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Abstract

A molecular library based o&-2-arylmethylene-1-tetralone has been designed and synthesized. A reversed phase high performance
liquid chromatographic (RP-HPLC) method has been developed and applied to separate them and to characterize their lipophilicity. The
chromatographic method applied here was suitable to separate the strrth@didpara) isomers of compounds and was sensitive enough
to differentiate their lipophilicities. The measurdd) @nd computer calculated (CLOGP) lipophilicity values has been compared. Good linear
correlation has been found in the case of these structurally related molecules. In vitro biological assay has been performed with Methylene
blue dying to investigate the antiproliferative potency of the compounds synthesized in this work. The mégsamedélculated (CLOGP)
lipophilicities of the compounds were compared with the antiproliferative activities and an optimum value of lipophilicity has been found for
these compounds.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction and cognitive function can be mentiong], certain phyto-
sterols possess hormone-like pharmacological eflégtsr
Living organism as raw material has been proven to be certain alkaloids can be used in symptomatic pharmacother-
the richest source of possible medicinal remedies. There isapy of migraing[5]. In addition, it should be noted that the
hardly a group of diseases or pathological states in which class of flavonoids with more than 4500 different known rep-
an effective chemical agent or the core structure of it is not resentatives is an enormous class of plant secondary metabo-
derived from a natural source. An analysis of the number of lites having so different pharmacological effects as inhibition
chemotherapeutic agents and their sources indicates that oveof nitric oxide synthasgg], cancer preventive effecfg] or
60% of approved drugs are derived from natural compounds potential impact on the etiology of certain vascular disease
[1]. These molecules originating from natural sources may [8].
have a wide spectra of pharmacological properties, e.g. the In the last decades, a large number of plant extracts have
nutritional properties of lecting®] or the Chinese and Indian  been found containing secondary metabolites able to inhibit
traditional herbal plants used for improvement of memory various protein tyrosine kinases. Recently, lési and keri
reviewing the major groups of this plant derived protein ty-
— rosine kinase (PTK) inhibitors and candidaféf assumed
* Corresponding author. Fax: +36 12667480, that the natural products are suitable for further exploration
E-mail addresseshalgi@puskin.sote.hu (B. Hallgas), . -
miki@puskin.sote.hu (M. Idei), tamas.lorand@aok.pte.hu 6Fahd). to obtain novel leads for new molecular entities as thera-
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peutic agent§10] because of their enormous chemodiver- activity instead of fragment approach either atom-based
sity. (e.g. Crippen’s, Viswanadhan's, Broto’s methd@g] or
E-2-Arylmethylene-1-tetralones and-3-phenylmethyl- molecular lipophilicity potential (MLP) developed by Testa
enechroman-4-ones and their derivatives closely related toand co-worker$24].
flavonoids belong to the plant secondary metabolites most The HPLC method turned to be a valuable detection tool
investigated recently. Numerous biological activity have to determine octanol-water partition coefficient directly by
been attributed to the tetralones mentioned. So, we havemeasuring the concentration of the compound in the two par-
reported the synthesis and antifungal properties of sometitioning solvents one by one. It has long been recognised that
bicyclic a,B-unsaturated ketones—homoisoflavones-Eas the retention of a compound in RP-HPLC is governed by its
2-arylmethylene-1-tetralonesk-3-arylmethylenechroman-  lipophilicity and thus it correlates with the Id&gmeasured in
4-ones, E-3-arylmethylene-1-thiochroman-4-oné¢$1,12] n-octanol-water system. Therefore, it is a plausible alterna-
Several representants of these classes of compounds showetil’e to use RP-HPLC as a substitute for the classical slow and
remarkable antifungal activity. Their minimum inhibitory uncomfortable shake-flask method to characterize lipophilic

concentration (MIC) values ranged from 1.5 to g@mL in properties of a compourfd9-21] A great number of publi-
an antimycotic screening against human pathogenic yeastsations on the efforts made to adjust HPLC methods and to
(Candida albicansC. parapsilosisC. glabratg Cryptococ- improve stationary phases to substititg, measurements

