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Synthesis and Bioactivity of Pyrazolo[1,5-a]pyrimidine
Derivatives as Novel c-Met Inhibitors
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Abstract Eleven pyrazolo[1,5-a]pyrimidines were synthesized via a five-step procedure starting from 3-aminopyrazole. The
structures were confirmed by '"H NMR, *C NMR and HRMS techniques. Their antiproliferative activities against A549 cell
line were investigated by methyl thiazolyl tetrazoliym (MTT) assay. Their c-Met kinase inhibitory abilities were evaluated by

using enzyme-linked immunosorbent assay (ELISA).
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Figure 2  Structure-activity relationship
WEY 10 55 N R R BEAT Se I 4 321 19 i 28 bt i
[1,5-a]¥0E 4 11a~11k. HEsL AW S5 &A%
SCREGE . B TS AIE. SRR 3 Frs.

1 GRSt
1.1 EEMK

P H bR =P e e g e AL A ). e
SR FET EE e 1 o e R4 %5 s R s R At JOR 1) s R A 5 4
M E 1.

TG LA 3- ML MR 2-F - 2,18k 4R T8 R A
JERL, Ak 5,6- L7 R SEE M I [1,5-a e (), FF
. NN- R A BEAAAE R R RS itk &
W) 8, 8 15 2- WA IHHEE AR AE SURAEAE N R A0 153 B Tk
9, FREE AR AIE R G 9 B R 4> 5,6-— F -
7-(2- i -4-Z R ) M FE[1,5-a ] BEIE (10), F=F N
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21%. WL s e g P Jie S A0 P gk A2 2 5540 S 100
A (PR I A= A 6 R IR, T 4 6 SR IR AR [ A2 s e A
Yy A R L W R 48 A NN R
ZPE(DCC), 1-£H5-3-(3- F i A A5 sk — P g 3 1% £
(EDCI), 2-(7-fB% I = M)-N,N,N'N'-PY FF L IR 7 8 Tl
MR BE(HATU) S, A S50 R A JURR A H IR 46 & )t
1T A RV IRER, g8 W3R

R AFHEA TR S 5
Table 1 Effect of different catalysts on the yields

A NG A FEE
1 DCC, DMAP, DCM, r.t. 30%~40%
2 EDCI, DMAP, DCM, r.t. A
3 HATU, DCM, r.t. 40%

© 2012 Chinese Chemical Society & SIOC, CAS

ffi [ DCC 5# HATU 44570, Sailh F—a
Y, PEEREIN 30%~40%. {EAE] DCC AE K 46 &7 OV
R 2 A R NN- 38 2 EER(DCU). DCU AN
TR, — R IERR X, B9 kS T, B
PABRYE. 1048 HATU JakbHKEEErT B 25, i B2

RPN, LR R BIZE S, RS Pt

S BREE . BUHE, R R  BATPT B H AR
.
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Figure 3 Synthesis of pyrazolo[1,5-a]pyrimidine derivatives as novel c-Met inhibitors
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Table 2 The inhibitory effect of pyrazolo[1,5-a]pyrimidine
derivatives on A549 and c-Met

Compound ICs¢/(umol L") Inhibition ratio/%
11a 42.86 33
11b 130.05 0
11c 329.36 0
11d 259.06 0
11e 178.42 —
11f 72.76 —
11g 181.08 0
11h 173.12 —
11i 184.19 —
11j 102.51 —
11k 178.48 —

SU11274
(1 pmol*L ™" B 923

© 2012 Chinese Chemical Society & SIOC, CAS

3 ZWERs
31 B 5IRFT

NMR i K Jf] Bruker ARX-300 %% #f 3L 4% 1%
(CDCl; A, TMS b b))l e, Bk Q-TOF
Global Mass JHIEACIE. BT AR A T 454k 2% 4l 5
SrHrat.
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32 WHEERIEBH
3.2.1 5,6-=F K -7-F F b F[1,5-a]"5 72 (7) 49 5 A,

# 10.8 g (130 mmol) 3-ZEHMEMEAT 19 g (130 mmol)
2-HIE- B 18 L IMNEEST 40 mL LR [ Vi,
110 Cll Y 30 min. R MWE5H )G, AE1, i,
KRS, fHAME A 16.1 g, F=FA 74%.

