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Abstract: Two Schiff bases (H2L), derived from o-vanillin and nicotinic hydrazide, and its complexes with some lanthanides 
(Y, Ce, Yb, Pr, Gd and Tb) have been synthesized. These compounds have been characterized by means of elemental analysis, 
UV–Vis spectroscopy, FTIR spectroscopy, 1H and 13C NMR (for H2L), molar conductance and room temperature magnetic 
measurements. The compounds are found isostructural and are formulated as {[(Z)(η2-OOCH3)Ln](µ-L)2[Ln(η2-OOCH3)(Z)]} 
(Z = H2O for Ln = Y, Ce, Pr, Gd or Tb and Z = OS(CH3)2 for Ln =Yb). The two ligand molecules act in their dideprotonated forms 
through one azomethine nitrogen atom, one phenoxo oxygen atom and one iminolate oxygen atom. The two Ln (III) ions are 
bridged by two phenoxo oxygen atoms, forming a dinuclear complex. Single crystal X-ray analysis of the ytterbium complex has 
revealed the nature of the structure {[(OS(CH3)2)(η

2-OOCH3)Yb](µ-L)2[Yb(η2-OOCH3)(OS(CH3)2)]} (3). The complex 
crystallizes in the monoclinic space group C2/c with cell parameters of a = 13.0391(6) Å, b = 15.1199(6) Å, c = 20.7239(7) Å, β 
= 105.671(2)°, V = 3933.8(3) Å3, Z = 4, R1 = 0.025, wR2 = 0.65. The ytterbium atoms are eight-coordinated, and their 
coordination polyhedron are best described as a square antiprismatic geometry. The aromatic rings of the ligand molecule are 
twisted with dihedral angle of 29.23 (1)° between their mean planes. 
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1. Introduction 

Macrocyclic ligands are widely used in the coordination 
chemistry of lanthanide ions to yield complexes with 
exceptional physicochemical properties [1–4]. These organic 
ligands resulting from condensation reactions between 
ketoprecursors and amine derivatives such as hydrazones 
present inners which can encapsulated metal cations [5]. 
Several cyclic and acyclic compounds [6–8] have been 
synthetized using original methods in synthetic organic 
chemistry [9]. These organic ligands [10] have, in some cases, 

very interesting properties such as antifungals and 
antibacterial [11]. The interest in the chemistry of lanthanide 
ions has increased very rapidly in a few decades because of 
their multiple modes of coordination [12]. Particular attention 
has been paid to these metals due to their low toxicity, their 
potential to be used as biological diagnostic agents and their 
paramagnetic [13–15] and luminescent [16, 17] properties [18, 
19]. Several applications of lanthanide complexes continue to 
arouse the curiosity of the scientific community [20]. They are 
used as catalysts [21, 22] in transesterification [23, 24], and 
radiopharmaceuticals [25, 26]. Some Eu (III) and Nd (III) 
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complexes have been reported to have a laser property [27]. 
We have reported in the past N5O2 ligands [28, 29] and N4O3 
ligands [30] that possess large cavities that can encapsulate 
one or more lanthanide ions. We have been interested in 
several years in acyclic ligands of the O2NO type to build 
homobinuclear complexes of lanthanides (III). In this work we 
present the reaction between lanthanide (III) acetates and 
N'-(2-hydroxy-3-methoxybenzylidene)nicotinohydrazide 
(H2L). The resulting complexes are characterized using 
spectroscopic techniques and by X-ray diffraction. 

2. Experimental Section 

2.1. Starting Materials and Instrumentations 

o-Vanillin and nicotinic hydrazide were purchased from 
Sigma-Aldrich and used as received without further 
purification. Solvents were of analytical reagent grade and 
were used directly without further purification. Elemental 
analyses of C, H and N were recorded on a VxRio EL 
Instrument. Infrared spectra were obtained on a FTIR 
Spectrum Two of Perkin Elmer spectrometer in the 4000-400 
cm-1 region. The UV-Visible spectra were recorded on a 
Perkin Elmer Lambda UV-Vis spectrophotometer. The molar 
conductance of 1×10-3 M in DMF solutions of the metal 
complexes was measured at 25°C using a WTW LF-330 
conductivity meter with a WTW conductivity cell. Room 
temperature magnetic susceptibilities of the powdered 
samples were measured using a Johnson Mattey scientific 
magnetic susceptibility balance (Calibrant: Hg[Co(SCN)4]). 

