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A series of derivatives of 3',4’0,0-didemethylpodophyllotoxin have
been synthesized and evaluated for their inhibitor activity against
neoplastic cell growth (KB) and against human DNA topoisomerase
11 as well as for their activity in causing cellular protein-linked DNA
breakage. The results show that the compounds possessing a 4§-
anilino moiety either unsubstituted or substituted at the para (F,
COOCH;,, COCH;, CN, CH,CN, NO,) or meta (OH) positions or
with an ethylenedioxy moiety showed the same or greater activity
than etoposide in causing cellular protein-linked DNA breakage and
in inhibiting DNA topoisomerase II. However, compared to the
corresponding 4'-O-demethyl analogues, the 3',4'-0,0-didemethyl
compounds have a similar potency in inhibition of DNA topo-
isomerase II but are less active in causing cellular protein-linked
DNA breakage. Complete correlation between the three biological
activities-—cytotoxicity, inhibition of DNA topoisomerase II, and
induction of protein-linked DNA breakage-—was also not observed.
This supports the possibility that the biological determinants of ac-
tion among these compounds may be different.

KEY WORDS: etoposide; DNA topoisomerase I1; anilino analogues
of etoposide; KB cells; cytotoxicity.

INTRODUCTION

Two main hypotheses about the mechanisms of action
of etoposide (1; VP-16), an anticancer drug (2-4), have been
postulated. First, it interacts with DNA topoisomerase II
(5-7), leading to DNA breaks. Second, oxidation of the 4'-
phenolic hydroxyl group would lead to the formation of an
orthoquinone (2) (8-18) and to the production of free radi-
cals. Free radical-induced cleavage of DNA could then oc-
cur in the presence of Cu”?* and Fe3* ions (19). The effect of
1 in causing DNA breaks requires the presence of a 4’'-
phenolic hydroxyl group, and thus masking of this group
will, in general, lead to lower antitumor activity and enzyme
interaction. The 3’-O-demethylation of 1 to the orthoquinone
(2) by microsomal electron transport processes was first
demonstrated by Sinha er al. (11). van Maanen et al. (16)
have recently shown that 1 is oxidatively O-demethylated to
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catechol (3) by rat liver microsomes and purified rat liver
microsomal cytochrome P-450. The catechol (3) was found
to be capable of causing single- and double-stranded DNA
breakage. Thus compounds 2 and 3 appear to be the active
metabolites involved in causing DNA breakage without the
participation of DNA topoisomerase II.

As an extension of our studies (20-28) aimed at the de-
velopment of 4B-amino analogues of etoposide as potent in-
hibitors of human DNA topoisomerase II and as antitumor
agents, we report herein on the synthesis and evaluation of
new 4B-substituted anilino derivatives of 3',4'-0,0-
didemethylpodophyllotoxins. Previously, many 4B-
substituted anilino derivatives of 4'-O-demethylpodophyllo-
toxin were found to be 2- to 10-fold more potent than 1 as
inhibitors of topoisomerase II (25-27). Presumably, the 3',4'-
0,0-didemethyl-4B-substituted anilino analogues should be
more efficient in causing free radical-induced DNA break-
age, as they do not require metabolic activation. An evalu-
ation of these catechol-bearing analogues as enzyme inhibi-
tors and for their ability to cause DNA breakage is of current
interest in elucidating the various cytotoxic mechanisms of 1
and related epipodophyllotoxins.

CHEMISTRY

The synthesis of the target compounds (11-25) was
achieved using two different starting materials (4 and 8). As
shown in Scheme I, podophyllotoxin (4) was oxidized to a
3’,4"-orthoquinone (5) using a modified method of Ayres and
Lim (29). A lower temperature (5°C) and a very short reac-
tion time (5 min) were used to prevent further oxidation.
Catalytic hydrogenation of 5 afforded a catechol (6), which
was then reacted with anhydrous HBr with inversion of the
configuration of C-4 to yield the 48-bromo (7) (30). The tar-
get compounds 11-25 were synthesized from 7 under SN1
conditions using substituted anilines as nucleophiles.

