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Synthesis and anti-tumor activity of Z-Gly-Pro-OH-podophyllotoxin deriva-

tives
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Abstract Ten novel podophyllotoxin derivatives (IIla-IITi and IV) were synthesized by three-step reactions
using podophyllotoxin and N-benzyloxycarbonyl glycine-L-proline as raw material. The structures of the target
compounds were confirmed by '"H NMR, "C NMR and MS. MTT method was used to test anti-tumor activity of
the target compounds on HepG2, THP-1, Hel.a and MCF-7 cells. The results showed that all the target
compounds had inhibitory activity against HepG2, THP-1, Hel.a and MCF-7 cells, and the inhibitory activity of
IITa on HepG2 cells was the most prominent with an 1C,, value of 0. 58 nmol/L. The binding mode of compound
IIIa and FAPa was studied by molecular docking. Compound IIIa could bind to multiple sites of FAPa enzyme.
Key words podophyllotoxin; derivative; synthesis; anti-tumor; Z-Gly-Pro-OH
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Podophyllotoxin

WFFE R N-1 U H 2 - Ll 2R (Z-
Gly-Pro-OH) fig 15 5 P P 1% FAPo fiff , 52 2598 41
BOAT Jy R A o AE o Sk AR R BT R G P M
PIETERE " WERE R 2 A RIE R EGR I/ N T
TS LIRS , 3% 26 JIVE FH AR 1) /N T 46 5 Z-Cly-
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(R i T, AR A2 I B AL B 25 Wik
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1. 50 mmol, 3. 0 eq. ) . JE7K CH,CL, (10 mL) , fi $4:¥%5
fift, N DR, 0 CHR A, 30 min J& , FHINA DCC
(0.155 g,0.75 mmol, 1. 5 eq. ), A SR THR B %,
W2 (TLC) Wi, 292 ~ 3 h W 584, A &
iz 216 (50 mL x 2) A, AU FH 16 A e iR S 47K
VS VR R R ER K PR U DR VR 4 VS R 5 T 5T
Ry, ARG AACEEN T T — . ]
K T b~ T h4Z BEAH I i B s 2

PRk Ma B E—2 vk 2= T reikie &
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Scheme 1  Synthetic route of FAPa-activated podophyllotoxin derivatives

a: Different amino acids protected by N-Cbz, DCC, DMAP, Anhydrous CH,CI,, N,, 0 °C-r.t.,2-3 h; b: Triethylsilane, PdCl,, Anhydrous CH,CI,, N,,
r. t., 30 min; ¢: Z-Gly-Pro-OH, DCC, DMAP, Anhydrous CH,CL,, N,, 0 °C-r.t.,3-4h

0.29 mmol, 0.1 eq.) . = Z M (0.12 mL, 0. 86
mmol, 3. 0 eq. ), W FEIA M, =ik T &I IN =2
JFEAELE(0. 14 mL, 0. 86 mmol, 3. 0 eq. ) 1 CH,CL A
W (1 mL), #2035 (TLC) Wi, £ 20 ~ 40 min
W58 4, AR N =9 SR (0. 5 mL) 28 1k [,
S FE 30 min, fITA 1 mol/L 1 & A AL B K 75 T
PAT pH 2 8, il T U, IE W SR TR AR HL
(50 mL x 2) , AU FH A A B IR L BN /K I T T AN
AR IR PR, Ul R e 4 T R, AR R B iR Y, )
KA HEZENT T~ R, HHATDb ~ Th
Fie REAR ) 7 i G A 31

et Ma SHPRK T afy kil &, 7
50 mL 4 5 48 H AR YOI A [l A a (0. 207 ¢,
0.5 mmol) . Z-Gly-Pro-OH (0. 75 mmol, 1.5 eq. ) .
DMAP(0. 183 g, 1. 50 mmol, 3. 0 eq. ) . JE7K CH,CI,
(10 mL) , BEFEE M, N AR YT, 0 CR H1 g $F
30 min J&5 , F 1A DCC (0. 155 g, 0. 75 mmol, 1. 5
eq. ), A ARTHE S = RN, )2 635 (TLC) Y,
253 ~ 4 h ] 54, A LR g (50 mL x 2) %
BB, MR R A T itk TR S B K A R A RN R K T
Ve DR R ARV ) AR i, R PR A (3% )
B AL VRN : LR SR Ak (2:1) ] A E A
A, B EbREA P Ma, HARfk &4 b ~ i, IV
Fie O [R] 5 1 B A 31

