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Abstract A series of transition metal(Il) complexes of the
type [M(PPQ),] [PPQ = 2-pyridine-2-yl-3(pyridine-2-methy-
lene-amino)quinazolin-4(3H)-one, M = Co(II), Cu(Il), Ni(II),
Zn(I), Cd(Il)] have been prepared and characterized by IR
spectroscopy, elemental analyses and X-ray crystal diffraction.
The crystal structure studies revealed diverse coordination
behavior of PPQ toward different metal ions, acting as an NNO
donor in the cobalt(IT) and zinc(Il) complexes, but an NNN and
NNO mixed donor in the copper(I) and nickel(II) complexes.
The metal center generally has an octahedral coordination
geometry with the tridentate PPQ ligand, except for the Cd(Il)
complex in which two PPQ ligands and a nitrate are coordinated
(N4Oy), forming a distorted triangular dodecahedron. The
thermal stabilities, luminescence and magnetic properties of
these complexes have been studied.

Introduction

Transition metal complexes of bidentate, tridentate and
multidentate Schiff base ligands have been found to possess
catalytic [1-3], magnetic [4, 5], luminescent [6, 7] and
electrochemical properties [8, 9]. Since the properties of
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such complexes are heavily influenced by the nature of the
ligands [10], much attention has been given to the design and
synthesis of chelating ligands. Tridentate Schiff base ligands
often exhibit versatile chelating modes, such as NNN, NNO,
NNS and ONO [11-16]. Hence, the design and synthesis of
such ligands remains an interesting area of current research.

Over the past few years, much work has been reported [ 17—
19] on hydrazone Schiff base ligands obtained by the reaction
of aldehydes with 2-aminobenzoylhydrazide [2-ABH].
Recently, it has been shown that the condensation of 2-ABH
with aromatic and heterocyclic aldehydes yields ring-closed
quinazolinone derivatives [20-24]. To date, five copper(Il)
and cadmium(II) complexes [25, 26] and six cobalt(Il)
complexes of the PPQ ligand have been reported [27]. In each
case [25-27], the metal complexes were obtained in one pot
by the reaction of the corresponding metal salts,
2-aminobenzoylhydrazide and pyridine-2-carboxaldehyde,
giving complexes of 1:1 M:L stoichiometry. In the present
work, we report some new coordination complexes of the
PPQ ligand and of stoichiometry ML,. In addition, two
coordination modes of the ligand, namely NNN and NNO,
were observed, depending on the metal center. The X-ray
crystal structures of these ML, complexes [M = cobalt(Il),
nickel(Il), copper(Il), zinc(Il) or cadmium(II)] and the related
syntheses are reported herein. The complexes were also
characterized by various physicochemical, magnetic and
spectroscopic techniques (Scheme 1).

Experimental
Materials and methods

Ethyl anthranilate was purchased from Energy Chemical.
2-Picolinaldehyde and hydrazine hydrate were obtained
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Scheme 1 Coordination mode display in this work

from J&K Scientific Company. Dimethyl sulfoxide-dg was
purchased from Alfa Aesar. Other solvents and reagents
were of analytical grade. 2-(Pyridin-2-yl)-3-((pyridin-2-
ylmethylene)amino)-2,3-dihydroquinazolin-4(1H)-one, PPQ,
was prepared through a modified literature procedure [28].
All the solvents were of analytical grade and distilled before
use.

Physical methods

Elemental analyses (C, H and N) were obtained on a Perkin-
Elmer 2400 analyzer. IR spectra were recorded on a Nicolet
Magna-IR 750 spectrophotometer in the 4000-400 cm ™'
region using KBr disks (w, weak; b, broad; m, medium; s,
strong). '"H NMR spectra were recorded from DMSO-dq4
solutions using a Bruker-400 spectrometer (s, singlet; d,
doublet; t, triplet; m, multiplet; dd, doublet of doublets).
Single-crystal structure analyses were performed on a Bru-
ker Smart APEX II-CCD instrument. A FS5 fluorescence
spectrofluorometer was used for fluorescence measure-
ments. Thermogravimetric analysis (TGA) experiments
were carried out in the temperature range of 25-650 °C on a
NETZSCH TG 209 F3 thermal analyzer under N, atmo-
sphere at a heating rate of 10 °C min~'. Magnetic suscep-
tibility measurements were performed using a Quantum
Design MPMS XL-7 SQUID magnetometer, operating
between 5 and 300 K at a sweeping rate of 1 K min~' under
an applied magnetic field of 2500 Oe. Pascal’s constants
were used for the diamagnetic corrections.

