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Two new complexes of Zn(II) and Cd(II) with acetate and nicotinamide as 
mixed ligands were synthesized and characterized. The Zn(II) complex is 
mononuclear, [Zn(ac)2(NA)2] (1), while the Cd(II) is a dinuclear one, 
[Cd2(ac)4(NA)4].2H2O (2), where ac = acetate and NA = nicotinamide. The 
compounds were characterized by means of single-crystal X-ray 
diffraction, FTIR, 1H NMR, 13C NMR spectroscopy, thermal analysis and 
elemental analysis. The geometry of the metal ion is distorted tetrahedral 
for Zn(II) and distorted pentagonal bipyramid geometry for Cd(II). In the 
dinuclear complex, each metal ion is coordinated by three acetate groups, 
but there are two different types of coordination modes for the acetate 

ligands: bidentate chelating and bridging bidentate chelating. 
 

 

 
INTRODUCTION 

Zinc is an essential microelement for the 
human body, with a well defined role in the 
functioning of the proteins, as well as in the 
metabolism of the nucleic acids. Many hundreds 
of enzymes contain this element, carbonic 
anhydrase being one of them, the first zinc 
enzyme discovered in 1940.1 Some of the 

enzymes contain three zinc ions, like 
phosphatases, while others have binuclear zinc 
complexes in their active centers, like 
aminopeptidases.2 Certain Zn(II) complexes have 
strong action as anti-diabetic compounds3,4 and a 
more powerful antihypertensive effect than the 
corresponding metal-free drugs.5 Also, zinc 
coordination compounds have antioxidant 
activity,6 antibacterial and antifungal properties.7,8 
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Unlike zinc, cadmium is a very toxic element, 
known for its harmful action on the renal tubes, 
which causes osteomalacia associated with severe 
bone pain, i.e. Itai-itai disease.9 Cd(II) complexes 
with bipyridine or bipyridine derivatives and 
acetate as mixed ligands show a marked 
antibacterial activity,10,11 cadmium acetate being 
more toxic than the coordination compounds.12 
Also, two complexes of Cd(II) with nicotinamide 
were proved to have a powerful antimicrobial and 
antifungal action.13 

A study was focused on the toxic effects of Zn(II) 
and Cd(II) complexes with acetate and nicotinamide 
as ligands on some photosynthesizing organisms. The 
dry mass of the contaminated plants was lower than 
that of the control plants and the metals were 
accumulated mainly in the roots. Nevertheless, both 
complexes were not characterized by means of single 
crystal X-ray diffraction.14 On the same note, another 
research studied the effect of some Cd(II) complexes 
with nicotinamide, including the acetate one, on 
microalgae growth. The conclusion was that 
nicotinamide diminished the toxic effect of cadmium 
on algal growth and chlorophyll production.15  

On the other hand, acetate is a well-known 

ligand for its versatility and can coordinate to the 

metal ions in several ways. In a single trinuclear 

complex of Zn(II), acetato ligands act in a 

monodentate, bridging monodentate and bridging 

bidentate manner.16 This variety of acetato 

coordination modes, the use of zinc acetate in the 

treatment of Wilson’s disease17 as well as the 

biological action of cadmium complexes with 

acetate and various pyridinic ligands, prompted us 

to synthesize and characterize new complexes with 

acetate and nicotinamide as mixed ligand. Very 

recently, we find out that a quite similar complex 

of Cd(II) was isolated and characterized.18 

RESULTS 

[Zn(ac)2(NA)2]   

IR(ATR, cm–1): υas (N-H), 3419 m; υs (N-H), 

3291 m; υs (N-H), 3210 m; υ (C=O), 1703 s;  

υ (C=O), 1671 s; υ (C=N) + δ (N-H), 1600 s;  

υas (COO-), 1573 vs; υ (C-C), 1396 s; υs (COO-), 

1382 vs; υ (C-N), 1325 s; υ (C-NH2), 1209 m;  

υ (C-N), 1150 w; δ (C-H), 1110 w; δ (C-H) + υ (C-

C), 1056 w; ρr (CH3), 1027 w; υ (C-C), 928 w;  

γ (C-H), 836 w; γ (C-H), 804 w; ρw (NH2), 700 s; 

ρw (NH2), 679 s; δ (OCO), 652 m; β (C=O) +  

δ (N-H), 617 s; δ (C-NH2) + γ (C=O) 517 m;  

