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Abstract—Heterocyclic ureas, such as N-3-thienyl N'-aryl ureas, have been identified as novel inhibitors of raf kinase, a key med-
iator in the ras signal transduction pathway. Structure—activity relationships were established, and the potency of the screening hit
was improved 10-fold to ICso=1.7uM. A combinatorial synthesis approach enabled the identification of a breakthrough lead
(ICs50=10.54 uM) for a second generation series of heterocyclic urea raf kinase inhibitors. © 2001 Elsevier Science Ltd. All rights

reserved.

The ras signal transduction pathway normally functions
to transmit signals from growth factor and cytokine
receptors on the cell surface to the nucleus, resulting in
the regulation of cell differentiation and division.! Acti-
vating mutations of ras have been found in nearly one
third of all human cancers, including about 50% of
colon cancers and 90% of pancreatic cancers.”> Conse-
quently, inhibition of raf kinase, a downstream effector
of ras, has been targeted as a promising strategy for the
treatment of cancer.>* In a recent example, certain
benzylidene indolinones were found to be potent raf
kinase inhibitors (e.g., 1; ICs5o=9nM), with an acidic
phenol moiety flanked by two substituents being critical
for optimal potency.>

High-throughput screening of our compound collec-
tions in a raf kinase assay (cRafl isoform) identified the
commercially-available® 3-thienyl urea 2 as a modest,
reversible inhibitor (ICso=17 uM). Although this com-
pound was also identified in our laboratories as a potent
inhibitor of p38 kinase (p38 ICso=290nM),” it was
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considered to be worthy of further investigation by vir-
tue of its potential for efficient analoging. At the outset
of our work, urea substructures were virtually unknown
as kinase inhibitors, with the patent activity being
directed at several other compound classes.® An excep-
tion was a series of 2-thienyl ureas reported to have
broad tyrosine kinase inhibitory activity.® More
recently, however, several series of ureas have been
claimed as protein kinase inhibitors.52-19

The initial objective of our program was to explore the
SAR of the screening hit 2, toward improving raf inhi-
bitory potency. Preparation of the ureas was generally
straightforward, achieved by reaction of a 3-thienyl
amine (or related heterocycle) with phosgene or a phos-
gene equivalent, followed by treatment with an aniline
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Scheme 1. Synthesis of thienyl, furyl, and pyrrole ureas.

or heterocyclic amine. An alternative procedure
involved the reaction of the thienyl amine (or analogue)
with an isocyanate (Scheme 1). These procedures, as
well as syntheses of analogues of the 2-amino-1-carbo-
methoxy-5-z-butyl thiophene fragment, have been
described previously.”-!!

For the preparation of a combinatorial library of ureas,
rapid parallel synthesis was achieved by conducting the
amine—isocyanate reaction in anhydrous DMF (80—
95°C, 18h)."% A modular parallel synthesis work-
station, incorporating robotic liquid handling and an
orbital shaker heating block, was utilized for the pre-
paration of about 1000 analogues.'? To enable efficient
syntheses with amino acids, their hydrates, and amine
hydrochlorides, these building blocks were pre-treated
in situ with MSTFA [N-methyl-N-(trimethylsilyl)-
trifluoroacetamide] to effect formation of the tri-
methylsilyl ester, dehydration, and/or neutralization,'?
and the resulting solutions were then reacted with the

Table 1. Substitution of the phenyl moiety

5
O H :
N
XSO | \—Y
— O =
Compd X Y Raf kinase% Raf kinase
inhn, 25 uM 1Cso (UM)

2 S H 17
3 S 4-CHj; 1.7
4 S 4-Cl 6.8
5 S 4-F 30
6 S 4-OH 15
7 S 4-NH, 18
8 S 4-OCH; 8
9 S 4-OPh 34
10 S 4-CF; 31
11 S 4-Et 55
12 S 4-NHAc 33
13 S 4-CONH, 22
14 S 4-COOH 9
15 S 4-NO2 40
16 S 3-CH; 20
17 S 3,4-(CHj;), 15
18 S 2,4-(CH;), 45
19 S 3-Cl 22
20 S 3,4-Cl, 20
21 (¢} 4-CH; 3.0
22 (¢} 3,4-Cl, 7.7
23 NH H 43
24 NH 4-CH; 3.0
25 NH 3,4-Cl, 12

