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C-5 Substituted Pyrido[2,3-d]pyrimidin-7-ones as Highly Specific 
Kinase Inhibitors Targeting Clinical Resistance related EGFRT790M 
Mutant  
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a Zhengchao Tu, a Linjiang Tong, b Zhaoru Huang, b Xiaoyun Lu, a Meiyu Geng, b Hua Xie,* b Jian Ding, * 

b and Ke Ding* a 

Development of specific kinase inhibitors has been a long-standing challenge in chemical biology and drug discovery. We 

have successfully discovered a series of C-5 substituted pyrido[2,3-d]pyrimidin-7-ones as highly specific inhibitors against 

clinical resistance related EGFRT790M mutant. One of the most promising compounds 9f tightly binds with the EGFRT790M 

mutant and strongly inhibits its enzymatic function with an IC50 value of 0.80 nM, and displays an extraordinary target 

specificity with S(35) and S(10) selectivity scores of 0.005 and 0.000, respectively, in a kinase selectivity profiling study 

against 456 different kinases at 100nM. The compound also selectively suppresses the proliferation of EGFRT790M mutated 

H1975 NSCLC cells with an IC50 value of 2.80 nM, but is significantly less toxic to cells with wild type EGFR. Compound 9f 

may serve as a promising lead compound for drug discovery overcoming the acquired resistance of NSCLC patients without 

adverse toxicities. 

Introduction 

Among the 518 kinases identified to date, epidermal 

growth factor receptor (EGFR, erbB1, HER1) is one of the most 

validated molecular targets for anticancer therapy. Several 

reversible or irreversible inhibitors, e.g. gefinitib (1), erlotinib 

(2) and gilotrif (BIBW2992, 3), have been approved by US Food 

and Drug Administration (FDA) and achieved significant 

benefits for clinical management of non-small cell lung cancer 

(NSCLC) patients with activating mutation in the EGFR kinase 

domain (i.e. L858R and del E746-A750).1-3 However, acquired 

resistance against current therapies becomes a major clinical 

challenge. EGFR “gatekeeper” T790M mutation (Threonine 790 

 Methionine 790) is a primary mechanism for the resistance 

against the reversible EGFR inhibitor therapy, 4 which accounts 

for approximately 60% of clinically resistant NSCLC patients. 5 

The EGFRT790M mutation has been demonstrated as a driving 

force for the resistant NSCLC cell growth, whereas is not 

detected in normal human tissues. Thus, specifically targeting 

EGFRT790M represents an ideal strategy to overcome the 

acquired resistance of NSCLC patients without adverse 

toxicities. However, development of specific kinase inhibitors 

has been a long-standing challenge in chemical biology and 

drug discovery because most of the kinases share highly 

structural similarity in their ATP binding domains. 

A number of irreversible Cys797-reacting EGFRT790M 

inhibitors have been discovered. 6 However, most of them 

suffer from unacceptably low clinical Maximum-Tolerated-

Dose (MTD) in resistant patients because of their poor margin 

over wild type EGFR (EGFRWT) inhibition. 7, 8 Only recently, 

several selective EGFRT790M inhibitors were identified, 9-17 

among which CO-1686 (5) 11 and AZD9291 (6) 12,17 have been 

demonstrated significant benefits for the EGFRT790M mutated 

NSCLC patients in clinical investigations. Both of the 

compounds were granted “Breakthrough Therapy” 

designations by US FDA in 2014. However, side effects such as 

hyperglycaemia or skin rash were recently reported for a 

portion of CO-1686-treated patients, which may be due to its 

concurrent inhibition against EGFRWT and the other kinases. 4 

Diarrhea and skin rash were also observed as the most 

common all-cause adverse events for the AZD9291-treatment 
18 which may be due to the EGFRWT inhibition of its active 

metabolites.12 It is still desirable to identify novel wild-type 

sparing EGFRT790M inhibitors with improve selectivity profiles.  

Herein, we would like to report the design, synthesis and 

biological evaluation of C-5 substituted pyrido[2,3-d]pyrimidin-

7-ones as new selective EGFRT790M inhibitors. 

