ISSN : 0974 - 7524

Physical CH

Volume 9 | ssue 8

CMISTRY
A Judian Joaraal

— [yl Paper

PCAIJ, 9(8), 2014 [292-300]

Characterization of hydrophobicities of 6-amino-4-
phenyltetrahydroquinoline derivatives as antagonists for FSH-
receptor using precise electronic features
Mahmood Sanchooli*, Massoud Nejati Yazdi, Fahimeh Khorrami

Chemigry Department, Univerdty of Zabol, Zabol, (IRAN)
E-mail : sanchooli@uoz.ac.ir

ABSTRACT KEYWORDS
Thiswork was devoted on quantum mechanical ab initio study on hydro- Hydrophobicity;
phobicity 6-amino-4-phenyltetrahydroquinoline derivatives as antagonist FSH- receptor;
for FSH- receptor. The electronic structures were obtimized based on Charge transfer;
gerneral interaction properties function. A family descriptors of electro- Lone pairs;

static potentials, localized ionization energies and carbon chemical shifts
discriptorswere computed using the Gaussian98 software. Multiplelinear
regression was used to achieve areliable QSPR model to predict the hy-
drophobicity of 6-amino-4-phenyltetrahydroquinoline derivatives within
average absolute errors of 5.0%. The accuracy of developed model was
confirmed using different types of internal procedures. It was found that
guantum mechanical source of dispersion forces has less contribution on
hydrophobicity of 6-amino-4-phenyltetrahydroquinoline derivatives,
whereas the charge transfer interactions, surprisingly, show the major
impact on their hydrophobicity properties.
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Local ionization energy.

INTRODUCTION

Hydrophobicity isone of themost important physi-
cochemical parameters associated with chemica com-
pounds. It representsthe tendency of asubstancefor
repelling water moleculesand isaparameter that de-
scribesthe behavior of asoluteinto polar and nonpolar
phases. Therefore, several studieshave been carried
out to understand, evaluate and predict this parameter
for moleculesof interest! 8. It isbecausethemgjor prop-
ertiesof biological molecules such astransportation,
didtribution, metabolic activity, molecular recognitionand

proteinfolding aregoverned by their hydrophaobicities.
In order to explorethe physical or chemical types of
molecular interactions, such ashydrophobing effectsfor
even non-synthesized targeting molecules, QSAR/
QSPR methods have found to be of promising theo-
retica techniques®. Inwhich, physicochemical or bio-
logica propertiesof aseriesof moleculesare connected
to their molecular structure variables*t4, The chemi-
ca propertiesof interest could beboilingand melting
points, acid-basebehavior, chromatographic retention
indices, reaction kineticsand equilibriums, partitioning
phenomena, and so on. Basically, QSAR/QSPR stud-
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iesstrongly depend on the molecular descriptors.

Recently QSAR/QSPR researchesaremainly fo-
cused on proposing new structuraly informative, and
highly correlated descriptorstoward the dependent fea-
tures. Inthisregard, quantum mechanical electronic
variableshave shown more contribution thantheregu-
lar classica descriptorg2.

The substituted 6A4PTHQD known asin vitro
highly effectiveantagonistsfor the G_-protein-coupled
human follicle-stimulating hormone (FSH) receptor.
They useaCHO cdll linein order to testify the human
FSH receptor. Theanadyzeonrdatively al physologi-
cdlyredevant rat granulosacdlsshowsasubmicromolar
|C,, concentration which found to significantly inhibit
follidegrowth and ovulationinan exvivomousemodd.
A new nonsteroidal idea of contraception might be
achieved through the recent compounds®3. InaSAR
study done by Manivannan et al., thehydrophobicities
of 6A4PTHQD havebeen shownto haveakeyrolein
their biological activities'¥. They havedemonstrated
that the correl ation between ClogP and observed FSH-
receptor antagonistic activity isexcdlent intermsof the
statistical parametersprovided 81.1 percent variance
in FSH receptor antagonistic activity anongthe 19 com-
pounds. Their study hasreveal ed that ahydrophobic
interaction, asadominant intermolecular interaction
between theseligandsand FSH-receptor, governstheir
activitiesasantagonists. Their model enablesoneto
predict the antagonistic activities among all
6A4PTHQD; however, the mechanism of the hydro-
phobic interactionsis not well understood and need
more precisedectronic sudiesto beperformed. Inthis
article, attemptswere doneto conduct a QSPR study
on hydrophobicity of 19 compounds of 6A4PTHQD.
Different categoriesof €ectronic descriptors, including
electrostatic potential s, local ionization energiesand
carbon chemical shiftswere applied to construct the
models. Inthisregard, quantum descriptorsof any in-
dividua moleculewerecalculated. Multiplelinear re-
gresson (MLR) andysiswas employed to explorethe
relevant el ectronic descriptors affecting the hydropho-
bicitiesof the compounds.

