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ABSTRACT

For the first time quantum-chemical calculationfefactam antibiotic hetacillin molecule via DFT and AB

INITIO methods with the optimization of geometry of all parameters by standard gradient method was
performed. An optimized geometric and electronic structure of this compound (optimized bond lengths, valency
angles and atomic charges) was obtained, and the total energy of the molecule was calculated. Its acid strength i
theoretically estimated. It was found that the hetacillin molecule belongs to the class of weak OH acids.
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1. INTRODUCTION

Hetacillin is ap-lactam antibiotic that is part of the
aminopenicillin family. It is a prodrug that does not have
antibacterial activity in itself, but quickly breaks down
acetone in the human body to form ampicillin, which is
active against various bacteria [6].

According to IUPAC nomenclature, hetacillin has the
following name: (2S,5R,6R)-6-[(4R)-2.2-dimetyl-5-0x0 —
4- phenylidazolidin-1-yl]-3.3 — dimethyl-7-oxo-4-thia-
lazabicyclo[3.2.0]heptane-2-carboxylic acid.

Figure 1 shows the structural formula of Hetacillin.
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Figure 1 Structural formula of hetacillin

As can be seen from the structure of hetacillin, it
belongs td3-lactam antibiotics.

The purpose of the study is the quantum-chemical
analysis of the hetacillin molecule via DFT and AB
INITIO methods.

2. METHODS AND MATERIALS

We calculated the hetacillin molecule by DFT-PBEO/6-
311G** and AB INITIO/6-311G** quantum-chemical
methods with the optimization of geometry regarding all
parameters by the standard gradient method built into
Firefly [4], which is partly based on the source code
GAMESS (US) [3] and in the approximation of the
isolated molecule in gaseous phase and theoretical
assessment of its acid strength. A known MacMolPIt
program [5] was used to visualize the molecule model.

3. RESULTS

The optimized geometrical and electronic structure and the
total energy of the hetacillin molecule were obtained via
DFT-PBE0/6-311G** and AB INITIO/6-311G** methods
and are shown in Figures 2-3. Tables 1-2 show the
optimized bond lengths, valency angles and atomic
charges of the hetacillin molecule by the above quantum
chemistry methods. Using the formulga=51.048-
150.078¢as™ [2] (DFT method, g = +0.26 —
maximum charge on hydrogen atom, pKa — universal
acidity index, Table 1) an@Ka=49.04-134.61," [1]

(AB INITIO method, Gad™* = +0.28, Table 2), we find
values of acid strength equal pKa=12 and 11, respectively.
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Table 1 Optimized bond lengths, valency angles and atomic charges of the hetacillin molecule via DFT method

Bond lengths RA Valency angles Deg Atom Atomic charges
C(2)-C(1) 1.39 C(6)-C(5)-C(1) 120 C(1) -0.11
C(3)-C(2) 1.39 C(1)-C(2)-C(3) 121 C(2) -0.02
C(4)-C(3) 1.40 C(2)-C(3)-C(4) 119 C(3) -0.15
C(5)-C(2) 1.39 C(7)-C(3)-C(4) 121 C4) -0.03
C(5)-C(6) 1.39 C(2)-C(1)-C(5) 120 C(5) -0.08
C(6)-C(4) 1.39 C(4)-C(6)-C(5) 120 C(6) -0.13
C(7)-C(3) 1.50 C(3)-C(4)-C(6) 120 C(7) -0.10
C(8)-C(7) 1.53 C(2)-C(3)-C(7) 120 C(8) +0.45
0(9)-C(8) 1.21 C(3)-C(7)-C(8) 115 0(9) -0.38
N(10)-C(8) 1.37 N(39)-C(7)-C(8) 105 N(10) -0.39

