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Synthesis and antitumor activities of 4-( N-aryl) amino-6-long chain alkoxy

pteridine derivatives

LIN Jin", WANG Xu", WANG Jian', XU Xiuzhi', CHEN Yaohao®, LI Zhulai'*
! Department of Medical Chemistry, School of Pharmacy, Fujian Medical University, Fuzhou 350122;
? Fuzhou Foreign Language School, Fuzhou 350007, China

Abstract A series of 4-( N-aryl) amino-6-alkoxyl pteridine derivatives was designed and synthesized via the bio-
isostere principle using anti-cancer drugs with quinazoline cores as lead compounds. The proliferative inhibitory
activities of the synthesized compounds against tumor cells A549, KGla and HGC-27 were also performed by MTT
assay. Using methyl 3-aminopyrazine-2-carboxylate as the starting material, 12 target compounds (7a-71) were
synthesized through six-step reaction, and characterized by ' H NMR, " C NMR and MS. It was showed that
antitumor activity of pteridines with 2-chloro-5-nitro-anilino substituted in position 4 was more potent than that of
others. The activity of compound 7b on A549 cells (IC5, =11.55 umol/L) was closely approximate to that of
positive control gefitinib (1C5, =5. 95 pmol/L). ICy, values of compound 7k on three cell lines were all close to
those of gefitinib. A 2-chloro-5-nitro-anilino fragment was contained in preferred compounds which might be
modified for further investigation.

Key words pteridine; quinazoline; synthesis; antitumor activity

This study was supported by the Joint Funds for the Innovation of Science and Technology of Fujian Province ( No. 2016Y9052) ; and
the Program for the Distinguished Young Research Talents in Universities of Fujian Province ( No. 2017B021)

Wi HEE 2017-10-12 “IBEEE  Tel:13075826892 E-mail;lizhulai@ 126. com
EE£WEB A AHARAMKS TSR A (No. 2016Y9052) ;48 4 4 S A A B FFHFAL 327 2 F 852 A (No. 2017B021)
PR fe EJ0 TR R T ARAR R



5549 55 1]

MR, R 4= (V-5 38 e S-6- 1 i b S U QU e AL 5 0 14 13 BB LB IR 305 1 65

*LIN Jin and WANG Xu contributed equally to this work

A IR A U N\ SRR ) PR Z —,
OB & i SRR L e 98 245 0y 2V 22 1 2 A 5 A
BRI HAR. 1258 RPTIMIE 25 %) 3 22 H4R1E
T DNA W5 MBS A 2253 5855 4 P 7
FEXE SRR T 80 2% AN RROBE K | 5 7 A T 2454
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Figure 1 Synthetic route of substituted pteridines
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Table 1 Chemical structures of target compounds

Ar~NgH
O.__N

T
N” N)

7

Product R, Ar

7a  CH,OCH,CH,
7b  CH,0CH,CH,
7¢  CH,OCH,CH,
7d  CH,0CH,CH,
7¢  CH,OCH,CH,
7t  CH,0CH,CH,
7¢  CH,0CH,CH,
7h  CH,0CH,CH,
7i  CH,0CH,CH,
7j  CH,CH,OCH,CH,
7k CH,CH,0CH,CH,
71  CH,CH,0CH,CH,

2-chloro4-bromo-phenyl
2-chloro-5-nitro-phenyl
2-nitro4-chloro-phenyl
2-fluoro-4-chloro-phenyl
2-fluoro-4-nitro-phenyl
2-chloro-5-bromo-phenyl
2 ,4-dichloro-phenyl
2-bromo-4-chloro-phenyl
3-nitro-4-chloro-phenyl
2-chloro4-bromo-phenyl
2-chloro-5-nitro-phenyl
2-chloro-5-bromo-phenyl