EXPERIMENTAL

All caculationswererunona2.5 GHz Intd®
Core™?2 Quad Q 8300 CPU with2 GB of RAM using
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all four available cores under Windows X Poperating
system. Modeling and geometry optimization of all
molecular structures (Z-matrix) were employed by
HyperChem (version 7.1, HyperCube, Inc.)*. For full
optimization of molecular structuresand calcul ation of
quantum chemical descriptors, Gaussian 98 software
was used. Variable sel ection was performed by using
SPSS software version 11.5.0 (SPSSInc., 2001) by
employingthemultiplelinear regresson method.

The values of hydrophobicities of nineteen
6A4PTHQD TABLE 1 were taken from ref.l'4, We
draw themolecular structuresin HyperChem Software
and pre-optimized each molecule using the
semiemperica method of AM 1 asaprior stepg®™. Then,
the density functional theory (DFT) B3LY P/6-31G*
functional/basi s set combination was used asimple-
mented i n the Gaussian98 software packageto re-op-
timize the mol ecular geometries of the compoundsto
computetheir electrostatic potentialsV (r) onthemo-
lecular surfaces defined by the 0.001 au contour of the

dectrondensty p(r) ™. Forceconstantsand frequen-
cieswere considered to be surethat thegeometry isat

theminimumvaue. Thedectrodatic potentid V() thet
iscreated in space around amoleculebyitsnucle and
electronswascd culated by gpplyingthefollowing equa
tion:

VS(r)=2A:|RZA_r|‘IP(r )dr

Ir—r| (1)

where z, isthechargeon nucleusA, locatedat R, .
Thefirst term ontheright sideof Eq. (1) isthenuclear
contributionto V (r) whichispostive; thesecondterm
isdueto the contribution of e ectronswhichis, conse-
quently, and accordingly negatives67,

Theaverageloca ionizationenergy, 1(r), isdefined
&

— (r)e.

|(r)=—z";'((r ))| | @
Where p, (r) istheelectron density of molecular or-
bital at thepoint; &, isitsorbitd energyand p(r) is
thed ectronic density function. The 1(r), isinterpreted
astheaverage energy required to removean eectron
fromapoint r inthespaceof anatom or amoleculé*®
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TABLE 1: The6A4PTHQD, reported (ref. 14) and predicted hydrophobicitiesClog p, values.

Ry
&
RQ /X X
Y | ~
s
Rz/ ’i‘
-~

NO. X Y R R1 R2 Dv.% ClogP-calc. ClogP-r ept.

Cl
1 NH CO ©/ H 631 59 5.54 5.54
2 NH CO 0 H H 48 4.99 -4.08

o
3 NH CO | ) H H 457 458 -0.24

CF3

4 NH O /©/ H H 6.63 6.59 0.61
5 NH CO ©/_/ H H 6.95 6.75 2.83
6 NH CO I H H 7.28 7.68 -5.49
7 NH CO H H 7.28 7.14 1.96
8 NH CO < H H 6.82 7.29 -6.89
9 NH  So2 \)@ H H 5.38 5.64 -4.84
10 NH CONH /@ H H 575 6.16 711
11 NH  Bond \)dé H H 7.66 7.62 0.47
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NO. X Y R R1 R2 Dv.% ClogP-calc. ClogP-rept.
OCHy

