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Abstract 

A new binucleating pyrazole ligand, 3,5-bis{N,N-bis[2-(diethylamino)ethyl]aminomethyl}pyrazole (HL), 
has been synthesized. It forms cobalt(I1) and copper(I1) complexes of the general formula 
[M2(L)(X)](BPh&.n(acetone) (M=Co, Cu; X= CH,COO-, N3-; n =0-3), where two metal ions are 
bridged by the endogenous pyrazolate group and the exogenous X group. Electronic spectra of the 
cobalt(II) and copper complexes suggest a trigonal-bipyramidal configuration around each metal 
ion. Magnetic properties have been examined over the temperature range 75-300 K. The cobalt(I1) 
complexes [Co,(L)(CH,COO)](BPh ) . 4 Z acetone and [Co2(L)(N,)](BPh&.2acetone both show a slight 
increase of magnetic moment with lowering of temperature (from 4.03 and 3.94 CL*, respectively, at 
300 K to 4.16 and 4.08 pLB, respectively, at 85 K). [Cu,(L)(CH,COO)](BPh,), shows a weak antifer- 
romagnetic spin-coupling (J= -7.02 cm-’ based on spin Hamiltonian Z’= -U$,.$). 
[Cu(L)(N,)](BPh,),.acetone exhibits a much lowered magnetic moment (1.10 pB at 300 K) owing to 
a strong antiferromagnetic spin coupling but its cryomagnetic property could not be simulated based 
on the Heisenberg model. 

Introduction 

The bridging function of the pyrazolate group 
through its two nitrogens is well known [l, 21 and 
many binuclear copper(H) complexes bridged by a 
pyrazolate group and another anionic group have 
been obtained so far [3-lo]. Interests in such com- 
plexes are to find an appropriate model for the 
active site of the met-form of type III copper proteins 
and to gain an insight into the spin-exchange mech- 
anism between copper(I1) ions. In line with these 
interests we have developed two types of binucleating 
pyrazole ligands possessing two chelating arms at- 
tached to the 3 and 5 positions of the pyrazole ring 
(type A and B in Fig. 1) [3, 111. Type A ligands 
with a nitrogenous pendant group at each amidic 
articular nitrogen (generally abbreviated as H3(L- 
A)) form binuclear copper(H) complexes of the 
formula [Cu,(L-A)(X)] (X = CH,COO-, N3-) where 
the acetate or azide group functions as the exogenous 
bridge [3]. Type B ligands with a nitrogenous pendant 
group at each aminic articular nitrogen (abbreviated 
as H(L-B)) form dicopper(II) complexes of the for- 
mula [Cu,(L-B)2](BPh& [ll]. Single crystal X-ray 
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Fig. 1. Chemical structures of binucleating pyrazole ligands. 

analysis for a complex with a type B ligand has 
revealed that two copper(I1) ions are doubly bridged 
by the pyrazolate groups. In spite of our many efforts 
no binuclear copper(I1) complex with a mixed bridg- 
ing system has been obtained with type B ligands. 

In this study we have synthesized another type of 
binucleating pyrazole ligand, 3,5-bis{N,Wbis[2-(di- 
ethylamino)ethyl]aminomethyl}pyrazole (abbrevi- 
ated as HL, see Fig. l), which has two nitrogenous 
pendant groups at each articular nitrogen. This ligand 
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offers two ‘tripodal-like’ sites for coordination and 
may incorporate two metal ions bridged by the 
endogenous pyrazolate group and an exogenous 
group, providing a five-coordinate surrounding about 
each metal ion. The present paper reports the syn- 
thesis and properties of binuclear cobalt(I1) and 
copper(I1) complexes of this ligand. 

Experimental 

Preparations 
Pyrazole-3J-dicarboxylic acid was purchased 

from Aldrich Chem. Co. and N,N-bis[2-(diethyl- 
amino)ethyl]amine from Fairfield Chem. Co. Other 
chemicals were of reagent grade and used as com- 
mercially obtained. 