2.2. Synthesis of the Ligand 

N'-(2-hydroxy-3-methoxybenzylidene) 

nicotinohydrazide (H2L) 

To a solution of o-vanillin (3.0 g, 19.7 mmol) in 20 mL of 
ethanol was added dropwise a solution of nicotinic hydrazide 
(2.702 g, 19.7 mmol) in 20 mL of ethanol. The mixture was 
stirred under reflux for 2 hours. On cooling, the yellow 
precipitate was isolated by filtration and successively washed 
with 2 x 10 mL of ethanol and dried in air. Yield: 81.2%. M.P. 
95°C. Analytical for C14H13N3O3: Calc (found) %C, 61.99 
(62.03); %H, 4.83 (4.80); %N, 15.49 (15.44). FTIR (ν, cm-1): 
3333 (NH); 3200 (OH); 1654 (C=O); 1603 (C=N); 1570; 1474; 
1420 CAr=CAr; 1300 (C-Ophenol); 1242 (C-Oether); 1075 (N-N); 
890, 833, 777, 721 and 706 (C—HAr). UV-vis (DMF, λ (nm)): 
273; 337; 372. 1H NMR (dmso-d6, δ (ppm)): 12.21 (S, OH, 
1H); 10.78 (S, NH, 1H); 9.09 (s, HC=N, 1H); [6.80-8.29] (m, 
Harom, 7H); 3.82 (s, —OCH3, 3H). 13C NMR (dmso-d6. δ 
(ppm)): 161.33 (C=O); 152.38 (C=N); 148.56 (C—Ophenol); 
148.24 (C—Oether); [147.88 (CAr), 147.04 (CAr), 135.40 (CAr), 
128.57 (CAr), 120.60 (CAr), 120.39 (CAr), 119.03 (CAr), 113.75 
(CAr); 55.74 (—OCH3). 

2.3. General Synthesis of 

{[(H2O)(η
2
-OOCH3)Ln](µ-L)2[Ln(η

2
-OOCH3)(H2O]} 

Complexes 

In a flask containing 10 mL of ethanol, introduce (0.1 g, 

0.369 mmol) of the H2L organic ligand. Ln(OOCCH3)3.xH2O 
(Ln = Y, Ce, Gd, Pr, Tb, Yb), (0.369 mmol) previously 
dissolved in 10 mL of ethanol was added to the flask. The 
mixture obtained is stirred for one hour. The precipitate which 
appears was subsequently heated under reflux for one hour. 
After cooling, the solid was collected by filtration, washed 
with ethanol and diethyl ether and dried in air. 
Recrystallization in DMSO afforded crystals after two weeks 
of slow evaporation. For the Yb (III) complex, crystals 
suitable for X-ray analysis were isolated for the complex. 

{[(H2O)(η2-OOCH3)Y](µ-L)2[Y(η2-OOCH3)(H2O]} (1). 
Yield: 32.99 (%). color: Yellow. M.P. 230°C. Analytical for 
C32H32Y2N6O12: Calc (found) %C, 44.15 (44.12); %H, 3.71 
(3.78); %N, 9.65 (9.67). UV-vis (DMF, λ (nm)): 240, 335, 385, 
405, 478. Diamagnetic. Ʌ (Ω-1 cm2 mol-1, DMF): 06. ν (cm-1): 
1599, 1528, 1455, 1374, 1218, 1087. 

{[(H2O)(η2-OOCH3)Ce](µ-L)2[Ce(η2-OOCH3)(H2O]} (2). 
Yield: 33.92 (%). Color: Green. M.P. 240°C. Analytical for 
C32H32Ce2N6O12: Calc (found) %C, 39.51 (39.53); %H, 3.32 
(3.36); %N, 8.64 (8.61). UV-vis (DMF, λ (nm)): 242, 325, 388, 
400, 478. µeff = 2.47 µB. Ʌ (Ω-1cm2 mol-1, DMF): 08. ν (cm-1): 
1603, 1552, 1440, 1360, 1214, 1070. 

