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Abstract: In this study, the structural parameters, the electronic energy, the dipole moment (), the highest
occupied molecular orbital (HOMO) energy, the lowest unoccupied molecular orbital (LUMO) energy, the
polarizability (a), hyperpolarizability (B) and vibrational frequency of (3-Carbamoylphenyl) boronic acid were
calculated at Density Functional Theory (DFT) with B3LYP (Becke 3 Parameter Lee-Yang-Parr) model using
the 6-311+(2d,p) basis set in gas phase. Also, using the Eyomo and E ymo energy values of the molecule, the
energy gap (Eg = ELumo -Enomo), electronegativity (), chemical potential (Pi), chemical hardness (), softness
(o), ionization energy (I), electron affinity (A), electronic chemical potential (u), global softness (S) values were
calculated according to the literature. Equilibrium state (ground state) energy gap value of the molecule were
calculated as 5.59 eV. The dipole moment value of the molecule was calculated as 3.41 Debye by the
DFT/B3LYP/6-311+G(2d,p) method. The obtained vibrational wave numbers were scaled with appropriate
scale factors and the assigning of these vibrational wavenumbers was made according to the potential energy
distribution (PED) using the VEDA 4f program. The approximate geometry of the molecules in three
dimensions was drawn in the Gauss View 5.0 molecular imaging program, and all theoretical calculations were
used with the Gaussian 09W package program.

Keywords: (3-Carbamoylphenyl) boronic acid molecule, Vibration analysis, Hyperpolarizability,
Conformational analysis.

Introduction

Heterocyclic molecules are common in nature and are used in many fields. When molecular structures, physical,
theoretical, chemical and biological properties are well learned, it is possible to design molecules with desired properties
(Bahgeci et al., 2016; Kardas et al., 2016; Aktas Yokus et al., 2017; Bahgeci et al., 2017; Cift¢i et al., 2018;
Beytur et al., 2019a; Beytur et al., 2019b; Beytur, 2020; Kog et al., 2020; Boy et al, 2021; Irak and Beytur,
2019; Kotan et al., 2020; Ugurlu, 2020; Ugurlu and Beytur, 2020; Beytur and Avinca, 2021)Boronic acids are
important building blocks for organic synthesis (Miyaura et al., 1995), materials engineering, as well as
supramolecular and medicinal chemistry (Soloway et al., 1998). Also, they are used as ligand in complex
compounds and these ligands are utilized in organic synthesis and catalysis, as well as in biological,
pharmaceutical, industrial. Boronic acid-containing compounds are very important in branch of chemistry such
as organic (Quach et al., 2003; Takezawa et al., 2002), materials (Akeroy et al., 2005; Pedireddi et al., 2004),
bioorganic (Jabbour et al., 2012; Zhu et al., 2006), medicinal ( Baker et al., 2006; Jin et al., 2010) and chemical
biology (Dickinson et al., 2008; Halo et al., 2009). Also, due to ability baryonic acid to form hydrogen bonding
in the molecular complexes and coordination in metal complexes, these compounds continue to be of increasing
interest and research. The several studies have been carried out experimentally and computationally on the
substituted penylboronic acid derivatives (Ugurlu et al., 2020; Ugurlu; 2019; Ugurlu; 2020). In this study, (3-
Carbamoylphenyl)boronic acid molecule, having the B(OH)2 and CONH2 groups is modeled theoretical and
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molecular properties such as structural and electronic properties have been investigated using Hartree-Fock (HF)
and Density Functional Theory (DFT) with B3LYP (Becke 3 Parameter Lee-Yang-Parr) model using the 6-
311+(2d,p) basis set in gas phase. The potential energy surface and curve of studied compound have been
carried out by calculating 2D and 3D conformation analysis. Also, using HOMO-LUMO energies, energy gap
values, ionization energy, electron affinity, chemical potential, electronegativity, hardness and softness indices
were obtained. The molecular structure using numbering scheme of (3-Carbamoylphenyl)boronic acid is given
in Figure 1.

