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Abstract. Salicylaldehyde Schiff base-Cu complex (1:1
[M:L] chelate) was synthesized using salicylaldehyde,
urea, and CuCl,. Its catalytic activity was then assessed in
N-arylation of aromatic amines (1H-indole, 1H- pyrazole,
1H-imidazole, 1H-benzo[d][1,2,3]triazole, and aniline)
with aryl halides. This reaction does not need aryl boronic
acids as the active aryl source or palladium-based catalyst.
Cu is cheaper than many other catalysts, and required
ligands usually having quite simple structure and being
inexpensive. On the other hand, with a proper ligand se-
lection we can have a modified solubility, reactivity, and
reaction efficiency. The structure and composition of this
novel complex were approved by FT-IR, UV-Vis, atomic
absorption  spectroscopy, elemental analysis, and
TGA/DTA. Investigating the antibacterial activity of the
Cu complex suggests a significant antibacterial activity
against standard species Escherichia coli, Pseudomonas
aeruginosa, Staphylococcus aureus, and Bacillus subtilis.

Keywords: salicylaldehyde Schiff base-Cu complex,
antimicrobial study, catalytic activity, N-arylation, aryl
halide.

1. Introduction

Schiff bases are among the main groups of materi-
als with great application in medicinal fields." They have®
the capability of coordinating metal centers as ligands.**
In addition, Schiff bases and their complexes have been
applied as biological models for realizing the bimolecular
structures and biological procedures.’ Several complexes
comprising N, O, and S atoms in the chelating ligands,
connected to the metal ion with different methods, re-
vealed biological activities, including antibacterial,’ herbi-
cidal,7 anticancer,8 anti—inﬂammatory,9 analgesic,lo anti-
fungal'', and anti-tumor'® ones. It has been reported that
metal chelation improves the biological activity of several
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bioactive organic materials.

The simple synthesis process, flexibility, and wide-
range applications of Schiff base complexes have created
an interesting research field. Recently, the applications of
transition metal complexes with tetradentate Schiff base
ligands have been extended in different areas, including
catalytic reactions." ™"’

N-Aryl heterocycles constitute the core of several
natural and biologically active products.”® Several impor-
tant common techniques have been proposed for synthe-
sizing or modifying such materials. One of these reactions
is the cross-coupling of N-heterocycles with aryl halides
to form related N-arylated heterocycle (Ullmann cou-
pling). N-Arylation of azole was performed using metal-
mediated reactions,” > aromatic nucleophilic substitu-
tion,”** and Pd- or Cu-catalyzed arylation. The copper
catalysts presented a cheaper and more effective proce-
dure for N-arylation of N—H including heterocycles with
aryl halides compared to palladium.*

There have been many Cu-catalyzed approaches up
to now developed for this type of transformation.””*
Following these studies, numerous groups of mono, bi-
dentate, and polydentate chelating ligands have been im-
proved for accelerating the reaction rates and a considera-
bly lower reaction temperature of Cu-based C—N coupling
reaction.””> Despite the important development made in
this area, more advantageous, air- stable, and cheaper
ligands or metal-complexes are still required for accelerat-
ing these coupling reactions under milder conditions.
Although a low catalytic activity is observed for salicylal-
dehyde Schiff base-Pd complexes in the C—N coupling
reaction, Salicylaldehyde Schiff base-Cu complexes are
assumed to be a group of efficient catalysts for the C—N
coupling reaction.”

Considerable investigations have been conducted
so far on salicylaldimine-derived Schiff base complexes.
A wide range of physicochemical studies conducted on
these complexes presented a clear perception of their
stereochemical and electronic features. The flexible syn-
thetic process is the main benefit of the salicylaldimine
ligand system resulting in the preparation of a wide range
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of complexes with a specified metal, the features of which
regularly depend on the ligand structure.”

As it is traditionally believed and according to re-
cent studies, copper and its alloys have antimicrobial
activities. These mechanisms are very complicated and
occur inside and in the interstitial space between cells.
However, the polarity of Cu will decrease after chelation,
which subsequently improves its penetration through the
lipophilic layers of the cellular membrane, resulting in
hindering the bacterial growth.*®

In the current research, the synthesis, characteriza-
tion, and antibacterial’’ observation of a new salicylalde-
hyde Schiff base-Cu complex is reported. The catalytic
activity of this complex is then investigated in the N-
arylation of a range of N-heterocyclic aromatic amines
with aryl halides.

