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Abstract: The structural and electronic properties of 1-(5-Hydroxymethyl - 4 [ 5 — (5-0x0-5-
piperidin- 1 -yl-penta- 1,3 -dienyl)-benzo [1,3] dioxol- 2 -yl]- tetrahydro -furan-2 -yl)-5-methy |-1H-
pyrimidine-2,4dione (AHE) molecule have been investigated theoretically by performing density func-
tional theory (DFT), and semi empirical molecular orbital calculations. The geometry of the molecule
isoptimized at the level of Austin Model 1 (AM1), and the electronic properties and relative energies
of the molecules have been calculated by density functional theory in the ground state. The resultant
dipole moment of the AHE molecule is about 2.6 and 2.3 Debyes by AM1 and DFT methods respec-
tively, This property of AHE makes it an active molecule with its environment, that is AHE molecule
may interacts with its environment strongly in solution.

Keywords: anti-HIV drugs; AHE molecule; Austin Model 1 (AM1).

Introduction CyoH13NsO,4 and the molecular mass 267.24 .
AZT wasthe first drug approved against HIV-1

AZT isan anti-HIV drug that reducesthe  and is till widely usedin combination with other

amount of virus in the body. Anti-HIV drugs, antiretrovira drugs.[3]

such asAZT slow down or prevent damage to the

immune system, and reduce the risk of develop-

ing AIDS-related illnesses. AZT is one of the O

nucleoside reverse transcriptase inhibitors HN

(NRTIs).[1] These drugs work by disrupting an /J\ | Q

HIV protein or enzyme called reverse transcrip- 0" N /o) 2 N N

tase which is involved in the production of new HO— < :@%

viruses. AZT is an abbreviation for the name azi- 0

dothymidine. The drug is often referred to by its

generic name, zidovudine, which is abbreviated N3

to ZDV.[2] Its chemical name is 3'-azido-3'-  Figure 1. The chemical structure of a:AZT ;b:

deoxythymidine Figure (1), molecular formulais ~ Piperine.
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Common side-effects of AZT include nau-
seq, vomiting, headache, dizziness, fatigue, weak-
ness and muscle pain. Other side-effects occasional-
ly reported from AZT include rashes, severe muscle
pain and inflammation, nausea, insomnia, nail dis-
coloration, and kidney disorders. These toxicities
are more severe and more common in people with
damaged immune systems.[4] Medicines to control
nausea and headache can be prescribed before start-
ing AZT. The side-effects of AZT are most likely to
occur during the early weeks of treatment. AZT may
damage the bone marrow, the substance in the body
which produces blood cells. People with more
advanced HIV infection are more likely to suffer
blood deficiencies such asanemia (low levels of red
blood cells) or neutropenia (low levels of neu-
trophils, atype of white blood cell). In combination
with other risk factors for anemia, such as other
medications and opportunistic infections, taking
AZT may result in more severe Sde-effects[5,6]
Mogt of the sde effects are  caused by the azid
group (N3).[7-10] Therefore, many of researchers
are having some spectacular success at the moment

72

X0« cyclization with inversion

(1999) againgt HIV and AIDS by using a combina-
tion of AZT.[11-18] A much more modified nucleo-
side 1-(5-Hydroxymethyl-4—{ 5—+5-oxo-5-piperidin-
1-yl-penta-1,3-dienyl)-benzo[1, 3]dioxol-2-yl]-
tetrahydro-furan-2-yl)-5-methyl-1H-pyrimidine-
2,4dione (AHE), which isactive against AZT-resist-
ant viruses. Thisdrug isbased on AZT but the azide
group has been replaced by piperinethough it isrec-
ognizebly similar especidly in the stereochem-
istry.[19] The chemical name of piperine (Figure 1)
is1-[(2E, 4E)-5-(1, 3-benzodioxol-5-yl)-1-0x0-2, 4-
pentadienyl], and the chemical formulais C;; Hig N
O,. Piperine can be isolated in good yield from
ground black pepper, which is made up of 5-9 % of
alkaloids that also include piperidine, piperettine
and piperanine and comes from the dried fruit of
aschanti.[20] The IUPAC name of the studied mol-
ecule is 1-(5-Hydroxymethyl -4-[5—5-0x0-5-
piperidin-1-yl-penta-1,3dienyl)—benzo[ 1,3] dioxol -
2-yl]-tetrahydro-furan-2- yl)- 5 -methyl -1H -pyrim-
idine-2,4dione (AHE), and its chemicd formulais
Cy7H3N3O;. The chemica structure is shown in
Figure 2.

