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Nine novel anthra[l,2fimidazole-6,11-diones, differing in their side chain, were synthesized—U¥
spectroscopy and viscometric titrations of these molecules with duplex DNA were used to assess their binding
with DNA. Five of the nine compounds showed high inhibition activity against topoisomeraseisbimania
donavani, with the one bearing the tetrazole side chain exhibiting ap +C1 M. The inhibition activities

were not related with their DNA binding affinity and depended on the nature of the side chain.

Introduction solvent and excess amine, followed by aqueous workup, yielded
. . . . . . pure1b in 90% yield.

Lelghmanla don@anll, a unicellular klnetoplastld protozoan 4-[(3-Dimethylamino)propyloxy]phenyl-1H-anthra[1,2-dJimi-
parasite, is the causative agent for human visceral leishmaniasisgazole-6,11-dione (1)1,2-Diaminoanthraguinone (0.5 g, 2.1 mmol)
which is a fatal disease affecting the liver and spleen. It has and1b (0.45 g, 2.1 mmol) were dissolved in nitrobenzene (15 mL)
currently been listed by the World Health Organization as the and stirred at 130C for 16 h. Once the starting materials were
second most important protozoan disease after malaria in termsconsumed, as indicated by TLC, the reaction mixture was cooled
of patient mortalities and is prevalent in many tropical counfries. to room temperature. Petroleum ether was added to precipitate out
Treatment of leishmaniasis depends entirely upon chemotherapythe crude product. The supernatant organic layer was decanted off,
yet the available range of effective drugs is highly limited. and the procedure was repeated several times until most of the
an attempt to identify new molecular targets for antiparasitic nitrobenzene had been removed. The product was finally purified

- . by column chromatography over silica gel to yield the pure
drugs, attention has been focused on DNA topoisomefazes, compound as a dark brown, hygroscopic solid-B0% yield. The

class of enzymes playing c_ritical roles in virtu_ally every aspect pure compound was eluted out with-80% MeOH in CHC}. 1H

of DNA metabolism®4 Herein, we report a series of new small  NvR (300 MHz, CDC}): 6 ppm 2.07 (quint., 2H), 2.35 (s, 6H),
molecules, some of which have emerged as potent inhibitors 2.6 (t, 2H), 4.14 (t, 2H), 7.08 (dl = 8.7 Hz, 2H), 7.86-7.84 (m,

of topoisomerase | (topo 1) of parasitic pathogegishmania 2H), 8.09-8.11 (m, 3H), 8.22-8.24 (m, 1H), 8.29-8.30 (m, 1H),
donavani 8.35-8.36 (m, 1H), 11.2 (br s, 1H}3C NMR (100.5 MHz, CD-

As both benzimidazofeand anthraquinone derivativeare OD): ¢ ppm 25.3, 43.0, 55.5, 65.3, 114.5, 120.8, 121.2, 126.0,

known topoisomerase inhibitors, we have synthesized nine 126.5,128.0, 129.1, 13;3'0’ 1333, 133'5{ 133.8,157.4,161.2,182.3,
imidazole-fused anthraguinone derivatives. The side chain 183.5. HR-MS (M+ 1)" calcd, 426.1817; found, 426.1808. Anal.

appended to the aromatic core was varied to examine ifke p (CaeHzaNaOg3.5k:0) for C, H, N.

o . S . 4-Hydroxyphenyl-1H-anthra[1,2-d]limidazole-6,11-dione (2a).
and electronegativity of the side-chain nitrogen influenced the 2-Di)z;mir:(g§nthrgquinone (0F39 g]l 1.|64me0|) an(lj 4-h(ydr)oxy-

duplex @s) DNA complexing or topoisomerase inhibiting  penzaldehyde (0.2 g, 1.64 mmol) were dissolved in dry nitrobenzene
properties of these compounds. The interactions of the molecules(10 mL) and heated with stirring at 12 for 20 h. Nitrobenzene
(1—9) with dsDNA and their inhibitory effect on the catalytic ~ was removed by washing the precipitated solid with petroleum ether.
activity of L. donaani and human topo | were examined. The process was repeated several times until TLC indicated the
Compounds with tetrazole, imidazole, or morpholine side chains product as pureR; = 0.4 at 8% MeOH in CHG). The solid
exhibited potent inhibition activity at theM level against the ~ Material was isolated in 60% yield. FT-IR (KBv; cm™*) 3400
parasitic enzyme, with activity significantly greater than that (O—H str.).*H NMR (300 MHz, CDC} + CD5sOD): 6 ppm 7.08

