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A I (Z-GP-), AT 2488 1, 2- B PR FAPo B AE 5T 2546 54, 40 oA 2-7 A0SR B H = I I
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JESE, Z-GP-5a 1 Z-GP-5b RE9; FAP« il i, REACHE 2- (4-F 4038 ) R -1-(4-(N-S7 P 38 ) & FF I 38 ) R ik (5a) A
2-(6-F 4R FE-2-) 25 31 (4-(N-S7 P 38) 2 FF B35 ) % Wk (5b) ,  H A3 FAPo S 1A 1 ; [ B, Z-GP-5a fil Z-GP-5b
Kb/ UM AT 4k 40 i NTH-3T3 (0 A0 B Y AH L T 5a F 5b 7 FFRRAR, 140 B Hom de 3R . WEmR i 3 (MTT) K
&I, AEREE ) R 48 hAYTE LT . Z-GP-5a 1 Z-GP-5b %t C6. K1735, HepG-2, MDA-MB-231, B16 Ttk
H ULAR SRR 40 A 25 2R B LU AR B 24 Sa F Sb KA A0 ML 5 G 1 . 5 Sa ML, Z-GP-5a%fC6. K1735
FIB16 4 JAk i A GE B0 TS A P REAR, LRI TS5 BIFEAR 1.23 0 2.06 12.381%; X+ HepG-2 f1MDA-MB-231
HMRET  , HIE G0 E PE 2 IAIR 9.95 R 15.0/% . 534, 5 5bAHEL, Z-GP-5b X} C6. MDA-MB-231 fi1B16
A AR A G AR M IR T 6,50, 6.14 F113.01% . A4 Z-GP-5a 1 Z-GP-5b 4351k 5a F1 5b ) FAP« i
T2 A, TEANIEAKOT k3] — 1 8 B U8R
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Abstract: The aim of this study is to investigate the FAPa targeting prodrugs and anti-cancer
characteristic of 1, 2-disubstituted hydrazines. By bonding carbobenzoxy glycylprolyl (Z-GP-) on the
diazinyl of 1, 2-disubstituted hydrazines, two FAP« targeting prodrugs of novel 1, 2-disubstituted
hydrazines, including 2-carbobenzoxy glycylprol-yl-2- (4-methoxy) phenyl-1- (4- (N-isopropyl)
aminoformyl) benzyl hydrazine (Z-GP-5a) and 2-carbobenzoxy glycylprolyl-2- (6-methoxy-2-yl)
naphth-1- (4- (N-isopropyl) aminoformyl) benzyl hydrazine (Z-GP-5b) have been designed and
synthesized. In vitro enzymatic hydrolysis model was set up to verify the cleavage possibility of Z-GP
group. Mouse embryonic cells (NIH-3T3) and five common non-primary tumor cell lines including rat
glioma cells (C6) , mouse melanoma cells (K1735) , human liver cancer cells (HepG-2) , human
breast cancer cells (MDA-MB-231) , and murine melanoma cells (B16) were applied to confirm the
toxicity-attenuation of both prodrugs. /n vitro enzymatic hydrolysis experiments showed that Z-GP-5a
and Z-GP-5b can be cleaved by recombinant human resource FAP« enzyme, releasing 2-(4-methoxy)
phenyl-1- (4- (N-isopropyl ) aminoformyl) benzyl hydrazine (5a) and 2- ( 6-methoxy-2-yl) naphth-1-
(4- (N-isopropyl) aminoformyl) benzyl hydrazine (5b) , respectively. This evidence preliminarily
indicates the FAPa enzyme targeting characteristic of Z-GP-5a and Z-GP-5b. The cytotoxicity of
7Z-GP-5a and Z-GP-5b to NIH-3T3 showed less than that of Sa and Sb, respectively, implying the
toxicity-attenuation of both prodrugs. By employing MTT assay, under the condition of 48-hour
incubation, Z-GP-5a and Z-GP-5b were shown with less anti-cancer activity against five common
non-primary tumor cell lines, which are C6, K1735, HepG-2, MDA-MB-231, and B16 than their
respective parent compounds 5a and 5b. The anti-growth inhibition activity of Z-GP-5a to Co,
K1735, and B16 was 1.23-, 2.06-, and 2.38-fold less than that of 5a, respectively; while to HepG-2
and MDA-MB-231, it was 9.95-, and 15.0-fold decrease, respectively. On the other hand, the
anti-growth inhibition activity of Z-GP-5b to C6, MDA-MB-231, and B16 was 6.50-, 6.14-, and
13.0-fold less than that of Sb, respectively. All data support that Z-GP-5a and Z-GP-5b are the FAPa
targeting prodrugs of their respective parent compounds Sa and 5b. It is expected to achieve the effect
of reducing toxicity and increasing efficiency clinically.

