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ABSTRACT

We have done QSAR analysis of C-7 derivatives of 1-Cyclopropyl-6, 8-
difluoroquinolone using highest effective softness values E_*and E ¥ of
hetero-atoms, quantum mechanical descriptorsenergy of HOMO (e HOMO),
energy of LUMO (eLUMO), absolute hardness (), global softness(S), chemi-
cal potential (u), electronegativity (%) and energy descriptors heat of for-
mation (AH_°), total energy (T ), electronic energy (E,), core-corerepulsion
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(CCR) in al the possible combinations of these descriptors. QSAR model
developed using chemical potential, heat of formation and total energy give
very good predictive power as the regression coefficient is about 0.8. If
descriptor chemical potential isreplaced by el ectronegativity, QSAR model
remainsthe same. We have found that five QSAR modelsgive good predic-

tive powers in which two give same resuilt.
© 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Quinolonesareamgor classof antibacteria agent,
whichareunder extensiveclinica development™. They
have an attraction because of their extremely potent
activity againgt gram-positiveand gram-negative activ-
ity, rapid bactericidal effectsand low incidence of re-
sstance development!>4, Amongthedifferent classes
of antibacterid agentsfluoroquinoloneshaveachieved
great success and aroused considerabl e expectations
becauseof their broad spectrum of activity against gram-
positiveand gram-negative bacteriaand mycobacte-
rium>17, Asaresult of thousandsof quinoloneshave
been synthesized in the past decade and several have
been marketed and arewidely used clinically®. These
agentswere characterized by excellent tissue penetra-
tion and therapeutic efficacy when used to treat infec-

tions of the genitourinary tract, respiratory tree, gas-
trointestinal tract, bone, and skin and soft tissues. The
third and fourth generation quinoloneswereintroduced
in the 1990s. These compounds had better activity
against aerobic gram-positive pathogens-particularly
againgt the pneumococcus, including thosethat are peni-
cillin-resistant and had anaerobic activity aswell. The
fourth-generation quinolones were the most potent
against the pneumococcusand anaerobes, but retained
activity against aerobic gram-negative pathogens.
Moxifloxacin is the only universally available
fluoroquinoloneinthismost potent dassof compounds.

The currently available quinolones such as
moxifloxacin represent major advancesover theorigi-
nal DNA greaseinhibitor. Moxifloxacinisused worl d-
wideto treat abroad verity of bacterial infectionsin-
cluding thosein the urinary tract, respiratory system,
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Figurel: Fluoroquinolonederivative(1-Cyclopr opyl-6,8-
difluoroquinolone)

skin and soft tissue aswell asthoseinvolving sexually
transmitted diseases. The wide acceptance of
moxifloxacin for treatinginfectiousdiseaseshasresulted
fromitsbroad antimicrobid spectrum, easeof ord dosing
and excellent safety record.

Inthewake of the anthrax terrorist attacksin the
United Statesin 2001, ciprofloxacin received exten-
sive media attention becauseit wastheonly drug la-
beled asapproved by the Food and Drug Administra-
tion (FDA) for both prophylaxisand treatment of inha-
lation anthrax (the most seriousform of the disease).
However, inlate October 2001, the FDA issued ano-
ticeclarifyingthat theantibiotic doxycyclineisa so ap-
proved for anthrax prophylaxisand that doxycycline
and amoxicillinarea so approved for treatment for all
formsof anthrax. The FDA encouraged companiesto
update labeling of these productswiththisprevioudy
unspecifiedinformation
Objective

Thesurvey of literatureand browsing of internet
indicatesthat no Quantitative Structureactivity and re-
lationship of fluoroquinolone derivatives shownin
figure 1 has been studied with the softness parameters
obtai ned by Klopman Equation™ and Global Softness
and Hardness obtained by Parr and Pearson equa-
tion,

Parameters such asionization potential, electron
affinity, radiusand charge of atom arethe essentia re-
quirementsfor the sol ution of Klopman equation™ and
have been eva uated by adopting PM 3 cal culation us-
ing MOPAC-2000. Thevauesof theseparametershave
been substituted in Klopman equation. For thesolution
of Parr and Pearson equation?”, the eigen val ues of
frontier orbitals (HOMO and LUMO) and electron
density have been obtained from PM 3 caculaionwith
the help of above software. Solution of the equations

—= Pyl Peper

providesthe softness and hardnessvalues (Local and
Globa) of fluoroquinolonederivatives. Thequantita:
tivestructurerdationship of fluoroquinolonederivatives
have been studied with the effective softness, locd and
globa Softnessvaues, energiesof HOMO and LUMO,
absolute hardness, chemica potentia, € ectronegativ-
ity, heat of formation, core-corerepulson, tota energy
and el ectronic energy.