- ' ; (d, J= 8.7 Hz, 2H), 7.86-7.83 (m, 2H), 8.09-8.11 (m, 3H), 8.22
shown by camptothecin (cpt), a well-known topo I poisén. g "3\ R e v 1)+ caled, 341.0926: found, 341.0939.

4-[3-Bromopropyloxy]phenyl-1H-anthra[1,2-d]imidazole-6,-
11-dione (2b).To a solution of2a (0.04 g, 0.12 mmol) in acetone

SynthesesCompound 4-(3-bromopropyloxy)benzaldehydie) ( (15 mL), anhydrous KCO; (0.1 g, 0.6 mmol) was added. The
was prepared according to the literatfré-[(3-Dimethylamino)- mixture was stirred for 30 min before the addition of 1,3-
propy|oxy]benza|dehyde1()) was Synthesized by passing dry dl_bromopropane (007 g, 0.35 mmol), after which the reaction
HNMe; gas through a solution dfa in toluene. The removal of mixture was refluxed for 12 h. Onc2a was consumed, acetone
was removed. This was followed by a water workup, and the
product was extracted into chloroform. After drying the organic
layer over anhydrous N8O, solvent was removed and the residue

Experimental Section

* To whom correspondence should be addressed. Phone: (91)-80-2293-
2664. Fax: (91)-80-2360-0529. E-mail: sb@orgchem.iisc.ernet.in.
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(quint., 2H), 3.65 (t, 2H), 4.23 (t, 2H), 7.1 (d,= 8.7 Hz, 2H),
7.80-7.83 (m, 2H), 8.08-8.13 (m, 3H), 8.24 (dJ = 8.4 Hz, 1H),
8.27-8.30 (m, 1H), 8.348.37 (m, 1H), 11.23 (s, 1H).

General Procedure for the Synthesis of Compounds -27.
Compound2b (1 equiv) was added to a stirred solution of
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8.12 (d,J = 8.8 Hz, 2H), 8.24 (d) = 8.4 Hz, 1H), 8.29-8.31 (m,

1H), 8.35-8.37 (m, 1H), 11.23 (s, 1H)}C NMR (100.5 MHz,
CDCly): 6 ppm 53.6, 55.5, 80.7, 115.4, 117.8, 122.0, 125.3, 126.5,
127.6, 128.3, 128.8, 133.3, 133.8, 134.1, 134.5, 149.8, 156.0, 161.6,
182.7, 185.4. HR-MS (M- 1)* calcd, 468.1946; found, 468.1923.

appropriate amine (2 equiv) in dry acetone containing excess (5 Anal. (CagH2sN304-H,0) for C, H, N.

equiv) anhydrous KCOs;. The reaction was continued under
refluxing condition for 12-15 h until TLC indicated complete
disappearance @b. After removal of acetone, the reaction mixture

4-[(3-(1-Imidazolyl))propyloxy]phenyl-1H-anthra[1,2-d]imi-
dazole-6,11-dione (6)*H NMR (400 MHz, CDC}): 6 ppm 2.3
(quint., 2H), 4.01 (t, 2H), 4.24 (t, 2H), 6.95 (s, 1H), 7.06 Jd+

