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Supporting Information

Table S1. Calculated docking of the complex of podophyllum derivatives with tubulin/Topo II.

Energy ) Energy )
C d H- — C d H- _

ompoun ( -keal/mol) bond n—mn packing ompoun ( -keal/mol) bond n—mn packing
1S 2.11 ; Ser A178 'S 6.51 Asp B479 Arg B503, DG D13
IN 4.03 Asn B258 Lys B352 I'N 3.04 AspBa79  ArEBS, DT§f3’ DADI2, DG
28 4.99 Lys B254 Leu B248 2'S 10.26 Asp B479 Arg B503, DT F9, DG D13
2N 5.72 Lys B352 Leu B255, Lys B352 2N 6.15 Asp B479 Arg B503, DA D12, DG D13
38 437 Ser A178 AlaB316 3'S 3.86 Asp B479 Arg B503, DT F9, DG D13
3N 3.87 Asn gizi Thr Leu B248 3N 5.58 Asp B479 Arg B503, DT F9, DG D13
48 2.90 Thr A179 Lys B254 4'S 4.52 Asp B479 Arg B503, DT F9, DG D13
4N 2.45 Asn B258 Lys B352 4N 2.69 Asp B479 Arg B503, DT F9, DG D13
58 6.45 Lys B254 Lys B254 5'S 5.10 Asp B479 Arg B503, DT F9, DG D13
5N 6.13 ; Leu B248 5'N 4.12 Asp B479 Arg B503, DA D12, DG D13
63 6.28 Lys B352 ; 6'S 8.42 Asp B479 Arg B503, DT F9, DG D13
6N 3.14 Leu B255 ; 6'N 8.10 Asp 35‘1739’ DG Are BS03, DADI2, DG DI3
78 .03 ; ; 7S 7.23 ; ;
7N 237 Thr B353 ; 7N -6.25 DC ES DT F9, DA D12
8S -1.49 ; ; 8'S 423 Lys B456 Arg B503
8N 537 ; Leu B248 N -6.43 ; Arg B503, DT F9
98 -10.00 ; ; 'S -7.26 Lys B456 Arg B503
ON “11.04 Leu B255 ; 9N 5.32 ; Arg B503

PTOX 4.11 Leu B248 Ala B316 VP-16 6.38 Asp B479 Arg B503, DC E8, DG D13
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Figure S1. Effects of podophyllum derivatives on the HeLa cell cycle arrest and apoptosis induce. (A)
Compound 4B-S-(1, 3, 4-trizole-2)-4-deoxy-podophyllotoxin (Compound 1S), Compound
4B-NH-(1, 3, 4-trizole-2)-4-deoxy-podophyllotoxin  (Compound 1N), 4B-S-(1, 3,
4-trizole-2)-4-deoxy-4'-demethylepipodophyllotoxin  (Compound 1'S) and Compound
4B-NH-(1, 3, 4-trizole-2)-4-deoxy-4'-demethylepipodophyllotoxin (Compound 1'N) arrested
cell cycle in HeLa cells in a dose- and time-dependent manner at the concentration of 0, 0.1, 1,
and 5 uM for 6, 12, 24, and 48 h, respectively. Compared with the cells incubated with no
drug, the treatment of Compounds 1S and IN did not induce the G»/M phase arrest at a lower
concentration of 0.1 uM. However, the percentage of G,/M phase cells was accumulated
significantly to about 80% at 48 h when the concentration was increased to 1 pM. And then
the percentage of G»/M phase cells continuously increased to the maximum about 80-90% at
the higher concentration of 5 uM after the incubation of 48 h. Corresponding to Compounds
IS and IN, the comparison between Compound 1'S and 1'N showed the similar trend that
Compound 1'S was superior than Compound 1'N to arrest the cell cycle. (B) Compound 18,
IN, 1'S, and 1'N induced cell apoptosis in HeLa cells in a dose- and time-dependent manner at
the concentration of 0, 0.1, 1, and 5 uM for 6, 12, 24, and 48 h, respectively. Symbols: the
negative control without adding Compounds 1S, IN, 1'S and I'N (0 uM), Compound 1S
(black triangle, A), Compound IN (open triangle, /), Compound 1'S (black circle, ), and

Compound I'N (open circle, 0).
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180 1.3. '"H-"H COSY diagram of compound 3.
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183 1.4. HMBC diagram of compound 3S.
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1.6. MS spectrum of compound 3S.
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4B-S-(pyridine-2)-4-deoxy-podophyllotoxin (3S).

