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Ex%2Box%* Cyclophane was synthesized, and spectral characterization of this compound was completed
by using 'H, 3 CNMR, and ESI-MS spectroscopy. Furthermore, this compound and its seven derivatives
were investigated by computational analyses. Initially, these compounds were optimized at B3LYP/6-
31G(d) level in the gas phase and water. Then, IR and NMR spectrum were analyzed. Especially, experi-
mental and computational results are compared with each other in Ex>2Box?* Cyclophane. Computational
spectral results were presented due to the good harmony between experimental and computational re-
sults. These compounds’ chemical reactivity and electron mobility were investigated using a contour plot
of frontier molecular orbital and molecular electrostatic potential map. Finally, the OLED properties of
them were examined, and it was found that compounds (5)-(7) may be suitable candidates for OLED

© 2021 Published by Elsevier B.V.

1. Introduction

Frameworks compounds in supramolecular chemistry attract
the attention of researchers due to their unique structures and in-
teresting features [1]. Cyclophane is a family member, such as cy-
clodextrins, cucurbiturils, and crown ethers [2]. Cyclophanes have
many application areas such as live-cell imaging, artificial molec-
ular switches, stimulus-responsive luminescence, etc. Cyclophanes
have aromatic rings bonded to aliphatic chains in a closed cir-
cuit. Both cationic structure and m electron delocalization indi-
cate that these structures can also be used in OLED technology [3].
The Cyclophanes’ optical properties are influenced by a noncon-
ventional internal charge transfer process. Organic light-emitting
diodes (OLEDs) have attracted great interest in the technology
class. They have the advantages of easy manufacturing, low driving
voltage, ultra-speed, high contrast ratio, low power consumption,
and high brightness [4-7]. An OLED device consists of an anode
and organic matter called the cathode. However, there are layers
above the anode and below the cathode that determine the prop-
erty of the OLED material. The electron injection layer (EIL) is lo-
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cated just below the cathode. Below the EIL layer is the electron
transport (ETL) layer responsible for carrying electrons. There is a
hole injection layer (HIL) in the upper layer of the anode. Above
this layer is the hole-bearing layer (HTL), which has a good con-
ductivity for positive charges (holes) [8].

Thanks to the applications of computational chemistry meth-
ods, the suitability of the studied compounds for the mentioned
layers can be discussed with numerical results. Tetracationic Cy-
clophane compounds, Ex"Box**, are produced by reacting rigid
bipyridyl-based linkers, in which n is the number of p-phenylene
spacers having been employed toward various chemistry [9-11]. In
this study, Ex22BIPY, Ex22DBe2PFg, Ex22Boxe4PFg, and Ex22BIPY-
Me,+2PF; were synthesized. Especially, Ex>2Boxe4PF; and its
derivatives are examined in detail. Additionally, their R and S iso-
mers are considered for computational analyses. Their spectral
characterizations are done in detail, and so they are characterized
using both experimental and computational techniques. In quan-
tum chemical calculations, the UV-VIS spectrum of them is cal-
culated, and the wavelength of some UV bands is reported. Some
quantum chemical descriptors (QCDs) are taken into account to
interpret the optical properties. The calculation level is selected
as B3LYP/6-31G(d) in computational analyses. OLED properties are
calculated using the Marcus theorem. As a result, the investi-
gated compounds were a good candidate for ETL, HTL, and HIL
material.



K. Sayin, M. Rezaeivala, S. Erkan et al.

Journal of Molecular Structure 1253 (2022) 132286

Pd(Pphy);,Cul
THF, TEA

@

Scheme 1. Synthesis of 1,4-Bis(pyridine-4-ylethylbenzene.

2. Material and method
2.1. Synthesis

The compounds were synthesized according to literature meth-
ods [9,10].

Synthesis of 1,4-Bis(pyridine-4-ylethylbenzene, Ex>2BIPY (1)

Pd(PPhs)4 (0.21 g, 1.79 mmol) and Cul (0.34 g, 1.79 mmol) were
suspended in 70 ml THF and TEA, and 1,4-diiodobenzene (11.8 g,
35.7 mmol) was added. The mixture was stirred for 5 min at
room temperature before the addition of ethynylpyridine (10.2 g,
73.2 mmol). The reaction was stirred at 50 °C overnight under
N,. Check completion by TLC and NMR. The reaction mixture was
concentrated under vacuum, diluted in H,O/EtOAc, extracted with
EtOAc, and the organic layer washed with H,0, 1 M NaOH, and
the organic layer dried and concentrated (Scheme 1). Mp: 185-
186 °C. 'H NMR (CDCl3): 7.24 (4H, d, ] = 6.0), 7.41 (4H, s), 8.48
(4H, d, ] = 6.0) (Supp. Fig. S1); 3C NMR (CDCl;): 88.80, 93.33 9
(C = (), 122.87, 125.56, 131.19, 131.94, 149.70 (pyridine and ben-
zene rings)(Supp. Fig. S2).

