCI H.N CN '
— + 2 rJ NN N,N-diisopropylethylamine
J—(C(Rg)2)s & THF
85 - G3 g6 '
Rs G Z/(CH?)n-X
"“(C(Hs)z)s%r oN
1 P
Gs
87
K2CO3, acetone
- ROH|{ or -
NaH, THF (R)2NH
R G, z~CHaX .
RO—(C(Re))s \r/jin/H : [on FON— (G G, z(CHIX
'J 2 ( ( S)Z)sj/Hr dj/
Z
. Gs
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a ~(CHo)p-X
4. Z Rs Gy 7-{CHa)n-X

H
RO (C(HS)Z)SWN . N N N (R - H

Ra N = I

Gy "NT°N G5~ N N7
2
. "
Rg 7~ (CHalnX
. Ry —~(CHp)p~X
nn—(qns)z)s\,)\,ru IN\ N (n)am—(C(m)th“ N SN
Rs OG2 2 N-/ . . RG (0] I .
G o g "
92 *
| | ] -G - Z,(CHz)n-X
. N
_ By ' Rs S Y
no——(c(ns)z)s\‘)\'r (R%N—(C(He)z)s\%\nzﬂ I/ i
Ry O Rs O . G4
95

The reaction of 96 with a nitrogen containing heterocycle HET which also
contains an unsaturated carbon-nitrogen bond is accomplished by refluxing in an inert
5 solvent and gives the [1.7]-naphthyridines compounds 97 of this invention where the
compound bears a positive charge. The counter anion J'~ can be replaced with any
other pharmaceutically acceptable anion using the appropriate ion exchaﬁge resil;.
The corresponding [1.8]-naphthyridines and [1.5)-naphthyridines can be prepared in

an analogous manner. -

- 10
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5~ (CHalpX

J*-—(C(ns)z)sw A
N Z
al
N

HET

C| s 3 /(CHz)n'x
N\(C(Rs)z)s%r PY
N Z

Some of the compeunds of this invention can be prepared as outline below in
Flowsheet 13 wherein G3, G4, Ré, R10, X, Z, T, n, and r are as defined above. The
acetylenic alcohols 98 can be coupled to the halides, mesylates, or tosylates 99 using
a base such as sodium hydride in an inert solvent such as tetrahydrofuran. The
resulting acetylene, 100, is then treated w1th an alkyl lithium reagent at low
temperature Maintaining the reaction under an atmosphere of carbon dioxide then
gives the carboxylic acids 101. These, in turn, are reacted w1ﬂ1 the 6-amino-[1.7]-
naphthyridines, 102, via the mixed anhydﬁdes to give the compounds of this
invention represented by Formula 103. Alternatively, the intermediates 106 can be
prepared startirig with an alcohol 104 by first treating it with a base such as sodium
hydride in an inert solvent such as tetrahydrofuran and then adding an acetylene 105
that has an appropriate leaving group. In a similar manner, the amino alcohols
represented by the formula: (Rg)2N—(C(R é)z)r—OH by reacting with 105 can be
converted to the compounds of this invention represented by the formula 107. In an

entirely analogous manner the corresponding [1.5] and [1.8]-naphthyridines are
prepared.
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Flowsheet 13
HO'—'(C(F%)Z) —y 1. THF, NaH.
2. RgO—(C(Rg)2)—'
8 "
1. THF, n-BuLi
ReO—(C{Re)o)—O—(ClRg—==—H —— "t
100 2.Co,
: . 0]
HGO'—(C(RS)Z)r—O"(C(HG)z)——<r =S5
101 OH
O
1. R100—'<c|
N-methy! morpholine
G4 z/(CHg)n-X .
2. HpN A ALCN
WL e
. Gs
THF, pyridine, or
N~memylmomhol|n§. H Gq z/(C::l),.-X
ReO—(C(Rg)2)—O—(C(Rel)———§~ NN
(0} N .= N/
103 Gg
‘ 2. J—(C(Re)l)—=H
104 105

RgO—(C(Rg)2)r—O—(C(Rg)alr—=—"H

106
o . . H Gy Z/(CHZ)"-X
= N CN
Re)?N—(C(R)—O—(C(Re)———C Y X
0O N~z N

107 Gs
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The compounds of this invention represented by Formula 111 and 112 are
prepared as shown below in Flowsheet 14 wherein G3, G4, R5, and n defined above

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

. .
HN O  HN N-Rg _and  NH
\_/ s RS

Refluxing 108 and 109 in a solvent such as ethanol gives the intermediate 110
which can react with an amine in refluxing ethanol to give the compounds of this
invention represented by Formula 112. Treating 110 wi_th an excess of a sodium
alkoxide in an inert solvent or a solvent from which the alléoxide is deri-ved gix;es the
compounds of this invention of Formula 111. In an entirely analogous manner the

corresponding [1.5] and [1.8]-naphthyridines are prepared.
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Flowsheet 14
_ G ~(CHo)y-X
@) Et ' -
\——'(o N oo
+
: N A\, F
o) OEt 1 N
108 Gs 109
/(CHz)n-X
N
N Z
(R")2NH [ CszOH RgONa | RgOHor THF
o 7-(CH)p X
o# Yj(*f
(R")N
112
Compounds of this invention represented by Formula 118 can be prepared as

shown in Flowsheet 15 wherein G3, G4, Rg, R3, R10, X, Z, n, and r are as defined

above. The reaction of the mecapto carboxylic acids 113 with the reagents 114 give
the compounds represented by Formula 115. Alternatively, 115 can be prepared from
the mercaptan R3SH using the mercapto acid 113, triethylamine and 2,2'-dipyridyl

10

disulfide. Mixed anhydride formation to give 116 followed by condensation with the

6-amino-[1.7]-naphthyridines 117 give the compounds of this invention. In an entirely
analogous manner the corresponding {1.5] and [ 1.8]—néphthyridjnes are prepared.
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Flowsheet 15

0, '
HyC—S—SR;

114

or
HS—(C(Re))—COOH  2-2-dipyrididisulfide, RSH o o (c(Ry),)—COOH

Et,N, THF
113 . 115
' fo) G4 z~ (CH)sX
H,,p—(m | 0 HaN A AN
_ ReS—8—(C(Rgl—C—0—CORp + |
THF, ' N
N-methyimorpholine : 116 Ga
117
THF, pyridine __ N _ON
RaS—S—(C(Rsl)—C~ 1 X
. : 0O N~z N/
Gs
118
5 Compounds of this invention represented by Formulas 121-123 can be

prepared as shown in Flowsheet 16 wherein G3, G4,R5, 1, X, Z, and.n are as defined
above. Q' is alkyl of 1-6 carbon atoms, alkoxy of 1-6 carbon atoms, hydroxy, or
hydrogen. Akyiaﬁon of 119 with the 6-amino-[1.7]-naphthyridines 120 can be
accomplished by heating in an inert solvent such as N,N-dimethylformamide using a
10 base such as potassium carbonate to give the compounds of this invention represented
by the Formula 121. 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 124 and 125, the compounds of this invention represented by Formulas
122 and 123 can be prepared, respectively. In an entirely analogous manner the
15  corresponding [1.5] and [1.8]-naphthyridines are prepared.
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Flowsheet 16
g, z~(CHIwX
Rs :
HoN CN
. R
Q\THY\J' B S NI _ P chos
19 : %s 420
0 R . G 5 ACH)n X
o )j\’)\/N rJ AN
R
5 a N/
Gs
121
R ,, G 7-(CHyX Q
; - R
a - NN 5
122 123
' Rs ' : Q- O
. RSf\/J' B ) RSW/I/ g
Q- o _ ‘Rs
124 125

Compounds of this invention represented by Formula 128 can be prepared as shown
5 in Flowsheet 17 wherein G3, G4, R5, X, Z, and n are as defined above. The reaction
of reagent 126 with the 6-amino-[1.7]-naphthyridines 127 is accomplished using an
excess of an organic base such as triéthylamine and an inert solvent such as

tetrahydrofuran to give compounds of this invention represented by Formula 128 . In
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an entirely analogous manner the corresponding [1.5] and [1.8]-naphthyridines are

prepared.

Flowsheet 17
7-(CHo)yX

Bs
- J\(sozcu SN EGN
Lo N =

126

With respect to the abbve Flowsheets 1-17, in those cases where G;, G, Gs,
Gy, or other substituent may contain an asymmetric carbon atom, the intermediates
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. In cases where tﬁe substituents may contribute more than one
asymmetric carbon atom, diaéteriomers may be present; these can be separated by
methods well known in the art including, but not limited to, fractional crystallization
and chfomatographic methbds. In those cases where. Gi1, Gz, Gs, Gy, or other
substituents contain primary or secondary amino groups, the amino groups may first
have to be used in protected form pribr to applying the chemistry described in the
above Flowsheets. Suitable protecting groups include, but are not limited to, tert-
butoxycarbonyl (BOC) and benzyioxy_carbbnyl (CBZ) protecting groups. The former
protecting group can be removed from the final products by treatment with an acid
such as trifluoroactic acid while the latt_er protecting group can be removed by
catalytic hydrogenation. In thosé cases where the Gi, Gz, Gs, Gq, or other substituents
contain hydroxyl groups, the hydroxyl groups may first have to be used in protected
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~ form prior to applying the chemistry described in the above Flowsheets. 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 by treatment with an acid such as acetic acid, hydroftuoric
acid, or hydrochloric acid while the latter protecting group can be removed by
catalytic hydngenaﬁon. '

‘There are certain functional group manipuiations that are useful to prepare the

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

-naphthyridines as well as to the final compounds of this invention. These -

manipulations refer to the substituents G;, Gz, Gs, or Gy that are located on the 3-
cyano—naphthyridines shown in the above Flowsheets. Somé of thése functional group -
manipulations are deécribed below:

Where one or more of G,, Gs, G3, or G4 is a nitro group, it can be converted 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 Gj, Gz, G3, or Gs is
an amino group, it can be converted to the corresponding dialkyamino group of 2 to
12 carbon atoms by alkylation with at least two equivalents of an alkyl halideof 1t0 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 sodium cyanoboro-

hydride. Where one or more of Gy, Gz, Gs, or Gy is a methoxy group, it can be
converted to the corresponding hydrbxy 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 G, G,, Gs, o Gy is an amino group, it
can be converted to the corresponding alkylsulfonamido, a]kenylsulfonamido, 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 of
pyridine. Where one or more of G, G;, Gs, or G; 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 6f 1 to 6.carbon atoms by heating in an inert
solvent or by reductive alkylation using an aldehydé of 1 to 6 carbon atoms and a
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reducing agent such as sodium cyanoborohydride in a protic solvent such as water or
alcbhol, or mixtures thereof. Where one or more of G, Ga, Gs, or_G4 is hydroxy, it can
be converted to the correspdnding _aikanoyloxy, group of 1-6 carbon atoms by
reaction with an appropriate carboxylic acid chloride, anhydride, or mixed anhydride
in.a inert soivent using pyridine or a uialk_ylamine as a catalyst. Where one or more of
Gi, Gy, Gs, or Gy is hydroxy, it can be converted to the corresponding alkenoyloxy
group of 1-6 carbon at_oins by réactidn 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 Gy, Gz, Gs, or Gy is hydroky, it can be converted to
the correspondmg alkynoyloxy group of 1-6 carbon atoms by reaction with an
appropnate carboxylic acid chlonde, anhydride, or mixed anhydnde in a inert solvent
usmg pyridine or a trialkylamine as a catalyst. Where one or more of GI, G2, G3, 0or Gy

s carboxy or a carboalkoxy group of 2-7 carbon ators, it can be converted to the

corresﬁonding hydroxymethyl group by reduction with an appropriate reduding agent

such as borahe, 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

" tribromide to give a bromomethyl group, or phosphorous pentachloride to give a

chloromethyl 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 Gy, Gz, Gs, or Gy is a halomethyl group, it can be converted to an

~alkoxymethyl group of 2-7 carbon atoms by displacing the halogen atom with a

sodium alkoxide in an inert solvent. Where one or more of Gy, Gy, G3, or Gy is a
halomethyl group, it can be converted to an aminomethyl group, N-alkylaminomethyl
group 6f 2-7 carbon atoms or N,N-dialkylaminomethyl group of 3-14 carbon atoms
by displacing the halogen atom with ammonia, a priﬁ:ary, or secondary amine,

respectivély, in an inert solvent.
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In addition to the methods described herein above and in the examples below,

" 'WO0-9843960 describes methods that are useful for the preparation of the compounds

10

15

20

25
~ invention possess significant activity as mh1b1tors of protein tyrosine krnase and are

30

of this invention. In 'addit'.ion there are some patent applicaﬁons that describe the
preparation of certain quinazolines, many of the '_ synthetic methods therein are
applicable to the- preparation of substituted 3-cyano¥[1 7], [1.5], and [1.8]
naphthyridines of this invention. The chemrcal procedures descnbed in the
application WO-9633981 can be used to prepare the naphthyridine 1ntermedrates used
in this invention wherein G1, G2, G3, or G4 are alkoxyalkylammo groups. The
chemical procedures described in the apphcauon WO-9633980 can be used to prepare
the 3-cyano-naphthyridine intermediates used in this invention wherem G1, G3, Gy,
or G4 are ammoalkylalkoxy groups. The ‘chemical procedures descnbed in the
apphcahon WO-9633979 can be used to prepare the naphthyndme mtermedrates used
in this invention wherein G1, G3, G2, or G4 are alkoxya]kylammo groups. The "
chemlcal procedures described in the apphcanon WO-9633978 can be used to prepare
the naphthyndme mtermedlates used in this invention wherem Gi, G3, G2, or G4 are
aminoalkylamino groups. The chemical procedures described in the application WO-
9633977 can be used to prepare the naphthyr_idineintermediates used in this invention
wherein Gj, G3, G2, or G4 are aminoalkylalkoxy groups. Although the 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 G1, G3, G2, and G4

substituents of the naphthyridine compounds of this invention.

Representatlve compounds of this 1nvent10n were evaluated in several

standard pharmacologrcal test procedures that showed that the compounds of this

antlprohferatlve agents. Based on the act1v1ty shown in the standard pharmacologlcal
test procedures, the compounds of this mv_ennon are therefore useful as antineoplastic

agents. The test procedures used and results obtained are shown below.
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Inhibition of Epidermal Growth Factor Receptor Kinase (EGF-R )
using recombinant enzyme

Representative test compounds were evaluated for their ability to inhibit the
phosphorylation of the tyrosine residue of a peptide substrate catalyzed by the
enzyme epidermal growth factor receptor kinase. The peptide substrate (RR-SRC) has
the sequence arg-arg-leu-ile-glu-asp-ala-glu-tyr-ala-ala-arg-gly. The enzyme used in
this assay is the His—tégged cytoplasnﬁc domain of EGFR. A recombinant baculovirus
(vHcEGFRS52) was constructed containing the EGFR cDNA encoding amino acids
645 - 1186 preceded by Met-Ala-(His)s . Sf9 cells in 100 mm plates were infected at

an moi of 10 pfu/cell and cells were harvested 48 h post infection. A cytoplasmic

extract was prepared using 1% Triton X-100 and applied to Ni-NTA column. After

- washing the column with 20 mM imidazole, HCEGFR was eluted with 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. | |
- Test compounds were made into 10 mg/mL stock solutions in 100%
dimethylsulfoxide (DMSQO). Prior to éXperixﬁént, 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,O. 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.
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" Table A

Reagent . - . Final 100 Rxns
1M HEPES (pH 7.4 12.5 mM 50 uL
10mM Na,VO, | - 50uM 20 ul.

5 |IMMnClL, 10mM 40ul
1mM ATP 20uM 80 uL
*pP_ATP 25uCi ‘25ul

10

15

20

25

The inhibition data for representative compounds of the invention are shown

below .in TABLE 1. The ICs0 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 IC50
value was evaluated from the dose response curve. The % inhibition was evaluated.

with the following formula:

% inhibition = 100 - [CPM(drug);CPM(control)] x 100

where CPM(drug) is in units of cdunts per minﬁte and is a number expressing the .
amount of radiolabeled ATP (y-33P) incorpbrated 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 pumber expressing the amount of radiolabeled ATP (7-33P)--
incorporated into the RR-SRC peptide substrate by the enzyme after 90 minutes at

_ room temperature in the absence of test compound as measured by liquid scintillation.

counting. 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

concentration of test compound is shown in T ABLE 1.
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TABLE 1: Inhibition of EGF-R Kinase (recombinant enzyme)
Example ICS0(uM . % Inhibition @ 0.5 (uM)
5 21 : 0.003
- 22 0.05
23 0.007
24 0.1
25 0.1
10 27 >0.1
30 0.8 ' 47%
35 >10 9%
43 1 37.1%
44 1 25.4%
15 57 0.008
58 >0.1
59 0.0007
61 0.02
62 0.005 97.4%
20 63 1 -
64 0.006
74 1 31.3%
25 Inhibition of Epithelial Cell Kinase (ECK)

30

35

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
to the immobilized substrate-containing microtiter wells. 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-phosphotyrosine monoclonal an'tibody. 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 tyrosine kinase activity where the ICs is the
concentration of drug that inhibits substrate phosphorylation by 50%. The results
obtained for representative compounds of this invcntibn are listed in TABLE 2.

Multiple entries for a givexi compound indication it was tested multiple times.
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TABLE 2: Inhibition of Epithelial Cell Kinase (Eck)
5 24 <.04
24 .03
43 >2.3
44 >2.1
66 >33
10 69 >3.1
: 77 >2.4

of the VEGF recegtori

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

presence or ab,se;nce of an inhibitor compound, with a substrate peptide to be
phosphorylated (a copolymer of glutamic acid and tyrosine, E:Y = 4:1) and other

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 aésoéiated with the acid-insoluble fraction of
the éssay mixture is then quantified as reflection of substrate phosphorylation. This
radioactive format was used to identify inhibitors of KDR tyrosine kinase actiirity
where the ICsp is the concentration of drug that inhibits substrate phosphorylation by
50%. As an exampl_é, the compound of Example 66 inhibits KDR with an ICsq of

339 pg/ml.

Mitogen Activated Protein Kinase (MK) Assay

To evaluate inhibitors of the MAP (mitogen activated protem) kinase a two
compbnent ‘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
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or MYC peptide) in the presence of ATP, Mg*? and radiolabeled P ATP. The
phosphorylated peptide was captured on a P 81 phosphocellulose 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 either 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 le_ss' than or equal to 1%.
The reaction was run as follows in 50 mM Tris Kinase buffer, pH 7.4 i a

reaction volume of 50 ul. The appropriate volume of kinase buffer and inhibitor
sample was added to the tube. Apptopﬁate dilution of enzyme was delivered to give 2-
5 ug recombinant MAPK (Exk ) per tube. The inhibitor was incubated with MAPK
(Erk) for 30 min at O deg. 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 3p

- ATPhube; 50 uM ATP final concentration. Samples were incubated at 30°C for 30

minutes and the reaction was stopped by adding 25 pl of ice cold 10 %TCA. After
samples were chilled on ice for 30 min, 20 ul of sample was transferred onto P 81
phosphocellulose filter paper or appropriate MTP with embedded P 81 filter. Filter
papers or MTP were wéshed 2 times with a large volume of 1% acetic acid, then 2
times with water. The ﬁlfers 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
concenl:rétions 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 count. Mean cpm data was tabulated by group and %
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inhibition b}".:'a test compound was calculated as (Correctéd cpm control- corrected.
cpm sample/control) X 100 = % inhibition. If several concentrations of inhibitor were -
tested, ICsp values (the concentration which gives 50% inhibitidn) 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 3 where there may be separate entries for the same

compound; this is an indication that the compound was evaluated more than one time. -

TABLE 3: Inhibition of Mitogen Activated Prptein Kinase (Mek-Erk)

Example . 1C50 (uM)

21 - >T00 -
21 _ 10
21 ' - >50
22 >100
22 .>100
23 >100
23 - 100
24 - >100
24 >100
25 >100
25 8 .
25 50
26 >100
27 >100
27 >100
28 6.
30 _ 50
35 >100
37 >100
43 >100
44 >100
49 _ 25
49 25
57 ' >100

58 >100
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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 pl/well, 1-6 x 104

.cellslml) in RPMI 1640 medium, containing 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 trichloroacetic acid, bound dye was
solubilized in 10 mM Tris base and optical density was determined using a plate
reader. Under conditions of the assay the optical density is proportional to the number
of cells in the well. ICsos (concentrations causing 50% inhibition of cell growth) were
determined from the growth inhibition plots. The test procedure is described in detdils
by Philip Skehan et. al, J.Natl. Canc. Inst, 82, 1107-1112 (1990). These data are

~ shown below in TABLE 4 . Information about some of the cell lines used in these

test procedures is available from the American Type Tissue Collection: Cell Lines

~ and Hybridomas, 1994 Reference Guide, 8th Edition. The Her2Neu cell line is a 3T3

line that has bbeen transfected with Her2 receptor kinase.