Results and discussion  
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Conformational constraint is a tractable strategy to 

improve a drug’s target specificity. 16 Accordingly, we designed 

and synthesized a series of conformationally rigid lead 

molecules (9), in which a privileged pyrido[2,3-d]pyrimidin-7-

one core that has been widely utilized in clinically investigated 

or FDA approved drugs including palbociclib (8) 19 is adopted. 

An acrylamide moiety is preserved in the molecules to 

potentially capture an essential nucleophilic addition with Cys797 

in EGFRT790M (Fig. 1). 20, 21 

Compounds 9 were readily prepared by utilizing 2-chloro or 

2-methylthio pyrido[2,3-d]pyrimidin-7(8H)-ones (10) as the 

starting materials (Supporting Information). Compounds 10 

coupled with substituted anilines (11) and followed by 

deprotection to obtain intermediates 12. A straightforward 

acryloylation of compounds 12 produced the designed 

compounds 9a – 9t in good yields (Scheme 1, Supporting 

Information). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Design of pyrido[2,3-d]pyrimidin-7-ones as new druglike selective 

EGFRT790M inhibitors via a scaffold-chopping strategy 

 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

Scheme 1. Syntheses of the designed inhibitors 9a – 9t. Reagents and conditions: 

a) i) TFA, 2-Butanol, 100 ℃; ii) TFA, DCM, rt, 60-80% (two steps). b) i) m-CPBA, 

DCM, 0 ℃ to rt; ii) 11, TFA, 2-butanol, 110 ℃,; iii) TFA, DCM, rt, 30-40% (three 

steps). c) acryloyl chloride, DIPEA, DCM, 0 ℃, 55-70% 

 

The kinase inhibitory activities against EGFRL858R/T790M and 

EGFRWT (IC50) of the compounds were evaluated by using a 

well-established ELISA assay. 22 Five well recognized EGFR 

inhibitors, i.e. 1 (gefitinib), 3 (BIBW2992), WZ4002 (4), 5 (CO-

1686) and 6 (AZD 9291), were included as positive controls. 

Under the experimental conditions, all of the drugs displayed 

similar IC50 values and the selectivity profiles to the reported 

data. 9,12,17,23 Compound 9a, our first designed molecule, 

potently inhibited EGFRL858R/T790M with an IC50 value of 0.5 nM, 

which is 13-29 folds more potent than the 2nd or 3rd 

generation EGFR inhibitors (3, 4, 5 and 6) in a parallel 

comparison. Furthermore, the compound demonstrated an 

approximate 30-fold selectivity between the T790M mutant 

and the wild type EGFR, which is comparable to that of 

clinically investigated drug 5 or 6. It also showed a preferred 

binding with EGFRL858R/T790M with a Kd value of 0.43 nM, but is 

32.5 times less potent to EGFRWT, in an active-site-dependent 

competition binding assay conducted by DiscovRx, SanDiego, 

USA (Table 1).29,30 
Table 1. In vitro kinase inhibitory activities of compounds 9a – 9t against 
EGFRL858R/T790M and EGFRWT, and their binding affinities with the proteins. 

Cpds Kinase inhibition 

(IC50, nM) a 

Binding affinities 

(Kd, nM) b 

EGFRWT EGFRL858R/T790M EGFRWT EGFRL8

58R/T790M 

9a 15.0±2.4 0.50±0.10 14.0 0.43 

9b 16.0±4.9 1.3±0.3 6.2 0.88 

9c 7.8±4.8 0.20±0.00 2.5 0.50 

9d 1.0±0.1 0.5±0.3 1.2 0.50 

9e 20.0±1.4 1.6±0.0 4.3 0.91 

9f 240±24 0.80±0.10 48. 0.26 

9g 114±42 6.7±0.8 140 1.8 

9h 970±260 17.8±6.5 N.D. N.D. 

9i 120±12 10.0±0.1 57.0 2.2 

9j 98.0±3.3 94±2.8 N.D. N.D. 

9k >1000 39±2.7 N.D. N.D. 

9l 210±20 95±6.1 N.D. N.D. 

9m 97±18 21±4.1 N.D. N.D. 

9n >1000.0 >1000.0 N.D. N.D. 

9o >1000 280±10 N.D. N.D. 