{[(OS(CH3)2)(η
2-OOCH3)Yb](µ-L)2[Yb(η2-OOCH3)(OS(C

H3)2)]} (3). Yield: 33.77 (%). Color: Yellow. M.P. 240°C. 
Analytical for C36H40Yb2N6O12S2: Calc (found) %C, 37.31 
(37.29); %H, 3.48 (3.52); %N, 7.25 (7.28); %S 5.53 (5.51). 
UV-vis (DMF, λ (nm)): 257; 283; 303; 360; 376; 402. µeff = 
3.81µB. Ʌ (Ω-1cm2 mol-1, DMF): 07. ν (cm-1): 1602, 1586, 
1457, 1377, 1219, 1080. 

{[(H2O)(η2-OOCH3)Pr](µ-L)2[Pr(η2-OOCH3)(H2O]} (4). 
Yield: 42.00 (%). Color: Green. M.P. 240°C. Analytical for 
C32H32Pr2N6O12: Calc (found) %C, 39.44 (39.40); %H, 3.31 
(3.29); %N, 8.62 (8. 59. UV-vis (DMF, λ (nm)): 240, 328, 382, 
402, 476. µeff = 3.21µB. Ʌ (Ω-1cm2 mol-1, DMF): 07. ν (cm-1): 
1618, 1555, 1444, 1364, 1214, 1084. 

{[(H2O)(η2-OOCH3)Gd](µ-L)2[Gd(η2-OOCH3)(H2O]} (5). 
Yield: 38.86 (%). Color: Yellow. M.P. 235°C. Analytical for 
C32H32Gd2N6O12: Calc (found) %C, 38.16 (38.12); %H, 3.20 
(3.19); %N, 8.34 (8.31). UV-vis (DMF, λ (nm)): 242, 332, 382, 
402, 477. µeff = 7.49 µB. Ʌ (Ω-1cm2 mol-1, DMF): 02. ν (cm-1): 
1608, 1560, 1446, 1365, 1214, 1071. 

{[(H2O)(η2-OOCH3)Tb](µ-L)2[Tb(η2-OOCH3)(H2O]} (6). 
Yield: 40.50 (%). Color: Yellow. M.P. 235°C. Analytical for 
C32H32Tb2N6O12: Calc (found) %C, 38.04 (38.00); %H, 3.19 
(3.15); %N, 8.32 (8.29). UV-vis (DMF, λ (nm)): 242, 329, 385, 
403, 477. µeff = 4.38 µB. Ʌ (Ω-1 cm2 mol-1, DMF): 08. IR ν 
(cm-1): 1610, 1538, 1450, 1369, 1217, 1074. 

2.4. Crystal Structure Determination 

Crystals suitable for single-crystal X-ray diffraction, of the 
reported compound (1), were grown by slow evaporation of 
MeOH solution of the complex. Details of the crystal structure 
solution and refinement are given in Table 1. Diffraction data 
were collected using a Bruker Apex II with graphite 
monochromatized MoKα radiation (λ = 0.71073 Å). All data 
were corrected for Lorentz and polarization effects. Complex 
scattering factors were taken from the program package 
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SHELXTL [31]. The structures were solved by direct methods 
which revealed the position of all non-hydrogen atoms. All the 
structures were refined on F2 by a full-matrix least-squares 
procedure using anisotropic displacement parameters for all 
non-hydrogen atoms [32]. H atoms (NH, OH, CH and CH3 
groups) were geometrically optimized and refined as riding 
model by AFIX instructions. Molecular graphics were 
generated using ORTEP [33]. 