cyclic nucleoside
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Figure 2. The chemical structure of AHE.

The relative stereochemistry around the
ribose ring of the nucleosides in DNA and RNA
because the bases can be persuaded to cyclize on
to the ring in certain reactions. Treatment of
deoxythymidine with reagents that make oxygen
atoms into leaving groups leads to cyclization by
intramolecular Sy2 reaction. The amide oxygen
of the base attacks the 3?-position in the sugar
ring. This Sy2 reaction has to happen with inver-
sion, proving that the base and the 3?-OH group
are on opposite sides of the ribose ring. The
cyclized product is useful too. If it isreacted with
piperine ion the ring reopens with inversion in
another S\ 2 reaction and AHE is formed as
shown in scheme |.[21] Because of the biological
and medical importance of the AHE molecule |
have investigated the structural features and elec-
tronic properties theoretically in this work.

Method of calculation

The AHE molecule has been investigated
theoretically by performing semi-empirical
molecular orbital and density functiona theory
calculations.

Semi-empirical self-consistent-field molec-
ular orbital (SCF-MO) method at Austin Modd 1
(AM1) level,[22] within the rediricted Hartree-
Fock (RHF).[23] Formalism has been considered to
optimize fully the geometry of theAHE moleculein
its ground state. Geometry optimization is carried
out by using a conjugate gradient method (Polak-
Ribiere agorithm),[24] then the electronic structure
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of the system has been calculated by applying the
density functiona theory (DFT) method [25] con-
sidering B3LYP exchange-correlation function-
al.[26,27] 3-21G basis set [28] has been chosen in
the DFT calculations. The SCF convergency is set
to 0.001 kca/mol and the RMS gradient is set to
0.001 kcal/(Ae mol) in the calculations. We have
performed all the calculations by using the
HyperChem-7 packet program,[29] running on
Windows XP Workstation in Pentium IV PC.

Results and Discussion

Some molecular information about the system
considered are given in Table (1) .

Table 1. Some molecular information about the AHE

. Value
Quantity AMI DFT
No. of electrons 196 270
No. of doubly occupied 08 135
levels
No. of total orbitals 179 216

Quantity Value AM1 DFT No. of elec-
trons 196 270 No. of doubly occupied levels 98
135 No. of total orbitals 179 216 The geometry
optimization of AM1 and DFT methods yields a
non-planar structure as the stable form with C1
symmetry of the AHE. In the AHE some of the
carbon atoms have positive excess charge, some
of them have negative excess charge, the magni-
tude of positive charges vary from + 0.047 to +
0.403 (AM1) and 0.021 to + 0.451 (DFT), where-
as the magnitude of negative charges vary from
- 0.010 to - 0.235 (AM1) and - 0.001 to - 0.274
(DFT). All the oxygen atoms have negative
excess charge, their magnitude vary from —0.235
to — 0.384 (AM1) and - 0.267 to - 0.378 (DFT).
Similar to carbon atoms some of the hydrogen
atoms have positive excess charge, some of them
have negative excess charge, the magnitude of
positive charges vary from 0.076 to 0.226 (AM1)
and 0.004 to 0.219 (DFT), where as the magni-
tude of negative charges vary from - 0.010 to -
0.021 (DFT).
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Finally, the nitrogen atoms have negative
excess charge, their magnitude vary from — 0.283
to — 0.382 (AM1) and — 0.379 to — 0.441 (DFT).
The large charge accumulation takes place on the
oxygen and nitrogen atoms. |sosarface of the elec-
trostatic potential (ESP) of molecule is shown in
Figure (111). Dark (green) colors indicate negative
ESP regions and light (violet) colors indicate pos-

