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Ortho- and para-substituent arylboronic acid are investigated. Geometric structure and structural proper-
ties of these compounds are done. IR and NMR spectrum are calculated for the spectral characterizations.
Contour diagram of frontier molecular orbitals which are HOMO and LUMO is calculated and molecu-
lar electrostatic potential (MEP) map of them are obtained to evaluate the electronic properties and to
determine the active site on the molecules. Non-linear optical (NLO) properties are investigated. UV-VIS
spectrum of studied compounds is calculated and the wavelength of main band is examined. Then, some

Boron quantum chemical parameters which are total static dipole moment, the average linear polarizability, the
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anisotropy of the polarizability and first hyperpolarizability are calculated and it was found that B3 is the
best NLO material for applications.
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1. Introduction

Arylboronic acids are significant compound group due to the
fact that they have broad application areas. Although these com-
pounds have been known over more than a hundred years, their
properties and application areas are still expanding even today.
The most known significant areas are the synthesis of biaryl com-
pounds, molecular receptor, organic framework especially covalent
and bioactivity of them [1-8]. The substituent and its location on
the phenyl ring are gained significant effect on the acidity, receptor
activity, and biological activity, etc. The other important research
area is optic. It is known that optical properties of boron com-
pounds have been investigated in many published article [9-14]. In
this study, some phenylboronic acids are investigated which their
structures are represented in Scheme 1. Ortho- and para- isomers
are examined in detail. The whole investigations are performed by
molecular simulation analyses. Ortho-substituent aryboronic acid
are synthesized by Adamczyk-Wozniak and Sporzynski in 2020 [1].

The goal of this study is the investigating of the structural,
spectral and non-linear optical (NLO) properties of mentioned
compounds. All these compounds are optimized at M06-2X/6-
311G(d) level in gas phase. Structural properties such as bond
length, bond angle and geometry are revealed. Structural differ-
ences respect to location of substituent are reported in detail. IR
and NMR spectrum are calculated for the spectral characterization
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of studied compounds. Vibration mode of selected peaks are ana-
lyzed with utilities. In NMR analyses, chemical shift values of car-
bon, hydrogen and boron atoms are reported. Molecular orbital en-
ergy diagram (MOED), contour plot of frontier molecular orbitals
and molecular electrostatic potential (MEP) maps are examined to
analyze the electronic properties. Finally, NLO properties are ex-
amined by using some parameters and UV-VIS spectrum. Urea is
taken into consideration as reference material for the evaluating of
the NLO properties of mentioned compounds.

2. Method

Computational analyses of selected phenylboronic acids were
performed by licenced softwares. GaussView 6.0.16, Gaussian16
IA32W-G16RevB.01, Gaussian09 AS64L-GO9RevD.01, ChemDraw
Professional 15.1 and VEDA 4XX programs were used in this project
[15-18]. Selected compounds were drawn by using GaussView
and pre-optimizations were done by using Gaussian16 IA32W-
G16RevB.01 at personal computer. Then, fully-optimizations were
performed by using Gaussian09 AS64L-G09RevD.01 program at TR-
Grid workstations. Universal force field (UFF) method was used in
pre-optimizations while M06-2X/6-311G(d) level in gas phase. IR
spectrum of studied phenylboronic acids were analyzed by VEDA
4XX program. gage-Independent Atomic Orbital (GIAO) method
was used in the NMR calculations. As for the UV-VIS calculations,
time-dependent (TD) method was used in the calculations. The to-
tal static dipole moment (i), the average linear polarizability (o),
the anisotropy of the polarizability (A«) and first hyperpolarizabil-
ity (B) are calculated by using the Eq. (1) - (4):
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Scheme 1. Studied ortho- and para-substituted phenylboronic acid compounds.

Fig. 1. The optimized structure of studied ortho-phenylboronic acid.
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3. Results and discussions
3.1. Structure and characterization
Studied compounds are optimized at mentioned level. Opti-

mized structures of B1 - B9 are represented in Fig. 1 with atomic
labeling. Structures of other compounds are represented at Supp.

Fig. S1 - S9. Geometric parameters of B1-B9 are given in Table 1
while structural parameters of B10-B18 are given in Supp. Table S1.

According to Table 1, bond lengths of B1-C1 and B1-01/2 are
nearly calculated as 1.57 and 1.36 A, respectively. According to pub-
lished article, B-C and B-O bond lengths have been reported as
1.55 [19] and 1.38 A [20]. So, calculated results are in agreement
with published article. In carbon-carbon bonds, length of this bond
in benzene ring is calculated about 1.39 A. As experimentally, this
bond has been reported as 1.38 A [21, 22]. As for the bond angles,
calculated the bond angle is nearly 120°. Generally, planar struc-
ture is dominant in each compound.

