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Synthesis of Mixed Sphere P_Diketonate Nickel(I1) Complexes 
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Abstract 

Complexes of the type [Ni@-diketonate)(L- 
L)r,Z] (L-L= diphosphine, (2) en or dipy, (3)) 
have been synthesized from [Ni(/3-diketonate)2] 
(1) and the free ligand under stoichiometric condi- 
tions in ethanol. Complexes 2 are square-planar 
species, while compounds 3 are hexacoordinate 
complexes, all being quite stable toward ligand dis- 
proportionation. The ligand-set (P,O,-} appears to 
be particularly stable in the nickel(R) coordination 
sphere and turns out to exert a fairly strong average 
ligand field. 

Introduction 

Homoleptic /3-carbonylenolate metal complexes 
have been known and thoroughly investigated for a 
long time, starting from 1887 [l]. In contrast with 
extensive studies on their physicochemical and 
structural properties as well as on their analytical 
applications, comparatively little attention was 
focused on the chemistry of the metal-fl-carbonyl- 
enolate ring, which can be considered a strong 
metallo-organic nucleophile, potentially useful for 
organic syntheses. 

Thus, apart from the extensive work carried out 
in the sixties [l] (mainly by Collman and coworkers 
and by Singh and Sahai) primarily on substitution 
reactions of the methino hydrogen atom by electro- 
philes, further exploitation of the organic chemistry 
of the ring appears to have been pursued only rather 
recently in these [2] and other [3] laboratories. 

With the aim to ‘tune’ the reactivity of the fl- 
carbonylenolate nucleophile by proper changes in 
the remainder of the coordination sphere of the 
metal, we started to systematically explore [4] the 
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possibility of preparing novel heteroleptic* P-carbo- 
nylenolate complexes related to the catalytically 
active homoleptic ones [2,3]. 

Results 

We focused our attention on nickel(R), i.e. a 
borderline metal centre and we utilized some phos- 
phorus and nitrogen donors as heteroligands. 

The starting compounds were typical ‘octahedral’ 
(uide irzfru) trimeric his@-diketonate) nickel(I1) 
complexes such as [Ni(acac)z], [Ni(ba),] (ba = 
benzoylacetonate) and [Ni(dbm)2] (dbm = diben- 
zoylmethanate). The general synthetic approach is 
depicted as follows 

+ NaBPh4, - Na(O-0) 

[Ni(O-O)l] + nL-L > 
Et OH 

]Ni(O-O)(L-L),]BPh4 

O-O = fi-diketonate; L-L = diphosphine (n = 1, com- 
pounds 2) or en, dipy (n = 2, compounds 3). 

Compounds 2 and 3 are obtained in fair to good 
yields (Table I). They are appreciably soluble in 
polar solvents and behave as uniunivalent weak 
electrolytes in acetone ((A& = loo-120 X1 
cm* eq-‘). 

O,O’-bonded heteroleptic complexes are relatively 
less common than their homoleptic or ‘pseudohetero- 
leptic’t analogs and the most investigated metal 
centers are, in this respect, Corrr [5], Nirr [6], Cur1 
[7], Pdrl [8], Ptrr [9]. To our knowledge, only 
two examples of O,O’-bonded heteroleptic phosphine 
complexes were known as isolated species [lo] 
at the beginning of this research, i.e. [Pt(acac)- 

W’h&l+ and [Pd(tfacac)(PCys)2]+ (tfacac = tri- 
fluoroacetylacetonate) which had been prepared by 
reaction of free phosphine to [Pt(tfacac)(acac)] 
and to [Pd(tfacac)*] respectively in aprotic solvents. 
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TABLE I. Novel [Ni(p-diketonate)(L-L)r,z](BPh4) Complexes 