2 UEEH

3-A AR 2-FELA(2)  fE 250 mL =i [F
JRRERR , in A 324 B nk R 202 R HH g 23.02 g
(0. 15 mol ) FIH /K 200 mL, & iE4HEHE 10 h, K
SEERIE  HE RO A S KRR, 5 D oK
CTEEMRTE, TH ALY 2 IR AR AR 17.91 g
%K :86. 5% ;mp:236.7 ~237. 6 °C ( SCHR{E :238 ~
239 ¢,

3-RHA-6-8R2-FEEI (3) TEAMT)
PEFET | [ R AE e = 1 500 mL ) =
FR B, AL 2(13. 82 g,0. 10 mol )
FVKESER 150 mL, 38 2k 16 He i IR <} 22 12 77 in
2 mol/L iR/ VKESBRIAE 5 mL(16 g,0.1 mol, & T
UKEEE2 50 mL) ,1 h PIEINSE 5, & 15 min T2 Jg
FUPRPE S0, 4 KB AE 20 C LU, R
IoEEes , ERAkLLiFE 3 he ¥ LR VIR A
EA VKK 600 mL Hr, B B R iR (a1, A VK
FEVR A 30 min, flUE . FFIEDEF DR VOKTER, 5
M IR CBERsE, T, 150G 3 i £ [
4£19.10 g, /=% .88.4% ;mp:214.2 ~216.3 C
(SCHRE 212 ~213°C 1)

6-i2-4(3H)-#vedA(4) FiLEY) 3(21.63 g,
0. 1 mol ) A4 1) 250 mIL — 551 [5] Ji& b ) -, om
NBZEBERRTT 100 mL F1F 4R K 5 B R R — 2
fi 100 mL, Jn#EA B 3 h, BRI GREEE 135 C &
20 min FEAGRBIREE 5 °C,125 CHt M 1 h, 54k

2243 20 min FEAILNREE S C, HEFFKZE 95 C
ARSE 2N 20 min , 45 1R IR B SO RV H B R,
g 15 BIRR R S R o B R T S R K
(1: 1) IR G 500 mL s i o, In A& P 24
4 g JBi8 30 min, P U8 K UE RS A R E RS 18
AT 2R, FRE T KA E 2 h B K A
EEARY) . ik RIE DR A S e, 5 A =
ToK CEEMREEDE , T8, 1505 4 iR (il
K 17.56 g, F=#.77.7% ; mp;256.3 ~257.5 C
(SCilk{H :237 ~238 C17))

6-F A L AI4(3H)-Hrz B (5a)  1E 100 mL
TSR, AT C R B R 30 mL, 4
JEEA 1 g(£943.4 mmol) , Z IR HE 2 48 A58 20
fife, 95 £ B F BE A AR ER T . ARG W) 4
(4.54 ¢,20 mmol) , 45 3 h, RN 5E 54 )5 # ik
NEEEIA K 10 mL o, ] 4 mol/L HCL #4175 pH 2
3 ~4 B Ko E AR, A, HhE, IS TR 1S
5 Sa A ZAREA 3.67 g, 7 %:82.7%;
mp:236. 6 ~237. 8 °C (SCilk{E :236.5 ~237 C*)

6-LATRA4(3H)-¥e 8 (5b)  Hl&Tr
LAY 5a &, I TGK & B LR Tk
L BER R TRV, A6 A ) 5b S A
% 81.1% ; mp: 263.1 ~264.8 °C, ESI-MS m/z:
235.10[ M - H] ~;'H NMR ( DMSO-d, , 400 MHz)
5:8.71(1H,s, pteridine H-2) ,8.24 (1H, s, pteridine
H-7),4.52 ~4.50(2H, m,CH,) ,3.77 ~3.75(2H,
m,CH,),3.51(2H,q,J =7.0 Hz,CH,) ,1. 12(3H,
t,J=7.0 Hz,CH,). "C NMR( DMSO-d, ,100 MHz)
5: 160.33, 157.51, 150.86, 146.31, 143.10,
129. 83,67. 71,66. 29 ,65. 65,15. 07 ,

