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ABSTRACT KEYWORDS
Thiswork presents prediction of observed antagonist activity of 6-amino- FSH- receptor;
4-phenyltetrahydroquinoline derivatives, using chemical environment data. pIC,;
Based on general interaction properties function a quantum mechanical MLR;
ab initio calculations were employed to optimize their molecular elec- Chemicad shift;

tronic structures. A series of carbon chemical shiftsdescriptorswere com-
puted using the Gaussi an98 software. Relevance descriptorswere explored
and areliable QSDAR model was achieved using multiple linear regres-
sion method (MLR). The developed model was confirmed by applying
some trustworthy tests. Theresultsreveal that the carbon NMR chemical
shift of C4, o, which directly affects by the 4-phenyl ring and its corre-
sponding substitutions, shows a major contribution to govern the ob-
served property of pIC,; of the 6-amino-4-phenyltetrahydroquinoline de-
rivatives. The model proposes that the low electronic charge symmetry
around the C, ismore favorable for the FSH receptor antagonistic activity
of 6-amino-4-phenyltetrahydroquinoline derivatives, implying positive
effect of hydrophobicity on their FSH receptor antagonistic activity.
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Antagonist activity.

INTRODUCTION anove, non-steroidal approach for contraceptiont™.

In a SAR study done by E. Manivannan et al.,

Substituted 6-amino-4-phenyl-tetrahydroquinoline
derivativesaredescribed that areantagonistsfor the G -
protei n-coupled humanfollicle-stimul ating hormone
(FSH) receptor. These compounds show high antago-
nisticefficacy invitrousingaCHO cell lineexpressing
the human FSH receptor. Thisantagonist soshowed a
submicromolar IC_ inamorephysiologically relevant
rat granulosacell assay and wasfound to significantly
inhibit folliclegrowth and ovulationinan exvivomouse
model. Thiscompound class may opentheway toward

among the 6-amino-4-phenyltetrahydroquinoline de-
rivativesas antagonistsfor the Gs-protei n-coupled hu-
manfollicle-stimulating hormone (FSH) receptor activ-
ity of ligandsderivativesit havedemonstrated that, the
correl ation between three descriptors of ClogP, amid
linkage of Y =NH-(CO), indicator I_, .., and observed
FSH receptor antagonistic activity isexcdlentinterms
of itsstatistical parametersprovided 84.3 percent vari-
ancein FSH receptor antagonistic activity among the

19 compounds?. They havereved ed that unsubstituted
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4-phenyl ring of tetrahydroquinolinesaswell ashydro-
phobicity isconductiveto FSH -receptor antagonistic
activity anongthedl congeners. Inorder toexplainthe
results, they have claimed that ahydrophobic type of
interactions asdominant intermol ecular interaction be-
tween theseligands and FSH receptor governsitsac-
tivity asantagonists. Furthermore, unsubstituted 4-phe-
nyl ring of tetrahydroquinolineisfavorablefor FSH re-
ceptor antagonistic activity.

Concerning theroleof hydrophobicity 6-amino-4-
phenyl-tetrahydroquinolinederivatives, inour previous
work®, wehave conducted aquantum mechanica de-
tall studiesand shown that theinter- andintra-molecular
proton transfer govern the hydrophobicity. Whilethe
former tendsto decrease hydrophobicity, thelatter show
anincreasing effect asinvolvingtheloneparsinsdethe
6-amino-4-phenyltetrahydroquinolinederivetives.

Herein, wewill performaquantum mechanica in-
sight study to construct aquantitative rel ationship be-
tween FSH -receptor antagonistic activity and electronic
gructureof al congeners. Resultswill help oneto have
better understanding on interactions of 6-amino-4-
phenyltetrahydroquinoline derivatives and the target
mol ecul eleading to synthes sof moreefficient antago-
nistsfor Gs-protein-coupled human FSH-receptor.