"H NMR (400 MHz, CDCls, 8): 8.40 (d, J = 4.0 Hz, 1H), 7.52 (t, J = 4.0 Hz, 1H), 7.18 (d, J = 8.0 Hz, 1H), 7.05
(t, J = 4.0 Hz, 1H), 6.95 (s, 1H), 6.46 (s, 1H), 6.33 (s, 2H), 5.95 (d, J = 8.0 Hz, 2H), 5.57 (d, J = 4.0 Hz, 1H),
4.60 (d, J = 4.0 Hz, 1H), 4.34 (t, J = 8.0 Hz, 1H), 3.86 (t, J = 8.0 Hz, 1H), 3.80 (s, 3H), 3.76 (s, 6H), 3.25-3.21
(m, 2H); *C NMR (101 MHz, CDCl, 8): 174.83, 157.95, 152.50 (2C), 147.99, 147.89, 147.25, 137.05, 136.37,
135.70, 132.37, 128.41, 121.51, 120.25, 110.09, 109.84, 108.23 (2C), 101.46, 71.01, 60.76, 56.21 (2C), 45.63,
43.77, 42.50, 37.12.

ESI-MS: calc’d for C,;H,sNO,S [M+H]': 508.14, found 508.14 [M-+H]".
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2.1."H NMR spectrum of compound 4S.
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214
215 2.3.'H-"H COSY diagram of compound 4S.
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224 2.5. HSQC diagram of compound 48S.
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230  4pB-S-(pyrimidine-2)-4-deoxy-podophyllotoxin (4S)

231 "H NMR (400 MHz, CDCls, 8): 8.57 (d, J = 4.0 Hz, 2H), 7.08 (t, J = 4.0 Hz, 1H), 6.97 (s, 1H), 6.48 (s, 1H),
232 6.34 (s, 2H), 5.97 (d, J = 8.0 Hz, 2H), 5.45 (d, J = 4.0 Hz, 1H), 4.62 (d, J = 4.0 Hz, 1H), 4.39 (t, J = 8.0 Hz, 1H),
233 3.88 (t, J = 8.0 Hz, 1H), 3.81 (s, 3H), 3.77 (s, 6H), 3.30-3.23 (m, 2H); '*C NMR (101 MHz, CDCl;, 5): 174.45,
234 171.37, 15745 (2C), 152.54 (2C), 148.10, 147.38, 137.22, 135.57, 132.48, 127.54, 117.38, 110.15, 109.92,
235  108.38 (2C), 101.52, 70.68, 60.73, 56.26 (2C), 47.13, 43.75, 42.40, 37.01.

236 ESI-MS: calc'd for C,6H24N,0,S [M+H]": 508.13, found 508.31 [M+H]"; calc'd for C»H,4N,0;S [M+H]":
237 509.54, found 509.13 [M+2H]; calc'd for CH24N,0,S [M+Na]": 531.53, found 531.11 [M+Na]"; calc'd for
238 CyH24N,0,S [M+2Na+2K-2H]": 629.16, found 629.13 [M+2Na+2K-2H]".
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3.1. "H NMR spectrum of compound 5S.
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249

250 3.3. "H-'"H COSY spectrums for compound 5S.
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257 3.5. HSQC spectrums for compound 5S.

T IN IR

il

1 [pprm)

- s F110
—t 120
130
140
9.‘0 Bj5 8;0 ?.IS ?iD 6.‘5 G.IO f25.I5 5.‘0 4.‘5 4;0 3;5 3.ID 2.‘5 2;0
258 (ppm)
259 3.6. MS spectrum of compound 58S.
_ri; r o
[~ 1.3
148 4 L 4
14 4
u e
20108
[ .+ -3
w e . L i
200 200 00 200 800 0 mx
260

261 4B-S-(benzothiazole-2)-4-deoxy-podophyllotoxin (5S)

262 'H NMR (400 MHz, CDCls, 6): 7.86 (d, J = 8.0 Hz, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.45 (t, J = 8.0 Hz, 1H), 7.35
263 (t,J = 8.0 Hz, 1H), 7.01 (s, 1H), 6.50 (s, 1H), 6.33 (s, 2H), 6.99 (d, J = 8.0 Hz, 2H), 5.77 (d, J = 4.0 Hz, 1H),
264  4.63 (d, J = 4.0 Hz, 1H), 4.47 (t, J = 8.0 Hz, 1H), 3.99 (t, J = 8.0 Hz, 1H), 3.82 (s, 3H), 3.78 (s, 6H), 3.43-3.34
265  (m, 1H), 3.24-3.19 (m, 1H); *C NMR (101 MHz, CDCl;, 8): 174.29, 165.32, 152.60 (2C), 148.43 (2C), 147.49,
266 135.28, 135.18, 132.73, 126.95, 126.31, 124.85 (2C), 121.40, 121.30, 110.15, 110.01, 108.31 (2C), 101.65, 70.79,
267  60.76,56.28 (2C), 49.64, 43.74, 42.58, 37.14.

