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Design, synthesis and antitumor activities of oxazolo[ 5, 4-d] pyrimidine deriva-

tives

LI Mingtao®, XU Dan”, XUE Wenjun, YOU Qidong*, SUN Liping " *

Jiangsu Key Laboratory of Drug Design & Optimization, Department of Medicinal Chemistry, School of Pharmacy, China Pharmaceu-
tical University, Nanjing 210009, China

Abstract A series of oxazole[ 5, 4-d] pyrimidine derivatives were designed and synthesized to discover novel
compounds with antitumor activity. Compounds 8a-8m were synthesized using acetamidine hydrochloride as the
start material. The structures of synthesized compounds were confirmed by IR, 'H NMR, EI-MS and elemental
analysis. The antiangiogenesis activities of the synthesized compounds were determined by MTT in human umbili-
cal vein endothelial cell (HUVEC) . The in vitro antitumor activities of the synthesized compounds were deter-
mined by MTT assay in A549, HepG2 and U251. Compounds 8c, 8d, 8g, 8i and 81 were found to inhibit the pro-
liferation of all the tested cell lines. Compound 81 exhibited noteworthy activities in A549, HepG2 and U251 cell
lines with IC4,value lower than the positive reference sunitinib, suggesting that compound 81 might be the promis-

ing antitumor agent for further investigation.
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Figure 1 Structures of antitumor drugs with 6-5-bicyclic heterocycle scaffold
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Scheme 1  Synthesis of oxazolo[ 5,4-d ] pyrimidine derivatives 8a-8m. Reagent and condition; (a) diethyl malonate , EtONa, EtOH,85 °C,4 h,79% ;
(b) HNO; (fuming) ,AcOH,5 h,71% ;(c¢) POCl;,N, N-diethylaniline, reflux,4 h,72% ; (d) Fe,concentrated HCl, MeOH/water (10: 1), reflux,
3 h,94% ;(e) aniline,concentrated HCI, EtOH/H,0(1:8) ,reflux,79% -98% ; (f) benzoyl chloride, pyridine, DCM,49% -90% ; (g) Cul,K,CO;,
N, N'-Dimethylethylenediamine ( DMEDA ) , toluene , reflux ,35% -88 %
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2 SLISESH

2.1 BB XA

XT4 95 A (AL 2 e A A BR A | | T
JFARALIE ; Bruker AV-300 B 4% 4 4R 1Y ; CDCL, il
DMSO-d, 571, TMS 2y 45 ; IR SR KBr [ 7
GC-MS-QP2010 #YJi7 % 4% ( H 4< 5 H: 24 w] ) 5 Vario
EL MAYITE 43 A (78 E Elementar 23 w] ) 5 4 (4
TSR T B8 A A BRZS WA 7= 200 ~ 300 H
RERR ; 12 8% R 77 S0 P11 BRA Wl AR 71
GF s, W S RE IS o HoAth i F Ak 23500 25 o T B
oypralisifb ezl BRI N B 40 iis HUVEC A
il AN MRk AS49 A A0 Ak HepG2 A #f 42 i
IR ARk U251 ( iRk Be 4% ) .

2.2 FA R

4,6-= 5 A2-F K wEvg (2) LW
(10.2 g,0. 15 mol ) JFfRAE /K Z B 120 mL o, i
Je 8] SR A R o A ER R K (9. 45 g,0. 1 mol)
N R — 215 (24 g,0.12 mol) , # % 85 C
SV 4 he RV HG , ITAIK 120 mL K U0 3E 7
fife, Wit I 72 T N AR ER 82 (25 mL) i 3T 3 =B AT
o HHUE, ERH B (15 mL) Fl £ ik (15 mL)
PR, LS THRAS 2 o [ A 2(9.92 ¢,79% ) .
mp > 300 C;EI-MS m/z 126[ M] *

2-9 K-5-7 K4 605w =B85 (3) £ 10 ~
15 CTF, ¥4 2(9.37 g,74. 4 mmol) IMAZ Kk
HARSER 20 mL A1 Z 2 10 mL o s | 5 4
N5 he BEIZE O C,MAVKIK 10 mL 5 B 5 4k 4k
bt 5 ming il &, &K 2 BE 10 mL Fi1 2
10 mL 0%, T 1 73 30 8 20 € [ 1k 3 (8.98 g,
71% ), mp >300 C;EI-MS m/z 171[M] ",

