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Synthesis and biological evaluation of 4—ureido podophyllotoxin derivatives as anticancer agents
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Abstract Objective: To obtain anticancer agents with higher efficiency through a novel series of 4—ureido podophyllotoxin derivatives.
Methods: The novel target compounds were synthesized by reacting podophyllotoxin or 4’ —~demethylepipodophyllotoxin with secondary
amines under catalytic agent N, N’ - carbonyldiimidazole (CDI). All the compounds were characterized by 'H-NMR and HR-MS.
Meanwhile, MTT assay was used to test their cytotoxicity against K562 and Hela cell lines. Results: Eight novel target compounds were

synthesized. Among them, compound 6a exhibits was identified to have stronger inhibition effect. Conclusion: The anticancer activity of

podophyllotoxin could be improved when its C—4 is combined with the structure of ureido and piperazidine.
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Fig1 Schematic route of Sa—5g, 6a compounds

122 kA 3 am KREHE 414
mg,1 mmol) ¢ 4" - K HIERHFEZR (400 mg,1
mmol )¥&T 20 mL Jo/K G k&, /N0 A NaN,
(260 mg,4 mmol) FEFEAT I, VK T K 1 mL
CF;COOH ZZA&3 2 s i, vKiE T O 1 h, &
MRS 4 he JH NaHCO; 75 pH AP, 23 A HL
JZ, Jo7K Na,SO, T4 EZE T, 3 T 10 mL 4R
fig AT 109%Pd/C(100 mg) , HCOONH,(252 mg, 4
mmol), AR ELAERE 5 b, FHTE -k , oot
TR S AL K R ITE 3 3, 80 78 15 14 e [ A
A5 3, Horp Ri=CH; 5% H,

123 EW sa Gl BkE® 3, Kb R=

Reflux; (iii) Ei;N, CDI, CH,Cly; (iv) amines, CH,Cl,

CH;, P 4p-Z-4-AERRHEER (103.5 mg,
0.25 mmol)IF FIE/K S e (10 mL) 1, i /i
JoK =2 1(0.20 mL) , - % F #5: R 2R E# 5 A
NN L K (59.0 mg, 0.36 mmol ) # i+ 8 h,
BEMEA Y 4, Hob Ri=CH,, LA JC/K —- 2112 (80.0
mg, 1.10 mmol )& VA F1 15 . U AR TR 7385 13%
ER R KA AR R R S BN KA TR I A R K
VS TR U6 SN BT AR, JE /K B R e 4 7, 1o
TSI R ZE 1, L RE AT JZ T o B H i, ok R 2%+
AW Sa.

124 L&Y Sh AR BULEY 4 (126.8 mg,
0.25 mmol) , H:"P R, =CH;, %% T — 4 H %€ (10 mL)
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O INATEK ZIEPIRE(111.1 mg, 1.10 mmol ) 5 Y5
PR . RO 13% AR FR/K VAT AR A
PR S AR KT TR . R RN SR AR K A TR A% S I T A
W, TCOKBR RN T 2%, S 08 B R 28 T, &8
RERAE 2T B sl 2 T30 59 5b.

125 a4 5e Al BEEY 4 (126.8 mg,
0.25 mmol) , 2 R,=CH,, % T & H %£ (10 mL)
o IMATEZK N=HJEDR B2 (110.1 mg, 1.10 mmol ) %
P FEE R o MU RTS8 13% AR R /KA
TR TR S BN 7K VA TR VR R S A M K W TR 04 S oz e
PR, TOKBRFR AN TR 2, 1 0, D VRO = 25 T,
ZRENFEZ MBS B4 I EZE T AL B Se.
12,6 f&EWsd G BG4 (126.8 mg,
0.25 mmol) , H:rft R,=CH,, % T & H %e (10 mL)
L IMATE /K N-Z FEWR % (125.5 mg, 1.10 mmol ) &
MEPEFEL o MR IARTR S0 85 13% AR /KA
TR R S AN K VA R L R S AL A K T VR A% S I e
PR, ToK B RR A Tt i, 11 U8 DR DRUE 75 T,
ZRERCHE IZMT A B 4l IR 2R AL A 5d.
127 L& 5e A BWALGEY 4 (126.8 mg,
0.25 mmol) , 2 R,=CH,, % T & H %£ (10 mL)
L IMATEIK 1-(2-nkRERL ) WR%E (179.4 mg, 1.10
mmol ) F I FI R o MUK VAT /381 13%Eh R 7K
TR T AR R S B K TSR R RN S AR B K TR
V&SN TS, TC/K B RAR T4 2, 0, DSV
FEZET , SRR )2 M A s 4 2, W R 28 T4
Yy 5e.