322 5,6-=F R-7-Rokek FF[1,5-a]E72 (8) 49 A AR
¥ 8.15 g (0.05 mo)fb 54 7 F14.2 g (0.035 mol)
NN- "IN EEAT 85 mL S8 ALY 250 mL ()%
MR, RN 30~40 min. RNVEEHRE, e
ST, BRI ST MRS, A NaHCO; WEV 3 IX,
To/K MgSO, T4, ik, woUkikgs, HZEMINCIKR L
Bg) © V(AhEE) =1 : 3] B [ EfEfE 7.5 g FmEA
83%.
323 5,6-=F A -7-(2- A -4- A IR OR A A ) elvd ST
[1,5-a]"&"2(9) 895

¥4 1.81 g (0.01 mol)ft54) 8 1 6.6 g (0.042 mol) 2-
AT FERY MR 40 mL, SRR NIET, 140
CRM 10 h. RNEHRIG, KR, RTINS
fig) @ VCAThER) =1 : 43 2R AR 1.87 g F7EA
62%. "H NMR (CDCl;, 300 MHz) 6: 2.29 (s, 3H, 6-CHj),
2.64 (s, 3H, 5-CH3), 6.58 (d, J=2.1 Hz, 1H, 3-H), 6.77
(dd, J=7.8, 9 Hz, 1H, 6'-ArH), 7.91 (d, J=2.4 Hz, 1H,
2-H), 7.92~7.96 (m, 1H, 5'-ArH), 8.1 (dd, J=2.4, 10.2
Hz, 1H, 3'-ArH); *C NMR (CDCl;, 300 MHz) ¢: 10.96,
23.76, 96.56, 113.46, 113.76, 116.92, 120.55, 144.75,
146.38, 148.16, 148.82, 149.43, 152.81, 161.13.

324 5,6-=F K -7-(2- Au-4- B OE K A ) ko ST
[1,5-a]" &2 (10) 895 A&

LAY 9 (250 mg, 0.83 mmol) VT A M- /K 14 %
V:iv=3: 1), N AR (864 mg, 4.96
mmol), 50 C/KMN 1 h. RMNEHE, HIKDEE, WEA
BLAH, oK MgSO, T4, 138, MR/ =4 121
mg, F7EH 54%.

3.2.5 IR H[1,5-a]EUEAT A M 69K

% 0.6 mmol 1%, 0.72 mmol HATU #I 1.5 mmol N,N-
TRAEZIEET 10 mL DCM R, FREE IS 0.5
mmol AW 10, =l NI R. KN EEHRE, A
CH,Cl, ke, 7Kk, Jo/KBREREN T, 98, w4,
B A ENT A CR B - VORI =1 © 4]2l1k
FIAHN A4 6a~6k.

7-[2- 3 -4-(4"- 3 A IR P ) A 4 3 1-5,6- — FH kit
eI 1,5-a]BENE(6a): 77 F A 41%. m.p. 179~181 C;'H
NMR d: 1.96 (s, 3H, 6-CH3), 2.55 (s, 3H, 5-CH3), 6.51 (d,
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J=2.1 Hz, 1H, 3-H), 6.80 (d, /=9 Hz, 1H, 6'-ArH), 6.87
(dd, J=2.4, 9.0 Hz, 1H, 5'-ArH), 7.18 (t, J=8.7 Hz, 2H,
3" 5"-ArH), 7.24 (dd, J=1.2, 9.6 Hz, 1H, 3'-ArH), 7.86 (s,
1H, NH), 7.98 (d, J=2.1 Hz, 1H, 2-H), 8.20 (dd, J=2.1,
5.4 Hz, 1H, 2"-ArH), 8.23 (dd, J=2.1, 5.4 Hz, 6"-ArH);
BC NMR §: 14.71, 23.96, 95.67, 109.80, 115.81, 116.11,
116.84, 124.25, 124.89, 133.11, 134.53, 140.78, 143.06,
147.35, 152.68, 156.00, 160.74, 163.28, 168.08; HRMS
caled for CyH;sF,N, 0, (M + H)+ 395.1241, found
395.1311.