In spectral analyses, IR spectrum of each compounds are calcu-
lated and analyzed by VEDA 4XX program. The calculated IR spec-
trum of B1 - B18 are represented in Supp Fig. S10-S27. The analysis
results are given in Table 2 for B1-B9 and Supp. Table S2 for B10-
B18.

According to Table 2, the vibration frequencies and their
modes are reported in detail. While the stretching movement
is generally dominant over 1500, it is determined that there
are new movements such as torsion and out in addition to
stretching in the fingerprint area. Functional groups such as hy-
droxyl and specific bonds belong to studied compounds are de-
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Table 1
Calculated geometric parameters of B1-B9.
Assignment B1 B2 B3 B4 B5 B6 B7 BS B9
Bond Length (A)
B1-01 1361 1365 1.363 1363 1364 1361 1359 1.363  1.365
B1-02 1365 1369 1362 1372 1370 1361 1362 1366 1.367
B1-C1 1572 1573 1578 1572 1572 1586 1579 1574 1573
C1-C6 1391 1411 1407 1411 1410 1391 1403 1408 1.410
C1-C2 1403  1.402 1401 1399 1399 1397 1398 1400  1.402
C5-C6 1.386 1.397 1.397 1.399 1.399 1.388 1.391 1.398 1.396
C6-03 - - - 1355 1353 - - - -
C6-C7 - 1.510 1489 - - - 1.504 1487 1.520
C7-03 - - 1210 1416 1421 - - - -
Bond Angles (deg.)
01-B1-02 1214 1229 1243 1226 1227 1257 1248 1240 1233
01-B1-C1 1196 1205 1163 1220 121.8 1170 1190 119.0 1200
C1-C2-C3 1204 1221 1216 1225 1225 1213 1217 1217 1220
C1-C6-C7 1225 1218 - - - 1204 1215 -
C1-C6-03 - - - 1170 1168 - - - -
C5-C6-C7 - 1185 1173 - - - - - -
C6-03-C7 - = = 1184 1193 - - - =
Table 2
IR spectrum analyses of B1-B9.
B1 B2 B3 B4 B5
Assignment Freq.? Mode" Freq.? Mode"” Freq.? Mode® Freq.? Mode"” Freg.? Mode®
1 3884 STRE (OH) 3885 STRE (OH) 3881 STRE (OH) 3867 STRE (OH) 3889 STRE (OH)
2 3209 STRE (CH) 3193 STRE (CH) 3097 STRE (CH) 3054 STRE (CH) 3118 STRE (CH)
3 1693 STRE (CC) 1681 STRE (CC) 1808 STRE (0C) 1678 STRE (CC) 1674 STRE (CC)
4 1414 STRE (BO) 1399 STRE (BO) 1408 STRE (BO) 1405 STRE (BO) 1400 STRE (BO)
5 969 BEND (HOB) 967 BEND (HOB) 970 BEND (HOB) 989 TORS (HCCC) 1310 STRE (CC)
6 575 TORS (HOBC) 569 TORS (HOBC) 571 TORS (HOBC) 785 TORS (HCCC), 967 BEND (HOB)
TORS (CCCC),
OUT (0CCC)
7 566 TORS (HOBC) 789 TORS (HCCC),
OUT (0CCC)
8 572 TORS (HOBC)
Assignment B6 B7 B8 B9
Freq.? Mode" Freq.? Mode" Freq.? Mode" Freq.? Mode"
1 3878 STRE (OH) 3877 STRE (OH) 3878 STRE (OH) 3880 STRE (OH)
2 3235 STRE (CH) 3216 STRE (CH) 3214 STRE (CH) 2986 STRE (CH)
3 1662 STRE (CC) 1423 STRE(BO) 1676 STRE (CC) 1677 STRE (CC)
4 1414 STRE (BO) 1185 STRE (FC 1402 STRE (BO) 1397 STRE (BO)
5 981 BEND (HOB) 977 BEND (HOB) 974 BEND (HOB) 972 BEND (HOB)
6 557 TORS (HOBC) 578 TORS (HOBC) 554 BEND (0BO), 553 TORS (HOBC)
TORS (HOBC)
2 in cm™.
b STRE: stretching; TORS: torsion; OUT: out of plane.
Table 3
The chemical shift values (in ppm) of carbon atoms in B1-B9.
Assignment Bl B2 B3 B4 B5 B6 B7 B8 B9
C1 1383 153.0 1608 1388 1391 1573 1568 1575 1533
(@) 160.2 159.0 1582 160.8 1604 153.9 157.8 156.6 158.6
C3 1444 1459 1558 1385 1388 158.8 153.8 1479 1454
C4 1553 1525 1524 1555 1547 1504 1513 1516  152.6
c5 1346 1514 1716 1268 1274 1426 1462 150.1 147.4
c6 189.1 171.0 162.1 1864 1858 171.0 1546 1717 1719
c7 27.0 2186  56.1 77.1 1303 1679 69.1
c8 32.5 152.1 495
9 19.8 149.0 456
C10 21.4 148.3
ci1 149.7
c12 148.8
termined by IR spectrum analyses. The other significant charac- According to Table 3 and 4, chemical shift values of aromatic
terization technique is NMR spectrum. NMR spectrum of stud- carbon atoms are mainly calculated in the range of 138 - 186 ppm
ied compounds are calculated and chemical shift values of car- while chemical shift values of hydrogen atoms at benzene ring
bon and hydrogen atoms in B1-B9 are given in Table 3 and 4, are mainly calculated in the range of 74 - 9.0 ppm. For hydro-

