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Abstract

Synthesis and characterization of a series of five-co-ordinate mononuclear copper(II) compounds (1–8) have been achieved using
1tridentate /bidentate heterocyclic nitrogen donor ligands with mixed hard-soft donor sets [L 52,6-bis(pyrazol-1-ylmethyl)pyridine;

2 3 4L 52,6-bis(3,5-dimethylpyrazol-1-ylmethyl)pyridine; L 52-(pyrazol-1-ylmethyl)pyridine; L 52-(3,5-dimethylpyrazol-1-ylmethyl)-
1 2 2 2pyridine]. Two types of complexes have been synthesized: (i) the anion bound complexes [Cu(L /L )X ] (X5Cl 1and 2; N 3 and 4;2 3

2 1 2 3 4SCN 5 and 6) and (ii) mixed-ligand complexes [Cu(L /L )(L /L )](ClO ) 7 and 8. Complexes 1–8 belong to only a handful of4 2

copper(II) complexes with this class of non-planar ligands where pyrazole and pyridine rings are separated by methylene spacer(s). A
2 4representative complex [Cu(L )(L )](ClO ) 8, having CuN co-ordination sphere, has been structurally characterized, to reveal square4 2 5

pyramidal stereochemistry at the copper(II) centre. Conductivity measurements revealed that one of the co-ordinated anions in 3, 5 and 6
is dissociated in solution, with the vacant site occupied by solvent molecule. Absorption and EPR spectral features of 1–8 represent that
these copper(II) complexes adopt essentially a square pyramidal geometry. However, for 1 both in the solid state as well as in solution
and for 2 in solution we propose that the copper(II) centre could be six-co-ordinate. Cyclic voltammetric measurements reveal the

II I II 2 2following trends in their E values (Cu –Cu redox process): (i) relative stabilization of Cu state by anionic ligands (N , Cl or1 / 2 3
2 1 2NCS ) and a strongly co-ordinating solvent like DMF and (ii) predominance of steric over electronic effect (L vs. L ).  1999
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1. Introduction

During the past few years we have investigated [1–11]
the co-ordination chemistry using non-planar tridentate /

1 5bidentate ligands L –L . We have now initiated a pro-
gramme to study systematically mononuclear copper(II)
complexes with variable ligation types and co-ordination
environments with these ligands. As a first step towards
this goal, we recently reported [11] spectroscopic, X-ray
structural characterization, and redox behaviour of
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4 3[Cu(L ) (ONO)]ClO . It should be noted here that studies aqueous solution (2 cm ) of NaN (0.044 g, 0.68 mmol)2 4 3

with this class of ligands are relatively unexplored [1–18]. was added dropwise, resulting in an immediate precipi-
Here we report on the spectroscopic and redox properties tation of a dark blackish green microcrystalline product. It
of a series of mononuclear five-co-ordinate copper(II) was filtered, washed with ethanol, and dried in vacuo.

1 2complexes of L and L with two additional anionic axial Recrystallization was achieved from slow evaporation of a
2 2 2ligands such as Cl , N or SCN . Two mixed-ligand 2:1 (v /v) DMF/EtOH solution, affording well formed dark3

1 2 3 4complexes utilizing L /L and L /L have also been blackish green crystals within 3–4 days (yield ca. 60%).
prepared and a representative complex Found: C, 40.2; H, 3.6; N, 40.0. Calc. for C H N Cu:13 13 11

2 4 21[Cu(L )(L )](ClO ) with CuN co-ordination geometry C, 40.4; H, 3.4; N, 39.8%. IR (KBr, cm , selected peak):4 2 5
2has been structurally characterized. 2050 s (n [N ]). m (DMF; 298 K)51.88 m .3 eff B

22.2.4. [Cu(L )(N ) ] 43 22. Experimental 2A similar procedure as that for 3 was followed with L
(0.080g, 0.27 mmol) and NaN (0.044 g, 0.68 mmol). The32.1. Materials
product is dark green in colour (yield ca. 50%). Found: C,
46.4; H, 4.9; N, 34.9. Calc. for C H N Cu: C, 46.1; H,17 21 11All chemicals and reagents were used as received from 214.8; N, 34.8%. IR (KBr, cm , selected peak): 2050 s (ncommercial sources, unless otherwise stated. Purification 2[N ]). m (DMF; 298 K)51.90 m .3 eff Bof acetonitrile (MeCN) was achieved by distillation over