Key words: FAPa targeting prodrug; 1, 2-disubstituted hydrazines; anti-cancer; alkylation; drug
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Nk BBk (procarbazine, Peb, 1, 8] 1) J&— Fl e
FALPUR Y, IR Lz N FIRIT R A AN
(Spivack, 1974), BAF MBS ALIT 1B 50 Z — H]
TR ROTE . SCE R AM 2 RS (CNS)
NE M B 8 (Edwards et al., 1980; Fesler et al.,
2010) . Swaffar et al. (1989) 4§ i, Pcb Bt i i 1f:
FHPLHI AN 1 s o i B R 4G T 245 W 7 20 Mo £
F P-450 J F S AL T (MAO) AL T & A= i &0 5
fb e B, # Ak b i & Ak A ¥ azoprocarbazine (2)
(Dunn etal., 1979). )5, fL&Y)24 P-450 4%
P AR Ak B2 I AR AR A A AL 28 A 4 3a RN 3D
(Prough et al., 1984), 7EMIAG/EIN T, 3a53b
a3 ik AR SR e AT (4a) AT AU H S b4k

#(4b) . AR R 5 Fiala A BA (1975) X F
1, 2- Z H LA BT pIL i Ao 458 5 AT AR AL
P, B9 BRI A 2- A L ol 564k M s 2 i
AN S R e S R . AR
S, SR A RIS 3a A 3b AR, SEE
B, TIeTE s 2GR AT, 3p Rt
2 E AT 3a BYPTIPIE G PR (Swaffar et al., 1989),
TXCUESE PN < Tk = ZEH TR ARE R IR T 3b A G AR AL
A e AT o X I R e O HE Y 2P R 2 Peb
IR E AL, ARz D SRR, ) Peb AN RETE A%,
JE g ke AR, PR T B e O T e M

Il RSE B2 B, Peb 7EBR A& AIT hAEfEAE & 5
WA RN, EFEEHCNMR . BOoFRe:, JLH
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Fig. 1 Structure of the alkylation agent Procarbazine and its anti-tumor mechanism

JEXT ARG R SRR, UK 550 el /L O S T
%% (Parvinen, 1979; Chapman, 1982), PcbfF1EEUH
4 (Sieber et al., 1978) M X .0 Ifil & W) 5 & 1E
(Herman etal., 1972), XTAEAE R BEREA,
AR R 22 R Ge 73 PEXUBS: (Chabner et al.,
1973), DI, U] REAR Peb A RE G Pt F b 10 35
PE, WOINPTERCR , RABIF G REE,
HUHA AR, 3% 8 60 B e A6 7] BT e o
B AIEFH A48 (Chen et al., 2011), 7S 525 4H 4%
T MRS 1-07 W 207 B A 1, 2- — 05 &L
ALY, % T Pcb, 2-(4-H A FEHEIE)-1-
(4-(N-5E N 56 ) 0 3% ) % JHF (Sa) A1 2-(6-H A 3
ZRHL)-1-(4-(N-52 P9 38 & FH 3L ) R W (Sb) S
BRI BB T T e R 3 LA B B A BRI IR T 4
B (Hu et al., 2024) . ARHFFEH, FLATIHE— 4B
R, 8 N BT 2 A O B 1 (FAP) i Ly P 5%
Z-GP (% Sk S5 T 2 BE Il 2 e 2L ) (Aertgeerts et
al., 2005)5| AfLE ) 5a F1 5b iR IEA T 45 M 1B
2% 49 Z-GP-5a Fl Z-GP-5b, W i T 1F % 40 iy
o FAPa 1 3R 35 K P AR IR 2 AN K 3K (Ariga et al.,
2001; Chen et al., 2003), 7EIF F 2H 24 5% 40 o 2R 55
. Z-GPAGEUITE, K BHIKr Sa 1 Sb (1 i A A ik
b AR, DA BH W7 L — 2508 e A R ik A2 AH
2, HF FAPo &R 28NS b Bz g v s o 4
JO B 2T 4 240 i 4 2 2K 19 R A S B ( Chen et
al., 2003), 7EM M T, FAPa fm & ik,
Z-GP-5a Fll Z-GP-5b ¥4 ¢ U] % Z-GP, 1 #% &l 1
PRI e te ), e AE YU ER . B, Z-GP
M5 A A AT e T 285 W) Z-GP-5a Fil Z-GP-5b
ThER 0 IR A e, SR BRI A B Y.
AW, KR8 Z-GP-5a Fl Z-GP-5b i i%
A, HFAPa S | D8 Ry ER .

1 BRIk

1.1 #
1.1.1 otk CoRBMARTIRANMNE . HepG-2

MR ZR . K1735 5 B16 /)N B2 €0 93 40
Jikk . MDA-MB-231 A\ ZL 40 i 2 DL S NCI-3T3
AN WY oo 1 o O w1 ob - NG R P R S ol
AR A )27 5 IR0 (SCCB, CAS)IASE

1.1.2 ZZXA5ME N-FTEBREHEM .
L-Jf 2 M2 W s . HATU F1 HOAT W H 75 /R A1k ( |
W) AR A X H FEEH R (p-toluic acid) . &
WAL (SOCL,) . S A % (isopropylamine) . N-7AL T
TBERE(NBS) . BT BRI (BocNHNH,) | fflt
A4 (Cul) . B TR 45 (Cs,CO, ) 25 JE Rl A5 i JEURL
DA K 4- 48 FE 2K (4-methoxyiodobenzene) . 6-H
4, HE il Z% (6-methoxyiodonaphthalene ) 5 5 & 1 i
F M ad b R T A AR R B 0 AT PR
(Aladdin) 418 R4 .

K 7% 3 DMEM, K% 3% 3 RPMI-1640. PBS #f
MRz P . FBS G-I . WL (R R -HHR)
T J 2 1 R W T 95 WE Gibeo 2 F) 3 MTT (U Y 3
18 s £R ) Sk VB T 35 [ Millipore 28 w5 B 40 AR
FAPo iff (thFAPa) I F 5[l RD A H] o

DCM( AR b)) ZToKBRIREN T A0 P, itk
HREERE, BCTEW, N E SRS A R R
3~4 h, ZEWAWCHE 39~41 °CHBAy 4571 s — W L0 AN
(DMSO) . ZJiE(ACN) ., HEE(MeOH) IR 4 T67K
BREREA T b3, bl i EffeE, W2
5SS (CaH,) — RN RI 3~4 h, ZE& .