2. Experimental

Reagents and solvents. The solvents and reagents
were purchased from Sigma-Aldrich and they were used
as received. The metal(Il) chloride [CuCl,-2H,0] was
used as a metal salt.

Synthesis of bis-urea salicylaldehyde. 10 mL of
salicylaldehyde ethanolic solution (2 mmol, 0.244 g) were
added to the same volume of urea ethanolic solution
(1 mmol, 0.06 g). Few drops of 10% NaOH were added to
adjust pH=8 and the obtained mixture then reflux under
stirring for 2 h. After the reaction was completed, the
precipitate was obtained by filtration, recrystallized from
ethanol, and dried at room temperature with 80 % yield.*

Synthesis of Cu complex of bis-urea salicylalde-
hyde. 10 mL ethanolic solution of CuCl,-2H,0 (1 mmol,
0.17 g) was mixed with the same volume of the Schiff
base (1 mmol, 0.268 g) and pH was adjusted to 8-10 with
some drops of ammonia solution. The mixture was stirred
for 2 h to ensure the accomplishment of the reaction. The
obtained complex was filtered off, washed with ethanol,
and dried (yield is 0.2080 g, 98.97 %).

General procedure for the synthesis of N-
arylimidazole in Ullman-type coupling. Imidazole
(0.117 g, 1 mmol) or 4-nitrooaniline (0.163 g, 1 mmol)
and iodobenzene (0.203 g, 1 mmol), K;PO, (0.4222 g,
2 mmol), CuLCl; (0.04 g, 0.1 mmol) and 10 mL of DMF
solvent were added to a 25 mL round bottom flask; the
mixture was stirred at 373 K for 8 h. The reaction progress
was monitored by TLC (EtOAc/n-hexane; 1:3 v/v) and
after completion, 10 mL of distilled water were added to
the reaction medium. The residual was extracted from the
solution. The solid was filtered and recrystallized with
ethanol. The catalyst was utilized directly for the next run.
The isolated product was dried under vacuum overnight to
obtain a 93 % yield for imidazole and 90 % yield for 4-
bromoaniline. All products are available in the literature
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and were recognized by comparison of their FT-IR, 'H,
and "C NMR spectra with the literature data. Selected
characterization data are given below.

N-Phenylimidazole: "H NMR (400 MHz, CDCl;) &
(ppm): 7.22 (br s, 1H), 7.30 (br s, 1H), 7.35-7.41 (m, 3H),
746-7.51 (m, 2H), 7.87 (br s,1H); “CNMR (100 MHz,
CDCls) 6 (ppm): 118.2, 121.5, 127.4, 129.9, 130.4, 135.7,
137.4; IR (film, cm™): 3407, 3117, 1718, 1600, 1507, 1303,
1056, 963, 757, 685.

N-(4-Nitrophenyl) aniline: "HNMR (400 MHz,
CDCls): d=8.12 (d, 2H), 7.39 (t, J = 2H), 7.16-7.22 (m,
3H), 6.94 (d, 2H), 6.37 ppm (br s, 1H); °C NMR (CDCl,
75 MHz): d=150.3, 139.8, 139.6, 129.8, 126.3, 124.8,
122.0, 113.8 ppm.

N-Phenylindole: "HNMR (400 MHz, CDCly): &
(ppm): 7.68 (d, 1H), 7.55 (d, 1H), 7.50-7.47 (m, 4H), 7.35-
7.31 (m, 2H), 7.21 (t, 1H), 7.16 (t, 1H), 6.67 (d, 1H).
C NMR (100 MHz, CDCl3) & (ppm): 139.8, 135.8, 129.8,
129.5, 128.0, 126.4, 1244, 1224, 121.1, 1204, 110,5,
103.7, IR (film, cm™): 2924, 1596, 1502, 1138, 745, 688.

The antibacterial activity. The in vitro antibacterial
screening effects of the prepared salicylaldehyde Schiff
base-Cu complex was tested against standard species
E.coli, Pseudomonas aeruginosa, Staphylococcus aureus,
and Bacillus subtilis.

