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Abstract

A new Zn(II) complex of 4-acetylbenzoic acid, namely [ZnL2(H20)z] (1) (HL = 4-acetylbenzoic acid) has
been synthesized in water-ethanol (v:v = 1:2) solution using zinc acetate dihydrate, 4-acetylbenzoic ac-
id, and NaOH as reactants. The structure of complex (1) has been characterized by IR and X-ray sin-
gle-crystal diffraction. X-ray diffraction analysis of complex (1) reveals that the Zn(II) ion is six-
coordinated in a distorted octahedral coordination geometry with four carboxylic O atoms from two dif-
ferent bidentate 4-acetylbenzoic acid ligands (01, 02, Ola, O2a) and two O atoms from two coordinated
water molecules (O4 and O4a). Complex (1) forms 1D chained structure by the intermolecular and in-
tramolecular O-H ---O hydrogen bonds, and further forms a three-dimensional network structure by the
n-11 interaction of benzene rings and intermolecular O-H ---O hydrogen bonds. The singlet ground-state
geometry of the complex (1) were optimized using the PBEO functional. The intermolecular interactions
of complex (1) were quantitatively analysed by 3D Hirschfeld surface analysis and associated 2D fin-
gerprint plots. The catalytic activity of complex (1) has been tested for the oxidation of benzyl alcohol
under O2 atmosphere.
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1. Introduction cence [1,2], anticancer activity [3,4], antiepilep-
tic drug [5], antibacterial activity [6,7], antioxi-
dative property [8], ON-OFF probe [9], gastro-
protective activity [10], inorganic photosensitiz-

r [11], DNA binding activity [12], nonlinear op-

Zinc complexes have been one of the research
topics of coordination chemists in recent years
because to their excellent properties in fluores-

tical property [13], magnetic property [14], and
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electrochemical property [15,16]. It is worth
mentioning that zinc complexes have also
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showed potential applications in their catalytic
activity, such as: oxidation of benzyl alcohol
[17,18], catalytic reduction of COz [19], chemi-
cal fixation of COz into cyclic carbonates [20],
ring opening reaction of epoxide with amine
[21], cyanosilylation of aldehydes [22], stereose-
lective ring opening polymerization of rac-
lactide [23], A3 coupling reaction [24], photo-
degradation of organic dye pollutants [25], etc.

We have synthesized some Zn(II) complexes
and investigated their structure and properties
[26-29]. Meanwhile, we also conducted a pre-
liminary investigation of the catalytic activity
of some metal complexes [30-35]. Up to now,
there do not have report on the synthesis, crys-
tal structure and catalytic property of
4-acetylbenzoic acid metal complexes. To con-
tinue the research in the novel structure and
catalytic property of metal complexes, we syn-
thesized and structural characterized a new
Zn(IT) complex using zinc acetate dihydrate,
4-acetylbenzoic acid (Figure 1), and NaOH as
reactants.

2. Materials and Methods
2.1 Materials and Measurements

The materials of zinc acetate dihydrate
(Jilin Chinese Academy of Sciences-Yanshen
Technology Co., Ltd., 98%), 4-acetylbenzoic acid
(Jilin Chinese Academy of Sciences-Yanshen
Technology Co., Ltd., 98%), and NaOH (Jilin
Chinese Academy of Sciences-Yanshen Tech-
nology Co., Litd., 97%) were used as received. IR
spectra were carried on a spectrophotometer
(Tianjin Gangdong FTIR-850, KBr discs, range
4,000~400 cm-1). The crystal data of complex
(1) were obtained on a CCD area detector
(Bruker CCD area detector, 296.15 K, multi-
scan).

2.2 Synthesis of Complex (1)

A water (5 mL) solution of 0.1097 g zinc(II)
acetate dihydrate (0.5 mmol) solid was added to
a water-ethanol (15 mL, v:v = 1:2) solution of
0.0821 g 4-acetylbenzoic acid (0.5 mmol) solid
and 0.020 g NaOH (0.5 mmol) solid. The mix-

i
C
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Figure 1. The molecular structure of

4-acetylbenzoic acid

ture was heated to 70 °C and the temperature
was held for 5 h with stirring before it was
cooled to room temperature. The colourless
crystals of complex (1) were formed after 20

days with yield 72%.

2.3 Crystal Structure Determination

A suitable crystal (0.13 mm X 0.11 mm X
0.09 mm) of complex (1) was selected to collect
data on a CCD area detector diffractometer.
The crystal was kept at 296.15 K during data
collection using Olex2 [36]. The structure was
solved with the SHELXT [37] structure solu-
tion program using Intrinsic Phasing and re-
fined with the SHELXL [38] refinement pack-
age using Least Squares minimisation. Crys-
tallographic data of complex (1) are shown in
Table 1. Crystallographic data for the structure
reported in this paper has been deposited with
the Cambridge Crystallographic Data Centre

as supplementary publication No.

