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Abstract

A series of 2-arylidene-1-indanones, 1, had been shown previously to display cytotoxic properties towards Molt 4/C8, CEM
and L1210 cells. In the present study, two series of analogues of 1 were prepared namely various 2-arylidene-1,3-indandiones,
2, and chalcones, 3. In general, the potencies of compounds 2 and 3 were greater than the analogues bearing the same aryl
substituents in series 1. Molecular modeling was undertaken in order to seek explanations for the variation in bioactivities.
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Introduction

One of the principal interests in this laboratory is the
design of candidate cytotoxins based on the o,3-
unsaturated keto scaffold [1,2]. A number of these
molecules have been shown to alkylate thiols but not
amino or hydroxyl substituents [3,4]; the latter two
functional groups are found in nucleic acids and
thus enones may be devoid of unwanted genotoxic
properties.

Several years ago, a number of 2-arylidene-1-
indanones, la-j, were evaluated for cytotoxic proper-
ties[5,6]. Approximately half of the compounds 1a-j
had ICs, values of less than 100 wM when evaluated
against human Molt 4/C8 and CEM T-lymphocytes as
well as murine 1.1210 lymphoid leukemia cells.

The objective of the present investigation was to
design and synthesize two series of analogues of 1 for
evaluation as candidate cytotoxins, with a view to
ascertaining those structural features which influence
potencies. First, the compounds in series 1 were
designed as alkylators whereby the olefinic carbon
atom adjacent to aryl ring B would interact with
cellular thiols. Hence the placement of an additional

electron-attracting oxygen atom onto the indane
scaffold leading to series 2 was predicted to increase
the fractional positive charge on the olefinic carbon
atom. Hence the rate and extent of alkylation may be
greater in series 2 than 1 which may be accompanied
by increased cytotoxic potencies. Second, '"H NMR
spectroscopy of la-j revealed that the compounds
possess the E configuration which was confirmed by
X-ray crystallography of representative compounds
[5,6]. These molecules are locked into a s-cis
conformation with regard to the enone moiety.
Chalcones have been shown by "H NMR spectroscopy
and X-ray crystallography to have the E configuration
[7] and X-ray crystallography revealed that chalcones
adopt the s-cis conformation [7]. The 2-arylidene-1-
indanones 1 may be regarded as cyclic analogues of
chalcones 3. A comparison of the shapes of represen-
tative compounds in series 1-3 was planned which may
provide information as to the topological features
which influence potencies. The structures of the
compounds in series 1-3 are presented in figure 1.

In summary, the decision was made to prepare 2a-j
and 3a-j, in which the aryl substituents were identical
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Figure 1. Structures of series 1-3. The aryl substituents are as
follows: a: R' = R> = H; b: R' =4-Cl, R> = H; ¢: R! = 3-Cl,
R?>=4-Cl;d: R' = 4-CH;, R> = H; e: R! = 4-OCH;, R* = H; f
R! =4-F, R?> = H; g: R! =4-Br, R? = H; h: R! = 2-NO,, R?
= H;i: R = 3-NO,, R*> = H;j: R' =4-NO,, R> = H.

to those in 1a-j. The compounds in series 2 and 3 were
planned to be evaluated in the Molt 4/C8, CEM and
L1210 screens while molecular modeling was con-
sidered a useful tool to be employed when interpreting
the biodata generated.

Materials and methods
Chemistry

Melting points are uncorrected and are given in
Celsius degrees. Yields of compounds are presented as
percentages. The following compounds have been
described previously, namely 2a,b,e [8,9], 2¢ [10], 2d
[11], 2e [12], 2f [13], 2 g,i,j [14], 3a,b,d,e,g,j[15],
3¢ [16], 3f [17] and 3 h,i [18]. The structures of 2a-j
and 3a-j were confirmed by 500 MHz spectroscopy
using a Bruker AMS 500 FT instrument. In addition,
elemental analyses were undertaken on 2a-g, 3f,g (C,
H) and 2h-j (C, H, N) by Mr. K. Thoms, Department
of Chemistry, University of Saskatchewan and were
within 0.4% of the calculated values.

