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Abstract The enzyme topoisomerase I (topo I), which is
essential for cell replication, transiently causes a DNA
single strand break and makes a complex with it. The anti-
cancer agent camptothecin (CPT) binds to the topo [-DNA
complex and stabilizes it, preventing resealing of the
broken DNA strand and cell growth. Considering the
structural factors of CPT that are believed to be involved
in stabilizing the topo I-DNA complex via hydrogen
bonding and stacking interactions, designs of two new
analogues of CPT (topo I inhibitors) have been suggested.
The molecular geometries of CPT, two of its analogues and
certain other related molecules included in the study were
fully optimized in both gas phase and aqueous media at the
B3LYP/6-311++G(d,p) level of density functional theory.
Solvation effects of aqueous media were treated using the
polarizable continuum model (PCM). Net CHelpG charges
and surface molecular electrostatic potentials (MEP) near
the atomic sites of the molecules were studied. Structural
analogy and surface MEP values suggests that the two new
CPT analogues studied here would be potent topoisomerase
I inhibitors.

Keywords Camptothecin (CPT) - CPT analogues -
8-Oxoguanine derivatives - MEP- Solvation -
DFT calculation

Introduction

Topoisomerase I (topo I) is an enzyme that causes tran-
sient DNA single strand breaks, that are rejoined later, and
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makes a complex with the broken DNA strand [1, 2]. For
this reason, topo I is vital for DNA replication, transcription
and certain other nuclear processes [1, 2]. The anticancer
drug camptothecin (CPT) binds to the topo I-DNA
complex, thereby inhibiting rejoining of the broken strand.
It has been found that CPT and its derivatives intercalate
between DNA base pairs at the site of a single strand break
and stabilize the topo [-DNA complex, thus preventing the
rejoining of the broken DNA strand and stopping cancer cell
growth [3].

The CPT molecule consists of five rings out of which four
(A, B, D and E) are six-membered and one (C) is five-
membered (Fig. 1a). It has two different forms that make
stable complexes with the topo I-DNA complex. In one
form, the E ring is closed (lactone form) (Fig. 1a) while in
the other, this ring is open (carboxylate form) [2]. The
lactone form of CPT has a greater potency towards non-
proliferation of tumor cells than the carboxylate form which
is generally inactive [2, 4]. It is known that CPT is neither
stable at physiological pH nor soluble in water. As a result, it
does not work properly inside living systems. To deal with
these problems, several attempts have been made to obtain
different CPT [5-8] and non-CPT [9] topo I inhibitors.
Different substitutions were made at the A and B rings of
CPT to enhance its stability in human plasma or blood [2, 4,
5,10]. It was found that due to the existence of a
intramolecular hydrogen bond between the hydrogen atom
of the 9-OH group and the O8 atom present in the lactone
form of E ring (Fig. 1a), CPT can undergo hydrolysis easily
at physiological pH [7, 8, 11]. As a result, the active lactone
E ring is converted to the inactive carboxylate form [7, 8].
Bailly et al. [7] have shown that replacement of the six-
membered E ring of CPT by a seven-membered E ring
(homoCPT) where there is no significant hydrogen bonding
between the H atom of the 9-OH group and the O8 atom leads
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Fig. 1 Optimized structures
of (a) 1 (CPT), (b) 2, (¢) 3, (d) 4
and (e) 5 molecules
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to enhancement of the stability of the system. It was also
shown that the homoCPT has superior antitumor activities
than CPT in vivo [12]. Other CPT analogues with modified
E rings have also been suggested [4, 6, 8].

When the C3H group of the D ring of CPT (Fig. la)
is replaced by an N3 atom to give 3-azaCPT, the
resulting analogue of CPT stabilizes the topo [-DNA
complex to the same extent as CPT and is also soluble in
water [4, 13]. It was also found that 3-azaCPT effectively
suppresses super-coiling relaxation of DNA [4]. In order
to design new CPT analogues, it is important to know the
binding modes of CPT that stabilize the topo I-DNA
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complex. Several models have been proposed in this
context in which it was suggested that CPT stabilizes the
topo [-DNA complex mainly by (1) hydrogen-bonding
interactions between the atoms attached to the D and E
rings of CPT and topoisomerase I and (2) stacking
interactions, mainly between the C ring and the adjacent
DNA base pairs [1, 3, 4, 14]. The X-ray crystal structure
of an A-ring-substituted lactone form of CPT derivative
(topotecan) complexed with topo I-DNA showed that
there is only one hydrogen bond between the hydrogen
atom of the 9-OH group and an oxygen atom of Asp533
of topo I [15].
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The formation of 8-oxoguanine (80G) is a common
oxidative form of DNA damage found in biological systems
[16, 17]. 80OG makes Hoogsteen-type base pairing with
adenine that can lead to mutation and cancer [18]. It has
been shown that 80G suppresses DNA-cleavage activity of
the topo [ enzyme by stabilizing the inactive conformation of
the topo I-DNA complex [19]. In previous work from our
laboratory, it was suggested that replacement of the N7H7
group of 80G by an oxygen atom to give 7-O-80G can
destabilize the mispairing between 80G and adenine [20].
Further, due to the structural similarity between guanine and
7-0-80G in the Watson—Crick base pairing region, the latter
molecule can be incorporated into DNA in place of guanine.
Thus 7-O-80G may have anti-mutagenic properties [20].

