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a b s t r a c t

A mononuclear complex, [CuL2]�2(CH3OH) (1), and two one-dimensional (1D) coordination polymers,
{[Cu3L4(CH3OH)2]�(NO3)2}n (2) and [Cd(LH)2(N3)2]n (3), having a flexible multidentate Schiff-base ligand,
2-(3-(1H-imidazol-1-yl)propyliminomethyl)phenol (LH), with multifarious coordination modes have
been obtained in different solvents and pH values. Another 1D cadmium(II) coordination polymer,
[Cd(apimH)2Br3]n (4) (apim = (3-aminopropyl)imidazole), is also included for comparison. A four-coordi-
nate square-planar Cu(II) center is formed in 1 where L serves as a bidentate N,O-chelating ligand, while
two five-coordinate dinuclear Cu(II) centers and one six-coordinate mononuclear Cu(II) center are alter-
nately arranged via two tridentate ligands in 2. In contrast, six-coordinate Cd(II) centers are constructed
in 3 and 4, in the absence of a base, and they are bridged by double l2 azide anions in an end-to-end way
in 3 and alternate mono and triple l2 bromine anions in 4. Furthermore, FT-IR, 1H NMR, UV–Vis and fluo-
rescence spectral comparisons between LH and its metal complexes have been studied.

� 2013 Published by Elsevier Ltd.
1. Introduction

The rational design and synthesis of functional coordination
polymers with transition-metal cores have been extremely fruitful
in recent years [1–4]. In particular, metal–organic frameworks
with versatile architectures constructed by multifunctional organic
building blocks often exhibit structural diversities and tunable
properties, especially those bearing multidentate bridging ligands
because of their tunable coordination fashions under different
experimental conditions [5–8]. Most of them utilize linear and
rigid organic spacers, whilst flexible Schiff-base ligands with mul-
tifarious coordination modes are relatively less studied [9–11].

Salicylaldehyde and its derivatives have been extensively inves-
tigated, particularly for their Schiff-base compounds, and a lot of
metal complexes have been constructed and used for catalysts
[12–14], optoelectronic materials [15–16], ionic liquids [17–18],
biological and environmental applications [19–21] because they
are facile to prepare and coordinate with a variety of metal ions.
However, the flexible N-(3-aminopropyl)imidazole [22–24] has
rarely been included in structural studies of Schiff-base com-
pounds to date. By checking the latest version of the CCDC dat-
abases (ConQuest Version 1.15 (Build RC5), CSD Version 5.34
updated to November 2012) for N-(3-aminopropyl)imidazole
involved Schiff-base compounds, only one structural report on a
four-coordinate dinuclear Cu((I) complex having a 3,5-di-t-butyl-
salicylaldehyde Schiff-base unit [25] was found. However, if we
extended the check, using different alkyl chains between the two
N donors (5–8 methylene) in more flexible ligands, several related
references can be found for comparison [26–31].

So in this work, 2-(3-(1H-imidazol-1-yl)propyliminometh-
yl)phenol (LH), a ligand having a salicylaldehyde Schiff-base chro-
mophoric unit and a flexible propyl-substituted imidazole tail, was
selected to react with different metal salts under different pH val-
ues and in organic solvents. As a result, four new Cu(II) and Cd(II)
coordination complexes (1–4) were obtained under distinguish-
able experimental conditions, and they were structurally and
spectrally characterized, with the ligand LH showing multifarious
coordination modes with the metal centers.
2. Experimental

2.1. Materials and physical measurements

All reagents were of analytical grade from commercial sources
and were used without any further purification. Elemental analy-
ses were measured with a Perkin-Elmer 1400C analyzer. Infrared
spectra (FT-IR, 4000–400 cm�1) were collected on a Nicolet FT-IR
170X spectrophotometer at 25 �C using KBr plates. 1H NMR spectra
were obtained in a Bruker 500 MHz NMR spectrometer. UV–Vis
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Table 1
Crystal data and structure refinement for 1–4.

