J. Serb. Chem. Soc. 64(9)505-512(1999) UDC 547.639-547.391.1:615.37
JSCS-2689 Original scientific paper

Substitued (£)- -(benzoyl)acrylic acids suppressed survival of
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The bacteriostatic activity of some of alkyl substituted (£)- -(benzoylacrylic
acids was shown earlier. The aim of this study was to investigate the antiproliferative
action of 19 alkyl-, or halogeno-, or methoxy-, or acetamido- substituted (E)- -(ben-
zoyDacrylic acids, against human cervix carcinoma, HelLa, cells. Target Hel.a cells were
continuo usly treated with increasing concentrations of substituted (E)- -(ben-
zoylacrylic acids during two days. The MTT test was used for assessment of the
antiproliferative action of this group of compounds. Treatment of Hela cells with
4-methyl-, 4-fluoro-, 4-chloro-, 4-bromo- and 4-methoxy- derivatives of (E)- -{(ben-
zoyl) acrylic acid leads to the expression of cytostatic activity against HeLa cells (IC50
were in the range from 31-40 M). Their antiproliferative action was less than that of
the basic compound (£)- -(benzoyDacrylic acid whose [C50 was 28.5 M. The 3,4-di-
methyl-, 2.4-dimethyl- and 2,5-dimethyl- derivatives as well as the 4-ethyl- and 3,4-di-
chloro- and 2,4-dichloro-derivatives, have stronger cytostatic activity than the corre-
spoding monosubstituted and parent compound. Their IC50 were 18.5 M; 17.5 M;
17.0 M;17.5 M;22.0 Mand 18 M, respectively. The 4-iso-propyl- and 4-n-butyl-
derivatives exerted higher cytostatic activity than the compounds with a lower number
of methylene ~CHa2— groups in the substitutent. Their IC50 were 14.5 Mand 6.5 M
respectively. The 2,5-di-iso-propyl- and 4-tert-butyl-derivatives expressed the most
strong antiproliferative action against the investigated Hela cells, IC50 being 4.5 M
and 5.5 M, respectively. The investigated compounds affected the survival of Hela
cells, expressing a strong structure-activity relationship of the Hansch type.
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In this study the cytostatic action of various (E)- -(benzoyl)acrylic acids was
investigated. The determination of the extent of the bacteriostatic activity of a
similar group of compounds was performed carlier.! A marked increase in the
activity of para-alkyl-substituted (benzoyl)acrylic acids against Gram-positive
bacteria was found when the substituent group was changed from methyl to nonyl.

505



506 JURANIC ez al.

para-Mecthoxy- and ethoxy-derivatives had the same order of activity as the methyl-
or ethyl-substituted compounds. p-Chloro- and p-bromobenzoyl acrylic acids were
only moderately active. The found antibacterial activity of this group of compounds
towards Staphilococcus aureus, Escherichia coli and Kllebsiella was ascribed to the
presence of the highly conjugated benzoylacrylic system, which may react with
biologically essential -SH groups. Bowden et al.% reported data on the bacteriostatic
activity of a series of (£)-3-(aroyl)acrylic acids and their methyl esters. They found
that the bacteriostatic activity measured as minimum inhibitory concentrations (C)
are well correlated with a Hansch-type equation, where  is the partition substituent
constant. Results reported by Bowden ez al.3 performed on a series of substituted
(E)-3-(4-phenylbenzoyl)acrylic acids, indicated that nucleophilic addition at the
ketovinyl double bond is not the mode of bacteriostatic action of this group of
compounds. The receptor for bacteriostatic action appears to be related to the
lipophilic region associated with the benzoylphenyl group.

TABLE L. Structures of substituted (F)- -(aroyDacrylic acids studied in this work

Rs O
Rz /\[]/OH
Ri H 0
Ra
Compound Ry R2 R3 R4
1 HHHH
2 Me Me H H
3 Me H Me H
4 H H Me Me
5 Me HHH
6 Et HHH
7 iso-Pr H H H
8 HH iso-Pr iso-Pr
9 n-Bu H H H
10 tert-Bu H H H
11 ~CH>-CH2—-CH>—CH»-H H
12 Cl H Me H
13 Cl HHH
14 Br HHH
15 Cl Cl H H
16 Cl H Cl H
17 OMe HHH
18 AcNH H H H

19 F HHH
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On the otherside, the cytostaticactivity of a similarcompound, the sodium salt
of (E)-[ -bromo- -(4-methoxy)benzoylacrylicacid,(Z)-Br,H(Cytembena)wasexten-
sively investigatedusing experinental models, as well as on patients with various
malignancies*’ The principalmode of antitumoractionofthiscompoundwas ascribed
toitsinhibitoryeffecton tetrahydrofolatdormylase. The compoundwithouta halogen
onthe C was foundto be inactivein the inhibitionof this enzyme?