Considering the above facts, we have tried to design
some new analogues of CPT. The starting point of the
present study was the 7-O-80G molecule because of the
structural similarity between the imidazole ring of 7-O-
80G and the E ring of CPT. We have examined the
structures and properties of several derivatives of 7-O-80G
obtained by systematic substitution of the different func-
tional groups present in CPT to 7-O-80G, followed by
fusion of the C, B and A rings of CPT to the substituted 7-
0-80G molecule. In this way we have obtained two close
analogues of CPT that differ from CPT only in the D and E
rings.

Computational methodology

The geometries of CPT, 80G, 7-O-80G and their
derivatives (11 molecules in total, Figs. 1 and 2) were
fully optimized in the gas phase at the B3LYP/6-311++G
(d,p) level of density functional theory (DFT) [21, 22].
Geometry optimization was also performed for ten of the 11
molecules in aqueous media treating solvation using the
polarizable continuum model (PCM) [23]. Geometry
optimization could not be completed for 8 in aqueous
media because of convergence failure. In this case, a
single point solvation calculation was performed using
the PCM model and the gas-phase optimized geometry.
Vibrational frequency analysis in the gas phase was
carried out for all the molecules except 1, 10 and 11
because they were too large. No vibrational frequency
analysis was performed in aqueous media. For visualiza-
tion of the optimized structures, the GaussView program
(versions 2.1 and 3.09) was used [24]. All the calcu-
lations were performed using the Windows versions of the
Gaussian 98 (G98W) [25] and Gaussian 03 (GO3W) [26]
programs. Molecular electrostatic potentials (MEP) at the
van der Waals surfaces of the molecules near various
atomic sites were obtained using the MEP-fitted CHelpG
charges using a software developed locally.

Results and discussion
Structures of CPT and other molecules

Optimized bond lengths and bond angles of CPT (1) in both
the gas phase and aqueous media are shown in Table 1. The
optimized geometrical parameters of the molecules in the
gas phase and aqueous media are very similar. This shows
that the aqueous medium has a small effect on the
molecular geometries (Table 1). The optimized bond
lengths and bond angles of CPT were compared with the
X-ray crystallographic results obtained for camptothecin
iodoacetate [27]. The root mean square (RMS) difference
between the calculated bond lengths of CPT in the gas
phase and aqueous media and the crystallographic bond
lengths of camptothecin iodoacetate is ~0.032 A, while the
corresponding difference for bond angles is ~2.4 °. Thus,
the agreement between the calculated and observed bond
lengths and bond angles is satisfactory. The differences
between the calculated and crystallographic values of bond
lengths and bond angles can be ascribed largely to packing
forces present in crystals. The optimized structures of CPT
(1) and 80G derivatives (2—11) are shown in Figs. 1 and 2.

In Fig. la, structure of the lactone form of CPT (1) is
shown. For the D and E rings of CPT, we have adopted the
same atomic numbering scheme as that used for guanine or
80G (2). Atoms of other parts of CPT and its derivatives
are numbered sequentially. All the rings of CPT are
coplanar except the six-membered E ring, which is
nonplanar, the C5C4C9C8, C4C9C808 and C4C5C2307
dihedral angles being about 39°, 140° and 32°, respec-
tively. There is a weak intramolecular hydrogen bond
between the H atom of the 9-OH group and the O8 atom,
the H(9-OH)-08 distance being 2.046 and 2.187 A in gas
phase and aqueous medium, respectively (Table 1). This
hydrogen bond is involved in the hydrolysis of CPT at pH>
7.0 that leads to conversion of the active lactone form to the
inactive carboxylate form [7, 8]. There are some similarities
between CPT (1) and 80G (2) (Fig. 1a,b) as follows. (1)
Both molecules have a nitrogen atom at the 1 position (N1)
and (2) A CO group is attached to each of the six- and five-
membered rings of 80G (C606 and C808 groups,
respectively) similar to those present in CPT (Fig. 1a,b)
[1, 27]. The rings of 80G are coplanar (Fig. 1b). The
structure of 7-O-80G (3) is shown in Fig. lc. The main
structural difference between 80G and 7-O-80G is that the
N7H7 group of the former is replaced by an oxygen atom
(O7) in the latter.