The standard Kirby-Bauer disc diffusion method
was used for this purpose. The ligand and its Cu complex
were dissolved in THF and four different concentrations
including 80, 40, 20, and 10 mg/mL were prepared from
them. A sterile blank disc was also saturated with the
solvent. The target bacteria, i.e., Escherichia coli (ATCC
25922), Pseudomonas aeruginosa (ATCC 9027), Staphy-
lococcus aureus (ATCC 6538), and Bacillus subtilis
(ATCC 6633) were cultured in Mueller- Hinton broth and
incubated overnight at 310 K. Following bacterial growth
until 0.5 McFarland turbidity, a lawn culture was prepared
on Mueller-Hinton agar (Merck, Germany) and the men-
tioned discs were placed on each culture. The plates were
incubated for 24 h at 310 K and the inhibition zone diame-
ter (mm) was measured and recorded.

3. Results and Discussion

3.1. Chemistry

Schiff base was prepared by condensing 2 mmol
salicylaldehyde and 1 mmol urea. Then, the reaction be-
tween the Schiff base and CuCl,:2H,0 resulted in the
CuLCl, complex. According to the analytical data respec-
tive to the complex, the stoichiometry of the prepared
complex is 1:1. The large variation between the melting
point of the ligand and its corresponding Cu complex
demonstrated the successful synthesis of the complex. The
synthesized complex was stable in an air atmosphere and
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non-hygroscopic condition. The complex is insoluble in
EtOH, MeOH, H,0, and CH;CN, while it is soluble in
THF, DMF, and DMSO.

The complex molar conductivity in THF solvent
was obtained as 10 ohm™-cm>mol™. Based on these val-
ues it is approved that the prepared complex has an elec-
trolytic nature.

The Cu concentration in the catalyst was measured
with atomic absorption spectroscopy (AAS) and the out-
comes showed the existence of 0.21 mmol/g of this cata-
lyst. Analytical data and general behavior of the ligand
and complex are given in Table 1.

The IR spectrum of the free ligand (Fig. 1) and a
metal complex (Fig. 2) were compared for investigating the
mode of binding Schiff base to metal in the complex. The
absence of OH-related band at 3334 cm™ in complexes
indicates OH group deprotonating and complex formation.
However, metal-oxygen bond creation is confirmed by a
new band at 550 and 443 cm’l, which is not observed in the
free ligand spectrum and can be related to v(Cu-O) and
v(Cu-N), respectively. In addition, the absorption band at
1260 cm™ relating to v(C-O) vibration of the ligand is
shifted to a larger frequency showing its participation in
coordinating with the metal ions via the oxygen atoms. The
band at 1543 cm’™ shows the participation of —C=N, which
is due to the coordination of the metal ions. This area is
shifted to a shorter frequency compared with its location in
the original ligand (1570 cm™). However, the disappear-
ance of the v(N-H) group in the ligand and complex spec-
trum approve its contribution to the formation of the imine
group. The v(C=0) group shows no change in both ligand
and complex, suggesting that this group is not involved in

Table 1. Elemental analysis and metal estimation
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chelation.

The UV-Vis spectra provide very useful data for
confirming the geometry of the metal ions in the complex
considering the places and number of d—d transition
bands. The Schiff base spectral data display a band at
288 nm (34662 cm’') corresponding to transitions of
m—n* and n—7n*. Both bands present a red shift upon
coordination of a metal ion in the complex. These obser-
vations signify a further indication for the coordination of
the ligand to the metal ions. Spectra of copper(Il) complex
has two bands appeared at 314 and 373 nm, corresponding
to *Big>*E g and ‘B1g>*B.g, respectively, presenting
charge transfer transition and octahedral geometry.”**’

Thermal gravimetric analysis (TGA) and differen-
tial thermal analysis (DTA) of the complex were also
conducted. The mass losses of various stages were com-
puted from TGA curves and theoretically compared with
those calculated for the recommended formulae according
to the outcomes of elemental analysis along with the
measurements of molar conductance. Thermal analysis
plays a key role in investigating the metal complexes
regarding the stability, melting point, structure, and de-
composition features. The observed and computed mass
losses, relative residues, and temperature in all steps of
TGA/DTA curves are shown in Figs. 3 and 4. The TGA
corresponding to the Cu(Il) complex was investigated
from ambient temperature to 1073 K. The TGA/DTA
curves of the complex display three decomposition steps
at 433, 503, and 623 K with the measurement of mass
losses of the complex. These stages are the elimination of
coordinated Cl, molecule and two Schiff base molecules
and formation of CuO as a final product.

