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A series of 4’-aminochalcones 1 and related maleamic acids 2 and Schiff bases 3 were designed and
synthesized as candidate cytotoxic agents. The atomic charges on different atoms of representative
compounds were calculated. Evaluation of the enones 1-3 against human Molt 4/C8 and CEM
T-lymphocytes as well as murine P388 and L1210 leukemic cells revealed that approximately 40% of
the ICso values generated were less than 10 uM. In some cases cytotoxicity was correlated with the
Hammett ¢ values of the aryl substituents and less frequently with the aryl Hansch & values. Evidence
was obtained that in general these compounds displayed selective toxicity for certain malignant cells
and were well tolerated in mice. This study has revealed various directions whereby the project may
be amplified in the future with a view to finding compounds with increased cytotoxicity to tumour cells.

1. Introduction

The interests of this laboratory include the syntheses and
bioevaluations of a,f-unsaturated ketones as candidate cy-
totoxic and anticancer agents. These compounds have a
marked affinity for thiols in contrast to amines [1]. Since
a number of clinically useful anticancer drugs have geno-
toxic effects [2] due to interactions with the amino groups
of nucleic acids, o,B-unsaturated ketones may be devoid
of this important side effect. Recently a study of the cyto-
toxicity of various chalcones was completed which re-
vealed that the parent compound 1,3-diphenyl-2-propen-1-
one or chalcone possessed approximately 20—25% of the
potency of melphalan towards human Molt 4/C8 and
CEM T-lymphocytes [3]. In the present investigation, the
chalcone motif was retained while three different ap-
proaches were implemented with a view to designing pro-
totypic molecules having the potential of preferential toxi-
city to malignant cells rather than the corresponding
normal tissues. These studies were undertaken in the an-
ticipation that the biodata generated for each of the com-
pounds would provide information for subsequent amplifi-
cations of the project.

The first approach involved the placement of an amino
group in ring B of chalcone for the following reason. A
number of tumour tissues has a lower pH than the cor-
responding normal cells due to increased anaerobic glyco-
lysis in malignant cells [4]. The percentage of the proto-
nated ammonium species will increase as the pH falls [5].
Hence the strongly electron-attracting ammonium group
having a o, value of 0.53 [6] will increase the fractional
positive charge on the olefinic carbon atom adjacent to
ring A. This, in turn, may lead to enhanced electrophilic
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3a-d,f

The aryl substituents in series 1-3 are as follows: a: R' =R?>=H; b:
R!'=Cl; R =H; ¢: R'=R?>=Cl; d: R' =CH3; R>=H; e: R =NO,;
R?=H; f: R' = OCH3; R?> = H; g: R! = R?> = OCH;. 1a—d were obtained
as the hydrochloride salts
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attack in cancerous cells. These considerations led to the
decision to prepare compound 1la. In addition, the propo-
sal was made to synthesize 1b—e. The substituents in ring
A of these compounds had varying electronic, hydropho-
bic and steric properties. In particular, if cytotoxicity was
influenced by the chemical reactivity of the enone group,
a correlation between the ICsy values of la—e and the
Hammett o values should emerge.

The second approach considered the synthesis and bioeva-
luation of series 2 based on the following hypothesis. The
olefinic double bond in the N-acyl group in series 2 is
attached to two electron-attracting substituents which
should render the olefinic carbon atoms highly electrophi-
lic. These molecules therefore have two locations which
are capable of interacting with cellular thiols, namely at
the B carbon atom and also at either the o or B’ carbons.
Thus the reaction with thiols should proceed sequentially,
namely at the most electron-deficient carbon atom fol-
lowed by a second thiolation at the olefinic carbon atom
bearing the next highest atomic charge. This point is of
relevance insofar as sequential chemical insults have been
shown to result in increased cytotoxicity against tumour
cells than against the corresponding normal cells [7-9],
i.e., chemosensitization of malignant cells occurred. Hence
the compounds in series 2 have the potential to display
preferential cytotoxicity for malignant cells.

A possible disadvantage of the compounds in series 1 and
2 is that ionization of some of the molecules may inhibit
cellular penetration. Thus, the synthesis and bioevaluation
of the azomethines 3 was envisaged which are potential
prodrugs of aminochalcones. Azomethines have very low
basicities, e.g., the pKa of 4-chlorophenylmethyleneaniline
is 2.80 [10], which means that under the pH conditions of
both malignant and normal cells, compounds 3 will be
essentially unionized. Furthermore, azomethines are more
susceptible to hydrolysis under acidic conditions than in
neutral or alkaline media [11, 12]; hence preferential lib-
eration of 1 in tumours may be achieved.

The evaluation of the murine toxicity of the compounds
was also planned with a view to guiding the direction of
future expansion of the project.

In summary, the objectives of the present investigation
were to prepare the compounds in series 1-3, evaluate
their cytotoxicity towards several cell lines as well as their
tolerability in mice and to identify those factors which
would aid in developing the project.