respectively. The results in B10-B18 are given in Supp. Table S3 gen atoms which coordinate aliphatic carbon atoms, it is calculated

and S4.

in the range of 0.7 - 2.7 ppm. Finally, the chemical shift values
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Table 4
The chemical shift values (in ppm) of hydrogen atoms in B1-B9.

Assignment Bl B2 B3 B4 B5 B6 B7 B8 B9

C2H 88 9.0 91 89 89 84 88 88 89
C3H 80 8.1 8.6 79 78 86 85 83 83
C4H 85 84 85 83 84 86 87 84 84
C5H 77 80 91 74 74 90 86 84 86
C7H 3.1 115 37 42 4.2
C7H’ 3.1 43 34 3.9
C7H” 2.3 3.7

C8H 2.2 82 15
C8H’ 2.5
C8H” 2.3
C9H 1.3 84 22
COH’ 1.2 2.6
C9H” 0.8 2.7
C10H 0.7 8.3

C10H’ 24

C10H” 1.2

C11H 8.6

C12H 8.5

O1H 43 40 44 38 40 43 44 42 42
02H 4.1 4.1 4.5 4.1 39 43 44 37 41

of hydrogen atoms in hydroxyl group are obtained about 4.2 ppm.
All these results are in agreement with theoretical expectation and
published articles.

3.2. Contour Plots (CP) and molecular electrostatic potential (MEP)
map

Molecular orbitals are significant illustration in the determina-
tion of properties of studied chemicals. The most known molecu-
lar orbitals are called as frontier molecular orbitals which are the
highest occupied molecular orbital (HOMO) and the lowest unoc-
cupied molecular orbital (LUMO) have the decision maker proper-
ties in the determination of interaction mechanism. In this stage,
CPs of HOMO and LUMO give clues which are related with elec-
tron density on molecular structure. This electronic distribution
provides the determination of the interaction mechanism. CPs of
mentioned molecular orbitals in ortho substituted phenylboronic
acid which are B1 - B9 are represented in Fig. 2. For the other
compounds, contour plots of HOMO and LUMO are represented in
Supp. Fig. S28.

According to Fig. 3, electrons in HOMO are mainly delocalized
on the benzene ring. Therefore, it can be said that 7 electrons are
active to any interactions. At the same time, there are small bal-
loons on the oxygen atoms. It implies that oxygen atoms are ac-
tive. However, their activities are less than benzene ring. As for
the LUMO, the compounds can accept electrons from appropriate
chemicals. These electrons will mainly be delocalized on the whole
structure. Another important cube is molecular electrostatic po-
tential (MEP) map and these maps for B1-B18 are represented in
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Fig. 3. For the other compounds, they are represented in Supp. Fig.
S29.

MEP maps are obtained by the calculation of electro-static po-
tential (ESP) charges. There are different colors in these maps. The
red one implies the most electron density region while dark blue
implies the most electron-less region. According to Fig. 3, red color
is localized on the benzene ring and heteroatoms. The dark blue
color is seen due to the hydrogen atoms. But it can be said that
red and yellow colors is dominant on the structure and the elec-
tron delocalization is easily seen from MEP map. These results im-
ply that studied compounds can be good candidates as optical ma-
terials.