268  ESI-MS: calc’d for C;0H,sNO;S, [M+H]": 564.11, found 564.02 [M+H]".
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H NMR spectrum of compound 6S.
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4.3. "H-'H COSY spectrums for compound 6S.
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4.5. HSQC spectrums for compound 6S.
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4.6. MS spectrum of compound 6S.
I
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4B-S-(purine-6)-4-deoxy-podophyllotoxin (6S)

"H NMR (300 MHz, CDCls, 5): 6.87 (s, 1H), 6.54 (s, 1H), 6.27 (s, 2H), 5.99 (d, J = 9.0 Hz, 2H), 5.29 (s, 1H),
4.86 (d, J=9.0 Hz, 1H), 4.59 (d, J = 9.0 Hz, 1H), 4.37 - 4.32 (m, 1H), 3.79 (s, 3H), 3.73 (s, 6H), 3.28 (dd, J ;=
16.0 Hz , J = 6.0 Hz, 1H), 3.212-3.177 (m, 1H); *C NMR (75 MHz, CDCl,, 8): 175.03 (2C), 152.55 (2C),
148.53, 147.47 (2C), 137.14, 135.05 (2C), 131.94, 131.85, 110.48 (2C), 108.97, 108.16 (2C), 67.61, 66.72, 60.74,
56.23 (2C), 53.42, 47.258, 43.89, 40.47, 38.27.

ESI-MS: calc’d for C,;H4N,0,;S [M+H]": 549.14, found 549.14 [M+H]".
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H NMR spectrum of compound 3'S.
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307 5.3. '"H-'"H COSY spectrums for compound 3'S.
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309 5.4. HMBC spectrums for compound 3'S.
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316 5.5. HSQC spectrums for compound 3'S.
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318 5.6. MS spectrum of compound 3'S.
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319
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321 4B-S-(pyridine-2)-4-deoxy-4'-demethyl-podophyllotoxin (3'S)

322 '"H NMR (400 MHz, CDCl;, 8): 8.40 (d, J = 4.0 Hz, 1H), 7.52 (t, J = 8.0 Hz, 1H), 7.18 (d, J = 8.0 Hz, 1H), 7.05
323 (t, J = 8.0 Hz, 1H), 6.94 (s, 1H), 6.46 (s, 1H), 6.34 (s, 2H), 5.96 (d, J = 12.0 Hz, 2H), 5.56 (d, J = 4.0 Hz, 1H),
324  5.35(s, 1H), 4.59 (d, J = 4.0 Hz, 1H), 4.33 (t, J = 8.0 Hz, 1H), 3.85 (t, J = 8.0 Hz, 1H), 3.79 (s, 6H), 3.33-3.20
325  (m, 2H); *C NMR (101 MHz, CDCl;, 5): 174.89, 157.98, 149.29, 147.89, 147.21, 146.34 (2C), 136.37, 133.92,
326 132.55, 131.18, 128.40, 121.52, 120.24, 110.04, 109.85, 107.90 (2C), 101.44, 70.98, 56.43 (2C), 45.64, 43.61,
327  42.61,37.05.

328  ESI-MS: calc’d for C56Hp;3sNO;S [M+H]': 494.12, found 494.00 [M+H]".
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331 6.1. "H NMR spectrum of compound 4'S
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333 6.2. "C NMR spectrum of compound 4'S.
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356 6.3. '"H-'"H COSY spectrums for compound 4'S.
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361 6.5. HSQC spectrums for compound 4'S.
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365  4B-S-(pyrimidine-2)-4-deoxy-4'-demethyl-podophyllotoxin (4'S)

366 'HNMR (300 MHz, CDCls, 8): 8.468 (d, J = 7.2 Hz, 1H), 7.599 (t, J = 6.9 Hz, 1H), 7.253 (d, J = 7.8 Hz, 1H),
367  7.122 (t, J = 6.0 Hz, 1H), 6.998 (s, 1H), 6.512 (s, 1H), 6.388 (s, 2H), 6.009 (d, J = 7.2 Hz, 2H), 5.643 (t, J = 6.0
368  Hz, 1H), 4.645 (d, J = 4.2 Hz, 1H), 4.391 (t, J = 8.1 Hz, 1H), 3.897 (t, J = 9.0 Hz, 1H), 3.837 (s, 6H),
369 3.359-3.240 (m, 2H); "C NMR (75 MHz, CDCl;, 8): 175.170, 158.169, 149.399, 148.178, 147.469, 146.617,
370 136.854, 134.157, 132.823, 131.404, 128.566, 121.896, 120.562, 110.316, 110.118, 108.131 (2C), 101.717,
371 71.234,56.674 (2C), 46.031, 43.845, 42.852, 37.317.

