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ABSTRACT

Theinclusion complex piroxicam/ 3-cyclodextrin was modeled theoreti-
cally using semi empirical quantum method. In this study, we have ap-
plied the PM6, PM6-DH2 and PM 3 methods in order to investigate the
contribution of the H-bonding driving force in the inclusion complex’s
stability. In fact, we have demonstrated that the PM6 and PM6-DH2 are
more efficiency than PM 3 concerning the complexation energy results:
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25.3 kcal/mol, -74.81 kcal/mol and -8.55 kcal/mol for PM6, PM6-DH2 and
PM3, respectively. Thus, the PM6-DH2 method could estimate easily
the H-bond force between host and guest which improved the stability

of the complex.

INTRODUCTION

Piroxicam (PX) [4-hydroxy-2- methyl-N-2-
pyridyl-2H-1, 2-benzothiazine-3-carboxamide-1, 1-
dioxide] isoneof theoxicam family whichhasopticd,
analgesic and antipyretic properties*?. It was proven
experimentaly, that itsdissolution asitsabsorptionis
increased whenitisincluded in the 3- cyclodextrin (3-
CD) cavity®4,

Theformation of non-cova ently bound inclusion
compl exes between drug and cyclodextrin become a
sgnificant field of theoreticd investigations, especidly
inthe determination of intermolecular H-bond interac-
tion and driving forced>?. Theresearch of thelowest
energy minimum of theind usion complexes, whichwas
the object of severa studies, constitutesthe most sig-
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nificant stagebecauseitiscarried out in several steps,
needsespecialy geometricd handling and requiresmany
precautions. Generaly, two proceduresareused™. The
first one congiststo optimize variousgeometriesof the
inclusion complexes obtained usually with dynamic
molecular smulation. Thesecond one, considered asa
systematic research, ismadein severa stepsby scan-
ning the energy surface potential. It was proven ac-
cordingto variousresults obtained by different authors,
that the second method ismoreeffectivethanthefirst™Y,
Itisimportant to claim hereinthat theuse of abinitio
and DFT methodsisfor themoment not recommended
inthislong systematic research of thelowest energy
minimum considering theimportance of the (CPU de-
manding) computational cost. Actually, only the mo-
lecular mechanicsor semi empiricd methodswere used,
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inparticular the PM3 semi empirical method whichwas
found moreefficiency particularly inthedescriptions of
the non covaent interactiong217,

Inthe present articlewe have used PM 6 and PM 6-
DH2 methods which were implemented recently in
MOPAC. Infact, they were parameterized for more
than 70 e ements; these methodsincludeempirica cor-
rectionsfor H-bond interactiong819,

Wewereinterested to localize thelowest energy
minimum of the 3-CD/PX inclusion complex. Based
on our experience, these methods didn’t test for this
typeof problem yet. The PM6 and PM6-DH2 results
were compared with those obtained by PM 3 and HF
(3-21G*) methods. Finally, using the H-bond contri-
bution cal culated with PM 6-DH2, we havedetermined
the H-bond effect in the formation of the 3-CD/PX
complex.

METHODS

All cdculationswerecarried out usngthe Gaussan
03 quantum mechanical package!® and
MOPAC2009124, Theinitial structuresof B-CD and
piroxicam molecules were built with the help of
Chemoffice 3D ultra(version 6. Cambridge software).
To locatethelowest energy minimum, we have used
the method which was described in several ar-
ticleg'2172223 \We have given herein ashort outline of
thismethod. First, the glycosidic oxygen atomsof 3-
CD were placed onto the (xoy) plane, the centre of 3-
CD being defined asthe centre of the coordinate sys-
tem. For the compl exation process, the host 3-CD was
kept inthisposition whilethe guest approaches, by 1A,
aongthe X-axistoward thewiderim of the 3-CD torus.
In each step the guest moleculewasrotated around the
bond N-C by 20°, from 0° to 360° (Figure 1).

The generated structures at each step were opti-
mized using PM 3, PM 6 and PM 6-DH2 methodswhich
allowsusto calculatethe energy of complexationand
the H-bond contribution (PM6-DH2), defined asfol-
lows(Eq. 1and 2).