2. Investigations and results

Condensation between 4’-aminochalcone and various aryl
aldehydes under acidic conditions led to compounds la—
d, while a basic medium was necessary to prepare le.
"H NMR spectroscopy revealed that the double bond
adopted the E configuration. The reaction between 4’-ami-
noacetophenone and maleic anhydride led to 4’-maleamoy-
laminoacetophenone which was condensed with different
aryl aldehydes leading to the compounds in series 2. The
condensation between 4'-aminoacetophenone and different
aldehydes in a 1:2 molar ratio gave rise to the azo-
methines 3.

After minimization of the energy of la, 2a and 3a and
related compounds, the atomic charges at various unsatu-
rated carbon atoms were calculated. These data are pre-
sented in Table 1.

All the compounds in series 1-3 were evaluated against
human Molt 4/C8 and CEM T-lymphocytes as well as
murine P388 and L1210 leukemic cells. These data are
presented in Table 2. In addition, the potency of 2¢ was

Table 1: Atomic charges of various compounds

Compd. Atomic charges (esu)

o § o p
Chalcone —0.089 0.071 - —
la —0.088 0.052 - -
la’? —0.093 0.081 — —
2a —0.089 0.063 —0.004 —0.061
2a’b —0.089 0.062 0.016 —0.053
3a —0.100 0.072 0.170 -

“ 1a’ is the protonated species of 1a, i.c., a 4-NH;*) group is present in ring B
b 2a’ is a geometrical isomer of 2a in which the olefinic group in the maleamoyl func-
tion of 2a now has the E configuration

Table 2: Evaluation of 1a—e, 2a—g and 3a—d, f using human Molt 4/C8 and CEM T-lymphocytes and murine P388 and L1210 cells

Compd. IG5 (uM) SR* ICsp (uM) SR?
Molt 4/C8 CEM P388 L1210

la 8.57£1.25 8.29 £ 0.45 1.03 5.254+0.2 9.14 +0.74 1.74
1b 7.70 £ 0.32 7.44 +0.76 1.03 344 +0.2 8.62 £0.54 2.51
1c 8.96 £ 1.75 6.41 +£0.12 1.40 3.94 £0.1 8.22 +£0.20 2.09
1d 8.38 £ 1.26 8.48 £ 0.65 1.01 6.25+0.9 104+ 1.6 1.66
le 7.28 +0.74 8.44 £ 0.59 1.16 3.70+£0.3 6.09 +3.02 1.65
2a 202 + 8 186+ 5 1.09 309+1.2 160+ 5 5.18
2b 9224619 108 + 93 1.17 16.4 +£0.5 68.4+32.9 4.17
2¢ 445+ 1.8 43.5+9.7 1.02 794+ 1.6 25.0+4.0 3.15
2d 89.1 £59.2 126 + 109 1.41 18.1+1.3 72.0+36.8 3.98
2e 33.1£5.8 3424109 1.03 0.70 +0.03 26.6 +24.3 38.0
2f 205 + 20 211+ 11 1.03 57.5+0.1 165 + 20 2.87
2g 210+ 3 239 + 41 1.14 234427 205+ 10 8.76
3a 8.84 £0.02 8.30 £ 0.61 1.07 3.40+0.1 9.05+0.14 2.66
3b 304 £+ 105 223 4+ 30 1.36 19.0 £ 0.6 175 + 44 9.21
3c >500 343 + 31 >1.46 13.3+0.2 320 + 64 24.1
3d 414+ 1.1 3944+64 1.05 156 +1.2 359427 2.30
3f 214+ 1.1 21.1+£12.5 1.01 8.04 £ 1.1 19.6 £ 3.1 2.44
Melphalan® 324 +£0.79 2.474+0.30 1.31 0.22 +0.01 2.134+0.03 9.68

* SR indicates the selectivity ratio, i.e., the ratio between the highest and lowest ICs, values of either the T-lymphocytes or the murine leukemic cells
" The data for melphalan are reproduced from the Eur. J. Med. Chem. 35, 970 (2000)
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assessed against a panel of 57 human tumour cell lines
while 2a and 2d were evaluated for inhibitory activity to-
wards three strains of both Aspergillus fumigatus and
Candida albicans. The murine toxicity of each compound
was assessed as well as possible protective effects in the
maximal electroshock (MES) and subcutaneous pentylene-
tetrazole (scPTZ) screens.

3. Discussion

The data in Table 1 reveal that in the case of chalcone,
la and 1a’ (the protonated form of 1a), the relative
charges on the P carbon atoms were as predicted. In
other words, the electron-releasing amino group of 1la
lowered the fractional positive charge on the  carbon
atom relative to chalcone, while protonation of 1a yield-
ing 1a’ led to a compound with increased electrophili-
city. In the case of 2a, attack by cellular nucleophiles
would be predicted to occur at the  carbon atom initi-
ally and then at the o/ position. Replacement of the two
protons of la by a phenylmethylene group led to 3a
which possessed a greater fractional positive charge on
the [ carbon atom than la and also a highly electron
deficient o atom. Thus, the compounds in both series 2
and 3 likely undergo a cascade of alkylations with cellu-
lar nucleophiles due to differences in the atomic charges
at the § and o’ carbon atoms. As mentioned earlier, such
a process could be more detrimental to malignant cells
than to normal ones.

