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Screening of a directed compound library in a yeast-based assay identified 4-[(2,4-dichlorophen-
yl)amino]-6,7-dimethoxy-3-quinolinecarbonitrile (2a) as a Src inhibitor. An enzymatic assay
established that 2a was an ATP-competitive inhibitor of the kinase activity of Src. We present
here SAR data for 2a which shows that the aniline group at C-4, the carbonitrile group at C-3,
and the alkoxy groups at C-6 and C-7 of the quinoline are crucial for optimal activity. Increasing
the size of the C-2 substituent of the aniline at C-4 of 2a from chloro to bromo to iodo resulted
in a corresponding increase in Src inhibition. Furthermore, replacement of the 7-methoxy group
of 2a with various 3-heteroalkylaminopropoxy groups provided increased inhibition of both
Src enzymatic and cellular activity. Compound 25, which contains a 3-morpholinopropoxy group,
had an ICsy of 3.8 nM in the Src enzymatic assay and an 1Cs, of 940 nM for the inhibition of

Src-dependent cell proliferation.

Introduction

Tyrosine kinases (TKs), enzymes that catalyze the
specific phosphorylation of tyrosine residues on proteins,
can be divided into two classes: the transmembrane
growth factor receptor TKs (RTKs) and the cytoplasmic
TKs which include Src. Src is a member of the Src family
of kinases (SFKs) that share a common structural
organization and have a high degree of homology,
especially in their ATP-binding regions.=* In addition
to Src, the SFKs include Yes, Fyn, Fgr, Lck, Hck, Lyn,
Blk, and Yrk. While some SFKs, including Src, Yes, and
Fyn, are widely expressed, others such as Lck are
limited in their expression.

Src is a potential therapeutic target for the treatment
of diverse human disease states. Studies with Src-
deficient mice demonstrated that bone resorption by
osteoclasts requires Src activity, implying that Src
inhibitors might be useful in the treatment of osteoporo-
sis.>~7 In addition, since Src is overexpressed in colon,
breast, hepatic, and pancreatic tumors, as well as in
certain B-cell leukemias and lymphomas, Src inhibitors
may be efficacious in the treatment of cancer.38-13
Further evidence for an active role for Src in tumor
growth comes from experiments where anti-sense src
expression in ovarian and colon tumor cells inhibited
the growth of these cells in mouse xenograft models.1#15

Various classes of SFK inhibitors have been reported
by several companies including, 5,10-dihydropyrimido-
[4,5-b]lquinolin-4(1H)-ones® and pyrazolo[3,4-d]pyrim-
idines'” from Pfizer, pyrrolo[2,3-d]pyrimidines from
Novartis,81° pyrido[2,3-d]pyrimidin-7(8H)-ones?® and
1,6-naphthyridin-2(1H)-ones 2! from Parke-Davis, and
4-anilinoquinazolines from Rhone Poulenc Rorer.?? In
some cases, modification of certain substituents on these
core structures led to inhibitors of other kinase families.
For example, varying the group at C-6 of Parke-Davis's

* To whom correspondence should be addressed. Tel: 845-732-3567.
Fax: 845-732-5561. E-mail: bosched@war.wyeth.com.

pyrido[2,3-d]pyrimidin-7(8H)-ones provided inhibitors of
either platelet-derived growth factor receptor TK (PDG-
Fr)23 or fibroblast growth factor receptor TK (FGFr).24
By varying the aniline substituent at C-4 of their
qguinazolines, the group at Rhone Poulenc Rorer ob-
tained inhibitors of CSF-1R TK.%®

We recently reported that 4-[(3-bromophenyl)amino]-
6,7-dimethoxy-3-quinolinecarbonitrile (1a) was an in-
hibitor of epidermal growth factor receptor (EGFr)
TK,2627 showing slightly reduced activity compared to
4-[(3-bromophenyl)amino]-6,7-dimethoxyquinazoline (1b),
one of the most potent EGFr inhibitors known.?® Hoping
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that the 3-quinolinecarbonitrile core could function as
a template for inhibitors of other kinases, we prepared
a library of 6,7-dimethoxy-3-quinolinecarbonitriles with
various anilino groups at C-4. These compounds were
screened in several assays, including a yeast-based Src
assay. Yeast strains were prepared that harbor plasmids
containing galactose-inducible src genes.?° When grown
in medium with galactose, these cells express Src and

consequently undergo rapid cell death. These yeast
strains were embedded in agar, and when the 3-quino-
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linecarbonitriles were spotted on the surface, a ring of
cell growth implied that the compound was blocking the
toxic effect of Src. One of the best compounds in
restoring cell proliferation in this assay was 2a, which
contains a 2,4-dichloroanilino group at C-4.3° The
structure of 2a suggested that this compound was an
inhibitor of Src kinase activity, and this was confirmed
by an enzymatic assay. The corresponding quinazoline
3 also inhibited Src kinase activity but was 8-fold less
active than 2a. These initial results led us to investigate
additional analogues of 2a as Src kinase inhibitors.

Chemistry

As depicted in Scheme 1, 2a was prepared by treat-
ment of 4-chloro-6,7-dimethoxy-3-quinolinecarbonitrile
(4a)?627 with 2,4-dichloroaniline. When this reaction was
run in ethoxyethanol in the presence of pyridine hydro-
chloride a 25% yield of 2a was obtained. This yield was
increased to 67% by first generating the anion of 2,4-
dichloroaniline with sodium hydride followed by addi-
tion of 4a. The corresponding quinazoline and quinoline
analogues, namely 3 and 6, were obtained from the
reaction of 2,4-dichloroaniline with 4-chloro-6,7-dimeth-
oxyquinazoline (5)3! and 4-chloro-6,7-dimethoxyquino-
line (7),%2 respectively.

The linker group at C-4 of 2a was varied to include
the phenol derivative 8, the thiophenol derivative 9, the
benzylamine derivative 10, the methylanilino derviative
11, and the carboxamide derivative 12. All of these were
prepared from 4a by standard conditions. Treatment of
2a with methyl iodide and sodium hydride provided a
readily separable mixture of predominately 13, the
1-methyl analogue, along with the 4-methyl isomer 11.

To study the effect of the carbonitrile group at C-3,
several analogues of 2a were prepared with alternative
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Scheme 22

groups at this position. Ethyl 4-chloro-6,7-dimethoxy-
3-quinolinecarboxylate (14)3 was treated with 2,4-
dichloroaniline in the presence of pyridine hydrochloride
to provide 15. The ester group of 15 was reduced with
diisobutylaluminum hydride, as shown in Scheme 2, to
provide the 3-hydroxymethyl derivative 16. Oxidation
of 16 with manganese(lV) oxide provided the 3-aldehyde
derivative 17. Additional analogues of 2a were prepared
by hydrolysis of the ester group of 15 to give the
3-carboxylic acid derivative 18, which was then con-
verted to the primary amide derivative 19 by treatment
with 1,1'-carbonyldiimidazole followed by aqueous am-
monium hydroxide.

The lead compound 2a has methoxy substituents at
C-6 and C-7 of the quinoline ring. The C-6 and C-7
unsubstituted analogue 2b was prepared from the
known 4-chloro compound 4b.3* The mono 5-, 6-, 7-, and
8-methoxy derivatives, 2c—2f, were prepared from the
corresponding 4-chloro compounds, 4c—4f. While 4d—
4f were previously reported in the literature,?6 4c was
prepared as shown in Scheme 3. Formation of the
amidine derivative of 2-amino-6-methoxybenzoic acid3®
followed by addition of the anion of acetonitrile provided
4-hydroxy-5-methoxy-3-quinolinecarbonitrile (20). Reac-
tion of 20 with phosphorus oxychloride in the presence
of a catalytic amount of N,N-dimethylformamide gave
4c. The 5,7-dimethoxy isomer of 2a, namely 2g, was
obtained from the corresponding 4-chloro derivative 49,
which was prepared as shown in Scheme 3. Reaction of
3,5-dimethoxyaniline with ethyl (ethoxymethylene)-
cyanoacetate and subsequent thermal cyclization pro-
vided 21. Treatment of 21 with phosphorus oxychloride
gave the desired 4-chloro derivative 4g.

Additional 6,7-dialkoxy analogues of 2a were pre-
pared as shown in Scheme 4. Demethylation of 2a with
pyridine hydrochloride provided the 6,7-dihydroxy ana-
logue 2h. To cleanly alkylate the hydroxy groups of 2h,
it was necessary to first completely acylate the molecule,
then selectively deacylate the hydroxy groups to give
22. Alkylation of the hydroxyl groups of 22 with ethyl
iodide or n-butyl bromide, followed by removal of the
acyl group from the 4-nitrogen, provided the 6,7-
diethoxy and 6,7-di-n-butoxy analogues 2i and 2j,
respectively.

A large number of analogues of 2a were prepared with
various halogen substituents on the 4-anilino group.
Compounds 2k—2v were prepared by the reaction of 2a
with the desired aniline in the presence of either
pyridine hydrochloride or sodium hydride. The anilines
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used included 2-chloro, 4-chloro, all five possible dichloro
isomers, and some 2,4-dihaloanilines other than 2,4-
dichloro.

Derivatives of 2a with water-solublizing groups at C-6
and/or C-7 of the quinoline ring were prepared as shown
in Scheme 5. The diol 2h was converted into the 6,7-
di(3-chloropropoxy) derivative which was then treated
with morpholine to provide 23. In this case, unlike the
preparations of 2i and 2j, the nitrogen atom was not
protected in the alkylation reaction, which resulted in
the low yield (31%) of 23 from 2h. The 6-(3-morpholi-
nopropoxy) derivative 24 was obtained by reaction of
4w?6 with 2,4-dichloroaniline. The isomeric 7-(3-mor-
pholinopropoxy) derivative 25 was obtained in a similar
fashion from 4x.26 An alternative route to 25 was also
used wherein intermediate 4y?% was treated with 2,4-
dichloroaniline to provide 2y, which was then reacted
with morpholine in the presence of Nal. By varying the
heterocyclic amine in the reaction with 2y from mor-
pholine to N-methylpiperazine and 4-hydroxypiperidine,
analogues 26 and 27 were obtained.

Results and Discussion

The screening lead 2a had an average 1Csg value of
30 nM in the Src enzymatic assay, when run with an
ATP concentration of 0.1 mM. In a study where the ATP
concentration was increased from 0.1 to 1 to 5 mM, the
IC5o for 2a increased from 23 to 130 to 270 nM,

suggesting that this compound is an ATP-competitive
inhibitor. Compound 2a was tested against several other
kinases, including EGFr-2 (ErbB-2), FGFr, and cdk4
(cyclin-dependent kinase 4). No activity (less than 20%
inhibition) was observed against ErbB-2, FGFr, and
cdk4 when 2a was tested at doses of 2, 1, and 10 ug/
mL, respectively. When PP1, 4-amino-5-(4-methylphen-
yl)-7-tert-butylpyrazolo[3,4-d]pyrimidine, a Src inhibitor
reported by Pfizer,” was tested under our assay condi-
tions, an ICsp value of 35 nM was obtained (Table 1).
Therefore the Src inhibitory activity of 2a is comparable
to that of PP1. As mentioned previously, compared to
the corresponding quinazoline 3 (ICsg value of 250 nM),
2a exhibited an 8-fold increase in Src inhibitory activity.
This result is consistent with our earlier report that 6,7-
dimethoxy-4-[(3,4,5-trimethoxyphenyl)amino]-3-quino-
linecarbonitrile (28a) was a more potent inhibitor of Src
activity than the corresponding quinazoline 28b.36
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As shown in Table 1, the NH group at C-4 of 2a is
essential for Src inhibitory activity. Substantial de-
creases in activity were observed with compounds 8—12,
the analogues of 2a with O, S, NHCH,, NMe, and NHC-
(O) substituents at C-4. The importance of the C-4 NH
group is further demonstrated by the lack of activity of
the 1-Me isomer 13. In addition, Table 1 also illustrates
that the 3-carbonitrile group of 2a is required for good
activity. The 3-unsubstituted quinoline 6 (1Csq value of
84 nM) was less active than 2a, and while some activity
was seen with the 3-aldehyde analogue 17 (ICsp value
of 250 nM), the 3-ester, alcohol, acid, and amide deriva-
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tives, 15, 16, 18, and 19, all provided less than 20%
inhibition when tested at a concentration of 1 uM. These
results correspond with the 4-(3-bromoanilino)quinoline
series of EGFr inhibitors, where after the 3-carbonitrile
derivative la, the best activity was seen with the
3-aldehyde derivative.?’