CCDC

2222442. The CIF file can be obtained conven-

iently from

the website:

https://www.ccdc.cam.ac.uk/structures.

Table 1. Crystallographic data of complex (1)

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group
alA

bIA

A

al®

Bl

y/°

Volume/As3

Z

Peale, mg/mm3
H/mm-1

S

F(000)

Index ranges

Reflections collected

26/°

Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2
Refinement method

Final R indexes [[>=20 (I)]
Final R indexes [all data]

Largest diff. peak/hole/e As

C17H1507Zn
396.66

296.15

monoclinic

C2/c

27.504(8)
5.0047(13)
12.086(3)

90

110.058(10)

90

1562.7(7)

4

1.686

1.611

1.068

812

-32 < h <32,
5<k<5,
-14<1<13

17452
6.308-50.624

1405 [R(@int) = 0.1158]
1405/1/127

1.068

Full-matrix least-squares
on F2

R1=0.0593, wR2 =
0.1446
R1=0.0809, wR2 =
0.1609

0.60/-0.93
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2.4. Selective Oxidation of Benzyl Alcohol

The stainless-steel high-pressure reactor
equipped with magnetic stirring and a temper-
ature controller (10 mL) has been adopted to
the selective oxidation of benzyl alcohol with
oxygen. In a typical reaction, the complex (1)
catalyst (20 mg) was suspended in the benzyl
alcohol (1.0 mmol, 108.0 mg) and THF (7 mL).
The reaction mixture was stirred at 2000 rpm
with constant pressure (1-5 bar) of oxygen. Af-
ter completion of the reaction, a sample of the
reaction mixture was analyzed using gas chro-
matography (Varian star GC-6890) with SE-54
column and a fame ionization detector.

3. Results and discussion
3.1. Infrared Spectra

The infrared spectra of 4-acetylbenzoic acid
and the complex (1) are given in Figure 2. The
4-acetylbenzoic acid ligand exhibits important
bands at ca. 3265 (vO-H), 1728 (vasCOO-) and
1498 (vsCOO-) cm-l. In complex (1), the bands
at ca. 3448 cm! indicates that the complex (1)
contains water molecules, the vasCOOQO- appears

100
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4 Red:complex(1)
80
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Figure 2. The infrared spectra of
4-acetylbenzoic acid and the complex (1)

at 1618 and 1592 cm-'! and splits into two
peaks, and the vsCOO- appears at 1398 cm-1,
indicating that the carboxylate of deprotonated
4-acetylbenzoic acid ligands adopt bidentate
chelate coordination modes, which are con-
sistent with the result of X-ray single-crystal
diffraction analysis. The changes in the
position of the major absorption peaks from the
4-acetylbenzoic acid ligand and complex (1)
indicate that the 4-acetylbenzoic acid ligand is
coordinated with the zinc ion.

3.2. Structural Description of Complex (1)

The coordination environment of Zn(II) in
complex (1) is given in Figure 3. Selected bond
lengths (A) and angles (°) for complex (1) are
listed in Table 2. Figure 4 and Figure 5 exhib-
its the 1D chained structure and the 3D net-
work structure of complex (1) , respectively.
The crystal structure of complex (1) contains
one Zn(II) center, two 4-acetylbenzoate ligands
and two coordinated water molecules (Figure
3). The carboxylate of deprotonated
4-acetylbenzoic acid ligands adopt bidentate
chelate coordination modes. The Zn(II) center
is six-coordinated in a distorted octahedral co-
ordination geometry with four carboxylic O at-
oms (01, 02, Ola, O2a, symmetry codes:a: 1-x,
+y, 1/2-z) of two deprotonated 4-acetylbenzoic
acid ligands and two O atoms (04, O4a) of two
coordinated water molecules. The basal plane
is constructed by Ola, 02, O2a and O4, and
the apical position is occupied by O1 and O4a.
In complex (1), all oxygen atoms were disposed
in trans, namely, O1 is trans to Ola, O2 is
trans to O2a, and 04 is trans to O4a. The bond
distances of Zn-O are 2.002(4) A (Zn1-01),
2.002(4) A (Zn1-Ola), 1.982(3) A (Zn1-04),
1.982(3) A (Zn1-O4a), 2.511(4) A (Zn1-02), and
2.511(4) A (Zn1-02a), respectively, which are
consistent with those reported in the literature
[39]. The dihedral angle of two benzene rings

Figure 3. The coordination environment of Zn(II) in complex (1)
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(C1-C2-C3-C4-C5-C6 and Cla-C2a-C3a-C4a-
Cba-C6a) is 88.4°, showing that two
4-acetylbenzoate ligands are not coplanar.
Complex (1) forms 1D chained structure
(Figure 4) by the intermolecular and intramo-
lecular O-H---O hydrogen bonds (O4-H4a---O1
and O4-H4b--O1), and further forms a three-
dimensional network structure (Figure 5) by
the m-m interaction of benzene rings and inter-
molecular O-H ‘O hydrogen bonds.