Compound 1 2 3 4

Formula C28H36CuN6O4 C54H64Cu3N14O12 C26H30CdN12O2 C6H12Br3CdN3

Formula weight 584.18 1291.84 655.03 478.30
T (K) 291(2) 291(2) 291(2) 291(2)
Crystal size [mm) 0.10 � 0.12 � 0.14 0.10 � 0.10 � 0.12 0.10 � 0.12 � 0.14 0.10 � 0.10 � 0.10
Crystal system monoclinic triclinic monoclinic Monoclinic
Space group P21/c P�1 C2/c P2/c
a (Å) 12.812(2) 9.231(2) 29.274(6) 8.023(4)
b (Å) 7.833(0) 10.350(3) 5.706(0) 8.711(2)
c (Å) 15.008(3) 16.296(4) 16.852(3) 17.113(2)
a (�) 90 86.333(4) 90 90
b (�) 113.570(3) 73.753(3) 96.949(4) 96.263(2)
c (�) 90 67.238(4) 90 90
V (Å3) 1380.5(4) 1376.6(6) 2794.2(9) 1189.0(2)
Dcalc (g cm–3) 1.405 1.558 1.557 2.672
Z 2 1 4 4
F(000) 614 669 1336 888
l (mm–1) 0.836 1.225 0.830 11.881
Max./min. h, k, l 10 6 h 6 �15, 9 6 k 6 �9,

17 6 l 6 �16
10 6 h 6 �10, 12 6 k 6 �12,
19 6 l 6 �18

34 6 h 6 �26, 6 6 k 6 �6,
19 6 l 6 �20

9 6 h 6 �9, 9 6 k 6 �10,
20 6 l 6 �21

Collected reflns 6745 6985 6514 6217
Unique reflns 2428 4781 2456 2335
Reflns with I > 2r(I) 1087 2017 2250 1883
Parameters 808 377 187 120
R1, wR2 [I > 2r(I)]a 0.0542/0.1021 0.0547/0.0914 0.0550/0.1213 0.0277/0.0627
R1, wR2 (all data)a 0.1289/0.1177 0.1416/0.1113 0.0611/0.1241 0.0372 / 0.0643
Goodness-of-fit (GOF)

on F2
0.773 0.753 1.157 0.991

Max./min. D (e Å–3) 0.58/�0.55 0.43/�0.53 0.88/�1.15 0.66/�0.64

a R1 = R||Fo| � |Fc||R|Fo|, wR2 = [R[w(Fo2 � Fc2)2]/Rw(Fo2)2]1/2.

Table 2
Selected bond distances (Å) and bond angles (o) in 1–4.

1
Cu1–O1 1.871(3) Cu1–N1 2.014(4)
N1–C7 1.284(6)
O1–Cu1–N1 91.4(4)

2
Cu1–O1 1.913(4) Cu2–O3 2.671(5)
Cu1–O2 1.896(4) Cu2–N6 2.008(5)
Cu1–N1 2.006(5) Cu2–N3a 2.012(5)
Cu1–N4 1.987(5) N1–C7 1.289(8)
Cu1–O1a 2.486(5) N4–C14 1.291(9)
O1–Cu1–N1 90.8(2) N1–Cu1–N4 168.7(2)
O1–Cu1–N4 90.6(3) O2–Cu1–N1 90.9(4)
O1–Cu1–O2 177.8(2) O2–Cu1–N4 87.3(9)
O3–Cu2–N6 95.8(2)

3
Cd1–N1 2.277(4) N3–C7 1.263(7)
Cd1–N4 2.359(5) N4–N5 1.183(7)
Cd1–N6b 2.385(5) N5–N6 1.182(7)
N1–Cd1–N4 99.2(4) N4–Cd1–N4d 89.1(7)
N1–Cd1–N6b 84.5(7) N4–Cd1–N6b 91.3(7)
N1–Cd1–N6c 89.9(4) N4–Cd1–N6c 170.8(2)
N1–Cd1–N4d 86.3(0) N4–N5–N6 176.0(5)

4
Cd1–Br1 2.816(1) Cd1–Br2 2.682(1)
Cd1–Br3 2.808(1) Cd1–Br4 2.883(1)
Cd1–N1 2.269(4) Cd1–Br3e 2.870(1)
Br1–Cd1–Br2 92.0(1) Br2–Cd1–Br3 92.9(1)
Br1–Cd1–Br3 174.0(1) Br2–Cd1–Br4 91.5(1)
Br1–Cd1–Br4 94.0(1) Br3–Cd1–Br4 82.3(1)
Br1–Cd1–N1 94.9(1) Br3–Cd1–N1 87.8(1)
Br2–Cd1–N1 99.5(1) Br4–Cd1–N1 165.5(1)

Symmetric code:
a �1 + x, 1 + y, 1 + z;
b x, �1 + y, z;
c �x, �1 + y, 5/2 � z;
d �x, y, 5/2 � z;
e 2 � x, y, 1/2 � z.
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spectra were recorded on a Shimadzu UV-3100 double-beam spec-
trophotometer using a quartz glass cell with a path length of
10 mm at room temperature. Luminescence spectra were recorded
on a Hitachi 850 fluorescent spectrophotometer at room tempera-
ture (25 �C).