3,5-Bis(N,N-b&(2-(diethylamino)ethyl]amino- 
methyljpyrazole (HL) 
Pyrazole-3,5-dicarbovlic acid was converted into 

3,5-bis(chloroformyl)pyrazole by the usual reaction 
with SOC12. To a stirred suspension of 3,5- 
bis(chloroformyl)pyrazole (3.96 g, 0.03 mol) in dry 
dioxane (150 cm’) was added dropwise a solution 
of triethylamine (6.2 g, 0.061 mol) and bis[2-(di- 
ethylamino)ethyl]amine (15.7 g, 0.061 mol) in dry 
dioxane (50 cm3), and the mixture was allowed to 
stand at ambient temperature for two days. Tri- 
ethylamine hydrochloride which precipitated was 
separated by filtration and the filtrate was evaporated 
to dryness to give crude 3,5-bis{N,N-bis[2-(diethyl- 
amino)ethyl]carbamoyl}pyrazole as a colourless oily 
substance. It was dissolved in dry dioxane (50 cm”) 
and the solution was dropwise added to a slurry of 
LiAlH, (10 g) in dry dioxane (500 cm”) with vigorous 
stirring. After the addition was completed the mixture 
was refluxed for 20 h with stirring. The reaction 
mixture was decomposed with the minimum amount 
of water, and the resulting inorganic materials were 
separated by filter suction and washed with two 50 
cm3 portions of hot dioxane. The filtrate and washings 
were combined and the solvent was evaporated to 
dryness to give crude HL as a colourless liquid. It 
was identified by ‘H NMR spectra and used for the 
synthesis of metal complexes without further puri- 
fication. 

‘H NMR (60 MHz, CDC13): 5.93 (s, 1H; ring); 
3.67 (s, 4H; N-CH,pz); 2.75-2.25 (m, 32H; 
-CH2CH2N(CH2CH3)& 1.01 (t, 24H; -N(CH,CH,),) 

Pm 

[Co,(L) (CH, COO)](BPh,), . acetone (I) 
Cobalt(I1) acetate tetrahydrate (250 mg, 1 mmol) 

and HL (261 mg, 0.5 mmol) were mixed in methanol 

(10 cm’) to form a bluish purple solution. The addition 
of a methanolic solution of sodium tetraphenylborate 
(343 mg, 1 mmol) to this solution resulted in the 
precipitation of pale violet microcrystals. They were 
recrystallized from acetone as violet crystals. The 
yield was 880 mg (63%). 

Anal. Found: C, 70.40; H, 7.91; N, 7.87; Co, 8.41. 
Calc. for Cs2Hl10B2C02N803: C, 70.58; H, 7.84; N, 
8.03; Co, 8.45%. 

[Co,(L) (NJ)](BPhq)* -2acetone (2) 
Cobalt(I1) chloride hexahydrate (234 mg, 1 mmol), 

HL (261 mg, 0.5 mmol), and sodium azide (98 mg, 
1.5 mmol) were dissolved in methanol (10 cm”). To 
the resulting green solution was added a methanolic 
solution of sodium tetraphenylborate (343 mg, 1 
mmol) to give pale violet microcrystals. They were 
recrystallized from acetone. The yield was 730 mg 
(55%). 

Anal. Found: C, 69.57; H, 7.86; N, 10.46; Co, 8.37. 
Calc. for Cs3H1i3BZCo2N1r02: C, 69.41; H, 7.93; N, 
10.73; Co, 8.22%. 

ICU,(L)(CH~COO)I(BP~,), (3) 
Copper(B) acetate monohydrate (200 mg, 1 mmol) 

and HL (261 mg, 0.5 mmol) were dissolved in meth- 
anol (10 cm3), and the pH of the solution was adjusted 
to 9.5 by adding a sodium methoxide solution. The 
addition of sodium acetate (205 mg, 2.5 mmol) 
followed by a methanolic solution of sodium tetra- 
phenylborate (343 mg, 1 mmol) resulted in the 
precipitation of green microcrystals. They were re- 
crystallized from acetone. The yield was 970 mg 
(72%). 

Anal. Found: C, 69.90; H, 7.66; N, 8.30; Cu, 9.32. 
Calc. for C79H104BZC~2Ns02: C, 70.47; H, 7.78; N, 
8.32; Cu, 9.44%. 

[Cu,(L)(N,)](BPh,), .acetone (4) 
Copper(I1) chloride dihydrate (170 mg, 1 mmol) 

and HL (261 mg, 0.5 mmol) were dissolved in meth- 
anol (10 cm”) and the pH of the solution was adjusted 
to 9.5 with a sodium methoxide solution. To this 
mixture were added successively a methanolic so- 
lution of NaN, (98 mg, 1.5 mmol) and a methanolic 
solution of sodium tetraphenylborate (343 mg, 1 
mmol) to give green microcrystals. They were re- 
crystallized from acetone. The yield was 1.19 g (86%). 

Anal. Found: C, 69.38; H, 7.84; N, 11.16; Cu, 9.32. 
Calc. for Cs,,H,0,B2Cu,N,,0: C, 69.25; H, 7.77; N, 
11.10; Cu, 9.16%. 

Physical measurements 
Elemental analyses for C, H, and N were obtained 
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