Figure 1. Molecular structure of (3-Carbamoylphenyl)boronic acid molecule numbering scheme

Methods

Quantum chemical calculations on the (3-Carbamoylphenyl) boronic acid molecule was performed by the aid of
Gaussian 09W program package and Gauss view 5.0 molecular visualization programs (Frisch et al., 2010;
Dennington et al., 2009) in the gas phase. The potential energy surface (PES) have been calculated as a fuction
of two dihedral angles, C4-B-O2-H and C4-B-O1-H, varied between 0 and 360° with increments of 30° at
B3LYP/6-31+G(d) level of theory and potential energy curve (PEC) have been calculated as a fuction of
dihedral angle C3-C4-B-O2 varied from 0 to 360° with increments of 10° both HF/6-311+G (2d,p) and
B3LYP/6-311+G(2d,p)level of theory. Also, structural parameters, vibrational frequency, the electronic energy,
the dipole moment (u), the highest occupied molecular orbital (HOMO) energy, the lowest unoccupied
molecular orbital (LUMO) energy, the polarizability (a) and hyperpolarizability () of stuied molecule were
calculated at Hartree-Fock (HF) and Density Functional Theory (DFT) with B3LYP (Becke 3 Parameter Lee-
Yang-Parr) (Becke et al., 1988;Lee et al., 1988; Becke, 1993) model using the 6-31++(2d,p) basis set in gas
phase. The obtained vibrational wave numbers were scaled with appropriate scale factors and the assigning of
these vibrational wavenumbers was made according to the potential energy distribution (PED) using the VEDA
4f program (Jamroz., 2004). The approximate geometry of the molecules in three dimensions was drawn in the
Gauss View 5.0 molecular imaging program, and all theoretical calculations were used with the Gaussian 09W
package program.

Results and Discussion
Conformational Analysis and Torsional Barriers

The dihedral angles was defined as: C4-B-02-H, C4-B-O1-H and C3-C4-B-02. The dihedral angles are the B-
02, B-O1 and C4-B single bonds about which internal rotation forms clearly different conformations,
respectively. Conformation analysis of title molecule have been carried out by calculated two ( 2D) and three
dimensional (3D) potential energies of stuied molecule. The potential energy surface (PES) have been calculated
as a fuction of two dihedral angles, C4-B-O2-H and C4-B-O1-H, varied between 0 and 360° with increments of
30° at B3LYP/6-31+G(d) level of theory and potential energy curve (PEC) have been calculated as a fuction of
dihedral angle C3-C4-B-0O2 varied from 0 to 360° with increments of 10° both HF/6-311+G (2d,p) and
B3LYP/6-311+G(2d,p) level of theory. The potential energy surface calculated at B3LYP/6-31+G(d) level of
theory is given figure 2. The potential energy curves (PEC) calculated both HF/6-311+G (2d,p) and B3LYP/6-
311+G(2d,p) level of theory are given figure 3. The conformers corresponding to minimum energy on the PES
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have been optimized and the most stable conformer have been determined. The minimum of potential energy
curves (PEC) was referred to as zero. As seen in figure 2, maxima energy conformer was seen at 0° dihedral
angle at HF/6-311+G (2d,p) and B3LYP/6-311+G (2d,p) level of theory. The relative energy value at dihedral
angle of 180° calculated HF/6-311+G (2d,p) is bigger than that of B3LYP/6-311+G (2d,p) and the relative
energy value of orthogonal conformations are maxsima.

-576.935
-576.94
-576.945

Energy [a.u)
-576.95

Figure 2. The potential energy surface of (3-Carbamoylphenyl) boronic acid molecule

From our previous work, conformation analysis of 4-(Methoxycarbonyl) phenylboronic acid and conformational
analysis of 3-phenylthiophene and its fluoro derivatives, maximum potential energy barrier were shown at the
orthogonal konformation (Ugurlu et al., 2007; Ugurlu et al., 2020).

