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Introduction: Despite recent advances in understanding of biological processes involved in malignancies, there
1s persistent need for new and effective agents to bring the disease under control. Anticancer activity of natural
products are continuously under investigation, because their good bioavailability and low toxicity. Flavonoids
(I, Fig. 1), are prominent plant secondary metabolites, found in fruits, vegetables, olive oil and tea, consumed by
humans as dietary constituents. A number of studies have demonstrated their anticancer activity.' Chalcones,
1,3-diaryl-2-propen-1-ones (II), are secondary metabolite precursors of flavonoids and isoflavonoids in plants;
consisting of two aromatic rings joined by ketovinyl moiety, resemble open chain flavonoids. Diverse biological
activities have been attributed to these compounds, including anticancer activity. Numerous SAR studies
emerged.” Biological activity of chalcones can be ascribed to their ability to act as Michael’s acceptors with
nucleophilic moieties, especially thiol groups of respective biological targets. It has been postulated that
presence of 4-amino function on ring A of chalcone structure, protonated at physiological pH, increase their
reactivity and thus antiproliferative activity.*’ It has also been confirmed that N-alkylmaleimides exert
antiproliferative activity by topoisomerase I inhibition.*” This led to design of 4-aminochalcone maleamic acids
(I and imides (IV)."” Most of these derivatives exert antiproliferative activity in low micromolar range. It has
been shown that another type of molecules comprising ketovinyl moiety, i.e. aroylacrylic acids (V), exert
antiproliferative activity toward HeLa cells,'™ and other human dedifferentiated cell lines.'"™ Following this
rationale, we design chalcone-aroylacrylic acid chimera, by incorporating amidic moiety between a.f-
unsaturated carbonyl moiety and B phenyl ring of chalcone. Thus, we synthesized thirteen phenyl-substituted
(£)-4-phenyl-4-oxo-2-butenoic acid phenylamides (1-13). In this communication, according to our best
knowledge, for the first time antiproliferative activity of 1-13 toward two human tumor cell lines is reported.

Figure 1. Basic scaffolds (I-IV), as described in the text.
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Scheme 1. Synthesis of 1-13.

Methods: Synthetic pathway to 1-13 is given on Scheme 1. Friedel-Crafts acylation of commercially available
substituted benzenes with maleic acid anhydride gives aroylacrylic acids (V)."' V Were converted to acid
chlorides in dry THF by phosphorousoxichloride, then in situ reacted with equimolar amounts of aniline to give
corresponding anilides in good yields'. Obtained compounds were characterized by 'H and *C NMR and LC-
HRMS (ESI). Antiproliferative potency of 1-13 toward FemX (human melanoma) and HeLa (human cervix
carcinoma) cells were determined by MTT test.” ICs, Values (concentration of agent that induces 50% decrease
in cell survival) are given in Table 1.
Modeling: Lowest energy conformers of 1-13 were obtained from SMILES by OMEGA," using MFF94s'* FF.
Additional adjustment of geometry was done on PM6' semiempirical level, by MOPAC2009," using VegaZZ'"*
as GUI and applyeing constrains on keto vinyl moiety. For alignment-free 3D QSAR analysis, molecules were
submitted to Pentacle.” Molecular interaction fields are computed using built-in GRID program.”” and their
filtration was done by AMANDA algorithm, as described in original reference.”” Five principal
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components/latent variables were used for initial principal component analysis (PCA) and partial least square
(PLS) model. Selection of variables was done by one/two cycle of factorial fractional design (FFD) for
FemX/HelLa models, respectively. Validation of models was done by crossvalidation using three groups of
approximately same size in which the objects are assigned randomly. Final models obtained by 2 latent
variables (LV) were reported. Virtual screening on National Cancer Institute — Developmental Therapeutics
Program (NCI-DTP) mechanistic database” was also done by Pentacle VS mode, using 15 PC and
AMANDA/MACC?2 for discretization and encoding, respectively.