Onthebasisof QSAR it hasbeen possibleto de-
velop aprincipleby whichtheactivity can be measured
theoretically. Such principle hasapredictive power,
which makes it easy to know the activity of any
fluoroquinol onederivativewithout performing labora-
tory test. Thederivativesof fluoroquinolones under
study arelistedin TABLE 1 dongwiththeir biologica
activity measured intermsof Log 1/C12+34, Multilinear
regression equations?? havebeen obtainedin dl pos-
siblecombinations of thedescriptors. Thecorrelation
coefficient and crossvaidation coefficient hasa so been
evaluated in order to examinethe quality of relation-
ship.

M ethodol ogy
1. Reactivity indices

We have based our QSAR study of fluoro
quinolonesderivativesonthefollowing reactivity indi-
ces
1 Effective Softness Values (given by Klopman in terms of

E*and E ¥)

Chemical Potential ()

Absolute Hardness (n)

Global Softness(S)

Electronegativity ()

Total Energy

Core-corerepulsion

| onization Potential

Eigen valuesof HOMO
. Eigenvauesof LUMO
. Heat of formation

Theevduation of theseparametersisgivenasbe ow

In DFT the ground state energy of an atom or a
moleculeiswrittenintermsof electron density p (r),
andtheexternd potentia v (r) intheform
E(p)=F (p)+[dr p (r) v (r) (1)
Where F (p=T (p V, (pT (p isthe electronic kinetic energy

functional, and V, (p is the electron-electron interaction en-
ergy functional. The minimization of the total energy, subject
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TABLE 1: Various C-7 derivatives of 1-Cyclopropyl-6, 8-
difluor oquinolonealongwith therebiological activity interms
of log 1/C

Compd. Substituent at C ter?nitic;i:ggi]nllc

Compd. Substituent at C; terﬁqt;tl(;% nl/ .

8 0.098
1 6.25
2 3.125 o 0.098
3 0.391
10 0.098
4 0.781
11 0.195
5 0.781
12 0.391
6 0.781
13 0.395
7 1.563

to the condition that the total number of electronsis fixed,
N =fdr p(r) )

Countinue in right column

Onganic CHEMISTRY o
Au Tudian Yournal




OCAIlJ, 4(9-11) December 2008

PP.Singh et al.

465

Leadsto an Euler-Lagrange equation of theform,
n=(@E/Bp (r)) ,=v(r) +oFdp (r) ©)
Where pis the chemical potential. The solution of this equa-

tion leads to the ground state density, from which one can
determine the ground state energy. Parr et al define the elec-

tronegativity as the negative of chemical potential: -
x=—p=—(BEION) 4)

Although theHard and Soft Acidsand Bases con-
cept wasintroduced more than three decades ago by
Pearson, thefirst unambiguous definition of Hardness
and Softnesswas given by Parr and Pearsonin early
80s. They defined globa Hardnessas
n= 1/2(3p/dN)v ©)

= 12 B’E/&N)v
Where E isthetotal Energy, N isthe number of electronsof the
chemical speciesand Ve the external potential.

The corresponding global softness S, which bears
aninverserelationship withtheglobal hardness, isde-
finedas
S=2n= (N /apyv , (6)

The operational definition of globa hardnessand
olobd softnessareobtained by finitedifference approxi-

mation of eg-1
n=1/2(IP-EA) ©)
S=1/(IP-EA) )

Where IP and EA are the ionization potential and electron
affinity respectively of the chemical species. Accordingto the
Koopman’stheoremthe | Pissimply the eigen value of HOMO
with change of sign and EA isthe eigen value of LUMO with
change of sign, therefore on this basis we can write
n=12(LUMOgHOMO) 9)