The bioevaluations of 1la—e, 2a—g and 3a-d, f using two
human T-lymphocytes and two murine leukemic cells
lines is summarized in Table 2. The Molt 4/C8 and CEM
screens were utilized in order to gain some idea of the
potencies of the compounds prepared in this study to-
wards human cells. The murine neoplasms were chosen
on the basis of the claim of their being predictors of com-
pounds with clinical utility as anticancer agents [13]. A
review will be made first of the relative potencies of the
compounds prepared in this study, second whether some
selective toxicity was displayed by the enones and third,
the possibility of correlations between certain physico-
chemical constants of the aryl substituents and cytotoxi-
City.

The ICsy values of 1,3-diphenyl-2-propen-1-one or chal-
cone in the Molt 4/C8, CEM, P388 and L1210 screens
were 12.7, 12.5, 9.63 and 41.4 uM, respectively [3]. Hence
the insertion of a 4’-amino group into chalcone leading to
1a produced a compound with lower ICsy values as sug-
gested by the hypothesis. In fact in the Molt 4/C8 and
CEM tests, 1a has 38% and 30%, respectively, of the po-
tency of melphalan. Cytotoxicity was retained in 1b-e
when different substituents were placed in aryl ring A.

A review of the cytotoxicity of the compounds in series 2
revealed the significant potency of 2e towards P388 cells.
This compound possesses approximately one-third of the
potency of the anticancer alkylating agent melphalan. In
general 2e had lower ICsy values than 2a-d, f, g and is
clearly a useful lead molecule. A comparison of the cyto-
toxicity of la—e with 2a—e in all four screens was made
in the following manner. The ICs, values of 1a and 2a in
each of the four screens were compared which was fol-
lowed by comparisons between 1b vs. 2b, 1c¢ vs. 2¢, 1d
vs. 2d and 1le vs. 2e. The standard deviations were taken
into consideration. Of the 20 comparisons made, greater
potency was found in the compounds in series 1 in 18
cases; the exceptions being the greater cytotoxicity of 2e
than 1e in the P388 screen and the equiactivity of le and
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2e towards L1210 cells. Thus, in general, N-acylation of
the primary amino group of la—e leading to 2a—e was
detrimental, at least in terms of potencies, which may pos-
sibly have been due to the presence of the polar carboxy
group. Hence, esterification of the compounds in series 2
should be undertaken in the future. Furthermore, as the
data in Table 1 reveal, the atomic charge at the o carbon
atom of the E,E isomer 2a’ is substantially higher than is
found in 2a suggesting that a change in the stereochemis-
try of the olefinic portion of the N-acyl group could lead
to increased potencies.

Replacement of the two protons of the primary amino
group of la—d by an arylmethylene function led to 3a—d.
In order to determine the effect on potencies of the attach-
ment of carrier groups to la—d, comparisons were made
in all four screens between the ICs, values of each of the
compounds la—-d with the analogues having the same
substituents in ring A, i.e., 1a was compared with 3a, and
so forth. The comparisons revealed very clear structure-
activity relationships. The unsubstituted compounds 1la
and 3a had the same potencies in the Molt 4/C8, CEM
and L1210 screens, while 3a had 1.5 times the potency of
la against P388 cells. However 1b—d had lower ICsg
values than 3b—d in all four tests. Thus, while the phenyl-
methyleneimino function as a carrier group for 4’-amino-
chalcone did not reduce the potency of 1a, the insertion of
substituents into ring C in series 3 invariably led to a sig-
nificant reduction in potency.

One may summarize the evaluation of the biodata in terms
of potencies as follows. The insertion of a primary amino
group into ring B of chalcone increased potency in general
and the inhibitory activity of 2e towards P388 cells is note-
worthy. The phenylmethyleneimino group appears to be a
good carrier function for 4’-aminochalcone. On the other
hand, in general, the N-maleamoyl acids 2 and azomethines
3 were less potent than the analogues in series 1.

However potency is not the only consideration in the
quest for novel cytotoxics. An important characteristic of
a prototypic cytotoxic agent is a demonstration of selectiv-
ity, i.e., there is a variation in the potencies towards differ-
ent cell lines, with such molecules exerting a preferential
toxicity for neoplastic cells relative to normal tissue [14].
Hence, the ratios between the ICsy, values of the com-
pounds towards the two human T-lymphocytes and also
the two murine leukemic cells were determined. These fig-
ures, referred to as selectivity ratio (SR) values, are pre-
sented in Table 2.