Caution! Perchlorate salts are potentially explosive
and should be treated with great caution. Only small
amounts were used in the present work.

Preparation of complex 1

A solution of Co(ClOy),-6H,O (18.1 mg, 0.05 mmol) in
MeOH (6 mL) was added to a methanol solution (10 mL) of
PPQ (32.9 mg, 0.1 mmol). The resulting brownish red mixture
was stirred in a glove box under nitrogen for 20 min. The
suspension was then filtered, and the filtrate was left to stand at
room temperature. Light pink block-shaped single crystals of
[Co(PPQ),](C104),-H,0O, complex 1, suitable for X-ray
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diffraction analysis were obtained after several days. Yield:
68 % (based on Co). IR (KBr, cmfl): 545.27(w), 624.34(w),
694.73(w), 754.51(m), 992.20(w), 1095.37(s), 1158.04(m),
1226.51(m), 1305.57(w), 1346.55(w), 1368.73(w), 1406.33(s),
1451.65(m), 1519.63(m), 1608.82(s), 3055.17(w), 3318.41(s).
Anal. Calcd for CO(C]9H]5N50)2'(C104)2'H202 H, 3.5 %, C,
48.8 %; N, 15.0 %. Found: H, 3.5 %; C, 48.9 %; N, 15.1 %.

Preparation of complex 2

Light brown block-shaped crystals of [Ni(PPQ),](ClO,),.
2H,0, complex 2, suitable for X-ray diffraction were obtained
in a similar way to that described for complex 1, except that
Co(Cl0Oy,),-6H,0 was used instead of Ni(ClO,),-6H,0. Yield:
52 % (based on Ni). IR (KBr, cm™'): 504.29(w), 542.86(w),
624.34(m), 692.32(w), 753.07(m), 795.49(w), 992.68(m),
1016.78(m), 1091.11(s), 1108.87(s), 1156.63(m), 1228.43(m),
1343.18(w), 1365.84(w), 1389.94w), 1406.82(m), 1445.87(m),
1482.51(w), 1510.47(w), 1608.34(s), 1666.20(m), 3399.41(s).
Anal. Calcd for Ni(C;9H;5N50),-(ClO,),-2H,0: H, 3.6 %; C,
479 %; N, 14.7 %. Found: H, 3.6 %; C, 47.9 %; N, 14.8 %.

Preparation of complex 3

Deep brown block-shaped crystals of [Cu(PPQ),](ClOy),.
CH30H-H,0, complex 3, suitable for X-ray diffraction were
obtained in a similar manner to that described for complex 1,
except that Co(ClO,),-6H,O was used instead of Cu(ClOy),.
6H,0. Yield: 46 % (based on Cu). IR (KBr, cmfl): 498.
99(w), 541.42(w), 622.41(s), 692.80(m), 754.03(s), 923.
25(w), 996.10(m), 1097.30(s), 1160.94(s), 1227.47(s), 1290.
14(w), 1341.73(w), 1400.07(m), 1446.83(m), 1509.51(m),
1609.31(s), 1647.39(m), 2009.94(w), 3067.71(w), 3365.66(s),
349390(111) Anal. Caled for CU(C]9H15N50)2'(C104)2_
(CH4,0)-H,O: H, 3.7 %; C, 48.2 %; N, 14.4 %. Found: H,
3.8 %; C,48.3 %; N, 14.3 %.