S=1/(eLUMOg HOMO) (10)
x=1/2(e LUMOg HOMO) (11)
p=1/2 (e LUMO +¢ HOMO) (12)

2. Klopman equation

Besidetheabove global aspectsthe most impor-
tant quantum mechani cal framework of HSAB prin-
ciplewasfirst timegiven by G Klopman. Who based
his concept on charge and frontier orbital controlled
chemicd reaction and summari zed thereacting species
intermsof hard and soft acid and bases. For evaluation
of softnessvaluesof Lewisacid and Lewisbases, he
proposed thefollowing equations-

E, "=IP_a?(IP -EA )[x, (C™%R](1-Ve)

[a, +2b%, (C,")7] (13)
E,"=IP -b?(IP -EA ) -[x,(C/) ¥R] (1-Ve)
[a,-20%,(CS) ] (14)

—= Pyl Peper

Where E *= Softnessof Lewisacid, E,_*= Softnessof aLewis
base, IP=onization potential of atom, EA = Electron affinity of
atom, e = Di€lectric constant of the mediuminwhichthereac-
tioniscarried out, R and q = Radius and charge of atom, C =
Electron density, = q-(g-1) Yk andk = 0. 75, aand b= Varia-
tional parameter defined.
asaz+b?=1

Withthe help of above equation Klopman calcu-
lated the softness value of alarge no of cations and
anions. Singh et al modified the above equation and
madeit gpplicablefor neutral species. By adoptingthis
modified method we can cal cul ate the softnessva ue of
fluoroquinol onederivatives. For thesolution of Klopman
equationthe essentia parametersare IP, EA, R, gand
C. Theseparameters may be cal culated asfollows-

3. lonization Potential of an atom in amolecule(IP)

For the calculation of IP Dewar and Martia has
proposed afundamental equation as
IP=a+bg+cq? (15)
Where q is valence state electronic charge derived from the
hybridization state of an atom in amolecule, whilea, b and ¢
are the constants.

4. Electron affinity of an atom in amolecule (EA)

Thecalculation of electron affinity of anatomin
mol eculewasmain problem so for we have devel oped
amethodwiththe help of DFT to evauatethee ectron
affinity of anatominmolecule EA asfollows-

Parr et d have shown that the d ectronegativity y of
any chemical speciesisequal to thenegativevaue of
chemical potentid p. Indeedit followsrigoroudy that.
x = —-p =12 (l+A) (16)
Where | and A areionization potential and electron affinity of
molecule. The equation-16 may bewritten as
A=2y-I 17

Density Functiona Theory provides aquantum
mechani ca justification for € ectronegativity. A concept
usadintuitively for along timeand vaidates Sanderson’s
postul ates that when two or more atoms combineto
formamolecule, their dectronegativity getsequalized
and unique el ectronegativity existseverywherein a
molecule. Now by putting the value of ionization po-
tential of anatomin moleculelPinequation 17 weget
electron affinity of that atom of themoleculeas
EA= 2¢-IP (18)

According to Koopman’stheoremthel andA are
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TABLE 2: Quantum chemical descriptor sof C-7 derivativesof 1-Cyclopropyl-6, 8-difluor oquinolone

Compd. eHOMO eLUMO n S n b
1 -9.554 -4.274 2.64 0.189 -6.914 6.914
2 -9.792 -4.46 2.666 0.188 -7.126 7.126
3 -9.538 -4.214 2.662 0.188 -6.876 6.876
4 -9.418 -4.14 2.639 0.189 -6.779 6.779
5 -9.392 -4.4 2.496 0.2 -6.896 6.896
6 -9.474 -4.103 2.686 0.186 -6.789 6.789
7 -9.537 -4.226 2.656 0.188 -6.882 6.882
8 -9.213 -1.363 3.925 0.127 -5.288 5.288
9 -8.96 -1.019 3.971 0.126 -4.99 4.99
10 -9.004 -1.145 3.93 0.127 -5.074 5.074
11 -9.036 -1.179 3.928 0.127 -5.107 5.107
12 -7.518 -3.151 2.184 0.229 -5.335 5.335
13 -9.243 -1.387 3.928 0.127 -5.315 5.315
14 -9.074 -1.208 3.933 0.127 -5.141 5141
15 -8.909 -1.115 3.897 0.128 -5.012 5.012
16 -9.127 -1.278 3.925 0.127 -5.203 5.203

simply theeigen value of HOMO and LUMO respec-
tively with changein sign. Thereforefrom equation 16
and 18, we get,

EA=-eHOM O+eLUMO)-(IP) (19)

5. Charge(q) and éectron density (C) of an atom
inamolecule

Theseva ues have been obtained from PM 3 ca cu-
lation by using M OPA C-2000 software.