372 ESI-MS: calc'd for C;sH2,N,04S [M+H]': 496.11, found 496.00 [M+H]".
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H NMR spectrum of compound 5'S.
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7.6. MS spectrum of compound 5'S.
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4B-S-(benzothiazole-2)-4-deoxy-4'-demethyl-podophyllotoxin (5'S)

"H NMR (400 MHz, CDCl;, 5): 7.88 (d, J = 8.0 Hz, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.46 (t, J = 8.0 Hz, 1H), 7.35
(t, J=8.0 Hz, 1H), 7.27 (s, 1H), 6.56 (s, 1H), 6.40 (s, 2H), 6.00 (d, J = 8.0 Hz, 2H), 5.59 (d, J =4.0 Hz, 1H),
4.65 (d, J = 4.0 Hz, 1H), 4.34-4.25 (m, 2H), 3.80 (s, 6H), 3.13-3.02 (m, 1H), 2.96-2.91 (m, 1H); *C NMR(101
MHz, CDCl;, 6): 174.01, 164.61, 152.58, 147.91, 147.52, 146.51 (2C), 135.59, 133.82, 132.90, 130.43, 128.05,
126.40, 124.91, 121.66, 121.22, 110.06, 109.02, 107.43 (2C), 101.64, 71.55, 56.34 (2C), 49.75, 47.69, 43.90,
41.11.

ESI-MS: cale’d for C,3H2;NO5S, [M+H]': 550.09, found 550.1 [M+H]".
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8.2. >C NMR spectrum of compound 6'S.

6.0 55

65

8.0 15 70

85

407
408

580 -

5988
LE'BET
25687
z1'68)
16 6E _

AN

40

30 20 10

40

Se0p
95 ov\
Lrer
9E 85~ .

50

v 9%

60

b5e—
Lga— -

LSl — -
28801~

90 80 70

1 (ppm)

100

Le'60l—= —=
ow.o_._.\

L0,

10

120

PO ZEL~

130

B9 EEL - —
momm_.\

£9 m_i./

140

LeLivl
] .__.EW

160 150

170

ap'GLL—

180

409
410
411
412
413



414 8.3. "H-'"H COSY spectrums for compound 6'S.
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8.5. HSQC spectrums for compound 6'S.
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4B-S-(purine-6)-4-deoxy-4'-demethyl-podophyllotoxin (6'S)

"H NMR (400 MHz, DMSO): 6 8.24 (s, 1H), 6.91 (s, 1H), 6.48 (s, 1H), 6.19 (s, 2H), 5.98 (d, J = 8.0 Hz, 2H),
5.42 (d, J = 8.0 Hz, 1H), 4.71 (dd, J = 4.0 Hz, 1H), 4.47 (d, J = 8.0 Hz, 1H), 4.31 (t, J = 8.0 Hz, 1H), 4.15 (t, J
= 8.0 Hz, 1H), 3.59 (s, 6H), 3.24-3.19 (m, 1H), 2.79 - 2.70 (m, 1H); *C NMR (101 MHz, DMSO): & 175.46
(2C), 147.54, 147.51 (2C), 146.63 (2C), 135.08, 133.69 (2C), 132.04, 130.72 (2C), 110.20, 109.81, 108.82 (2C),
101.51, 68.11, 65.41, 56.42 (2C), 55.36, 43.41, 38.65.

ESI-MS: calc’d for C,;H,sNO;S [M~+H]': 534.12, found 535.12 [M+H]".
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9.1. "H NMR spectrum of compound 1N.
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442 9.3. "H-"H COSY spectrums for compound 1N.
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447 9.5. HSQC spectrums for compound 1N.
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452  4B-N-(1,2,4-trizole-3)-4-deoxy-podophyllotoxin (1N).

453  'H NMR (400 MHz, CDCl;): & 6.83 (s, 1H), 6.52 (s, 1H), 6.27 (s, 2H), 5.99 (d, J = 16 Hz, 2H), 4.60 (dd, J =
454 4.0 Hz, 2H), 4.37 (t, J = 4.0 Hz, 1H), 4.24 (t, J = 4.0 Hz, 1H), 3.80 (s, 3H), 3.74 (s, 6H), 3.71 (t, J = 4.0 Hz, 1H),
455  3.39-3.34 (dd, J = 8.0 Hz, 1H), 2.89-2.80 (m, 1H); *C NMR (101 MHz, CDCLy): 5 174.842, 158.605, 152.729
456  (30), 148.617, 147.685, 137.263, 135.708, 132.541, 127.554, 110.428, 110.099, 108.460 (2C), 101.882, 70.754,
457  61.025, 56.465 (2C), 49.103, 43.899, 42.421, 37.489;

458  ESI-MS: calc’d for Cp4H2N4O; [M+H]": 481.16, found 481.00 [M+H]".

459
45



460
461

H NMR spectrum of compound 2N.
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10.2. *C NMR spectrum of compound 2N.