Whereas introduction of the arylamino group into the
C-4 position of 4'-0O-demethylpodophyllotoxin was stereose-
lective, giving rise to a predominant 4@ product (26), reac-
tion of substituted anilines with the 3',4’-0,0-didemethyl
derivative, 7, gave a mixture of 4B- and 4a-epimers in a
range of 3:1 to 1:1, as shown by NMR analysis of the crude
reaction product. The bulky a-oriented pendant aromatic
ring E provides steric hindrance, blocking the nucleophilic
attack of the anilines from the a-side. However, in the 3',4'-
0,0-didemethyl compounds, the assistance of hydrogen
bonding between the 3’-OH and the amino group of the
anilines as shown in Fig. 1 could result in more attack oc-
curring from the a-side, yielding a higher proportion of the
a-epimer.

The synthesis of 7 was also achieved by treatment of 10
with HBr. Compound 10 was obtained from 9 by catalytic
hydrogenation, and 9 was prepared from 8 by oxidation with
HNO; (Scheme I).

MATERIALS AND METHODS

General Experimental Procedures. All melting points
were taken on a Fischer-Johns melting-point apparatus and
are uncorrected. IR spectra were recorded on a Perkin—
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Elmer 1320 spectrophotometer. 'H NMR spectra were ob-
tained on a Bruker AC-300 NMR spectrometer; all chemical
shifts are reported as parts per million from TMS. Elemental
analyses were performed by Atlantic Microlab, Inc., Nor-
cross, GA. Optical rotations were measured with a Rudolph
Research Autopol III polarimeter. Analytical thin-layer
chromatography (TLC) was carried out on Merck precoated
silica gel 60 F-254 plates. EM Kieselgel 60 (230- to 400-mesh
ASTM) was used for column chromatography. All new tar-
get compounds were characterized by melting point, optical
rotation, '"H NMR and IR spectral analyses, and elemental
analyses.
3',4'-0,0-Didemethyl-3’' ,4'-dioxopodophyllotoxin (5).
Compound 5 was prepared using a modified method of Ay-
res and Lim (29). A mixture of 90% nitric acid (3.0 ml) and
glacial acetic acid (25 mL) precooled to 5°C was added in
portions to a suspension of podophyllotoxin (4; 2 g, 4.8
mmol) in glacial acetic acid (25 mL) cooled at 5°C. The re-
sulting deep red solution was stirred for 5 min and then
poured into ice water (500 mL). The precipitate was ex-
tracted with chloroform (three times). After the combined
organic layers were washed with brine until the pH approx-
imated 5-6, it was dried over anhydrous Na,SO, and evap-
orated in vacuo to yield the title compound (1.39 g, 75%)
after recrystallization from toluene; mp, 190-192°C [litera-
ture (29) mp, 190-192°C].
3',4'-0,0-Didemethylpodophyllotoxin (6). A solution of
5 (2.0 g, 5.20 mmol) in methanol (300 mL) was stirred with

10% Pd/C (200 mg) under hydrogen at ambient pressure and
temperature for 4 h. The catalyst was filtered off, and the
filtrate was evaporated to yield a pale yellow solid, which
was purified by column chromatography (silica gel 100 g with
dichloromethane:acetone:methanol, 100:10:5, as an eluant)
to give 1.9 g of 6. Yield, 95%; mp, 168-170°C; crystallized
from ethyl acetate; [a]*’D — 75.6° (¢ = 0.5, CH;COCHs,).
IR (KBr) v, 3420, 2900, 1752, 1700, 1610, and 1480 cm ™~ .
'"H NMR (d¢-acetone) & 7.41 (s, 1 H, 3'-OH), 7.39 (s, 1 H,
4'-OH), 7.17 (s, 1 H, 5-H), 6.52(d, J = 1.7 Hz, 1 H, 6'H),
6.48 (s, 1 H, 8-H), 6.07(d, J = 1.7 Hz, 1 H, 2'-H), 5.97 (s,
2 H, OCH,0),4.94(d, 1 H,4-OH),4.76 (d,J = 9.4 Hz, 1 H,
4-H), 4.50 (t, J = 8.5Hz, 1 H, 11-H), 449 (d, J = 4.5 Hz,
1 H, I-H), 4.12 (t, J = 8.5 Hz, 1 H, 11-H), 3.74 (s, 3 H,
5'-OCH,;), 3.00 (dd, J = 14.3,4.5 Hz, 1 H, 2-H), and 2.84 (m,
1 H, 3-H). Anal. (C,,H,30p). Calcd: C, 62.17; H, 4.70.
Found: C, 62.09; H, 4.75.

