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Synthesis, crystal structure and EPR spectroscopic 
analysis of novel copper complexes formed from N-
pyridyl-4-nitro-1,8-naphthalimide ligands 

Jonathan A. Kitchena,b*, Paulo N. Martinho,c,d Grace G. Morgan,c and Thorfinnur 
Gunnlaugsson*a  

The mono-dentate, pyridyl containing, nitro naphthalimide ligands N-(4-pyridyl)-4-nitro-1,8-
naphthalimide (L1) and N-(3-pyridyl)-4-nitro-1,8-naphthalimide (L2) were prepared and 
complexed with a selection of copper salts [Cu(OAc)2, Cu(CF3SO3)2 and Cu(ClO4)2]. 
Crystallographic studies were undertaken and revealed that dinuclear acetate bridged 
complexes resulted from reactions with Cu(OAc)2, while mononuclear systems resulted from 
reactions with Cu(CF3SO3)2 and Cu(ClO4)2. Despite the differing coordination environments 
the naphthalimide based ligands provided a range of interesting π-based interactions in the 
form of π···π, anion···π, nitro···π, solvent···π and C=O···π associations. Solid state EPR 
spectra were in agreement with the coordination environments observed from crystallography. 
 

 

Introduction 

The properties of N-substituted-1,8-naphthalimide derivatives 
have elegantly been put to use in many areas of chemistry 
including, but not limited to, fluorescent sensors for anions and 
cations, logic gate mimics, optical brighteners, 
electroluminescent species, intracellular imaging agents, DNA 
binders and probes.1-4 More recently naphthalimide derivatives 
have been utilised as building blocks in metal based 
supramolecular architectures where their π-deficient nature and 
ability to be readily functionalised has been exploited giving 
rise to systems in which the extension of the structure occurs 
through π-based interactions. This work has largely been 
pioneered by Reger and co-workers who, over the last decade, 
have functionalized the 1,8-naphthalimide moiety at the imide 
nitrogen site, with various transition metal ion coordinating 
functional groups such as carboxylates,5-14 pyrazoles15-19 and 
other coordinating groups,20 and studied the structural aspects 
of the resulting complexes.  
 Of particular note, is the series of paddle wheel complexes 
prepared using carboxylate containing π-deficient 1,8-
naphthalimide ligands (as the equatorial components of the 
paddle wheel). These systems, which contain dinuclear 
paddlewheel units of Cu(II), Zn(II), Rh(III), have been 
structurally investigated where it was found that the 
naphthalimide portions act as secondary building units (SBU’s) 
to extend the structure through non-covalent interactions (π-
based interactions). Whilst Reger and co-workers have studied 
their naphthalimide-based systems using non-aromatic 
substituted ligands, we have focused our recent effort in this 
area on the development of 4-substituted naphthalimide ligands. 
This is particularly attractive, as such compounds (e.g. 4-nitro 

and 4-amino-1,8-naphthalimides) possess highly desirable 
photophysical properties and the 4-position can be readily 
manipulated to introduce additional functionality, such as 
pyridyl coordination sites. To this end we have actively been 
involved in the use of naphthalimide based ligands to prepare 
novel transition metal complexes, for sensing, as probes for 
DNA binding, as cellular imaging agents, as well as developing 
them further to give naphthalimide containing Tröger’s base 
derivatives.21-35 With the view of exploring the possibility of 
incorporating such ligands into larger coordinating networks, 
metallo organic frameworks or supramolecular complexes, we 
embarked on the development of novel structurally simple 
naphthalimide ligands. Herein we report the synthesis of 
monodentate pyridyl containing 4-substituted naphthalimide 
based ligands L1 and L2 and the resulting complexation studies 
with Cu(II) metal salts [Cu(OAc)2, Cu(ClO4)2·6H2O and 
Cu(CF3SO3)2] in order to assess their applicability as synthons 
in developing higher order supramolecular architectures. The 
two ligands were designed for the following reasons; a) the use 
of the nitro naphthalimide would give rise to the possibility of 
introducing alternative supramolecular binding interactions as 
well as b) the two pyridine isomers would add directionality to 
the overall self-assembly interactions. Indeed, we demonstrate, 
using X-ray crystallography, that unlike previous examples in 
the literature, these nitro containing naphthalimide ligands have 
additional π-based interactions involving the imide rings and 
neighbouring nitro groups, opening up a new avenue for 
applications of naphthalimides in coordination chemistry.  

