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Design, synthesis and antitumor activity of farnesylthiosalicylamide derivatives
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Abstract A series of farnesylthiosalicylamide derivatives (9a-9k) were designed and synthesized via condensa-
ting the carboxyl of farnesylthiosalicylic acid( FTS) with different amines, and the in vitro biological activity was
evaluated. It was observed that eight of them displayed strong antitumor activity against five human cancer cells in
vitro. Notably, compound 9k exhibited the most active with the ICy, values of 6. 05-8. 16 wmol/L range against the
tested cancer cells, which were superior to those of FTS and even comparable to that of sorafenib in vitro. In addi-
tion, compound 9k down-regulated the protein of Bcl-2 and increased the expression levels of Bax and caspase-3
proteins, indicating that compound 9Kk could induce tumor cell apoptosis.
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Wik P9 Ras 85 -5 40 B PLEE R (galectin) B
IKVEVAREE4, J 4% Ras MMAHI1E A, R A wi Kk
4 32 JE i B A1 0 1k R B 25 KT R 3k B
BEO o SCHARAE FTS % Z i BLA ka7 1R
L SN RN R BN S S T ECR
TR, O AR AT AR AT B . i,
VA FTS e b &4, S4B R A 2 i 1A Ras
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Scheme 1  Reaction conditions and reagents:a) TEPA NaH,dry THF,0 °C-r. t. ,10 h,78% ;b) LiAlH, ,dry THF,0 °C . t. ,2 h,91% ;c) PBr;,
pyridine, n-hexane, ether,0 °C- r. t. ,3 h,76% ;d) 7,K,CO5;,CH;CN,60 °C,4-6 h,84% ;e) 2 N NaOH,MeOH,60 °C,4 h,92% ;f) (COCl),,

TEA,0 C -r.t. ,42% -718%
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TR A T 5 A 2 A B S A 7 i
2.2 EEk

B Xk B LB (4) [ 60% NaH (3.0 g,
80 mmol ) Y THF ¥ 7% (200 mL) 0 °C T 2215 7%
T Tt JE £ R = £ 1R (10.8 g, 48 mmol) f) THF
(50 mL) ¥, W NM5EEE 0.5 h JFYR A 2= = I i+t
2 ho BSOS ANEN O °C, i) e i n A -k Y
Fi (5.8 ¢,30 mmol) , SR 5 2 A+ 8 h, Z21& K
(200 mL) , JHZ PR Z R (100 mL x 3) Z M, GIFA
BUZ KA A B 2R /K e, Jo/K Na, SO, T4 )5
JEWRAR . KL 2 PR AT (03 (£l k- R T,
50: 1), AF T BT 6. 18 g, iR 78%

FEREE(S) BEJERR LM (10.6 g,40 mmol)
7T J0K WA K IR (THE, 100 mL) 1, F =5 CF
2208 oy Y A LiAIH, (3. 04 ¢,80 mmol) ,0.5 h
JE VR S AR SEREFEL heo 18] BB 248 A
i) CR O (100 mL) Y, B AE)] 100 mL 7K
L BRI EBURCIRIE B, Al DRV 2R OB
(100 mL x3) 28, AIFAHLZE, &K b
W, oK Na,SO, T J5 Il Rk 4 . HL i 8 PR A
@ik EE-C TR R, 40 1), 15 T0 (033 B iR IR
8.08 ¢, It 91% ,

EREE6) FikESW 5(4.44 g,20 mmol)
T (50 mL) o, finAIKEE 2 5, ARG TER A
PR, T 0 C R PBry (2. 71 g,10 mmol) #Y
IECAE(10 mL) VI, 56 0.5 h J K2 2 % il 4k
BERNE 2 ho SR K BN M A VKoK TR T Tk
(20 mL x 3) 2L, G IFAHLZ , A A& Sk vtk
PR, JC7K Na,SO, T4 sk, vl s v 4 A LV 77
I E WA 4.32 ¢, YR 76% .