2-WHK4,6-—R-5-Fhvgve (4) ¥ N,N-—
CHEA M (10 mL) i fim B L &9 3 (8.50 g,
50 mmol ) F1 =40 W 40 mL v AR ZE 115 C K
4 ho WG BN NS T A VKK, HlE [
PR FVK/K 10 mL A1 Z ik 10 mL PEi , 2025 TH45 2
T [ R 4(7.45 g,72% ) » mp:52 ~53 C ; EI-MS
m/z207[M] "

2-F R4 6-— A S5-A A (5) Kk
(0.3 mL) MG 4(4.97 g,24 mmol ) , kA
(5.38 2,96 mmol) Fl MeOH-7K (10: 1)44 mL 1, Jii
INF 85 C/W 3 hy WG, I8, K D8l ik

A5t B bR B K 5(3.99 ¢,94% ), mp: 70 ~
71 °C;EI-MS m/z 177[M] *

6- 5 2-FA-N' - F A vvg 4,5- = e (6a)
W IR (0.5 mL) i in #4659 5 (800 mg, 4. 48
mmol ) , Z& % (510 mg, 5.44 mmol ) FlI EtOH-7K
(1:8) 30 mL H, fin B 52 0 10 b, Y4 2 %R
kS FE 10 ho HUE, [ K K10 mL A1IE C b
10 mL e, 25 T4 5 159 31 K (A [E A 6a (850 mg,
81% ), EI-MS m/z 234[M] ",

Z IS EALEY) 6a 1A 3 54 4 05 Kk
S8 IR s e v i) A 642 -V - (3- UK 3 )
WA 45— (6b379% ; EI-MS m/z 268[ M] "),
6-58-2-F BE-N' - (4G 5 ) me nE4, 5- i (6¢;
85% s EI-MS m/z 268 [ M]" ), 6-40-2-H #-N*~(2,
4- TR IL ) mEnE4 5-— i (6d;98% ; EI-MS m/z
270[ M1 "), 6-58-2-F 3E-NV'- (4- = G0 H LR 8 ) i
WE-4,5-— i (6€;93% ;EI-MS m/z 302[M] "),

N-[4-R-2-F J-6-( R AR k) 5L K
B (Ta)  TEO0 CHIA TR ST H R H
P4 (113 mg, 0.8 mmol ) ji% il 2| fk & ¥ 6a (175
mg,0. 75 mmol ) FIAIE (0. 06 mL,0. 8 mmol ) 1 TG
K DCM 5 mL 8P, S 5 vz 3 b, fliig,
K (2 x 10 mL) Y. H25 TG, 145 8
( DCM-hexanes,1: 3) 15 3| [ 4 [# /A& 7a (210 mg,
83% ) .'H NMR (300 MHz, DMSO-d,)$5:9. 87 (1H,
s,-NH-),9.17 (1H,s,-NHCO-) ,8.07 (2H,d, J =
7.5 Hz,Ar-H) ,7.95(1H,d,J =8.1 Hz, Ar-NH) ,
7.50-7.66(4H,m, Ar-H) ,7.34(2H,t,J =7.5 Hz,
Ar-H) ,7.08 (1H,t,J =7.5 Hz, Ar-H) ,2.44 (3H,
s,-CH;) .

Z MG Y Ta 197 5458 55 4h 12 4
HiE{& 7b ~ Tm,

5-FIH-N,2- =K vled S5 [5,4-d ] g -7-Be
(8a) TEA MR T, ¥ AL W4 (6 mg,0.03
mmol ) il A 2]4k-& ¥ 7a(200 mg,0.59 mmol ) , N,
N'-—HEZ = (5 mg,0. 06 mmol,0. 05 mL) Flfii
FREH (165 mg,1.2 mmol) Y FH 2R (8 mL) ik Hr, il
ZE 110 CRIFI 6 ho AN, Fl8 , U8 o
WeAE A 10T o B, VR B0V Sy A i - T e
(1:2) 135 5-F BE-N, 2- R FLmEWE - [ 5, 4-d ] 8
WE-7-Jl (8a) (A [& {4, 161 mg, L3 90% . mp:
154 ~ 156 C; IR (KBr,»):3 452,3 392,2 923,
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2852,1629,707,692 c¢cm™';'H NMR (300 MHz,
DMSO-d,) 8: 10.21 (1H, s,-NH-), 8.17 (2H, d,
J=7.5Hz, Ar-H),7.94(2H,d,J =7.8 Hz,Ar-H) ,
7.64(3H, m, Ar-H) ,7.37 (2H,t,J =7.5 Hz, Ar-
H),7.09(1H,t,J =7.8 Hz, Ar-H) ,2.57 (3H, s,
-CH; ); EI-MS m/z 302 [ M ]*; Anal Caled. for
C,H.N,0:C 71.51, H 4.67, N 18.53; Found C
71.25,H 4.86,N 18. 86,

