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Abstract: A novel series of 4-phenoxyquinolines, some of which showed potent and highly selective
inhibitory activities for PDGF receptor autophosphorylation, was discovered. Interestingly, their structures
were very similar to those of the selective inhibitors for EGF receptor autophosphorylation.
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Introduction

Platelet-derived growth factor (PDGF) is a potent mitogen for mesenchymal, glial and capillary endothelial
cells.! There are three isoforms of PDGF, PDGF-AA, PDGF-BB and PDGF-AB, and they interact differentially
with structurally related two kinds of receptors, PDGF a receptor (PDGF @-R) and PDGF B receptor (PDGF g-
R).? PDGF participates in various physiological processes such as embryonal development and wound healing
through its receptors autophosphorylation and subsequent signal transduction.” However, overexpression of
PDGF and/or its receptors causes a number of pathophysiological processes including various forms of
neoplasia, atherosclerosis, rheumatoid arthritis, pulmonary fibrosis, myelofibrosis, glomerulosclerosis and
abnormal wound healing.?

Low molecular weight inhibitors of PDGF receptor (PDGF-R) autophosphorylation represent a novel class
of therapeutic agents useful for the treatment of malignant and nonmalignant diseases involving excess cell
proliferation. Some biological effects have been studied for several inhibitors, e.g., tyrphostins,* 3-substituted
quinoline derivatives,® 3-substituted quinoxaline derivatives,® and phenylaminopyrimidines.’

Recently, we screened in-house compounds and discovered a OMe
potent and highly selective inhibitor for PDGF-R autophosphorylation, /@:
6,7-dimethoxy-4-(3,4-dimethoxyphenoxy)quinoline (70: Ki6783),° 0 OMe
whose structure is very similar to that of PD 153035 (9d),’ a selective M eom
inhibitor of epidermal growth factor receptor (EGF-R) MeO N/
autophosphorylation. In this paper, we report our preliminary findings
for a series of novel 4-phenoxyquinoline derivatives. 7o: Ki6783
Chemistry

Quinoline derivatives were prepared using general methods as shown in scheme 1.'° Quinolone (3) was
obtained by the condensation of 3,4-dimethoxyaniline (1) and diethyl ethoxymethylenemalonate. Basic
hydrolysis and subsequent decarboxylation gave 6,7-dimethoxyquinolone (5), which was converted to 4-
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chloroquinoline (6) by a treatment with POCI,. Finally, compounds 7a-7r were prepared by nucleophilic
replacement with the appropriate phenols and anilines. On the other hand, quinazoline derivatives (9) were also
prepared by a similar method as shown in scheme 2."

Scheme 1

o Q

EIOJ])LOE! veo
e o] o
MeO Et0 D\ Ot MeO c
MeO NS Yo | T | 1
MsO NH, a H Moo

1 2 EtO° O N
3
o O (o]
MeO. \ " MeO.
— 1] — |
MeC N MeO N
- H H
5
4 2N
7
¢! G‘R o C‘—R X
MeO. N, HOTY HAN S MeO. N
P P X=0,NH
€ MeO N f MeQ
6 7a-Tr

(a) 120°C; (b) diphenyl ether/reflux; (c) 10% NaOH, MeOH/reflux; (d) diphenyl ether/reflux;
(e) POCIyfreflux; (f) diglyme/170°C or DMAP/xylene/reflux
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(a) diglyme/170°C or DMAP/xylene/reflux

Results and Discussion

The derivatives were examined for their inhibitory activity of PDGF B-R autophosphorylation stimulated by
human recombinant PDGF-BB in rat mesangial cells.'” The results are shown in Table 1. At first, several
quinoline derivatives (7a-71), which have a substituent on the phenyl ring, were examined. Several derivatves
showed strong activities for PDGF-R autophosphorylation (7a, 7b, 7¢, 7g and 71). Then, we tried
quantitative structure-activity relationship studies for 4-phenoxyquinoline derivatives including compounds 7a-
71 using physicochemical properties for steric, electronic and hydrophilic effects. Consequently, we found that
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no features but a hydrophilicity, & value of the substituents on pheny!l ring, had a correlation with the inhibitory
activity (r* = 0.725)." Therefore, we focused on methoxy group having highly hydrophilicity and prepared
some derivatives bearing two methoxy groups on the phenyl ring (7m-7p). Fortunately, we discovered that
70" had the strongest activity for PDGF-R autophosphorylation. We also investigated the inhibitory activities
of 70 on other receptors’ autophosphorylation by intact cell assay and cell-free kinase assay.'” 7o showed the
most selective inhibitory activities for PDGF-R autophosphorylation compared to those for other tyrosine and
serine/threonine kinases (Table 2).

