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Abstract

In this work, Quantum mechanical calculations weegried out to study the structural and electronic
properties of 1-(1-metyl-3-substituted-[1,2,4]seléazinyl) pyrrolidinofullerenes using the HYPERCHME
7.52 program. Various substituents at the paraiposif phenyl ring were selected to understandefifiect of
such structural change on the electronic and stralcproperties of the molecules. The substituentkide:
OMe , SMe, N(Me)2, NH2, Me, COMe, F, Cl, and CHNIl molecules optimized first using the molecular
mechanics force field, and then further geometringipation was carried out at the PM3 level of semi
empirical molecular orbital theory. The optimizegbgnetries, some of calculated energies, spatitlhiton
and positions of the highest occupied moleculaitalrHOMO) and the lowest unoccupied molecularitatb
(LUMO), the difference between the HOMO and LUMitals (LUMO-HOMO), known as energy band
gap AE), bond lengths, the charges of atoms and eleatiopotential finally were calculated.
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Introduction

In recent years, there has been a continued intierdgllerene-based systems. These systems amcedto
exhibit new interesting physical and chemical priops [1-4]. Many of the important physical, bioicg) and
pharmacological applications for such systems laready been demonstrated. The size of C60 molasule
similar to many biologically active molecules, inding drugs and steroid hormones [5], thereforaal be
efficiently used as a template for creating a wgrad biologically active systems. C60 and relasedbstances
have shown biological activity, such as HIV-progashibition [6,7], DNA photocleavage [8], antibadal
agents [9] and radical scavengers [10].Seleniunbbas recognized as an essential component ottive aite

for several enzymes since it is present in thenselgeine and selenomethionine amino acid derimati&our
glutathione peroxidases (among them cytosolic tlidae peroxidase which is the first established
selenoenzyme) protect cells against peroxidativeadge by reducing hydrogen peroxide, free fatty acid
hydroperoxides, and phospholipids hydroperoxidels18] and is related to these species being disduss
Studies even up to seventeen years old depicthbateterocyclic compounds of selenium such asisetes,
selenophenes, selenadiazoles, selenatriazolessbselanazolones can have various biological efféfainong
such characteristics they are active immunostints)anhibitors of enzymes, antioxidants, anti-inflaatory,
antitumor, antiviral and antimicrobial agents[16Llleropyrrolidines are among the most studiedefelhe
derivatives which have been used for numerous tiicdd applications [17,18].

Various organoselenium compounds having a direetNSsond have been shown to mimic the active site of
GPx. Among such systems is the most promising tiiogled as the Ebselen molecule class [19]. Toer¢he
covalent binding of the organoselenium compoundsnigaa direct Se—N bond to a fulleropyrrolidine etyi
may give rise to new fullerene-based systems wiésle new chemical and biological properties.

According to a literature survey, it was noted ttiere is not any report dealing with fulleropymdaie-based
systems containing substituted [1,2,4] selenadyhzinoup. Therefore, the aim of this work is attiag the
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attention to these types of important fullereneivddives. Various substituents at thep@sition of
[1,2,4] selenadiazinyl ring were selected to uniders the effect of such structural change on teeteinic and
structural properties of the molecules. The sulestits include: OMe, , SMe, N(Me)2, BHJVe, COMe, F, Cl,
and CN. All molecules optimized first using the lewlar mechanics force field, and then furtherngetry
optimization was carried out at the PM3 level ahsempirical molecular orbital theory.

2. Method of calculation

The semi-empirical methods are done on Hyperchaxgram version 7.5 [20] running on a Windows seven
workstation with a Pentium IV PC. The initial gedmyeptimization of the studied molecules were perfed
with the molecular mechanics (MM+) force field [22], where the lowest energy conformations areinbth
Further, Geometry optimization was done by perfagrhe semi-empirical molecular orbital theoryred tevel
parametric method (PM3) [23] within restricted Heet-Fock (RHF) level [24]. The Polak—Ribier algomit
was used for the optimization [25]. The convergen®t to 0.01 kcal/mol.