2.1.1. Synthesis of 2-(3-(1H-imidazol-1-yl)propyliminomethyl)phenol
(LH)

N-(3-Aminopropyl)imidazole (2.05 g, 16.4 mmol) was added
into an ethanol solution (20 cm3) of salicylaldehyde (2.00 g,
16.4 mmol). The mixture was refluxed for 2 h and cooled to room
temperature. The solvent was removed on a rotatory evaporator
and the yellow crystalline solid LH was rinsed thoroughly with
petroleum ether. Yield: 3.36 g (89.4%). Elemental Anal. Calc. for
C13H15N3O: C, 68.10; H, 6.59; N, 18.33. Found: C, 68.34; H, 6.76;
N, 18.55%. Main FT-IR absorptions (KBr pellets, cm�1): 3431 (b,
w), 3099 (w), 2933 (w), 2902 (w), 1629 (s), 1574 (m), 1492 (m),
1450 (m), 1360 (m), 1273 (s), 764 (s). 1H NMR (500 MHz, CDCl3)
d: 13.15 (s, 1H), 8.33 (s, 1H), 7.47 (s, 1H), 7.34 (t, J = 7.6 Hz, 1H),
7.25 (m, 1H), 7.09 (s, 1H), 6.96 (d, J = 8.3 Hz, 1H), 6.93 (s, 1H),
6.89 (t, J = 7.1 Hz, 1H), 4.09 (t, J = 6.9 Hz, 2H), 3.57 (t, J = 6.4 Hz,
2H), 2.21 (p, J = 6.7 Hz, 2H). 1H NMR (500 MHz, CH3OD) d: 8.43
(s, 1H), 7.67 (s, 1H), 7.39–7.27 (m, 4H), 7.17 (s, 1H), 6.98 (s, 1H),
6.94–6.83 (m, 4H), 4.16 (t, J = 7.0 Hz, 2H), 3.60 (t, J = 6.6 Hz, 2H),
2.22 (p, J = 6.8 Hz, 2H). 1H NMR (500 MHz, DMSO-d6) d: 8.53 (s,
1H), 7.64 (s, 1H), 7.45 (dd, J = 7.6, 1.4 Hz, 1H), 7.34 (t, J = 7.6, 1H),
7.21 (s, 1H), 6.95–6.86 (m, 3H), 4.05 (t, J = 7.1 Hz, 2H), 3.54 (t,
J = 6.6 Hz, 2H), 2.10 (p, J = 6.9 Hz, 2H). The chemical-shift sequence
of hydrogen atoms (from the high field to the low field) is consis-
tent with the alphabetic one (A–H) shown in Fig. 1. UV–Vis in
methanol, kmax, nm: 316, 254, 243, 215. Fluorescence emission in
methanol, kmax, nm: 445.

2.1.2. Synthesis of [CuL2]�2(CH3OH) (1)
LH (0.046 g, 0.20 mmol) was dissolved in acetonitrile (10 cm3)

and three drops of triethylamine were added to remove the proton



Table 3
Hydrogen bonding parameters (Å, o) in 1–4.

D–H� � �A d (D–H) d (H� � �A) d (D� � �A) hDHA Sym. code

1
O2–H2� � �N3 0.96 1.88 2.70(3) 143 �x, 1 � y, 1 � z
C13–H13� � �O2 0.93 2.33 3.26(2) 175 �x, �1/2 + y, 1/2 � z
C14–H14B� � �O2 0.96 2.42 3.23(9) 143 �x, �1/2 + y, 1/2 � z