Synthesis of 4,4'-(1,4-Phenylenebis(ethyne-2,1-diyl))bis(1-(4-
(bromomethyl)benzyl)pyridin-1-ium) Bis(hexafluorophosphate)-
Ex22DBe«2PF; (2)

o,’-Dibromo-p-xylene (16.38 g, 62.5 mmol) was added to
MeCN/CH,Cl, (1:1 v/v, 100 mL), and the suspension was heated
at 90 °C until all of the compounds had dissolved. A suspension
of Ex>2BIPY (1.75 g, 6.25 mmol) in CHCl; (40 mL) was added
in portions over two h. After heating under reflux for 48 h, the
reaction mixture was cooled to room temperature and filtered.
The yellow precipitate was washed with CH,Cl, (5 x 20 mL)
and dissolved in a mixture of RT or warm MeOH (400 mL) and
DMF (200 mL). The product was precipitated by adding NH4PFg
followed by diluting with cold H,O (300 mL) and collected by
filtration. Ex>2DBe2PFg dissolved in MeCN, filtered, and concen-
trated, yielding pure Ex2>2DBe2PFg (5.20 g, 88.73%) as a yellow
solid (Scheme 2). TH NMR (500 MHz, CD5;CN, ppm): 8y 8.74 (d,
J = 6.9 Hz, 4H), 8.08 (d, ] = 6.9 Hz, 4H), 7.82 (s, 4H), 7.58 (d,
J = 83 Hz, 4H), 745 (d, ] = 8.3 Hz, 4H), 5.71 (s, 4H), 4.63 (s,
4H)(Supp. Fig. S3). 3CNMR (125 MHz, CD3CN, ppm): 8¢ 145.02,
140.84, 133.56, 133.40, 130.70, 130.19, 123.78, 87.78, 64.36, 33.13)
(Supp. Fig. S4).

Cyclobis(4,4' -(1,4-Phenylenebis(ethyne-2,1-diyl) )-bipyridin-1-
ium-1,4-phenylenebis (methylene)) Tetrakis (hexafluorophos-
phate), Ex2>2Box+4PF6 (3)

A solution of Ex22DBe2PFg (3.34 g, 3.57 mmol) and Ex%2BIPY
(1 g, 3.57 mmol) dry MeCN (178 mL) was stirred at RT for 48 h.
The reaction was quenched by the addition of excess concentrated
HCl (10 mL), whereupon the crude product precipitated from the
solution as the hexachloride salt was centrifuged, washed with
Me,CO, and was dissolved in MeOH. The crude product was pre-
cipitated from solution by addition of NH4PFg, collected by fil-
tration, washed with H,O, dissolved in MeCN, and purified by
crystallization from the slow vapor diffusion of iPr,0 into a so-
lution of Ex?2?Boxe4PFg in MeCN, affording pure Ex?2Boxe4PFg
(650 mg, 29%) (Scheme 3). HRMS-ESI for Ex22Boxe4PFg. Calcd for
Cs6HygoF12N4P5: m/z = 529.1263 [M-ZPF6]2+: Found: 529.1274 [M—
2PFg]2t. TH NMR (500 MHz, CD;CN, ppm): 8y 8.68 (d, ] = 6.9 Hz,
8H), 7.94 (d, ] = 6.9 Hz, 8H), 7.67 (s, 8H), 7.58 (s, 8H), 5.67 (s, 8H)
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Scheme 2. Synthesis of  2.4,4'-(1,4-Phenylenebis(ethyne-2,1-diyl))bis(1-(4-
(bromomethyl) benzyl)pyridin-1-ium) Bis(hexafluorophosphate).
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Scheme 3. Synthesis of Cyclobis (4,4'-(1,4-Phenylenebis(ethyne-2,1-diyl))-bipyridin-
1-ium-1,4-phenylene bis(methylene) Tetrakis(hexafluorophosphate).

