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ABSTRACT

TheDFT[B3LY P/6-311G**(d,p)] theoretical study have been performed
to calculate the total energies, optimized geometry, molecular orbitals,
and vibrational spectra of the following molecules
diazabicyclo[1.1.0]butane (DABCB), bicyclo[1.1.0]butane (BCB),
diazabicyclo[2.1.0] pentane (DABCP), and bicyclo[2.1.0] pentane(BCP).
A complete vibrational assignment was proposed. The structural param-
eters and puckering potential profiles were analyzed. The DABCB mol-
ecule possess twoconformations, themost stable form was the puck-
ered which was 312.4 kJ mol? lower than the planar form. While the
DABCP molecule had three conformations, it can be arranged accord-

ing to their stability in the following order; envelop, twist, and planar.
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INTRODUCTION

The establishments of the density function theory
(DFT) method give the advantage to study the ge-
ometry, and thevibrational spectraaccurately. Inthe
DFT method the electronic energy (E) equal to
E+E +E+E, .. Where E. is the electronic kinetic
energy, E, the electronic nuclear attraction, E,the
electron-electron repulsion energy, and E,  is the
electron correlation energy. E, . represented the ex-
change energy from the antisymmetric wavefunction
and the dynamic correlation in the motion for each
electron, which makes the DFT plenary method™.
Therefore, the DFT theoretical cal culations encour-

age many workers to estimate the most stable con-
formers of cyclic and bicyclic compoundg?4:
Since small ring compounds consisting of three
or four membered rings, play an important role in
the modern organic chemistry®. The
bicyclo[1.1.0]butane(BCB) is an interesting com-
pound, because of itsunusual bonding and high sym-
metry. It isformed from the combination of two highly
strained rings(fused rings). This compound was
foundin 19601 and synthesized in 1963". The struc-
ture of BCB molecul ehas been studied experimen-
taly®, plus its photochemistry!®. Jensenl*¥ exam-
ined the BCB molecular structure and the vibrational
spectra theoretically using Hartree-Fock (HF),
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DFT(B3LY P), plusthe MP, |evel stheory by employ-
ingthe6-311G**basis s&t, while Berezin et a.[¢ used
the ab initio method. Jensen concluded that multi-
plying the calculated vibrational frequenciesresults
by correction factors make them in agreement with
the avail able experimental data. The bicyclo[2.1.0]
pentane(BCP) was prepared using UV-irradiation on
2,3-diazabicyclo[2.2.1] hept-2-ene, whichisapho-
tochemical precursor of the(BCP) compound™. The
BCP molecular structure was obtained experimen-
tally by microwave. Gerent et al.l*Z evaluated theo-
retically the optimize geometry, and thenorma mode
frequencies for BCP molecule [using semi-empiri-
cal PM, method] and comparing them with experi-
mental data. They postulated that the differences be-
tween the theoretical and observed values related
to the computationa model approximation. Murray
et al.™¥ employed the HF/3-21G computational
method to evaluate the strained of cyclic hydrocar-
bonswith aza-substituted cyclic hydrocarbons. They
pointed out that when two nitrogen atomsintroduced
in cyclopropy! ring,diaziridinemoleculewill be pro-
duce. The energy of diaziridine was 17 kJmolYless
than cyclopropane, whichindicatearisein ring sta-
bility.

Since, there are no available theoretical and ex-
perimental data presentingdiazabicyclo [1.1.0]
butane(DABCB), and diazabicyclo [2.1.0]
pentane(DABCP) molecules, so the goal of the
present theoretical study was to calculate the opti-
mized mol ecular geometry, vibrational spectra, and
conformational analysisfor thefollowing molecules
DABCB, and DABCP. Furthermore the study in-
volved the BCB, and BCP molecules in order to
evaluate and standardize the work results.

Computational method

In the present work, the quantum chemical den-
sity functional theory was employed using Beck' s
three-parameter hybrid function® with the Lee-
Yang-Parr correlation functional B3LY Pmethod>14,
The DFT™ |evel with standard 6-311G** (d,p) ba-
sis set were carried out using Gaussian 03¢, The
DFT method was used to compute the optimized geo-
metrical parameter, energy of molecular orbitals
(bonding, and frontier), total energy, and potential
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energy curve for the following molecules DABCB,
BCB, DABCP, and BCP. The fundamental vibra-
tional frequencies, IR intensities and Raman activ-
ity were calculated only forDABCB, and BABCP
molecules.

