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AbstractÐSrc is a nonreceptor tyrosine kinase involved in signaling pathways that control proliferation, migration, and angiogen-
esis. Increased Src expression and activity are associated with an increase in tumor malignancy and poor prognosis. Several qui-
nolines and quinazolines were identi®ed as potent and selective inhibitors of Src kinase activity. # 2000 Elsevier Science Ltd. All
rights reserved.

The nontransmembrane or nonreceptor tyrosine kinases
(TKs) have intrinsic kinase activity, are present in the
cytoplasm and nucleus, and participate in diverse signaling
pathways. A large number of nonreceptor TKs have been
identi®ed, including Src, Abl, Jak, Fak, Syk, and ZAP 70.
The Src family consists of Src, Fyn, Lyn, Yes, Lck, Fgr,
Hck, and Blk.1 Src is involved in signaling pathways con-
trolling proliferation, migration, and angiogenesis.
Experimental evidence suggests that increased Src expres-
sion and activity are associated with an increase in tumor
malignancy and poor prognosis.2 Therefore, inhibitors of
Src kinase activity may prove useful for therapeutic
intervention in cancer as well as other proliferative dis-
eases. Several structural types of compounds have been
reported to be inhibitors of Src family kinases,3 includ-
ing the quinazoline 1,4 reported by Rhone-Poulenc
Rorer to be a 500 nM inhibitor of Lck. A similar qui-
nazoline 2, was reported by Parke-Davis to be an inhi-
bitor of epidermal growth factor receptor (EGFr),5 a
receptor tyrosine kinase. Recently Wyeth-Ayerst dis-
closed that 3, the 3-cyanoquinoline analogue of 2, was
also an e�ective inhibitor of EGFr.6 We found that
while 1 had an IC50 of 280 nM for the inhibition of Src
enzymatic activity,7 the corresponding 3-cyanoquinoline
4 had an IC50 of 35 nM. In this paper, we present the

synthesis and structure±activity relationships toward
Src for additional analogues of 1 and 4.

The 4-anilinoquinazoline 6 or 4-anilinoquinolines 7±9
were obtained by the reaction of anilines with 4-chloro-
quinazoline 5a8a or 4-chloroquinolines 5b±5d8bÿd in 2-
ethoxyethanol using pyridine±HCl as the catalyst as
shown in Scheme 1.6,9 The 3-CH2OH quinoline 10 was
prepared by the reduction of 9 with DIBAL-H. The
phenoxy derivative 11 and benzylamine derivative 12
were prepared by the reaction of the corresponding phe-
nol or benzylamine with 4-chloro-3-cyanoquinoline 5b.
In order to further explore the SAR of the aniline portion
of 1 and 4, several 4-alkoxy-3,5-dimethoxy anilines 15a±
15e were prepared. While the desired anilines could be
obtained by regioselective demethylation of compound
7 followed by alkylation and reduction as documented
in the literature,10 the yield of the demethylation step was
only 10%. To circumvent this low yield, the para-methoxy
group may be directly replaced by di�erent nucleophiles,
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such as alcohols and amines.11 However, the literature
procedure11 used vigorous reaction conditions and often
resulted in unsatisfactory yields of the desired product.
We found a mild and facile reaction condition12 (NaH/
ROH/DMF/THF, room temperature) that e�ected
complete conversion of 13 to the desired products
regioselectively. Furthermore, this reaction condition
tolerates a wide range of alcohol nucleophiles including
primary, secondary and tertiary alcohols. As shown in
Scheme 2, compounds 14a±14e were all generated in
good to excellent yields and were then converted to
compounds 15a±15e by either catalytic hydrogenation
or Fe/HOAc reduction in good yields.

