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Abstract—Quinazolines have been identified as inhibitors of CDK4/D1 and CDK2/E. Aspects of the SAR were investigated using
solution-phase, parallel synthesis. An X-ray crystal structure was obtained of quinazoline 51 bound in CDK2 and key interactions
within the ATP binding pocket are defined. # 2001 DuPont Pharmaceuticals Company. Published by Elsevier Science Ltd. All
rights reserved.

Interruption of the cell cycle is one approach in the
treatment of proliferative diseases. The phases of the
cell cycle are driven by cyclin-dependent kinases1

(CDK), serine- and threonine-specific kinases, which act
to modulate levels of protein phosphorylation using
adenosine triphosphate (ATP) as a phosphate donor.
Several reviews of the biology of the CDK family of
kinases have been published.2

Several cores have been reported as potent CDK inhi-
bitors including flavones (flavopiridol),3 azepines (paul-
lones),4 and purines.5 Here, we report on the use of
quinazolines as CDK inhibitors. Quinazoline 1 is a
CDK inhibitor found through screening which shows
modest potency for CDK4/D1 (IC50=24 mM), CDK2/E
(IC50=13.5 mM) and CDK1/B (also known as CDC2/B)
(IC50=35 mM). The compound has modest activity in
an HCT 116 cancer cell line (IC50=15 mM) but did not
inhibit c-Abl (a tryosine kinase), PKC, or PKA. This
quinazoline was determined to be ATP competitive
similar to quinazolines found to be inhibitors of tyr-
osine kinases.6

In our search for potent and selective CDK inhibitors
we explored the impact that R2, R4, and R6 substitution
has on the in vitro CDK inhibition of this series. An
X-ray crystal structure of 51 revealed key binding
elements.

The R2 substituents were installed using one of three
routes. The dichloroquinazoline 2 was reacted with an
appropriate amine in the presence of triethyl amine in
tetrahydrofuran to give the R4 substituted chloride 3,
which was then exposed to aniline at 100 �C overnight
to yield the R2 anilino substituted analogues (Scheme
1).

When R2 is a trichloromethyl moiety it was installed via
reaction of aniline 5 with trichloroacetonitrile in HCl
saturated dioxane. The resultant chloride was then
reacted with an appropriate amine to give the R4 amino
substituted 6 (Scheme 2).

Alternatively, when R2 is a trifluoromethyl or penta-
fluoroethyl group, the amide 7 was cyclized to the qui-
nazolinone 8 by reacting with an appropriate ester in
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Scheme 1. (a) H2NR, Et3N, THF, overnight; (b) H2NPh, 100–115
�C,

overnight.
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the presence of NaOEt in ethanol. With the R2 group
installed the quinazolinone was converted to the chlo-
ride 9, which was then reacted with the appropriate
amine to give the R4 amino substituted 10 (Scheme 3).

In evaluating the R4 position a parallel synthesis
approach was employed (Scheme 3). In a solution-
phase, parallel synthesis format, chloride 9 (R6=H) was
allowed to react with the appropriate primary or sec-
ondary amine in THF at room temperature overnight.
The reactions were then quenched with (amino-
methyl)polystyrene resin followed by DOWEX-50W-H
to remove residual starting materials. Following this
protocol, a total of 139 amines were reacted with 9. This
resulted in 124 evaluable compounds with acceptable
mass spectral analyses and greater than 85% purity by
HPLC analysis. Compounds that had >50% inhibition
in the enzyme assays were resynthesized as discretes
following the procedures outlined above.

Compounds with substitution at the 6-position were
synthesized following Scheme 3, starting with the
appropriately substituted aryl moiety. When R6 was an
aryl group, Suzuki chemistry was employed (Scheme 4).

It was shown that small, electron withdrawing, non-
ionizable substituents such as trifluoromethyl and tri-
chloromethyl are preferred at R2 (Table 1). Compound
13 (CDK2/E IC50=6.1 mM) showed approximately 4-
fold selectivity for CDK2/E as compared to CDK2/A
and CDK1/B and 2-fold selectivity over CDK4/D. The
compound was shown to be selective against PKC and
PKA. Cell cycle effects were consistent with CDK2/
CDK4 inhibition (reversible G1 arrest in fibroblasts).
Analogue 14, the trifluoro version of 13, showed a

similar profile to 13 but with greater potency for CDK2/
E (IC50=1.53 mM).