The following observations were made. First, the average
SR values of 1la—e, 2a—g, 3a, b, d, f using the T-lympho-
cytes and the murine leukemic cells were 1.12 and 5.77,
respectively, revealing an approximately fivefold greater
differential sensitivity to these compounds when the P388
and L1210 and not the Molt 4/8 and CEM ICs, values
were compared. A similar observation was noted with
melphalan whereby the SR values of the murine leukemic
cells and human T-lymphocytes 9.68 and 1.31, respec-
tively. Second, in considering the T-lymphocytes, 1c, 2d,
3b and 3c possessed higher SR values than melphalan,
while in the case of the murine cell lines, both 2e and 3¢
had substantially larger SR figures than the reference
drug. Third, a comparison was made of the SR values of
the compounds in series 1, 2 and 3 when the aryl substitu-
ents were the same. Thus the SR figures of 1a, 2a and 3a
for the T-lymphocytes were compared and a value of 3
was ascribed to the compound with the highest SR num-
ber, 2 to the enone with the next highest SR figure and
the compound with the lowest SR value was given a rat-
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ing of 1. The process was repeated using 1b, 2b, 3b, then
1c, 2¢ and 3¢ and finally 1d, 2d and 3d. The combined
scores for la—d, 2a—d and 3a—d were 5, 10 and 9, re-
spectively. In the case of the murine leukemic cells, the
combined scores of la—d, 2a—d and 3a—d were 4, 10
and 10, respectively. These data reveal clearly that the
compounds in series 2 and 3 exert a greater disparity in
potency to the cell lines than the analogues in series 1 and
suggest that expansion of all three series of compounds
1-3 is warranted.

A further approach aimed at discerning physicochemical
factors which contributed to cytotoxicity was undertaken.
In this process, linear and semilogarithmic plots were
made between the Hammett sigma, Hansch pi and molar
refractivity (MR) constants of aryl substituents and the
ICsp values in each series of compounds and in each
screen. The following relationships were observed. In
series 1, negative correlations were noted between the
IC50 values and both the o constants in the L1210 screen
and the m values when CEM cells were used. For series 2,
negative correlations between the ¢ figures and the ICs
values were noted in the Molt 4/C8, CEM, P388 and
L1210 tests. In series 3, positive correlations were ob-
served between the ICsy values and the o and 7t constants
in both the CEM and L1210 screens.

The negative correlations established between the ICs
values and the o constants in series 1 and 2 are consistent
with the hypothesis that potency increases as the electro-
philicity of the olefinic carbon atoms rises. In other
words, the electron densities on various unsaturated car-
bon atoms is inversely proportional to their capacity for
interaction with cellular thiols, leading to increases in the
cytotoxic properties of the molecules. The observation that
positive, not negative correlations between potency and o
values where observed in series 3 suggests that these com-
pounds may exert their cytotoxic effect principally by
means other than interactions with cellular thiols. It is of
interest to note that while a negative correlation between
the st values and ICs figures in the CEM screen for series
1 was observed, in the case of the compounds in series 3,
positive relationships between cytotoxicity in the CEM
and L1210 screens with the s constants were noted.
These observations further support the possibility that the
mode of action of the Schiff bases 3 is different from that
of the other two series of compounds. Since no correla-
tions were noted between the ICsy values and the MR
figures, the steric properties of aryl substituents apparently
do not govern cytotoxicity. Thus in considering the ampli-
fication of series 1 and 2, strongly electron-attracting and
markedly hydrophobic substituents should be placed in the
aryl ring A while for series 3, electron-releasing and
hydrophilic groups inserted into rings A and C may lead
to more potent cytotoxic compounds.

The issue of whether the SR figures were influenced by
the electronic, hydrophobic and steric properties of the
aryl substituents was also addressed. A positive correla-
tion between the MR figures of the aryl groups in series
1 and the SR values using human T-lymphocytes was
noted. In the case of series 3, positive correlations were
observed between the o values and the selectivity ratios
of both human and murine cell lines and also the m va-
lues in the case of the SR data for the murine leukemic
cells. No correlations were noted in the case of series 2.
Once again the statistical data suggest that the Schiff
bases 3 act in a different manner to the compounds in
series 1 and 2.

A representative compound 2c¢ was evaluated against a
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number of human tumour cell lines from the following
groups of tumours: leukemia, melanoma, non-small cell
Iung, colon, central nervous system, ovarian, renal, pros-
tate and breast cancers. The ICs, figure of 2¢ towards the
cell lines was 19.5 uM. Observation of the mean graph
[15] revealed that little differential cytotoxicity towards
the neoplastic cells was noted except for the RPMI-8226
leukemic cell line. In this case the ICs figure for 2¢ was
0.112 uM, i.e., these cells were 174 times more sensitive
to 2¢ than the average cell line cytotoxicity. Melphalan
possessed ICsy figures of 7.99 and 5.89 uM towards all
cell lines and the RPMI-8226 neoplasm, respectively.
Thus in comparison to melphalan, the maleamic acid 2c¢
had 41% of its overall potency while having 53 times
greater cytotoxicity to the RPMI-8226 cell line.

