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Meta 

A series of dinuclear complexes of Ni". Colt and Cut' have been prepared by template 1 : 2  
condensation of 3.5-diacetyl-I ,2,4-triazole and the corresponding aniline in the presence of 1 
equivalent of lithium hydroxide and the corresponding metal(ii) salt. The dinuclear nature of the 
nickel and cobalt compounds have been demonstrated by FAB mass spectrometry and magnetic 
measurements, which indicate the presence of antiferromagnetic exchange interactions. 

complexes containing two or more metal centres in close 
proximity have been the subject of intensive studies from the 
standpoint of their electrochemical properties ' and especially 
in the field of magnetochemistry, in the understanding of 
the phenomenon of exchange interactions. Moreover, the 
incorporation of proton-ionizable groups into transition-metal 
dinuclear receptors as models of metalloproteins, to provide 
for example phenoxide-bridging donor groups, has also 
received great a t t e n t i ~ n . ~ . ~  Due to the good co-ordination 
capabilities of 1,2,4-triazoIe, a large number of interesting di- 
and poly-nuclear complexes of copper, nickel, ruthenium, 
osmium and iridium containing this moiety have been 
synthesized and studied in recent years.6 

Recently, we reported l o  the synthesis and characterization of 
a family of metal complexes based on proton-ionizable Schiff- 
base triazolic macrocyclic ligands. ' ' The present paper deals 
with two series of isostructural nickel(rr) and cobalt(1r) 
compounds 1 -1 1 containing a tetradentate dinucleating anionic 
triazolic ligand (Scheme 1 )  and the related copper(rr) complexes 
12 and 13 (Scheme 2). The synthesis and spectroscopic 
characterization, and the magnetic properties of some of these 
complexes will be described. In particular, the dinuclear nature 
of the complexes is unequivocally established by fast atom 
bom bardmen t mass spectrometry (FAB-MS) and magnetic 

measurements, which was not possible by other techniques, and 
the fragmentation behaviour of the complexes is rationalized. 

Results and Discussion 
Synthesis and Spectroscopic Studies.-Condensation of 3 3 -  

diacetyl-l,2,4-triazole (datz) with 2 molar equivalents of 
the corresponding aniline in the presence of 1 equivalent each of 
lithium hydroxide and the corresponding nickel(rr) or cobalt(rr) 
salt afforded complexes 1-11 in moderate to good yield 
(Scheme 1). The infrared spectra of all the metal complexes are 
similar, showing the presence of an imine stretch at ca. 1610 
cm-'. Proton and I3C NMR spectra could not be obtained 
probably due to the paramagnetic character in solution of the 
metal complexes. The electronic spectra show very intense 
bands in the UV region for all complexes which have been 
assigned to IT - IT* transitions located on the ligands. The 
compounds gave correct elemental analysis, but crystals 
suitable for X-ray analysis could not be obtained. The FAB-MS 
data and the magnetic measurements described below 
confirmed the proposed structures. Copper complexes 
isostructural to the former ones could not be obtained using 
p-methoxyaniline and copper(r1) salts because of oxidation of 
the amine under the reaction conditions. The use of a less 

M X  R M X  R 

1 Ni CI Me 7 Co CI Me 
2 Ni CI Et 8 Co Br Me 
3 Ni Br Me 9 Co BF4 Me 
4 Ni BF4 Me 10 Co NO, Me 
5 Ni NO3 Me 11 Co C104 Me 
6 Ni C104 Me 

Scheme 1 (i) H,NC,H,OR-p, MX,, LiOH, EtOH 
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oxidizable amine, such as p-nitroaniline, lead to copper 
complexes with only two iminic moieties of probable structures 
12 and 13 (Scheme 2). The lower reactivity of thep-nitroaniline 
and the insolubility of the compounds should be responsible for 
the formation of these complexes. The IR spectra of both show 
an intense band at 1680 cm-' assigned to the carbonyl stretches. 
Analytical and FAB-MS data are also in agreement with the 
proposed structure. 

A non-template procedure to synthesize the free [2 + 11 
Schiff base by reaction of datz with an excess of p- 
methoxyaniline (Scheme 3) was not straightforward and gave 
only a moderate yield of this product mixed with different 
oligomers formed by condensation of several diacyltriazole and 
p-methoxyaniline units. The ligand L' could not be isolated but 
it was identified in the crude reaction mixture by 'H and I3C 
NMR spectroscopy and FAB-MS. Attempts to demetallate the 

datz (i)_ 

Scheme 2 ( i )  H,NC,H,NO,-p, CuX,, LiOH, EtOH 

N-NH 

0 

2 x  

metal complexes 1 and 7 in acidic media to regenerate the free 
ligand L' were unsuccessful probably due to the lability of the 
iminic double bonds. 