. Table 4: Inhibition of Cancer Cell Growth as Measured by Cell Number (ICsp pg/mL)

Ex. MDA435 A431 SKBR3 A2780S A2780DDP = SW620 LOX  MCF7 313 Her2Neu
30 >5 2.761 4.826 1.771 4.002 >5

57 >5 3918 >5 333 >5 >5

58 24 04 29 1.0 1.8 4.1

59 >5 04 4.1 35 31 >5

6f 0.88 0.23 0.12 0.06 013" 0.17 0.07 0.40

62 0373 0.106
62 04635 008798 - 0.03565 _ 0.356 02716  0.04359
63 49 05 04 0.5 0.8 41 57 ’ '

64 0.98 031 074 . 043 3.60 3.87

64 3.942 0.209 1.876 2.363 2.246 4.621

65 47 59 41 31 52 42 56

74 >5 2.228 4.633 ' >5 4479 >5

85 4203 3.056 3.591 2344 2.969 4.724

Based on the lrcsults obtain:d for representaﬁ{re compounds of this invention,
the compounds of this invention are antineoplastic agenfs which are useful in treating,
inhibiting the growth of, or_eradicatinglneoplasms. In particular, the compounds of
this invention are useful in treating, inhibiting the growth of, or eradicating neoplasms
that express EGFR such as tl'_xbse of the breast, kidney, bladder, mouth, larynx,

esophagus, stomach, colon, ovary, or lung. The compounds of this invention are also
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useful in treating, inhibiting the growth of, or eradicating neoplasms of the breast that - |
express the receptor protein produced by the erbB2 (Her2) oncogene. 'Additionally, ..
- the compounds of this invention are useful in treating or inhibiting polycystic kidney .

disease and colonic polyps.

The compounds of this invention may formulated neat or may be combined

with one or more pharmaceutically acceptable carriers for administration. For

example, solvénts, 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, aiid elixirs containing; for example; from

about 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 mediﬁm. 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 effective dosage of active ingredient employed may vary depending on
the 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 dai'ly'dosage of from about 0.5
to about 1000 mg/kg of animal body weight, optionally given in divided doses two to
four times a day, or in sustained release form. For most large mammals the total daily
dosage is 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.

The compounds' of this invention may be administered orally as well as by
intravenous, intramuscular, or subcutaneous routes. Solid carriers include starch,

lactose, dicalcium phdsphate, microcrystalline cellulose, sucrose and kaolin, while
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liquid carriers include sterile water, polyethylene glycols, non-ionic surfactants and
edible oils suéh as corn, peanut and sesame oils, as are appropriate to the nature of the
active ingrédient and thé particular form of administration desired. Adjuvants
customarily employed in the preparation of pharmaceutical compositions 'may be
advantageously included, such as flavoring agents, coloring é.gents, preserving agents,
and antioxidants, for example, vitamin E, ascorbic 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. '

The compounds of this invention may also be administered parenterally or

intraperitoneally. Sblutions or suspensions of these active compounds as a free base

- or phamiacologically acceptable salt can be prepared in water suitably mixed with a
surfactant such as hydroxy-propylcellulose. Dispersions can also be prepared in

glycerol, liquid polyethylene glycols and 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 preparation 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 dispefsion medmm containing, for example, water, ethanol, polyol
(e.g., glycerol, propylene glycol and liquid. polyethylene glycol), suitable mixtures
thereof, and vegetable oils.

| For the treatment of cancer, the _éompounds of this invention can be
administered in combination with other antitumor substances or with radiation
ther_épy. Thgse other substances or radiation treatments can.b.e given at the same or at

different times as the compounds of this invention. These combined thcrapies may
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effect synetgy and result in iimprdved efficacy. For example, the compounds of this

invention can be 1ised in combination with mitotic inhibitors such as taxol or

| vinblastine, alkylating agents such as cisplatin or cyblophosamide, 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 following representative exainples show the preparation of the

compounds of this invention.

Examplé 1
. 4-Chlor6-but-2-xnoic'acid |
Propargyl chloride (2 mL, 26.84mm01) was dissolved in 40 mL of

tetrahydrofuran under nitrogen and cooled to -78°C. After addition of n-butyllithium

(54 mL, 13.42 mmol, 2.5 M in n-hexane) and stirring 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 ether solution, 0.957g (60%) of an product was obtained as an oil: ESMS m/z
116.6 (M-H"). o o

Exémple 2
4-Dimethylamino-but-2-ynoic acid
n-Butyl lithium in hexane (96 mL, 2.5 M in n—heiane) was slowly added to 1-
dimethylamino-2-propyne (20g, 240 mmol) in 100 mL of tetrahydrofuran under
nitrogen. The mixture was stirred for 1 h at -780C, then dry carbon dioxide was pass
through the reaction 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
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was removed via filtration. The filtrate was collected and dried in vacuo to give 15.6 g

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

Example3
Bis-(2-methoxy-ethyl)-prop-2-ynyl-amine
. Propargyl bromide (17.8 g, 150 mmol) was added dropwise to a mixture of
bis(2-methoxyethyl)amine (20g, 150 mmol) and cesium carbonate (49 g 150 mmol)
in 350 mL 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 20 g of bis-(2- .
methoxy-ethyl)—prop-2-ynyl—amine: mass spéctrum (m/e): M+H 172.

n-Butyl lithium in hexane (42 mL, 2.5 M in n-hexane) was slowly added to .
bis-(2-methoxy-ethyl)-prop-2-ynyl-amine (18 g, 105 mmol) in 80 mL of
tetrahydrofuran under nitrogen. The mixture was stirred for 1 h at -78°C, then dry
carbon dioxide was passed through the reaction 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
ihethanol and the insoluble salt was removed via filtration. The filtrate was collected
and dried in vacuo to give 18 g of 4—[bls-(2-methoxyethy1)—am1no]—but—2—yn01c acid:
mass spectrum (m/e):M-H 214.

Example 5
1-Methvl-4-prop-2-vnyl-piperazine
Propargyl bromide (23.8 g, 200mmol) was added dropwise to a mixture of 1-
methyl-piperazine (20 g, 200 mmol) and cesium carbonate (65 g, 200 mmol) in 350
mL of acetone. The mixture was stirred overnight under nitrogen at room

temperature. The inorganic salts were then filtered off, and the solvent was removed.
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- The residue was dissolved in saturated sodium bicarbonate solution and extracted

with ethyl acetate. The organic extracts wére then evaporated to give 7.5 g of 1-
methyl'-4—prop—2-ynylépiperazine: mass spectrum (m/e): M+H 139.

n-Butyl lithium in hexane (17:2 mL, 2.5 M in n-hexane) was slowly added to "~

1-meﬂ1yl—4»prop—2—ynyl4pipera2ine (6.0 g, 43.5 mmol) in 40 mL of tetrahydrofuran

. under nitrogen. The mixture was stirred for 1 hr at -78°C, then dry carbon dioxide

was passed through the reaction overnight. The resulting solution was poured into . . -

water and washed with ethyl acetate. The aqueous layer was’ evﬁp’orated "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 7 g of 4'—(4'-'m£3thyl—piperazin-léyl)-but-2-ynoic ‘acid: mass spectrum -
.(m/e):M-H 181. '

Example 7

(2-Methoxy-ethyD-methyl-prop-2-ynyl-amine

Propargyl bromide (26.8 g, 225 mmol) was added dropwise to a mixture of N- ~ -

(2-methoxyethyl)methyl amine (20 g, 225 mmol) and cesium carbonate (73 g, 225 -
mmol) in 350 mL 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 14 g of

(2-methoxy-ethyl)-methyl-prop-2-ynyl-amine: mass spectrum (m/e): M+H 127.

n-Butyl lithium in hexane (37.8 mL, 2.5 M in n-hexane) was slowly added to
(2-methoxy-ethyl)-methyl-prop-2-ynyl-amine (12.0 g, 94.5 mmol) in 90 ml of
tetrahydrofuran under nitrogen. The mixture was stirred for 1 hr at -780C, then dry
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carbon dioxide was passed through the reaction 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 femoved via filtration. The filtrate was collected
and dried in vacuo to give 15 g of 4—[(Z-methoxy-ethyl)-methyl-amino]-but-2-ynoic
acid:_mass spectrum (m/e): M-H 170.

Example 9
Allyl-methyl-prop-2-ynyl-amine |

Propargyl bromide (33.4g, 281mmol) was added dropwise to a mixture of
isopropyl-methyl- amine (20g, 281tninol) arid cesium carbonate”(90g, 28 Lmmiol)-in -
350mL of acetone. The mixture was stirred overnight_ under. nitrdgen 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 4.6g of allyl-
methyl-prop-2-ynyl-amine: mass spectrum (m/e): M+H 110. '

Example 10
4-(Allyl-methyl-amino)-but-2-ynoic acid
n-Butyl lithium in hexane (16.4 mL, 2.5 M in n-hexane) was slowly added to
allyl-methyl-prop-2-ynyl-amine (4.5 g, 46 mmol) in 50 mL of tetrahydrofuran under

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

passed through the reaction ovet'nighf. 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 4.1 g of 4-(allyl-methyl-amino)-but-2-ynoic acid: mass spectrum (m/e);: M-H
152.
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Example 11
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 surrmg 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 chloromethylméthyl ether. Stirring was
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 nitfoge_n and cooled to -780C as 34.1 mL of 2.5 molar n-butyl lithium in

dioxide was passed over the surface of the stirring reaction mixture as it warmed from

-78 OC to room temperature. The mixture was stirred under a carbon dioxidé-

atmosphere over mght The mixture was poured into a mixture of 14 mL of

hydrochioric 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

OC at 4 mm for 1 hr giving 10.4 g of 4-methoxymethoxy-but-2-ynoic acid.

Example 12
4-Bromo crotonic acid _

Using the method of Braun [Giza Braun, J. Am. Chem. Soc. 52, 3167 (1930)],
11.76 mL (17.9 grams 0.1 moles) of methyl 4-bromo crotonate 1n 32 mL of ethanol
and 93 mlL of water was cooled to -11 °C. The reaction was stirred vigorously, and
15.77 g (0.05 moles) of finely powdered barium hydroxide was added portionwise
ovér.a period of about an hour. Cooling and vigorous stirring were continued for
about 16 hours. The reaction inixture 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 three 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 oil in vacuo . This oil was taken up in about
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400 mL of boiling heptane, leaving a gum. The heptane solution was separated and
boiled down to about 50 mL. Cooling gave 3.46 g of product. '

Example 13
4-(2-Methoxy-ethoxy)-but-2-ynoic acid
To a suspension 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 bromide was added
dropwise. After stirring 17 hr at room temperature, the mixture was filtered and the
solvent was removed. 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 codled to -78°C with -
stirring under nitrogen. To this solution was added 39.95 ml (99.9 mmol) of 2.5Mn-

“butyl 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 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 14
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 mi (85.3 mmol) of

2.5 M n-butyl 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.



WO 00/66583

10

- 15

20

25

PCT/US00/10250

-70 -

The mixture was maintained in a carbon dioxide atmosphere ovemight. To the

mixture was added 14 ml of hydrochloric acid in 24 ml water. The organic layer was =~

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 15 - - '
4-((28)-2-methoxymethylpyrrolidin-1-y))butynoic Acid
n-Butyllithium solution in hexane (35.9 mmol) was added over 10 min to a -
solution of 5.49 g (35.9 mmo}) of (2S)-2-methoxymethyl-1-prop-2-ynylpyrrolidine in -
100 mL of THF at -78°C under N,. After stirring cold for 1 hr, COz‘ 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, fn/e):’ M+H 198.0. :

Example 16
-2-Methoxymethyl-1-prop-2-ynylpyrrolidine

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 saturated NaHCO; and extracted with ether. The extract was treated with
activated charcoal, dried and evaporated to give 5.93 g of (2S)-2-methoxymethyl-1-
prop-2-ynylpyrrolidine as a yellow orange oil: mass spectrum (electrospray, m/e):
M+H 1538,
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~ Example 17

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-azaspi1'o[4,5]dec-8-yl)but—2'-yne in 185 mL of

THF at -78°C under Na. After stirring at -78°C for 1 h, CO, was bubbled into the
solution as 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 electfospray, m/e):- M+H225.8.

Example 18
3-(1,4-Dioxa-8-azaspiro[4,5]dec-8-yDbut-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 saturated NaHCOs
was added to the residue and it was extracted with ether. The ethereal extracts were
treated with activated charcoal, dried and evaporated to give 10.8 g of 3-(1,4-dioxa-8-
azaspiro[4,5]dec-8-yl)but-2-yne as a yellow orange oil: mass spectrum (electrospray,
m/e): M+H 181.8.

Example 19

A solution of 10.6 g (52.5 mmol) of 3-carboxy-2-chloro-5-nitro pyridine (J.
Med. Chem. 1895, 1992) and 8.86 g (69.8 mmol) of oxalyl chloride was stirred in 200
ml of methylene chloride. About 0.2 ml of N,N-dimethylformamide was added and
the mixture was stirred for 5.5 hr. Solvent is removed and the resulting acid chloride
was used without additional purification. The acid chloride was dissolved in 163 ml
of methylene chloride containing 5.55 g (55.5 mmol) of 3-dimethylamineacrylonitrile
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and 7.46 g (57.7 mmol) of diisopropylethyl amine. The solution was refluxed under
nitrogen for 16 hr. The mixture was diluted with chloroform and washed with a

_saturated solution of sodium bicaronate. The organic layer was dried over magnesium

sulfate and place on a column of silica gel. The product was eluted with a

combination of chloroform and ether. Solvent was removed and the residue was
treated with a mixture of ethyl acectate-hexane 1:1 at which time the mixture -
crystallized. The solid was collected giving 8.9 g of the title compound as an orange
solid: : mass spectrum (chemical ionization, m/e): M-+H 281.

Example 19 _
6-Nitro-4-0x0-1,4-dihydro-] 1.8 naphthyridine-3-carbonitrile

A solution of 22.4 g (79.8 mmol) of 2-(2-chloro-5-nitro-pyridine-3-carbonyl)-

- 3-dimethylamino-acrylonitrile was refluxed in a mixture of 500 ml of ethanol and 180

ml of conc. ammonium hydroxide for 2 hr. The mixture was cooled and solid was
collected which was washed with ether. Cpncentréting the filtrate gave a second crop
which was collected and wash_ed with ether. S_olidé were combined. After drying, 19.3
g of the title compound was obtained as a yellow ‘solid: mass spectrum (electrospray,
m/e): M-H 215 (negative mode).

Example 20

idine-3-carbonitrile
A mixture of 19.3 g (89.3 mmol) of 6-nitro-4-oxo-1,4-dihydro-[1.8]naph-
thyridine-3-carbonitrile in 386 ml of phosphorous oxychloride was refluxed for 24 hr.

Excess phosphorous oxychloride was removed. The residue is mixed with ethyl
acetate and 15 g of potassium hydroxide in 200 ml of ice water. The organic layer was
sebarated and the aquéous layer was extract several more times. with ethyl acetate.
The combined volume of extracts was 4000 ml. The extracts were dried of
magnesium sulfate and the solution was filter through a short silica gel colurn. The
solvent was removed. The residue was stirred with ether and the solid was collected

giving 15.7 g of the title compound as an orange solid: mass spectrum (electrospray,

_mfe): M+H 235.
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Ethple 21

A mixture of 7.5 g (32 mmol) of 4—ch10ro—6—nitro-[1.8]paphthyridine—3-
carbonitrile and 5.5 g (32 mmol) of 3-bromo-aniline in 175 ml of isopropanol was
stirred at reflux for 2 hr. and 45 min. The mixture was cooled , solid was collected,
and washed with ether giving 12.9 g | of the title compound as the yellow
hydrochloride salt: mass spectnim (electrbspray, m/e): M+H 370, 373.

Example22 . _
henylamino)-[1.8|naphthyridine-3-carbonitrile
A mixture of 112 g (30.3 mmol) of 4-(3-bromo-phenylamino)-6-nitro-

.[1.8]1_iaphthyridine—3-carbonit:ile, 5.1 g (90.8 mmol) of powdered iron, and 8.1 g (151

- .mmol) of ammonium chloride was mechanically stirred at reflux in a mixture of 330

ml water and 560 ml methanol for 40 min. The liquid layer was decanted from the
solids and diluted with ethyl acetate, saturated sodium bicarbonate, and brine. This
mixture was extract multiple times with ethyl acetate (final volume 3500 ml). The
combined extracts were dried with magnesium sulfate and filter through a short
column of silica gel. The solvent was removed and the residue was stirred with ether.
The solid was collected and dﬁed give 8.04 g of the title compound as an orange
solid: mass spectrum (electrospray, m/e): M-+H 340, 342.1.

To a solution of 1.4 g (4.12 mmol) of 6-aminb—4—(3—bromo—phenylamino)—
[1.8)naphthyridine-3-carbonitrile and 1.67 g (16.5 mmol) of N-methyl-morpholine in
a mixture of 6 ml of N,N-dimethylformamide and 35 ml of tetrahydrofuran was added
with stirring at 0 °C é solution of 0.52 g (5.76 mmol) of acryloyl chloride in 10 mi of
tetrahydrofuran over 10 min.Afte_r 3 hr at 0°C, the most of the solvent was removed
saturated sodium bicarbonate was added. Solid was collected and washed with water.
After air drying, the solid was extracted with 500 ml of boiling tetrahydrofuran. The
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tetrahydrofuran was removed and the residue was purified on a silica gel column

eluting with ethyl acetate-methanol mixtures giving 0.29 g of the title compound as a
yellow solid: mass sp'eclrum' (electrospray, m/e): M+H 394, 396.

To a solution of 0.85 g (10.1 mmol) of tetrolic acid and 1.8 g (17.96 mmol) of
N-methyl morpholine in 18 ml of tetrahydrofuran was stirred at 0 °C as 1.35 g (9.9
mmol) of isobutyl chloroformate was slowly added. After 15 min, this mixture was

added to a solution of 1.3 g (3.8 mmol) of 6;'am1;no-4-(3-bromo;phenylamino)-

'[1.8]naphﬂ1yridirie'-3-carbonit1ile and 5 mg of 4-N,N-dimethylamino-pyridine in 10

ml pyridine. The mixture was stirred a room tempefature for 2.25 hr . The
tetrahydrofuran was removed, diluted sodium bicarbonate was added, and the solid
was collected via filtration. The solid was air dried and chromatographed on silica

gel eluting with ethyl acetate-methanol mixtures -giVing 0.46 g of the title compound -

as a tan powder: mass spectrum (electrospray, m/e): M+H 408.1, 406.0.

4-(3-Chloro-4-fluoro-
By using the method of Example 21, 2.5 g (10.66 mmol) of 4-chloro-6-nitro-
[1.8]naphthyridine-3-carbonitrile and 1.55 g (10.66 mmol) of 3-chloro-4-fluoro-

aniline was converted to 3.51 g of the title compound, a yellow solid, as its

. hydrochloride salt: mass spectrum (electrospray, m/e): M+H 344.1.

Example 26

henylamino)-[1.8]naphthyridine-3-carbonitrile

6-Amino-4-(3-chloro-4-fluoro-
By using the method of Example 22, 3.2 g (8.4 mmO'D of 4-(3-chloro-4-fluoro-
phenylamino)-6-nitro-[1.8]naphthyridine-3-carbonitrile was reduced to give 2.07 g of

the title compound as an tan powder.
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Example 27

naphthvridin-3-yl}-amide
By using the method of Example 24, 0.8 g (2.55 mmol) of 6-amino-4-(3-
chloro-4-fluoro-phenylamino)-[1.8]naphthyridine-3-carbonitrile was converted to 0.5
g of the title compound as a brown solid: mass spectrum (electrospray, m/e): M+H

380.1.

_ chloro-acetamide )
To a solution of 0.74 g (2.2 mmol) of 6-amino-4-(3-bromo-phenylamino)-

[1.8]naphthyridine-3-carbonitrile and 0.7 g (5.44 mmol) of disopropylethyl amine in a
7 ml of N-methylpyrrolidone was added with stirring at 0°C a solutid_n of 0.29 g (2.6
mmol) of chloroacetyl chloridé in 5 ml of fetrahydrofuran over 5 min. After 1_. hrat 0
°C the mixture was warmed to foom temperature. The mixture was poured into
saturated | sodium bicarbonate. Solid was collected and air dried. The solid was
purified by chromatography on silica gel eluting with ethyl acetate-methanol mixtures
giving 0.7 g of the title compound as a tan solid: mass spectrum (electrospray, m/e):
M+H 416.1, 418.1.

