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5-Benzylidene-hydantoins as new EGFR inhibitors
with antiproliferative activity
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Abstract—A series of 1,5-disubstituted hydantoins, whose structure was designed to interact at the ATP binding site of EGFR, was
synthesized and evaluated for inhibition of EGFR kinase activity and antiproliferative action. Some of these compounds, charac-
terized by a 1-phenethyl and a 5-(E)-benzylidene substituent, inhibited EGFR autophosphorylation and polyGAT phosphorylation,
and also inhibited the growth and proliferation of human A431 cells, which overexpress EGFR. These compounds can therefore be
regarded as examples of a new scaffold for tyrosine kinase inhibitors.

© 2006 Elsevier Ltd. All rights reserved.

Receptor protein kinases play a central role in signal
transduction pathways, regulating cell division and differ-
entiation. Among them, the epidermal growth factor
receptor (EGFR) is involved in the regulation of several
key processes such as cell proliferation, survival, adhe-
sion, migration, and differentiation.! Overexpression of
EGFR tyrosine kinase is reported in a variety of human
tumors and is associated with poor prognosis.” Therefore,
inhibition of EGFR kinase activity has emerged as a
promising new approach to cancer therapy and several
small molecule tyrosine kinase inhibitors are currently
in clinical use or development. The 4-anilinoquinazolines
gefitinib (Iressa™) and erlotinib (Tarceva™), which have
both been approved for the treatment of non-small-cell
lung cancer, are potent, competitive inhibitors at the
tyrosine kinase ATP-binding site (Fig. 1).

Extensive SAR studies of 4-anilinoquinazolines® and co-
crystallization of erlotinib within the catalytic domain
of the EGFR*provided detailed information on the inter-
actions at molecular level between this class of inhibitors
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and the adenine-binding portion of the ATP-binding site.
The EGFR-erlotinib co-crystal structure showed that N1
of the quinazoline nucleus is involved in a hydrogen bond
with the backbone NH of Met769, the CH in 2 is very close
to the backbone C=0 of GIn767, and the N3 interacts
with Thr766 through a water molecule.*

Employing the EGFR coordinates from this complex,
and following the hypothesis that hydantoin could work
as a bioisoster of the quinazoline nucleus, we designed
and docked 1,5-substituted derivatives into the erloti-
nib-binding site. The imide fragment of hydantoin ring
has the pharmacophoric elements described above, only
needing appropriate lipophilic groups in 1 and 5 to mim-
ic the aniline portion and the second benzene ring in ani-
linoquinazolines. In fact, 1-phenethyl-5-benzylidene-
hydantoin (2a in Table 1) can be easily superimposed
on the active conformation of erlotinib, and docked into
the ATP-binding site of EGFR, as shown in Figure 2. In
this docking model, the hydantoin ring undertakes
hydrogen bonds in the hinge region resembling those
of the quinazoline nucleus, while the side chains in posi-
tions 1 and 5 can occupy hydrophobic pockets in the
ATP-binding site of EGFR.

To validate our hypothesis, and to get a starting explo-
ration of structural requirements, a series of hydantoins
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Figure 1. EGFR TK inhibitors recently approved for the clinical use.
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Table 1. Inhibition of EGFR kinase and antiproliferative activity for compounds 1 and 2a-h
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Compound R! R? Isomer Kinase assay inhibition (%) Cell proliferation assay inhibition (%)
1 0.0 0.0
2a H H E 45.1 25.6
2b H H V4 39.7 14.9
2c H 3-Cl E 43.4 16.2
2d H 3-OH E 52.8 30.3
2e H 4-OH E 60.9 39.6
2f 3-Cl H E 46.8 9.5
2g H H E 23.9 12.9
2h H 3,5-CH; E 42.1 30.4

#Percentage of inhibition at 10 uM; mean values of three independent experiments are reported.
® Percentage of inhibition at 20 pM; mean values of three independent experiments are reported.
© Gefitinib'® showed 65.4% inhibition of the polyGAT phosphorylation when tested at 0.001 uM concentration in the kinase assay; it showed 36.6%

GIn767

Figure 2. Compound 2a (yellow carbons) docked within the catalytic
domain of EGFR and compared to the co-crystallized erlotinib (gray
carbons).

