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ABSTRACT

The structure-activity-rel ationships (SAR) were studied on two series of 2-
(thienyl-2-yl or 3-yl)-4-furyl-6-aryl pyridine derivatives asanti-cancer drugs
by DFT method a B,LY P/6-31G* level of theory.Thestructural and electronic
properties of these compounds suchasHOMO, LUMO, electronic energies,
were calculated to gaininsight about their role in modulating the anticancer
activity. SAR study revealed that when CH, or Cl is present in para-position
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of phenyl ring, enhanced biological activity. Also, the structures of4-(5-
chlorofuran-2-yl)-2-(thiophen-3yl) and 4-(5-chlorofuran-2-yl)-2-(thieophen-
2-yl) moietieswereimportant for cytotoxic effect. Finally, HOMO and LUMO
energy values show clue about the biological activity profile of these

compounds. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Over the past few years, there has been consider-
able interest in DNA topoisomerases, as they were
shownto bethecellular target for several anti-cancer
drugs’Yl. DNA topoisomerase are ubiquitous enzymes
that relievethetorsiona stressinthe DNA hdlix thatis
generated asaresult of replication, transcription and
other nuclear processes?. Topoi somerases are essen-
tid enzymes, which oneinhibited; inducegreeat damage
to DNA of tumor cells2.

a-Terpyridine (2-(thienyl-2-yl)-4-furyl-6-aryl
pyridine)molecules are the biosisteres ofa-
terthiophenecan act astridentateligand and form stable
complexesby chelating abroad variety of transition
metal ions. The numerous reports on DNA binding
property and antitumor activity of terpyridines com-
plexeshaveattracted multipleresearchers. Karki and

co-workersreported that terpyridine derivativesshowed
adgtrong cytotoxicity against several human cancer cell
linegd.

Then, intheeffort to study the structure-activity re-
lationships (SAR) of thesecompounds, weinvestigated
thereactivity of thesemoleculeswhicharegoverned by
their e ectronic propertiesand kineticsand thermody-
namic stability. Inthiscomputationa study the struc-
tural and el ectronic properties of thetwo different se-
riesof 2-(thienyl-2-yl or 3-yl)-4-furyl-6-aryl pyridine
derivativeswith chloride or methyl substituentsat dif-
ferent aryl moieties (Figure 1) wereinvestigated and
used to predicted their relative stability and reactivity.

Among thetheoretica methodsavailable, theden-
sty functiona theory (DFT) cal culaionsprovided good
accuracy for the computation of molecular structure,
vibrational frequenciesand energiesof chemical reac-
tiond®9. DFT providesan efficient method toinclude
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correlationenergy in e ectronic calculations'?, Beside
total eectronic energies(E), the highest occupied mol-
eculeorbitd (HOMO), thelowest unoccupied molecule
orbita (LUMO), gap energy differencebetweenE,
andE O(AEgep), dipolemoments, polarizability, glo-
bal chemical reactivity description such aselectronic
chemical potentials(u)™, chemical hardness(n)™*?,
dectrophilicity(w)™*¥, weight molecules(MW), surface
molecules(S), volume mol ecules(Mv), octanol -water
partition coefficient(log p) dipole moment are calcu-
lated. Reactivity parametershave been associated with
theresponse of e ectronic propertiesandinhibitory ac-
tivity of compounds (1) to (8). Then reactivity param-
etersareidentified with response functionsand they
arerepresented by derivatives of e ectronic properties.

Cl

Seriesl R S Series?2 R'
Structure R Structure R’
1 p-CH3 5 p-CH3
2 o-Cl 6 o-Cl
3 m-Cl 7 m-Cl
4 p-Cl 8 p-Cl

Figurel: Sructureof 2-thienyl-4- furyl-6-aryl pyridinede-
rivative

COMPUTATIONAL METHODS

In recent years, theoretical methods based onthe
DFT haveemerged asan alternativeto traditional ab
initio methodsinthe study of structureand reactivity of
chemicd systems.

SomeDFT studiesshowing that functional that in-
cludegradient correctionsand hybrid functiona for ex-
changeand correlation, such asB3LY P together with
the standard6-31G* basis set, yield good agreement
with theexperiment. Thus, in the present study geo-
metrica optimizationsof thesationary pointswerecar-
ried out using thismethodol ogy. Theoptimizationswere

performed using the Berny ana ytical gradient optimi-
zation method*™. All cal culationswere carried out us-
ing the Gaussian 09 suite of programg?®l,

Globd reactivity indexeswere estimated accord-
ing to theequati onsrecommended by Parr and Yang™*
3, In particular, theeectronic chemical potentias ()
and chemicd hardness(n) of thecompoundsunder sudy
wereevauatedintermsof theone-electron energiesof
thefrontier molecular orbitd's, usngthefollowing equa
tions

_ gy tg
===k
n=¢g_—é&y

Theglobd dectrophilicity index , whichmeasures
the stabilizationin energy when the system acquiresan
additiona dectronic charge AN from the environment,
hasbeen giventhefollowing smpleexpression, interms
of theelectronic chemical potentia p and the chemical
hardness.