Ligand/complex| MW Color m.p., K C, % H, % N, % Am AA, mmol/g
C5H,N,0;5 (L) 268 Light yellow | 373-375 67.50 4.40 10.18 - -
CuLCl, 329 Dark green > 623 50.12 4.24 8.81 10 0.2
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Fig. 2. IR spectrum of the complex
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Fig. 3. TGA curve of the complex

Fig. 5. Structure of CuLCl,

The complex catalytic activity was estimated
through the N-arylation reaction of several N-heterocycles
and aryl halide. Iodobenzene (1 mmol) and imidazole
(1 mmol) were chosen as the substrate model of the reac-
tion for the reaction optimization. Since no N-arylation
reaction occurred in the absence of a base, numerous bases
were studied among which K;PO, provided the maximum
recovery. The solvent type was optimized using some sol-
vents, including water, ethanol, methanol, acetonitrile,
dimethylformamide, dimethylsulfoxide, and THF. The best
result was achieved using DMF. The reaction was exam-
ined at different temperatures; it was seen that no reaction
occurs after 24 h stirring at ambient temperature. With the
enhancement of the temperature, the maximum reaction
speed was observed at 373 K. and further increase in tem-
perature did not change the reaction time. Moreover, opti-
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Fig. 4. DTA curve of the complex

mizing the catalyst indicated that no coupling reaction oc-
curred without using a catalyst. Different levels of the cata-
lyst were investigated and 0.1 mmol of the catalyst was
selected for the coupling reaction (Table 2).

After choosing the best conditions for the reaction,
the scope of the substrates was examined by applying this
novel catalytic system (Schemes 1 and 2).

A variety of functionalized aryl halides was reacted
with several N-heterocycles, such as imidazole, pyrazole,
indole, and benzotriazole. In addition, several aromatic
amines were tested as a nucleophile with aryl halides in N-
arylation. Generally, all of the N-heterocycles and several
aniline derivatives reacted with aryl halide and proceeded
smoothly for giving the related N-arylated products with
good improvement. It was observed that the higher reac-
tivity was observed for aryl iodides containing electron-
withdrawing group compared to aryl iodides containing
groups of electron-donating. Sterically hindered aryl io-
dides, such as N-(2-methoxyphenyl)imidazole, proceeded
slower compared with N-(4-methoxyphenyl)imidazole
(Table 3). A suggested mechanistic pathway for the
CuLCl, catalyzed N-arylation of imidazole and aniline is
shown in Scheme 3.

Table 2. Effect of increasing amount of CuL.Cl, on the N-arylation reaction of 4-nitroiodobenzene and imidazole

CuLCl,, mmol Time, h Yield, %
None 48 0
0.02 8 65
0.05 8 75
0.1 8 93
0.15 8 93
HN %
CuLCl
4 e Ny

{

N

K3POy, DMF, 373K

Scheme 1. CuLCl, catalyzed N-arylation of imidazole
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Scheme 2. CuLCl, catalyzed N-arylation of aniline

Table 3. Reactions of arylhalides with indole, pyrazole, imidazole, tetrazole, aniline to form corresponding N-
arylindoles, N-arylpyrazoles and N-arylimidazoles, N-aryltetrazole, N-arylaniline

Substrate Substrate Product” Time, h Yield,” % Ref.