was washed with water and the crude product was extracted in8.8 Hz, 2H), 7.09 (s, 1H), 7.52 (s, 2H), 7:80.83 (m, 2H), 8.09
chloroform. The organic layer was collected and dried over (d,J= 8.4 Hz, 1H), 8.12 (dJ = 8.8 Hz, 2H), 8.24 (dJ = 8.4 Hz,
anhydrous Ng80O;, and then the solvent was evaporated. Column 1H), 8.28-8.30 (m, 1H), 8.358.37 (m, 1H), 11.23 (s, 1H)}3C
chromatography on silica gel yielded the pure product as a NMR (100.5 MHz, CDC)): 6 ppm 30.7, 43.4, 64.0, 115.1, 117.8,

hygroscopic solid upon elution with-5% MeOH in CHC}. The
yields of all the compounds ranged from 50 to 70%.
4-[(3-Diethylamino)propyloxy]phenyl-1H-anthra[1,2-d]imida-

zole-6,11-dione (2)*H NMR (400 MHz, CDC}): 6 ppm 1.41 (t,
6H), 2.2 (quint., 2H), 3.2 (quart., 4H), 3.26 (t, 2H), 4.15 (t, 2H),
7.05 (d,J = 8.7 Hz, 2H), 7.8+7.83 (m, 2H), 8.09 (dJ = 8.6 Hz,
1H), 8.12 (d,J = 8.7 Hz, 2H), 8.29 (dJ = 8.7 Hz, 1H), 8.36-
8.31 (m, 1H), 8.348.36 (m, 1H), 11.26 (br s, 1H}*C NMR (100.5
MHz, CD;OD + CDCls): 6 ppm 25.7, 32.5, 43.0, 55.5, 65.3, 114 .4,

118.9,121.7,122.0, 125.3, 126.5, 127.6, 128.3, 128.9, 129.8, 131.3,
133.3,133.5,133.7,134.1, 134.4, 137.3, 149.7, 156.6, 161.0, 182.7,
185.3. HR-MS (M+ 1)* calcd, 449.1613; found, 449.1611. Anal.
(C27H20N403°2H20) for C, H, N.
4-[(3-(1-Tetrazolyl))propoxy]phenyl-1H-anthra[1,2-d]imida-
zole-6,11-dione (7)!H NMR (300 MHz, CDC}): 6 ppm 2.6
(quint., 2H), 4.15 (t, 2H), 4.95 (t, 2H), 7.06 (d,= 8.7 Hz, 2H),
7.80-7.83 (m, 2H), 8.09 (d) = 8.4 Hz, 1H), 8.12 (dJ = 8.7 Hz,
2H), 8.23 (d,J = 8.4 Hz, 1H), 8.28-8.30 (m, 1H), 8.34-8.36 (m,

120.8,121.2,125.0, 126.5, 128.0, 129.1, 133.0, 133.3, 133.5, 133.8,1H), 8.55 (s, 1H), 11.23 (s, 1H}*C NMR (100.5 MHz, CDGJ):

157.4, 161.2, 182.3, 183.5. HR-MS (M 1)" calcd, 454.2130;
found, 454.2137. Anal. (§H,7N303-3H,0) for C, H, N.
4-[(3-(4-(2-Hydroxyethyl)-1-piperazinyl))propyloxy]phenyl-
1H-anthra[1,2-d]imidazole-6,11-dione (3).!H NMR (400 MHz,
CD;0D): ¢ ppm 2.05 (quint., 2H), 2.542.66 (m, 10H), 3.32 (t,
2H), 3.72 (t, 2H), 4.19 (t, 2H), 7.05 (d,= 8.8 Hz, 2H), 7.7 7.84
(m, 2H), 7.92 (dJ = 8.4 Hz, 1H), 8.10 (dJ = 8.8 Hz, 2H), 8.26-
8.30 (m, 3H).13C NMR (100.5 MHz, CQOD): 6 ppm 25.4, 51.7,

o0 ppm 29.0, 49.9, 64.4, 115.2, 117.9, 121.7, 122.0, 125.3, 126.5,
127.6,128.4,128.8, 133.3, 133.5, 133.7,134.1, 134.4, 149.7, 152.9,
156.6, 161.0, 182.6, 185.3. ESI-MS (1)" calcd, 451.2; found,
451.2. Anal. (Q5H13N603‘1.25|'|20) for C, H, N.