The conformational analysistreatment wasdone
by plotting the potential energy curve: when theto-
tal energy of the molecular optimized geometry
[equilibrium geometry (Eeq)] was obtained plusits
dihedral anglef[represents the angle between the two
ring plans] in molecule. The angle 6 was changed
by 10 degree, and the total energy (E) was calcu-
lated for each anglevalue. Thepotentia energy curve
was drawn between (AE= E.- E)as a function of
the angle 6. The minimum and maximum energies
which were determined from the curve indicated the
most stable and transition-state respectively. Then
the conformational structures for the studied mol-
ecules were evaluated.

RESULT AND DISCUSSION

DABCB and BCB molecules

The structures and the numbering of atoms for
the DABCB, and BCB molecules were depicted in
Figure 1. Thecalculated optimized structura param-
eters for both molecules such as bond length, bond
angles, and dihedral angles[using DFT and B3LY P
method with basis set 6-311G**(d,p)] were listed
INTABLE 1. Thetable a so revealed that the results
of thiswork werein good agreement with other theo-
retical available data**9. Furthermore the BCB
molecul es resultswere coincide with the obtainable
experimental data®.

Thetheoretica optimized geometry resultsof this
treatment demonstrated that DABCB and BCB mol-
eculeswere puckered, Figure 1. The dihedral angle
(0) for the DABCB molecule (C,-N,-N-C,) equal
114.1°, and the angle (C,-C,-C-C,) for the BCB
molecule was 122.0°, TABLE 1. The table also in-
dicated that the val ues of the bond angle (C,-N,-C )
=91.3°in DABCB was smaller than the similar bond
angle(C,-C -C,) =98.7°for theBCB molecule. The
deviation from planarity and also the smaller value
of the angles (C,-N,-N,-C)) and (C,-C,-C-C)) in
DABCB molecule were presumably related to the
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Figure 1 : The numbering scheme for the (1) DABCB, and (I1) BCB molecules the N-atoms. But the deviation of the
structure for the BCB molecule and its existence in puckered conformation may be related to the eclipsing in the
planar form(,

TABLE 1 : The optimized geometry results of DABCB and BCB molecules using the DFT (B3LYP) level with 6-
311G**(d,p) basis set, plus the available theoretical and experimental data

DFT DFT DFT DFT

Structural parameter 6-311G**(d.,p) 6-31G*(d) Structural Parameter 6-311G**(d,p) 6-311G** Exper[isr]nental
DABCB In thiswork 1 BCB In thiswork (10l
Bond Length in(A)
N3-N3 1.529 1.535 Ci-Cs 1.493 1.491 1.497
N;-C; 1.460 1.462 Ci-C; 1.499 1.499 1.498
Cy-Hs 1.091 - Cy-Hs 1.091 1.091 1.096
Cy-Hs 1.085 - Cy-Hs 1.086 1.087 1.088
- - - Ci-Ho 1.078 1.078 1.076
Bond Anglein degree
Cr-N;-C4 91.3 - C,-Ci-C,4 98.7 - -
N;-Cx-Hs 118.0 - C1-Co-Hs 119.2 - -
N;-Co-Hg 1154 - C;-Cx-Hg 116.9 - -
N;-N3-C, 58.4 - Ci-Cs-C; 60.1 -
N;-Cx-N3 63.2 - Ci-CCs 59.7 59.6 60.0
Hs-Cs-He 116.2 - Hs-Cs-He 114.2 114.8 115.8
- - - C,-Ci-Hg 129.8 129.9 130.4
- - - Cs-Ci-Hg 129.8 129.4 128.4
Dihedral anglein degree
C4-N1-C5-Hs 58.0 - C4-C1-Cy-Hs 60.6 - -
C4-N1-C-Hg -158.0 - C4-C1-Cy-He 155.0- - -
C,-N3-N;-C4 114.1 114.1 C,-C3-Ci-Cy4 122.0 - -
; - - Hs-C,-Ci-Hg -113.1 - -
- - - Hs-C5-Cs-Hyo 113.1 - -
- - - C4-C3-Cx-He 155.0 - -
- - - Hs-Co-Cs-Hig 11.1- - -
- - - Hs-C,-C-Hg 11.1 - -
- - - Ho-C1-Cs-Hio 0.0 - -
two lone pairs electrons for group, thereforeit has 18 normal modes distributed