Results and discussion 
Ligand synthesis  
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their Cu(II) complexes with a variety of Cu(II) salts were 
prepared and characterised. 
 
Cu(II) complexation studies of ligands L1 and L2 
The two ligands L1 and L2 which differed only in the nature of 
the pyridyl binding group (3- or 4-pyridyl) were reacted with 
copper(II) salts Cu(OAc)2, Cu(ClO4)2·6H2O and Cu(CF3SO3)2 
in order to assess the binding nature of these monodentate 
ligands and, in particular, analyse how the large π-deficient 
nitro-naphthalimide based ligands, in conjunction with different 
counteranions can influence the stoichiometry, nuclearity and 
the packing of the resulting complexes, as depicted in Scheme 
2.  
 Ligands L1 and L2 were reacted in 2:1 stoichiometric ratios 
with the various Cu(II) salts in a refluxing solvent mixture of 
(anhydrous) CH3CN/MeOH (1:1) for 1 hour. After cooling to 
room temperature the orange or green mixtures were filtered 
through celite to remove a fine brown solid and subjected to 
vapour diffusion with diethyl ether. In most cases the 
complexes formed bulk samples of single crystals (with a fine 
brown powder also present, which was of unknown 
composition, and not analysed any further) and were isolated as 
crystalline samples after careful physical separation from the 
fine brown powder therefore the stoichiometry was determined 
through single crystal X-ray diffraction studies. In each case the 
only variable was the Cu(II) metal salt used as other reaction 

conditions (i.e. concentrations, reaction times, solvent systems 
and isolation methods) were constant.  
 Reaction of L1 and L2 with Cu(OAc)2 gave dinuclear 
complexes for both ligands. However, the formulation, bridging 
and coordination geometries of the Cu(II) centres were quite 
different in each complex. L1 gave a neutral, tetra-ligand 
complex with two bridging and two terminal acetate molecules 
[Cu2

II(L1)4(µ-OAc)2(OAc)2] (1), in 40 % yield while L2 
resulted in a ‘paddle wheel’ complex with two molecules of L2 
as the axial components [Cu2

II(L2)2(µ-OAc)4] (2) in 37 % yield, 
thereby demonstrating that a subtle change to the ligand results 
in a marked difference in the complexes. In agreement with 
this, the reaction of L1 and L2 with Cu(CF3SO3)2 resulted in 
mononuclear complexes where the nature of the complexes 
were again very different.   
 Using ligand L1 resulted in the formation of a neutral, 
octahedral Cu(II) complex where two ligands, two methanol 
molecules and two triflate counter anions were bound to the 
Cu(II) centre, resulting in the formation of 
[CuII(L1)2(MeOH)(H2O)(CF3SO3)2] (3), in 29 % yield. When 
L2 was reacted under the same conditions, the result was a 
mononuclear, tetrahedral Cu(I) complex with three ligands and 
one CH3CN bound, [CuI(L2)3(CH3CN)](CF3SO3) (4), in 58 % 
yield. This further demonstrates that the subtle ligand change 
dramatically alters the outcome of the product.‡  
 In an analogous manner, the complexation of L1 with 
Cu(ClO4)2·6H2O resulted in green/blue crystals of a 

 

Scheme 2. Overview of complexation reactions carried out between ligands L1 and L2 and a variety of Cu(II) salts. All reactions carried out in CH3CN:MeOH 
(1:1) solution. 
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each other, the ligands are slipped further such that the imide 
part on one overlaps with the naphthalene on the other 
[C(11)···centroid = 3.670 Å], Figure 5. The other face of the 
naphthalimide ring system involves a nitro···π interaction to the 
diimide part of the ring [O(2)···centroid = 3.056 Å], Figure 5. 
 Having structurally analysed all the complexes developed in 
this project, we next turned out attention to their EPR 
spectroscopy.    
 