Table 2 shows the effect of varying the 6,7-dimethoxy
substituents of 2a. Removal of both alkoxy groups, as
in 2b, resulted in a dramatic loss of activity. While the
6- and 7-methoxy derivatives 2d and 2e were both about
1 log order less active than 2a, further reductions in
activity were observed with the 5-methoxy derivative
2c and especially the 8-methoxy derivative 2f. In
addition, decreased activity was seen with the 6,7-
dihydroxy analogue 2h and the 6,7-dibutoxy analogue
2j, but increased activity was seen with the 6,7-diethoxy
analogue 2i (ICsp value of 11 nM). This result is in
contrast to the 4-[(3-bromophenyl)amino]-3-quinoline-
carbonitrile series of EGFr inhibitors wherein reduced

activity was seen with the 6,7-diethoxy analogue and
the 6,7-dihydroxy analogue had activity comparable to
la.?’

In the study of the 2,4-dichloroanilino group, shown
in Table 3, the 2-chloro derivative 2k was about 3-fold
less active than 2a while the 4-chloro derivative 2| was
about 1.5-fold less active than 2a. Of the five possible
dichloro isomers of 2a, only the 3,5-dichloro analogue
2p (ICsp value of 1.06 uM) had greatly reduced activity
compared to 2a. Comparing the 4-chloroanilino ana-
logues where the substituent at C-2 was varied from
fluoro to bromo to iodo, an increase in Src inhibition was
seen with the larger bromo and iodo substituents. In
fact, the best activity in this series was seen with 2t
(ICsp value of 6.2 nM), which has a 4-chloro-2-iodo-
anilino group at C-4. However 2u, the 2-chloro-4-iodo
isomer of 2t, had reduced activity (ICsp value of 95 nM)
compared to 2a, while the 2-chloro-4-bromo analogue
2v had increased activity (ICso value of 15 nM). These
results imply that there is a greater steric constraint
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Table 1. Inhibition of Src Kinase Activity by C-3 and C-4
Substituted 6,7-Dimethoxyquinolines?

Src: 1Cso (NM) or

compd Y X % inhib at 1 uM

2a NH CN 30
3 quinazoline analogue of 2a 250
6 NH H 84
8 o CN 37%
9 S CN 2200
10 NHCH, CN 24%
11 NMe CN 32%
12 NHC(O) CN NAP
13 1-Me analogue of 2a NAP
15 NH COOEt NAP
16 NH CH,OH NAP
17 NH CHO 250
18 NH COOH NAP
19 NH CONH; NAP
PP1° 35

a1Csp Or % inhibition values reported for Src inhibition repre-
sent the means of at least two separate determinations with typical
variations of less than 40% between replicate values. P NA, less
than 20% inhibition at 1 M. ¢ Purchased from Calbiochem (San
Diego, CA).

Table 2. Inhibition of Src Kinase Activity by Various C-5, C-6,
C-7, and C-8 Substituted 4-(2,4-Dichlorophenylamino)-

3-quinolinecarbonitriles?
CID/CI
RS HN

R, ~ CN
R? Y l
Rs
Src: 1Cso (NM) or
compd RS R® R7 R8 % inhib at 1 uM
2a H OMe OMe H 30
2b H H H H NAP
2c OMe H H H 1200
2d H OMe H H 320
2e H H OMe H 200
2f H H H OMe NAP
29 OMe H OMe H 52%
2h H OH OH H NAP
2i H OEt OEt H 11
2j H O-n-Bu O-n-Bu H 160

a1Csp or % inhibition values reported for Src inhibition repre-
sent the means of at least two separate determinations with typical
variations of less than 40% between replicate values. P NA, less
than 20% inhibition at 1 uM.

at C-4 of the anilino group than at C-2. Interestingly,
we previously reported that addition of a bromo group
at C-2 of the anilino group of 28a caused a decrease in
the 1Cs for Src inhibition from 35 nM for 28a to 170
nM for 28c.36 This discrepancy suggests that the 3,4,5-
trimethoxyanilino derivative 28a has a binding mode
that is different from that of 2a.

Compound 2a was next evaluated for its ability to
block the proliferation of rat fibroblasts stably trans-
fected with a plasmid expressing activated Src. In a
proliferation assay measuring the inhibition of the
growth of these cells on plastic, an 1Csg value of 18 uM
was obtained for 2a. Src-transformed fibroblasts exhibit

Boschelli et al.

Table 3. Inhibition of Src Kinase Activity By
6,7-Dimethoxy-4-phenylamino-3-quinolinecarbonitriles®

R
Y
HN

/m
s
~o N

compd R Src: 1Cso (NM) compd R Src: 1Csp (NM)

2a 2,4-diCl 30 2q 3,4-diCl 57

2k 2-Cl 95 2r 2-F, 4-Cl 53

21 4-Cl 53 2s 2-Br, 4-Cl 10

2m 2,3-diCl 90 2t 2-1, 4-Cl 6.2

2n 2,5-diCl 40 2u 2-Cl, 4-1 95

20 2,6-diCl 61 2v 2-Cl, 4-Br 15

2p 3,5-diCl 1100

2 1Cs values reported for Src inhibition represent the means
of at least two separate determinations with typical variations of
less than 40% between replicate values.

Table 4. Inhibition of Src Kinase Activity and Cell Prolifera-
tion by 4-(2,4-Dichlorophenylamino)-3-quinolinecarbonitriles

6,
R°0. 7 | CN
R0 Y
1Cso (M)
nM Src Fyn
compd R® R? Src2  cells® cells?
2a Me Me 30 52 >10
23 (CHy)s-morpholine (CHa)s-morpholine 19 3.3 >10
24 (CH>)s-morpholine Me 220 >10 >10
25 Me (CHy)s-morpholine 3.8 0.94 3.2
26 Me (CH2)s-N-methyl- 8.7 1.0 2.9
piperazine
27 Me (CHy)s-4-hydroxy- 35 1.4 4.5
piperidine

2 ]Cspo values reported for Src inhibition represent the means
of at least two separate determinations with typical variations of
less than 40% between replicate values. ® Anchorage-independent
assay. I1Csp values reported represent the means of at least four
separate determinations.

anchorage independence that has an absolute require-
ment for Src, while anchorage-dependent growth, i.e.,
growth on plastic, does not necessarily rely on Src
activity. Therefore, an anchorage-independent growth
assay with plates that do not support cell adhesion was
used.?” In this suspension assay, an ICsg value of 5.2
uM was obtained for 2a (see Table 4).

There are several reports in the literature wherein
the addition of a 3-morpholinopropoxy group at either
C-6 or C-7 of various 4-anilinoquinazoline TK inhibitors
resulted in improved water solubility and cellular
activity.38740 This basic amine tail was added at either
the C-6, the C-7, or both the C-6 and C-7 positions of
2a, to give 23—25, respectively. As shown in Table 4,
the most potent of these three compounds was 25, which
had increased activity not only in the suspension assay
(I1Csp of 940 NM) but also in the enzymatic assay (ICso
of 3.8 nM). This result suggests that a basic amine tail
at C-7 leads to an additional interaction with Src, while
this same substitution at C-6 is detrimental. The dose—
response curve for 25 in the suspension assay is shown
in Figure 1. It should be noted that in the assay
measuring the inhibition of cell growth on plastic, an
1Cso value of 3.2 uM was obtained for 25. Since addition
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Figure 1. Suspension growth assay with Src-tranformed
fibroblasts treated with 25. Cells were plated into 96-well
ultralow binding plates on day 0. On day 1, serial dilutions of
compound were added to the indicated concentrations, and
proliferation was scored on day 4. Relative cell proliferation
was determined using the CellTiter 96 cell proliferation assay
kit (Promega). The curve shown is the calculated fit to the data.

of the water solublizing group at C-7 was preferred to
addition at C-6, additional derivatives of 25 were
prepared, including the N-methylpiperazine and 4-hy-
droxypiperidine analogues 26 and 27. In the enzymatic
assay, 27 had comparable activity to 25, while 26
exhibited about one-half the activity of 25. However, in
the suspension assay all three compounds had similar
activity.

We next studied the effect of 25 on the phosphoryla-
tion of cellular proteins in extracts prepared from the
Src-transformed fibroblasts. Figure 2A shows a Western
blot of these whole cell extracts probed with phospho-
tyrosine antibody. Compound 25 caused a dramatic
reduction of total cell phosphotyrosine at submicromolar
concentrations. We also examined the tyrosine phos-
phorylation of the 80-kDa Src target protein cortactin
(Figure 2B).** A Western blot of cortactin immunopre-
cipitates from the Src-transformed fibroblasts extracts
treated with 25 indicated that the phosphorylation of
cortactin is substantially reduced at 1 M. Under these
conditions of protein loading, none of these phosphoty-
rosine-containing proteins can be detected on similar
blots of extracts from rat fibroblasts transfected with
the vector alone (data not shown). Therefore, the ty-
rosine phosphorylation observed here is Src-dependent,
and 25 inhibits Src at sub-micromolar concentrations
in cells.

While 2a is selective for inhibiting Src compared to
some RTKs, selectivity for Src over other SFKs would
also be desirable. To investigate the activity of these
compounds against Fyn, rat fibroblasts transfected with
activated Fyn were prepared. As shown in Table 4,
compounds 25—27 exhibited only about a 3-fold selec-
tivity for inhibition of Src over Fyn. This result is not
surprising since the catalytic domain of these two SFKs
is highly conserved.

Conclusion

By employing a novel screening strategy, we identified
and then optimized potent Src kinase inhibitors. By
systematic replacement of the functional groups of the
screening lead 2a we determined that various 4-phen-
ylamino-3-quinolinecarbonitriles are potent inhibitors
of the kinase activity of Src. Modification of either the
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Figure 2. Effect of 25 on Src-dependent tyrosine phospho-
rylation. Equal numbers of Src-transformed cells were exposed
to various concentrations of 25 for 5 h. Extracts were analyzed
on a 4—-15% SDS—polyacrylamide gradient gel. Blots were
probed with antibody to phosphotyrosine (A, top panel). Equal
loading was verified by probing equivalent blots with antibod-
ies to Src and actin (A, bottom panel). Lane 1, no compound;
lane 2, 0.31 uM 25; lane 3, 0.62 uM 25; lane 4, 1.25 uM 25,
lane 5, 2.5 uM 25; lane 6, 5 uM 25. (B) Immunoprecipitates of
cortactin from whole cell extracts of Src-transformed fibro-
blasts treated with (lane 1) no compound, (lane 2) 1 uM 25,
(lane 3) 5 uM 25; probed with antibodies to phosphotyrosine
(top panel) and cortactin (bottom panel).

heteroatom at C-4 or the carbonitrile group at C-3 of
2a results in compounds with greatly diminished activ-
ity. We also determined that a 2,4-dihalogen substitu-
tion pattern on the 4-phenylamino group is preferred
and that larger 2-halo groups are optimal. Addition of
a 3-morpholinopropoxy group at C-7 of 2a provided 25
which has an ICsp of 3.8 nM for the inhibition of Src
kinase activity and exhibits submicromolar activity in
inhibiting both the growth of Src-transformed rat
fibroblasts in suspension and the phosphorylation of Src
substrate proteins.