Example 29
4-Bromo-2-butenoyl chloride
To a stirred solution of 123.9 g (522 mmol) trimethylsilyl-4-bromo-2-
butenoate (Synthesis 745, 1983) and 72.9 g (50.3 ml, 676 mmol) of oxalyl chloride

‘was added 7 drops of DMF. There is a very rapid gas evolution. The mixture is stirred

a total of 4 hrs. The solvent is removed. The product was distilled at 0.4mm . The
fraction distilling at 60-62 °C is collected giving 79.8 g of the title compound as a
pale yellow liquid.
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 Example 30

-To a suspension of 2.5 g (7.35 mmol) of 6-amino-4-(3-bromo-phenylamino)-
[1.8]naphthyridine-3-carbonitrile and 0.95 g (7.35 mmol) of disopropylethyl amine in.
40 ml tetrahydrofuran at 0 °C , with stirring, was added 1.42 g (7.72 mmol) of 4-
bromo-2-butenoyl chloride followed by 5 ml of N-methyl pyrrolidone. After 1 hr, 55
ml of 2M dimethylamine in tetrahydrofuran was added. After 30 min, ti'le\solvents.
were removed. The mixture was mixed with ethyl acetate and saturated sodium -
bicarbonate. The organic layer was dried over magnesium sulfate and the solvent was
removed. The product was purified by chromitography on silica gel eluting first with .
ethyl acetate-methanol 9:1 to remove less polar impurities and then with acetate-
methanol-triethyl amine 40:10:1 to elute 0.49 g of the product which was obtained as
ahd orange powder: mass si:ectrum (electrospray, m/e): M-+H 450.9,453.0; (M+2H)*?
226.7,225.8. | ;

Example 31

2-Ethoxy-S-nitropyridine
To anhydrous ethanol (250 ml) were added sodium (2.25g, 97.8-mmol) then

2-chloro-5-nitropyridine (15g, 9.46 mmol) under argon. The resulting mixture was
heated at re_ﬂux for 10 hrs. After cooling slightly, the mixture was filtered to
remove undissolved particles. The filtrate was condensed by rotary evaporation.
The residue was triturated with abs ethanol (50 ml). The solid was collected by
filtration and dried giving 13.5 g of the product: mp 90-92°C. mass spectrum
(electrospray, m/e): 169 (M + H); IR cm-1 : 16_00, 1508, 1378, 1290, 1118, 1027;
H-NMR & (CDCl3) : 1.431 3H, t, CH3), 4.512 (2H, q, CH?), 6.800 (1H, d, C3-H),
8.337 (1H, dd, C4-H), 9.068 (IH, d, C5-H). See: Friedman et. al., J. Amer. Che.
Soc., 69, 1947, 1204. |
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Example 32

Hydrogenation of 2-ethoxy-5-nitropyridine (6.2 g, 36.9 mmol) with
10% Pd/C (500 mg) in abs MeOH (350 mi) at atmospheric pressure gave 2-ethoxy-
5-aminopyridine in an quantitative yield. The product was pure (TLC, NMR),
therefore was used for the next step without further purification. 2-Ethoxy-5-
amiﬁopyridine was heated at reflux with ethyl(ethoxymethylene)cyanoacetate (12 |
g, 2 mole eq.) in toluene for 10 hrs. The reaction mixture was cooled, and the

resulting solid was collected, _Whi;:h was pure on TLC and H-NMR. mass

spectrum (electrospray, m/e): 262.0 (M + H); IR cm-1 : 2989, 2213, 1672, 1628,
1610; H-NMR & (CDCI3) : 1.235 (3H, t, CH3), 1.304 (3H, t, CH3), 4.166 (2H, q,"

- CH2), 4.274 (2H, q, CHY), 6.815 (1H, d, C3-H), 7.760 and 7.880 (1H, d.d, cis and

trans olefin H), 8.228 (1H, s, C2-H), 8.276 (1H, dd, C4-H), 10.50 (1H, bs, NH).

Example 33
1.5Inaphthvridine-3-carbonitrile

6-Ethoxv-4-hydroxyl-
A sample of 2-cyano-3-(6-ethoxy-pyridin-3-ylamino)-acrylic acid ethyl
ester was heated at 257 - 259°C (internal temperature) in Dowtherm for 10-12 hrs

under nitrogen. After cooling, the reaction mixture was poured into n-hexane. The
black solid was collected, and lieated with MeOH and CHzClz mixture (1:5). The
title compound (or tautomer) was collected and dried. mass spectrum (electrospray,
m/e): 215.9 M + H); IR cm-1 : 3063, 2226; H-NMR & (DMSO-d6) : 1.355 (3H, t,
CH3), 4412 (2H, q, CH2), 7.244 (1H, d, C7-H), 7.983 (1H, d, C8-H), 8.682 (1H, s,
C2-H), 10.50 (1H, bs, OH).
Example 34
4-Chloro-6-ethoxy- {1.5|naphthyridine-3-carbonitrile
A solution of 6-ethoxy-4-hydroxyl-[1.5]naphthyridine-3-carbonitrile (500

mg, mmol) in POCI3 was heated at reflux for 2 hrs under nitrogen. The

temperature was reduced to 45 - 50 °C (bath) and heated at this temperature for an
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additional 2 hrs. After cooling, the solvent was removed by rotary evaporation.
The residue was treated with a mixture of ice and.Watér, made basic by using
NH4OH, and extracted with CH2Cl2. The combined extracts were washed (brine),
dried (Na2S0O4), and concentrated to give ‘the title compound as a white solid
(522mg, 100%). H-NMR § (DMSO-dg) : 1437 (3H, t, , CH3), 4572 (2H, q,
CH2), 7.495 (1H, d, C8-H), 8.407 (1H, d, C7-H), 9.108 (1H, s, C2-H). '

Example 35

4~Chloro-6-ethoxyl- [1 5]naphthyndme—3-carbomtnle (500mg, 2.14 mmol)

pyridine HCI salt (250 mg, 1.1 eq) in ethoxyethanol (20 ml) under argon for 3 hrs.
After cooling the mixture was diluted with water, made basic with NH40H, and
extracted With‘ CH2(lo. The extracts were washed (Brine), dried (Na2SO4), and
concentrated. .The remaining solid was triturated with a mixture of CH,Cl, and
ether, giving the title compound as a yellow solid. mass spectrum (electrospray,
m/e): 370.9 M + H); IR cm-1: 3305, 2217; H-NMR § (DMSO-dg) :1.365 (3H, t, ,

CH3), 4.585 (2H, q, CHp), 7.327 (1H, d, C8-H), 7.395 (2H, m, C4' and C6' Hs in - '

bromoaniline), 7.503, (1H, m, C5'-H), 7.618 (1H, s, C2'-H), 8.194 (1H, d, C7-H),
8.516 (1H, s, C2-H), 9.684 (1H, bs, NH).

Example 36
- 4-Hydroxyl-[1.5]naphth idine-3-carbonitrile

3-Aminopyridine was heated at reflux with ethyl(ethoxymethylene)cyano-

acetate (2 mole eq) in toluene for 10 hrs under argon. After cooling, the white -

solid was collected and dried. This material was heated at 255 - 257°C in
Dowtherm for 10 hrs. During this procedure'é&xanol was removed by distillation.
After cooling, the reaction mixture was poured into a mixture of MeOH and

CH2C12 (1:2) to remove non-polar material. The title compound was collected and

dried. mass spectrum (electrospray, m/e): 171.8 (M+H).
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A solution of 4-hydroxyl-[1.5]naphthyridine-3-carbonitrile (1.0 g, mmol) in
20 ml POCI3 was refluxed for 3 hrs. After cooling, the solvent was removed by
rotary evaporation. The fesidué was treated with ice-water mixture, made basic by
NH40H, and extracted with CH2Clp. Re_,moval of the solvent gave 4-chloro-
[1.5]naphthyridine-3-carbonitrile (285 mg, 28.5%). This was heated at reflux with
S—Bromoéniline (3 eq) in the presence of pyridine HCl salt (350 mg) in
ethoxyethanol for 3 hrs under argon. After cooling, the solvent was removed by
rotary evaporation. The residue was partitioned between ice-'\'ﬂatér and ethyl
acetate, made basic with (NH40H), extracted with ethyl acetate. The combined
extracts were washed (brine) and dried (Na2SQO4), and concentrated. T_he residue
was triturated with ether. The title compound was collected and washed with
ether, and dried. mass spectrum (electrospray, m/e): 326.9 (M + H); IR cm-1 :
3372, 2209; H-NMR & (DMSO-dg) : 7.36 - 7.90 (3H, m, C4' C5'-H and C6' Hs in
bromoaniline), 7.64 (1H, s, C2'-H), 7.94 (1H, dd, C7-H), 8.36 (1H, dd, C8-H), 8.66
(1H, s, C2-H), 8.98 (1H, dd, C6-H), 10.47 (1H, bs, NH)

Example 38
_ 3-Morpholinopropanol
To a cooled (0°C, ice bath) solution of morpholine (31.5 ml, 0.36 mole) in
toluene (300 ml) was added 3-bromopropanol (25 g, 0.18 mole) under argon. The
cooling bath was then removed, the resulting mixture was warmed to room
temperature, and stirred at room temperature for 1 hr. The mixture was heated at
100°C (bath temperature) for 3 hrs under argon. After cooling, the mixture was

diluted with ethyl acetate. The organic layer was washed (brine), dried MgS04),

and concentrated. The residue was chromatographed (silica gel, elution by 1 : 1
CH2Cl2-hexane) to give the titte compound as a clear oil.
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To a cooled (0°C, ice bath) suspension of NaH (0.96g, 20 mmol) in
anhydrous tetrahydrofuran (100 ml) was added S-ﬁ;omholin-propanol (29 g, 20
mmol) under argon. - This solution was stirred for an additional 1 hr. A solution of -
2-chloro-5-nitropyridine (3.2g, 20 mmol) in tetrahydrofuran (20 ml) was added all
at once, and the resulting mixture was heated at reflux for 5 hrs under argon. After-

‘cooling, the solvent was removed by rotary evaporation, and the residue was -

dissolved in ethyl acetate. The ethyl acetate layér was washed (brine), dried -
(Na2S804) and concentrated to dryness. The residue was chromatographed (flash -
column, silica gel, 10 % ether in CH2CIp) to give the title compound. mass -
spectrum (elecn'bspray, m/e): 267.9 (M + H); IR cm-1 : 2955, 1603, 1579, 1515; -
H-NMR § (CDCI3) : 1.95-2.05 (2H, m), 2.46-2.54 (6H, m), 3.71-3.74 (4H, m), '

4.489 (2H, 1), 6.812 (1H, d, C3-H), 8.49 (1H, dd, C4-H), 9.065 (1H, d, C5-H).

acrylic acid ethyl ester _

Hydrogenation of 2-(3-morpholin-4-yl-propoxy)-5-nitropyridine (10g,

'38.54 mmol) with 10 %Pd/C (MeOH) at room temperature under atmospheric
pressure gave 2-(3-morpholin-4-yl-propoxy)-5-aminopyridine (9.2 g,100%). This
was heated at reflux with ethyl(ethoxymethylene)cyanoacetate (13.1 g, 77.4 mmol)
in toluene for 8 hrs under argon. After cooling, the title compound, as a white

solid, was collected and dried. (ca 50 %). mass spectrhm (electrospray, m/e): 361.0

(M +H); IR cm-1 : 2214, 1704, 1637.

Example41

A solution of 2-cyano-3-[6-(3-morpholin-4-yl-propoxy)-pyridin-3-yl-
amino]-acrylic acid ethyl ester (10 g) in Dowtherm (200 nﬂ) was heated at 260 °C
(internal temperature) under argon. During the first 8 hrs of heating, ethanol was
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removed through distillation head attached to apparatus. Then, the reaction
mixture was heated at 260 °C for an additional 5 hrs. After cooling, the mixture
was poufed into hexanes. The solid was collected, and suspended in a mixture of
CH2Cl2 and MeOH (ca 5.: 1). The black undissolved solid was removed, and the
filtrate was diluted with ether. The yellowish brown solid was precipitated,
collected, and dried to give the title compound .mass spectrum (electrospray, m/e):

3150 M + H); IR cm-1 : 2227, 1666, 1630; H-NMR & (DMSO-dg) : 1.88-1.90

(2H, m), 2.26-2.29 (6H, m), 2.51 (2H, m), 3.49 (2H,m), 4.34 (2H, m), 6.852 (1H, d,
' C7-H), 8.147 (1H, d, C8-H) 8.715 (1H, s, C2-H), 11.2 (1H, bs, OH). |

Exampl_'e.tiz
-[1.5Inaphthyridine-3-carbonitrile
To a suspension of 4-hydroxy-6-(3-morpholin-4-yl-propoxy)-[1.5]naph-

* thyridine-3-carbonitrile in anhydrous CH2C12 (150 ml) was added oxalyl chloride

(2.7 ml, 31.8 mmol) and DMF (0.1ml, 20 %) at room temperature under nitrogen.

The suspension became a clear dark brown solution. The resulting mixture was

stirred for an additional 1 hr. The solvent was removed by rotary evaporation. The
residue was dissolved in ice-water mixture, made basic with (NH4OH), and

-extracted with CH2Clp. The extracts were washed (brine), dried (Na2S04), and

concentrated to give the title compound (400 mg, 38 %). H-NMR & (DMSO-dg) :

1.88 (2H, m), 2.26-2.29 (6H, m), 2.51 (2H, m), 3.49 (2H,m), 4.34 (2H, m), 6.834
(1H, d, C7-H), 8.147 (1H, d, C8-H), 8.711 (1H, s, C2-H).

Example 43

4-(3-Hydroxy-4-methyl-phenylamino)-6-(3-morpholin-4-yl-propoxy)-
[1.5]naphthyridine-3-carbonitrile
A mixture of 4-chloro-6-(3-morpholin-4-yl-propoxy)-{1.5Inaphthyridine-3-

* carbonitrile (400 mg, 1.202 mmol), 5-amino cresol (222mg, 1.8 mmol) and

pyridine HCl salt (208 mg, 1.8 mmol) in ethoxyethanol (20 ml) was heated at
reflux for 6 hrs under argon. After cooling, the solvent was removed by rotary

evaporation. The residue was dissolved in ethyl acetate and treated with sat
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NaHCO3. The ethyl acetate layer was separated ahd the ‘aqueous layer was

extracted with ethyl acetate. The combined extracts were washed (sat NaHCO3 aq ..

sol, brine), dried (Na2SO4), and concentrated. The residue was triturated with
CH2Cl2, and ether and hexane were added to form a solid. The yellow solid was -

collected (200 mg, 40 %) and dried. mass spectrum (electrospray, m/e): 420 (M +
H); IR cm-1 : 3322, 2226, 1628. : . o

3-carbonitrile
A mixture of 4-chloro-6-(3-morpholin-4-yl-propoxy)-[1.5]naphthyridine-
3-carbonitrile (700 mg, 2.10 mmol), 3-bromoaniline (0:458 ml, 4.2 mmol) and . .
pyridine HCI salt (534 mg, 2.2 mmol) in ethoxyethanol (30 ml) was heated at
reflux for 6 hrs under argon. After cooling, the solvent was removed by rotary

evaporation. The residue was treated with ice water, made basic with NH4OH,

and éxtracted With ethy! acetate. The combined extracts were .washed (sat brine), -
dried (Na2S04), and concentrated. The oily residue was dissolved in CH2Clg,

and ether and n-hexane were added to form a solid. The title compound, as a = - -

yellow solid, was collected and dried. mass spectrum (electrospray, m/e): 469.9
M + H); IR cm-1 : 2224, 1668, 1628; H-NMR 3 (DMSO-dg) : 1.88 (2H, m), 2.26-
2.29 (6H, m), 2.51 (2H, m), 3.49 (2H,m), 4.34 (2H, m), 7.110 - 7.311 (3H, m),
7.835 (1H, d, C7-H), 8.240 (1H, d, C8-H), 8.556 (1H, s), 8.721 (1H, s, C2-H),
9.850 (1H, s, NH). |

-Example 45

[1.S]naphthyridine-3-carbonitrile

By using the methods outlined above in Examples 39-43 and staring with
2-morpholin-ethanol, the title compound was obtained as a yellow solid. mass

spectrum (electrospray, m/e): 405.9 (M + H); IR cm-1 : 2227, 1628; H-NMR &
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(DMSO0-dg) : 2.08 (3H,bs), 2.44-2.48 (4H, m), 3.40-3.57 (4H, m), 4.226 (2H, m),
4.710 (2H, bs), 6.96-7.06 (2H, m), 7.06 (1H, bs), 7.028 (1H, d, C7-H), 8.097 (1H,
d, C8-H), 8.706 (1H, s, C2-H), 9.32 (1H, bs, OH), 9.42 (1H, s, NH).

Example 46

naphthyridine-3-carbonitrile
By using the methods o_uﬂined above in Examples 39-44 and staring with
2-morpholin-ethanol, the title compound was obtained as a yellow solid. mass
spectrum (electrospray, m/e): 455.9 (M + H); H-NMR & (DMSO-dg) : 2.44-2.48 -
(4H, m), 3.40-3.57 (4H, m), 4.226 (2H, m), 4.710 (2H, bs), 7.110 - 7..31'1- (3H, m),
7.828 (1H, d, C7-H), 8.097 (1H, d, C8-H), 8.556 (1H, s), 8.706 (1H, s, C2-H), 9.42

- (1H, s, NH).

. Example 47
6-Acetamido-4-hydroxyl-f1.5 |naghthm’dine-3—chrbonitrile
2-Amino-5-nitropyridine was treated with acetic anhydride in dry pyridine
in the presence of 4-dimethylaminopyridine at room terhperature for 24 hrs under

argon. The solvent was removed by rotary evaporation. The residue was dissolved

in CH2Clp, and ether was added to form a solid. The white solid was collected
and dried giving 2-acetamido-5-nitropyridine. Hydrogenation of this material
using 10 %Pd on C in MeOH _aﬁ room. temperature uﬁder atmospheﬁc pressure
gave 2-acetamido-5-aminopyridine. |

A solution of 2-acetamido-5-aminopyridine (1.6_ g, 10.7 mmol) and
ethyl(ethoxymethylene)cyanoacetate (3.6 g, 21.3 mmol) in toluene (50 ml) was
heated at reflux for 10 hrs undef argon. After cooling, the white solid was
collected and dried. A solution of this solid in Dowtherm (250 ml) was heated at
255 - 260 °C for 6 hrs under nitrogen. During this .proce'ss, ethanol was distilled
off. The mixture was heated at 260 °C for an additional 5 hrs. After cooling, the
mixture was poured in hexane.  The solid was collected, dissolved in a 1 : 1

mixture of DMF and ethyl acetate, and ether was added to give the title compound
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as a solid. mass spectrum (electrospray, mle): 228.7 (M + H); IR cm-1 : 2228,
1682.; H-NMR & (DMSO-dg) : 2.182 (3H, s, CH3), 7.96 (1H, s, OH), 8.09 (1H, d,
C7-H), 8.49 (1H, d, C8-H), 8.71 (1H,'s, C2-H), 11.20 (1H, s, NH).