Preparation of complex 4

Light brown block-shaped crystals of [Zn(PPQ),](ClOy),.
CH;0H-3CH;CN-2H,0, complex 4, suitable for X-ray
diffraction were obtained in a similar way to that described for
complex 1, except that Co(ClO,),-6H,0 was used instead of
Zn(Cl0Oy),-6H,0, together with a solvent mixture of MeOH/
MeCN(1:1). Yield: 43 % (based on Zn). IR (KBr, cm_l):
545.27(w), 624.34(m), 696.66(w), 754.99(m), 847.56(w),
891.92(w), 927.11(w), 987.38(w), 1090.55(s), 1156.12(s),
1227.95(s), 1304.13(w), 1346.07(w), 1406.33(m), 1449.24(m),
1516.74(w), 1612.68(s), 3058.55(w), 3345.41(s). Anal. Calcd
for ZH(C19H15N50)2'(C104)2'(CH40)'3(C2H3N)'2H20: H,
4.3 %; C,48.5 %; N, 16.3 %. Found: H, 4.3 %; C, 48.5 %; N,
16.4 %.
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Preparation of complex 5

Cd(NO3),-:2H,0 (18.1 mg, 0.05 mmol) and PPQ (32.9 mg,
0.1 mmol) were added to acetonitrile (10 mL), and the mixture
was stirred for 20 min at room temperature. The suspension was
then filtered, and the bright yellow filtrate was left undisturbed
in air. Light yellow block-shaped single crystals of
[CA(PPQ),-NOs](NO5)-CH3CN, complex 8, suitable for X-ray
diffraction analysis were obtained after several days. Yield:
48 % (based on Cd). IR(KBr, cm™"): 488.87(w), 525.03(w),
545.76(w), 617.59(w), 636.88(w), 696.66(m), 762.71(s),
791.64(m), 848.53(w), 914.58(w), 935.31(w), 980.63(m),
1028.84(m), 1103.08(m), 1151.30(s), 1209.15(m), 1236.63(m),
1293.04(s), 1322.57(s), 1373.55(s), 1400.07(s), 1454.55(s),
1567.84(w), 1505.17(m), 1612.20(s), 1646.43(s), 2251.97(w),
3034.92(m), 3069.64(m), 3216.68(s), 3341.07(s). Anal. Calcd
for Cd(C]gH]5N50)2'(NO3)2'(C2H3 N)Z H, 3.6 %; C, 51.3 %;
N, 19.5 %. Found: H, 3.5 %; C, 51.3 %; N, 19.4 %.

X-ray crystallography

Single-crystal X-ray diffraction measurements of all the
complexes were obtained on a Bruker Apex II-CCD
diffractometer at the ambient temperature (complexes 2, 3
and 5) or the atmosphere of liquid nitrogen (complexes 1
and 4) with graphite-monochromated Mo-Ka radiation
(4 = 0.71073 A). Absorption corrections were applied
using the multiscan program of SADABS. All structures
were solved by direct methods and refined anisotropically
through full matrix least-squares methods on F> with the
SHELXL program. Hydrogen atoms were located geo-
metrically, whereas those of solvent molecules were found
in Fourier difference maps, and all of the hydrogen atoms
were refined in riding mode. In complex 1, four oxygens of
ClO4 were distributed over two positions, i.e., O11(O11A),
012 (0O12A), O13 (O13A) and O14 (O14A), and they were
refined with site occupation factors (SOF) of 50 %. In
addition, there is also disorder of perchlorate across an
inversion center for CI2 and Cl3, with SOF 50 %,
respectively. In complex 3, the four oxygen atoms attached
on CI(3) are disordered and distributed into two parts (SOF
0.50 for each one) around a symmetric center. Final crys-
tallographic parameters for complexes 1-5 are listed in
Table 1. Selected bond lengths and angles are listed in
Table 2.