Characterization of the Dinuclear Nickel and Cobalt 
Complexes 1-11 by Fast Atom Bombardment Mass 
Spectrometry.-There has been a great deal of interest in the 
last few years in using new mass spectrometric techniques for 
the characterization of transition-metal complexes. Fast 
atom bombardment mass spectrometry (FAB-MS) and liquid 
secondary ion mass spectrometry (LSIMS) have produced 
significant results. Although several studies on organometallic 
and co-ordination compounds using these methods have been 
reported,".' 3* l4 only a few examples on bi- and poly-metallic 
derivatives are known.' 

We have now undertaken a study by FAB-MS in order to 
characterize the binuclear metal complexes. Table 1 summarizes 
the data obtained for compounds 1-11 [M,(L - H),X2]. The 
spectra are interpreted using the low-mass isotopic peak for 
each isotopic cluster. Scheme 4 rationalizes the general 
fragmentation behaviour. 

Thus, removal of one counter ion from the compound 
[M,(L - H),X,] produces [M,(L - H),X]+ cations. Sub- 
sequent matrix-assisted one-electron reduction of these ions 
with loss of the second anion produces singly-charged 
species [M,(L - H),]' which are the most intense ions in the 
spectra. On the other hand, the cleavage of these ions into two 
parts may rationalize the production of monometallic frag- 
ments [M(L - H)]'. All dinuclear complexes 1-11 show 
the same fragmentation pattern. Similar fragmentation 
behaviour has been observed in other metal complexes.' 3 ~ 1 4  

L' 

+ 
Oligomers 

Scheme 3 (i) H,NC,H,OMe-p, 4 b; molecular sieves 

OR OR 

R = M e  or Et 

tM(L - H)I+ 

Scheme 4 The LSIMS-induced fragmentation of dinuclear metal 
complexes 1-1 I 

Table 1 The FAB-MS fragmentation of dinuclear metal complexes [M,(L - H)2XZ] 1-11 a 

Mass (rnlz) (intensity) 

Ion 1 2 3 4 
876 932 - 

(12) (14) 

(27) (32) (20) 
84 1 897 84 1 84 1 
(66) (64) (62) (31) 

CM& - H)21+ 840 896 840 840 
(100) (100) (100) (47) 
735 777 735 735 

(8) ( 5 )  (12) (100) 
630 630 

( 5 )  (26) 
42 1 42 1 42 1 42 I 
(28) (10) (19) (41) 

CM(L - Wl+ 420 420 420 420 
(18) (18) (12) (28) 

- 

CMAL - H)2XI+ 875 93 1 919 - 

- - 

Glycerol matrix, solvent dmso. Non-isotopically corrected. 
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The nickel and cobalt series 1 4  and 7-1 1, respectively, allow 
the study of the influence of the counter ion on the 
fragmentation. [M,(L - H),]+ is presumed to be generated 
from the ion [M,( L - H),X]+ as described above. The ratio of 
the intensities of these two ions, [M,(L - H),]+ : [M,(L - 
H),X]+, should represent a measure of the facility in splitting 
an anion from complexes with the same cation. From the 
data of Table 1 it is possible to establish a series NO3 > 
BF, > CI >, Br 3 C104 which is in good agreement with 
the decreasing basicity of these anions. This anion effect had 
been already observed in other transition-metal complexes. l 4  

In  order to demonstrate that the peaks observed in the 
spectra genuinely correspond to dinuclear species and are not 
'artefacts' produced by dimerization of mononuclear species 
taking into account the relatively high concentration of the 
complexes in the matrix, a cross experiment using nickel 
compounds 1 and 2 was undertaken. 

With thc purpose of discriminating between structures 1 and 
14, and 2 and 15 an equimolecular mixture of 1 and 2 was 
studied by FAB-MS using different experimental conditions. If 
the genuine structures for these compounds were 1 and 2, as 
proposed, thc spectrum of the mixture should be exactly the 
sum of thc individual spectra of 1 and 2 (Table I). On the 
contrary, if  the structures for both compounds were 14 and 15 
respectively, which would associate by dimerization in the 
matrix, besides the peaks corresponding to 1 ([M,(L - 
H),X]' at m,r 875 and base peak [M,(L - H),]' at m/z 840) 
and 2 (mi: 931 and 896, respectively), new peaks of the mixed 
product 16 (at / n / z  903 and 868) should appear in the spectrum. 
When the experiment is carried out under standard conditions 
using glyccrol as matrix and dimethyl sulfoxide (dmso) as 
solvent, a mixture of compounds 1, 2 and 16 are observed, 
apparently indicating the monomeric nature of the complexes. 
However, to avoid the possibility of a cleavage of 1 and 2 by 
means of dmso in the FAB-MS conditions, making possible 
ligand interchange to give 16, measurements were also carried 
out using ni-nitrobenzyl alcohol (noba) as matrix and methanol 
as solvent. Under these conditions only peaks corresponding to 
1 and 2 were observed, thus indicating clearly the dinuclear 

CI' 

14 

CI' 

15 

16 

2cr 

nature of the complexes studied here. In agreement with this 
fact, the intensity ratio of the most characteristic ions of 1 and 2 
is the same at different concentrations. 