Z R G4 8a B2y 53 Hnfk
4 118b ~8m,

2-(3-F KA ) S5-F HR-N-FK A v& vk 5[ 5,4-d |
wEve-7-Fe (8b) [ [E{A, 116 mg, LR 46%
mp;174 ~176 °C ;IR (KBr,v) :3 510,3 323,3 067,
2923,1628,1501,1 431,768,721 em™';'H NMR
(300 MHz, DMSO-d, ) 8:8.17 (1H, s, Ar-H) , 8. 05
(1H,d,J =7.5 Hz, Ar-H),7.53 (1H, s,-NH-) ,
7.46(4H, m, Ar-H) ,7.16 (1H,t,J =7.5 Hz, Ar-
H),2.73 (3H, s,-CH, ) ; EI-MS m/z 336 [M ] *;
Anal. Caled. for C H,CIN,0: C 64.19, H 3.89, N
16. 64 ;Found C 64.08 ,H 3.93 N 16. 37,

N,2-(3-2 KK )-5-F Hhwlod 5[ 5,4-d | vz -
7-Ke(8c¢) ¥ A [ A, 200 mg, Y # 60% , mp:
197 ~198 °C ;IR(KBr,v) ;3 433,1 626,1 412,848,
743 em ™' ;'H NMR (300 MHz, DMSO-d, ) §: 10. 40
(1H,s,-NH-),8.12(3H, m, Ar-H) ,7.91 (1H,d,
J=8.1Hz,Ar-H),7.70 (2H,m, Ar-H) ,7.37 (1H,
t,J=8.1 Hz, Ar-H) ,7. 13 (1H,d, J =6.9 Hz, Ar-
H),2.60 (3H, s,-CH, ) ; EI-MS m/z 370 [M ] *;
Anal. Caled. for C, H,,CL,N,0: C 58.24,H 3.26,N
15.09;Found C 57.87,H 3.63 ,N 15. 17,

2-(3-RA A ) -N-(4-2 K & )-5-F & vl vk S
[5,4-d]wEee-7-: (8d) B[ K, 68 mg, I3
47% , mp:166 ~167 °C ;IR (KBr,v) ;3 378,2 919,
1631,1595,1481,1 091,729 ¢m™';'H NMR (300
MHz,DMSO-d,)8:8. 18 (1H,s,-NH-) ,8.05(1H,d,
J=7.2 Hz,Ar-H) ,7.80(1H,d,J =8.7 Hz, Ar-H) ,
7.50(3H, m, Ar-H) ,7.37 (1H,d, J =8.7 Hz, Ar-
H),2.72 (3H, s,-CH, ) ; EI-MS m/z 370 [M ] *;
Anal. Caled. for € H,, CLN,0:C 58.24,H 3.26,N
15.09;Found C 58.04,H 3.50,N 14. 87,

2-(3-R KAL) -N-(2,4-= F KA ) -5-F Fhelek
FF[5,4-d] e -7-Be (8e)  VRE{E[E{A,32 mg, ik

% 35% , mp: 164 ~ 166 °C; IR (KBr,v):3 428,
3411,1 625,1 595,1 522,1 427,1 281,723 em ™'
'"H NMR (300 MHz, DMSO-d, ) 8:8.09 (2H,d, J =
8.1 Hz, Ar-H),7.70 (2H,d, J =8.1 Hz, Ar-H),
7.58(1H, m, Ar-H) ,7.37 (1H,t,J = 8.7 Hz, Ar-
H),7.14(1H,t,] =8.4 Hz, Ar-H) ,2.46 (3H, s,
-CH;); EI-MS m/z 372 [ M ]*; Anal. Calcd. for
C,oH, CIF,N,0:C 58.00,H 2.97,N 15. 03 ; Found C
57.66,H 3.16,N 15.07,,