υ (Zn – O), 434 m. 
1H-NMR (500 MHz, DMSO-d6, δ ppm, J 

Hz): 9.08 (s, 2H, NH2), 8.76 (s, 2H, NH2), 8.24 (d, 

2H, H-5, 7.8 Hz), 8.19 (s, 2H, H-1), 7.63 (m, 2H, 

H-3), 7.55 (m, 2H, H-4), 1.85 (s, 6H, CH3) ppm.  
13C-NMR (125 MHz, DMSO-d6, δ ppm): 

178.3, 166.7, 152.2, 149.1, 135.9, 130.2, 123.9, 

22.2 ppm. 
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Fig. 1 – 1H-NMR spectrum of the compound [Zn(ac)2(NA)2]. 

 

[Cd2(ac)4(NA)4].2H2O 

IR(ATR, cm–1): υ (O-H), 3536 sh; υas (N-H), 

3352 m; υs (N-H), 3176 m; υ (C-H), 2990 w; υ 

(C=O), 1697 m; υ (C=O), 1673 s; υ (C=N), 1623 s; 

δ (N-H), 1597 s; υas (COO-), 1556 s; υs (COO-) + υ 

(C-C), 1392 s; υs (COO-), 1385 vs; υ (C-N), 1341 

s; υ (C-NH2), 1197 m; δ (C-H), 1125 w; δ (C-H) + 

υ (C-C), 1043 w; ρr (CH3), 1029 w; υ (C-C), 934 

w; γ (C-H), 832 w; γ (C-H), 781 w; ρw (NH2), 693 

s; ρw (NH2), 671 s; δ (OCO), 646 s; β (C=O) + δ 

(N-H), 622 vs; δ (C-NH2) + γ (C=O) 508 m; υ (Cd 

– O), 427 m. 



 Nicotinamide complexes 99 

1H-NMR (500 MHz, DMSO-d6, δ ppm,  

J Hz): 9.02 (d, 4H, H-1, 1.8 Hz), 8.70 (dd, 4H, 

H-5, 1.3 Hz, 4.8 Hz), 8.21 (dt, 4H, H-3, 1.8 Hz, 

7.9 Hz), 8.17 (s, 4H, NH2), 7.60 (s, 4H, 

NH2),7.50 (dd, 4H, H-4, 4.8 Hz, 7.9 Hz), 1.83 (s, 

12H, CH3) ppm. 
13C-NMR (125 MHz, DMSO-d6, δ ppm): 177.9, 

166.4, 152.0, 148.8, 135.4, 129.8, 123.5, 21.8 ppm. 

 
 

 

Fig. 2 – 1H-NMR spectrum of the compound [Cd2(ac)4(NA)4].2H2O. 

 

Table 1 

Crystal data and structure refinement for complex (1) and complex (2) 

Identification code (1) (2) 

Empirical formula C16H18N4O6Zn C16H20CdN4O7 

Formula weight 427.71 492.76 

Temperature/K 149(40) 124(2) 

Crystal system Triclinic Triclinic 

Space group P–1 P–1 

a/Å 8.6393(10) 9.3776(7) 

b/Å 10.7205(10) 10.1013(6) 

c/Å 11.4017(8) 10.6123(6) 

α/° 104. 467(7) 93.969(5) 

β/° 110.476(9) 103.904(5) 

γ/° 99.313(9) 99.906(5) 

Volume/Å3 921.05(16) 954.81(11) 

Z 2 2 

ρcalc g/cm3 1.542 1.714 

μ/mm-1 1.374 1.190 

F(000) 440.0 496.0 

Crystal size/mm3 0.3 × 0.2 × 0.05 0.15 × 0.1 × 0.08 

Radiation MoKα (λ = 0.71073) MoKα (λ = 0.71073) 

2Θ range for data collection/° 5.686 to 58.138 6.72 to 57.628 

Index ranges –10 ≤ h ≤ 11, –14 ≤ k ≤ 11,  

–15 ≤ l ≤ 15 

–11 ≤ h ≤ 12, –13 ≤ k ≤ 13,  

–11 ≤ l ≤ 14 

Reflections collected 6918 7718 

Independent reflections 4170 [Rint = 0.0958, Rsigma = 0.1323] 4310 [Rint= 0.0362, Rsigma= 0.0583] 

