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Abstract. For the first time quantum chemical MNDO
method has been used for the calculation of a classical
row of monoaminocarbonic acids of glycines, a-alanines,
[-alanines, valines, isoleucines, norvalines and
y—aminobutyric acids, leucines and phenylalanines. The
optimized geometrical and electronic structure of these
compounds has been received.

Keywords: quantum chemical calculation, MNDO method,
aminocarbonic acid, glycine, a-alanine, f-alanine, valine,
isoleucine, norvaline, y—aminobutyric acid, leucine,
phenylalanine.

1. Introduction

In spite of the fact that monoaminocarbonic acids
have been synthesized in 19" century, their geometrical
and electronic structures practically have not been studied
by quantum chemical methods till now. Often this fact
complicates researches of their properties and mechanisms
of reactions with participation of the above-mentioned
amino acids.

In this connection the purpose of the present work
is quantum chemical calculation of molecules of a classical
row of aminocarbonic acids of glycines (Gly), alanines
(Ala), valines (Val), isoleucines (Ile), norvalines (Nle) and
y-aminobutyric acids (Abu), leucines (Leu) and
phenylalanines (Phe) using MNDO method.

2. Experimental

For quantum chemical calculation of
monoaminocarbonic acids molecules the standard MNDO
method with geometry optimization by all parameters by
the gradient method, was used. It was included in software
package PC GAMES [1]. MNDO method has a number

of advantages before other quantum chemical methods,
e.g. in calculations of nonlimiting molecules containing non-
divided electron pairs on the adjoined atoms. Moreover, it
will give more exact values of valence angels and more
correct sequence of molecular orbital levels. This method
more correctly reproduces relative stability of isomers
containing double bonds [2] that is very important for the
investigation of monoaminocarbonic acids. Quantum
chemical calculation of molecules of studied amino acids
is executed by MNDO method approaching the isolated
molecule in a gas phase. For visual representation of
molecules models the well-known program MacMolPit [3]
was used.

3. Results and Discussion

The optimized geometrical and electronic structures
of studied molecules Gly, Ala, Val, Ile, Nle, Abu, Leu, Phe
are received by MNDO method presented in Figs. 1-9 and
Tables 1-10. For the estimation of acid properties NH, and
COOH groups are of the greatest interest owing to their
amphoteric character. Angles of NHN aminogroup are
practically identical and equal to 105-106° in all studied
amino acids. OCO and COH angles in COOH group also
do not essentially differ in various amino acids. The
maximum charges on hydrogen atoms in NH, and COOH
groups are within the ranges of 0.11-0.12 and 0.188-0.219,
correspondingly. This fact testifies that either all of them
possess identical acid strength, or the maximum charge
on hydrogen atom is not the reactivity index for
biomolecules and, in particular, for studied amino acids.
The application according to the known formula for the
estimation of the acid strength of H-acids pKa = 42.11—
172.18q"" [4] which gives qualitatively non-coordinate
results with the experiments testifies it. The search of other
correlations pKa (a universal acidity indicator) with the
energy of proton separation from NH, and COOH groups,
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Fig. 1. Geometrical and electronic structure of glycine Fig. 2. Geometrical and electronic structure of a-alanine
mdeode(E, = -113652 kJ/mol, E,=-341272 kJ/mol) molecule (E,=-128734 kJ/mol, E = -445875 kJ/mol)

Fig. 3. Geometrical and electronic structure of f-alanine Fig. 4. Geometrical and electronic structure of valine
molecule (E;=~-128708 kl/mol, E ;=-435174 kJ/mol) molecule (E;=—-158872 kJ/mol, E ;=-680787 kJ/mol)
Table 1
The optimized bond length, valence angles and atomic charges by Mellikens
Bond length R, A Valence angles Degree | Atom %}:ﬁiiégy
C(2)-C(1) 1.543 C(1) 0.118
0(3)-C(2) 1.229 0(3)-C(2)-C(1) 126 C(2) 0.291
0(4)-C(2) 1.357 0(4)-C(2)-C(1) 115 0(3) -0.35
N(5)-C(1) 1.457 N(5)-C(1)-C(2) 117 04) -0.31
H(6)-0(4) 0.949 H(6)-0(4)-C(2) 116 N(5) -0.27
H(7)-C(1) 1.118 H(7)-C(1)-N(5) 108 H(6) 0.218
H(8)-N(5) 1.007 H(8)-N(5)-C(1) 111 H(7) 0.048
H(9)-N(5) 1.007 H(9)-N(5)-H(8) 106 H(8) 0.108
H(10)-C(1) 1.118 H(10)-C(1)-H(7) 107 H(9) 0.115
H(10) 0.043
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Table 2
The optimized bond length, valence angles and atomic charges by Mellikens