9p >1000 2.9±0.7 34.0 0.16 

9q >1000 23.5±2.4 72.0 0.27 

9r 170±100 11.0±0.7 350 1.2 

9s 270±60 19.0±3.6 N.D. N.D. 

9t >1000 78±27 N.D. N.D. 

1 13±9.3 845±34 2.4 c 10.9 c 

3 2.4±0.4 9.5±1.9 0.25 c 1.10 c 

4 35±3.1 6.4±1.6 46.0 c N.R. 

5 350±21 14.3±4.5 180 c 7.0 c 

6 210±13 7.0±1.5 N.R. N.R. 

[a] EGFR activity assays were performed using an ELISA assay according to the 

reported protocols. [23] The compounds were incubated with the kinase reaction 

mixture for 1.0 hr before measurement. The data are means from 3 independent 

experiments. [b] Binding constant values (Kd) were determined from DiscovRx. The 

data are means from two independent experiments and the variation is less than 

15%. [c] Reported data. 9,24-27 N. D., not determined. N.R., not reported. 

 

Further structure-activity relationship investigation 

demonstrated that 6- position (R2 in ring B) of the compound is 

well tolerated by various hydrophobic substituents [e.g. 

methyl (9b), phenyl (9c) and benzyl (9d)] without obviously 

affecting the EGFRL858R/T790M inhibitory activity. However, the 

substitutions caused significant selectivity loss between 

EGFRL858R/T790M and EGFRWT in both kinase assay and binding 

assay evaluations. For instance, 6-benzyl analogue 9d 

displayed similar IC50 value for EGFRL858R/T790M to that of 9a, but 

its selectivity between EGFRWT and T790M mutant was 

dramatically decreased to about 2.0 folds. A large substitution 
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at 5- position (R1) is detrimental to the kinase inhibition. For 

instance, 5-ethyl (9g), 5-(n-)propyl (9h), 5-(iso-) propyl (9j), 5-

CF3 (9k), 5-N, N-dimethylamino (9l), and 5-phenyl (9m) 

derivatives displayed 13-190 fold potency loss comparing with 

the parental compound 9a, and 5-biphenyl derivative 9n 

totally abolished its EGFR inhibitory activity. Encouragingly, 5-

methyl analogue 9f displayed an IC50 value of 0.8 nM against 

EGFRL858R/T790M, whereas the corresponding number for 

EGFRWT is about 300 fold greater. Further binding affinity 

determination confirmed that 9f selectively bound with the 

T790M mutant with a Kd value of 0.26 nM, but was 184.6 folds 

less potent to the wild type protein. Interestingly, induction of 

an additional 4-methyl group (9o, R3 = Me) in 9f caused a 345-

fold potency decrease. Further investigation also revealed that 

the R4-methoxy group in 9f could be removed without 

obviously affecting the potency and selectivity (9p). However, 

when the R4-methoxy moiety was replaced by a methyl (9q), 

ethoxyl (9r), (n-)propoxyl (9r) or iso- propoxyl group (9t), the 

resulting compounds are significantly less potent. 

In view of its encouraging in vitro activity and selectivity 

profiles, compound 9f was selected as an example for further 

validating its selective EGFRT790M inhibition by investigating the 

effect on activation of EGFR and downstream signals in H1975 

and A431 cancer cells harbouring different forms of EGFR (Fig. 

2). It is shown that 9f dose-dependently inhibits the 

phosphorylation of EGFR and downstream proteins such as 

AKT and ERK with no obvious effect on their total proteins in 

H1975 NSCLC cells with EGFRT790M mutation. However, its 

effect in A431 cells is significantly less potent. For instance, 

compound 9f almost induced a complete blockage of EGFR 

activation in H1975 cells at 10 nM, but it only showed 

detectible inhibition when a concentration of 100 nM was 

used for A431 cells. Similar to the previous observation, the 

positive compound 4 also displayed selective suppression 

EGFR signals in H1975 cells, while 9f is apparently about 10 

folds more potent. 