FA2104 HL F K (L fE SR 2 A BR A
H]); CLIBQ-3 filf Jy Bt #1 25 RN K IR T %2 47 R
v H]) s EYELA JER: 28 A A (7R 3 BRAL 28t 9% T
J7)s DHG 9140A T4 (LW 75 2R E Rk H AU A%
FABRAF); DZF-150 F25 TAH CGBM A IR 7.5
ﬁﬁﬁ/\j), KQ3200E i 7 A% (B 1Ly 7 i 75 A AR AT
FRZF]) ;5 TU-1810S 2840 o YA (b 2 38 A id A A%
AIRAFD); LGI-12 ZTHL(HL ST SIS T 42U #%
H IR T )5 Bruker AV-400 % i 4R A (Fig + A &
5); LC-UVI100 WA @35 (i h R AU A
BN H) 3 Cosmosil 5C18-MS-11AH (i A ( H A
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Nacalai Tesque A A ) .

CO, 157546 (32 [# Thermo Fisher A ] ) ; W4
45 GET N3 BEsco 23 ] ) 5 Eppendorf £ Wi A (15 5]
Eppendorf /s w] ) ; Milli-Q # 4fi /K #/L ( 3£ [E Millipore
INFE) s e HK R B ( H AR Hirrayama A A ) 5 22
REMEFAR I (32 [E Bio Tek 23] ) 5 8] 8 AH 22 B i ( H
A Nikon A7) .

1.2 B#HRUEYHNER

1.2.1 F AL H A B AR F 5 (Z-GP-OMe)
oAk R E R H AR (390.0 mg, 2.0 mmol)

BT 100 mL RS, A 10 mL 1, fiEFE
WA, Bl S A 2% B TS 286.0 mg (2.2 mmol) ,
N- LB 492.0 mg (6.0 mmol), #EFEEA)E, H
HANA TCFH 616.0 mg (2.2 mmol), i 2 he
RMNARZRZIE G, AR W T K,
DL G e R i R 2R A7 3 A A A B (3%10 mL)
GIFAVUE, BUELBREH . sERAEZE M (& W
fot: PEE = 60: 1, IR ) 43 B alifh, 45 H AR
W14 580.0 mg, W% 94.7% ., 'H NMR (400 MHz,
CDCI3) 6 7.38~7.31 (m, 5H), 5.73 (s, 1H), 5.13 (s,
2H), 4.53 (dd, J=8.5, 3.0 Hz, 1H), 4.10~3.98 (m,
2H), 3.79~3.75 (m, 1H), 3.74 (s, 3H), 3.66~3.46
(m, 2H), 2.23~1.94 (m, 4H); "C NMR (101 MHz,
CDCI3) § 172.3, 167.0, 156.3, 136.5, 128.5, 128.1,
128.0, 127.9, 66.9, 58.9, 52.4, 459, 43.4, 29.0,
24.6. LI FBdES Lai et al.(2005)[f] .

1.2.2  FAZAH R BRI (Z-GP-OH) 4 4 %,
FREL 640.0 mg (2.0 mmol) () Z-GP-OMe - 100 mL
B BB, A 6 mL A 1, 4- % S 3l
B, R BTN A T X m R AR R ES I 10 mL
1.0 molV/L S AL, T % IR IR 2 ph ik
721 h B o &1k 2 I e 2800 R Wk 48 L BRI 7
AL ERE N 10 mL £ B 1K, MR ZE A
6 mol/L R 1 TROKF VK 2 pH (E 8 £ 3.0, ILH H B
FEZURTINE, 2 H2s ik & R B Y IF T
PRAbTR B ZHRTE 570.2 mg AL Y, IR
93.2% ., ¥ 15 156~157 °C, Muftakhov et al.(2024)
¥4 15 155~157 °C, '"HNMR (300 MHz, DMSO-d,)
6736 (q, J=3.2Hz, 5H), 5.05 (s, 2H), 4.25 (dd,
J=8.7,3.2Hz, 1H), 3.94~3.75 (m, 2H), 3.58~3.48
(m, 2H), 3.40 (dd, J=8.4, 5.5Hz, 1H), 2.16~1.79 (m,
4H); “C NMR (75 MHz, DMSO-d,) 6 173.8, 167.6,
156.9, 137.6, 128.8, 128.2, 128.1, 65.8, 59.1, 45.9,
43.1, 29.1, 24.8. %45 Muftakhov et al.(2024)[7]

1.2.3 2-(4-F 2 ) K E-1-(4-(N-F A &) 2 F Bt
AR B (5a) 89 & AR Hu et al. (2024) J7 %,
2064 A, 4 96.6%. 'H NMR (400 MHz,
DMSO-d,) 6 8.30 (d, J=7.8 Hz, 1H), 7.87 (d, J =
8.3 Hz, 2H), 7.61 (d, J=8.4 Hz, 2H), 7.21 (d, J =
9.1 Hz, 2H), 6.91 (d, J = 9.1 Hz, 2H), 4.29 (s,
2H), 4.10 (dd, J=13.2, 6.5Hz, 1H), 3.71 (s, 3H),
1.17 (d, J = 6.5 Hz, 6H) ; “C NMR (101 MHz,
DMSO-d,) § 164.9, 155.6, 136.2, 1353, 133.4,
130.5(2), 127.1(2), 120.2(2), 1143(2), 55.4,
50.7, 41.1, 22.4 (2) ; TOE-MS (m/z) : calcd for
C,H,,N,O, ([M+H]") 314.186 9, found 314.187 3,
ZE K B0 P% 5 Hu et al. (2024 ) [A] -