Sincethe DABCB moleculebelongsto C, point  asl’ , = 7A +3A_+3B,+5B,. All the 18 fundamental
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TABLE 2 : The theoretical vibrational frequencies (cm?),with its assignment for DABCB molecule

No. Sym. (FC :T;CCi) I (Iirlrr]]trﬁgflt)y R?ana?g_\f)'ty Assignment

Vi A 570 4.14 1.80 PCH, (+) + ring flap
Vo 786 0.13 7.31 NN + pCH, (+)
V3 1179 0.03 23.84 TCHy(+) + VNN
Va 1261 14.40 16.87 TCHy(+) + VNN
Vs 1545 2.49 4.58 SCH,(+)

Ve 3054 46.54 207.25 vCHy(+)

\ 3186 14.18 116.23 VasCHa(+)

Vg A, 829 0.00 4.03 Ring def. + TCHy(-)
Vo 982 0.00 2.62 TCHa(-)

V1o 1139 0.00 6.60 ®CHy(-)

Vi1 B, 763 37.80 0.99 yCH (+) +Ring def.
Vi2 1129 3.08 8.17 TCHy(+)

Vi3 1204 13.05 0.94 ®CH,(+)

Vig B, 1112 4.82 0.09 PCH; ()

Vis 1173 18.57 10.22 ®CHa(-) + vaNCN
Vi6 1507 0.10 5.20 SCHy(-)

V17 3054 19.39 253 veCHa(-)

Vig 3185 15.50 45.71 VasCHa(-)

Abbreviations used;v,-a symmetric stretching; def-deformation;

v, symmetric stretching; v- twisting; o- wagging.

vibrations are activein Raman scattering, and in In-
frared except A, species. The whole calculated re-
sults including the vibrational frequencies and in-
tensitieswith thereliable assi gnment were presented
in TABLE 2, and Figure 2, while the theoretical In-
frared and Raman spectrumswere presented in Fig-
ure 3. TABLE 2 and Figure 2 demonstrated four CH,
stretching vibrations (v, v., v, v,o). Two of them
(v,,v,) Were assigned as asymmetric stretch and the
others identified as symmetric stretch. All of them
were highly intensive modesin IR and Raman. This
result was consi stent with the assignments proposed
for BCB molecule?., It iswell know that the asym-
metric stretch vibration of CH, group always oc-
cursat higher wavenumber compared with symmet-
ric stretchvibration. In cycloalkane compounds, there
isalinear relationship between thewavenumber of
CH, stretching and the angle of strain in the ring.
The CH, stretching vibration for cyclopropane oc-
curs at ahigher wavenumber as compared to that in
cyclohexane.

According to thiswork resultsthemodes v, and
v, were assigned as CH,, scissoring and possessed

v-out-of-plane bending; p-rocking; 8- scissoring; v- stretching;

symmetries A, and B,. The five following
modes(v,,v,,v,, v, v,,) were specified as CH, twist-
ing vibrations. Thev,and v, possessed the symme-
triesA, and B, respectively, and showing pure CH,
twisting motion. Themodes v, and v, having coupled
CH, twisting, and N-N stretching vibrations. While
v, had mixed motionsCH, twisting and ring defor-
mation. Modes v,  and v, were assigned as CH,
wagging, while v, . showingCH, wagging plus asym-
metric NCN stretching. v, , indicated CH, asymmet-
ric rocking vibration to plan of symmetry.

Thehighly symmetric modes (v, v,) having two
types of motions.v, own thelowest wavenumber, so
its vibrations can be describe as CH_rocking plus
ring flap, while v, motionscharacterized as CH,
rocking mixed with N-N stretching, Figure 2. Gen-
erally all the CH, deformation vibrations can be de-
scribed in the following series according to its de-
creasing wavenumber as scissoring: twisting, and
rocking. Finally v , was assigned as CH out of plan
bending, coupled with ring deformation.

Figure 4 described the energy val ues, shapes,and
symmetry assignmentsfor all bonding molecular
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Figure 2 : The displacement vectors, wavenumber, and symmetries of eighteen normal mode of DABCB molecule
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Figure 3 : The calculated (a) infrared, and (b) raman spectrum of DABCB molecule
orbitals [including the highest occupied molecular  lar orbital LUMO for DABCB molecule. it also dem-
orbital HOMQ], plusthelowest unoccupied molecu- — onstrated the symmetry assignment for each mol ecu-
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orbital 1 (A;)
E=-14.36844 a.u.

orbital 2 (B;)
E=-14.36833 a.u.