Results and discussion

Synthesis and general characterization

We have been systematically investigating the reactions of
PPQ ligands with different transition metal salts for the

synthesis of mononuclear and multinuclear compounds.
Reactions of the metal perchlorides with PPQ in 1:2 molar ratio
in MeOH/MeCN gave [Co(PPQ),](ClO4),-H,O (1),
[Ni(PPQ)21(C104)2-2H,0  (2),  [Cu(PPQ),](ClO4),-CH;0H-
H,0 (3), [Zn(PPQ),](Cl04),-CH30H-3CH5;CN-2H,0 (4) and
[CA(PPQ),-(NO3)]J(NO3)-CH3CN (5), respectively. Com-
plexes 1-5 are soluble in common solvents such as methanol,
ethanol and acetonitrile.

Crystal structure of complex 1

Crystals of complex 1 were grown from methanol solution.
Crystallographic refinement data at 173 K suggested that 1
crystallized in the triclinic space group P; (Table 1). The
asymmetric unit is comprised of two PPQ ligands, one
Co(Il) center, two disordered perchlorate anions, a water
molecule and a methanol molecule (Fig. 1a). The Schiff
base provides O1, N1 and N2 for cobalt(Il) coordination
and therefore acts as a tridentate ligand, with the Co-O
bond distances 2.098(6), 2.103(5) A and Co-N bond dis-
tances in the range of 2.057(7)-2.128(7) A and the cis-L—
M-L bond angles around the metal center in the ranges of
75.4(3)°-108.8(3)°, thus leading to the formation of a
distorted octahedral mononuclear cobalt complex. Config-
uration analyses were carried out with SHAPE [29], con-
firming the polyhedral shapes (Table 3 and Table S1). The
crystal packing structure revealed a two-dimensional
supramolecular framework. The crystal lattice is stabilized
by n—= stacking interactions between the phenyl rings of
HL, with a centroid—centroid distance of 3.4789 (7) A
(Fig. 2 left).

Crystal structures of complexes 2 and 3

Single-crystal X-ray diffraction analysis reveals that
complex 3 belongs to the monoclinic system in C,
space group. The asymmetric unit of 3 consists of a
Cu({I) center, two PPQ ligands, two disordered per-
chlorate anions and two free methanol molecules. The
Cu(Il) is coordinated to the N2 imino nitrogen, the N1
pyridine nitrogen and one atom Ol from an anionic PPQ
ligand, while the second anionic PPQ ligand provides
N6, N7 and N10 for coordination (Fig. 1c). The Cu-O
bond distance is 2.292(3), and Cu-N bonds range from
1.974(4) to 2.269(4) A. The bond angles around Cu are
in the range of 72.12(13)°-107.76(15)°, giving a dis-
torted octahedral mononuclear geometry. In the crystal
structure, -7 stacking with a centroid distance of
3.8481(13) A, which is larger than the stacking interac-
tion of 1, leads to a one-dimensional framework (Fig-
ure S1b). The asymmetric unit of complex 2 shows a
similar coordination environment to 3, such that the
Ni(Il) center is coordinated by two PPQ ligands in
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Table 1 Crystallographic data and structural refinement summary for complexes 1-5

3 4 5

1 2
Formula C33H30C1,CoN; Oy, CigH34Cl1,NoNiO»
fw (g/mol) 932.55 952.34
T (K) 173 296
Crystal system Triclinic Triclinic
Space group P; P;
z 2 2
a[A] 11.892(3) 12.008(3)
b [A] 13.437(3) 12.805(3)
¢ [A] 17.005(4) 16.255(5)
o [°] 109.658(5) 93.736(7)
B [°] 91.331(7) 99.708(7)
v [°] 105.720(6) 117.374(4)
VA% 2443.5(10) 2158.5(10)
Peatcd (g/em’) 1.267 1.461
F(000) 954 974
R} (I > 2a()) 0.1434 0.0975
wRS (I > 20(I)) 0.3363 0.2868
R, (all data) 0.3172 0.1411
WR; (all data) 0.4027 0.3274
GOF 1.055 1.091