Synthesis of series 2. The diketones 2a-j were prepared
by the following general procedure. A mixture of 1,3-
indandione (0.0068 mol), aryl aldehyde (0.0075 mol),
piperidine (0.06 mL) and ethanol (30mL) was
heated under reflux for 2—-3h until 1,3-indandione
disappeared. On cooling, the precipitate was collected
and recrystallized from ethanol to give the following 2-
arylidene-1,3-indandiones (melting points and yields
are in parentheses) namely 2a (146°, 68), 2b (173°,
73), 2¢ (133° 62), 2d (140°, 78), 2e (153° 64), 2f
(175°,71),2¢g (167° 63),2h (180°, 61), 2i (247°, 70)
and 2j (127°, 68). The 'H NMR spectrum of a
representative compound 2d was as follows: &
(CDCl3): 2.47 (s, 3H), 7.35 (d, 2H, J = 7.85Hz),
7.82 (m, 2H), 7.90 (s, 1H), 8.02 (m, 2H), 8.41 (d,
2H,J = 7.90 Hz).

Synthesis of series 3. The chalcones 3a-g were prepared
by the following general procedure. Aqueous sodium
hydroxide solution (10% w/v, 0.5 mL) was added to a
solution of acetophenone (0.0083 mol), aryl aldehyde
(0.0075mol) in ethanol (20mL) cooled to 10°C

approximately. After stirring the reaction mixture at
room temperature overnight, the precipitate was
collected and recrystallized from ethanol to give the
following chalcones (melting points and yields are in
parentheses), namely 3a (58°, 61), 3b (115° 72), 3¢
(114°, 64), 3d (93°, 58), 3e (114°,71), 3£ (83°,66),3 g
(123°, 68), 3h (110°, 62), 3i (143°, 71) and 3j (165°,
75). The 'H NMR spectrum of a representative
compound 3f was as follows: 8 (CDCl5) : 7.13 (t, 2H),
7.47 (d, 1H, J = 15.70Hz), 7.53 (t, 2H), 7.61 (t,
1H), 7.66 (m, 2H), 7.88 (d, 1H, ] = 15.70 Hz), 8.02
(d, 2H, J = 8.45Hz).

Molecular modeling. Models of various molecules were
built using the program (Spartan ’04 for windows)
[19] from which were obtained the relative locations of
rings A and B in 1c¢, 2¢ and 3¢ (Table III and Figure 3)
and the charge densities of 1b, ¢, h, j and 2b,c,h,j on
the olefinic carbon atoms adjacent to ring B. The
energy of the s-cis and s-trans conformations of 3¢ are
20.73 and 22.10 Kcal/mole, respectively. The log P
values were obtained using a commercial facility [20].
The figures obtained for la-j were 3.742, 4.420,
5.026, 4.190, 3.798, 3.905, 4.551, 3.473, 3.677,
3.701, respectively, while for 2a-j the values were
2.888, 3.566, 4.172, 3.337, 2.945, 3.052, 3.697,
2.799, 2.823, 2.847, respectively, and for 3a-j the data
were 3.811, 4.489, 5.095, 4.260, 3.868, 3.975, 4.620,
3.543, 3.746, 3.770, respectively.

Bioevaluations. The Molt 4/C8, CEM and L1210
assays were conducted in triplicate at 37°C for 48 h
using a literature procedure [21].

Statistical analyses. The sigma, pi and molar
refractivity values were taken from the literature [22]
and the Taft o* figure for the 2-nitro group was
obtained from a reference source [23]. The linear and
semilogarithmic plots were made using a commercial
software package [24].

Discussion

Various aryl aldehydes were condensed with indan-
1,3-dione or acetophenone to produce the compounds
in series 2 and 3, respectively. The 'H NMR spectra of
the chalcones 3a-j revealed that they possessed the E
configuration which was based on the ] values of
15.60-15.75 Hz of the olefinic protons. Molecular
modeling of a representative compound 3¢ indicated
that the s-cis and not the s-trans conformer had the
lower energy.