1.2.4 2-(6-F &IK-2-) B HK-1-(4-(N-F A A& ) &
FEEA ) T BE(Sb) 696 A HR4E Hu et al. (2024) J7
%, e MW ARE M, 2 96.1%. 'H NMR
(400 MHz, DMSO-d,) ¢ 8.26 (t, J=10.7 Hz, 1H),
7.88 (d, J=8.4 Hz, 2H), 7.78 (t, J=9.3 Hz, 1H),
7.69 (d, J=9.0 Hz, 1H), 7.66 (d, J=8.15 Hz, 2H),
7.50 (s, 1H), 7.37~7.24 (m, 2H), 7.16 (dd, J=8.94,
2.3 Hz, 1H), 4.42 (s, 2H), 4.18~4.03 (m, 1H), 3.85
(d, J=7.01 Hz, 3H), 1.18 (d, J = 6.69 Hz, 6H) ;
BC NMR (101 MHz, DMSO-d,) J 165.3, 156.8,
140.7, 139.4, 132.5, 129.9, 129.6, 128.9(2), 128.5
(2), 127.9(2), 119.8, 126.3, 118.9, 106.5, 55.4,
51.8, 41.6, 22.7(2) ; TOF-MS (m/z) :
C,,H,\N,O, ([M+H]") 364.202 5, found 364.201 7, 4%
¥ 504 5 Hu et al. (2024) 7],

1.2.5 2-FABAHRABMABA2-(4-FAL)
FH-1-(4-(N-F+ A &) 2 F BEAL ) F B (Z-GP-5a) 89
4% FREL Z-GP-OH 367.6 mg(1.2 mmol) \HATU
450.0 mg (1.2 mmol) 1 HOAT 163.3 mg (1.2 mmol)
F50 mL [BRBENR, 1) SR & s in 10 mL — 5K
HBEvs R, 2t 0 40 1 A 3R 5 40 5 e o3 s i
KR EZ 0°C, FfJ5IA 1 mL Y DIPEA, &1k
20 minJi5, JMAALAY)5a313.2 mg(1.0 mmol), ¥K
TR T ARZE RN 1 h 52 H I A O 58 i
J&i . 3T S A Ak B (NHL,C) 7K 925 W S it 52
LA, M S W (3310 mL) A3 IR, JiE
T 4 5 283 i A JZ BT (DCM: MeOH = 30: 1,
L) s alifh, 158 ERPRIA373.4 mg, WOR
62.1%, #iiJF 97.2%,. 'HNMR (400 MHz, DMSO-d,)
58.16 (d, J=7.7Hz, 1H), 7.81 (d, J=8.2 Hz, 1H),
7.49 (d, J=8.1 Hz, 1H), 7.37~7.29 (m, 3H), 6.78

caled for
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(dd, J=19.4, 9.2 Hz, 2H), 5.03 (s, 1H), 4.66~4.51
(m, 1H), 4.24 (dd, J=8.5, 3.2 Hz, 1H), 4.09 (dd,
J=11.9, 6.0 Hz, 1H), 3.93~3.77 (m, 1H), 3.65 (s,
2H), 3.57~3.41 (m, 1H), 2.01~1.63 (m, 2H), 1.16
(d, J=6.6 Hz, 3H); "C NMR (101 MHz, DMSO-d,)
5 170.8, 167.5, 165.1, 156.5, 152.6, 143.2, 141.3,
137.1, 133.6, 128.4, 127.8, 127.7, 127.7, 127.2,
114.4, 114.1, 65.4, 58.6, 57.1, 55.2, 458, 42.8,
40.9, 29.0, 24.2, 22.4, TOF-MS (m/z) : caled for
C,,H,,N,O, ([M+H]") 602.299 6, found 602.299 6.,

1.2.6 2-F 88 A H R B0 & Bk -2-(6-F Ak -2-
AR -1-(4-(N-F R ) 2 F BE AL ) 7 B (Z-GP-5b)
#4%  F313.2 mg(1.0 mmol) Y 1L & ) 5a Biffe
41 363.5 mg (1.0 mmol) Y fb 54 5b, KR 1.2.5 4
WO, R E KT (DCM: MeOH = 30: 1, {1
) argsalifh, 158 AR K 490.1 mg, WOR
752% , 41iJF 98.5%, 'H NMR (400 MHz, CDC,)
5780 (d, J=25.7 Hz, 1H), 7.74 (d, J = 8.1 Hz,
2H), 7.69 (d, J=8.7 Hz, 1H), 7.65 (d, J= 8.1 Hz,
1H), 7.38 (dd, J=10.5, 4.4 Hz, 5H), 7.32 (dd, J=
16.0, 4.9 Hz, 2H), 7.28 (s, 1H), 7.17 (dd, J=8.9,
2.4 Hz, 1H), 7.11 (d, J = 2.1 Hz, 1H), 7.02 (s,
1H), 6.00 (d, J=5.6 Hz, 1H), 5.83 (d, J=17.2 Hz,
1H), 5.32 (s, 2H), 5.15 (s, 2H), 4.31 (d, J=13.5,
6.8 Hz, 1H) , 4.11 (dd, J = 23.4, 10.8 Hz, 2H) ,
4.03~3.94 (m, 1H), 3.93 (s, 3H), 3.65 (dd, J=36.3,
29.1 Hz, 2H), 2.08 (dd, J=49.1, 43.4 Hz, 4H), 1.28
(s, 7H); “C NMR (101 MHz, CDCI,) 6 166.8, 156.2,
136.5, 129.7, 1289, 128.7, 128.5, 128.1, 128.1,
127.6, 119.6, 106.1, 66.9, 55.4, 46.4, 43.5, 42.0,
29.7, 29.2, 22.8, 1.0; TOF-MS (m/z) :
C,,H,,N,O, ([M+H]") 652.312 9, found 652.3129,