In order to determine whether the compounds prepared
in this study were general biocidal agents or had a pre-
ferential or possibly exclusive toxicity towards neoplastic
cells, two approaches were utilized. First, two representa-
tive compounds were evaluated against pathogenic fungi.
At the maximum concentrations utilized, 2a and 2d dis-
played no antifungal effect. The second method of a
more substantial nature involved the intraperitoneal injec-
tion of 30, 100 and 300 mg/kg doses of la-d, 2a-g
and 3a-d, f into mice with a view to detecting toxicity
in general and neurotoxicity in particular. The animals
were observed 0.5 and 4 h after administration of the
compounds. Under the experimental conditions em-
ployed, no mortalities were noted, i.e., the animals toler-
ated a dose of 300 mg/kg of all of the compounds. As
well, no neurotoxicity was observed at the lowest dose,
i.e., 30 mg/kg. Neurotoxicity was absent in le, 2b, e, f
and 3a, b, d suggesting that in general the 4-nitro (le,
2e) and 4-chloro (2b, 3b) analogues were well tolerated
while the presence of substituents in both the 3 and 4
positions of aryl ring A appears to be detrimental. Using
the same doses and times of observations as the neuro-
toxicity evaluation, the compounds were examined in the
MES and scPTZ screens. Protection was noted in the
MES test by la—e and also by 1b, d and 2a in the
scPTZ screen. Oral administration of 1la, d and le to
rats did not reveal any pathological symptoms while, in
general, marginal protection in the scPTZ screen was
noted. The conclusion to be drawn from the antifungal
and in vivo experimentation is that the compounds are
not general biocidal agents and are well tolerated in
mice.

In conclusion, this study has revealed that the placement
of the 4’-amino, 4'-maleamoylamino and 4’-arylmethyle-
neamino groups in various chalcones leading to series 1—
3, respectively, gave rise to clusters of novel cytotoxic
agents. Selective toxicity for different neoplastic cells was
demonstrated. Various ways in which the project may be
expanded with a view to increasing cytotoxicity have been
indicated.

4. Experimental
4.1. Chemistry

4.1.1. General procedures for synthesis and spectroscopy

Melting points are in degrees Celsius and are uncorrected. Elemental ana-
lyses (C, H, N) were undertaken on la-e, 2a-g and 3a-d, f by Mr.
K. Thoms, Department of Chemistry, University of Saskatchewan and were
within 0.4% of the calculated values. The enones 1d, le, 2a, 3a and 3¢
were obtained with 0.25 mol of water of crystallization and 3b with
0.5 mole of water crystallization. '"H NMR spectra (500 MHz) were deter-
mined on all compounds using a Bruker AM 500 FT-NMR instrument.
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4.1.2. Synthesis of series 1

Compounds la—e were prepared by condensation between 4'-aminoaceto-
phenone and the appropriate aryl aldehyde using literature procedures for
la—d [16] and 1e [3]. Compounds la—d were isolated as the hydrochlor-
ide salts and le as the free base. Purification of la—e was accomplished
by recrystallization from chloroform. The melting points and percentage
yields of the compounds in series 1 were as follows: 1a: 180—182, 67; 1b:
200 (dec), 37; 1c: 200 (dec), 66; 1d: 180 (dec), 62; 1e: 206—-207 (lit. [16]
m.p. 221-223 °C), 57. The 'H NMR spectrum of a representative com-
pound 1c was as follows: & (dmso-de): 6.28 (3H, bs, NH3"), 6.73 (2H, d,
J=8.5Hz, C3'H, C5'H), 7.57 (1H, d, J =15.6 Hz, CH=CHCO), 7.68
(1H, d, J=8.3Hz, C5H), 7.82 (1H, dd, J=28.4, 1.8 Hz, C6H), 7.95-
8.00 (3H, m, C2'H, C6'H, CH=CHCO), 8.23 (1H, d, J = 1.8 Hz, C2H).

4.1.3. Synthesis of series 2

The required intermediate Z-4-(acetylphenylamino)-4-oxo-but-2-enoic acid
4 was prepared by a literature method [17]. It was purified by digestion in
chloroform to give the desired compound in 92% yield, m.p. 196-202 (lit.
[18] m.p. 198-200).