cus neoformanand Trichosporon cutaneumTheir effects are well reviewed by Testa and co-workgzg] or Valko[28].
proved to be better than those of the six commercial an-  In this work, based on the results obtained with the bi-
timycotic agents similarly tested in the same styd]. cyclic unsaturated ketones, we have been prompted to de-
Shih et al[13] reported antitumor activity of closely related sign and synthesize new type of antiproliferative compound
phenylmethylene-1-tetralones on Jurkat cell line and revealedlibrary of bicyclica, B-unsaturated ketones based onf+e-
strong structure-activity relationship. arylmethylene-1-tetralones or on their homologues and het-
Because of the enormous increase in the cost of consum-erocyclic analoguedg. 1). The size of the bicyclic ketone
ables and time demands, the necessity of examining druglike-and the heteroatom itself in the ketone ring was varied. In ad-
ness of a novel compound has emerffEs]. Druglikeness, dition o, 3-unsaturated ketones both with electron withdraw-
being a multidimensional terrain of chemical properties in ing and electron donating group in the aromatic ring were
which the classical physico-chemical parameters of thera- synthesized.
peutically used molecules occur mostly, serves to identify A reliable, fast and accurate HPLC method was devel-
compounds suitable for drug developmgig,16] The most oped to investigate the 26 membered molecular library of
recent druglikeness definition by Gilbert M. Rishton based E-2-arylmethylene-1-tetralones and their heterocyclic ana-
on the classical contribution of Lipinsky et al. supplemented logues. Ourintention was to characterize the lipophilicity and
the theory with the polar surface area and rotatable bond con-antiproliferative activity of these compounds. The lipophilic-
sideration16]. ity of the compounds was evaluated not only experimentally
All benefits of pre-screening can be gained by exploration (HPLC) but by in silico calculation based on their chem-
of physico-chemical properties in advance and early attrition ical structure (CLOGP), too. Antiproliferativ effect of the
of the useless compounds (before the expensive biologicalmolecules was determined on A431 cells by the Methylene
assays) could be achieved. One of the most important pa-blue method26]. Both the relationship between the mea-
rameters to decide the status achievable by a new moleculesured k') and calculated (CLOGP) lipophilicity data and that
in the pharmacological development process is lipophilicity. of between the biological activity and the lipophilicity data
Since this property plays an important role not only in the obtained by HPLC or by calculation have been investigated.
mechanism of its pharmacokinetic action but in the pharma-  The former experimental work on molecular libraries pos-
codynamic also, estimation of the lipophilic character of a sessing chemical structures related to the compounds investi-
new drug candidate is proved to be one of the first parametergated here had been performed on silica based reversed phase
to be determined at the earliest possible mon{i28it columns by our grouf29-31] In favour of the prospective
Lipophilicity of a non-ionic compound whose partition comparability of the results silica based reversed phase col-
is independent of pH is commonly characterised by the umn was applied in the present work, too.
n-octanol-water (biphasic) partition coefficier®y, and
log Pow)- The shake flask method is the most conventionally
used one to determine |&%,. However, there are serious X R
technical difficulties to measure compounds with very high
logPow (>6.5) [17,18] Another choice to characterise A
lipophilicity of a molecule is the computerised estimation
of it, frequently based on the fragment approdth,22]
but there are many improved method derived from the

Original Hansch-Lgo’s ong17]. .AnOth.er. possib_ility ?S Fig. 1. Basic structure of the compounds investigated; X =2:GBH,),,
to investigate the influence of lipophilicity on biological 0, S, SO, S@, Ar=phenyl, substituted (R) phenyl, heteroaryl.
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2. Materials and methods CQ + ArCHO Base
Z RT SN
2.1. Materials

o o

Triethylamine (TEA), acetonitrile (ACNprtho-phospho- Fig. 2. Synthesis of aryliden-tetralones; Ar = phenyl, substituted pheny! (R),
ric acid, methanol, ethanol, piperidine, Methylene blue dye heteroaryl.
and the parent aldehydes utilised in the synthesis were pur-
chased from Fluka (Buchs, Switzerland). Solutions were pre- (11-18) and the indanone2() and benzosuberonel9)
pared of deionised, bacteria-free water made by Elgastat UHPqerivatives. Group Il contains the chromanones and their
system (Elga Ltd. Bucks, England). analogues 1-26). The compounds investigated here

have been prepared by base catalysed aldol condensation
2.2. Synthesis (Fig. 2 [11,12] With the E-2-arylmethylene-1-tetralones
(1-18)), E-2-phenylmethylene-1-benzosuberoth)@ndE-

A library consisting of 26 structurally related com- 2-phenylmethylene-1-indanon2Qj the reaction was carried
pounds have been investigated. Based on their structuralout at room temperature in ethanol. The synthesis of the
features the library could be further divided into two sub- E-3-arylmethylenechroman-4-ones aBeB-arylmethylene-
groups. Group | Table J is consisting of substituted 1-thiochroman-4-ones2(-—22) was performed at 140C
arylmethylene—tetraloned<10, the bold numbers refer to  with piperidine as a catalyst without solvent. The 4-
the numbers ofTable 1), heteroaryl-methylene—tetralones thiochromanone 1-oxideg) and 1,1-dioxide Z4) was pre-

Table 1
Experimentally measured( logk’) or calculated (CLOGP) lipophilicities and biological activity values of the investigated compounds
X Ar R Ka logk/ CLOGP 1GsoP (mol/l)
Tetralones and their analogues
1 —CHp— Phenyl H 4534 0656 4398 11780
2 —CHy— Phenyl 4Me 5.894 Q770 4897 20990
3 —CHp— Phenyl 4OMe 3644 0562 4317 7313
4 —CHy— Phenyl 4fluor 4233 0627 4541 15830
5 —CHp— phenyl 2-chlor 6.068 Q783 4871 20630
6 —CHy— Phenyl 4-chlor 6.968 0843 4871 15500
7 —CHp— Phenyl 3, 4-chlor 11761 1070 5824 20780
8 —CHy— Phenyl 2, 4-chlor 11417 1058 5824 17470
9 —CHp— Phenyl 2, 6-chlor 9214 0964 5824 24560
10 —CHy— Phenyl 4-brom 7938 Q900 5261 100000
11 —CHp— 2-Furyl H 2408 0382 3574 46720
12 —CHy— 2-Pyrrolyl H 1425 Q154 3004 100000
13 —CHp— N-Methyl-2-pyrrolyl H 2223 0347 3470 63750
14 —CHy— 2-Thienyl H 3190 0504 4044 100000
15 —CHp— 2-Pyridyl H Q788 —0.103 2901 60610
16 —CHy— 3-Pyridyl H Q0390 —0.409 2901 8240
17 —CHp— 4-Pyridyl H 0571 —0.243 2901 7105
18 —CHp— 3-Indolyl H 2235 0349 4388 100000
19 —(CHp)2— Phenyl H 5205 Q716 4957 62100
20 - Phenyl H 239 0350 3839 58470