For the synthesis of compoun8snd9, 1,2-diminoanthraquino-
ne and 2- or 3-pyridinecarboxaldehyde were taken in a 1:1 ratio in
dry PhNQ and heated at 120C for 15-17 h until TLC indicated
the completion of the reaction. Precipitation of the product with

52.0,54.2,57.5,59.0, 65.4 114.0, 120.0, 120.9, 125.6, 126.2, 127.6 petroleum ether and repeated washing with the same removed
128.6, 132.5, 132.9, 133.0, 133.4, 157.0, 169.9, 182.0, 183.3. HR-nitrobenzene completely to yield the pure products in almost 65%

MS (M + 1)* calcd 511.2345; found, 511.2351. Anals{B830N4O4°
3.5H,0) for C, H, N.
4-[(3-(4-Methyl-1-piperazinyl))propyloxy]phenyl-1H-anthra-
[1,2-d]imidazole-6,11-dione (4)*H NMR (400 MHz, CDC}): o
ppm 2.05 (quint., 2H), 2.46 (s, 3H), 2.62.71 (m, 10H), 4.12 (t,
2H), 7.07 (d,J = 8.8 Hz, 2H), 7.8+7.83 (m, 2H), 8.09 (dJ =
8.6, 1H), 8.11 (dJ = 8.8 Hz, 2H), 8.23 (dJ = 8.6 Hz, 1H), 8.28
8.30 (m, 1H), 8.35:8.37 (m, 1H), 11.23 (s, 1H}3C NMR (100.5
MHz, CDCkL): 6 ppm 26.4, 45.3, 52.1, 54.5, 54.7, 66.2, 115.2,

yield.

2-Pyridyl-1H-anthra[1,2-d]imidazole-6,11-dione (8)H NMR
(300 MHz, CDC}): 6 ppm 7.45 (t, 1H), 7.867.83 (m, 2H), 7.9
(t, 1H), 8.17 (dJ = 8.4 Hz, 1H), 8.26 (dJ) = 8.4 Hz, 1H), 8.36-
8.37 (m, 2H), 8.46 (d, 1H), 8.76 (m, 1H¥C NMR (100.5 MHz,
CDCly): 118.8, 121.9, 122.4, 125.6, 126.5, 127.2, 127.4, 133.2,
133.6, 133.9, 134.3, 137.4, 137.5, 146.7, 149.0, 149.5, 155.8, 182.9,
184.4. HR-MS (M+ Na)' calcd, 348.0749; found, 348.0700. Anal.
(C20H11N302‘H20) for C, H, N.

117.8,121.2,122.0, 125.2, 126.5, 127.6, 128.3, 128.7, 133.5, 133.7, 3-Pyridyl-1H-anthra[1,2-d]imidazole-6,11-dione (9)*H NMR

134.1, 134.4, 149.8, 156.7, 161.6, 182.6, 185.3. HR-MSH W)™
calcd, 481.2239; found, 481.2242. Anal.,§8,sN,03-3H,0) for
C, H, N.

4-[(3-(4-Morpholinyl))propyloxy]phenyl-1 H-anthra[1,2-d]imi-
dazole-6,11-dione (5)*H NMR (400 MHz, CDC}): 6 ppm 2.06
(quint., 2H), 2.54-2.62 (m, 6H), 3.77 (t, 4H), 4.15 (t, 2H), 7.09
(d,J = 8.8 Hz, 2H), 7.8-7.84 (m, 2H), 8.10 (dJ = 8.4 Hz, 1H),
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(400 MHz, CDC}): 6 ppm 7.56-7.57 (m, 1H), 7.847.85 (m,