R A B K A B F B (8) 1] S iR
ABRAOKAIR G 7(1. 68 g,10 mmol) ,5(4.54 ¢,
16 mmol) , BRERAT (3. 45 ¢,25 mmol) , ZJi5 (60 mL)
T 60 CF [l S i 4 h, TLC W Bz i 58 42 3
UK, e, ML 28 R A 3 (Al k- R T,
30: 1), A3 vkoE @R 312 g, & 84%,
"H NMR (300 MHz,CDCl;) §:7.96(1H,m,Ar-H) ,
7.74(1H, m, Ar-H),7.30 (1H, m, Ar-H), 7. 14
(1H,m,Ar-H) ,5.34(1H, m,SCH,CH) ,5. 09 (2H,
m,2 x CH,CH = CCH, ) ,3.92(3H,s,0CH,),3. 58
(2H,d,J=7.8 Hz,SCH, ) ,1.89 ~2.02(8H,m,2 x
CCH,CH,CH),1.50 ~ 1.68 (12H, m,4 x CH =

CCH;) .

FERAGARABER (1) LG 8(1.86 g,
5 mmol ) [ FEE (25 mL) F & A1 2 mol/L NaOH
(5 mL) , [l SN 4 h, (5% 28 500 5 28 BRI R, ik
AP 1 mol/L G ERIR (25 mL) i, HL TR C
(30 mL x 3) 25, FIFAHLZ, A KptE
W, Jo7K Na, SO, T4 F5 U He W 406 751 v (20 e bR [
A& 1.65 g, % 929% ,' H NMR (300 MHz, CDCL, )
5:8.15(1H, m, Ar-H) ,7.47 (1H, m, Ar-H) , 7. 42
(1H,m,Ar-H),7.26 (1H, m,Ar-H) ,5.31 (1H, m,
SCH,CH),5.09(2H,m,2 x CH,CH = CCH, ) ,3. 57
(2H,d,J =4.5 Hz,SCH, ) ,1.89-2.02(8H,m,2 x
CCH,CH,CH),1.50 ~ 1.68 (12H, m,4 x CH =
CCH,) ;ESI-MS m/z:357[ M —H] " ; Anal. Calced for
C, H,, 0,8: C, 73.70; H, 8.43. Found; C, 73.77;
H,8. 84,

9a ~ 9k &) ¥4 % L&

¥ FTS (0.36 g, 1 mmol) ¥ T T4 CH,CIL,
(10 mL) H AR5 % N FEBESA (0. 34 mlL,4 mmol ) ,
TR TR 6 ho WURHRYEZE BRI ) S it i 5
MEE, 5 IR A% 0 FTS [k & b [\ 4K JF % F 1
CH,Cl, 10 mL o, Z 18 i hn 2 A [ 1) 2 Jie 5 B i
(1 ~10 mmol) F1=Z }% (0. 21 mL,1.5 mmol) T
i CH,CL, (50 mL) %P, 70 CHRHi4E0.5 h J5
R A IRARSEEFE 2 ho 28 TN, Wedi W) 2 6k
WAt sk is BAntk &4 9a ~ 9k,

N-(2,3-—#m k) 2-3x B E AR E T BE i
(9a)  VREEAIPIRY), 3 48.3% . TR(KBr,v) :
3424,2 928,1735,1 560,1 226 ¢cm™';' H NMR
(300 MHz, CDCl,) §:8.12(1H,br,NH),7.39 ~
7.46(3H, m, Ar-H),7.24 (1H, m, Ar-H) , 5.31
(1H, m, SCH,CH),5.09 (2H, m, 2 x CH,CH =
CCH,),3.54 ~3.83(7H,m,SCH,,0CH(CH,),),
1.95 ~2.02(8H,m,2 x CCH,CH,CH) ,1.49 ~ 1. 68
(12H,m, 4 x CH, ) ; ESI-MS m/z:432[M + H] *;
Anal. Caled for C,sHy,NO;S:C,69.57;H,8.64; N,
3.25. Found:C,69.42;H,8.81;N,3. 16,