2
O3–H3A� � �O4 0.93 1.85 2.77(5) 171 1 � x, 3 � y, 1 � z
C4–H4� � �O3 0.93 2.58 3.40(5) 148 1 + x, �1 + y, z
C10–H10B� � �O5 0.97 2.52 3.38(4) 148 x, y, �1 + z
C24–H24� � �O3 0.93 2.58 3.13(7) 119 1 � x, 3 � y, 1 � z
C24–H24� � �O6 0.93 2.56 3.36(8) 145 2 � x, 2 � y, 1 � z
C26–H26� � �O5 0.93 2.51 3.42(8) 170 1 � x, 2 � y, 1 � z

3
O1–H1A� � �N3 0.82 1.99 2.61(1) 132

4
N3–H3A� � �Br4 0.89 2.92 3.56(7) 131 �1 + x, 1 + y, z
N3–H3B� � �Br2 0.89 2.72 3.54(8) 156 �1 + x, 1 + y, z
N3–H3C� � �Br2 0.89 2.61 3.39(4) 148 1 � x, 1 � y, �z
C1–H1� � �Br3 0.93 2.84 3.64(3) 145 �1 + x, y, z

Fig. 1a. Oak ridge thermal ellipsoid plot (ORTEP) diagram (30% thermal probability) of the molecular structure of 1 with the atom-numbering scheme.
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of LH. The mixture was added to an acetonitrile solution (10 cm3)
of Cu(NO3)2�3H2O (0.024 g, 0.10 mmol) and refluxed for 2 h. The
solution was then cooled to room temperature and filtered. The fil-
trate was allowed to evaporate slowly for 10 days in air at room
temperature, and microcrystals of 1 suitable for X-ray single-crys-
tal diffraction determination were obtained in a yield of 0.039 g
(66.8% based on HL). Main FT-IR absorptions (KBr, cm�1): 3405
(b, m), 3110 (w), 3047 (w), 2957 (w), 2904 (w), 2858 (w), 2025
(m), 1622 (s), 1531 (m), 1471 (m), 1452 (s), 1393 (s), 1358 (s),
1334 (s), 748 (m). Elemental Anal. Calc. for C28H36CuN6O4: C,
57.57; H, 6.21; N, 14.39. Found: C, 57.71; H, 6.30; N, 14.55%. UV–
Vis in methanol, kmax, nm: 266, 206.
Fig. 1b. Perspective view of the hydrogen bonding interactions in 1.
2.1.3. Synthesis of {[Cu3L4(CH3OH)2]�(NO3)2}n (2)
LH (0.046 g, 0.20 mmol) was dissolved in methanol (10 cm3)

and three drops of triethylamine were added to remove the proton
of LH. The mixture was added to a methanol solution (10 cm3) of
Cu(NO3)2�3H2O (0.024 g, 0.10 mmol) and refluxed for 2 h. The mix-
ture was cooled to room temperature and filtered. The filtrate was
allowed to evaporate slowly for 2 weeks in air at room tempera-
ture, and microcrystals of 2 suitable for X-ray single-crystal diffrac-
tion determination were obtained in a yield of 0.036 g (55.7% based
on HL). Main FT-IR absorptions (KBr, cm�1): 3417 (b, s), 3111 (w),
1623 (s), 1532 (m), 1471 (m), 1452 (m), 1395 (m), 1334 (m), 748
(s). Elemental Anal. Calc. for Cu3C54H64N14O12: C, 50.21; H, 4.99;



Fig. 2a. ORTEP view (30% thermal probability) of the molecular structure of 2 with the atom-numbering scheme.

Fig. 2b. Perspective view of the 1D coordination polymer and the intramolecular
p–p stacking interactions in 2.
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N, 15.18. Found: C, 50.49; H, 5.16; N, 15.02%. UV–Vis in methanol,
kmax, nm: 269, 202.

2.1.4. Synthesis of [Cd(LH)2(N3)2]n (3)
Cd(ClO4)2�6H2O (0.020 g, 0.05 mmol) was dissolved in a mixture

of methanol and acetonitrile (v/v = 1:1, 20 cm3) and a 10 cm3

methanol solution of LH (0.046 g, 0.20 mmol) was added. The solu-
tion was refluxed for 2 h, and then a methanol and water mixture
(v/v = 1:1, 10 cm3) of NaN3 (0.013 g, 0.20 mmol) was added and re-
fluxed for an additional 1 h. The mixture was cooled to room tem-
perature and filtered. The filtrate was allowed to evaporate slowly
for 2 weeks in air at room temperature, and light-yellow micro-
crystals of 3 suitable for X-ray single-crystal diffraction determina-
tion were obtained in a yield of 0.042 g (64.1% based on HL). Main
FT-IR absorptions (KBr, cm�1): 3419 (b, m), 3136 (w), 2054 (s),
1629 (m), 1577 (w), 1514 (w), 1487 (w), 1461 (w), 1394 (w),
1272 (w), 1097 (m), 761 (m). Elemental Anal. Calc. for CdC26H30N12-