6. Radiusof an atom (R)

Theradius of atom of various e ements has been
takenfromliterature.

MATERIALAND METHOD

Inthe present study we havetaken aset of fluoro
quinolonesderivativeswhicharegivenin TABLE 1.
For QSAR prediction, the 3D modeling and geometry
optimization of all thecompounds hasbeen donewith
the help of Cache software, using PM3 Hamiltonian.
Thesoftnessvaluesintermsof E *and E * at all pos-
sbleactivestesof dl thederivativesof fluoroquinolones
havebeen eva uated by solving theKlopman equations.
Theessentid requirementssuch asionization potentid,
electron affinity, charge, e ectron densitiesetc at each
site have been obtained from PM 3 calculations. The
Klopman equationshave been solved withthehdp of a
computer program developed by us. Since each de-
rivative hasanumber of activesites, the highest E *
and E * values have been chosen for QSAR studly.

TABLE 3: Energy descriptors of C-7 derivatives of 1-
Cydopropyl-6, 8-difluor oquinolone

Compd. AH{ Te Ee CCR
1 332.852 -3724.44 -19044  15319.59
2 443141 -3837.86 -21079 1724113
3 564.736 -4069.87 -23902.2 19832.33
4 539.289 -4070.97 -241885 20177.48
5 587.923 -4306.15 -278289 23522.72
6 555.432 -4188.91 -25148.7 20959.79
7 556.111 -4188.89 -25532.9 21344.02
8 -130.032 -4940.42 -38145.2 33204.83
9 -121.16  -4790.73 -36143.3 31352.6
10 -96.408  -5057.6 -39605.8 34548.25
11 -119.595 -4641.35 -34390.3 29748.95
12 13.227 -4754.24 -35720.6 30966.36
13 -136.071 -5089.99 -40844.1 35754.11
14 -109.773 -4759.57 -36060.8 31301.2
15 92,511  -4923.46 -38207.4 33283.91
16 -88.81  -517591 -41612.2 36436.34

RESULT AND DISCUSSION

We have devel oped QSAR model sfor various C-
7 derivativesof 1-Cyclopropyl-6, 8-difluoroquinolone
listedinthe TABLE 1 dongwiththeir biologica activity
intermsof log 1/C. Valuesof quantum chemical de-
scriptorsviz. energy of HOMO (e HOMO), energy of
LUMO (eLUMO), absolute hardness (1)), global soft-
ness (S), chemical potentia () and el ectronegativity
(x) of thesecompoundsare shownin TABLE 2. Val-
uesof energy descriptorsof thecompoundsviz. hegat of
formation (AH.°), total energy (T_), electronic energy
(Ep) and core-core repulsion (CCR) are given in
TABLE 3. Acidicatomic softness(E, ) and basicatomic
softness (E, ¥) of hetero-atomsof the compoundshave
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TABLE 4 : Atomic softnessvalues of heter o atomsof Com-

—= Py/] Peper

TABLE 9: Atomic softnessvalues of heter o atoms of com-

pound-(1) pound-(6)
Atom Site E.f Enf Atom Site = E.}
N 1 43.977 -9.626 N 1 61.508 23.062
N 14 108.155 -26.815 N 14 73.185 1.867
F 12 437.257 -31.909 F 12 433.866 -14.269
F 13 440.548 -31.753 F 13 434.673 -14.376
O 11 260.417 -21.084 O 11 249.905 -13.934

Ent is acidic atomic softness, Emi is basic atomic softness calcu-
lated from Klopman equations

TABLE 5: Atomic softness values of heter o atoms of com-

pound-(2)
Atom Site E.t E.f
N 1 50.488 7.130
N 14 100.029 -4.014
F 12 442.165 -12.544
F 13 444.629 -12.432
@) 11 268.496 -2.182