3',4'-0,0-Didemethyl-4B-bromo-4-desoxypodophyllo-
toxin (7). A suspension of 6 (1.0 g, 2.59 mmol) in 25 mL of
dry chloroform was kept at 0-5°C, and dry hydrogen bro-
mide was passed through the suspension. After 30 min the
bath was removed, and the solution was continuously stirred
for 1 hr at room temperature. The solution was then evapo-
rated, followed by using benzene as an azeotropic mixture to
drive off the water formed in the reaction. The crude bro-
mide 7 was used for the next reaction without purification.
Compound 7 can also be prepared from 10 instead of from 6
by using the procedure described above.
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3',4'-0,0-Didemethyl-3',4'-dioxoepipodophyllotoxin
(9). This compound (6.09 g) was synthesized from 8 (10 g,
24.3 mmol) using the aforementioned procedure for the prep-
aration of § from 4. Yield, 65%; mp, 245-248°C; crystallized
from toluene. IR (KBr) v,,.,: 3480, 2920, 1768, 1695, 1660,
1626, 1560, and 1485 cm~'. "H NMR (CDCl,) 3 6.83 (s, 1 H,
5-H), 6.55 (s, 1 H, 8-H), 6.54 (s, 1 H, 6'-H), 6.02 (s, 2 H,
OCH,0),5.21(s, 1 H,2'-H),4.83(d,J = 3.4Hz,1H, 11-H),
4.52(d,J = 1.3 Hz, 1 H, 4-H), 4.50(d, J = 3.4 Hz, 1 H,
11-H),4.30(d,J = 5.6 Hz, 1 H, 1-H), 3.86 (s, 3H, 5'-OCH,),
3.50(dd,J = 14.1, 5.6 Hz, 1 H, 2-H), and 2.83 (m, 1 H, 3-H).
Anal. Caled for C,H,O4: C, 62.50; H, 4.20. Found: C,
62.33; H, 4.19.

3',4'-0,0-Didemethylepipodophyllotoxin (10). This
compound (5.1 g) was synthesized from 9 (5.18 g, 13.47
mmol) using the above-mentioned procedure for the prepa-

ration of 6 from 5. Yield, 98%; mp, 220-224°C; crystallized
from methanol; [a], — 116° (¢ = 0.1, CH,COCH,). IR
(KBr) v,,.,: 3460, 2900, 1740, 1605, and 1470 cm ™ '. 'H NMR
(d¢-acetone) 3 7.40(d, 1 H, 3'-OH), 7.32 (s, 1 H, 4'-OH), 6.94
(s, 1 H, 5-H), 6.52 (s, 1 H, 6'-H), 6.47 (s, 1 H, 8-H), 5.99 (s,
2 H, OCH,0), 5.95 (s, 1 H, 2'-H), 5.62 (s, 1 H, 4-OH), 4.89
(d,J = 3.1Hz, 1H,4-H), 4.52(d,J = 49 Hz, 1 H, 1-H),
4.32 (m, 2 H, 11-H), 3.73 (s, 3 H, 5'-OCH,), 5.28 (dd, J =
14.1, 4.9 Hz, 1 H, 2-H), and 2.94 (m, 1 H, 3-H). Anal. Calcd
for C,oH,504: C, 62.17; H, 4.70. Found: C, 62.20; H, 4.65.