7-[2- 9 -4-(3"- S FH I Jl 6 ) AR A B 1-5,6- — FH it
EIE[1,5-a] W RE(6b): 7%k 38%. m.p. 150~153 C; 'H
NMR 6: 1.96 (s, 3H, 6-CH3), 2.55 (s, 3H, 5-CH3), 6.51 (d,
J=24 Hz, 1H, 3-H), 6.80 (dd, J=2.7, 7.5 Hz, 1H,
6'-ArH), 6.85 (dd, J=2.4, 9.3 Hz, 1H, 5'-ArH), 7.24 (dd,
J=3.0, 11.4 Hz, 1H, 3-ArH), 7.47 (t, J=8.1 Hz, 1H,
5"-ArH), 7.60~7.63 (m, 1H, 4"-ArH), 7.89 (s, 1H, NH),
7.96 (d, J=2.4 Hz, 1H, 2-H), 8.05~8.09 (m, 1H, 6"-ArH),
8.17 (t, J=1.8 Hz, 1H, 2"-ArH); *C NMR 4: 14.75, 23.99,
95.70, 109.70, 116.71, 116.75, 124.15, 124.18, 128.49,
130.02, 130.38, 134.40, 134.89, 138.72, 140.73, 143.07,
147.35, 152.60, 155.92, 160.78, 163.10; HRMS calcd for
CH ,CIFN,O0, (M+H)" 411.1024, found 411.1009.

7-[2- S-S ) 2 S -5,6- - P Rtk P O
[1,5-a] W& BE (6¢): 77N 37%. mp. 181~183 ‘C; 'H
NMR d: 1.95 (s, 3H, 6-CH3), 2.55 (s, 3H, 5-CH3), 6.51 (d,
J=2.4 Hz, 1H, 3-H), 6.82 (dd, J=2.4, 7.8 Hz, 1H,
6'-ArH), 6.86 (dd, J=2.4, 9.6 Hz, 1H, 5'-ArH), 7.2 (t, J=
9.3 Hz, 1H, 3'-ArH), 7.52 (t, J=7.8 Hz, 2H, 3",5"-ArH),
7.66 (t, J=7.5 Hz, 1H, 4"-ArH), 7.91 (s, 1H, NH), 7.96 (d,
J=2.4 Hz, 1H, 2-H), 8.17 (s, 1H, 2"-ArH), 8.20 (s, 1H,
6"-ArH); °C NMR ¢: 14.74, 23.96, 95.63, 109.87, 116.87,
116.91, 124.34, 128.70, 130.39, 133.97, 134.53, 134.71,
140.85, 143.07, 147.3, 152.72, 156.04, 160.76, 164.27;
HRMS caled for CH,FN,0, (M+H)" 377.1414, found
377.1403.

7-[2- 9 -4-(3"- A I Jlg 6 ) AR A B 1-5,6- — F it
[ 1,5-a]WEmE (6d): 73k 37%. m.p. 182~184 C;'H
NMR 6: 1.95 (s, 3H, 6-CH3), 2.55 (s, 3H, 5-CH), 6.51 (s,
1H, 3-H), 6.79 (dd, J=3.3, 8.4 Hz, 1H, 6'-ArH), 6.84 (d,
J=9 Hz, 1H, 5-ArH), 7.20 (dd, J=3.6, 12 Hz, 1H,
3'-ArH), 7.35 (t, J=8.1 Hz, 1H, 4"-ArH), 7.48 (dd, J=5.4,
7.8 Hz, 1H, 5"-ArH), 7.87 (d, J=9.3 Hz, 1H, NH), 7.94 (s,
1H, 2-H), 7.95 (s, 1H, 2"-ArH), 7.99 (s, 1H, 6"-ArH); °C
NMR &: 14.77, 23.98, 95.68, 109.39, 109.68, 116.70,