EPR Spectroscopy 
The X-band spectra of complexes 1-3 and 5 were all measured 
in the solid state at room temperature and at 113 K.  The two 
mononuclear complexes 3 and 5 showed relatively simple 
spectra indicating axial geometry as would be expected from 
the regular geometry revealed in the crystal structure of 3.  
Typical spectra are shown in Figure 6 for 5 (the result for 3 is 
given in the ESI); showing that at both high and low 
temperatures well resolved hyperfine coupling to the 63Cu and 
65Cu nuclei on the g║ component (17-19 G in all cases) was 
observed, which appears at lower field for all of the 
mononuclear complexes. As expected no hyperfine on the g┴ 
component was observed.38 In contrast, both the dinuclear 
complexes 1 and 2 show more complicated spectra; the spectra 
of complex 1 reflecting both the long internuclear distance 

(4.478(2) Å) between the pairs of five coordinate Cu(II) sites 
and the irregular geometry. The spectra at both temperatures, is 
shown in Figure 7, suggest two electronically independent 
copper sites in line with the crystallographic data which reveal 
a much longer internuclear distance than that in 2. The short 
internuclear Cu-Cu distance of 2.632(2) Å and the quadruple 
acetate-bridging mode in 2 indicate that a strong interaction is 
likely between the two d9 centres and this is borne out by the X-
band spectra at both temperatures, Figure 8. The dominant 
feature is a resonance at g┴ = 1.44 with additional signals at g 
= 17.9 and g = 1.13 representing the g║ signal.  The feature at g 
= 2.2 is attributed to a mononuclear impurity,39 but Skrzypek et 
al. have previously observed a very similar X-band spectrum 
for a related quadruply bridged dicopper(II) complex40 and their 
analysis indicated strong antiferromagnetic coupling which is 
also likely for be the case for complex 2. 

Conclusions 
In this article we have presented several novel copper 
complexes from pyridyl 4-nitro-1,8-naphthalimide based 
ligands. These were formed by reacting ligands L1 and L2 and a 
selection of copper salts [Cu(OAc)2, Cu(CF3SO3)2 and 
Cu(ClO4)2]; giving rise to a formation of a variety of 
complexes; all with differing coordination modes.  Dinuclear 
acetate bridged complexes resulted from reactions with 
Cu(OAc)2, while mononuclear systems resulted from reactions 
with Cu(CF3SO3)2 and Cu(ClO4)2. Despite the coordination 
environment, in each case the naphthalimide based ligands 
provided interesting π-based interactions in the form of π···π, 
anion···π, nitro···π, solvent···π and C=O···π giving rise to 
extended structures through secondary interactions. Solid state 
EPR spectra of the four Cu(II) complexes were in agreement 
with the coordination environments observed from the X-ray 
crystallography of these structures. Of these, the mononuclear 
complexes 3 and 5 displayed typical spectra for mononuclear 
octahedral Cu(II) systems while dinuclear complexes 1 and 2 
were more complex with 2 showing a spectrum indicative of 
strong antiferromagnetic coupling. In addition to the interesting 
π-based interactions that these systems yield, the ability to 
readily manipulate the substituents (both the coordination 
moiety at the diimide nitrogen atom and the 4-substituent of the 
naphthalene ring) also makes these ligands highly desirable for 
use in constructing complex supramolecular architectures. The 
results from our investigation clearly demonstrate that the 

 

Figure 6. EPR spectra of solid sample of 5 at 113 K and 293 K. 

 

Figure 8. EPR spectra of solid sample of 1 at 113 K and 293 K. 