Synthesis of Compounds 11-25. A solution containing 7
(500 mg, 1.11 mmol), anhydrous barium carbonate (439 mg,
2.33 mmol), and the appropriate substituted aniline (1.16
mmol) in 8 mL of freshly distilled THF under nitrogen was
stirred overnight at room temperature. The mixture was fil-
tered and the filtrate was evaporated in vacuo to yield a
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Table I. Physical Data for Compounds 11-25
Elemental analysis (C, H, N)
[«]®p IR (KBr)
Compound Mp“ (conc)? Formula Calc Found 7 max (cm™Y)

1 170-173 —60° C,6H,3NO, 67.67, 5.02, 3.04 67.57, 4.98, 3.15 3450, 3400, 1770, 1600, 1500, 1480
©0.1)

12 190-193 —78° C,6H,,CINO, 62.97, 4.47, 2.82 62.99, 4.43, 2.30 3450, 3390, 1760, 1590, 1495, 1475
0.2)

13 175-178 —123° C,H,,FNO, 65.12, 4.62, 2.92 65.18, 4.59, 2.82 3450, 3400, 1765, 1610, 1500, 1475
0.3)

14 206-209 —64° C,6H,3NOg 65.40, 4.85, 2.93 65.51, 4.88, 2.88 3450, 3400, 1760, 1610, 1500, 1480
0.07)

15 195-197 —94° C,sH23NOg 65.40, 4.85, 2.93 65.57, 4.80, 2.87 3500, 3200, 1755, 1605, 1500, 1472
©.1)

16 155-158 —132° C,,H,sNOg 65.98, 5.13, 2.84 65.68, 5.23,2.82 3450, 3380, 1760, 1605, 1503, 1475
©.1)

17 160-163 —101° C28H27N09 64.48, 5.21, 2.69 64.44, 5.25, 2.65 3450, 3390, 1760, 1605, 1505, 1475
©.1)

18 181-183 —69° C,sH,sNO, 64.73, 4.85, 2.70 64.66, 4.89, 2.81 3450, 3400, 1760, 1605, 1505, 1475
0.2)

19 167-170 —84°  C,H,NO, 64.73,4.85,2.70  64.81,4.83,2.61 3450, 3390, 1770, 1600, 1510, 1480
0.4)

20 178-180 —77°  ChpHyNO, 65.28,5.10,2.63  64.99,5.20,2.72 3450, 3380, 1770, 1685, 1640, 1605,
0.2) 1520, 1480

21 197-200 —114° C,,H,;sNOg 67.31, 5.22,2.71 67.08, 5.31, 2.66 3450, 3350, 1760, 1640, 1590, 1510,
©.1) 1475

22 210-212 —114°  C,H,,N,0, 61.94,5.20,535  61.89,5.12,5.47 3450, 3360, 2200, 1765, 1600, 1510,
©.1) 1475

23 188-191 —85° C,sH,,N, 04 63.15, 4.54, 5.26 63.00, 4.41, 5.39 3450, 3380, 2240, 1760, 1605, 1505,
0.3) 1475

24 182-185 —69° C,6H,,N,0q 61.66, 4.38, 5.53 61.43, 4.40, 5.49 3450, 3380, 1760, 1610, 1515, 1475
0.1)

25 208-210 —105° C,6H2,N,04 61.66, 4.38, 5.53 61.78, 4.22, 5.61 3450, 3380, 1760, 1590, 1490, 1470

0.1

4 Recrystallized from Et,0 (°C).
¢ Optical rotations were run in acetone.

solid. This solid was chromatographed on a silica gel column
(50 g) in toluene:ethyl acetate (3:1) and further purified by
preparative TLC (Kieselgel 60 F-254. Art 5717, Merck), de-
veloped with toluene—ethyl acetate-methanol (9:3:0.2), to
give compounds 11-25 with a yield which varied in a range of
20-30%.% The physical constants for the following com-
pounds are given in Table I, and 'H-NMR data are given in
Table II: 3',4'-0,0-didemethyl-4B-anilino-4-
desoxypodophyllotoxin (11), 3',4’-0,0-didemethyl-43-(4"-
chloroanilino)-4-desoxypodophyllotoxin (12), 3',4'-0,0-
didemethyl-4B-(4"-fluoroanilino)-4-desoxypodophyllotoxin
(13), 3',4'-0,0-didemethyl-43-(3"-hydroxyanilino)-4-
desoxypodophyllotoxin (14), 3',4’-0,0-didemethyl-43-(4"-
hydroxyanilino)-4-desoxypodophyllotoxin (15), 3',4'-0,0-
didemethyl-43-(4"-methoxyanilino)-4-desoxypodophyllo-
toxin (16), 3',4'-0,0-didemethyl-4B-(3"4"-
dimethoxyanilino)-4-desoxypodophyllotoxin (17), 3',4"-0,0-
didemethyl-4B-(3",4"-ethylenedioxyanilino)-4-
desoxypodophyllotoxin (18), 3’,4’-0,0-didemethyl-43-(3"-
methylcarboxyanilino)-4-desoxypodophyllotoxin (19), 3',4'-

