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Abstract 

The reaction of tetraphenyldiphosphine with NiCI2 and Pd(PhCN) 2C12 was investigated. Aquo or alcohol complexes of nickel(II) chloride 
afforded Ni(PPh2H)+ whereas anhydrous NiCI2 in aromatic solvents facilitated the decomposition of the diphosphine into triphenylphosphine 
and diphenylphosphine. Pd(PhCN)2C12 gave rise to Pd(Ph2P-PPh2)CI2. 
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Following our studies on nickel-diphosphine complexes 
[ 1 ], we decided to investigate the behavior of nickel(H) and 
palladium (II) towards tetrasubstituted diphosphines. 

In this note we describe the results obtained by reaction of 
nicket(II) and palladium(H) with tetraphenyldiphosphine 
(1) that led to a new synthesis of Ni(PPh2H)4 (2) and 
Pd(Ph2P-PPh2)Cl2 (3). 

The reaction between Ph2P-PPh2 and anhydrous NiC12 in 
toluene was carried out by Issleib and Schwager [2] and the 
formation of a dark solution was reported. No stable com- 
pound was isolated, thus suggesting the instability of the 
expected Ni(PPh2*PPh2)CI2 complex. We have carried out 
the same reaction in benzene and found that tetraphenyldi- 
phosphine was slowly converted into triphenylphosphine and 
diphenylphosphine. 

The simplest explanation of this finding might be the 
nickel-promoted reaction of tetraphenyldiphosphine with 
benzene summarized as: 

Ph2P-PPh2 + Phil ~ PPh3 + PPh2H 

but this hypothesis is to be discarded because of the lack of 
formation of any deuterated phosphorus compound from 
reaction of I and NiCI2 in (26I)6. The formation of PPh3 and 
PPhzH has to be regarded as the nickel-promoted decompo- 
sition of 1. In fact (i) the course of the reaction is the same 
using toluene instead of benzene; (ii) a variable amount of 
flee diphenylphosphine and lriphenylphosphine was found 
in all the reaction solutions involving nickel(H), described 
hereafter. 
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When NiClz-6H20 instead of anhydrous nickel chloride 
was reacted with 1 in toluene a reduction reaction occurred, 
leading to Ni(PPh2H)4 (2). Complex 2 was first isolated 
by Issleib and Wenschuh [3], but they mistook it for 
Ni(Ph2PH)2(PPh2) 2, it was successively recognized and 
characterized by Bailey and co-workers [4]. 

A stoichiometric amount of diphenylphosphine oxide and 
HC1 was found in the reaction mixture of NiCI2 • 6H~O and 1 
thus validating the following reaction equation: 

NiCI2.6H20 + 5Ph:P-PPh2 --, 

Ni(PPh2H)4 + 6OPPh2H + 2HCI (1) 

The presence of w~.ter is crucial for the reaction in that ~t 
supplies oxygen for the phosphine oxide and hydrogen for 
the coordinated diphenylphosphine. 

Reaction (1) occurred much faster ( ~ 3 0  min) when 
hydrated nickel(H) chloride dissolved in ethanol was 
allowed to react with a toluene (or ethanolic) solution of 1. 
A new synthesis of 2 can thus be given as follows. An ethan- 
olic solution of nickel(H) chloride hexahydrate (0.7 g, 2.95 
mmol in I0 ml) was added dropwis¢ to a stirred solution of 
tetraphenyldiphosphine (5.5 g, 14.9 retool) in toluene (40 
ml). After 30 rain the initially brown solution tightened and 
2 deposited as a yellow solid which was isolated by filtration, 
washed with ethanol and dried in vacuo ( 1.9 g, 80% yield). 
Its IR and UV-Vis features are the following: IR (nujol 
mull): 2248 (vs), 1092 (s), 846 (s), 746 (s), 733 (vs), 696 
(vs), 503 (vs), 467 (5), 423 (s), 349 (w) cIn-~; UV-Vis 
(nujol mull): ~ = 361, ~ 26? (sh) nm. 
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The synthesis of Ni(PPh2H)4 car" also be achieved by 
reaction of anhydrous NiCi2 with I in absolute ethanol. In 
this case the oxidized product was found to be PPh2OEt and 
the stoichiometric equation becomes: 

NiC12 • 6EtOH + 5Ph2P-PPh2 

Ni ( PPhzH)4 + 6PPh2OEt + 2HCI 

To the best of our knowledge the only reaction reported in 
the literature between Pd(II) and tetraphenyldiphosphine 
results in the formation ofPd[ Ph2P-PPh2] 2CI2 [2]. The reac- 
tion was carried out by refluxing in benzene PdCI2 with 1. 
We have found that by reacting Pd(PhCN)2C12 ( 1.27 g, 3.3 
mmol) with tetraphenyldiphosphine (1.22 g, 3.3 mmol) in 
toluene (20+50 ml) at room temperature, a new orange 
complex is obtained that decomposes at 195 °C and whose 

elemental analyses are consistent with the formula Pd(Ph2P- 
PPh2)CI2 (3) (isolated yield = 83%). 

Its IR spectrum in nujol exhibits bands at 3055, 2927,1432, 
1088, 741,691,502, 493 cm- ~ whereas its UV-Vis spectrum 
in methylene chloride shows a peak at 228 nm (e = 43 180) 
and four shoulders at 395, 331,286 and 251 nm. Its 3tp NMR 
spectrum consists of a singlet at 76.4 ppm (from ext. 85% 
H3PO4, solvent CDCI3). 
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