Experimental Section

General Methods. Melting points were determined in open
capillary tubes on a Meltemp melting point apparatus and are
uncorrected. 'H NMR spectra were recorded using a NT-300
WB spectrometer. Chemical shifts (0) are in parts per million
referenced to Me,Si. Electrospray (ES) mass spectra were
recorded in positive mode on a Micromass Platform spectrom-
eter. Electron impact (El) and high-resolution mass spectra
were obtained on a Finnigan MAT-90 spectrometer. Flash
chromatography was performed with Baker 40-um silica gel.
Reactions were carried out under an inert atmosphere, either
nitrogen or argon.

4-[(2,4-Dichlorophenyl)amino]-6,7-dimethoxy-3-quino-
linecarbonitrile (2a). A mixture of 4a (249 mg, 1.0 mmol),2627
2,4-dichloroaniline (194 mg, 1.2 mmol) and pyridine hydro-
chloride (116 mg, 1.0 mmol) in 12 mL of 2-ethoxyethanol was
heated at reflux for 7 h. After cooling, the solvent was removed
in vacuo and the residue was treated with 10 mL of a saturated
NaHCOgs; solution and the suspension was stirred for 15 min.
The precipitate was collected by filtration, washing with water
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and ether. Drying in vacuo provided 93 mg (25%) of 2a as a
light tan solid: mp 243—-244 °C; 'H NMR (DMSO-dg) 6 3.93
(s, 3H), 3.95 (s, 3H), 7.33 (s, 1H), 7.50 (s, 2H), 7.78 (s, 1H),
7.81 (s, 1H), 8.41 (s, 1H), 9.59 (br s, 1H); MS (ES) m/z 374.0,
375.9 (M + 1).

Alternative Preparation of 4-[(2,4-Dichlorophenyl)-
amino]-6,7-dimethoxy-3-quinolinecarbonitrile (2a). To a
suspension of NaH (60% in mineral oil, 800 mg) in 50 mL of
DMF was added 2,4-dichloroaniline (3.24 g, 20.0 mmol) and
the mixture was stirred at room temperature for 1 h. To the
resultant green solution was added 4a (2.50 g, 10.0 mmol) and
the mixture was heated at reflux for 1 h then poured into water
and extracted with EtOAc. The organic layer was dried over
MgSQ,, filtered and concentrated in vacuo. Et,O was added
to the residue and the white solid collected by filtration to
provide 2.36 g (67%) of 2a: *H NMR (DMSO-dg) ¢ 3.93 (s, 3H),
3.95 (s, 3H), 7.33 (s, 1H), 7.50 (br s, 2H), 7.77—7.81 (m, 2H),
8.41 (s, 1H), 9.57 (br s, 1H); MS (ES) m/z 373.8, 375.8 (M +
1) Anal. (C13H13C|2N302'0.5H20) C, H, N.

4-[(2,4-Dichlorophenyl)amino]-3-quinolinecarboni-
trile (2b). To a suspension of NaH (60% in mineral oil, 130
mg) in 10 mL of THF was added 2,4-dichloroaniline (520 mg,
3.21 mmol) and the mixture was heated to reflux. After cooling,
4b (300 mg, 1.59 mmol)** was added and the mixture was
heated at reflux for 30 min then cooled to room temperature
and partitioned between water and EtOAc. The organic layer
was dried over MgSO,, filtered and concentrated in vacuo. The
residue was purified by flash chromatography eluting with 1:1
hexane:EtOAc to provide 263 mg (53%) of 2b as a tan solid:
mp 196—198 °C; *H NMR (CDCls) 6 6.96 (s, 1H), 7.03 (d, J =
8 Hz, 1H), 7.23 (dd, 3 = 9, 2 Hz, 1H), 7.53—7.60 (m, 2H), 7.80—
7.87 (m, 2H), 8.12 (d, J = 9 Hz, 1H), 8.80 (s, 1H); MS (ES) m/z
314.1, 316.0 (M + 1) Anal. (C15H9C|2N3) C, H, N.