O2: C, 47.68; H, 4.62; N, 25.66. Found: C, 47.45; H, 4.88; N, 25.72%.
1H NMR (500 MHz, DMSO-d6) d: 8.53 (s, 1H), 7.66 (s, 1H), 7.45 (dd,
J = 7.6, 1.1 Hz, 1H), 7.34 (dd, J = 8.1, 1.4 Hz, 1H), 7.23 (s, 1H), 6.88–
6.92 (m, 3H), 4.06 (t, J = 6.9 Hz, 2H), 3.54 (t, J = 6.6 Hz, 2H), 2.10 (p,
J = 7.0 Hz, 2H). UV–Vis in methanol, kmax, nm: 313, 254, 243, 213.
Fluorescence emission in methanol, kmax, nm: 445.
2.1.5. Synthesis of [Cd(apimH)Br3]n (4)
CdBr2�4H2O (0.020 g, 0.05 mmol) was dissolved in a mixture of

methanol and acetonitrile (v/v = 1:1, 20 cm3) and a 10 cm3 metha-
nol solution of LH (0.046 g, 0.20 mmol) was added. The solution
was refluxed for 2 h, cooled to room temperature and filtered.
The filtrate was allowed to evaporate slowly for 2 weeks in air at
room temperature, and yellow microcrystals of 4 suitable for
X-ray single-crystal diffraction determination were obtained in a
yield of 0.024 g (50.2% based on HL). Main FT-IR absorptions
(KBr, cm�1): 3416 (b, m), 3118 (s), 3025 (s), 2958 (w), 2930 (w),
1615 (w), 1585 (m), 1519 (m), 1485 (s), 1396 (m), 1238 (s), 1089
(s), 758 (s). Elemental Anal. Calc. for CdC6H12Br3N3: C, 15.07; H,
2.53; N, 8.79. Found: C, 15.35; H, 2.58; N, 8.92%. UV–Vis in meth-
anol, kmax, nm: 202.
2.1.6. Crystallography
All single-crystal samples were glue-covered and mounted on

glass fibers. Determination of the unit cells and data collection
were performed with Mo Ka radiation (k = 0.71073 Å) on a Bruker
SMART 1K diffractometer equipped with a CCD camera. Data col-
lection was performed using the SMART program and cell refinement
and data reduction were made with the SAINT program. All the
structures were solved by direct methods and refined on F2 by
full-matrix least-squares methods with SHELXTL version 6.10 [32].
All non-H atoms were anisotropically refined, whilst all hydrogen



Fig. 3a. ORTEP view (30% thermal probability) of the molecular structure of 3 with the atom-numbering scheme.

Fig. 3b. Perspective view of the 1D coordination polymer 3.

Fig. 4a. ORTEP view (30% thermal probability) of the molecular structure of 4 with
the atom-numbering scheme.

Fig. 4b. Perspective view of the 1D coordination polymer and offset p-p stacking
interactions in 4.
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atoms were inserted in calculated positions, assigned fixed isotro-
pic thermal parameters at 1.2 times the equivalent isotropic U of
the atoms to which they are attached (1.5 times for the methyl
groups, nitrogen and oxygen atoms) and allowed to ride on their
respective parent atoms. All calculations were carried out on a
PC computer with the SHELXTL PC program package and molecular
graphics were drawn using XSHELL and MERCURY software. A summary
of the crystal data, experimental details and refinement results for
1–4 is listed in Table 1. Selected bond distances and bond angles of
these transition-metal complexes are given in Table 2, whilst
hydrogen bonding parameters are shown in Table 3.