2-(4-F KA ) -S5-F HR-N-K 3 ekod 5f [ 5,4-d ]
wpvg 7-Fe (8F) PRI {4 [ A, 170 mg, R 75%
mp:172 ~ 174 °C ;IR(KBr,v) :3 393,3 082,1 628,
1597,1 487,1 091,690 ¢cm ™' ;'H NMR (300 MHz,
CDCl;)8:8. 11 (2H,d, J = 6.9 Hz, Ar-H), 7. 83
(2H,d,J =7.5 Hz,Ar-H) ,7.52(2H,d,J =6.9 Hz,
Ar-H),7.43(2H,t,] =5.4 Hz,Ar-H) ,7. 16 (1H,,t,
J=7.2 Hz, Ar-H) ,2.72(3H,s,-CH, ) ; EI-MS m/z
336[ M ] * ;Anal. Caled. for C (H,,CIN,0;C 64. 19 ,H
3.89,N 16. 64 ;Found C 64. 14 'H 4.09,N 16. 41,

N-(3-2 K ) -2-(4-R K 38 ) -5-F AR v vk JF
[5,4-d]wgwe-T-Re (8g)  HAEIA,225 mg, 4
67% ., mp:196 ~198 °C ;IR(KBr,v) ;3 387,3 087,
1 626,1 412,1 092,840,743 c¢cm~';'H NMR (300
MHz,CDCl, ) 6:8.10 (2H, d, J = 8.4 Hz, Ar-H) ,
8.01(1H,s,Ar-H),7.64 (2H,d, J = 8.1 Hz, Ar-
H),7.51(2H,d,J =8.4 Hz, Ar-H) ,7.29 (1H, t,
J=8.1Hz, Ar-H) 7. 13(1H,d,J =7. 8 Hz,Ar-H) ,
2.74 (3H, s,-CH, ); EI-MS m/z 370 [M ]"*;
Anal. Caled. for C H,, C,N,0: C 58.24,H 3.26,N
15.09;Found C 58.06,H 3.63,N 14. 82,

N,2-(4-F KKK )-5-F Jheled JF[5,4-d | vz -
7-Ke(8h) VR B A [E A, 160 mg, I 72% . mp:
196 ~ 198 °C; IR (KBr,v»):3 378,2 920, 1 632,
1595,1 481,1 411,729 em™';'"H NMR (300 MHz,
CDCl,)8:8.12 (2H,d, J = 6.6 Hz, Ar-H) ,7.78
(2H,d,J=8.7 Hz,Ar-H) ,7.52(2H,d,J =6.6 Hz,
Ar-H),7.37(2H,d,J =8.7 Hz, Ar-H) ,2.73 (3H,
s,-CH;); EI-MS m/z 370 [ M ] " ; Anal. Calcd. for
ClsH,E]2N4O;C 58.24,H 3.26,N 15.09; Found C
57.79,H 3.62,N 14.59,

2-(4-R KAL) -N-(2,4- = FR A ) 5-F vl
FF[5,4-d]ogwe-7-R (81)  BFRR{A,60 mg, i
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K 37% ., mp:166 ~ 168 °C; IR (KBr,v):3 428,
3411,1 625, 1 595, 1 522, 1426, 1 281, 723
em™';"H NMR(300 MHz,DMSO-d, )5:8.09(2H,d,
J=8.1Hz,Ar-H),7.70(2H,d,J =8. 1 Hz, Ar-H),
7.58 (1H, m, Ar-H) ,7.37 (1H,t, ] = 8.7 Hz, Ar-
H),7.14(1H,t,J =8.4 Hz, Ar-H) ,2.46 (3H, s,
-CH, ); EI-MS m/z 372 [ M ]"; Anal Calcd. for
C,.H, CIF,N,0:C 58.00,H 2.97,N 15. 03 ; Found C
57.92,H2.94,N 14. 96,