463

£0°0-—

YA
mw.wwV

89°62—
EVBE~

6l Ir—
9g'Er”

ET 95—
EL09—

8L49—
ST
_.m.._;_M

66101
mm.ve#
TACIIRN
81601
o

EP DB~
EVZEL—
£E'5EL—
ob e
£0°LELA
EVBrL—
15 Z5h—

90°GLL—

6LP8I—

-10

20 10

30

120 110 100 90 80 70 80 50
f1 (ppm)

130

200 190

210

464
465

466
467

46



468

469

470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491

492

493

10.3. "H-"H COSY spectrums for compound 2N.
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494

495 10.5. HSQC spectrums for compound 2N
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497 10.6. MS spectrum of compound 2N

498

+ESI SIM (0.350-0.539 min, 28 Scans) Frag=133.0V LUL37-

i

434 473 430 477 ATE ATD AEE A1 A AT AEL A 400 AET 4D A0 408 451 462 463 404 463 40 407 A6C 469 TN T 3 B S 36 TN W7 5 AD T 11 T12 313 T4 N3 M N7 T T THTH =W
499 Counts (5 v Maze-t-Chemp )

500  4B-N-(1,3,4-thiodiazole-2)-4-deoxy-podophyllotoxin (2N).
501 "H NMR (400 MHz, CDCly): § 6.82 (s, 1H), 6.52 (s, 1H), 6.27 (s, 2H), 5.98 (d, J = 3.6 Hz, 2H), 5.30 (s, 1H),
502  5.46 (dd, 2H, J = 4.0 Hz), 4.36 (t, 1H, J = 8.0 Hz), 4.24 (t, 1H, J = 8.0 Hz), 3.80 (s, 3H), 3.74 (s, 6H), 3.72 (t, J
503 = 8.0 Hz, 1H), 3.38 (m, J = 4.0 Hz, 1H), 2.88-2.81 (m, 1H); “C NMR(101 MHz, CDCl;): & 175.06, 152.51
504  (2C), 148.13, 147.03, 137.14, 135.33, 132.13, 130.43, 110.41, 109.18, 108.24 (2C), 104.89, 101.39, 71.31, 71.25,
505  67.76, 60.73, 56.23 (2C), 43.86, 41.19, 38.43;
506 ESI-MS: calc’d for C,4sH,3N305S: 498.52, found 498.00 [M+H]+.
507

48



508

11.1. "H NMR spectrum of compound 3N.
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11.2. ®C NMR spectrum of compound 3N.
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514

515 11.3. '"H-"H COSY diagram of compound 3N
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11.5. HSQC diagram of compound 3N.
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11.6. MS spectrum of compound 3N
4B-N-(pyridine-2)-4-deoxy-podophyllotoxin (3N).
'"H NMR (300 MHz, CD;OD): 5 8.823 (d, J = 6.3 Hz, 2H), 7.040-7.001 (m, 2H), 6.833 (t, J = 7.8 Hz,1H),
6.517 (s, 2H), 6.281 (s, 2H), 5.983 (s, 2H), 5.076 (s, 1H), 4.631 (d, J = 4.5 Hz, 3H), 3.734 (s, 6H), 3.714 (s, 3H),
3.049 (m, 2H); B¢ NMR(75 MHz, CD;0D): 6 153.063 , 151.122, 149.075, 147.718, 141.950, 138.813 (2C),
137.026, 131.294, 125.624, 114.588, 113.090, 109.580, 108.272, 107.020 (2C), 101.850, 59.865, 55.371 (2C),
52.839, 51.706, 42.161, 29.578, 25.744.
ESI-MS: calc’d for Co;H,6N,0; [M+H]": 491.18, found 491.13 [M+H]".
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536 12.2. >C NMR spectrum of compound 4N
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539 12.3. '"H-"H COSY diagram of compound 4N
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545

546 12.4. HMBC diagram of compound 4N
I oL
'J!Fz 2
(ppm}
= .
g
‘_I: - -
5]
% 2
s—:
T180 160 1a0  1zo | 10 80 &0 a0 z0
547 F1 (ppm)
548 12.5. HSQC diagram of compound 4N
549
Fz
(ppn)
g .l—: > @e
24
3—5 eo
‘_1 o 0 é
| ° .
5]
] o
5
Y
s
9_5
15: ""120 110 100  ss 80 70 so  seo 40 30 20 10
F1 (ppm)
550

53



551 12.6. MS spectrum of compound 4N
552

+MS, B.5min 277
49217
Pali] ] ®

2.5
2.04
1.5:
1.04

0.5y

e S o : T
100 200 300 400 500 ] 700 miz

553
554  4B-N-(pyrimidine-2)-4-deoxy-podophyllotoxin (4N)
555 'H NMR (300 MHz, CDCl;, 8): 8.155 (s, 2H), 6.818 (s, 1H), 6.871 (s, 1H), 6.608 (s, 1H), 6.509 (s, 1H), 6.318 (s,
556  2H), 5.957 (d, J = 8.4 Hz, 2H), 5.336 (s, 1H), 4.601 (s, 1H), 4.398 (t, J = 0.6 Hz, 1H), 3.801 (s, 3H), 3.744 (s,
557 6H), 3.046 (s, 3H); >C NMR(75 MHz, CDCls, 5): 174.944 , 161.650, 158.204 (2C), 152.830 (2C), 148.511,
558  147.794, 135.274, 132.390, 130.012, 111.935, 110.149, 109.727, 108.629, 108.489 (2C), 101.778, 69.634, 60.982,
559  56.452 (2C), 50.277, 44.031, 42.131, 38.291.