3.3. DFT Computation

The singlet ground-state geometry of com-
plex (1) were optimized using the PBEO func-
tional [40]. The atomic basis set combines the
6-31G* basis set for C, H and O atoms with the
Lanl2DZ effective core potential and valence
basis set for Zn atoms. The vibrational analysis
was performed at the same level and it con-
firms that the optimized geometry is stable.
The vertical excitation energies were calculat-

Figure 5. 3D network structure of complex (1)

Table 2. Selected bond lengths (A) and bond angles (°) for complex (1)

Bond d Angle @)
Zn1-Ola 2.002(4) 01-Zn1-Ola 99.3(2)
7Zn1-01 2.002(4) 0O4a-Zn1-01 136.22(14)
7n1-O4a 1.982(3) Ola-Zn1-04 136.22(14)
7Zn1-04 1.982(3) 04-Zn1-01 100.86(15)

C7-01 1.287(6) 0O4a-Zn1-Ola 100.85(15)

C7-02 1.248(6) 04-Zn1-O4a 90.6(2)

02-C7-01 119.8(4)

Symmetry transformations: a: 1-x, +y, 1/2-z.
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ed at the TD-PBE0/6-31G(d)-Lanl2DZ theory of
level based on the optimized geometry [41,42].
The solvation model employs the polarizable
continuum model (PCM) with DMSO used as a
solvent [43] because of the good solubility. All
calculations were performed by the Gaussian
16 package [44]. The visual electron density of
molecular orbital is realized by VMD package
[45].

To get deep understanding of the ground
state and excited state properties, DFT calcula-
tions were performed. The calculated geometric
parameters of complex (1) are all in good agree-
ment with the experimental results. There are
two main absorption peaks for complex (1), 1.e.
246.3 nm and 249.7 nm (Table 3) calculated

Table 3. Calculated absorption of the complex (1) in

DMSO and the experimental data

Excited Excitation Acal f
State (nm)

7 HOMO-5—LUMO+1(32%) 249.7 1.066
HOMO-4—LUMO(41%)
HOMO-2—-LUMO(17%)

8 HOMO-5-LUMO(43%) 246.3 0.223

HOMO-4—-LUMO+1(30%)
HOMO-3—-LUMO (10%)
HOMO-2—-LUMO+1 (13%)

HOMO-2

LUMO

based on the optimized geometry of ground
state. The electron density distributions of the
involved molecular orbitals are presented in
Figure 6. The electron densities of all the in-
volved molecular orbitals localize on the two 4-
acetylbenzoate ligands. It indicates that these
excitations show a mixed intraligand charge
transfer (ILCT) / ligand-ligand charge-transfer
(LLCT) character.

3.4. The Hirschfeld Surface of the Complex (1)

In order to better understand the distribu-
tion of electrons in the ligand. The Hirschfeld
surface of the complex (1) was analyzed by the
Crystal Explorer software 21.5. As shown in
Figure 7, the original crystal structure unit,
the Hirschfeld surfaces mapped over dnorm, di
and de of the crystal (a-d), and the two-
dimensional (2D) fingerprint plots represented
overall and the top three interactions (H...H,
0O...H/H...O and C...H/H...C) are shown in (e-
h). Based on the calculations, it can be conclud-
ed that the H...H contacts represented the
largest contribution (39.7%) to the Hirschfeld
surface, followed by O...H/H...O and
C...H/H...C contacts with contributions of
32.5% and 12.2%, respectively. It’s worth not-
ing that the m-mr stacking interactions play a
subordinate role in forming the crystal for the
C...C contacts with a Hirschfeld surface contri-
bution percentage of 5.8%.