In this study, nineteen aroylacrylic acids were synthesized, and their cytostatic
activity towards human cervix carcinoma, HeLa cells, was studied. The structures
of the studied acids are given in Table 1.

EXPERIMENTAL

Synthesis of arovlacrylic acids

(E)- -(AroyDacrylic acids were prepared, according to the method of Papa et al} using
modification of the Frieded-Crafts reaction, by adding an aromatic substrate to a solution of maleic
anhydride and anhydrous aluminum trichloride (molar ratio 1:2) in 1,1,2,2-tetrachloroethane. Instead
of tetrachloroethane, we used 1,2-dichloroethane and moderately higher yields were obtained.

Typical experimental procedure

In a 100 mi two-necked flask, equipped with a magnetic stirrer, reflux condenser and dropping
funnel, 6.125 g (62.5 mmol) of maleic anhydride was suspended in 25 ml of dry 1,2-dichloroethane.
After 10 min, 15.5 g (125 mmmol) of powdered anhydrous aluminum trichloride was added and the
reaction mixture was stirred for another 20 min, until a homogeneous yellow suspension was obtained.
An aromatic substrate (62.5 mmol) was added at such a rate to keep the temperature below 50 °C and
foaming under control. The reaction mixture was stirred for 9 h at 20 °C; 0.5 h at 60 °C; refluxed for
a further 0.5 h and then poured into 200 g of ice/water mixture (1:1) containing 20 ml concentrated
hydrochloric acid. The dichloroethane was removed by steam distillation. The crude acid was collected
by filtration, dissolved at 20 °C in water containing sodium carbonate at pH 8.5-9.0 and the traces of
aluminum hydroxide were filtered off. The mother liquor was acidified with hydrochloric acid to pH
1.0 and the pure acid was collected by filtration, washed with water and dried in open air. The yields,
recrystallization solvents, and melting points are given in Table II.

Stock solutions of the examined compound were made in dimethylsufoxide, in the concentra-
tion range 42-62 M and then various dilutions were prepared in nutrient medium, (RPMI 1640
medium supplemented with 1-glutamine (3 mmol/L), streptomycin (100  g/mL) and penicilin (100
1U/mL), 10% heat inactivated fetal bovine serum, FBS, and 25 mM Hepes, adjusted to pH 7.2 (with
bicarbonate solution) to various final concentrations (between 1.3-80 or 142 M). The 3-(4,5-di-
methylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide (MMT) was purchased from Sigma Chemicals
(St. Luis, MO, U.S.A.). The MTT was dissolved, 5 mg/ml in phosphate buffer saline pH 7.2, and
filtered through a Millipore filter, 0.22 m, before use. RPMI 1640 cell culture medium and FBS were
products of ICN Pharmaceuticals Co, USA.

Treatment of HelLa cells

Hel.a cells were seeded into 96-well microtiter plates, 2000 cells per well. After 20 h, to one
series of wells both with and without HeL a cells, five different concentrations, of the to be investigated
substituted (£)- -(benzoylacrylic acid derivative were applied to the wells to various final concen-
trations, except to the control wells, i.e., wells with cells grown in a nutrient medium only. All
concentraitons were set up in triplicate. Nutrient medium with the corresponding concentrations of the
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investigated agent, but without cells, was used as blank, in triplicate too.

TABLE Il. Crystallization solvent, melting points and yields of the investigated compounds (1-19)

Compound Solvent Mp. °C Yield (%)
(HH CsHs 98-99 74
(2) 3,4-dimethyl EtOH 123 75
(3) 2,4-dimethyl EtOH:H20 113-114 70
(4) 2,5-dimethyl EtOH:H20 89-90 95
(5) 4-methyl CsHg 139-140 85
(6) 4-ethyl CsHg 105-106 94
(N4 -iso-propyl CsHg 103-103.5 72
(8) 2,5-di-iso-propyl cyclohexane:hexane 96-99 71
(9)4 -n-butyl CeHs 90-91 72
(10)4 -tert-butyl CsHe 125-127 75
(11) 4-tetralinoyl EtOH 147-149 72
(12) 4-chloro-2-methyl H2O 107-110 89
(13) 4-chloro HxO 154-155 89
(14) 4-bromo H20 159-160 82
(15) 3,4-dichloro CsHg 143 66
(16) 2 4-dichloro H>01 90 22
(17) 4-methoxy CeHsg 138-139 72
(18) 4-acetamido EtOH 240 35
(19) 4-fluoro CeHe 142 91