C39H30Cl,CuN;O1 C45H30C1N13Zn0; 5 C4oH33CdN; 305

1031.23 965.17 936.19
296 120 296
Monoclinic Triclinic Monoclinic
Cose Py Paie

8 2 4
30.355(10) 11.954(4) 19.118(3)
10.769(4) 12.312(4) 12.6368(19)
29.229(10) 18.141(6) 18.699(3)
90 72.768(6) 90
115.485(8) 74.775(6) 118.436(3)
90 85.744(7) 90

8626(5) 2460.6(14) 3972.4(10)
1.486 1.481 1.565

3944 1118 1904
0.1049 0.1150 0.0318
0.2565 0.2698 0.089
0.1843 0.1597 0.0437
0.2929 0.2939 0.0953
1.067 1.090 1.060

4 R, = ZIF,| — IFI/ZIF,
> WRy = {Z[w(Fs — Fo)VZ[w(Fo),)}'?

different modes; one ligand provides NNO and the other
NNN coordination to the center metal atom (Fig. 1b).
Similar to 3, the complex 2 exhibits a n—n packing
framework with a centroid—centroid distance of 3.6905(8)
A, giving rise to a more close packing in this con-
struction (Figure Sla).

Crystal structure of complex 4

Crystals of complex 4 were grown from methanol/ace-
tonitrile mixed solution. Crystallographic refinement data
at 120 K revealed that 4 crystallized in the triclinic space
group P; (Table 1).The asymmetric unit comprises of two
PPQ ligands, a Zn(Il) center, two perchlorate anions, two
methanol molecules, three acetonitrile molecules and a
water molecule (Fig. 1d). The Schiff base provides O1, N1
and N2 donors for zinc(II) coordination, thereby behaving
as a tridentate ligand with the Zn—O bond distances of
2.142(3), 2.145(3) A and Zn-N bond distances in the range
of 2.081(4)-2.139(3) A. The cis-bond angles around the
zinc are in the ranges of 73.75(12)°-109.51(14)°, giving
distorted octahedral coordination (Table 3). The crystal
packing structure shows a two-dimensional supramolecular
framework, stabilized by n—m stacking interactions
between the phenyl rings of HL with a centroid—centroid
distance of 3.4385 (4) A (Figure Slc).
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Crystal structure of complex 5

Complex 5 crystallizes in the monoclinic system with
space group P(jy.. As illustrated in Fig. le, each Cd(II)
center is coordinated by two PPQ ligands plus one nitrate
ion, forming an octa-coordinate mode CdN4O,4. The
asymmetric unit contains a Cd(II) center, two PPQ ligands,
an acetonitrile molecule, a coordinate nitrate ligand and a
free nitrate anion. Both PPQ ligands utilize the NNO
coordination mode, while the bidentate nitrate provides two
oxygen atoms to the metal center. The Cd-O bond dis-
tances in the range of 2.433(2)-2.5779(18) A together with
Cd-N of 2.371(2)-2.438(2) A provide a distorted triangular
dodecahedral geometry. The packing diagram shows three
layers of molecules, which are independently arranged in
the unit cell. Molecules in each layer are connected through
the nitrate anion by intermolecular hydrogen bonding. In
each unit, there are hydrogen bonds with D549A distances
ranging from 3.511(4)-3.590(4) A, which support the sta-
bilization of the crystal packing (Fig. 2 right).

In previous work by Pelizzi, the PPQ ligand was found
to act as a tridentate donor through either NNN or NNO
donor sets when coordinated to Mn or Cu chlorides. This
resulted in a five-coordinate environment provided by two
chloride ligands plus the tridentate PPQ ligand. The
bonding geometry in the resulting coordination polyhedra
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Table 2 Selected bond lengths

