E-ISSN: 2278-3229
[JGHC, March 2020 -May 2020 Sec.A; Vol.9, No.2, 158-163.
DOI: 10.24214/1JGHC/GC/9/2 /15863.

International Journal of Green and
Herbal Chemistry

An International Peer Review E-3 Journal of Sciences

Available online at www.ijghc.com

Section A: Green Chemistry
CODEN (USA): IJGHAY

Computational study on the electronic structure of
Phenethicillin-enol zwitterions by Austin Model-1 (AM1)
method

Pingili Kavitha Reddy and Bojja Rajeshwar Rao*

Department of Chemistry, Chaitanya Institute of Science & Technology (Deemed to be
University), Hanamakonda- 506 001, Telangana state

*Senior Chemist (Retired), Chemical Division, Kakatiya Thermal Power Project (O&M), Chelpur-
506170, Telangana State,

Received: 15 March 2020; Revised: 30 March 2020; Accepted: 12 April 2020

Abstract: The geometry, conformation and electronic structure of zwitterions of
phenethicillin-enol tautomer have been optimized and calculated in the gas phase by
using semi-empirical molecular orbital method (AM1), which includes experimental
parameters and extensive simplification of the Schrodinger’s equation (HY=EY) for
calculation of various properties. The mechanism of formation of zwitterions has been
studied and discussed in terms of the heats of formation (AH¢°), dipole moment (),
ionization potential (IP), full atomic charges and energies of frontier molecular orbitals
(Exomo and Erumo). The effect of conformational changes and electronic properties has
also been discussed for stable conformations.
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INTRODUCTION

Isolation of the important intermediate, 6-aminopenicillanic acid was led the preparation of several semi-
synthetic penicillinst. Phenethicillin is one of the penicillin derivatives and studied extensively due to
their favourable absorption patterns and reduced undesirable side effects? particularly in the treatment of
gonorrhoea®. Austin Model-1 (AM1)* is one of the semi-empirical methods with using experimental
parameters and extensive simplification of the Schrodinger’s equation (H¥Y=EY) to optimize molecules
for calculation of various properties to solve chemical problems. In this way gas phase quantum
calculations can reproduce the essential features of chemical processes to obtain quantitative and
qualitative agreement with experiments®.

In view of these observations, the present study on molecular conformation and electronic properties of
Phenethicillin-enol RH (1), the mechanism of formation of zwitterions RH* (2 and 3) has been evaluated
by AM1 method.

Semi-empirical molecular orbital calculations were performed using Austin Model-1 (AM1). Geometry
calculations in the ground state (key words: GNORM=5, MMOK, GEO-OK, CHARGE, and PRECISE)
were completely optimized until get the lowest energy conformation. The initial molecular geometry was
adopted as Pople’s standard data®, and subsequently using fully optimized energy gradient method. The
conformations were designated by Klyne-Prelog terms’ using s = syn, a = anti, ¢ = clinal (0+30°&
180+30°) and all other angles p = peri-planar.

RESULTS & DISCUSSION

Electronic structure of phenethicillin-enol (RH, 1) and its zwitterions (RH*, 2&3): The optimized
electronic structure of Phenethicillin-enol RH (1) and its zwitterions RH*(2&3) as per Scheme-1 and the
numbering are shown in Figure -1. The calculated heats of formation (AH¢°), ionization potential (IP),
dipole moment (u), the energies of frontier molecular orbitals (Exomo and ErLumo) and net charges on
hetero atoms of the molecules (1 to 3) are presented in Table-I. It is observed that the net charges on N-
and Nis-atoms are -0.1449 and -0.2760 respectively in the case of phenethicillin-enol (1). Usually, the
sequence of protonation for nitrogen atoms of phenethicillin-enol (1) is observed in the order of N7 < Nis.
It is also observed that ionization potential values are increased in the order of 2 <1 < 3.