N-(3-F 3 2-% A L) 2-3k RAFAR K T BLIE
(9b)  EEEMRY, L 42.7% . IR(KBr,v) :
3462,2929,1 699,1 585,1 244 cm ™' ;'H NMR (300
MHz,CDCl, ) &::8.15 (1H, br, NH),7.39 ~ 7.45
(3H,m, Ar-H),7.22 (1H, m, Ar-H) ,5.32 (1H, m,
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SCH,CH),5. 11(2H,m,2 x CH,CH = CCH, ) ,3.51 ~
3.78(7H,m,SCH, ,0CH(CH,),),1.91 ~1.99(8H,
m,2 x CCH,CH,CH), 1.51 ~ 1.71 (12H, m, 4 x
CH,) ; ESI-MS m/z:431[M + H] " ; Anal. Caled for
C,sH,N,0,8:C,69.72; H,8.89; N, 6. 50. Found; C,
69.57;H,9.03;N,6.59,

N-(2,3-= % " &) -N-F Jk-2-% R K
FELR (9¢)  REGMRY, IR 51.2% , IR
(KBr,v):3 410,2 927,1 706,1 548,1 230 cm™';
"H NMR(300 MHz,CDCl,) §:7.40 ~7.48(3H,m,
Ar-H), 7.23 (1H, m, Ar-H), 5.31 ( 1H, m,
SCH,CH), 5.07 (2H, m, 2 x CH,CH = CCH, ),
3.52~3.89 (7H, m, SCH,, OCH ( CH, ), ), 2.06
(3H, s, NCH, ), 1.94 ~ 2.01 (8H, m, 2 x
CCH,CH,CH) ,1.50 ~1.69(12H ,m,4 x CH, ) ; ESI-
MS m/z; 446 [ M + H] " ; Anal Caled for C, H,,
NO,S:C,70.07;H,8.82;N,3. 14. Found: C,69. 96 ;
H,8.97;N,3.04,

N N-3(2-% T3 ) 2-3% B A SR K 7 B i
(9d) EEEMRY, 7% 54.1% . IR(KBr,v) :
3409,2 928,1739,1 544,1 262 em™';' H NMR
(300 MHz,CDCl;) §:7.38 ~7.49(3H,m,Ar-H) ,
7.25(1H,m, Ar-H) ,5.27 (1H, m,SCH,CH) , 5. 08
(2H,m,2 x CH,CH = CCH,) ,3.55 ~3.79(10H ,m,
SCH,, 2 x CH,CH,0), 1.94 ~ 2.02 (8H, m,
2 x CHC H,C H,CH), 1.51 ~ 1.69 (12H, m, 4 x
CH,) ; ESI-MS m/z:446[ M + H] " ; Anal. Caled for
C, H,,NO,S:C,70.07;H,8.82;N,3. 14. Found: C,
69.91;H,8.97;N,3.02,

N-(2-(2-F T 8HK) TH)2-3k RAEMAR KT
Behic(9e)  RHFCEIMARY) WL 65.9% . IR(KBr,
v):3 440,1719,1 585,1 256 cm™';' H NMR (300
MHz,CDCL,) §:8. 18(1H,br,NH) ,7.41 ~7.46(3H,
m, Ar-H), 7.26 (1H, m, Ar-H), 5.30 ( 1H, m,
SCH,CH),5.08(2H,m,2 x CH,CH = CCH, ) ,3.49 ~
3.82 (10H, m, SCH,, ( CH,CH, ),0),1.91 ~2.01
(8H,m,2 x CHCH,CH,CH) ,1.53 ~1.68 (12H, m,
4 x CH,) ; ESI-MS m/z:446[ M + H] " ; Anal. Caled
for C,H,NO,S: C, C, 70.07; H, 8.82; N,
3. 14. Found;C,70. 23;H,8. 58;N,3.25,