(A) and angles (°) for 1 2 3

complexes 1-5 Co(1)-N(2) 2.057(7)  Ni(1)-N(2) 2.007(6) Cu(1)-N(7) 1.974(4)
Co(1)-N(7) 2.082(7)  Ni(1)-N(7) 2.022(6) Cu(1)-N(6) 2.038(4)
Co(1)-0(2) 2.098(6)  Ni(1)-0(1) 2.099(5) Cu(1)-N(10) 2.070(4)
Co(1)-0O(1) 2.103(5)  Ni(1)-N(1) 2.100(6) Cu(1)-N(2) 2.074(4)
Co(1)-N(1) 2.111(8)  Ni(1)-N(10) 2.111(5) Cu(1)-N(1) 2.269(4)
Co(1)-N(6) 2.128(7)  Ni(1)-N(6) 2.118(6) Cu(1)-O(1) 2.292(3)
N@2)-Co(1)-0(2)  101.4(3) N(2)-Ni(1)-O(1) 77.4(2) N(7)-Cu(1)-N(6) 78.40(15)
N(7)-Co(1)-0(2) 75.6(2) N(7)-Ni(1)-O(1) 99.3(2) N(7)-Cu(1)-N(10) 92.11(16)
N(2)-Co(1)-0(1) 76.4(2) N(2)-Ni(1)-N(1) 77.6(2) N(6)-Cu(1)-N(2) 93.26(13)
N(7)-Co(1)-0(1) 99.4(2) N(7)-Ni(1)-N(1) 105.6(2) N(10)—Cu(1)-N(2) 96.27(14)
0(2)-Co(1)-0(1) 98.4(2) N@)-Ni(1)-N(10)  96.6(2) N(7)-Cu(1)-N(1) 107.76(15)
N(2)-Co(1)-N(1) 75.7(3) N()-Ni(1)-N(10)  88.6(2) N(6)-Cu(1)-N(1) 88.06(14)
N(7)-Co(1)-N(1)  108.8(3) O(D-Ni(1)-N(10)  90.46(19)  N(10)-Cu(1)-N(1) 94.05(16)
0(2)-Co(1)-N(1) 94.2(3) N(D-Ni(1)-N(10) ~ 91.2(2) N(@2)-Cu(1)-N(1) 75.35(14)
N(2)-Co(1)-N(6)  108.0(3) N(2)-Ni(1)-N(6) 96.7(3) N(7)-Cu(1)-0(1) 104.05(14)
N(7)-Co(1)-N(6) 75.4(3) N(7)-Ni(1)-N(6) 78.3(3) N(6)-Cu(1)-0(1) 91.45(13)
0(1)-Co(1)-N(6) 93.2(2) O(1)-Ni(1)-N(6) 96.1(2) N(10)—~Cu(1)-O(1) 91.76(14)
4 5
Zn(1)-N(2) 2.081(4)  Cd(1)-N(2) 2.371(2) Cd(1)-N(7) 2.438(2)
Zn(1)-N(7) 2.086(4)  Cd(1)-N(6) 2.381(2) Cd(1)-0(4) 2.451(2)
Zn(1)-N(6) 2.124(3)  Cd(1)-N(1) 2.411(2) Cd(1)-0(2) 2.5334(19)
Zn(1)-N(1) 2.1393)  Cd(1)-0(3) 2.433(2) Cd(1)-0O(1) 2.5779(18)
Zn(1)-0(1) 2.142(3)
Zn(1)-0(2) 2.145(3)
N@2)-Zn(1)-N(6)  109.51(14)  N(2)-Cd(1)-N(6)  98.07(8) N(7)-Cd(1)-0(4)  116.62(7)
N(7)-Zn(1)-N(6) 76.51(14)  N(2)-Cd(1)-N(1)  68.64(7) N@2)-Cd(1)-0(2)  120.68(7)
N(2)-Zn(1)-N(1) 76.42(14)  N(6)-Cd(1)-N(1)  86.88(8) N(6)-Cd(1)-0(2)  130.16(7)
N(DH-Zn(1)-N(1)  107.37(14) N(@2)-Cd(1)-O(3)  131.43(7)  N(1)-Cd(1)-O(2) 80.39(7)
N(6)-Zn(1)-N(1) 93.19(13)  N(6)-Cd(1)-0(3)  96.94(7) 0(3)-Cd(1)-0(2) 80.78(7)
N(2)-Zn(1)-O(1) 73.75(12)  N(6)-Cd(1)-N(7)  67.74(7) N(7)-Cd(1)-0(2) 63.57(7)
N(DH)-Zn(1)-O(1)  102.51(12)  N(1)-Cd(1)-N(7)  86.54(7) 0(4)-Cd(1)-0(2) 74.11(7)
N(6)-Zn(1)-O(1) 94.84(12)  OB)-Cd(1)-N(7)  75.22(7) N(@2)-Cd(1)-0(1) 62.69(7)
N(2)-Zn(1)-0(2) 99.65(12)  N(2)-Cd(1)-0(4)  89.50(8) N(6)-Cd(1)-0(1) 81.24(7)
N(7)-Zn(1)-0(2) 7424(12)  N(6)-CA(1)-04)  140.97(8)  N(1)-Cd(1)-O(1)  127.33(6)
N(1)-Zn(1)-0(2) 95.89(11)  N(1)-Cd(1)-0(4)  130.95(8)  O(3)-Cd(1)-O(1) 74.48(6)
0(1)-Zn(1)-0(2) 91.01(11)  OB3)-Cd(1)-0(4)  52.45(7) O(4)-Cd(1)-0(1) 68.42(7)