Complexa Analytical datab (%) Melting point Color Yield (%) 

ec, 
C H N 

2a [ Ni(acac)(dppe)]+ 

2b lNi(acae)(dppp)l+ 

2c lWacW(dppb)l+ 

2d lNi(ba)(d~e)l+ 

2e lNi(dbm)(dppe)l+ 

2f lNi(dbm)(dppP)l+ 

2g lNi(dbmI(dppb)l+ 

3a [Ni(acac)(en)a]+ 

3b [Ni(acac)(dipy)a]+ 

15.47 
(75.37) 

75.88 

(75.62) 

76.47 

(75.77) 

76.75 

(76.87) 

77.16 

(78.10) 

78.40 

(78.21) 

77.50 

(78.3 1) 

66.49 

(66.36) 

74.51 
(74.55) 

5.83 

(5.84) 

6.02 

(6.01) 

6.17 

(6.14) 

5.72 

(5.70) 

5.51 

(5.55) 

5.69 

(5.67) 

5.79 

(5.79) 
7.54 

(7.26) 

5.88 

(5.49) 

185 

147 

251 

182 

273 

179 

224 

9.28 236 

(9.38) 

6.70 221 

(7.10) 

yellow 

yellow 

orange-yellow 

yellow 

yellow 

yellow 

yellow 

mauve 

cream 

71C(53)d 

79(28) 

74(3 7) 

66(42) 

89(23) 

82(42) 

77(40) 

66(42) 

85(61) 

aDppe = 1,2bis(diphenylphosphino)ethane, dppp = 1,3-bis(diphenylphosphino)propane, dppb = 1,4-bis(diphenylphosphino)- 

butane. bFigures in parentheses are calculated values. ‘Crude. dRecrystalhzed. 

TABLE II. Selected Spectroscopic Data for the [ Ni(p-diketonate)(L-L) I,*]+ Complexes 

Complex V(C” 0) and v(C-C) 

(cm-l)a 

[ Ni”] Amax (eb) 
(M x 10+3) (nm) (M-’ cm-‘) in CHaCl2 

2a 1560,1525 0.5-5.0 425(1740) 

2b 1580,1560,1530 0.5 435(705) 

2c 1580,1560,1530 1.0 450(670) 

2d 1590,155o 0.1 430(1280) 

2e 1590 1.0 . ‘430(sh) (- 1500) 

2f 1590 0.1 435(1140) 

2g 1595 0.2 undetectedC 

3a 1590 17 565(9); 775(4.5) 

3b 1600 5 550(15.5); 780(6.2) 

aAll bands are strong in intensity. bApparent values at the indicated concentration. ‘Merged with the strong 360 nm charge 

transfer band. 

On the basis of these considerations, the com- 
plexes listed in Table I represent the first well docu- 
mented list of this type of tetracoordinate com- 
pounds. 

The nature of 0,O’ bonded f3-diketonate com- 
plexes is documented by their IR spectra and by the 
X-ray molecular structure of 2a very briefly reported 
by us [7]. 

Infrared Spectra 
0,O’ P-Diketonate ligands display typical strong 

bands in the range 1650-1500 cm-’ due to the 
stretching of the C-0 and CzYC ring groups. 

Any other coordination mode [ 1, 1 l] can be 
easily detected in this way and it has been ruled out 

without ambiguity for all the compounds reported 
here. The wavenumbers of the relevant bands (some- 
time appearing as composite absorptions) are col- 
lected in Table II, together with the spectral data in 
the visible range. The IR spectra of all compounds 
exhibit also the typical absorptions of the hetero- 
ligands. 

In agreement with the structural suggestions 
stemming from the IR data, the X-ray molecular 
structure of 2a exhibits the expected O,O’-bonded 
[M@-diketonate)] ring (Fig. 1) as well as the metal- 
coordinated bidentate heteroligand. 

