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Further studies on ethenyl and
ethynyl-4-phenylamino-3-quinolinecarbonitriles: identification of a
subnanomolar Src kinase inhibitor
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Abstract—Several new ethynyl- and ethenyl-4-phenylamino-3-quinolinecarbonitriles were synthesized and tested for Src inhibition.
Derivatives bearing an ethenyl or ethynyl substituent at C-6 showed decreased Src inhibitory activity. Incorporation of an ethenyl-
pyridine N-oxide group at C-7 provided 20b, a 0.6 nM inhibitor of Src enzymatic activity with excellent cellular potency.

© 2005 Published by Elsevier Ltd.

Src is a member of a group of structurally similar non-
receptor tyrosine kinases. This group of enzymes, which
have highly homologous ATP binding regions, is re-
ferred to as the Src family of kinases. Src plays a pivotal
role in many cell signalling pathways and elevated Src
activity/expression has been implicated in various dis-
ease states including cancer and osteoporosis.!

In earlier work, the 4-phenylamino-6,7-dialkoxy-3-
quinolinecarbonitrile 1 (SKI-606) was identified as a po-
tent inhibitor of Src kinase activity.?*® This compound
is characterized by the presence of a 2,4-diCl, 5-OMe
aniline group at C-4, a 3-(4-methyl-1-piperazinyl)-prop-
oxy group at C-7 and a methoxy substituent at C-6.
Although extensive synthetic work has been reported
on the 6,7-dialkoxy-3-quinolinecarbonitrile series,>
groups other than alkoxy are tolerated at C-7.4%" The
Src inhibitors 2a and 3a, which bear a 7-ethenyl and a
7-ethynyl group, respectively, constitute the most recent
examples.® As part of these ongoing efforts, the synthesis
and Src inhibitory activity of new derivatives of this
class are hereby reported.
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Earlier studies on 6,7-dialkoxy-3-quinoline-carbonitriles
showed that a 2,4-diCl, 5-OMe aniline group at C-4 pro-
vided potent inhibition of Src kinase.”®3 ¢ Although
removing the 5-OMe group of 2b decreased Src inhibi-
tion (2¢),”> other variations in the aniline group had
not yet been investigated in the 7-ethenyl and 7-ethynyl
series. For this reason, intermediates Sa-d were synthe-
sized from 7-bromo-4-chloro-3-quinolinecarbonitrile
(4) using known methods.** Coupling of 5a—d with 4-
vinylpyridine under Heck conditions gave derivatives
6a—d.’> Similarly, Sonogashira reaction of 5d with 3-ethyn-
ylpyridine yielded analog 7 (Scheme 1).°

# 2a:Y=0OMe, R = OMe
2b: Y = H, R = OMe
2c:Y=R=H
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5a: R = 2-Cl, 5-OMe

5b: R = 2-Me, 5-OMe
5¢: R = 2,4-diMe

5d: R = 3,4,5-triOMe

6a: R = 2-Cl, 5-OMe

6b: R = 2-Me, 5-OMe
6¢c: R = 2,4-diMe

6d: R = 3,4,5-triOMe
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Scheme 1. Reagents and conditions: (a) aniline, pyridine hydrochlo-
ride, 2-ethoxyethanol or aniline, NaH, THF; (b) 4-vinylpyridine,
Pd(OAc),, P(o-Tol);, DMF, TEA; (c) 3-ethynylpyridine, Pd(Ph;P),,
Cul, DMF, TEA.