Orbital 5 (Ay)
E=-1.10442 a.n.

orbital 6 (B;)
E=-0.73551 a.u.

orbital 9 (A,)
E=-0.52848 a.u.

orbital 10 (B;)
E=-0.48559 a.u.

orbital 13 (A)
E=-0.38161 a.u.

orbital 14 (A;)
E=-0.32518 a.u.

lar orbitals. BoththeHOM O and LUMO arethemain
orbitalsin chemical stability. The high energy value
of HOMO (E=-0.266 a.u.) represented the ability to
donate an electron, and the low energy value of
LUMO (E=-0.006 a.u.)indicated the ability to ob-
tain electron. The energy gap between LUMO and
HOMO orbitals was (0.260a.u.)

Thepotential curvewas plotted between AE and
the dihedra angle 6(< C,-N_,-N,-C4) and (< C,-C.-
C,-C4) for DABCB and BCBmoleculesrespectively,
Figure 5. For the DABCB molecule, the dihedral
angle 6 was changed from 70 to 290 degree with an

orbital 3(A;)
E=-10.24554 a.u.

orbitald (A;)
E=-10.24554 a.u.

.»

orbital 7 (By)
E=-0.69586 a.u.

orbital 8(Aq)
E=-0.63078 a.u.

orbital 11 (B;)
E=-0.39960 a.u.

orbital 12 (A;)
E=-0.39681 a.u.

orbital 15 (B,)
E=-0.26644 a.u.

orbital 16 (A;)
E=-0.00616 a.u.

Figure 4 : The calculated energy, shape, symmetry of (bonding and L UM O)molecular orbitals for DABCB molecule

interval of 10°. The curve demonstrated symmetri-
ca doubleminimum(a) with one maximum energy(b).
The two minimum energy points found at (6) 114°,
and 246°, which revealed the most stable puckered
conformer. The maximum energy (b) waslocated at
(6) 180°, which indicated planar conformer. There-
fore, DABCB molecule had two conformationsonly
(puckered and planar). The puckered was more
stable than the planar form by 312.4kJ mol2. The
potential curve for BCB molecule, demonstrated
asymmetrical form with two dissimilar
minimum(Figure5.a, and c.), and one maximum en-
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Figure 5 : Potentail energy curves for DABCB(blue), and BCB (red) molecules a, ¢ presented thepuckered and b

planar conformation

Il
Figure 6 : The numbering scheme for

ergy (Figure 5.b).

The two minimum energies located at the fol-
lowing angles 122° and 260°, which illustrated two
puckered forms. The puckered conformation (&) had
lower energy than (c) by 716.8 kJ mol. This may
berel ated to the steric effect between the non-bonded
hydrogen atoms. The unstable conformer (b) at the
dihedral angle 240° may be due to the non-bonded
interaction (steric effect or eclipsed arrangement)
for the hydrogen. The energy difference between the

the (111) DABCBP(I11), and BCP(1V)

most stable conformer (a) and unstable conformer
(b) was 695.8 kJ mol .

DABCP and BCP molecules

The optimized theoretical geometric parameters
resultsfor the DABCP and BCP moleculeswere pre-
sented in Figure 6, and TABLE 3, plustheavailable
theoretical and experimental datal> 24,

From thetableit can be concluded that thiswork
results were in agreement with the observed?! and
other theoretical resultg*?. The dihedral angle () <
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TABLE 3:-The optimized geometry data of DABCP and BCP molecules usingthe DFTlevel with (B3LY P)6-
311G**(d,p) basis set, plus the available theoretical and experimental data

Structural parameter  DFT 6-311G**(d,p)  Structural Parameter  ]|DFT 6-311G**(d,p)  Ab initic™” Exper[izg?entaj

DABCP In thiswork BCP In thiswork
Bond Length in (A)
N..C, 1.503 C.C, 1.534 1.531 1.528
CrCs 1534 C-C3 1.566 1.559 1.565
N1-Ng4 1.579 Ci-Cy 1.535 1.518 1.536
N;-Cs 1.443 C.Cs 1.504 1.498 1.507
CxHg 1.089 C>Hg 1.001 1.084 1.085
CxHg 1.094 C>-Hg 1.095 1.086 1.097
Cs-Hg 1.001 Cs-H, 1.085 1.077 1.088
Cs-H, 1.085 Cs-Hg 1.088 1.088 1.090
- - Ci-Hyp, 1.083 1.076 1.082
Bond Angle in degree