2-(4-F R KAR) S5-F AK-N-R K vl 51 (5,
4-d] e 7-pe (8) IR E AR, 130 mg, Yk
86% . mp:172 ~174 C ;IR (KBr,v) :3 417,2 923
2 853,1 631,1 462,1 257,833 cm ™' ;'H NMR (300
MHz,CDCl, ) 8:8.12 (2H,d, J =9.0 Hz, Ar-H) ,
7.83(2H,d, J = 7.8 Hz, Ar-H),7.55 (1H, s,
-NH-),7.40(2H,t,J =7.5 Hz,Ar-H) ,7. 14(1Ht,
J=7.5 Hz,Ar-H) ,7.02(2H,d, ] =9. 0 Hz, Ar-H) ,
3.90(3H,s,-0CH,),2.72 (s, 3H,-CH, ) ; EI-MS
m/z 332 [ M]7; Anal. Caled. for C,y H N,O,: C
68.66,H 4.85,N 16.86; Found C 68.45,H 5. 11,
N 16.79,

N-(4-F K3 )2-(4-F R KAL) -5-F Fvkedk
F[5,4-d] v -7-He (8k)  HLEAfE {4,140 mg, i
88% . mp:188 ~192 °C ;IR (KBr,v) :3 454,2 922,
2 851,1 631,827 em~';"H NMR(300 MHz, DMSO-
d)5:10.28(1H,s,-NH-) ,8. 11(2H,d,J =8. 7 Hz,
Ar-H),7.98(2H,d,J =8.7 Hz, Ar-H) ,7. 41 (2H,
d,J=8.7 Hz,Ar-H) ,7.19(2H,d, J =8.7 Hz, Ar-
H),3.88 (3H,s,-0CH,),2.57 (3H,s,-CH, ) ; EI-
MS m/z 366 M] * ; Anal. Calcd. for C,H;CIN,O, :C
62.21,H 4.12,N 15.27; Found C 62.51,H 3.90,
N,15.02,

2-(2,4- =3 KAL) - 5-FA-N-R A wled 5t 5 ,4-
d]wgee-7-Re (81) {0 [E A, 77 mg, I3 42%
mp:166 ~ 167 °C ;IR (KBr,v) :3 454,2 922,2 851,
1 631,805,744 em ™' ;'H NMR (300 MHz,CDCI,)$§:
8.08(1H,d,J=8.4 Hz,Ar-H) ,7.82(2H,d,J =7.8
Hz,Ar-H),7.70(1H,s,-NH-) ,7.60( 1H,s,Ar-H) ,
7.42(3H,m, Ar-H),7.16 (1H,t,J = 7.5 Hz, Ar-
H),2.73 (3H,s,-CH, ) ; EI-MS m/z 370 [M ] *;
Anal. Caled. for Cg H,, C,N,0: C 58.24, H 3.26, N
15.09;Found C 57.97,H 3.65,N 15. 19,

2-(2,4-—FKHK)-5-FR-N-(4-=Z A F AKX
A)eEed E[5,4-d] v -7-H (8m) A [E A,
110 mg, f{F 50% , mp:167 ~168 °C;IR(KBr,v) :
3411,3 315,2 346,1 609,1 324,1 107,1 067,837
em™';'"H NMR (300 MHz, CDCL,) §:8.01 (1H, d,
J=8.7 Hz,Ar-H) ,7.99(2H,d,J =8. 4 Hz,Ar-H) ,
7.60(2H,d,J =8.4 Hz, Ar-H),7.54 (1H, s, Ar-
H),7.37 (1H,dd, J =8.4,2.1 Hz, Ar-H) ,2.72
(3H, s,-CH, ); EI-MS m/z 438 [ M ]"; Anal.
Caled. for Cy H,, CLF,N,0: C 51.96, H 2.52, N
12.76;Found C 51.53 ,H2.69,N 12. 87,

2.3 RSN EE

AT MTT 3% 13 > Hirfb G917
T &4 HUVECs , A549 HepG2 F1 U251 4 jifi 34
FETEPEING . EHE i 25T e JE S BRI X B
2.3.1 VEGF-HUVEC % #g 3§ si 494 & ARG
2% 3CHk 7 N AT e B HUVEC X 13 4
H AR & Py E 17 20 B 3 g 40 ) & vk, R
MTT 3534 B Ar A6 G 4 % b Jgg I 487 P4 52 4 B 1)
AN RE 1, LAEF JE B e b BH P Xy R 24, 45
W1,