Determination of cell survival

Hel a cell survival was determined by the MTT test, according to Mosmann'" modified by
Ohno and Abe,l ! 44 h after addition of the drug, as was described previously. 12 Briefly,20 Lo fMTT
solution (5 mg/ml PBS) were added to each well. The samples were incubated for a further four hours
at 37 °Cina 5% CO; humidified air atmosphere. Then, 100 L of 10% SDS in 0.01 M HCl were added
to the wells. The optical density (OD) at 570 nm was measured the next day. The percent change of
the OD was used as a measure of cell survival (%). Hence, the OD of a sample with cells, grown in
the presence of a certain concentration of the substituted (F)- -(benzoyl)acrylic acid derivative, OD,
was divided by the control optical density, ODc, (the OD of the cells grown only in nutrient medium)
100. (It is obvious that the OD of the corresponding blank must always be substracted from the OD
of the corresponding sample with target cells).

RESULTS

The concentrations of the examined agents that induced a 50% decrease in
cell survival (IC50), determined under exactly the same experimental conditions,
are given in Table IIL

It can be seen that the 4-methyl-, 4-fluoro-, 4-chloro-, 4-bromo- and 4-
methoxy-derivatives of (£)- -(benzoylacrylic acid expressed similar cytostatic
activity against Hela cells (IC50 were 40; 35; 40; 31 and 36 M, respectively). This
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antiproliferative action was less than that of the basic compound, (£)- -(ben-
zoylacrylic acid, whose 1C50 was 28.5 M.

TABLE II. IC50 values of the studied compounds

Compound  IC50  Compound IC50  Compound  IC50  Compound  IC50

[ M] [ M] [ M] [ M]
1 285 6 175 11 8.5 16 18
2 18.5 7 145 12 315 17 36
3 17.5 8 4.5 13 40 18 >{17
4 17 9 6.5 14 31 19 35
5 40 10 5.5 15 22

3,4-Dimethyl-, 2,4-dimethyl- and 2,5-dimethyl-substituted (£)- -(benzoyl)
acrylic acid, as well as the 4-ethyl- then 3,4-dichloro- and 2,4-dichloro-derivatives
have stronger cytostatic activity than the corresponding monosubstituted and parent
compound: their IC50 were: 18.5; 17.5; 17.0; 17.5; 22.0 and 18 M, respectively.

The 4-iso-propyl-, then 4-n-butyl-derivatives extered higher cytostatic activ-
ity than compounds with a lower number of methylene ~CH,—g roupsi nt he
substituent. Their IC50 were 14.5 and 6.5 M, respectively.

2,5-Di-iso-propyl- and 4-tert-butyl- derivatives expressed the strongest an-
tiproliferative action against the investigated HeLa cells their IC50 being 4.5 and
5.5 M, respectively.

The IC50 values show a very good correlation with the lipophilicity of the

log (1/1C50)
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Fig. 1. Correlation between the lipophilicity constant (log P) and —log (IC50).
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studied compounds.

The logarithm of the partition coefficient [n- octanollwater] log(P)=log(K,,,)
was estimated by the Crippen fragmentation method.!3 For the unsubstituted
compound 1, the literature experimental value of log K, = 1.530 was used.!# The
plot of ~log(IC50) versus log(P)is shown in Fig. 1.

The regression equation is:
log(1/1C50) = 0.418( 0.042) log(P)—2.202( 0.096) (H

with a regression coefficient 0.924.

DISCUSSION

The results obtained in this work showed that (£)- -(benzoylacrylic acids
expressed cytostatic activity toward HeLa cells in vitro. A marked increase in the
cytostatic activity of the 4-alkyl- substituted (E)- -(benzoyl)acrylic acids was
observed in going from the methyl- to ethyl-, iso-propyl-, n-butyl-, and tert-butyl
substituent.

The similar increase in the bacteriostatic activity against Gram-positive
bacteria was observed with para-alkyl substituted (benzoyl)acrylic acids with the
substituent group ranging from methyl to nonyl.! The para-methoxy-derivative had
the the same order of magnitude of bacteriostatic activity as the methyl compound.

Changes in the structure of the substituentcan also lead to a suppressionof the
cytotoxic activity, as it was found for (£)- -(4-acetamido)benzoylacrylicacid.

The cytostatic activity of (£)- -(aroyl)acrylic acids is not connected with the
inhibition of tetrahydrofolate formylase, as it was found® that compounds without
a halogen on the C are inactive in the inhibition of this enzyme.

In conclusion, the investigated substituted (E)- -(aroyhacrylic acids showed
antiproliferative activity against human carcinoma cells in vitro. A sample Hansch-
type correlation of IC50 with log P was found. The linear regression has a high
correlation coefficient (0.924), which means that the biological activity is directly
correlated with lipophilicity, and no additional effects need to be considered. Based
on this result, the synthesis of more lipophilic (£)- -(benzoyl)acrylic acids is in
progress.