128 L&YW SEMER BEEY 4 (126.8 mg,
0.25 mmol ), H:rft R,=CH,, % T & W %£ (10 mL)
A TG K N=ZE LR 1 (178.3 mg, 1.10 mmol )
P FEE R o MR RTS8 13% AR /KA A
IR TR S AN 7K VA TR W R S A M K V5 TR 04 S o e
PR, TOKBRFR AN TR 2, 1 08, DB VRO R 25 T,
ZRERCHE Z M B F 4l R 2 Tk B 5.
129 WG sg G WALG Y 4 (126.8 mg,
0.25 mmol ), H:rft R,=CH;, i T 5 HE(10 mL)
A TE K 1-(4-F A FE R IL )RR (211.3 mg,
1.10 mmol ) & MR FET R o AR R4 13%5;
PR 7KV R TR R T S M 7K TV T RN S A A 7K
W PR SOV T AR, TR B R B T8 4, 33 0, U
WV EZE T, AT BT o B 4 4l el R 25 115
a5 g

1.2.10 & 6a E N WG 3, Hi R=
H, Bl 4B-2 -4’ - A4-PAERAFGE
(100.0 mg,0.25 mmol )i T-Jo/K — S e (10 mL)H?,

TR TEK = 2 (020 mL), 5 W R 5 A
il S5 A NN =555 — ki (59.0 mg, 0.36 mmol )
A 8 h, IMATJCZK N-FHEEIRIZ (80.0 mg, 1.10 mmol )
TR R . AR HRFR 350 13%38 FRAK K
LRI R A AT T A R S A M 7KV TR P VA T i
FIRAS , TCK B R B0 T A %, A 8, D8 YRk e 2%
+ , ZRER AR E AT s Al R FE T A ) 6a.
1.3 MTT &AM A4S RSN nb 78 ke BN &R
ARG Hela M K562 41l il 52 70 T 96 L1 55 4
N, BFLZE 4 000 4, B 37 °C,5% CO, 4 il
FEFRAA TG IR 24 h R AU I AT 259 , R i
3AEATHL, FAPEXTIRATIA S 45 25 4 SRR 1
L ALWER 48 h 5 FERE SR, BEALIN 50 pl 1 mg/mL
MTT IR R £h 22 mif (PBS )1 , 37 CH 4 h, 77
Y, EALIA 150 wL DMSO ¥ W ks , 4% 1
PRV . LABFARY 490 nm FIEC& B, T
1] 2 20T B AL A 6 40 i AR K IR R IR L
SPSS13.0 A4 18 1Cs, 1, i F17 3 1R

iR =B X R ZH OD {E-fin25 4 oD {H )/
(BAPEXTHRZL OD {E-25 FIX HRZL OD {E )x100%
14 it F ok LRBIEMH s FoR, RH
SPSS13.0 et T4t Hr
2 %R
2.1 ALadh ey R ARHIE

S5a: H @A [E A, 77 & 455.9 mg, ;7% 89% ,m.p.
156 C-157 °C; '"H NMR (300 MHz, CDCl;) 8 6.81 (s,
1H, H-5), 6.47 (s, 1H, H-8), 6.28 (s, 2H, H-2', 6'),
5.96 (d,J=2.4Hz 2H, H-OCH,0), 5.12 (d, J= 3.4
Hz, 1H, H-4), 4.54 (s, 2H, H-1, H-NH), 4.45-4.36 (m,
1H, H-11), 3.89 (t, /= 9.9 Hz, 1H, H-11), 3.78 (s, 3H,
H-4"), 3.74 (s, 6H, H-3', 5'), 3.26 (ddt, J = 31.9, 14.6,
7.3 Hz, 4H, H-N'CH,), 2.92 (d, J = 3.3 Hz, 2H, H-2,
3), 1.14 (t, J = 7.1 Hz, 6H, H-N' CH,CH;); HR -
ESI —=MS:m/z 535.204 8 for [M +Na] *(caled for
C»H5N,NaOg*,535.205 1),

Sbe (0 [ 44, P24 470.0 mg, 72 R 87% ,m.p.
158 C-159 °C; '"H NMR (400 MHz, CDCl;) & 6.80 (s,
1H, H-5), 6.49 (s, IH, H-8), 6.29 (s, 2H, H-2', 6"),
5.97 (s, 2H, H-OCH,0), 5.14 (d, J = 1.8 Hz, 1H, H-4),
4.59-4.53 (m, 1H, H-NH), 4.47 (d, J=5.8 Hz, 1H,
H-1), 4.45-4.38 (m, 1H, H-11), 3.93-3.84 (m, 1H, H-
11),3.79 (s, 3H, H-4"),3.75 (s, 6H, H-3',5'), 3.30-
3.04 (m, 4H, H-N'CH,), 2.91 (d, J = 2.0 Hz, 2H, H-2,
3), 1.63-1.48 (m, 4H, H-N'CH,CH,), 0.90 (1, J=7.4
Hz, 6H, H-N"CH,CH,CH;); HR-ESI-MS:m/z 541.255
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8 for[ M+H]*(caled for CxH3N,04",541.254 4),