4-[(2,4-Dichlorophenyl)amino]-5-methoxy-3-quinoline-
carbonitrile (2c). Following the NaH route used to prepare
2a, 2c was obtained as a gray solid in 63% yield from 4c: mp
216—218 °C; 'H NMR (DMSO-ds) 6 4.06 (s, 3H), 7.20 (d, I =
8 Hz, 1H), 7.48—7.62 (m, 3H), 7.73—7.81 (m, 2H), 8.46 (s, 1H),
10.21 (br s, 1H); MS (ES) m/z 343.9, 345.8 (M + 1). Anal.
(C17H11C|2N30) C, H, N.
4-[(2,4-Dichlorophenyl)amino]-6-methoxy-3-quinoline-
carbonitrile (2d). Following the route used to prepare 2b,
2d was obtained as an off-white solid in 30% yield from 4d:2¢
mp 160—161 °C; *H NMR (DMSO-dg) 6 3.94 (s, 3H), 7.48—
7.62 (m, 3H), 7.81—7.91 (m, 3H), 8.45 (s, 1H), 9.73 (s, 1H); MS
(ES) m/z 343.8, 345.8 (M + 1). Anal. (C17H1:CI:N30) C, H, N.
4-[(2,4-Dichlorophenyl)amino]-7-methoxy-3-quinoline-
carbonitrile (2e). Following the NaH route used to prepare
2a, 2e was obtained as an off-white solid in 97% yield from
4e:?mp 192—194 °C; 'H NMR (DMSO-dg) 6 3.93 (s, 3H), 7.23—
7.35 (br s, 2H), 7.45—7.60 (br s, 2H), 7.76 (s, 1H), 8.39 (d, J =
8 Hz, 1H), 8.49 (s, 1H), 9.81 (br s, 1H); MS (ES) m/z 344.2,
346.2 (M + 1). Anal. (C17H11CI2N30-0.2H,0) C, H, N.
4-[(2,4-Dichlorophenyl)amino]-8-methoxy-3-quinoline-
carbonitrile (2f). Following the NaH route used to prepare
2a, 2f was obtained as a light tan solid in 32% yield from 4f:
26 mp 201202 °C; 'H NMR (DMSO-dg) 6 3.90 (s, 3H), 7.34 (d,
J =8Hz, 1H), 7.41—-7.67 (m, 3H), 7.71—-8.09 (m, 2H), 8.51 (s,
1H), 9.80 (br s, 1H); MS (ES) m/z 343.7, 345.5 (M + 1). Anal.
(C17H11CI:N30-0.5H,0) C, H, N.
4-[(2,4-Dichlorophenyl)amino]-5,7-dimethoxy-3-quino-
linecarbonitrile (2g). Following the NaH route used to
prepare 2a, 2g was obtained as an off-white solid in 57% yield
from 4g after flash column chromatography eluting with a
gradient of 3:1 to 1:1 hexane:EtOAc: mp 238—239 °C; *H NMR
(DMSO-dg) 6 3.92 (s, 3H), 4.03 (s, 3H), 6.74 (d, I = 2 Hz, 1H),
6.94 (d,J=2Hz 1H),7.48 (dd, 3 =9, 2 Hz, 1H), 7.54 (d, J =
9 Hz, 1H), 7.77 (d, J = 2 Hz, 1H), 8.39 (s, 1H), 9.97 (s, 1H);
MS (ES) m/z 374.1 (M + 1). Anal. (C1sH13CI2N302) C, H, N.
4-[(2,4-Dichlorophenyl)amino]-6,7-dihydroxy-3-quino-
linecarbonitrile (2h). A mixture of 2a (600 mg, 1.60 mmol)
and pyridine hydrochloride (270 mg, 24.06 mmol) was heated
at 215—222 °C for 30 min. After cooling to 100 °C, 3.2 mL of
concentrated aqueous NH,OH was added. The reaction mix-
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ture was concentrated in vacuo and 50 mL of water and 1.2
mL of AcOH was added to the residue. The mixture was stirred
at room temperature for 30 min. The resultant solids were
collected by filtration washing with water and Et,O. After
drying in vacuo, 415 mg (75%) of 2h was isolated as a white
solid: mp 295 °C dec; *H NMR (DMSO-ds) 6 6.94 (br s, 1H),
7.39 (br s, 1H), 8.48 (d, J = 8 Hz, 1H), 9.82 (br s, 1H), 10.36
(br's, 1H), 12.40 (br s, 1H); MS (ES) m/z 345.8, 347.8 (M + 1).
Anal. (ClngC|2N302'O.8H20) C, H, N.
4-[(2,4-Dichlorophenyl)amino]-6,7-diethoxyquinoline-
3-carbonitrile (2i). To a mixture of 22 (500 mg, 1.29 mmol)
and K»COs3 (390 mg, 2.82 mmol) in 5 mL of DMF was added
ethyl iodide (602 mg, 3.86 mmol). The mixture was heated at
65 °C for 3 h then diluted with water and the pH was adjusted
to 5—6 with AcOH. The mixture was extracted into EtOAc and
the organic layer was dried over MgSO, filtered and concen-
trated in vacuo. The residue was purified by flash column
chromatography eluting with 3:1 hexane:EtOAc to provide 383
mg of a colorless syrup. This material was combined with K-
CO3 (475 mg, 3.44 mmol) in 10 mL of MeOH and heated at
reflux for 90 min then cooled to room temperature and diluted
with CHCl,. The organic layer was concentrated in vacuo in
the presence of silica gel. The residue was purified by column
chromatography eluting with 2:1 hexane:EtOAc to provide 192
mg (36%) of 2i as an off-white solid: mp 85—87 °C; 'H NMR
(DMSO-dg) 6 1.42 (t, I = 7 Hz, 6H), 4.22 (m, 4H), 7.32 (s, 1H),
7.51 (br s, 2H), 7.80 (br s, 2H), 8.40 (s, 1H), 9.52 (s, 1H); MS
(ES) m/z 4021, 404.1 (M + 1) Anal. (C20H17C|2N303’0.2H20)
C, H, N.
4-[(2,4-Dichlorophenyl)amino]-6,7-di-n-butoxy-3-quin-
olinecarbonitrile (2j). To a mixture of 22 (400 mg, 1.03
mmol) and K,COs3 (312 mg, 2.26 mmol) in 5 mL of DMF was
added n-butyl bromide (424 mg, 3.09 mmol). The mixture was
heated at 65 °C for 4 h then cooled to room temperature and
extracted with EtOAc. The organic layer was dried over
MgSO,, filtered and concentrated in vacuo. The residue was
purified by flash column chromatography eluting with 3:1
hexane:EtOAc to provide 450 mg of product. This material was
combined with K;CO3 (496 mg, 3.59 mmol) in 10 mL of MeOH
and heated at reflux for 90 min then cooled to room temper-
ature and diluted with CH,Cl,. The organic layer was concen-
trated in vacuo in the presence of silica gel. The residue was
purified by column chromatography eluting with 2:1 hexane:
EtOAc to provide 184 mg (39%) of 2j: mp 138—140 °C; H
NMR (DMSO-dg) 6 0.95 (t, J = 7 Hz, 3H), 1.07 (t, J = 7 Hz,
3H), 1.49—-1.62 (m, 4H), 1.73 (m, 2H), 1.90 (m, 2H), 3.84 (t, J
=7 Hz, 2H), 4.18 (t, 3 = 7 Hz, 2H), 6.69 (s, 1H), 6.79 (d, J =
9 Hz, 1H), 6.82 (s, 1H), 7.14 (dd, 3 = 9, 2 Hz, 1H), 7.26 (s,
1H), 7.37 (s, 1H), 7.51 (d, 3 = 2 Hz, 1H), 8.69 (s, 1H); MS (ES)
m/z 458.0, 460.0 (M + 1). Anal. (C24H2sCI:N3O;) C, H, N.
4-(2-Chlorophenylamino)-6,7-dimethoxyquinoline-3-
carbonitrile (2k). Following the pyridine hydrochloride route
used to prepare 2a, 2k was obtained as a light tan solid in
48% vyield from 4a after chromatography eluting with 1%
MeOH in CH,Cl,: mp 227—229 °C; *H NMR (DMSO-dg) 6 3.94
(s, 3H), 3.95 (s, 3H), 7.33 (s, 1H), 7.37—7.51 (m, 3H), 7.60 (m,
1H), 7.84 (s, 1H), 8.40 (s, 1H), 9.56 (s, 1H); MS (ES) m/z 339.9,
341.9 (M + 1). Anal. (C1gH14CIN30,:0.17CH.Cl;) C, H, N.
4-[(4-Chlorophenyl)amino]-6,7-dimethoxy-3-quinolin-
ecarbonitrile (2I). Following the pyridine hydrochloride route
used to prepare 2a, 21 was obtained as a light tan solid in 48%
yield from 4a after chromatography eluting with 1% MeOH
in CH,Cl,: mp 204—206 °C; 'H NMR (DMSO-dg) ¢ 3.92 (s,
3H), 3.96 (s, 3H), 7.26 (d, 3 = 9 Hz, 2H), 7.36 (s, 1H), 7.45 (d,
J =9 Hz, 2H), 7.72 (s, 1H), 8.51 (s, 1H), 9.51 (s, 1H); MS (ES)
m/z 339.9, 341.9 (M + 1). Anal. (C1sH14CIN3O,) C, H, N.
4-[(2,3-Dichlorophenyl)amino]-6,7-dimethoxy-3-quino-
linecarbonitrile (2m). Following the route used to prepare
2b, 2m was obtained as a pale yellow solid in 66% yield from
4a: mp 227-229 °C; *H NMR (DMSO-dg) 6 3.93 (s, 3H), 3.95
(s, 3H), 7.34 (s, 1H), 7.39—7.46 (m, 2H), 7.61 (d, J = 6 Hz,
1H), 7.81 (s, 1H), 8.43 (s, 1H), 9.65 (s, 1H); MS (ES) m/z 374.3,
376.3 (M + 1). Anal. (C1gH13CI2N30,-0.5EtOAc) C, H, N.
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4-[(2,5-Dichlorophenyl)amino]-6,7-dimethoxy-3-quino-
linecarbonitrile (2n). Following the pyridine hydrochloride
route used to prepare 2a, 2n was obtained as a light tan solid
in 14% yield from 4a after chromatography eluting with 5%
MeOH in CH,Cl,: mp 219—220 °C; *H NMR (DMSO-dg) 6 3.93
(s, 3H), 3.95 (s, 3H), 7.35 (s, 1H), 7.42—7.52 (m, 1H), 7.59—
7.70 (m, 2H), 7.79 (s, 1H), 8.45 (s, 1H), 9.75 (s, 1H); MS (ES)
m/z 373.8, 375.8 (M + 1). Anal. (C13H13C|2N302'0.05Et20) C,
H, N.
4-[(2,6-Dichlorophenyl)amino]-6,7-dimethoxy-3-quino-
linecarbonitrile (20). Following the NaH route used to
prepare 2a, 20 was obtained as a pale yellow solid in 66% yield
from 4a: mp 264—266 °C dec; *H NMR (DMSO-dg) 6 3.95 (s,
3H), 3.96 (s, 3H), 7.35 (s, 1H), 7.49 (t, J = 8 Hz, 1H), 7.65 (d,
J =8 Hz, 2H), 7.88 (s, 1H), 8.39 (s, 1H), 9.66 (s, 1H); MS (ES)
m/z 373.9, 375.8 (M + 1). Anal. (C1gH13CI.N30;) C, H, N.
4-[(3,5-Dichlorophenyl)amino]-6,7-dimethoxy-3-quino-
linecarbonitrile (2p). Following the pyridine hydrochloride
route used to prepare 2a, 2p was obtained as a yellow-brown
solid in 49% yield from 4a: mp 228—230 °C; *H NMR (DMSO-
des) 0 3.92 (s, 3H), 3.97 (s, 3H), 7.21 (bs, 2H), 7.30 (s, 1H), 7.40
(s, 1H), 7.64 (s, 1H), 8.63 (s, 1H), 9.63 (s, 1H); MS (ES) m/z
3738, 375.8 (M + 1) Anal. (C13H13C|2N302) C, H.
4-[(3,4-Dichlorophenyl)amino]-6,7-dimethoxy-3-quino-
linecarbonitrile (2q). Following the pyridine hydrochloride
route used to prepare 2a, 2q was obtained as a yellow-brown
solid in 42% yield from 4a: mp 211-215 °C; 'H NMR (DMSO-
de) 0 3.92 (s, 3H), 3.96 (s, 3H), 7.20 (dd, 3 = 9, 3 Hz, 1H), 7.39
(s, 1H), 7.47 (d, 3 = 3 Hz, 1H), 7.61 (d, J = 9 Hz, 1H), 7.68 (s,
1H), 8.58 (s, 1H), 9.60 (s, 1H); MS (ES) m/z 373.8, 375.8 (M +
l) Anal. (C18H13C|2N302'0.25H20) C, H, N.
4-[(4-Chloro-2-fluorophenyl)amino]-6,7-dimethoxy-3-
quinolinecarbonitrile (2r). Following the pyridine hydro-
chloride route used to prepare 2a, 2r was obtained as a tan
solid in 52% yield from 4a after chromatography eluting with
EtOAc: mp 184—186 °C; 'H NMR (DMSO-ds) d 3.94 (s, 3H),
3.96 (s, 3H), 7.35 (m, 2H), 7.48 (t, J = 9 Hz, 1H), 7.60 (dd, J
= 11, 2 Hz, 1H), 7.79 (s, 1H), 8.47 (s, 1H), 9.56 (s, 1H); MS
(ES) m/z 357.9, 359.9 (M + 1) Anal. (013H13C|FN302) C, H,
N.
4-[(2-Bromo-4-chlorophenyl)amino]-6,7-dimethoxy-3-
quinolinecarbonitrile (2s). Following the NaH route used
to prepare 2a, 2s was obtained as an off-white solid in 58%
yield from 4a: mp 256—257 °C; *H NMR (DMSO-ds) 6 3.94 (s,
1H), 3.95 (s, 1H), 7.34 (s, 1H), 7.54 (br s, 2H), 7.82 (s, 1H),
7.93 (s, 1H), 8.41 (s, 1H), 9.58 (s, 1H); MS (ES) m/z 417.8, 419.8
(M + 1) Anal. (C13H13BFC|N302) C, H, N.
4-[(4-Chloro-2-iodophenyl)amino]-6,7-dimethoxy-3-quin-
olinecarbonitrile (2t). Following the NaH route used to
prepare 2a, 2t was obtained as a white solid in 77% yield from
4a after chromatography eluting with a gradient of 1:2 to 1:1
EtOAc:hexane: mp 248-249 °C dec; 'H NMR (DMSO-dg) ¢
3.94 (s, 3H), 3.95 (s, 3H), 7.33 (s, 1H), 7.49 (d, J = 8 Hz, 1H),
7.56 (dd, J =8, 2 Hz, 1H), 7.84 (s, 1H), 8.06 (d, J = 2 Hz, 1H),
8.38 (s, 1H), 9.60 (s, 1H); MS (ES) m/z 465.9, 467.9 (M + 1).
Anal. (C18H13C“N302) C, H, N.
4-[(2-Chloro-4-iodophenyl)amino]-6,7-dimethoxy-3-quin-
olinecarbonitrile (2u). Following the NaH route used to
prepare 2a, 2u was obtained as a pale yellow solid in 32% yield
from 4a: mp 250—253 °C dec; *H NMR (DMSO-dg) 6 3.93 (s,
3H), 3.95 (s, 3H), 7.25 (d, J = 8 Hz, 1H), 7.34 (s, 1H), 7.75 (dd,
J =8, 2 Hz, 1H), 7.80 (s, 1H), 7.98 (d, J = 2 Hz, 1H), 8.43 (s,
1H), 9.50 (s, 1H); MS (ES) m/z 466.0, 468.0 (M + 1). Anal.
(C18H13CIIN302+0.2EtOAC) C, H, N.
4-[(4-Bromo-2-chlorophenyl)amino]-6,7-dimethoxy-3-
quinolinecarbonitrile (2v). Following the route used to
prepare 2b, 2v was obtained as a tan solid in 63% yield from
4a: mp 208—210 °C dec; *H NMR (DMSO-dg) 6 3.93 (s, 3H),
3.95 (s, 3H), 7.35 (s, 1H), 7.44 (d, J = 8 Hz, 1H), 7.62 (dd, J =
8,2 Hz, 1H), 7.81 (s, 1H), 7.89 (d, 3 = 2 Hz, 1H), 8.43 (s, 1H),
9.53 (s, 1H); MS (ES) m/z 417.7, 419.7 (M + 1). Anal. (C1gH13-
BrCINzO,) C, H, N.
7-(3-Chloropropoxy)-4-[(2,4-dichlorophenyl)amino]-6-
methoxy-3-quinolinecarbonitrile (2y). Following the route
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used to prepare 2a, 2y was obtained as an off-white solid in
49% yield from 4y:2636 mp 183—186 °C dec; *H NMR (DMSO-
de) 0 2.70 (m, 2H), 3.83 (t, J = 6 Hz, 2H), 3.95 (s, 3H), 4.29 (t,
J =6 Hz, 2H), 7.37 (s, 1H) , 7.52 (s, 2H), 7.79 (s, 1H), 7.82 (s,
1H), 8.42 (s, 1H), 9.56 (s, 1H); MS (ES) m/z 438.2 (M + 1).
Anal. (Con16C|3N302'0.25H20) C, H, N.
4-[(2,4-Dichlorophenyl)amino]-6,7-dimethoxyquinazo-
line (3). To a suspension of 5% (300 mg, 1.34 mmol) in 7 mL
of EtOH was added 2,4-dichloroaniline (238 mg, 1.47 mmol)
and the mixture was heated at reflux overnight. The reaction
mixture was cooled to room temperature and partitioned
between 0.5 N NaOH and EtOAc. The organic layer was dried
over MgSQO,, filtered and concentrated in vacuo. Et,O and
hexane were added to the residue and the off-white solid was
collected by filtration to provide 230 mg (49%) of 3: mp 220—
222 °C; 'H NMR (DMSO-ds) 6 3.93 (s, 6H), 7.19 (s, 1H), 7.49
(dd, =9, 2 Hz, 1H), 7.59 (d, J = 9 Hz, 1H), 7.75 (d, J = 2 Hz,
1H), 7.82 (s, 1H), 8.32 (s, 1H), 9.57 (s, 1H); MS (ES) m/z 349.8,
351.9 (M + l) Anal. (C15H13C|2N302) C, H, N.
4-Chloro-5-methoxy-3-quinolinecarbonitrile (4c). A mix-
ture of 20 (811 mg, 4.05 mmol) in 10 mL of phosphorus
oxychloride and 4 drops of DMF was heated at reflux for 4 h.
After cooling, the mixture was concentrated in vacuo and the
residue was diluted with ice cold CH,Cl,. The organic phase
was washed once with ice water, twice with cold saturated
sodium carbonate solution and twice with cold brine, then
dried over Na,SO,. The solution was passed through a pad of
silica gel and the filtrate was concentrated in vacuo to give
772 mg of 4c, as a yellow solid: mp 174—-176 °C; *H NMR
(DMSO-ds) 6 3.97 (s, 3H), 7.03 (d, J =8 Hz, 1H), 7.28 (d, J =
8 Hz, 1H), 7.77 (t, 3 = 8 Hz, 1H), 8.70 (s, 1H); MS (ES) m/z
218.7, 220.8 (M + 1).
4-Chloro-5,7-dimethoxy-3-quinolinecarbonitrile (4g).
A mixture of 21 (500 mg, 2.27 mmol) in 2 mL of phosphorus
oxychloride and 3 drops of DMF was heated at 110 °C for 2 h.
After cooling, the mixture was poured into ice water and
neutralized with saturated NaHCOs. The solids were collected
by filtration, washing with water. This material was purified
by flash column chromatography eluting with a gradient of
3:1 to 1:1 hexane:ethyl acetate to provide 267 mg (92%) of 4g,
as an off-white solid: mp 240—242 °C; 'H NMR (DMSO-dg) 6
3.31 (s, 3H), 3.97 (s, 3H), 6.90 (d, J = 2 Hz, 1H), 7.15 (d, J =
2 Hz, 1H), 8.99 (s, 1H); MS (ES) m/z 248.8 (M + 1). Anal.
(C12H9C|N202'0.1H20) C, H, N.
(2,4-Dichlorophenyl)(6,7-dimethoxyquinolin-4-yl)-
amine (6). Following the pyridine hydrochloride route used
to prepare 2a, 6 was obtained as an off-white solid in 21% yield
from 732 after chromatography eluting with EtOAc: mp 144—
146 °C; 'H NMR (DMSO-dg) 6 3.91 (s, 3H), 3.92 (s, 3H), 6.16
(d, 3 =5 Hz, 1H), 7.26 (s, 1H), 7.46 (d, J = 8 Hz, 1H), 7.52
(dd, J =8, 2 Hz, 1H), 7.68 (s, 1H), 7.80 (d, J = 2 Hz, 1H), 8.24
(d, 3 =5 Hz, 1H), 8.65 (s, 1H); MS (ES) m/z 349.3, 351.2 (M +
l) Anal. (C17H14C|2N202) C, H, N.
4-(2,4-Dichlorophenoxy)-6,7-dimethoxy-3-quinoline-
carbonitrile (8). To a melt of 2,4-dichlorophenol (700 mg, 4.29
mmol) and 80 mg of KOH was added 4a (200 mg, 0.89 mmol).
The mixture was heated for 30 min then cooled. Water was
added to the reaction mixture followed by EtOAc. The layers
were separated and 1 N HCI was added to the aqueous layer.
The aqueous layer was extracted with EtOAc and the organic
layers were combined, dried over MgSQy, filtered and concen-
trated in vacuo. Methanol was added to the residue and the
light tan solid was collected by filtration to provide 192 mg
(58%) of 8: mp 234—-236 °C; 'H NMR (DMSO-ds) 6 3.90 (s,
3H), 4.01 (s, 3H), 7.24 (d, J = 9 Hz, 1H), 7.38 (s, 1H), 7.44 (dd,
J =9, 2 Hz, 1H), 7.56 (s, 1H), 7.90 (d, J = 2 Hz, 1H), 8.89 (s,
1H); MS (ES) m/z 374.8, 376.8 (M + 1). Anal. (C1gH1,CI,N203+
0.25H,0) C, H, N.
4-(2,4-Dichlorophenylsulfanyl)-6,7-dimethoxy-3-quino-
linecarbonitrile (9). To a suspension of 4a (249 mg, 1.00
mmol) in 10 mL of DMF was added 2,4-dichlorothiophenol (215
mg, 1.20 mmol) resulting in a homogeneous solution. After
stirring at room temperature for 30 min, the off-white solid
was collected by filtration, washing with hexane, to provide
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294 mg (75%) of 9: mp 201-202 °C; 'H NMR (DMSO-ds) 6
3.83 (s, 3H), 4.01 (s, 3H), 7.01 (d, I =9 Hz, 1H), 7.31 (dd, J =
9, 2 Hz, 1H), 7.43 (s, 1H), 7.57 (s, 1H), 7.82 (d, J = 2 Hz, 1H),
9.04 (s, 1H); MS (ES) m/z 390.8, 392.8 (M + 1). Anal. (C1gH12-
CI;:N20,S-0.70H,0) C, H, N.
4-[(2,4-Dichlorophenylamino)methyl]-6,7-dimethoxy-
3-quinolinecarbonitrile (10). A mixture of 4a (249 mg, 1.00
mmol), 2,4-dichlorobenzylamine (387 mg, 2.20 mmol) and
Hunig's base (284 mg, 2.20 mmol) in 7 mL of DMF was heated
at reflux for 2.5 h. After cooling to room temperature, the
mixture was partitioned between EtOAc and water. The
organic layer was dried over MgSO,, filtered and concentrated
in vacuo. The residue was purified by flash column chroma-
tography eluting with a gradient of 1:3 to 1:1 EtOAc:hexane
to provide 350 mg (90%) of 10 as a light yellow solid: mp 127—
130 °C; *H NMR (DMSO-dg) 6 3.93 (s, 6H), 5.00 (d, J = 6 Hz,
2H), 7.25 (d, J = 8 Hz, 1H), 7.28 (s, 1H), 7.40 (dd, J = 8, 2 Hz,
1H), 7.70 (d, J = 2 Hz, 1H), 7.74 (s, 1H), 7.95 (s, 1H), 8.31 (s,
1H), 8.36 (t, J = 6 Hz, 1H); MS (ES) m/z 387.9, 389.8 (M + 1).
Anal. (C19H15C|2N302'0.7H20'O.6DMF) C, H, N.
4-(2,4-Dichlorophenylmethylamino)-6,7-dimethoxy-3-
quinolinecarbonitrile (11). To a suspension of NaH (60%
in mineral oil, 60 mg) in 10 mL of THF was added 2,4-dichloro-
N-methylaniline*? (290 mg, 1.64 mmol) and the mixture was
heated to reflux. To the resultant yellow suspension was added
4a (220 mg, 0.88 mmol) and the mixture was heated at reflux
overnight. The reaction mixture was cooled to room temper-
ature and partitioned between water and EtOAc. The organic
layer was dried over MgSQ,, filtered and concentrated in
vacuo. Et,O was added to the residue and the resultant light
tan solid was collected by filtration to provide 182 mg (53%)
of 11: mp 183-186 °C; 'H NMR (DMSO-dg) 6 3.62 (s, 3H),
3.72 (s, 3H), 3.96 (s, 3H), 7.10 (s, 1H), 7.43 (s, 1H), 7.50—7.58
(m, 2H), 7.65 (d, J = 9 Hz, 1H), 8.78 (s, 1H); MS (ES) m/z 387.9,
389.9 (M + 1) Anal. (C19H15C|2N302'0.5H20) C, H, N.
2,4-Dichloro-N-(3-cyano-6,7-dimethoxyquinolin-4-yl)-
benzamide (12). To a suspension of NaH (60% in mineral
oil, 80 mg) in 10 mL of DMF was added 2,4-dichlorobenzamide
(380 mg, 2.0 mmol) and the mixture was stirred at room
temperature for 15 min. To the resultant yellow solution was
added 4a (250 mg, 1.0 mmol) and the mixture was heated at
reflux for 2 h. The reaction mixture was cooled and added to
a mixture of 1 N HCI and EtOAc. The mixture was filtered
and the solid washed with EtOAc to provide 323 mg (80%) of
12: mp greater than 300 °C; 'H NMR (DMSO-ds) 6 3.93 (s,
3H), 4.01 (s, 3H), 7.50 (s, 1H), 7.54 (s, 1H), 7.60—7.75 (m, 2H),
7.88 (d, J =2 Hz, 1H), 9.00 (s, 1H), 11.5 (s, 1H); MS (ES) m/z
401.8, 403.7 (M + 1). Anal. (C19H13CI2N303:0.25H,0) C, H, N.
4-(2,4-Dichlorophenylimino)-6,7-dimethoxy-1-methyl-
1,4-dihydro-3-quinolinecarbonitrile (13). To a suspension
of NaH (60% in mineral oil, 25 mg) in 6 mL of THF was added
2a (196 mg, 0.52 mmol) and the mixture was heated to reflux.
The bright yellow suspension was cooled slightly and methyl
iodide (0.50 mL, 0.80 mmol) was added. Within 2 min a yellow
solution formed. The solution was partitioned between EtOAc
and water. The organic layer was washed with water, dried
over MgSQ,, filtered and concentrated in vacuo. Et,O was
added to the residue and the bright yellow solid was collected
by filtration to provide 99 mg (49%) of 13: mp 222—225 °C;
H NMR (DMSO-dg) ¢ 3.80 (s, 3H), 3.83 (s, 3H), 3.96 (s, 3H),
6.91 (d, J = 8 Hz, 1H), 7.03 (s, 1H), 7.23 (dd, J = 8, 2 Hz, 1H),
7.46 (d, J =2 Hz, 1H), 7.81 (s, 1H), 8.27 (s, 1H); MS (ES) m/z
3879, 389.9 (M + 1) Anal. (C19H15C|2N302) C, H, N.