(Epcot Epy) @
EH-bond =E - (EH-bond (8-CD) + EH-bond (PX)) )

Finally, the lowest energy structure obtained by

PM6-DH2 wasoptimized at theHF/3-21 G (d) level.
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Figurel: Thereativepostion between piroxicam and g-cd.

RESULTSAND DISCUSSION

Asgiven by the PM 3, PM6 and PM6-DH2 semi
empirica methods, theinclus on processproduced three
different curves of complexation energy (Figure 2a).
Theenergy minimumwas determined without ambigu-
ity with PM6 and PM 6-DH2 contrary to PM 3, where
theminimumisobserved intwo positions (Figure 2a).
Thus, thelowest energy minimum hasbeen observed at
-3 A with complexation energies of -25.3 (PM6) and -
74.81 (PM6-DH2) kcal/mol. However, two energies
minimum were obtained with PM 3. Onewasrejected
becauseitsstructure, inwhich theenalic partislocated
outsidethecavity, isnot in agreement with experimen-
tal observationg?!. Then, wehave considered only the
minimum at -2 A with complexation energy of -8.55
kca/mol (PM3). Indl casesthecomplexation energies
obtai ned were negative, which meansthat theinclusion
complex isthermodynamicdly stable.

In order toinvestigate the hydrogen bonding role
more accurately, we studied the variation of the of H-
bond contribution during the formation of 3-cd/PX
whichiscdculated using eq. 2andisdepictedin (Fig-
ure 2b). Asit can be observed that the complexation
energy curveissimilar astheH-bond contribution curve.
Which meansthat H-bondisaninteresting elementin
theformation of theinclusion complex. Figure 3shows
thelowest energy minimum geometries obtained with
PM6, PM6-DH2 and HF 3-21g*.
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Figure2: a) Complexation ener gy of theinclusion complex (B-cd-pir oxicam). b) Contribution of H-bond (PM 6-DH2).
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Figure3: Thelowest energy minimum structur eobtained with: a) PM 6. b) PM 6-DH2. ) HF-3-21 G*.
It appearsclearly that thesemi empirical geometries  have amost the same shape and they approach to the
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HF geometry, especially by the same number of hydro-
gen bond. An inspection of the HF geometry shows
that the pyridinering istotally embedded in the CD
cavity whilethe SO, group remainsontherim of the 3-
CD and could form H-bond with two OH of 3-CD.
Therefore, themethyl group remainsouts dethe cavity
to avoid making steric interactionswith hydrogen at-
omsof 3-CD. Inthe semi empirical geometries(PM6
and PM6-DH2), the pyridinering islocated outside
the cavity behind the primary OH of 3-CD and the
SO, group is on the secondary periphery and estab-
lished H-bond with 3-CD. However, themethyl group
islocatedingdethe cavity and unfortunately establishes
stericinteractionswith hydrogen atomsof 3-CD. Fur-
thermore, we have remarked that the geometry of 3-
CD (PM6-DH2) ismore compacted certainly because
the distance between atoms undergo in theintramo-
lecular H-bond in the B-cyclodextrin is reduced; it
passesfrom 1.8 A (PM6) to 1.6 A (PM6-DH2).

At last, it was proven according to experimental
resultson the 3-CD/PX inclusion complex that the ni-
trogen amid atomand theenolic part arelocated inside
the cavity of the cyclodextrin. From Figure 3it canbe
seen that nitrogen amid atom and enolic part areinside
the cavity in thethree geometries, hence, they arein
good agreement with experimenta observationsand can
beamodé for theinclusion complex -CD-PX 4.

CONCLUSION

Inthisstudy, it has been demonstrated that PM 6-
DH2 can be successfully used to locatethelowest en-
ergy minimum of the piroxicam- 3 CD complex. The
obtained geometry hastheenolic part insdethe cavity
whichisinaccordance with experimenta observations.
The determination of the H-bond contribution with
PM6-DH2 alows concluding that the establishments
of theH-bond intermolecular interactions stabilize the
complex in spit of the steric effect of the methyl group
ingdethecavity.
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