Relative energy (kcal/mol)

01 —=— B3LYP/6-311+(2d,p)
—»— HF/6-311+(2d,p)

-1 T T 1 T T 1 T T — 1 T 1 T T T
-50 0 50 100 150 200 250 300 350 400
Dihedral C3-C4-B-O2/degrees
Figure 3. The potential energy curves of (3-Carbamoylphenyl)boronic acid molecule

Molecular Structure

Since the (3-Carbamoylphenyl)boronic acid was modeled theoretically for the first time, there are no molecular
and crystal structures in the literature. After the conformational analysis, geometric optimization of the title
molecule was performed by both methods mentioned above. Afterward, values of the electronic, dipole moment,
polarizability, hyperpolarizability, HOMO, LUMO energy and energy gap (Eg) at the ground-state equilibrium
geometry of studied molecules are calculated and listed in Table 1. The calculated parameter of studied
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molecule of both at the B3LYP/6-311+G (2d, p) and the HF/6-311+ G (2d,p) methods in the ground state are
tabulated in the Table 2. The dipole moment value of the molecule was calculated as 3.41 Debye by the
B3LYP/6-311+G(2d,p) method and as 3.41 Debye by the HF/6-311+G(2d,p) method, respectively and energy
gap of the molecule was calculated as 5.59 eV by the B3LYP/6-311+G(2d,p) method and as 10.69 e energy gap
by the HF/6-311+G(2d,p) method, respectively.

Table 1. The electronic, HOMO, LUMO energy, dipole moment, polarizability, hyperpolarizability, and energy
gap (Eg) of (3-Carbamoylphenyl)boronic acid

B3LYP/6-311+G(2d. p)

Electronic Energy (a.u) pd) a(aw) B(a.un) Enomo (a.U) E,umvo (a.u) Eg

-577.170457207 3.41 115,11 88,28 -0,264757 -0,059189 5,59
HF/6-311+G(2d. p)

Electronic Energy (a.u) p(D) a(au) B(a.u) Enhowmo (a.U) ELumo (a.u) AE

-577.170457207 3.41 103,25 64,81 -0,351156 0,0416 10,69

Table 2. Selected structural parameters of 3-Carbamoylphenyl boronic acid
Bond length (A)

Atoms Exp® B3LYP/6-311+G(2d,p)  HF/6-311+G(2d,p)
C1-C2 1.397(8) 1,3873 1,3781
C1-C6 1.388(8) 1,3967 1,3877
C2-C3 1.384(8) 1,3910 1,3833
C3-C4 1.391(8) 1,3998 1,3889
C4-C5 1.391(8) 1,4012 1,3929
C4-B 1.546(6) 1,5674 1,5745
C5-C6 1.384(8) 1,3940 1,3831
C7-N 1.298(7) 1,3680 1,3587
C7-03 1.246(7) 1,2202 1,1946
B-O1 1.351(8) 1,3663 1,3525
B-02 1.393(8) 1,3705 1,3568
Bond angle ( °)
C2-C1-C6 117.8(5) 120.19 120.14
C1-C2-C3 121.1((5) 119.91 119.79
C2-C3-C4 120.8(5) 121.39 121.50
C3-C4-C5 118.2(5) 117.61 117.59
C3-C4-B 119.5(8) 122.70 122.90
C5-C4-B 122.2(8) 119.69 119.50
C4-C5-C6 120.8(5) 121.72 121.63
C1-C6-C5 121.2(6) 119.17 119.34
C5-C7-N - 116.80 117.02
C5-C7-03 - 121.66 121.36
N-C7-03 120.8(16) 121.54 121.61
C4-B-01 119.4(13) 118.29 118.29
C4-B-02 121.6(12) 124.41 124.26
01-B-02 118.9(15) 117.31 117.45
Dihedral angle ( °)
C2-C3-C4-B - -179.29 -179.36
H3-C3-C4-B - 0.79 0.79
B-C4-C5-C6 - 179.61 179.49
B-C4-C5-H4 - 1.39 1.13
C3-C4-B-01 - -175.21 -173.72
C3-C4-B-02 - 4,74 6.28
C5-C4-B-01 - 4.90 6.32
C5-C4-B-02 - -175.15 -173.68
H4-C5-C6-C7 - -1.52 -1.06
C5-C6-C7-N - -15.54 -18.30
C5-C6-C7-03 - 163.49 160.67
C4-B-01-H7 - -179.18 -178.98
C4-B-02-H8 - 1.71 2.53

(?) taken from (Apostolova et al. 2010)
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Since there are no the structural parameter (bond length, bond and dihedral angle) of studied molecule, the table
2 compares with those obtained experimental data of similar molecule (Apostolova et al., 2010)