Nuclear magnetic resonance (NM R) spectroscopy
isoneof themost important techniques, which haslong
been frequently used not only for thestructural e ucida:
tion of smpleand complicated moleculesbut asofor
the detailed explanation of someimportant processes,
including structura configuration, reaction mechanisms,
molecular dynamics, chemical equilibrium, structural
genomics, and even three-dimensional structures*7.
In addition, NMR isanon-destructivetechnique; that
IS, compounds may aways be recovered. Since the
chemicd informationin NM R spectroscopy isencoded
intheformof chemical shift, intensity, and multiplicity®.
InNM R spectroscopy data, thetensor of chemical shift
ismainly composed of two terms, such asdiamagnetic
and paramagnetic, for which, thediamagnetictermis
directly related to the electrostatic potential at the
nucleus, whereasthe paramagnetic termismainly de-
pendent upon the orbital configuration®. Inthe case of
carbon NMR data, there are sufficiently large differ-
ences between these two diamagnetic and paramag-
netic terms. Thissuggeststhat the spectral regions of
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theorbital configurationsfor different carbonatomscan
be separated very easily from each other.

The carbon NMR dataof acompound providesa
specific pattern of frequenciesthat correspondsdirectly
to thequantum mechanica propertiesof the nucleusof
each carbon atom present in that molecule. Thus, the
attached and adjacent carbon atoms must haveto show
asignificant effect onthe carbon NMR chemica shift.
Itisimportant to notethat the carbon NMR chemical
shiftshave been successfully used to predict thechemi-
cal structure of compoundsand viceversa®l,

A number of computationd programsareaso com-
mercidly avalable, which caneasly and accurately pre-
dict the carbon NMR spectraof thechemicas. By con-
sidering thefeatures of carbon NM R spectroscopy as
well astherecent advancementinthisarea, itschemical
shifts can be used successfully asamol ecul ar descrip-
tor for QSAR/QSPR modeling. The devel opment of
QSAR/QSPR models using carbon NMR chemical
shiftsasdescriptor isusually referred to asthe quanti-
tative spectrometric data-activity relationship
(QSDAR). Thus, modd sdevel oped between the car-
bon NMR spectral dataof aset of moleculesand their
biologicd activity/chemica reactivity or physicd char-
acteristicsare considered as QSDAR models. Inthe
past two decades, the potential use of carbon NMR
chemical shiftsasinput parametersto develop modds
for biologicd activities, chemicd reactivity, and phys-
cal properties has successfully been demonstrated by
extensive publications. It hasbeen observed fromthe
previousresultsthat the QSDAR modd using chemica
shiftsof carbon NMR worksvery well when attempted
on aset of compoundswith alarge proportion of car-
bonnuclei or onsimilar structural motifg*2.

One of the mgjor advantages of using the carbon
NMR chemica shiftsasinput parametersinthedeve-
opment of QSDAR modelsisthat, itisavery senstive
technique, such that avery small changeintheelec-
tronic structure can be clearly observed as mgjor
changesinthe spectra. Theimportanceof the QSDAR
methodol ogy hasfurther been promoted by some pat-
ents[13—15].

In present work, attempts were made to build a
proper QSDAR mode to predict the observed antago-
nist activity of 6-amino-4-phenyltetrahydroquinolinede-
rivatives, using their parent molecules’ carbon NMR
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chemicd shifts Multiplelinear regresson (MLR) andyss
was employed to detect the relevant carbon NMR
chemicd shiftsgoverning the observed antagonist ac-
tivity of 6-amino-4-phenyltetrahydroquinolinederiva-
tives.

METHOD

Computer hardwar eand software

All calculations were run on a 2.5 GHz Intel®
Core™?2 Quad Q8300 CPU with2 GB of RAM using
all four available coresunder 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 cal cul ation of
guantum chemical descriptors, Gaussian 98 software
was used. Variabl es sel ection was performed by using
SPSS software version 11.5.0 (SPSS Inc., 2001) by
employing themultiplelinear regression method.