As shown in Table 1, variation of the aniline substitu-
ents of 2b from 2,4-diCl, 5-OMe to 2-Cl, 5-OMe (6a)
and 2-Me, 5-OMe (6b) decreased the Src enzyme inhibi-
tion from 9.9 nM to 16 and 21 nM, respectively. Analog
6¢, with a 2,4-diMe aniline group at C-4, was 4-fold less
potent than 2b with an ICs, value of 46 nM. Analog 6d,
bearing a 3,4,5-triOMe aniline group at C-4, exhibited
an ICsg value of 19 nM in the Src enzyme assay, which
represents a 2-fold decrease in inhibition over 2b. A sim-
ilar effect was observed for the corresponding 7-ethynyl
derivative 7, which was almost 2-fold less potent than
the original lead 3b. Similar decreases in Src inhibitory
activity upon variation of the substituents on the 4-ani-
line group were reported for the 6,7-dialkoxy-4-phenyl-
amino-3-quinolinecarbonitrile series.* 34

Derivatives with a methoxy substituent at C-6 were then
synthesized to investigate if this change would result in
an increase in Src inhibitory activity as was previously
observed for 2b and 3b (Scheme 2). Intermediate 8*°
was reacted with 2-Cl, 5-OMe, and 3.4,5-triOMe aniline
to yield the 7-trifluoro-methylsulfonate intermediates 9a
and 9b, which were treated with 4-vinylpyridine to yield
10a and 10b. Analog 11, the 6-OMe derivative of alkyne
7, was also synthesized. As shown in Table 1, derivative
10a, with a 2-Cl, 5-OMe aniline group at C-4, was 4-fold
more potent than its 6-H analog 6a. In addition, 10a
showed comparable Src enzyme inhibition to the 6-

Table 1. Src enzyme inhibitory activity of ethenyl- and ethynyl-3-quinolinecarbonitriles
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Compound’ R’ L Y R Src enzyme® 1Cso nM
1 — — — — 3.6°
2a 4-Pyridyl 7-Ethenyl 6-OMe 2,4-DiCl, 5-OMe 4.2°
2b 4-Pyridyl 7-Ethenyl 2,4-DiCl, 5-OMe 9.9
2c 4-Pyridyl 7-Ethenyl 2,4-DiCl 42°
3a 3-Pyridyl 7-Ethynyl 6-OMe 2,4-DiCl, 5-OMe 12°
3b 3-Pyridyl 7-Ethynyl 2,4-DiCl, 5-OMe 47°
6a 4-Pyridyl 7-Ethenyl 2-Cl, 5-OMe 16 (2.1)
6b 4-Pyridyl 7-Ethenyl 2-Me, 5-OMe 21 (1.4)
6¢ 4-Pyridyl 7-Ethenyl 2,4-DiMe 46 (15)
6d 4-Pyridyl 7-Ethenyl 3,4,5-TriOMe 19 (4.8)
7 3-Pyridyl 7-Ethynyl 3,4,5-TriOMe 89 (28)
10a 4-Pyridyl 7-Ethenyl 6-OMe 2-Cl, 5-OMe 4.7 (0.3)
10b 4-Pyridyl 7-Ethenyl 6-OMe 3,4,5-TriOMe 17 (1.9)
11 3-Pyridyl 7-Ethynyl 6-OMe 3,4,5-TriOMe 34 (2.4)
14a 4-Pyridyl 6-Ethenyl 2,4-DiCl, 5-OMe 610 (59)
14b 4-Pyridyl 6-Ethenyl 3,4,5-TriOMe 740 (270)
15a 3-Pyridyl 6-Ethynyl 2,4-DiCl, 5-OMe 440 (93)
15b 3-Pyridyl 6-Ethynyl 3,4,5-TriOMe 910 (230)
18a 2-Pyrazinyl 7-Ethenyl 2,4-DiCl, 5-OMe 37 (7.1)
18b 2-Pyrazinyl 7-Ethenyl 6-OMe 2,4-DiCl, 5-OMe 10 (3.7)
19a 1-Imidazolyl 7-Ethenyl 2,4-DiCl, 5-OMe 6.6 (0.1)
19b 1-Imidazolyl 7-Ethenyl 6-OMe 2,4-DiCl, 5-OMe 2.0 (0.8)
20a 4-Pyridyl N-oxide 7-Ethenyl 2,4-DiCl, 5-OMe 4.2 (0.8)
20b 4-Pyridyl N-oxide 7-Ethenyl 6-OMe 2,4-DiCl, 5-OMe 0.6 (0.1)
20c 4-Pyridyl N-oxide 7-Ethenyl 6-OMe 3,4,5-TriOMe 11 (1.7)
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10a: R = 2-Cl, 5-OMe
10b: R = 3,4, 5-riOMe