Data/restraints/parameters 4170/0/246 4310/0/258 

Goodness-of-fit on F2 1.042 1.151 

Final R indexes [I>=2σ (I)] R1 = 0.0543, wR2 = 0.0990 R1= 0.0463, wR2= 0.1031 

Final R indexes [all data] R1 = 0.0890, wR2 = 0.1295 R1= 0.0518, wR2= 0.1065 

Largest diff. peak/hole / e Å-3 0.76/–1.71 1.38/–0.97 
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Table 2 

  Thermal decomposition data (in air flow) for complexes  

Complex Step Thermal effect Temperature 

range/ ºC 
mexp /% mcalc /% 

[Zn(ac)2(NA)2] (1) 1 Endothermic 132 – – 

2 Endothermic 155–320 57.7 57.1 

3 Miscellaneous 320–460 22.9 23.9 

Residue (ZnO) 19.4 19.0 

[Cd2(ac)4(NA)4]·2H2O (2) 

 

1 Endothermic 75–130 3.6 3.7 

2 Endothermic 162–295 50.4 49.5 

3 Exothermic 295–445 19.6 20.7 

Residue (CdO) 26.4 26.1 

 

DISCUSSION 

FT-IR spectra 

The IR spectra of both complexes exhibit bands 

in the range 3450 – 3150 cm–1 which were 

assigned to the asymmetric (complex (1) – 3419 

cm–1 and complex (2) – 3352 cm–1) and symmetric 

(3291, 3210 cm–1 – (1); (2) – 3176 cm–1) N-H 

stretching vibrations of the amido group belonging 

to nicotinamide molecules.19 The splitting 

observed in the spectrum of complex (2) for υs (N-

H) band is probably due to the involvement of the 

nitrogen atom in two different types of hydrogen 

bondings. Additionally, in the spectrum of the 

Cd(II) complex, the shoulder from 3536 cm–1, due 

to υ (O-H) vibration, shows the presence of the 

water molecules in its crystalline lattice. In the 

spectrum of Zn(II) complex, the bands specific to 

the asymmetric and symmetric valence vibrations 

of the acetate groups are situated at 1573 and 1382 

cm–1. In the complex (2) spectrum, the same bands 

are observed at 1556 – υas (COO-), 1392 and 1385 

cm–1 – υs (COO-), the splitting being probably 

assignable to the two different coordination modes 

of the acetate groups. Anyway, the Δ value = 

υas(COO-) – υs(COO-) is greater (191 cm–1) for 

complex (1) than for complex (2) (164 cm–1), 

showing the difference between the monodentate 

and the chelating bidentate coordination modes.20 

The coordination of acetate groups to the central 

metal ion is sustained by the maxima situated 

around 430 cm–1, due to the metal – oxygen 

valence vibrations.21  

X-ray crystallography 

The crystal structure of Zn-nicotinamide 

(C16H18N4O6Zn) was elucidated using single 

crystal X-ray diffraction analysis and it was shown 

that the complex crystallizes in the 

centrosymmetric P-1 space group. The asymmetric 

unit of the complex is comprised by one central 

metal Zn2+ ion, two acetate anions (CH3COO-) and 

two nicotinamide molecules (Fig. 3a). The unit cell 

is comprised by two such asymmetric units 

generated by symmetry. The metal is four 

coordinated, the overall coordination environment 

being comprised by the two nicotinamide 

molecules which act as monodentate, being 

coordinated via N1 and N2 nitrogen atoms of the 

pyridine rings, and the two acetate oxygen atoms, 

O1 and O3. In Table 3, we present the values of 

some selected bond distances and angles. 

 
Table 3 

Selected bond distances (Å) and angles (0) for the complex (1) 

Bond  Bond distance Atoms Angle 

Zn1 – O1 1.960(4) O1 – Zn1 – O3 114.50(1) 

Zn1 – O3  1.941(4) O3 – Zn1 – N2 117.97(1) 

Zn1 – N1 2.044(4) O3 – Zn1 – N1 114.50(1) 

Zn1 – N2 2.052(3) O1 – Zn1 – N2 96.90(1) 

 

More precisely, the asymmetric unit depicts a 

distorted tetrahedral geometry with the 

coordination angles O1-Zn-N2 of 96.90° being the 

smallest and O3-Zn-N2 angle of 117.97° the 
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highest angle value. The Zn-Oacetate distances, Zn-