Quantum chemical computations

Selection of gppropriatedectronic festuresthat are
sgnificantly related to the property of interestishighly
important for predictive QSDAR modd. The descrip-
tors can be chosen using domain knowl edge about the
examined property, or mathematical methodsfor the
selection of descriptors can be applied. The experi-
mental valuesof observed activity of nineteen 6-amino-
4-phenyltetrahydroquinolinederivatives(TABLE 1)
weretaken fromref.[@, Wedraw molecular structures
in HyperChem Softwareand pre-optimized each mol-
eculeinit using semiemperica method of AM 1 asprior
step!*®l. Then, we calculated carbon NMR chemical

shifts( 5, ), using HF/3-21G nmr=giao keyword. The
descriptor can beobtained as:
dc =1CS e — ICS )

Where ICS ... aNd |CS arereferred to isotropic

chemicd shielding of tetramethyl sllanasreferenceand
theisotropic chemical shielding of any carbon onthe
parent molecule (Figure 1). Thevauesof all carbon
NM R chemical shiftsdescriptors, wecould obtain us-
ing abinitio cal culation are provided in supporting in-
formation.
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Figurel: Thereativeposition of carbon atomsin the parent
moleculeof 6-amino-4-phenyltetrahydr oquinolinewhich are
subjected in car bon chemical shift calculations

RESULTSAND DISCUSSION

A series of nineteen structures of 6-amino-4-
phenyltetrahydroquinolinederivatives(TABLE 1) were
optimized and their corresponding carbon NMR chemi-
ca shift descriptorswere caculated. In order to select
themost rel evant variables, adatamatrix of twenty cal-
culated carbon NMR chemica shift datawas subjected
to stepwi se sel ection procedure, which combinesthe
forward selection and backward elimination ap-
proaches. Thisprocedure considersfirst the descrip-
tivevariablemost highly correl ated with the response.
If theinclusion of thisvariableresultsin asignificant
improvement of theregression model, eval uated with
anoveral F-test, itisretained and the sel ection contin-
ues. In anext step the variable that givesthe largest
significant decrease of the regression sum of squares,
evaluated with apartial F-test, is added. After each
forward sel ection step abackward elimination step is
performed. Inthisstep apartid F-test for thevariables,
dreadyintheequation, iscarried out. If avariableisno
longer contributing S gnificantly to theregress onmodd,
itisremoved. The procedure stops at the moment that
no variablesfulfill therequirementsanymoreto bere-
moved or entered. After this sel ection procedureclas-
sical MLR can be applied ontheretained variablesto
build apredictivemodd.

The stepwise variable sel ection-based MLR analysis
led to devel opment of followingtetra-carbonNMR shifts
equation:
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TABLE 1: Observed (ref.14) and predicted activity valuesof 6-amino-4-phenyltetr ahydroquinolinederivatives

NO. X Y R; R, plC50-Expt. plIC50-Calc. Abs(Res.)

R
cl
1 NH co ©/ H H 7.51 7.40 0.11

P

2 NH CO o H H 7.12 7.08 0.04

(0]
3 NH CO \D H H 7.57 7.48 0.09
CF3

H H 8.16 8.04 0.12

e

5 NH CO /©/_/ H H 8.30 8.08 0.22

6 NH CO H H 7.55 7.02 0.53

7 NH CO H H 8.05 7.76 0.29

(o]
pd
I
(@)