Ent is acidic atomic softness, Emi is basic atomic softness calcu-
lated from Klopman equations

TABLE 6: Atomic softnessvalues of heter o atoms of Com-

pound-(3)
Atom Site E,f E.}
N 1 50.9579 6.71625
N 14 123.669 -10.5055
F 12 434.891 -14.2769
F 13 436.610 -14.5077
O 11 249.856 -13.7867

En? is acidic atomic softness, Em? is basic atomic softness calcu-
lated from Klopman equations

TABLE 7: Atomic softness values of hetero atoms of com-

Ent is acidic atomic softness, Emi is basic atomic softness calcu-
lated from Klopman equations

TABLE 10: Atomic softnessvalues of heter o atomsof com-
pound-(7)

Atom Site E.f Epmt
N 1 50.401 6.833
N 14 73.720 1.874
F 12 433.536 -14.090
F 13 435.714 -14.380
0 11 249,511 -13.680

Ent is acidic atomic softness, Emi is basic atomic softness calcu-
lated from Klopman equations

TABLE 11 : Atomic softnessvaluesof hetero atomsof Com-
pound-(8)

Atom Site Epf En'
@] 11 266.476 -21.031
N 1 97.488 -6.031
N 14 117.411 -11.194
N 15 120.233 -11.954
F 12 438.724 -17.6%4
F 13 438.845 -17.135

pound-(4)
Atom Site = Ent
N 1 51.213 6.540
N 14 115.548 -8.485
F 12 433.996 -14.299
F 13 435.663 -14.522
0 11 249.941 -13.958

Eni is acidic atomic softness, Em? is basic atomic softness calcu-
lated from Klopman equations

TABLE 8: Atomic softness values of heter o atoms of com-
pound-(5)

Atom Site E.f Ent
N 1 60.013 4.885
N 14 87.993 -1.415
F 12 434.041 -14.135
F 13 435.358 -14.311
O 11 252.904 -14.632

Ent is acidic atomic softness, Emi is basic atomic softness calcu-
lated from Klopman equations

been cal culated from Klopman equationsand arelisted
inTABLES4t0 19. Highest of softnessvalues of each
compound have been considered in developing QSAR

Ent is acidic atomic softness, Emi is basic atomic softness calcu-
lated from Klopman equations
TABLE 12: Atomic softnessvalues of heter o atomsof com-

pound-(9)

Atom Site E.f Ent
N 1 98.915 -6.822
0] 11 261.612 -20.057
N 14 114.933 -10.976
N 15 119.511 -12.206
F 12 438.842 -17.572
F 13 438.642 -17.544

Ent is acidic atomic softness, Emi is basic atomic softness calcu-
lated from Klopman equations

TABLE 13: Atomic softnessvalues of heter o atomsof com-
pound-(10)

Atom Site = Emt
N 1 117.873 -5.487
N 14 98.002 -6.468
O 11 267.013 -21.516
N 15 117.132 -11.438
F 12 448.651 -16.145
F 13 448.756 -16.036

Ent is acidic atomic softness, Emi is basic atomic softness calcu-
lated from Klopman equations
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TABLE 14: Atomic softnessvaluesof heteroatomsof com- TABLE 19: Atomic softnessvalues of heter o atomsof com-