Bond length R, A Valence angles Degree | Atom | Charges (by Mellikens)
C(2)-C(1) 1.551 c(1) 0.076
C(3)-C(1) 1.547 C(3)-C(1)-C(2) 111 Q) 0.303
0(4)-C(2) 1355 0(4)-C(2)-C(1) 115 Cc@3) 0.037
0(5)-C(2) 1.231 0(5)-C(2)-C(1) 127 0o(4) 0.29
N(6)-C(1) 1.466 N(6)-C(1)-C(2) 114 0(5) 037
H(7)-N(6) 1.007 H(7)-N(6)-C(1) 112 N(6) 0.27
H(8)-C(3) 1.109 H(3)-C(3)-0(5) 101 H(7) 0.115
H(9)-C(3) 1.108 H(9)-C(3)-H(8) 108 H(8) 0.004
H(10)-C(3) 1.108 H(10)-C(3)-H(9) 108 H(9) 0.006
H(11)-C(1) 1.123 H(11)-C(1)-C(3) 108 H(10) 0.019
H(12)-N(6) 1.007 H(12)-N(6)-H(7) 106 H(11) 0.053
H(13)-0(4) 0.949 H(13)-0(4)-C(2) 116 H(12) 0.107
H(13) 0.217

Table 3
The optimized bond length, valence angles and atomic charges by Mellikens

Bond length R, A Valence angles Degree | Atom | Charges (by Mellikens)
C(2)-C(1) 1.546 C(1) 0.087
C(3)-C(2) 1.536 C(3)-C(2)-C(1) 113 C(2) -0.02
0(#)-C(3) 1.227 0(4)-C(3)-C(2) 125 C(3) 0311
0(5)-C(3) 1.361 0O(5)-C(3)-C(2) 121 0(4) -0.30
N(6)-C(1) 1.467 N(6)-C(1)-C(2) 110 0(5) 0.28
H(7)-N(6) 1.008 H(7)-N(6)-C(1) 109 N(6) -0.27
H(8)-N(6) 1.008 H(8)-N(6)-H(7) 105 H(7) 0.103
H(9)-C(1) 1.120 H(9)-C(1)-N(6) 113 H(8) 0.101
H(10)-C(1) 1.118 H(10)-C(1)-H(9) 106 H(9) -0.00
H(11)-C(2) 1.114 H(11)-C(2)-C(1) 110 H(10) 0.016
H(12)-C(2) 1.113 H(12)-C(2)-H(11) 106 | H(11) 0.044
H(13)-0(5) 0.946 H(13)-0(5)-C(3) 115 | H(12) 0.033
H(13) 0.202

Table 4

The optimized bond length, valence angles and atomic charges by Mellikens

.Bond length R, A Valence angles Degree Atom | Charges (by Mellikens)
C(2)-C(1) 1.572 C() 0.096
C(3)-C(1) 1.550 C(3)-C(1)-C(2) 113 C(2) -0.09
0(4)-C(3) 1.229 0(4)-C(3)-C(1) 127 C(3) 0.353
0(5)-C(3) 1.356 0(5)-C(3)-C(1) 114 04) -0.36
N(6)-C(1) 1.470 N(6)-C(1)-C(2) 117 0(5) -0.30
H(7)-0(5) 0.949 H(7)-0(5)-C(3) 115 N(6) -0.27
H(8)-N(6) 1.008 H(8)-N(6)-C(1) 112 H(7) 0.215
H(9)-N(6) 1.007 H(9)-N(6)-H(8) 106 H(8) 0.113

H(10)-C(1) 1.122 H(10)-C(1)-N(6) 107 H(9) 0.107
H(11)-C(2) 1.119 H(11)-C(2)-C(1) 108 H(10) 0.048
C(12)-C(2) 1.545 C(12)-C(2)-C(1) 112 H(11) 0.032
C(13)-C(2) 1.544 C(13)-C(2)-C(1) 113 C(12) 0.037

H(14)-C(12) 1.108 H(14)-C(12)-0(5) 60 C(13) 0.034

H(15)-C(12) 1.109 H(15)-C(12)-H(14) 106 H(14) 0.001

H(16)-C(12) 1.108 H(16)-C(12)-H(15) 108 H(15) 0.000

H(17)-C(13) 1.109 H(17)-C(13)-C(2) 111 H(16) 0.000

H(18)-C(13) 1.108 H(18)-C(13)-H(8) 57 H(17) 0.004

H(19)-C(13) 1.108 H(19)-C(13)-H(17) 107 H(18) -0.00

H(19) -0.00
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Fig. 5. Geometrical and electronic structure of isoleucine Fig. 6. Geometrical and electronic structure of norvaline
molecule (E;=—-173928 kl/mol, E ;= -810360 kJ/mol) molecule (E;=—-158872 kl/mol, E ;= —-663449 kJ/mol)