C>Ni-Ny 89.1 C,-C-C, 90.6 - -
C»N;-Cs 105.1 C,-C-Cs 110.3 112.8 112.7

N;-C,-Cs 90.9 Ci-Cx-Cs 89.4 - -

N;1-Cs-Ny4 66.3 Ci-Cs-Cy 61.4 - -

N1-N4-Cs 56.8 C1-C4-Cs 59.3 - -

N;-C,-Hg 109.8 C1-Cx-Hg 113.1 - -
N;-Cs-H- 1139 C1-Cs-H5 1155 1154 114.7
N;-Cs-Hg 1194 C1-Cs-Hg 120.2 120.4 119.0
N;-C-Hg 1133 Ci-C-Hg 115.8 115.8 115.2

CrCs-Hyy 1185 C,-Ca-Hyy 117.0 - -

C»-Cs-Hyo 1138 C,-Cs-Hyo 1120 - -
Hg-C2-Hg 109.3 Hg-Co-Hg 108.6 1120 111.9
He-Cs-H- 1151 He-Cs-H- 114.2 114.3 116.7

- C,-Ci-Hy, 125.6 - -

- C1-C4-Hyg 128.7 - -
- Cs-Ci-Hyo 121.6 121.7 121.2

Dihedral anglein degree

N4-N;-Co-Cs 0.0 C4-Ci-Co-Cs 0.0 - -

Cs-N;-C,-Cs 55.2 Cs-C1-Co-Cs 57.3 - -

Cs-N4-N;-Co 108.8 Cs-C4-C1-C, 1134 - -

N1-N4Ca-Hyy 121.7 Ci-C4-Cs-Hyy 119.9 - -

N4-C3-Cx-Hg -112.1 C4-C3-Cx-Hg -114.8 - -

N4-N-Co-Hg 115.7 C4-Ci-Cy-Hg 113.8 - -

Cs-N;-Co-Hg -66.5 Cs-C1-C-Hg -62.6 - -

Cs-N1-Co-Hyg 170.9 Cs-C1-Cx-Hg 171.1 - -

C>N-Cs-Hg 32.8 C,-C;-Cs-Hg 321 - -

C>N;-Cs-Hy 174.4 C,-C;-Cs-Hy 1755 - -

N4-Cs-Cx-Hg 117.3 C4-C3-Cy-Hg 1189 - -

Hg-C,-C3-Hy -130.6 Hg-C,-Cs-Hyo -126.3 - -

Hy-C,-Cs-Hy 0.0 Hg-C,-Cs-Hyg 0.0 - -

Hg-Co-Ca-Hyy 0.0 Hg-Co-Cs-Hyy 0.0 - -

) - Hi2-C1-Cy-His 0.0 - -

- - C,-C3-Cs-Hys 140.9 - -

- - H10-C3-Cs-Hyz 27.2 - -

) - H11-C3-Cy-His -99.1 - -

- - Cs-C4-Ci-Hypp 138.9 - -

- - H7-Cs-Ci-Hyo 129 - -

' N He-C5-Ci-Hip -130.5 - -
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TABLE4:- The theoretical vibrational frequencies, IR intensities and Raman activity with assignmentfor the

24normal modes of the DABCP molecule

No. sym. el IRintensty  Ramep adiviy Assgnment

2 A’ 488 3.40 2.60 Envelop Flap + pCH,, (1-br)

Vo 658 0.38 7.30 vsNN

V3 792 0.96 1.46 pCH, (+) (2-br)

Va 949 13.14 14.41 Ring eongation(dt)+ pCH, (1-br)

Vs 1005 227 21.42 vC-C

Ve 1104 2.96 5.62 pCH, (+) (2-br)+ pCH, (1-br)

V7 1204 4.66 7.34 pCH, +Ring el ongation (dt)

Vg 1265 12.67 831 pCH, (+) (2-br)+ vsNCN + Ring def.(dt)
Vo 1321 2.16 3.22 ®CHy(+)(2-br) +v;C-C+Ring breath(dd)
V1o 1508 0.60 8.40 SCHy(+) (2-br)+ 6CH, (1-br)