et Ma  FIEREA, SIEE38. 6%;mp 180 ~
181 °C;'H NMR (400 MHz, CDCI,) §: 7.38 ~ 7.30
(7H, m, Ar-H x 5,NH x 2),6.84(1H, s, Ar-H) ,
6.52(1H,s, Ar-H) , 6.38 (2H, s, -OCH,0-) , 5. 96
(2H,d,J=6.9 Hz),5.72(1H,s),5. 12(2H, s, Ar-
CH,),4.60(1H,d,J=4.3 Hz) ,4.57(1H,d, J =
7.5 Hz) ,4.51 ~4.42(1H, m) ,4.36 (1H, dd, J =
9.0,7.1 Hz) ,4.24 ~4.14(1H, m) , 4.00(2H,
d,J=14.7 Hz) ,3.81(3H,s,-OCH,) , 3. 75 (6H, s,
-OCH, x 2),3.66 ~3.51(2H,m),3.42(1H,dd,J =
16.7,8.9 Hz) ,2.86 ~2.76(1H, m) ,2.42 ~ 2.32
(IH,m),2.18 ~2. 11(1H,m),2.06 ~ 1.98(1H,
m),1.96 ~ 1.86(1H,m),1.42(3H,d,J = 7.2 Hz,
CH,);"*C NMR (151 MHz,CDCL,) 8: 173.6(C=0),
173.3(C=0),170. 8(C=0),168.5(C=0),156.3
(C=0),152.6 (C x 2), 148.2, 147.6, 137.0,
136.2,134.8,132.1,128.5(C x2),128.2,128. 1
(Cx2),127.8,109.6,108.1,108.0,107.2,101.6
(-OCH,0-),74.4,71.1,67.0,60. 7(-OCH,),59. 9,
56.2 (-OCH,) , 56.1(-OCH,) , 48.7,46.5,45. 4,
43.6,43.4,38.5,29.7,24.9,17. 5(CH,) ; ESI-MS
(m/z):796.2[M + Na ",

e b FEEA, SIS, 8%;mp 104 ~
105 °C ;'H NMR (400 MHz, CDCl,) 8: 7.39 ~ 7.29
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(7H, m, Ar-H x 5,NH x 2),6.87(1H, s, Ar-H) ,
6.53 (1H, s, Ar-H) , 6.38 (2H, s, OCH,0) , 5.97
(2H,d,J =6.6 Hz),5.69(1H,s),5. 12(2H, s, Ar-
CH,).,4.61(1H,d,J=4.4 Hz),4.44(1H,dd, J =
13.7,6.5 Hz) ,4.36 (1H,dd, J =9.2,7.1 Hz) ,
4.24 ~4.12(2H, m) ,4.05 ~ 3.96(2H, m) , 3. 81
(3H,s,0CH,),3.75(6H,s,0CH, x2),3.60 ~ 3. 53
(1H,m) ,3.42(1H,dd,J = 16.7,9.2 Hz) ,2.93
(1H,dd,J=14.5,4.5Hz),2.85~2.74(1H, m) ,
2.45 ~2.36(1H,m),2.19 ~ 2. 10(1H, m) , 2. 05
(1H,dd,J=10.0,6.7 Hz) ,1.92 ~ 1. 84(1H, m),
1.82 ~1.74(1H,m) , 1.40 ~ 1.31(3H, m) , 0. 91
(3H,t,/=7.3 Hz,CH,) ;°C NMR (151 MHz,CDCL,)
8: 173.6 (C=0) , 173.0(C=0) , 170. 8 (C=0) ,
168.5 (C=0) , 156.3 (C=0) , 152.7 (C x 2) ,
148.3,147.7,137.2,136.3, 134.9, 132.2, 128.6
(Cx2),128.2,128.1(C x2),127.9,109. 6,108. 1
(C x2),107.3,101.6, 74.4,71.3, 67. 1, 60. 8
(OCH,),60.0 56.2(0OCH, x 2),52.9,46.5,45.5,
43.7, 43.5, 38.6, 33.9,27.2,24.9, 18.9, 13.7
(CH,) ; ESI-MS(m/2) :824. 3[M + Na]*.