3-Cyanoquinolines 19a and 19b, which contain water
solubilizing groups, were prepared as shown in Scheme
3.9 Protection of the hydroxy group of commercially
available methyl vanillate followed by nitration and
reduction gave compound 16, which was converted to
the amidine derivative and cyclized with the anion gen-
erated from acetonitrile to provide compound 17.
Chlorination of 11 with POCl3 and deprotection of the
isopropoxy group with AlCl3 both went smoothly to
give 18. Mitsunobu reaction of the phenol with 3-
chloropropanol proceeded readily to give the dichloride.
Subsequent replacement of the 4-chloro by 3, 4, 5-tri-
methoxyaniline and of the alkyl chloride by 4-hydroxy-
piperidine or piperidine provided 19a and 19b.

The 4-anilinoquinazolines and 4-anilino-3-cyanoquino-
lines were evaluated for their inhibitory activity against
Src kinase using an ELISA assay, and the activities are
reported in Table 1.7 In the quinazoline series, 1 showed
moderate activity with an IC50 of 280 nM. However,
only small alkoxy groups were tolerated at the C-4
position of the aniline. When the 4-methoxy group in
the aniline was replaced with a bulkier alkoxy group,
the activity dropped consistently. Replacement of 4-

methoxy with isopropoxy gave a 3-fold reduction in
activity. We speculate that this is due to a size-limited
hydrophobic interaction of the aniline with the kinase.

We found that the 3-cyanoquinolines were far more
potent Src inhibitors than the corresponding quinazo-
lines. Compound 4 inhibited Src activity with an IC50 of
35 nM. A similar trend was observed to that seen in the
quinazoline series when a bulkier alkoxy group replaced
the 4-methoxy group in the aniline. Changing 4-meth-
oxy to isopropoxy again caused a 3-fold loss of activity.
It is interesting that when either one of the meta or the
para methoxy groups of 4 was removed, the activity
dropped dramatically (from an IC50 of 35 nM for 4 to
IC50s of 980 nM and 950 nM for 7d and 7e, respec-
tively). This is analogous to what was observed by
Rhone-Poulenc Rorer4 for the analogues of 1. There-
fore, all three methoxy groups in the aniline appear to
be required for an energy favored molecular conforma-
tion that can have an e�ective hydrophobic interaction
with the enzyme. Introduction of a bromo or methyl
group into the 2-postion of the aniline (7f and 7g) may
substantially change the optimal conformation, result-
ing in the observed reduced activity.

To further identify the other structural features of 4
required for the inhibition of Src activity, several ana-
logues of 4 were prepared where the 3,4,5-trimethoxy-
phenyl portion was maintained. Substitution of the NH
linker at C-4 with O (11) resulted in an 8-fold loss of
activity, while inserting one methylene group between
NH and trimethoxybenzene (12) led to an even greater
loss of activity. Replacement of the C-3-cyano group
with CO2Et (9) or CH2OH (10) decreased Src inhibitory
activity while the C-3 unsubstituted quinoline 8 was a
moderate Src inhibitor. These results imply that the NH
linker at C-4 and the cyano group at C-3 are both
required for good Src inhibitory activity.

The 3-cyanoquinolines with water solubilizing groups at
C-7, 19a and 19b, were better Src inhibitors than 4,
having IC50s of 5.5 nM and 5.3 nM, respectively. This
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increased activity may be a result of an additional
interaction of the heteroatom-rich side chain with the
kinase. In an anchorage independent cellular assay13

measuring the inhibition of Src dependent cell pro-
liferation, 19a was more potent than 19b, with IC50s of
1.3 mM and >10 mM, respectively.

In an ELISA study examining the e�ect of increasing the
concentration of ATP (100, 500, 1000, and 5000 mM), the
IC50 values for the inhibition of Src activity by 4 steadily
increased (34, 108, 190, and 650 nM, respectively), sug-
gesting that 4 is an ATP competitive inhibitor. In addi-
tion, 4 was much less active in inhibiting a panel of
other kinases including EGFr6b (IC50=1.5 mM). How-
ever, activity was seen with 19a in an assay measuring
Fyn dependent cell proliferation (IC50=6.7 mM).14

Therefore, while these compounds may be selective for
the Src family kinases over other kinase families, they
appeared to be marginally selective for Src over other
Src family members. Further work towards identifying
more potent and selective Src inhibitors is in progress.
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