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Abstract: In the present study a conformational analysisbiees performed for N-allyl-2-(5-fluoro-2-oxo-1-(jgipdin-1-

ylmethyl)indolin-3-ylidene) hydrazinecarbothioamigeorder to determine the possible global andllog@ima on the
potential energy surface (PES). The analysis han bearried out using molecular mechanics (AMBER@&Y

semiempirical (AM1 and PM3) methods and the resutise compared to identify the best possible agrda be used
for studying the conformational space of the tidempound. Also, the ligand’s reorganization capa@hd its

conformational space have been investigated. Thioooational analysis of the title compound hasnbesried out with
Conformational Search Module implemented in Hypen@h7.5 software package. The initial geometry ef itiolecule
was the standard one given the same software package and optimized with AMBERSce field and AM1 semi-
empirical method. This starting geometry has beethér employed in subsequent calculations.
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1. Introduction used as input for the conformational analysis edrmout
with Conformational Search module implemented ie th

Nowadays, tuberculosis is still a high mortalitysame software package. The title compound hasafate
contagious disease worldwide [1,2]. Several drugs abonds, marked by arrows in Fig 1 and their corredpg
known, e. g. r|famp|c|n pyraz|nam|de isoniazid, dan torsion angles of rotation are abbreviated as Watoal:
ethambutol, for the treatment of tuberculosis ititets, but N14-C15-C16-C17, a2: C12-N14-C15-C16, a3: N11-C12-
poor compliance to the treatment schema and/or hidhl4-C15, a4: N10-N11-C12-N14, a5: C3-N10-N11-C12,
mobility of the population has led to the appeaeant a6: C4-N5-C19-C20, and a7: N5-C19-C20-C21.
multidrug-resistanMycobacterium tuberculosis strains [3].
For these reasons, high interest is dedicated t® th

development of new and more potent agents with- anti a3 H2 a1 CH2
tuberculosis activity. HNH J‘( {x
In the present work, a conformational analysis wtud H \L/
using semi-empirical methods implemented in Hyper@h 82 H2 N as
7.5 [4] followed by energy minimization of the confners H2o/ \NJ( \%N /
at semi-empirical level with Mopac2009 [5] was \ \ a7
performed. The results were analyzed in order emticly HzC\C/CHz —

the best approach for the determination of possibiéal

L - H
and local minima for the title compound. 2

HC\\ /CH
C—
H
F

Figure 1. Structure of N-allyl-2-(5-fluoro-2-oxo{piperidin-1-
The 3D structure of N-allyl-2-(5-fluoro-2-0xo0-1- ylmethyl)indolin-3-ylidene) hydrazinecarbothioamiaied the numbering
(piperidin-1-ylmethyl)indolin-3-ylidene) of heavy atoms. Bonds rotated during thg conformnalianalysis are
hydrazinecarbothioamide was constructed with thédBu marked with arrows and the corresponding dihednasalso noted

module implemented in HyperChem 7.5 software pagkag

and subsequently, optimized using AMBER96 forcddfie These dihedrals were varied from 0 to 360 with 30-

[6] and semiempirical method AM1 [7] implementectiie i !
above mentioned software package. This structure Wgegree steps using the AMBER96 force field and

