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a b s t r a c t

Based upon the modeling binding mode of marketed AZD9291with T790M, a series of N-9-Diphenyl-9H-
purin-2-amine derivatives were designed and synthesized with the purpose to overcome the drug resis-
tance resulted from T790M/L858R double mutations. The most potent compound 23a showed excellent
enzyme inhibitory activities and selectivity with nanomolar IC50 values for both the single T790M and
double T790M/L858R mutant EGFRs, and was more than 8-fold selective for wild type EGFR.
Compound 23a displayed strong antiproliferative activity against the H1975 non-small cell lung cancer
(NSCLC) cells bearing T790M/L858R. And it was less potent against A549 (WT EGFR and k-Ras mutation)
and HT-29 (non-special gene type) cells, showing a high safety index.

� 2018 Elsevier Ltd. All rights reserved.

The epidermal growth factor receptor (EGFR) tyrosine kinase
played a crucial role in cellular signal-transduction pathways and
was closely related to cell proliferation, survival, adhesion, migra-
tion, and differentiation.1,2 Thus, EGFR tyrosine kinase has become
an attractive therapeutic target for cancer treatment, especially for
nonsmall-cell lung cancer (NSCLC).3–5

The first generation of EGFR drugs, gefitinib (1, Fig. 1)6,7 and
erlotinib (2, Fig. 1)8 relied on reversible affinity to achieve potency.
More recently, a covalent inhibition strategy has been used
because it delivered distinct pharmacological properties. Irre-
versible kinase inhibitors can achieve advantages over reversible
compounds by delivering complete and sustained target engage-
ment in the presence of high intracellular concentrations of ATP
in the cells and by requiring the physical turnover of kinase pro-
teins to restore inhibited signaling pathways.9–11 Indeed, second
generation, irreversible inhibitors of WT EGFR (afatinib) (3,
Fig. 1)12 which covalently modify EGF Cys797 demonstrate
increased cellular potency against T790 mutants relative to their
reversible counterparts. However because these compounds main-
tained the aniline moiety that clashed with Met790 side chain,
their T790M activity was less than their activity against the pri-
mary activating EGFR mutants. As a result, their clinical efficacy
to treat T790M patients was limited due to dose-limiting toxicity
associated with inhibition of WT EGFR.

In response to this unmet need and because irreversible inhibi-
tors demonstrated better potency against EGFR T790M mutants
than reversible inhibitors, an effort was initiated to discover highly
potent irreversible inhibitors of the drug resistant T790M mutants
that spare EGFR WT activity to the greatest extent as a means to
minimize mechanism-based toxicities. Some irreversible inhibitors
of EGFR T790M have been pursued, resulting in the identification
of WZ4002 (4, Fig. 1),13 CO-1686 (6, Fig. 1)14 and AZD9291 (5,
Fig. 1).15,16 In addition, there are several recent publications dis-
cussing the design and SAR for novel third generation irreversible
EGFR inhibitors.15,17–19 Among them, AZD9291 showed 200-fold
selectivity for T790M/L858R double mutants over WT EGFR20 and
was approved for the treatment of NSCLC patients with EGFR
T790M mutation by FDA in November 2015.

AZD9291 had been reported to have a few common adverse
events in clinical trials, such as diarrhea, rash and decreased appe-
tite. And the morbidity of diarrhea, rash and cardiotoxicity
increased with escalating doses of AZD9291.21 To overcome the
drawbacks of AZD9291, in this manuscript, we described the
design, synthesis, in vitro biological evaluation of a series of novel
selective T790M inhibitors.

2. Results and discussion

2.1. Design strategy of the new compounds

Without the crystal complex of AZD9291 binding to the T790M
EGFR kinase domain, we employed a published T790M structure
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(PDB code: 3IKA) to model the binding mode with AZD9291
(Fig. 2). The docking mode indicated that AZD9291 bound to the
outer edge of the ATP-binding pocket. The pyrimidine core of the
molecule formed two hydrogen bonds with Met793 residue in
the kinase hinge: one with the indole group adjacent to the gate-
keeper residue, and the other with the dimethylaminemoiety posi-
tioned in the solvent channel, while Cys797 covalently bonded to
the acrylamide group.15 These interactions were envisioned to be
important for improving the activity and selectivity against
mutated EGFR kinase.22

To our knowledge, the purin moiety have been widely applied
as building blocks in drug design, and they could be found in sev-
eral therapeutic agents, such as seliciclib and GS-4059.23,24 Based
upon the binding mode of AZD9291 with T790M active domain,
we designed and synthesized a series of N-9-Diphenyl-9H-purin-
2-amine analogues (Fig. 3) by applying the conformational con-
straint strategy, which is an effective method to improve ligand
selectivity for a molecular target. Moreover, additional hydrogen
bond donors and acceptors were expected to contribute to the
interaction with EGFR. More importantly, the aminopyrimidines
and a Michael receptor group were expected to contribute to the
interaction with EGFR. And a number of side chain amines (R1)
were also modified with the purpose to improve the potency and
physical properties of the inhibitors.

The novel target scaffold was docked to the EGFR binding
pocket (PDB: 3IKA) and overlay results showed that the conforma-
tion of this novel scaffold is well consistent with AZD9291’s bind-
ing conformation, which suggested that a N-9-Diphenyl-9H-purin-
2-amine Scaffold moiety could serve as a scaffold from which to
build a novel series of EGFR inhibitors (Fig. 4).

2.2. Chemistry

The synthesis of target compounds 21a–t and 22a–c were
described in Scheme 1. The intermediate 8 was synthesized by
nitration of commercially available 4-fluoro-2-methoxyaniline 7.
Substituted aniline 8 was protected with (Boc)2O generated the
intermediate 9, which was reacted with various aliphatic amines
under basic conditions to formed intermediates 10. Subsequent
reduction of the nitro groups of 10 with hydrogen gave amines
11, which were not purified and used in the next reaction directly.
Acylation of 11a–c with acryloyl chloride conveniently produced
compounds 12a–c. The key intermediates 13 was obtained by
the deprotection of 12 in the presence of trifluoroacetic acid.

Anilines regioselectively reacted with the 4-chloro atom of the
2,4-dichloro-5-nitropyrimidine 14 in the presence of N,N-diiso-
propylethylamine (DIPEA) to produce the key pyrimidine interme-
diates 15, which coupled with anilines 13 to obtain pyrimidine

Fig. 1. Structures of different generation EGFR inhibitors.

Fig. 2. Interaction map of AZD9291 with the EGFR T790M mutant and the overview in the binding site.
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