3. Results and discussion

3.1. Syntheses and spectral characterizations

The ligand LH was prepared according to a previously reported
method with slight modifications [18]. Since only the 1H NMR
spectrum of LH in deuterated chloroform was reported, where
one proton is overlapped with the solvent peak, deuterated meth-
anol and DMSO solvents have been used to compare and distin-
guish the aromatic protons. In the process of metal ion
complexation, the pH value of the solution is found to be a very
important influencing factor in forming different metal complexes.
On one hand, the coordination ability of the phenolic oxygen atom
of the ligand LH can be significantly improved by deprotonation.
On the other hand, the C@N double bond of the Schiff-base unit
in the ligand LH is not chemically stable, and can be cleaved in



Scheme 1. Schematic illustration for the formation of the metal complexes 1–4 where the LH ligand shows different coordination fashions.
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the presence of a metal ion and under acidic or basic conditions. In
this work, complexes 1 and 2 are obtained in acetonitrile and
methanol in the presence of an organic base (triethylamine), where
ligand L exhibits bidentate and tridentate coordination modes,
respectively. In contrast, complex 3 is formed in the absence of a
base, where a strong six-membered intramolecular O–H� � �N
hydrogen-bonded ring (Table 3) is formed in LH to prevent the for-
mation of the coordinative bond with the central Cd(II) ion. As a re-
sult, LH only acts as a monodentate ligand in 3. With regard to
complex 4, the ligand LH undergoes C@N double bond cleavage
[33,34,11] in the presence of CdBr2, and the protonated N-(3-ami-
nopropyl)imidazole serves as a monodentate ligand.

In the FT-IR spectra, a strong absorption peak is observed at
1629, 1623 and 1627 cm�1 in 1–3, respectively, corresponding to
the C@N Schiff-base unit in their molecular structures. In contrast,
such an absorption peak cannot be found in 4 because of the C@N
double bond cleavage of the ligand LH. In addition, a strong absorp-
tion peak is found at 2054 cm�1 in 3, which is assigned to the
stretching vibration of the coordinated azido unit.

The 1H NMR spectra of LH in deuterated chloroform, methanol
and DMSO exhibit different solvent effects. For example, the
Schiff-base proton (K) shows distinguishable behavior in non-polar
and polar solvents, being located at 13.15, 8.43 and 8.53 ppm, as
can be seen in Fig. SI1. Furthermore, the m-position protons (H
and I) of the phenolic hydroxyl group in LH show dissimilar chem-
ical shifts in the three deuterated solvents. In addition, the varia-
tions of the 1H NMR spectra of LH and its Cd(II) coordination
polymer 3 in DMSO-d6 are compared before and after metal-ion
complexation (Fig. SI2), where three protons adjacent to the coor-
dinated imidazole nitrogen atom (J, G and C) are found to shift
slightly to lower field due to the deshielding effects on Cd(II) ion
complexation.

The UV–Vis spectra of LH and 1–4 in methanol, together with
that of apim, are given in Fig. SI3. The absorption bands at 254
and 316 nm are assigned as the intra-ring p–p⁄ transition of the
phenolic ring and the p–p⁄ charge transition of the azomethine
chromophore, respectively. After deprotonation of LH and subse-
quent Cu(II) ion complexation, red shifts of 12 and 15 nm for the
former are observed in 1 and 2 because of the formation of a six-
membered CuC3NO coordination ring. In contrast, only a red shift
of 3 nm is observed in 3 for the latter transition, because the sali-
cylaldehyde Schiff-base chromophoric unit is not coordinated to
any metal center, having the same structure as that in LH.

Fluorescence spectral comparisons for LH and its d10 Cd(II) com-
plex 3 have been carried out, where the same solutions as for the
UV–Vis spectral determination are used. As can be seen in
Fig. SI4, LH and 3 have the same fluorescence emission peak at
445 nm when excited at 361 nm, but the latter exhibits a 3.3 times
fluorescence enhancement compared with that of HL, indicative of
the increase in rigidity of the whole structure by means of the fix-
ation of the Cd–O coordinative bonds.

3.2. Structural elucidation of copper(II) complexes 1 and 2

The molecular structures of 1 and 2 with the atom-numbering
scheme are shown in Figs. 1a and 2a, respectively. In the mononu-
clear complex 1, a four-coordinate square-planar Cu(II) center is
formed, where L serves as a bidentate N,O-chelating ligand. The
Cu–O bond length (1.871(3) Å) is shorter than the Cu–N one
(2.014(4) Å). The nitrogen atom of the imidazole ring in L is found
to be free of coordinative bonding in this case.