With the R2 SAR defined, we explored the 4-position
(Table 2). Branched alkyl groups such as t-butyl (14)
and t-amyl (22) are preferred. Longer groups such as n-
butyl (inactive at 50 mM) are inactive as are groups
added to increase hydrogen bonding such as sulfona-
mides (23) and 2-methylpentylamine (24). Benzyl sub-
stitution was modestly effective with electron
withdrawing substitution on the benzyl moiety render-
ing the compounds more potent for CDK2/E (28, 29).
Interestingly, the binding pocket distinguishes between
the R and S isomers of the 2-methylbenzylamine 30.
The R-isomer 31 has a 10-fold increased potency over
the S-isomer 32 in the CDK2/E assay. Substitution on
the aryl ring of the benzyl group did not improve the
potency of this substituent as seen for 33. The gem
dimethyl 34 showed activity averaging between 32 and
31. Overall, the data suggest that there is a size constraint
to the binding pocket in the area of the 4-position.

Aromatic ring substitution at the 6-position was also
investigated (Table 3). Improved potency was observed

Scheme 3. (a) RCO2Et, NaOEt, EtOH; (b) POCl3/reflux or POCl3,
CH3CN, N,N-dimethylaniline; (c) NHR

0, THF, rt to reflux; (d) (i)
NHR1R2, THF, rt overnight; (ii) resin quench with (aminomethyl)-
polystyrene followed by DOWEX-50W-H.

Scheme 4. (a) RB(OH)2, 2M Na2CO3, TBABr, EtOH, Pd(PPh3)4,
toluene, reflux overnight.

Scheme 2. (a) CCl3CN, dioxane, HCl (g); (b) H2NR, Et3N, THF,
overnight.

Table 2. Quinazoline substitution at the 4-position (R2=CF3,

R6=H)

Compounds R4 CDK4 IC50
(mM)

CDK2 IC50
(mM)

14 NHC(CH3)3 14.3�3.4 1.5�0.5
22 NHC(CH3)2CH2CH3 16.8�2.7 1.4�0.1
23 NHSO2CH(CH3)2 >157 >31.0
24 NHCH(CH3)CH2CH2CH3 119.0�12.0 245.0�49.0
25 3-Hydroxypiperidine >84 32.4�2.0
26 2-Hydroxymethylpyrolidine 63.0�0.0 14.8�0.2
27 NHC(CH3)2CH2OH 15.0�0.0 2.3�0.5
28 NHCH2(3

0-F-Ph) >39 15.6�1.2
29 NHCH2(3

0-F,50-F-Ph) >19 8.9�1.8
30 (R,S)-NHCH(CH3)Ph 59 6.8
31 (R)-NHCH(CH3)Ph 39.0�1.4 3.2�0.8
32 (S)-NHCH(CH3)Ph 40a 31.0
33 (R,S)-NHCH(CH3)(4

0-F-Ph) 35a 16.5�3.5
34 NHC(CH3)2Ph >151.0 14.0�1.4

a% activity at 50 mM.

Table 1. Quinazoline substitution at the 2-position (R4=NHt-Bu,

R6=H)a

Compounds R2 CDK4 IC50
(mM)

CDK2 IC50
(mM)

13b CCl3 11.9�0.0 6.1�0.0
14 CF3 14.3�3.4 1.5�0.5
15 CF2CF3 >20.0 11.9�4.5
16 Ph >361 —
17 CO2Et 168�13.0 >5.8�0.0
18 CONH2 >490 164.5�1.5
19 CO2H >408 >815
20 H >248 >50
21 NHPh >171 >34

aN=2.
bCDC2/B IC50=23.00�11.00mM, cdk2/A IC50=25.80�24.00mM.
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for R6 trifluoromethyl (37) and R6 heteroaryl (38–41).
Compound 37 was also notable for its approximately
50-fold selectivity for CDK2/E over CDK4/D and
CDK6/D while maintaining a modest 2-fold selectivity
with respect to CDK2/A.

A number of R6 substituted phenyl groups were exam-
ined to determine if additional interaction with the
ATP binding pocket could be exploited (Table 4). The
3-amino substituted analogue (51) was optimal,

increasing activity 9-fold as compared to 13 in the
CDK2/E assay.

Compounds were evaluated for their ability to inhibit
cell growth (Table 5). Quinazoline 36 showed the best
translation into an HCT 116 cancer cell line, having low
micromolar (IC50=5.72 mM) growth inhibition. Inter-
estingly, normal human fibroblasts (AG1523)7 tested
under identical assay conditions were relatively insensi-
tive to the inhibitors.