(Supp. Fig. S5). 13CNMR (125 MHz, CD3CN, ppm): 8¢ 144.6, 140.8,
136.1, 133.5, 131.0, 130.1, 123.2, 103.2, 87.8, 64.7 (Supp. Fig. S6).

Synthesis of 4,4'-(1,4-phenylenebis(ethyne-2,1-diyl))bis(1-
methylpyridine-1-ium) hexafluorophosphate -Ex2.2BIPY-
Me, «2PFg (4)

Ex?2BIPY-Me,+2PFg: A mixture of  1,4-Bis(pyridine-4-
ylethylbenzene (50.0 mg, 0.178 mmol) and Mel (1.11 mL, 17.8 mmol)
in MeCN (1.0 mL) was heated at 35 °C while stirring for 24 h. The
reaction mixture was cooled to room temperature and concen-
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trated in vacuo. The solid residue was dissolved in MeOH (20 mL),
followed by the addition of an excess of NH4PFg and dilution in
H,0 (50 mlL), resulting in the precipitation of pure Ex22BIPY-
Me,2PFg, which was collected by filtration as a light brown
solid. HRMS-ESI for EXZ'ZBIPY°2PF5. Calcd for CyoHigF1aNy Py
m/z = 3103906 [M-2PFg]?*; Found: 309.1400 [M-2PFg]%*(Supp.
Fig. S7). TH NMR (500 MHz, CD3CN, ppm): 8y 8.62 (d, ] = 6.6 Hz,
4H), 8.07 (d, J = 6.2 Hz, 4H), 7.82 (d, ] = 6.6 Hz, 4H), 4.30 (s, 6H)
(Supp. Fig. S8). 3’NMR (125 MHz, CD3CN, ppm): §¢ 146.4, 137.8,
130.8, 94.8, 49.3 (Supp. Fig. S9).

1. Mel/MeCN
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state. Eg is the energy of the neutral molecule at the ground state
[18].

Typical ETL and HTL materials are evaluated with reorganiza-
tion data in the literature. In evaluation, Alg3 and TPD compounds
are taken as reference. The electron reorganization energy (Ae) of
Alg3 has been reported at 0.276 eV [11] and the hole reorganiza-
tion energy (LH) of TPD at 0.290 eV [19].

In addition, two basic parameters are examined in EIL and HIL
materials that determine the ease of charge transfer. These param-
eters are ionization potentials (IPs) and electron affinities (EAs).

N ——

\

H,C—N©®

N ——>
2. MeOH/NH,PFg

/

2.2. Computational approaches

Computational analyses were performed at the B3LYP method
with 6-31G(d) basis set in the gas phase and water. In this
project, Gaussian 5.0.8 [12], Gaussian09 AS64L-GO9RevD.01 [13],
and Chem-Bio Office [14] were used as software. Optimization and
frequency calculations were done, and no imaginary frequency was
observed. IR spectrum of related compounds and their isomers
were analyzed. The peaks in the IR spectrum were labeled, and
their vibration modes were declared.

The time-dependent method was used in the calculation of the
UV spectrum. To consider solute-solvent interaction, the IEF-PCM
method was used in the calculation. OLED properties were ex-
plained by using Marcus theory. The parameters required to exam-
ine the OLED properties of the related compounds were calculated
at B3LYP/6-31G(d) level.

The compounds used in the OLED structure are classified as
electron bearing layers (ETL), hole bearing layers (HTL), electron
injection layer (EIL), and hole injection layer (HIL). They can
be designed for these purposes [15,16]. N, N’-diphenyl-N, N’-bis
(3-methylphenyl) —1,1’-diphenyl-4,4’-diamine (TPD) and tris (8-
hydroxyquinoline) aluminum (III) (Alq3) respectively considered as
reference material for a typical HTL and an ETL material. To predict
ETL and HTL materials, a parameter that applies the Marcus theory
given in Eq. (1) is taken into account.

= tzzl 1

(A + AGY)°
h /4r AkgT

4}\kBT
Where T is the temperature, kg is the Boltzmann constant. AG’ is
the free energy of the hole transfer reaction (zero in the case of
a transfer of holes between identical molecules), t is the integral
transfer parameter, and A is the reorganization energies. The total
reorganization energy of the molecule is equal to the sum of elec-
tron (A.) and hole (LH) reorganization energy.