Example 48
6-Acetamido-4-chloro-[1.5inaphthyridine-3-carbonitrile

A solution of 6-acetamido-4-hydroxyl-[1.5Inaphthyridine-3-carbonitrile
(1.0 g, 4.386 mmol) was heated at reflux in POCI3 (20 ml) under nitrogen for 5
hrs. After ceoling, the solvent was removed by rotary evaporation. Ice water was
added to the black residue, which was cooled (ice bath) and stirred for 1 hr. The
mixture was warmed to room temperature and stirred at room temperature for 1 hr.
The mixture was cooled with ice bath, and made basic with NH4OH. The aqueous
layer was extracted with CH2Cl2. The combined extracts were washed with water,

dried (Na2SO4) and concentrated to give the title compound as a dark blue solid
(200 mg, 19 %). |

Example 49

A solution of 6-acetamido—4~chlero-f1.5]naphthyridine—3—carboniuile (200
mg, 0.81 mmol), 3-bromoaniline (0.5 ml) and pyridine HCl (188 mg) in
ethoxyethahol (20 ml) was heated at reflux for 3 hrs. After cooling, the solvent
was removed by rotary evaporation, and the residue was cooled and made basic-
with NH4OH. The aqueous layer was extracted with ethyl'acetat'e'. The combined
extracts were washed (brine), dried (Na2S04), and concentrated. The residue was
chromatographed (flash column, silica gel CH2C12 ether : MeOH =5:2:0.5)
giving the title compound as a yellow sohd (229 mg, 56%) mass spectrum
(electrospray, m/e): 341.8 (M + H); IR cm-1 : 2215, 1628; H-NMR & (DMSO-dg)
: 6.816 (2H, bs, NH2), 7.093 (1H, d, C7-H), 7.35-7.43 (3H, m), 7.567 (1H, s),
7.931 (1H, d, C8-H), 8.333 (1H, s, C2-H), 9.236 (1H, s, NH).
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Example 50
6-Fluoro-pyridin-3-ylamine

To 100 g of 2-chloro-5-nitropyridine . (Aldrich) in 600 mL of dimethyl
. sulfoxide under an inert atmosphere was added 100 g of anhydrous KF. The reaction
5  was heated at 70°C for 18 hours before cooling and diluting with 500 mL each of
brine, ethyl acetate, and hexanes. This mixture .was filtered through a pad of celite,
the organic phase was separated, and the aqueous phase was extracted three times
with equal volumes of ethyl ace'taté. and hexanes. The pooled organic phases were
washed with brine, dried with anhydrous sodium sulfate, and slripped of the solvents.
10  This crude product was passed through a plug of silica gel with a gradient of 10-30%
-ethyl acetate/hexanes and stripped to constarit weight on a‘rotary evaporator to give
76 g (84%) of 2-fluoro-5-nitropyridine as an oil, which was used in the following

~ procedure. _ | L
To 76 g of 2-fluoro-5-nitropyridine in 500 ml of ethyl acetate ﬁnder nitrogen
15 Was added 100 g of Raney nickel which had been washed three times with ethanol
-and three times with ethyl acetate. The nitrogen was replaéed with hydrogen and the
reaction was allowed to proceed for 18 hours at 30 lf)linz. After the hydrogen
atmosphere had been replaced by nitrogen, the reaction was filtered through celite and
stripped of solvent. The product wés purified by passing through a plug of silica gel
20  with chloroform and recrystallized from chloroform to giyé 42 g (70%) of 6-fluoro-
pyﬁdin—3-ylanﬁne in two crops as white platelets: melting point 90-91°C; mass

 spectrum (m/e): M+H 112.7.

Example 51

25 (6-Fluoro-pyridin-3-yl)-carbamic acid, tert-butyl ester

To 40 g of 6—ﬂuoro—pyridin¥3-ylan1ine and 20 mL of t-butanol was added 200
- g of warm di-t-butyl dicarbonate. After stirring for 4 hours at 40°C, the reaction was
diluted with hexanes and chilled at -15°C for 18 hours. The crystals was filtered,
washed with hexanes, and dried in vacuo to give 72 g (96%) of (6-fluoro-pyridin-3-
30 yl)-carbamic acid, tert-butyl ester: melting point = 1'124113°C; mass spectrum (m/e):
M+H 213.1. | "
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S Example 52 '
5-tert-Bntogc_arbonxlﬁmino—2-ﬂuoro-isonicotinic acid
To 30 g of (6-fluoro-pyridin-3-yl)-carbamic acid, tert-butyl ester in 60 mL of .
tetrameﬂlylethylenediaﬁline and 750 mL of ether at -78°C under an inert atmosphere
was added sIole 180 mL of 2.5 M n-butyllithium/hexanes (3 eq). After the addition -

was ddmplete, the reaction was allowed to warm to -15°C for 5 minutes then recooled

to -78°C. Dry ice was allowed to sublime in a separate flask and the vapor was -

passed over the rapidly stirred reaction mixture while the cooling bath was removed
and the reaction allowed to warm to 0°C. Sufficient water was added to dissolve the

| precipitated product and the resultant aqueous phase was -washed twice with" ether

before acidifying with concentrated HCL. The precipitate was ﬁltered, washed with-
water, and dried in vacuo to give 21.2 g of S-tert-butoxycarbonylamino-2-fluoro-
isonicotinic écid, which was used as is-fof the next step: melting point 240-245°C .
(decomposed); mass spectruin (negaﬁve mode, m/e): M-H 255.2.

Example 53

5-tert_-Butogxz carbonxlamino-2-ﬂuoro-isonicotinic acid, methzl ester

To 44 g of 5-tért—buthycarbonylaxnino-Z-ﬂuoro-isonicotinic acid in 100 mL
of ‘methanol and 300 mL of chloroform at O°C was added 200 mL of 2 M
(triméﬂlylsilyl)diazomethane' in hexanes. After allowing the reaction to warm to
ambient temperature and stirring for 2 hours, the solvents were removed and the crude
product purified by passing through a plug of silica gel with chloroform. The product -
was then recrystallized from hexanes to give 32.6 g (73%) of S5-tert-
butoxycarbonylamino—Z-_ﬂu'oro-ison_icotinic acid, methyl ester: melting point 104-

105°C (decomposed); mass spectrum (m/e): M+H 270.9.

To 140 mL of 2.5 M n-butyllithium/hexanes in 300 mL of tetrahydrofuran at -
78°C was slowly added 144 g of anhydrous acetonitrile in 100 mL of
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tetrahydrofuran. After 30 minutes was added 32 g of 5-tert-butoxycarbonylamino-2-
fluoro-isonicotinic acid, methyl ester in 100 mL of tetrahydrofuran. After a further 60
minutes, the reaction was quenched with 35 mL of glacial acetic acid. The reaction
was diluted with equal volumes of ethyl acetate and saturated sodium bicarbonate and
the aqueous phase was washed twice with ethyl acetate. The pooled organic phases
were washed with saturated sodium bicarbonate, dried, and stripped of solvent. This
material was further purified by passing through a plug of silica gel with a gradient of
0-5% methanol/chloroform to give a crude product that was used as is for the
following step. This material can be further purified by recrystallization from
chloroform/hexanes to give a white, crystailine solid: melting point 106-115°C; mass
spectrum (m/e): M+H 279.9.

Example 55

6-Kluoro-4-hydroxy-[1.7Inaphthyridine-3-carbonitrile

The crude product from the previous step was dissolved under an inert

-atmosphere in 50 mL each of dimethyl formamide and dimethyl formamide dimethyl

acetal. After 1 hour, 50 mL of 10% water in methanol was added and the volatile

‘'solvents were stripped on a rotary evaporator. This material was purified by flash

chromatography with a gradient of 0-30% methanol/chloroform to give 19 g (85%,
two steps) of 6-fluoro-4-hydroxy-[1.7]naphthyridine-3-carbonitrile as a yellowish
solid: melting point 214-215°C; mass spectrum (negative mode, m/e): M-H 188.1.

Example 56
- 4-Chloro-6-fluoro-[1.7]naphthyridine-3-carbonitrile
To 10 g of 6-fluoro-4-hydroxy-[1 .7]naphihyridine-3-carbonilrile under an
inert atmosphere in 150 mL of methylene chloride was added 24 mL of oxalyl
chloride followed by 0.4 mL of N,N-dimethyl formamide. After two hours at reflux,
an additional 5 mL of oxalyl chloride and 0.3 mL of N,N-dimethyl formamide was

added. After an additional hour at reflux, the reaction was poured into ice-water and
solid'potassium carbonate was added carefully to a pH of about 8. The chloroform

layer was washed with brine, dried with sodium sulfate, and stripped to give a crude -
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product. This material was further purified by passing it through a plug of silica gel
with chloroform and recrystallizing from a mixture of chloroform and hexanes to give

- 10 g (92%) of 4-chloro-6-fluoro-[1.7]naphthyridine-3-carbonitrile as a yellowish

solid: melting point 150-155°C; mass spectrum (m/e): M+H>0-Cl1 190.0.

To 19 g of 4—chloro-6—ﬂuoro—[1.7]naphthyﬂdiné—3—.carbonitrile in 30 mL of
absolute ethanol was added 1.6 mL of 3-bromoaniline. After refluxing the reaction
under an inert atmosphere for 8 hours, the reaction mixture was cooled to 0°C and the
product was filtered and washed with cold ¢thanol. Drying in vacuo yielded 2.7 g
(87%) of 4-(3-bromo-phenylamino)-6-fluoro-[1.7Inaphthyridine-3-carbonitrile as an
off-white solid: melting point 185-195°C; mass spectrum (m/e): M+H 343.0, 345.1.

Example 58

. 4-(3-Bromo-phenylamino)-6-(4-methoxy-benzylamino)-{1.7]naphthyridine-3-

_ carbonitrile
To 1 g of 4-(3-bromo-phenylamino)-6-fluoro-{1.7]naphthyridine-3-carbo-
nitrile in 25 mL of absolute ethanol was added 2 ml of 4-methoxy-benzylamine. The
reaction was refluxed for eight days, stripped of solvents, and passed through a plug

. of silica gel with 5% methanol/chloroform. Fractions containing product were pooled

and further purified by flash chromatography on silica gel with a gradient of 1-2%
methanol/chloroform to give 595 mg (45%) of 4-(3-bromo-phenylamino)-6-(4-
methoxy-benzylamino)-[1.7]naphthyridine-3-carbonitrile, which was sufficiently pure
for further transformations. The product was recrystallized by dissolving in a
minimum amount of warm chloroform, diluting with ether, and then adding hexanes
to give 195 mg: melting point 82-86°C (decomposed); mass specﬁmn (m/e): M+H
460.2, 462.2. |
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Example 59

To 400 mg of 4-(3-bromo-phenylamino)-6-(4-methoxy-benzylamino)-[1.7}-
naphthyridine-3-carbonitrile in 10 mL of methylene chloride was added 10 mL of

trifluoroacetic acid. After stirring under an inert atmosphere for 20 hours, 10 mL of

. toluene was added and the solvents were stripped on a rotary evaporator. The product

was purified by flash chromatography with a gradient of 0-5% methanol/chloroform

‘to give 250 mg of 6-amino-4-(3-bromo-phenylamino)-[1.7]naphthyridine-3-

carbonitrile as an off-white solid: melting point 185-190°C (decomposed); mass
spectrum (m/e): M+H 340.0, 342.1.

Example 60

. To 1.3 g of 4-(3-bromo-phenylamino)-6-fluoro-[1.7]naphthyridine-3-carbo-
nitrile in 20 mL of absolute ethanol was added 5 ml of 4-methoxy-benzylamine. The
reaction was refluxed for six days, s_trippéd of solvents, and passed through a plug of
silica gel with 5% methanol/chloroform. This crude product was dissolved in 10 mL

. of chloroform containing 5% anisole and 10 mL of trifluoroacetic acid was added.

After stirring under an inert atmosphere for 20 hours, 10 mL of toluene was added
and the solvents stripped on a rotary evaporator. The product was purified by flash
chromatography with a gradient of 0-10% methanol/chloroform. The solid was
extracted with hot, 5% methanol/isopropyl ether and then cooled, filtered, and dried
to give 250 mg of 6-amino-4-(3-bromo-phenylamino)-[1.7]naphthyridine-3-carbo-
nitrile as an off-white solid. mass spectrum (m/e): M+H 306.2.

naphthyridin-6-yl]-amide
'To 100 mg of butynoic acid in 5 mL of anhydrous tetrahydrofuran under an

inert atmosphere at 0°C was added 0.23 mL on N-methyl morpholine and 0.15 mL of
isobutyl chloroformate. - This solution was then added to 150 mg of 6-amino-4-(3-
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brOmo-phenylamino)-[I.7]naphtt1yridine-3-carbonitiile in 3 mL of pyridine at 0°C.
After standing at 0°C for three days, a second portioxi of butynoyl chloride was added.

After an additional 8 hours the reaction was stripped of solvents on a rotary
evaporator and the crude product was purified by flash chromatograph using a
gradient of 0-20% methanol/chloroform to giVe 15 mg of but-2-ynoic acid, [4-(3-

bromo-phenylamino)-3-cyano-[1.7]naphthyridin-6-ylj-amide: melting point 255°C . -

(decomposed); mass spectrum (m/e): M+H 406.1, 408.2.

Example 62
3-bromo-ph

4-Dimethylamino-but-2-enoic acid, [4-

[1.7Inaphthyridin-6-yll-amide -

4-Bromobut-2-enoyl chloride was generated by the reaction of 4-bromobut-2-
enoic *acid, trimethylsilyl ester (0.63 mL) with oxalyl chloride (0.33 mL) in

" methylene chloride (6 mL) with one drop of N,N-dimethyl formamide for one hour.
" The reaction was stn'pped of solvent and redissolved in 8 mL of anhydrous

" tetrahydrofuran. An aliquot of 4 mL of this reagent was added to a solution of 500

20

25

30

mg of '6-amino-4-'(3-bromo-phenylamino)—[‘1.7]naphthyﬁdine-3-carboniuile in15mL -
of tetrahydrofuran containing 315 uL of Hunig’s base at 0°C. After 2 hours, an -
additional 2 mL of acid chloride/tetrahydrofuran was added. After an additional hour, -
saturated aqueous sodium bicarbonate and chloroform was added and the chloroform
phase dried and stripped to give a crude product that was purified by flash
chromatography with a gradient of ethyl acetate/chloroform, then methanol/-
chloroform to give 360 mg of a one-to-one mixture of 4-bromo-but-2-enoic acid, [4-
(3-bromo-phenylamino)-3-cyano-[1.7]naphthyridin-6-yl]-amide, and 4-chloro-but-2--
enoic acid, [4-(3-bromo-phenylamino)-3-cyano-[1.7]naphthyridin-6-yl]-amide. This
material was dissolved in 10 mL of tetrahydrofuran containing 1 mL of N,N-dimethyl -

- formamide and reacted with 200 mg of NaBr for three days. An aliquot of 2 mL of 1 -

M dimethyl amine in tetrahydrofuran was then added at 0°C. The reaction was
diluted with saturated aqueous sodium bicarbonate, ice, and chloroform. The organic
phase was dried with sodium sulfate, evaporated, and purified by flash
chromatography with a gradient of 5-10% methanol/chloroform to give 190 mg of 4-
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dimethylamino-but-2-enoic  acid, [4-(3-bromo-phenylamino)-3-cyano-[1.7]naph-
thyridin-6-yl}-amide as an amorphous yellow solid: melting point 180-185°C
(decomposed); mass spectrum (m/e): M+H 450.9, 452.9.

_ ~ [L7Inaphthyridine-3-carbonitrile

To 500 mg of 4-(3-bromo-phenylamino)-6-fluoro-[1.7Inaphthyridine-3-
carbonitrile in 5 mL of pyridine was added 0.4 mL of N-aminoethyl morpholine. The
reaction heated at 80°C for three days, stripped of solvents, and passed through a plug
of silica gel with 5% methanol/chloroform. Fractions containing product were pooled
and further purified by flash chromatography on silica gel with a gradient of 0-5%
methanol/chloroform. Recrystallization from chloroform/hexanes yielded 200 mg of
4-(3-bromo-phenylamino)-6-(2-morpholino-4-yl-ethylamino)-[1.7]naphthyridine-3-
carbonitrile: melting point 80-96°C (decomposed); mass spectrum (m/e): M+H 453.0,
455.0. S

1.7]naphthyridine-3-carbonitrile

To 500 mg of 4-(3-bromo-phenylamino)-6-fluoro-[1.7]naphthyridine-3- |
carbonitrile in 15 mL of absolute ethanol was added 4 mL of 40% aqueous methyl
amine. The sealed reaction was heated at 90°C for 24 hours, stripped of solvents, and

purified by flash chromatography on silica gel with a gradient of 0-1%
methanol/chloroform followed by purification by . preparative thin-layer
chromatography with 5% methanol/chioroform to yield 86 mg of 4-(3-bromo-
phenylamino)-6-methylamino-[1.7]naphthyridine-3-carbonitrile as an amorphous
solid: melting point 250°C (decomposed); mass spectrum (m/e): M+H 354.1, 356.1.
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pyridinium fiuoride _
_ To 200 mg of 4-(3-bromo-phenylamino)-6-fluoro-[1.7]naphthyridine-
3-carbonitrile in 5 mL of absolute ethanol was added 200 mg of 4-dimethylamino-
pyridine. The reaction was refluxed for three days before cooling to ambient

temperature and filtering the product which was washed with cold ethanol then ether

and dried to give 290 mg (100%) of 1-[4-(3-bromo-phenylamino)-3-cyano-[1.7]naph-

 thyridin-6-yl]-4-dimethylamino-pyridinium fluoride as a white, crystalline solid; mass

spectrum (m/e): M 445.0, 447.1.

Example 66
6-Fluoro-4-(3-hydroxy-4-methvl-phenylamino)-[1.7]naphthyridine-3-carbonitrile
To 1.5 g of 4-chloro-6-fluoro-[1.7Inaphthyridine-3-carbonitrile in 40 mL of
absolute ethanol was add'ed 1.1 gof 3~hydr6:;y—4~meﬂ1ylaniline. After stirring the

reaction under an inert atmosphere for 16 hours, the reaction mixture was poured into

- amixture of brine and saturated aqueous sodium bicarbonate and the resuitant crystals
were filtered and washed with water. The product was then recrystallized from
chloroform/ether/hexanes. Drying in vacuo yielded 1.9 g (90%) of 6-fluoro-4-(3-

hydroxy-4-methyl-phenylamino)-[1.7]naphthyridine-3-carbonitrile as a yellow
powder: melting point 236-239°C (decomposed); mass spectrum (m/e): M-+H 294.9.

Example 67

To20g .of 4—ch10ro-6-ﬂuoro-[1.7]na15hthyridine—3-carboninﬂe in 50 mL of

~ methanol was added 2.2 g of 4-phenoxyaniline. After stirring the reaction under an

inert atmosphere for 18 hr, the reaction mixture was poured into a mixture of brine
and saturated aqueous sodium bicarbonate and the resultant crystals filtered and
washed with water. The product was then recrystallized from chloroform/hexanes.

- Drying in vacuo yielded 2.35 g (69%) of 6-fluoro-4-(4-phenoxy-phenylamino)-
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[1.7Inaphthyridine-3-carbonitrile as yellow needles: melting point 211-213°C; mass
spectrum (m/e): M+H 356.9.

To 2.0 g of 4-chloro-6-fluoro-[1.7Inaphthyridine-3-carbonitrile in 50 mL of
methanol was added 1.9 g of 2,4-dichloroaniline. -After refluxing the reaction under
an inert atmosphere for 2 hours, the reaction mixture was poured into a mixture of
brine and saturated aqueous sodium bicarbonate and the resultant crystals were
filtered and washed with water. The product was then recrystallized from
chloroform/hexanes. Drying in vacuo yiélded 2.6 g (80%) of 4-(2,4-dichloro-
phenylamino)-6-fluoro-[1.7]naphthyridine-3-carbonitrile as yellow needles: melting
point 206-208°C; mass spectrum (m/e): M+H 332.8. -

- Example 69

To 600 mg of 4-chloro-6-fluoro-[1.7]naphthyridine-3-carbonitrile in 15 mL of
absolute ethanol was added 500 mg of 3-chloro-4-fluoroaniline. After refluxing the
reaction under an inert atmosphere for 2 hours, the reaction mixture was poured into a

mixture of brine and saturated aqueous sodium bicarbonate and the resultant crystals

‘were filtered and washed With water. The product was then recrystallized from

chloroform/hexanes. Drying in vacuo yielded 765 mg (83%) of 4-(3-chloro-4-fluoro-
phenylamino)-6—ﬂuoro—[1.7]naphthyridine-3—carhoniu'ile as yellow needles: melting
point 108-111°C; mass spectrum (m/e): M+H 316.8.

Example 70
4-(4-Chloro-2-fluoro-phenylamino)-6-fluoro-f1.7inaphthyridine-3-carbonitrile
To 3.5 g of 4-chloro-6-fluoro-[1.7]naphthyridine-3-carbonitrile in 100 mL of
absolute ethanol was added 2.3 mL of 4-chloro-2-fluoroaniline. After stirring the

reaction under an inert atmosphere for 24 hours, the reaction mixture was poured into

.a mixture of brine and saturated aqueous sodium bicarbonate and the resultant crystals
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were filtered and washed with water. The product was ihen' recrystallized from
chloroform/ethyl acetate/hexanes. Drying in vacuo yielded 1.9 (40%) of 4-(4-chloro- - -

2-fluoro-phenylamino)-6-fluoro-[1.7Jnaphthyridine-3-carbonitrile as yellow needles: -

‘melting point 249-252°C; mass spectrum (m/e): M+H 316.9.