C(11)-N(10) 1.42 C(7)-C(8)-0(9) 127 C(11) -0.13
C(11)-C(12) 1.56 N(10)-C(8)-O(9) 127 C(12) -0.12
C(12)-N(14) 1.45 C(7)-C(8)-N(10) 106 C(13) +0.45
C(13)-C(11) 1.56 C(12)-C(11)-N(10) 122 N(14) -0.33
N(14)-C(13) 1.39 N(39)-C(42)-N(10) 103 0(15) -0.33
0(15)-C(13) 1.19 C(8)-N(10)-C(11) 124 S(16) +0.15
S(16)-C(12) 1.82 N(14)-C(12)-C(11) 88 C(17) -0.07
C(17)-N(14) 1.44 S(16)-C(12)-C(11) 121 C(18) +0.41
C(18)-C(17) 1.52 C(13)-N(14)-C(12) 95 0(19) -0.31
0(19)-C(18) 1.34 N(10)-C(11)-C(13) 121 0(20) -0.35
0(20)-C(18) 1.20 C(12)-C(11)-C(13) 85 H(21) +0.26
H(21)-0(19) 0.97 C(11)-C(13)-N(14) 90 C(22) -0.44
C(22)-C(17) 1.58 0(15)-C(13)-N(14) 132 C(23) -0.24
C(22)-S(16) 1.87 C(11)-C(13)-0(15) 137 C(24) -0.27
C(23)-C(22) 1.53 N(14)-C(12)-S(16) 106 H(25) +0.18
C(24)-C(22) 1.53 C(17)-C(22)-S(16) 105 H(26) +0.13
H(25)-C(23) 1.09 C(13)-N(14)-Cc(17) 129 H(27) +0.13
H(26)-C(23) 1.10 N(14)-C(17)-C(18) 113 H(28) +0.15
H(27)-C(23) 1.09 C(22)-C(17)-C(18) 113 H(29) +0.14
H(28)-C(24) 1.09 C(17)-C(18)-0(19) 113 H(30) +0.14
H(29)-C(24) 1.09 0(20)-C(18)-0(19) 123 H(31) +0.10
H(30)-C(24) 1.09 C(17)-C(18)-0O(20) 124 H(32) +0.10
H(31)-C(5) 1.09 C(18)-0(19)-H(21) 106 H(33) +0.13
H(32)-C(6) 1.09 N(14)-C(17)-C(22) 108 H(34) +0.10
H(33)-C(4) 1.09 C(12)-S(16)-C(22) 95 H(35) +0.10
H(34)-C(1) 1.09 C(17)-C(22)-C(23) 109 H(36) +0.18
H(35)-C(2) 1.09 S(16)-C(22)-C(23) 110 H(37) +0.20
H(36)-C(11) 1.09 C(24)-C(22)-C(23) 111 H(38) +0.18
H(37)-C(17) 1.09 C(17)-C(22)-C(24) 113 N(39) -0.35
H(38)-C(12) 1.09 S(16)-C(22)-C(24) 108 H(40) +0.17
N(39)-C(7) 1.47 C(22)-C(23)-H(25) 112 H(41) +0.21
H(40)-C(7) 1.10 C(22)-C(23)-H(26) 110 C(42) -0.05
H(41)-N(39) 1.02 C(22)-C(23)-H(27) 110 C(43) -0.29
C(42)-N(39) 1.46 C(22)-C(24)-H(28) 110 C(44) -0.19
C(42)-N(10) 1.48 C(22)-C(24)-H(29) 110 H(45) +0.14
C(43)-C(42) 1.52 C(22)-C(24)-H(30) 112 H(46) +0.15
C(44)-C(42) 1.53 C(1)-C(5)-H(31) 120 H(47) +0.13
H(45)-C(43) 1.09 C(6)-C(5)-H(31) 120 H(48) +0.13
H(46)-C(43) 1.09 C(4)-C(6)-H(32) 120 H(49) +0.13
H(47)-C(43) 1.09 C(3)-C(4)-H(33) 120 H(50) +0.11