D g

Fig. 7. Geometrical and electronic structure Fig. 8. Geometrical and electronic structure of leucine
of y-aminobutyric acid molecule (E = —143790 kJ/mol, molecule (E;=~-173928 kl/mol, E ;= -799528 kJ/mol)
E,=-538885 kl/mol)

Fig. 9. Geometrical and electronic structure of phenylalanine molecule (E = —-208026 kJ/mol, E = -1023528 kJ/mol)
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Table 5
The optimized bond length, valence angles and atomic charges by Mellikens
Bond length R, A Valence angles Degree | Atom | Charges (by Mellikens)
C(2)-C(1) 1.548 C(1) 0.097
N(@3)-C(1) 1.472 N(3)-C(1)-C(2) 108 C(2) 0.342
0(4)-C(2) 1.232 0(4)-C(2)-C(1) 124 N(@3) -0.26
0(5)-C(2) 1.352 0O(5)-C(2)-C(1) 117 0(4) -0.37
H(6)-0(5) 0.950 H(6)-0(5)-C(2) 115 0(5) -0.27
C(7)-C(1) 1.572 C(7)-C(1)-N(3) 113 H(6) 0214
C(8)-C(7) 1.546 C(8)-C(7)-C(1) 111 C(7) -0.03
C(9)-C(7) 1.554 C(9)-C(7)-C(1) 116 C(8) 0.029
C(10)-C(9) 1.533 C(10)-C(9)-C(7) 115 C) -0.01
H(11)-C(1) 1.128 H(11)-C(1)-N(3) 110 C(10) 0.027
H(12)-C(8) 1.108 H(12)-C(8)-0(5) 62 H(11) 0.009
H(13)-C(8) 1.109 H(13)-C(8)-H(12) 108 H(12) 0.002
H(14)-C(8) 1.108 H(14)-C(8)-H(12) 107 H(13) -0.00
H(15)-C(7) 1.122 H(15)-C(7)-C(8) 105 H(14) 0.001
H(16)-C(9) 1.114 H(16)-C(9)-C(7) 110 H(15) 0.011
H(17)-C(10) 1.108 H(17)-C(10)-C(9) 112 H(16) 0.010
H(18)-C(10) 1.108 H(18)-C(10)-N(3) 79 H(17) -0.00
H(19)-C(10) 1.109 H(19)-C(10)-H(18 107 H(18) -0.00
H(20)-C(9) 1.112 H(20)-C(9)-H(16) 106 H(19) -0.00
H(21)-N(3) 1.008 H(21)-N(3)-H(18) 59 H(20) 0.029
H(22)-N(3) 1.009 H(22)-N(3)-H(21) 105 H(21) 0.104
H(22) 0.102
Table 6
The optimized bond length, valence angles and atomic charges by Mellikens
Bond length R, A Valence angles Degree Atom Charges (by Mellikens)
C(2)-C(1) 1.558 C(1) 0.281
C(3)-C(2) 1.558 C(3)-C(2)-C(1) 110 CQ) 0.054
C4)-C(3) 1.541 C(4)-C(3)-C(2) 115 C(3) 0.007
C(5)-C4) 1.532 C(5)-C(4)-C(3) 114 C4) -0.01
O(6)-C(1) 1.228 0(6)-C(1)-C(2) 125 C() 0.026
O(7)-C(1) 1.360 O(7)-C(1)-0(6) 115 0(6) -0.31
N(8)-C(2) 1.465 N(8)-C(2)-C(1) 113 o(7) -0.27
H(9)-0(7) 0.946 H(9)-0(7)-C(1) 115 N(8) -0.26
H(10)-C(2) 1.124 H(10)-C(2)-N(8) 106 H(9) 0.202
H(11)-N(8) 1.008 H(11)-N(8)-C(2) 110 H(10) 0.031
H(12)-N(8) 1.008 H(12)-N(8)-H(11) 106 H(11) 0.108
H(13)-C(3) 1.115 H(13)-C(3)-C(2) 108 H(12) 0.119
H(14)-C(3) 1.113 H(14)-C(3)-H(13) 106 H(13) 0.002
H(15)-C(4) 1.114 H(15)-C(4)-C(3) 109 H(14) 0.023
H(16)-C(4) 1.113 H(16)-C(4)-H(15) 106 H(15) 0.003