38

Figure 1: Electronic structure of phenethicillin (RH, 1) and its zwitterions
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The calculated values of frontier orbital energies (Exomo and ELumo) reveal the promotion of an electron
from HOMO to LUMO, in a photochemical reaction, the supra-facial path way is allowed, due to the
presence of same sign the case of phenethicillin-enol (1) and its zwitterions (2&3)®. The electron density
of N7- atom and Nis- atom are increased respectively in the order of 3 <2 <1 and 2 <1 < 3. The results
revealed that the dipole moments of molecules depend on the nature of the atoms and bonds comprising
the molecules and on their arrangement. The dipole moment is decreasing in the order of 2 > 3 > 1 and
zwitterion (2) showed higher dipole-moment? The electronegative hetero-atoms cause displacement of
electrons that induces an additional dipole moment in the molecule. The magnitude of the induction
effect® (Wing) Of molecules can be estimated with respect to phenethicillin-enol (1) by using the
equation (1).

Induction effect (uing) = W(RHY) - p(RH) ----------- (1)

It is found that the induction effect is increasing in the case of Aping (3) 5.828D < Aping(2) 15.952D.
According to the heat of formation (AH¢°) data, the stability of compounds have been increased in the
order of 2 < 3 < 1. It is investigated that the phenethicillin-enol (1) is more stable than zwitterions RH* (2
and 3). It can be assumed that the electronic properties and reactivity of the molecule depend on its
conformational structure. It is predicted that the protonation would take place preferably at Nis-atom than
Nz-atom in the case of phenethicillin-enol (1). But, it is found that the stability of zwitterion N/H= (3)
(AH¢, -64.0844 kcal/mol) is more stable than NisH* (2) (AH¢°, -35.3781 kcal/mol).

Table —I: Heat of formation (AHfoin kcal/mol), ionization potential (eV), dipole moment (u in Debye),
energies of frontier molecular orbitals (in eV) and the atomic charges on hetero-atoms of phenethicillin-
enol (1) and its zwitterions (2&3) from AM1 calculations.

Parameters 1 2 (N13H%) 3 (N7H?)
AH¢ (kcal/mol) -100.8945 -35.3781 -64.0844
lonization potential (eV) 8.4589 8.4309 9.4498
1 (Debye) 2.731 18.683 8.559
Enomo (eV) -8.459 -8.432 -9.450
ELuwvo (V) -0.083 -1.537 -0.941
Electron excitation energies 8.376 6.895 8.509
(AE= ELumo - Enomo) (eV)

S, (atomic charge) +0.1012 -0.0145 +0.1133
N7 (atomic charge) -0.1449 -0.1385 +0.0081
N13 (atomic charge) -0.2760 +0.0654 -0.2956
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O10 (atomic charge) -0.3232 -0.6002 -0.5510
012 (atomic charge) -0.2243 -0.2199 -0.2092
O16 (atomic charge) -0.2104 -0.1844 -0.1879
O3, (atomic charge) -0.3535 -0.4670 -0.4475
Oss (atomic charge) -0.3510 -0.1324 -0.3135

Red colour indicates higher values

In the case of formation of zwitterions (2 and 3) is considered by the transfer of a proton from Ogg-atom
of phenethicillin-enol (1) to the Nis- atom in the formation of NisH=* (2) is considered by decreasing net
atomic charges at N7-, Niz-, O1-, O16- and Oss-atoms and increasing at Oio- and Osp- atoms. The
protonation site of phenethicillin-enol (1) at N,-atom is considered in the case of N;H* (3) by increasing
net atomic charges at Niz-atom and decreasing at N7-, O1o-, O12-, O16- Os2- and Ogzs- atoms.

The conformations of phenethicillin-enol (RH, 1) with its zwitterions (RH* 2&3) in the
equilibrium: Equilibrium is typically found in polar solvents by rapid inter- or intra-molecular proton
transfer from Oio- atom to N7- or Ni3- atoms of phenethicillin-enol (1) and it is established as per
Scheme-1. Niz-atom is main basic centre in accordance with the negative charge distribution on N-atoms
(Table-1). To determine the exact proton-migration in phenethicillin-enol (1), the proton affinities (PA)
have been calculated from the heat of formation (AHy°) with full geometry optimization of AM1 method
to attain the stable conformations of the zwitterions RH* (2&3).

Thus, formed zwitterions RH=* (2 and 3) with the protonation at N7- or Nis- atoms of phenethicillin-enol
(1) can be assigned by comparison of its geometry and electronic structure. The proton affinity (PA) °
values for the different nitrogen atoms of phenethicillin-enol RH (1) were calculated by using the
equation (2).