9a: R = 2-Cl, 5-OMe
9b: R = 3,4,5-trilOMe
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Scheme 2. Reagents and conditions: (a) 2-Cl, 5-OMe aniline HCI, 2-
ethoxyethanol; 3,4,5-triOMe aniline, pyridine HCI, 2-ethoxyethanol;
(b) 4-vinylpyridine, Pd(OAc),, P(o-Tol);, DMF, TEA; (c) 3-ethynyl-
pyridine, Pd(PhsP),, Cul, DMF, TEA.

OMe analog 2a. However, this was not the case in a Src-
dependent cell proliferation assay, where 2a was twice as
potent (Table 2). Interestingly, analog 10b, with a 3,4,5-
triOMe aniline group at C-4, showed comparable activ-
ity to its 6-H analog 6d. However, in the 7-ethynyl series,
3,4,5-triOMe aniline derivative 11 showed a 2-fold in-
crease in Src enzyme inhibition over its 6-H analog 7.

In earlier work on 6,7-dialkoxy-4-phenylamino-3-quino-
linecarbonitriles it was observed that placing a large alk-
oxy group at C-6 rather than at C-7 was generally
detrimental to the Src inhibitory activity.® A similar re-
sult was obtained for the 7-thienyl-4-phenylamino-3-
quinolinecarbonitrile series when the thienyl substituent
was placed at C-6.** To verify if the same was true for
the 7-ethenyl and ethynyl series, the 6-ethenyl deriva-
tives of 2b and 6d (14a and 14b) and the 6-cthynyl ana-
logs of 3b and 7 (15a and 15b) were synthesized from
known 6-bromo-4-chloro-3-quinolinecarbonitrile (12)*
using the same approach applied for the synthesis of
the corresponding C-7 isomers (Scheme 3). As shown
in Table 1, 6-ethenyl-3-quinolinecarbonitriles 14a and
14b showed a significant decrease in potency in a Src en-

Table 2. Inhibition of Src activity in a Src-dependent cell proliferation
assay

Compound’ Src cell® ICso nM
1 100%

2a 80°

10a 160 (43)

19b 39 (0)

20a 56 (16)

20b 16 (3)

Cl

Brm/CN
7
N
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14a: R = 2,4-diCl, 5-OMe
14b: R = 3,4,5-triOMe

13a: R = 2,4-diCl, 5-OMe
13b: R = 3,4,5-triOMe

15a: R = 2,4-diCl, 5-OMe
15b: R = 3,4,5-triOMe

Scheme 3. Reagents and conditions: (a) 2-Cl, 5-OMe aniline HCI, 2-
ethoxyethanol; 3,4,5-triOMe aniline, pyridine HCI, 2-ethoxyethanol;
(b) 4-vinylpyridine, Pd(OAc),, P(o-Tol);, DMF, TEA; (c) 3-ethynyl-
pyridine, Pd(PhsP),, Cul, DMF, TEA.

zyme assay over their corresponding 7-isomers 2b and
6d, with ICs, values of 610 and 740 nM, respectively.
A decrease in enzyme inhibitory activity was also ob-
served for the 6-ethynyl derivatives 15a and 15b over
their 7-isomers 3b and 7.

We previously reported that the analog of 2a where the
pyridine ring was replaced by a phenyl was less potent
than 2a.°> Since the addition of the nitrogen atom led
to an increase in Src activity, other nitrogen containing
heterocycles were investigated. The 7-ethenylpyrazine
derivatives 18a and 18b and the 7-ethenylimidazole ana-
logs 19a and 19b were synthesized from the known inter-
mediates 16** and 174 (Scheme 4).