Chromanones and related compounds

21 Phenyl H 3175 0502 3750 4580
22 Phenyl H 4961 Q696 4191 3980
23 Phenyl H ®70 —-0.174 2413 17110
24 Phenyl H 0134 —-0.873 2359 10800
25 Phenyl H 8328 0921 5508 3970
26 Phenyl H 11479 1060 5749 6890

2 R.S.D. of thek’ values were less than 2%, the compounds investigated here were injected individually, number of intra-day repetitions@pfo8 (
each of the compounds.
b R.S.D. of the IG values were less than 10%, three replicates has been made for each of the compounds.
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pared according to ref25]. All of the compounds were
purified by recrystallisation from methanol and with col-
umn chromatography. Their structural characterisation is
based on FT-IR methods and previously published NMR data
[14,32-43] The FT-IR spectra were recorded by an Impact
400 (Nicolet) spectrometer in KBr pellets. Theoretically, the |
E- andZ- geometric isomers can be equally formed in the ‘
reaction mentioned above. TREeconfiguration, however, is
highly unfavourable because of strong steric interaction be-
tween the aryl and carbonyl groufist]. In full accordance \‘
with this, the E-configuration unambiguously was verified ‘
by the appearance of the &lproton signal in the appro- “

mAUF 16

priate range in théH-NMR spectra[11]. ThelH and13C |
assignments (not known from the literature) of compound ‘\
(18) were based on simplH and 13C measurements and I ‘.
corroborated by*H-'H COSY, gradient enhancedC-tH \J e\

HSQC as well a$3C-H HMBC experiments executed us- J \\\ K \U\
0.0

ing standard Varian software. NMR spectra were recorded
with VarianNITY INOVA400 WB (400/100 MHz fotH/13C)
spectrometer. Chemical shifts are referenced ta3ilé-H)

or to the residual solvent signafs’C). Measurements were
run at 298 K probe temperature.

t (min)

Fig. 3. Chromatogram of a representative mixture containing the follow-
ing compoundd6, 17, 15, 1, 4, 5, 6, 10, 9, and7-8 (Table ). Abscissa:
retention time (min), ordinate: detector response at 254 nm (mAUFs). For

experimental details see Sectip13.
2.3. HPLC measurements P

For chromatographic analysis stock solutions (0.5 mg/ml)
of the samples in acetonitrile:water (3:1) were prepared 2.4. Calculation of CLOGP data
and filtered through a 042m Millipore filter unit. These
solutions were kept in Eppendorf tubes-a20°C. HPLC Software-predicted lipophilicity of the compounds was
analysis of the samples were performed with Varian (Basel, calculated with the program CLOGP accessible via Internet
Switzerland) 9012 Solvent Delivery System, Varian 9065 (www.daylight.com/daycgi/clogpvorking withthe Hansch-
Polychrom Diode Array Detector; column: Hypersil 5 MOS Leo’s, “fragment constant” method.
5um, 250 mmx 4.6 mm (BST, Hungary); injector: Rheo-
dyne. In many cases different alkyl-ammonium phosphates2.5. Antiproliferative assay
are used in the eluent for buffering when the determination
of the interaction between the analyte and the hydrophobic  Proliferation assays were based on the Methylene blue
alkyl chains of the stationary phase is intended. Based test[26]. This colorimetric assay based on the enzyme ac-
on these former practice triethyl-ammonium phosphate tivity of various dehydrogenases of the living cells is suit-

was chosen as mobile phase additi¥el-48] Eluents:
A: 0.083M triethyl ammonium phosphate (TEAP, made
by weighing the calculated quantities of triethyl amine
and phosphoric acid), pH 2.25; B: 95% ACN+5% A
(TEAP).

Isocratic runs were performed in an eluent of 40 v/v%
ACN in A eluent; flow-rate: 1 ml/min; temperature: 20.
Injected volume 2Q.1, the compounds investigated here were
injected individually, number of intra-day repetitions was
3 (n=3) for each of the compounds (a mixture containing

able for testing the cytotoxic activity of anti-tumour can-
didates in vitro. Human A431 epidermoid carcinoma cells
were cultured in DMEM (Dulbecco’s Mod Eagle Medium)
supplemented with 10% FCS (foetal calf serum), 200 mM
L-glutamine, 10,000 U/ml penicillin and 10 mg/ml strepto-
mycin (Gibco Life Sci) at 37C and 5% CQ. Cells were
seeded into 96-well plates and incubated for 16 h before se-
rial dilutions of compounds were added (three replicates has
been made for each of the compounds investigated). Antipro-
liferative efficacy was assessed after 48 h: cells were fixed by

12 compounds has been chromatographed for representativé 0% buffered paraformaledhyde in 0.9% NaCl. Wells were

purposes, sedtig. 3). Retention factorsk() of the samples

then stained by 1% methylene blue, followed by thorough

were calculated from the experimentally determined reten- washing. Both apoptotic and necrotic cells previously de-

tion data k' = (tr — to)/to, wheretg has been determined by
injection of water[54,55]). Correlation between th and

tached from the surface of wells are thus removed. Methy-

lene blue stain from cells entrapped on the plate surface was

software predicted lipophilicity (CLOGP) has been investi- dissolved by ethanol (100%): 0.1 M HCI 1:1 and optical den-

gated, parameters of the CLOGR{ogk' +B equation has
been determined.

