%33 B 10 Tl 1k 2% 2 Eild Vol.33 No.10
2017 4£ 10 A CHINESE JOURNAL OF INORGANIC CHEMISTRY 1861-1868

P& 25 FE R B R SRADFNER(D
BESYHE MR, E R EE S

XA OEWW O KR OFE OTEHERLR K A
(4? J'I"I%L“I‘}E%#%l#%,%'ﬂ‘l 234000)

FE . TR T AT 2 A HL(HL=(V-(3-H 5537 7K A% 5 ) is| Wk 2 ) AR B9 45 8 TE 5 9 Ni(L), () AT Cu(L), (2), I
WAE T LLAMERE TR X SRR AR A . BEE Y 1 M 2 )R TR R SN P20, BLEW 1Y
i ML 280N a=1.481 6(7) nm,b=1.310 0(6) nm,c=1.668 7(7) nm,B=111.346(7)°, Fe &4 2 W B AL S B R a=1.479 7(2) nm,b=
1.299 41(19) nm,c=1.667 6(2) nm,B=111.537(3)°, L& 1 1 2 BA RN RAZ L5 @l 4 F W C-H---0 Z A4 F 17 D-H
coeqr VAR I 43 004 Lk — 25 A A Oy = kB8 23 T4 R I L S 5 BN B IO e T R T A 4 TR T M R AT T AE 0 i
TR LSRRI A 1R 2 LU R LA 5O 5 B 4 T RO

EEIE, BAEEY; SIDEC A, RIS T A G
HESKS. 0614.813; 0614.121 XEARIRD A XEH S, 1001-4861(2017)10-1861-08
DOI;10.11862/CJIC.2017.220

Two Mononuclear Ni(I) and Cu(l) Complexes Containing a Bidentate Schiff
Base Ligand: Syntheses, Structures and Antibacterial Activities

LIU Chao* LI Sha-Sha YANG Min BI Rong YU Qing-Quan ZHANG Li
(School of Chemisiry and Chemical Engineering, Suzhou University, Suzhou, Anhui 234000, China)

Abstract: The title complexes, Ni(L), (1) and Cu(L), (2) based on HL (HL=N-(3-methylsalicylidene)tryptamine)
have been synthesized under solvothermal conditions and characterized structurally by TGA, infrared spectra,
elemental analysis and single-crystal X-ray diffraction. Complexes 1 and 2 both crystallize in monoclinic system,
and the space groups are P2,/n with the unit cell parameters for complex 1: a=1.481 6(7) nm, b=1.310 0(6) nm,
¢=1.668 7(7) nm, B=111.346(7)°, and for complex 2: a=1.479 7(2) nm, b=1.299 41(19) nm, ¢=1.667 6(2) nm, B=
111.537(3)°. Complexes 1 and 2 possess the similar mononuclear structures, which are further extended into infi-
nite 3D supramolecular frameworks by intramolecular C—H--- O hydrogen bonds and intermolecular D—-H --- 7
hydrogen bonds, respectively. Furthermore, the complexes and the ligand have been investigated for their prelim-
inary antibacterial activities in detail by agar diffusion method, and the results demonstrate that complexes 1 and
2 display more excellent inhibiting effects than the ligand. CCDC: 1511747, 1; 1511743, 2.
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During the past decades, transition metal comp- modes, but also their application in many fields of
lexes have attracted the attention of more and more catalyst", photochemistry®®, magnetic material™, medi-
researchers because of not only their rich coordination cine and so on®. Recently, a great deal of effort has
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been directed toward the synthesis of novel transition
metal complexes with excellent biological activities
and rich fruits have been obtained'®”. The design and
synthesis of new ligand is the key to search for the
metal complexes serving as organic drugs, and some
other factors such as central metal ion and hydrogen
bonding week interaction also play important roles. A
variety of organic ligands are able to form biologically
active transition metal complexes, but Schiff base
ligands are better candidates for their hard donor-atom
frameworks, stable structures, and easy modification™.
As two important transition metal complexes, mono-
nuclear Ni(Il) and Cu(Il) complexes, especially those
with Schiff base as the ligands, are inextricably linked
to the pharmaceutical science, and have been widely
used in the research and development of novel drugs!"*'".