was distorted trigonal bipyramidal [30]. In our present
study of PPQ, perchlorate or nitrate salts of transition
metals were used instead of chlorides. It is interesting to
note that the change of anions lead to different coordination
behavior. In addition, the ligand configuration in these
complexes is also dependent upon the type of metal center
(Scheme 2). In the complexes of Co, Cu, Ni and Zn, the
metal atom is six-coordinated by two PPQ ligands, result-
ing in a distorted octahedral coordination polyhedron.
However, the Cd complex is eight-coordinated by a nitrate
and two PPQ ligands, forming a distorted triangular

dodecahedral configuration. We suggest that the different
anions give rise to the different coordinate modes.

Thermal stability studies

The thermal stabilities of complexes 1-3 were investigated
by thermogravimetric analysis (TGA) from room temper-
ature up to 600 °C (Fig. 3). In all cases, the TGA curves
indicate two steps; the first is attributed to the release of
guest solvents (MeOH, H,0), while the second, at higher
temperatures, is due to elimination of the PPQ ligands.
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Fig. 1 View of the coordination mode of the metal centers in 1-5. a—e correspond to the compounds 1-5, respectively

Table 3 Geometries in the

crystal structures of 1-5 Complex Metal salt Structure Minimal distortion path Geometry around metal ion
1 Co(Cl0y), ML, 4.431 Distorted octahedral
2 Ni(ClOy), ML, 2.181 Distorted octahedral
3 Cu(ClOy), ML, 2.984 Distorted octahedral
4 Zn(ClO0y), ML, 4.557 Distorted octahedral
5 Cd(NO3), ML,(NO3) 2.499 Triangular dodecahedron

Fig. 2 View of packing structure of the complexes 1 (left) and 5 (right)

@ Springer



Transition Met Chem (2015) 40:681-689

687

Thus, for complex 1 the first step is observed in the tem-
perature range 30-130 °C, while for complex 2 it occurs
from 30 to 105 °C. In the case of complex 3, the weight
loss is in accordance with the loss of MeOH solvent from
30 to 90 °C. The overall solvent losses for 1, 2 and 3
observed values are in agreement with the calculated val-
ues (1.9, 3.7 and 5.1 %, respectively). The second mass
loss occurs very sharply which is assigned to elimination of
the PPQ ligands for all the compounds.