The stability of compounds 1 and 2 in the presence of dmso 
under the FAB-MS conditions depends also upon the matrix 
employed. Thus ligand interchange between the complexes to 
afford 16 takes place much more readily in glycerol than in m- 
nitrobenzyl alcohol matrix. The low solubility of many of the 
complexes in noba precluded the detection of their spectra in 
this matrix. For this reason the mass spectra of 1-11 (Table 1)  
were measured using glycerol-dmso. The complexes also 
undergo demetallation during the experiments either in glycerol 
or noba matrices to give the free ligands to a greater or lesser 
extent, especially in the mixed glycerol-dmso matrix. The 
demetallation process is more pronounced at lower concentra- 
tions of the substrates. 

Magnetic Measurements of Nickel and Cobalt Comp1exe.s.- 
The dinuclear nature of the nickel(I1) and cobalt(1i) complexes is 
confirmed by magnetic susceptibility data (4.2-300 K) which 
show antiferromagnetic behaviour at low temperatures in 
agreement with the presence of exchange-coupled metal ions. 
Figs. 1 and 2 show the magnetic curves for the chloride salts of 
these complexes (compounds 1 and 7). 

In the nickel compound 1, the value at room temperature of 
the product of the molar magnetic susceptibility x and the 
temperature T is 2.2 cm3 K mol-', which is about the value 

0.025- I 
y 0.020- 
L 

o 0.015- 
E 
,o 

0.01 0- 

E" 

x 

0 50 100 150 200 250 300 
T/K 

Fig. 1 Magnetic susceptibility x versus temperature for the nickel 
compound 1. The solid line is the best fit to a S = I Heisenberg 
dinuclear species (J = - 33 cm-', g = 2.12) 
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expected for a pair of uncoupled octahedrally co-ordinated 
nickel(t1) ions with a 3A2 ground state. As the temperature is 
lowered, X T  shows a continuous decrease which indicates the 
presence of antiferromagnetic Ni - Ni exchange interactions. 
This is confirmed by the x us. Tplot, which displays a maximum 
in x at ca. 30 K (Fig. 1). These magnetic data can be 
satisfactorily fitted to the theoretical expression for the 
magnetic susceptibility of a S = 1 Heisenberg dimer." 
The resulting parameters are J = - 33 cm and g = 2.12 (for 
the exchange Hamiltonian - J S , = S 2 ) .  

In the cobalt compound 7 an antiferromagnetic behaviour is 
also observed with ~Tdecreasing from 6.1 cm3 K mar' at 100 
K to 2.1 cm3 K mol ' at 4.2 K (inset of Fig. 2). In this case, 
however, the magnetic susceptibility shows a continuous 
increase upon cooling, which suggests the presence of small 
amounts of magnetically isolated cobalt(r1) ions. Owing to the 
orbital degeneracy exhibited by octahedral Co" (4T1 ground 
state), the usual Heisenberg exchange-coupling scheme is no 
longer appropriate to analyse the magnetic behaviour of 
exchange-coupled cobalt(i1) compounds, and models including 
orbital effects are required. l 7  The simplest approach takes 
advantage of the fact that in distorted octahedral sites the 4T, 
ground state of CO" splits into six Kramers doublets in such a 
way that the lowest Kramers doublet is very anisotropic being 
separated in energy from the excited ones by more than 100 
cm '. In fact, in the present case powder EPR measurements 
at 4 K show an axial spectrum with g components of g l l  = 
2.16 and g, = 5.1 which is typical of a CoN4X2 octahedral 
chromophore.18 Since at T < 20-30 K only the ground 
Kramers doublet will be appreciably populated, the low- 
temperature magnetic behaviour of exchange-coupled cobalt 
complexes can be described from a model that assumes an 
effective (anisotropic) exchange interaction between fictitious 
spins S = i. This approach is restricted to those cobalt 
systems exhibiting very weak exchange interactions, since for 
these systems the low-temperature data are sufficient to 
obtain information on the splitting in the ground spin levels 
caused by the exchange interaction. However, for intermediate 
and strong exchange interactions such information is too 
limited and the effects of the upper levels need to be 
considered and the only available approach is the so-called 
Lines' theory of cobalt(I1) cluster complexes. This theory 
assumes that the cobalt cluster contains equivalent and 
undistorted octahedral cobalt sites which are coupled by 
isotropic exchange. In this theory the exchange interactions in 
the excited single-ion levels are included as a molecular field, 
and therefore, it is expected to be appropriate over the entire 
temperature range. 

