% 4”) qt % DOI: 10.6023/cjoc201312029 ARIEX

Chinese Journal of Organic Chemistry

ARTICLE

RAFZFLTAFNETEDNI SR EARSEENR
AEEF O REEY FRE" O KEMS

(RGBT 650500)
C TR RFHE T ARG TS B 650091)

WE MR RRBR, B ER A RS LA R T 9 ANE R 9 OGRS, A4 TH NMR, °C
NMR, IR, HR-ESI-MS L J X B i o, St& g &7 1 s pubmis s v i ie, 4508, ey 10
BATAF I AN A5 35 M, TCso fH N 2.63~4.73 umol/L, Xt 4 Fr4i ik 3G 0 T 04A, nl LULE N e Sk ek
IR G5 A A RN B RN RS MR A

KB REER, TUTEAS, gaE; g

Synthesis and Cytotoxic Activity of Podophyllotoxin Five-Membered
N-Heterocyclic Derivatives

Zhu, Peifang” Zhao, Jingfeng™*” Yang, Xiaodong” Zhang, Hongbin”
(“ Experimental Center, Yunnan University of Traditional Chinese Medicine, Kunming 650500)
(® Key Laboratory of Medicinal Chemistry for Natural Resource Ministry of Education, Yunnan University, Kunming 650091)

Abstract Nine novel podophyllotoxin five-membered N-heterocyclic derivatives have been prepared from commercially
podophyllotoxin. Their structures were confirmed by 'H NMR, '*C NMR, IR, HR-ESI-MS and X-ray crystallographic analy-
sis. These derivatives have been evaluated in vitro against a panel of human tumor cell lines. Compound 10 (ICs,: 2.63~4.73
umol/L) showed superior cytotoxic activity compared with DDP (a clinically available anticancer drug) in four human tumor

cell lines investigation, which is to be a lead compound for further structural modifications and activity research.
Keywords podophyllotoxin; five-membered N-heterocycles; structure modification; cytotoxic activity
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Figure 1 Synthesis and structures of podophyllotoxin nitrogen-containing derivatives 2~9
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Figure 3  Synthesis of podophyllotoxin nitrogen-containing

derivatives 10
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Figure 2 X-ray crystal structures of compound 9
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Figure 4 X-ray crystal structures of compound 10

REW, EW 3 M9 A M pasistt ey
10 FLAT B U A4 i #53E ME, 1Cso 1E0 2.63~4.73 pmol/L,
Fx HL-60 Ab, XS 4 Fhai b s TR0 T is, W&
1.

R1 AW 3, 9 R 10 ARSI S A [1C e/ (wmole
L*l)]u

Table 1 Cytotoxic activities of compounds 3, 9 and 10 in vitro
[ICs/(molsL "]

Compd. HL-60 SMMC-7721 A-549 MCF-7 SW480
3 4.33 >40 6.83 5.02 13.84
9 28.13 >40 23.27 28.47 27.21
10 2.63 4.13 4.73 4.15 2.65
DDP 2.03 13.54 12.56 18.65 19.70
@ SEICEE ) = ROV AT S T
2 it

AT B3 R, T A 0 A i 28 A
T 9 AR R R R LT BRI AEY), Haie
'H NMR, C NMR, IR, HR-ESI-MS L\ & X B 575
. A AL G W REAT T AR SN R i R ) O
GERR, LAY 10 BB #E0E 1, 1Cs [H-h
2.63~4.73 pmol/L, & HL-60 #b, JLXF 4 Fhd fobk )%
PERIOL TR, wT DAE N S S EPIES — P 145 E
I AYNG R e TS
3 KEIHN
3.1 UEHIKF

Bruker 300 JEHI 500 JEAZ M IARIL; AutoSpec Pre-
mier P776 XK £ — i B 5% 1 ; BRUKER TEN-
SOR27 3R 4 vh 21 A6 151, APEX 11 DUO XUt
FOARRTIA HOETINLIE sS4 WRS-2  FIRERS 2 R4
AR /A ], Heidolph BEREZERAL; 7 5ifgdEib 1) 4
PRI IR, MUK GF254; T Bl 1) AEr= 1
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FZHHER(100~200 H), AT I R bral.
B E R AR ERAR, £ 'H NMR, "C
NMR R R AR (i 58, &a=98%. KM sr#r &
fil, CAS: 288-32-4, ihIsmliggnt b TR AR Ar", #
BT FE LRI DA T 5 2- FE IR, 2- 2 JE ke, KT F
BRI, 1,2,4- =% M. 1,2,3- =%, 4-FFSEBKIE . nipms
BN B RIBAFHARA R 2 &) 1 35
32 XWAHE
3.2.1 ALe 2~9 e T ik