The structure of a derivative of 7-O-80G (4) in which
the N9H group present in 3 is replaced by a carbon atom to
which a hydrogen atom and an OH group are attached is
shown in Fig. 1d. This substitution was made in 3 to obtain
4 as there is a carbon atom at the 9th position of CPT to
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Fig. 2 Optimized structures
of (a) 6, (b) 7, (¢) 8, (d) 9, (¢) 10
and (f) 11 molecules

e) 10

which an OH group is attached and the H atom of this OH
group makes a hydrogen bond with one of the amino acids
of topo I, which is involved in stabilizing the topo [-DNA
complex [1, 3, 14, 17, 28]. In an experimental study, a
model of CPT analogue-topo I-DNA complex was sug-
gested, according to which the oxygen atom of the 9-OH
group is involved in hydrogen bonding with two different
amino acids while its hydrogen atom is involved in
hydrogen bonding with another amino acid of the topo I
enzyme [29]. When the 9-OH group of CPT was replaced
by a 9-NH,, 9-Cl or 9-Br group, it was found that all the
resulting molecules stabilized the topo [-DNA complex but
less efficiently than CPT [4, 29]. These facts indicate the
importance of the 9-OH group present in the CPT. Previous
studies have also shown that the presence of both the
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lactone E ring of CPT and the 9-OH group are very
important in stabilizing the topo [-DNA complex [30-33].
We have 9-H, 9-CH3;, 9-C,H;5 and 9-C3H- groups as well as
the 9-OH group, in 3, 5, 6 and 7, respectively (Figs. lc—e
and 2a,b). These groups were attached to C9 in order to
analyze the role of the 9-C,H;5 group in CPT.

The C, B and A rings of CPT were fused to molecule 6
sequentially in order to evaluate the perturbation they cause
to different molecular properties like dipole moment,
charge distribution and surface MEP. When a five-mem-
bered C ring, which is present in CPT, is fused to the D ring
of 6 at the N1C2 bond, we obtain 8, the structure of which
is shown in Fig. 2¢. The structure of 9, in which a pyridine
ring (B ring) is fused to the C ring of 8 at the C12C13 bond
is shown in Fig. 2d. When a benzene ring (A ring) is fused
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Table 1 Some important geo-
metrical parameters of 1 (CPT)
obtained by geometry optimi-
zation at the B3LYP/6-311++G
(d, p) level of theory in gas

Geometrical parameters®

Bond length (A)

Bond angle (deg.)

phase and aqueous media NI1Cl14 1.473 (1.481) [1.49] NI1C606 120.8 (121.1) [123.0]
N1C2 1.377 (1.372) [1.31] N1C2C3 121.2 (121.6) [119.0]
C2C3 1.366 (1.370) [1.41] C2N1C14 113.3 (113.5) [114.0]
C3C4 1.418 (1.415) [1.39] C2C3C4 117.3 (117.3) [117.0]
C4C5 1.373 (1.374) [1.33] C2CI2N15 126.1 (125.7) [126.0]
C5C6 1.450 (1.446) [1.46] C2Cl12C13 108.1 (108.1) [107.0]
C606 1.231 (1.237) [1.20] C2NI1C6 124.9 (124.1) [128.0]
N1C6 1.396 (1.387) [1.40] C6C5C23 117.5 (117.0) [112.0]
07C8 1.336 (1.329) [1.31] 07C808 121.0 (121.5) [122.0]
C808 1.207 (1.213) [1.19] C8C9C4 108.9 (109.3) [110.0
C8C9 1.542 (1.537) [1.56] C8C909 108.4 (109.4) [109.0]
C909 1.414 (1.415) [1.42] C8C9C10 107.7 (106.7) [113.0]
CocCl10 1.560 (1.558) [1.60] CoCl10Cl11 113.5 (113.5) [112.0]
C4C9 1.519 (1.520) [1.52] CI2N15C16 116.3 (116.3) [115.0]
C10Cl11 1.529 (1.527) [1.52] Cl14C13C18 131.9 (131.9) [133.0]
CI12C13 1.424 (1.422) [1.44] C16C19C20 120.5 (120.4) [120.0]
C2C12 1.466 (1.464) [1.47] C20C21C22 120.4 (120.4) [123.0]
C13Cl14 1.503 (1.500) [1.53] C2307C8 120.8 (120.1) [121.0]
CI2N15 1.311 (1.313) [1.31] C14N1C6 121.8 (122.4) [117.0]
CI13C18 1.367 (1.369) [1.29] NICI14C13 102.1 (101.6) [100.0]
N15C16 1.363 (1.363) [1.38] C18C17C22 122.6 (122.4) [119.0]
C16C17 1.437 (1.436) [1.42] C12C13C14 109.4 (109.8) [109.0]
C17C18 1.421 (1.420) [1.42] C12C13C18 118.7 (118.2) [118.0]