sities measured by a microtiter plate photometric reader at
650 nm.
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B. Hallgas et al. / J. Chromatogr. B 819 (2005) 283-291 287

3. Results and discussion cant differences were detected between thed 4-chlor
derivatives $-6), while the compound wittortho, ortho'-
3.1. Results of the HPLC measurements dichlor substituentsd) has been completely separated from

the other two dichlor-derivatives having chlor atoms either in

A library consisting of 26 structurally related com- para-position and in additiometa or ortho-position 7-8).
pounds have been investigated. Based on their struc-incorporation of the chlor atom irf Position 6) affected the
tural features the library could be further divided shape of the molecule in its inner part turning the molecule
into two subgroups. Group |Téble 9 is consist-  more spherical and resulted in smakéralues in compari-
ing of substituted arylmethylene-tetralonesl-10), son with the derivative of chlor atom in position's(8). The
heteroaryl-methylene—tetralonekl{18) and the indanone  same effect on lipophilicity could be observed being associ-
(20) and benzosuberoné9) derivatives. Group Il contains  ated with spatial features of the dichlor derivatives because
the chromanones and their analoguzs-6). both compound having chlor atom jvara-position (7—8)

The RP-HPLC method applied in this work proved to be caused stronger rise in retention factor than the comp8und
applicable for fast analysis of the molecular library inves- pearing two chlor substituent iortho position. Similar ob-
tigated. Isocratic separation was performed within 38 min, servation has been reported in our earlier paper in case of

calculated retention factor&'( logk’) are shown infable 1 structural isomers of methyl-aurone, thio-aurones and Man-
Representative chromatogram of #6817, 15, 1, 4, 5, 6, 10, nich ketone$30,31]
9, and7-8 compounds, respectively is shown Big. 3. The Good separation has been achieved in the sub-group of het-

chromatographic method applied here was able to percieveeroaryl derivatives{1-18). The molecules with heteroatom
the small structural differences resulting in a fine alteration puilt-in the five-membered ringl(—14) showed higher re-
of lipophilicity (e.g. chlor substituted derivatives like8-9). tention than those with heteroatom built-in the 6-membered
The value ofk’ embracing a 30-fold difference, ranged pyridyl ring (15-17). The lower retention of the pyridyl com-
from 0.39 to 11.76 depending on the substituted aryl side pounds was caused by the slight basic character of the pyridyl
chain in group I. (se@able 1 compoundl6 and7, respec- ring.
tively). Obviously, the dichlor derivative§{8-9) exhibited The chromatographic method applied here proved to
the highest retention and amongst the three structurally dif- pe able to separateFig. 3) the three structural isomer
ferentisomers the/ 34'-chlor (7) derivative is the uppermost.  pyridyl derivatives {5-17). As it can be seen the 3-
The lowest retention is associated to the heteroaryl-pyridyl- pyridyl (16) compound has the lowest retention and their
derivatives {5-16-17), in particular, to the 3-pyridyl one  separation was probably governed by the likely differ-
(16). The molecules with heteroaryl moieties1{18) can  ence in their basicity. An approximate estimation on the
be categorized as a subgroup not only by structural differ- pasicity of the isomer pyridyl compounds can be ob-
ences but on the score of measured values too. None of themained with the help of the isomer methylpiridines. The
reached the lipophilicity value of the parent moleculg ot three different methylpyridine molecules have the follow-
even the compound. ) with 2-thienyl moiety. ing experimental Ky, values 8.0; 8.37; 8.02o(tho, metg
The benzosuberone compourtd) has just showed a  para, respectively). [Data from SRC PhysProp Database:
slight increase irk’ comparing to the parent molecul&)(  http://www.syrres.com/esc/physdemo.htrit can be seen
However, in the case of the indanone derivati2€)(less  that basicity of thertho, and theparacompounds is almost
than half of the basic tetralone’s valug fias been detected.  the same, but thenetaweakly differs. It can be explained
Possibly it caused by not only the absence of the methy- py the electron donating effect of the methyl group being the
lene fragment but by the different 3D structure of the two \veakest ametaposition and stronger equally in the other
molecules. The indanone have been stated to be present ifwo positions. In the case of the structural isomer pyridyl
completely planar conformation but in case of tetralones and molecules {5-17) the same effect may explain the nice sep-
benzosuberones the enone fragment slightly and the aryl ringaration Fig. 3. Because the electron distribution of these
much more deviate from the planar skelefpd]. Similarre-  compounds not as simple as that of methylpyridines, perhaps
lation between the planarity of the analyte and its retention the extension of delocalisation and the distortion of aromatic
has been found by Larkins and Ole§3]. electron distribution by methylene group could explain the
In the subgroup of compounds bearing substituted aryl presumably different basicity of each structural isomers.
ring not only the methoxy3) but the fluoro derivative4) The impact of the O, S, SO, and §®xchange in po-
also have exhibited lowek' as the basic tetralone. Methyl  sjtion X on chromatographic behaviour and lipophilicity of
substitution g) has caused just a slight, while other halogen the molecules has been investigated in the group Il (chro-
substitution at various positiod{5-6 and 10) has caused  manone and its analogue&l-26). As it was expected, the
considerable rise in lipophilicity and retention. Impact of the chromanone’s retentior2{) proved to be lower than that
spherical factor on th&’ value was shown by the structural  of the tetralone 1) because of the polarisability and capa-
isomers, where the chlor- or dichlor substituents were in- pjlity for hydrogen bond. It had previously been reported
corporated intartho, para positions and in case of dichlor  that lipophilicity could be increased by exchanging the car-
compounds into combined positiorfsig. 3. Thus, signifi-  bon atom to sulphuf49]. In full accordance with it, now
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the same effect could be obtained with thiochromanon: the slightly with the incorporation of methoxy groug)( Usually
k' data of thiochromanor2@) was significantly higher than  the molecules with five- or six-membered rings containing
that of the tetralonel@ble ). The compound with sulphinyl  heteroatom (in the arylidene moiety) had lower computed val-
moiety 23) showed much decreased retention parameter asues as the parent tetralone molecule had. In accordance with
it was expected and incorporation of the sulphonyl derivative the experimentally determined values, the lowest CLOGP
(24) was found to cause further decrease&inBoth effect data amongst the arylmethylene-1-tetralones associated with
can be explained the stronger polarisability of sulphonyl and pyridyl derivatives 15-17) but the far lowest value calculated
sulphinyl group and was demonstrated earlier by our group for the thiochromanone- 1,1-dioxid24).
in reference to aurones and oxidised thioaurd#és The highest calculated CLOGP value was obtained in the
The E-3-phenylmethylene-4-flavanon25) and its thio case of the three dichlor derivativeg-9) and the thiofla-
derivative @6) bear one more aryl group at position 2. An vanone 26) almost reached that value. Investigating the in-
increase in retention factor could be expected as a result offluence of the size of the alicyclic ring fused to the aryl ring
incorporation of an apolar aryl group or sulphur atom. In full onthe CLOGP values, in accordance with the experimentally
accordance with this expectation, the former compo@&)l (  determined lodf data 0-1-19, respectively) a gradual rise
showed an increased retention comparing to its parent chro-in the calculated parameter could be observed (in order of
manone molecule2@l) and incorporation of sulphur instead indanone <tetralone <benzosuberone).