http://sioc-journal.cn/ 2297
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117.10, 117.41, 124.17, 126.15, 130.72, 134.31, 138.68,
140.75, 143.07, 147.32, 152.59, 155.90, 160.81, 163.20,
164.24; HRMS caled for CH;cFoN4O, (M + H) *
395.1319, found 395.1314.
7-[2-F-4-(3"- IR R H It frig Bk ) A 4R Jik 1-5,6- — HT Skt
[ 1,5-a]WEBE (6e): 723k 29%. m.p. 132~134 C;'H
NMR 4: 1.95 (s, 3H, 6-CHs), 2.55 (s, 3H, 5-CHj), 6.50 (d,
J=2.1 Hz, 1H, 3-H), 6.81 (d, J=7.8 Hz, 1H, 6-ArH), 6.86
(dd, J=2.4, 9.3 Hz, 1H, 5-ArH), 7.27 (t, J=9 Hz, 1H,
3'-H), 7.41 (t, J=3 Hz, 1H, 5"-ArH), 7.43 (dd, J=2.1, 6.0
Hz, 1H, 4"-ArH), 7.72 (dd, J=2.1, 6.9 Hz, 1H, 6"-ArH),
7.86 (s, 1H, NH), 7.95 (d, J=2.1 Hz ,1H, 2-H), 8.05 (dd,
J=2.7, 7.5 Hz, 1H, 2"-ArH); "C NMR ¢: 14.78, 23.99,
95.67, 109.81, 116.83, 122.74, 124.27, 127.47, 130.12,
13221, 133.62, 134.36, 134.86, 140.76, 143.09, 147.31,
152.66, 155.86, 160.80, 163.43; HRMS calcd for CyHe-
BrFN,0, (M+H)" 455.0519, found 455.0506.
7-[2-F5i-4-(4"- S R ) 2 4R KK 1-5,6- - FR Bt
e[ 1,5-a)WERE(6f): 775N 35%. m.p. 193~195 C; 'H
NMR §: 1.95 (s, 3H, 6-CH3), 2.54 (s, 3H, 5-CH3), 6.51 (d,
J=2.1 Hz, 1H, 3-H), 6.80 (d, J=7.8 Hz, 1H, 6-ArH), 6.85
(dd, J=2.1, 9.6 Hz, 1H, 5'-ArH), 7.22 (dd, J=5.1, 13.5
Hz, 1H, 3'-H), 7.46 (s, 1H, 3"-ArH), 7.49 (s, 1H, 5"-ArH),
791 (s, 1H, NH), 7.95 (d, J=2.1 Hz, 1H, 2-H), 8.10 (s,
1H, 2"-ArH), 8.13 (s, 1H, 6"-ArH); "C NMR J: 14.78,
24.01, 95.68, 109.69, 116.72, 124.22, 127.00, 129.08,
131.77, 134.36, 138.74, 140.59, 143.08, 147.32, 152.61,
155.93, 160.8, 163.45; HRMS calcd for CyH;(CIFN,O,
(M+H)" 411.1024, found 411.1016.
7-[2-F-4-(3"- 3R LWt e K ) R 4R Jk 1-5,6- — F AR HIE
e[ 1,5-a)WERE(6g): 7% A 23%. m.p. 113~115 C;'H
NMR §: 1.89 (s, 3H, 6-CHj), 2.52 (s, 3H, 5-CH;), 3.88 (s,
2H, CH,), 6.49 (d, J=2.4 Hz, 1H, 3-H), 6.73 (d, J=8.4
Hz, 1H, 6'-ArH), 6.84 (dd, J=2.4, 10.5 Hz, 1H, 5'-ArH),
6.99 (d, J=8.4 Hz, 1H, 2"-ArH), 7.01 (d, J=7.2 Hz, 1H,
4"-ArH), 7.07 (s, 1H, 6"-ArH), 7.14 (d, J=8.4 Hz, 1H,
5"-ArH), 7.32 (dd, J=7.8, 14.1 Hz, 1H, 3'-H), 7.86 (s, 1H,
NH), 7.94 (d, J=2.1 Hz, 1H, 2-H); *C NMR ¢: 14.70,
23.92, 40.42, 95.63, 109.68, 114.69, 116.30, 116.59,
116.71, 123.98, 125.09, 130.23, 134.27, 135.25, 140.77,
143.07, 147.26, 152.57, 155.82, 160.79, 164.62, 168.62;
HRMS calcd for C»,H;sF,N,0, (M+H)" 409.1476, found
409.1463.
7-[2-F-4-(OK ST JHe 5 ) A 4 2 1-5,6- — PR BE Ik e g
[1,5-a]M5BE (6h): 2% K 34%. mp. 139~142 C; 'H