3.3. Investigations of nonlinear optical (NLO) properties

Determination of optical properties of chemicals is significant
topic for optical material. These properties can be determined by
experimentally and computationally. For this investigation, UV-VIS
spectrum and NLO parameters are used in this study. The wave-
length of main band gives important data to evaluate the optical
properties. It is known that electronic mobility is one of the pa-
rameters for the determination of NLO activity. The NLO activity
increases with the increasing of wavelength of main band due to
the fact that the wavelength and transition energy are inversely
proportional. The wavelength of main bands of studied compounds
are given in Table 5.

According to Table 5, the wavelength of ortho substituent
studied compounds are mainly higher than that of para sub-
stituent ones. Therefore, it can be considered that electron mo-
bility or electronic transitions are more in ortho substituent
compounds. So, NLO activity of ortho substituent compounds
which are B1-B9 are more than the others. In first nine com-
pounds, the best candidate for NLO applications is B3 due to
having highest wavelength. However, there are alternative com-
pound to B3 because their wavelengths are close to B3’s. The
total static dipole moment (), the average linear polarizability
(a), the anisotropy of the polarizability (A«) and first hyperpo-
larizability (B) are calculated for each compound and given in
Table 6.

According to Table 6, NLO activity of the whole compounds is
better than that of urea. However, there are some molecules that
are thought to have better activity. Because, they have higher pa-
rameter values between each other. The first parameter is dipole
moment. In this parameter, the NLO activity of B3, B12, B15 and
B16 is better than the others. These compounds could be better
NLO material. As a summary, these four compounds can be used
as NLO material.

4. Conclusions

Phenylboronic acids are optimized at M062X/6-311G(d) at gas
phase. Structural analyses of them are done in detail and charac-

Table 5
The wavelength (nm) of main bands and their oscillator stretching of each studied com-
pound.
Compound  Wavelength  Osc. Stret. ~ Compound  Wavelength  Osc. Stret.
B1 175 0.541 B10 176 0.642
B2 179 0.657 B11 178 0.636
B3 190 0.353 B12 179 0.468
B4 182 0.672 B13 178 0.613
B5 183 0.628 B14 179 0.756
B6 157 0.348 B15 168 0.298
B7 176 0.635 B16 175 0.571
B8 188 0.377 B17 183 0.950
B9 181 0.424 B18 179 0.587
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Table 6

Calculate NLO parameters of studied compounds.
Comp. ' a? Aa? B Comp. ' o? Aa? B?
B1 1.031 9.552 17.313 1.68x10-%7 B10 1.729 9.539 17.526 3.92x10%7
B2 1166  11.093  20.042 2.25x10-%7  B11 0934 11.113  21.021  3.80x10°?%7
B3 1.966 11.427 20.135 3.12x10°27 B12 2.364 11.618 21.412 4.90x10-28
B4 0.739 11.593 21.176 7.96x10-28 B13 0.964 11.592 22.645 5.77x10727
B5 0.827 15.096 31.226 3.03x10°%7 B14 0.870 15.669 32.029 6.75x10°27
B6 1550 11.053  20.713  1.46x10-%7  B15 3.107 11.647 20908 3.66x10-28
B7 1.322 10.044 21.027 1.26x10-%7 B16 2.370 10.698 20.042 2.78x1027
B8 1.088 16.373 35.070 1.26x10-%7 B17 1.117 18.179 35.308 5.23x10-%7
B9 1377 14302 28473 2.62x107%7  B18 0.890 14346 30.176  1.85x107?%7
Urea 0.172 2.290 9.144 3.84x10°28
1 in Debye,
2 in A3,

3 in cm®/esu.

9

Fig. 2. Contour plots of frontier molecular orbitals of ortho substituent studied compounds.
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Fig. 3. The calculated MEP maps of studied compounds (B1-B9).

terization of these compounds are performed by calculating of IR
and NMR spectrum. IR spectrum are analyzed by VEDA program.
Additionally, contour plot of frontier molecular orbitals and molec-
ular electrostatic potential (MEP) maps of them are obtained. So,
electronic properties are revealed in detail. Finally, NLO properties
of them are investigated. Initially, UV-VIS spectrum is calculated
and the wavelength of main bands are examined in detail. Then,
selected quantum chemical descriptors are calculated in evaluate
the NLO activity of studied compounds. As a result, it is found that
compounds which are B3, B12, B15 and B16 can be used as NLO
material but it is determined that NLO efficiencies of B3 is more
than those of other selected compounds.
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