AW FE P 13 4> B iRk & Pkt VEGE-
HUVEC A& ny s e, 280k & Y%t HUVEC
A 1C, 75 1 wmol/L LR, L& 4 8¢ 1 8g 1Y
IC5, 35 0. 16 wmol/L, WAt T BH 14 %of B 24 F JE &
Jeo WIZRE IR, F R, BRI A A [R] Ry 1 Pl
Ke—EREM . LA 8c Fl 8g Ay M TE 1w UL T
e, vl R, Sy 3-G BRI A A Wi 1 A
. S5A1 8a,8b 181 M LK, LG4 8F F1 8j 11y
TS PE T B, AT R, AT, R, S 40
BUCE XL G TE AR . L&) 8e 15 8i 4]
g ZEAZ UL R, O 2,4- 5 HUCHT, R,
3 A4 SRS PR AN, (LAY 8h
8k AHLL, VLW R, Ay 4-GHURET R, Hy 4-50R4C
Bl 4- PSS G Wia vl B4R . itk
FIME AP 8m IS f 2, o 18,8 wmol/L,
B R, U 2,4- &L G % 8m 5 81 %
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Table 1 Antiproliferative activity of compound 8a ~8m against HUVEC and tumor cells

Compd, R, R, Antiproliferative activity [ ICsy/ ( wmol/L) ]*
HUVEC A549 HepG2 U251

8a H H 0.33 19.9 6.2 6.5
8b H 3-Cl 0.24 38.9 12.5 12.0
8c 3-Cl 3-Cl 0.16 17.1 6.8 7.5
8d 4-Cl 3-Cl 0.92 2.5 1.5 2.0
8e 2,4-diF 3-Cl 0.25 11.5 >50 10. 2
8f H 4-Cl 4.22 6.6 5.4 >50
8g 3-Cl 4-Cl 0.16 22.6 2.3 1.9
8h 4-Cl 4-Cl 4.58 6.9 6.5 10. 8
8i 2,4-diF 4-Cl 0.92 2.6 2.0 2.1
8j H 4-OCH, 2.08 8.0 13.9 11.6
8k 4-Cl 4-OCH; 0.24 18.5 17.8 19.2
81 H 2,4-diCl 0.29 0.6 3.3 4.7
8m 4-CF, 2,4-diCl 18.8 6.5 19.9 18.2
Sunitinib 0.17 2.0 8.4 9.0

“Each value represent the mean of three determinations

WX 3 R v IgE 4t e A5 Al 43T, 13 S
PEE MR Z7E 1 x 1077 mol/L & 1 x 10 ™° mol/L
PRI B2 DX ] 150 W XS firb 93 248 e A — s ) A4t L
o Hdr 45 % 8d 8 F1 81 X e il Jfd %) 310 il
TETERCAE TBUH Y TEP e e . i RS WXt
JIe 95 240 AR 118 400 1 35 PR AL 5006 2R 5 %) HUVEC 1)
PHNE MR RO R I A — B &% 8b.8e F
8k X} HUVEC Byl % 1 5 &7 Je & Je A 2, H X}
3 R By 40 M KR G TS R 0 R E R R, AT RE S T
ZRAG W S E R JE R R I A8 B AR S R, 3
BLEPRTEE S VEGFR T 3 B s 40 A 34 4F 9 B2
A1ff, VEGFR 43 A 3 A 5o esh, 13 Mk
GXT 3 bk i I8 A R 1 A ) AE AE — 8 ) R R
£, % U251 1 HepG2 B4 1% PR T A549,
BLH] U251 F1 HepG2 4 iy X itk 25 1k 5 ) B
L=

i MTT XY 13 ARERE [ S, 4-d ] 1%
WESAL B Wy HEA T LA A BRI AR 5 P A2 , 4
ARROCR TR R,y 3-SR PR AT
16 Ry GIAZ P ERG PR 2 MR, Kb &
PR T 3 K P Bz 248 1 0 e 3 240 A &1 i e R
TR B A, ELAG S P A R R A i

BT —5E B I6 1 22 57, X HepG2 1 U251 4
LA G PR L T AS49 ZH. fbG 4 81 B
290 4 0 A3 P e, X i 0 AT A i A
22 J ST 240 ML A0 ) AR, LT R B 2
JEREJE X AR IbK P B 240 P41 ot 5 1 s I T
e e, R t— L.
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