(Table 1) was prepared and tested on EGFR activity
and on cell proliferation assays. In particular, (R)-5-ben-
zyl-1-phenethylhydantoin 1 was synthesized starting
from D-phenylalanine (Scheme 1): the 2,4-dinitroben-
zensulfonamide 3, readily prepared from 2,4-dini-
trobenzensulfonyl chloride and p-phenylalanine methyl
ester, was alkylated under Mitsunobu conditions
according to a previously reported procedure.’ Easy
deprotection of 4 was achieved by treatment with thio-
glycolic acid and triethylamine in CH,Cl,. Finally, cycli-
zation of 5 with potassium cyanate in acetic acid
afforded the hydantoin 1 in good yield. Compounds
2a—f and 2g-h, carrying at the 5-position of the hydan-
toin ring a benzylidene or a (pyrrol-2-yl)methylidene
substituent, respectively, were obtained by a four-step
synthetic route (Scheme 2). 1-Phenethylhydantoin 8a
was prepared starting from phenethylamine and ethyl
bromoacetate. The ethyl ester of N-phenethylglycine
was converted to the urea 7a with potassium cyanate,
and then submitted to acid catalyzed cyclization to
hydantoin.® This synthetic pathway was also applied
to the preparation of the chloro-derivative 8b, starting
from 3-chlorophenethylamine. The products 2a—f, ob-
tained by the reaction between hydantoins 8a—b and benz-
aldehyde or its derivatives in piperidine, were isolated as
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Scheme 1. Reagents and conditions: (a) anhydrous CH;OH, HCI gas, reflux, 10 min, 88%; (b) 2,4-dinitrobenzensulfonyl chloride (1 equiv), pyridine
(3 equiv), CH,Cl,, rt, 16 h, 78%; (c) PhCH,CH,OH (2 equiv), DEAD (2 equiv), PPh; (2 equiv), benzene, rt, 20 min, 94%; (d) HSCH,CO,H
(1.3 equiv), Et3N (2 equiv), CH,Cl,, 23 °C, 1 h, 97%; (e) KOCN (2 equiv), CH;CO,H, rt, 4 h, 75%.
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Scheme 2. Reagents and conditions: (a) anhydrous CHCI;, rt, 2 h, 94-97%; (b) HCI (1.5 equiv), KCNO (1.5 equiv), water, rt, 20 h, 84-89%; (c) HCI,

25%, reflux, 4 h, 99%; (d) dry piperidine, 130 °C, 1 h, 25-69%.

mixtures of £ and Z isomers in about 50% proportions.
Only the E isomer was obtained for compounds 2g and
2h. The geometry of the products was assigned from
NMR spectral data, after isolation of the stereoisomers
by silica gel chromatography. Purity of all compounds,
fully characterized by NMR and MS, was assessed by ele-
mental analysis. This four-step synthetic route was flexi-
ble enough to give good yields for these and other
different products (data not shown), being thus suitable
for a combinatorial expansion of the series.

The hydantoin derivatives 1 and 2a-h were evaluated in
EGFR tyrosine kinase assays (Table 1). The ability of
these compounds to inhibit the phosphorylation of the
peptide substrate polyGAT by EGFR was measured.’
Inhibitory activities are given as percentage of inhibition
at 10 uM. In addition, the ability of compound 2e to

inhibit EGFR autophosphorylation was also assessed.®
The antiproliferative activity of these inhibitors was as-
sayed using the human epidermoid carcinoma cell line
A431 which overexpresses EGFR.? Activities are given
as percentage of inhibition of cell growth at 20 pM.

Compound 1 showed no effect on the enzymatic and cel-
lular assays at concentrations up to 50 uM. As one of its
minimum-energy, extended conformations could be eas-
ily overlaid onto that of the anilinoquinazoline (data not
shown), we attributed this lack of activity to the entropic
effect due to the free rotation around the C(5)-CH,Ph
bond. In fact, '"H NMR suggested that the conforma-
tional equilibrium at this bond was shifted toward an
eclipsed conformation, with the benzyl group above
the hydantoin ring.!' This behavior had also been previ-
ously observed in similar cases.!? In our docking model,
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the folded conformation of compound 1 was too steri-
cally hindered to efficiently occupy the ATP-binding
pocket of EGFR.