To build a confidence on the covalent binding mode of 9f 

with EGFRT790M, an inhibitor washout assay was performed in 

H1975 NSCLC cells (Fig. 3). 28 The results clearly showed that 

activation of EGFRL858R/T790M and downstream ERK is constantly 

inhibited and no sign of EGFRL858R/T790M phosphorylation 

recovery was observed after 9f was removed for 24 hrs, which 

is quite similar to compound 4, strongly suggesting that the 

compound irreversibly bound with the target. The irreversible 

binding of 9f with EGFRL858R/T790M was also confirmed by an in 

vitro mobility shift assay (Fig. S1, Supporting Information). 27 

 

Figure 2. Compound 9f potently and selectively inhibits the activation of EGFR 

signals in H1975 NSCLC cells (A) but is significantly less potent in A431 cancer cells 

(B). Cells were starved for 12 hrs and treated with or without inhibitors for 2 hrs 

at indicated concentrations, respectively. Cells were then stimulated by 50 ng/mL 

EGFR for 15 min and harvested for Western blot analysis. 

 

In order to demonstrate the target specificity of 9f, a 

kinase selectivity profiling study was conducted by using the 

DiscovRx screening platform. The results revealed that 9f 

displayed an excellent specificity on EGFRT790M (Fig. 4, Fig. S2, 

Supporting Information). 29 For instance, compound 9f showed 

almost 100% competition rates (99.5% inhibition, Ctrl% = 0.05) 

with EGFRL858R/T790M and EGFRT790M, while it did not show 

obvious binding (inhibition rate < 65%, or Ctrl% > 35%) with 

almost all of the 456 kinases (including 395 non-mutated 

kinases) evaluated at 100 nM (which is about 130 folds of its 

IC50 value against EGFRL858R/T790M). The S(35) and S(10) 

selectivity scores of 9f are 0.005 and 0.000, respectively, 

supporting it as one of the most specific EGFRT790M  inhibitors 

to date. 

Figure 3. Inhibitor wash-out assay demonstrates the irreversible binding of 9f 

with EGFRL858R/T790M. NCI-H1975 cells were treated with or without compound 9f 

(1.0 M) for 2 hrs, and then the medium with compound was removed and fresh 

medium was added immediately (defined as 0 hr). And then at the indicated time 

points, cells were harvest and proteins were extracted and subjected to Western 

blot analysis (A). Compound 4 was used as a positive control (B) 

 

Figure 4. The KINOMEsacn tree spot map illustrating the selectivity profiles for 

compound 9f versus a panel of 456 kinase targets (including 395 wild-type 

kinases). The size of the red circle is proportional to the percentage of DMSO 

control, where 0 and 35% of control equals 100 and 65% competition, 

respectively. 27 
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The resistance-overcoming potential of 9f was investigated 

by evaluating its antiproliferative activities against H1975 

NSCLC cells harbouring EGFRL858R/T790M. Its effects on EGFRWT 

overexpressing A431 epidermoid carcinoma cells and a panel 

of normal cells, were also determined to monitor the potential 

off-target toxicity (Table S2 and S3, Supporting Information). It 

was shown that 9f strongly inhibits the growth of H1975 

cancer cells with an IC50 value of 2.8 nM, while its activity 

against A431 cancer cells is about 870 nM and is over 311 fold 

less potent than that for H1975 cells, which further validates 

its EGFRT790M selectivity over the wild type kinase. More 

significantly, 9f displays over 1000-folds less cytotoxicity 

against a panel of normal cell lines, supporting its favourable 

safety index and promising potential for further development. 

Conclusions 

In summary, C-5 substituted pyrido[2,3-d]pyrimidin-7-ones 

were identified as highly specific EGFRT790M inhibitors. A 

representative compound 9f selectively binds with and inhibits 

EGFRT790M with pM potencies, while not showing obvious 

effect on a panel of 456 kinases at 100 nM concentration, 

supporting it as one of the most specific kinase inhibitors to 

date. Moreover, the compound selectively suppresses 

proliferation of EGFRT790M mutated H1975 NSCLC cells with a 

low nM IC50 value, but is significantly less toxic to a variety of 

normal cell lines. Compound 9f may serve as a promising lead 

compound for new drug discovery overcoming the acquired 

resistance of NSCLC patients without adverse toxicities. 
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