CaH and methanol and ethanol were distilled from2

1Mg(OMe) and Mg(OEt) , respectively. The ligands 2,6-2 2 2.2.5. [Cu(L )(NCS) ] 521
1bis(pyrazol-1-ylmethyl)pyridine (L ), 2,6-bis(3,5-di- A similar procedure as that for 4 was followed with L2methylpyrazol-1-ylmethyl)pyridine (L ), 2-(pyrazol-1- (0.065 g, 0.27 mmol) and KSCN (0.066 g, 0.68 mmol).3ylmethyl)pyridine (L ) and 2-(3,5-dimethylpyrazol-1- The product is a well formed green crystals (yield ca.4ylmethyl)pyridine (L ) were synthesized as reported previ- 60%). Found: C, 43.3; H, 3.3; N, 23.2. Calc. for

ously [1,13,14]. The supporting electrolyte used in cyclic C H N S Cu: C, 43.0; H, 3.1; N, 23.4%. IR (KBr,15 13 7 2
21 2voltammetric experiments, tetra-n-butylammonium per- cm , selected peak): 2080 s (n[SCN ]). m (DMF; 298effchlorate (TBAP) was prepared as before [19,20]. K)51.87 m .B

2.2. Synthesis of copper(II) complexes
22.2.6. [Cu(L )(NCS) ] 62

1 A similar procedure as that for 5 was followed with2.2.1. [Cu(L )Cl ] 12 23 0.080 g of L (yield ca. 70%). Found: C, 48.2; H, 4.7; N,To a magnetically stirred MeCN solution (3 cm ) of
20.6. Calc. for C H N S Cu: C, 48.1; H, 4.5; N, 20.7%.CuCl (0.056 g, 0.42 mmol) was added an MeCN solution 19 21 7 22 21 23 1 IR (KBr, cm , selected peak): 2070 s (n[SCN ]). meff(4 cm ) of L (0.1 g, 0.42 mmol) dropwise, resulting in an
(DMF; 298 K)51.91 m .Bimmediate precipitation of a blue microcrystalline product.

It was filtered, washed with MeCN, and dried in vacuo.
Recrystallization was achieved by slow diffusion of diethyl 1 32.2.7. [Cu(L )(L )](ClO ) 74 2ether to an DMF solution of the resulting solid (yield ca. 1 3To L (0.065 g, 0.27 mmol) dissolved in MeOH (5 cm )83%). Found: C, 41.3; H, 3.6; N, 18.4; Cl, 18.7. Calc. for

was added a solution of Cu(ClO ) .6H O (0.1 g, 0.274 2 2C H N Cl Cu: C, 41.4; H, 3.5; N, 18.7; Cl, 19.0%. m 313 13 5 2 eff mmol) in water (2 cm ). The resulting blue solution was(DMF; 298 K)51.87 m .B stirred for 10 min at 298 K and to this was then added a
3 3methanolic solution (2 cm ) of L (0.043 g, 0.27 mmol),22.2.2. [Cu(L )Cl ] 22 while stirring the reaction mixture. After 12 h, the blue2A similar procedure as that for 1 was followed with L crystals obtained were collected, washed with methanol,

(0.1 g, 0.34 mmol) and CuCl (0.046 g, 0.34 mmol). The2 and dried over P O in vacuo (yield ca. 84%). Found: C,4 10product is dark green in colour (yield ca. 70%). Found: C, 39.7; H, 3.4; N, 16.7. Calc. for C H N Cl O Cu: C,22 22 8 2 8
2147.4; H, 4.9; N, 16.4. Calc. for C H N Cl Cu: C, 47.5;17 21 5 2 40.0; H, 3.3; N, 16.8%. IR (KBr, cm , selected peaks):

2H, 4.9; N, 16.3%. m (DMF; 298 K)51.90 m .eff B 1105, 620 s (n[ClO ]). m (MeCN; 298 K)51.84 m .4 eff B

12.2.3. [Cu(L )(N ) ] 33 2
3 2 4To a magnetically stirred aqueous solution (3 cm ) of 2.2.8. [Cu(L )(L )](ClO ) 84 2