26 NCH; 4-CHj; 5.0

1. MSTFA, THF, 60 °C, 2h n z
RR'NH > A .
2. Ar-NCO, toluene, rt, 18 h r \CTJI/ R
3. quench (ag MeOH or aq AcOH)
Scheme 2. MSTFA-mediated synthesis of ureas.
isocyanate building blocks. This protocol'* also pro-

vided cleaner urea products from amino alcohols, pre-
sumably due to minimizing side reactions with the
hydroxy functionality (Scheme 2).

Variation of substituents on the phenyl ring in 2
revealed this as an area for high optimization potential
(Table 1).'> However, while small lipophilic substituents
such as methyl and chloro at the para position provide
an increase in potency (3 and 4), the improvement is lost
with substituents having greater steric bulk (e.g., 9-11).
A variety of electron-donating and -withdrawing sub-
stituents also give rise to relatively weak inhibitors.
Substitution with methyl or chloro at the meta and
ortho positions provides no improvement in potency, as
compared to 2 (e.g., 16-20). Likewise, electron-donating

Table 2. Five-membered heterocycle replacements for the phenyl
moiety

o—

o H H

s NTI/NY(V)V:X

= 0 Z

Compd W X Y Z Raf kinase% Raf kinase
inhn, 25 uM  1Cs (uM)

27 S C-CH; N N 1.2

28 S C-Et N N 2.0

29 S C-cyPr N N 1.9

30 S C—Bu N N 11

31 S C-CF, N N 6.6

32 S C-Ph N N 14

33 S C-CHj CH N 38

34 S C-CH; CH CH 3.7

35 CH C-CH; CH S 3.1

36 S CH CH CH 11

37 O C-CH; CH CH 18

38 N NH CH CH 16

39 N N-CHj; CH CH 6.7

40 N  N-Et CH CH 8.0

41 N  N-Pr CH CH 16

42 N  N-nPr CH CH 19

43 N N-Bn CH CH 12

44 N N-Ph CH CH 31

45 N NH C-CH; CH 13

46 CH C-CHj; N N-CH; 17

47 CH CH N N-Et 32

48 CH CH N N-Ph 15

49 CH C-cyPr N N-CH; 18

50 CH N-CH; CH CH 34

51 CH N-Et CH CH 7

52 CH N-iPr CH CH 8.1

53 CH N-nPr CH CH 11

54 CH N-Bn CH CH 36

55 N C-SCH; NH N 8

56 N C-SCH; N-CH; N 2

57 N C-CH; CH o 18

58 CH C-CH; (0] N 37

59 CH C-CH; N 0} 38




R. A. Smith et al. | Bioorg. Med. Chem. Lett. 11 (2001) 2775-2778 2777

Table 3. Replacements for the thiophene substituents in 3

R" H H
N N
<L
— o
R2
Compd R! R? Raf kinase %  Raf kinase
inhn, 25 uM ICso (UM)
60 COOEt tBu 6.0
61 CONH, tBu 39
62 CONHCH; tBu 4.9
63 CON(CH:), /Bu 15
64 CH,NH, /Bu 13
65 COCHj; tBu 18
66 Et tBu 7
67 H tBu 32
68 CH,NHAc tBu 2
69 CH,NHGly tBu 46
70 COOCH; iPr 4.0
71 COOCH; iBu 25
72 COOCH; CH,Br 6.0
73 COOCH; CH,OH 24
74 COOCH; COOH 32
75 COOCH; COOCH; 32
76 COOCH; NH, 25
77 COOCH; Ph 0
78 COOCH; CH,CH,Ph 36

or -withdrawing substituents at the meta and ortho
positions (e.g., OH, NH,, CONH,, COOH, COOCHj;,
NHAc, and NO,) provide relatively ineffective inhibi-
tors (ICso>20 uM). Replacement of the thiophene ring
by furan or pyrrole results in compounds with compar-
able potency, and similar SAR (21-26).