3. Resultsand discussion

The general chemical structure of the studied nudéscis shown in Fig. 1. The optimized geometriessiown
in Fig.2. The geometries of the molecules werenogtd first by using the molecular mechanics (MMeice
field to obtain the lowest energy structures, ttienresulting structures have been optimized bjopming the
semi-empirical molecule are orbital theory at #nel of PM3 of theory.

X

ST/A‘N
6

HaC— SO 2
1
N

3

=)

N

X =H, CH; OCH;, SH;, NH,, N(Me), , F, Cl, COMe, CN
Fig. 1. The general chemical structure of the 1-(1-metgliBstituted-[1,2,4]selenadiazinyl) pyrrolidinofullees

Some of selected structural parameters (chargedamd lengths) of the optimized geometries are shiow
Table 1.As shown in table 1, there is no intelligitvend for the variation of these parameters. vidiaes of the
bond length and angles of the optimized geomefiresquite similar. There is an interaction may beuo
between selenium and nitrogen atoms. This intemactiay be occurring via the pi-pi interaction. Tiedizcally
the values of Se-N bonds vary from 1.831 to 1.883 These values are agreement with the literature.
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Table (1) Selected structural parameters (charges and leagths) of the studied molecules

X H CH3 NH, | N(CHg), | OCH3 | SCHj3 F Cl CN COCH3;
Bond distance (A)
Ci1-C2 1416 | 1.419 | 1.366 1368 | 1.361 | 1.361 | 1.422 | 1.423 | 1.428 1.424
C2-N3 1317 | 1.312 | 1.357 1355 | 1.367 | 1.367 | 1.313 | 1.312 | 1.308 1.311
N3-C4 1.395 | 1.409 | 1.373 1374 | 1.361 | 1.361 | 1.403 | 1.403 | 1.412 1.407
C4-N5 1.296 | 1.302 | 1.352 1351 | 1.345| 1.345 | 1.300 | 1.296 | 1.298 1.296
N5-Se 1.853 | 1.850 | 1.832 1.831 | 1.834 | 1834 | 1.853 | 1.852 | 1.852 1.853
Se-C1 1.914 | 1912 | 1.890 1.885 | 1.880 | 1.880 | 1.920 | 1.917 | 1.918 1.919
Bond angles (°)
C1-Se-N5 105.7 | 105.9 | 104.2 104.3 | 103.8 | 103.8 | 106.8 | 106.3 | 106.8 106.0
N5-C4-N3 127.3 | 125.6 | 129.8 128.0 | 1315 | 1315 | 130.8 | 127.7 | 126.9 126.4
C2-C1-Se 111.0 | 110.6 | 116.6 1158 | 1175 | 1175 | 111.3 | 110.6 | 109.8 109.7
Electronic charges
N 0.264 | 0.270 | 0.120 | 0.123 | 0.066 | 0.068 | 0.285 | 0.284 | 0.311 0.296
N3 -0.165 | -0.153 | -0.345| -0.333 | -0.328 | -0.291 | -0.132 | -0.125 | -0.098 -0.119
c4 0.016 | 0.035 | 0.096 | 0.130 | 0.247 | 0.037 | 0.143 | -0.039 | 0.122 -0.048
N5 -0.268 | -0.270 | -0.396 | -0.393 | -0.356 | -0.325 | -0.283 | -0.255 | -0.233 -0.247
Se 0.313 | 0.313 | 0.498 | 0.499 | 0.547 | 0.537 | 0.326 | 0.316 | 0.310 0.298

The nitrogen atom of fulleropyrrolidine indicateesftive charges. Their magnitudes varying from 6.06
0.311. The values of charges had shown a slidgectteby the change in the type of the chemical griouthe
[1,2,4] selenadiazinyl ring. The two nitrogen atoon$l,2,4] selenadiazinyl ring indicate negativearges. The
negative charges of N3 varying from -0.098 to -8,3&hile for N5 the magnitudes varying from -0.20-t
0.396. The calculated charges of selenium atoncateiexcess charges varying from 0.298 to 0.547.