Cu(ClO ) .6H O (0.1 g, 0.27 mmol) was added an This complex which was isolated as a green solid was4 2 2
3 1ethanolic solution (3 cm ) of L (0.065 g, 0.27 mmol) prepared following a similar method as that of 7, using

dropwise, resulting in a blue colouration. After 5 min, an appropriate ligands (yield ca. 60%). Found: C, 45.2; H,
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Table 14.9; N, 15.1. Calc. for C H N Cl O Cu: C, 45.1; H, 4.8;28 34 8 2 8 2 4˚Selected bond lengths (A) and angles (deg) of [Cu(L )(L )](ClO ) 84 2N, 15.0%. Single crystals suitable for X-ray diffraction
Cu–N(2) 2.0106 (1) Cu–N(6) 2.0283 (9)studies were obtained by slow evaporation of an aqueous

21 Cu–N(3) 2.0618 (8) Cu–N(7) 2.2001 (1)methanolic solution. IR (KBr, cm , selected peaks): 1100,
2 Cu–N(5) 2.0487 (9)620 s (n[ClO ]). m (MeCN; 298 K)51.80 m .4 eff B N(2)–Cu–N(3) 85.9 (4) N(3)–Cu–N(6) 173.4 (4)

N(2)–Cu–N(5) 165.1 (4) N(3)–Cu–N(7) 99.6 (4)
CAUTION! Perchlorate salts are potentially explosive. N(2)–Cu–N(6) 92.0 (4) N(5)–Cu–N(6) 91.1 (4)

N(2)–Cu– N(7) 101.4 (4) N(5)–Cu–N(7) 93.3 (4)Although no detonation tendencies have been observed,
N(3)–Cu– N(5) 89.4 (4) N(6)–Cu–N(7) 87.0 (4)caution is advised and handling of only small quantities is

recommended.

were refined anisotropically and H atoms were included at2.3. Measurements
their calculated positions but not refined. All non-hydrogen
atoms were refined with anisotropic thermal parameters.Solution electrical conductivity measurements were
All refinements were performed by full-matrix least-carried out with an Elico (Hyderabad, India) Type CM-82
squares procedure on F where the function minimized wasT conductivity bridge. Spectroscopic data were obtained 2[Sw(F 2F ) . The final cycle of refinement included 424o cby using the following instruments: infrared spectra,
variable parameters and converged with R50.067, R 5wPerkin-Elmer M-1320; electronic spectra, Perkin-Elmer
0.067 [I.3s(I)], S52.446, final difference fourier syn-Lambda 2; X-band EPR spectra, Varian E-109 C. Solution- 23˚thesis: 20.80#Dr#0.68 eA . All calculations werestate magnetic susceptibility was obtained by the NMR
performed using the XTAL3.2 crystallographic softwaretechnique of Evans [21] in MeCN/DMF with a PMX-60
package [23] installed on a PC 486 computer. SelectedJEOL (60 MHz) NMR spectrometer. Susceptibilities were
bond lengths and angles for 8 are given in Table 1.corrected using appropriate diamagnetic corrections [22].

Cyclic voltammetry was performed by using a PAR model
370 electrochemistry system, as described in the literature
[19,20]. The working electrode was a planar Beckman 3. Results and discussion
(M-39273) platinum electrode. Potentials are referenced to
the saturated calomel electrode (SCE). Potentials are 3.1. Synthesis
uncorrected for any junction contributions.

1 2Reactions between L /L , copper(II) salts and NaN or3

KSCN afforded dianion-bound complexes (1–6). The2.4. Structure determination and refinement
mixed-ligand copper(II) complexes 7 and 8 were readily
prepared by the stoichiometric reaction of copper(II)The green coloured block shaped single crystal (0.53
perchlorate hexahydrate with aqueous methanolic solutions0.430.3 mm) was mounted on a glass fibre and coated

1 2 3 4of L /L and L /L . Microanalytical and IR [19,20] datawith epoxy resin. Intensity and lattice parameter measure-
(conductivity data, vide infra) are in conformity with thements were made on a Enraf Nonius CAD4-Mach four-
suggested formulations for 1–8. The effective solutioncircle diffractometer using graphite monochromated Mo-