P14 %£(0.83 g, 2 mmoL)J# T- 100 mL [F K,
I 50 mL —=&H4e, D2 mAd & = S&0T280
ul, 2.0 equiv.), F¥E FHFE 12 h, TLC WA & W 5Em. I
JE RO L, AN B R RSB (1.8~2.0
equiv.) 150 mL H 2R, Ik mlgndi s 24 ~48 h, TLC A
SN SE R, Yk [T 7, R IR AT J2 T, HA
1= L8 LR AT - N BER FEVEM, 73 5 204015 217 1)
2~9.

a2 ABRAR, F=F 44%. mp. 246~254 C;
'H NMR (300 MHz, CDCly) 8: 7.72 (s, 1H), 7.25 (s, 1H),
7.02 (s, 1H), 6.47 (s, 2H), 6.38 (s, 1H), 5.99 (s, 1H), 5.90
(d, J=0.9 Hz, 1H), 5.88 (s, 1H), 5.02 (d, J=10.9 Hz, 1H),
4.29 (dd, J=10.0, 5.3 Hz, 1H), 4.20 (d, J=5.0 Hz, 1H),
4.11 (d, J=9.9 Hz, 1H), 3.86 (s, 3H), 3.85 (s, 6H), 3.28
(dd, /=84, 5.1 Hz, 1H), 3.12~3.07 (m, 1H); “C NMR
(75 MHz, CDCLy) o: 176.8, 154.1, 148.2, 147.8, 139.6,
137.7, 131.1, 128.9, 138.0, 131.4, 118.0, 109.5, 106.1,
105.3, 101.8, 69.3, 61.2, 57.1, 56.6, 46.6, 43.8, 41.4; IR
(KBr) v: 3441, 3130, 3013, 1773, 1634, 1471, 1400, 1245,
1166, 1127, 1037, 999, 923 cm™'. HR-ESI-MS calcd for
C,sHasN,O; [M+1]" 465.1662, found 465.1681.

&Y 3: ATKAR, % 9%. mp. 265~267 C;
'H NMR (300 MHz, CDCly) 8: 7.09 (s, 1H), 6.82 (s, 1H),
6.46 (s, 2H), 6.33 (s, 1H), 5.85 (s, 3H), 4.88 (d, J=11.1
Hz, 1H), 429~4.24 (m, 1H), 4.17 (d, J=5.1 Hz, 1H),
4.03 (d, J=9.9 Hz, 1H), 3.84 (s, 3H), 3.79 (s, 6H), 3.26
(dd, J=8.4, 5.1 Hz, 1H), 3.10~3.04 (m, 1H), 2.42 (s, 3H);
C NMR (75 MHz, CDCl;) d: 176.7, 153.8, 147.8, 147.5,
146.2, 139.3, 137.4, 131.0, 129.3, 128.7, 116.3, 109.3,
105.9, 104.7, 101.5, 68.8, 61.0, 56.3, 55.2, 46.5, 43.6, 40.9,
13.6; IR (KBr) v: 3590, 3431, 2933, 1779, 1593, 1505,
1482, 1466, 1425, 1339, 1266, 1255, 1241, 1174, 1156,
1126, 1036, 1008, 983, 933 cm '. HR-EI-MS calcd for
CaHa6N,05 478.1740, found 478.1732.

& 4: AEBA, PF 11%. mp. 219~221 C;
'H NMR (300 MHz, CDCl5) 8: 7.12 (s, 1H), 6.80 (s, 1H),
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6.46 (s, 2H), 6.32 (s, 1H), 5.84 (d, J=9.0 Hz, 3H), 4.89 (d,
J=10.8 Hz, 1H), 4.26 (dd, J=9.6, 5.1 Hz, 1H), 4.15 (d,
J=4.5 Hz, 1H), 4.01 (d, J=9.9 Hz, 1H), 3.83 (s, 3H), 3.82
(s, 6H), 3.29~3.25 (m, 1H), 3.06 (d, J=10.8 Hz, 1H),
2.71 (d, J=4.5 Hz, 2H), 1.34~1.30 (m, 3H); *C NMR (75
MHz, CDCls) d: 176.8, 153.9, 151.1, 147.8, 147.4, 139.3,
137.4, 131.1, 129.3, 129.0, 116.0, 109.3, 105.9, 104.7,
101.5, 68.6, 61.0, 56.3, 54.6, 46.5, 43.7, 41.2, 20.6, 12.6;
IR (KBr) v: 3427, 2975, 2938, 2911, 1774, 1593, 1504,
1482, 1465, 1426, 1339, 1266, 1255, 1240, 1171, 1155,
1128, 1037, 1008, 932 cm ~'. HR-EI-MS calcd for
C,7HsN,0- 492.1897, found 492.1886.