 

Figure 7. EPR spectra of solid sample of 1 at 113 K and 293 K. 
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coordination groups can be manipulated in order to tune the 
properties of the bound metal (e.g. magnetic, photophysical and 
electrochemical properties, etc.) whilst the 4-position of the 
naphthalimide rings can be furnished with groups to impart 
additional functionality (e.g. ion receptors, reactive groups, 
functional groups to allow surface attachment); all opening up a 
major scope for developing novel metallo-supramolecular 
systems.  The vast array of π based interactions shown in these 
complexes is encouraging as the extension of molecular 
networks through secondary binding interactions is an 
important area of supramolecular chemistry, in particular for 
the development of magnetically interesting compounds; an 
area that we are now actively pursuing. 

Experimental  
General Experimental  
All chemicals were purchased from commercial sources and 
used as received. Solvents were HPLC grade and were used 
without further purification. Elemental analyses were carried 
out at the Microanalytical Laboratory, School of Chemistry and 
Chemical Biology, University College Dublin or at the 
Campbell Microanalytical Laboratory, University of Otago, 
New Zealand.  
 Infrared spectra were recorded on a Perkin-Elmer-
Spectrum-One FT-IR spectrometer equipped with a Universal-
ATR sampling accessory; solid samples were recorded directly 
as neat samples; in cm-1.  
 NMR data were recorded on Bruker-DPX-400-Avance 
spectrometer (400.13 (1H) and 100.6 MHz (13C)), in 
commercially available deuterated solvents; δ in ppm relative to 
SiMe4 (= 0 ppm) referenced relative to the internal solvent 
signals, J in Hz; data were processed with Bruker Win-NMR 
5.0 and Topspin 2.1 softwares.  
 X-ray data (Table 1) were collected on a Rigaku Saturn 724 
CCD Diffractometer using graphite-monochromated Mo-Kα 
radiation (λ = 0.71073 Å). The data sets were collected using 
Crystalclear-SM 1.4.0 software. Data integration, reduction and 
correction for absorption and polarization effects were all 
performed using Crystalclear-SM 1.4.0 software. Space group 
determinations were obtained using Crystal structure ver. 3.8. 
The structures were solved by direct methods (SHELXS-97) 
and refined against all F2 data (SHELXL-97).41 All H-atoms, 
except for O-H protons, were positioned geometrically and 
refined using a riding model with d(CH) =0.95 Å, Uiso = 1.2Ueq 
(C) for aromatic and 0.98 Å, Uiso = 1.2Ueq (C) for CH3. 
Hydroxy protons were found from the difference map and fixed 
to the attached atoms with UH = 1.2UO.  X-band electron 
paramagnetic resonance spectra of solid samples of compounds 
1 – 3 and 5 were recorded at 293 and 113 K on a Magnettech 
Miniscope MS200 EPR spectrometer fitted with microwave 
frequency counter and a temperature controller. All 
measurements were performed with magnetic field centred at 
322 mT and a field sweep of 600 mT.      
 
Caution: While no problems were encountered in the course of 
this work, reactions involving ClO4

– salts are potentially 
explosive so should be handled with appropriate care. 
 
Synthesis of L1, L2 and their corresponding Cu(II) 
complexes: 
N-(4-Pyridyl)-4-nitro-1,8-naphthalimide (L1) 
4-Aminopyridine (0.263 g, 2.8 mmol) was added to a solution 
of 4-nitro-1,8-naphthalic anhydride (0.5 g, 2.0 mmol) and 
triethylamine (0.56 mL) in anhydrous toluene (50 mL). The 