2. Methods
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semiempirical methods AM1 and PM3 [8], in ordeffitl  information about putative minima obtained throute
structures near possible global minima. For eagrageh, conformational analysis of those dihedrals.
the maximum number of conformers to be generatesl wa  The first issue which has been addressed in thi& wo
set to 1000, an energy window of 20 kcal/mol abthe is the choice of method to perform the conformation
global minimum was used and 100 conformers which manalysis. For this reason different approachesnagithods
this energy criterion were kept. Then, the AMBERhave been used and their outcome is compared mifide
conformers were energy minimized using semi-emgiiric the best suited one for our case. Shortly, the tirgi
methods AM1 and PM3, implemented in HyperChenconformation of the title compound was subjected to
software package, for up to 1000 cycles and thefttut conformational analysis performed with HyperChers 7.
value for RMS gradient was set to 0.01 kcal/mole Bets with the variation of the seven dihedrals, depidteé&ig.1.
of conformations generated with AM1 and PM3 werdhe search was performed by three different apesc
checked and those having unreliagleometries, in terms using the AMBER96 force field (1) and semi-empitica
of bond lengths, angles and dihedrals, were dischrd methods: AM1 (2) and PM3 (3). The AMBER96 force
Subsequently, the selected conformations were fullield has been chosen to perform the molecular tiagle
optimized using the semi-empirical methods AM1 anttecause it is well parameterized for a wide variefy
PM3 implemented in MOPAC 2009 software package. lhioactive molecules and it is fast achieving a good
order to evaluate compound’s potential to easildengo speed/performance ratio. Subsequently, the top 100
conformational changes, energy barriers for eatdtable conformations obtained from the conformational skar
bond were evaluated scanning the correspondingiditee performed with AMBER96 force field were subjected t
from O to 360 degrees in 5-degree steps. For eacbrgted geometry optimization by AM1 (4) and PM3 (5) method
conformation single point calculations were perfedn implemented in HyperChem. The set of conformers
using semi-empirical method AM1 implemented ingenerated by semi-empirical methods AM1 and PM3
HyperChem 7.5 and the results were thoroughly aealy  implemented in HyperChem 7.5 were subjected tchéurt
optimization with the same methods: AM1 (6) and P(VIB
implemented in MOPAC2009. Finally, vibration anadys
3. Results and Discussion of all MOPAC conformations was carried out in order
identify and discard possible wrong conformations.

It is important to mention here that the The heat of formation for the lowest energy
conformational analysis has been carried out fdr afonformers and energetic barriers computed fromh eac
rotatable bonds of the ligand, in order to corfeettaluate approach as the difference between the heat ofaficwmof
the conformational space of the title compound, th&e highest energy conformer and the lowest energy
dihedrals which cause important steric effectstanobtain  conformer are presented in Table 1.

TABLE 1. The energetic barriers computed from each approach

AE* Distinct AHs :
Approach (kcal/mol) conformers (kcal/mol) Observations
5 3.4904 70 38.3938 Conformers generated and optimized with AM1 using
HyperChem
3 25 8772 90 541011 Conformers generated and optimized with PM3 using
HyperChem
Conformers generated with Amber96 force field and
4 17.3417 85 39.2434 optimized with AM1 using HyperChem
Conformers generated with Amber96 force field and
5 17.1733 9 53.7725 optimized with PM3 using HyperChem
Conformers generated with AM1 using HyperChem angd
6 3.4885 64 38.6817 optimized with MOPAC/AM1
Conformers generated with PM3 using HyperChem anfd
! 8.2552 90 2291 optimized with MOPAC/PM3

* AE (kcal/mol) — the energy differences computechadiifference between tiadH; (heat of formation) of the highest-energy confarianed
the lowest-energy one.

A pattern has been noticed when AM1 method wasarger number of conformers to be generated, bet th
used for calculations. Namely, the lowest energgptimization process leads to the same low energy
conformers generated by the use of approaches whicbnformation. Also, the geometries of the lowesergy
employed this method: (2), (4) and (6) have simildi; conformers attained via (2), (4), and (6) were cared,
(the differences are less than 1 kcal/mol) while thsuperimposed and the root mean square deviatiorS(RM
energetic differences calculated between the lowest was calculated. As shown in Fig. 2, the geometaes
highest energy conformer are nearly identical @)y g§nd identical for conformers generated via (2) and (@}h a
(6), but significantly different for (4). In thedtaicase (4), RMSD of 0.1 A and slightly different when superinsjpray
AMBER96 force field was used in the conformationathe geometries (2) — (4) and (4) — (6) respectivelgh a
search step. This behavior shows that AMBER96 allaw value for RMSD around 1.2 for both cases). Also, for all
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the low-energy geometries some common features ha
been noticed, namely a planar geometry for therakoore