As shown in Fig.2, the optimized structures indécahat the [1,2,4] selenadiazinyl rings that bouod
fulleropyrrolidine are not planar in both of un-stituted and substituted molecules with electrotineiiawing
groups, where there is bent in the position ofréala atom. This bent in the ring may be decreaseatbmatic
character of the ring. In contrast the substitutadlecules with donating groups vyield planar [1,2,4]
selenadiazinyl rings this may be due to electramation of these groups will consolidate the conjioms of pi-
pi interaction of rings. Based on these resultsdbeating substitutes may be making these molecula®
stable.

Table 2 presents some of calculated energies gadedmoment values of the optimized geometries.tfkese
calculations, we obtained the smallest value otuated binding energy for Cl substituent. The NMe
substituent has the largest calculated bindingggnéihen we compute for the relative energy witbpeet to
the un-substituted molecule, we obtained the vaB8%3, 174.6, 723, 379.9, 343.7, 12.3, -15.7, 4.%&d
546.6 kcal molfor the substituents CH3 , NH2 |, N(CH3)2 , OCH®CHS3, F, CI, CN and COCH3
respectively. On the other hand, the heats of foomaof all molecules are endothermic and thereieslare
closer to the experimental and theoretical valddsiterenes [26]. The calculated dipole momentuesl of all
molecules ), Table 3, indicate that they are polar, where ¢healent binding of fulleropyrrolidine to the
[1,2,4] selenadiazinyl rings allows for the incriegsof the polarity of these complexes. This metiras these
complexes may be more soluble in the polar and hting solvents such as acetone, tetra hedrofuran
methanol.

Table(2) MO energy of the HOMO, LUMO levels, energy bang g& (in eV) dipole moment , heat of
formation and binding energy

Value | H CH,4 NH, N(CH3), | OCH; | SCH, F Cl CN COCH;
HOMO | -7.694 | -7.631 | -8.445 | -8.252 8270 | -8.252 | -7.952 |-7.810 | -8.038 | -7.817
LUMO |-3.294 | -3.285 |-3.087 | -3.096 -3.087 | -3.113 |-3.376 |-3.344 | -3.432 |-3.332
AE 4400 | 4346 |5.358 |5.156 5.183 |5.139 | 4576 |4.466 | 4.606 4.485
B 4610 | 4.284 |2.333 | 2296 2.053 |2293 |7.102 |5939 |9.051 5.191
AH 839.11 | 830.97 | 829.62 |831.4 79391 | 836.94 | 79358 |831.72 | 87752 | 798.01
Binding | -11301.8| -11585.1| -11476.4| -12024.8 | -11681.7| -11645.5| -11314.1| -11286.1| -11495.2 | -11848.4
Energy
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Fig.2. The optimized geometries of the 1-(1-metyl-3-subsd-[1,2,4]selenadiazinyl) pyrrolidinofullerenes

The molecular orbitals energy: the highest occupiealecular orbital (HOMO), the lowest unoccupied
molecular orbital (LUMO) are present in table 2eNalues of the difference between the HOMO and QJM
orbitals (LUMO-HOMO), known as energy band gakE], are also given in Table 2. The band gaps of
unsubstituted and the methyl substituent arelaimihe other values are greater that the un-gutest
molecule. The spatial distributions of HOMO and LOMnolecules are shown in Fig. 3. In general, LUMO
orbitals for all molecules are localized on thddrdpyrrolidine side, while the HOMO orbitals acelized on
the substituted [1,2,4] selenadiazinyl group.
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COMe - COMa-

Fig. 3. Molecular orbital spatial distribution for the HOM&hd LUMO of OMe, H, COMe molecules

Conclusion

Quantum mechanical calculations were carried owsttay the structural and electronic propertiesl-¢f.-
metyl-3-substituted-[1,2,4]selenadiazinyl) pyrratiofullerenes using the HYPERCHEM 7.52 program tred
results of investigated indicate that the optimigedctures of the [1,2,4] selenadiazinyl rings raok planar in
and it's bending depend on the type of substitugmtgp. Also, the study indicates that the studiedecules
are polar and may be soluble in H-bonding solvdritsally, shown that the LUMO orbitals for all moldes
are localized on the fulleropyrrolidine side, whitee HOMO orbitals are localized on the substitUte@,4]
selenadiazinyl group.
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