ot Me(Mb & C,B M) FIE IR, &
% 28. 5% ;mp 187 ~ 188 °C;'H NMR (400 MHz,
CDCL,) 8: 7.38 ~7.30(6H, m,Ar-H x 2,NH),7. 20
(1H,d,J=6.9 Hz,NH),6.80(1H,s, Ar-H), 6. 50
(1H,s, Ar-H) ,6.38(2H,d, J = 5.1 Hz, OCH,0) ,
5.95(2H,d,J=11.2 Hz) ,5.78 (1H,d, J = 5. 4
Hz),5.11(2H,d,J=9.5 Hz,Ar-CH,) ,4. 55(1H ,d,
J=6.9Hz),4.41(1H,dd,J=9.6,6.7 Hz) ,4.36
(1H,d,J =3.8 Hz) ,4.33 ~4.27(2H, m) , 4. 04 ~
3.96 (2H, m) , 3.83 (3H, s, OCH,) , 3. 80 (6H, s,
OCH,x2),3.58 ~3.51(1H,m),3.43 ~3.37(1H,
m),3.24(1H,dd,J =9.2,3.8 Hz),2.92 ~ 2.85
(1H,m),2.38 ~2.31(1H, m),2.15 ~ 2. 08 (1H,
m),2.07 ~1.97(1H, m), 1.91 ~ 1.82(1H, m) ,
1.52 ~1.43(1H,m), 1.28 ~ 1.20(3H, m) , 0. 84
(3H,t,J =7.3 Hz,CH,) ; *C NMR (151 MHz, CDCl,)
8: 177.1(C=0) , 172.2(C=0) , 170. 7 (C=0) ,
168.4 (C=0) , 156.3 (C=0) , 153.3(C x 2),
148.5, 147.3, 138.9, 136.9, 136. 3, 130.9, 128. 5
(C x2),128.2,128.1(C x 2),126.0, 109.7,
108.0,105.6(C x 2),101.4(0OCH,0),73.0,70.6,

67.0,60.8(0CH,) , 60.0,56.2(0CH, x 2),52.8,
46.4,45.6,44.0,43.4,39.7,33.6,27.3,24.9,
18.8(CH,), 13. 6(CH,) ; ESI-MS (m/z) : 824. 2[ M +
Nal*,

e md R, IR 23, 8% ;mp 114 ~
115 °C;'H NMR (400 MHz, CDCL,) &: 7.44(1H,d,
J=7.1Hz,NH),7.38 ~7.32(5H, m, Ar-H) , 7. 31
(1H,d,J=4.7 Hz,NH),6.89(1H,s, Ar-H) , 6. 52
(1H,s, Ar-H) ,6.38(2H, s, 0CH,0),5.97(2H,d,
J=9.5Hz,Ar-H),5.92(1H,d,J =9.3 Hz),5. 12
(2H, s, Ar-CH,) ,4.62(1H,d, J = 7.2 Hz) , 4. 60
(IH,d,J=4.1Hz),4.47(1H,d,J =8.0 Hz) ,4. 35
(1H,dd,J = 13.9,6.4 Hz) ,4.21 (1H,t,/ = 9.9
Hz),4.03(2H,s),3.81(3H,s,0CH,),3.77(1H,
s),3.74(6H,s, OCH, x 2) ,3.56 (1H,t,J = 7.7
Hz),3.42(1H,dd,J =16.6,9. 1 Hz),2.92(1H,dt,
J=13.2,6.6 Hz) ,2.84 ~2.74(1H, m) , 2. 46 ~
2.37(1H, m),2.33 ~ 1.99(2H, m) ,1.93 ~ 1. 82
(1H,m),1.76 ~ 1.53(2H, m), 0. 90(6H,m, CH, x
2);3C NMR (151 MHz, CDCL,) §: 173.5(C=0) ,
172.2(€=0),170.8(C=0),168. 6(C=0),156.3
(C=0),152.7(C x 2),148.3, 147.7, 137.2,
136.3,134.9,132.2,128.6(C x 2),128.2,128. 1
(Cx2),127.9,109.6,108.1(C x2),107.4,101.6
(OCH,0) ,74.5,71.4,67.1,60.8(0CH,) , 60.0,
57.3,56.1(0CH, X 2),46.5,45.6,43.7,43.5,
38.7,37.3,27.0,25.6,25.0,15.6 (CH,) , 11.6
(CH,) ; ESI-MS(m/z) :838. 1[M + Na ",