orange reaction mixture was stirred under argon at reflux for 3 
days in the presence of 3 Å molecular sieves. The resulting dark 
red/brown reaction mixture was filtered through celite while hot 
and washed with 3 × 50 mL aliquots of toluene. The toluene 
was removed under reduced pressure and the crude brown solid 
recrystallized from methanol to yield ligand L1 as a pale orange 
microcrystalline solid (0.250 g, 39%). Anal. Calcd. For 
C17H9N3O4 (319.06 gmol-1): C 63.95, H 2.84, N 13.16. Found: 
C 64.18, H 2.57, N 12.86%. HRMS 320.0677 ([M+H]+, 
C17H10N3O4 requires 320.0671); NMR δH (600 MHz, DMSO-
d6), 8.79 (3H, m, 2×pyH & 1× napH), 8.68-8.60 (3H, m, 
3×napH), 8.16 (1H, t, J = 7.6 Hz, napH), 7.53 (2H, d, J = 6.0 
Hz, 2×pyH); NMR δC (150 MHz, DMSO-d6), 162.8, 161.9, 
150.7, 149.4, 143.5, 131.8, 130.2, 129.7, 129.1, 128.7, 126.9, 
124.4, 124.3, 123.1, 122.9; IR νmax(neat sample)/cm-1 1716, 
1677, 1583, 1524, 1411, 1371, 1352, 1237, 1198, 1135, 1107, 
1065, 993, 959, 917, 858, 812, 784, 756, 743, 713. 
 
N-(3-Pyridyl)-4-nitro-1,8-naphthalimide (L2) 3-
Aminopyridine (0.263 g, 2.8 mmol) was added to a solution of 
4-nitro-1,8-naphthalic anhydride (0.5 g, 2.0 mmol) and 
triethylamine (0.56 mL) in anhydrous toluene (50 mL). The 
orange reaction mixture was stirred under argon at reflux for 3 
days in the presence of 3 Å molecular sieves. The resulting dark 
red/brown reaction mixture was filtered through celite while hot 
and washed with 3 × 50 mL aliquots of toluene. The toluene 
was removed under reduced pressure and the crude brown solid 
recrystallized from methanol to yield ligand L2 as a yellow 
solid (0.400 g, 63%). Anal. Calcd. For C17H9N3O4 (319.06 
gmol-1): C 63.95, H 2.84, N 13.16. Found: C 64.00, H 2.88, N 
13.21%. HRMS 320.0676 ([M+H]+, C17H10N3O4 requires 
320.0671); NMR δH (600 MHz, DMSO-d6), 8.75 (1H, d, J = 6 
Hz 1× napH), 8.67-8.62 (4H, m, 2×pyH and 2×napH), 8.57 
(1H, d, J = 6 Hz, napH) 8.12 (1H, t, J = 6 Hz, napH), 7.89 (1H, 
dd, J = 12 and 6 Hz, pyH), 7.60 (1H, dd, J = 12 and 6 Hz, pyH); 
NMR δC (150 MHz, DMSO-d6), 163.5, 162.6, 151.4, 150.2, 
144.3, 132.5, 130.9, 130.5, 129.9, 129.5, 127.8, 125.2, 125.0, 
123.6, 123.4; IR νmax(neat sample)/cm-1 1710, 1594, 1516, 
1472, 1443, 1403, 1318, 1239, 1195, 1175, 1115, 1064, 1012, 
903, 831, 785.  
 