Vi1 1528 3.08 2.82 SCH,(+) (2-br)+ 8CH, (1-hr)

V12 3042 45.68 127.88 v{CH,(+)(2-br)

Vi3 3063 32.44 133.57 vsCH, (1-br)

Vig 3126 33.75 93.94 vasCHa(+)(2-br)

Vis 3177 11.92 104.07 vasCH, (1-br)

Vig A" 297 4.18 0.23 Ring Pucker(dt)+ pCH2(-)(2-br)

V17 765 3.01 1.60 Ring def.(dt)+ tCH,(1-br)

Vig 791 8.95 3.78 Ring def.(dd+dt)

Vig 953 19.66 212 Ring def.(dt+dd)+ tCHy(-)(2-br)

Voo 1093 5.60 2.85 Ring puck.(dt)+ tCH,(1-br)+ pCH,(-)(2-br)
Vo1 1151 0.43 153 Ring puck.(dt)+ tCH,(1-br) + pCHy(-)(2-br)
Voo 1189 2.34 1.00 ®CH, (1-br)

Vo3 1218 0.54 3.74 TCH,(-) (2-br)

Vo4 1310 5.26 0.58 ®CHy(-) (2-br)

Vos 1501 1.34 11.45 SCHy(-) (2-br)

Vog 3033 48.05 72.37 vCH,(-)(2-br)

Vo7 3110 2.87 67.35 vasCHa(-)(2-br)

C.-N,-N,-C, in DABCP was smaller than the (0) <
C.-C,-C-C, in BCP molecules (108.8°, 113.4° re-
spectively).

DABCPmolecule consist of 11 atoms, therefore
it contains27 modes of fundamental vibrations. These
modes are distributed into the irreducibl e represen-
tation under Cssymmetry asI' , = 15A2 +12A22.
All the27 fundamenta vibrationsareactively in both
Raman scattering and Infrared absorption. The com-
puted vibrational wavenumbers, IR intensities,
Raman activity, with the compl ete assignment were
summarized in TABLE 4. The DABCP molecule
possesses three CH,, groups, two of them existed in
thediazetidinering (2-bridge), and the remainingone
belongs to the diaziridine ring(1-bridge). So it has

three CH, symmetric (v, v, v,) and
threeCH asymmetric (v_,, v, v,,) stretching vibra-
tions. The normal modes v, (v, CH,) andv, (v
CH,) wererelated to the CH,, vibration, which exist
in diaziridine ring, Figure 7. While the other four
modes belong to CH, group vibrationin diazetidine
ring, hadthe lowest wavenumber than the vibration
of CH, in diaziridine ring. The same behavior was
seen cycloakane hydrocarbong?> 23,

Abbreviations used;v_-asymmetric stretching;
(1-br)-1-bridge(N,); (2-br)-2-bridge(N,-N3) def-de-
formation; dd-diaziridine; dt-diazetidine; (+)-in-
phase;y-out-of-plane bending; (-)-out-phase;p-rock-
ing; &-scissoring; v-stretching; v_symmetric stretch-
ing; v-twisting;t-wagging.
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Figure 7 : Thedisplacement vectors, wavenumber, and symmetries of the eighteen normal model of DABCP molecule
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Figure 8 : The calculated (a) Infrared, and (b) Raman spectrum of DABCP molecule
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wp
orbital 1 (A") orbital 2 ( A™) orbital 3(A") orbitald (A"
E=-14.34788 a.u. E=-14.34781 a.u. E=-10.23060 a.u. E=-10.21153 a.u.

orbital 5 (A") orbital 6 (A") orbital 7 (A" orbital 8( A")
=-10.21131 an. E=-1.05128 a.u. E=-0.77454 a.u. E=-0.75953a.u.

orbital 9 (A") orbital 10 (A") orbital 11 (A")
E=-0.63453 a.u E=-0.57340 a.u. E=-0.52334 a.u. orbital 12 (A")
E=-0.49291 a.u.

orbital 13 (A") orbital 14 (A"™) orbital 15 (A" orbital 16 (A"
E=-0.45267 a.u. E=-0.41266 a.u. E=-0.41206 a.u. E=-0.35735 a.u.

orbital 17 (A") orbital 18(A") orbital 19 (A") Orbital 20 (A")
E=-0.33818 a.u. E=-0.28672 an. E=-0.24682 a.u. E=-0.00923 a.u.