A solution of the appropriate aryl aldehyde (0.004 mol) in ethanol (3 mL)
was cooled in an ice bath for 20 min. after which a solution of sodium
hydroxide (0.006 mol) in water (20 mL), which had previously been
cooled to ice bath temperatures, was added dropwise. A mixture of 4
(0.004 mol), sodium hydroxide (0.006 mol) and water (20 mL) was added
dropwise to the solution of the aryl aldehyde over 0.25 h. The reaction
mixture was stirred at room temperature for 13 h, acidified with hydrochlo-
ric acid (20% w/v) and stirred for another 2 h. The resultant precipitate
was collected, washed with cold water and dried. In the case of 2e and 2f,
gelatinous masses were obtained which were repeatedly extracted with
ethyl acetate, the combined extractions dried and evaporation of the sol-
vent led to the crude products. Purification of the compounds in series 2
was accomplished by recrystallization from methanol (2a, 2f and 2g) and
in the remaining cases by digestion with methanol. The melting points and
percentage yields of the compounds in series 2 were as follows: 2a: 173—
174, 63; 2b: 208-209, 66; 2¢c: 223-224, 65; 2d: 205-206, 63; 2e: 184—
186, 56; 2f: 182183, 63; 2g: 173—174, 67. The 'H NMR spectrum of a
representative compound 2d was as follows: 8 (dmso-dg): 2.35 (3H, s,
CH3), 6.34, (1H, d, J = 12.0 Hz, Z-vinylic), 6.50 (1H, d, J = 12.0 Hz, Z-
vinylic), 7.27 (2H, d, J =7.9 Hz, C3H, C5H), 7.70 (1H, d, J = 15.6 Hz,
CH=CHCO), 7.76 (2H, d, J=79Hz, C2H, C6H), 7.80 (2H, d,
J=8.5Hz, C2’H, C6'H), 7.88 (1 H, d, J =15.6 Hz, CH=CHCO), 8.15
(2H, d, J = 8.6 Hz, C3'H, C5'H), 10.65 (1H, s, NHCO), 12.92 (1H, bs,
COOH).

4.1.4. Synthesis of series 3

Utilization of a literature procedure [19] gave the compounds in series 3
which were purified by recrystallization from chloroform (3a, d, f) or di-
gestion in either chloroform (3b) or methanol (3¢). The melting points and
percentage yields were as follows: 3a: 141 (lit. [20] m.p. 143-144), 56:
3b: 197-198, 67; 3c: 203-204, 43; 3d: 185-188 (lit. [20] m.p. 188), 55;
3f: 148-149 (lit. [20] m.p. 149-150), 57. The 'H NMR spectrum of a
representative compound 3¢ was as follows: O (dmso-dg): 7.40 2H, d,
J=7.5Hz, C3'H, C5'H), 7.66-7.72 (2H, m, C5H, CH=CHCO), 7.80
(1H d, J=8.0Hz, C6H), 7.85 (1H, d, J =7.7Hz, C5"H), 7.95 (1H, d,
J=7.6Hz, C6'H), 8.03 (1H, d, J=15.6 Hz, CH=CHCO), 8.17-8.28
(4H, m, C2H, C2'H, C6'H, C2"H), 8.69 (1 H, s, N=CH).

4.1.5. Molecular modeling

Energy minimization of the molecules was accomplished using MOPAC
while the charge density calculations were obtained by the extended Huck-
el method in the Chem 3D Pro® programme [21].

4.1.6. Statistical analysis

The o, t and MR aryl constants employed in the statistical analyses were
taken from the literature [22]. Linear and semilogarithmic plots were gen-
erated using a commercial software package [23]. The following correla-
tions in series 1-3 were noted [physicochemical constant, cytotoxicity as-
say, linear (I) or semilogarithmic (sl) plots, “r”” value, p value] namely 1:
o, L1210, 1, —0.93, <0.05; o, L1210, sl, —0.91, <0.05; =, CEM, 1, —0.87,
<0.1; m, CEM, sl, —0.88, <0.1; MR, SR (Molt 4/C8-CEM), 1, 0.82, <0.1;
MR, SR (Molt 4/C8-CEM), sl, 0.82, <0.1; 2: o, Molt 4/C8, 1, —0.81,
<0.05; o, Molt 4/C8, sl, —0.89, <0.01; o, CEM, 1, —0.89, <0.01; o,
CEM, sl,—0.95, <0.01; o, P388, I, —0.79 <0.05; o, P388, sl, —0.88
<0.01; o, L1210, 1, —0.80 <0.05; o, L1210, s1,—0.89 <0.01; 3: 0, CEM,
1, 0.94 <0.05; o, L1210, 1, 0.95, <0.05; o, L1210, sl, 0.82, <0.1; m,
CEM, 1, 0.93 <0.05; =, CEM, sl, 0.91, <0.05; =, L1210, 1, 0.94, <0.05;
m, L1210, sl, 0.93, <0.05; o, SR (Molt 4/C8-CEM), 1,0.93, <0.1; o, SR
(Molt 4/C8-CEM), sl, 0.93, <0.1; o, SR (P388-L1210), 1, 0.95, <0.05; o,
SR (P388-L1210), sl, 0.97, <0.01; =, SR (P388-L1210), 1, 0.91, <0.05; m,
SR (P388-L1210), sl, 0.89, <0.05.
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4.2. Biological evaluations
4.2.1. Cytotoxicity screening

The evaluation of la—e, 2a—g, 3a—d, f and melphalan against Molt 4/C8
and CEM T-lymphocytes as well as L1210 cells was undertaken by a lit-
erature procedure [24]. These compounds were also screened against P388
cells using a reported method [25]. The maleamic acid 2¢ and melphalan
were assessed against a number of human tumour cell lines using a meth-
od that has been described previously [15].