Results and Discussion: All examined compounds (1-13) exert antiproliferative activity in low micromolar to
submicromolar concentrations (Table 1). FemX cells are more susceptible on action of compounds. The most
potent against both cell lines are 8

Table 1. Compounds 1-13, experimental and predicted ICs;’s and 6, that bear orfo-alkyl substi-
toward HeLa and FemX cells. tuents on aroyl phenyl ring. Alkyl-

substituted compounds are more

O
Lz H potent than halogen or alkoxy
R—/ | \© derivatives. The spatial arrangement
X ] of pharmacophoric points that con-

Experimental ICs, (uM) Predicted ICs, (xM)  tribute to  potency against each
Comp. N* R- P i) s0 (M) examined cell line were examined

HeLa i Heka T by alignment-free 3D QSAR ana-

H- 491+099 220050 4914 2.142 lysis. Molecular interaction fields
4-i-Pr-  3.09+1.78 0.64+0.13  2.820 0.684 obtained by GRID programme,
4-n-Bu 106030 0.62+006 1098 0603  using HBA (O), HBD (N1), hydro-
4-1-Bu-  2.08+035 069+0.14 2263 0717  phobic (DRY) and shape (TIP)
34-di-Me- 295+027 184+065 2453 1547  Probes were used and GRID reso-

; lution of 0.4 A. For filtration of no-
2.5-di-Me- 0.74+0.13 0.62+0.13 0.784 0.627 des (discretiszation and encoding),

f-tetralinoyl- 2.11 £0.09 0.73£0.16 2411 0.816 AMANDA/CLAC algorithms were
2.4-di-i-Pr- 0.68£0.13 0.59+0.15 0.634 0.538  used. PLS coefficient plots obtained
4-F- 299+0.65 0.63+032 3417 / with 2 latent variables are shown on
4-Cl-  291£0.29 2.84+037 2.650 2.804  Figures 2 and 3, for HeLa and
4-Br-  229+098 230+033 2.549 2.664  FemX cell lines, respectively. Sta-
34-di-Cl- 2.80+0.07 2.30+028 2.698 2268 tistics of PCA and PLS models are
13 4-OCHs;-  3.50+0.54 234+048 3.280 2261  given in Tables 2 and 3, respective-

Teible 2, PCA models ly. For FemX mo-

del, variables po-
FemX Hela sitively correlated
Comp. SSX SSXue  VarX VarX,.| Comp. SSX SSX.. VarX VarX.. with potency —

1 31.57 31.57 2463 24.63 | 30.06 30.06 23.60 23.60 TIP-TIP 289 (Fi-
2 1590 4747 1099 35.63 2 1429 4435 944 33.04  gure 4a), DRY-O
3 13.72 61.19 108  46.42 3 1354 5789 1059 43.62 336 (Figure 4b)
4
5

P mE AN AW -

1004 7123 812 5454 | 4 971 6760 751 5114 and O-TIP 640
7.51 78.74 6.21 60.75 5 7.96 75.57 6.69 57.83 (Figure 4c) are

Comp. - Number of components: SSX - Percentage of the X sum of squares: expressed for
AN - Ac *ve nercentace of the o e - Percentace of the S
SSXaee Accumulalwcv i:;cnmic of lht.l ): \sum of 5(]1lua| cs.f\l/lar))(( la;iu:,ntag,n. of the X variance; most potent 2-4,
asc - Accumulative percentage of the X variance.
- Pe g 7 and 8 (and 6 for

640). Variable TIP-TIP 289 describes overall length of molecules; alkyl substituents on aroyl phenyl ring
contributes to potency. Variable 336 emphasize importance of spatial arrangement between HBA and
hydrophobic parts of molecules; again this is alkyl substituents on aroyl phenyl ring, including values of
interaction energies of both HBD and hydrophobic probes. Variable N1-N1 183, expressed for potent 2 and 4,
and less potent 10-13, describes interaction of HBD probe with both oxo functionalities of molecules, including
respective interaction energies. Compound 9 is outlier, and we cannot offer explanation for this. For HeLa
model, variables positively corre-lated with potency are DRY-N1 375 (expressed for 6, 8 and 12, Figure 5a) and
NI1-TIP 623 (absent for 3 and 4, Figure 5b). The most interesting is 375, which emphasize importance of spatial
arrangement between aroyl phenyl ring and aroyl oxo group for most active 6 and 8. Short distance between
DRY and N1 node (1.60 A) could direct to interaction with one Tyr residue of respective biological target (so
far just as speculation). Variable 623 describes spatial arrangement of amido NH group and substituents on
aroyl phenyl ring. It should be noted that TIP node is located close to 2-i-Pr- substituent of 8, and close to 5-Me-
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Table 3. PLS models. substituent of 6. This emphasize

— importance of introduction of branched

- < - alkyl substituents on aroyl phenyl ring in

Conlnp. 755;(0 iszj(‘) S(?([)%C S(?]E(P (JR% 59“% 8(“7 position different of 4; we have similar
LJ. LJ.( B .10 R fo o7 .0

situation for parent V, and derivatives.”