Electrophilicity index measuresthe propensity or
capacity of aspeciesto accept electrons. Itisamea
sureof thestabilizationin energy after asystem accepts
additional amount of e ectronic changefrom the envi-
ronmert.

RESULTSAND DISCUSSION

Wefirgt eva uated the energies of two seriesgeom-
etries, 4-(5-chlorofuran-2-yl) — (thiophen-2-yl) (1-4)
and 4-(5-chloro furan-2-yl)-2(thiophen-3-yl) (5-8)
moieties, whichwereoptimized a theB,LY Pat the 6-
31G'level of theory (Figure 1). An analysis of thege-
ometriesindicatesthattheoptimized geometriesof com-
pounds (1-8) are planar and the most stable derivative
iscompound (2), which showed thebest biological ac-
tivity between thechloro substituentsderivatives.

Thenthestructura and electronic propertiesof the
compoundssuch asthe highest occupied molecular or-
bital (HOMO) and the lowest unoccupied molecular
orbital (LUMO) energies, orbital coefficients, together
with the FM O energy gap for geometrieswere cal cu-
lated to gainingght about their rolein modulating the
anticancer activity studies(TABLE 1). Itisknown that
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TABLE 1: Calculated total energies(E), HOM O and LUM O energies(E,, .01 E, juo)» HOMO-LUMO ener gy gap (AEgap),
electronic chemical potential (n), chemical hardness () and global electrophilicity (o) of compounds(1-8) and their antican-
cer activities(IC50)

OCAlJ, 10(9) 2014 Mina Haghdadi et al.

1 2 3 4 5 6 7 8
E(Haree)  -1758.615  -2178.878  -2178.88 -2178.882 -1758.6145 -2178.87 -2178.880 -2178.880
Eromo (€V) -5.82 -5.98 -6.06 -6.04 -5.95 -6.12 -6.23 -6.20
ELumo (V) -1.74 -1.82 -1.95 -1.95 -1.74 -1.82 -1.93 -1.93
AEg 4.08 4.16 411 4.09 421 43 4.3 4.27
1 (a.u) 0.074 0.076 0075 0075 0.077 0.079 0.078 0.078
i (a.u) -0.139 -0.144 0148  -0.147 -0.141 -0.146 -0.150 -0.150
o (eV) 1.776 1.848 1968  1.970 1.763 1.838 1.958 1.959
1C50(uM) ! 1.33 1.93 2.86 2.45 0.63 1.71 4.26 1.77

' 1C50 against human breast adenocarcinoma cell line (M CF-7)

theability of themoleculeto accept or donor el ectrons
can be rationalized by FMO analysis. The value of
HOMO energy (E,,,o) isoften associated with the
€electron donating ability of inhibitor molecule, whichthe
higher valuesof E,,,, isanindication of the greater
ease of donating e ectronsto the unoccupied orbital or
acceptor.On theother hand, it isimportant to examine
theHOMO and LUMO energiesfor these compounds
becausetherelative ordering of occupied and virtual
orbital providesareasonablequalitativeindication of
electronic propertiesand the ability of electron hole
transport.

LUMO

HOMO

1 2
Figure2: Schematicrepresentation of HOM O and LUM O coefficient distribution of (1-4) derivatives(Series1)

— @Wu’c CHEMISTRY

Also, thevaueof LUMOenergy (E, ,,.)isrelated
totheability of themol ecul eto accept e ectrons, which
thelower valuesof E ,, ;showsthe acceptor would
accept dectrons consequently. The energy differences
of HOMOand LUMO (AEgap) providesameasurefor
the stability of the formed complex on the metal sur-
face. The lower value of AE isrelated to the higher
stability of theformed complex.

Theoverdl anayssof HOMO and LUMO energy
values of thetwo series, revealed that the E,,,, for
series1land 2 varied from-5.82 eVt0-6.06 eV and -
5.95eVt0-6.23eV,and E from-1.74eV t0-1.95

LUMO
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Figure3: Schematlc representation of HOM O andLUMO coeff|C|ent digtribution of (5-8) der|vat|v5(8er|$2)

eVand -1.74 eVto -1.93eV, respectively, which the
HOM O energy isthe highest for compounds (1) and
(5) and LUMO energy isthelowest for them. These
resultshavedirect correl atewith theiranti-cancer activ-
ity (TABLEZ).

Moreover,as can beseenin TABLE 1, the com-
pounds (2) and (6) with the highest HOMO-LUMO
energy gap (AEgap) havethelowest stability between
thechloro substituent derivatives, which indicatesthat
they arereactive than of compounds(3), (4) and (7) as
showninFigures2-3.