e e A E A, B 24.2%; mp
100 ~ 101 °C ; 'H NMR (400 MHz, CDCL,) §: 7. 46
(1H,d,J=7.3 Hz,NH),7.38 ~ 7.30(5H, m, Ar-
H),6.88(1H,s, Ar-H) ,6.52(1H, s, Ar-H) , 6. 38
(2H,s,0CH,0),5.97(2H,d, J = 8.8 Hz, Ar-H) ,
5.92(1H,d,J=9.2 Hz),5.11(2H,d,J = 8. 6 Hz,
Ar-CH,) ,4.63(1H,d,/J=7.6 Hz) ,4.60(1H,d, J =
4.6 Hz) ,4.43 ~ 4.31(2H,m) ,4.20(1H, dd, J =
16.7,7.0 Hz) ,4.09 ~ 3.98(2H,m) , 3. 81 (3H, s,
OCH,),3.74(6H,s,0CH, x 2),3.62 ~ 3. 51 (1H,
m),3.42(1H,dd,J = 16.8,9.3 Hz) ,2. 92(1H, dt,
J=14.1,7.1 Hz),2.86 ~2.73(1H, m) , 2. 48 ~
2.39(1H,m) ,2.22 ~2.01(3H, m) , 1.94 ~ 1. 82
(1H,m),0.94(3H,d,J=4.6 Hz,CH,),0.92(3H,
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d,J=4.5Hz,CH,);"C NMR(151 MHz,CDCl,) §:
173.6(C=0),172.4(C=0),171.0(C=0),168.7
(C=0) ,156.4(C=0), 152.8 (C x 2) , 148.4,
147.8,137.3,136.4,134.9,132.3,128.7(C X 2),
128.4,128.2(C x2),127.9,109.7,108. 2(C X 2),
107.5, 101.8 (OCH,0) , 74.6, 71.5, 67.2, 60.9
(OCH,),60.1,58.2,56.3(0CH, x 2),46.6,45.7,
43.8,43.6,38.8,30.8,27.1,25.1,19.2(CH,) ,
18. 3(CH,) ; ESI-MS(m/z) :824. 2[M + Na ",
et HEFEE, BIBCR 21 7%;mp 96 ~
97 ‘C;'H NMR (400 MHz, CDC1,) &: 7.43 1H, (d,
J=7.7Hz,NH),7.36 ~7.29(6H, m, Ar-H,NH) ,
6.89(1H,s,Ar-H),6. 51(1H,s,Ar-H) ,6. 38(2H,s,
OCH,0),5.96(2H,d,J=7.2 Hz),5.92(1H,d, /] =
5.0Hz),5. 11(2H,s,Ar-CH,) ,4. 61(1H,d,J=4.5
Hz),4.58(1H,d,J = 6.4 Hz) ,4.39(1H, dd, J =
9.2,7.1Hz),4.24 ~4.14(2H, m) ,3.82 ~ 3.78
(2H,m),3.79(3H,s,0CH,),3.75(6H, s, OCH, x
2),3.64 ~3.52(3H,m),3.46 ~ 3.37(1H, m) ,
2.97 ~2.88(1H,m),2.85~2.72(1H, m),2. 44 ~
2.24(1H,m),2.03(1H,m),1.98 ~ 1. 88(2H,m) ,
1.08(s,9H, CH,) ; ®C NMR (151 MHz, CDCI,) §:
173.7 (C=0) , 171.0 (C=0) , 170.8 (C=0) ,
168.0 (C=0) , 156.2 (C=0) , 152.6 (C x 2),
148.2,147.6,137. 1, 136.2, 134.9, 132. 1, 128.5
(Cx2),128.2,128.0(C x2),127.7,109.6,108. 0
(Cx2),107.3,101.6(0OCH,0),74.6,73.7,71. 3,
67.0,62.2,60.7(0CH,),60.0,56. 1(OCH, x 2),
49.8, 46.3, 45.4, 43.6, 43.4, 38.8,28.1, 27.2
(CH, x 3),24. 8;ESI-MS(m/z) :868. 3[M + Na]*,
e Mg A RE A, B 35.9%; mp
134 ~ 135 °C; '"H NMR (400 MHz, CDCI,) §: 7. 63
(1H,d,J=6.1Hz,NH),7.43(1H,d,J = 7.5 Hz,
NH),7.40 ~ 7.30(5H, m) ,6.90 (1H, s, Ar-H) ,
6.53 (1H, s, Ar-H) , 6.39 (2H, s, OCH,0) , 5.97
(2H,d, J =5.0 Hz, Ar-H) ,5.93(1H,d,J =9.3
Hz) ,5.12(2H, s, Ar-CH,) , 4.66 (1H, d, J = 4.7
Hz),4.44(1H,d,J = 6.6 Hz) ,4.39 ~ 4.32(1H,
m),4.23 ~4.12(2H,m) ,4.10 ~ 3.92(2H, m) ,
3.81(3H,s,0CH,),3.75(6H,s,0CH, x 2),3. 68 ~
3.36(3H,m),2.97 ~2.76 (1H, m) , 2. 44 ~ 2.23
(1H,m),2.15~1.81(5H,m), 1.42 ~ 1.25(1H,