We attempted to fit the magnetic susceptibility data through 
the Lines approach for complex 7. The corresponding 
equations are given in ref. 20 and the calculated curves are 
compared with the experimental data in Fig. 2. We observe that 
this approach reproduces in a satisfactory manner the 
experimental data from the following set of parameters: J = 
-4.3 cm ', h = - 145 cm ', k = 0 . 6 7 , ~  = 0.08, where J i s  the 
exchange interaction, h the spin-orbit coupling (A, z - 180 
cm in the free Co2 + ion), k the orbital reduction factor, and p 
the amount of S = paramagnetic impurity. I t  is interesting to 
comment on the values of the resulting parameters, since they 
are expected to be strongly correlated. Thus, while the ratio 
h :  h, = 0.8 : 1 is in the expected range, the covalency effects 
reflected in the orbital reduction factor k seem to be 
overestimated. This may be related to the limitations of the 
Lines approach which assumes undistorted octahedral sites. In 
fact, for isolated cobalt(I1) complexes it has been shown that a 
distortion parameter exerts a similar influence on the effective 
magnetic moment perf (proportional to the square root of x T )  
to that of a decrease of k ,  so leading to a reduction in perf at high 
temperatures. With respect to the validity of J ,  it is to be noticed 
that this parameter is strongly correlated with h. Both 
parameters exert similar effects in the low-temperature region, 

Me. Me 

17 

so that the resulting antiferromagnetic Jvalue can only be taken 
as approximate. 

Spectroscopic and Magnetic Churaclerization of the Copper 
Compounds 12 ond 13.-Compounds 12 and 13 were also 
identified by FAR-MS. In both cases an intensive isotopic 
cluster at m/z 670, 672 was observed. These peaks can be 
assigned to an ion, obtained by removal of the two counter ions, 
in which only two iminic moieties are present. This result 
suggests a partial condensation of the p-nitroaniline with datz, 
giving rise to the structures proposed in Scheme 2. 

The magnetic behaviour of these compounds show a 
continuous decrease of X T  upon cooling and a tendency to a 
plateau below 10 K. This result may indicate that besides the 
dinuclear Cu Cu unit indicated in Scheme 2, the compounds 
contain mononuclear copper species. A tentative fit of the 
experimental data to a mixture of mono- plus di-nuclear copper 
species indicates that the samples contain similar amounts of 
both components. The exchange coupling in the dinuclear 
species is around - 10 cm '. The mononuclear species could not 
be isolated and its nature has not been established but could 
correspond to complex 17, taking into account the lower 
complexing ability of the carbonyl subunits in comparison with 
that of the imine functions. 

Experimental 
Instrumentation.-Melting-point determinations were per- 

formed on a Buchi melting-point apparatus. Infrared spectra 
were recorded on a PU 9716 Philips spectrometer in KBr 
pellets. UVjVIS spectrophotometric measurements were 
performed with a Perkin-Elmer Model Lambda 6 instrument. 
Elemental analyses were carried out in the Servicio Interdepart- 
amental de Investigacion (SIDI), Universidad Autonoma de 
Madrid. The LSIMS spectra were measured with a HSQ30- 
BEQQ system and a MAT900 instrument (Finnigan MAT, 
Rremen), both equipped with a caesium gun from AMD 
Intectra GmbH, Harpstedt and from Finnigan, respectively. To  
analyse the isotopic clusters, 20-50 spectra of a limited mass 
range were sampled, averaged and then corrected. The samples 
were dissolved in dmso and mixed on the probe with glycerol 
(1 : 1 viv); the concentration was in the range of 15-100 nmol for 
each measurement. 

Variable-temperature magnetic susceptibility measurements 
were carried out in the range 4.2-300 K with a fully automated 
AZTEC DSM8 pendulum-type susceptometer equipped with a 
TBT continuous-flow crysostat. The EPR spectra at 4 K were 
recorded with a Bruker ER 200D spectrometer equipped with a 
continuous-flow cryostat. 

General Procedure jbr  the Preparation of Metal Complexes 1- 
13.-A mixture of datz ( 1  mmol), p-methoxy-, p-ethoxy- or p -  
nitro-aniline (2 mmol), the corresponding metal salt ( 1  mmol) 
and lithium hydroxide ( 1  mmol) in ethanol (10 cm3) was heated 
at reflux with stirring for 3 h. After cooling to room temperature, 
the precipitate was filtered off and dried in uacuo. For soluble 
complexes the volume of the filtered solution was reduced by 
evaporation. The compounds were purified as indicated below. 