Concentration of the filtrate gave a residue which by 'H
NMR analysis was a 1:1 mixture of 13 and 11.

Ethyl 4-[(2,4-Dichlorophenyl)amino]-6,7-dimethoxy-3-
quinolinecarboxylate (15). Following the pyridine hydro-
chloride route used to prepare 2a, 15 was obtained as a white
solid in 40% yield from 14:* mp 110—113 °C; *H NMR (DMSO-
de) 0 1.30 (t, 3 = 7 Hz, 3H), 3.54 (s, 3H), 3.95 (s, 3H), 4.26 (q,
J =7 Hz, 2H), 6.83 (d, J = 9 Hz, 1H), 6.88 (s, 1H), 7.27 (dd,
J =29, 2 Hz, 1H), 7.40 (s, 1H), 7.74 (d, I = 2 Hz, 1H), 8.97 (s,
1H), 9.61 (s, 1H); MS (ES) m/z 421.3, 423.3 (M + 1). Anal.
(C20H18CI2N204:0.2H,0) C, H, N.
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[4-[(2,4-Dichlorophenyl)amino]-6,7-dimethoxy-3-quin-
olinyllmethanol (16). To a 0 °C mixture of 15 (1.60 g, 3.8
mmol) in 60 mL of THF, 19 mL of 1.0 M diisobutyl aluminum
hydride in hexane was added dropwise. After stirring at 0 °C
for 30 min, MeOH was added and the reaction mixture was
stirred at room temperature for 30 min. The mixture was
diluted with 300 mL of THF followed by the addition of 6.12
g of Na,SO,4 decahydrate. After stirring for an additional 30
min the volatiles were removed in vacuo and the residue was
partitioned between EtOAc and water. The aqueous layer was
extracted with CH,Cl;, and the organic layers were combined,
dried over Na,SO., filtered and concentrated in vacuo. Et,O
was added to the residue and the white solid was collected by
filtration to provide 600 mg (42%) of 16: mp 221—-222 °C; 'H
NMR (DMSO-dg) 6 3.65 (s, 3H), 3.93 (s, 3H), 453 (d, J =5
Hz, 2H), 5.48 (t, J = 5 Hz, 1H), 6.26 (d, J = 8 Hz, 1H), 6.93 (s,
1H), 7.11 (dd, 3 = 8, 2 Hz, 1H), 7.39 (s, 1H), 7.60 (d, J = 2 Hz,
1H), 7.98 (s, 1H), 8.71 (s, 1H); MS (ES) m/z 379.2, 381.2 (M +
1) Anal. (C18H16CI2N203) C, H, N.

4-[(2,4-Dichlorophenyl)amino]-6,7-dimethoxy-3-quino-
linecarbaldehyde (17). A mixture of 16 (560 mg, 1.48 mmol)
and manganese dioxide (2.8 g, 33.3 mmol) in 70 mL of CHCl;
was stirred at room temperature for 2 h. The mixture was
diluted with 100 mL of CHCI; and filtered through a pad of
Celite, washing with CHCI;. The filtrate was concentrated in
vacuo to provide 440 mg (80%) of 17: mp 168—169 °C; 'H NMR
(DMSO-dg) 6 3.48 (s, 3H), 3.95 (s, 3H), 6.80 (s, 1H), 7.15 (d, J
= 9 Hz, 1H), 7.38 (s, 1H), 7.40 (dd, J = 9, 2 Hz, 1H), 7.80 (d,
J = 2 Hz, 1H), 8.86 (s, 1H), 10.04 (s, 1H), 10.39 (s, 1H); MS
(ES) m/z 377.3,379.2 (M + 1). Anal. (C15H14CI;N203) C, H, N.