% The lower yields were due simply to the difficulty of separating the
desired B-product from its a-isomer, which showed a nearly iden-
tical R, value compared to that of the B-product on TLC.

0,0-didemethyl-4B3-(4"-methylcarboxyanilino)-4-
desoxypodophyllotoxin (20), 3’,4’-0,0-didemethyl-43-(4"-
acetylanilino)-4-desoxypodophyllotoxin (21), 3',4'-0,0-
didemethyl-4B-(4"-cyanoanilino)-4-desoxypodophyllotoxin
(22), 3',4'-0,0-didemethyl-4B-(4"-cyanomethylanilino)-4-
desoxypodophyllotoxin (23), 3',4’-0,0-didemethyl-48-(3"-
nitroanilino)-4-desoxypodophyllotoxin (24), and 3',4'-0,0-
didemethyl-43-(4"-nitroanilino)-4-desoxypodophyllotoxin
(25).

RESULTS AND DISCUSSION

Table III shows the biological results for etoposide, 1,
and for new compounds 11-25 (A compounds) and their 4-O-
demethyl analogues [B compounds (26)]. The third column
gives a measure of the in vitro cytotoxicity, given as the IDs,
for inhibition of KB cell growth. The fourth column shows
the in vitro potency for inhibition of DNA topoisomerase
II-dependent unknotting of P4 DNA. The final column gives
a measure of cellular protein-DNA complex formation (%),
which represents the intracellular inhibition of DNA topo-
isomerase I and the cellular protein-linked DNA breakage.

All of the new 3’,4'-0,0-didemethyl compounds (except
for the p-Cl aniline derivative, 12) showed equivalent or bet-



Table II. "H-NMR Spectra of 11-25¢

Compound  H-1 H-2 H-3 H-4 H-S H-8 Hy-11 Ha11 H-13  H?2?  OH  OH4'  OmeS  H-6 NH H-2' H-3" H-4" H-5" H-6"

1 4.54d  3.12dd 3.04m  4.64dd 673 6.48s  4.35dd 3.97dd 5925 5.84d 387s  6.47d 379 6.51d 7.20t 6.761 7.20t 6.51d
r 4.8 13.9, 4.6 54,44 8.6.7.3 10.2,8.6 1.8 1.8 6.0 7.8 7.8 7.8 78 7.8

12 4.53d  3.08dd 3.03m  4.57dd  670s 648  4.33dd 3.92d4d $93® S8l S27br S5.27br 387 6.74d  3.81d  6.44d 7.15d 7.15d 6.44d
J 44 13.9,4.4 5.6,4.2 86,70 99,86 1.9 1.9 57 8.8 3.8 8.8 88

13 452 3.10dd 3.02m 4544 6.70s 6475 4.33dd 3.95dd 592" 583 S527br  5.3%r  3.86s 673 3.70br  6.44dd  6.91dd 651dd  6.44dd
J 4.7 14.0,4.9 4.0 82,76  9.7,82 1.5 1.5 89.41 89,86 89,86 89 41

14 453 3.10dd 3.02m 461t 6725 648s  4.354d 3.98dd 593br  S.84d  S.23br  53lbr 387 672 38d  6.02dd 6.10dd 7.03t 6.22dd
J 4.7 139,47 5.5 8.4,7.6 10.1,8.4 1.6 55 2.0, 1.5 £.1,2.0 8.0 8.1,2.0

15 452d  3.13dd 3.03m  4.52d 671s  647s  4.33dd 3.99dd 5.93br  5.83d  5.07br  S5.28br 387 6.77d 6.72d 6.41d 6.41d 6.72d
J 44 14.1,5.0 4.4 83,75 10.5, 8.3 1.6 8.6 87 8.7 8.6