4-(FHRK)-6-B B A (7) 750 mL
ZHBR R, ik &4 5a(2.22 ¢,10 mmol ) ,
ZAEA 10 mL RN JCK DMF 3 i, SR T gk
M 3 b (i okl o8 4 S N 1k . DR ZE R R 4 =
SO, A E S T4 30 min, ¥ 40 J5 1545 08 €4 [
A PGS A S 7KK 10 mL A1, A NaHCO,
P pH 2 7, 4R 10 min, FlE, A TR, 15
6-F1 4 £ S 54 FIENE (LG 6a) iR B €8 [ {4
1.87 g, HITALGEY 6a 725 S P il oy WK K fil
AR 4 ,6- R FEMREE | DR LR T BT A AR
AT RN o 4T — 25 PR A5 IR B [ R 5 05
(10 mmol ) A1 PN EE 150 mL H:[& 00 A 250 mL
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P BRI, Y5048 R 2L min, B T30
PRV, B (BRSSO BRI VR B4, BB
VO BEE TR A JoK @RS TR, T R
NN B A] O e A I SNy . R B
(TLC) BREE RN SEEe 5 , B HI 28 25 °C M A K 4y
250 mL, 1 ZBRAHL (150 mL) 3 ¥R, We i A AL
AH AR B ML B S D — Sl W e i i
WA %588 ( LR O BR-ATh Tk, 104 ~ 1: 286 B3k
) RIS ) Ta ~Ti, GW T ~THING
B kRS W) 6a, LA W) 5b B LG
Yy 5a i, 15 5 6-2 %6 & SE4-F BEBE (6b)
Z TN HAR O R BT — 2 RO, 15 e 4
T~ 71,

LAY Ta ~T1 ZEFIFRAEW T s

4-(2-FA4-2 KRR AR )-6-F R T ALK
(7a) IR EEAK, 77 3:42.2% ; mp:210.3 ~
216.4 °C ;ESI-MS m/z:407.99[M - H] "~ ;'H NMR
( DMSO-d, , 400 MHz) 6:9.74 (1H,s,NH),8.92
(1H,s,pteridine H-2) ,8. 68 (1H,s, pteridine H-7) ,
8.20(1H,d,J=8.7 Hz,Ar-H) ,7.91(1H,d,J =2.3
Hz,Ar-H) ,7.67 (1H, dd, J = 8.7 Hz,2.3Hz, Ar-
H),4.69 ~4.71 (2H, m,CH,),3.80 ~3.78 (2H,
m,CH,),3.34(3H,s,CH,) ;" C NMR ( DMSO-d,,
100 MHz) §: 157.54, 156.95, 155.06, 149.71,
146. 30, 134. 69, 131. 78, 130. 98, 126. 58, 121. 34,
117.21,116.01,69. 73 ,66. 60,58. 24,

4-(2-7-5-FH R R )-6-F AT A AR
(7b) R E AR A, 48 43.5% ; mp: 165.0 ~
167.6 °C ;ESI-MS m/z:375.10[M -H] ~;'H NMR
( DMSO-d, , 400 MHz) 6:9.78 (1H,s,NH),9.30
(1H,d,J=2.8 Hz,Ar-H) ,8.95(1H,s, pteridine H-
2),8.80 (1H, s, pteridine H-7), 8.06 ( 1H, dd,
J=8.8 Hz,2.6 Hz,Ar-H) ,7.92(1H,d,J =8.8 Hz,
Ar-H) ,4.68 ~4.70 (2H,m,CH, ) ,3.80 ~3.82(2H,
m,CH,),3.35(3H,s,CH, ) ;" C NMR ( DMSO-d, 100
MHz) §:157.10, 154.92, 149.76, 146. 77, 136. 08,
132.60, 132.32, 130.79, 121.43, 120.17, 118.32,
118.00,69. 68 ,66. 74 ,58. 26,

4-(2-FE A A-F KA R HK)6-F AT A%
w2 (7e) WEBAK, 7%:49.5% ;mp;170.2 ~
174.1 °C ;ESI-MS m/z:375.10[M - H] ~;'H NMR
(CDCl, ,400 MHz) 6:9.57(1H,d,J =9.2 Hz, Ar-