A= he + A

K (1)

(2)

Reorganization energies [17], Ae and A, transfer can be calcu-
lated by the following equations:

he = (Ey —E~) + (E° — EJ) 3)

Mh = (E§ —ET) + (EY — E9) (4)
where Ef is the energy of the cation calculated with the optimized
structure of the neutral molecule, E; is the energy of the anion
calculated with the optimized structure of the neutral molecule. E}
and EZ are the energy of the cation and anion, respectively. E? is
the energy of the neutral molecule calculated at the cationic state.
(E%) is the energy of the neutral molecule calculated at the anionic

2PF

® N—CH,

7/ /

“

Lower IP and higher EA mean better hole and electron transport.
In other words, smaller IP (larger EA) values indicate easier injec-
tion of holes from the transport layer of the holes (electrons) to
the emitter layers. [20] lonization potential (IP;), vertical ioniza-
tion potential (IPV), adiabatic electron affinity (EA,), and vertical
electron affinity (EAy) are calculated as follows.

IP,=E, —EQ (5)
IP, =Ef — EJ (6)
EAq=EJ —E_ (7)
EA, = EJ — E; (8)

here, E; (Ef) is the energy of the anion (cation) calculated with
the optimized structure of the neutral molecule. E_(E. ) is the en-
ergy of the anion (cation) calculated with the optimized anion
(cation) structure [21].

3. Result and discussion
3.1. Structures at ground state and simulated characterization

Ex%2Box*t and its additive derivatives are optimized at
B3LYP/6-31G(d) level in the gas phase and water. Optimized struc-
tures of studied compounds in the gas phase and their labeling are
represented in Fig. 1. Additionally, optimized structures in water
are given in Supplemental Figs. S10-S17.

Given the optimized structure of studied molecules, the whole
compounds are quite tense. There are many 7 electrons. Molecular
planarity is distorted in each compound. Especially, benzene rings
on both sides are nearly perpendicular to other benzene rings. IR
spectrum of each studied compound was calculated, and no imagi-
nary frequency was observed in the results. IR spectrum of studied
compounds was examined, and the labeled IR spectrum in both
phases is given in Supp. Figs. S18-S33. The analyses of the labeled
peak in the IR spectrum are given in Table 1.

According to Table 1, vibrational frequencies of some functional
groups and specific bonds such as double and triple are observed
in detail. The triple bond between carbon atoms is calculated in
the range of 2290 - 2280 cm~!, while the stretching frequency of
the double bond is calculated in the range of 1590 - 1710 cm~1.
As for the CH stretching frequency, CH stretching frequencies are
observed in compound (3) and (5)-(7) while the intensity of these
frequencies is too small. Therefore, it is accepted as not observed in
the IR spectrum. On the other hand, the NMR spectrum of studied
compounds is calculated and evaluated using TMS. The calculated
chemical shift values of carbon and hydrogen atoms are given in
Table 2.
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Compound (3) Compound (5)

Compound (8)

Compound (9)
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Compound (6) Compound (7)

Compound (10)

Compound (11)

Fig. 1. Ground state structure of studied of some Ex22Box**+ Cyclophanes and their additive derivatives.