waEY 5 AR, 7% 5%. mp. 168~170 C;
'H NMR (300 MHz, CDCLy) d: 7.73 (s, 2H), 7.53 (s, 1H),
7.36 (d, J=6.3 Hz, 3H), 6.60 (d, J=16.5 Hz, 2H), 6.34 (s,
2H), 5.95 (d, J=6.6 Hz, 2H), 5.84 (d, J=3.9 Hz, 1H), 4.77
(d, J=4.2 Hz, 1H), 4.30~4.25 (m, 1H), 3.79 (s, 3H), 3.73
(s, 6H), 3.26~3.25 (m, 2H); *C NMR (75 MHz, CDCl;)
5: 173.2, 152.7, 149.4, 148.3, 142.9, 142.2, 137.4, 134.5,
133.3, 131.5, 125.3, 124.0, 123.4, 120.8, 110.3, 109.0,
108.8, 108.3, 102.0, 67.7, 60.8, 56.3, 53.6, 43.6, 41.6, 38.0;
IR (KBr) v: 3432, 2906, 1781, 1588, 1505, 1485, 1456,
1419, 1394, 1332, 1284, 1262, 1237, 1192, 1159, 1125,
1095, 1035, 1003, 759, 745 cm '. HR-EI-MS caled for
CaoH6N,05 514.1740, found 514.1735.

wEe6: AEBA, 7% 10%. mp. 107~109 C;
'H NMR (300 MHz, CDCl5) : 7.61 (s, 1H), 6.67 (s, 1H),
6.46 (s, 2H), 6.37 (s, 1H), 6.05 (s, 1H), 5.90 (d, J=6.6 Hz,
2H), 4.90 (d, J=10.8 Hz, 1H), 4.31~4.26 (m, 1H), 421~
4.19 (m, 1H), 4.16~4.12 (m, 1H), 3.87 (s, 3H), 3.85 (s,
6H), 3.25 (dd, J=8.4, 5.1 Hz, 1H), 3.09~3.02 (m, 1H),
2.29 (s, 3H); °C NMR (75 MHz, CDCly) d: 176.6, 153.9,
147.9, 147.5, 140.4, 139.5, 137.4, 136.9, 130.7, 128.6,
114.0, 109.3, 105.8, 105.2, 101.5, 69.1, 61.0, 56.7, 56.4,
46.4,43.5,41.0, 14.1; IR (KBr) v: 3431, 2942, 1776, 1628,
1592, 1503, 1481, 1463, 1427, 1383, 1361, 1338, 1253,
1237, 1153, 1125, 1038, 1006, 934, 752 cm™'. HR-EI-MS
calcd for C,sH,6N,O5 478.1740, found 478.1738.

WwEW T ABKMAR, 1% 27%. mp. 113~115 C;
'H NMR (300 MHz, CDCly) d: 7.56 (s, 1H), 7.18 (s, 1H),
6.62 (d, J=10.8 Hz, 2H), 6.33 (s, 2H), 6.27 (dd, J=3.9,
2.1 Hz, 1H), 5.98 (d, J=10.8 Hz, 2H), 5.72 (d, J=5.1 Hz,
1H), 4.72 (d, J=4.8 Hz, 1H), 4.31 (dd, J=15.3, 7.2 Hz,
1H), 3.80 (s, 3H), 3.75 (s, 6H), 3.39~3.32 (m, 1H), 3.20~
3.15 (m, 1H), 3.13~3.08 (m, 1H); *C NMR (75 MHz,
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CDCLy) d: 174.1, 152.8, 149.0, 147.9, 140.4, 137.4, 134.9,
133.1, 129.7, 126.5, 110.3, 109.1, 108.3, 106.1, 101.8,
67.9, 60.8, 59.6, 56.4, 43.8, 41.9, 38.0; IR (KBr) v: 3432,
2907, 1778, 1588, 1506, 1485, 1458, 1418, 1391, 1333,
1237, 1186, 1159, 1126, 1095, 1037, 1001, 942, 930, 773,
764 c¢cm '. HR-EI-MS caled for C,sH,N,O, 464.1584,
found 464.1579.

wEY 8 AEkR, 7% 25%. mp. 134~136 C;
'H NMR (300 MHz, CDCls) 6: 7.98 (s, 1H), 7.86 (s, 1H),
6.60 (d, J=6.9 Hz, 2H), 6.30 (s, 2H), 6.00 (d, J=9.3 Hz,
2H), 5.77 (d, J=4.8 Hz, 1H), 4.73 (d, J=4.5 Hz, 1H), 4.34
(dd, J=16.2, 7.5 Hz, 1H), 3.79 (s, 3H), 3.74 (s, 6H), 3.41
(dd, J=19.5, 10.2 Hz, 1H), 3.31~3.25 (m, 1H), 3.21~
3.14 (m, 1H); *C NMR (75 MHz, CDCl;) 6: 173.4, 152.9,
152.7, 149.4, 148.1, 143.6, 137.6, 134.5, 133.4, 124.8,
110.6, 108.8, 108.3, 102.0, 67.4, 60.8, 58.2, 56.4, 43.7,
41.5, 37.2; IR (KBr) v: 3441, 2939, 2909, 1779, 1588,
1505, 1486, 1459, 1419, 1391, 1333, 1275, 1238, 1192,
1159, 1127, 1095, 1036, 1004, 956, 930, 774, 675 cm ™"
HR-EI-MS caled for CyuHyN;O0,; 465.1536,
465.15217.