All of the compounds in series 2 and 3 were
evaluated against human Molt 4/C8 and CEM
T-lymphocytes and murine 1.L1210 lymphoid leukemia

RIGHTS LI MN Kiy



Cytotoxic 2-arylidene-1-indanones 39

Table I. Examination of 2a-j, 3a-j and melphalan against human Molt 4/C8 and CEM T-lymphocytes as well as murine 1.1210 cells

Molt 4/C8 CEM L1210

Compound 1C50(LM) RP? 1C50(LM) RP? 1C50(nLM) RP?
2a 34.6 £ 1.6 1.22 31.2 %51 1.32 28.3 0.6 3.96
2b 8.70 = 0.12 >57.5 9.41 = 0.97 30.2 425 * 1.5 1.27
2c 166 £ 4 >3.01 144 £ 11 2.76 233 £ 1 > 2.15
2d 359 £0.2 >13.9 264+ 6.3 2.54 293+ 1.3 2.02
2e 72.6 £ 10.2 3.11 69.6 = 7.6 0.47 170 £ 6 0.27
2f 43.9 £ 0.6 1.37 425 * 4.2 0.99° 184 + 28 0.48
2g 45.2 = 0.3 >11.1 46.0 = 0.8 6.50 184 £ 4 0.35
2h 8.71 £ 0.11 0.29 254 2.7 0.14 449 £ 1.0 0.17
2i 33.3 £ 6.3 >15.0 23.6 = 10.2 9.41 233 £ 7 1.10°
2j 13.2 £ 1.8 >37.9 10.1 £3.5 >49.5 80.4 + 26.2 >6.22
3a 7.94 = 0.32 5.33 11.1 £ 3.1 3.72 49.4 £ 0.4 2.27
3b 9.00 = 0.53 >55.6 8.06 = 0.29 35.2 39.3 + 6.7 1.38
3¢ 8.67 = 0.74 >57.7 7.44 = 1.27 53.4 46.8 £ 6.2 >10.7
3d 7.80 = 0.47 >64.1 129 £ 1.1 5.20 435 £ 1.4 1.36
3e 20.6 = 11.5 11.0 284 +11.6 1.15° 42.8 £ 2.0 1.07
3f 8.23 £ 0.11 7.29 5.80 = 3.46 7.28 44.0 £ 3.7 2.02
3g 8.41 + 1.48 >59.5 8.54 + 0.52 35.0 78.2 = 13.5 0.83°
3h 7.95 = 0.57 0.32 8.55 = 0.30 0.41 31.8 0.4 0.24
3i 7.88 = 0.08 >63.5 7.49 = 1.23 29.6 47.0 +1.3 5.45
3j 8.21 = 0.23 >60.9 9.06 = 1.32 >55.2 52.8 £ 4.0 >9.47
melphalan 3.24 £ 0.79 — 2.47 £ 0.30 — 2.13 £0.03 —

%The letters RP indicate relative potency, i.e., the quotients obtained by dividing the ICs, value of the indanone 1 by the ICs, value of the
corresponding 1,3-indandione 2 or chalcone 3 which had identical aryl substituents; ®There is not a statistically significant difference between
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the ICs, values used in calculating the RP figures.

cells. These data are presented in Table I. The Molt
4/C8 and CEM screens were chosen in order to assess
the potencies towards human neoplastic cells while the
1.1210 assay has been used as a predictor of clinically
useful anticancer drugs [25]. Comments will be made
initially on the cytotoxicity of 2a-j and 3a-j per se and
secondly pertaining to a comparison of the potencies
of both series 2 and 3 with the indanones 1.

The compounds in series 2 and 3 displayed good
potencies towards Molt 4/C8 and CEM cells. With the
exception of 2¢, the IC5(, values were less than 100 puM
in these two assays and below 10 uM in approximately
half of the compounds. The compounds having the
lowest IC5g values in the Molt 4/C8 and CEM screens
were 3d and 3f, respectively, having 42% and 43%,
respectively, of the potency of melphalan. On the other
hand, the L1210 cells were much more refactory to
2a-j and 3a-j than the human T-lymphocytes. While
75% of the compounds possessed 1C5, values of less
than 100 pM, the most potent compounds 2a,d and
3h had approximately 7% of the potency of
melphalan.