˚ magnetic moment values of all the complexes are in theK radiation (l50.710 73 A). The data were collected ata

range of 1.8–2.0 m expected for copper(II) complexes in293 K using the u –2u scan technique to a maximum 2u B

a magnetically dilute environment [24].value of 50.08. 3492 reflections were measured of which
3297 were unique and 2501 reflections with I.3s(I) were
used in the structure refinement. The cell parameters were 3.2. Description of molecular structure of

2 4determined by 25 reflections in the range 16#2u #308. [Cu(L )(L )](ClO )4 2
Three standard reflections monitored every hour showed
no significant variation in intensity over the data collection The molecular structure consists of a discrete five-co-
period. ordinate cation and two non-coordinating perchlorate

anions. Fig. 1 provides a perspective view of the cationic
2.4.1. Crystal data part. The structure reveals that the copper(II) ion is

C H N Cl O Cu, M5744.6, orthorhombic, space surrounded by three pyrazole nitrogens and two pyridyl28 34 8 2 8

group P2 2 2 , a59.582(4), b511.937(4), c529.147(6) nitrogens. The geometry around copper(II) is best de-1 1 1 3 23˚ ˚ scribed as square pyramidal with a very small trigonal-A, V53333.84(2) A , Z54, D 51.484 gm cm , m58.8c
21 bipyramidal component of t50.14 [5(b2a) /60, with acm , F(000)51540.

and b being the two largest coordination angles].Intensity data were corrected for Lorentz-polarization
In a perfect, square pyramidal geometry, t equals 0,effects. The structure was solved by the direct method and

while it is 1 in a perfect trigonal-bipyramidal geometryexpanded using the Fourier technique. All non-H atoms
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5pyramidal geometry. The tetragonality parameter T which
is defined as the ratio of the four in-plane Cu–N distances
and the single long Cu–N distance, has a value of 0.93 for
the present complex. This value is within the observed
range of 0.90–0.96 for a large group of five-coordinate
complexes [24].

Barring the distance of Cu–N (axially co-ordi-pyrazole

nated), the Cu–N and the Cu–N distances arepyridyl pyrazole
4 2comparable to [Cu(L ) (ONO)](ClO ) [11]. For both L2 4

4and L the pyridyl and pyrazole rings are each planar. For
2L the two pyrazole rings are tilted to each other by |768

and they make an angle of |578 and |608 with the pyridine
4ring. For L the angle between the two heterocyclic rings

is |538. Thus the six-membered chelate rings exist in boat
conformations, as is observed in compounds with these
kinds of ligands [9–11,13,14].

3.3. Conductivity measurements
Fig. 1. Molecular structure and atom numbering scheme of

2 4 21[Cu(L )(L )] cation in complex 8.
Since the structure of the complexes in solution could be

different from that in the solid state, conductivity measure-
[25]. Two pyridyl nitrogens N(3) and N(6) and two ments were carried out. The data (Table 2) revealed that
pyrazole nitrogens N(2) and N(5) form the equatorial (i) in DMF solution no appreciable dissociation of the
plane of a square pyramid, with the other pyrazole N(7) bound anions occur for chloro complexes 1 and 2 and for

2 1˚occupying the axial position. The copper is |0.2 A above the azido complex of L 4, (ii) azido complex of L 3 and
the N plane towards the axially co-ordinated pyrazole thiocyanato complexes 5 and 6 behave as 1:1 electrolyte in4

4nitrogen of L . It should be mentioned here that an inverse DMF, implying that the anions are partially dissociated in
correlation exists between the displacement parameter and solution, i.e. in solution the copper(II) centres are mono-
the Cu-(apical) distance in square pyramidal copper(II) anion-bound with an additional DMF co-ordination (vide
complexes [24]. Longer the apical distance lower the infra), (iii) complexes 7 and 8 behave as 1:2 electrolyte in
displacement and the structure tends toward square MeCN [26].