The molecule is essentially planar and is slightly 
distorted towards the tetrahedral configuration. 
The Ni-P bond length is much shorter than that 
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Fig. 1. Sketch of the molecular structure of 2a (data from 
ref. 4, lengths in A). 

observed in truns-[NiX,(PPhs),] molecules (d = 
2.22.5(l) and 2.242(3) A for X = CN [12] and Cl 
[ 131, respectively) in agreement with an expected 
stronger NirI-P bond, as a consequence of the lack of 
competition of the rruns ligands. The Ni-0 bond is 
slightly longer than that observed in square planar 
[Ni04] complexes (e.g., d = 1.836(S) in bis(dipi- 
valoylmethanato)nickel(II)) as a consequence of a 
strong tram effect of the PPhzR ligand moiety. 
Finally, the mean 1.282(10) A figure for the C-0 
bonds is slightly lower than that observed in the 
above mentioned complex [ 141 (d = 1.3 14(10) 
average). 

Visible Spectra 
All compounds 2 exhibit one broad band (some- 

time appearing as a tail of the UV absorption) in their 
Vis spectra, with E values ranging from 600 to 
1700 M-’ cm-‘. The relevant h,,, figures fall in a 
fairly re,lricted spectral range, i.e. 425-450 nm. 
The spectra of 2a obey Lambert-Beer’s law in the 
range 5 X 10-3-0.5 M. 

Square planar nickel(H) complexes with ligand 
sets {OQ2-} such as for example bis(dipivaloyl- 
methanate)nickel(II) display their ligand field band 
in the range 535-560 nm [15] and E values ranging 
from 50 to 200 M-’ cm-‘. Moreover, [Ni(dppe)2]2+ 
exhibits the relevant band at 400 nm, in agreement 
with the higher ligand field strength of the {P4} 
ligand set. 

On the basis of these observations, the ligand 
field band of the [NiP202]+ complexes reported here 
falls in a rather unexpected range, as X,,, values 
around 450-500 nm would appear more reasonable 
on the basis of qualitative elementary ligand field 
considerations. 

Also the E figures for complexes 2 appear unusual 
for planar d8 complexes, but they are less surprising 
on considering the lower symmetry of complexes 2. 

Both h,,, and E values for complexes 3a and 3b 
appear, on the other hand, rather normal and they 
do not seem to deserve any particular comment, 
in this context. 

Thermal Solid State Behaviour o,f Complexes 2a, 3a, 
3b 

It seems interesting to investigate the thermal 
behaviour of compounds 2 and 3 in the solid state 
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Fig. 2. DSC profile for complex 3a (10 “C/min). 

Fig. 3. DSC profile for complex 3b (10 “C/min). 

for detecting any tendency to either allogonic transi- 
tions of compounds 2 [12] or to loss of ligands 
from complexes 3. Data for 3a and 3b are collected 
in Figs. 2 and 3 and refer to experiments performed 
in a nitrogen atmosphere. 

It is found that 2a can be heated up to 180 “C 
without any change both in chemical composition 
and in physical state. 

When heated up to 200 ‘C, 3a displays an exo- 
thermic event (-5 kcal/mole) followed (and perhaps 
partially overlapped with) by the melting of the 
material (+7 kcal/mole). Experiments carried out 
at a 50 mg scale out of the instrument at 210 “C 
showed that the exothermic event is accompanied 
by a color change from mauve to dark brown (3at). 
The elemental analysis of 3a, yielded results in fair 
agreement with those of 3a. The spectrum of 3a, 
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recorded in acetone in the range 350-600 nm ap- 
pears as a long tail of a strong UV band, but the fea- 
tures of the chromophore present in 3a are still 
detectable. These results suggest that the exothermic 
event embodies, in fact, a polymorphic transition 
and a chemical reaction which does not totally 
destroy the ‘Ni02N4’ chromophore. 