N-(2-(Z T &HK) TH) 2- 3 R F BL
B (9f) IR BC AR, i 78.3% . IR (KBr,

v):3420,2928,1 690,1 593,1 220 cm ™' ;'H NMR
(300 MHz, CDCL,) §:8.05 (1H, m, Ar-H),7.83
(1H, m,Ar-H) ,7.30 ~7.38 (2H, m, Ar-H) ,5.23
(1H, m, SCH,CH),5.08 (2H, m, 2 x CH,CH =
CCH,),3.56 (2H,d,J = 6.0 Hz,SCH,),2.99 ~
3.05(8H, m,4 xNCH,),1.96 ~2.02(8H, m,2 x
CHCH,CH,CH),1.53 ~1.68 (12H, m,4 x CH,) ,
0.98 (6H, m, 2 x CH,CH,); ESI-MS m/z: 457
[M+H]";Anal Caled for C,, H,, N,0S:C,73.63;
H, 9.71; N, 6.13. Found; C, 73.52; H, 9.94;
N,6.01,

4-9 ok a-1- -k B B R A P R (98)

AR Y, W% 65.8% , TR (KBr, v)

3428,1 715,1 581,1265 em™';' H NMR (300
MHz,CDCL,) §:7.40 ~7.47 (3H, m, Ar-H) ,7.24
(1H,m,Ar-H) ,5.31 (1H,m,SCH,CH) ,5. 08 (2H,
m,2 x CH,CH = CCH,),3.56 (2H,d, J = 6 Hz,
SCH,),3.04 ~3.25(8H,m,4 x NCH, ) ,2.21(3H,
s,NCH,),1.94 ~2.01 (8H, m,2 x CCH,CH,CH) ,
1.50 ~ 1.71 (12H, m, 4 x CH,) ; ESI-MS m/z: 441
[M+H]"; Anal Caled for C,,H,N,0S: C, 73.59;
H, 9.15; N, 6.36. Found: C, 73.42; H, 8.91;
N,6.48,

4-T ok e-1-F -k R BAX KR L P B (9h)

AR Y, R 71.6% . IR (KBr, v):

3418,1 724,1 588,1239 em™';' H NMR (300
MHz,CDCL,) 8:7.38 ~7.51 (3H, m, Ar-H) ,7.24
(1H,m,Ar-H),5.32(1H,m,SCH,CH) ,5.07 (2H,
m,2 x CH, CH = CCH,),3.55(2H,d, J = 6 Hz,
SCH,),2.65 ~3.01 (10H, m,5 x NCH,),1.89 ~
1.99(8H,m,2 x CCH,CH,CH) ,1.46 ~1.69 (15H,
m,5 x CH; ) ; ESI-MS m/z:455[ M + H] *; Anal.
Caled for C, H,, N,OS: C, 73.96; H, 9.31; N,
6. 16. Found:C,73. 81;H,9.42;N,6.21,

4-# ooz -1- 3K -k RS R L W B8R (91)
B IR Y, IR 58.3% . IR (KBr,v) :3 442,
1708,1 560, 1250 em™';' H NMR (300 MHz,
CDCLy) 8:7.39 ~7.54(3H,m,Ar-H) ,7. 19(1H m,
Ar-H),5.27 (1H, m,SCH,CH) ,5. 11 (2H, m, 2 x
CH,CH = CCH,) ,3.46 ~3.79 (7H, m, SCH,, 2 x
NH,, OCH), 1.96 ~ 2.01 (8H, m, 2 x
CCH,CH,CH),1.38 ~1.74 (12H, m,4 x CH;,2 x
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CH,) ; ESI-MS m/z:442[ M + H] " ; Anal. Calcd for
C,.H,,NO,S:C,73.42;H,8.90; N,3. 17. Found: C,
73.29,H,8.98;N,3. 05,