2 10.56 36.36 0.04 0.14 005 098 0.76 Similar as for FemX variable N1-N1
Hela = : = 183, which describe interaction of HBD

Comp. SSX SSX, SDEC SDEP R° R Quac with both oxo functionalities of
I 2222 2222 0.08 0.18 090 090 046 molecules is negatively correlated with

2 1422 3645 0.04 0.16 0.07 097 0.60 potency and absent for most potent 8 and
Comp. - Number of components; SSX - Percentage of the X sum of 6, as well as for 2 and 4. Again, spatial
squares: SSX,..- Accumulative percentage of the X sum of squares: arrangement between aroyl phenyl ring

SDEP- standard deviation error of the predictions.;: R™ - Coefficient of
determination; R, — Accumulative coefficient of determination;
Q7 acc— Accumulative squared predictive correlation coefficient.

and aryl keto group play important role.

Figure 2. 2LV PLS coefficients plot for FemX model. Figure 3. 2LV PLS coefficients plot for HeLa model.
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Figure 4a. FemX model, Figure 4b. FemX model, Figure 4c. FemX model, Figure 4d. FemX model,
TIP-TIP 289 (~22 A) DRY-0 336 (~13 A). O-TIP 640 (~16 A) NI-N1 183 (~12 A)

Similarity search on compounds included in National Cancer Institute — Developmental Therapeutics Program
(NCI-DTP) mechanistic database, and using 3 and 8 as templates (as described in ‘methods’), revealed similar
compounds, that shares common spatial arrangement of pharmacophoric points. Five most similar compounds
are: Hycantone (CAS 23255938, alkylating agent, av. Glso ~10 M), Brequinar (CAS 96201886, RNA/DNA
antimetabolite av. Gls, 1.17 M), Dichloroallyl lawsone (CAS 36417160, RNA/DNA antimetabolite av. Gls
6.98 uM), Colchicine (CAS 64-86-8, tubulin cytoskeleton destabilization, av. Glso 5 nM), 7-Chlorocampotecin
(CAS 41646-05-3, Topoisomerase I inhubitor, av. Gls;45.6 nM).

Figure 5a. Hel.a model, Figure 5b. HelLa model, Figure 5c¢. Hel.a model, NI-N1 Figure 5d. HelLa model,
DRY-N1 375 (1.6-1.9 A) NI-TIP 623 (9.9-10.2 A) 183 (~11.5 A) O-N1536 (~6 A)
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®enunaamuan (E)-4-apnii-4-okco-2-0yTeHCKHX KHCEJIHHA.
JAu3aju, anTunpojudepaTiBHa AKTHBHOCT, 3/| KBAHTHTATHBHA CTYANja CTPYKTYpe H
AKTHBHOCT 3acHOBaHa Ha ajaroputmy AMAH/IA u cauvHocT ca jeinmbelUMA U3
‘MexaHHuHCcTHYKOr ceta’ Hannonaanor nueruryra 3a pak CAJ{

Cunmemuszoeano je u nomnyno okapakmepucarno 13 genunavuoa (E)-4-apun-4-oxkco-2-oymenckux xuceauna.
Csa jedumwersa nokasyjy awmunpoiugepamueny akmusHocm npema heaujama xymanoe mymopa epauha
mamepuye (HeLa) u xymanoe menamoma (FemX) y Huckum MukpomoiapHum u cyOMUuKpoMOoIapHuM
konyenmpayujama. Tpooumenzuonanna anaiuza cmpykmype u akmueHocmu je nokasaia oa meljycobnu pacno-
peo aikua1 cyncmunmyenama Ha apoui NPCmMeHy, uxo NPOCnopHU NOJ0JNCA] Npema 0asaoyuma u NPUMaoyuma
BOOOHUYHE Be3e Y MOJICKVIY, KAo U eHepauje unmepakyuje ca ynompebseHum npobama ymudy Ha akmuGHOCm
jeoursersa 3a obe ucnumugane heaujcke nunuje. J{ea jeoursersa (cmpyKkmypHo O00BO/6HO PAIuNUmMa) Koja
HOKA3yjy GUCOK CmeneH akmugHocmu npema oode ucnumusare heaujcke nunuje cy ynopehena ca mexanuc-
muukum cemom Hayuonannoz uncmumyma 3a pak CALA. 'V oksupy moe cema u npumersenoz memooa, kaxo je
onucano y caonumersy, nem jeourserba koja cy ankunujvhu acencu u anmumemadorumu PHK/JTHK nokazyjy
Hajeehy ciuunocm no pacnopedy gapmaxooprux mavaka ca jedurservuma kopuuthenus sa nopeherve.
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