Example 71

idine-3-carbonitrile

An aliquot of 2.8 mL of 4-chloro-2-fluorophenol and 400 mg of powdered
KOH was melted under an inert atmosphere at 100;’C until clear. After cooling to
60°C, 850 mg of 4-chloro-6-fluoro-[1.7]naphthyridine-3-carbonitrile was added and -
the sides of the flask washed with absolute ethanol. The ethanol was driven off with a

stream of nitrogen over 30 minutes, at which time the reaction was complete. The

‘reaction was diluted with 0.1 M NaOH and chloroform and the organic layer was

dried with sodium sulfate and evaporated of solvent.
“The product was then recrystallized from chloroform/ether. Drying in vacuo

'yielded 0.9 g (69%) of 4-(4-chloro-2-fluoro-phenoxy)-6-fluoro-[1.7]naphthyridine-3- ~

carbonitrile as a white solid: melting point 186-188°C; mass spectrum (m/e): M+H'
317.8. ' ' '

Example 72 -

1 M Sodium (2-dimethylamino-ethoxide) in tetrahydrofuran

To 2.0 g of NaH in 50 mL of tetrahydrofuran at 0°C under an inert atmosphere.
was slowly added 5.0 mL of 2-dimethylamino-ethanol. The solution was allowed to

warm to ambient temperature before use.

carbonitrile
To 250 mg of 6-fluoro-4-(4-phenoxy-phenylamino)-[1.7]naphthyridine-3-
- carbonitrile under an inert atmosphere was added 8 mL of 1 M sodium (2-
dimethylamino-ethoxide) in tetrahydrofuran. After refluxing for 2 hours, the reaction
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was stripped of tetrahydrofuran and water was added. The product was filtered,
washed with water, dried, and recrystallized from chloroform/ether/hexanes to give
266 mg (85%) of 6-(2-dimethylamino-ethoxy)-4~(4-phenoxy—phenylamino)—[1.7]-
naphthyridine-3-carbonitrile as a yellow solid: melting point 159-161°C; mass
spectrum (m/e): M+H 426.0

- Example 74
_ 4-(3—Chloro-4-ﬂuoro-phenzlamino!-6—1Zdimethzhnﬁno-ethoy_xx}-
[1.7Inaphthyridine-3-carbonitrile

To 250 mg of 4-(3-chloro-4-fluoro-phenylamino)-6-fluoro-{1.7]naphthyridine-
3-carbonitrile under an inert atmosphere Was added 8 mL of 1 M sodium €2--
dimethylamino-ethoxide) in tetrahydrofuran. After refluxing for 2 hours, the reaction
was stripped of tetrahydrofuran and water was added. The product was filtered,
washed with water, dried, and recrystallized from chloroform/ether/hexanes to give
210 mg (66%) of 4-(3-chloro-4;—ﬂuoro-phenylamino)—6—(2—dixheﬂ1ylamin6—ethoxy)—-
[1.7]naphthyridine-3-carbonitrile as a yellow solid: melting point 131-132°C; mass.

- spectrum (m/e): M+H 386.0.

To 250 mg of 4-(2,4-dichloro-phenylamino)-6-fluoro-[1.7]naphthyridine-3-
carbonitrile under an inert atmosphere was added 8 mL of 1 M sodium (2-

dimethylamino-ethoxide) in tetrahydrofuran. After refluxing for 2 hours, the reaction
was stripped of tetrahydrofuran and water was added. The product was filtered,
washed w1th water, dried, and recrystallized from chloroform/ether/hexanes to give
186 mg (59%) of 4-_(2,4w_dich_loro-phenylami_no)-6—(2-dimethylamino—ethoxy)-
[1.7Inaphthyridine-3-carbonitrile as a yellow solid: melting point 75-9°C; mass
spectrum (m/e): M+H 401.9.
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~ Example 76

[1.7Inaphthivridine-3-carbonitrile
To 250 mg of 4—(4-chloro-2-ﬂuoro—pheny1ammo)-6-ﬂuoro-[ 1.7]naphthyridine-
3-carbonitrile under an inert atmosphere was added 8 mL of 1 M sodium (2-
dimethylamino-ethoxide) in tetrahydrofuran. After ;e_ﬂuxmg for 2 hours, the reaction
was stripped of tetrahydrofuran and water was added. The product was filtered;

" washed with water, dried, and recrystallized from- elilorofomllether/hexanes to give
204 mg (64%) of 4-(4~chloro-2—ﬂuoro-phenylammo)-6-(2-d1methylammo—ethoxy)—'
1 7]naphthynd1ne—3-carbomtnle as a yellow sohd meltmg pomt 150-152°C; mass

spectrum (m/e): M+H 385.9.

 carbonitrile
'To 100 mg of '4-(3-bromo-phenylaminpj-ﬁ-ﬂuoro?[1.7]naphthyridine-3—
carbonitrile under an inert atmosphere was added 3 mL of 1 M sodium (2-

dimethylamino—ethokide) in tetrahydrofuran. After refluxing for 3 hours, the reaction -

was diluted with water and the product extracted five times with chloroform. The
crude product was purified by flash chromatography with 1% triethy] amine and 10 %
methanol/chlorofonh followed by recrystallized from chloroform/ether to give 100
mg of 4-(3-b'romo'-phenylamino)—6—(2-dimethylamin6—ethoxy)-[1 .7Inaphthyridine-3-

" carbonitrile as a yellow solid: melting point 138-139°C; mass spectrum (m/e): M+H
411.9, 413.9. ' '

Example 78

: [1.7 |naphthxridine—3-carbqhitrile
To 160 mg of 6-fluoro-4-(3-hydroxy-4-methyl-phenylamino)-[1.7]naph-
thyridine-3-carbonitrile under an inert atmosphere was added 3 mL of 1 M sodium (2-

dimethylamino-ethoxide) in tetrahydrofuran. After refluxing for 3 hours, the reaction
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was diluted withi*Wter and the product extracted five times with chloroform. The

“crude product was purified by flash chromatography with 1% triethy] amine and 10%

methanol/chloroform followed by recrystallized from chloroform/ether to give 106
mg of 6-(2-dimethylamino-ethoxy)-4-(3-hydroxy-4-methyl-phenylamino)-[1.7]naph-
thyridine-3-carbonitrile as a yellowish solid: melting point 100-180°C (decomposed,
effervescence); mass spectrum (m/e): M+H 419.9.

Example 79 -
6-Chloro-pyridin-3-yl)-carbamic acid, tert-butyl ester
To 50 g of 2-chloro-5-nitropyridine in 250 ml of ethyl acetate under nitrogen
was added 30 g of Raney nickel which had been washed thiree times with ethanol and
three times with ethyl acetate. The nitrogen was replaced with hydrogen and the
reaction was allowed to proceed for 6 hours at 30 Ib/in®.  After the hydrogen
atmosphere had been replaced by nitrogen, the reaction was filtered through celite and

“evaporated. The product was purified by flash chromatography on silica gel with a
gradient of ethyl acetate/chloroform followed by methanol/chloroform to give 16 g of
- 6-chloro-pyridin-3-ylamine as white platelets (Mp-81-2°C). This material was further

reacted as follows.

To 15 g of 6-chloro-pyridin-3-ylamine in 200 mL of methylene chloride was
added 28 g of warm di-t-butyl dicarbonate and 15 mL of triethyl amine. After
refluxing for 18 hours, the reaction was diluted with hexanes and chilled at -15°C for
18 hours. The reaction was filtered and the organic layer was washed with water,
dried, and concentrated.. The product was then recrystallized from chloroform/-
hexanes and dried in vacuo to give 14 g of (6-chloro-pyridin-3-yl)-carbamic acid, tert-
butyl ester: mp = 126-127°C; mass spectrum (m/e): M+H 229.0.

Example 80
5-tert-Butoxycarbonylamine-2-chloro-isonicotinic acid
To 13 g of (6-chloro-pyridin-3-yl)-carbamic acid, tert-butyl ester in 24 mL of
tetramethylethylenediamine and 300 mL of ether at -78°C under an inert atmosphere
was added slowly 68 mL of 2.5 M n-butyllithium/hexanes (3 eq). After the addition
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was complete, the reactlon ‘was allowed to warm to —15°C for two hours then recooled

- to -78°C... Dry ice was allowed to sublime in a separate flask ‘and the vapor was

15

passed over the rapxdly stirred reaction mixture whﬂe the cooling bath was removed
and the reaction allowed to warm to 0°C. Sufficient water was added to dissolve the
precipitated product and the resultant aqueous phase was washed twice with ether
before acidifying w1th concentrated HCl. The prec:pltate was filtered, washed with
water, and dried in vacuo to give 10.9 g of 5—tert—butoxycarbonylarmno—Z-chloro-
1somcot1mc acid, wh1ch was used as is for the next. step melting point 250°C and

higher (slowly decomposed); mass spectrum (negative r__ngde, m/e): M-H 271.1.

Example 81
5-tert-Butoxycarbon lamino-Z-chlom-isonicOﬁnic acid, methyl ester.

To 5.4 g of 5__-tert-butoxycarbonylamino-2-chiqr6-isonicotinic acid in 50 mL

‘of methanol and 100 mL of chloroform was at 0"5.'(';‘ -was added 15 mL of 2 M

(trimethylsilyl)diazomethane in hexanes. After alloWing the reaction to warm to

‘ambient temperature and stirring for 2 hours, the solvents were removed and the crude

product purified by passing through a plug of silica gél_- thh chloroform. ‘The product
was then recrystalli?ed from hexanes to givg" 5.8 g (100%) of S5-tert-

i butoxycarbon'ylamino;2.—ch10ro-isonicotinic acid, methyl ester: mp ‘= 90-96°C

20

30

(decomposed); mass spectrum (m/e): M+H 287.1.

6-Chloro-4-hydro
To 21 mL of 1.5 M lithium dnsopropylamldelcyclohexanes in 70 mL of
tetrahydrofuran at -78°C was slowly added 1.64 mL o_f anhydrous acetonitrile in 3.4

mL of tetrahydrofu;ah. After 15 minutes was added 3 g of 5-tert-butoxycarbonyl-
amino-2-chloro-isonicotinic acid, methyl ester in 7 mL of tetrahydrofuran. After a
further 30 minutes, the reaction was quenched with 2'mL of glacial acetic acid. The

. reaction was diluted with equal volumes of ethyl acetate and saturated sodium

bicarbonate and the aqueous phase was washed twice with ethyl acetate. The pooled
organic phases were washed with saturated sodium bicarbonate, dried, and stripped of
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solvent. ‘This matéfiil was further purified by passifig through a plug of silica gel
with a gradient of 0-5% methanol/chloroform to give a crude product that was used as
is for the following step.

The crude product for the previous step was dissolved under an inert
atmosphere in 10 mL each dimethyl formamide and dimethyl formamide dimethyl
acetal. After 18 hours the volatile solvents were stripped on a rotary evaporator and
the product was purified by flash chromatography with first 5% methanol/chloroforxh
until the product started to elute, then 30% methanol/chloroform to finish elution.
Recrystallization from hexanes containing a trace of chloroform gave 1.5 g (69%, two
steps) of 6-chloro-4-hydroxy-[1.7]naphthyridine-3-carbonitrile as a yellowish solid:
melting point 280°C (decomposed); mass spectrum (negative modé, m/e): M-H 203.9.

Example 83

- To 650 mg of 6-chloro-4~hydroxy—[1 .7Inaphthyridine-3-carbonitrile under an
inert atmosphere was added 20 mL of phosphorous oxychloride. . After two hours at
reflux, the excess phosphorous oxychlonde was removed in vacuo and ice-water and
chloroform were added. Solid potassium carbonate was then added carefully to a pH
of about 8. The chloroform layer was washed with brine, dried with sodium sulfate,
and stripped to give a crude product. This material was further purified by passing it
through a plug of silica gel with 5% ethyl acetate/chloroform to give approximately
600 mg of 4,6-dichloro-[1.7]naphthyridine-3-carbonitrile as a yellowish solid, which

‘was used in the following step.

To the above 600 mg of 4 6—d1chloro-[1 .7Inaphthyridine-3-carbonitrile in 20
mL of absolute ethanol was added 1 mL of 3-bromoaniline. After refluxing the
reaction under an inert atmosphere for 4 hours, the reaction mixture was cooled to
ambient temperature, diluted with ether, and the product was filtered and washed with
ether. Drying in vacuo yielded 790 mg of 4-(3-bromo-phenylamino)-6-chloro-
[1.7Inaphthyridine-3-carbonitrile as an off-white solid: mp = 220-223°C; mass
spectrum (m/e): M+H 359.0, 361.1.
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To 1 g of 6-chloro-4-hydroxy-[1.7]naphthyridine-3-carbonitrile in 5 mL each
dimethyl formamide and triethyl amine was added 1 g triphenyl phosphine, 7 mL of
trimethylsilanylethyne, and 225 mg of palladium (II) acetate. The reaction was
heated at 120°C for 18 hours, stripped of solvent, and purified by flash

chromatography on silica gel with a methanol/chloroform gradient. Recrystallization
from ethanol containing a small amount of water yielded 690 mg of 4-hydroxy-6-
| trimethylsilanylethynyl-[1.7]naphthyridine-3-carbonitrile: melting point 307°C

(decomposed); mass spectrum (m/e): M+H 268.0.

- carbonitrile
To 500 mg of 4-hydroxy-6-trimethylsilanylethynyl-[1.7]naphthyridine-3-
carbonitrile under an inert atmosphefe was added 10 mL of phosphorous oxychloride.

After two hours at reflux, the excess phosphorous oxychloride was removed in vacuo
and ice-water, chloroform, a tract of methanol, and aqueous saturated sodium
bicarbonate were added. The chloroform layer was washed with brine, dried with
sodium sulfate, and evaporated to give 626 mg of crude 4-chloro-6-trimethylsilanyl-
ethynyl-[1.7]naphthyridine-3-carbonitrile as a yellowish solid, which was used in the
following step. '

To 626 mg of 4-chloro-6-trimethylsilanylethynyl-[1.7Inaphthyridine-3-
carbonitrile in 20 mL of absolute ethanol was added 1 mL of 3-bromoaniline. After

' refluxing the reaction under an inert atmosphere for 18 hours, the reaction mixture

was cooled to ambient temperature, concentrated to 5 mL, diluted with ether, and the
product filtered and washed with ether. Drying in vacuo yielded 500 mg of 4-(3-
bromo-phenylamino)-6-trimethylsilanylethynyl-[1.7Inaphthyridine-3-carbonitrile  as
an off-white solid: melting point 125°C (sublimed); mass spectrum (m/e): M+H
421.1,423.2.
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_ - Example86 ..
4-(3-Bromo-phenylamino)-6-ethynyl-[1.7|naphthyridine-3-carbonitrile

To 800 mg of 4-(3-bromo-phenylamino)-6-trimethylsilanylethynyl-[1.7]naph-
thyridine-3-carbonitrile in 20 mL of tetrahydrofuran at 0°C under an inert atmosphere
was added 2.5 mL of 1 M tetrabutylammonium fluoride/tetrahydrofuran. After 1 hour
at ambient temperature, the reaction was diluted with ethyl acetate and washed with
brine. The organic layer was dried with sodium sulfate and evaporated. The product
was purified by flash chromatography on silica gel to give 300 mg of 4-(3-bromo-
phenylamino)-6-ethynyl-[1.7]naphthyridine-3-carbonitrile: melting point 224°C
(decomposed); mass spectrum (m/e): M+H 349.1, 351.1. :
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What is claimed is:

1. A compound of formula I having the structure

/(CH?)-,,:X

wherein:
X is cycloalkyl of 3 to 7 carbon atoms, which may be optionally substituted with one
or niore alkyl of 1 to 6 carbon atom groups; or | | |
10 X ié pyridinyl, pyrimidinyl, or Ph; or | o
X is a bicyclic aryl or bicyclic heterbatyl ring system' of 8 to 12 atoms, where the
| bicjélic heteroaryl ring contains 1 to 4 heteroatoms selected from N, O, and S;
wherein the bicyclic aryl or bicyclic heteroaryl ring may be optionally mono-,
_ di-, tri-, or tetra-substituted with a substituent selected from the group
15 consisting of halogen, oxo, thio, alkyl of 1-6 carbon atoms, alkenyl of 2-6
carbon atoms, alkynyl of 2-6 carbon atoms, az1do, hydroxyalkyl of 1-6 carbon
atoms, halomethyl, alkoxymethyl of 2-7 carboﬁ atoms, alkanoyloxymethyl of
2-7 carbon atoms, alkoxy of 1-6 carbon atoms, alicylﬂﬁo of 1-6 carbon atoms,
hydroxy, triftuoromethyl, cyano, nitro, carboxy, carboalkoxy of 2-7 carbon
20 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, carboalkoxyalkyl of 3-8 carbon
25 atoms, aminoalkyl of 1-5 carbon atoms, N—a]kylanﬁnoalkyl of 2-9 carbon
atoms, N,N-dialkylaminoalkyl of 3-10 carbon '_atoms, N-alkylaminoalkoxy of
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2-9 carbon atoms, N,N-dialkylaminoalkoxy of 3-10 carbon atoms, mercapto,
methylmercapto, and benzoylamino; or '

Xistheradical Evp-L ; -

E is pyridinyl, pyrimidiﬂyl, or Ph;

T is substituted on E at carbon and is

- NH(CH2)ur, -O(CHz)nr-, -S(CH)ur, “NR(CHy ), -(CHa)ar-
(CH)uNH -, - (CHz)O -, - (CHo)aS- , o - (CH;)uNR -;

L is a Ph; 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; wherein the hete:roat_'yl ring may be
optionally mono- or di-substituted wi.th a substituent selscted from the .groixp
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, carboalkoxyalkyl 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,
methylmercapto, and benzoylamino;

Pyridinyl, pyrimidinyl, or Ph are pyridinyl, pyrimidinyl, or phenyl radicals,
respectively, which may be optionally mono- di-, or tri-substituted with a
substituent selected from the group consisting of halogen, alkyl of 1-6 carbon
atoms, alkeuyl of 2-6 carbon atoms, aikynyl 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,
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.. alkylthio of 1-6 carbon atoms, hydroxy, triﬂuéfomethyl, cyano, nitro, carboxy,

carboalkoxy of 2-7 carbon atoms, carboa]kyl of 2-7 carbon atoms, benzoyl,

amino, alkylamino of 1-6 carbon atoms, dlalkylammo of 2 to 12 carbon atoms, -
alkanoylamino of 1-6 carbon atoms, alkeno&iamino of 3-8 carbon atoms,
alkynoylammo of 3-8 carbon atoms, carboxya]kyl of 2-7 carbon atoms,
carboalkoxyalkyl of 3-8 carbon atoms, ammoalkyl of 1-5 carbon atoms, N-
alkylaminoalkyl of 2-9 carbon atoms, N,N- dlg]ky_la:mnoa]kyl of 3-10 carbon
atoms, N-alkylaminoalkoxy of 2-9 carbon atoms, N,N-dialkylaminoalkoxy of
3-10 carbon atoms, mercapto, methylmercapto, and benzoylammo

Zis -NH-, -O-, -S-, or -NR- ;

Ris alkyl of 1-6 carbon atoms, or carboalkyl of 2-7 carbon atoms;

A” is a diavalent moiety selected from the group
Gy

& 2N\§ i 61%5 | Gy | /G4 % :
" (S ¢ e NS

Gs Gs.