2-(F T AR ) ok de-1-Jh- ok R AR AR AR R IR F R
(93) IREEMPIRY), U4 55.4% , IR(KBr,v) :
3432,1 705,1580,1 208 ecm™';' H NMR (300
MHz,CDCL,) 8:7.41 ~7.51 (3H, m, Ar-H) , 7. 26
(1H,m,Ar-H),5.28(1H, m SCH,CH),5.06(2H,
m,2 x CH,CH = CCH, ) ,3. 38 ~3.74(2H,m,SCH, ,
OCH,CH, NH, ), 1.97 ~ 2.01 (8H, m, 2 x
CCH,CH,CH) ,1.42 ~1.70 (12H, m,4 x CH,,2 x
CH,) ; ESI-MS m/z:442[ M + H] " ; Anal. Calcd for
C,,H,,NO,S.C,73.42;H,8.90;N,3. 17. Found: C,
73.26;H,9.03;N 3. 11,

4-(2-F THR ) vop-1-dk - R AR KL T B
(9k) B EMPRY), e 61.2% . TR(KBr,v) :
3402, 1 720, 1566, 1 244 em~';' H NMR ( 300
MHz,CDCL) 8:7.43 ~7.56 (3H, m, Ar-H) ,7.27
(1H,m,Ar-H),5.30(1H,m,SCH,CH) ,5. 11 (2H,
m,2 x CH,CH = CCH, ) ,3. 47 ~3. 86(2H,m,SCH, ,
OCH, ,2 x NCH, ) ,2. 36 ~2.45(6H,m,3 x NCH, ) ,
1.96 ~2.01(8H,m,2 x CCH,CH,CH) ,1.47 ~ 1. 69
(12H,m,4 x CH,) ; ESI-MS m/z:471[M + H] " ;
Anal. Caled for C,4H,,N,0,S:C,71.45;H,8.99;N,
5.95. Found:C,71.38;H,9. 12;N,5. 82,

2.2 HAFRH

2.2.1 MTT % ZMJehiiE k"™, i LOGIT
1 ( GraphPadPrism Version 4. 03 3%{4:) M15Zi84k
VAT N5 20 ik (245 MCF-7,SMMC-7721,
SGC-7901,EJ,HCT116) ) 1Cy,

2.2.2 Western %, J% P i £ % R | Western E[J
PRI H bR AL A9 9k X iR 4 il SMMC-7721
H R T AHDCEE I Ko IBOE T4 B KRS
RLAF 1 200 60 o) B AR 2 TH A 1.5 % 107 A4 11 =
WA T 96 fLAk -, EAER CO, FF4f 5%
24 h, #W, WA 3,6,12 pmol/L 1521k 5 9
9k, BF Pk Xof 8 i % PBS, 4k2R 85 5% 8 ho [
1k, PBS TH UL P . FF G ST PBS 3 BIE
WA E T 2 mL EP B RS B BRI, B
200 pL, RREWATIE T UK B 30 min, 2.0 8
FIEW 2 mL EP 8, R ] SDS-PAGE (JiEHk i 2y
12% ) 73 & F B B B AL £F 4 e 1o o il T

PUBCHY 5% BNk 5P b, HARER 1 anti-
Bel-2, anti-Bax anti-caspase-3 Fll anti-B-actin fric,
Z5B DU HRP 256 19 PR S 0 o i) A2 &
FRF AT AL, BATAEXT B-actin (13235 7K F- H
AR E