H),8.99(1H,s,NH),8.89(1H,s, pteridine H-2) ,
8.37(1H, s, pteridine H-7),7.79 (1H,dd, J =9.2
Hz,2.5 Hz,Ar-H) ,7.74(1H,d,J =8. 1 Hz,Ar-H) ,
4.81 ~4.83(2H, m, CH,),3.93 ~3.95(2H, m,
CH,),3.50 (3H, s, CH,);"” C NMR ( CDCL,, 100
MHz) §:157.69,157.13,155.39,146. 84, 136. 48,
130.09, 128. 15, 127. 69, 126. 00, 123. 42, 122. 57,
116.20,70. 32,67. 60,59. 40,

4-(2-RA-Z R A AA)6-FR AR KR
(7d)  FEMEK, 2% 47.8% ;mp:174.5 ~177. 8
°C; ESI-MS m/z;348.10 [M - H] ;' H NMR
(CDCL,,400 MHz) §:8.89 (1H,s, NH),8.85 ~
8.81 (2H, m, pteridine H-2, Ar-H) ,8.76 (1H, s,
pteridine H-7) ,7.26 ~7.22(2H,m, Ar-H) ,4. 67 ~
4.69(2H, m, CH,),3.88 ~3.90 (2H, m, CH, ),
3.50(3H,s,CH,) ;" C NMR(CDCl,,100 MHz) §:
157.35,157.00, 155. 89, 154. 05, 150. 22, 146. 30,
128. 64, 125.83,125.09, 122.57,121. 88, 116. 07,
70.31,67.00,59. 47,

4-(2-FA-FE R R RIN) 6-F R LRI
(7e) R @R A, ™ %.50.2% ; mp: 156. 1 ~
159. 4 °C ;ESI-MS m/z:359.15[M - H] ~;'H NMR
(CDCl, ,400 MHz) §:9.81(1H,s,NH),8.88(1H,
s, pteridine H-2) ,8.59 (1H, s, pteridine H-7) ,7. 82
(1H,t,J =8.5 Hz,Ar-H),7.61 (1H,dd, J =10.4
Hz,2.4 Hz,Ar-H) ,7.39(1H,d,J=8.6 Hz,Ar-H) ,
4.72 ~4.74 (2H, m, CH,) ,3.76 ~3.78 (2H, m,
CH,),3.34 (3H,s, CH;) ;" C NMR ( CDCl,, 100
MHz) §:157.61,156.57,155.55,150. 46, 147. 08,
134. 07, 133. 38, 132.69, 121. 95, 121. 28, 120. 32,
111. 05,70. 25 ,67.24,59. 50,

4-(2-F-S5-E KRR AR )-6-F AT AL e
(7t) E BB K, 77 F.46.6% ; mp: 176.5 ~
178. 1 °C ;ESI-MS m/z:408.00[ M - H] ~;'H NMR
(CDCl,,400 MHz) §:9.33(1H,s,NH) ,9.27(1H,
d,/=2.3 Hz,Ar-H) ,8.96 (1H, s, pteridine H-2) ,
8.84(1H, s, pteridine H-7),7.33 (1H,d, J=8.5
Hz,Ar-H),7.22 (1H,dd, J =8.5 Hz,2.3 Hz, Ar-
H) ,4.68 ~4.70 (2H, m, CH, ), 3. 88 ~3.90 (2H,
m,CH,),3.50(3H,s,CH,) ;" C NMR( CDCl,, 100
MHz) §:157.31,156.67,155.76,150. 05, 146. 32,
136.01, 130. 23, 126.91, 123. 64, 121.91, 121. 80,
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121.51,70.22,67.03,59. 44,