2298 http://sioc-journal.cn/
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NMR 6: 1.89 (s, 3H, 6-CH3), 2.52 (s, 3H, 5-CHs), 3.88 (s,
2H, CH,), 6.49 (d, J=2.4 Hz, 1H, 3-H), 6.73 (d, J=9.6
Hz, 1H, 6'-ArH), 6.77 (dd, J=2.1, 11.4 Hz, 1H, 5'-ArH),
7.02 (t, J=8.4 Hz, 1H, 4"-ArH), 7.30 (dd, J=3.6, 7.5 Hz,
1H, 3-H), 7.35 (s, 2H, 2",6"-ArH), 7.36 (s, 2H, 3",5"-
ArH), 7.89 (s, 1H, NH), 7.93 (d, J=2.1 Hz, 1H, 2-H); "*C
NMR §: 14.71, 23.94, 40.82, 95.62, 109.69, 116.69,
116.72, 124.05, 127.50, 128.79, 129.34, 133.02, 134.41,
140.80, 143.03, 147.29, 152.49, 155.81, 160.81, 169.18;
HRMS calcd for C,,H9FN,O, (M—|—H)+ 391.1570, found
391.1569.

7-[2-F-4-(4"- 30K £t e ) R 28 ik 1-5,6- — FAE L
eI 1,5-a]ERE(6): 77 F A 30%. m.p. 142~145 C; 'H
NMR 6: 1.89 (s, 3H, 6-CHy), 2.52 (s, 3H, 5-CHj), 3.85 (s,
2H, CH,), 6.49 (d, J=2.1 Hz, 1H, 3-H), 6.71 (d, J=8.7
Hz, 1H, 6'-ArH), 6.84 (dd, J=2.1, 10.2 Hz, 1H, 5'-ArH),
7.03 (t, J=8.7 Hz, 1H, 3'-H), 7.29 (s, 2H, 2",6"-ArH), 7.31
(s, 2H, 3".5"-ArH), 7.83 (s, 1H, NH), 7.94 (d, J=2.1 Hz,
1H, 2-H); “C NMR ¢: 14.73, 24.00, 40.10, 95.66, 109.65,
116.70, 123.97, 128.94, 130.73, 131.4, 133.51, 134.15,
140.70, 143.06, 147.30, 152.43, 155.75, 160.77, 168.8;
HRMS caled for C,HsCIFN,O, (M+H)" 425.1181,
found 425.1168.