Table 1
The analyses of labeled peaks of related IR spectrum.
Assignment Comp (3) ? Comp (5) @ Comp (6) @ Comp (7) ?
1 3218 > STRE (CHaro.) 3236 > STRE (CHao.) 3234 > STRE (CHaro.) 3238 > STRE (CHam)
2 3044 > STRE (CH,;p) 3063 > STRE (CHy;,) 3059 > STRE (CHyj;.) 3053 > STRE (CH,jp.)
3 2191 > STRE (C=C) 2190 > STRE (C=C) 2191 > STRE (C=C) 2189 > STRE (C=C)
4 1708 > STRE (C=C) 1711 > STRE (C=C) 1712 > STRE (C= C) 1712 > STRE (C=C)
5 1222 > BEND (CH) 1202 > STRE (CN), BEND (CH) 1171 > STRE (CN), BEND (CH) 1173 > STRE (CN), BEND (CH)
Assignment  Comp (8) ? Comp (9) ° Comp (10) ? Comp (11) @
1 2281 > STRE (C=C) 2281 > STRE (C=C) 2282 > STRE (C=C) 2282 > STRE (C=C)
2 1682 > STRE (C=C) 1682 > STRE (C=C) 1682 > STRE (C=C) 1685 > STRE (C=C)
3 1598 > STRE (C=C) 1598 > STRE (C=C) 1593 > STRE (C=C) 1593 > STRE (C=C)
4 1141 > BEND (CH) 1142 > STRE (CN), BEND (CH) 1153 > STRE (CN), BEND (CH) 1147 > STRE (CN), BEND (CH)
2 Frequency is given in cm~!, STRE and BEND mean stretching and bending mode, respectively.
Table 2
Calculated chemical shift values (ppm) of carbon and hydrogen atoms of studied compounds.
For 3C NMR
Assignment Comp (3) Comp (5) Comp (6) Comp (7) Comp (8) Comp (9) Comp (10)  Comp (11)
Aromatic Carbon 133-105 132-105 133-106 133-105 148-114 149-114 149-118 148 - 118
Aliphatic Carbon 57 59 - 56 58 - 56 58 - 56 67 - 64 73 - 63 74 - 62 73 - 63
Bicyclo[2.2.1] hepta-2,5-diene - 57 - 51 53 - 50 54 - 50 63 - 58 60 - 58 59 - 57 61 - 57
For "H NMR
Aromatic Carbon 79-53 7.8 - 5.1 7.5 -5.1 7.7 - 51 82-70 82-70 8.2-6.7 83-6.7
Aliphatic Carbon 39-37 4.1 -3.7 4.2 -3.7 4.2 - 3.7 53-51 53-5.1 54 -50 54 -49
Bicyclo[2.2.1] hepta-2,5-diene - 35-16 34-16 3.5-16 4.0 -2.7 42 -2.7 4.2 -2.7 41 -26

The experimental and calculated chemical shift values of car-
bon and hydrogen atoms of compound (3) are compared with each
other. In '"H NMR, four NMR peaks are observed, and they are co-
ordinated to aromatic carbon atoms. The experimental peaks are
supported with computational results. Additionally, the other hy-
drogen atoms are characterized using computational results. As
for the carbon atoms in compound (3), experimentally observed
peaks belong to aromatic and aliphatic carbon atoms. At computa-
tional calculations, similar chemical shift values for aromatic and
aliphatic carbon atoms are observed. According to NMR calcula-
tions, structures are characterized using obtained results.

3.2. Contour plots and molecular electrostatic potential (MEP) map

Detecting active sites or regions on the molecular structure is
crucial to explaining the interactions. There are some ways to ex-
plain this property: contour plots of molecular orbitals, MEP maps,
etc. Electron mobility and electron localization are significant. In

the determination of molecular reactivity, the energy of the highest
occupied molecular energy (HOMO), energy of the lowest unoccu-
pied molecular orbital (LUMO), and the energy gap between LUMO
and HOMO (Egap) are important parameters. Additionally, electron
localization regions provide significant clues about the active re-
gion on the molecular structure. Therefore, contour plots of HOMO
are calculated and represented in Fig. 2 to explain the electron mo-
bility. Contour plot of frontier molecular orbital in water phase are
given in Supp. Figs. S34-5S49 for studied compounds.

According to Fig. 2, electron delocalization in compound (3)-
(7) is more on the whole structure than other compounds in com-
pound (3)-(7) is more than those of the others. Due to the high
electron mobility, these molecules are expected to have high OLED
properties. Therefore, it is also expected to exhibit better OLED
properties than other compounds. Molecular electrostatic potential
(MEP) maps are calculated for each compound and represented in
Fig. 3. MEP maps of studied compounds in the water phase are
given in Supp. Figs. S50-S57.
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Fig. 2. The contour plots of HOMO of each studied compound.
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Fig. 3. MEP maps of each compound.

According to Fig. 3, electron delocalization are mainly on the
surface at compound (3)—(7). There are different electron density
regions on these compounds, while the color is blue on the surface
of compound (8)-(11). As a result, the electron mobility compound
(3) - (7) is more than others. Furthermore, the chemical reactivity
is more in the first four compounds. These results imply that the
OLED properties of compound (3), (5)-(7) can be more than those
of other compounds.

3.3. Calculated UV-VIS spectrum

UV-VIS spectrum is an effective technique for determining elec-
tron mobility in the molecule. For this aim, the UV-VIS spectrum
of studied compounds is calculated at the same level of theory in
three different mediums, chloroform (¢=4.7113), DMSO (£=46.826)
and water (¢=78.3553). The wavelength of the bands is given in
Table 3.

