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Synthesis of benzamide compounds c-Met inhibitors and its anti-tumor activities
In vitro

ZHANG Jing', CHENG Lu', LIANG Tai gang', BAN Shu-rong', LI Qin-shan', HU Long-gin"*
1. School of Pharmaceutical Sciences, Shanxi Medical University, Taiyuan 030001, China;
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Abstract: Objective To design and synthesize benzamide compounds c-Met inhibitors, and study their anti-tumor activities in vitro.
Methods 6,7-Dimethoxy-4-chloroquinoline, 6-chloro-7-deazapurinepurine, and 4-chloro-7-azaindole were used as starting material
to synthesize the target compounds 3a-5c¢ by substitution, reduction and condensation reactions. The antitumor activities of the
compounds against GTL-16 cells were investigated by methyl thiazolyl tetrazoliym (MTT) assay. Results Nine novel benzamide
compounds were synthesized. The structures were characterized by MS, "H-NMR, and '*C-NMR techniques. All of the compounds had
different extents potency of antitumor activities against GTL-16 cells. Especially the ICs, value of the compound 3¢ was 411 nmol/L.
Conclusion Benzamide compounds have good antitumor activities against GTL-16 cells, which could be a valuable candidate for
further development.
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Fig. 1 Basic skeleton of type II c-Met kinase inhibitors
1 {FE5RH
N-1001EYELA Jig#% 78540 (R 2 BEACE A
BT AR224CN BUAL 7R L S
HMRATD; IKA C-MAJ HS7 HBhtE i itdkas ()
PSR SEB6G = H R AT B A 7] )5 Bruker Advance 11
600 MHz #Z i3 L4%9% 151X ; Bruker Advance III HD
400 MHz #%#; It 94 BEAR{X (Thermo Fisher
Scientific Co.).
4-50-6,7- — VR IEMEMR . 6-5(-7- B WIS | 4-
ST B E B0 95% 98%- 97%.
By e R R R A w $2 k. HATU. DIEPA
Ry TR Rl ARAR#ME: GTL-16 A

B R RE N e R AE R A IR A R bifk
B2 L3 FOBERE (GIBCO A w]). WEMEEE (MTT,
Sigma /A ] ); BMS-2 (AstaTech, JJi& 7% 97%);
LR BT HRF  o br 4k o

2 FiEEHER

21 FBrikEw 2 A s

2,11 3-9-4-(6,7- — WAL ik - M Wbk -4~ AR R )- A i
(2a) 1% 7E 50 mL SR I 4-50-6,7-—
A IR 446 mg (2 mmol), I 5 mL 50K, $i
FEINHE 140 C, IO 2-5-4-HIEZE)Y 628 mg (4
mmol), M 10 h, A E=E, ik, THES
i (1a), %W T 10 mL 28 d,  InANGUL R A4
1.07 g, M#A 85 C, RIS, s
Fe ¥y, Ak - BifR 4lG (10 1) MEFFH], TLC
W B 58 4 e, SLEDRIDERR 25 Fe ¥, TEZSBR 25
7, BT RS REAE Atk A - BER &
fis (20 1) PR AK AR 2a (420 mg), &
4 67%; MSm/z: 315.11 [M+H] . "H-NMR (600
MHz, DMSO) §: 8.46 (d, 1H, J=7.8 Hz, ArH),
7.50 (s, 1H, ArH), 7.38 (s, 1H, ArH), 7.07 (t,
1H, J=8.4 Hz, ArH), 6.48~6.38 (m, 3H, ArH),
5.53 (s, 2H, NH), 3.94 (s, 6H, CH;-H).
2,12 3- 9 -4-(TH-E 1 [2,3-d] W8 g -4- 48, F% )- 4 Ji%
(2b) (il LAY 2a & 80775, H 6-5-7-
AW 1 g (6.5 mmol) Fl 2-Gi-4-iH 3R 1.5 ¢
(9.5 mmol) &N, TEfEAHE (1b), T 10 mL
WET, IMNGEAEL A 3.47 g, INFAE 85 C,
AL Fe BridJ5, AL e A it alith, A
fik - BETR 406 (2 - DYEMAT B i & 2b(983 mg),
W% 62%; MS m/z: 245.08 [M+H]". 'H-NMR (600
MHz, DMSO) §: 1221 (s, 1H, NH), 824 (s,
1H, ArH), 7.41 (m, 1H, ArH), 7.01 (t, 1H,
J=8.4Hz, ArH), 6.48 (m, 2H, ArH), 6.41 (dd,
1H, J=6.6. 1.8Hz, ArH), 5.40 (s, 2H, NH).
2,13 3- G5 -4-(1H- M % [2,3-b] itk 1 -4- 42, 5 ) 2 i
(20) Ml F&HLEY) 2a B EOTE, H 4-50-7-
B2 833 mg (5.4 mmol) HI 2-4-4-Tij KL K iy
1,25 ¢ (7.96 mmol) [N, TG (1e), ¥
T 10 mL ZEEH, AL EL 14 2.86 g, iz
85 C, PRI Fe Fyid i, M ih & koA ot
aitk, AymkE - BERR 08 (2 0 1) P el A
2¢ (895mg), W& 68%; MS m/z: 244.08 [M+ H]
“. 'TH-NMR (600 MHz, DMSO) d: 11.70 (s, 1H,
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NH), 8.03 (s, 1H, ArH), 7.34 (m, 1H, ArH),
7.03 (t, 1H, J=9 Hz, ArH), 6.52 (dd, 1H, J=17.8.
2.4Hz, AtH), 6.47 (dd, 1H, J=6. 2.4 Hz, ArH),
6.29 (d, 1H, J=54 Hz, NH), 624 (m, 1H,