An attempt was made to discern one or more
correlations between certain physicochemical proper-
ties of the aryl substituents in series 2 and 3 and
cytotoxic potencies in the Molt 4/C8, CEM and
L1210 screens. Linear and semilogarithmic plots were
made between the ICs values in both series 2 and 3
with the Hammett o or Taft o* values, the pi figures
and the molar refractivity (MR) constants of the aryl
substituents. These constants reflect the electronic,

hydrophobic and steric properties of the R' and R?
groups, respectively. For series 2, the linear plots
between the pi figures and the IC5, values in the Molt
4/C8 and CEM assays revealed a positive correlation
(p < 0.05). This observation indicates that cytotoxic
potency was greater for the less lipophilic molecules.
In the case of the chalcones 3, linear and semiloga-
rithmic plots between the ICs, values in the CEM
screen and the o/c* constants displayed a negative
correlation (p < 0.01) thereby revealing that aryl
substituents with increasingly electron-attracting
properties led to elevation in potencies. No other
correlations (p > 0.05) were noted. Thus the
lipophilic properties of the aryl substituents in series
2 influenced cytotoxic potencies in the Molt 4/C8 and
CEM screens while the o/o* values of the aryl groups
in series 3 controlled the ICs5, values obtained using
the CEM assay.

In order to determine if molecular modifications of
series 1 leading to the analogues 2 and 3 was
accompanied by changes in cytotoxic potencies, the
1Cs, values of 1a-j was compared with both 2a-j and
3a-j in each of the three screens. Relative potency
(RP) figures were generated which are the quotients
obtained by dividing the ICs, values of a member of
series 1 by the ICs, figure of the analogue in either
series 2 or 3 which had the same aryl substituent.
These RP figures are portrayed in Table I. Compari-
sons of the RP values between different series were
made and are summarized in Table II. The conclusion
to be drawn is that in general the molecular
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Table II. A comparison of the relative potency (RP) values of series 1-3%

RP values compared Molt 4/C8 CEM L1210 TOTAL

2>1 9/10 7/10 5/10 21/30 (70%)
3>1 9/10 8/10 8/10 25/30 (83%)
3>2 8/10 10/10 8/10 26/30 (87%)

2Comparisons were made between the potencies of two series of compounds in which the aryl substituents were identical. The figures out of
ten indicate the number of comparisons in which greater potencies were displayed by both series 2 and 3 than 1 and also between 3a-j and

2a-j.

modifications of 1 leading to 2 and 3 were
accompanied by increased potencies.

In addition, the data in Table II reveal that the RP
values were greater in series 3 than 2. Hence the order
of potencies of the three series of compounds is
3 > 2 > 1. In order to determine the reasons for this
observation, the following hypotheses were formu-
lated. First, the supposition was made that cytotoxic
potency was influenced by the topography of certain
functional groups in the molecules. Second, consider-
ation was given to the idea that the greater potencies of
the compounds in series 2 than the analogues 1 was
due to the greater fractional positive charge on the
olefinic carbon atom adjacent to ring B (referred to
subsequently as carbon atom C*) in series 2 thereby
enhancing alkylation of cellular thiols. Third, since
hydrophobicity may exert a profound influence on
bioactivities [26] correlations between the potencies
observed and log P values may emerge.

Molecular modeling was chosen to examine the
topography of representative molecules. The assump-
tion was made that cytotoxic potencies were due, inzer
alia, first to van der Waals bonding between rings A
and B and complementary areas at the binding site
and secondly to alkylation of cellular thiols at the Cx
atoms. Thus since all three series of compounds
possess these structural features, the relative locations
of the aryl rings and C* atoms likely contribute
significantly to the variations in potencies observed. A
representative compound in each series was chosen,
namely 1c, 2¢ and 3c, since in each assay the order of
potencies was 3¢ > 2¢ > 1c which is a reflection of the

Figure 2. Models of 1¢, 2¢ and 3¢ in which ring A is overlapped.
(see colour online)

overall trend in bioactivity for the three series of
compounds, i.e., 3 > 2 > 1. In order to compare the
shapes of 1¢, 2¢ and 3¢, ring A in each compound was
overlapped and axis 1 was created in the plane of a
carbon atom placed in the center of ring A plus two of
the carbon atoms of the aromatic ring. The spatial
differences between the functional groups in 1lc¢, 2¢
and 3c are portrayed in Figure 2. In order to quantify
the variations in the positions of aryl ring B and the C*
atoms relative to ring A, the interatomic distances d,
and d,, as well as the bond angles {; and {5,, were
measured as portrayed in Figure 3. These data are
presented in Table III. In addition, on occasions the

i@ mmmmmm e ———— -

AXIS 1

Figure 3. Interatomic distances (d;, d,) and bond angles (¥, ¥5)
measured in order to determine the location of ring B and the Cx
atom in relation to ring A in 1¢, 2¢ and 3c.