of carbon atom caused further risekotlata able J). The impact of the heteroatom on calculated lipophilic-
ity data also correlated well with the experimental values.
3.2. Calculated lipophilicity (CLOGP) values CLOGP data increased with the exchange of oxygen for

sulphur (pairs11-14, 21-22) and the CLOGP values de-

Lipophilicity profile of the investigated compounds have creased remarkably by exchanging the oxygen for sulphinyl
been characterised by calculated CLOGP data also. Com-0r sulphonyl moieties1-23-24). Itis not unexpected result
parison of the experimentally measured (kgand com- because previously the same effect have been revealed in the
puter estimated (CLOGP) lipophilicity parameters revealed a case of CLOGP profiling of aurone—thioaurone molecules
good linear correlation (CLOGPAlogk +B) for the setof ~ and parallel carboxamide library, t§29,49]
the compound evaluated hefe< 3.2789B=2.0405n = 26, In spite of the good linear correlation between khand
R=0.93187, S.D.=0.40289F =158.33468, p<0.0001, CLOGP datalig. 5), a few discrepancies between the mea-
Fig. 4). Similarly, treating the different sub-groups separately, sureql and calculated properties have also been observed_. Cal-
good linear correlation has been obtained for the tetralonesculations gave the same CLOGP values for structural iso-
(A=2.6746B=2.9390n=12,R=0.96739, S.D.=0.17011, Mers while the experimentally determined lipophilicity of
F=145.86742,0<0.0001) and chromanone# ¥ 3.3513, these molecules provedto be differert§9and15-16-17).
B=1.8117,n=6,R=0.91794, S.D.=0.640% =21.96074, In certain cases these differences were strong enough to
p=0.0094), while weaker correlation has been obtained for Séparate completely the structural isomers such as in the
the tetralones containing hetero atoms (compounds 11-18case of the three pyridyl derivatives mentioned before or
A=3.2290,B=1.3776,n=8, R=0.79838, SD=0.37523, inthe case of the chloro derivatives (pair®# and7-9).
F=10.54736p=0.01752). These observations showed that not only the chemical na-

Generally, the CLOGP valued4dble ) increased with ture of the substituents but also their position might influ-
the methyl @) or halogen substitutior410) and decreased ~ ence the lipophilicity of the molecules, as it was formerly

6,59 - 120
60 * Aryliden-tetralones 1 1 % chromanon-derivatives

{ 2 nheteroaryliden-tetralones HHE (j.lmsocii‘l) % aryliden-tetralones
515'_ > chromanones and flavanones X 1004 a heteroaryliden-tetralones

507 cLoap
4,5

4,0
3,5
3,0
2,5
2,0
1,54
10
0,54 logk!
A5 10 05 00 05 10 15 05 00 o5 1o 15

80
60
401

204

Fig. 4. Relationship between the measured Kpgnd calculated (CLOGP) Fig. 5. Relationship between the experimental lipophilicity §9gand an-
lipophilicity data; Abscissa: lo, ordinate: CLOGP. For details see Sections tiproliferative activity (1Gy), Abscissa: lod, ordinate: 1@ (.mol/l). For
2.3and 2.4 details see Sectior’s3 and 2.5
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exhibited for the library of aurones and Mannich ketones pharmacological doses. It is noteworthy because of the re-