a . C16C19 1.419 (1.419) [1.34]

ot?tz(i);;gtrilrlce;lqﬂzga:slertlf;ia are c20e21 1415 (1.415) [1.43]

. ) C19C20 1.374 (1.374) [1.37]

given in parentheses. Exper-

imental bond lengths and bond C21C22 1.374 (1.375) [1.39]

angles for camptothecin C17C22 1.418 (1.419) [1.40]

iodoacetate obtained from C5C23 1.495 (1.492) [1.54]

Reference [27] are given in H909 2.046 (2.187)

brackets.

to the B ring of 9 at the C16C21 bond, we obtain 10, the
structure of which is shown in Fig. 2e.

There are only two structural differences between CPT
(1) and 10. (i) The E ring in the former is six-membered
and nonplanar while in the latter, the corresponding ring is
five-membered and planar. (ii) The D ring of 10 contains an
N3 atom instead of the C3H group present in CPT. Thus, 10
differs from 3-azaCPT [4] only with respect to the E ring. It
is interesting to note that both CPT and 3-azaCPT [4] have
intramolecular hydrogen bonding between the H atom of
the 9-OH group and the O8 atom, while in 10, the
corresponding intramolecular hydrogen bonding is absent
(distance H(9-OH)-08=2.708 and 2.730 A in gas phase
and aqueous medium, respectively). This indicates that 10
would be stable at physiological pH.

When the N3 atom of 10 is replaced by a C3H group, 11
results, the structure of which is shown in Fig. 2f. Eleven
differs from CPT and homoCPT [7] only with respect to the
E ring. Thus, 11 is a close analogue of CPT (1) and
homoCPT [7]. As intramolecular hydrogen bonding be-
tween the H atom of the 9-OH group and the O8 atom is

absent in 11 (distance H(9-OH)-08=2.657 and 2.734 A in
gas phase and aqueous medium, respectively) (Table 1), it
would also be stable at physiological pH. Further, as the A,
B, C and D rings of 10 and 11 are similar to those of CPT,
these two molecules are also expected to be involved in
stacking interactions with the topo [-DNA complex in a
similar manner as CPT.

Solvation energies and dipole moments

Geometry optimizations performed in aqueous media for all
molecules (except 8) enable us to compare their stabilities,
solubilities and other important properties in aqueous media.
Solvation energies (defined as the sum of electrostatic and
non-electrostatic interaction energies between the solvent
and solutes) and dipole moments of all the molecules studied
here (1-11) in aqueous media are shown in Table 2. The
solvation energies of the molecules in aqueous media are
found to be fairly large, between ~—19 and ~—34 kcal mol
(Table 2). We also find that the solvation energies of 10 and
11 are larger than that of CPT (1) by about 3 and 1 kcal
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Table 2 Solvation energies (AE;) (kcal mol™") and dipole moments
(Debye) of 1-11 obtained by geometry optimization in aqueous
media, unless otherwise specified®

Molecule AE; Dipole moments
Gas phase Aqueous media

1 —19.47 6.77 9.11
2 -26.01 6.81 10.01
3 —27.87 8.85 13.40
4 —33.66 6.86 11.56
5 —26.22 7.31 11.71
6 —23.58 6.88 11.25
7 —24.05 6.82 11.35
8 -18.88 6.16 8.82
9 —20.56 6.78 11.01
10 —22.03 7.56 10.38
11 -20.20 7.38 9.75

#Structures are shown in Figs. 1 and 2.