Table ITI.  Various interatomic distances (d;, d,), bond angles (s,
;) and a torsion angle (6;) in 1c, 2c and 3¢ determined by mole-
cular modeling

Compound  d; (A) d, (A) NG) Uz () 6, ()
1c 6.992 4.803 72.37 90.63  46.10
2c 7.130 4.813 74.70 91.08  34.05
3¢ 7.436 5.077 91.99  105.05  21.05
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Table IV. Charge densities of the olefinic carbon atoms adjacent to aryl ring B

Charge densities (esu)

Charge 1b 2b 1c 2¢c 1h 2h 1j 2j
Electrostatic —0.277 0.028 —0.290 0.022 —0.352 —0.009 —0.277 —0.035
Mulliken —0.051 0.043 —0.056 0.038 —0.092 0.029 —0.074 0.019

torsion angles created between an aryl ring and an
attached unsaturated group influences the potencies
displayed in different biological systems [27]. Hence
the torsion angles 6; formed between aryl ring B and
the adjacent olefinic group were measured and are
recorded in Table III.

The data in Table III as well as the representation
of 1c, 2¢ and 3c in Figure 2 provide some possible
explanations for the differences in cytotoxic poten-
cies between the three series of compounds. First,
the locations of the aryl rings A and B as well as the
Cx atoms are similar in series 1 and 2 while the 6,
values are divergent. Hence the difference in
potencies between the compounds in 1 and 2 may
be due, at least in part, to the interplanar angles
which are lower in series 2 presumably on account of
the increased conjugation of the 7 electrons due to
the additional oxygen atom in 2. The modeling
experimentation suggests two structural features
which may have contributed to the lower ICs,
values in series 3 compared to 1 and 2, namely the
different locations of the aryl ring B and C* atoms in
relation to ring A and second, the lower 6; values.
These observations provide some guidelines for
developing series 3. For example, in regard to
lowering 6; values, a strongly electron-donating
substituent could be placed in the 4 position of
ring B or one or more of the ortho hydrogen atoms
of ring B could be replaced by fluorine, which has a
lower MR value than hydrogen [22].

The second hypothesis to be evaluated was whether
the greater cytotoxic potencies displayed by series 2
than 1 was due to the greater electrophilicity of the C*
atoms in series 2. Accordingly, the charge densities
on the Cx atoms in 1b,c,h,j and 2b,c,h,j were
determined. These representative compounds were
chosen since, as Table I reveals, 2b,c,j are more potent
than 1b,c,j while for a null hypothesis [28], 1 h must
have lower ICs, values than 2 h. The charge densities
were obtained by generating both electrostatic
charges, which are calculated to reproduce the
electrostatic potential around an atom, and Mulliken
charges which are derived from the electron occu-
pancy of orbitals. These data are presented in Table IV.
Thus clearly the additional oxygen atom in series 2
lowers the electron densities on the C* atoms in all
cases. However since 2 h is less potent than 1 h but has
greater electrophilicity, no simple correlation between
electron densities and cytotoxic potencies emerged.

Finally, the log P data of 1a-j, 2a-j and 3a-j were
obtained which are presented in the Experimental
section. The results indicate that the hydrophobicity
of the compounds bearing the same aryl substituted in
series 1 and 3 are very similar while the analogues 2a-j
are nearly one log P value lower than the figures for 1
and 3. Thus the relative hydrophobicities in each
series, viz 1,3 > 2, does not correlate with the
potencies observed, i.e., 3 > 2 > 1.