2H), 8.19 (d,J = 8.6 Hz, 1H), 8.28-8.38 (m, 3H), 8.53 (d, 1H),
8.81 (d, 1H), 9.43 (br s, 1H}3C NMR (100.5 MHz, CDCJ): 118.9,
122.0,124.1,125.1,125.4,126.4, 127.2,129.1, 133.0, 133.4, 133.8,
134.3, 135.5, 147.8, 148.5, 150.8, 154.4, 182.8, 184.3. HR-MS (M
+ 1)* calcd, 326.0929; found, 326.0934. Anal§8:1N30,-H,0)

for C, H, N.
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a Reagents, conditions, and yields: (i) 4-(MECH,)30)-CsHsCHO (1b), dry PhNQ, 130°C, 16 h, 50%; (ii) 4-OH-C¢HsCHO, dry PhNQ, 120 °C,
20 h, 60%; (iii) Br(CH)sBr, KoCO;, dry acetone, reflux, 12 h, 60%,; (iv) amine (RH);®0s, dry acetone, reflux, 1215 h, 56-70%; (v) 2- or 3-pyridine

carboxaldehyde (RRHO), dry PhNQ, 120°C, 15-17 h, 65%.
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Table 1. Association ConstantXj for Drug DNA Binding?

Kb (1P MY
drug CT DNA poly[d(A—=T)]> poly[d(G—C)].

1 2.1+05 4.1+ 0.2 3.0+ 0.1
2 19+0.6 3.2+ 0.3 2.3+ 05
3 1.94+0.3 3.0£0.1 22+04
4 1.0+ 04 2.8+ 0.5 1.9+ 0.2
5 0.6+0.2 1.1+ 0.1 0.5+ 0.2
6 1.1+0.1 1.8+0.4 0.6+ 0.4
7 0.5+0.1 0.5+ 0.2 0.3+ 0.2
8and9 ¢ ¢ ¢

aSee Supporting Information for detaifsThe results are the average
of two trials. ¢ For compound$8 and9, binding was too low to be measured
accurately.

15
—u—EtBr \.
—e— Hoechst 33258
144 —e—1
—a—4
—v—6
s D
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[Ligand] / [CT-DNA]

Figure 1. Viscometric titration of CT-DNA with compounds ethidium
bromide (EtBr), Hoechst 33258, 4, 6, and8. The data are the average
of several readings withie-0.04 s of each other.

Results and Discussion

Chemistry. Oxidative condensation betweelb and 1,2-
diaminoanthraquinone in nitrobenzene furnistead 50% yield.
For the syntheses of compour2is7, a common synthetic route
was followed. Compoun®a was synthesized by oxidative
condensation between 1,2-diaminoanthraquinone and 4-hy-
droxybenzaldehyde in nitrobenzene at Z) Compound2a
was converted t@b using 1,3-dibromopropane. In the final step,
N-alkylation of the respective amines were achieved using
compound2b to produce the compoundd—7 in 50—70%
yields. Coupling involving 1,2-diaminoanthraquinone and the
requisite 2- or 3-pyridinecarboxaldehyde in nitrobenzene at
120 °C afforded compound8 and 9 in ~65% yield. All the
synthetic steps have been shown in Scheme 1.

DNA Binding. DNA binding studies were performed using
UV —vis spectroscopy, where incremental concentratiormusof
DNA (CT-DNA, poly [d(A-T)]2, or poly [d(G-C)}p) were titrated
into the ligand solution in buffer, and changes in the ligand
absorbance were noted. DNA binding was marked by hypo-
chromicity and red-shift of the long wavelength absorption band
of the ligands (Figures S*515). The binding constants,
determined by half-reciprocal plot methédisted in Table 1,
show strong DNA binding fol—4 and6 and weak binding for
5 and 7. The hypochromicity observed on DNA addition for
the compounds8 and 9 were too low for determination of
binding constants. To probe further into the nature of binding,
viscometric titrations were performed. The molecules were
shown to cause helix lengthening, as evident from increased
viscosities of the solutions (Figure 4 However, the increase
was much less than that observed with intercalator EtBr but
higher than that of minor groove binder Hoechst 33258. These
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Figure 2. Inhibition of topo | relaxation activity. Lane 1, supercoiled
plasmid DNA; Lane 2, DNA+ topo |; Lanes 3-5, DNA + topo | +
cpt (10, 20, 5Q«M); Lanes 6-8, DNA + topo | + 4 (10, 20, 50uM);
Lanes 9-11, DNA + topo | + 5 (10, 20, 5QuM); Lanes 12-14, DNA