m),1.00 ~ 0.85(6H, m, CH, x 2) ; *C NMR (151
MHz, CDCl,) &§: 173.6 (C=0) , 171.0 (C=0) ,
168.5(C=0),167.3(C=0),156.1(C=0),152.6
(C x2),148.2, 147.7, 137.1, 136.3, 134.9,
132.1,128.5(Cx2),128.2,128.1(C x2),127.9,
109.5,108.0(C x 2),107.3,101.6,74.3,71. 2,
67.0,60.7(0CH,),59.2,56.1(0CH, x 2),51.7,
46.8,45.5,43.7,43.4,40.6,33.9,27.2,25.3,
24.9,22.6,21.9;ESI-MS(m/) :838. 3[M + Na*,

feb-shph  HEE, IR 25. 8% ;mp 206 ~
207 °C;'H NMR (400 MHz, CDCI,) 8: 7.54(1H,d,
J=7.0Hz,NH),7.43(1H,d,J = 8.6 Hz,NH) ),
7.41 ~7.31(5H, m,Ar-H),7.24 ~7.17(3H, m, Ar-
H),7.11(1H,s),7.09(1H,s),6. 54(1H,s, Ar-H),
6.49(1H,s,Ar-H),6.36(2H,s,0CH,0),5. 94(1H,
s),5.89(1H,s),5.81(1H,d,J=9. 4 Hz),5. 14(2H,
d,J =4.0 Hz, Ar-CH,) ,4.58(1H,d, J = 4.5 Hz) ,
4.55(1H,d,J =7.2 Hz) ,4.16 ~ 4.07(2H, m) ,
3.99(1H,d,/=4.8 Hz),3.86(1H,d,/=3.9 Hz),
3.81(3H,s,0CH,),3.74(6H,s,O0CH, x 2),3.58
(1H,dd,J =8.3,5.8 Hz),3.53 ~3.39(3H,m) ,
3.20 ~3.15(1H,m),2.89(1H,dd, J = 14.5,4.6
Hz),2.71 ~2.61(1H,m),2.47 ~2.33(1H, m) ,
2.07 ~ 1.89(3H, m) ; *C NMR (151 MHz, CDCl,)
8: 173.6 (C=0) , 171.9(C=0) , 170.4 (C=0) ,
168.4 (C=0) , 156.2 (C=0) , 152.6 (C x 2) ,
148.2,147.5,136.2,135.5,134.9, 132. 1, 129. 1
(Cx2),128.7,128.6(C x 2),128.5(C x 2),
128.4,128.2,128.1,127.5(C x 2),109.5,108.0
(Cx2),107.3,101. 6(0OCH,0),74.8,71.3,67. 1,
60.7(0CH,) ,59.8,56.2(0CH, x 2),53.8,46. 3,
45.5,43.6,43.4,38.4,33.9,28.1,24.9; ESI-MS
(m/z):872. 1[M + Nal*,