Up to now, some mononuclear Ni(Il) and Cu(Il)
complexes constructed by the Schiff bases with mono-
dentate, bidentate and polydentate structures have
been synthesized, and their applications in the drug
field have been widely reported™'. Tn this paper, two
novel mononuclear Ni(Il) and Cu(Il) complexes with a
bidentate Schiff base ligand derived from tryptamine
have been synthesized and characterized. In addition,
their antibacterial activities against Escherichia coli,
Bacillus  subtilis, and Staphylococcus aureus were

measured and discussed.
1 Experimental

1.1 Materials and methods

Tryptamine and 3-methyl-2-hydroxybenzaldehyde
were commercially purchased and used as received.
All other reagents and solvents were of analytical
reagent grade and used without further purification. IR
spectra were determined on a Perkin-Elmer 377 FT-
IR spectrometer by the KBr pressed disc method
within the 4 000~400 cm™ region. Thermalgravimetric
analyses (TGA) were performed on Perkin-Elmer TGA7
thermogravimetric analyzer under nitrogen atmosphere
with a heating rate of 10 °C-min™. 'H NMR spectra of
HL were measured with a Bruker AV-400 spectrometer
using CDCI; solvent. Elemental analyses of C, H and

N were carried out with a Vario EL Il elemental

analyzer.
1.2 Synthesis of the HL ligand

The ligand HL was synthesized according to the
literature™. To a methanolic solution (40 mL) of 3-

(2 mL, 16.66 mmol)

was added a methanolic solution (10 mL) of tryptamine

methyl-2-hydroxybenzaldehyde

(2.67 g, 16.66 mmol) with stirring. The resulting mix-
ture was refluxed for 36 h and then evaporated to
dryness. The vyellow crystalline solid was obtained
after standing 20 mL of ethanol solution in the
refrigerator overnight. Yield: 89.0%. m.p. 89~90 °C.
'H NMR (400 MHz, CDCly): 6 2.26 (s, 3H, CHs), 3.19
(t, J=6.9 Hz, 2H, Indol-CH,), 3.95 (t, J/=3.6 Hz, 2H,
CH:N), 7.02~6.75 (m, 2H, 4,5-Ar-H), 7.22~7.10 (m, 2H,
5,6-Indol-H), 7.28 (m, 1H, 6-Ar-H), 7.34 (m, 1H, 2-
Indol-H), 7.96~7.71 (m, 2H, 4,7-Indol-H), 8.21 (s, 1H,
N=CH), 13.98 (br, 1H, NH).
1.3 Synthesis of complex 1

An ethanol solution (5 mL) of HL (0.55 g, 2.00
mmol) was added dropwise to an ethanol solution (50
mL) of Ni(OAc),-4H,0 (0.25 g, 1.00 mmol) under room
temperature. The resulting mixture was refluxed with
stirring for 24 h and the reaction solution was filtered
after cooling to room temperature. After removing the

solvent, the obtained powder was dissolved in a mixed
solvent of CH,Cl, and CH;OH (V ¢y ¢1./V ciy,on=2), and

dark brown single-shaped crystals of 1 suitable for X-
ray analysis were obtained in two days under air
evaporation. Yield: 85.0%. m.p. 112~113 “C. Anal.
Caled. for C3HuNuNiO,(%): C, 70.49; H, 5.59; N, 9.13.
Found (%): C, 70.23; H, 5.61; N, 9.31. IR (KBr, cm™):
3 552 (m), 3 476 (m), 3 399 (vs), 3 028 (w), 2 940 (w),
2 901 (w), 1 618 (s), 1 596 (s), 1 571 (s), 1 450 (s),
1427 (s), 1 312 (s), 1 236 (m), 1 019 (m), 864 (w),
750 (s), 710 (m), 678 (w), 635 (w), 587 (w).
1.4 Synthesis of complex 2