® As the geometry of 8 could not be optimized in aqueous media,
solvation energy and dipole moment for this molecule were obtained
by a single point energy calculation using the gas phase optimized
geometry.

mol ™', respectively (Table 2). The calculated dipole
moments of these three molecules in both the gas phase
and aqueous media also follow the same order i.e. 10>11>
1 (Table 2). Thus, it seems that 10 would be somewhat
more soluble than 11 and CPT (1) in aqueous media.

Surface MEP and drug activities

To study the relative hydrogen-bonding strengths of a series
of molecules approximately, one can use molecular elec-
trostatic potentials (MEP) or molecular electric fields
(MEF) near the corresponding atomic sites at the van der
Waals surfaces [31, 32]. Surface MEP or MEF can be
obtained using CHelpG point charges. Nearly linear
relationships have been found between the MEP or MEF
and experimentally measured hydrogen-bond donating or
accepting abilities of molecules [34-37]. The use of
CHelpG charges are quite appropriate in this context as
these are derived by fitting of surface MEP values. As the
hydrogen bonding strength between topo I and CPT or its
analogues would be an important factor in controlling the
activity of the molecules as drugs, MEP values obtained
using CHelpG charges can be used as a reliable descriptor
of drug activity.

Surface MEP values near the selected atomic sites of the
molecules computed using CHelpG charges obtained using
optimized geometries in the gas phase and aqueous media
are shown in Table 3. We make the following observations
from the MEP values (Table 3):

(1) The MEP values near the different atomic sites in
aqueous media are usually appreciably larger than
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those in gas phase. This is due to an appreciable
modification of charge distribution in going from the
gas phase to aqueous media, as shown by the
calculated CHelpG charges. It may also be considered
as arising from a cooperative effect between the
solvent and the solutes, due to which the negative
and positive regions of the solutes are enhanced.
However, the qualitative trends shown by the MEP
values in the gas phase and aqueous media are similar.
The MEP values suggest that all the hydrogen bonds
between the drug molecules and the topo [-DNA
complex would usually be stronger in aqueous media
than those in gas phase.

The MEP magnitudes in aqueous media near 06, O7,
09 and the H atom of the 9-OH group are larger in 7
than those near the corresponding sites of 5 and 6.
However, the MEP magnitude near OS in 7 in aqueous
medium is least among the three molecules. These
results show that appreciable effects on hydrogen
bonding involving the above mentioned atomic sites in
aqueous media would be caused by substitutions of
the CH3, C,Hs and C3H5 groups at the C9 position.
According to a model proposed by Redinbo et al. [1],
06, 07, O8 and the H atom of the 9-OH group of CPT
would be involved in hydrogen bonding with the topo
I-DNA complex. It is also proposed that O9 and N15
atoms of CPT would be involved in hydrogen bonding
with topo [-DNA complex [3, 29]. Considering the
fact that 10 and 11 would stabilize the topo [-DNA
complex in a similar manner as CPT, it is essential to
compare the expected hydrogen-bond strengths in-
volving the above atoms on the basis of MEP values
[31, 32]. On this basis (Table 3), it seems that the
hydrogen-bond strengths involving the four oxygen
atoms and one nitrogen atom where these atoms would
serve as hydrogen bond acceptors would follow the
order O6>08>07>09>N15. The H atom of the
9-OH group would be a hydrogen bond donor. This
property of the H atom of the 9-OH group corresponds
to the positive surface MEP values near this site in the
different molecules (Table 3).

Sums of MEP magnitudes near the appropriate sites in
the different molecules can be treated as overall
descriptors of hydrogen-bonding strength or drug
activity. The sums of MEP magnitudes near the O6,
07, 08, O9 and N15 atoms in 1, 10 and 11 in the gas
phase follow the order 10 (231.8)=11 (231.8)>1
(224.3), while in aqueous media, the order changes
to 10 (330.2)>11 (292.9)>1 (232.9), where the MEP
values in kcal mol ™' are given in parentheses (Table 3).
The MEP values near the H atom of the 9-OH group
in both the gas phase and aqueous media follow the
order 11>10>1. The surface MEP value near the H
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Table 3 Surface molecular electrostatic potentials (MEP) (kcal mol ') near certain selected atomic sites of the molecules 1-11 at the van der Waals surfaces computed using CHelpG charges

obtained by geometry optimization in gas phase (outside parentheses) and aqueous media (inside parentheses) at the B3LYP/6-311++G(d,p) level of theory®