ArH), 545 (s, 2H, NH).

2.2 EEEERILEY 3a~5c B9SR!

221 N-[4-(6,7- — FH 5k W bk -4- 40 2 )-3- O - R
BE)-2- AR - R (3a) MOMI4% X 25 mL A
i, IMANAR ALK R 100 mg (0.657 mmol).

HATU 300 mg (0.789 mmol), ¥ T 4 mL T4 21
W, 0 C&AMF FHEEE 10 min, B DIEPA 117 pL
(0.657 mmol), Ff s N E A K A4k f5, AL
A7 22103 mg (0.328 mmol), A1k - BEIR LI -
ZK (1:1:0.024) NJEFFFA], TLC Wl N, 6 h
Jo RN EE R, TEZSRR 22857, 43 I 10%F7T 8% (10
mL X 3), WRIBRREMEHE (10 mLX3) #HY,

HIFANAE, IR LR, SRR A
gk, AryhE - BERR ONE - =K (20 1:0.036)

Ve 2 A AL A 3a (80 mg), IR 54%;
MS m/z: 449.43 [M+H] . 'H-NMR (600 MHz,

CDCls-d) d: 9.98 (s, 1H, NH), 850 (d, 1H,
J=17.8 Hz, AtH), 8.31 (dd, 1H, J=9.6 Hz, 2.4 Hz,
ArH), 7.92 (dd, 1H, J=15. 3.6 Hz, ArH), 7.60
(s, 1H, ArH), 7.54 (t, 1H, J=10.8 Hz, ArH),
7.43(s, 1H, ArH), 7.38 (d, 1H, J=13.2 Hz, ArH),
725 (t, 1H, J=12.6 Hz, ArtH), 7.17 (t, 1H, J= 11.4
Hz, ArH), 7.07 (d, 1H, J=12 Hz, ArH), 6.44
(d, 1H, J=7.8 Hz, ArH), 4.10 (s, 3H, CH;-H),
4.07(s, 3H, CH3-H), 4.05 (s, 3H, CH3-H). *C-NMR
5: 163.43, 160.29, 157.19, 153.16, 152.95, 149.61,
148.56, 146.58, 137.25, 136.85, 133.69, 132.46,
123.66, 121.76, 121.12, 116.46, 115.52, 111.57,
107.58, 1022, 99.46, 56.18.

222 N-[3--4-(7TH- ML 1 [2,3-d] W8 g -4- 48 ik )- 2K
F2- ALK (3b) Hls LB Ew
3a AR, MATHAFE TR 100 mg (0.657
mmol) A1 2b 80 mg (0.328 mmol) #AT S, H i
SREMAE (g alifh, Ak - BETR S - 20K (3 -
1:0.048) PEMEAS A LA 3b (65 mg), WH 52%:;
MS m/z: 379.06 [M+H] . 'H-NMR (400 MHz,

CDCls-d) d: 11.10 (s, 1H, NH), 9.97 (s, 1H,

ArH), 851 (s, 1H, ArH), 832 (d, 1H, J=7.6
Hz, ArH), 7.92 (d, 1H, J=12 Hz, ArH), 7.56