4.2.2. Antifungal evaluation of 2a, 2d and reference drugs

The maleamic acids 2a, 2d, amphotericin B and itraconazole were evalu-
ated against three strains of Aspergillus fumigatus (ATCC 208995—
208997) and three strains of Candida albicans (ATCC 28367, 32354,
90028) by the broth dilution method [26]. The minimum inhibitory con-
centrations (MIC) figures for 2a and 2d were in excess of 25 ug/mL. The
MIC values, in ug/mL, of amphotericin B and itraconazole, respectively,
towards the microorganisms were as follows: A. fumigatus ATCC 208995:
0.39, 0.19; ATCC 208996: 0.39, 0.19; ATCC 208997: 0.78, 0.39; C. albi-
cans 28367: 0.19, 0.19; ATCC 32354: 0.097, 0.19; ATCC 90028: 0.39,
0.19.

4.2.3. Toxicity and anticonvulsant evaluation

The toxicity and anticonvulsant activity in mice and rats was undertaken
by a literature procedure [27].

Compounds la—e, 2a—g and 3a-d, f were evaluated for murine toxicity
and anticonvulsant activity in the MES and scPTZ screens after intraperito-
neal injections of 30, 100 and 300 mg/kg doses of the compounds. The
animals were observed after 0.5 and 4 h. Neurotoxicity was measured
using the rotating rod procedure [28]; in addition, mice were observed for
other pathological symptoms. Neurological deficit was displayed after 0.5h
by the following compounds (in parentheses are the number of animals
displaying neurotoxicity/total number of animals; dose of compound)
namely 1a (3/8, 100; 1/4, 300), 1b (4/8, 100; 3/4, 300), 1c (2/8, 100; 1/4,
300); 1d (3/8, 100; 3/4, 300); 2a (1/4, 300), 2¢ (2/4, 300), 2d (2/8, 100),
2g (1/8, 100; 2/4, 300), 3¢ (2/8, 100; 3/4, 300) and 3f (1/4, 300). Mice
receiving doses of 100 and 300 mg/kg of 1b were cyanotic. After 4h, the
following compounds displayed neurotoxicity, namely la (1/2, 300), 1b
(174, 100; 2/2, 300), 1d (2/2, 300), 2a (1/4, 100; 1/2, 300), 2d (1/4, 100;
1/2, 300), 2g (1/2, 300), 3c (1/4, 100; 1/2, 300). Mice which received
doses of 300 mg/kg of 1a and 1d were unable to stay on the rotorod and
the 300 mg/kg dose of 1b caused cyanosis.

Protection in the MES screen was displayed after 0.5 h in mice receiving
300 mg/kg of 1a and 1d. The following compounds displayed activity in
the scPTZ test after 0.5 h, namely 1a (5/5, 100; 5/5, 300), 1b (1/1, 300),
1c (1/5, 300), 1d (4/5, 100; 4/5, 300) and 1e (2/5, 300). Myoclonic jerks
were noted in mice receiving 300 mg/kg of 1b and 100 mg/kg of 1d in
this test. After 4 h, 1/1 animals were protected in the scPTZ screen which
had received 300 mg/kg of 1b, 1d and 2a. Myoclonic jerks were noted in
mice receiving 300 mg/kg of 2a after 4 h in the scPTZ test.

Compounds 1a, d, e were administered orally to rats using a dose of
50 mg/kg. The animals were observed for various pathological symptoms
after 0.25, 0.5, 1, 2 and 4 h and none were detected. Using the same dose
and time intervals, the following enones afforded some protection in the
oral scPTZ screen in rats, namely 1a (1/4, 1 h), 1d (1/4, 0.25 and 4 h) and
le (3/4, 0.25 h and 1/4, 0.5, 1 and 2 h).

The recommendations of the National Research Council Publication
‘Guide for the Care and Use of Laboratory Animals’ were followed in
regard to the housing, feeding and handling of the mice and rats used in
these experiments.

Acknowledgements: The authors thank Purdue Neuroscience L.P., U.S.A.
for a grant to J. R. Dimmock, the National Cancer Institute of Canada for
financial support to T. M. Allen and the Flemish Fonds Voor Geneeskun-
dig Weterschapelijk Onderzoek to J. Balzarini and E. De Clercq. The Na-
tional Cancer Institute, U.S.A. kindly undertook the evaluation of 2c¢ to-
wards a number of human tumour cell lines. The neurotoxicity and
anticonvulsant screens were performed by the Anticonvulsant Drug Devel-
opment Program, National Institutes of Health, U.S.A. through the labora-
tories of Drs. H. Wolf, S. White and M. Franklin, University of Utah, Salt
Lake City, Utah, U.S.A.