1.2.7 2-®TR#FEL2-(4-F&AKL) K HK-1-(4-
(N-JF 7)) 2 F B ) F BE(6a) 896 HRHJE Hu et
al.(2024) )7, 65 . "HNMR (400 MHz,
DMSO-d,) 6 8.14 (d, J = 7.6 Hz, 1H), 7.85~7.62
(m, 2H), 7.36 (d, J=8.1 Hz, 2H), 7.24 (d, J =
8.62 Hz, 2H), 6.86 (d, J=8.91 Hz, 2H), 5.79 (d, J=
19.8 Hz, 1H), 4.08 (m, 1H), 3.99 (d, J=12.7 Hz,
2H), 3.74 (s, 3H), 1.42 (s, 9H), 1.17 (d, J=6.5 Hz,
6H) ; "C NMR (101 MHz, DMSO-d,) J 165.4,
156.6, 154.5, 141.5, 135.8, 134.0, 128.8(2), 127.6
(2), 126.12(2), 113.88(2), 80.5, 55.7, 53.5, 41.6,
28.5(3), 22.9(2) . Z5H9% 45 5 Hu et al.(2024) [A].,

calcd for

1.2.8 2-®\TABL2-(6-F A2 )AL 1-(4-
(N-JF /@& ) & F 8RR ) T BE(6b) 49 & % HR4E Hu et
al.(2024) 771k, 2644 M. 'HNMR (400 MHz,
DMSO-d,) 6 7.77 (s, 1H), 7.74~7.65 (m, 4H), 7.57
(d, J=85Hz, 1H), 7.41 (d, J = 8.12 Hz, 2H),
7.18~7.11 (m, 2H), 5.99 (d, J= 7.8 Hz, 1H), 5.15
(s, 1H), 4.28 (dt, J=19.9, 6.7 Hz, 1H), 4.13 (d,
J=17.4Hz, 2H), 3.93 (s, 3H), 1.52 (s, 9H), 1.27
(t, J=4.4Hz, 7TH); *"C NMR (101 MHz, DMSO-d,)
5 166.6, 157.7, 154.6, 140.7, 137.5, 134.5, 132.5,
129.3, 128.8(2), 126.9(2), 126.7, 124.3, 121.9,
119.0, 105.7, 81.7, 60.5, 55.4, 54.2, 41.9, 28.5(3),
22.9(2) . G5k%5dE 5 Hu et al.(2024) [

1.3 FAPoBEgfREI6

15, A RP-HPLC J5 ik 4 B i 37 Z-GP-5a
H1 Z-GP-Sb 1 e B A A o 1 £k .

J52 M 5 B HOHE (2,3 (RP-HPLC) 23 B 25 1R 1% 2
WF . Agilent 1200 # 1 3% & 48, (0 3%+ 1€
Cosmosil C18 R AHFE (FEA% : 250 mmx4.6 mm, A
B5um); WAIAHBEER TR E N, 0~10 min:
o CHUBE) B 55% 2T 2 65%, o (KA (%
2 mmol/L H {2 , ' [a] ) AH I F 45% R 22 35%; 10~
15 min: o (B8 2 75%, o KA JHEE N 25%:;
15~30 min: o( F1E) 4k 2E TH 2 85%, o (KA )45
15%; 30~40 min: 47 o(HEE)85%, o(KAH)15%;
L 1 mL/min; AP 254 nm; #EREE 2 L.

I3 9 HE 6 Bk B Z-GP-5a Fil Z-GP-5b JF K AL i
g7 9l % T Tris B i 22 o (50 mmol/L Tris-HCI,
1.0 mmol/LNaCl,pH 7.4), HHAH] 4 60.0 mmol/L B
o FRBREERR A4 30.0, 15.0, 7.5, 3.75H1
1.875 mmol/L 5 /~¥¢ i 55, i & RP-HPLC £ il 43
Bro DAZGHIHR B2 AR A b | (0 1 e 1T FHA AR A
SEARERNZR, A SEER R T 3 Y A, K
WA Z-GP-5a il Z-GP-5b [k FEERG AR 2%

Bl SC . FRIBUE fit 19 thFAPa i, FH B 2%
PR % 10 pg/mL 8% 20 pg/mL A BEA W . >
1K 1.0 mL B JE 9 7 1 (60 mmol/L i Z-GP-5a Fll
Z-GP-5b %5 ) 5 SF R T A B % W (10 pg/mL 8l &
20 pg/mL)IRAIA), BT/SFLb, BERs g
We M 5 pg/mL 5% # 10 pg/mL. B 7S LR B 7
37 °CHY COIEFARTIRE - 41ITE0, 4. 8. 12, 16,
24 h % 6 4B a] S 4 B 10 uL F 2 W W, ] RP-
HPLC J5 443 31 5 285 ¥ Z-GP-5a Fl1 Z-GP-5b 11
WeBs, el Lo i3 5 pg/mL 305 10 pg/mL
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e 5 1 thFAPa /£ 1E K 285 1) Z-GP-5a Fil Z-GP-5b
P4 i ] — il i 2 T 2
1.4 ZHAIEIEHD &I K16