560  ESI-MS: calc’d for CysHysN30; [M+H]': 492.17, found 492.17 [M+H]".
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565 13.1. 'H NMR spectrum of compound 5N
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568
569 13.3. '"H-"H COSY diagram of compound 5N

| | e
( f 1
' L2
s ﬂj ﬂ | 'e' F3
ol
: -4
) b
P I
I | o
. ! i
W' *
'_ L8
g 7 6 5 4 ' 2 : 0
570 12 e
571
572 13.4. HMBC diagram of compound 5N
A
. 8 "
SR . |
R ' ¢
"] l 'é L] i
8.‘5 8.‘0 ?.IS ?fO 6!5 6?0 5.‘5 5.‘0 4?5 4.‘0 3.‘5 3‘.0 2!5 2!0 1.‘5 1.‘0
573

2 (ppm)

574

f1 (ppmy)

f1 (ppm}



575 13.5. HSQC diagram of compound 5N
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577 13.6. MS spectrum of compound 5N

+ESI SIM (0.276-0.767 min, 74 Scans) Frag=135.0V LUL39SMd

Beiefefeiohefoichch 6t

P S S S S P Y A ) O S ST SRR S i) TR SEHY SR D 96 D61 362 65 566 DHI9A 367 65 560 T 1 S0 SRR SN S S5 SV SR S SaH 561 52 561960 51 560 547 565 56 T 71 T2 17
578 Conmts (1) . Mixss-to-Chosga k)

579
580  4B-N-(pyrimidine-2)-4-deoxy-podophyllotoxin (5N)

581  'H NMR (400 MHz, CDCl;, 8): 7.62 (d, J = 8.0 Hz, 1H), 7.57 (d, J = 8.0 Hz, 1H), 7.36 (t, J = 8.0 Hz, 1H), 7.19
582  (t,J = 4.0 Hz, 1H), 6.88 (s, 1H), 6.51 (s, 1H), 6.30 (s, 2H), 5.97 (d, J = 8.0 Hz, 2H), 5.39 (s, 1H), 4.61 (d, J =
583 4.0 Hz, 1H), 4.50 (t, J = 4.0 Hz, 1H), 4.02 (t, J = 8.0 Hz, H), 3.80 (s, 3H), 3.75 (s, 6H), 3.11-3.07 (m, 2H); “C
584  NMR(101 MHz, CDCls, 5): 174.25, 165.66, 152.63 (2C), 148.68, 147.72 (2C), 137.27, 134.70, 132.48, 128.27,
585  126.61, 123.00, 121.15, 118.83 (2C), 110.12, 109.16, 108.19 (2C), 101.69, 69.00, 60.75, 56.24 (2C), 53.91, 43.69,
586  41.92,37.84.

587  ESI-MS: calc’d for C,0HN,0;S [M+H]": 547.14, found 547.00 [M+H]".
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14.1. "H NMR spectrum of compound 6N
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gy | .
597 14.3. 'H-'H COSY diagram of compound 6N
0 |,
ﬂ '
L2
L3
L4
L5
L6
L7
g
|
7.0 6.0 5.0 40 3.0 2.0 1.0
f2 (ppm)
598
599 14.3. HMBC diagram of compound 6N
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601 14.5. HSQC diagram of compound 6N
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604 14.6 MS spectrum of compound 6N
605

3
]
@

+ESI SIM (0.290-0.653 min, 55 Scans) Frag=133.0V LiL41

3N 57 38 35 5 511 512 515 54 519 50 517 56 510 I I 32 55 M 5 IN 5T 35 I9 T 55 55 T T 55 550 T T S50 34E 21 212 365 344 240 24a 247 298 200 T S 552 555 5 55 5N 57 S
606 Crares (5 . Mt Gl o)

607  4B-N-(pyrimidine-2)-4-deoxy-podophyllotoxin (6N)

608  "H NMR (400 MHz, CDCl, 8): 6.87 (s, 1H), 6.54 (s, 1H), 6.27 (s, 2H), 5.99 (d, J = 12.0 Hz, 2H), 5.29 (s, 1H),
609  4.86 (d, J =4.0 Hz, 1H), 4.60 (d, J = 4.0 Hz, 1H), 4.40-4.32 (m, 2H), 3.79 (s, 3H), 3.73 (s, 6H), 3.29-3.24 (m,
610  1H), 2.87-2.78 (m, 1H); “C NMR (101 MHz, CDCl;, 8): 175.03 (2C), 152.55 (2C), 148.53 (2C), 147.47,
611 137.15, 135.05 (2C), 131.94, 131.85, 110.48 (2C), 108.97, 108.16 (2C), 101.57, 67.61, 66.72, 60.74, 56.23 (2C),
612  53.42,43.89,40.47, 38.27.