Table 2
aCharacterization data of Copper(II) complexes

bComplex Conductivity UV-vis spectra
21 2 21 21 21

L , V cm mol l , nm l , nm (´, M cm )M max max

solid state, paraffin oil in solution
c1 25 980 (sh), 760 920 (320), 340 (sh)
d2 33 980(sh), 710, 400 980 (sh), 785 (110),

(sh) 445 (sh), 340 (sh)
3 71 1000 (sh), 640, 435 655 (290), 417(2200)
4 19 1000 (sh), 790 (sh), 713 (300), 400 (2500)

468
e5 66 1000(sh), 700 (sh), 958 (sh), 673 (90), 402

430 (840), 320 (sh)
6 66 1000 (sh), 730, 950 (sh), 689 (90), 409

440 (900)
f7 250 885 sh, 603, 355 sh, 870 (sh), 615 (65), 320

275 (sh), 267 (sh), 261
(11 050)

f8 300 900 (sh), 633, 375 900 (sh), 621 (100), 350
(sh), 275 (sh), 258 (10 200)

a Unless otherwise stated, the solvent is DMF.
b Expected ranges: 65–90 in DMF (1:1); 120–160 in MeCN (1:2); 220–300 in MeCN (1:2).
c The low energy absorption bands are very broad and spread out.
d In solution the shoulder at 980 nm is ill defined.
e In the solid state the low energy shoulders are very poorly resolved.
f The solvent is MeCN.
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3.4. Electronic structures 3.4.2. (b) EPR spectra
The EPR spectra of all the complexes have been

3.4.1. (a) Absorption spectra recorded as polycrystalline solids (at 298 K and at 77 K)
To gain insight into the co-ordination geometry of the and in frozen MeCN/DMF solutions at 77 K. The data are

present complexes, the absorption spectral behaviour was summarized in Table 3. The frozen solution EPR spectrum
investigated in solution [1–6 in DMF and 7 and 8 in of 1–8 is anisotropic, yielding the parameters ( g 52.275–uu

24 21MeCN] as well as in the solid state (dispersed in mineral 2.245, A 5(183–133)310 cm , g 52.066–2.047)uu '

oil mull). The data are contained in Table 2. The tran- that are typical of square pyramidal Cu(II) complexes,
2 2sitions in the range 300–450 nm are attributed to with the unpaired electron in the dx 2y orbital

various ligand-to-metal charge-transfer (LMCT) and [24,27,28]. It is well documented that tetragonally co-
still higher energy transitions are assigned to the ordinated Cu(II) complexes show features with g .2.1.uu

24 21metal-perturbed intraligand in origin, typically found g .2.0 and A ¯130–190310 cm [30]. It is worth' uu

for Cu(II) complexes of the present kind of ligands mentioning here that for 1 in the solid state (77 K) there is
[11,14]. an inflection at the centre of the signal. It is in line with its

In the solid state, for most of the complexes a peak in proposed solid state structure [24]. The g and A valuesuu uu

the region 600–800 nm with a low-energy (less intense) are strongly affected by the ligand environment in a
shoulder was observed. For 1 the absorption feature is very tetragonal Cu(II) site [27,28]. Increasing field strength of
broad; for 4 and 5, instead of a peak a shoulder was the equatorial ligands causes g to decrease and A touu uu

2observed. For a given type of complex, except for 1 and 2, increase. As L is a weaker donor to transition-metal ions
1 2 1in going from L to L the position of the main absorption compared to L [1,4,6]], it provides weaker ligand field in

band is systematically red shifted. This must be reflecting the equatorial plane, which in turn causes g to increaseuu
2 1the reduced field strength of L compared to L , due to the and A to decrease. Moreover, the values of g and A areuu uu uu

presence of methyl substituents near the donor site in the known [31] to increase and decrease, respectively, with
former ligand [1,4,6]. Barring the case of 1 and 2, for all increase in either tetrahedral distortion or axial interaction.
the complexes a similar trend was also observed in The relatively higher g values observed for the presentuu

solution. For 5 and 6, in going from solid state to solution complexes suggest the presence of strong axial interaction,
the absorption band positions are blue shifted, due to in line with electronic spectral results. Interestingly, EPR
dissociation of one of the anions (cf. conductivity data) and spectrum of 6 shows well-resolved superhyperfine struc-
concomitantly stronger axial co-ordination by DMF. Given ture (nine lines) on the lowest field peak (Fig. 2) due to the
the results at hand for 4, we are not in a position to interaction of the odd electron with four equivalent nitro-