Complex 2 was prepared and crystallized by the
identical procedure as described for complex 1, with
Ni(OAc), -4H,0 replaced by Cu(OAc),-H,0 (0.20 g,
1.00 mmol), and the mixed solvent of CH,CI, and
CH;0H replaced by 15 mL of DMF. The blue block
crystals of 2 suitable for X-ray analysis were obtained

in three days under air evaporation. Yield: 69.5%. m.p.
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85~86 C. Anal. Caled. for C3HyuN,CuO4(%): C, 69.94;
H, 5.54; N, 9.06. Found (%): C, 70.17; H, 5.38; N,
8.94. IR (KBr, em™): 3 552 (m), 3 481 (s), 3 394 (vs),
3 049 (w), 2 923 (w), 1 618 (s), 1 596 (s), 1 547 (s),
1 415 (s), 1 328 (m), 1 219 (m), 1 088 (m), 1 027 (w),
863 (w), 749 (m), 711 (m), 678 (w), 623 (m), 492 (w).
1.5 Crystal structure determination

Suitable single crystals of complexes 1 and 2
with dimensions of 0.19 mmx0.22 mmx0.26 mm and
0.03 mm x0.16 mm x0.27 mm were selected under an
optical microscope and glued to thin glass fibers,
respectively. Diffraction data were collected on a
Bruker SMART APEX- I CCD diffractometer at 296(2)
K by ¢~w scan mode, equipped with a graphite-mono-

chromatized Mo Ko radiation (A=0.071 073 nm). The
structures of the complexes were solved by direct

methods and refined by full-matrix least-squares

method on F? with the SHELXS-97 and SHELXL.-97

16171 A1l non-hydrogen atoms were refined

programs
anisotropically, while the hydrogen atoms attached to
C, N and O atoms were positioned geometrically and
refined isotropically using a riding model. Detailed
crystallographic data and structure refinement for
complexes 1 and 2 are given in Table 1, the selected
bond lengths and bond angles are listed in Table 2,

and the relevant hydrogen bonding parameters are

summarized in Table 3.

CCDC: 1511747, 1; 1511743, 2.

Table 1 Crystallographic data and structure refinement for complexes 1 and 2

Complex 2
Empirical formula C3H34NuNiO, C3H3N,CuO,
Formula weight 613.37 618.21
Crystal system Monoclinic Monoclinic
Space group P2/n P2i/n
a/ nm 1.481 6(7) 1.479 7(2)
b/ nm 1.310 0(6) 1.299 4(2)
¢/ nm 1.668 7(7) 1.667 6(2)
B 111.346(7) 111.537(3)
Volume / nm* 3.017(2) 2.983(7)

A 4 4

D,/ (g-cm™) 1.350 1.377

m/ mm™ 0.683 0.772

F(000) 1288 1292
Reflection collected, unique 16 078, 5 319 17 149, 5 436
R, 0.073 0.081
Goodness-of-fit on F? 0.993 1.025

Final R indices [I>20(])]
R indices (all data)

R=0.057 3, wR,=0.140 9
R=0.078 1, wR,=0.159 1

R=0.053 7, wR,=0.148 5
R=0.084 3, wR,=0.192 2

Table 2 Selected bond lengths (nm) and bond angles (°) of complexes 1 and 2

Complex 1
Nil-01 0.184 7(3) Nil-02 0.183 2(3) Nil-N3 0.191 2(3)
Nil-N4 0.190 7(3) N3-Cl11 0.129 3(4) N4-C29 0.130 4(5)
01-C17 0.131 8(4) 02-C35 0.132 8(5)
01-Ni1-02 175.32(10) 01-Nil-N3 91.71(11) O1-Nil-N4 88.65(11)
02-Nil-N3 87.38(11) 02-Nil-N4 92.58(12) N3-Nil-N4 175.92(12)
Nil-N3-C11 123.6(2) Nil-N4-C29 123.3(3)
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Continued Table 2

Complex 2

Cul-O1 0.190 5(3) Cul-02

Cul-N4 0.198 2(3) N3-C11

01-C17 0.131 4(5) 02-C35
01-Cul-02 174.67(13) 01-Cul-N3
02-Cul-N3 88.22(13) 02-Cul-N4
Cul-N3-C11 123.3(3) Cul-N4-C29

0.188 7(3) Cul-N3 0.199 5(3)
0.128 5(6) N4-C29 0.129 8(6)
0.131 7(6)

89.76(13) 01-Cul-N4 90.80(15)
91.79(16) N3-Cul-N4 173.26(15)
122.5(3)

Table 3 Structural parameters of C-H:--O bonds and D—H---77 bonds for complexes 1 and 2