613  ESI-MS: calc’d for C,;H,sNsO; [M+H]': 532.18, found 532.00 [M+H]".
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15.1. "H NMR spectrum of compound 1'N
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644
645 15.5. HSQC diagram of compound 1'N
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647
648 15.6. MS spectrum of compound 1'N

’

+ESI SIM (0.296-0.619 min, 43 Scans) Frag=133.0V LUL3

444 443 440 447 AAE 490 AT AT1 ATD 4TS 43¢ 4T3 430 AT A 4D AT AT AT AT 4G4 4D A0 AT AE 4D AT 471 472 473 40 4T3 AR 477 ATE ATD A AE1 A 4GS AB¢ A1 A0 AE7 MIZ 4D 408
649 Counts (5 v Mase-t-Chews i)

650  4B-N-(1,2,4-trizole-3)-4-deoxy-4'-demethyl-podophyllotoxin (1'N)

651 "H NMR(400 MHz, CD;0D, CD;Cl): 5 6.87 (s, 1H), 6.50 (s, 1H), 6.28 (s, 2H), 5.98 (d, 2H, J = 8.0 Hz), 5.805
652  (d, 1H, J = 1.8 Hz), 5.439 (s, 1H), 4.691 (d, 1H), 4.618 (d, 1H, J = 2.4 Hz, 4.522 (t, 1H J = 4.5 Hz,), 3.896 (t,
653  1H, J = 4.8 Hz), 3.796 (s, 6H), 3.379 (t, 1H, J = 2.1Hz), 3.190 (dd, 1H, J = 2.4Hz); “C NMR (101 MHz,
654  CD;OD, CD;Cl): & 180.22, 152.11, 151.00, 150.94, 136.15, 134.58, 134.43, 134.38, 113.90, 112.97, 111.85,
655  111.83, 105.30, 75.14, 75.04, 72.12, 67.42, 59.65 (2C), 57.26, 47.52, 45.18, 42.40.

656  ESI-MS: calc’d for C,3H,,N,O7 [M+H]" : 467.15, found 467.00 [M+H]".
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16.1. "H NMR spectrum of compound 2'N
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16.2. >C NMR spectrum of compound 2'N
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667 16.3. 'H-'H COSY diagram of compound 2'N
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672 16.5. HSQC diagram of compound 2'N
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674 16.6. MS spectrum of compound 2'N

+ESI SIM (0.296-0.572 min, 42 Scans) Frag=133.0V LUL35SMd

A1 452 ATE 404 A0 400 4T 4EE 40D A7 471 472 470 AN A7 45 477 470 AT AEH AE1 A2 AED 4Bt A0 450 AT M AED 408 451 AG2 4G5 204 400 403 M7 MG 409 JH J51 32 SN OM 35 3N 5T
675 Crurts (5 i Mt Chegs o)

676

677  4B-N-(1,3,4-thiodizole-2)-4-deoxy-4'-demethyl-podophyllotoxin (2'N)

678  'H NMR(400 MHz, CDCly): & 6.82 (s, 1H), 6.51 (s, 1H), 6.27 (s, 2H), 5.98 (d, J = 16.0 Hz, 2H), 5.38 (s, 1H),
679  4.59 (dd, J =4.0 Hz, 2H), 4.34 (t, J = 4.0 Hz, 1H), 4.23 (t, J = 8.0 Hz, 1H), 3.76(s, 6H), 3.71 (t, J = 8.0 Hz, 1H),
680  3.36-3.32 (m, 1H), 2.87-2.78 (m, 1H); “C NMR (101 MHz, CDCLy): & 175.14, 148.13, 146.99 (2C), 146.35,
681 133.96, 132.29, 130.82, 130.43, 110.41, 109.14, 107.89 (2C), 101.37, 71.32, 71.24, 67.76, 56.44 (2C), 43.69,
682  41.29, 38.37, 29.67.

683  ESI-MS: calc’d for C53HN;0,S [M+H]" : 484.11, found 484.00 [M+H]".
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17.1. "H NMR spectrum of compound 3'N
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17.2. *C NMR spectrum of compound 3'N
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17.3. 'H-'H COSY diagram of compound 3'N
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700 17.5. HSQC diagram of compound 3'N
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703 17.6. MS spectrum of compound 3'N
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704 100 200 300 400 500 a0 700 méz

705  4B-N-(pyridine-2)-4-deoxy-4'-demethyl-podophyllotoxin (3'N)

706  "H NMR (300 MHz, CD;0D): § 7.813 (d, J = 6.3 Hz, 2H), 6.983 (s, 2H), 6.826 (t, J = 6.6 Hz, 1H), 6.369 (s,
707  1H), 6.249 (s, 2H), 5.976 (s, 2H), 4.593 (d, J = 3.0 Hz, 3H), 3.784 (t, J = 9.0 Hz, 1H), 3.737 (s, 6H), 3.030 (s,
708  2H); *C NMR (75 MHz, CD;0D): & 171.743, 149.567, 147.461, 146.240 (2C), 140.364, 137.258, 133.297,
709  130.146, 130.031, 128.131, 123.965, 112.999, 111.496, 108.069, 106.589, 105.360 (2C), 100.240, 59.109, 53.965
710  (2C), 51.317,50.218, 41.832, 40.710.