T U B30 AE I 1 KRR C6 ol 48 1 Jo 988 A e
NJE HepG-2 FHE 4000 . /NEUK1735 2 B16 {0 %
JEANM . A MDA-MB-231 L 98 40 ffd L K NIH-
3T3/NERMIG BLEF S dift, 43 RN T 5 0=10% iy
A= 1ML A 100 U/mL % % % ) DMEM 5, RPMI-1640
B 9% Hk (45 32 FL AR U6 A [R) 40 B i 2 ), 1R T A
L B e B & 5%10° cells/mL ., 2% JC H £ 1E %
100 pL 40 i 2 205 28 96 fLH, B T 9=5% CO, 15
TRIEFRAE (37 °C) Witk AT 24 hIBERE 5%

R B TR, S 2H i A K vk B ) 24
Yy G B AR R SRR S R L), dkelBE 3R 48 he AL
FEUERS N30 uL MTT TAEH (5 mg/mL), 37 °CHb
M H 4 ho Lk N S B EREE SR, A 100 pL
DMSO # 17 B It iy 1k 5 f (1o i 3R 35 2% 52 35
15 min), ¥ F{ Thermo Scientific Multiskan [iff #7 {%
T 570 nm P E WG EE A

0 A KA R T A

R PO O R A1, LA R
Sk AR B, X 200 I G AT 1 3R B R R AR
Fay g R - 7 2 B T BT AR SR S i G
%, i5JH SPSS 26.0 48143 Mk (IBM, USA) iy Y
Z 8 Logistic B AP AT ALk B1H 4307, S &
P 5 A LA G 5 T 75 B AL B R B (1C,) o
1.5 BgINSEiTF4aE

ARWFFEGE T4 FE R SPSS 13.0 F 58 i, 5K
I R 0 vl Ak At B8 ok GraphPad Prism 6 #0452
Mo N H R ER 5 2253 B (one-way ANOVA ) X 52
W BAR AT T, AR DO bR
2% (x + SD)EREAE, 20 16 25 FHEVEAL % Il ~7
FEA ek . W VEHDENRIE R . P> 0.05 %R TC
WEMEER; 001 <P<005ERBEMEES;
P<0.01 il EH2E5

2 ZR51HE

2.1 ZBAYZ-GP-5aF1 Z-GP-5b BT & R
T EEE I S A2 AL B IR iU T e Ak
FN AP TR, AFAGAELS YY) Sa Tl Sb 1 k5L
AW AR T B I 2 2 (Z-GP-), BHWT L
P PASO M A AL R . A BURRINE 2 FT7R
HE 2 LIES, HistkGWea s

Z-GP-OH F1k4 ¥y 5a/5b B4 1L UL B 9 3 2 6] 1
A5 3N Sr . Z-GP-OH A A5 2 M08, &
Jo 2 N- S0 H & R (Z-Gly-OH) 5 ifi & iz H g
(H-Pro-OMe) 4a &4 i N-1% S8k 3k H & BE I &= iR
H g (Z-GP-OMe), 4G 1R HIN, N, N/, N/- Y 2
ST PR S BERR SR (TCFH) , 103 94.7%., H1 T
sipse WM, o-fiAE Tl BIICTEE N
-2 F-7-H A28 = Ak (HOAT) , DAY /b S v it
] & A BT iE . Z-GP-OMe H S 1Y 7K i K
FHRAL RN, 7 1.0 mol/L &8 AL ANy 1, 4- 480N
IR AT, LL93.2% MICRAS RS EUmR I H 4
Pk 2 iR (Z-GP-OH ) .

Z: M Hu et al.(2024) 771k, @6 M2 RAM T
2-(4-F AR FEAEIE ) -1-(4-(N-S P 3 ) 40 PR3 ) 5
(5a) il 2-(6-H S FE 253 ) -1- (4-(N-S N 56 ) & it
F)WEME(Sb) . Z-GP-OH 51k 4 W) 5a/5b 1Y 45 &
K 2-(7-A A R G = A M) -N, N, N', N'- ] i
JIK 7S R 1R B (HATU)AE A 46 A0, [RI A
HOAT, H H 2% Z-GP-OH & S& %4k Jy 1 1k g
Z-GP-OAT, S5/ il 22 B8 1Y TH e s 1% IR TR F- 53
S5 5a FSb #EAT RN, R S 62.1% Al
80.4% (&13).

it I, Z-GP-OH 51k & ¥ 5a/5b () 4 &
N 2445 5 o- 1 B-A RL IR A 72 W o (HARSEG &
M, Z-GP-5a Hl Z-GP-5b ¥4 L) oA B 7= ) g =,
LI Z-GP-5b J 5, 'H 1 55 4% Z i A G 3% (HMBC,
'H detected heteronuclear multiple bond correlation)
R, 05320bR R EEE S 6 166.81 &b 1Y fif 22 I Ak
W Z B A e A G (E 4), UESSZe B
K a-Fa R A S 3 A e A 2 M T ik ) 5 A )
BRITL) =85 FF ROAH R AU AH (RP-HPLC) &2
I IT RN, Z-GP-5a Fll Z-GP-5b 1 p-14 K 7= 1)
Fr 5K 5.0% F13.0%.