(t, 1H, J=7.6 Hz, ArH), 7.31 (t, 1H, J=6.4 Hz,
ArHD, 7.19 (t, 1H, J=6.4Hz, ArH), 7.08(d, 1H,
J=8 Hz, ArH), 6.74(s, 1H, ArH), 5.33 (d, 2H,
NH, ArH), 4.10 (s, 3H, CH3-H); “C-NMR §:
175.51, 163.24, 161.93, 157.20, 153.68, 137.07,
136.77, 132.60, 129.88, 123.97, 123.61, 121.83,
116.04, 111.58, 109.32, 105.13, 99.44, 56.32.
2.2.3  N-[3-9i-4-(1H-NE W [2,3-b] itk e -4- 48 Jk )- 2K
FE)2-HA TR EL G (3e) MR R a Y
3a MG 77, ARHAE SR TR 100 mg (0.657
mmol) F1 2¢ 80 mg (0.328 mmol) HEAT SN, HL
SREMAE Bk alifh, A - BEIR L - =K (3!
1:0.048) PEMAS A 3¢ (65 mg), WH 52%:;
MS m/z: 378.06 [M+H] . 'H-NMR (400 MHz,
DMSO) d: 9.99 (s, 1H, NH), 832 (d, 1H, J=
8 Hz, ArH), 8.17 (d, 1H, J=5.6 Hz, ArH), 7.93
(dd, 1H, J=11.2, 12Hz, ArH), 7.56 (t, 1H,
J=8Hz, ArH), 7.40 (d, 1H, J=8.8 Hz, ArH),
727 (m, 2H, ArH), 7.19 (t, 1H, J=7.6 Hz,
ArHD, 7.10 (d, 1H, J=8 Hz, ArH), 6.50 (m,
2H, ArH), 5.32 (s, 1H, NH), 4.12 (s, 3H, CHs-H);
BC-NMR 6: 164.34, 159.49, 157.49, 141.50, 137.22,
136.96, 133.74, 132.65, 123.87, 123.82, 123.44,
121.90, 121.09, 116.22, 111.59, 110.80, 109.93,
109.58, 102.22, 98.74, 56.36.

2.2.4  TWEWy-2- H G [4-(6,7- - FF 4R JH - 1 bR -4- 4R
Fo)-3-F- AL BhE (4a) MO IZBALEY) 3a
A BT, B 2-ME R TR 68 mg (0.54 mmol) Al
2a 85 mg (0.27 mmol) HEAT v, A& RERA:
ealith, Ak - BERR Z05E - &K (211 :0.036)
VeI (4K 4a (55 mg), WH 48%; MS mi/z:
425.03 [M—+H]". 'H-NMR (600 MHz, DMSO) :
10.54 (s, 1H, NH), 8.50 (d, 1H, J=5.2 Hz,
ArH), 8.06 (d, 1H, J=3.3Hz, ArH), 7.98 (dd,
1H, J=13.0. 2.1 Hz, ArH), 791 (t, 1H, J=8.8
Hz, ArH), 7.66 (d, 1H, J=8.7Hz, ArH), 7.55
(s, 1H, ArH), 7.49 (t, 1H, J=9.0Hz, ArH),
7.42 (s, 1H, ArH), 7.30~725 (m, 1H, ArH),
6.49(d, 1H, J=5.1 Hz, ArH), 3.96 (s, 6H, CHs-H);
BC-NMR 6: 160.17, 155.64, 153.16, 152.93, 149.61,
148.68, 146.68, 138.66, 137.31, 136.53, 128.92,
123.82, 116.39, 115.54, 107.58, 102.28, 99.46,
56.16,
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2.2.5  WEWy-2- F R [3- 9 -4-(TH-ML % [2,3-d] ¥ g -4-  ArH), 7.55 (d, 1H, J=12Hz, ArH), 745 (s,

AR R (4b) [ HEIRAEY) 3a 1)
GRTTE, W 2-BEWRIR 78 mg (0.614 mmol) Al
2b 75 mg (0.307 mmol) HEAT N, HHSh& kT
ot aith, £k - BER 408 - 2K (3 11 10.048)
Vel A E a1k 4b (53 mg), WK 49%; MS m/z:
355.11 [M+H]". 'H-NMR (600 MHz, DMSO-d) &:
12.30 (s, 1H, NH), 1047 (s, 1H, ArH), 8.30
(s, 1H, ArH), 8.04 (d, 1H, J=48Hz, ArH),
791 (d, 1H, J=7.2Hz, ArH), 7.86 (dd, 1H,
J=162, 3Hz, ArH), 7.57 (dd, 1H, J=12. 1.8
Hz, ArH), 7.52(t, 1H, J=3.6 Hz, ArH), 7.42 (t,
1H, J=132Hz, ArH), 7.26 (t, 1H, J=4.8 Hz,
ArHD), 6.60(dd, 1H, J=2.4.2.4 Hz, ArH); *C-NMR
5: 17321, 163.97, 156.32, 153.18, 145.13, 138.52,
137.06, 136.57, 129.18, 123.83, 121.72, 116.32,
111.45, 109.72, 105.42, 99.52.