1 2 3 4 5 6

@N@ 8 92 [41]

o) Ng 4 98 [42]

Hic 2 Ng 12 85 [42]

ng 14 75 [42]

CH;

@—Ng 12 75 [41]

Iz /g Iz /g Iz /g Iz Iz /g Iz /g

@_ NQ 24 30 [40]

J

Q_th 8 85 [43]

o
5
=

2}

DzN—O—NNJ 5 95 [43]

Haco_D_Nb 10 75 [43]

==
-
2

o
&
=X
[
=

N
QNQ 12 68 [43]

OCH,

X
3

Y
-
2

@—th 12 62 [43]

=N
@—N i 12 93 [43]

z
T

0N~ NN} 5 93 [43]

O

(%]

z:
T
3

[, =

= ~=N
HaCO—(_ )| ik HaCO—_ )N} 12 67 [44]
=N
I N N~
Q = =l 15 60 44
OCH, HN-# 441

OCH,
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Continuation of Table3
1 2 3 4 5 6

@—Br __)’ G—N:jl 12 65 [44]
@—I r:'N @_NQ 6 85 [45]

H NN
N @
N
ONL - v ON @Nw X 4 93 [46]
N'\
N @
HEGD—G—I y 56 ‘@‘"NN 6 75 [47]
N
1 -
@— it @“E% 10 70 [47]
OCH, H OCH,4
H

@—I @-NHz ©N© 8 90 [41]
H
aln | O | OO | 2 | e
H
DZN—Q—I Br—@—NHZ 02N©N©Br 12 90 [49]
H
0N~ )1 | 0N~ )-NH, o ©N©Noz 10 90 [50]

Notes: * Reaction conditions: arylhalide (I mmol), N-heterocycle or N-aryl (I mmol), Cu complex (0.1 mmol), K;PO,

(2 mmol) in DMF solvent at 373 K; * Isolated yield

CN |(n)u
G | o

w
'

03

Isolated Yield
(wt2%)
Ea 38R

}
M
o z
\n/:
&‘\;
o/
N
N

N - | " Cycles
\—/ £
[ > +base Fig. 6. The recyclability diagram of the catalyst for N-arylation
u/ of imidazole with 4-nitroiodobenzene and imidazole
Scheme 3. The proposed mechanistic pathway for the CuLCl, The catalyst reusability for the reaction of imida-

catalyzed N-arylation of imidazole (z-complexation mechanism)  zole with iodobenzene was studied. After completing the
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reaction, the extraction of product from solvent was pe-
formed by the addition of distilled water, and the complex
was recovered after the solvent evaporation. Then, the
recovered complex was applied in four runs, the results of
which are presented in Fig. 6.
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A comparison was made between this technique and the
lately reported approaches for the imidazole arylation
(Table 4). The reported process has great advantages, such
as the application of a recyclable catalyst, elimination of
the use of organic solvents, moderate reaction condition,
great improvement, and shorter reaction time.

Table 4. Comparison of this method with recent reported protocols for N-arylation of imidazole with iodobenzene

System Temperature, K Time, h Yield, % Ref.
CuLClyK;PO,/DMF 373 8 93 [this work]
[Cu(Im™),]CuCl/K,COyTBAB*/H,0 353 12 85 [28]
Cul/tripod-ligandb/Cs,CO;/DMF 383 24 95 [41]
Cul/TEPA*/TBAB/H,O 398 24 86 [43]
CuO/AB"/toluene/KO'Bu 453 18 100 [51]
Cul/diamine ligands/DMF or diox- 383 24 74 [52]
ane/Cs,COs/reflux

Notes: * tetrabutylammonium bromide; * tripod-ligand: 1,1,1-tris(hydroxymethyl)ethane; © TEPA: teraethylenepentaamine;

AB: acetylene black

d

Table 5. Antibacterial activity of ligand and complex against standard species*

Bacteria

Compound S. aureus, mg E. coli,mg

B. subtilis, mg P. aeruginosa, mg

80 40 20 10 80 40 20

10 80 40 20 10 80 40 20 10

CisHpN,O5L) 13 12 11 9 11 10 9

10 11 11 10 11 10 9 8

O

CuLCl, C C C C C C C

C C C C C C C C C

Note: * Zone of inhibition in mm in DMF solvent, C means completely sensitive

3.2. Microbiology

In this study, the antibacterial potential of copper-
based metallodrug was investigated. To this end, the stan-
dard Kirby-Bauer disc diffusion method was used.” As a
result, it was found that both ligand and complex have
broad antibacterial activity against tested bacteria, i.e.,
Gram-positive and Gram-negative bacteria (Table 5).
There was a significant difference between the antibacte-
rial activity of ligand and complex. This shows that the
complex of ligand with Cu significantly enhanced its
antibacterial activity. These results revealed that the target
site of this complex is beyond the bacterial cell wall, and
hence, both Gram-positive and Gram-negative species are
completely inhibited, and no bacterial growth was found
around the discs saturated with the complex. The complex
can affect metabolic pathways and/or replication of bacte-
rial cells. Furthermore, the active enzymes of the bacterial
cells could be inhibited by Cu since the complex showed
high bactericidal activity. Such complex gives hope for
finding new antimicrobial agents for controlling these
infectious agents, especially in hospital environment.”>