Although the pyrazine analogs 18a and 18b were 3
and 2-fold less potent in the Src enzyme assay than the
ethenylpyridine derivatives 2b and 2a, respectively,
ethenylimidazoles 19a and 19b showed increased Src
inhibition. In addition, as previously observed with
other members of this class, analogs 18b and 19b showed
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16: X =Br, Y = H
17: X = OT, Y = OMe

18a: Y = H, R' = 2-pyrazine
18b: Y = OMe, R' = 2-pyrazine
19a: Y = H, R' = 1-imidazole
19b: Y = OMe, R' = 1-imidazole

Scheme 4. Reagents and conditions: (a) 2-vinylpyrazine or 1-vinylimi-
dazole, Pd(OAc),, P(0o-Tol);, DMF, TEA.
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increased Src inhibitory activity over their 6-H analogs
18a and 19a. Moreover, 7-ethenylimidazole 19b exhib-
ited an ICs, value of 39 nM in a Src dependent cell pro-
liferation assay, which represents a 2-fold increase in
potency over the 7-ethenylpyridine 2a (Table 2).

Finally, the synthesis of 1-oxidopyridine analogs was
investigated to determine if oxidation of the pyridine
nitrogen would have an effect on the ability of the com-
pound to inhibit Src. As shown in Scheme 5, 4-vinylpyr-
idine 2b was treated with mCPBA at room temperature
to provide derivative 20a, which exhibited a 2-fold in-
crease in inhibitory activity, both in the enzyme and cell
assays, compared to its parent compound 2b (Tables 1
and 2). Since the 6-OMe analog of 20a was expected
to show improved potency, the synthesis of N-oxide
20b was pursued next. In this case, intermediate 17
was treated with 4-vinylpyridine N-oxide® to give the de-
sired product. This route, which circumvents the forma-
tion of over oxidized products, was also used for the
synthesis of analog 20c, which bears a 3,4,5-triOMe ani-
line group at C-4.

N-oxide 20b exhibited a subnanomolar ICs value in the
enzyme assay (ICso= 0.6 nM), making it the most po-
tent 3-quinolinecarbonitrile Src inhibitor reported to
date. In addition, analog 20b showed an ICs, value of
16 nM in the Src dependent cell proliferation assay,
which represents more than a 4-fold increase in potency
compared to its unoxidized analog 2a. Analog 20c, on
the other hand, was approximately 20-fold less potent
than 20b in the enzyme assay. However, this analog
showed improved enzyme inhibitory activity compared
to its unoxidized derivative 10b.

Derivatives with the best potency, namely 2a, 19b and
20b, were selected for a PK study. Twenty-four hours
after administration of a single oral 50 mg/kg dose to
nude mice, plasma concentrations of 19 and 20 ng/mL
were measured for 2a and 20b, respectively. These values
are approximately half the plasma concentration deter-
mined for 1 (40 ng/mL) under the same conditions. In
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17: X = OTf, Y = OMe,
R =2,4-diCl, 5-OMe
5d: X=Br, Y =H,

R = 3,4,5-triOMe

20b: Y = OMe, R = 2,4-diCl, 5-OMe
20c: Y =H, R = 3,4,5-triOMe

Scheme 5. Reagents and conditions: (a) mCPBA, dichloromethane,
AcOH; (b) 4-vinylpyridine N-oxide, Pd(OAc),, P(o-Tol);, DMF, TEA.

addition, the plasma levels of 19b were below the quan-
tification limit of 5 ng/mL. In order to improve the bio-
availability of this class of Src inhibitors, future efforts
will focus on the synthesis of analogs where water solu-
bilizing amine groups have been introduced onto the
pyridine ring, as in the case of 21. Our findings with
these new derivatives will be reported in due course.
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6. Vinylpyridine N-oxide was synthesized by reaction of 4- 8. The ICs values reported represent the means of at least 2
vinylpyridine with mCPBA. determinations. The standard deviations (SD) are shown in
7. All compounds were characterized by MS, NMR, and the brackets. Compounds were tested according to the Src

CHN combustion analyses. cellular assay® and Src enzyme assay> reported previously.
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