WwEY9: AEkR, F7% 24%. mp. 133~135 C;
'H NMR (400 MHz, CDCly) 6: 7.73 (s, 1H), 6.63 (d, J=
19.4 Hz, 2H), 6.32 (s, 2H), 6.15 (d, J=4.2 Hz, 1H), 6.01
(d, J=11.0 Hz, 2H), 4.76 (d, J=4.9 Hz, 1H), 4.41 (s, 1H),
3.82 (s, 3H), 3.77 (s, 6H), 3.27~3.04 (m, 3H); *C NMR
(100 MHz, CDCly) 6: 173.1, 152.8, 150.7, 149.4, 148.1,
1342, 133.9, 133.2, 124.7, 123.8, 110.5, 108.8, 108.2,
102.0, 67.4, 60.8, 58.4, 56.3, 43.6, 41.6, 37.2; IR (KBr) v:
3443, 2933, 2918, 1786, 1713, 1591, 1508, 1487, 1459,
1421, 1389, 1334, 1322, 1237, 1187, 1159, 1126, 1093,
1056, 1035, 1012, 1002, 930 cm '. HR-EI-MS calcd for
Ca4H23N;05 465.1536, found 465.1531.

322 ALE 10 896 ik

&) 2 (93.8 mg, 0.21 mmol) T 100 mL 1) JEE e
b, A (85.2 mg, 3.0 equiv.)fl I 4EAT 50 mL
(R, InFARIAE N 48 h 5, TLC YEI & . 76 R JE
BN v DU SR A A b . fhgk, FHHOR
Z BB E AT Y, BB HEY) 10 (1209 mg),
WA 95%.

&Y 10: REE K, 772% 95%. mp. 189.5~
206.4 'C; '"H NMR (500 MHz, DMSO-d;) J: 8.69 (s, 1H),
7.86 (s, 1H), 7.75 (s, 1H), 6.74 (s, 1H), 6.66 (s, 1H), 6.45
(s, 2H), 6.08 (s, 1H), 6.06 (s, 1H), 5.68 (d, J=6.5 Hz, 1H),
4.54 (q, J=16.7, 2.6 Hz, 1H), 432 (d, J=4.2 Hz, 1H),

found
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4.20 (dd, J=9.9, 1.4 Hz, 1H), 3.95 (dd, J=9.3, 43 Hz,
1H), 3.76 (s, 6H), 3.69 (s, 3H), 3.66 (s, 3H); "C NMR (125
MHz, DMSO-ds) &: 177.5, 153.1, 148.5, 147.3, 137.7,
137.5, 1364, 133.1, 125.0, 124.7, 121.2, 110.0, 108.1,
105.4, 102.0, 70.0, 60.0, 59.5, 56.3, 43.5, 43.3, 39.7, 36.1;
IR (KBr) v: 3628, 3506, 3055, 2893, 2836, 1947, 1758,
1626, 1583, 1500, 1390, 1334, 1254, 1204, 1133, 1039,
994, 930 cm '. HR-ESI-MS calcd for CogH,:N,O7 [M—1]"
479.1813, found 479.1828.
3.3 HEWNEMHIE

REGEREALEY 1~9 Gk aifb g i) %5 )5,
BEATT 5 FhIM e A0 A PR, PR AT AR A 1 1l
Wi ERE e FLBRORANSE e, R0 MTT i
WAMAETE. I 10%J5R 24 M5 15 7R (DMEM. 8%
RMPI1640)RC 8 A4 g, LABEFL 5000~10000 4~
AN RRR 2] 96 fLAR, BEFLAARL 100 uL, WHEAT 5
12 h Pl I ([ 2 IR 40 pmol/L HIF, (%I xS i
Tog 4 ML AR 7 S0% BRI AL A 41 5 AR BEHE AL
BESG), BALAAARL 200 pL, BERPALER R 3 AL
37 CHiFE 48 h i, LI MTT % 20 L. 4kEL07 7 4
h, ZOERTE, WOoFALAETIR BRI, BEALIN 200 L fY
SDS #ifi(10%), R H AL 37 C), 4z
flfie. JEHE 595 nm K, BRI S A Y (Bio-Rad 680)
BRI AL, g 2R, DR AR RR, 40
35 2 R P AR bR 22 AN e A A it 2, T R (Reed
A1 Muench %) TH5AL B P 1Cs, fH.
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