D-H---A d(D-H) / nm d(H---A) / nm d(D-+-A) / nm £ DHA /(%)
Complex 1
C(10)-H(10A)---0(2) 0.097 0.231 0.274 7(4) 106
C(27)-H(27B)---O(1) 0.097 0.253 0.310 1(5) 117
C(28)-H(28A)---0(1) 0.097 0.239 0.276 0(4) 102
N(1)-H(1)---Cg(7)#1 0.086 0.245 0.322 2(5) 150
N(2)-H(2A)---Cg(6)#2 0.086 0.256 0.326 5(5) 140
C(11)-H(11)---Cg(8)#1 0.093 0.294 0.383 2(4) 162
C(21)-H(21)---Cg(5)#3 0.093 0.292 0.373 5(5) 147
C(22)-H(22)---Cg(1)#3 0.093 0.295 0.364 1(5) 132
Complex 2
C(10)-H(10A)---0(2) 0.097 0.238 0.284 2(5) 109
C(27)-H(27B)---O(1) 0.097 0.250 0.312 9(6) 122
C(28)-H(28A)---O(1 ) 0.097 0.253 0.288 5(6) 102
N(1)-H(1)---Cg(7)# 0.086 0.243 0.320 4(5) 150
N(2)-H(2A)---Cg(6)#2 0.086 0.255 0.324 0(5) 138
C(11)-H(11)---Cg(8)#1 0.093 0.287 0.377 7(5) 166
C(21)-H(21)---Cg(5)#3 0.093 0.285 0.365 3(5) 146
C(22)-H(22)---Cg(1)#3 0.093 0.282 0.354 2(5) 135

Symmetry codes: #1: 1/2+x, 3/2—y, 1/2+4z; #2: —1/24x, 3/2—y, —1/2+z; #3: 3/2—x, 1/2+y, —1/2—z for 1; #1: —=1/2+x,

12—y, =1/2+4z; #2: 1/2+x, 1/2—y, 1/24z; #3: 1/2—x, 1/2+4y, 3/2—z for 2. Cg(1): N(1),

Cg(6): C(12)~C(17)
Ce(5): C(1)~C(6); Ce(6): C(12)~C(17); Ce(7): C(19)~

1.6 Antibacterial activity
The complexes and HL were tested in vitro to

assess their antibacterial activities against three

bacterial strains using the agar diffusion assay.

Antibacterial activities of the compounds were

evaluated by measuring the diameters of inhibition
rings. It was found that the bigger the diameter of
inhibition ring was, the better the antibacterial
activities of the compound were. These compounds

were dissolved in DMSO to prepare three different

Cg(7): C(19)~C(24); Cg(8): C(30)~C(35), respectively for complex 1. Cg(1): N(1), C(6), C(1), C(
C(24); Cg(8): C(30)~

C(6), C(1), C(8), C(7); Cg(5): C(1)~C(6);
8), C(7):

C(35), respectively for complex 2

concentrations

(10.0, 5.0 and 2.5 mg-mL™) for the

evaluation of dose response and stocked after

sterilization, respectively. The test strains included
Escherichia coli, Bacillus Subtilis and Staphylococcus
aureus. The sterilized filter papers with 6 mm
diameter were placed on the culture medium after
being soaked for 2 h in the solution. After an
incubation period of 24 h at 37 °C for the strains, the
diameters of inhibition rings were determined in the

absence of microbial growth.
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2 Results and discussion
2.1 Crystal structures of complexes 1 and 2

The crystal structure of complex 1, similar to
complex 2, crystallizes in the monoclinic system with
space group P2//n and exhibits a slightly distorted
square-planar geometry. As shown in Fig.1, both
complex 1 and complex 2 consist of one metal ion and
two deprotonated ligands in the molecule structures.
The two metal ions are tetra-coordinated by two
hydroxyl oxygen atoms from two Schiff base ligands
and two imino nitrogen atoms from the two ligands in
a m*> mode, forming two six-membered chelate rings of
NiNOC; and CuNOCG;, respectively. The metal ion lies
approximately in the center of the square-planar
geometry constructed by the four donor atoms and the
metal atom with a slight deviation. Interesting, two M-
O bonds and two M-N bonds are in opposite positions
of the central M(Il) ion, resulting in the trans-planar
structure. The six bond angles around the Ni(Il) ion
fall in the range of 87.38(11)°~175.92(12)° and the
six bond angles around Cu(ll) ion are from 88.22(13)°
to 174.67(13)°, indicating that the metal ion and the
four coordination atoms are nearly coplanar, respecti-
vely. In complex 1, the average bond distances of Ni-
N and Ni-O are 0.191 0(3) and 0.184 0(3) nm, respe-
ctively. In complex 2, the average bond distances of
Cu-N and Cu-O are 0.198 9(3) and 0.189 6(3) nm,
respectively. These data in complex 1 and complex 2