PA

AHP(HY) +  AHP(B) - AHP(BHY) ------- ).

Where PA is the proton affinity, AH°(B) is the heat of formation for phenethicillin-enol, AH#(BH") is the
heat of formation for the cation, and AH°(H") is heat of formation for the proton (367.2kcal/mol). It can
be assumed that AHP(H") is to be neglected in the inter- or intra-molecular proton transfer in the
equilibrium as per equation (3).

Inter- or Intra-molecular
proton transfer

S . €)

Thus, the proton affinity (PA)!! becomes

PA AHP(RH) - AHP(RHY) . . . (4).
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Where AHf* (RH) is the heat of formation of phenethicillin-enol RH (1) and AH(RHZ) is the heat of
formation of zwitterions RH= (2 and 3). The proton affinity is found to be 65.5164 kcal/mol and 36.8101
kcal/mol respectively in the case of zwitterions NisH* (2) and N7H* (3).

The spatial arrangement of atoms in a molecule is considered to study the conformations of
phenethicillin-enol (1), and its zwitterions (2 & 3) with a view to investigate anti- or syn- conformation,
according to the position of atoms. In this context, the change in energy content may depend upon the
changes in the dihedral angles. The atomic numbering of phenethicillin-enol (1) is revealed as per
Figure-1 and incorporated the main data of dihedral angles (Table - 11) of molecules (1 to 3) for the sake
of discussion.
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Scheme 1:

From the Table-1l and Scheme-1, the zwitterion NisH* (2) is formed by the transfer of a proton from Oo-
atom to Ni3- atom of phenethicillin-enol (1). It is investigated that conformation —ac of C15C14N13Ca1, -SC
of C17C15C14N13 and +ap of 016C15C14N13 are changed to +ac, +sp and +ac conformations respectively.
The dihedral angle of +sc of Hs012C9N7 and O3sC14N13C1a are changed to -sc conformation. It is also
observed that the protonation at N13- atom is shown —ap conformation in the case of HN13C11Co.

If the phenethicillin zwitterion N7H=* (3) is formed by the transfer of a proton from Oio-atom to N7- atom
of phenethicillin-enol (1), with the conformation —ac of C15C14N13Ca1, -s¢ 0f C17C15C14N13 and +ap of
016C15C14N13 are changed to +ac, +sp and +ac conformations respectively. The dihedral angle of +sc of
Has012CoN7 and -sc of HzsN13C11Co are changed to —sp conformation and observed the rest of positions
have moderate changes.. It is found that the protonation at N--atom is shown -ac conformation in the case
of HN7C4C3.
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Table — 11: Dihedral angle (o) of phenethicillin-enol (1) and its zwitterions (2&3) from AM1

calculations.
Dihedral angle 1 2 (N13H*) 3 (N7H-)
©) Angle *) Angle *) Angle *)
C4CsS:Cy -23.23 -SC -16.49 -sC -27.44 -SC
CsCaCsS; +164.49 +ac +150.33 +ac +162.17 +ac
010CsC4Cs -137.39 -ap -98.04 -ap -137.58 -ap
C1aN13C11Co +149.47 +ap +100.81 +ap +143.53 +ap
C15C14N13C11 -179.49 -ac +176.51 +ac +179.32 +ac
016C15C14N13 +111.50 +ap +165.99 +ac +172.29 +ac
C17C15C14N13 -1.67 -sC +49.26 +sp +55.86 +sp
032CsC4Cs +46.35 +sp +80.50 +sp +45.77 +sp
O35C14N13C11 +3.77 +sc -2.58 -SC +0.92 +sC
H33010CsC4 -117.75 -ap - - - - -- --
H34N13C11Co -19.99 -sC -21.07 -sC -30.17 -sp
Hs5012CoNy +27.47 +sc -24.65 -sC -45.21 -sp
HN13C11Co -- --|  -137.48 -ap -- .-
HN-C4Cs -- - - -- - - -152.49 -ac
* Conformational analysis using prefixes a = anti, s = syn, ¢ = clinal (0+30°& 180+30°)
and all other angles p = peri-planar’.
Red colour indicates change in conformation.
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