Complex 1. Recrystallized from ethanol-diethyl ether, green 
crystals, yield 24%, m.p. > 300 "C (Found: C, 49.05; H, 4.70; C1, 
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7.00; N ,  14.15; Ni, 12.25. Calc. for C40H40C12NloNi,04~3H20: 
C, 49.65; H. 4.80; C1, 7.35; N, 14.50; Ni, 12.15%). UV,IVIS: 
hmax/nm (log E )  [dimethylformamide (drnf)] 278 (4.46), 
315 (sh) and 350 (sh). IR (KBr): v,,,/cm-' 1605 [C=N- 
(imine)]. FAB-MS (glycerol4mso): m/z 875, 877, 879 

Complc>.\ 2 .  Recrystallized from ethanol-diethyl ether, green 
crystals. yield 44%. m.p. > 300 "C (Found: C, 5 1.35; H, 5.05; CI, 
6.80; N, 13.40; Ni, I I .70. Calc. for C44H48C~,NloNi204~3H20: 
C. 51.65: H, 5.30; CI, 6.95; N, 13.70; Ni, 11.45%). UV/VIS: 
h,,,,,/nm (log E) (dmf) 278 (4.5) and 338 (sh). IR (KBr): 
vmdx/cm ' I 605 [C=N(imine)]. FAB-MS (glycerol-dmso): m/z 
93 1,933.935 [C4,H4,CIN 10Ni204] + . 

Conip/c.\ 3 .  Triturated with methanol, brown-green 
powder, yicld 46%. m.p. > 300 "C (Found: C, 46.1 5;  H, 4.00; 
Br, 15.70; N,  14.30; Ni, 11.10. Calc. for C40H40Br,NloNi,04~ 
2H,O: C, 36.30; H, 4.25; Br, 15.40; N, 13.50; Ni, 11.30%). 
UV/VIS: 7Lln,lx,nm (log E )  (dmf) 268 (4.47) and 312 (sh). 
IR (KBr): vnl6,,krn ' 1605 [C=N(imine)]. FAB-MS (glycerol- 
dmso): ~ F I  : 919,921,923 [C40H40BrNloNi,04]+. 

Complc.\ 4. Recrystallized from ethanol-diethyl ether, yellow- 
green powder, yield 47%, m.p. >3OO"C (Found: C, 45.05; 
H, 4.95; N ,  13.80; Ni, 10.90. Calc. for C40H40B2F8N10Ni204~ 
3H20: C, 14.90; H, 4.35; N, 13.10; Ni, 11.00%). UV/VIS: 
h,,,,,,nm (log f : )  (dmf) 275 (4.61) and 316 (sh). IR (KBr): 
v,,,,/cm ' 16 10 [C=N(imine)]. FAB-MS (glycerol-dmso): m/z 
840,842 [C,,H,oN loNi204]+. 

COtFlpk Y 5 Triturated with ethanol, yellow-green powder, 
yield 32x,, 1n.p. > 300 "C (Found: C, 48.55; H, 4.40; N, 16.10; 
Ni, 1 I .40. C'alc. for C40H40N,2Ni,0,0~2H20: C, 47.95; 
H, 4.40; N .  16.75; Ni, 11.70%). UV/VIS: h,,,/nm (log E )  
(dmf) 268 (4.57) and 316 (sh). IR (KBr): vrnax/cm-' 1605 
[C=N( iminc)]. FAB-MS (glycerol-dmso): m/z 840. 842 

Comp/c..\ 6 .  Triturated with methanol, green powder, yield 
59%, m.p. > 300 "C (Found: C, 43.25; H, 4.95; CI, 6.65: N, 
12.90; Ni, 10.65. Calc. for C40H40C12NloNi,012~3H20: C, 
43.85; H, 4.25; CI, 7.35; N, 12.80; Ni, 10.70%). UV/VIS: 
h,,,,,/nm (log E) (dmf) 276 (4.66). IR (KBr): vmax/cm-' 
1610 [C=N(imine)]. FAB-MS (noba-dmso): m/z  939, 941. 943 

Cotnplc~.~ 7. Triturated with toluene, brown powder, yield 
162, m.p. > 300 "C (Found: C ,  48.70; H, 3.90; CI, 8.30; Co, 
I 1.70; N,  13.50. Calc. for C40H40C12Co,N,o04~3H20: C, 
49.65; H, 4.80; CI, 6.45; Co, 12.20; N, 14.45%). UV/\W: 
hlllJX/nm (log E )  (dmf) 268 (4.59) and 342 (sh). IR (KBr): 
v,,,,,/cm ' I6 I0 [C=N(imine)]. FAB-MS (glycerol-dmso): m/z 
877,879 [C',,,H,oN loCICo204] +. 