O1 and Zn-O3, are 1.960 Å and 1.941 Å 

respectively, meanwhile Zn-Npyridine (Zn-N1 and 

Zn-N2 are 2.044 Å and 2.052 Å) are similar to 

other Zn complexes.22,23 

In the formation of supramolecular self-

assemblies and solid state cohesion of the complex 

are included combinations of N-H···O hydrogen 

bonds, the geometries of hydrogen bonds being 

presented in Table 5. Both NH2 amide groups are 

participating as donors in the formation of the 

hydrogen bonds with the oxygen acceptors of 

acetate and the carbonyl of one amide. In Fig. 3b is 

presented the formation of R2
2(8) heterosynthon by 

the use of mutual N3-H···O6 interactions for 

adjacent nicotinamide·nicotinamide molecules.  

The Cd-nicotinamide complex (C16H20N4O7Cd) 

crystallizes triclinically in the centrosymmetric P-1 

space group with the asymmetric unit consisting of 

one metal ion (Cd2+), two acetate anions 

(CH3COO-), two nicotinamide molecules and one 

lattice water molecule (Fig. 4a). The packing of the 

complex (2) in the unit cell is shown in Fig. 4b. It 

can be noted that through the inversion operation 

of the P-1 group, the asymmetric unit doubles. In 

the asymmetric unit, the metal is six-coordinated, 

so that both nicotinamide molecules participate in 

the coordination through the nitrogen of the 

pyridine rings (N1 and N2) in a similar way to 

complex (1). Also, each acetate anion participates 

in the coordination through the both oxygen  

atoms (O3, O4, O6, O7), one of the acetate anion 

acting in a bidentate chelate manner and the other 

in a bridging bidentate chelate manner. Overall, this 

depicts a pentagonal bypiramid geometry for each 

Cd(II) in the dimeric complex. Selected bond 

distances and angles for the complex (2) are 

presented in Table 4. 
 

 
(a)        (b) 

Fig. 3 – Asymmetric unit of (1) complex presenting non-hydrogen atoms at 50% probability level (a); Mutual N-H···O hydrogen 

bonds illustrating the formation of R2
2(8) motifs (b). 

 

 
Table 4 

Selected bond distances (Å) and angles (0) for the complex (2) 

Bond  Bond distance Atoms Angle 

Cd1 – O3 2.421(3) O6 – Cd1 – O7 53.9(1) 

Cd1 – O6 2.368(3) O3 – Cd1 – O4 54.9(1) 

Cd1 – O4  2.362(3) O3 – Cd1 – O6 163.2(1) 

Cd1 – O7 2.460(3) O7 – Cd1 – O4 87.8(1) 

Cd1 – N1 2.327(4) O6 – Cd1 – N2 88.0(1) 

Cd1 – N2 2.335(3) O6 – Cd1 – N1 93.0(1) 

 

The values of the coordination angles are situated 

between 53.9° for O6-Cd-O7 and the highest value of 

163.2° for O3-Cd-O6. The coordination distances of 

the metal atom are Cd-Npyridine (Cd-N1 of 2.327 Å and 
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Cd-N2 of 2.335 Å) while the Cd-Oacetate distances are 

2.421 Å for Cd-O3, 2.362 Å for Cd-O4, 2.368 Å for 

Cd-O6 and 2.460 Å for Cd-O7. For the oxygen atoms 

which act as bridge, the Cd-O lengths are 2.349 Å 

and 2.368 Å respectively. Similar coordination 

distances have been reported in other cadmium 

complexes.24, 25 The structural difference between 

this compound and the previously reported one18 is 

given by the two lattice water molecules. 

Overall crystal cohesion is assured by a 

multitude of N-H···O, O-H···O and C-H···O 

hydrogen bonds with the primary amides (NH2), 

water molecules, methyl group of acetate and C-H 

groups of pyridine rings serving as donors while 

the acetate ions and amide groups as acceptors 

(Table 5). The embedded water molecules within 

the lattice are serving as hydrogen bond bridges, 

interconnecting the acetate ions with amide groups 

of the complex. A remark worth mentioning is the 

existence of π··· π interactions between the 

pyridine rings, with a separation distance of 3.357 Å 

(Fig. 4c). 