References

1 Baluja, G.; Municio, A. M.; Vega, S.; Chem. Ind., 2053 (1964)

2 Connors, T. A.; In: Gorrod, J. W. (Ed.): Drug Toxicity, p. 163, Taylor
and Francis, London 1979

3 Dimmock, J. R.; Kandepu, N. M.; Hetherington, M.; Quail, J. W.; Pug-
azhenthi, U.; Sudom, A. M.; Chamankhah, M.; Rose, P.; Pass, E.; Al-
len, T. M.; Halleran, S.; Szydlowski, J.; Mutus, B.; Tannous, M.; Man-
avathu, E. K.; Myers, T. G.; De Clercq, E.; Balzarini, J.: J. Med.
Chem. 41,1014 (1998)

231



W

=)

[o=BEN]

=)

10
11

12

13

14

15
16

ORIGINAL ARTICLES

Wike-Hooley, J. L.; van den Berg, A. P.; van der Zee, J.; Reinhold,
H. S.: Eur. J. Cancer Clin. Oncol. 21 785 (1985)

Albert, A.: Selective Toxicity, 7 Ed., pp. 641-643, Chapman and Hall,
London 1985

Perrin, D. D.; Dempsey, B.; Serjeant, E. P.; pKa Prediction for Organic
Acids and Bases, p. 110, Chapman and Hall, London 1981

Mitchell, J. B.; Russo, A.: Br. J. Cancer 55, 96 (1987)

Tsutsui, K.; Komuro, C.; Ono, K.; Nishidai, T.; Shibamoto, Y.; Takaha-
shi, M.; Abe, M.: Int. J. Radiat. Oncol. Biol. Phys. 12, 1183 (1986)
Teicher, B. A.; Herman, T. S.; Holden, S. A.; Epelbaum, R.; Lui, S. D.;
Frei II1, E.: Cancer Res. 51, 780 (1991)

Cordes, E. H.; Jencks, W. P.: J. Amer. Chem. Soc. 84, 863 (1962)
Loewenthal, H. J. E.; In: McOmie, J. F. N. (Ed.): Protective Groups in
Organic Chemistry, pp. 340—342, Plenum Press, London 1973

Ballini, R.; Petrini, M.: J. Chem. Soc. Perkin Trans. I, 2563 (1988)
Suffness, M.; Douros, J.; In: De Vita, V. T.; Busch, H. (Eds.): Methods
in Cancer Research, vol. XVI, Part A, pp. 84,85, Academic Press, New
York 1979

Paull, K. D.; Shoemaker, R. H.; Kodes, L.; Monks, A.; Scudiero,
D. A.; Rubinstein, L.; Plowman, J.; Boyd, M. R.: J. Natl. Cancer Inst.
81, 1088 (1989)

Boyd, M. R.; Paull, K. D.: Drug Dev. Res. 34, 91 (1995)

Bergel, F;; Morrison, A. L.; Rinderknecht, H.: J. Chem. Soc. 659 (1950)

232

17
18
19
20
21
22
23
24
25
26

27

28

Barakat, M. Z.; Shehab, S. K.; El-Sadr, M. M.: J. Chem. Soc. 4133
(1957)

Liu, K. C.; Chen, T.; Jan, H.; Shih, C.: J. Chin. Chem. Soc. 20, 163
(1973)

Fahmy, A. M.; Hassan, K. M.; Khalaf, A. A.; Ahmed, R. A.: Ind. J.
Chem. Sect. B. 26, 884 (1987)

Scholtz, M.; Huber, L.: Chem. Ber. 37, 390 (1904)

Cambridge Soft Corporation, Cambridge, MA, USA, 1999

Hansch, C.; Leo, A.: Substituent Constants for Correlation Analysis in
Chemistry and Biology, p. 49, John Wiley and Sons, New York 1979
Statistical Package for Social Sciences, SPSS for Windows, Standard
Version, Release 10.0.5, SPSS Inc., Chicago, IL, USA, 1999

Balzarini, J.; De Clercq, E.; Mertes, M. P.; Shugar, D.; Torrence, P. F.:
Biochem. Pharmacol. 31, 3673 (1982)

Phillips, O. A.; Nelson, L. A.; Knaus, E. E.; Allen, T. M.; Fathi-Af-
shar, R.: Drug Des. Deliv. 4, 121 (1989)

National Committee for Clinical Laboratory Standards, Publications
M38-P and M27-A, Villanova, PA, USA 1992

Stables, J. P.; Kupferberg, H. J.; In: Avanzini, G. A.; Tanganelli, P.;
Avoli, M. (Eds.), Molecular and Cellular Targets for Antiepileptic
Drugs, pp. 191-198, John Libbey, London 1997

Dunham, M. S.; Miya, T. A.; J. Am. Pharm. Ass. Sci. Ed. 46, 208
(1957)

Pharmazie 58 (2003) 4