are consistent with those found in similar four-coor-

All hydrogen atoms are omitted for clarity

Fig.1 Molecular structure of the complex with 30%
thermal ellipsoid level (M=Ni or Cu)

dinated complexes with square-planar geometries!*".
In the complexes, the hydroxyl oxygen atoms and the
imino nitrogen atoms take part in coordinating with
the metal ions of Ni(ll) and Cu(Il), which makes the C-
O bond lengths in the complexes become shorter than
those in the free ligand (C-O 0.129 7(2) nm) and makes
the C=N bond lengths in the complexes longer than
those in the free ligand (C=N 0.129 3(2) nm).

In complex 1, the chelate ring plane P1 (comp-
osed of atoms Ni(1), O(1), C(17), C(12), C(11) and N(3))
and the phenyl ring plane P2 (composed of atoms C(12)
~C(17)) are nearly coplanar with a dihedral angle of
13.17(15)°. To avoid the steric hindrance between the
aromatic rings of the ligand, the phenyl ring plane P2
and the five-membered ring plane P3  (composed of
atoms N(1), C(7), C(8), C(1) and C(6)) of the ligand
are rotated with respect to each other with a dihedral
angle of 64.6(2)°. In complex 2, the dihedral angle
between the chelate ring plane P1 (composed of atoms
Cu(l), O(1), C(17), C(12), C(11) and N(3)) and the
phenyl ring plane P2 (composed of atoms C(12)~C(17))
is 14.89(19)°, and the dihedral angle between the
phenyl ring plane P2 and the five-membered ring
plane P3 (composed of atoms N(1), C(7), C(8), C(1)
and C(6)) of the ligand is 64.8(3)°.

The non-classical hydrogen bonds, such as C-H
-++0 bonds and D-H---7 bonds, are very important in
the molecular structural stabilization. Similar hydrogen
bonding interactions and the results of the structure
analyses confirm that complexes 1 and 2 possess the
similar supramolecular frameworks. Thus, only the
crystal packing diagram of complex 1 is described in
detail. As shown in Fig.2, there are three types of C—
H--- O hydrogen bonds between the hydroxyl oxygen
atom from one ligand and the methylene carbon atom
from another ligand in complex 1, which are C(10)-H
(10A)---0(2) (0.274 7(4) nm), C(27)-H(27B)--- O(1)
(0.310 1(5) nm) and C(28)-H(28A)---0(1) (0.276 0(4)
nm), respectively. In addition, three types of C—H---7r
hydrogen bonds and two types of N—H---7 hydrogen
bonds, which are C(11)-H(11)---Cg(8)#1 (0.383 2(4)
nm), C(21)-H(21)---Cg(5)#3 (0.373 5(5) nm), C(22)-
H(22)---Cg(1)#3 (0.364 1(5) nm), N(1)-H(1)---Cg(7)#1
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(0.322 2(5) nm) and N(2)-H(2A)---Cg(6)#2 (0.326 5(5)
nm), are also observed in complex 1. As a result, the 1004 Complex 1
complex molecules are extended into a three- 20
dimensional supramolecular network structure through o
the above hydrogen bonding interactions. The hydrogen %b 7
bonds in complex 2, with the C—H---O bond distances 2 40l
in the range of 0.284 2(5)~0.312 9(6) nm and the D-
20
H---7r bond distances in the range of 0.320 4(5)~
0.377 7(5) nm, are consistent with complex 1 in the 04— : , " . . T
100 200 300 400 500 600 700 800
types of hydrogen bonds. Temperature / ‘C
Fig.3 TGA curve of complex 1
- -H l,réﬂ 1007 Complex 2
\/'LTHVZZ C22
80+
/7
£ 604
)
£ 404
201
0