Figure 9 : The calculate energy, shape, symmetry of (bonding and LUM O)molecular orbitals for DABCP molecule
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Figure 10 : Potentail energy curves for DABCP(blue), and BCP (red) molecules

TABLE 5 : The calculated energy of the four molecules under study

BCP DABCP BCB

DABCB Molecule

-418328.53 -596975.32 4009554.12-

493732.85 Total energy kd mol™

Figure 9, depicted the shapes, and the values of
the calculated energies for DABCP molecular or-
bitals. The energy for frontier molecular orbitals
(Eyono @d E o) Were -0.247 and -0.009 a.u.
consequently. The LUMO-HOMO energy gap was
0.238 a.u., which reflect the chemical activity of the
molecule. The Figure elucidated that the HOMO lo-
calized at the nitrogen atoms, while the LUMO lo-
calized at al therings atoms.

The potential energy curves (drawn as mentioned
for DABCP and BCP molecules) which revea ed by
changing the dihedra angle (0) (C,-N,-N,-C,), and
(C,-C,-C,-C)) respectively, from 20°to 340°, Figure
10. The asymmetrical potential energy curve shows
two minimum and one maximum.

In DABCP molecule the first minimum corre-
sponded to the envel op conformation (@) at 6 equal
108.8°. The second minimum at 230° which matched
the twist conformation (c), with energy of 333.4 kJ
mol-*above the envelop form. The maximum energy
appeared at 180°, which mean it form planar (b)with

Physical CHEMISTRY o

372.8 kJ mol* higher than the energy of envelops
conformation. The stability of the three conforma-
tions for the DABCP molecule can be arranged in
the following order envelop >twist> planar.

The potential energy curve of the BCP mol-
ecule, revealed three conformations, Figure 10.
The most stable envelop form (a), and a shallow
minimum conformation (c) occurred at the angles
113.4°, and 250° respectively, with the energy dif-
ference of 1023.9 kJ mol-* The maximum semi-
planar conformation(b) appeared at 220°, its en-
ergy 1068.6kJ mol-tabove the envel op conforma-
tion.

The computed total energies for the molecules
under study were presented in TABLE 5. The total
energy of BCB >DABCB, and BCP>DABCP. This
can be attributed to the introduction of azanitrogen
intothestrained ring. Murray et al .'*3 mentionedthat
increasing the number of nitrogen atomsin any cyclo
strained series rising the molecul ar stability, due to
lone pair o —conjugation.
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CONCLUSION

Since the available data for the DABCB and
DABCP moleculesarerarethiscomputationa study
IS more proper for studying the structures, vibra-
tional spectraand conformational analysis.

According to this theoretical calculation, the
conclusion can be summarizedin:

1- The calculated vibrational spectra for DABCB
and DABCP moleculeswith reliable assignment re-
vealed that the CH, stretching vibration (symmetric
and asymmetric) for diaziridine ring occurs at a
higher wavenumber than diazetidinering.

2- The puckered conformationsfor (DABCB, BCB
mol ecul es) and the envelop for (DABCB, BCB mol-
ecules) were the most stable. The smallest value of
thedihedralangles (6, ., = 114.1°<6, , = 122.09,

and (0, = 108.8°<0,, = 113.4°) caused by the
lone pair of electrons for N-atoms.
3- The total energy of

BCB > DABCB and BCP > DABCP molecules, this
may be related to the introduce of aza nitrogen into
the cyclic rings. Thisstability owing to lone pair -
conjugation.

REFERENCES

[1] J.B.Foresman, A.Frisch; Exploring chemistry with
electronic structure methods, 2™ Gausian Inc.,
Pittaburgh, USA., (1996).

[2] FEFreeman, M.L.Kasner, W.J.Hehre; An ab initio
theory and density functional theory (DFT) study
of conformers of tetrahdro-2H-pyran,
J.Phys.chem.A, 105, 10123-10132 (2001).

[3] Y.V.Vishnevskiy, N.Vogt, J.Vogt, A.N.Rykov,
V.V.Kuznetsov, N.N.Makhova, L.V.Vilkov; Molecu-
lar structure of 1,5-diazabicyclo [3.1.0]hexane as
determined by gas electron diffraction and quan-
tum-chemical calculations, J.Phys.Chem.A; 112,
5243-5250 (2008).