Sc: A E AR, 72 B 485.3 mg, 72 % 90% ,m.p.
161 C-162 C; '"H NMR (400 MHz, CDCl;) 3 6.81 (s,
1H, H-5), 6.51 (s, 1H, H-8), 6.28 (s, 2H, H-2', 6'),
5.98 (d, J=2.6 Hz, 2H, H-OCH,0), 5.15 (dd, J = 5.9,
4.4 Hz, 1H, H-4), 474 (s, I1H, H-NH), 4.57 (d, /= 4.8
Hz, 1H, H-1), 4.43 (dd, /J=9.1, 7.3 Hz, 1H, H-11),
3.97 -3.84 (m, 1H, H-11), 3.80 (s, 3H, H-4"), 3.75 (s,
6H, H-3",5"), 3.61-3.44 (m, 4H, H-N'CH,), 3.05-
2.88 (m,2H, H-2, 3),2.57 (s, 4H, H-N"CH,), 2.43 (s,
3H, H-N"CH;); HR-ESI-MS:m/z 562.215 6 for [M+
Nal*(caled for CxH3N3NaOy",562.216 0),

5d: @ A A, 77 i 459.2 mg, 77 % 83% ,m.p.
163 C-164 °C;'H NMR (300 MHz, CDCl;) 8 6.79 (s,
1H, H-5), 6.49 (s, 1H, H-8), 6.26 (s, 2H, H-2', 6"),
596 (d, J=3.3 Hz, 2H, H-OCH,0), 5.14 (d, J=2.2
Hz, 1H, H-4), 4.57(t, /= 5.3 Hz, 2H, H-1, NH), 4.48-
4.36 (m, 1H, H-11), 3.95-3.85 (m, 1H, H-11), 3.79 (s,
3H, H-4"), 3.74 (s, 6H, H-3",5"), 3.50-3.30 (m, 4H,
H-N'CH,), 2.92 (d, J= 2.1 Hz, 2H, H-2, 3), 2.53-
2.38 (m, 6H, H-N"CH,), 1.11 (t, /J=7.2 Hz, 3H, N"-
CH,CH3); HR-ESI-MS:m/z 576.231 5 for [M+Na]*
(caled for CyuH3sN3NaOg",576.231 6),

Se: {0 [E 1A, 7= & 481.8 mg, /=% 80% ,m.p.
166 C-167 °C;'H NMR (400 MHz, CDCl;) & 8.16 (dd,
J=49,1.6 Hz, 1H, H-3"),7.52 (ddd, J=8.8,7.3,1.9
Hz, 1H, H-5"), 6.83 (s, 1H, H-5), 6.71-6.59 (m, 2H,
H-5"), 6.49 (s, 1H, H-8), 6.28 (s, 2H, H-2', 6'), 5.97
(d, J = 3.4 Hz, 2H, H-OCH,0), 5.18 (dd, /=5.9, 3.5
Hz, 1H, H-4),4.79 (d, /= 6.1 Hz, 1H, H-NH), 4.55 (d,
J=3.8 Hz, 1H, H-1),4.47-4.37 (m, 1H, H-11), 3.91
(dd, J=12.3,7.6 Hz, 1H, H-11), 3.78 (s, 3H, H-4"),
3.74 (s,6H,H-3',5"),3.59 (d,/J=5.3 Hz, 4H, H-N"
H,), 3.56 -3.47 (m, 4H, H-N"H,), 2.95 (d, J = 3.3 Hz,
2H, H-2, 3); HR-ESI-MS:m/z 603.246 1 for [M+Na]
*(caled for C;,H3sN,Og", 603.244 9),

56 K, P2 5111 mg, 725 85% ,mp.
167 C-168 °C;'H NMR (400 MHz, CDCl;) & 7.28 (dd,
J=28.7,7.3 Hz, 2H, H-3", 5"-Ar), 6.91 (d, J=8.7 Hz,
3H, H-2",4",5"-Ar), 6.84 (s, 1H, H-5), 6.50 (s, 1H,
H-8), 6.28 (s, 2H, H-2', 6'), 5.96 (dd, J = 6.3, 1.1 Hz,
2H, H-0CH,0), 5.18 (dd, J = 6.0, 3.6 Hz, 1H, H-4),
4.84 (d, J=6.2 Hz, 1H, H-NH), 4.56 (d, /= 4.0 Hz,
1H, H-1), 4.49-4.37 (m, 1H, H-11), 3.97-3.87(m, 1H,
H-11), 3.78 (s, 3H, H-4"), 3.74 (s, 6H, H-3", 5"), 3.54