Figure 3 depicts the DSC behaviour of 3b. It is 
seen that an endothermic process occurs in the 
150-180 “C range (+7 kcal/mole) followed by an 
exothermic one between 180 and 190 “C (-5 kcal/ 
mole). The so obtained system undergoes a further 
endothermic event in the range 210-225 “C. A 50 
mg scale experiment performed out of the calori- 
meter reveals that the thermal events occurring 
between 150 and 190 “C correspond to the melting 
of cream colored 3b followed by the immediate 
crystallization of the molten phase to give a dark 
brown microcrystalline solid (3b,), which analyses 
as 3b and melts at 222 “C. The visible spectrum of 
3bt recorded in acetone is very similar to that of 
3b in the range 600-900 nm (both in terms of 
spectral shape and band intensity) while in the range 
400-600 nm, the 550 band present in pure 3b 
appears relatively less intense (ca. 40%). The higher 
absorbance observed around 550 nm is evidently 
due to a partial chemical change of 3b into an un- 
identified species. This seemingly minor chemical 
event accompanies the dimorphic transition which 
occurs after the melting of the room temperature 
stable 3b phase. 

Conclusions 

The mixed soft-hard {P,OZ-} coordination 
sphere in heteroleptic complexes [Ni@-diketonate)- 
(diphosphine)]+ seems to be well suited for coordi- 
nating a borderline metal center like Nirr. The 
stability of complexes 2 in solution towards, for 
example, ligand disproportionation appears remark- 
able, in this respect, and preliminary experiments 
[17] carried out by reacting [Ni(acac),] with [Ni- 

(dppe)zl ‘+ in CzH4C12 show that, in fact, ligand 
comproportionation to give 2a rapidly occurs. 

The existence of complexes 2 in solution as 
planar species appears to be also remarkable. One 
would have expected, in fact, that, the substitution 
of one acac- ligand in [Ni(acac)2] by one dppe ligand 
would not have caused total destabilization of the 
exceedingly stable trimeric structure of [Ni(acac)*] 3, 
but this has to be the consequence of the overall 
increase in the covalent character of the Ni-ligand 
bonds. 

Further work relative to the solution chemistry 
of Ni” acetylacetonate complexes in the presence 
of dppe is in progress in our laboratories. 
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Experimental 

Instruments 
Melting points were taken with a Kofler apparatus 

(Reichest Thermavar) and are uncorrected. Infrared 
spectra were determined by a Perkin-Elmer model 
580 spectrophotometer and visible spectra by a 
Perkin-Elmer Lambda 5 apparatus. DSC measure- 
ments were carried out by a Mettler TA3000 calori- 
meter and TG analysis by a Perkin-Elmer TGS-2 
thermobalance. Conductivity measurements were 
performed by a CDM Radiometer instrument. 

Materials and Procedures 
Nickel fi-diketonate complexes were either com- 

mercial chemicals ([Ni(acac)*] from Merck 
Schuchardt) or they were prepared by literature 
methods [16]. Dppe and NaBPh4 were Fluka and 
Janssen reagents, respectively and were used as 
received. Dppp and dppb were prepared by liter- 
ature methods [17]. The synthetic work was carried 
out under argon. 

Typical Procedure for the Synthesis of Complexes 
2and3 

Hot ethanol solutions of the requested starting 
complex 1 (1 mmol in 20 ml) and of the proper 
ligand (1 or 2 mmol in 30 ml) were mixed and 
kept under vigorous stirring. NaBPh4 (1 mmol) 
dissolved in ethanol (3-4 ml) was added and com- 
pounds 2 and 3 were obtained as microcrystalline 
precipitates either from hot ethanol or at room 
temperature. They were filtered off and washed with 
ether (3 X 20 ml). Crude complexes 2 and 3 were 
often found analytically pure, but recrystallization 
is recommended (from acetone upon addition of 
ethanol). Data referring to the electrical conductivity 
of acetone solutions of 2 and 3 are as follows (A, and 
Ni” concentration X1O+3 in parentheses): 2a (104, 
5.75); 2b (93, 5.87); 2c (91, 5.86); 3a (106, 7.06); 
3b (105,6.33). 
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