4-(2,4-— A F L A A)6-F A T A A e
(7g) @B HK, 77%.61.7% ;mp:84.2 ~ 185.5
°C; ESI-MS m/z: 364.05[ M - H] ;' H NMR
(CDCl,,400 MHz) §:9.32(1H,s,NH) ,9. 12(1H,
d,/=2.5 Hz,Ar-H) ,8.94(1H, s, pteridine H-2) ,
8.83(1H, s, pteridine H-7),7.38 (1H, d, J=8.6
Hz,Ar-H),7.06 (1H,dd, J =8.6 Hz,2.5 Hz, Ar-
H),4.68 ~4.70 (2H, m, CH,),3.88 ~3.91 (2H,
m,CH,),3.50(3H,s,CH,) ;" C NMR ( CDCL,, 100
MHz) §:157.12,156.53,155.59,149.95,146. 15,
135.66, 133.62,129.77,123.77,121. 75, 120. 92,
120. 66,70. 06 ,66. 85,59. 28

4-(2-i84-F R KAL) -6-F AT A A
(7Th)  HEA¥ K, ©F.76.5% ; mp: 175.0 ~
178.4 °C ;ESI-MS m/z:401. 15[ M + H] *;'H NMR
( DMSO-d, , 400 MHz) 6:9.71 (1H,s,NH),8.91
(1H,s,pteridine H-2) ,8. 69 (1H, s, pteridine H-7) ,
8.33(1H,d,J=8.8 Hz,Ar-H) ,7.91(1H,d,J =2.4
Hz,Ar-H) ,7.58 (1H,dd, J =8.8 Hz,2.4 Hz, Ar-
H) ,4.67 ~4.70 (2H, m, CH,),3.78 ~3.81 (2H,
m,CH,),3.34(3H,s,CH,) ;" C NMR( CDCl,, 100
MHz) §:157.34,156.95,155.79,150.05, 146. 27,
134.93,132.12,129.03, 128. 83, 122. 02, 113. 98,
100. 18,70. 25 ,67.07,59. 48,

4-(4-R3-AEA KK RA)-6-F AT AL
w(7i) WEMAEK, 7#.50.4% ;mp:172. 8 ~
175.3 °C ;ESI-MS m/z:401. 15[ M + H] *;'H NMR
(CDCl,,400 MHz) §:8.91(1H,s,NH) ,8.84(1H,
s, pteridine H-2) ,8.65 ~ 8. 60 (2H, m, pteridine H-
7,Ar-H) ,8.12(1H,dd,J =9.0 Hz,2.6 Hz,Ar-H) ,
7.58(1H,d,J =8.9 Hz,Ar-H) ,4.69 ~4.71 (2H,
m,CH,),3.88 ~3.90 (2H, m, CH,),3.50 (3H,s,
CH,) ;" C NMR ( CDCl,, 100 MHz) §: 157.50,
156.95, 155. 73, 150. 42, 148. 24, 146. 75, 197. 91,
132.48, 124.54,121.49, 121.32, 117.03, 76. 95,
67.22,59. 60,

4-(2-FA4- B KR A L)6-TR LA ALK R
(7§) AR, 7 .52% ;mp:160.2 ~163.1 C;
ESI-MS m/z:424.2[ M +H] * ,'"H NMR ( CDCI, ,400
MHz) 6:9.17 (1H,s, NH),8.83 ~8.80 (2H, m,
pteridine H-2, Ar-H) ,8.76 (1H, s, pteridine H-7)

7.53(1H,d,J =2.3 Hz,Ar-H) ,7.41 (1H,dd, J =
8.9 Hz,2.3 Hz,Ar-H) ,4.60 ~4.62(2H, m,CH,) ,
3.87 ~3.89(2H,m,CH,) ,3.60(2H,q,J =7.0 Hz,
CH,),1.23 (3H,t,J =7.0 Hz, CH,); "C NMR
(CDCl,, 100 MHz) §: 157.30, 156.70, 155. 68,
150. 04, 146. 28, 134. 24 131.71,131.05, 123. 76,
122.10, 121.93, 115.67, 68.14, 67.21, 67.14,
15.29,