G] Gz, G3, and G4 are each, independently, hydrogen, halogen, alkyl of 1-6 carbon
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, hydroxymethyl,
halomethyl, alkanoyloxy of 2-6 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 ator_ns, 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, triﬂuorometh0xy, cyano, nitro, carboxy,
carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms, phenoxy,

- phenyl, thiophenoxy, benzyl, amino, 'hydrothmino, alkoxyamino of 1-4
carbon atoms, alkylamino of 1-6 carbon atoms, dialleamino of 2 to 12 carbon
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atoms, N-alkylcarbamoyl, N,N-dialkylcarbamoyl, N-alkyl-N-alkenylamino of
4 to 12 carbon atoms, N,N-dialkenylamino of 6-12 carbon atoms,

- 105 -

phenylamino, benzylamino, R,NH,
/(C(Rs)z)p\ | | |

R7-{(C(Rel2lp™N /N"(C(Rs)a)k-Y- , RgRy-CH-M—(C(Rg)iY- .
(C(Re)2)p

R7-(C(Reg)2)g-Y- - Rr(C(Rs)z)p-M-(C(Rs)a)x-Y- » Het-(C(Rg)2)gW-(C(Re))i-Y-
with the provxso that G3 and G4 are not RoNH;

Y is a divalent radical selected from the group consisting of

—S— , —(CHy),— , —O0— ,and -4"—§6-—_ :
10 Ryis -NRgRg, -ORg, -J, -N(Rg)3 *, or -NRg(ORg) ;
M is >NRg, -O-, >N-(CRg)2)pNRgR¢, or >N-(C(R6)2)p-ORg;
W is >NRg;, -O- or is a bond; |
Het is a heteroéycli_c radicallselected from the group consisting of morpholine,
thiomorpholine, thiomorpholine S-oxide, thiomorpholine S,S-dioXide,.
15 piperidine, pyrrolidine, aziridine, pyridine, imidazole, 1,2,3-triazole, 1,2,4-tri-
azole, thiazole, thiazolidine, tetrazole, piperazine, furan, thiophene, tetra-
hydrothiophene, tetrahydrofuran, dioxane, 1,3-dioxolane, tetrahydropyran, and
{OCH,CH,0),

Ny

which may be opﬁbnally mono- or di-substituted on carbon with Rg, hydroxy,
20 -N(Rg)2, -ORg -(C(R§)2)sORg or -(C(Re)DsNR)2;
optionally mono-substituted on nitrogen with Rg; and
optionally mono or di-substituted on a saturated carbon with divalent radicals
-0- or -O(C(Rg)2)sO-;
Rg is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-6 carbon atoms, alkyny! of 2-
25 6 carbon atoms, cycloalkyl of 1-6 carbon atoms, carboalkyl of 2-7 carbon
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~“atoms, carboxyalkyl 2-7 carbon atoms, . phenyl or phenyl optionally
substituted with one or more halogen, alkoxy of 1-6 carbon atoms,

triflnoromethyl, amino, alkylamino of 1-3 carbon atoms, dialkylamino of 2-6

carbon atoms, nitro, cyano, azido, halomcl_:h_yl, alkoxymethyl of 2-7 carbon

5 - atoms, alkanoyloxymethyl of 2-7 carbon atoms, alkylthio of 1-6 carbon atoms,
hydroxy, carboxyl, carboalkoxy of 2-7 carbon atoms, phenoxy, phenyl,

- 106 -

thiophenoxy, benzoyl, benzyl, phenylamino .benzylamino, alkanoylamino of

1-6 carbon atoms, or a]kyl of 1-6 carbon atoms with the proviso that the -~ -

alkenyl or alkynyl monety is bound to a mtrogen or oxygen atom through a -
10 saturated carbon atom; .
R2, is selected from the group consisting of

=l f?\

_3
)_t(;; (C(Ra)z)p
,{%Ok D
—s-s— |
Re—S-S (c(na)z)r—< v
Re
Q o)
(RN Y
Re—N ' No-R
15 Y (C(Ray o o
" 0
Q
/(ClRelay R R
Q 7
(C(Re)o o N
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0 | R\

|
(C(Rs)2)y :
{ r‘\ , o ENj
| N
iy

N (CRs)” R

O

\ J- CH. CH,)J
R5>_<S°2 ( 2)s-)__(§: rerg—=4
o

H, Ry JCH

9\ | \ \ |
c:—é_(m2 Rs CH, Rg CH; -
Hs Rs Q—-{_{ Rs - n)s—§,-0
N \ \
Q0,C. CH, Rs CH, Rs CH,
| >‘_<— , )_<_ -, and )—‘<— ;
Hs Rs Q0,C  Rs '~ Hg COQ

R3 is hydrogen, alkyl of 1-6 carbon atoms, carboxy, carboalkoxy of 1-6 carbon atoms,
5 phenyl, carboalkyl of 2-7 carbon atoms, |
(C(Re)2)p
HT(C(RG)Z)p_N\ /N"(C(Rs)a)r'
(C(Re)2)p
R7—(C(Relds- R7(C(Re)2)p-M—(C(Rg)2) -

RgRg"CH-M—(C(Rg)). ,or Het-C(Re))W-(C(Re))r

10  Rsis 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(Hs)z)p—N\ | /N-(C(Ra)z)r-
(C(Re)2)p
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R7~(C(Rel)s- R7.(C(Rs)»p—m—-<jc(ns)z)r -
RgRg-CH-M—(C(Rg)2) ,or Het-(C(Rel)gW-(C(Re))r
Rg, and Rg are each, independently, -(C(R5)2)rNR6R6 or -(CRg)2)r ORg;
Jis mdependenﬂy hydrogen, chlorine, fluorine, or bmmme, |
Qis alkyl of 1- 6 carbon atoms or hydrogen;
a=0-1;
g=1-6;
k=0-4;
nis 0-1;
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 provided that

when R3 is bound to sulfur, it cannot be hydrogen, carboxy, carboalkoxy, or

carboalkyl;
and provided that

when Y is -NRg- and R7 is -NRgR6, -N(R6)3 or -NRg(ORg), then g = 2-6;

when M is -O- and R7is -ORg then p=1-4; -
when Y is -NRg- then k = 2-4; _

when Y is -O- and M or Wis -O-thenk = 1-4
when W is not a bond with Het bonded thrbugh a nitrogen atom then q = 2-4
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and when W is a bond with Het bonded through a nitrogen atom and Y is -O-
or -NR6- then k =2-4; '
and finally provided that
- when A” is the moiety
_ G,
G1 /N\§ G1 Z i
or .

G3 % G5 SN §

5 Gs ‘
n=0,
Z is NH,
G1 is hydrogen, halogen, alkyl, alkoxy, hydroxy, alkanoyloxy of 2-6 carbon
atoms, or phenoxy, and _

10 G2 is hydrogen, halogen, alkyl, hydroxy, carboxyalkyl, carboalkoxyalkyl,
hydroxyalkyl, alkoxy,halomethyl, carboxyl, carboalkoxy, alkanoylamino, or
alkenoylamino,
then X can not be a pyridinyl, pyrimidinyl, or phenyl ring that is substituted
with a hydroxy or alkoxy group.

15
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2. The compound according to claim 1 wherein Z is _NH- and n=0ora

pharmaceutically acceptable salt thereof.

3.  The compound according to claim 2 wherein G3 and G4 are hydrogen or

20 - a pharmaceutically acceptable salt thereof.

25

-4.  The compound of claim 1 which is selected from the group consisting of

(3-Bromo-phenylamino)-6-nitro-[1.8]naphthyridine-3-carbonitrile,
6-Amino-4-(3-bromo-phenylamino)-[1.8naphthyridine-3-carbonitrile,
(3-Bromo-phenylamino)-6-cyano-[1.8]naphthyridin-3-yl}-acrylamide,
But-2-ynoic acid [5-(3-bromo-phenylamino)-6-cyano-[1.8]naphthyridin-3-

o o P

yl]-amide,
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(3- C}ﬂoro-4~ﬂuoro-phenylam1no)-6—mtro—[1 8]naphthyndme-3—
carbonitrile,

6-Amino-4- (3-chloro-4-ﬂuoro-phenylammo)-[1 8]naphthyridine-3-
carbonitrile, _ _

But-2-yn01c acid [5- (3—chloro-4-ﬂuoro—phcnylammo) 6-cyano-[1 8]naph-
thyridin-3-yl]-amide,
(3-Bromo-phenylamino)-6-cyano-[1.8]naphthyridin-3-yl]-2-chloro-
acetamide, and

4-Dimethylamino-but-2-enoic acid [5-(3-bromo-phenylamino)—6—cyano—
[1.8]naphthyridin-3-yl]-amide, or a pharmaceutically acceptable salt

thereof.

The compound of claim 1, which is selected from the group consisting of
(3-Bromo-phenylamino)-6-ethoxy-[1.5]naphthyridine-3-carbonitrile,
(3-Bromo-phenylamino)-[1.5]naphthyridine-3-carbonitrile,
6-Amino-4-(3—bromo-phenylamino)-[1.5]naphthyridine—3-carbor_1iu'ile,

_(3-Hydroxy-4-methyl-phenylamino)-6-(3-morpholin-4-yl-propoxy)-

[1.5]naphthyridine-3-carbonitrile,

'(3-Bromo-phenylamino)-6- (3-morphohn-4-y1—propoxy) -[1.5]naph-

thyridine-3-carbonitrile,
(3-Hydroxy-4-methyl-phenylamino)-6-(2-morpholin-4-yl-ethoxy)-[1.5]-
naphthyridine-3-carbonitrile, and
(3-Bromo-phenylamino)-6-(2-morpholin-4-yl-ethoxy)-[1.5]naphthyridine-

3-carbonitrile, or a pharmaceutically acceptable salt thereof.

“The compound of claim 1, which is selected from the group consisting of

a. (3-Bromo-phenylamino)-6-fluoro-[1.7Inaphthyridine-3-carbonitrile,

(3-Bromo-phenylamino)-6-(4-methoxy-benzylamino)-[1.7]naphthyridine-
3-carbonitrile, N
6-Amino-4-(3-bromo-phenylamino)-[1 7]naphthyr1dme-3—carbomtnle,
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. (3-Bromo-phenylamino)-6-methylamino-[1.7]naphthyridine-3-

carbonitrile,

. (3-Bromo-phenylamino)-6-chloro-[1.7]naphthyridine-3-carbonitrile,

(3-Bromo-phenylamino)-6-trimethylsilanylethynyl-[1.7]naphthyridine-3-

carbonitrile,

. (3-Bromo-phenylamino)-6-ethynyl-{1.7]naphthyridine-3-carbonitrile,
. But-2-ynoic acid [4-(3-bromo-phenylamino)-3-cyano-{1.7lnaphthyridin-6-

yi]-amide,
[4-(3-Bromo-phenylamino)-3-cyano-[1.7]naphthyridin-6-yl]-4-dimethyl-
amino-pyridinium,
(3-Bromo-phenylamino)-6-(2-motpholin-4-yl-ethylamiio)-[1.7]naph-
thyridine-3-carbonitrile,

. (3-Bromo-phenylaminq)-6-(2-dimethylamino—ethoxy)-[1.7]naphthyridine-

3-carbonitrile,
6-Fluoro-4-(3 -hydroxy-4-methyl-phenylamino)-[1.7]naphthyridine-3-
carbonitrile,

. (3-Chloro-4-fluoro-phenylamino)-6-fluoro-[1.7Jnaphthyridine-3-

carbonitrile,

. (2-Dimethylamino-ethoxy)-4-(3-hydroxy-4-methyl-phenylamino)-[1.7]-

naphthyridine-3-carbonitrile,

. 4-Dimethylamino-but-2-enoic acid [4-(3-bromo-phenylamino)-3-cyano-6-

Fluoro-4-(4-phenoxy-phenylamino)-f1.7]naphthyridine-3-carbonitrile,

. (2,4-Dichloro-phenylamino)-6-fluoro-[1.7]naphthyridine-3-carbonitrile,
. (4-Chloro-2-fluoro-phenylamino)-6-fluoro-[1.7]naphthyridine-3-

carbonitrile,
(3-Chloro-4-fluoro-phenylamino)-6-(2-dimethylamino-ethoxy)-[1.7]naph-

- thyridine-3-carbonitrile,
. (2-Dimethylamino-ethoxy)-4-(4-phenoxy-phenylamino)-[1.7]naph-

thyridine-3-carbonitrile,
(2,4-Dichloro-phenylamino)-6-(2-dimethylamino-ethoxy)-[1.7]naph-
thyridine-3-carbonitrile, and
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 wherein: o
X is cycloalkyl of 3 to 7 carbon atoms, which may be optionally substituted with one

-112-

u.. (4-Chloro—2:-ﬂuoro-phenyla'min'o)-G(Z-diipé&ylamino-ethoxy)—[1.7]naph-
thyridine-3-carbonitrile, or a pharmaceu:t'i:::a'lly'acceptable salt thereof.

7. A method of inhibiting the biologicai effects of a deregulated protein

tyrosine kinase in 2 mammal in need thereof which 'fcomprises administering to said

mammal a compound of formula 1 having the structure

(CH2)n-X
s/

or more alkyl of 1 to 6 carbon atom groups; or

X is pyridinyl, pyrimidinyl, or Ph; or -
X is a bicyclic aryl or bicyclic heteroaryl ring system of 8 to 12 atoms, where the

bicyclic heteroaryl ring contains 1 to 4 he_teroa;to;ms selected from N, O, and S;
wherein the bicyclic aryl or bicyclic heteroaryl nng may be optionally mono-,
di-, tri-, or tetra-substituted with a subsﬁtﬁent 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, azidb, hydroxyalkyl of 1-6 carbon
atoms, halomethyl, alkoxymethyl of 2-7 carboh_ ‘atoms, alkanoyloxymethyl of
2-7 carbon atoms, alkoxy of 1-6 carbon atoms, alkylthio of 1-6 carbon atoms,
hydroxy, triflucromethyl, 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 carljon 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, carboa]koxyalkyl of 3-8 carbon
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atoms, aminoalkyl of 1-5 cai'bon 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,

methylmercapto, and benzoylamino; or

X js the radical E~_-L ;

T

E is pyridinyl, pyrimidinyl, or Ph;
T is substituted on E at carbon and is

- NH(CH2)-, -O(CHp)n, -S(CH2)w-, -NR(CHz)w- , -(CH2)m-
~(CH;)uNH -, - (CHz)50 -, - (CH)wS- , or - (CHz)uNR -;

10 LisaPh;or
L is a 5- or 6-membered heteroaryl ring where the heteroaryl ring contains 1 to 3

15

20

25

heteroatoms selected from N, O, and S; wherein the heteroaryl ring may be

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, alkylthio of 1-6 carbon atoms,
hydroxy, trifluoromethyl, cy;mo, nitro, carboxy, barboalkoxy of 2-7 carbon
atoms, carboalkyl of 2-7 carbon atoms, phenoxy, phenyl, thiophenoxy,
benioyl, benzyl, amino, alkylamino of 1-6 carbon atoms, dialkylamino of 2 to
12 carbon atomé, phenylamino, benzylamino, alkanoylamino of 1-6 carbon
atoms, alkenoylamino of 3-8 carbon atoms, alkynoylamino of 3-8 carbon
atoins, cérboxya]kyl of 2-7 carbon atoms, carboaikoxya]kyl of 3-8 carbon
atoms, aminda]kyl of 1-5 carbon atoms, N-a.lkylaminoalkyl of 2-9 carbon
atoms, N,N-dialkylaminoalkyl of 3-10 carbon atoms, N-alkylaminoalkoxy of
2-9 carbon atoms, N,N—diélkylamin_oalkoiy of 3—10 carbon atoms, mercapto,

methylmercapto, and benzoylamino;

Pyridinyl, pyrimidinyl, or Ph are pyridinyl, pyrimjdinyl, or phenyl radicals,

30

respectively, which may be optionally 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,
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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, mﬂuoromethyl, cyano, nitro, carboxy,

carboalkoxy of 2-7 carbon atoms, carooa]]EYI of 2-7 carbon atoms, benzoyl,
amino, alkylamino of 1-6 carbon atons, diai]jl,_cjlamino of 2 to 12 carbon atoms,
alkanoylamino of 1-6 carbon atoms, alkeﬁoylamino of 3-8 carbon atoms,
alkynoylamino of 3-8 carbon atoms, cofboxya]kyl of 2-7 carbon atoms,
carboalkoxyalkyl of 3-8 carbon atoms, amihoalkyl 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, methylmercapto and benzoyIammo,

Z is -NH-, -O-, -S-, or -NR- ; N

R is alkyl of 1-6 carbon atoms, or carboalkyl of 2-7 oorbon atoms;

A” is a diavalent moiety selected from the group .

Gy

G1 /N\§ _ G1\%\§ | G1. . §

g W e A

Gs Gs

' Gy, G2, G3, and G4 are each, independently, hy&ogen, halogen, alkyl of 1-6 carbon

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, hydroxymethyl,
halomethyl, alkanoyloxy of 2-6 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 atos, 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, a]kylsulfonamido of 1-6 carbon atoms,
alkenylsulfonamido of 2-6 carbon atoms, alkynylsulfonamido of 2-6 carbon
~atoms, hydroxy, trifluoromethyl, u?iﬂooromethoky, cyano, nitro, carboxy,
carboalkoxy of 2-7 carbon atoms, carboalkyl,'of 2-7 carbon atoms, phenoxy,
phenyl, thiophenoxy, benzyl, amino, hydrdkyamino, alkoxyamino of 1-4
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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 afoms, N,N-dialkenylamino of 6-12 carbon atoms,
phenylamino, benzylamino; R;NH,
/(C(Rs)z)p
Rr(C(Rs)z)p—N\ - /N'(C(Rs)z)k-Y- , RgRg-CH-M—(C(Reg)2kY-
(C(Re)2)p | |

R7-(C(Re)2)gY- » R7(C(Rel2)p-M—~(C(Rg)2)c-Y- - Het-(C(Rg)2)eW-(C(Re)2)-Y- -

with the proviso that G3 and G4 are not R,NH;
Y is a divalent radical selected from the group consisting of

| Rg
, —0— ,and —N— .
Ryis -NRgRg, -ORg, -J, -N(Rg)3 *, or -NRg(ORg) ;
M is >NRg, -O-, >N-(C(Rg)2)pNRgRs, or >N-(C(R6)2)p-ORe;

W is >NRg, -O- or is a bond;

—S5— , —(CHy),—

Het is a heterocyclic radical selected from the group comsisting 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, tetra-

| hydrothiophene, tetrahydroﬁlrm dioxane, 1,3-dioxolane, tetrahydropyran, and
(OCHxCH2O),

~C

which may be optionally mono- or di-substituted on carbon with Rg, hydroxy,
N(Rg)2, -ORg -(C(Rg)2)sORg or -(C(Rg)2)sN(R6)2;
optionally mono-substituted on nitrogen with Rg; and

optionally mono or di-substituted on a saturated carbon with divalent radicals
-0- or -O(C(Rg)2)s0-; |
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Rg is hydrogen, alky] of 1-6 carbon atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2- -
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6 carbon atoms, cycloalkyl of 1- 6-carbon 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,
5 trifluoromethyl, amino, alkylamino of 1-3 carbon atoms, dialkylamiino 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

10 1-6 carbon atoms, or alkyl of 1-6 carbon atoms; with the- proviso that the
alkenyl or alkynyl moiety is bound fo a- mtrogen or oxygen atom through a
saturated carbon atom;

R, is selected from the group consisting of

0
o) Ra
R—=A_ )-—-}\ s
R3 Ra :
Q
R
[ Hs —
. o
15 3 | :
Rs 0 O\\
o . | I ]
Ra—s-—s—<cm'3)z)r—( 3’52\-— o
8 ’ T ~R
_ O R, o N6,
- Re
| 0 o
/ (C(Rs)y N i
RS—N l ' “o-Re

\ (C(Re)oh
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(C(Rs)2y ' g

\(c -
(C(Rs)l2v™ Rs [j

//0

\\

/ CRa),

3 (C(Rs)'z)vj(:: - [ :]
' 1
R

N

HOHg, (Ot 0

R5_ so _ J-(CHZ)
Hs Rs ' J(CHz)s
; \
o—{_( c>H2 Ry CH,
_ 0]
\

RS
(o)
QO,C \CH R CH R CH
2 2 5 2 5 2
o R ST G

Hs Rs QO,C C0,Q

R3 is hydrogen, alkyl of 1-6 carbon atoms, carboxy, carboalkoxy of 1-6 carbon atoms,
phenyl, carboalkyl of 2-7 carbon atoms,

| /(C(RG)Z)p\
RT(C(_RG)Z)p—N\ /N' (C(Re)2)r-
(C(Rs)z_)p
R-(C(Rgla)s. R7-(C(Rg)2)p-M—(C(Rg)2)- '

RgRgCH-M—(C(Rg)2r. . or Het-(C(Rg)2)q"W-(C(Rg)2)r- E
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Rj5 is hydrogen, alkyl of 1-6 carbon atoms, carboxy, carboalkoxy of 1-6 carbon atoms,
phenyl, carboalkyl of 2-7 carbon atoms, |

/(C(Rs)a)p\
R7-(C(Hs)z)pf'-N\ /N'(C(Rs)z)r
(C(Re)2)p
5 .
R7-(C(Rek)s- R7.(C(Re)2)pM—(C(Re)2)r -