IIcomment on the existence of the main d–d absorption band gen nuclei [32]. This implies that in solution the Cu
in the solid state as a shoulder at |780 nm and its blue center is N-coordinated from the thiocyanate ion. The
shift in DMF solution, as the anions are bound in DMF X-ray structure of a thiocyanato-bonded copper(II) com-
solution (cf. conductivity data). Thus, for 2–8, in the solid plex with a ligand closely similar to ours also is N-bonded
state as well as in solution the presence of one absorption [14]. Additionally, complexes 1–6 exhibit superhyperfine
accompanied by a lower energy (less intense) shoulder is structure in the g region. At 77 K the observed more'

typical of the presence of a square-pyramidal Cu(II) co- number of peaks for 4 in the solid state could be due to
ordination [24,27,28]. more distorted geometry.

For 1 in the solid state as well as in solution the
absorption feature is very broad. We propose that in the
solid-state a ‘pseudo dimeric structure’ exists, due to weak 3.5. Redox properties
co-ordination of one chlorine atom of a Cu(II) centre to a
nearby Cu(II) centre. The existence of such a Cu Cl core When examined by cyclic voltammetry in MeCN/DMF2 2

is well documented in Cu(II) co-ordination chemistry [29]. solution, complexes 1–8 exhibit two consecutive steps of
II IIn the case of 2 such a possibility does not exist, given the reduction. The first response is assigned as Cu –Cu redox

presence of methyl groups near the donor site in the ligand process and for most complexes it is quasireversible
2L (steric effect). Since the chloride ions are not disso- [19,20] (Table 4), as the peak-to-peak separations (DE )p

ciated in DMF solution (cf. conductivity data), we are increase with increase in the scan rate. The observation of
inclined to believe that complex 1 assumes six-co-ordina- larger DE values for these complexes is expected givenp

tion in DMF, with the solvent occupying an additional the differing stereochemical requirements of Cu(II) and
2 1

]axial position. This is exemplified by its very low absorp- Cu(I) state [33,34]. No response due to Cl / Cl redox22

tion band position (|900 nm). We do not rule out the couple was observed for 1 or 2, implying that there is no
2possibility of six-co-ordinate tetragonal geometry for 2 in free Cl (cf. conductivity data) in DMF solution. Given the

DMF solution, given its absorption band position at |800 X-ray structural evidence [35] of
2nm. However, to retain its pseudo-six-co-ordinate solid- [Cu(L )(OClO )].CH Cl , we anticipate that these Cu(I)3 2 2

state structure, the extent of DMF axial coordination is species generated at the electrode surface could be penta-
more in the case of 1 than in 2. co-ordinate. Interestingly, two overlapping anodic peaks
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Table 3
EPR parameters of Copper(II) complexes

24 21Complex g g 10 A (cm )uu ' uu

1 a e[Cu(L )Cl ] 1 Soln 2.275 2.066 159(10)2
bSolid 2.115
cSolid 2.106

2 a e[Cu(L )Cl ] 2 Soln 2.275 2.066 133(10)2
bSolid 2.264, 2.168, 2.086
cSolid 2.260, 2.170, 2.090

1 1 a e[Cu(L )(N )(DMF)] 3 Soln 2.255 2.047 179 (14)3
bSolid 2.223 2.063
cSolid 2.191 2.063

2 a e[Cu(L )(N ) ] 4 Ssoln 2.271 2.066 156 (10)3 2
b fSolid 2.263, 2.073, 2.050
cSolid 2.265, 2.079, 2.050

1 1 a e[Cu(L )(NCS)(DMF)] 5 Soln 2.271 2.060 175 (14)
bSolid 2.160 2.071 121
cSolid 2.258, 2.105, 2.075

2 1 a e[Cu(L )(NCS)(DMF)] 6 Soln 2.273 2.061 175(15)
bSolid 2.252 2.076
cSolid 2.332 2.085

1 3 21 a[Cu(L )(L )] 7 Soln 2.264 2.057 180
bSolid 2.273 2.074 202
cSolid 2.256 2.062 184

2 4 21 d[Cu(L )(L )] 8 Soln 2.245 2.062 183
bSolid 2.076
cSolid 2.071

a In DMF at 77 K.
b Solid at 77 K.
c Solid at 298 K.
d In MeCN at 77 K.
e Superhyperfine coupling constant.
f Five humps between the g values of 2.263 and 2.073.