3. Results and Discussion 

3.1. General Study 

The infrared spectrum of the ligand (Table 1) presents 
towards the high frequencies a fine band pointed at 3543 cm-1. 
This band is attributed to the vibration of the N—H bond. The 
other bands pointed at 3200 and 3068 cm-1 are respectively 
attributed to the valence vibrations of the hydroxyl group (OH) 
and the C—H (aromatic) bonds. The valence vibration of the 
carbonyl (C=O) is pointed at 1654 cm-1 and that of the imine 
function at 1603 cm-1. Between 1570 and 1420 cm-1 we 
identify the vibrations of the C=N and C=C bonds of the two 
pyridine and aromatic nuclei. A strong band at 1366 cm-1 is 
attributed to the vibration of the C—N bond. The presence of 
this band and that of νC=O indicates that the ligand is in its 
amide form. The bands pointed at 1300 cm-1 and 1242 cm-1 are 
respectively attributed to the vibrations of the phenolic and/or 
ether C—O bond. The vibration of the N—N bond is located 
at 1075 cm-1. Deformation vibrations of aromatic C-H bonds 
appear in the range 890—706 cm-1. 1H proton, 13C carbon 
NMR were recorded using dimethylsulfoxide solutions. The 
1H NMR spectrum reveals a singlet signal at 12.21 ppm which 
represents one proton attributed to the hydroxyl proton OH. 
Three singlets pointed at 10.78; 9.09 and 8.29 ppm 
representing one proton each are attributed respectively to NH, 
HC=N and HAr. The signal due to the remaining six protons of 
the two aromatic rings appear as multiplets in the ranges (6.82 
- 7.57) and (8.66 - 8.78) ppm. The singlet signal located at 
3.82 ppm is due to the three protons of the methoxy group 
(—OCH3). The 13C NMR spectrum reveals a signal at 161.33 
ppm attributed to the carbon atom of the carbonyl function 
(C=O). The signal due to the azomethine carbon atom is 
pointed at 152.38 ppm. The aromatic carbon atoms, present 
signal in the range 148.52—113.75 ppm. The signal pointed at 
55.74 is attributed to the carbon atom of the methoxy group 
(—OCH3). The DEPT 135 NMR spectrum indicates the 
absence of the signal due to the totally substituted quaternary 
carbon atoms as expected. The mass spectrum of H2L shows a 
basic peak located at m/z = 272.10 corresponding to the molar 

mass of the molecular ion (M+1) of the product. This result 
makes it possible to determine the molecular formula as 
C14H13N3O3 for the ligand. 

Upon coordination with lanthanide ions, the band pointed in 
the FTIR spectrum of the H2L ligand at 1654 cm-1 (νC=O) 
disappears and new bands attributed to the formation of a new 
C=N function appears in the range [1618—1599 cm-1]. This 
related azomethine nitrogen atom remains uncoordinated. The 
bands at 1603, 1242 and 1160 cm-1, attributed respectively, to 
the vibrations νC=N, νC—Ophenol, and νC—Oether in the ligand were 
shifted on the FTIR spectra of lanthanide complexes (Table 1) 
to low frequencies and appears in the ranges [1560—1528 
cm-1 for νC=N], [1218—1214 cm-1 for νC—Ophenol] and 
[1087—1070 cm-1 for νC—Oether] [34]. These facts indicate the 
involvement of the oxygen atoms of the hydrazonic moiety in 
its iminolate forms, the phenol and the methoxy groups as well 
as the azomethine nitrogen atom in the coordination to the 
relative lanthanide ion. In whole spectra, a broad band is 
pointed in the region [3450—3200 cm-1] and attributed to the 
sum of νN—H of the hydrazone moiety and νO—H of the 
coordinated water molecule vibrations [35–37]. Additionally, 
a deformation band δO—H is observed in the range [850—830 
cm-1]. The two vibration bands νas and νs due to the acetate 
group are identified on the spectra of the complexes 
respectively in the ranges [1457—1440 cm-1] and 
[1377—1360 cm-1]. The magnitude ∆ν = νas - νs value of ca. 80 
cm-1 is indicative of a bidentate chelating group [12]. 

The molar conductivity measurements (Table 1) of the 
complexes recorded from a freshly prepared millimolar 
solution of DMF and after one week of storage give very low 
values between 2 and 8 Ω-1.cm2.mol-1 which indicate a neutral 
electrolyte in nature according to Geary [38]. The complexes 
are stable in solution. Electronic spectra of the complexes, 
recorded in DMF, show absorption bands in the ranges 
[242—335 nm] and [385—405 nm] nm attributed to the 
π→π* and n→π* transitions within the ligand. The new band 
observed, in each spectrum, at ca. 477 nm is assigned to the 
transfer band of the ligand to the Ln3+ ions. 

All the complexes are diamagnetic except the yttrium 
complex (1) which is diamagnetic in nature. However, the 
values of magnetic moments (Table 1) found remain low 
compared to those of free ions, calculated by Van Vleck [39]. 
This difference suggests the existence of magnetic interactions 
between two metal centers of an antiferromagnetic nature 
according to studies by Ishikawa et al. [38]. These interactions 
are mediated by phenolate bridges as indicated by Xiong et al. 
[39]. This fact leads to the conclusion of dinuclear complexes. 

Table 1. The main infrared data, UV-visible and magnetic data of the complexes. 