e M R, SI3R 26.3%; mp
124 ~ 125 °C; '"H NMR (400 MHz, CDCI,) &§: 7.52
(1H,t,J =6.1 Hz,NH),7.47(1H,d, J = 5. 7 Hz,
NH),7.45-7.41(1H, m),7.40 ~ 7. 31 (9H, m, Ar-
H),7.11(1H,t,J =7.6 Hz) ,6.93(1H,t,J =17.5
Hz) , 6.55(1H, s) , 6.49 (1H, s) , 6. 38 (2H, s,
OCH,0),5.78(1H,d,J=9.4 Hz),5. 14(1H,d,J =
7.2 Hz,Ar-CH),5. 11(1H,d, J = 4.8 Hz, Ar-CH) ,
4.56(1H,d,J=4.3Hz),4.52(1H,d,J=7.6 Hz),
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4.43 ~4.28(1H, m) ,4.22 ~ 4. 15(1H, m) , 4. 02
(2H,t,J=7.9 Hz),3.89(1H,d,J =7.5 Hz),3. 81
(3H,s,0CH,),3.75(6H,s,0CH, x 2),3.60 ~ 3. 53
(1H,m),3.51 ~3.39(1H, m),3.37 ~ 3.32(1H,
m),3.25(2H,dd,J = 14.4,6.5 Hz) ,2.94 ~ 2. 81
(1H,m),2.31 ~2.24(1H, m),2.18 ~ 1.87(3H,
m) ; ®C NMR (151 MHz, CDCl,) &: 173.7(C=0),
172.4(€=0),170.9(C=0),168.4(C=0),156. 8
(C=0) , 152.6 (C x 2) , 148.3, 147.5, 136.3,
136.2,135.0,134.8,132.1,128.7(C x2),128.5,
128.1,128.0(C x2),127.9,123.2,122.4,119. 5,
118.2,111.5,109.5,109.1,108.2,108.0,107. 3,
101.6 (OCH,0) , 74.6,71.2, 67. 6, 60. 8 (OCH,) ,
59.9,56.3(0CH, x 2),53.5,46.2,45.5,43.6,
43.4,38.4,30.7,29.7,24. 8; ESI-MS (m/z) : 889. 4
[M+H]"

A IV e R 56. 2% ; mp 176 ~
177 °C;'"H NMR (400 MHz, CDCI,) 8: 7.41 ~ 7.29
(5H,m,Ar-H),6.97(1H,s,Ar-H),6.52(1H,s, Ar-
H),6.39(2H,s,0CH,0),5.98(1H,s, Ar-H) ,5.97
(1H,d,J = 1.0 Hz, Ar-H) , 5. 11 (2H, s, Ar-CH,) ,
4.60(1H,d,J=4.3 Hz),4.54(1H,d,J=8.3 Hz),
4.34(1H,t,/=8.0 Hz) ,4.17(1H,dd, J = 12. 8,
6.7 Hz) ,4.13 ~4.05(1H, m),3.97(2H,dd, J =
17.1,4.2 Hz) ,3.80(3H, s, OCH,),3.75(6H, s,
OCH, x 2),3.65 ~ 3.50 (3H, m) ,2.96 ~ 2.74
(IH,m),2.71 ~2.62(1H, m) ,2.54 ~ 2.44(1H,
m),2.33 ~2.21(1H,m),2.18 ~ 1.91 (1H, m) ;
“C NMR (151 MHz, CDCI;) 8:173.6(C=0),172.6
(€C=0),167.2(€=0),156.3(C=0),152.6(C x
2),148.2, 147.8, 137.3, 136.3, 134.9, 132. 1,
128.5(C x2),128.1(C x3),128.0,109. 6,108. 3
(C%x2),107.2,101.6(OCH,0),74.4,71.1,67.0,
60. 8 (OCH,) ,59.2,56.3(0CH, x 2),46.1,45. 4,
43.7, 43.4, 38.5, 29.2, 25.0; ESI-MS (m/z) :
702.3[M]*,

2.3 BUMPIE E R K

DL Y F15 2 (podophyllotoxin) Al PRAS FH AT
JihJed 25 AR FE IR 1 A BHAEXT RE HARfb &9 B
3.125,6.25,12.5,25,50,100 pwmol/L 6 Pk JE , %
SCHR [ 12 ]9 MTT 32 0328 % 988 40 B HepG2 ., A
6 22 1IN0 A% 40 M THP-1 . B #5095 41 it HeLa

LIS 2 M MCEF-7 B RS M A 38 5 15 Pk
2.4 T rTEAEEM ST

K ChemBio3D Ultra 14. 04l H ARk & 445
¥ If- AT R T A /MK , 15 Minimum RMS Gradient
90.001, P47 K mol2 M 30. He IR AL i H Frfb &
5 A AutodockTools1. 5. 6 FEATHNE, B I/ Hid
HL AT S AT ERE B DR AT N “pdbat A% . A
PDB %4 FE T 24 FAPa 2 11 (PDB 1D : 1268) , fiff ]
PyMoL(2. 3. 0) £FR/K 73 ¥, #2515 A AutoDock-
tools1. 5. 6 HEAT I 1T 55 I 43 L L A 48 22 IR
F A IR AE N “pdbat” #% 2L . SR H Autodock
Vinal. 1. 2 #E47 %42, S50 &8 - 0 Aa bR (cen-
ter_x=38. 033, center_y=0. 39, center_z=69. 392) ;%
SR RN E R 126 % 126 x 126 (4 a1 5] #E A
0.375 A) , KA S8 BN . Rl PyMOL 2.3.0
XoF 4 AT A EAE T 34