4-[(2,4-Dichlorophenyl)amino]-6,7-dimethoxy-3-quino-
linecarboxylic Acid Hydrochloride (18). A mixture of 15
(650 mg, 1.55 mmol) and 2.0 mL of 5.0 N NaOH in 30 mL of
ethanol was heated at reflux for 1 h. The mixture was cooled
and concentrated HCI was added to provide a pH of 2. The
EtOH was removed in vacuo and the solids collected by
filtration. Washing with water followed by Et,O provided 600
mg (98%) of 18 as a yellow solid: mp 270—-272 °C; 'H NMR
(DMSO-ds) 6 3.53 (s, 3H), 3.98 (s, 3H), 7.06 (s, 1H), 7.46 (d, J
= 9 Hz, 1H), 7.52 (s, 1H), 7.54 (dd, 3 = 9, 2 Hz, 1H), 7.88 (d,
J =2 Hz, 1H), 9.07 (s, 1H), 11.52 (s, 1H); MS (ES) m/z 393.1,
395.1 (M + 1) Anal. (C13H14C|2N204'HC|) C, N.

4-[(2,4-Dichlorophenyl)amino]-6,7-dimethoxy-3-quino-
linecarboxamide (19). A mixture of 18 (200 mg, 0.51 mmol)
and N,N-carbonyldiimidazole (170 mg, 1.05 mmol) in 5 mL of
DMF was heated at 60 °C for 1.5 h. The mixture was cooled
and an additional 15 mL of DMF and 10 mL of THF were
added. The mixture was heated until a solution was obtained
and 30 mL of concentrated aqueous NH,OH was added. The
reaction was stirred overnight at room temperature and the
resulting solids were collected by filtration, washing with
water, to provide 103 mg (53%) of 19 as a white solid: mp
247—-249 °C; *H NMR (DMSO-ds) 6 3.49 (s, 3H), 3.94 (s, 3H),
6.62 (d, J =9 Hz, 1H), 6.69 (s, 1H), 7.22 (dd, 3 = 9, 2 Hz, 1H),
7.37 (s, 1H), 7.70 (d, 3 = 2 Hz, 1H), 7.76 (br s, 1H), 8.36 (br s,
1H), 8.94 (s, 1H) 10.70 (s, 1H); MS (ES) m/z 392.2, 394.2 (M +
1) Anal. (C18H15C|2N303'0.4H20) C, H, N.

4-Hydroxy-5-methoxy-3-quinolinecarbonitrile (20). A
mixture of 2-amino-6-methoxybenzoic acid®® (2.48 g, 14.8
mmol) in 30 mL of dimethylformamide dimethylacetal was
heated at reflux for 2 h. After cooling, the solvent was removed
in vacuo and the residue was passed through a Magnesol
column, eluting with CHClI,, to afford 2.1 g of the amidine
imtermediate that was used the next step without further
purification.

A solution of CH3CN (734 mg, 17.9 mmol) in 10 mL of THF
was added dropwise to a solution of n-BuLi (2.5 M in hexane,
5.96 mL, 14.9 mmol) in 7 mL of THF at —78 °C. The mixture
was stirred at —78 °C for 15 min. A solution of the amidine
(1.6 g, 6.8 mmol) in 13 mL of THF was added dropwise and
the mixture was stirred at —78 °C for 2 h, and then at room
temperature for 2.5 h. The mixture was cooled to —78 °C and
AcOH was added dropwise. The mixture was allowed to stir
at room temperature overnight. The precipitate was collected
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by filtration and washed with water and ether. After drying
in vacuo, 477 mg of 20 was obtained as a light tan solid: mp
>260 °C; *H NMR (DMSO-dg) 6 3.82 (s, 3H), 6.92 (d, J = 8
Hz, 1H), 7.09 (d, J = 8 Hz, 1H), 7.62 (t, J = 8 Hz, 1H), 8.55 (s,
1H); MS (ES) m/z 200.8 (M + 1). Anal. (C11HgN20,:0.1H,0) C,
H, N.
5,7-Dimethoxy-4-hydroxy-3-quinolinecarbonitrile (21).
A mixture of 3,5-dimethoxyaniline (5.00 g, 32.7 mmol) and
ethyl (ethoxymethylene)cyanoacetate (5.52 g, 32.7 mmol) was
heated at 120 °C for 45 min. Diethyl ether was added to the
cooled reaction mixture and the solids were collected by
filtration washing with additional diethyl ether to yield 7.16
g (79%) of ethyl 2-cyano-3-(3,5-dimethoxyphenylamino)acryl-
ate. A mixture of ethyl 2-cyano-3-(3,5-dimethoxyphenylamino)-
acrylate (1.00 g, 3.62 mmol) in 50 mL of a 1:1 mixture of
biphenyl and diphenyl ether was heated at reflux for 72 h.
The reaction mixture was cooled to room temperature and
poured into hexane. The solids were collected by filtration
washing with hexane to provide 698 mg (88%) of 21 as a tan
solid: mp >300 °C; 'H NMR (DMSO-dg) 6 3.82 (s, 3H), 3.90
(s, 3H), 6.49 (d, J = 2 Hz, 1H), 6.58 (d, J = 2 Hz, 1H), 8.83 (s,
1H); MS (ES) m/z 231.2 (M + 1). Anal. (C12H10N203+0.25H,0)
C, H, N.
N-Acetyl-4-[(2,4-dichlorophenyl)amino]-6,7-dihydroxy-
3-quinolinecarbonitrile (22). A mixture of 2h (2.38 g, 6.88
mmol), 4-(dimethylamino)pyridine (1.01 g, 8.26 mmol) and
acetic anhydride (7.01 g, 68.8 mmol) in 14 mL of pyridine was
heated at reflux for 1.5 h. The reaction mixture was concen-
trated in vacuo and the residue was stirred with 75 mL of
MeOH, 7.5 mL of water and 2.89 g of NaHCOs for 6.5 h. The
mixture was concentrated in vacuo, the residue was suspended
in water and AcOH was added to provide a pH of 4—5. The
resultant solid was collected by filtration and washed with
dilute AcOH followed by water to yield 2.68 g of 22 that was
not purified.
4-[(2,4-Dichlorophenyl)amino]-6,7-bis(3-morpholin-4-
ylpropoxy)-3-quinolinecarbonitrile (23). To a mixture of
2h (305 mg, 0.88 mmol), 3-chloropropyl p-toluenesulfonate*?
(482 mg, 1.94 mmol) and tricaprylmethylammonium chloride
(36 mg, 0.09 mmol) in 2 mL of acetone was added potassium
carbonate (292 mg, 2.11 mmol) The mixture was heated at
reflux for 18 h then concentrated in vacuo. The residue was
dissolved in 20% MeOH in CHCI; and the solution was passed
through Magnesol, washing with additional solvent. The
filtrate was concentrated in vacuo and acetone was added. A
small amount of solid was removed by filtration and the filtrate
was concentrated in vacuo. The residue was dissolved in 20
mL of morpholine and heated at 130 °C for 14 h. The
morpholine was removed in vacuo and the residue was purified
by preparative thin-layer chromatography eluting with a
gradient of 2% MeOH in CH.CI; to 8% MeOH in CH,CI; to
provide 166 mg (31%) of 23 as a colorless syrup: *H NMR
(DMSO-dg) 6 1.87—2.03 (m, 4H), 2.32—2.43 (m, 8H), 2.46—2.50
(m, 4H), 3.48—3.63 (M, 8H), 4.11—4.27 (m, 4H), 7.33 (s, 1H),
7.51 (br s, 1H), 7.80 (br s, 1H), 8.41 (s, 1H), 9.53 (s, 1H); MS
(ES) m/z 600.1, 602.0 (M + 1). Anal. (C3H35CI;N504-1.0H,0)
C, H, N.
4-[(2,4-Dichlorophenyl)amino]-7-methoxy-6-(3-morpho-
lin-4-ylpropoxy)-3-quinolinecarbonitrile (24). Following
the pyridine hydrochloride route used to prepare 2a, 24 was
obtained as an off-white solid in 7% yield from 4w?® after
chromatography eluting with 5% MeOH in CH,Cl,: mp 168—
170 °C; *H NMR (DMSO-dg) 6 1.91-2.00 (m, 2H), 2.38 (m, 4H),
2.45 (m, 2H), 3.57 (m, 4H), 3.95 (s, 3H), 4.16 (t, J = 6 Hz, 2H),
7.34 (s, 1H), 7.52 (s, 2H), 7.80 (s, 2H), 8.42 (s, 1H), 9.55 (s,
lH), MS (ES) m/z 487.0, 489.1 (M + l) Anal. (C24H24C|2N403‘
0.3H,0) C, H, N.
4-[(2,4-Dichlorophenyl)amino]-6-methoxy-7-(3-morpho-
lin-4-ylpropoxy)-3-quinolinecarbonitrile (25). Following
the pyridine hydrochloride route used to prepare 2a, 25 was
obtained as a brown foam in 23% yield from 4x? after
chromatography eluting with a gradient of 2% to 8% MeOH
in CH,Clz: *H NMR (DMSO-dg) 6 1.91-2.07 (m, 2H), 2.32—
2.49 (m, 6H), 3.53—3.65 (m, 4H), 3.94 (s, 3H), 4.21 (t, J =6
Hz, 2H), 7.34 (s, 1H), 7.52 (br s, 2H), 7.81 (br s, 2H), 8.42 (s,
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1H), 9.56 (s, 1H); MS (ES) m/z 486.9, 488.9 (M + 1). Anal.
(C24H24C|2N403‘0.6H20) C, H, N.

Alternate Preparation of 25 from 2y. A mixture of 2y
(500 mg, 1.15 mmol), morpholine (2.00 g, 23 mmol) and a
catalytic amount of sodium iodide in 10 mL of ethylene glycol
dimethyl ether was heated at reflux for 6 h. The reaction
mixture was then poured into ice water and the pH was
adjusted to 8—9 by the addition of saturated NaHCO3;. The
solids were collected by filtration to provide 547 mg of crude
product. A portion (240 mg) of this material was purified by
flash column chromatography eluting with 30% MeOH in ethyl
acetate to provide 127 mg of 25 as a white solid: mp 180—182
°C.

4-[(2,4-Dichlorophenyl)amino]-6-methoxy-7-[3-(4-meth-
yl-1-piperazinyl)propoxy]-3-quinolinecarbonitrile (26).
A mixture of 2y (250 mg, 0.57 mmol), 1-methylpiperazine (1.5
mL, 13.5 mmol) and a catalytic amount of sodium iodide was
heated at 100 °C for 3 days. The reaction mixture was cooled
and partitioned between EtOAc and brine. The organic layer
was dried over Na,SOy, filtered and concentrated in vacuo. The
residue was purified by preparative thin-layer chromatogra-
phy, eluting with 30% MeOH in CH,Cl,, to provide 95 mg
(33%) of 26 as an off-white solid: mp 158—159 °C; *H NMR
(DMSO-dg) 6 1.92—-1.98 (m, 2H), 2,16 (s, 3H), 2.27—2.53 (m,
10H), 3.93 (s, 3H), 4.19 (t, J = 6 Hz, 2H), 7.31 (s, 1H), 7.50 (br
s, 2H), 7.80 (m, 2H), 8.41 (s, 1H), 9.56 (br s, 1H); MS (ES) m/z
500.1, 502.1 (M + 1). Anal. (C2sH27CI2N50,1.0H,0) C, H, N.