2are observed in the case of 5 and 6. The case of 5 is due to S-bound NCS , implying a redox-driven linkage
2displayed in Fig. 3. We believe that the more negative isomerization of the NCS ion. A similar situation was

2 4response is due to N-bound NCS and the less negative is observed before with [Cu(L ) (ONO)]ClO [11]. The2 4

2Fig. 2. EPR spectra at 77 K of [Cu(L )(NCS) ] 6 in DMF.2
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Table 4
aRedox potential data of copper(II) complexes

I 0 I 0Couple Solvent Cu /Cu couple Cu /Cu couple

E ,V E , V E ,V DE , mV E , Vpc pa 1 / 2 p pc

b1 DMF 0.140 0.280 0.21 140 21.00
c2 DMF 0.340 0.540 0.44 200 20.94

3 DMF 0.095 0.025 0.06 70 20.58
4 DMF 0.080 0.200 0.14 120 20.76
5 DMF 0.160 0.280 0.22 120 20.48
6 DMF 0.255 0.345 0.30 90 20.50
7 MeCN 0.380 0.240 0.31 140 20.61
8 MeCN 0.430 0.230 0.33 200 20.60

a Potentials are versus SCE.
b The response is drawn out.
c Two overlapping broad response.

II Isecond redox process (Table 4) is due to Cu(I) /Cu(0) The Cu –Cu redox potential data of the present group
process and is irreversible. For every complex, the elec- of complexes (Table 4) reveal the following trends. (i) For

1trogenerated Cu(0) species gets adsorbed on the electrode anion-bound complexes with a given tridentate ligand L
2 2 2surface, as is evidenced during reoxidation step. or L , in DMF the trend follows the order: SCN .Cl .

II I 2 2Interestingly, the E values (Cu –Cu couple) for N . The effect is more clearly observed in the L series.1 / 2 3
1majority of the complexes investigated here are fairly (ii) With anionic ligands remaining invariant, as L ligands

2positive [11,33,34]. The factors which contribute to tune (complexes 1, 3 and 5) are replaced by L (complexes 2, 4
II Ithe Cu –Cu reduction potentials are well known and 6), the E values become more positive, implying the1 / 2

[11,27,36]. We believe that the present observation is due predominance of steric effect created by the methyl groups
to reduced ligand field strength exerted around copper(II) near coordination site [1–3,6]]. (iii) For complexes with

21centre by the present class of ligands. Generally speaking, hCuN j coordination unit (7 and 8) the E values in5 1 / 2

the present ligands do not possess good s-donor ability to MeCN are fairly positive [37].
stabilize the copper(II) center.

4. Conclusions

1 4The non-planar heterocyclic ligands L –L readily form
penta-co-ordinate copper(II) complexes using either a
combination of chelating ligand(s) and anion(s) or two
chelating ligands. A representative compound has been
structurally characterized. UV-vis and EPR spectroscopic
properties of the present complexes reveal that the cop-
per(II) centres in these complexes are essentially square
pyramidal. The results presented here indicate that a

II Ichange in the nature of anion can influence the Cu –Cu
redox potentials of these copper(II) complexes. It is known
from the literature [11,36,38,39] that the introduction of
pyrazolyl groups in the ligand stabilizes Cu(I) state over
Cu(II). In fact, reduced donation from the pyrazole groups
raises the E values and hence stabilize Cu(I). Interest-1 / 2

ingly, Sorrell’s copper(I) complexes with pyrazole-based
ligand systems, show a relatively high stability toward
dioxygen in aprotic solvents [38,39]. The lowest potential
observed for 3 (one of the azides is dissociated in solution,

1 1giving rise to hCu(L )(N )(DMF)j as the solution3

species) is of particular significance, from the viewpoint of
affinity of copper(I) complexes for dioxygen. In this way1Fig. 3. Cyclic voltammograms of [Cu(L )(NCS) ] 5 in DMF (0.1 M2

21 the Cu(I) state could be destabilized and electron transferTBAP) at a platinum electrode (scan rate 50 mV s ). The response due to
I 0 to dioxygen could be made favourable.Cu /Cu is not shown.
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