711 ESI-MS: calc’d for CysH,4N,0; [M+H]": 491.18, found 491.16 [M+H]".
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717 18.1."H NMR spectrum of compound 4'N
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18.3. 'H-'H COSY diagram of compound 4N
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730 18.5. HSQC spectrums for compound 4'N.
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732
733 18.6. MS spectrum of compound 4N
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735  4B-N-(pyrimidine-2)-4-deoxy-4'-demethyl-podophyllotoxin (4'N)

736 'H NMR (300 MHz, CDCL): & 8.099 (s, 2H), 6.747 (s, 1H), 6.551 (s, 1H), 6.449 (s, 1H), 6.259 (s, 2H), 5.893 (d,
737 J=9.6 Hz, 2H), 5.279 (d, J = 2.7 Hz, 1H), 5.226 (s, 1H), 4.289 (t, J = 7.8 Hz, 1H), 4.531 (s, 1H), 4.311 (s, 1H),
738 3.756 (t, J = 5.4 Hz, 1H), 3.698 (s, 6H), 2.960 (s, 2H); “C NMR (75 MHz, CDCL;): & 174.985 , 161.401,
739 158.166, 148.501, 147.734, 146.716 (2C), 134.303, 132.560, 130.733, 129.896, 111.822, 110.162, 109.646,
740  108.182 (2C), 101.752, 69.578, 56.650 (2C), 50.248, 43.805, 42.187, 38.171, 29.914.

741 ESI-MS: calc’d for C,sH3N30; [M+-H]': 478.16, found 478.15 [M+H]".
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19.1. "H NMR spectrum of compound 5'N
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755 19.3. 'H-'H COSY diagram of compound 5'N
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19.5. HSQC diagram of compound 5'N
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19.6. MS spectrum of compound 5'N
+ES| SIM (0.265-0.208 min, 81 Scans) Frag=135.0V LUL40SMd

St (5 v, Mase-to-Choegs i)

4B-N-(benzothiazole-2)-4-deoxy-4'-demethyl-podophyllotoxin (5'N)

"H NMR (400 MHz, CDCLy): & 7.61 (d, J = 8.0 Hz, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.34 (t, J = 8.0 Hz, 1H), 7.15
(t, J = 8.0 Hz, 1H), 6.88 (s, 1H), 6.51 (s, 1H), 6.31 (s, 2H), 5.9 7(d, J = 12.0 Hz, 2H), 5.42 (d, J = 4.0 Hz, 1H),
4.58 (d, J = 4.0 Hz, 1H), 4.49 (t, J = 8.0 Hz, 1H), 4.00 (t, J = 8.0 Hz, 1H), 3.77 (s, 6H), 3.12-2.98 (m, 2H); “C
NMR (101 MHz, CDCl;): 6 174.52 (2C), 165.41, 151.61, 148.53, 147.64, 146.46 (2C), 134.07, 132.52, 130.23,
128.76, 126.26, 122.60 (2C), 121.00, 119.36, 110.03, 109.16, 107.81 (2C), 101.63, 69.25, 56.42 (2C), 53.40,
43.52, 42.02, 37.82.

ESI-MS: calc’d for C,3H24N,0-S [M~+H]": 533.13, found 533.00 [M+H]".
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20.1."H NMR spectrum of compound 6'N.
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20.2. >C NMR spectrum of compound 6'N
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780
781 20.3. "H-'H COSY diagram of compound 6'N
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786 20.5. HSQC diagram of compound 6'N
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789 20.6. MS spectrum of compound 6'N
790
=M? [+E51 SIM (0.296-0.653 min, 54 Scans) Frag=135.0V LUL42SMd
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793 'H NMR (400 MHz, DMSO): & 8.24 (s, 1H), 6.91 (s, 1H), 6.48 (s, 1H), 6.19 (s, 2H), 5.98 (d, J = 8.0
794  Hz,2H), 5.42(d,J=8.0 Hz, 1H), 4.71 (dd, J = 4.0 Hz, 1H), 4.47 (d, J = 8.0 Hz, 1H), 4.31 (t, ] =
795 8.0 Hz, 1H), 4.15 (t, J = 8.0 Hz, 1H), 3.59 (s, 6H), 3.24-3.19 (m, 1H), 2.79 - 2.70 (m, 1H); '*C

796  NMR (101 MHz, DMSO): & 175.46 (2C), 147.54, 147.51 (2C), 146.63 (2C), 135.08, 133.69 (2C),
797 132.04, 130.72 (2C), 110.20, 109.81, 108.82 (2C), 101.51, 68.11, 65.41, 56.42 (2C), 55.36, 43.41,
798 38.65.

799 ESI-MS: calc’d for Cy6H3N507 [M+H]": 518.16, found 518.00 [M+H]"
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