Therefore, it was supposed that an extended conforma-
tion should be necessary for the interaction at the ATP-
binding site. To maintain the substituent at the 5-posi-
tion on the same plane of the hydantoin ring, the benzyl
group was replaced with a benzylidene moiety in com-
pounds 2a and 2b. The exo-cyclic double bond led to
derivatives whose phenyl group strictly overlaid the po-
sition of the anilino moiety of erlotinib in the complex
with EGFR (Fig. 2). As expected, compound 2a partial-
ly inhibited substrate phosphorylation, thus showing its
ability to interact with EGFR, even if with a potency
much lower than that of the anilinoquinazoline tem-
plate. 2a (FE), represented in Figure 2, showed slightly
higher inhibition on the enzymatic test than the Z iso-
mer 2b, which could be superimposed on the erlotinib
structure only inverting the orientation of the 5-benzyl-
idene and I-phenethyl groups. While rapid conversion
of the Z isomer to the E one was observed for the most
potent compound (2e), no data on the conformational
preference for the other, less active, compounds are
available at the moment.

The planar compounds 2¢-h showed percentage of inhi-
bition ranging from 45.1% to 60.9% when tested at
10 uM concentration on enzyme assay. Inhibitory activ-
ity increased when the benzylidene group was substitut-
ed by a hydroxyl group at both meta and para positions.
A meta-chloro substituent on the N-1 phenethyl group
led to 2f, with only a small activity enhancement with re-
spect to 2a, while the chloro substitution at the meta po-
sition on the benzylidene group (2¢) did not affect
EGFR kinase activity. Replacement of the benzylidene
group by a (pyrrol-2-yl)methylidene one'? (2g) signifi-
cantly reduced the inhibition of kinase activity. Howev-
er, compound 2h, having two methyl substituents in
positions 3 and 5, showed a percentage of inhibition
close to the parent compound 2a.

Before proceeding to SAR analysis based on enzymatic
inhibition, which was hampered by the low potency of
these compounds and by the noise-to-signal ratio of
the test at these concentrations, we looked for further
indications that this class can be considered interesting
for TK inhibition.

Compound 2e, giving the highest enzyme inhibition on
the substrate-based assay and showing an ICsy value
of 0.71 uM (Fig. 3), also evidenced inhibitory activity
toward EGF-stimulated EGFR autophosphorylation
in A431 cells (Fig. 4). To assess whether the compound
was able to inhibit the phosphorylation of EGFR at the
level of Tyrl173, a phosphospecific anti-EGFR
(Tyr1173) antibody was used. The percentage of inhibi-
tion of EGFR autophosphorylation at 20 uM concen-
tration reached 50% after 4 h of incubation.

Compounds 2a-h also inhibited the growth of A431
cell line overexpressing EGFR. A qualitative correla-
tion was observed between enzymatic and cellular
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Figure 3. Percentage of inhibition of polyGAT phosphorylation by
EGFR for 2e (0.01-50 uM); mean values of two experiments are
reported.
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Figure 4. Western blot for phospho-Tyrl1173 in A431 exposed for
different times to 2e at 20 pM and stimulated for 5 min with 0.1 pg/ml
EGF. The levels of p-Tyrll73 at each point were quantified by
densitometric analysis and normalized to the levels of EGFR.

results for these derivatives (Table 1). Compounds
2d and 2e showed the highest antiproliferative activity
on A431 cell line, and the result parallels the potency
observed in the enzyme assay. Moreover, 2e showed
an ICsy value of 27 uM in the cellular assay, which
is consistent with the percentage of inhibition ob-
served at 20 uM.

In conclusion, hydantoin derivatives showed inhibition
of the EGFR kinase activity and antiproliferative ef-
fects toward A431 cells. The exo-cyclic double bond
at the S5-position is essential for both enzyme and cell
growth inhibition, suggesting that a rigid planar sys-
tem is necessary to interact with the molecular target.
The best results were obtained for compound 2e, car-
rying a para-hydroxyl group on the benzylidene at the
C-5 position. This compound was also active in the
EGFR autophosphorylation assay. Even if further
structure—activity investigation is needed for potency
optimization within this class, particularly in the enzy-
matic test, the ability to control cell proliferation
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indicates that access to the biophase is not a main
drawback for these compounds.

Finally, the easy and flexible synthesis and workup for
the 5-exo-methylene-substituted derivatives, which can
be exploited to introduce different substituents at posi-
tions 1 and 5, allowing easy exploration of physico-
chemical space, highlight the potential of this scaffold
to generate new kinase inhibitors.
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