TheHOMO coefficient distribution wasdetermined
to observe the atomic contribution on the frontier
HOMO orbitd. Interestingly, replacement of amethyl
group at para-position ((1) and (5)) ledtoincreasethe
HOMO coefficient distributionin the pyridinering.
Apparently there is a clear correlation between the
HOM O coefficient distribution and biologica activity
of thesemolecules. Thisresult reinforced theimpor-
tance of thismoiety for the anticancer profile (Figures

2-3).

Thecompoundsa so showed digtribution of LUMO
through all of therings, although most of them concen-
trateinthefury and thinly rings, which may have pointed
it asthemost likely regionfor stackinginteractionswith
thetarget.

Thereactivity indexesare another aternative ap-
proach for understanding the capacity of aspeciesto
accept or donate electron.In TABLE 1, were report
thedtaticglobd properties, namely, dectrophilicchemi-
cal potentia p, chemical hardness (1) and global elec-
trophilicity (o) of compounds (1-8).

Theé ectronic chemica potentia () of the first se-
ries with values between -0.139 a.u and -0.148 a.u,
arehigher than thee ectronic chemical potentia of the
second series, (5), (6), (7) and (8), u=-0.141 a.u to -
0.150 a.u, respectively, indicating that thefirst series
aremore nucleophilethan the second series.

Theglobal electrophilicity indicesfor these com-
poundsareca culated and shownin TABLEL Ascan

TABLE 2: Dipolemoment, polarizability, surfacearea (S), molecular volume (Mv), and octanol-water partition coefficient (log
p) calculated at B3LY P/6-31G* levd of theory for compounds (1-8)

1 2 3 4 5 6 7 8
Dipole (D) 2.408 1.720 1.891 3.634 3.281 2409 1.744 3.700
Polarizability (D) 39.15 39.24 39.24 39.24 39.15 39.24 39.24 39.24
S (A% 585.21 580.31 583.64 583.12 588.60 580.71 585.86 587.71
My (A% 981.09 968.96 973.91 973.48 980.79 968.10 973.34 97351
log p 3.85 3.90 3.90 3.90 3.60 3.60 3.66 3.66
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be seen from TABLE 1, the compounds (1) and (5)
with1.78 eV and 1.76 eV, respectively, arethe stron-
gest nucleophile while (3) and (7) with 1.97 eV and
1.96 eV, respectively are the strongest el ectrophile.
Theseresults probably as aconsequence of the substi-
tution by the el ectron releasing methyl group present in
(1) and (5) compared tothedectronwithdrawing chloro
group in another compounds.Also, the compounds (1)
and (5) havethemost hardness with the highest bio-
logicd ectivities.

In continues, we eval uated the hydrophobic pat-
tern of compoundsby cal cul ating octanol-water parti-
tion coefficient (Iog p), molecular volume(Mv), polariz-
ability, surfacearea(S) and dipolemoment. Theresults
of ca culations showed that the compounds (1) and (5)
havethelowestlog P va ues, which may be useful for
their biological activity asit may compromisereaching
thetarget ingdethecell by thesemolecules. Also, ahigh
molecular surface (S) and molecular volume (Mv) for
(1) and (5) may compromisethestrong interactionwith
thetarget (TABLE 2).

Thedipolemoment, whichisthefirst derivativeof
energy, withrespectto an applied dectricfiddisamea
sureof asymmetry inthemol ecular changedistribution.
Thehigh vauesof the dipole moment present that the
electrostatic and dispersion contributionwill play akey
roleintheinteraction with receptor. Herein, thedipole
moment and polari zability show any further clue about
thebiologica activity profile of these compounds, ex-
cludingthesefeatureiscrucid for displayingthestudied
adtivity.

Inaddition, the presence of stereod ectronic effects
depending on the position of substituent on benzene
ring could d so affected thebiological activity. The posi-
tion of substituents appearstoplay animportant rolein
activity, sincethe change of Cl from orthoto paraand
metaposition led to adecrease of activity. Ascan be
seenin TABLE 1 replacement of achloro at ortho po-
gtionand sgnificant changein Sstuationsonthienylring
(6) ledtoincrease of theanti cancer activating compared
to the paraand meta— position.

Moreover, thetype of substituentson the benzene
ring appearsto playsan important rolein activating.
Theactivating of these compoundsagaingt human breast
adenocarcinomacell lineseemsto beincreased with
the presence of amethyl group at the para- position.

e Pull Paper
CONCLUSIONS

The structure— activity relationship study revealed
that compounds (1) and (5) with methyl moiety exhib-
ited strong biological activity. Also, thisresultssuggest
that 4- (5-chloro furan-2-yl)-2-(thiophen-3-yl or2-yl)
moiety isimportant for digplaying sgnificant biologica
activity.Thecomparison of thetheoretical resultsof the
first and secondseries derivativesrevea ed that the sta-
bility of thelast compoundssignificantly decreased.
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