12 CO NH J@/ H H 5.78 5.74 0.65
s

13 NH CO 4-Me H 7.78 7.47 4.03
e

14 NH CO 2-OMe H 7.20 7.02 251
e

15 NH CO 4-OH H 6.62 6.99 5.57
e

16 NH CO H 7-Me 7.13 7.22 -1.36
e

17 NH CO H 8-OMe  7.38 7.71 -4.41
e

18 @] CO H H 8.34 8.51 -2.08
e

19 O CH2 H H 8.55 8.50 0.53
i

19 v_(r) istheeffectivenon-covaent interactions, which
arelargely eectrostaticin nature, while 1_(r) ismore
suitablewhen chargetrandfer (electron pair donor-elec-
tron pair acceptor interaction) occurs. The v_(r) could
asopredictsstesfor eectrophilic and nucleophilicbond
forming attack, by meansof itsmost negative and posi-

tiveregions. However, V_(r) isnot consstently religble
inthisrespect, because the regions of most negative
V. (r) donot awayscorrespond to thesiteswherethe
most reactive electrons arelocated. For instance, the
most negative Vv (r) in benzene derivatives such as
aniline, phenal, fluoro- and chlorobenzene, and nitroben-
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zeneare associ ated with the substituents, whereaselec-
trophilic reaction occurson therings. In contrast, 1_(r)
correctly predictsthe ortho/para- or meta-directing
effects of the substitutes aswell asthe activation or
deactivation of theringl*®.

Politzer et a. demonstrated that the generd inter-
action propertiesfunction (GIPF) can be summarized
asthefallowing equati on*”- 2

smin ?

Property =f(v,, , A’ ALALY, o V.

V V V uwl 810{ 82 82 V I max? I smin » I s
: ©)
8'5 ’ TS)

We used the WFA statistical analysisprogramto
computemost of GIPF descriptors using the produced
CUBE filewith Gaussian98 software package®®. In
Eq. (3), v,,, isthemolecular volume; A, AL, A are
total surface area and the surface area over which
V,(r) ispositiveand negative, respectively. Politzer et
al. showed that the molecular volumeisrelated tothe
polarizability of the molecule, then they used thisde-
scriptor in GIPF approachi®?2. The V, . Vs min »
respectively, arethe maximum and minimum va ues of
the electrostatic potential on the molecular surface;

V,,V_'and V", inturn, aretheaverage potential sand
averages of positiveand negative potentialscomputed
&

t _ 1Q
21 Vo= RV
n Vo 4

k=:

:||—\ ""|H

The = istheaveragedeviation of overall poten-
tialscomputed as.

1 t
nT=
t i=1

®

The r interpreted asanindicator of interna charge
Separation, whichispresented even in moleculeshav-
ing zero dipole moment dueto symmetry, e.g. para-

dinitrobenzeneand borontrifluoride. The 5, , §?and

& ?aretotd positive and negativevariancesof eectro-
static potential's, respectively, ca culated asfollows:

Physical CHEMISTRY o

82, =57 +5° —%Zﬂj[v; ()= +

13-V X

wherey istheelectrostatic balance parameter com-
puted as?y:

8252
[ <7>
Inthesesummations, t isthetota number of points
onthesurfacegrid; m and n arethenumbersof points
whenV (r) ispostiveand negative, respectivelyi®®, The
featuresof 1(r) could becharacterized analogoudly to

thoseof ,itsextrema, |

1 s, max

T4 min » itS@VErage magni-

tude I, averagedeviation (7;_), and variance ( 5i )

keeping in mind that I(r) only has positive val-
uest182324 |n order to have better verification onthe
effectsof non-covaent interactions, we cal culated po-
larizability (o ) and carbon chemicd shifts(s, ) insepa
rate Gaussian jobs, using HF/3-21G freq and HF/3-
21G nmr=giao keywords, respectively. Thelatter de-
scriptor can beobtained as:

3. =1CS,,.. —ICS )

where ICS ... 8d | CS, refer totheisotropic chemi-

ca shidding of tetramethyl silan asreferenceand the
isotropic chemical shielding of any carbon on the par-
ent moleculeFigure 1.

INTABLE 2, alist of all quantum descriptorsthat
wereobtained usngabinitio cal culation areintroduced.
Their corresponding values are provided in the sup-
portinginformation.