Conclusions

In general, molecular modifications of 1a-j leading to
series 2 and 3 were accompanied by increased cytotoxic
potencies. A number of the compounds possessed ICs,
values in the low micromolar range, some of which
were nearly half as potent as melphalan. The following
structural features were shown to influence cytotoxic
potencies. First, quantitative structure-activity
relationships revealed that the placement of substitu-
ents in aryl ring B with markedly negative 7 values in
series 2 and in series 3 with strongly electron-attracting
properties may lead to compounds with lower ICsq
values than obtained hitherto. Second, molecular
modeling revealed that the magnitude of the torsion
angle 0; were in the sequence 3 > 2 > 1. Since the
relative cytotoxic potencies are 3 > 2 > 1, the 0, values
appear likely to influence the ICs, values obtained.
Third, the relative locations of rings A and B as well as
the C* atoms were similar in series 1 and 2; however,
their locations differed from the positions occupied by
the most potent series, namely 3. On the other hand,
while the charge densities on the C* atoms and log P
values varied, no correlations were found between
these two physicochemical properties and cytotoxic
potencies. From the experiments undertaken in this
study, various guidelines for amplifying the project
were discerned.

Acknowledgements

The authors thank the Canadian Institutes of Health
Research for a term grant to J.R. Dimmock, the Fonds
voor Weterschappelijk Onderzoek (Vlaanderen, Bel-
gium) for financial support to E. De Clercq and
J. Balzarini and Mrs. L. van Berckelaer for excellent
technical assistance with the antitumor cell assays.
Ms. S. Knowles and Ms. B. McCullough are thanked
for typing the manuscript.

RIGHTS LI MN Kiy



42

H. N. Pati et al.

References

(1]

[2]

(3]

(4]

(5]

(6]

[7]

For personal use only.

(8]

[9]

[10]

[11]

Journa of Enzyme Inhibition and Medicinal Chemistry Downloaded from informahealthcare.com by Mamo Hogskola on 12/25/11

Dimmock JR, Das U, Gul HI, Kawase M, Sakagami H, Barath
Z, Ocsovsky I, Molnar J. 3-Arylidene-1-(4-nitrophenylmethyl-
ene)-3,4-dihydro-1H-naphthalen-2-ones and related com-
pounds displaying selective toxicity and reversal of multidrug
resistance in neoplastic cells. Bioorg Med Chem Lett
2005;15:1633-1636.

Dimmock JR, Jha A, Zello GA, Allen TM, Santos CL,
Balzarini J, De Clercq E, Manavathu EK, Stables JP. Cytotoxic
4/-aminochalcones and related compounds. Pharmazie
2003;58:227-232.

Mutus B, Wagner JD, Talpas CJ, Dimmock JR, Phillips OA,
Reid RS. 1-p-Chlorophenyl-4,4-dimethyl-5-diethylamino-1-
penten-3-one hydrochloride, a sulfhydryl-specific compound
which reacts irreversibly with protein thiols but reversibly with
small molecular weight thiols. Anal Biochem 1989;177:
237-243.

Baluja G, Municio AM, Vega S. Reactivity of some «,f3-
unsaturated keteones towards sulfhydryl compounds and their
antifungal activity. Chem Ind 1964;2053-2054.

Dimmock JR, Kandepu NM, Nazarali AJ, Kowalchuk TP,
Motaganahalli N, Quail JW, Mykytiuk PA, Audette GF, Prasad
L, Perjesi P, Allen TM, Santos CL, Szydlowski J, De Clercq E,
Balzarini J. Conformational and quantitative structure-activity
relationship study of cytotoxic 2-arylidenebenzocycloalka-
nones. ] Med Chem 1999;42:1358-1366.

Dimmock JR, Zello GA, Oloo EO, Quail JW, Kraatz H-B,
Perjesi P, Aradi F, Takacs-Novak K, Allen TM, Santos CL,
Balzarini J, De Clercq E, Stables JP. Correlations between
cytotoxicity and topography of some 2-arylidenebenzocy-
cloalkanones determined by X-ray crystallography. ] Med
Chem 2002;45:3103-3111.

Dimmock JR, Kandepu NM, Hetherington M, Quail JW,
Pugazhenthi U, Sudom AM, Chamankhah M, Rose P, Pass E,
Allen TM, Halleran S, Szydlowski J, Mutus B, Tannous M,
Manavathu EK, Myers TG, De Clercq E, Balzarini J.
Cytotoxic activities of Mannich bases of chalcones and related
compounds. ] Med Chem 1998;41:1014-1026.