Cottipkc.\- 8. Recrystallized from ethanol-diethyl ether, brown 
powder, yield 38%, m.p. > 300 "C (Found: C, 45.65; H, 4.60; 
Br, 15.05; Co, 10.70; N, 12.95. Calc. for C40H40Br2C02N1004~ 
3H20: C, 45.45; H, 4.40; Br, 15.15; Co, 11.15; N, 13.25%). 
UV/VIS: h,,,,, nm (log E )  (dmf) 272 (4.49) and 334 (sh). 
I R ( K  Br): L',,,,, /cn7 ' 161 0 [C=N(imine)]. FAB-MS (glycerol- 
dmso): mlr 921,923 [C40H40BrCo2Nlo04]+. 

Complex 9. Recrystallized from ethanol-diethyl ether, 
orange powder, yield 16%. m.p. > 300 "C (Found: C, 42.80; H, 
3.95; Co. 10.35; N, 13.45. Calc. for C40H40B,Co2F8N,o04~ 
5H20: C, 43.45; H, 4.55; Co, 10.65; N, 12.55%). UV/VIS: 
;L,,,.,,/nm (log I:) (dmf) 272 (4.53) and 325 (sh). IR (KHr): 
v,,,/cm ' 16 10 [C=N(imine)]. FAB-MS (glycerol-dmso): rn/z 
877 [C,oH,,,BCo2F,N 

Comple.u 10. Triturated with ethanol, orange powder, yield 
70'%,, m.p. > 300 OC (Found: C, 46.55; H, 3.85; Co, 11.00; N, 
16.55. Calc. for C40H40C~2N,201~*3H20:  C, 47.05; H, 4.55; 
Co. I 1  S 5 ;  N, 16.45%). UV/VIS: h,,,/nm (log E )  (dmf) 275 
(4.60) and 328 (sh). IR (KBr): v,,,/cm-' 1610 [C=N- 
(imine)]. FA B-MS (glycerol-dmso): m,'z 842 [C40H40C02- 
N 10041 ' . 

('ump/c..u I I .  Recrystallized from acetonitrile-water, orange 
powder, yield 24:& m.p. > 300 "C (Found: C, 43.65; H, 4.60; CI, 

[ C ~ O H ~ O C I N  1 0Ni204]+. - 

[C40H40N 10Ni,04]+* 

CC4OH4,CIN I ,,Ni,O*I+ * 

5.50; Co, 10.40; N, 12.50. Calc. for C40H40CI,Co2Nlo0,2- 

UV/VIS: h,,,/nm (log E) (dmf) 277 (4.62) and 336 (sh). 
IR (KBr): v,,,/cm-' 1610 [C=N(imine)]. FAB-MS (glycerol- 
drnf): m/z 941 , 943 [C40H40C1C02Nlo0,] +. 

Complex 12. Triturated with ethanol, green powder, yield 
27%, m.p. >300°C (Found: C, 36.55; H, 3.30; CI, 9.05; Cu, 

36.20; H, 3.30; CI, 8.90; Cu, 15.95; N, 17.60%). UV/VIS: 
h,,,/nm (log E )  (dmf) 266 (4.48), 304 (4.47), 346 (sh) and 
382 (sh). IR (KBr): v,,,.cm-' 1680 (C=O), 1620 [C=N(imine)] 
and 1355 (NO,). FAB-MS (glycerol-dmso): miz 670, 672 
[ C ~ ~ H ~ O C ~ ~ ~ I O O ~ I  + - 

Complex 13. Triturated with ethanol, green powder, yield 
26%, m.p. > 300 "C (Found: C, 31.25; H, 2.60; Cu, 14.75; N, 

2.90; Cu, 14.15; N, 15.60%). UV/VIS: hrnaxjnm (log E )  (dmf) 
275 (4.48) and 382 (4.10). IR (KBr): v,,,/cm ' 1680 
(W), 1620 [C=N(imine)] and 1355 (NO2). FAB-MS 
(glycerol-dmso): m/z 670,672 [C,4H20Cu,Nlo0,] + . 

Ligand L'. 3,5-Diacetyl-l,2,4-triazole (0.3 g, 1.96 mmol) and 
p-methoxyaniline (0.73 g, 5.88 mmol) were dissolved in dry 
dichloromethane (8 cm3), and then 4 8, molecular sieves ( 1  g) 
were added. The mixture was stirred at room temperature for 24 
h. After centrifugation the solvent was removed under reduced 
pressure and the oily residue was induced to solidify with dry 
diethyl ether to afford 0.29 g of a yellow solid which was 
identified by 'H NMR spectroscopy as a mixture of several 
products, the major product being the [2 + 13 Schiff base L'. 
Compound L' could not be purified by column chromatogra- 
phy. Estimated yield: (by 'H NMR) 55%. IR (KBr): v,,,,/cm- ' 
1600 [C=N(imine)]. FAB-MS (noba-dmso 1: m / z  364 
[ClBHl3N,O2]+. NMR [(CD,),SO]: 'H (200 MHz), 6 6.90 
(AA 'BB', aromatic), 3.75 (s, OCH,) and 2.29 (s, CH,); I3C (50 
MHz),6 156.3(CN), 142.5,121.4,I14.4(aromatic). 55.4(OCH3) 
and 17.4 (CH,). 