4. Conclusions

This paper presents the synthesis of a new salicy-
laldehyde Schiff base-Cu(Il) complex. The complex was
simply prepared using inexpensive starting substances that
are stable in both air atmosphere and moisture. The com-
plex was characterized using analytical, spectral, and
thermal investigations. All of the analyses suggested a
reasonable octahedral structure of the metal complex. In
the second section of the current study, the Cu-
salicylaldehyde Schiff base complex was investigated in
terms of its catalyst activity for N-arylation reaction with
ArX (X =1, Br) in good to excellent yield. Simple synthe-
sis procedure, catalyst stability in air and moisture, mild
conditions of the reaction, the use of aryl halide in place
of aryl boronic acid, and no need for protection using an
inert atmosphere are the main advantages of the catalytic
technique proposed in the present study.

Furthermore, the action of ligand and copper-based
metallodrug as sensitive microbial were examined using
in vitro antimicrobial activity. The results show its high
effectiveness against standard species Escherichia coli,
Pseudomonas aeruginosa, Staphylococcus aureus, and
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Bacillus subtilis. 1t is approved that the complex has a
higher antibacterial activity than the parent ligand and
chelating increases the antibacterial activity of the ligand.
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CHUHTE3 TA AHTUMIKPOBHA AKTUBHICTD
KOMILJIEKCY CAJIIAJIAJIBIETTHA OCHOBA
MHAPDA-Cu(Il) TA MOT'O KATATTITUYHA
AKTHUBHICTB Y PEAKIISIX N-APHJTIOBAHHSI

Anomauyisn. Cunmeso8ano KOMNIEKC CANYUIANbOCIOHA
ocnosa Llugppa-Cu (1:1 [M:L] xenam) 3 euxopucmanusim caniyui-
anvoezioy, cevosunu ma CuCly. I[Ipogedeno oyintosanns 1io2o Ka-
manimuyHol akmueHocmi Onsi peakyii N-apunio8anHs apomMamudHux

Afrooz Majdi-Nasab et al.

aminie  (1H-inoou, 1H-nipason, 1H-imioazon, 1H-6enzo0
[d][1,2,3]mpuazon ma awinin) apureanocenioamu. Peaxyis ne no-
mpebye apunbOpHUX KUCIOM SIK AKMUBHO20 0Jicepeida apuiy abo Ka-
manizamopa Ha ochosi nanadit. Miob € deweswioro, Hidic 6azamo
[HWUX Kamanizamopie, a HeoOXIOHI JNi2aHou 3a36uuall Marome
0ocums npocnty cmpykmypy i kowmyroms neoopoeo. Tlokasano, ujo
npu npaguibHoOMy 8U60pI 1i2aHdy € MOJNCIUGICIb 3MIHIOBAMU PO3-
YUHHICMb, PeaKyiiHy 30amHICb Ma  epeKmusHiCmb  Peaxyil.
Cmpyxmypa ma cKiao H08020 KOMNAEKCY NIOMEepodiceni memooad-
mu FT-IR, UV-Vis, amomno-abcopbyitinoi cnexmpockonii, enemen-
mapnoeo ananizy ma TGA/DTA. Bemanoeneno, wo xomnnexc Cu
Ma€e 3HAYHY AHMUOAKMEPIATbHY AKMUBHICb WOO00 CMAHOAPMHUX
euoie Escherichia coli, Pseudomonas aeruginosa, Staphylococcus
aureus i Bacillus subtilis.

Knwuosi cnosa: romniexc caniyunanpoeciona O0CHO8A
Hlugppa-Cu, anmumixpobne 0ocniodicentss, KamauimuyHa aKmue-
Hicmb, N-apuniosansi, apuieanio2etio.