3 ER5W®R

3.1 AL E s

FE A R TR T, 2298 T V-0 T 50 3
(Boc) \N-2j AU 3k (Fmoe ) 137 B 2 HE R 5 R
BEZR N, H TS P= W 7 3547 1 Boe B Fmoc
ToEH Boe 5 Fmoc 1B FR , r= ¥ 4: MS A4
JE P R A I, e 2 R AU 3 (Chz) R4 1Y
GSETRAE R sk}, 38 5 WG 20 B i 2 il & T ]
PRI, (RIS, 76 TLC BRER S — 20 SO ok B R,
B IR 5 4 A R AT 2 A8 R BE S AR A, HaX 24
BB A 5 ST 5 A RN AR =20 N B A3 T i
SR K, B IR AT E X 2 5 A B
HEAR T o F1 B A S 1A o FE AT Boc BRI
Fmoc il & HRMA T, R = CHrkbedE R &6
FALEMAL ST, 7E 20 ~ 40 min (9B (8] N 15
S b EMA I, HAZ A e AR AR A - =<
FRAFEAMEEE HZ e, RS H PR Y I,
TLC K H AR 7= WA AE o A1 B Fh S A 4L P24, (E.
T B AL AL = iy et b e i Rk A (B3 50
I HARAG DAOE A2 R iy 1% 428 1 b A1 T ¢ P4 i 57
P A, DAt 8 Ry % 42 1 B AR L P ) AR st Ak
HRA L 5 BT SURTE T BN a MR )
3.2 fuhdeh kA

E Hirfb &9 Ma ~ O ATV AY'H NMR 7,6,
7.63 ~ 7.29 A Yy Z 0 Sl R BR B Y H ORI A
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CONH F Y HES ,6, 6.38 [l /Y BA 4 % F 75
R ZH I (-OCH,0-) 155,58, 5. 12 BT Y i
A Z-Gly-Pro-OH 1R B 454 19 -CH -5 %5, 6, 3. 81
M8, 3. 75 N RHEATF R34 -0CH, M55 .
EHEAS Y Ma ~1i #1 IV °C NMR |,
8.173.6,173.3,170. 8,168. 5,156. 3 Z:/H L iy C 15
S0 BEsE AP £ 4 C=0 155 ,8,101. 6 fffir
1) CA5 5 M 48 3k, 8,60. 8.,56. 2 BHUT (1 C 15
5 A 31-0CH,,

Ry it — 2 B AR E G YR CA0L & A A
ARG AE FH 400 MHz B REEIRACRE T RHF R
() 'H NMR s , P oo o e Sk [ 13 1 A R
B HERATRS, 4.638A7. 1 He M HIE S
FHRHABTRC-HGES. ME, M HLRARER S5k
A Wb W e (4% /500 v af A fE & 9 b 75 5,
4.61 WHIE S S5 McTEs, 4. 55 HE SN
C-HIES , FXT e TR & W BN b &9
b 7E S, 4. 61 {55 M E HE 4. 4 He, (L EY)
M 7E 5, 4. 55155 MRS 8N 6.9 Hzo H AT
L AES Y M e R G H AU AR C4-HF 51

HEBCEEERL . HIL, #fAE A Y e C-48 14
RIF=) AL &4 Wb K C-da RIF=Y) . 3 HARYE
LAY M b M e 7F 230 RE AT (% 50 8 5 1 B i,

Table 1 Anti-tumor activity of compounds Ila—IIi and IV(x + s,n = 3)

AR5 1, RAMER R G Y Ma
Md ~ Wi, IV7ES, 4. 60 i H {55 (48 & 5 5
TE4.5 Hz o 47 A Wik & 9y la 1Id ~ LIV Dy
C-4a ty 7=
3.3 HABEEAME R