ReRg-CH-M—(C(Rel2)- . or Het-(C(Re))yW-(C(Rel)r

'Rg, and Rg are each, independently, -(C(Rg)2)/NRgRg, or -(C(Rg)2): ORg;
Jis independently hydrogen, chiorine, fluorine, or bromine;
10  Qis alkyl of 1-6 carbon atoms or hydrogen; |
a=0-1; '
"g =1-6;
k=04
nis 0-1;
15 mis0-3;
=24
q=0-4;
r=14; .
s=1-6;
20 u=04 andv=0-4,whereiﬁthesumofu+vis2—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
25 through a saturated carbon atom;

and provided that
when R3 is bound to sulfur, it cannot be hydrogen, carboxy, carboalkoxy, or

carboalkyl;
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and provided that
when Y is -NRg- and R7 is -NR6Rg, -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;
5 when Y is -O-and M or Wis -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 -NR6- then k =2-4; |

and finally provided that
10 when A” is the moiety

Gy

Gy /N\§ G, N
or
Gz ; | G5~ N7 §
Gs | C

n=0, ' |
ZisNH,

G1 is hydrogen, halogen, alkyl, alkoxy, hydroxy, alkanoyloxy of 2-6 carbon
15 atoms, or phenoxy, and
G2 is hydrogen, halogen, alkyl, hydroxy, carboxyalkyl, carboalkoxyalkyl,
hydroxyalkyl, alkoxy,halomethyl, carboxyl, carboalkoxy, alkanoylamino, or
alkencylamino, ' |
then X can not be a pyridinyl, pyrimidinyl, or phenyl ring that is substituted with a
20 hydroxy or alkoxy group. |

8. A method of treating, inhibiting the growth of, or eradicating
neoplasms in a mammal in need thereof which comprises administering to said
mammal a compound of formula 1 having the structure
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wherein£
X is cycloalkyl of 3 to 7 carbon atoms, which may be optionally substituted with one

or more alkyl of 1 to 6 carbon atom groups; or

5 Xis pyridinyl, pyrimidinyl, or Ph; or
X is a bicyclic aryl or bicyclic heteroaryl ring system of 8 to 12 atoms, where the

10

bicyclic heteroaryl ring contains 1 to 4 heteroatoms selected from N, O, and S;
wherein the bicyclic aryl or bicyclic heteroaryl ring may be optionally mono-,

-di-, tri-, or tetra-substituted with a substituent selected from the group

consisting Qf 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 qf 2-7 carbon atoms, alkanoyloxymethyl of

-2-7 carbon atoms, alkoxy of 1-6 carbon atomns, alkylthio of 1-6 carbon atoms,

" hydroxy, trifluoromethyl, cyano, nitro, carboxy, carboalkoxy of 2-7 carbon

15

20

atoms, carboa]kyl 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, carboalkoxyalkyl 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 étoms, N,N-djalkylaminoalkoxy'of 3-10 carbon atoms, mercapto,

methylmercapto, and benzoylamino; or

Xistheradical E<_-L ;

T

25  Eis pyridinyl, pyrimidinyl, or Ph;

T is substituted on E at carbon and is
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- NH(CHz)yys *0(CHz)ur, -S(CHz)mr-, -NR(CHa)ay- , -(CHz)ro-

- «(CH)uNH -, - (CH2)wO -, - (CH2)mS- , or - (CH2)uNR -;

L is a Ph; 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; wherein the heteroaryl ring may be
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, alkylthio of 1-6 carbon atoms,
hydroxy, trifluoromethyl, cyano, nitrd, carboxy, c‘arbqalk’bxy 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. 6f 3-8 carbon atoms, alkynoylamino of 3-8 carbon
atoms, carboxyalkyl of 2-7 carbon atoms, carboalkoxyalkyl 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,

methylmercapto, and benzoylamino;

Pyridinyl, pyrimidinyl, or Ph are pyridinyl, pyrimidinyl, or phenyl radicals,

respectively, which may be optionally 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, nitro, carboxy,
carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms, benzoyl,
amino, alkylami:io of 1-6 carbon atoms, dialkylamino of 2 to 12 carbon atoms,
alkanoylamino of 1-6 carbon atoms, alkenoylamino of 3-8 carbon atoms,

alkynoylamino of 3-8 carbon atoms, carboxyalkyl of 2-7 carbon atoms,
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carboalkoxyalkyl of 3-8 carbon atoms, ammoalkyl of 1-5 carbon atoms, N-
alkylaminoalkyl of 2-9 carbon atoms, N,N-dialkylamincalkyl of 3-10 carbon
atoms, N-alkylaminoalkoxy of 2-9 carbon afoms, N,N-dialkylaminoalkoxy of ' -
- 3-10 carbon atoms, mercapto, methylmercapto, and benzoylamino;
5 Zis -NH- -0-, -S-, or -NR- ;
R is alkyl of 1-6 carbon atoms, or carboalkyl of 2-7 carbon atoms;
A” is a diavalent moiety selected from the group
G,

| S |
91 ./N\§ : G1\'/K§ G, ./4§

Gz g NY $ o 5 g

Gg Gs
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10 | G1,. G2, G3, and G4 are each, independently, hydrogen, halogen, alkyl of 1-6 carbon .-
. atoms, alkenyl of 2-_6_carbo‘1i atoms, alkynyl c;f 2-6 carbon atoms, alkenyloxy
of 2-6 carbon atoms, alkynyldxy of 2-6 .g:arbqn atoms, hydroxymethyl, - :
_halomgtﬁyl, alkanoyloxy of 2-6 carbon étoms, alkenoyloxy of 3-8 carbon -
atoms, alkynoyloxy of 3-8 carbon atoms, alkanoyloxymethyl of 2-7 carbon
15 atoms, alkenoyloxymethyl of 4-9 carbon atoms, alkynoyloxymethyl of 4-9 - -
carbon atoms, alkoxymethyl of 2-7 carbon atomé, a]koxy of 1-6 carbon atoms,
alkylthio of 1-6 carbon atoms, alkylsulﬁ!n’nyl of 1-6 carbon atoms,
ajkylsulphonyl of 1-6 carbon atoms, alkylsulfonamido of 1-6 carbon atoms,
~ alkenylsulfonamido of 2-6 carbon atoms, alkynylsulfonamido of 2-6 carbon
20 atoms, hydroxy, trifluoromethyl, uiﬂuorométhoxy, cyano, nitro, carboxy, -
-carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms, phenoxy, o
phenyl, thiophenoxy, benzyl, amino, hydro;@yamino, alkoxyamino of 1-4
carbon atoms, alkylamino of 1-6 carbon atoms, dialkylamino of 2 to 12 carbon
o atdms, N-alkylcarbamoyl, N,N-dialkylcarbamoyl, N-alkyl-N-alkenylamino of
25 4 to 12 carbon atoms, N,N-dialkenylarn@no of 6-12 carbon atoms,

phenylamino, benzylamino, R,NH,
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(C(Re)2)p
l"'*7'(C(F“e)z)p'"'\‘\ /N‘(C(RS)Z)k'Y' , RgRg-CH-M—(C(Rg)2)-Y-
(C(Re)2)p

Ry~(C(Rg)2)g-Y- . Rr{(C(Rg)2)p-M~(C(Re)2)Y- » Het-(C(Rg)o)qW-(C(Rg)ohc Y-
with the proviso that G3 and G4 are not R,NH;

Y is a divalent radical selected from the group consisting of

. Rg
—S§— , —(CH),— , —0— ,and —N—

R7is -NRgR¢, -ORg, -J, -N(Rg)3 * or -NRg(ORg) ;
M is >NRg, -O-, >N-(C(Rg)2)pNRgR¢, or >N-(C(Rg)2)p-ORg;
W is >NRg, -O- or isa bond;

*

Het is a heterocyclic radical selected from the group consisting of morpholine,
thiomorpholine, thion'mrpholine 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, tetra-
hydrothiophene, tetrahydrofuran, dioxane, 1,3-dioxolan'e,' tetrahydropyran, and
(OCH,CHZ0),

~NC

which may be optionally mono- or di-substituted on carbon with Rg, hydroxy,

-N(Rg)2, -OR¢ -(C(R)2)sORg or -(C(R6)2)sN(Rg)2;

optionally mono-substituted on nitrogen with Rg; and

optionally mono or di-substituted on a saturated carbon with divalent radicals
-O- or -O(C(R6)2)s0-;

Rg is hydrogen, alkyl of 1-6 ;arbon atoms, alkenyl of 2-6 carBon atoms, alkyny! of 2-
6 carbon atoms, cycloalkyl of 1-6 carbon atoms, carboalkyl of 2-7 carbon
atoms, carboxyélkyl 2-7 carbon atoms, phenyl, or phenyl optionally
substituted with one or more halogen, alkoxy of 1-6 carbon atoms,

triflaoromethyl, amino, alkylamino of 1-3 carbon atoms, dialkylamino of 2-6
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carbon atoms, nitro, cyano, az_i_do:,':halomethyl, alkoxymethyl of 2-7 carbon
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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 -

5 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

Ra

R3 \
__ _ .
10 Ra Po s | P
o ' Rj 0 O\\
l .
Rs—S—S—(C(R )—-< , Ra/‘% ’
3 ( 3)2 T O n3 O// N’HG ’
Re
0
o}
N\

/ (C(Rs)z)ul A\m
RS—N _ ! 4 . ’R

N CRs)N R o o7,

0
0

, (CRs Y.
0 e
MCRe” R o N
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. - O : Q\\ B
/ (C(RS)Z)UJ\)‘\ . - //
8 | »
(CRe)2y” Rs [ j
R, $0, HOH (CHAY o)
— —— 2
o g, G
Q_Q | N N
CH, Rs CH, Rg ©H,
Rs Hs ’ Q—(_-<H5 [] H)s__g—Q
. 0 o)
QO \CH : R \CH
2\ 2 5 2 Rs
C>=< s | )=< , and )“( K

H;, Rs = QO0,C Rs C0,Q

R3is hydrogen, alkyl of 1-6 carbon atoms, carboxy, carboalkoxy of 1-6 carbon atoms,
5 ~ phenyl, carboalkyl of 2-7 carbon atoms,
(C(Rg)2)p
/ \ :
RT(C(H6)2)p—'N\ /N"(C(Rs)z)r'
(C(Re)2)p

R7~(C(Re)dss . Rr(C(Re)2)p-M—(C(Rg)2)

RgRg-CH-M—(C(Rg)2)- , or Het-{(C(Rg)o)gW-(C(Rg)2)r- + .
. Rs is hydrogen, alkyl of 1-6 carbon atoms, cafbdxy, carboalkoxy of 1-6 carbon atoms,
10 phenyl, carboalkyl of 2-7 carbon atoms,
(C(Re)2)p

/ \
" Rr(CRa—N N-CRa)r
(C(Re)e)p



vooosss IR reTEE
* c L u s * o

10

15

20

- 126 -

RrCRIDe . RrAClRelyM—(C(Re)r
ReRy-CH-M—(CRela)- . or HeH{C(Ral)g W-CRel)y

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=0-1; '

é = 1-6;

k=0-4;

nis 0-1;

m is 0-3;

p‘= 24,

q=04;

r=1-4;

5= 1-6; _
' 'u=0—4andv=0-4,whéreinthesMofu-FvisZ#; :
* 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 provided that
when R3 is bound to sulfur, it cannot be hydrogen, carboxy, carboalkoxy, or

cafboalkyl;
and provided that _ _ o - _
when Y is -NRg- 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
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- and when W is a bond with Het bonded through 2 nitrogen atom and Y is -O-
or -NRG6- then k 2-4;
and ﬁnally provided that
when A” is the moiety

. G,
NN sz
or
G2L/§ ' G2 N %
Gg ,
n=0,

ZisNH,
G1 is hydrogen, halogen, alkyl, alkoxy, hydroxy, alkanoyloxy of 2-6 carbon

\

atoms, or phenoxy, and

G2 is hydrogen, halogen, alkyl, hydroxy, carboxyalkyl, carboalkoxyalkyl,

hydroxyalkyl, alkoxy,halomethyl, carboxyl, carboalkoxy, alkanoylammo or -

alkenoylamino, ’
then X can not be a pyridinyl, pyrimidinyl, or phenyl ring that is substituted with a
hydroxy or alkoxy group. '

9. The method according to claim 8 wherein the neoplasm expresses

EGEFR or erbB2 (Her2) .

10.  The method according to claim 8 wherein the neoplasm depends, at

least in part, on the MAPK pathway.

11.  The method according to claim 8 wherein the neoplasm depends, at

least in part, on the ECK/LERK-1 pathway.

12.  The method according to claim 8 wherein the neoplasm depends, at
least in part, on the VEGF/KDR pathway.
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13.  The method accordmg to clalm 8 wherem the neoplasm is selected
from the group consisting of breast, kldney, bladder, mouth, larynx, esophagus,

stomach, colon, ovary, and lung.

14. A method of treating, inhibiting the progressmn of, or eradicating
polycystic kidney dlsease in a mammal in need thereof which comprises
administering to said mammal a compound of formglg I havmg the structure

(CHa)nX
VA

wherein:

X is cycloalkyl of 3 to 7 carbon atoms, which may be pi:tiona.liy substituted with one -

- ormore alkyl of 1 to 6 carbon atom groups; or
X is pyridinyl, pyrimidinyl, or Ph; or ' '

X is a bicyclic aryl or bicyclic heteroaryl ring syst_.i:m'of 8 to 12 atoms, where the -
bicyclic heteroaryl ring contains 1 to 4 heteroétqms selected from N, O, and'S;

wherein the bicyclic aryl or bicyclic heteroar_y_lj ring may be optionally mono-,

" di-, tri-, or tetra-substituted with a substituent selected from the group

consisting of halogen, oxo, thio, alk);l of 1-6_ gﬁarbon atoms, alkenyl of 2-6
carbon atoms, alkynyl of 2-6 carbon atoms, az1do, hydroxyalkyl of 1-6 carbon
atoms, halomethyl, alkoxymethyl of 2-7 carbon?latoms, alkanoyloxymethyl of
2-7 carbon atoms, alkoxy of 1-6 carbon atoms; a_]:lcylthio of 1-6 carbon atoms,
hydroxy, trifluoromethyl, cyano, nitro, carboxy_,i carboalkoxy of 2-7 carbon
atoms, carbbalkyl of 2-7 carbdn atdms, phénoxy, phenyl, thiophenoxy,
benzoyl, benzyl, amino, alkylamino of 1-6 car_boﬁ atoms, dialkylamino of 2 to
12 carbon atoms, phenylamino, benzylamino, alkanoylamino of 1-6 carbon
atoms, alkenoylamino of 3-8 carbon atoms, aikynoylamino of 3-8 carbon

atoms, carbdxyalkyl of 2-7 carbon atoms, carboalkoxyalkyl of 3-8 carbon
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atoms, amingalkyl 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,

methylmercapto, and benzoylamino; or

Xistheradical ~E<_.L ;-

T

E is pyridinyl, pyrimidinyl, or Ph;

T is substituted on E at carbon and is

- NH(CHz)ur, -O(CHo)x, -S(CHz)ur, "NR(CHz)ur- , ~(CHy)-
~(CHz)aNH -, - (CH)sO -, - (CHz)aS- , or - (CH;)aNR

L is aPh; 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; wherein the heteroaryl ring may be
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, 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
atoxhs, carboxyalkyl of 2-7 carbon atoms, carboalkoxyalkyl 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,

methylmercapto, and benzoylamino;

Pyridinyl, pyrimidinyl, or Ph are pyridinyl, pyrimidinyl, or phenyl radicals,

respectively, which may be optionally 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,
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hydroxyalkyl of 1-6 carbon atoms, halome?t_h'y;l-, alkoxymethyl of 2-7 carbon -
atoms, alkanoyloxymethyl of 2-7 carbon atiénﬁs, alkoxy of 1-6 carbon atoms,
alkylthio of 1-6 carbon atoms, hydroxy, uiﬂtélcjfomeﬂlyl, Cyano, nitro, carboxy,
carboalkoxy of 2-7 carbon atoms, carboa]k&l‘ of 2-7 carbon atoms, benzoyl,
amino, alkylamino of 1-6 carbon atoms, dxa.lkylammo of 2 to 12 carbon atoms,
alkanoylamino of 1-6 carbon atoms, a]kenoylammo of 3-8 carbon atoms,
alkynoylamino of 3-8 carbon atoms, carﬁqﬁya]kyl of 27 carbon atoms,
carboalkoxyalkyl of 3-8 carbon atoms, ammoa].kyl of 1-5 carbon atoms, N-:
alkylaminoalkyl of .2-9 carbon atoms, N,N-&iajkylaminoalkyl of 3-10 carbon -
atoms, N-alkylaminoalkoxy of 2-9 carbon af:orlns,. N,N-dialkylaminoalkoxy of
3-10 carbon atoms, mercapto, methylthercapto, and benzoy"lanﬁnb; |

Zis -NH-, -O-, -S-, or -NR- ; o -

R is alkyl of 1-6 carbon atoms, or carboalkyl of 2-7 éérbon atoms;

A” is a diavalent moiety selec,téd from the group |

Gy

A I, - Gy

G /N\§ G1\Kl\§ G §

G NY . AN
A S L' e
G1, G2, G3, and G4 are each, independently, hydrogen, halogen, alkyl of 1-6 carbon
atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, alkenyloxy
of 2-6 carbon atoms, alkynyloxy of 2-6 'c:airbon atoms, hydroxymethyl,
halomethyl, alkanoyloxy of 2-6 carbon ato-m's,: alkenoyloxy of 3-8 carbon
atoms, alkynoyloxy of 3-8 carbon atoms, alkahoyloxymethyl of 2-7 carbon
atoms, alkenoyloxymethyl of 4-9 carbon atoms, alkynoyloxymethyl of 4-9
carbon atoms, alkoxymethj(l of 2-7 carbon ato'mS, 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, uiﬂuoromcthbxy, 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
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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, R,NH, |
(C(Re)2)p

- R7(C(Re)2)p— \ /N—(C(HG)Z)k'Y' . RgRg-CH-M—(C(Rgla)-Y- .
(C(Re)2)p
R7-(C(Rg)2)g"Y- . R7{(C(Re)2)p-M-(C(Re)2)i-Y- + Het-(C(Re)a)g"W-(C(Re)li-Y- -
with the proviso that G3 and G4 are not R,NH;

Y is a divalent radical selected from the group consisting of

| | R,
—S— , —(CH),— , —O0— ,and —N—
R7is -NRgRg, -ORg, -1, -N(Rg)3 *, or -NR6(ORg) ;
Mis >NRg, -O-, >N-CRg)2)pNRgRs, or >N-(C(R)2)p-ORé;

W is >NRg, -O- or is a bond;

pu

Het is a heterocyclic radical se:lected 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, tetra-
hydrothiophene, tetrahydrofuran, dioxane, 1,3-dioxolane, tetrahydropyran, and
(OCH2CHO)

N

which may be optionall_y mono- or di-substituted on carbon with Rg, hydroxy, -
-NRg)2, -ORg -(C(R6)2)sORg or -(C(Re)2)sN(R6)2:

optionally mono-substituted on nitrogen with Rg; and

optionally mono or di-substituted on a saturated carbon with divalent radicals
-0- or -O(C(Rg)2)s0-;
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Rg 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, carboxyalkyl 2-7 carbon atoms, phenyl, or phenyl optionally
substituted with one or more halogen, alkoxy of 1-6 carbon atoms,
5 tn'ﬂuoromethyL 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
10 1-6 carbon atoms, or alkyl of 1-6 carbon atoms; with the proviso that the
alkenyl or alkynyl moiety is bound fo a nitrogen or oxygen étdm through a
saturated carbon atom;
R2, is selected from the group consisting of

Rﬁ R,
' R; Rg'’
(@)
Rs
2 Rs Ab—
R
15 3
: (@)
Rs‘s"s‘(c(ﬂa)z)r—< , R
0
/ (ClRe)2ly
Rg—N

\ (RN s
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: 0
@)
/ (CRe)y )
\ &
(C(Rs)2v™ BRs [ j
o) | N
7 CRe)u o
8 | _
(C(Rs)2” ~Rs [ ]
N HCHy, (CH.‘,) J
Rs_- P02 . " a(coHy;
%, n_,,’ HHCH,);
0 N
Q—g{CHz Rs CH,  Rs CH,
Rs Rs | Rs Ri-:&—Q
0 o)
QO,C, oH R, CH R, bH
2 2 5 2 s 2
>—< ’ )—< , and )_< ;
Hs Rs Q0,C  Rs H, €O,

5 Rais hydrogen, alkyl of 1-6 carbon atoms, carboxy, carboalkoxy of 1-6 carbon atoms,
phenyl, carboalkyl of 2-7 carbon atoms,

| /(C(RG)Z)p
RT(C(RS)Z)p_N\ | /N‘(C(Re)a)r'
(C(Re)2)p |
R~(C(Relds- .  R7(C(Rglp-M—(C(Re))r -

RgRg-CH-M—(C(Rg)2)r. ., or Het-(C(Rg)o)qgW-(C(Rg)2)-
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Rj5 is hydrogen, alkyl of 1-6 carbon atoms, :cfa'rboxy, carboalkoxy of 1-6 carbon atoms,
phenyl, carboalkyl of 2-7 carbon atoms, '

/(C(RG)Z)p
RrCRI—N  N-(CRel
(C(Rg)2)p '
R-(CRelds .  RuClRayM—CRadr -

ReRg-CH-M—(C(Rela)r ., or Het(C(Rel)e W-(ClRela)r

Rg, and Rg are each, independently, -(C(R6)2)INR5R6, or -(C(Rg)2)r ORg; -
J is independently hydrogen, chlorine, fluorine, or bromine;
- Qis alkyl of 1-6 carbon atoms or hydrogen;
- a=0-1;
10 g=1-6;
k=0-4;
nis 0-1;
m is 0-3;
P = 2-4;
15 g=0-4;
r=1-4;
s=1-6; _
u=0-4 and v = 0-4 , wherein the sum of u+v is 2-4; |
ora phdrmaceutically acceptable salt thereof,
20  provided that | -
when Rg is alkenyl of 2-7 carbon atoms or alkynyl bf 2-7 carbon atoms, such
alkenyl or alkynyl moiety is bound to a nitrogen or oxygen atom
through a saturated carbon atom;

and provided that
25 when R3 is bound to sulfur, it cannot be hydrogen, carboxy, carboalkoxy, or

carboalkyl;
and provided that
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when Y is -NRg- and R7 is -NRgR6, -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
5 when W is not a bond with Het bonded through a nitrogen atom then q = 2-4
and whén W is a bond with Het bonded through a nitrogen atom and Y is -O-
| or -NR6-then k= 2—4;

and finally provided that
when A” is the moiety
Gy
Gy /N\§ . G4 yZ ;
or
Gz ; Gz_ N~ %
10 G | ’
n=0, o |
ZisNH,

G1 is hydrdgcn, halbgen, ﬂkyl, a_Ikbxy, hydroxy, e_ilkanoyloxy of 2-6 carbon
atoms, or phenoxy, and '

15 G is hydrog¢n, hélogen, alkyl, hydroxy, carboxyalkyl, carboalkoxyalkyl,
hydroxyalkyl, alkoxy,halomethyl, carboxyl, carboalkoxy, alkanoylamino, or
alkenoylamino, .