S 6 223 i 2-Boce-2-F7 HE-1-(4-(N-SF 1A
) 2 Pt ) R (1k5 ) 6a/6b) 5 Z-GP-OH 1Y
Gifr, TEp-fr BEREMESIA Z-GP 3L . (HAEH 5
PRIGIE, 406 RV AR RERIS L) . P HE Ay J R 2
ik 2-7 1Y Boe BEHAT LEAK , T Z-GP s KA
ALY Z-GP SEIT 107 N AY 2 A7 BEAE & K, MERA
KA, ISR G ROV MELL AT
2.2 FAPuf§5 Z-GP-5a %1 Z-GP-5b Ut E{E

Z-GP-5a fll Z-GP-5b 11 1] Z-GP RE 5 4 FAPa fiff
VI, Rz b G W2 A5 H AT A 1) P 1) O
AR S2 57 56 ) F RP-HPLC J7 1543 ) 8 7. Z-GP-5a
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H TCFH/NMI NaOHH,0 H ¢  YOH
O.__N S) —, AP 2 N (S):
Er \)J\OH O“co Vo Z:GP-OMe ———~ - \)kD
Z-Gly-OH H-Pro-OMe Z-GP-OH
Hp
N

/ ~

PGZ

H
AN HATU/HOAT _ P;;©\W
Z-GP-OH + H H\( DIPEA, DCM  Ar N
o) \(

5a, Ar = 4-MeOPh
5b, Ar = 6-MeO-2-Naphth

o oAl IRERMERE N TR

Z- GP-5a Ar = 4-MeOPh
Z-GP-5b, Ar = 6-MeO-2-Naphth

K2 &4

¥) Z-GP-5a Fl Z-GP-5b I L4 1%,

Fig. 2 Design syntheses of the conjugates Z-GP-5a and Z-GP-5b

Boc
N B
Aty HATU/HOAT _Ar™ N 4 TFA/IDCM Z-GP-5a (§)
..................... -
Z-GP-OH + H H \( DIPEA, DCM_ PG-Z NW/ Z-GP-5b ()
(0]

6a, Ar = 4-MeOPh
6b, Ar = 6-MeO-2-Naphth

K3 p-t7 Z-GP-5a Fl Z-GP-5b (1123 45
Fig.3 Trial syntheses of f-type Z-GP-5a and Z-GP-5b
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K4 %459 Z-GP-5b ) HMBC %
Fig. 4 HMBC profile of the conjugate Z-GP-5b

1 Z-GP-5b (1) 4 JE K T AF M 28, # 60 mmol/L
1 Z-GP-5a fll Z-GP-5b 43 51| 5 A [A] ¥ B 19 A U8
FAPa (thFAPo) BSFAFIRA, T37°CHFE, Wl
AT ] S R B AR AR O, SCIRZ AR LI 5

MIE ST LA 3],

WHE N 5 pg/mL i,

Z-GP-5a 1 Z-GP-5b HE % 1%
FAPo Jili A5 3Bt . 2003 24 h iR E, 24 thFAPa 1)
81.9% F) Z-GP-5a # Bt firt ,
Z-GP-5b [ i it 2 0] A 53.5%; 24 thFAPa [ ¢ JiE
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120+ 120+
—e—5a
100 e ;§ - - 7-GP-52
. 804 /,o::_,.- g
S /e = 60
% 60 7 &
¥ e
% 404 “/Q 30 T T T 1
o~ 001 0.1 1.0 10 100
20- / - fo“ﬁg I;’;L c/(pmol - L)
0 T T T T T 1
0 5 10 15 20 25 30 . ©® ——>sb
i []/h . ; —— it
b) S
80—( 5 90
s
i g 60 |
60 // =
o o | | 30
é / T T T 1
¥ 404 /o/ . 001 0.1 1.0 10 100
E /0/ . ¢/(umol-L1)
04 @ K6 Z-GP-5a (a)FlZ-GP-5b (b)%f NIH-3T3 ({41 il 5
—=—5 pg/mL . .
—— 10 pg/mL Fig. 6 Cytotoxicity of Z-GP-5a (a) and Z-GP-5b (b)
0 T T T T 1 against NIH-3T3 cells

0 5 10 1|5 20 25 30
It [E)/h
5 Z-GP-5a(a)fll Z-GP-5b(b) ¥t rhFAPa HFfif 1)
A 38— 1) O 2R 1 2
Fig. 5 Relationship curve of cleavage rate with time for
Z-GP-5a (a) and Z-GP-5b (b) cleaved by rhFAPa

4 10 pg/mL I, Z-GP-5a [ i fift %y 88.5%, i
Z-GP-5b [ 5N 62.9%. Biii s W, EfiR5
g M B B AR OGO R o Y Bk AR KA, R
B4 JES B LT g 8 . S A0, JES 0 1 245 ) A 5
P A5 . M AR A0 SR 300 1) R AT A8 K (Z-GP-5a
Ar = 4-MeOPh < Z-GP-5b: Ar = 6-MeO-2-Naphth) ,
HHR R > (Z-GP-5a > Z-GP-5b) .
2.3 Z-GP-5a#1Z-GP-5b Xf NIH-3T3 By 4P & 14

NIH-3T3 40 M1 )32 Al FH /)N ROV i 1 1 4
i FR, P& S A M RRAE , 7F 2454 0 ik
ML TR E O TS5 . T8 Ko
{55 W) 2 3 B (Rozengurt et al., 1976; Acharya et
al., 2006) . T IZ UMM F W] T IPAL 25 9 v 2R
FHARR M, AR MTT %002 T Z-GP-5a fil
Z-GP-5b Xf NIH-3T3 L (B PERLN , %7 i TE 2
JEL 3 P A 0 2 A B (Lawley et al., 1968
Kupesik, 2011; Yao et al., 2023) . 7 Bf 58 % H
MTT &£ il Z-GP-5a £l Z-GP-5b X NIH-3T3 41 Jify
HIA A, S5 LA 6.