In contrast, there are two types of Cu(II) centers in the 1D cop-
per(II) coordination polymer 2. One is five-coordinated by three
oxygen and two nitrogen atoms from two L ligands, where one
phenolic oxygen atom serves as a l2 bridge to link adjacent two
Cu(II) centers, forming a dinuclear unit. The coordination configu-
ration for each five-coordinate copper(II) center is distorted pyra-
midal with a s value of 0.152 [35]. The other is six-coordinated
by four nitrogen atoms from four imidazole rings and two oxygen
atoms from two methanol molecules. Dissimilar to 1, the ligand L
in 2 acts as a l2 bridge with a tridentate coordination fashion,
which is different from a Pd(II) carbine complex having a similar
salicylaldimine imidazolium ligand, but showing an intramolecular
tridentate coordination mode [26]. As a result, two five-coordinate
dinuclear Cu(II) centers and one mononuclear Cu(II) center in 2 are
alternately arranged via two tridentate L ligands, forming a 1D
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coordination polymer. Additionally, intermolecular hydrogen
bonding and intramolecular p–p stacking interactions are ob-
served in the crystal structures of 1 and 2, as shown in Figs. 1b
and 2b.
3.3. Structural elucidation of 1D cadmium(II) coordination polymers 3
and 4

ORTEP Drawings of 3 and 4 with the atom-numbering scheme are
shown in Figs. 3a and 4a, respectively. X-ray single-crystal diffrac-
tion studies reveal that the Cd(II) center in 3 is six-coordinated by
two nitrogen atoms from two imidazole rings and four nitrogen
atoms from four azide anions, constituting an octahedral coordina-
tion geometry. Every azide anion serves as a l2 bridge in an end-
to-end way in 3, and every neighboring two Cd(II) ions are linked
by double l2–N3

� bridges, forming a 1D coordination polymer, as
illustrated in Fig. 3b.

The Cd(II) center in 4 is six-coordinated by five bromine anions
and one nitrogen atom from the imidazole ring, forming an octahe-
dral coordination geometry. The amino group of N-(3-aminopro-
pyl)imidazole is protonated, which can be deduced from the
electroneutrality principle of the whole molecule, and it is free
from the formation of a coordinative bond. It is worthwhile to
mention that single and triple l2-bridging and bromide anions
are alternately arranged, connecting adjacent Cd(II) centers and
also forming a 1D coordination polymer, as shown in Fig. 4b. The
measured terminal Cd1–Br2 bond length is 2.682(4) Å, which is
much shorter than the four bridging ones, in the range 2.807(8)–
2.882(7) Å. In addition, intermolecular N–H� � �Br hydrogen bonding
and offset p–p stacking interactions between contiguous imidazole
rings are observed in the crystal packing of 4, as depicted in Table 3
and Fig. 4b, respectively.
4. Conclusion

In summary, the coordination chemistry of a flexible multiden-
tate Schiff-base ligand (LH), prepared by a standard Schiff-base
condensation between salicylaldehyde and (3-aminopropyl)imid-
azole, has been explored. LH is found to exhibit multifarious coor-
dination fashions in its Cu(II) and Cd(II) complexes 1–4. In
mononuclear complex 1, a four-coordinate square-planar Cu(II)
center is formed where L serves as a bidentate N,O-chelating li-
gand, while two five-coordinate Cu(II) centers and one six-coordi-
nate Cu(II) center in 2 are alternately arranged via two tridentate
ligands, forming a 1D coordination polymer (Scheme 1).

In contrast, the Cd(II) centers in 3 and 4 are both six-coordi-
nated, but the proton of LH is retained in 3 because of the absence
of a base and the formation of a strong six-membered intramolec-
ular O–H� � �N hydrogen-bonded ring to prevent coordination. As a
result, LH only acts as a monodentate ligand in 3, but every two
Cd(II) centers are further bridged by double l2 azide anions in an
end-to-end way to form a 1D coordination polymer. As for 4, the
ligand LH undergoes C@N double bond cleavage in the presence
of CdBr2 and the protonated N-(3-aminopropyl)imidazole serves
as a monodentate ligand, where alternate single and triple l2-
bridging bromide anions are found to connect vicinal Cd(II) cen-
ters, forming another 1D coordination polymer. Moreover, FT-IR,
1H NMR, UV–Vis and fluorescence spectral comparisons have been
carried out to distinguish the alterations of LH and its metal com-
plexes before and after metal ion complexation.
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related complexes (Fig. SI5–SI11) are attached in the Supporting
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