LUMO+1

Figure 6. Electron density distributions of the involved molecular orbitals of the complex (1) (isovalue

=0.04a.u)
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3.5. Catalytic Activity Assessment of the Com-
plex (1)

The results as shown in Table 4 depicts the
conversion of benzyl alcohol and yield of ben-
zaldehyde over complex (1) catalysts after a
runtime of 1-3 h with Oz as oxidant using THF
as solvent. The benzyl alcohol conversion
(9.3%) and benzyldehyde yield (3.2%) were low
for the oxidation of benzyl alcohol at 100 °C
within 2 h under 3 bar of Oz without catalyst
(Table 4, entry 1). The catalyst of complex (1)
revealed remarkable increase in the conversion
of benzyl alcohol with reaction temperature,
time, and pressure (Table 4, entries 2—7). The
benzyl alcohol conversions were 37.3% and
65.6% after a runtime of 2 h under 3 bar of O2
at 90 °C and 100 °C, respectively (Table 4, en-
tries 2 and 4). The conversions were 23.4%,
65.6%, and 85.6% at 100 °C under 3 bar after a
runtime of 1, 2, and 3 h, respectively (Table 4,
entries 3-5). The conversions of benzyl alcohol
were 47.7%, 65.6%, and 69.5% under 1 bar, 3

bar and 5 bar at 100 °C within 2 h, respectively
(Table 4, entries 4, 6, and 7). The highest ben-
zaldehyde yield (66.3%) was obtained at 100
°C under 3 bar of O2 after a runtime of 3 h. The
yield of benzyldehyde over complex (1) was
much higher than [Zns(Li1)4(I2)2(CH3COO)s]
(50.8%, HL: = 6-phenylpyridine-2-carboxylic
acid, L2 = bis(4-pyridyl)amine), [Ca(L)2(H20)2]»
(44.8%, L 2-carboxybenzaldehyde), and
[BaL2Clz] (42.7%, L pyridine-2-
carboxaldehyde-2-phenylacetic acid hydrazone)
[17,46,47]. The calculated TOF of complex (1)
based on the total Zn content was 5.9 h-1at 100
°C under 3 bar of Oz after a runtime of 3 h.
TOF values of [Zn3(I1)4(I2)2(CH3COO)z],
[Ca(l)2(H20)2]n, and [BaLsCls] based on total
metal content were 3.1 h-1, 0.2 h-1, and 0.2 h-1,
respectively [17,46,47]. Dicationic imidazolium
HPA ionic hybrid [Dmim]1.5PW behaved as a
desirable heterogeneous catalyst, gave a 44 %
conversion,100% selectivity with TOF value of
44 h-1 at 90 °C within 2 h using H20:2 as oxi-

Table 4. The benzyl alcohol conversion and benzaldehyde yield for complex (1) in the benzyl alcohol

oxidation
Entry Catalysts Temperature Pressure Time (h) Conversion (%) Yield (%)
(9) (bar)

1 blank 100 3 2 9.3 3.2
2 complex (1) 90 3 2 37.3 36.9
3 complex (1) 100 3 1 23.4 23.3
4 complex (1) 100 3 2 65.6 54.3
5 complex (1) 100 3 3 85.6 66.3
6 complex (1) 100 1 2 47.7 45.8
7 complex (1) 100 5 2 69.5 19.5

(@) (b) (@ (d)

O B Al ® iy H-H: 39.7% ) d,  O/H-H/O: 32.5% LA 4 CHH/C: 122%

T5 0.8 L0 L7 T4 L5 LY 20

U5 08 LU LZ LZ 16 L. Z0 Z7 2% 08 L0 L7 T1 16 L¥ 20 ZZ7 Z

Figure 7. The Hirschfeld surface of the complex (1)

Copyright © 2023, ISSN 1978-2993




Bulletin of Chemical Reaction Engineering & Catalysis, 18 (2), 2023, 206

dant [48]. HsPMo01204 and H4sPMo1:VO4o also
showed good catalytic activity for the oxidation
of benzyl alcohol at 80 °C using H20: as oxi-
dant [49]. The benzyl alcohol conversions and
benzaldehyde selectivities of H3PMo1204 and
H4PMo011VO40 were 22% and 99%, and 20% and
99%, respectively [49]. TOF values were 20.1
h1 and 17.8 hl for H3PMo01204 and H4P-
Mo011VOuo, respectively. Based on the above re-
sults, our complex (1) catalyst shows higher
catalytic activity than
[Zns(L1)4(L2)2(CH3COO):], [Ca(l)2(H20)z2]n, and
[BaLsCls]. Although its TOF value is smaller
than [Dmim]1.5PW, H3PMo12040, and H4P-
Mo011VOuo, the catalyst shows good catalytic ac-
tivity and yield to benzaldehyde using green
oxidant Os.

4. Conclusions

In summary, a new Zn(II) complex of 4-
acetylbenzoic acid has been synthesized and
characterized by IR and X-ray single-crystal
diffraction analysis. Geometric parameters of
complex (1) are all in good agreement with the
experimental results. Selective oxidation of
benzyl alcohol with complex (1) as catalyst
shows that the highest benzaldehyde yield
(66.3% ) was obtained at 100 °C under 3 bar of
Oz after a runtime of 3 h.
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