4-[(2,4-Dichlorophenyl)amino]-7-[3-(4-hydroxy-1-pip-
eridinyl)propoxy]-6-methoxy-3-quinolinecarbonitrile (27).
A mixture of 2y (300 mg, 0.70 mmol), 4-hydroxy-1-piperidine
(93 mg, 0.92 mmol) and a catalytic amount of sodium iodide
in 2 mL of ethylene glycol dimethyl ether was heated at 100
°C overnight. The reaction mixture was cooled and partitioned
between EtOAc and brine. The organic layer was dried over
Na,SOy, filtered and concentrated in vacuo. The residue was
purified by preparative thin-layer chromatography eluting
with 30% MeOH in CH,CI; to provide 105 mg (30%) of 27 as
an off-white solid: mp 108—110 °C; *H NMR (DMSO-d¢) 6
1.32—1.44 (m, 2H), 1.68—1.75 (m, 2H), 1.90—2.09 (m, 4H), 2.43
(t, 3 = 7 Hz, 2H), 2.68—2.77 (m, 2H), 3.42 (m, 1H), 3.93 (s,
3H), 4.18 (t, J = 6 Hz, 2H), 4.52 (d, J = 4 Hz, 1H), 7.31 (s,
1H), 7.50 (br s, 2H), 7.80 (m, 2H), 8.40 (s, 1H), 9.55 (br s, 1H);
MS (ES) m/z 501.1, 503.1 (M + 1). Anal. (CzsH26CI:N4O5-
1.0H,0) C, H, N.

Construction of Activated Src and Fyn Proteins. A
PCR-based scheme was used to construct precise gene fusions
to replace the catalytic domain of Prague C v-Src with the
catalytic domains of c-Src and FynB. Briefly, the N-terminal
248 amino acids of v-Src was fused to threonine-250 in human
c¢-Src, while a C-terminal fusion was created by joining alanine-
517 of human c-Src to glutamine-515 of Prague C v-Src. This
fusion thus has the v-Src SH3 and SH2 domains as well as
the v-Src carboxyl terminal tail. Similarly, a v-Src/FynB fusion
was created by an N-terminal fusion of threonine-250 in v-Src
to methionine-251 in human FynB, and at the C-terminus by
a junction of serine-518 (FynB) to glutamine-515 (v-Src). These
kinases lack all negative regulatory elements in SFKs. (The
details of these constructions will be provided on request.) The
genes encoding these fusion proteins were cloned downstream
of a GAL1/10 promoter in the yeast vector pRS316 and
downstream of a tetracycline-repressible promoter in a mam-
malian expression vector (pTRE; Clontech).

Yeast Screen. The Src gene was cloned into pRS316,%
modified by addition of an inducible GAL1/10 yeast promoter,
and transformed into the yeast strain W303a. Src was toxic
when expressed, i.e., when cells were grown in medium
containing galactose. For the compound screen, cells were
grown overnight in minimal medium (0.67% yeast nitrogen
base, with amino acid and adenine supplements) containing
the repressing carbon source glucose. 100 xL of this saturated
culture was added to 1.2 L of liquefied 2% agar minus uracil
minimal medium (50 °C) containing 0.5% galactose. The
mixture was plated in Nunc Bioassay dishes (#240835). When
the agar solidified, compounds were spotted onto the plates
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(compounds from six 96-well plates onto one assay plate).
Plates were then incubated at 30 °C for 3—5 days. Compounds
that promoted growth were scored as hits.

Src Kinase Assay. Src kinase activity was measured in
an ELISA format (Roche Diagnostics tyrosine kinase assay
kit). Src (3 units/reaction; Upstate Biotechnologies), reaction
buffer (50 mM Tris-HCI pH 7.5, 10 mM MgCl;, 0.1 mM EGTA,
0.5 mM NazVO,) and cdc2 substrate peptide were added to
compound and incubated at 30 °C for 10 min. The reaction
was started by the addition of ATP to a final concentration of
100 uM, incubated at 30 °C for 1 h and stopped by addition of
EDTA. Instructions from the manufacturer were followed for
subsequent steps. Compounds were tested in duplicate and
the value given is an average of at least two determinations.

Cell Culture. Rat2 fibroblasts (ATCC CRL-1764) were
cotransfected with pTet-Off (Clontech) and pTRE, pTRE Src,
or pTRE Fyn. Stable cell lines were obtained by selection in
G418. Highly transformed cells were selected by two sequential
cloning steps in soft agar. The Src- and Fyn-transformed cells
were morphologically distinct, exhibited anchorage indepen-
dence and exhibited high levels of cellular protein phospho-
rylation on tyrosine.

Proliferation Assays. Cells grown on plastic (anchorage-
dependent assays) were plated at a density of 1000 cells/well
in 96-well dishes (Costar 3599) on day 0. Compound was added
on day 1 and cells were incubated until day 4 when MTS
reagent (Promega CellTiter 96) was added and optical density
at 490 nm determined. Anchorage-independent (suspension)
growth was measured in ultralow binding plates (Costar 3474)
in a similar manner except that 5000 cells/well in a 96-well
dish were seeded. We observed no cell attachment under these
conditions. The parent Rat2 line grew poorly in the low-binding
plates.

Protein Preparations. Equal numbers of cells were
exposed to compound for 5 h to overnight. (At higher concen-
trations of compound (5 M), the transformed morphology was
completely reverted in about 1 h.) Cells were harvested after
three washes with ice-cold phosphated-buffered saline pH 7.4
(PBS; Gibco) to which sodium orthovanadate (Fisher Scientific)
was added to 0.5 mM. Lysates were prepared in ice-cold RIPA
buffer (PBS with 1% Triton X-100, 0.5% sodium deoxycholate,
0.1% sodium dodecyl sulfate (SDS)), supplemented with apro-
tinin and protease inhibitor cocktail (Calbiochem). Lysates
were clarified by centrifugation (20 min at 14 000 rpm in an
Eppendorf 5417R microcentrifuge), and then frozen in dry ice/
ethanol. Lysates from ~4 x 106 cells were diluted 1:10 in
Laemmli buffer (BioRad) and analyzed by SDS—PAGE. An-
tibodies to phosphotyrosine (4G10) and Src (GD11) were
obtained from Upstate Biotechnologies, and antibody to actin
was obtained from Boehringer Mannheim (Roche Diagnostic).

Acknowledgment. The authors gratefully acknowl-
edge the Wyeth-Ayerst Analytical Chemistry Depart-
ment for the spectral data and elemental analyses and
members of the Wyeth-Ayerst Oncology Department for
testing 2a in the ErbB2, FGFr, and cdk4 kinase assays.

Supporting Information Available: Elemental analysis
data for compounds 2a-vy, 3, 49, 6, 8—13, 15—21, 23—27. This
material is available free of charge via the Internet at http://
pubs.acs.org.

References

(1) Schwartzberg, P. L. The Many Faces of Src: Multiple Functions
of a Prototypical Tyrosine Kinase. Oncogene 1998, 17, 1463—
1468.

(2) Abram, C. L.; Courtneidge, S. A. Src Family Tyrosine Kinases
and Growth Factor Signaling. Exp. Cell Res. 2000, 254, 1-13.

(3) Biscardi, J. S.; Tice, D. A,; Parsons, S. J. c-Src, Receptor Tyrosine
Kinases, and Human Cancer. Adv. Can. Res. 1999, 76, 61—119.

(4) Boschelli, D. H.; Boschelli, F. Small Molecule Inhibitors of Src
Family Kinases, Drugs Future 2000, 25, 717—736.

(5) Boyce, B.; Yoneda, T.; Lowe, C.; Soriano, P.; Mundy, G. Require-
ments of pp60c-src Expression for Osteoclasts to Form Ruffled
Borders and to Resorb Bone in Mice. J. Clin. Invest. 1992, 90,
1622—-1627.

Boschelli et al.

(6) Soriano, P.; Montgomery, C.; Geske, R.; Bradley, A. Targeted
Disruption of the c-src Proto-Oncogene Leads to Osteopetrosis
in Mice. Cell 1991, 64, 693—702.

(7) Lowell, C. A,; Soriano, P. Knockouts of Src-Family Kinases: Stiff
Bones, Wimpy T Cells, and Bad Memories. Genes Dev. 1996, 10,
1845—-1857.

(8) Talamonti, M. S.; Roh, M. S.; Curley, S. A.; Gallick, G. E.
Increase in Activity and Level of pp60°~s'® in Progressive Stages
of Human Colorectal Cancer. J. Clin. Invest. 1993, 91, 53—60.

(9) Bolen, J. B.; Veillette, A.; Schwartz, A. M.; DeSeau, V.; Rosen,
N. Activation of pp60°¢src Protein Kinase Activity in Human
Colon Carcinoma. Proc. Natl. Acad. Sci. U.S.A. 1987, 84, 2251—
2255.

(10) Lutz, M. P.; Esser, I. B.; Flossmann-Kast, B. B.; Vogelmann, R.;
Luhrs, H.; Friess, H.; Buchler, M. W.; Adler, G. Overexpression
and Activation of the Tyrosine Kinase Src in Human Pancreatic
Carcinoma. Biochem. Biophys. Res. Commun. 1998, 243, 503—
508.

(11) Lynch, S. A,; Brugge, J. S.; Fromowitz, F.; Glantz, L.; Wang, P.;
Caruso, R.; Viola, M. V. Increased Expression of the src Proto-
Oncogene in Hairy Cell Leukemia and a Subgroup of B—Cell
Lymphomas. Leukemia 1993, 7, 1416—1422.

(12) Masaki, T.; Okada, M.; Shiratori, Y.; Rengifo, W.; Matsumoto,
K.; Maeda, S.; Kato, N.; Kanai, F.; Komatsu, Y.; Nishioka, M.;
Omata, M. pp60¢—src Activation in Hepatocellular Carcinoma of
Humans and LECS Rats. Hepatology 1998, 27, 1257—1264.

(13) Rosen, N.; Bolen, J. B.; Schwartz, A. M.; Cohen, P.; DeSeau, V.;
Israel, M. A. Analysis of pp60°sr¢ Protein Kinase Activity in
Human Tumor Cell Lines and Tissues. J. Biol. Chem. 1986, 261,
13754—13759.

(14) Staley, C. A.; Parikh, N. U.; Gallick, G. E. Decreased Tumori-
genicity of a Human Colon Adenocarcinoma Cell Line by an
Antisense Expression Vector Specific for c-Src. Cell Growth
Differ. 1997, 8, 269—274.

(15) Wiener, J. R.; Nakano, K.; Kruzelock, R. P.; Bucana, C. D.; Bast,
R. C.; Gallick, G. E. Decreased Src Tyrosine Kinase Activity
Inhibits Malignant Human Ovarian Cancer Tumor Growth in
a Nude Mouse Model. Clin. Cancer Res. 1999, 5, 2164—2170.

(16) Dow, R. L.; Bechle, B. M.; Chou, T. T.; Goddard, C.; Larson, E.
R. Selective Inhibition of the Tyrosine Kinase pp60src by Analogs
of 5,10-Dihydropyrimido[4,5-b]quinolin-4(1H)-one. Bioorg. Med.
Chem. Lett. 1995, 5, 1007—-1010.

(17) Hanke, J. H.; Gardner, J. P.; Dow, R. L.; Changelian, P. S
Brissette, W. H.; Weringer, E. J.; Pollok, B. A.; Connelly, P. A.
Discovery of a Novel, Potent, and Src Family-selective Tyrosine
Kinase Inhibitor. Study of Lck- and FynT-Dependent T Cell
Activation. J. Biol. Chem. 1996, 271, 695—701.

(18) Missbach, M.; Jeschke, M.; Feyen, J.; Muller, K.; Glatt, M.;
Green, J.; Susa, M. A Novel Inhibitor of the Tyrosine Kinase
Src Suppresses Phosphorylation of its Major Cellular Substrates
and Reduces Bone Resorption in vitro and in Rodent Models in
vivo. Bone 1999, 24, 437—449.