RESULTSAND DISCUSSION

The chemical structures of nineteen 6A4PTHQD
TABLE 1 wereoptimized and their corresponding el ec-
tronic longwith their carbon NMR chemical shift de-
scriptorswereca culated. Themost important variables
are sel ected by astepwise sel ection procedure, which
combinestheforward selection and backward dimina
tion gpproaches. Thisprocedure, firstly, consdered the
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Figurel: Thereativeposition of carbon atomsin the parent
moleculeof 6A4PTHQ which ar esubj ected in car bon chemi-
cal shift calculations.

descriptivevariablewhichismog highly corrdated with
theresponse. If theincluson of thisvariableresultsina
sgnificantimprovement of theregressonmode!, evau-
atedwithanoverdl F-tes, itisretained and the selec-
tion continues. Inthe next step, thevariablethat gives
thelargest s gnificant decrease of theregress on sum of
squares, evaluated with apartia F-test, isadded. After
each forward selection step, abackward elimination
stepisperformed. Inthisstep, apartial F-test for the
variables, already intheequation, iscarried out. If a
variabledoesnot significantly contributetotheregres-
sonmodd, itisremoved. Theprocedureterminated at

= Pyl Peper

the moment that no variablefulfillsthe requirements
anymore. After this, theclassica MLR can beapplied
totheretained variablesto build apredictive moddl.

The stepwise variabl esd ection-based MLR andy-
siswasempl oyed to obtain the structure-property re-
| ati onshi ps between reported hydrophobicitiesand e ec-
tronic descriptorsof nineteen 6A4PTHQD.

CLog(p) = 15.11(+3.03) + 0.022 o(+0.003)
~0.029V,_ (+0.007) —0.037 C,(+0.01)

+1.127 82 (+0.212) - 0.554 1, (+0.131)
N =19, R? = 0.947,SE = 0.29, F = 46.18, ©)
Q2. =0.872,Q%, = 0.805

Thevauesin the parenthesi srepresent the standard
deviation of the coefficients. The symbolsN, R?, SE
and F are the numbers of components, correlation
coefficients, standard error of regression and Fisher’s
F-ratios, respectively. The correlation coefficients of
|eave-one-out and leave-many-out cross-vdidationsare

denoted by Q?,, and Q?,., respectively.The R?
vaueof 0.947 describesthat theresultant equation can

TABLE 2: Brief description of calculated quantum chemical descriptors

Quantum descriptor Definition
Ve min The maxima of eectrostatic potential on the molecular surface
Vs,min The minima of €lectrostatic potential on the molecular surface
\731+ Average of positive potentials
\75’ Average negative potentials
ot The average deviation of overall potentials
5& Total variances of electrostatic potentials
o) f Positive variances of electrostatic potentials
53 Negative variances of e ectrostatic potentials
14 Electrostatic balance parameter
TS (n Average local ionization energy to remove an electron
TS] max The maxima of average local ionization energy
TS] min The minima of averagelocal ionization energy
Za Average deviation of average local ionization energy
5125 The variance of average local ionization energy
o Polarizability of molecule
Oc Carbon chemical shift
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g - vy =0.9263x + 0.4665
R*{LOO}=0.8724 .
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9 y =0.8828x + 0.8191
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Figure?2: Plot of leave-one-out and leave-many-out cross-validation hydrophaobicity of 6A4PTHQD.

explain about 94.7 percent of variance in
the CLog(p) data of the 6A4PTHQD where as the
high value of cross-validated

coefficients Q| o = 0872, Q| o = 0-805aswell as

their closeness to each other explain the predictive
power and stability of the proposed model Figure2.

The widely used approach to establish the
robustness of the resulting models is called Y-
randomization. Thevaluesof CLog(p) wererandomly
attributed to themoleculesand the MLR moddingwas
repesated with therandomized data. Therandomi zation
was repeated one hundred times and the maximum
values obtained for the R? and RM S were 0.56 and
0.29, respectively. The statistical qualities of these
model saremuchlower thantheorigind one. Therefore,
it can be considered that the model isreasonable and
had not been obtained by chance.