The C4-B bond length have been calculated as 1.5674 A (B3LYP/6-311+G(2d,p), 1,5745 A (HF/6-
311+G(2d,p). This value determined as 1.546(6) A. The B(OH), and CONH, functional groups are twisted out
of the plane of the benzene ring by 4.90° and -15.54° (B3LYP) and 6.32° and -18.30°, respectively. These
values determined experimenally as 23.9° (5) and 24.6° (6), respectively. The studied molecule olmost is planar.
The electron affinity (A), global hardness (n)/softness (S), electronegativity (y), chemical potential (),
ionization potential (I), chemical potential (Pi) calculated by using HOMO-LUMO energies calculated the
B3LYP/6-311+G (2d, p) for the compound were given in Table 3.

Table 3. Electronic properties of 3-Carbamoylphenyl)boronic acid molecule

Hatree eV kcal/mol KJ/mol
LUMO -0,059189 -1,61057 -37,1413 -155,401
HOMO -0,264757 -7,20422 -166,136 -695,12
A elektron ilgisi 0,059189 1,61057 37,1413 155,401
| Iyonlasma potansiyeli 0,264757 7,20422 166,136 695,12
AE energy gap 0,205568 5,59365 128,995 539,719
X electronegativity 0,161973 4,4074 101,639 425,26
Pi chemical potential -0,161973 -4,4074 -101,639 -425,26
[0 electrophilic index 0,001348282 0,03669 0,84605 3,53991
IP Nucleophilic index -0,01664823 -0,45301 -10,4468 -43,7099
S molecular softness 0,0514 1,39841 32,2486 134,93
n molecular hardness 0,102784 2,79682 64,4973 269,859

The HOMO, LUMO and the MEP plots of 3-Carbamoylphenyl)boronic acid molecule are shown in Figure 4. As
seen in the figure.4, the frontier molecular orbital HOMO of all the studied molecule have exhibited similar
behavior at the both methods.

HOMO

LUMOC

Figure 4. MEP and HOMO-LUMO surface of (3-Carbamoylphenyl) boronic acid
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Table 4. Theoretical wavenumbers of (3-Carbamoylphenyl) boronic acid

B3LYP HF

Unsc. Sc. Unsc. Sc. Assignments with PED (>10 %)

3880 3717 4222 3800 vO1H7(52)vO2H8(48)

3840 3679 4172 3755 vOIH7(48) vO2HS(52)

3711 3556 3939 3545 vNHD(99)

3586 3436 3813 3431 vNHa(99)

3201 3066 3369 3032 vCIH1(35) vC2H2(10) vC3H3(12) vC5H4(42)

3181 3047 3356 3020 vC1H1(21) vC2H2(13) vC3H3(34) vC5H4(32)

3176 3043 3337 3003 vC1H1(10) vC2H2(62) vC3H3(17) vC5H4(11)

3134 3003 3301 2971 vCIH1(33) vC2H2(14) vC3H3(37) vC5H4(15)

1733 1661 1917 1725 vO3C7(76)

1637 1568 1788 1609 vC3C2(39) yH3C3C4(16) yC5C6CL(1L)

1619 1551 1773 1595 yHaNHb(70)

1618 1550 1762 1586 vC1C6(24)vC2C1(10)vCAC3(23)yH1C1C2(10)yH2C2C3(10)

1521 1457 1644 1480 vC3C2(18) yH1C1C2(20) yH2C2C3(20) yHAC5C6(13)

1446 1385 1556 1401 vO1B(12) yH1C1C2(17) yC5C6C1(21)

1397 1338 1489 1340 vO1B(34) vO2B(13) vC4B(12)

1377 1319 1473 1325 vC2C1(11) vO1B(27)

1356 1299 1457 1311 vC2C1(10) yHAC5C6(65)

1343 1286 1440 1296 vNC7(17) vO2B(10) yH2C2C3(11)

1303 1248 1317 1185 vC2C1(30) vCAC3(27) yH4C5C6(10)

1204 1153 1251 1126 vC3C2(10) yH3C3C4(62)

1159 1110 1242 1118 vC5C6(12) yCAC3C2(14)

1136 1088 1197 1077 yHbNC7(13) yH2C2C3(28) yC5C6CL(15)

1107 1060 1188 1069 vC1C6(38) yHIC1C2(24)