of the molecule which comprises the aromatic fusad

and hydrazinecarbothioamide moiety, and z |
stereochemistry of the conformers with respect he t S,
double bond between C3 and N10. These geometric "
features allow the formation of an intramoleculabéhd, \&
depicted with a black dashed-line in Fig. 2, betw€xl8

and H atom belonglng to N11, addlng additional Ihtyho Figure 3. The superimposition of the lowest energyformers obtained

the system. using PM3 in different approaches. Conformatioealrsh performed
with: AMBER96 followed by the minimization with HgsChem/PM3
(carbons colored in cyan) (5), PM3 (carbons colanegreen) (3), and

PM3 followed by full minimization with MOPAC at PMS8emi-empirical
// method (carbons colored in orange) (7)
/( o A thoroughly analysis of the conformations genatate
A | - N\ ¢ and/or optimized with PM3 method has led to the
] P! following observations: (i) the geometries of thmwést
Va p energy conformers are considerably different (Bjg.their

superimposition giving the following RMSD values114
A for (3) — (7), 1.594 A for (5) — (7) and 1.794fér (3) —
(5), respectively; (i) when conformational seardh
performed by approaqh) a folded geometry of the lowest
energy conformer is generated, the distance betwleen
two most widely separated atoms is 10.395 A, wule
Figure 2. The superimposition of the lowest enexgyformers obtained ~ approach (7) this distance is almost 4 A highevingi a
using AM1 in different approaches. Conformatioredrsh performed less folded conformation (Fig. 2), with a more xeld

with: AMBER96 and minimized with AM1 (carbons codatin gray) (4), ; ; ; i
AM1 (carbons are colored in green) (2), and AM1 anlg minimized geom_etry havmg r?duced steric repulsmns._Thls‘.ct:ba a
with MOPAC at AM1 semi-empirical method (carbone aolored in plausible explanation for the smaller magnitudeAbl of

cyan) (6) the last mentioned approactfTable 1); (iii) the
pyramidalization of all nitrogen atoms within malée was
When semi-empirical PM3 method was used igbserved for all conformers, regarding of the vatriaf the
different approaches: (3), (5) and (7), a patteui¢not be PM3 approach used. Due to this phenomenon, the
distinguished and more interestingly, a correlatcmuld intramolecular H-bond is not formed leading to a
not be observed between the approach used and eestabilization of the structure and higher valisesheat of
observed results, similarly to the previous casewever, formation.
the lowest energy conformers generated via (3) @)d Taking into account the observations presentedebov
approaches show similar magnitudes for the heat tfgether with the results collected and analyzeel,have
formation, the difference is very small, of 0.32&f&l/mol, decided to perform further calculations, specifical
although the energetic differences computed froeseh rotational barriers for all flexible bonds, usingetiowest
approaches are significantly different (Table 1)hak energy conformer generated via approach (6). Théysis
conformational search was performed with PM3 methodas performed by rotating the corresponding dihedra
implemented in HyperChem 7.5 and the obtainetpllowing the procedure already described in thethdds
conformations were subsequently optimized at senfection. As can be seen from Table 2, our reshiisvghat
empirical level PM3 with Mopac 2009, approach (Re the energies needed to transpose the barrier betthee
lowest value for the heat of formation has beericedt maximal and minimal energy conformers vary consitigr
(Table 1). The superimposition of the lowest energgepending on the dihedral. The magnitude of thegetie

conformers obtained from (3), (5) and (7) is préserin barriers ranges from 1.834 kcal/mol for dihedraluglto
Fig. 3. 1941.973 kcal/mol in the case of dihedral a5.