Osman SAM, Yousif NM, Ahmed FH, Hamman AG. Some
reactions with 2-arylidene-1,3-indandiones for preparation of
derivatives possessing antibacterial activity. Egypt ] Chem
1988;31:727-734.

Salama MA, Yousif NM, Ahmed FH, Hamman AG. Some
reactions with 2-arylidene-1,3-indandiones and related deriva-
tives with antibacterial activities. Pol J Chem 1988;
62:243-250.

Yoakim C, Hache B, Ogilvie WW, O’Meara J, White P,
Goudreau N. Preparation of spiroheterocycles for therapeutic
use as papilloma virus inhibitors. PCT Int Appl 2002; WO
2002050082; Chem Abst 137:63181.

Adam W, Halasz J, Jambor Z, Levai A, Nemes C, Patonay T,
Toth G. Stereoselective epoxidation of 2-arylidene-1-inda-

(12]

[13]

(14]

[15]

[16]

(17]

(18]

(19]

(20]

[21]

[22]

(23]
(24]

[25]

[26]

[27]

(28]

nones and 2-arylidene-1-benzosuberones. Monatsch 1996;
127:683-690.

Inayama S, Mamoto K, Shibata T, Hirose T. Structure and
antitumor relation of 2-arylidene-4-cyclopentene-1,3-diones
and 2-arylidene-1,3-diones. ] Med Chem 1976;19:433-436.
Zalukaev LP, Anokhina IK. Addition of acylacetate esters of 2-
arylidene-1,3-indandiones. II. Synthesis based on 2-p-halo-
and 2-p-alkyl-arylidene-1,3-indandiones. Zh Org Khim
1967;3:1312-1314, Chem Abstr; 67:99887.

Kozlov NS, Pak VD, Nugumanov ZZ. Reaction of Schiff bases
with 1,3-indandione. Chem Heterocycl Compd 1970;
194-196, Chem Abstr; 73:14648.

Bilgin A, Palaska E, Abbasoglu U. The synthesis of some
chalcones and studies on their antifungal activities. FABAD J
Pharm Sci (1976-2000) 1991;16:81-87, Chem Abstr; 115:
207600.

Dimmock JR, Kirkpatrick DL, Negrave LE, Russell KL,
Pannekoek WJ. Preparation of some hydrazones of conjugated
styryl ketones and related compounds for evaluation princi-
pally as antineoplastic agents. Can ] Pharm Sci 1981;16:1-7.
Yamin LJ, Gasull EI, Blanco SE, Ferretti FH. Synthesis and
structure of 4-X-chalcones. Theochem 1998;428:167—174.
Dore JC, Viel C. Antitumor chemotherapy. IX. Cytotoxic
activity of substituted chalcones and related compounds on
tumor cells in culture. J Pharm Belg 1974;29:341-351.
Wavefunction, Inc., Irvine, CA 92612.

Molinspiration Cheminformatics accessible on the internet
(http://www.molinspiration.com/services/logp.html).

Balzarini J, De Clercq E, Mertes MP, Shugar D, Torrence PF.
5-Substituted 2-deoxyuridines: correlation between inhibition
of tumor cell growth and inhibition of thymidine kinase and
thymidylate synthetase. Biochem Pharmacol 1982;31
:3673-3682.

Hansch C, Leo AJ. Substituent constants for correlation
analysis in chemistry and biology. New York: Wiley; 1979.
p- 49.

Taft RW Jr. In: Newman MS, editor. Steric effects in organic
chemistry. New York: John Wiley and Sons, Inc.; 1956. p 591.
Statistical Package for Social Sciences. SPSS for windows,
standard version, release 13.0 Chicago: SPSS Inc; 2004.
Suffness M, Douros J. In: De Vita VT, Busch H, editors.
Methods in cancer research. Volume XVI, part A. New York:
Academic Press; 1979. p 84.

Kar A. Medicinal chemistry. New Delhi: New Age Inter-
national Publishers Limited; 1993. p 15-17.

Pandeya SN, Dimmock JR. An introduction to drug design.
New Delhi: New Age International Publishers Limited; 1997.
p 72-74.

Beveridge WIB. Seeds of discovery. London: Heinmann
Educational Books; 1980. p 62.

RIGHTS LI MN Kiy