Heterocyclic replacements for the phenyl group were
also examined, and several thiadiazoles were found to
be more potent than the lead 2, but not significantly
better than analogue 3 (Table 2). As in the phenyl series,
the most active analogues are substituted with small
lipophilic groups (i.e., 27-29). Closely related thio-
phenes (34 and 35) have comparable potency, while a
related furan (37) is relatively ineffective. Certain pyr-
azoles (39 and 40) and pyrroles (51 and 52) also show
moderate activity, while triazoles, isoxazoles, and an
oxazole are less active. Overall, for 5-membered hetero-
cycles, only analogues having a small alkyl group in the
3-position (at X in Table 2) and certain heteroatom
substitutions exhibit 1Cs, values less than 10 uM.

All replacements explored for the carbomethoxy sub-
stituent in 3 resulted in a loss in potency (Table 3),
although analogues with a carboethoxy or N-methyl
amide group (60 and 62) have moderate activity. The
thiophene 5-¢-butyl group was also found to be optimal
for raf kinase inhibitory activity. Larger lipophilic
groups and charged/polar functionalities are not well
tolerated, with only the 5-isopropyl (70) and 5-bromo-
methyl (72) derivatives having moderate activity.

Several other heterocycles were investigated as replace-
ments for the thiophene ring; examples of analogues
related to 3 are given in Table 4. Surprisingly, even
analogues that retain the #-butyl and carbomethoxy or

Table 4. Heterocycle replacements for the thiophene ring

H H
Y- N N
o0 T
fx rL
Compd X Y V4 Raf kinase % inhn, 25 uM
79 S C-COOCHj; N 52
80 O C-COOCH; N 38
81 N C-COOCH; o 16
82 NH C-COOEt CH 44
83 N C-COOCH; NH 23
84 S C-CN CH 46
85 CH N-CH; N 26
86 N S CH 25
87 S N N 18
88 CH N (0] 44

carboethoxy groups are considerably less potent than 3.
This is in sharp contrast to the related furan and pyrrole
analogues (21, 24, and 26), that are comparable in
potency to 3.

In summary, potency of the hit 2 (IC5o=17 uM) was
increased 10-fold by 4-methyl substitution on the phenyl
ring to give analogue 3 (ICs5o=1.7uM). However,
despite extensive analoging, characterization of SAR,
and identification of compounds with potency compar-
able to 3, this series could not be improved beyond the
1 uM ICsy barrier. Our combinatorial synthesis pro-
gram, carried out in parallel during the latter stage of
this analoging effort, identified (or re-identified) certain
of the more active analogues. More importantly, how-
ever, was the identification of 89 as a quite potent inhi-
bitor (ICso=0.54 pM).!7 This result is quite striking, as
this ‘analogue’ of 2 lies outside the SAR established for
2, which may suggest a different binding orientation for
89. This represents a prime example of the power of
combinatorial chemistry. Using a traditional sequential
analoging approach, ‘single-point modifications’ of the
lead 2 (or 3) provide the relatively inactive analogues 9
and 88, which would normally provoke a rejection of
the 4-phenoxy-phenyl and 5-tert-butyl-3-isoxazolyl frag-
ments. In contrast, using a combinatorial chemistry
approach, ‘multiple-point modifications’ are pursued in
parallel, and a less biased and greater variety of sub-
stituent combinations are examined. As a result, new
directions for optimizing potency may be revealed, as
demonstrated in this investigation. Indeed, further ana-
loging around 89 rapidly established this compound as
the lead for a second generation series of raf kinase
inhibitors with significantly enhanced potential.®® Our
further studies with this class of raf kinase inhibitors
ultimately produced a clinical candidate for the treat-
ment of cancer; details will be reported in due course.

H H
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89 ICSO =0.54 lJ,M
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