1082 1036 1171 1054 vNC7(29) yHbNC7(44)

1026 983 1115 1004 vO2B(14) yH802B(69)

1019 977 1106 995 vC5C6(43) yCAC3C2(50)

1005 963 1086 978 PH2C2CIC6(57) BH3C3C4C5(22)

990 949 1066 960 vO2B(24) yH7O1B(45) yH802B(21)

953 913 1056 950 BH2C2C1C6(26) BH3C3CAC5(40)

940 901 1050 945 BH4C5C6C7(71) BC5C6CLC2(12)

837 802 892 803 vO2B(10) vC7C6(17) vC4B(11) yC3C2C1(22)

831 797 771 694 PHICIC6C5(25) H3C3CAC5(19) BC5C6CIC2(14) BO3NCHCT(13) BC7C5CICH(10)

766 734 754 679 BO3NC6C7(53)

713 683 722 650 PHLCIC6C5(43) BC5C6CLC2(20)

706 677 680 612 yC2CIC6(25) yCAC3C2(13)

668 640 603 543 PC5C6CIC2(21) pO2CAO1B(51)

629 603 576 518 yO3C7N(46) yC3C2CL(14)

577 553 573 516 PH7O1BC4(59) BHaNC7C6(12)

547 524 554 498 PH7OLBC4(11) BHaNC7C6(61)

537 514 491 442 yC2CIC6(20) yO2BOL(38)

515 493 461 415 yNC7C6(26) yC7C6CL(10)

479 459 456 410 PH7OL1BC4(12) BHBO2BC4(80)

430 412 444 399 yOIBCA4(26) yBC4C5(10)

419 402 401 361 yNC7C6(13) yOIBC4(10) BCAC3C2C1(26)

409 392 394 355 yNC7C6(10) BC3C2C1C6(53)

370 355 331 298 vC7C6(21) yO3C7N(14) yC3C2C1(18)

321 308 253 227  BHDbNC7C6(83)

310 297 183 164 vC4B(22) yC2C1C6(14) yOIBOL(32)

234 225 139 125 NC7C6(16) O1BC4(20) C7C6C1(34) BCAC5(13)

166 159 126 114 PCA4C3C2C1(31) PBC3C5CA(19) BC7C5CICH(23)

128 123 69 62  PBC3C5C4(37) BC7C5CICH(17)
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116 112 53 48  POI1BC4(12) yC7C6C1(23) yBCAC5(41)

45 43 30 27 BNC7C6C5(89)

27 26 0 0 BO1BC4C3(92)

v; stretching, t; in plane bending, B; out of plane bending,

Vibrational Frequencies

The (3-Carbamoylphenyl) boronic acidm olecule consist of 20 atoms having 54 normal modes of vibrations.
The calculated vibrational wavenumbers, FT-IR and FT-Raman intensity of the title compounds are given in
Table 4. The obtained vibrational wave numbers were scaled with appropriate scale factors.

Conclusions

In this work, the structural parameters, the electronic energy, the dipole moment (u), the highest occupied
molecular orbital (HOMO) energy, the lowest unoccupied molecular orbital (LUMO) energy, the polarizability
(o), hyperpolarizability (B) and vibrational frequency of (3-Carbamoylphenyl) boronic acid were calculated at
DFT/ B3LYP/v an HF6-311+(2d,p) level of theory in gas phase. The dipole moment value of the molecule was
calculated as 3.41 Debye by the B3LYP/6-311++G(2d,p) method and as 3.41 Debye by the HF/6-311++G(2d,p)
method, respectively and energy gap of the molecule was calculated as 5.59 eV by the B3LYP/6-
311++G(2d,2p) method and as 10.69 e energy gap by the HF/6-311++G(2d,2p) method, respectively. C4-B
bond length have been calculated as 1.5674 A (B3LYP/6-311+G(2d,p), 1,5745 A (HF/6-311+G(2d,p). This
value determined as 1.546(6) A. The B(OH), and CONH, functional groups are twisted out of the plane of the
benzene ring by 4.90° and -15.54° (B3LYP) and 6.32° and -18.30°, respectively. These values determined as
23.9° (5) and 24.6° (6), respectively. It was seen that there was a good agreement between the calculated values
of the structural parameters and the experimental values.
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