N-(4-pyridinium)-4-nitro-1,8-naphthalimide bromide 
(L1Bn·Br) 
N-(4-pyridyl)-4-nitro-1,8-naphthalimide (L1) (0.020 mg, 0.06 
mmol)  was heated at 60°C with stirring in CH3CN (10 mL). To 
the resulting orange solution was added excess benzyl bromide 
and heating with stirring continued for 2 hours. The now pale 
orange solution was cooled to room temperature and filtered 
through celite to remove a very small amount of a fine brown 
precipitate and left to evaporate at room temperature. Overnight 
a number of small yellow/orange crystals had formed (15 mg, 
49%). HRMS 410.1139 ([M-Br]+, C24H16N3O4 requires 
410.1141); NMR δH (400 MHz, DMSO-d6), 9.47 (2H, d, J = 7 
Hz, 2×pyH), 8.84 (1H, dd, J = 1, 8 Hz 1×napH), 8.73-8.63 (3H, 
m, 3×napH), 8.37 (2H, d, J = 7 Hz, 2×pyH), 8.19 (1H, t, J = 8, 
1×napH), 7.67 (2H, dd, J = 2, 8 Hz, 2×PhH), 7.53 (3H,m, 
3×PhH); NMR δC (100 MHz, DMSO-d6), 162.9, 162.1, 151.5, 
150.2, 146.9, 134.4, 132.7, 130.8, 130.6, 130.2, 130.1, 129.9, 
129.7, 129.2, 126.9, 124.8, 123.4, 123.0, 64.0.IR νmax(neat 
sample)/cm-1 2991, 2932, 1721, 1683, 1629, 1583, 1533, 1509, 
1493, 1461, 1452, 1428, 1408, 1350, 1235, 1185, 1146, 1031, 
942, 894, 845, 792, 776, 753 
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N-(3-pyridinium)-4-nitro-1,8-naphthalimide bromide 
(L2Bn·Br) 
N-(3-pyridyl)-4-nitro-1,8-naphthalimide (L2) (0.050 mg, 0.16 
mmol) was heated at 60°C with stirring in CH3CN (20 mL). To 
the resulting pale yellow solution was added excess benzyl 
bromide and heating with stirring continued for 2 hours. The 
now bright yellow solution was cooled to room temperature and 
left to evaporate at room temperature resulting in a yellow 
powder (76 mg, quantitative yield). HRMS 410.1143 ([M-Br]+, 
C24H16N3O4 requires 410.1141); NMR δH (600 MHz, DMSO-
d6), 9.46 (2H, m, 2× pyH), 8.85 (2H, d, Hz 2×pyH), 8.73 (2H, 
m, napH) 8.65 (1H, d, J = 6 Hz, napH), 8.48 (1H, dd, J = 12 and 
6 Hz, pyH), 8.20 (1H, dd, J = 12 and 6 Hz, napH), 7.58 (2H, t, J 
= 6Hz, 2 × PhH), 7.49 (3H, m, 3 × PhH), 6.03 (2H, s, CH2); 
NMR δC (150 MHz, DMSO-d6), 163.2, 162.4, 150.1, 147.4, 
145.7, 135.8, 134.2, 132.6, 130.6, 130.5, 130.1, 129.9, 129.7, 
129.3, 129.0, 126.7, 124.7m 123.3, 122.9, 64.3; IR νmax(neat 
sample)/cm-1 2989, 2936, 1718, 1679, 1631, 1584, 1530, 1509, 
1493, 1467, 1455, 1424, 1409, 1349, 1235, 1183, 1144, 1029, 
943, 894, 845, 797, 781, 755, 742, 719, 706, 683. 
 
[Cu2(L1)4(µ-OAc)2(OAc)2] (1)  
Ligand L1 (32 mg, 0.1 mmol) was dissolved in 20 mL 
CH3CN/MeOH (1:1) and heated to reflux with stirring. Solid 
copper(II) acetate (9 mg, 0.05 mmol) was added to the pale 
orange ligand solution and heating continued for a further 2 
hours, after which the solution was subjected to vapour 
diffusion of diethyl ether. Large dark green crystals (17 mg, 40 
%) were obtained after careful separation from a brown solid. 
Anal. Calcd. For [Cu2(C17H9N3O4)4(CH3CO2)4]·2H2O (1674.17 
gmol-1): C 54.47, H 3.13, N 10.03. Found: C 54.78, H 2.82, N 
9.66%. IR νmax(neat sample)/cm-1 1701, 1683, 1599, 1517, 
1433, 1375, 1350, 1244, 1201, 1021, 916, 866, 783, 759, 720, 
705, 678. 
 