 νC=N (free) νC=N(cood) νC—O νC—N 
OOCCH3 

DMF, λ (nm) 
Ʌ (Ω-1  

cm2 mol-1) 
µeff (µB) 

νas νs ∆ν 

H2L 1654 1603 1242 1160 - - - 242, 306, 335, 400 - - 

1 1599 1528 1218 1087 1455 1374 81 240, 335, 385, 405, 478 6 - 

2 1603 1552 1214 1070 1440 1360 80 242, 325, 388, 400, 478 8 2.47 

3 1602 1586 1219 1080 1457 1377 80 240, 331, 382, 405, 484 7 3.81 
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 νC=N (free) νC=N(cood) νC—O νC—N 
OOCCH3 

DMF, λ (nm) 
Ʌ (Ω-1  

cm2 mol-1) 
µeff (µB) 

νas νs ∆ν 

4 1618 1555 1214 1084 1444 1364 80 240, 328, 382, 402, 476 7 3.21 

5 1608 1560 1214 1071 1446 1365 81 242, 332, 382, 402, 477 2 7.49 

6 1610 1538 1217 1074 1450 1369 81 242, 329, 385, 403, 477 8 4.38 

 

 

Figure 1. Proposed structure. 

Based on spectroscopic, magnetic, conductimetric, as well 
as microanalysis analyzes, the complexes are isostructural. 
The ligand acts in tetradentate fashion through one 
azomethine nitrogen atom, one hydrazonic oxygen atom, one 
bridged phenolate oxygen atom, while the methoxy oxygen 
atom being coordinated to the second lanthanide ion. One 
monocoordinated solvent molecule (H2O or DMSO) and one 
acetate anion acting in bidentate chelating fashion are present 
in the coordination sphere of each lanthanide ion, resulting in 
an eight coordinated lanthanide ion. The proposed structure is 

illustrated in Figure 1. 

3.2. Crystallographic Study of 

{[(OS(CH3)2)(η
2
-OOCH3)Yb](µ-L)2[Yb(η

2
-OOCH3) 

(OS(CH3)2)]} (3) 

The complex crystallizes in the monoclinic space group 
C2/c. Labelled plot of the dinuclear ytterbium complex 3 is 
shown in Figure 2, the coordination polyhedron of the YbIII 
ion is shown in Figure 3. Selected interatomic distances and 
angles are listed in Table 3. The structure of complex 3 
consists of 
{[(OS(CH3)2)(η

2-OOCH3)Yb](µ-L)2[Yb(η2-OOCH3)(OS(CH3

)2)]} discrete entities. The coordination of the ligand to the 
ytterbium complex occurs via the phenolate oxygen, the 
hydrazonic oxygen atom, the azomethine nitrogen atom and 
the methoxy oxygen atom yielding a dinuclear entity. The 
coordination of the ligand to the YbIII results in the formation 
of one five and six membered rings YbOCNN and one 
YbOCCCN with bite angle values of 66.96 (2)° and 77.01 (9)°, 
respectively. For each Yb of the dinuclear unit, two oxygen 
atoms from a bidentate acetate groups and one oxygen atom 
from a dimethylsulfoxide molecule complete the coordination 
sphere yielding an eight-coordinated geometry. 

 

Figure 2. The ORTEP diagram complex 3, with 50% thermal ellipsoid probability. 
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Figure 3. Coordination polyhedron of the complex. 

Table 2. Crystal data, X-ray data collection, data reduction and structure 
refinement for 3. 

Chemical formula C36H40Yb2N6O12S2 
Mr 1158.96 
Crystal system, space group Monoclinic, C2/c 
Temperature (K) 173 
a (Å) 13.0391 (6) 
b (Å) 15.1199 (6) 
c (Å) 20.7239 (7) 
β (°) 105.671 (2) 
V (Å3) 3933.8 (3) 
Z 4 
Radiation type Mo Kα 
µ (mm-1) 4.91 
Crystal size (mm) 0.10 × 0.09 × 0.09 
No. of measured, independent and observed [I > 
2σ(I)] reflections 

55600, 5551, 4664 

Rint 0.041 
R[F2 > 2σ(F2)], wR(F2), S 0.025, 0.065, 1.05 
No. of reflections 5551 
No. of parameters 265 
∆ρmax, ∆ρmin (e Å−3) 1.78, −0.70 

Table 3. Selected geometric parameters (Å, °). 