TABLE 2. Therotational energy barriers corresponding to each dihedral

al a2 a3 | a4 | a5 | a6 | a7

AH; (kcal*molh)/Angle(®)
MIN 38.394 | 230 38.392 240 38.396 175 38.408 | 360 38.396 180 38.408 | 275 38.403 65
MAX 40.228 350 52.643 35D 57.756 0 51.414 250 1980.369 0 661.341 160 47.297 340
DIF 1.834 14.250 19.360 13.006 1941.973 622.933 .8948
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The low magnitude of the energetic barrier for The rotation of dihedral a3 leads to an energetic
dihedral al suggests there are numerous low-erendy barrier of 19.36kcal/mol, the lowest energy confafion
stable conformations which populate the potentiargy corresponding to a value of torsion equal to 1T3%aft 3).
surface, as can be seen from Chart 1. The tranditton Two intermediate conformational states have bediteth
one conformation to another is possible for thisedral when dihedral a3 varies from 310 to 320° and 465¢
because, in some cases, the energy needed to surtheu respectively.
barrier is smaller than 0.5 kcal/mol. The results obtained from the rotation of dihedrél

As can been seen from Table 2, when rotating there depicted in Chart 4. In this case, two low gper
dihedral a2 the energy needed to pass the bamigrebn conformations have been found corresponding tornaP a
the maximal and minimal energies is about 14.2%ked.  360°, respectively. Also, two high-energy conforioms
a2 has the energy minima at 240°, but there areeraum  have been detected around 100° -110° and 2400, -B60°
conformations located in an energy window less thathme rotational barrier to overcome, in order tospliem a
lkcal/mol when this dihedral ranges from 120° t®°28 local minima conformation to a maximal energy org,
(Chart 2). These observations suggest that, ibithective around 13 kcal/mol. It is difficult to surmount arber
conformation, the rotation of this dihedral is pbsand it having this order of magnitude and probably, in the
is likely for the title compound to pass from ormmawvi  bioactive conformation, this angle can have onethaf
energy conformation to another one, with respecthto values corresponding to the low-energy conformation
rotatable bond corresponding to dihedral a2.
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Chart 3. Rotational energy barrferdihedral a3 Chart 4. Rotational energy barriersdihedral a4

When rotating dihedral a5 the highest magnitude aftates when dihedral a5 varies between 0° up toaAdd®
the energetic barrier, compared to the other ddledhas 315° to 360°. Even though two intermediate confeional
been achieved with a value of 1941 kcal/mol (CHgrt states have been identified, the energetic bamieesled to
Based on the values for the heat of formationely@ups be surmounted in order to get from a local minimum
of conformers have been identified, correspondingat conformation to a transitional one are high, 14l/keal.
local minimum between 175° and 185°, two intermediaThe heat of formation for the most stable conforomats
conformational states corresponding to the follgwinestimated at 38.396 kcal/mol and dihedral a5 isielat
ranges: 70° - 90° and 265° - 285°, and two verly bitergy  180°, corresponding to a planar geometry of the-B-8
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bond. In this geometry the hydrazine hydrogen aiem
properly oriented to form an intramolecular H-bonith
the carbonylic moiety which brings stability to thgstem.
When dihedral a5 is rotated and the correspondamgl bis

hand, the rotation of this dihedral leads to sthimlrances
between the central core of the molecule and the chain
of N11. These facts could explain the high magritod
the rotational barriers and it suggests that fertitoactive

out of the planar orientation this H atom can rahf the

conformation this could be the only possible vahfe
favorable intramolecular interaction anymore. Oa tither