3H2O: C, 43.85; H, 4.25; CI, 6.45; CO, 10.75; N, 12.80%). 

16.25; N, 17.25. Cak. for C24H,oCI,Cu2N,00,*3H,0: c, 

16.05. Calc. for C2,H20B2Cu2F8Nlo06*3H20: c, 32.05; H, 

Acknowledgements 
This work was supported by the Comision Interministerial de 
Ciencia y Tecnologia (CTCYT) (Grant No. MAT-93-0075) and 
by the Direccion General de Investigacion Cientifica y Tecnica 
(DGICYT) (Grant PB91-0652). We thank the DGICYT 
(Spain) . and the Bundesministerium fur Forschung und 
Technologie (Germany) for the award of Acciones Integradas 
(92-57A). 

References 
I S. K. Mandal, L. K. Thompson, M. J. Newlands and E. J. Gabe, 

Inorg. Chem., 1989,28,3707; H. Okawa, M. Tadokoro. Y. Aratake, 
M. Ohba, K. Shindo, M. Mitsumi, M. Koikawa, M. Tomodo and 
D. E. Fenton, J. Chern. Soc., Dalton Trans., 1993, 253 and refs. 
therein. 

2 Magneto-Structural Correlations in Exchange Coupled Systems, eds. 
R. D. Willett, D. Gatteschi and 0. Kahn, NATO AS1 Series 
No. 140, D. Reidel, Dordrecht, 1984; P. J. van Koningsbruggen, 
J. W. van Hal, E. Miiller, R. A. G. de Graaff, J. G. Haasnoot 
and J. Reedijk, J ,  Chem. Soc., Dalton Trans., 1993, 1371. 

3 D. E. Fenton, Advances of Inorganic and Bioinorganic Mechanisms, 
ed. A. G .  Sykes, Academic Press, London, 1983, vol. 2, p. 187; 
L. Casella, M. Gulloti, M. Bartosek, G. Pallanza and E. Laurenti, 
J. Clrem. Soc., Chem. Cornmun., 1991, 1235. 

4 F. C. J. M. van Veggel, M. Bos, S. Harkema, W. Verboom and 
D. N. Reinhoudt, Angew. Chem., Int. Ed. Engl., 1989, 28, 746; 
M. J. Grannas, B. F. Hoskins and R. J. Robson, J. Chem. SOC., 
Chem. Cotnrnun., 1990, 1644; V. McKee and S. S. Tandon, J .  Chem. 
Soc., Dalron Trans., 1991, 221; M. Andruh, 0. Kahn, J. Sainton, 
Y. Dromzee and S. Jeannin, Inorg. Chem., 1993,32,1623; K. Brychcy, 
K. Drlger, K.-J. Jens, M. Tilset and V. Behrens, Chcw. Ber., 1994, 
127,465. 

5 N. A. Bailey, D. E. Fenton and D. J. Winter, J. Cheni. Soc.. Dalton 
Trans., 1990, 15; P. Guerriero, P. A. Vigato, J.-C. G. Bunzli and 

http://dx.doi.org/10.1039/DT9950002305


23 10 J .  CHEM. SOC. DALTON TRANS. 1995 

E. Moret, J .  Chem. Soc., Dalton Trans., 1990, 647; R.  Menif, A. E. 
Martell, P. J. Squattrito and A. Clearfield, Inorg. Chem., 1990, 29, 
4723; H. Adams, G. Candeland, J. D. Crane, D. E. Fenton and 
A. J. Smith, J.  Chem. Soc., Chem. Commun., 1990,93; A. J. Edwards, 
B. F. Hoskins, E. H. Kachab, A. Markiewicz, K. S. Murray and 
R. Robson, Inorg. Chem., 1992,31,3585; U. Casellato, P. Guerriero, 
S. Tamburini, P. A. Vigato and C. Benelli, Znorg. Chim. Acla, 1993, 
207, 39. 

6 R. Prins, J. M. W. L. Birker, J. G. Haasnoot, G. C. Verschoor and 
J. Reedijk, Znorg. Chem., 1985,24,4128 and refs. therein; F. S. Keij, 
R. A. G .  de Graaff, J. G. Haasnoot and J. Reedijk, J.  Chem. 
Soc., Dalton Trans., 1984, 2093; W. M. E. Koomen-van Oudenniel, 
R .  A. G.  de Graaff, J. G. Haasnoot, R. Prins and J. Reedijk, Inorg. 
Chem., 1989, 28, 1128. 