H(17)-C(5) 1.108 H(17)-C(5)-C(4) 112 H(16) 0.024
H(18)-C(5) 1.108 H(18)-C(5)-H(17) 108 H(17) -0.00
H(19)-C(5) 1.109 H(19)-C(5)-H(17) 108 H(18) -0.00
H(19) -0.00
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Table 7
The optimized bond length, valence angles and atomic charges by Mellikens
Bond length R, A Valence angles Degree Atom Charges (by Mellikens)
0(2)-C(1) 1.227 C(1) 0.314
O(3)-C(1) 1.361 O(3)-C(1)-0(2) 115 0(2) -0.31
C4)-C(1) 1.536 C(4)-C(1)-0(2) 125 0(3) -0.28
C(5)-C4) 1.540 C(5)-C(4)-C(1) 113 C4) -0.02
C(6)-C(5) 1.546 C(6)-C(5)-C(4) 116 C(®) -0.00
N(7)-C(6) 1.467 N(7)-C(6)-C(5) 112 C(6) 0.084
H(8)-N(7) 1.008 H(8)-N(7)-C(6) 109 N(7) -0.28
H(9)-N(7) 1.008 H(9)-N(7)-H(8) 105 H(8) 0.100
H(10)-C(6) 1.120 H(10)-C(6)-C(5) 110 H(9) 0.095
H(11)-C(6) 1.119 | H(11)-C(6)-H(10) 106 H(10) -0.01
H(12)-C(5) 1.113 H(12)-C(5)-H(9) 101 H(11) 0.014
H(13)-C(5) 1.115 | H(13)-C(5)-H(12) 106 H(12) 0.020
H(14)-C(4) 1.113 | H(14)-C(4)-H(10) 101 H(13) 0.017
H(15)-C(4) 1.113 | H(15)-C(4)-H(14) 106 H(14) 0.024
H(16)-0(3) 0.946 H(16)-0(3)-C(1) 115 H(15) 0.039
H(16) 0.202
Table 8
The optimized bond length, valence angles and atomic charges by Mellikens
Bond length R, A Valence angles Degree Atom Charges (by Mellikens)
C(2)-C(1) 1.553 C(1) 0.041
C(3)-C(1) 1.559 C(3)-C(1)-C(2) 115 C2) 0.336
C#4)-C(3) 1.555 C4)-C(3)-C(1) 116 C(3) -0.01
C(5)-C(4) 1.544 C(5)-C(4)-C(3) 111 C4) -0.06
C(6)-C(4) 1.543 C(6)-C(4)-C(3) 113 C(®) 0.040
N(7)-C(1) 1.472 N(7)-C(1)-C(2) 105 C(6) 0.037
0(8)-C(2) 1.226 O(8)-C(2)-C(1) 126 N(7) -0.28
0(9)-C(2) 1.359 0(9)-C(2)-C(1) 119 0O(8) -0.31
H(10)-N(7) 1.008 H(10)-N(7)-C(1) 111 0(9) -0.27
H(11)-N(7) 1.008 | H(11)-N(7)-H(10) 106 H(10) 0.114
H(12)-0(9) 0.947 H(12)-0(9)-C(2) 115 H(11) 0.106
H(13)-C(1) 1.123 H(13)-C(1)-N(7) 106 H(12) 0.208
H(14)-C(3) 1.115 H(14)-C(3)-C(1) 108 H(13) 0.032
H(15)-C(3) 1.113 H(15)-C(3)-H(14) 105 H(14) 0.005
H(16)-C(6) 1.108 H(16)-C(6)-C(4) 112 H(15) 0.027
H(17)-C(6) 1.108 H(17)-C(6)-H(16) 108 H(16) -0.01
H(18)-C(5) 1.109 H(18)-C(5)-C(4) 111 H(17) -0.00
H(19)-C(5) 1.108 H(19)-C(5)-H(18) 108 H(18) -0.00
H(20)-C(5) 1.108 H(20)-C(5)-H(18) 107 H(19) -0.00
H(21)-C(6) 1.109 | H(21)-C(6)-H(16) 107 H(20) 0.004
H(22)-C(4) 1.119 H(22)-C(4)-C(5) 106 H(21) 0.000
H(22) 0.020
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Table 9
The optimized bond length, valence angles
and atomic charges by Mellikens