dihedral a5.
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Chart 5. Rotational energy barriers for dihedra{lafi), and a detail (right)
Also, in the case of dihedral a6 high energy rotatl limited to the values mentioned above and confamat
barriers have been noticed, as can be seen froie Zaind reorganization of the ligand in the protein bindsitg with
Chart 6, similar to dihedral a5. Conversely, twtssd low respect to dihedral a6 is highly improbable duestteric
energy conformations were found, one between 68° ahindrance.
120° and the other one between 220° and 300°. plead Finally, the analysis of dihedral a7 variation (8h8
intermediate states have been identified but thergetic has shown the major rotational energy barrier izuald.9
barriers between the low-energy conformations amel tkcal/mol. This result suggests it is difficult tarmount the
intermediate ones have magnitudes in the ordern$,t barrier and pass through a low-energy conformation
suggesting that it is impossible to surmount theseiers located between 60° and 90° to an intermediate
in order to pass from a low energy conformatiorobging conformation or to a high-energy conformer, located
to the first set to a low-energy one from the secsat. between 330° and 340°.
Overall, in the bioactive conformation, dihedral &6
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4. Conclusions The comparison of the energetic barriers computad f
AM1-based approaches has shown that the results are
In the present work, conformational analysis of alfoughly similar, regardless of the molecular maugli
flexible bonds within the title compounds has beesoftware employed to perform the calculation.

performed employing different methods: AMBER96 forc Additionally, similar geometries for the lowest ege
field and semi-empirical AM1 and PM3 methodsconformations have been achieved for all three AMded
implemented in two different molecular modelingta@fre approaches. In all these geometries an intramaedt

packages, HyperChem 7.5 and Mopac2009, respectivebond has been detected between the carbonyl nufi¢fye
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aromatic fused ring and the hydrazine hydrogen ator@onversely, for dihedrals a5 and a6 the energytational
Considerable differences have been noticed for Betd barriers is very high (in the range of hundredg)gasting
approaches, (3), (5) and (7), both in terms of aonérs’ that the bioactive conformation of the ligand caot n
geometry and calculated heat of formation, betwden undergo conformational reorganization with respémt
conformers generated via HyperChem 7.5 anthese dihedrals, due to steric effects and the dbshe
subsequently, optimized by PM3 method implemented intramolecular H-bond.

Mopac2009 and the other two sets of conformershis

case, a clear explanation for this discrepancyccook be

found and needs to be further investigated. Neebtrsis, REFERENCES

for all three PM3-based methods the pyramidaliratid

nitrogen N10 has been noticed. This leads to anobut

plane orientation of the H linked to this nitrogatom and 1628533626'?-'\/'-, Nahid P., Hopewell P.Q.,Engl. J. Med., 347,2002
the mtra.mOIecmar H-bond between the H atom arel tg,.WWWOrId. Health  Organization (WHO), 2009 Tuberculosis,
carbonylic oxygen atom, O18, can not be forme .who.int/th/publications/global_report/2009/uelan/index.html,
Probably, the absence of this intramolecular H-bongetrived 7 May010

induces a destabilization to the system and att lemms 3. World Health Organisation (WHO), 2003, TreatmehiTuberculosis:

; ; ; Guidelines for National Programmes,
approaches (3) and (5) could explain the highermibades 0 b0 who inthg/20030WHO CDS, TB_ 200383#ng. pdf.
observed for the heat of formation. Retrived 7 May201Q

The lowest energy conformation obtained froms. HyperCherf, Release 7.5, Hypercube Inc., Gainesville, Florid@A,
approach (6) has been selected to compute rothtio2802 _ _
energy barriers against all seven rotatable bamdsstover 3 MOPAC2009, James J. P. Stewart, Stewart CompngtChemistry,
h | f the corresponding dihedrais ¢buld Colorado Springs, CO, USA, http://OpenMOPAC.2808
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to the reduction of steric effects within molectdebe used Am. Chem Soc,, 117,1995 5179-5197.
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energetic barriers for dihedral angles al-a7 shuwat in g giewart 3. J. R, Comput. Chem., 10,1989 209-220.
some cases, e.g. al and/or a2, the “deep” valleyhen
surface of PES are populated with numerous lowegner
conformations and it is possible to surmount thergetic

barriers to pass from a low energy conformatioartother.
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