ME 6 T LIRS, fE53T3HMMEE 48 hq,
%45 Y 2-GP-5a il Z-GP-5b Y L B HAH R ) £

ZjSa fISb LA AN . B, BET Z-GP X
Jo . — R R R T R 2 X OE R A0 Y B
Z-GP-5a fll Z-GP-5b 2 fif AT A 524 TH 5 5a Fl1 5b (1)
M EEE, FINATRER . H—, %AW Z-GP-5a
M Z-GP-5b [ Bt —E g dgtk; H—, 313
21 iy v n] BE A A IR #E 38 JKOF 1Y FAPa i, Bl H A
fitg, Ll G e R B P R . AP IR . R IR
XL B AR A FAPa i FE S0, (B n] LIRS
YIkk 2-GP, Bt safisb, peAEgnfaEdt.
2.4 Z-GP-5a 1 Z-GP-5b Xt JE & X Brh 485 2 Bl B9 28
ok

AR MTT ek Sa. Z-GP-5a, Sb.
Z-GP-5b %} S FhIR A 2 (3R HIVE R, %)
ZALFE Co K BUR TR AN . K1735 /Nl St 2 4
. HepG-2 A4 . MDA-MB-231 AFLEREAN
ML Blo/ NG ZIANN, SCIREE R 1,

TR R, BEY Z-GP-5a fll Z-GP-5b 1
FEI Y AR BE 2 Sa F1 S I 4 2 L B 40 ) 3 Pk
ELR Ak A LA KT FH AR AR AN TR] R 435 1
UG A FTARTR. 5 5atf L, Z-GP-5aX%fC6.
K 1735 F1 B16 2t B A% 1 348 5 100 1 0 M A PR AIG, G
0480 1% P BB AR 1.23. 2.06 A1 2.38 4% ; X T
HepG-2 Fll MDA-MB-231 4 g bk imii &, Hot 41 il
TG PE S WA 9.95 1 15.0 15 . A 4h, S5 5b AL,
Z-GP-5b %} C6. MDA-MB-231 H1 B16 4 fits bk i 18
BN HE L3 MRS T 6,50, 6.14 F113.01%,
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K1 HAREA YIRS Bl 40 S S AR (48 nipEe) ¥
Table 1  Growth inhibitory effects of target compounds on five cancer cell lines (48 h incubation)
IC,,/(umol-L™")
{2ee7 -
() K1735 HepG-2 MDA-MB-231 B16
Pcb =500 =500 =500 =500 65.3%1. 1
5a 19. 5+0. 6 15.9+1. 4 21.2+0.7 10. 7£0. 8 71.2+1.3
Z-GP-5a 23.9+0. 8 32.7+0.7 211.0£1. 2 160. 5+1. 3 169.2+1.5
5b 63.2+2.3 — — 70.2+2. 1 30. 6£2. 1
Z-GP-5b 410.5+3.2 — — 431.3£1.9 396. 7+2. 1
1) Bdli o 4SS AP EIME; 7 FoRim ik —" R ol

ARSI 00 BT A (%) Fir R 20 Pt 2R 28 A AR AR AR
Y, = AR P R A B R IR K e e S T
XL, FAPo il V% A 3k o # ik /K AR .
S ZE R R, A Y Z-GP-5a Fll Z-GP-5b [£ X
XTIt 2 52 98 A4 A 118 348 G 0 0 5 P L 15 P X 2 i
JEANML R RN . RERE Y] Z-GP B, U R
FAPo i (1) 35 PE AT, W0 45 5 5 BT 36 FH v Jes 400
MO AL ) R ) 2 R A & o WL, Z-GP-5a il
Z-GP-5b 1] fig i SC ik (Huang et al., 2011; Chen,
2017 ; Wang et al., 2019) If 4l2if (1) Z-GP 5 ) —
F, BAT FAPo BgH0 I 1, 76 I A 0 i . e
WOAE T Z-GP RSB VI BR , Bl b P s 16 1 4 ot
Sa fll 5b; T Z-GP-5a il Z-GP-5b #! [a] [Jf 57 i 34
5, DA B R A ROR . X T TR T
BAERM SV AT G O T 2 — 2L IR ABIFSY .

3 45 i

ARSCHETE AT 248 A 1, 2- R kY
FAPo B8 [ BT 254659, 5300 R 2-"F Sk A H 2
P O 2 P - 2- (4- P A0 ) R 3E-1- (4-(N- e 9 3 ) &
Bt 3% ) ik (Z-GP-5a) Fl 27 480 Bk 5 H 20k il
P 3 -2- (6-H 4R F-2-) 28 3-1-(4- (NS 1 3 ) & P
)R Z-GP-5b) .
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