@]
-0
I
I

7.60 7.17 0.43
9 NH  SO2 \)@ H H 5.55 6.37 0.82
10 NH CONH /© H H 6.24 5.85 0.39
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NO. X Y R R, R,  plC50-Expt. plC50-Calc. Abs(Res.)
11 NH Bond \)@HL H H 6.03 6.15 0.12
OCH3
12 CO NH p/ H H 573 573 0.00
13 NH CO 4Me H 7.30 8.03 0.73
14 NH CO / 2-OMe H 6.77 7.36 0.59
15 NH CO 4-0H H 6.62 6.61 0.01
16 NH CO I H  7-Me 8.30 7.86 0.44
17 NH CO H 8OMe 752 7.79 0.27
18 O CO H H 7.27 7.01 0.26
19 O CH2 H H 6.78 6.86 0.08

plC_=-0.8265_(+0.168)+0.0228_(+0.006)+0.0073_,
(£0.002)-0.0395_(+0.014)+38.42(+6.522)
N=19, R?*=0.787, SE=0.437, F=12.93, Q?__=0.641,

Q> =0.631

LMo
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Thevaluesin the parenthesis represent the stan-
dard deviation of the coefficients. ThesymbolsN, R?,
SE and F are number of components, correl ation coef-
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ficient, standard error of regression and Fisher’s F-ra-
tio, respectively.

Inorder torely on the obtained model it should be
noted that, an excdlent mode should provideexcelent
datistics, excellent predictive power aswell asstability.
Moreover themodel should not suffer from co-linearity
problem. Concerning theequation (2), the correlation

10
y=0.639x+ 2.634
R?2=0.613
.
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Figure?2: Plot of internal tests of leave-one-out and leave-
many-out cross-validation obser ved activity of 6-amino-4-
phenyltetrahydroquinolinederivatives
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coefficientsof leave-one-out and leave-many-out cross-

validationsaredenoted by Q7. and Q2 , respec-

tively. TheR?vaueof 0.787 describesthat theresultant
equation can explain about 78.7 percent of variancein

the pIC,, data of the 6-amino-4-

phenyltetrahydroquinolinederivativeswhereasthehigh
value of cross-validated correlation coeffi-

cients Q, o, = 0.614,Q,,,0 = 0.631, and aso their
closenessto each other explain the predictive power and
stability of the proposed moddl (Figure2). Thewidely

used approach to establish the robustness of theresult-
ing models is called Y- randomization. The values

of plC,, wererandomly ttributed to themoleculesand

the M LR modeling was repeated with the randomized
data. Therandomizationwasrepested onehundred times
and themaximum valuesobtained for theR?and RM S
were0.49and 0.43 respectively. Thesatistica qudities
of these model sare much lower thantheorigina one.
Therefore, it can be considered that our model isrea
sonableand had not been obtained by chance.

Thevarianceinflation factor (VIF) isanother test
indicating that the model reachesthestatisticd require-
ments. TheVIFisdefined asbelow:

VIF=1/(1-R?) ©)
WhereR isthemultiple correlation coefficients of the
10

VIF values

.1 H H BN
c4 Cc5 cs8 c12

Predictor
Figure3: TherdativeVIF valuesof any of predictor contrib-
uted in the obtained mode in thiswork
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ithindependent variableson dl other independent vari-
ables. Thus, aVIF isdefined for each variableinthe
eguation, not for the equation asawhole, and al the
VIF vauesshould belessthan 10. The maximumval-
uesfor thismodel isaround 1.11, and thus much less
than 10, confirming that thismodel achievesthe statisti-
ca requirementsand that thereisno co-linearity prob-
lem (seeFigure3).

Thismodel was used to reproducethe pIC,, of

6-amino-4-phenyltetrahydroquinolinederivatives. Re-
sultsareshownin TABLE 1.

In order to inspection of therelativeimportance
and contribution of each descriptorsinthe constructed
model, the value of mean effect (MF) was cal culated
for each descriptorsby thefollowing equationanditis
showninFigure4.

N d.
MF, = —, BJZIr:l = (4)
Zi:lBjZizlzizldii

WhereM F isthemean effect for considered descrip-
torj, Bj isthe coefficient of descriptor |, dij denotesthe
valueof descriptor j of moleculei, misthenumber of
descriptorsinthemodel and nisthe number of mol-
eculesinthedatasets. The vaue of mean effect shows
therelative contribution of each descriptor onthe pre-
dicted response.