3 ZR5iTE

T, AT A O g TS R AR A il
FI MTT X HERE A4 9a ~ 9k it 471440 A i
) T R NN R RO SN RPN L L2 VE S N
FLIR 965 40 L 2R (MCF-7) . A9 40 e &R ( SMMC-
7721) B AN 2 (SGC-7901) , fifi Fi FTS f12&
$4E e (sorafenib, Ifi PRI 4 Raf 41111 57)) 75 4 BH
PEXTRR ., Z IR A MR AN R 5 50 pmol/L ¥R JiE 1)
AL E o Ak A 9% 32 12 40 A 1 ] 25
FRETR(E 1) 5 FTS Mt , Kb A9 R B
R P PR A A B TS, Ak A4 9d ~ 9Kk i 4
IfL P 338 A1 1) SRR L 60% , AT FTS 3T 60% [ #1
il Hr, 59 9e,9g,91 F1 9k LI B 1
PUsE G T, TGS R AR A Y B TR
e, Tk, S HA A Y 9d ~ 9k fEE— 2
T2 10 PR 200 A A IR T PR AR AT, TR A S Y
EEC R BE (1G5, ) o 2R, ¥ MCF-7 , SMMC-
7721 .SGC-7901 \EJ #n HCT116, 54454 9d ~ 9k
LR E , F MTT (LS A R 7R R A
Xof Fier e A e TG BB AR L, O TG, S5 SR e 1
Fi7R o Ak A P Bt Bl 3 M 2 FTS A5 B B
(3 g, IR BRI EE IR G, I HLHL 15, /KPR B
FHY IR T Rk Je (1G5, =8.85 ~20. 3 pumol/
L) Hrp fb51 9k Bon i Eom s ok, H 10,38
Fil 4y 6. 05 ~8. 16 pmol/L, {F FTS(IC,, =45.3 ~
65.2 wmol/L)

HEIT M T SMMC-7721 4l 54654 9k 1
ANl e B R 2L W] 0 F S 40 ML ) Bax, Bel-2 Al
caspase-3 £ [ () 7K -, B-actin 35 7K - Sy BH P X
W&, Bel-2 Fl Bax 43I J2 B A AP T8 (A A A 94
T-#E [, 1] caspase-3 ‘&—F T AT F. WE 2
FR, 2505 , A AR P T K F Bax KPRl 45
2 B () T R I T TR T2 Bel-2 K
IR AR, I H. caspase-3 1 K35 K P A i 4
o XSG R B A A A W R B RE E
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Table 1  Cytotoxic acivity of compounds 9a-9K against five human

'y

Inhibition/%

o o & & & oF

Mcf-7; @ SMMC-7221;

ESGC-7901

Figure 1  Inhibition of cell proliferation of target compounds in MCF-
7,SMMC-7721 ,and SGC-7901 cell lines after incubation for 48 h at a

concentration of 50 wmol/L (x +s,n=3)
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Relative expression of proteins

cancer cell lines

In vitro inhibition of human cancer cells

Compd. proliferation (ICsy", wmol/L)
MCF-7 ~ SMMC-7721 SGC-7901  EJ  HCTI16

FTSP 47.5 65.2 45.3 46.5  52.1
Sorafenib 8.85 18.1 13.7 20.3 10.5
9d >25 >25 >25 23.2 >25
9e 14.8 12.5 11.9 15.7 13.1
9f >25 >25 22.7 23.0 >25
9g 9.83 8.08 7.73 6.85 7.16
9h 19.7 21.1 >25 20.5  23.1
9i 11.2 12.5 8.61 7.83 10.0
9j >25 22.9 >25 >25 23.4
9k 7.12 6. 05 6.93 7.67 8.16

“The inhibitory effects of individual compounds on the proliferation of

cancer cell lines were determined by MTT ;" Farnesythiosalicylamide

(S]
lov}

Control

% FH 9k 3 umol/L
8r E B 9k 6 umol/L
6F = 59k 12 umol/L
4t =

fed

(=}

Bax Bcl-2 caspase-3

Figure 2 Effect of compound 9k on the expression of apoptosis-related proteins in SMMC-7721 cells. (A) The expression of Bax, Bcl-2, caspase-3

and B-actin was examined by Western blot analysis. SMMC-7721 cells were incubated with , or without, compound 9k at the indicated concentrations for

48 h and the levels of protein expression were detected using specific antibodies, and B-actin was used as the control. Data shown are representative

images of each protein for three separate experiments. ( B) Quantitative analysis: the relative levels of each protein compared to control B-actin were

determined by densimetric scanning (x +s,n=3)
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