16 4.52d  3.14dd 3.02m 4.54d 671s  6.47s  4.34dd 4.00dd 5.92%r  5.83d  5.2lbr  5.30br 387 6.73d 6.79d 6.46d 3.75s 6.464 6.79d
J 5.0 14.0, 5.0 3.6 8.4,7.7 10.7, 8.4 1.8 18 8.8 8.8 OCH; 8.8 8.8

17 451d  3.12d4d 3.0lm  4.55d 673 6.46s  4.32dd 3.99dd 5.93br  5.84d  S536br  5.36br 3855 672d  36lbr  6.l4d 3.81s 381s 6.74d 6.00dd
J 48 14.0,4.8 37 8.6,7.5 10.3, 8.6 1.2 1.2 2.7 OCH, OCH; 8.6 8.6,2.7

18 4.51d  3.12dd 3.00m  4.53d 6.7ls 6475 4.35dd 4.00dd 5925 5.85d  S536br  5.36br 38s  6.70d  3.65br  6.05d 4.22m 4.22m 6.73d 6.03dd
J 48 14.0, 4.8 3.7 8.6,7.5 10.4. 8.6 1.7 1.7 2.7 —OCH, CH,0— 8.6 8.6, 2.7

19 4.54d  3.09br 3.09r 476dd  6.71s 6495 4.38dd 3.90dd 5.93s®  S.84d  S.ebr  S5.27br  3.87s 6.73d 7.18br 3.895 7.44d 7.24t 6.70m
i 4.0 57,35 6.8.6.2 1.7 1.7 COCH; 7.6 7.7

20 4.23d  3.06br 3.06br  4.54d 672s 649 4.35dd 3.90dd 5945 5.82d  S.A%br  5.32br 3.87s 673d  474br  6.51d 7.90d 3.85s 7.90d 6.51d
J 3.2 3.0 1.6 1.6 8.5 8.5 CO.CH; 8.5 8.5

21 4.51d  3.04br 3.0dbr  473br 668 6485  4.33m 3.86dd 592 5.83d  S.46br  5.d6br 3.85s 6.70d  443d  6.52d 7.84d 2.49s 7.84d 6.52d
j 32 1.7 1.7 6.5 8.7 8.7 COCH, 8.7 8.7

2 4.55d  3.06m 3.06m  4.30br  6.69s  650s  431dd 3.86dd 5955 5.80d  5.24s 5.29s 3.87s 674 47Im 653 7.43d 7.48d 6.53d
j 4.0 10.9.8.7 16 1.6 8.7 8.7 8.7 8.7

23 4.53d  3.10dd 3.04m  430dd  670s 6485 4.32dd 3.92dd 593br  5.83d  S5.26br  5.26br  3.86s 672d  47lm  7.14d 6.51d 3.645 6.51d 7.14d
J 42 14.0, 4.2 49,39 142,73 98,73 14 1.4 8.4 8.4 CH,CN 8.4 8.4

24 4.56d  3.09br 3.09r  4.16d 6.70s  6.51s  4.40dd 3.90dd 5955  5.84d  S.A7br  5.29r  3.87s 673d  472m  735m 7.61dd 7.35m 6.82dd
J 37 6.0 1.8 1.8 8.1.15 8.1,2.4

25 4.56d  3.02dd 3.08m  4.56d 670s  6.51s  4.36dd 3.85dd 5945 5.80d  S2ibr  S3%r 387 673 479m  6.53d 8.13d 8.13d 6.53d
i 4.7 14.3, 4.7 9.0.7.1 11.2,9.0 1.8 1.8 8.9 8.9 8.9 8.9

2 Run in CDCl;. Values are parts per million. s, singlet; d, doublet; t, trplet; m, multiplet; dd, doublet of doublets; br, bread.

® Two singlets separated by 0.01 ppm; total 2H for ~OCH,0-.