The resulted Eq.(2) specifies that the observed
FSH-receptor antagonistic property of 6-amino-4-

1

[++]
3
S 06
3
=
w
c
©
(]
=
0.2 -
. ||
c4 cs ! c12
0.2

Predictor
Figure4: Relativecontribution of descriptorsin observed
activity of 6-amino-4-phenyltetr ahydroquinolinederivatives
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phenyltetrahydroquinolinederivativesplC,_, ismainly
controlled by carbon NMR chemicd shiftsof four car-
bonsof C,, C,, C,and C , (seethe Figure 1). While
the 5 _, and 5, show decreasing effect, the s, and 5,
haveincreasing contribution, (seethe Eq.(2)). Inthe
other word, sincethe value of carbon NMR chemical
shiftsof al four carbonsare positive, it seemsthat the
charge shift around the C,and C_, and el ectron charge
symmetry around the C, as well as C, decrease the
observed property of pIC,, leading to more effective
6-amino-4-phenyltetrahydroquinolinederivatives. Our
resultsalso reved that amongtheall four cartbonNMR
chemical shift descriptors, 5, whichdirectly affectsby
the4-phenyl ring and its corresponding substitutions,
shows amajor contribution to govern the observed
property of pIC,, of the 6-amino-4-
phenyltetrahydroquinolinederivatives (seethe Figure
4). Therefore, themodel proposesthat the el ectronic
chargesymmetry aroundthe C, (low s , vaue) ismore
favorablefor the FSH receptor antagonistic activity of
6-amino-4-phenyltetrahydroquinolinederivatives. This
finding is along with the result reported by E.
Manivannan et al.[? where they proposed that an
unsubstituted 4-phenyl ring of thetetrahydroquinolines
scaffoldisfavorablefor their FSH receptor antagonis-
ticactivity. Their result supportsour finding, sincethe
unsubstituted 4-phenyl ring intact the el ectron charge
symmetry around the C,. Thissubsequently, decreases
thes , valuewhichisfavorablefor the FSH receptor
antagonistic activity plC , asour model concerns,

CONCLUSION

Quantum mechanical abinitio calculationswere
employed to optimize nineteen structures of 6-amino-
4-phenyltetrahydroquinoline derivativesasantagonists
for the Gs-protein-coupled humanfollicle-stimul ating
hormone (FSH) receptor. Twenty carbon NMR shifts
dataon any of parent moleculewerecalculated. Car-
bon NM R descriptors affect the observed property of
6-amino-4-phenyltetrahydroquinolinederivativesplC_,
wereexplored usng multiplelinear regression method.
A proper modd, verified with many reliabletests, was
achieved. It wasfind that the C4 adjacent with 4-phe-
nyl ring play amajor role on governing of FSH recep-
tor antagonistic activity of the under consideration de-
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rivatives. Although C4 might belittlefar fromtheactive
siteof amidlinkage NH-(CO), it seemsthat akind of
strong allosteric effect (indirect interaction) from hy-

drophobia head of 6-amino-4-
phenyltetrahydroquinoline derivativesaround the C4
position might be happening.

LIST OF SYMBOLS

Oc : Carbon chemicd shift

N - Number of components

R? . Corrdation coefficient

F . Fisher’s F-ratio

Q% o . Correlation coefficients of leave-one-out

cross-vaidations

Q% o . Correlation coefficientsof leave-many-out
cross-vaidations

pIC,, : Amount of observed property of 6-amino-
4-phenyltetrahydroquinolinederivatives

MF  : Mean effect valuefor considered descriptor
of j

B, . Coefficient of descriptor j

dij . Thevalueof descriptor j of moleculei

Subscripts

LOO : Leaveoneout

LMO : Leavemany out

i . Standfor i-th descriptor

] . Stand for j-th descriptor

C . carbon atom

Superscripts

m :  Number of descriptorsinthemode

n : Numberof moleculesinthedatasets
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