According to Table 3, the wavelengths of the main bands are
different from each other. The required energy for the electronic
transition decreases with the increasing of the wavelength. There-
fore, the less required energy for electron mobility can be occurred

in compound (3), (5), and (6). For those reasons, OLED properties
can be well in these compounds.

3.4. OLED properties

The reorganization energy, the adiabatic and vertical ioniza-
tion potentials (IP,/IPy), and electron affinities (EA,/EAy) parame-
ters were calculated so that the studied Ex2.2Box4+ and its addi-
tive derivatives could be seen as electron bearing layers (ETL), hole
bearing layers (HTL), electron injection layer (EIL) and hole injec-
tion layer (HIL). The calculated values of the reorganization energy,
the adiabatic and vertical ionization potentials (IP,/IPy), and elec-
tron affinities (EA;/EAy) (in eV) for all examined compounds are
listed in Table 4.

In order for an organic compound to be suitable as ETL ma-
terial, Ae values must be less than 0.276 eV. Likewise, in order
for the organic compound to be the suitable material for the HTL
layer, the LH values must be less than 0.290 eV. Finally, the charge
transfer property of EIL and HIL materials can be evaluated with
IPa, IPv, and EAa, EAv results, respectively. Lower IP and higher EA
mean better electrons and holes charge transfer, respectively [20].
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Table 3
The wavelength (nm) of the observed bands in the
UV-VIS spectrum in different areas.

Compounds  Area Main Band  Band

3) Chloroform 670 353
DMSO 661 351
Water 646 350
(5) Chloroform 684 378
DMSO 678 375
Water 663 374
(6) Chloroform 682 361
DMSO 676 359
Water 662 358
(7) Chloroform 677 358
DMSO 471 356
Water 466 359
(8) Chloroform 385 -
DMSO 470 362
Water 450 -
9) Chloroform 445
DMSO 453 -
Water 446 -
(10) Chloroform 440 -
DMSO 450 -
Water 352 -
(11) Chloroform 362 -
DMSO 355 470
Water 468 352

Table 4

Calculated reorganization energies (in eV), the adiabatic and vertical ion-
ization potentials (IPa/IPv), and electron affinities (EAa/EAv) (in eV) for
all compounds.

Complex 1P, 1Py EA, EAy Ae An

(3) 0.3558 0.2362  0.2069 0.2026 142  1.60
(5) 0.1427 0.1383 0.1216  0.1757 0.17 0.16
(6) 0.1619  0.1505 0.1346 0.1332 0.20 0.19
(7) 0.1448 0.1412 0.1590 0.1632 0.21  0.10
(8) 0.1449  0.1411 02289 02333 0.10 0.14
9) 0.1531 0.1384 0.2502 02535 0.11 0.13
(10) 0.1653  0.1107 0.3513 0.3524 0.12 0.13
(11) 0.1756  0.1089 0.3519 0.3542 0.14 0.12

When the Xe and Ay, values of organic compounds in Table 1 are
examined, it is seen that the values of A. are lower than 0.276 eV,
and the values of Ay, are 0.290 eV. So, in OLED materials where -
electron delocalization is very important, the studied compounds
meet the expectation. All compounds are suitable for use as both
ETL and HTL material. This also means that the same compound
can be used in two layers in an OLED material. In Table 1, a re-
markable point in reorganization energies is that compound (6),
(8), and (10) have low A, values and high LH values from com-
pound (7), (9), and (11). When the IPs and EA’s in Table 1 are ex-
amined, the IPs of all the compounds except compound (3) are in-
creasingly decreasing, and their EAs are increasing. Primarily, com-
pound (5)-(7) can be used as material for both HIL and EIL layers.

4. Conclusion

We presented the synthesis and computational investigations of
some Ex22Box2?+ Cyclophane derivatives. Spectral characterization
of Ex>2Box is done experimentally. Additionally, quantum chemi-
cal calculations are performed at B3LYP/6-31G(d) level. Ex2-2Box%+
Cyclophane and its seven additive derivative structures are exam-
ined in detail. Their optimization and simulated spectral character-
ization are done, and some data are compared with experimental
results. Contour plots and MEP maps examine studied compounds’
chemical reactivity and conductivity. Finally, their OLED properties
are investigated using the Marcus theorem. It is found that OLED
properties of compound (5)-(7) are more than those of others. It

Journal of Molecular Structure 1253 (2022) 132286

can be said that compound (5), (6), and (7) may be suitable candi-
dates for OLED applications.
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