Bond length R, A Valence angles Degree Atom Charges (by Mellikens)
C(2)-C(1) 1.415 C(1) -0.10
C(3)-C(2) 1.405 C(3)-C(2)-C(1) 121.0 C2) -0.04
C#4)-C(3) 1.404 C4)-C(3)-C(2) 120.2 C(3) -0.06
C(5)-C4) 1.405 C(5)-C4)-C(3) 119.4 C4) -0.04
C(6)-C(5) 1.405 C(6)-C(5)-C4) 120.2 C(®) -0.06
C(7)-C(1) 1.515 C(7)-C(1)-C(2) 121.0 C(6) -0.03
C(8)-C(7) 1.560 C(8)-C(7)-C(1) 114.7 C(7 0.028
C(9)-C(8) 1.555 C(9)-C(8)-C(7) 113.1 C(8) 0.042
O(10)-C(9) 1.358 | O(10)-C(9)-C(8) 119.3 C) 0.333
O(11)-C(9) 1.227 | O(11)-C(9)-C(8) 125.6 0O(10) -0.27
N(12)-C(8) 1.469 | N(12)-C(8)-C(7) 116.5 O(11) -0.31
H(13)-N(12) 1.007 | H(13)-N(12)-C(8) 110.2 N(12) -0.28
H(14)-N(12) 1.008 | H(14)-N(12)-H(13) 105.8 H(13) 0.110
H(15)-0(10) 0.947 | H(15)-0(10)-C(9) 114.9 H(14) 0.113
H(16)-C(8) 1.124 | H(16)-C(8)-N(12) 107.2 H(15) 0.210
H(17)-C(7) 1.115 | H(17)-C(7)-O(11) 76.80 H(16) 0.034
H(18)-C(7) 1.113 | H(18)-C(7)-H(17) 105.4 H(17) 0.027
H(19)-C(6) 1.091 H(19)-C(6)-C(5) 118.5 H(18) 0.027
H(20)-C(5) 1.090 | H(20)-C(5)-C(6) 119.7 H(19) 0.058
H(21)-C(4) 1.090 | HQ21)-C(4)-C(3) 120.2 H(20) 0.064
H(22)-C(3) 1.090 | H(22)-C(3)-C(4) 120.0 H(21) 0.064
H(23)-C(2) 1.091 | H(23)-C(2)-C(1) 120.4 H(22) 0.064
H(23) 0.058

Table 10

The general energy (E,), electronic energy (E ),
the maximum atomic charge of hydrogen (q" ), energy of proton separation in COOH group (E™)
and universal acidity indicator pKa (by COOH)

Amino acid —E,, kJ/mol —E;, kJ/mol qmmax —EH+(COOH), kJ/mol pKacoom
Glycine 113652 341272 0.22 1233 2.34
o-Alanine 128655 445508 0.20 1285 2.34
f-Alanine 128708 435174 0.20 1285 3.6
Valine 158872 680787 0.22 1311 2.32
Isoleucine 173928 810360 0.21 1311 2.32
Norvaline 158872 663449 0.20 1285
y-Aminobutyric acid 143790 538885 0.20 1285
Leicine 173928 799528 0.208 1285
Phenylalanine 208026 1023528 0.210 - 2.2

with the minimum charges on hydrogen atoms in the same 4. Conclusions

groups, by geometrical and other quantum chemical )
Thus, by means of quantum chemical MNDO

method we carried out for the first time the calculation of
a classical row of monoaminocarbonic acids of Gly, Ala,

parameters have not given positive results within the
MNDO method (see Table 10).
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Val, Ile, Nle, Abu, Leu, Phe. The optimized geometrical
and electronic structures of these compounds have been
received. It has been established, that the maximum charge
on hydrogen atom for studied amino acids is not the
reactivity index as it is shown for common H-acids [4].
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IMPOI'EOMETPUYHY TA EJIEKTPOHHY BY/I0BY
MOHOAMIHOKAPBOHOBUX KMCJIOT

Anomauisn. Bnepwe keanmogo-ximiunum memooom MNDO
PO3Pax08anull KiaCudHull psao MOHOAMIHOKAPOOHOBUX KUCIOM
aniyuny, o-ananiny, PB-anamniny, eaniny, izoneiyuny, HOpeaniny ma
Y-aminomacnanoi kucromu, neiyuny i geninananiny. Odeparcano
ONMUMI308aHY 2e0MeMPUYHY MA el1eKMPOHHY 6Y008Y YuUX CHOJIYK.

Knwuosi cnosa: xe6anmogo-ximiunuii po3paxyHox, memoo
MNDO, aminoxap6onogi kuciomu, O-airauiu, B-arawnin, eéanin,
isoneiiyun, Hopeanin, y-amiHomaciAna Kuciomda, JeluyuH,
Geninananin.