Table 1. Inhibitory Activity for PDGF-R Autophosphorylation®
3
2 4
G
@)

MeO N/

ICs0 (M) ICs0 (UM)
no. R PDGF-R no. R PDGF-R
7a H 0.76 7i 3-F 15
7b 2-OMe 0.60 7 3-Br 8.4
7c 3-OMe 0.44 7kb 3-NH; 1.7
7d 4-OMe 1.9 7l 3-NO, 0.70
7e 3-Me 6.9 7m 2,3-(OMe), 44
7t 3-Et 8.4 n 2,6-(0Me), 69.3
79 3-OH 0.56 70 (Ki6783)  3,4-(OMe), 0.13
7h 3-OFEt 12.9 7p 3,5-(0Me), 55

#See ref 8.
® 7k was prepared by hydrogenation of 71 using Pd catalyst.

Table 2.  Inhibitory Activities for Various Protein Kinases of 70 (Ki6783)

Intact Cell Cell - Free
Kinase Cell ICso(uM)? Kinase ICs0(uM) ©
PDGF-R rat mesangial cell 0.13 PDGF 3-R 0.03

NIH 3T3 0.07 EGF-R >10

human AOSMC ° 0.15 c-Src >10

EGF-R A431 >100 Cdc2 >10

bFGF-R NIH 3T3 >100 PKA >10

InsulinB-R HepG2 >100 PKC >20

MAPK >10

3See ref 12. MAPKK >10

® human AOSMC: human aortic smooth muscle cells
°See ref 15.
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Table 3. Inhibitory Activities of Quinoline and Quinazoline Derivatives
for PDGF-R and EGF-R Autophosphorylations®

[CgouM)
no. X Y R PDGF-R  EGF-R
70 (Ki6783) O CH 34(0Me) 0.13  >100
9a O N 3,4-(OMe), 0.57 >100
7q NH CH  3,4-(OMe), 26 80.5
9b NH N 3,4-(OMe), 45 2.8
7i O CH 3-Br 8.4 25
7r NH CH 3-Br 21.5 0.37
9c O N 3-Br 14.8 0.07
9d (PD153035) NH N 3-Br 21.9 0.004

@ See ref 12.

Although 70 and 9d have simular structures and find competitively to the receptor kinase with ATR®7¢ it
is very interesting that they have different selectivity for PDGF-R and EGF-R. In order to investigate more
detail of their structure-activity relationships, we prepared their derivatives by individually exchanging three
structural parts of them (X, Y and R positions in Figure 1). Their inhibitory activities (for PDGF-R and EGF-R)
are listed in Table 3.

As shown in Table 3, when (X, Y) is (O, CH), the strongest activities and highest preference for PDGF-R
were observed among the compounds with the same substituents on the phenyl ring, 7o for 3,4-(OMe), and 7
for 3-Br, respectively. Substitution of the X position in 70 by nitrogene (NH) to give 7q resulted in a 20-fold
loss of activity, and substitution of the Y position in 7q by nitrogene (N) to give 9b diminished the selectivity
against the both receptors. On the other hand, when (X, Y) is (NH, N), the strongest activities and highest
preference for EGF-R were obsereved, 9b for 3,4-(OMe), and 9d for 3-Br. Substitution of the Y position in 9d
by carbon (CH) to give 7r leads to a 100-fold loss of activity, and substitution of the X position in 7r by
oxygene (0O) to give 7j reduced the selectivity. These results showed that there would be different interactions
between the two receptors and the atoms at the X and/or Y positions of these inhibitors. And moreover, as for
the substituent (R) on the phenyl ring, the hydrophilic group would favor for the inhibitor of PDGF-R
autophosphorylation, although it was reported that small lipophilic electron-withdrawing groups on the phenyl
ring (ex. 3-Br) could favor for the EGF-R in 4-(phenylamino)quinazolines.” R groups on the phenyl ring
would be recognized in different ways by the two tyrosine kinases due to teir distinct physicochemical
properties in the highly conserved ATP binding site.”* These observation gave us the important information that
is useful to improve the specificity of the tyrosine kinase inhibitors.

In summary, we discovered 4-phenoxyquinolines which showed potent and highly selective inhibitory
activity for PDGF-R autophosphorylation. Especially, Ki6783 showed the highest selectivity for PDGF-R
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compared to other tyrosine and serine/threonine kinases.
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