+ topo 1+ 6 (10, 20, 50uM); Lanes 15-17, DNA + topo | + 7 (10,
20, 50uM).

data for the new conjugates thus provide convincing evidence
that there is neither classical intercalation here nor a minor
groove binding Binding constants were also determined using
the McGhee-von Hippel site exclusion model (Table S2)The

low values of the excluded site size € 2; Table S2) present

a possibility that these agents stack and bind as dimers.
Benzimidazole-based conjugates have indeed been shown earlier
to bind todsDNA by stacked dimer formatiott

Biology. Inhibition Assays. To investigate the inhibition
activity of these molecules againkt donasani topo I, the
enzyme was purified following the procedure given in literature.
A relaxation assay was performed by simultaneous incubation
of supercoiled plasmid DNA, enzyme, and drug (Supporting
Information). The inhibition activity of the drugs was compared
to that of the standard topo | poison cpt (Figure 2, lanes 3, 4,
5). The inhibition activity of cpt is evident from the reduced
topoisomer bands and60% recovery of the supercoiled DNA
band at 5Q:M inhibitor concentration. The dialkylamine bearing
drugsl, 2 (Figure S16), and piperazine derivatizédFigure
S16) and4 (Figure 2, lanes 68) showed poor enzyme
inhibition. Morpholine-based5, imidazole bearing6, and
tetrazole derivatized, however, showed effective inhibition
of the enzyme activity. This was evident from the recovery of
the supercoiled DNA band with increasing drug concentration
(Figure 2, lanes 917). Compound was found to be the most
potent inhibitor of the relaxation activity induced by topo |,
showing nearly full inhibition at 2M (Figure 2, lanes 15
17). Compound (Figure 2, lanes 1214) was nearly as potent,
closely followed by5 (Figure 2, lanes 911), which showed
>75% inhibition at 2QuM and nearly full inhibition at 5Q:M.
Compound$—7 were, thus, more potent than cpt in inhibiting
the activity ofL. donaani topo I. The pyridine-based deriva-
tives, 8 and9, showed moderate inhibition under simultaneous
incubation condition (Figure S17).

Next, as a control, experiment was performed using human
topo 113 which is a well characterized type IB topoisomer#se.
The same trend in activity of the drugs was observed also with
this enzyme. Compounti—4 (data not shown) showed very
poor activity against the enzyme whereas compoubds
exhibited modest inhibitory activities against human topo |
(Figure S18). However, cpt was a better inhibitor of human topo
| than our drugs (Figure S18, lanes-3), while the reverse
was true forL.donaani topo I. These observations provide
significant leads toward the development of less cytotoxic drugs
exhibiting selectivity for parasitic enzyme over host enzyme.

Next, to investigate if the drugs had any independent
interaction with the parasitic topo I, they were preincubated with
the enzyme at 37C for 5 min prior to the addition of DNA.
The inhibition profile of5—7 (Figure S19) was only marginally
improved by enzyme preincubation. For4, preincubation with
the enzyme did not significantly enhance inhibition (Figure S20).
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Table 2. Activity of Drugs againsiL. donaani Topoisomerase?land
the Correlation with the Nature of Side-Chain Heteroatom

recovery of supercoiled DN¥(%) nature of side-chaiN

drug 10uMe 20uM¢ 50 uM¢ Hybd pKa

1 e e 5 sp3 9.8
2 e 2 10 sp3 10.7
3 € e 5 sp3 7.8
4 e e 10 sp3 7.8
5 46 7 92 sp3 7.5
6 62 77 91 sp2 7.0
7 80 92 95 sp2 —2.4
8 9 20 75 sp2 5.2
9 9 15 80 sp2 5.2
cpt 39 55 65

aThe assay was done under simultaneous incubation (of plasmid DNA,
enzyme and drugf. The amount of supercoiled monomer DNA band

fluorescence after EtBr staining was quantitated. Data are the averages o

two independent experiments and are withinl®% error limit.¢ The
concentration of the drug is expresseduid. 9 Nature of hybridization.
¢ Negligible inhibition.