4-(2-RS5-FEAFERK)-6-TCR A AT
(7k)  IRE A A, 77 4. 68. 5% ; mp: 160.2 ~
164. 4 °C ;ESI-MS m/z:389.15[M -H] ~;'H NMR
( DMSO-d, , 400 MHz) §:9.83 (1H,s,NH),9.30
(1H,d,J=2.7 Hz,Ar-H) ,8.97(1H,s, pteridine H-
2),8.81 (1H, s, pteridine H-7),8.09 (1H, dd,
J=8.8 Hz,2.7 Hz,Ar-H) ,7.94(1H,d,J =8. 8 Hz,
Ar-H) ,4.68 ~4.71 (2H, m, CH,), 3.83 ~ 3.86
(2H,m,CH,) ,3.55(2H,q,J =7.0 Hz,CH,) ,1.28
(3H,t,J =7.0 Hz, CH,) ;" C NMR ( CDCl,, 100
MHz) §:157.36,156.50,155.49,150. 04, 147. 30,
146. 67, 135. 81, 129. 67, 128. 76, 121. 70, 118. 20,
115.59,67.96,67.20,67. 04,15. 14,

4-(2-RA S5-I KA RAL)6-TR ALK R
(71) IR A E K, 773 54.9% ;mp: 161.2 ~
167.5 °C ;ESI-MS m/z:424.30[M +H]* ,'H NMR
( DMSO-d, , 400 MHz) 6:9.83 (1H,s, NH),9.29
(1H,d,J=2.7 Hz,Ar-H) ,8.97(1H,s, pteridine H-
2),8.81 (1H, s, pteridine H-7),8.09 (1H, dd,
J=8.8 Hz,2.7 Hz,Ar-H) ,7.94(1H,d,J =8.9 Hz,
Ar-H) ,4.68 ~4.71 (2H, m, CH,), 3.83 ~ 3.86
(2H,m,CH,) ,3.55(2H,q,J =7.0 Hz,CH,) ,1. 14
(3H,t,J =7.0 Hz,CH,). " C NMR ( DMSO-d, , 100
MHz) §:157.41,156.73,155.65,150. 13, 146. 24,
136.25,130. 17, 126. 87, 123.53,121. 79, 121. 92,
121.63,70. 11,67.01,59. 39,15. 30,
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37 C 5% CO, MANRE MM PR IR, B
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Figure 2 Chemical structures of erlotinib, gefitinib and pharmacophore of quinazolines inhibitors
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Figure 3 Docking pose of compound 7b bound to EGFR(A) and the

binding mode of compound 7b bound to EGFR(B)

Table 2 ICy, of compounds 7a-71

1C5y/ ( wmol/L)

Compd.
A549 KGla HGC-27

7a 51.02 £4.07 192.79 +£15.90 >194. 81
7b 11.55 £5.71 165.76 £5. 63 >212.34
Tc No inhibition 175.71 £3.85 No inhibition
7d >228.73 230. 68 +16. 04 >228.73
Te 84.73 £13.32 102.28 +13.35 134.19 +34. 44
7f 147.16 +48.75 75.42 £20.94 89.20 +£25. 84
g No inhibition 216. 82 £20.75 No inhibition
7h No inhibition 192.62 +13.81 143.02 +41. 15
7i No inhibition >212.34 No inhibition
7j >188.38 130. 03 +55. 88 >188.38
7k 24.90 £9.49 69.91 £8. 14 40.23 +8.06
71 108.55 +58.73 178. 86 +18.37 No inhibition

Gefitinib 5.95+0.54 42.22 +6.31 22.11 £13.13

1 T X AR /N0 986 20 i AS49 N A B
P14 HE KGLa FIA B 6 40 i HGC27 97 |
U2, 3 3 LA 1 1C.s, 432 30 75 AR %%
eI 1Cs,, 5 HAb AL & W A L 29 3 1 2
(P<0.05) . FEFLIE P, AT LU 6 A 5 18 5 A7 3
W (1) AR AR SCiik 3 2 W AR S
AR e SR SRR R Y A Y ZE T RE; (2) i
TS HA B NG P (k) T AT
KGRI 2 180 AR B K VE P o 38 sk 2 v
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