Symmetry codes: #1: 1/2+4x, 3/2—y, 1/2+4z; #2: —1/2+x, 3/2-y,
—1/2+4z; #3: 3/2—x, 124y, -1/2—z

Fig.2 Crystal packing diagram of complex 1

2.2 Thermal analysis of complexes 1 and 2

To estimate the thermal stability of complexes 1
(TGA) were
carried out on crystalline samples in the temperature
range of 30~800 “C. As shown in Fig.3, the TGA

curve of complex 1 reveals that it is thermally stable

and 2, thermal gravimelric analyses

up to 295 °C, which indicates that complex 1 can
retain structural integrity below 295 “C. After that,
complex 1 undergoes a one-step weight loss process
from 295 to 675 °C. The weight lose of 87.78%
(Caled. 87.82%) is ascribable to the decomposition of
the HL ligand in complex 1, suggesting that the final
residue was NiO. Complex 2 also undergoes a one-
step weight loss process from 250 to 555 °C, which
is similar to that of complex 1. As shown in Fig.4,
the weight loss of 86.87% (Caled. 87.13%) is also
ascribable to the decomposition of the HL ligand in

100 200 300 400 500 600 700 800
Temperature / C

Fig4 TGA curve of complex 2

complex 2, suggesting that the final residue was CuO.
2.3 Antibacterial activity

As shown in Table 4, all of the compounds
except DMSO exhibited antibacterial activities against
Escherichia coli, Bacillus Subtilis and Staphylococcus
aureus. It has been observed from the data that both
complex 1 and complex 2 had stronger antibacterial
activities than the HL ligand against the same
bacteria, which might be related to the biological
function of nickel and copper elements. Hence, the
increased the
HL ligand. The
antibacterial activities of the HL ligand were slightly

complexation with the metal ion

antibacterical activities of the
different for the three bacteria, while those of the
complexes had notable differences. Meanwhile, with
the increase of concentration of these compounds (2.5,
5.0 and 10.0 mg -mL ™), the greater diameter of
inhibition ring was observed. When the concentration
of these compounds was 10.0 mg -mL ™', complex 1

showed the most effective antibacterial activities
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Table 4 Data on antibacterial activity for HL and the complexes
Diameter of inhibition ring / mm
Compound Concentration / (g+L™)
Escherichia coli Bacillus subtilis Staphylococcus aureus
DMSO — — —
HL 10.0 8.7 72 6.4
5.0 8.1 6.5 6.1
2.5 7.6 6.2 6.1
Complex 1 10.0 17.2 12.5 15.9
5.0 15.4 12.2 14.6
2.5 11.8 11.6 12.7
Complex 2 10.0 16.7 14.2 132
5.0 15.1 11.9 12.4
2.5 12.5 11.7 11.9

against Escherichia coli, followed by Staphylococcus

aureus and Bacillus subtilis in order. However,

complex 2 showed the most effective antibacterial
followed by

Bacillus subtilis and Staphylococcus aureus in order.

activities against FEscherichia coli,
In addition, the ligand exhibited better inhibitory
activities against Escherichia coli with inhibition ring
for 8.7 mm, and complexes 1 and 2 exhibited better
inhibitory activities against Escherichia coli with
inhibition rings for 17.2 mm and 16.7 mm, respectively.
Taking into account their excellent inhibitory activities,

the complexes could be considered as antibacterial

compounds for further research and development.
3 Conclusions

In summary, two mononuclear complexes based on
N-(3-methylsalicylidene)tryptamine) ligand, Ni(L), (1)
and Cu(L), (2), have been synthesized and confirmed
successfully. Single-crystal X-ray diffraction analyses
showed that the metal atoms in complexes 1 and 2
coordinate to two ligands to form a slightly distorted
square-planar geometry around the metal atoms,
respectively. The complex molecules are stabilized by
intramolecular C —H --- O hydrogen bonds, and then
further extended into an infinite 3D supramolecular
frameworks by intermolecular D-H---7 hydrogen
bonds, respectively. The ligand as well as complexes 1
and 2 exhibited antibacterial activities against the
three test strains: FEscherichia coli, Bacillus subtilis

and Staphylococcus aureus, while complexes 1 and 2

displayed more excellent inhibiting effects than the
free ligand.
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