Thismodel was used to reproduce the hydropho-
bicity of 6A4PTHQD. Resultsareshownin TABLE 1.

Inorder toinspect the rdativeimportance and con-
tribution of each descriptorsin the constructed mode,
thevaue of mean effect (MF) wasca culated for each
descriptor by thefollowing equation and isshownin
Figure3.

M|:j= mBJZr:ldiin
2-1Bj Zi:lz-ldij
where M F isthe mean effect of considering descrip-
tor; j and B, respectively, are the coefficients of de-
scriptorsj and dij denotesthevalue of descriptor j of

moleculel; misthe number of descriptorsinthemode
and nisthe number of moleculesin thedatasets. The
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vaueof mean effect showstherel ative contribution of
each descriptor on the predicted response.

The penta-parametric Eq.(9) indicatesthat disper-
siveforces, dipolar and chargetransfersinteractions
governthe hydrophaobicity property of 6A4PTHQD in

asolution. Maximum eectrogtetic potentia V., which

isthehighest positivesiteon box of moleculeand stands
for non-covaent interactions, dongwith polarizability
a, arethemeasure of quantum mechanica londondis-
persiveforces. We believe that the carbon chemical
shiftsmight be dueto the polar bondsin 6A4PTHQD
mol ecules. The chargetransfer contributionin hydro-
phobicity of 6A4PTHQD isclearly reflected in vari-
ance vaueand maximum valueof loca ionization en-

ergy descriptorsof 57 and 1, , respectively.

Concerningthemodd Eq. (9), polarizability ¢ and
themaximum positive potentid site'V, .., havepositive
and negative coefficients, respectively. Whilethe po-
larizability increases the hydrophobicity property, the
high positivepotentid site, showsanegativeimpact on
hydrophobicity indicating the potentialy el ectrophilic
attacking steonthe 6A4PTHQD. Moreover, themodd
proposes carbon 5 asthe reactive carbon with nega-
tiveimpact on hydrophobicity closeto amidelinkage,
X =Y = NH - (CO) Fgurel. Thismight beexpected
ascarbon 5isdeshidded by inducingring magneticfied
effect of penilegroup situated on carbon 4 which con-
sequently decreases the hydrophobicity. Among the
threedifferent typesof interactions, local ionizationen-
ergy showsthe highest impact on hydrophobicity as
model Eq. (9) concernsFigure 3. Thenegative sign of
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Figure3: Themean effect valuesof contributed descriptors
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Figure4: A proposed mode for intra-molecular char ge(pro-
ton) transfer in 6A4PTHQD.

themaximum vaueof local ionization energy inhydro-
phobicity equation seemsnormal asit indicatesthat
chargetransfer between 6A4PTHQD ismostly dueto
inter molecular hydrogen bondings. However, the posi-
tivesign of variance of localized ionization energy in
Eqg. (9) isunexpected whichis probably could be ex-
plained by theintra-molecular chargetransfersof keto-
enol tautomerism. Thistautomerismincreasesthehy-
drophobicity because the lone pairs and proton of
6A4PTHQD aremoreinvolvedinsidethe solute Fig-
ure4. Inthe other word, there existsacompetition be-

—= Fyl/ Peaper

tweeninter- and intra-molecul ar chargetransfersfor
6A4PTHQD controlling their hydrophobicity. Whilethe
former show decreasing effect, thelatter hasan increas-
ing contribution, asmode concerns.

CONCLUSION

Thedtructuresof aseriesof nineteen derivativesof
6A4PTHQ asantagonistsfor the Gs-protein-coupled
humanfallide-stimulatinghormone (FSH) receptor were
optimized, using quantum mechanica abintiocacula
tion. Electrogtatic potentid, localized ionization energy
and carbon shift NMR descriptorswith atotal matrix
of sixteen variableswasobtained. Usng multiplelinear
regression method, areliable model wasestablishedto
predict the hydrophobicity of 6A4PTHQD withinan
average absoluteerror of 5.0%. Results proposed that
london dispersion forces had |ess contribution on hy-
drophobicity of thesederivatives, whereasthe charge
transfer interactions, surprisingly, showed the major
impact ontheir hydrophobicities.
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