[29,49] markable activity of other pyridyl derivative$®-17). These
Structural variations of the moleculesTble 1were lim- differences have been obtained in the bioactivity of the three

ited to the type of the heteroatom incorporated in the alicyclic derivatives also could be achieved in the separation. The three

ring and to the substitution on the aryl ring (R) or the type of isomers could been completely separated from each other

the aryl ring itself -17). These variations allowed studying (see compounds5-17 on Fig. 3).

the influence of the substitution not only on the biological As for the halogen substitution, a slight decrease in the bi-

activity but on lipophilicity also. ological potency can be observed for chlor and fluoro deriva-
tives @-9) but complete loss of activity can be found for
3.3. Results of the antiproliferative assay 4’-bromo compoundl(0). Usually, all the structural changes

affecting the type of the aryliden substitution or skeleton

The A431 human epidermoid carcinoma cell line is well of the fused ring system worsened the effectiveness of the
known as epithelial growth factor (EGF) overexpressing sys- compound, except thé-fethoxy group ) and the pyridyl
tem and indicate potential EGFR-related apopototic effects. groups mentioned before.
Small molecules as inhibitors of protein kinases constitute  Both the electronic, the hydrophobic or the steric proper-
one of the most major class of the target-selective agentsties may have impact on biological activity, but amongst the
and the system is a straightforward screening setup to testaryl derivatives all compounds (except the methoxy contain-
compounds with EGFR inhibitory potential. The first small ing molecule) showed increased experimental lipophilicity.
molecule EGF-RTK inhibitor already approved as for the In the case of heteroaryl derivatives perhaps the chemical
treatment cancer is ZD1839 (gefitinib, Iressa), which proved nature and position of the heteroatom and its lipophilic
to be “the” selective, non toxic treatment for a subset of properties together are responsible for the biological effects.
non-small cell lung cancer (NSCLC) patients as monother- Considering only the scaffolds with different carbon number
apy[50]. There are additional new drug candidates currently in the alicylic ring of the fused system, Pesj et al. found 3D
undergoing clinical phase Il development, e.g. OSI-774 (er- structural difference between these derivatives containing
lotinib, Tarceva) and GW 2016 as reversible inhibitors of five to seven member alkanone rifg4]. These steric
EGF-RTK or C1 1033 and EKD 569 as irreversible inhibitor. deviations may cause the observed changes of activity.
Other types of molecules with RTK (receptor tyrosine ki- The relationship between the biological effectiveness and
nase) inhibitory activity were characterized and categorized the experimentalk() lipophilicity profile has been investi-
by Nakaya and Miyasaki®1] and the second group in that gated for compounds showing at least minimal inhibitory
classification was the group of flavones structurally related potencial (IGo < 25um/l) onFig. 6. In this set of compounds
to the molecules investigated in the present work. regardless of structural features a non-linear parabolic rela-

Dimmock et al. reported in 1999 on the cytotoxic activ- tionship could be obtained. Analysis of the selected struc-
ity and quantitative structure activity relationship (QSAR) turally slightly related molecules pointed out the minimum
studies of molecules with similar structure to the molecules score the curve has. Based on the parabolic curve it can be
investigated here and had revealed strong correlations be-stated that in the set of compounds studied in this work an
tween the spatial arrangement of aryliden ring and several optimum value of experimental lipophilicitk() could be de-
physico-chemical properties and biological activity. In that termined from the point of view of bioactivity. This optimal
work they founde-2-arylmethylene-1-benzosuberones to be value of proved to bdegpt = 0.51 for the compounds inves-
more potent scaffol{b2].

In the present work almost onl-2-arylmethylene-1- 40
tetralones and its six-membered alicyclic ring containing * points which the polynomial curve was fitted on
derivatives have been evaluated. The strongest antiprolif- ICgsq

erative effect associated with tH&3-phenylmethylene-4- | twmolfl)

flavanon R5) and the,E-3-arylmethylene-1-thiochroman-
4-one @Q2) (IC50~3.97umol/l for both). Remarkable
activity (ICso<10wmol/l) were found in the case of the 20
3-pyridyl, 4-pyridyl, 4-methoxy ancE-3-phenylmethylene-
4-thioflavanone compoundd&, 17, 3, 26, respectively),
while just modest biological effectiveness were found
related to five molecules &k 4, 8, 23, 24 and high 1Gg
(>20.mol/l) at the remaining compounds.

The detected 16y values are plotted against the mea- 0
sured lod( data of the three different sub-groups investi-
gated Fig. 9). It can be pointed out that all the derivatives Fig. 6. Combined Igy—logk’ plot of the compounds possessing significant

incorporating heteroatom in the aryliden ring in position 2 antiproliterative activity (IGo < 25mol/l). Abscissa: log, ordinate: IGo
(12-15) have no impact on the proliferation of A431 cells at (umol/l). For details see Sectio’s 2.5 and 3.3

logk’

04 02 00 02 04 06 08 10 12 14
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tigated here. Delineation of the sgversus CLOGP resulted
in a similar non-linear minimum curve (not shown) with an
optimal value of CLOGRE,:=3.5. This optimal value of the
calculated lipophilicity (CLOGP) was confirmed by the lin-
ear equation between I&gand CLOGP reported above.
Taken all together the following considerations (concern-

B. Hallgas et al. / J. Chromatogr. B 819 (2005) 283-291

[3] M.R. Howes, P.J. Houghton, Pharmacol. Biochem. Behav. 75 (2003)
513.