 

 

(a)        (b) 

 

 

(c) 

Fig. 4 – Asymmetric unit of (2) complex presenting non-hydrogen atoms at 50% probability level (a); unit cell packing (b); overall 

crystal packing along a-axis (c). 
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Table 5 

Hydrogen bonds geometry for (1) and (2) complexes (Å, °) 

(1) D-H···A D-H H···A D···A <(D-H···A) 

N3-H3A···O6(i)
(amide)  0.860 2.049(3) 2.924(4) 172.6(1) 

N4-H4A···O6(ii)
(amide)   0.860 2.127(2) 2.905(5) 147.0(1) 

N3-H3B···O2(iii)
(acetate)   0.860 1.920(1) 2.789(2) 169.1(8) 

N4-H4B···O3(iv)
(acetate)   0.860 2.062(4) 2.880(5) 154.3(3) 

(2) O9-H9A···O2(v)
(amide) 0.849 1.990(1) 2.838(3) 176.1(5) 

O9-H9B···O7(vi)
(amide) 0.850 2.016(2) 2.862(3) 173.3(5) 

N3-H3B···O9(vi)
(water) 0.860 2.154(3) 2.954(2) 154.6(8) 

N4-H4B···O1(vii)
(amide) 0.860 2.066(3) 2.826(4) 147.0(2) 

N4-H4A···O4(viii)
(acetate)   0.860 2.086(4) 2.891(1) 155.5(5) 

C11-H11···O3(ix)
(acetate)   0.930 2.584(4) 3.235(3) 127.4(4) 

C3-H3···O3(iii)
(acetate)   0.930 2.505(4) 3.354(2) 152.0(1) 

C13-H13B···O7(vi)
(acetate)   0.960 2.540(1) 3.449(3) 178.2(8) 

C13-H13C···O1(x)
(amide)   0.960 2.545(3) 3.243(3) 129.6(5) 

C13-H13A···O2(vi)
(amide)   0.960 2.519(4) 3.438(5) 160.2(6) 

C12-H12···O1(vii)
(amide)   0.930 2.702(1) 3.582(3) 158.1(1) 

Symmetry code: (i) 2-x, 1-y, 2-z; (ii) 1-x, -y, 1-z; (iii) 1-x, 1-y, 2-z; (iv) –x, -y, 1-z; (v) x, y, z; (vi) 2-x, 1-y, 1-z; (vii) x, 1+y, -1+z; 

(viii) 2-x, 2-y, 1-z; (ix) 1-x, 2-y, 1-z; (iii) 1-x, 1-y, 2-z; (vi) 2-x, 1-y, 1-z; (x) x, y, -1+z; (k-b) 2-x, 1-y, 1-z; 

 

Thermal behavior 

The thermal analysis method is commonly used 

to gather valuable insights into both the composition 

and stability of complexes. Consequently, the 

thermal behaviour of complexes was studied in air 

through simultaneous TG/DSC analysis. The 

thermal decomposition data are summarized in 

Table 2 and will be further discussed. 

Figure 5 displays the TG and DSC curves 

recorded for Zn complex (1), illustrating that this 

compound is anhydrous and does not decompose 

up to 155 C. The DSC curve indicates that it 

melts at 132 °C. Complex (1) undergoes a two-

step decomposition in the temperature range of 

155–460 °C. Based on the TG curve, the first step 

corresponds to nicotinamide release while the 

second one is consistent with oxidative 

degradation of acetate anion. The final residue is 

zinc oxide.  

For complex (2), the thermogravimetric 

analysis (Fig. 6) shows a weight loss in the range 

75–130 °C, corresponding to the elimination of 

two water molecules. The low temperature range 

associated with this process confirm the presence 

of lattice water, first evidenced by X-ray 

crystallography. After water release, the thermal 

decomposition is quite similar with zinc complex, 

the final residue being CdO.  

 

 

Fig. 5 – TG and DSC curves for the compound [Zn(ac)2(NA)2]. 
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Fig. 6 – TG and DSC curves for the compound [Cd2(ac)4(NA)4].2H2O. 

 

EXPERIMENTAL 

Materials 

The chemicals for the synthesis of the complexes were 

purchased from Sigma-Aldrich (Darmstadt, Germany) as 

reagent grade and were used as received, without further 

purification.  

Synthesis of the complex [Zn(ac)2(NA)2] 

To an ethanolic solution of zinc acetate dihydrate (0.219 g, 

1 mmol) in 10 mL ethanol was added an ethanolic solution (10 

mL) of nicotinamide (0.244 g, 2 mmol). The mixture was 

magnetically stirred for 30 min. at room temperature and than 

it was refluxed for 1 h. After cooling and filtration, the 

solution was left at room temperature for slow evaporation. In 

a few days, white crystals, suitable for X-ray diffraction, were 

separated. Analysis found: C, 44.4; H, 4.27; N, 13.5%; 

calculated for ZnC16H18N4O6 (Mw = 427.71): C, 44.89; H, 

4.20; N, 13.09 %.  