(b)

Figure 3. Isosurface of electrostatic potentia in the
spatial vicinity of AHE. a AM1 b: DFT.

itive ESPregions. These figures shown that oxygen
and nitrogen atoms have more negative ESP
regions in compare with other atoms. This means
that oxygen and nitrogen atoms undergo protona
tion reaction with acidic reagents.[30]

The calculated energies values obtained
by different methods (AM1 and DFT) of the sys-
tem studied as well as the highest occupied and

Table 2. The energy values ( in kcal mol-1 ), the MO
energy of HOMO,LUMO levels@ E (in eV), and
dipole moment p (in Debyes ) for AHE which is cal-
culated by AM1 and DFT methods.

Quantity Method

AMI DFT
Total energy -155448.6  -443286.2
Binding energy -7045.7  -—---
Iefq‘::lfgtid AOMIC 148402.9  wenees
Electronic energy _]444071 3 "2955179
E]‘t); fangn 1288622.7 ---n-
Heat of formation -60.58 -
Lowest level 7.203 -594.9
Highest level -42.76 93.109
HOMO -8.500 14.669
LUMO -0.285 15.133
AE 8215 0.464
v 2.575 2.309
eK, ee and eN -
Energy 2955178.9
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Figure 4. The vibration spectrum of the studied molecules. Normal mode frequencies, varies between 290
and 3520 cm*, and infraded band intensities vary between 20 and 360 km mol™.

74

Ecl. Quim., Sdo Paulo, 33(1): 71-76, 2008



the lowest unoccupied MO (HOMO and LUMO
respectively) energies and the interfrontier MO
energy gap (LUMO — HOMO energy difference,
& E) with the lowest and highest level energy val-
ues are also given in Table (I1).

The AHE molecule has a binding energy
vaue of about — 7045.7 kca mol-1 (AM1). On the
other hand, the heat of formation of the system stud-
ied is exothermic and has the value of about -60.58
kca mol-1.The LUMO —HOMO gap of theAHE is
about 8 eV by AM1 and 1 by DFT methods.

The resultant dipole moment of the AHE
molecule is about 2.6 and 2.3 Debyes by AM1
and DFT methods respectively .This value of
dipole moment may be considered as large for
such a molecule.[31] This high dipole moment
may make the AHE molecule reactive and
attractive for the interaction with other systems,
in other words the AHE molecule with large
dipole moment my be very polar (hydrophilic).
This property of AHE makes it an active mole-
cule with its environment that is AHE molecule
may interacts with its environment strongly in
solution.[32]

The infrared spectrum (IR) for the studied
molecule calculated according to DFT method is
displayed in Figure V. To best of our knowledge,
the experimental spectrum has not been reported
in the literature. The range of the vibrational fre-
quencies varies between 290 and 3503 cmrL. The
infrared band intensities vary between 20 and 360
km mol-1. The principal peaks are as following:
The scaled —OH rocking in the range 299-650
cmrl, several CH, rocking in the range 900-1000
cm-l, the asymmetric stretching of C-C-O in the
range 1000-1060 cmi, C-O stretching in the
range 1100-1200 cmr, the O-H and C-H rocking
in the range 1300-1425 cml, the -CH; wagging
in 1400-1550 cml, the stretching C=0O in the
range 1650 and 1780 cm, the stretching C-H
appear in the range 2800-3050 cn?, stretching of
N-H in the range 3300-3390 cml, finally the O-
H stretching in the range 3450-3390 cml. These
values could be compared with the peaks
obtained for the IR spectra of the parent mole-
cules AZT and Piperine. For example, the 1470
cmrl peak could be related with the experimental
1495 cmr?; the 1513 cmr! peak could be related
with the experimental 1450 cnrl; and the 3442
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cmr! peak could be related with the experimental
3390 cmrl.
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