[4] M.H. Moghadasian, Life Sci. 67 (2000) 605.

[5] B.L. Lobo, S.C. Cooke, S.H. Landy, Clin. Therapeut. 21 (1999)
1118.

[6] L. Luo, Q. Sun, Y.Y. Mao, Y.H. Lu, R.X. Tan, J. Ethnopharmacol.
93 (2004) 221.

ing to the A431 biological system) can be made to synthesize [7] L. Le Marchand, Biomed. Pharma. 56 (2002) 296.

agents of considerable antiproliferative potential:

Beneficial elements in the structusix-membered alicyclic
ring fused to an aromatic ring as chromanone or thiochro-
manone scaffold, in case of aryliden ring the preferred sub-
stitution has lipophilicity lowering potency.

Detrimental elements in the structuteeteroaromatic rings
containing the heteroatom in positioh Balogen substitu-
tion, substituted aromatic rings with high steric demand.

4. Conclusions

An applicable isocratic RP-HPLC method for fast analysis
ofthe members oftetralone and chromanone-derivatives wer
developed. Lipophilicity of the molecules investigated has
been characterized by both experimenkd) &nd computer
prediction (CLOGP) data. The good correlation between the

experimental- and calculated data has been proved. Inthe case

of isomers (e.gortho- andpara-isomers) the software calcu-
lation method was found to give the same result for different
molecules. Contrary to it, the RP-HPLC system proved to be
able to make differences among thitho- andpara-isomers
having different lipophilicity and biological activity but the
same CLOGP data. With other words, the experimentally de-
termined physico-chemical parameter (kdgmay provide

real and useful data for the preselection or pre-screening in

various libraries.

Based on the good correlation between the antiprolifera-
tive activity and experimentally determined lipophilicity of
the molecules investigated an optimum value of lipophilicity
and structural demands to obtain good antiproliferative ac-
tivity can be determined. This ability of the chromatographic

method may be very advantageous when a preselection i%so]

needed within molecule libraries containing chemically very
similar compounds (e.g. structural isomers).

Acknowledgements

This work was supported by the following grants:
OTKA 37188, NKFP-1/A/0020/2002 (Moldiag) and NKFP
1/A/005/2004 (Medichem II), KKK-01/2001.

References

[1] G.M. Cragg, D.J. Newman, K.M. Snader, J. Nat. Prod. 60 (1997)
52.
[2] I.M. Vasconcelos, J.T.A. Oliveira, Toxicon 44 (2004) 385.

[8] D.D. Schramm, J.B. German, J. Nutr. Biochem. 9 (1998) 560.
[9] F. Hollosy, Gy. Keri, Curr. Med. Chem.—Anti-Cancer Agents 4
(2004) 173.

[10] A.B. da Rocha, R.M. Lopes, G. Schwartsmann, Curr. Opp. Pharma-
col. 1 (2001) 364.

[11] T.M. AL-Nakib, T. Lorand, A. PFldesi, R. Varghese, Med. Prin.
Pract. 10 (2001) 191.

[12] T. Lorand, T.M. Al-Nakib, L. Pokai, in: Proceedings of the 212th
National Meeting of the American Chemical Society, 24—29 August
1996, Orlando, FL, USA.

[13] H. Shih, L. Deng, C.J. Carrera, S. Adachi, H.B. Cottam, D.A. Car-
son, Bioorg. Med. Chem. Lett. 10 (2000) 487.

[14] P. Pergsi, T. Nusser, Gy. Tarczay, P. SohJ. Mol. Struct. 479 (1999)
13.

[15] C.A. Lipinski, Adv. Drug Deliv. Rev. 23 (1997) 3.

[16] G.M. Rishton, Drug Discov. Today 8 (2003) 86.

17] K. Takacs-Nowak, Acta Pharm. Hung. 68 (1998) 39 (in hungarian).

18] W.M. Meylan, P.H. Howard, J. Pharm. Sci. 84 (1995) 83.

[19] L. Xue, J. Bajorath, Comb. Chem. High Throughput Screen 3 (2000)
363.

[20] Th. Braumann, G. Weber, L.H. Grimme, J. Chromatogr. 282 (1983)

329.

[21] W.J. Lambert, J. Chromatogr. A 656 (1993) 469.

[22] C. Hansch, A. Leo, Substituent Constants for Correlation Analysis
in Chemistry and Biology, Wiley, New York, 1979.

[23] T. Djakovic-Sekulic, M. Acanski, N. Perisic-Janjic, J. Chromatogr.
B: Anal. Technol. Biomed. Life Sci. 766 (2001) 67.

[24] P.A. Carrupt, B. Testa, P. Gaillard, in: K.B. Lipkowitz, B.D. Boyd
(Eds.), Revised Computational Chemistry, vol. 11, Wiley-VCH, New
York, 1997, p. 241.

[25] M. Nishio, T. Ito, T. Koeda, U. Shibata, Brit., 1971, 5 pp. CODEN:

BRXXAA GB 1255080 19711124. Application: GB 19690621 CAN

76:59457 AN 1972:59457.