(19) Missbach, M.; Altmann, E.; Widler, L.; Susa, M.; Buchdunger,
E.; Mett, H.; Meyer, T.; Green, J. Substituted 5,7-Diphenyl-
pyrrolo[2, 3d]pyrimidines: Potent Inhibitors of the Tyrosine
Kinase c-Src. Bioorg. Med. Chem. Lett. 2000, 10, 945—949.

(20) Klutchko, S. R.; Hamby, J. M.; Boschelli, D. H.; Wu, Z. P.;
Kraker, A. J.; Amar, A. M.; Hartl, B. G.; Shen, C.; Klohs, W. D.;
Steinkampf, R. W.; Driscoll, D. L.; Nelson, J. M.; Elliott, W. L.;
Roberts, B. J.; Stoner, C. L.; Vincent, P. W.; Dykes, D. J.; Panek,
R. L.; Lu, G. H.; Major, T. C.; Dahring, T. K.; Hallak, H.;
Bradford, L. A.; Showalter, H. D. H.; Doherty, A. M. 2-Substi-
tuted Aminopyrido[2,3-d]pyrimidin-7(8H)-ones. Structure—Ac-
tivity Relationships against Selected Tyrosine Kinases and in
vitro and in vivo Anticancer Activity. J. Med. Chem. 1998, 41,
3276—3292.

(21) Thompson, A. M.; Rewcastle, G. W.; Boushelle, S. L.; Hartl, B.
G.; Kraker, A. J.;; Lu, G. H.; Batley, B. L.; Panek, R. L
Showalter, H. D. H.; Denny, W. A. Synthesis and Structure—
Activity Relationships of 7-Substituted 3-(2,6-Dichlorophenyl)-
1,6-naphthyridin-2(1H)-ones as Selective Inhibitors of pp60c-src.
J. Med. Chem. 2000, 43, 3134—3147.

(22) Myers, M. R.; Setzer, N. N.; Spada, A. P.; Zulli, A. L.; Hsu, C.-
Y. J.; Zilberstein, A.; Johnson, S. E.; Hook, L. E.; Jacoski, M. V.
The Preparation and SAR of 4-(Anilino), 4-(Phenoxy), and
4-(Thiophenoxy)-quinazolines: Inhibitors of p56lck and EGF-R
Tyrosine Kinase Activity. Bioorg. Med. Chem. Lett. 1997, 7, 417—
420.

(23) Boschelli, D. H.; Wu, Z.; Klutchko, S. R.; Showalter, H. D. H.;
Hamby, J. M.; Lu, G. H.; Major, T. C.; Dahring, T. K.; Batley,
B.; Panek, R. L.; Keiser, J.; Hartl, B. G.; Kraker, A. J.; Klohs,
W. D.; Roberts, B. J.; Patmore, S.; Elliott, W. L.; Steinkampf,
R.; Bradford, L. A.; Hallak, H.; Doherty, A. M. Synthesis and
Tyrosine Kinase Inhibitory Activity of a Series of 2-Amino-8H-
pyrido[2,3-d]pyrimidines — Identification of Potent, Selective
Platelet-Derived Growth Factor Receptor Tyrosine Kinase In-
hibitors. 3. Med. Chem. 1998, 41, 4365—4377.



4-Phenylamino-3-quinolinecarbonitriles

24

(25)

(26)

@7

(28)

(29)

(30)

@D

(32

(33)

34

Trumpp-Kallmeyer, S.; Rubin, J. R.; Humblet, C.; Hamby, J. M.;
Showalter, H. D. H. Development of a Binding Model to Protein
Tyrosine Kinases for Substituted Pyrido[2,3-d]pyrimidine Inhibi-
tors. J. Med. Chem. 1998, 41,1752—1763.

Myers, M. R.; Setzer, N. N.; Spada, A. P.; Persons, P. E.; Ly, C.
Q.; Maguire, M. P.; Zulli, A. L.; Cheney, D. L.; Zilberstein, A,
Johnson, S. E.; Franks, C. F.; Mitchell, K. J. The Synthesis and
SAR of New 4-(N-Alkyl-N-phenyl)amino-6,7-dimethoxyquinazo-
lines and 4-(N-Alkyl-N-phenyl)aminopyrazolo[3,4-d]pyrimidines,
Inhibitors of CSF-1R Tyrosine Kinase Activity. Bioorg. Med.
Chem. Lett. 1997, 7, 421—424.

Wissner, A.; Johnson, B. D.; Reich, M. F.; Floyd, M. B., Jr;
Kitchen, D. B.; Tsou, H.-R. Preparation of Substituted 3-Cyano-
quinolines as Inhibitors of Growth Factor Receptor Protein
Tyrosine Kinases (PTK). U.S. Patent 6002008, 1999.

Wissner, A.; Berger, D. M.; Boschelli, D. H.; Floyd, M. B;
Greenberger, L. M.; Gruber, B. C.; Johnson, B. D.; Mamuya, N.;
Nilakatan, R.; Reich, M. F.; Shen, R.; Tsou, H.-R.; Upeslacis,
E.; Wang, Y. F.; Wu, B.; Ye, F.; Zhang, N. 4-Anilino-6,7-
dialkoxyquinoline-3-carbonitrile Inhibitors of Epidermal Growth
Factor Receptor (EGF-R) Kinase and their Bioisosteric Relation-
ship to the 4-Anilino-6,7-dialkoxyquinazoline Inhibitors. J. Med.
Chem. 2000, 43, 3244—3256.

Fry, D. W.; Kraker, A. J.; McMichael, A.; Ambroso, L. A.; Nelson,
J. M,; Leopold, W. R.; Connors, R. W.; Bridges, A. J. A Specific
Inhibitor of the Epidermal Growth Factor Receptor Tyrosine
Kinase. Science 1994, 265, 1093—1095.

Brugge, J. S.; Jarosik, G.; Andersen, J.; Queral-Lustig, A.; Fedor-
Chaiken, M.; Broach, J. R. Expression of Rous Sarcoma Virus
Transforming Protein pp60v-src in Saccharomyces cerevisiae
Cells. Mol. Cell. Biol. 1987, 7, 2180—2187.

Ye, F.; Boschelli, D. H.; Wang, D.; Wu, B.; Zhang, N.; Powell, D.
W.; Wissner, A.; Boschelli, F. Inhibition of Src Kinase Activity
by a Series of 4-Anilino-3-cyanoquinolines. ACS National Meet-
ing, Washington, DC, 2000; Abstr. MEDI56.

Bridges, A. J.; Zhou, H.; Cody, D. R.; Rewcastle, G. W.; Mc-
Michael, A.; Showalter, H. D. H.; Fry, D. W.; Kraker, A. J.;
Denny, W. A. Tyrosine Kinase Inhibitors: 8. An Unusually Steep
Structure—Activity Relationship for Analogues of 4-(3-Bromo-
anilino)-6,7-dimethoxyquinazoline (PD 153035), a Potent Inhibi-
tor of the Epidermal Growth Factor Receptor. J. Med. Chem.
1996, 39, 267—276.

Kubo, K.; Shimizu, T.; Ohyama, S.-1.; Murooka, H.; Nishitoba,
T.; Kato, S.; Kobayashi, Y.; Yagi, M.; Isoe, T.; Nakamura, K.;
Osawa, T.; lzawa; T. A Novel Series of 4-Phenoxyquinolines:
Potent and Highly Selective Inhibitors of PDGF Receptor
Autophosphorylation. Bioorg. Med. Chem. Lett. 1997, 7, 2935—
2940.

Burke, T. R., Jr.; Lim, B.; Marquez, V. E.; Li, Z. H.; Bolen, J. B;
Stefanova, I.; Horak, I. D. Bicyclic Compounds as Ring-
Constrained Inhibitors of Protein-Tyrosine Kinase p56Iick. J.
Med. Chem. 1993, 36, 425—432.

Eggert, K.; Heber, D.; Ravens, U. Compounds with Positive
Inotropic Activity. I11. Synthesis of 4-Aminoquinoline Derivatives
as Potential Positive Inotropic Agents. Arch. Pharm. (Weinheim,
Ger.) 1990, 323, 611-618.

Journal of Medicinal Chemistry, 2001, Vol. 44, No. 5 833

(35

(36)

(37

(38)

(39)

(40)

(41)

(42)

(43)

(44)

Warrener, R. N.; Russell, R. A.; Marcuccio, S. M. An Improved
Synthesis of 6-Methoxyanthranilic Acid. Aust. J. Chem. 1980,
33, 2777-2779.

Wang, Y. D.; Miller, K.; Boschelli, D. H.; Ye, F.; Wu, B.; Floyd,
M. B.; Powell, D. W.; Wissner, A.; Weber, J. M.; Boschelli, F.
Inhibitors of Src Tyrosine Kinase: The Preparation and Struc-
ture—Activity Relationship of 4-Anilino-3-cyanoquinolines and
4-Anilinoguinazolines. Bioorg. Med. Chem. Lett., 2000, 10, 2477—
2480.

Fukazawa, H.; Nakano, S.; Mizuno, S.; Uehara, Y. Inhibitors of
Anchorage-Independent Growth Affect the Growth of Trans-
formed Cells on Poly(2-hydroxyethyl methacrylate)-coated Sur-
faces. Int. J. Cancer 1996, 67, 876—882.

Gibson, K. H.; Grundy, W.; Godfrey, A. A.; Woodburn, J. R;;
Ashton, S. E.; Curry, B. J.; Scarlett, L.; Barker, A. J.; Brown, D.
S. Epidermal Growth Factor Receptor Tyrosine Kinase: Struc-
ture—Activity Relationships and Antitumor Activity of Novel
Quinazolines. Bioorg. Med. Chem. Lett. 1997, 7, 2723—2728.
Hennequin, L. F.; Thomas, A. P.; Johnstone, C.; Stokes, E. S.
E.; Ple, P. A.; Lohmann, J.-J. M.; Ogilvie, D. J.; Dukes, M.;
Wedge, S. R.; Curwen, J. O.; Kendrew, J.; Lambert-van der
Brempt, C. Design and Structure—Activity Relationship of a New
Class of Potent VEGF Receptor Tyrosine Kinase Inhibitors. J.
Med. Chem. 1999, 42, 5369—5389.

Smaill, J. B.; Rewcastle, G. W.; Bridges, A. J.; Zhou, H.;
Showalter, H. D. H.; Fry, D. W.; Nelson, J. M.; Sherwood, V.;
Elliott, W. L.; Vincent, P. W.; DeJohn, D. E.; Loo, J. A.; Greis,
K. D.; Chan, O. H.; Reyner, E. L.; Lipka, E.; Denny, W. A.
Tyrosine Kinase Inhibitors. 17. Irreversible Inhibitors of the
Epidermal Growth Factor Receptor: 4-(Phenylamino)quinazo-
line- and 4-(Phenylamino)pyrido[3,2-d]pyrimidine-6-acrylamides
Bearing Additional Solubilizing Functions. J. Med. Chem. 2000,
43, 1380—1397.

Wu, H.; Reynolds, A. B.; Kanner, S. B.; Vines, R. R.; Parsons, J.
T. Identification and Characterization of a Novel Cytoskeleton-
associated pp60src Substrate. Mol. Cell. Biol. 1991, 11, 5113—
5124.

Crochet, R. A, Jr,; Blanton, C. D., Jr. N—Monoalkylation of
Primary Aromatic and Heteroaromatic Amines with Trialkyl
Orthocarboxylates and Sodium Borohydride. Synthesis 1974,
55—56.

White, J.; Whiteley, C. G. Use of Organoboranes in the Synthesis
of Pheromones: a Convenient Synthesis of (Z)-6-Heneicosen-11-
one and (Z)-5-undecen-2-one, Pheromones from the Douglas Fir
Tussock Moth and the Bontebok, Respectively. Synthesis 1993,
1141—-1144.

Sikorski, R. S.; Hieter, P. A System of Shuttle Vectors and Yeast
Host Strains Designed for Efficient Manipulation of DNA in
Saccharomyces cerevisiae. Genetics 1989, 122, 19—-27.

JM000420Z