Surface MEP

Sites

11°

10

8d

3C

2C

lb

—40.95 (—65.71)
—56.55 (—69.79)
—36.94 (—64.21)
~47.23 (-54.81)
—45.68 (—66.68)

42.85 (56.44)

—44.93 (~75.46)
—55.91 (—69.33)
~37.34 (-64.21)
-45.35 (—54.81)
~46.76 (—66.68)
40.08 (43.43)

—43.08 (—59.68)
—56.04 (—64.92)
~37.73 (-55.39)
—45.39 (—54.78)
—45.56 (—61.03)
41.26 (43.67)

—41.34 (—48.09)
—57.83 (=79.77)
—37.07 (—67.18)
—46.01 (—59.48)
—46.62 (—59.34)
44.75 (51.19)

—42.42 (—49.99)
—57.74 (<77.79)
~37.58 (~59.35)
~46.51 (-61.18)
~46.03 (=54.13)
40.29 (40.88)

~39.58 (—47.09)
~57.67 (~78.56)
~37.58 (—60.09)
—47.89 (~65.08)
—43.98 (-51.67)
38.83 (49.85)

—38.67 (—46.13)
—56.82 (—79.29)

~34.28 (~57.86)
~46.41 (~65.73)
—42.69 (—48.33)
42.78 (59.35)

—22.01 (~18.76)
—58.57 (—81.47)

~36.24 (~58.59)
~57.12 (~76.06)

—27.77 (-27.41)
—57.32 (-71.62)

N3

—56.55 (—78.33)
-36.94 (—63.61)
—47.23 (~61.42)
—45.68 (—48.22)

46.11 (58.06)

—57.31 (-58.61)

~40.00 (~43.76)
~51.29 (~54.95)

~39.89 (—40.12)
18.20 (27.70)

06

—62.69 (=79.63)

08

09

H (9-OH)

N15

—45.39 (~41.35)

—45.39 (~74.75)

—44.30 (~74.75)

~35.77 (-35.43)

Structures of the molecules are shown in Figs. 1 and 2.

®In this case, there is a C3H group in place of the N3 atom (Figs. la and 2f).

°In 2 and 3, there is a N9 atom in place of C9 atom. In 2, there is a N7H group in place of the O7 atom.

4 Obtained by single-point calculation in aqueous medium using the gas-phase optimized geometry.

atom of the 9-OH group of CPT [1] is appreciably
smaller than the corresponding MEP values in 10 and
11 (Table 3). This is because in the case of CPT, there
is an intramolecular hydrogen bond between the H
atom of 9-OH group and the O8 atom (Table 1). Due
to the influence of the O8 atom of CPT, the positive
surface MEP value near the H atom of the 9-OH group
is reduced.

(5) As solvation energies are appreciable (Table 2), the
effects of aqueous media should be considered in
dealing with the MEP values and activities of the
molecules as drugs. On the basis of the MEP values in
aqueous media, it appears that molecules 10 and 11
would make strong hydrogen bonds with the topo
I-DNA complex.

Conclusions

We arrive at the following conclusions from the present
study. Out of the eleven molecules of which the geometries
and surface MEP have been studied here, two i.e. 10 and 11
are close analogues of CPT. There is a five-membered E
ring in each of 10 and 11 while there is a six-membered E
ring in CPT. The six-membered E rings of CPT is
nonplanar while the corresponding five-membered E rings
of 10 and 11 are planar. Due to the nonplanarity of the E
ring in CPT, an intramolecular hydrogen bond is formed
between the hydrogen atom of the 9-OH group and the O8
atom, due to which the molecule undergoes hydrolysis at
physiological pH easily. The potency of CPT may also be
lowered for this reason. This effect is not present in 10 and
11 and, therefore, these molecules would be stable at
physiological pH. On the basis of the calculated surface
MEP values in aqueous media near the atoms of 10 and 11
that are believed to be involved in stabilizing the topo
I-DNA complex via hydrogen bonding, it appears that 10
and 11 would make strong hydrogen bonds with the topo
I-DNA complex. Further, as the A, B, C and D rings of 10
and 11 are similar to those of CPT, these molecules are
expected to be involved in stacking interactions with the
topo I-DNA complex in a similar manner as CPT. Thus,
due to close structural analogy with CPT, the absence of the
intramolecular hydrogen bonds mentioned above and
surface MEP values, it appears that 10 and 11 would be
potent topo I inhibitors. However, this remains to be
verified experimentally.
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