M.H. Oliver, N.K. Harrison, J.E. Bishop, P.J. Cole, G.J. Laurent, J.

Cell. Sci. 92 (3) (1989) 513.

[27] P. Vallat, W. Fan, N. El Tayar, P.A. Carrupt, B. Testa, J. Lig. Chro-
matogr. 15 (1992) 2133.

[28] K. Valko, J. Chromatogr. A 1037 (2004) 299.

[29] F. Hollosy, J. Sepdi, L. 6rfi, D. Erds, Gy. Keri, M. Idei, J. Chro-

matogr. B. 780 (2002) 355.

F. Hollosy, T. Lorand, L. 6rfi, D. Erds, Gy. Keri, M. Idei, J. Chro-

matogr. B. 768 (2002) 361.

[31] F. Hollosy, T. Lorand, L. 6rfi, D. Erés, Gy. Keri, M. Idei, J. Liq.
Chromatogr. Rel. Tech. 25 (2002) 1129.

[32] N.R. Rayes, A. Al-Jawhary, J. Heterocyclic Chem. 23 (1986) 135.

[33] G.A. Wachter, R.W. Hartmann, T. Sergejev, G.L.UBy D. Lederg-
erber, J. Med. Chem. 39 (1996) 834.

[34] I.LA.Z. Al-Ansari, Phys. Org. Chem. 10 (1997) 687.

[35] N.R. El-Rayyes, H.M. Ramadan, Heterocycl. Chem. 24 (1987) 589.

[36] P. Perjesi, A. Perjessy, E. Kolehmainen, @&z, M. Samalikova, J.
Linnanto, E. Virtanen, J. Mol. Struct. 697 (2004) 41.

[37] D. Basavaiah, M. Bakthadoss, S. Pandiaraju, Chem. Commun. 16
(1998) 1639.

[38] H. Duddeck, A. Levai, Magn. Reson. Chem. 30 (1992) 65.

[39] A. Waldemar, D. Golsch, L. Hadjiarapoglou, A. Levai, Cs. Nemes,
T. Patonai, Tetrahedron 50 (1994) 13113.

[40] P.J. Bowen, T.P. Robinson, T. Ehlers, D. Goldsmith, J. Arbiser, PCT
Int. Appl., 2001, 90 pp. CODEN: PIXXD2 WO 2001046110 A2
20010628 CAN 135:76687 AN 2001:472641.

(26]



B. Hallgas et al. / J. Chromatogr. B 819 (2005) 283-291

[41] F. Eiden, G. Felbermeir, Arch. Pharm. (Weinheim Ger.) 317 (1984)
861.

[42] G. Toth, A. SBIldsy, A. Levai, Gy. Oszbach, W. Dietrich, H. Kuehne,
Magn. Reson. Chem. 29 (1991) 801.

[43] J.R. Dimmock, G.A. Zello, E.O. Oloo, J.W. Quail, H.B. Kraatz,
P. Perjesi, F. Aradi, K. Takacs-Novak, T.M. Allen, C.L. Santos, J.
Balzarini, J. Med. Chem. 45 (2002) 3103.

[44] K. Valko, C.M. Du, C. Bevan, D.P. Reynolds, M.H. Abraham, Cur-
rent Med. Chem. 8 (2001) 1137.

[45] B. Verzola, C. Gelpi, P.G. Righetti, J. Chromatogr. A. 874 (2000)
293.

[46] D. Corradini, G. Carnerse, LC-GC Int. 13 (1996) 32.

[47] A. Opperhuizer, T.L. Sinnige, J.M.D. van der Steen, J. Chromatogr.
388 (1987) 51.

[48] W.R. Melander, H.J. Lin, J. Jacobsob, Cs. HanL.C Int. 1 (1983)
552.

291

[49] B. Hallgas, T. Patonay, A. Kiss-Szikszai, Zs. Dobos, F. &)

D. Erés, L. orfi, Gy. Kéri, M. Idei, J. Chromatogr. B 801 (2004)
229.

[50] T.J. Lynch, D.W. Bell, R. Sordella, S. Gurubhagavatula, R.A. Oki-
moto, B.W. Brannigan, P.L. Harris, S.M. Haserlat, J.G. Supko, F.G.
Haluska, D.N. Louis, D.C. Christiani, J. Settleman, D.A. Haber, N.
Engl. J. Med. 350 (21) (2004) 2129.

[51] K. Nakaya, T. Miyasaka, Anti-Cancer Drugs 14 (2003) 683.

[52] J.R. Dimmock, J. Med. Chem. 42 (1999) 1358.

[53] C.W. Larkins Jr., S.V. Olesik, J. Microcolumn Sep. 5 (6) (1993)
543.

[54] L.R. Snyder, J.J. Kirkland, Introduction to Modern Liquid Chro-
matography, John Wiley and Sons, New York, 1974, pp. 25—
55.

[55] C.F. Poole, The Essence of Chromatography, Elsevier, Amsterdam,
2003, pp. 411-413.



	Characterization of lipophilicity and antiproliferative activity of E-2-arylmethylene-1-tetralones and their heteroanalogues
	Introduction
	Materials and methods
	Materials
	Synthesis
	HPLC measurements
	Calculation of CLOGP data
	Antiproliferative assay

	Results and discussion
	Results of the HPLC measurements
	Calculated lipophilicity (CLOGP) values
	Results of the antiproliferative assay

	Conclusions
	Acknowledgements
	References