pound-(11) pound-(16)
Atom Site E.f Enf Atom Site E.f Ent
N 1 112.980 -10.283 N 1 115.552 -10.825
N 14 98.162 -6.461 N 14 97.804 -6.234
o) 11 266.979 -21.456 o) 11 266.755 -21.245
N 15 117.678 -11.535 N 15 119.693 -11.937
F 12 439.717 -17.521 F 12 438.681 -17.238
F 13 440.091 -17.574 F 13 439.430 -17.342
Eni is acidic atomic softness, Em? is basic atomic softness calcu- En? is acidic atomic softness, Em? is basic atomic softness calcu-
lated from Klopman equations lated from Klopman equations
TABLE 15: Atomic softnessvaluesof heteroatomsof com- - TAB|E 20: Valuesof obser ved activitiesand predicted activi-
pound-(12) tiesof C-7 derivativesof 1-cyclopropyl-6, 8-difluor oquinolone
Atom Site E.f Emt Observed
N 1 74.993 20.647 Compd. “oiviy PL P2 P PA P
N 14 90.739 -4.400 1 6.25 4,657 4.657 4875 4.863 4.721
o m mum  am o 3ER S am cm e am
N 15 113.267 -10.134 4 0.781 1.168 1.168 1.838 1.85 1.846
F 12 440.808 -17.452 5 0781 055 055 1256 1253 1.23
F 13 440.688 -17.435 6 0.781 0.768 0.768 -0.293 -0.295 -0.297
Eni is acidic atomic softness, Em¥ is basic atomic softness calcu- 7 1.563 1.1 1.1 1533 1524 1.419
lated from Klopman equations 8 0.098 1.038 1.038 0.295 0.292 0.251
TABLE 16: Atomic softnessvalues of heter o atomsof com- 9 0.098 0.182 0.182 0819 082 0.838
pound—(13) 10 0.098 -0.364 -0.364 -0.081 -0.089 -0.2
At Sit ; P 11 0.195 0.926 0.926 1.149 1.158 1.302
om € En Em 12 0391 007 007 018 0.188 0.308
N 1 116.225 -10.795 13 0195 0.872 0872 -0.305 -0.301 -0.258
N 14 97.562 -5.970 14 0.391 0.681 0.681 0.781 0.789 0.899
0) 11 266.504 -20.954 15 0.391 -0.338 -0.338 0.346 0.348 0.371
N 15 120.219 -11.868 16 0.781 -0.239 -0.239 -0.432 -0.437 -0.519
F 12 439.046 -17.082 7 .
F 13 438.230 -16.969 RS ! —s—Chssnecd iy
Enf is acidic atomic softness, Em¥ is basic atomic softness calcu- P "'t —a—FPredicted actity M1
lated from Klopman equations 4 "-‘k_
TABLE 17: Atomic softnessvalues of heter o atomsof com- %‘ 5
pound-(14) g . \3
Atom Site Eni Emi < ! 1\"-:L__'_'.:-' — -ﬁj:\'_- : = —
N 1 114.067 -10.521 L PR NS Aeed S &
N 14 98.127 -6.404 BEEE N R B o1z 1z 4 & e
(0] 11 266.936 -21.392 Compound
N 15 120.698 -12.301 Graph 1: Graph between observed activity and predicted
F 12 439.694 -17.469 activity P1
F 13 440.215 -17.542 modd sbecausethereare severd hetero-atomsin each

Eni is acidic atomic softness, Em? is basic atomic softness calcu- ; ; Hpe
lated from Klopman equations compound. MLR equations having good predictive

TABLE 18: Atomic softnessvaluesof heteroatomsof com-  POWer are given bel ow-

pound-(15) P1=-3.65289*1-0.0108106* AH,%+ 0.00220696* T_-8.7807
Atom Site E} E, rCv"2=0482981
N 1 112.905 -10.405 r'2=0.780569
N 14 98.258 -6.623 P2=3.65289*y -0.0108106 AH f°+ 0.00220696* T_-8.7807
o] 11 267.012 -21.612 rCV’"2=0.482981
N 15 119.550 -12.182 "2=0.780569
i - s ST Pe=0.118016* E, 10000232355 *COR+7.29852
En¥ is acidic atomic softness, Em¥ is ba§|c atomic softne.ss calcu- rCv"2=0.373067
lated from Klopman equations r2=0.72133
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P4=-0.117229* E_ ¥+0.000217204*E_+7.87052
rCV"2=0.371331

r'2=0.71952

P5=-0.10571* E, ¥+0.00336311*T_+16.2288
rCV"2=0.365264

r'2=0.701286

Thecloseexamination of all aboveregressionre-
sultsindicatesthat regression models P1, P2 and P3
providevery good results. In between these five mod-
els, regresson modd P1 (regress on between el ectrone-
gativity with heat of formation and total energy) isthe
best model for QSAR study of the compounds. With
thehelp of thismodel we can predict theactivity vaue
for any unknown compound. Thefollowingistheorder
of reliability of theregresson models.
P1=P2>P3>P4>P5

Vauesof predicted activitiesobtained from these
QSAR moddsaregivenin TABLE 20. Grgph between
observed activity and predicted activity PLisshownin
the Graph-1.
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