¢ Conpling constant (Herz); when coupling constants are not given, peaks were overlapping.
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Table III. Biological Evaluation of 4p-(Substituted Anilino)-3’,4'-0,0-Didemethylpodophyllotoxins (11-25)

&y
o
C 0
o v \(
= [o}
CH;0 OH CH30 ocH,
OH OH
A B
Inhibition of DNA Cellular protein—
Cytotoxicity topoisomerase 11 DNA complex
(IDs, KB: pM)“ activity (IDsy; pM)? formation (%; 10 pM)

Compound A B A B A B

1 NH _O 1.8 0.7 25 25 128 243
12 NH —QC[ 2.0 >50 77
13 NH-—@—F 1.5 0.2 10 s 17 213
OH
> 3
14 s Ne 1.7 0.5 25 25 105 290
6 £
15 N ‘@"’“ 1.7 25 83
16 . o 1.4 25 9
OCH3

17 N oc; 1.0 <1.0 50 25 69 180

0—3
18 NHGO 1.4 0.7 10 10 119 279

C02CH3
19 NHO 2.3 2.7 50 50 94 249
20 NH_©_cozcﬂ3 1.2 0.8 10 5 175 207
21 NH_@_COCH3 1.0 25 147
2 NH_O_CN 1.8 0.6 10 10 146 211
23 H -@—CHzCN 1.2 25 109

NO,
24 NH O 2.0 1.0 50 50 75 230
25 NH —©—N02 13 0.5 10 10 200 n

¢ 1Dy, is the concentration of drug which affords 50% of KB cell growth after 3-day incubation.
* Each compound was examined with five concentrations at 5, 10, 25, 50, and 100 pM. The IDs, value was established based on the degree
of inhibition at these five concentrations.
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ter activity in inhibition of human DNA topoisomerase II
(fourth column, A) compared to etoposide, 1. Compounds
11, 13-16, 18-23, and 25 were two- to fivefold more potent
against this enzyme. In comparison to etoposide, 11, 13, 14,
18, 20-23, and 25 also showed a greater percentage of cellu-
lar protein-linked DNA strand breakage (fifth column, A).
All of the derivatives, however, showed a lower cytotoxicity
toward KB cells (third column, A) than did etoposide.

As found previously with the 4’-O-demethyl compounds
(26), complete correlation among the three activities with
these new compounds is not observed. For example, one of
the most cytotoxic catechol-containing compounds, 17, is
the least active in causing DN A breakage and in inhibition of
topoisomerase II. In another example, compound 13 is five-
fold more potent than etoposide in the topoisomerase inhi-
bition assay but is only slightly more active in the protein—
DNA breakage assay. Differences in metabolism and drug
uptake could account for the differences found in the degrees
of activity in the topoisomerase and protein-DNA complex-
ation assays. Furthermore, the nature of the in vitro DNA
topoisomerase assay is not as precise as the cellular protein—
DNA complexation assay. The lack of correlation of the
cytotoxicity and DNA breakage assays may suggest that the
cytotoxicity of the 3’,4’-0,0-didemethyl compounds (11-25)
may not by dependent solely on their inhibitory effects on
DNA topoisomerase II, which results in causing protein-
linked DNA breaks. Subsequent events which lead to the
formation of double-stranded DNA breakage and cell death
may also be affected by the nature of the compounds used.

When the 3',4’-0,0-didemethyl compounds were com-
pared to their 4'-O-demethyl analogues (A compounds to B
compounds), similar activity was found in the topoisomerase
II assay, while the catechol-containing compounds (A com-
pounds) were less potent in causing protein-linked DNA
breakage intracellularly. Also, the cytotoxicity toward KB
cells was higher with the 4’-O-demethyl compounds (B com-
pounds). It has been postulated that the cytotoxic action of
these 4’-O-demethyl compounds could be mediated through
the formation of free radicals. However, since the 3',4'-0,0-
didemethyl derivatives (A compounds) should form free rad-
icals more easily but are also less cytotoxic, and there is a
correlation of the cytotoxicity and protein-linked DNA
breakage caused by a given pair of compounds, it is likely
that the cytotoxic action of the 4’-O-demethyl compounds is
still primarily a result of the interaction with DNA topo-
isomerase II.

BIOLOGICAL ASSAY

Assays for the inhibition of human DN A topoisomerase
II and the cellular protein-linked DN A breaks as well as the
cytotoxicity in KB cells were carried out according to the
procedures described previously (21).
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