7-[2- G -4-(4"- 1R K LTt Jrie 6 ) R 48 ik 1-5,6- — A AE L
R IF[1,5-a]HEBE(67): = Z A 33%. m.p. 103~105 C; 'H
NMR 6: 1.89 (s, 3H, 6-CHy), 2.52 (s, 3H, 5-CHj), 4.06 (s,
2H, CH,), 6.49 (d, J=2.1 Hz, 1H, 3-H), 6.74 (d, J=8.7
Hz, 1H, 6'-ArH), 6.84 (dd, J=2.4, 9 Hz, 1H, 5'-ArH), 7.11
(t, J=8.7 Hz, 1H, 6"-ArH), 7.19 (d, J=7.8 Hz, 1H,
5"-ArH), 7.30 (dd, J=2.4, 7.2 Hz, 1H, 3'-H), 7.36~7.43
(m, 2H, 2",4"-ArH), 7.79 (s, 1H, NH), 7.94 (d, J=2.4 Hz,
1H, 2-H); “C NMR ¢: 14.70, 23.91, 41.31, 95.61, 109.86,
116.91, 124.14, 125.07, 127.77, 129.34, 131.60, 132.98,
133.35, 134.44, 140.82, 143.08, 147.21, 152.57, 155.92,
160.78, 168.19; HRMS calcd for Co,H;sBrFN,40, (M+H)"
469.0675, found 469.0670.

T-[2- 5 -4-(2"- SR Wk e ) HE AR R -5,6- — FRERIE
[ 1,5-a]WENE (6K): 723k 27%. m.p. 135~138 C;'H
NMR 6: 1.89 (s, 3H, 6-CH3), 2.52 (s, 3H, 5-CHs), 4.04 (s,
2H, CH,), 6.49 (d, J=2.4 Hz, 1H, 3-H), 6.72 (d, J=17.5
Hz, 1H, 6'-ArH), 6.78 (dd, J=2.4, 9.6 Hz, 1H, 5'-ArH),
7.23~7.27 (m, 3H, 4",5",6"-ArH), 7.37 (dd, J=1.5, 5.4
Hz, 1H, 3'-H), 7.39~7.42 (m, 1H, 3"-ArH), 7.83 (s, 1H,
NH), 7.94 (d, J=2.4 Hz, 1H, 2-H); °C NMR J: 14.70,
23.98, 38.76, 95.62, 109.78, 116.82, 124.11, 127.12,

Chin. J. Org. Chem. 2012, 32, 2294~2299



Chinese Journal of Organic Chemistry

129.25, 129.65, 131.54, 134.32, 134.64, 138.55, 140.77,
143.04, 147.28, 152.49, 155.82, 160.76, 168.24; HRMS
caled for C,,H;3CIFN,O, (M—i—H)+ 425.1181, found
425.1172.

3.3  MTT R4 25440 A iEs 4 B8 58 75 1

FRATTHE T B A= A P 4t o1 et B, FH i Bkt
BB R A1 LR R R 1~2X 10* cell/mL, %
FlF-96 FLH T, BESLAAFR 100 uL. S AN5 4 Ha g FL s
M AL, NN 100 pL B5953E, W E 48 h {F41 s
R

KA LAY DMSO B, AT 584 15 55
SRR A IR 5 (DMSO 0 0.1%). g4l i 254
WIR BRI, 4054 0.01, 0.1, 1, 10, 100 umol/L,
BEALIIA 90 uL 2539, BANKRIE R 6 NAL, e
72 h.

INZIEEFEI S WS, BN 10 uL MTT #595(5
mg/mL), 37 CHAF FEEHEFE 4 h, Z 5L
FH BRI 100 pL, 37 C ¥ A 5~6 h, BEHR{XAE 570
nm WK TR OD {H, Jf Hbksdmi=. ihE A
B

ikl =41 OD—Ab# 4] OD)/(Xf 4] OD—
241 OD) X 100%

K H] Sigma plot 715 1Cs, 1H.

BUS DG S0 S BN S (ELISA) Hh A LR} e b 24
YIREGE Tk 6 LA SE pk, TER S
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