Magnetic susceptibility studies

Variable-temperature magnetic susceptibility studies were
performed on complexes 1-3 between 300 and 5 K, and a plot
of ymT versus T is shown in Fig. 4. At room temperature,
octahedral Co(II) complexes typically maintain a large con-
tribution due to the 4Tg ground term and exhibit ¢ values in
the range 4.8-5.6 B.M [31, 32]. The magnetic moment of
complex 11is ca. 2.693 cm mol ™' K at 300 K, which is much
higher than the expected value of 1.875 cm mol ™' K for a
spin-only Co(II) ion with § = 3/2 and g = 2.0, owing to the
important orbital contribution to the susceptibility of the
Co(I) ion in a high-spin octahedral configuration [33, 34].
The y,,T value gradually decreases with cooling, reaching a
minimum value of 1.81 cm mol ™' K at 5 K. The ., value
was obtained by best fitting to the Curie-Weiss law above
50 K with C,, = 2.90 cm mol ' Kand 0 = —11.21 K. The
value of C is very close to the expected value of
2.8-3.4 cm mol~! K for a mononuclear Co(II) ion in octa-
hedral ligand field [35]. For complex 2, the y,,,T product at
300 K (ca. 1.13 cm mol~' K) is consistent with Ni(Il) ions
(1.0 cm® mol ™! K for g = 2.0), and this value remains
almost constant over all the measurement temperature ranges.
The decrease in y,,T at low temperatures could be due to the
zero field splitting. For complex 3, the y,,7 value at room
temperature is 0.50 cm mol ™! K for the Cu(Il) center with
S = 1/2, which is slightly larger than the uncoupled, spin-

—2
—3

100

_ %\
80
60 —

x T < T L) T ] T ¥ T L T
0 100 200 300 400 500 600
Temperature (°C)

Weight (%)

Fig. 3 TGA curves of complexes 1-3

only value of 0.375 cm mol~' K. On lowering the tempera-
ture, the y,I value decreases slowly, reaching
0.485 cm mol ' K at 2 K.

Fluorescence properties

Complexes of d'® metal centers with organic ligands are
promising candidates for potential luminescence materials.
Accordingly, the emission spectra of complexes 4 and 5 as
well as those of the free ligand PPQ were studied in the
solid state at room temperature to explore their potential
applications as luminescent crystalline materials (see
Fig. 5). All these microcrystalline samples have similar
excitation maxima at ca. 350 nm. Intense fluorescence
emissions were observed at 466 nm for free PPQ and at
557 nm for 4 and 583 nm for 5, as shown in Fig. 5.
Compared to the emission of free PPQ, complexes 4 and 5
showed obvious redshifts of 91 and 117 nm, respectively.
The strong fluorescence emission of free PPQ can be
ascribed to m — m* and/or n — n* transitions. For

Scheme 2 Coordination mode
with different metal anions 4 N~ |
N N\ o
@NNN/ \ IN NH
\ 1 0 ' N ~N
O\'\';’I/N 2 V8 N —N7\
N7 /N o’ No
B M(Cl, c’ ¢
N, 2 < o
N 7/ \ N
0 N M(ClOy), =N 7 \ /
HN - —N-a
YN Yay =0
.=pPQ
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Fig. 5 Solid-state normalized emission spectra of ligand PPQ,
compounds 4 and 5

complexes 4 and S, the fluorescence may be attributed to
intraligand transitions. We conclude that the overall
architectures of complexes 4 and 5 increase to the rigidity
of the ligand’s aromatic backbone and therefore maximize
the intramolecular interactions among the organic moieties
for energy transfer, effectively reducing the intraligand
HOMO-LUMO energy gap [36].

Conclusion

In summary, five quinazoline-containing carbohydrozone
complexes of five different metals have been synthesized and
characterized by X-ray single-crystal diffraction. The ligand
exhibits two different coordination modes, namely NNO and
mixed NNO/NNN. Variable-temperature magnetic suscep-
tibility measurements on complexes 1, 2 and 3 indicated

@ Springer

paramagnetic nature with S = 3/2, 1 and %, respectively.
Complexes 4 and 5 showed strong ligand-based fluorescence
with obvious redshifts compared to the free ligand.

Supplementary material

CCDC 1063922, 1063923, 1063924, 1063925 and 1063926
contain the supplementary crystallographic data for com-
plexes 1-5. These data can be obtained free of charge from
The Cambridge Crystallographic Data Center via http://
www.ccdc.cam.ac.uk/conts/retrieving.html (or from the
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK; fax: +44
1223 3360- 33; e-mail: deposit@ccdc.cam.ac.uk).
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