[4] C.Rout, S.K.Jain, N.Sharma, R.C.Rastogi, Enoliza-
tion of cyclopropanoneand cyclopropanethione: A
theoretical study, Internet Electron, JMol.Des., 5(7),
387-402 (2006).

[5] A.Weissberger, E.C.Taylor; The chemistry of het-
erocyclic compounds, ISSN, (1984).

[6] K.V.Berezin, V.V.Nechaev, M.K.Berezin,

—= Pyl Paper

N.F.Stepanov, S.V.Krasnoshchekov; Theoretical in-
terpretation of the vibrational spectrum of
bicyclo[1.1.0]butane in terms of an ab initio
anharmonic model, optics and spectroscopy, 117(3),
366-373 (2014).

[71 R.Srinivasan; A simple synthesis of
bicyclo[1.1.0]butaneand itsrelation to theinternal
conversion of electronic energy in 1,3-butadiene,
J.Am.Chem.Soc., 85(24), 4045-4046 (1963).

[8] aK.W.Cox, M.D.Harmony, GNelson, K.B.Wiberg;
J.Chem.phys., 50, 1976 (1969).

[9] b-K.W.Cox, M.D.Harmony, GNelson, K.B.Wiberg;

J.Chem.phys., 53, 858 (1970).

Y.Haas, S.Zilberg; Photochemistry by conical inter-

section: a particular guide for experimentalists,

J.Photochem.Photobiol A, 144, 221-228 (2001).

[11] J.O.Jensen; Vibrational frequencies and structural
determinationof  bicyclo[1.1.0] butane,
J.Mol.Struct.(Theochem), 631, 157-169 (2003).

[12] PG Gassman, K.T.Mansfield; bicyclo[2.1.0] pen-
tane, Organicsyntheses, Coll., 49, 1 (1969).

[13] D.Gernet, W.Adam, W.Kiefer; Matrix-isolation

raman spectroscopy, Semi empirical calculationsand

normal coordinate analysis of strained systems.2,

Bicyclo[2.1.0]pentane, Vibrational Spectroscopy, 17,

31-39(1998).

J.S.Murray, J.M.Seminario, P.Lane, P.Politzer;

Anomalous energy effects associated with the pres-

ence of azanitrogensand nitro substituentsin some

strained systems, J.Mol.Structure (Theochem), 207,

193-200 (1990).

A.D.Becke; Density functional thermochemistry, 3,

The role of exact exchange, J.Chem.Phys., 98,

5648-5652 (1993).

C.Lee, W.Yang, R.GParr; Devel opment of the Colle

Salvetti correlation- energy formulainto afunctional

of the electron density, Phys.Rev., 37, 785-789

(1998).

B.Miehlich, A.Savin, A.Stoll, H.Preuss; Resultsob-

tained with the correl ation energy density functional

of becke and lee, Yang and Parr, Chem.Phys.Lett.,

157, 200-206 (1989).

W.Kohn, L.J.Sham; Self-cond stent equationsinclud-

ing exchangeand correl ation effects, Phys.Rev., 140,

1133-1138 (1965).

[19] M.J.Frisch, GW.Trucks, H.B.Schlegel et al.;
Gaussain 03, (revision D.02), Gaussian.Inc.,
Wallingford, CT, (2003).

[20] GV.Shustov, M.T.H.Liu, K.N.Houk; Facileforma-
tion of azines from reactions of singlet methylene

[10]

[14]

[19]

[16]

[17]

[18]

A Tndéan Joarnal



162 Theoretical study of molecular structure, conformations, and vibrational spectra PCAIJ, 10(5) 2015

FPull Peper - ==
and dimethyl carbenewith precursordiazirines: theo-  [23] Y.R.Sharma; Elementary organic spectroscopy prin-

retical explorations, Can.J.Chem., 77, 540-549 ciples and chemical applications, 4™ Edition,
(1999). S.Chand, India, (2008).
[21] M.B.Smith, J.March; Advanced organic chemistry, [24] E.Pretsch, PBuhlmann, C.Affolter; Structure de-
6" Ed., John wiely& sons, (2007). termination of organic compoundstables of spectral
[22] R.D.Suenram, M.D.Harmony; J.Chem.Phys., 56, data, 3" Edition, Springer, (2000).
3837 (1972).

Physical CHEMISTRY — commmm
A udian Joannal