[Cu2(L2)2(µ-OAc)4].2MeCN (2)  
Ligand L2 (32 mg, 0.1 mmol) was dissolved in 20 mL 
CH3CN/MeOH (1:1) and heated to reflux with stirring. Solid 
copper(II) acetate (9 mg, 0.05 mmol) was added to the yellow 
ligand solution and heating continued for a further 2 hours. The 
solution was subjected to vapour diffusion of diethyl ether, 
resulting in large green/blue block shaped crystals (20 mg, 
37%). Anal. Calcd. For [Cu2(C17H9N3O4)2(CH3CO2)4]·2CH3CN 
(1082.08 gmol-1): C 51.01, H 3.35, N 10.35. Found: C 51.61, H 
3.35, N 9.75%. IR νmax(neat sample)/cm-1 1709, 1671, 1617, 
1588, 1523, 1426, 1371, 1348, 1238, 1196, 1028, 908, 853, 
784, 758, 721, 702, 677. 
 
[Cu(L1)2(MeOH)(H2O)(CF3SO3)2] (3)  
Ligand L1 (32 mg, 0.10 mmol) was dissolved in 20 mL 
CH3CN/MeOH (1:1) and stirred at reflux while a methanolic 
solution (1 mL) of Cu(CF3SO3)2 (18 mg, 0.05 mmol) was 
added. No major colour change was observed and the resulting 
orange solution was stirred at reflux for 1 hour before being 
filtered and subjected to vapour diffusion of diethyl ether. After 
one week a bright green crystalline solid was obtained in low 
yield after careful separation from a yellow powder (15 mg, 
29%). Anal. Calcd. For 
[Cu(C17H9N3O4)2(CH3OH)(H2O)(CF3SO3)2] (1048.98 gmol-1): 
C 42.33, H 2.31, N 8.01. Found: C 42.53, H 2.28, N 8.27%. IR 
νmax(neat sample)/cm-1 3445, 3081, 1717, 1663, 1621, 1595, 
1525, 1488, 1421, 1411, 1366, 1348, 1238, 1195, 1033, 910, 
870, 855, 831, 806, 781, 759, 720, 705, 677. 
 

[Cu(L2)3CH3CN]CF3SO3 (4) 
Ligand L2 (32 mg, 0.10 mmol) was dissolved in 20 mL 
CH3CN/MeOH (1:1) and stirred at reflux while a methanolic 
solution (1 mL) of Cu(CF3SO3)2 (18 mg, 0.05 mmol) was 
added. No major colour change was observed and the resulting 
clear orange solution was stirred at reflux for 1 hour before 
being subjected to vapour diffusion of diethyl ether. A large 
number or brown crystals were obtained without the need to 
separate from a yellow powder (30 mg, 58 %). Anal. Calcd. For 
[Cu(C17H9N3O4)3(CH3CN)](CF3SO3)·2H2O (1246.11 gmol-1): 
C 52.00, H 2.75, N 11.23. Found: C 52.02, H 2.57, N 11.66%. 
IR νmax(neat sample)/cm-1 3076, 2951, 1710, 1667, 1625, 1588, 
1523, 1479, 1427, 1407, 1372, 1347, 1237, 1196, 1188, 1028, 
908, 872, 853, 833, 802, 784, 758, 721, 704, 676. 
 
[Cu(L1)2(MeOH)2(MeCN)2](ClO4)2 (5) 
Ligand L1 (32 g, 0.1 mmol) was dissolved in 20 mL 
CH3CN/MeOH (1:1). Solid copper(II) perchlorate (18 mg, 0.05 
mmol) was added to the pale orange ligand solution resulting in 
an orange/green solution that was stirred at reflux for 1 hour, 
before being subjected to vapour diffusion of diethyl ether. Pale 
green crystals were isolated after careful separation from a pale 
brown solid (25 mg, 48 %) Anal. Calcd. For 
[Cu(C17H9N3O4)2(CH3CN)2(CH3OH)2](ClO4)2 (1045.05 gmol-

1): C 45.88, H 3.08, N 10.70. Found: C 45.65, H 2.63, N 
10.22%, IR νmax(neat sample)/cm-1 3447, 3078, 1718, 1671, 
1615, 1583, 1524, 1412, 1373, 1349, 1237, 1197, 1100 (br), 
1052, 917, 861, 824, 782, 756, 730, 712, 677. 
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