Synthesis of the complex [Cd2(ac)4(NA)4].2H2O 

Cadmium acetate dihydrate (0.266 g, 1 mmol) was 

dissolved in 10 mL ethanol and was mixed with 10 mL of 

ethanolic solution of nicotinamide (0.244 g, 2 mmol). The 

mixture was stirred for 15 min. at room temperature and than 

was refluxed for 2 h. After cooling and filtration, the solution 

was left at room temperature for slow evaporation. In several 

days, white crystals suitable for X-ray diffraction were 

separated. Analysis found: C, 38.50; H, 4.18; N, 11.10 %; 

calculated for CdC16H20N4O7 (Mw = 492.76): C, 38.96; H, 

4.06; N, 11.36 %.  

Elemental analysis. A FlashSmart Thermo Fisher 

Scientific elemental analyzer was used for chemical analyses 

(C, H, and N).  

FT-IR. Fourier Transformed Infrared Spectroscopy 

spectra were recorded with JASCO 4200 FT-IR spectrometer 

covering field 400 – 4000 cm-1.  

Thermogravimetric analysis. The heating curves (TG 

and DSC) were recorded using a Themys one SETARAM 

instrument. The measurements were carried out in synthetic 

air, with a heating rate of 10 K min−1. 

X-ray single crystal diffraction and refinement. 

Suitable plate-like single crystals of complexes were 

attached on a nylon loop and mounted on the goniometer of 

a SuperNova diffractometer which is equipped with dual 

radiation micro-sources (Cu and Mo), Eos CCD detector, X-

ray tube operating at 50 kV and 0.8 mA. Data collection, 

correction of Lorentz, polarization and absorption effects 

was carried in CrysAlis PRO.26 The crystal structures were 

solved with SHELXT program27 using Intrinsic Phasing and 

refined via SHELXL28 refinement package by Least Squares 

minimization in Olex2 software.29 Carbon bound hydrogen 

atoms were located and treated by riding procedure, 

considering the isotropic displacement parameter 

Uiso(H)=1.2Ueq(C) for ternary CH groups [C-H=0.93 Å] 

and 1.5Ueq(C) considered for all methyl CH3 groups [C-

H=0.96 Å]. Nitrogen bound hydrogen atoms were treated 

and refined as riding [N-H=0.86 Å]. Oxygen bound 

hydrogen atoms were treated as riding as well, with [O-

H=0.85 Å] for the water molecule and [O-H=0.82 Å] for 

hydroxyl groups. 

NMR spectra. The NMR spectra were recorded on a 

Bruker Avance III Ultrashield Plus 500 MHz spectrometer, 

operating at 11.74 T, corresponding to the resonance 

frequency of 500.13 MHz for the 1H nucleus, equipped with 

a direct detection four nuclei probe head and field gradients 

on z axis. 

CONCLUSIONS 

In this work, we describe the synthesis and the 

characterization of two new complexes of Zn(II) 

and Cd(II) with acetate and nicotinamide as mixed 

ligands. Both compounds were obtained starting 

from the acetates of the metals. The Zn(II) 

complex is mononuclear, while the Cd(II) complex 

is binuclear, with the acetate groups coordinated in 

two ways: bidentate chelate and bridging bidentate 

chelate. The nicotinamide molecules are 
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coordinated through the pyridinic nitrogen. The 

geometry of Zn(II) is distorted tetrahedral, while 

the Cd(II) geometry is distorted pentagonal 

bipyramid. Both complexes were characterized by 

means of single-crystal X-ray diffraction, FT-IR, 
1H NMR and 13C NMR spectroscopy, elemental 

and thermal analysis. 

 
Supplementary materials. CCDC deposition numbers 2302386 

for 1 and 2302400 for 2 contains the supplementary 

crystallographic data for this paper. These data can be 

obtained free of charge via http://www.ccdc.cam.ac.uk/conts/ 

retrieving.html (or from the Cambridge Crystallographic Data 

Centre, 12, Union Road, Cambridge CB2 1EZ, UK; fax: +44 

1223 336033). 
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