For 8 and9, however, a significant enhancement of inhibition
was observed on preincubation (Figure S17).

Careful scrutiny of the above results sheds light on some
possible structureactivity relationships of the drugs. Th&p
of the side-chain nitrogen was found to be an important
determinant of the efficacies of the drugs against the topo |
enzyme. Strong basicity of the side-ch&inn 1—4 rendered
them significantly charged at physiological pH. Earlier studies
on indenoisoquinoline-based topo | inhibitors have shown that

the presence of H-bond acceptors on the side-chain amine

enhances inhibitio*; possibly by facilitating H-bond formation
with the positively charged amino acid residues in the ternary
cleavage comple¥:15But 1—4 being protonated at neutral pH
may only serve as H-bond donors. Howew&rdespite having

a protonation Ky ~7 for the imidazoleN, showed good
inhibition. Probably aromatic group on the side-chain facilitated
inhibition, which made imidazole and tetrazole bageahd 7
better inhibitors than all others. Again ify the weakly basic
tetrazole side-chain (protonatioiKp~-2) could also function

as hydrogen bond acceptor, thus explaining the high inhibition
activity of 7. The same was true fd and 9, in which the
pyridine N had protonation K, ~5. In fact, for 8 and 9,
inhibition was greatly improved on preincubation with the
enzyme suggesting significant drug-enzyme interactions. Mor-
pholine side-chain irb had N protonation K, ~7.5, but the
distal side-chain heteroatom was oxygen, whose ability to act
as H-bond acceptor probably led to enhanced inhibition activity
of 5. The results of the above are summarized in Table 2. The
activities of the drugs have been expressed in terms of their
ability to prevent the enzyme mediated relaxation of supercoiled
DNA. This inhibition activity has been correlated with the
hybridization state andiy, of the side-chairN.

Next we attempted to analyze if dra@NA interaction
affected the enzyme inhibition activity. Compouridd, which
showed strong interaction with DNA, were found to be poor
inhibitors. However, compound, which only had weak
interaction with DNA, was the best inhibitor. Again compounds
8 and 9 despite having negligible DNA interaction showed
moderate topo | inhibition activity. Thus DNA binding appears
to have little or no bearing on the topo | enzyme inhibition
activity of these molecules.

While the anthra[1,2-d]imidazole-6,11,diones insert partially
between the DNA base pairs, their side-chains possibly project
outward, interacting with the polyanionic phosphodiester DNA

backbone. The amino acid residues in the core catalytic domain
of the topoisomerase are positively charged and are conserved

f.
I
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for bothL.donasani (R314, K352, R410, H453) and human topo

| (R488, K532, R590, H632)* A H-bond acceptor in the side-
chain may form favorable H bonding interactions with the above
amino acid residues in the active site, stabilizing the ternary
cleavable complex. In several inhibition studies reported previ-
ously, it has been observed that side-chain possessing a
heteroatom capable of serving as a H-bond acceptor at physi-
ological pH, generally provide the best results regarding topo |
inhibition.1> Our results are in keeping with those observations.
However, the likely interpretation of structuractivity relation-

ship is less obvious for compoun8sand9. Probably the flat
aromaticr surface enables the molecules to form favorable
stacking interaction with certain residues of the enzyme at the
active site.

Thus, we have successfully developed a series of imidazole-
inked, anthraquinone-based topoisomerase inhibitors by sys-

tematically varying the side chain appended to the central

aromatic moiety. Five of the nine drugs studied have emerged
as very potent and selective inhibitors of topo Lofdonaani.

As the compounds are also synthetically facile and chemically

stable, the observations made in the present study provide useful
insights toward developing potent inhibitors of the parasitic
enzyme. Indeed, the nature of the amine-based side chain and
its pKa would hold the key in such design.
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