The crystal structure of human CDK2 complexed with
51 was determined to 2.0 Å resolution. The inhibitor
binds into the ATP binding pocket located in the deep
cleft between the upper and lower domains of CDK2.8

Binding of 51 does not cause significant conformational
changes in backbone atom positions as compared to the
CDK2 apo enzyme structure8 (0.72 Å rmsd). However,
significant movements of side chains were observed for
Lys33 (3.9 Å) and Lys89 (5.7 Å). These side-chain
movements occurred to accommodate inhibitor binding.
Residues within 3.5 Å of the inhibitor include Lys33,
Phe80, Leu83, His84, Asp86, Lys89, and Asp145. The
CDK2/51 electron density maps suggest an indirect
hydrogen bond between N1 and the backbone oxygen
of Glu81 via a water molecule (Fig. 1). An additional
hydrogen bond is observed between the side-chain oxy-
gen of Asp86 and the N on R6. There is a stacking
interaction between the trifluoro group and Phe80.
These interactions are unique to this series and repre-
sent an alternate binding mode to that reported for a
series of 4-anilinoquinazolines.13

Employing solution-phase, parallel synthesis, a series of
4-aminosubstituted quinazoline CDK inhibitors was
obtained. In interactions with CDK2/E complex, the 4-
position of the quinazoline ring prefers small, branched
alkyl groups and benzyl groups. This series of 4-amino-
quinazolines has 5–20 times greater affinities for CDK2
as compared to CDK4 complexes. The 2-position of the
quinazoline prefers the trifluoromethyl group while the
6-position is sensitive to both size and electronics as
exemplified by 38 (CDK2/cyclin E IC50=0.54 mM) and
51 (CDK2/cyclin E IC50=0.65 mM). The effects on the
cell cycle of representative compound 13 were consistent
with CDK2/CDK4 inhibition. The crystal structure of
51 with CDK2 indicates that it binds in the ATP pocket
of CDK2 and has an indirect hydrogen bond backbone
oxygen of Glu81 via a water molecule. Overall, the qui-
nazoline series represents a novel core in the inhibition
of cyclic-dependent kinases with submicromolar
potency.

Table 4. 6-Substituted phenyl quinazolines (R2=CF3, R
4=NHt-Bu)

Compounds R6 CDK4 IC50
(mM)

CDK2 IC50
(mM)

42 Ph 7.7�1.0 1.8�0.1
43 2-MeOPh >2.7 1.0�0.1
44 4-MeOPh >27.0 10.0�2.8
45 4-HOPh 11.0�0.0 0.7�0.1
46 3-MeOPh >6.7 3.3�0.3
47 3-HOPh 12.0�2.8 1.0�0.1
48 3-PyridylPh 8.3�0.0 1.2�0.1
49 4-ClPh >26.0 2.6�0.9
50 2,4-DichloroPh >2.4 >12.0
51 3-NH2Ph >2.1 0.6�0.1
52 4-NH2Ph >1.1 1.1�0.1
53 3-CONH2Ph >2.5 1.3� 0.1

Figure 1. Crystal structure of CDK2 complexed with 51.9

Table 3. Quinazoline substitution at the 6-position (R4=NHt-Bu)

Compounds R2 R6,7,8 CDK4 IC50
(mM)

CDK2 IC50
(mM)

35 CF3 OH 18.00�0.00 1.150�0.210
36 CF3 NHCOH 14.00�0.000 0.925�0.0071
37a CF3 CF3 >37.00 0.790�0.000
38 CF3 (3-Thiophene) 3.550�0.210 0.545�0.150
39 CF3 (2-Furyl) >3.00 1.20�0.140
40 CF3 (2-Thiophene) 6.40�0.990 1.180�0.550
41 CF3 (3-Pyridyl) 8.30�0.00 1.20�0.140

aCDK1/B IC50 >0.74mM, CDK6/D2 IC50=56.00�1.40mM, CDK2/
A IC50=2.05�0.21mM.

Table 5. Quinazolines dosed in HCT116 cell assay

Compounds SRB HCT 116 IC50
(mM)

SRB AG1523 IC50
(mM)

13 25.00�1.40 —
14 20.60�4.80 >74.00�0.00
35 7.30�0.64 >18.00
36 5.72�0.44 —
37 18.60�4.30 >59.00
38 18.40�1.10 >28.00�0.00
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