2.2.6  WEWy-2- R [3- F-4-(1LH-ML 1% [2,3-b] AL I -4-
AL AE - R (400 Tl TR S 3a 16
BT, B 2-BEW RIE 53 mg (0.414 mmol) Al
2b 50 mg (0.204 mmol) HEAT N, HHSh &Ik
g alifh, £k - BER OBE - 20K (3 11 :0.048)
Ve O AK 4b (36 mg), WU 48%: MS m/z:
354.21 [M+H] . '"H-NMR (600 MHz, DMSO-d) 6:
11.81 (s, 1H, ArH), 10.51 (s, 1H, NH), 8.10
(d, 1H, J=5.4Hz, ArH), 8.05 (d, 1H, J=4.5 Hz,
ArH), 7.94 (m, 2H, ArH), 7.61 (d, 1H, J=8.4
Hz, ArH)>, 7.36 (m, 2H, ArH), 7.26 (t, 1H,
J=42Hz, ArH), 641 (d, 1H, J=6Hz, ArH),
6.27 (m, 1H, ArH); C-NMR 6: 160.56, 157.63,
154.73, 153.11, 151.55, 144.70, 139.90, 132.83,
130.06, 128.63, 124.76, 124.15, 117.23, 109.85,
109.48, 109.22, 101.21, 97.25.

227 PRME-2-FRR [3-96-4-(6,7- — FH AR Sk ME K -4
AIE)-3-F- AR - BEE (5a) MU RS
3a (AR, HBERR 37 mg (0.33 mmol) Al 2a 90
mg (0.286 mmol) HEAT WV, b & fE AT (il 2l
b, FEE - SRR SR - =K (2 01:0.036) BNl
3 L 4 Sa (60 mg), W 52%; MS m/z: 409.19
[M+H]". 'H-NMR (600 MHz, CDCls-d) J: 8.51
(d, 1H, J=6 Hz, ArH), 822 (s, 1H, NH), 7.88
(dd, 1H, J=14.4. 3.6Hz, ArH), 7.59 (s, 1H,

1H, ArH), 7.39 (m, 1H, ArH), 7.30 (d, 1H,
J=54Hz, ArH)>, 7.28 (t, 1H, J=12.6 Hz, ArH),
6.61 (dd, 1H, J=3. 2.4 Hz, ArH), 6.45 (dd,
1H, J=7.2. 1.2 Hz, ArH), 4.07 (s, 3H, CHs-H),
4.05 (s, 3H, CHs-H); “C-NMR 6: 160.07, 155.89,
15321, 149.58, 148.77, 147.23, 146.80, 137.35,
136.14, 123.89, 115.89, 115.52, 112.86, 109.56,
107.74, 10226, 99.41, 56.17.
2.2.8 WRIG-2-FR [3-9W-4-(7H-ML[2,3-d] W8 IE-4-
AL IRIE)-BEE (b)) I ILBILE 3a 1)
G R, HBRR 37 mg (0.33 mmol) Al 2b 70 mg
(0.286 mmol) HEAT IV, FH il & Ak AT (i ik,
AR - BERR L5 - 2K (311 10.048) Vel H
[t 4k Sb (48 mg), WL# 50%; MS m/z: 354.98
[M+H]". '"H-NMR (400 MHz, CDCls-d) §: 12.30
(s, 1H, NH), 10.47 (s, 1H, ArH), 8.30 (s, 1H,
ArH), 8.04 (d, 1H, J=4.8Hz, ArH), 7.91 (d,
1H, J=72Hz, ArH), 7.86 (dd, 1H, J=16.2. 3
Hz, ArH), 7.57 (dd, 1H, J=12. 1.8 Hz, ArH),
7.52 (t, 1H, J=3.6 Hz, ArH), 7.42 (t, 1H, J=13.2
Hz, ArH), 7.26 (t, 1H, J=4.8 Hz, ArH), 6.60
(dd, 1H, J=2.4.2.4 Hz, ArH); "C-NMR §: 173.21,
164.17, 156.12, 152.48, 145.06, 138.73, 137.32,
136.44, 128.58, 123.73, 121.29, 116.58, 111.48,
109.80, 105.36, 99.45.
2.2.9 RN -2- F R [3- G -4-(1 H-MH % [2,3-b] L 16 -4-
AR AR (S50 Ml IZILEY) 3a 11
G R, HBERR 46 mg (0.396 mmol) il 2¢ 50 mg
(0.204 mmol) AT SV, HH il FERAT (i alifh,
A - BEER SR - 2K (301 10.048) LA
Ak Se (35 mg), YUH 51%; MSm/z: 354.98
[M+H]" . '"H-NMR (400 MHz, DMSO-d) §: 11.79
(s, 1H, NH), 10.52 (s, 1H, ArH), 8.08 (d, 1H,
J=5.4Hz, ArH), 7.97 (m, 2H, ArH), 7.67 (d,
1H, J=8.4Hz, ArH), 7.40 (m, 3H, ArH), 6.73
(s, 1H, ArH), 6.38 (d, 1H, J=5.4Hz, ArH),
6.27 (s, 1H, ArH); “C-NMR §: 157.62, 156.78,
151.55, 147.59, 146.52, 144.71,130.11, 125.34,
124.14, 117.28, 115.82, 112.80, 109.47, 109.37,
109.22, 101.13, 97.23.