H(48)-C(44) 1.09 C(2)-C(1)-H(34) 120

H(49)-C(44) 1.09 C(1)-C(2)-H(35) 120

H(50)-C(44) 1.09 N(10)-C(11)-H(36) 109

C(12)-C(11)-H(36) 109

N(14)-C(17)-H(37) 109

N(14)-C(12)-H(38) 114

C(3)-C(7)-N(39) 112

C(3)-C(7)-H(40) 109

C(7)-N(39)-H(41) 107

C(7)-N(39)-C(42) 107
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C(8)-N(10)-C(42) 112
N(39)-C(42)-C(43) 110
N(10)-C(42)-C(43) 111
C(44)-C(42)-C(43) 111
N(39)-C(42)-C(44) 110
N(10)-C(42)-C(44) 110
C(42)-C(43)-H(45) 110
C(42)-C(43)-H(46) 109
C(42)-C(43)-H(47) 112
C(42)-C(44)-H(48) 110
C(42)-C(44)-H(49) 111
C(42)-C(44)-H(50) 112
Table 2 Optimized bond lengths, valency angles and atomic charges of the hetacillin molecule via AB INITIO
method
Bond lengths R,A Valency angles Deg Atom Atomic charges
C(2)-C(1) 1.38 C(4)-C(3)-C(2) 119 C(1) -0.09
C(3)-C(2) 1.39 C(1)-C(2)-C(3) 121 C(2) -0.04
C(3)-C(4) 1.39 C(6)-C(4)-C(3) 120 C(3) -0.14
C(4)-C(6) 1.38 C(5)-C(6)-C(4) 120 C(4) -0.06
C(5)-C(1) 1.38 C(2)-C(1)-C(5) 120 C(5) -0.09
C(6)-C(5) 1.38 C(1)-C(5)-C(6) 120 C(6) -0.10
C(7)-C(3) 1.51 C(2)-C(3)-C(7) 119 C(7) +0.03
C(8)-C(7) 1.52 C(4)-C(3)-C(7) 122 C(8) +0.57
0(9)-C(8) 1.19 C(3)-C(7)-C(8) 116 0(9) -0.50
N(10)-C(8) 1.36 N(39)-C(7)-C(8) 105 N(10) -0.55
C(11)-N(10) 1.43 C(7)-C(8)-0(9) 127 C(11) -0.03
C(11)-C(12) 1.56 N(10)-C(8)-O(9) 127 C(12) -0.03
C(12)-N(14) 1.45 C(7)-C(8)-N(10) 107 Cc(13) +0.57
C(13)-C(11) 1.55 C(12)-C(11)-N(10) 123 N(14) -0.44
N(14)-C(13) 1.39 N(39)-C(42)-N(10) 103 0O(15) -0.43
O(15)-C(13) 1.17 C(8)-N(10)-C(11) 124 S(16) +0.09
S(16)-C(12) 1.82 N(14)-C(12)-C(11) 88 c(17) 0.00
C(17)-N(14) 1.44 S(16)-C(12)-C(11) 122 C(18) +0.57
C(18)-C(17) 1.52 C(13)-N(14)-C(12) 95 0(19) -0.40
0(19)-C(18) 1.33 N(10)-C(11)-C(13) 122 0(20) -0.45
0(20)-C(18) 1.18 C(12)-C(11)-C(13) 85 H(21) +0.28
H(21)-0(19) 0.95 C(11)-C(13)-N(14) 91 C(22) -0.37
C(22)-C(17) 1.57 O(15)-C(13)-N(14) 132 C(23) -0.16
C(22)-S(16) 1.86 C(11)-C(13)-O(15) 137 C(24) -0.19
C(23)-C(22) 1.53 N(14)-C(12)-5(16) 106 H(25) +0.16
C(24)-C(22) 1.53 C(17)-C(22)-S(16) 106 H(26) +0.09
H(25)-C(23) 1.08 C(13)-N(14)-C(17) 128 H(27) +0.10
H(26)-C(23) 1.09 N(14)-C(17)-C(18) 111 H(28) +0.12
H(27)-C(23) 1.08 C(22)-C(17)-C(18) 114 H(29) +0.11
H(28)-C(24) 1.09 C(17)-C(18)-0O(19) 114 H(30) +0.11
H(29)-C(24) 1.08 0O(20)-C(18)-0(19) 123 H(31) +0.10
H(30)-C(24) 1.08 C(17)-C(18)-0O(20) 124 H(32) +0.10
H(31)-C(5) 1.08 C(18)-0O(19)-H(21) 108 H(33) +0.12
H(32)-C(6) 1.08 N(14)-C(17)-C(22) 108 H(34) +0.10
H(33)-C(4) 1.07 C(12)-S(16)-C(22) 95 H(35) +0.09
H(34)-C(1) 1.08 C(17)-C(22)-C(23) 109 H(36) +0.16
H(35)-C(2) 1.08 S(16)-C(22)-C(23) 110 H(37) +0.18
H(36)-C(11) 1.08 C(24)-C(22)-C(23) 110 H(38) +0.15
H(37)-C(17) 1.08 C(17)-C(22)-C(24) 114 N(39) -0.43
H(38)-C(12) 1.08 S(16)-C(22)-C(24) 109 H(40) +0.14
N(39)-C(7) 1.46 C(22)-C(23)-H(25) 112 H(41) +0.20
H(40)-C(7) 1.09 C(22)-C(23)-H(26) 109 C(42) +0.08
H(41)-N(39) 1.00 C(22)-C(23)-H(27) 110 C(43) -0.21
C(42)-N(39) 1.46 C(22)-C(24)-H(28) 110 C(44) -0.11
C(42)-N(10) 1.48 C(22)-C(24)-H(29) 110 H(45) +0.11
C(43)-C(42) 1.53 C(22)-C(24)-H(30) 112 H(46) +0.12
C(44)-C(42) 1.53 C(1)-C(5)-H(31) 120 H(47) +0.09
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H(45)-C(43) 1.09 C(5)-C(6)-H(32) 120 H(48) +0.10
H(46)-C(43) 1.08 C(6)-C(4)-H(33) 119 H(49) +0.10
H(47)-C(43) 1.08 C(2)-C(1)-H(34) 120 H(50) +0.08

H(48)-C(44) 1.08 C(1)-C(2)-H(35) 120

H(49)-C(44) 1.08 N(10)-C(11)-H(36) 109

H(50)-C(44) 1.09 C(12)-C(11)-H(36) 108

N(14)-C(17)-H(37) 109

N(14)-C(12)-H(38) 114

C(3)-C(7)-N(39) 112

C(3)-C(7)-H(40) 108

C(7)-N(39)-H(41) 109

C(7)-N(39)-C(42) 108

C(8)-N(10)-C(42) 112

N(39)-C(42)-C(43) 110

N(10)-C(42)-C(43) 112

C(44)-C(42)-C(43) 111

N(39)-C(42)-C(44) 110

N(10)-C(42)-C(44) 111

C(42)-C(43)-H(45) 111

C(42)-C(43)-H(46) 109

C(42)-C(43)-H(47) 112

C(42)-C(44)-H(48) 109

C(42)-C(44)-H(49) 111

C(42)-C(44)-H(50) 112

compound was obtained. The results obtained via two
methods have good convergence. Its acid strength pKa=12
and 11 is theoretically estimated. It was found that

hetacillin belongs to the class of weak OH acids

(9<pKa<14).
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