& 145510, Bhrfb AP a ~ i F= IV X}
HepG2 . THP-1 HeLa ,MCF-7 fith /2 4f Jfd bk 55 A [+
T BE A AR T, HGHS 2 H AR A P X5 4 Fffih
Jed 240 L R LR AL TARFEIA Y . b &
Ma~ Mc, Me ~ i, IVXF HepG2 40 i A 310 i £ FH
SR TUAEIA T, JF HAL& %) a AV X HepG2 41 /i
PIRERGR T RABFER. A Birfk sy
X THP-1 248 Jfd ) 400 i 46 25 TR $E1m L JF AL
k&Y Ma Md, Me, O, IV THP-1 20 1 530 151
ERE# TREARER . /LG MMa ~ Me i, IV
XF HeLa 4 A 4 400 1] 7 FH 58 4870 1 RUR H 35
. fb&¥a b i, VX MCF-7 28 Jfd 530 1
YERSR FARFEIMTT MR AFE R, (L&Y Ih X}
HepG2 ., THP-1, HeLa 41 ffd /) 7E A FAKFC AT,
BEARAKRHAGR., FEXEHREEY T LAY
M a X} HepG2 4t Jfd i 41 il /5 FH & 5, 1C5, 2} 0. 58
nmol/L , %t THP-1 . HeLa . MCF-7 4fi Jftl i) 1 J] 5% Ji
WA ARFCIA T 167 .206 F1 23 £%

IC,,/(pmol/L)

Compd.

HepG2 THP-1 HeLa MCF-7

a 0.58 x 107 + 0.46 0.10 +1.82 0.57 +0.57 1.42+1.03
b 1.14 +0.37 2.69 £0.43 3.89 +0.47 3.79+0.29
e 243 +0.94 2.34+1.03 3.17 +1.02 8.38 +0.89
Id >40 041+0.78 >40 13.32+1.17
e 1.69 £0.76 0.41 £2.28 3.02 +£0.44 7.15+0.92
1rf 6.84 +0.72 12.12 + 1.32 >40 >40

g 222 +0.86 1.36 £ 1.19 >40 28.15+ 1.21
ITh 12.89 + 1.59 4.56 +0.48 >40 >40

i 1.29 £0.89 0.56 + 1.60 3.68 +1.32 5.38 £0.85
v 0.11 £0.62 0.25+0.79 6.08 +0.53 2.57 £ 1.05
Podophyllotoxin 0.79 £ 1.39 0.95 +0.95 >40 6.26 +1.13
Etoposide 17.75 £ 0.68 16.76 + 1.33 >40 32.88 £ 1.05

12 MR 2R 43 A e TR < 244 Sl 3 B O &
BE R ELAT T /NS [ AR R, H AR 72 04 HepG2
THP-1.HelLa, MCF-7 4 ffd 54 55 4 0 410 il /E FH o
Wil 5 52 TR 725 ) 45 A8 15 K, T8 B B A 7= 0 % 4

ol 200 i By 410 8 A T Z2 A7 s e e, e S T
If Mg Mh%, R AP N FDg, X Hela
240 M A A A AR F A5 W ROR B A . R
B 3R 9 Z-Gly-Pro-OH 18 13 i Ak 2 7 15 4245 21 19 4k
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AWV, % HepG2 . THP-1,HeLa . MCF-7 41l i % /0
R A RIS M i DR T R i s (]
BN A AT R AR EH]

YT Z-Gly-Pro-OH BRI T FAP« Jif§, itk — 2
WRE WA AEY S FAP B HA M EMER R
FHOTFRHERHUS T TG ) a5 FAPo i 25
GAEH (B2 2), K BL-& Y a5 FAPo il Y
Tyr458 (A) . Alad59 (A) | Argd02 (A) . Thr297 (A) .
Leu296(A) | Trp298 (A ) %I REIE Wi S0k , H AUk K
JEAr 3,22 A.3.74 A 3.52A.2.88 A .3.20 A,
372 A.3.33 A.3.77 A.3.09 A; b & Ma 5
FAPo il 5 Asp457(A) (Pro216(A) \Trp214(A) |
Trp213 (A) . Phe357 (A) . Pro355(A) \Val403 (A) .

Scheme 2 Molecular docking of compound la and FAP« enzyme

4 & it

PLR AR AR EAL G W) B HE R O IR, 454 i
R LI HE 25 AL, A BT 10T B Y B
FEATAY RSN TP O R 45 SR AR, G A
HArtb &% HepG2 . THP-1,HeLa . MCF-7 i 21
e A A AR L TSR IR B R R E 2, L LUk
A Ma X} HepG2 40 M i 4 il 7 F e b 3 (15
HE— L IRATF ST
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