(d, J=5.1 Hz, 4H, H-N"CH,), 3.17 (t, /= 5.1 Hz, 4H,
H-N"CH,), 2.95 (d, J = 4.0 Hz, 2H, H-2, 3); HR-ESI-
MS:m/z 624.231 4 for[M+Na]*(caled for C3;3H3sN;NaOyg”,
624.231 6),

5¢: H O EK, 72 530.3 mg, /=& 87% ,m.p.
164 C-165 °C;'H NMR (400 MHz, CDCl;) 8 7.82 (d, J
= 8.9 Hz, 2H, H-3"-Ar), 6.89-6.76 (m, 3H, H-5, 2"-
Ar), 6.44 (s, 1H, H-8), 6.27 (s, 2H, H-2', 6"), 5.93 (dd,
J=14.3,0.9 Hz, 2H, H-OCH,0), 5.29 (d, J=6.5 Hz,
1H, H-4), 5.21 (dd, J=6.3,4.4 Hz, 1H, H-NH), 4.48
(d, J=4.8 Hz, 1H, H-1), 4.43 (dd, J=9.0, 7.4 Hz, 1H,
H-11), 3.97-3.89 (m, 1H, H-11), 3.76 (s, 3H, H-4"),
3.73(s, 6H, H-3", 5"), 3.64 — 3.56 (m, 4H, H-N'CH,),
3.43-3.32 (m, 4H, H-N"CH,), 3.07-2.83 (m, 2H, H-2,
3),2.46 (s, 3H, H-COCH;); HR-ESI-MS:m/z 644.284 9
for [M+H]*(caled for C3;3H3xN;04%,644.260 3)

6a: H @ [E A, 7= & 472.7 mg, /7 90% ,m.p.
153 C-154 °C;;'H NMR (400 MHz, CDCl,) 8 6.81 (s,
1H, H-5), 6.50 (s, 1H, H-8), 6.29 (s, 2H, H-2', 6"),
597 (d, J=4.6 Hz, 2H, H-OCH,0), 5.15 (d, J=2.4
Hz, 1H, H-4), 4.71 (d, /= 6.0 Hz, 1H, H-NH), 4.54 (d,
J=3.5Hz, 1H, H-1), 4.45-4.37 (m, 1H, H-11), 3.96—
3.85 (m, 1H, H-11), 3.77 (s, 6H, H-3",5"), 3.52-3.33
(m, 4H, H-N"CH,), 2.92 (d, J= 1.9 Hz, 2H, H-2, 3),
2.44 (t, J = 5.0 Hz, 4H, H-N"CH,), 2.34 (s, 3H, H-N"
CH3); HR-ESI-MS:m/z 548.201 0 for [M+Na]*(caled for
Cx»H3N3NaOy', 548.200 3).
22 AL RSN EEAE K 1A
A5 X B ZGIRFEITT (VP-16) XF K562 Al
Hela ZAJIRRAY LG BTG PESE R, ol Iw2DAE H 8 N H
Bk G W S 7 H A [ R B ) 0T 79 o e e 2 e A=
KA, AR SIS T VP-16 1.
£1 KL EY3T Hela 1 K562 8IS 5E RN HIE 1 (x5, n=3)
Tab 1 Inhibitory activity of target compounds against Hela cell and

K562 proliferation(x+s, n=3)

e 1Cs/( pmol/L.)
K562 Hela
5a 25.6 17.3
sh >100 494
Sc 543 12.5
5d 273 23.1
Se 436 134
st 8.6 14.1
5¢ >100 >100
6a 10.6 10.8
VP-16 17.5 21.1
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3 'LTJ' 'L/[,: dichloroplatinum (II) complexes of podophyllotoxin[J]. Bioorg Med
31 (5\}35(‘7‘]—/‘% zlgjc%ﬂj‘l CDI gﬁé\%%}&ﬂﬁ(%% Chem Lett, 2013, 23(13): 3780
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B2 PR 5 W R, AN Gy 8 F A .
Jof I R AN BT R K, 75 W) 4 [ 37 BELSE 1 7= 538 A
FEALEE ; FRRARIL B 4 RRRE R G o, N
P AN 52 97 2

3.2 Mk FR VP-16 XAIKSLIAT , A
L HPIFA], I PR R /N B a i) — 26k 7 24

Y,

P VP-16 /520 P24 2 d T A IR IR L)z

T, LA R HFEA B A 5 9 1 B 3 O, REAS UED]

i R RROCRR R 3 o ARG 1 PR 25 BLEE R nl

FEH, (LEW 5 b FLEYr 5 o il g 2 i g
BEAE IR 22 | M 2 1E PN R P PP AR R 19 5 | A REAIR
THUREEM: . b 6 a F1 S £ BOPRSIMIT IR TS PEER
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LA ARG 2, 51 AR IR T7 A BRAR S 4

T

PEZRIREFR I 5 AR T 5 T 1 35 =GR I
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