- then X can not be a pyridinyl, pyrimidinyl, or phenyl ring that is substituted
with a hydroxy or alkoxy group.

20
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15. A method of treating, inhibiting the progression of, or eradicating
colonic polyps in a mammal in need thereof which comprises administering to said

mammal a compound of formula I having the structure
(CHz)n‘X

wherein:

X is cycloalkyl of 3 to 7 carbon atoms, which may be optionally substituted with one
or more alkyl of 1 to 6 carbon atom groups; or

X is pyridinyl, pyrimidinyl, or Ph; or

Xisa bxcychc aryl or bicyclic heteroaryl ring system of 8 to 12 atoms, where the
blcychc heteroaryl ring contains 1 to 4 heteroatoms selected from N, O, and S;.
wherein the blcychc aryl or bicyclic heteroaryl nng may be optionally mono-,
ldl- 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, alkm-{y 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, phenmoxy, 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, carboalkoxyalkyl of 3-8 carbon
atoms, aminoalkyl of 1-5 carbon atoms, N-alkylaminoalkyl of 2-9 carbon
atoms, N,N-dialkylaminoalky! of 3-10 carbon atoms, N-alkylaminoalkoxy of
2-9 carbon atoms, N,N-dialkylaminoalkoxy of 3-10 carbon atoms, mercapto,

methylmercapto, and benzoylamino; or
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T

~Eis pyridinyl, pyrimidinyl, or Ph;
T is substituted on E at carbon and is

- NH(CHz)xr-, -O(CH2)a, ~S(CH2)m-, -NR(CH2)- , (CHo)m-
~(CH2)uNH -, - (CH2)uO -, - (CH2)wS- , or - (CH2)uNR -

LisaPh;or

L is a 5- or 6-membered héteroafyl ring where the heteroaryl ring contains 1 to 3
heteroatoms selected from N, O, and S; wherein the heteroaryl ring may be
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 z'tioms, azido, hydroxyalkyl of 1-6 carbon
atoms, halomethyl, a]koxymethyl 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, carboalkoxyalkyl 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,
methylm_eréapto, and benzoylamino;

Pyridinyl, pyrimidinyl, or Ph are pyridinyl, pyrimidinyl, or phenyl radicals,
respectively, which may be optionally 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 carbdn 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 6f 2-7 carbon atoms, benzoyl,
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amino, alkylamino of 1-6 carbon atoms,.dialkylarﬁino of 2 to 12 carbon atoms,

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

alkynoylamino of 3-8 carbon atoms, carboxyalkyl of 2-7 carbon atoms,
- carboalkoxyalkyl 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-alkylhmiiioalkoxy of 2-9 c_:arbon atoms, N,N-dialkylaminoalkoxy of -

3-10 carbon atoms, mercapto, methylmercapto, and benzoylamino;
Z is -NH-, -O-, -S-, or -NR- ; _ _
R is alkyl of 1-6 carbon atoms, or carboalkyl of 2-7 carbon atoms;

A” is a diavalent moiety selected from the group
-Gy

| | G4
S G‘\(‘\§ NN
Gz E Y§ Y 'd §
Gs Gy :
G1, G2, G3, and G4 are each, independently, hydrogen, halogen, alkyl of 1-6 carbon
atoms, alkenyl of 2-6 carbon atomé, alkynyl of 2-6 carbon atoms, alkenyloxy
of 2-6 carbon atoms, alkynyloxy of 2-6 carbon atoms, hydroxymethyl,

halomethyl, alkanoyloxy of 2-6 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, élkyléulphinyl of 1-6 carbon atoms,
alkylsulphony! of 1-6 carbon atoms, alkylsulfonamido of 1-6 carbon atoms,
alkenyléulfonamido of 2-6 carbon atoms, alkynylsulfonamido of 2-6 carbon
atoms, hydroxy, trifluoromethyl, u'iﬂiloromethoxy, 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, diélkylamino 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, R,NH, ' '
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with the proviso that G3 and G4 are not R,NH;

Y is a divalent radical selected from the group consisting of

Ry
—S— , —(CH),— , —0— ,ad —N—

R7is -NRgRg, -ORg, -J, -N(Rg)3 *, or -NR(ORg) ;

M is >NRg, -O-, >N-(C(Rg)2)pNRgR, or >N-(C(Rg)2)p-ORg;

Wis >NRg, -O- orisabond;

Het is a heterocyclic radical selected from the group consisting of morpholine,’

thiomorpholine, thiomdrpholine S-oxide, thiomorpholine §,S-dioxide,
piperidine, pyrrolidine, aziridine, pyridine, imidazole, 1,2,3-triazole, 1,2,4-
triazole, thiazole, thiazolidine, tetrazole, piperazine, furan, thiophene, tetra--
hydrothiophene, tetrahydrofuran, dioxane, 1,3-didxolane, tetrahydropyran, and
(OCH2CH20), '

N

which may be optionally mono- or di-substituted on carbon with Rg, hydroxy,
-N(Rg)2, -ORg -(C(Rg)2)sORg or -(C(R6)2)sNRg)2;

optionally mono-substituted on nitrogen with Rg; and

optionally mono or di-substituted on a saturated carbon with divalent radicals
-0- or -O(C(Rg)2)s0-;

Ré 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, carboxyalkyl 2-7 carbon atoms, phenyl, or phenyl opﬁonaﬂy
substituted with one or more halogen, alkoxy of 1-6 carbon atoms,
trifluoromethyl, amino, alkylamino of 1-3 carbon atoms, dialkylamino6 of 2-6 -
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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, phenj'l, '
thiophenoxy, benzoyl, benzyl, phehylamino,' 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

o)
O ) Ra
RS—E—< —
’ Rz Rs
Ra |
R3 \ Rs ) R3/
— R
R3 ’ R == ’ ;
1o ® 4 R (C(Ra)o)p
. o
lo Rg Q Oy
' | |
R3—S—S—(C(F!3)2),—< ,F‘a/% .
O R - OnRs
Re
o)
Q
N\
, (CRslly Y
Rz—N . ’
Re | & oFe

N (C(Rs)N” Rs

0 | |
(C(Rs)2 N
/ , i .
| /
7 n

0]
\CRs)” Rs
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//O

o

/(C(Rs)z)“Iu\ 6 lN
A O

(C(Re)e)y” ~Rs
\
Re

\ J-(CH (CHp)s~J 0
RS_ St 02 ( 2)5_}_;.‘2 J-(C HZ)S_"'—.:_(

H, Ry J-CH)

N

O
’ \ | \ \
CH, - Rg CH, Rs CH;
: (o} : o)
| _ . _ < . _
QO, CH, "R CH, Rs CH,
>—<_ » )_'<— , and )_<— g
Hs Rs  Q0.C Rs H; €0,Q

R3 is hydrogen, alkyl of 1-6 carbon atoms, carboxy, carboalkoxy of 1-6 carbon atoms,
5 phenyl, carboalkyl of 2-7 carbon atoms,
| , (C(HG)Z)p\ |
Rr(C(Hs)z)p—N\ /N‘(C(Rs)z)r'
(C(Re)2)p
R7~(CRelds. .  Rr(C(Rel)-M—(C(Re)) -

RgRg-CH-M—(C(Rg)2). ,or Het-(C(Rgl2)gW-(C(Rg)2)r +

R5 is 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

/ \
Rr{C(Re)—N N-CEa))-
10 (C(Ra)2)p
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R-(CReds . RelCRIyM—(CRer -
ReRg-CHM—(CRe))- . or Het-(C(Rel)gW-(CRe))-

Rg, and Ry are each, independently, -(C(Rg)2);NR¢Rg, or -(C(Rg)2)r OR;
J is independently hydrogen, chlorine, fluorine, or briomine;
Q is alkyl of 1-6 carbon atoms or hydrogen;

a=0-1;

g=1-6;

k=04;

n is 0-1;

m is 0-3;

p=2-4;

g=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 écceptable 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 provided that

when R3 is bound to sulfur, it cannot be hydrogen, carboxy, carboalkoxy, or

carboalkyl;

~and provided that
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- thenk =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 nitrogen atom and Y is -O-
or -NR6- then k =2-4;

and finally provided that
when A” is the moiety
Gy

Gy /N\§ G1 = %
or

| Gz § G5 SN §

5 Gs ’
n=0, |
Zis NH,

Gj is hydrogen, halogen, alkyl, alkoxy, hydroxy, aﬁkanoyioky 6f 2-6 carbon
atoms, or phenoxy, and

10 G2 is hydrogen, halogen, alkyl, hydroxy, carboxya]kyl carboa]koxyalkyl
hydroxyalkyl alkoxy,halomethyl, carboxyl, carboalkoxy, alkanoylamino, or

alkenoylamino, .
then X can not be a pyridinyl, pynm1d1nyl or phenyl ring that is substituted with a

hydroxy or alkoxy group.
15
16. A pharmaceutical composmon which comprises a compound of
formula I having the structure
-(CHa)'n-X
/
I
wherein:

20 Xis cycloalkyl of 3 to 7 carbon atoms, which may be opﬁonally substituted with one
or more alky! of 1 to 6 carbon atom groups; or
X is pyridinyl, pyrimidinyl, or Ph; or
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X is a bicyclic aryl or bicyclic heteroéryl "ring system of 8to 12 atoms, where the

bicyclic heteroaryl nng contains:1 to 4 heteroatoms selected from N, O, and S;
wherein the bicyclic aryl or blcychc heteroaryl ring may be optionally mono-,
di-, tri-, or tetra-substituted with a substltuent selected from the group
consmtmg of halogen, oxo, thio, a]kyl of 1-6 carbon atoms, alkenyl of 2-6
carbon atoms, alkynyl of 2—6 carbon atoms, a21do hydroxyalkyl of 1-6 carbon
atoms, halomethyl, alkoxymethyl of 2-7 ca;bo__n atoms, alkanoyloxymethyl of
2-7 carbon atoms, alkoxy of 1-6 carbon atoxrfs; alkylthio of 1-6 carbon atoms,
hydroxy, triﬂuorometh_yl, cyano, nitro, carboxy carboalkoxy of 2-7 carbon
atoms, carboalkyl of 2-7 carbon atoms, 'phenox_y, phenyl, thiophenoxy,
benzoyl, benzyl, amino, alkylamine of 1-6 éaf_bon atoms, dialkylamino of 2-to -
12 carbon atoms, pheﬁylaminb, Béniylamiﬁb;- alkanoylamino of 1-6 carbon
atoms, alkenoylamino of 3-8 carbon atorqs",:a]kynoylamino of 3-8 carbon
"atoms, carboxyalkyl of 2-7 carbon '.atoms,éf'icérbOalkoxya]kyl 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—dla]kylammoalkoxy of 3-10 carbon atoms, mercapto,

methylmercapto, and benzoylamino; or

Xlstheradlcal _E< T,L :

E is pyridinyl, pyrimidinyl, or Ph;

T is substituted on E at carbon and is
- NH(CHy)a-, -O(CHa)ur, -S(CH2), -NR(CHy)a- , -(CHo)u-
~(CH2)uNH -, - (CHz)uO -, - (CHg)mS- , o - (CHz)uNR -;

- LisaPh;or

L is a 5- or 6-membered hetefoaryl ring where the heteroaryl ring contains 1 to 3
heteroatoms Selected from N, O, and S; wherein the heteroaryl ring may be
optionally mono- or di-Substituted with a suBstituent selected from the group
consxstmg of halogen, oxo, thio, alkyl of 1-6 carbon atoms, alkenyl of 2-6
carbon atoms, alkynyl of 2-6 carbon atoms, az1do, 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 atomﬁ; alkylthio of 1-6 carbon atoms,
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hydroxy, ttifluoromethyl, cyano, nitro, carbioxy, 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, carboalkoxyalkyl of 3-8 carbon
atoms, aminoalkyl of 1-5 carbon atoms, N-alkylaminoalkyl of 2-9 carbon
atoms, N,N-dialkylaminoalky! of 3-10 carbon atoms, N-alkylaminoalkoxy of
2-9 carbon atoms, N,N-dialkylaminoalkoxy of 3-10 carbon atoms, mercapto,
methylmercapto, and benzoylamino;

Pyridinyl, pyrimidinyl, or Ph are pyridiiyl, pyrimidinyl, or pheny! radicals, -

15

20

respectively, which may be optionally 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, nitro, carboxy,
carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms, benzoyl,
amino, alkylamino of 1-6 carbon atoms, dialkylamino of 2 to 12 carbon atoms,
alkanoylamino of 1-6 carbon atoms, alkenoylamino of 3-8 carbon atoms,
alkynoylamino of 3-8 carbon atoms, carboxyalkyl of 2-7 carbon atoms,
carboalkoxyalkyl 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, methylmercapto, and benzoylamino;

Zis -NH-, -O-, -S-, or -NR-~;
R is alkyl of 1-6 carbon atoms, or c_,arboal_kyl of 2-7 carbon atoms;
A” is a diavalent moiety selected from the group |
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G1, G2, G3, and G4 are each, independently, hydrogen, halogen, alkyl of 1-6 carbon
atoms, alkenyl of 2-6 carbon atoms, alkynyl fof 2-6 carbon atoms, alkenyloxy .

of 2-6 carbon atoms, alkynyloxy of 2-6-carbon atoms, hydroxymethyl,
halomethyl, alkanoyloxy of 2-6 carbon atoms, alkenoyloxy of 3-8 carbon
atoms, alkynoyloxy of 3-8 carbon atoms, alkanoyloxymethyl of 2-7 carbon
atoms, alkenoyloxymethyl of 4-9 catbon at__dms, alkynoyloxymethyl of 4-9
carbon atoms, alkoxymethyl of 2-7 carbon atdnis, alkoxy of 1-6 carbon atoms,

alkylthio of 1-6 carbon atoms, alkylsulphinyl of 1-6 carbon atoms, -
- alkylsulphonyl of 1-6-carbon atoms, .'alkylsuifonaxnido of 1-6 carbon atoms,
- alkenylsulfonamido of 2-6 carbon atoms, alkynylsulfonamido of 2-6 carbon

~ atoms, hydroxy, trifluoromethyl, ln'ﬂuoromethoxy, 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-alkenylamino of
4 to 12 carbon atoms, N,N-dialkenylanﬁno of 6-12 carbon atoms,

. phenylamino, benzylamino, R,NH,

/(C(R_S)Z)p\ _ -
R—,-(C(—Rs)z)p—N\ /N"(C(Rs)z_)k'y' ,  RaRg-CH-M—(C(Rg)2)x-Y-
-~ (C(Re)2)p o

Rr-(CRe)z)gY- . Rr-{C(Rela)pM-(C(Rell-Y- - Het-(C(Re)o)q W-(CRe)-Y- -

with the proviso that G3 and Gg are not R;NH;

Y is a divalent radical selected from the group consisting of

s

| TR
—S$— , —(CH),— , —O0— ,ad —N—

R7is -NRgRg, -ORg, -J, -N(Rg)3 * or -NRg(ORg) ;
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M is >NRg, -O-; 3N-(C(Rg)2)pNRgRg, or >N-(C_€R5)2)p-OR6;
W is >NRg, -0- or is a bond;
Het is a heterocyclié radical 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, tetra-
hydrothiophene, tetrahydrofuran, dioxane, 1,3-dioxolane, tetrahydropyran, and
(OCH,CH0)r

N
which may be optionally mono- or di-substituted on carbon with Rg, hydroxy,
-N(Rg)2, -ORg -(C(Rg)2)sORg or -(CRe))sNR6)2:
optionally mono-substituted on nitrogen with Rg; and |

optionally mono or di-substituted on a saturated carbon with divalent radicals -
-O- or -O(C(Rg)2)sO-;

Rg 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, 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, nit:o, 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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R3 is hydrogen, alkyl of 1-6 carbon atoms, carboxy, carboalkoxy of 1-6 carbon atoms,
phenyl, carboalkyl of 2-7 carbon atoms, |

(Rl
Rr-(C(Rells—N_ N-CRe)r
5 (C(Re)2)p
RrCReds. . RrCRyM—CRe -

RgRg-CH-M—(C(Rg)2). ., or Het(C(Rgl)qW-(C(Rgl2)r +

R5 is hydrogen, alkyl of 1-6 carbon atoms, carboxy, carboalkoxy of 1-6 carbon atoms,
10 phenyl, carboalkyl of 2-7 carbon atoms, |
(C(Hs)z)p\
'lRT(C(RG)Z.)p—N\ /N“(_C(Rs)z)r:_
(C(Hs)a_)_p
R7~CRel)ss . Rr(ClReklyM—(C(Rel)r -

RgRg-CH-M—(C(Re)2)~ ,or Het-(C(Re)2)gW-(C(Re)o)

Rg, and Rg are each, independently, -(C(R6)2)rNR6R6, or ’(C(Ré)z)r ORg;
J is independently hydrogen, chlorine, fluorine, or bromine;
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Q is alkyl of 1-6 carbon atoms or hydrogen;
a=0-1; '
g=1-6;
k=04;
5 nis0-1;
m is 0-3;
P=2-4;
q=0-4;
r=1-4;
10 s=1-6;
 u=0-4andv=0-4, wherein the sum of u+vis 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
15 : alkenyl or alkynyl moiety is bound to a nitrogen or oxygen atom
through a saturated carbon atom;
and provided that
when R3 is bound to sulfur, it cannot be hydrogen, carboxy, carboalkoxy, or
carboalkyl;
20 and provided that
when Y is -NRg- and R7 is -NR6Rs, -N(R6)3 or NR6(OR6) then g = 2-6;
when M is -O- and R7 is -ORg then p=1-4;
when Y is -NRg- th_en k =2-4;
when Y is -O- and M or W is -O- then k = 1-4
25 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 nitrdgen atom and Y is -O-

or -NR6-then k =2-4:
and finally provided that

when A” is the moiety
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Gy
or
GZ G2 N/ §
n=0,
Z is NH,

G1 is hydrogen, halogen, a]kyl, alkoxy, hydroxy, alkanoyloxy of 2-6 carbon
5 atoms, or phenoxy, and
G2 is hydrogen, halogen, alkyl, hydroxy, carboxyalkyl, carboalkoxyalkyl,
hydroxyalkyl, alkoxy,halomethyl, carboxyl, carboalkoxy, alkanoylamino, or
alkenoylamino, . '
then X can not be a pyridinyl, _pyrimidinyl; or. phenyl ring that is substituted with a

10  hydroxy or alkoxy group;
and a pharmaceutically acceptable carrier.