List of abbreviations:

IC50 — concentraiton of agent that induces a 50% decrease in cell survival
FBS — fetal bovine serum

MTT — 3-(4,5-dimethylthiazol-2-y)-2,5-diphenyl tetrazolium bromide
HeLa cells — human cervix carcinoma cells

RPMI 1640 — standard nutrient medium
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¥ 3BO il

YMABEHO PEXUBIbABALE HEOINTACTHYKUX XYMAHMX HeLa hEAWMIA CYIICTU-
TYUCAHWM (F)- (BEH3OMIAKPHITHUM KUCEJTMHVMA

3. JYPAHHER, Jb. CTEBOBUR, B. IPAKYJINE.? T. CTAHOJKOBWR.! C. PATIYJIOBHR! u . JYPAHWR?

R . . - . [ ‘ 3 _
f Huciinifiyii sa onrxonoiujy u paduoaoiuyy, beozpad, ZXCMIl]CKll ehaxyatiiedsi, it.iip. 158, BeoZpao u ' lenitiap sa
xemufy HXTM, Beoépao

Jomx panmje je nokasaHa 0AKTEPHOCTATCKa AKTHBHOCT HEKUX aNKWJI CYNICTHTYHCAHHX
(E)- -(6ensomn)axpmwraux kucennna. um oBor paga je 6uo npoydasare anTanpoigmdepa-
THBHOT ficjcrea 19 (E)- -(6eH30m)akpuilHEX KUCEIMHA, K-, WIK XaJOTeHO-, WIN Me-
TOKCH-, WIH aleTaMHuR0-CYNICTHTYRCHANX, Ha helmje XyMHOT KapipHOMa rpiamha MaTepuie,
HeLa henmje. Imsae HeLa hermje, cy KOHTHHYAIHO TpeTHpaHe pacTyhiM KOHICHTpAajaMa
cyncruryucannx (F)- -(OeH3zomn) akpuiiHux Kucesqmsa TOXoM jpa jgana. MTT rect je
KoputitheH 3a yrBpbupamke aHTHIPOIn(CpaTHBHOT ASjCTBA OBOT jeinmebha. Tpertuparme Hela
hemuja 4-metun-, 4-uryopo, 4-xmopo-, 4-6pomo- u 4-meroxcu-gepusaruma (E)- -(6en-
30WMII)aKPUITHE KHCEMHE JOBENO je A0 MCHOJBbaBatkha HUTOCTATCKE akTHBHOCTH npema Hela
hemmjama (IC50 cy mameby 31-40 M), Bhuxoro antunponaudepaTuBHO ACJCTBO j& GHII0 Mamke
HETO KOJl OCHOBHOT jefuibetba, (E)- -(Oen3omwn)akpiwae kucemune, unje [C50 je 6uno 28,5 M.
3 A4-Nuvernn-, 2 4-TAMETHI- B 2,5-IUMETHII- CYIICTATYHCAHH, Ka0 | 4-eTuin- 1e 3 4-Muxinopo-u
2,4- nMXJIOpO- NEPHUBATH, HMAjy jaly NUTOCTATCKY aKTHBHOCT Off OArOBapajyher MOHOCYICTH-
TYHUCAHOT 1 OCHOBHOT jepumerba. Ibuxose IC50 spegnoctucy 18,5 M;17,5 M, 17,0 M;175
M;22,0 Mul 8§ M,y naseienoM pegocieny. 4-iso-IIponun- u 4-n-0yTHN-ICpUBATH TIOKA3Y]Y
BUIITY MITOCTATCKY aKTHBHOCT Off je{Uibetba ca MamuM Opojem metmsiencknx ~CHo— rpynay
cyncruryenry. buxose IC50 Bpepnoctu cy 14,5 M opmocno 6,5 M. 2,5-u-iso-nponusr u
4-tert-OyTHI- ICPUBATH UCNIOBABAJY Hajjaue aHTHIPOIRGEPaTHRHO JICJCTBO NMpeMa HCHHUTH-
sanuMm Hela henmjama, IC50 cy 4,5 Mu5 5 M y Haseyenom pepocaeny. [Ipoyuasana
jenubemha yTuay Ha npexusibasame Hel.a hennja, ucnomasajyhu u3pasuty penamujy Hansch-
oBOT TUNA M3Mehy CTPYKTYpE U GUOJIOHIKE aKTHBHOCTH.
(Hpumsbeno 27. janyapa, pesugupano 31. mapra 1999)
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