H bk &9 3a~5c¢ (16 R 22 LK 2.
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RO 4a~4c¢
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F. N
S
RO o
B B S5a~S5c¢
(0]
e N NN NTW
H
a b c

2 BRSNS RS

Fig.2 Synthetic route of target compounds

2.3 (RSMEMIRLE

UL BMS-2 A BHTERT 24, SR MTT V555 B
(PR B G RAA P AT RS MU IR v PRI, e
FH (iR 4 i o N B 40 B GTL-16171, HI 0.5%
ML PR35 75 A 6 H50A K 3 4D 40 e ] s P A ¥
AT 96 fLKct, B 100 L, E T 37 C.
5% CO, fHIA T 577, W E 24 h A4 flisE, ¥
R AL 590 F DMSO Bhs, R o8 e85 77 55
BERAHNIKREE (DMSO RN 0.1%), 29 o
51241000, 500, 200, 40, 8 nmol/L, BMS-2 ¥ J&F
334 200 104 5. 2.5, 1.25 nmol/L, HEANKE#

ANSAL, YEID 72 h, INZREFRA RS, RRL
BN T R 783 100 L A1 5 mg/mL MTT ¥ 10
uL, 37 C, 5% CO, &AM T REOLKEI SR 4 h ), FEAL
NI DMSO 100 pL 7= 4t i . FEEbRX
K 490 nm AR SERE (4D fH, TR0 ik
IRE A0 O PP R [FNHR = (4 ww—A sw) /A we]s
H Graphpad Prism 5.0 71 % 1Cso. W3 1. W WL H#x
AN GTL-16 iR 40 f i 36 5 A — il 1
H, B 4b. 4c. Sc A H AL GP0 GLT-16 411
FHENEYER N T 1 000 nmol/L,  JLrb it AE )
3¢, ICsofHIAZ] 411 nmol/L.

# 1 BiRHEY3 GTL-16 4HRE5E A9 HI1EF
Table 1 Antitumor effects of target compounds against GTL-16 cells

el SRl ICsp (nmol-L ™)
8 nmol-L™! 40 nmol'L™" 200 nmol'L™" 500 nmol'L™" 1000 nmol-L™
3a 11.40 17.07 31.23 40.56 66.15 578
3b 12.48 17.35 32.68 48.85 51.89 748
3¢ 10.00 19.72 25.56 52.30 75.36 411
4a 8.47 17.55 23.06 36.05 55.99 973
4b 5.01 22.45 29.83 37.94 42.95 >1000
4c 17.52 23.93 33.66 40.55 46.19 >1000
5a 7.46 21.07 29.95 36.6 56.98 883
5b 9.73 15.24 27.09 4320 50.24 984
5c 10.28 18.89 25.13 29.27 36.72 >1000

BMS-2 10.9
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3 it

3-G-4- A B (2) 1B S I8 SRR 7
P, RS AU R RN A I R
i, TP RAEARE, AR AEHHTIC SR SOV,
AR 10% SREVE ], Zn B AE o iE s RIdEA T
RN, JEAEEREES, 2 JEIERE 93% SREAE A,
Zn FHAE AR IR A, RIS I PR, e 48 S
¢ 93% L FEAE ], Fe W ik iz, L1 A4
ORI, i, TLC YR x v HERE,
AR NGEA, B, 7PN 62%~68%.

Btk &4 (3a~5¢) WM REA L4657
%, i RIS [N S0 A A B 2 . S
WG R Z AL &7, E SR AR IR 5 S A A
RIVIE RSB, 25 5N EEITH S, 19205
e o ARIEZ R A TR S A ZER R, HRWY
BEFEANE RS, Aok, 4iEk. 25Ul TBTU
A TVHEAT OV, 2% 0 ) A 1T k2>, AELAZ X B
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