Yb1—O1 2.221 (3) Yb1—O4 2.347 (2) 

Yb1—O2 2.268 (2) Yb1—O5 2.376 (2) 

Yb1—O7 2.293 (2) Yb1—O3i 2.383 (2) 

Yb1—O2i 2.336 (2) Yb1—N2 2.414 (3) 

O1—Yb1—O2 143.90 (8) O7—Yb1—O5 149.82 (8) 

O2—Yb1—O2i 72.32 (8) O2i—Yb1—O5 80.87 (8) 

O7—Yb1—O4 153.47 (8) O1—Yb1—N2 66.96 (9) 

O2i—Yb1—O4 105.02 (8) O2—Yb1—N2 77.01 (9) 

O2—Yb1—O5 120.08 (9) Yb1—O2—Yb1i 105.38 (8) 

Symmetry code: (i) −x+1, y, −z+3/2. 

The Yb1—O2—Yb1i and O2—Yb1—O2i angles of 105.38 
(8)° and 72.32 (8)°, respectively, are in accordance with the 
value reported for the complex Yb2(L)2(NO3)2·2H2O where 
H2L is bis(N-salicylidene)-3-oxapentane-1,5-diamine [40]. 
The ytterbium—phenolate oxygen atom distances Yb1—O 
and Yb1—O2i of 2.268 (2) Å and 2.336 (2) Å, respectively, 
agree with those for the phenolate oxygen atom in a bridging 
position [40, 41]. The Yb1—Yb1i distance of 3.6615 (2) Å is 
comparable with the value of 3.607 (4) Å found for the 
complex [Yb2(µ-{(Me2ArO)2Me2-cyclam})I2(thf)2 in which 
H2(Me2ArO)2Me2-cyclam is 
1,4,8,11-tetraazacyclotetradecane-based bis(phenol) [42]. In 
the complex the Yb—N bond involving the azomethine 
nitrogen atom show the largest metal-distances [2.414 (2) Å] 
as found in the literature [43]. The Yb—O bonds involving the 
hydrazonic oxygen atoms is Yb1—O1 distance [2.221 (2) Å] 
is shorter than that of the Yb1—O7 bonds involving the 
dimethyl sulfoxide oxygen atoms [2.293 (2) Å]. The 
Yb1—O3 bond involving the methoxy oxygen atom [2.383 (3) 
Å] is the largest Yb—O bonds distances. The Yb—Oacetate 
distances are 2.347 (2) Å and 2.376 (2) Å and are in the range 
expected for η2-OOCH3 [44]. The aromatic rings 
C1/C2/C3/C4/N3/C6 and C9/C10/C11/C12/C13/C14 of the 
ligand molecule are twisted with dihedral angle of 29.23 (1)° 
between their mean planes. The five membered ring 
Yb1O1C7N1N2 and the six membered ring 
Yb1O2C10C9C8N2 formed by the ligand, upon coordination 
to the YbIII, are not coplanar. Their mean planes form a 
dihedral angle of 9.086 (3)°. The environment around the Yb 
ion is best described as a square antiprismatic. The 
coordination polyhedron of the complex 3 is illustrated in 
Figure 3. 
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4. Conclusion 

The present work describes the results of the preparation of 
lanthanides complexes using the organic ligand 
N'-(2-hydroxy-3-methoxybenzylidene)nicotinohydrazide. The 
lanthanides (Y, Ce, Yb, Sm, Pr, Gd, and Tb) complexes formed 
are stable in air and in DMF solution. According to the data of 
elemental analysis, molar conductivity, FT-IR and UV–Vis 
spectra, and X-ray crystallographic structure determination, 
these complexes are neutral in nature and have a metal to 
hydrazone stoichiometry of 1:1. The acetate anions act in 
η2-mode, while the dideprotonated ligand acts in µ2-mode. All 
the observations reported in this paper are indicative of the 
coordination of the ligand in its iminol form. In all complexes 
the lanthanide ions are eight-coordinated, and the coordination 
geometry cans be described as a square antiprismatic. 

Supplementary Material 

CCDC-2251115 contains the supplementary crystallographic 
data for this paper. These data can be obtained free of charge via 
https://www.ccdc.cam.ac.uk/structures/, or by 
emailingdata_request@ccdc.cam.ac.uk, or by contacting The 
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