7 H. A. Nieuwenhuis, J. G. Haasnoot, R. Hage, J. Reedijk, T. L. 
Snoeck, D. J. Stufkens and J. G. Vos, Znorg. Chem., 1991, 30, 48; 
R. Hage, J. G. Haasnoot, J. Reedijk, R. Wang and J. G. Vos, Inorg. 
Chem., 1991, 30, 3263 and refs. therein; J. H. van Diemen, 
R.  Hage, J. G. Haasnoot, H. E. B. Lempers, J. Reedijk, J. G. Vos, 
L. De Cola, F.  Barigelletti and V. Balzani, Znorg. Chem., 1992, 31, 
3518. 

8 A. Bencini, D. Gatteschi, C. Zanchini, J. G. Haasnoot, R. Prins and 
J. Reedijk, Inorg. Chem., 1985, 24, 2812; A. Bencini, D. Gatteschi, 
C. Zanchini, J. G. Haasnoot, R .  Prins and J. Reedijk, J.  Am. Chem. 
Soc., 1987, 109, 2926; F. Barigelletti, F. De Cola, V. Balzani, 
R. Hage, J. G. Haasnoot, J. Reedijk and J. G. Vos, Inorg. Chem., 
1991,30, 641. 

9 W. Vreugdenhil, J. G. Haasnoot and J. Reedijk, Znorg. Chim. 
Acta, 1987, 129, 205; P. J. van Koningsbruggen, J. W. van Hal, 
R. A. B. de Graaff, J .  G .  Haasnoot and J. Reedijk, J.  Chen?. Soc., 
Dalton Trans., 1993,2163. 

10 J. A. Duro, J. M.  Ontoria, A. Sastre, W. Schafer and T. Torres, 
J.  Chem. Soc., Dalton Trans., 1993, 2595. 

1 1  For related work, see also F. Fernhndez-Lazaro, J. de Mendoza, 
0. MO, S. Rodriguez-Morgade, T. Torres, M. Yanez and J. Elguero, 
J .  Chem. Soc., Perkin Trans. 2, 1989, 797; F.  Fernandez-Lazaro, 
S. Rodriguez-Morgade and T.  Torres, Synrh. Met., 1994, 62, 281; 
F. Fernandez-Lhzaro, A. Sastre and T. Torres, J.  Chem. Soc., Chem. 
Commun., 1994, 1525; 1995; 41 9; F. Fernhndez-Lhzaro, W. Schafer 
and T. Torres, Liebigs Ann. Chem., 1995,495. 

12 J. de Mendoza, J. M. Ontoria, M. C. Ortega and T. Torres, 
Synthesis, 1992, 398. 

13 J. M. Miller, Mass Spectrorn. Rev., 1989, 9, 319: J. Charalambous 
and K. W. P. White, Mass Spectrometry, Royal Society of 
Chemistry, Cambridge, 1989, vol. 10, p. 387; M. I .  Bruce and 
M. J. Liddell, Appl Organornet Chem.. 1987, 1, 191; H. Adams, 
N. A. Bailey, W. D. Carlisle, D.  E. Fenton and G. Rossi, J.  Chem. 
Soc., Dalton Trans., 1992, 1271; J. M. Miller, A h .  Inorg. Chem. 
Radiochem., 1984, 28, I ;  C. Fenselau and R. J. Cotter, Chem. Rev., 
I987,87, 50 1. 

14 C. L. MacLaurin, J. M. Miller and M. F. Richarson, Cun. J.  Chem., 
1989, 67, 797; M. V. Martinez-Diaz, W Schafer and T. Torres, 
Inorg. Chim. Acta, 1994,219,85. 

15 P. Didier, L. Jacquet, A. Kirsch-De Mesmaeker. R. Hueber and 
A. van Dorsselaer, lnorg. Chern., 1992,31,4803. 

16 A. P. Ginsberg, R. L. Martin, R. W. Brookes and R.  C. Sherwood, 
Inorg. Chem , 1972, 11, 2884. 

17 A. P. Ginsberg, Inorg. Chim. Acm Rev., 1971, 5,45. 
18 A. Bencini and D.  Gatteschi, Trunsition Met. Chem., 1982, 8, 1. 
19 M. E. Lines, J.  Chem. Phj-s., 1971,55, 2977. 
20 G. De Munno, M. Julve, F. Lloret, J. Faus and A. Caneschi, 

J .  Chem. Soc., Dalton Trans.. 1994, 1175. 

Received 29th December 1994; Paper 4/07877B 

http://dx.doi.org/10.1039/DT9950002305

