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Abstract 

The bis-diaminocarbene complexes cis-[C12M{CN(C,H,-p-OMe)CH,CI-I,N1112J (M = Pt or Pd) 
react with one mole of the diphosphine cis-PhzPCH=CHPPh, (diphoe) in tetrahydrofuran at room 
temperature or in 1,2-dichloroethane at retlux for 8 h to form cationic derivatives cis- 
[(diphoe)M(CN(C,H,-p-OMe)CH*C~~NH]~]CI, (M = Pt, 1; Pd, 2) with chloride displacement. The 
cationic hydridocarbene complex trans-[(PPh,)zPt(H)(COCH,CH,O]IIBF,] reacts with one mole of 
diphoe in CH,Cl, at room temperature to cleave the ring of the dioxycarbene, generate CO, and 
C,H,, and form the cationic complex [(diphoe)Pt(H)(PPh~)][BF~]. The reaction of fruns-l(PPh,),- 
Pt(H){COCH~CH~O]]~BF~] with Cl- ions in CHzCI, gives the ring-opened alkoxycarbonyl complex 
trans-tfPPh,),Pt(H)(QO)OCH,CHzC}], truns-[(PPh,),Pt(H)(CI)], CiCHzCHzOH and Pt” species. The 

cathodic behaviour of the diam~nocarbene complexes cis-[CIzPd~CN(RfCH,Ctl,NHXL~] (L = PPhs, 
R = C,H,OMe-p or ‘Bu; L = CN ‘Bu, R =‘Bu; L = PPhMez, R = C,H,CHzCl-01, as well as of the 

aminooxy- and dioxy-carbene compounds trans-[(PPh,i,Pt(XXC~H~cI-IZC~~HZ)][BF4] (X = 
Cl or Br) and trans.[(PPh,),Pt(HXCOCH~CH20)][BF4], h as b een studied by cyclic voltammetry (CV) 
and controlled potential electrolysis (CPE) in aprotic media. They exhibit an irreversihle reduction 
wave (EFd in the range - 1.50 to -2.0 V IY. SCE), corresponding to two-electron and single-electron 
cathodic processes for the dichloro-complexes and the other species, respectively. Evidence for the 
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species, which, in a simplified way, can be denoted as “Pd’L(diaminocarbene)” 
formed according to the overal process 5 [x = O-21. 

[Cl z Pd” L( diaminocarbene) ] 5 “ Pd’L( diaminocarbene) ” (5) 

The restraint of the oxidation wave for the electrogenerated zerovalent Pd 
species upon addition of Phl may be due to oxidative addition, just as 
[PhPdI(PPh,),] is obtained [241 from the electrochemical reduction of [Cl,Pd- 
(PPh,),] in the presence of Phi. 

However, in contrast to [CI,Pd(PPh,),] 1241, addition of chloride to our systems 
(at least up to 20 equivalents) does not result in an appreciable stabilization of the 
monovalent palladium electrogenerated species (relative to the zerovalent ones) at 
the cathodic wave, since this wave does not split into two. 

The cathodic processes observed in our complexes also relate to those reported 
[26,27] for c& or truns-[Cl,Pt(PR,),] (R = alkyl or aryl) which show cyclic voltam- 
mograms exhibiting a single cathodic peak in a range of potentials <Ea” = - 1.6 to 
- 2.2 V, at a Hg electrode, in NCMe or NCMe/C,H, containing [Bu,N][ClO,]). 
Moreover, the reactive zerovalent platinum species [Pt(PR,),l appears to be 
generated upon two-electron cathodic reduction of the corresponding dichloroplat- 
inurn complexes. 

The peak potential values of the cathodic processes (Ezd) of our complexes 
(Table 1) appear to reflect the expected order of the net electron-donor character 
of the ligands, an increase of the a-donor ability and/or a decrease of the 
r-acceptor character resulting in a destabilizing influence on the metal(O) species. 
Hence, the t-butylaminocarbene complexes show EF” values (- 1.84 or - 1.66 V 
for the PPh, or the CN’Bu compound, respectively) which are lower than those 
observed (- 1.50 and - 1.56 V) for related arylaminocarbene species. Moreover, 
our diaminocarbene complexes are reduced at a considerably more cathodic 
potential (EF” = - 1.5 to - 1.8 V) than that quoted [241 for the triphenylphos- 
phine compound [Cl,Pd(PPh,),l (EF” = - 1.0 V), because the carbene is a 
stronger electron releaser than PPh, [12,28]. In addition, no cathodic reduction 
was detected above the potential of the electrolyte solution reduction for compara- 
ble dicarbene complexes, such as cis-[C12Pt(CN(CsH40Me-p)CH,CH?NH),], C~S- 
[Cl,Pt{~N(C,H,OMe-p)CH,CH,~},] and truns-[Cl,Pd{CN(C,H,OMe-p)CH,- 
WH], 1. 

These observations are in overall agreement with relationships between Er” 
and thermodynamic parameters such as the Hammett’s ap substituent constant 
LY. 

(b) Cationic aminooxy- or dioxycarbene platinum complexes. The cationic com- 
plexes frans-[(PPh,),Pt(XXCOCHzCH,NCH,CH=CH,)I[BF,] (X = Cl or Br) and 
frans-[(PPh,),Pt(HXCOCH,CH,O)I[BF,l, with a single anionic ligand, in 0.2 mol 
dmm3 [Bu,N][BF,l/NCMe (and, for the latter complex, also in 0.2 mol dmv3 
LiClO,/THF) and at a Pt electrode, undergo, by CV, an irreversible cathodic 
process (Efpd = - 1.75 and -2.0 V, respectively) which, by CPE, involves a single 
electron transfer (Table 1). 

By analogy with the behaviour of the neutral aminocarbene complexes, the 
cathodic process can also lead to low valent carbene compounds. However, in the 
case of trun.s-[(PPh,),Pt(HXCOCH ,CH 20)1[BF41, complete fragmentation of the 
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Table 1 

Summary of electrochemical cathodic data 0 for diamino-, oxyamino- and dioxy-carbene complexes of 
Pd” and Pt” 

Complex Enred (VI b n(e-IC E,‘= (V) d 

cis-[ClzPd(PPh,XCN(C,H,OMe-p)CH,CH,NH]] - 1.50 1.68 0.12 

c~-[CI~Pd(PPh~XCN(‘Bu~H~CH~NH]] - 1.84 1.71 0.22 

cis-[Cl,Pd(CN’Bu)(CN(‘Bu) CH,CH,NH]] - 1.66 1.74 0.18 

cis-[C1,Pd(PPhMe,~CN(C,H,CH,CI-o)CH,CH2NH]] - 1.56 1.87 0.26 e 

~r~~-[(PPh~)*Pt(X~CO~*CH*NCH~CH~*)~BF~] f - 1.75 0.99 - 

rrans-[(PPh3)2Pt(HXCOCH2CH20)I[BF4] -2.0 0.98 g - 

(1 Studies performed at a Pt wire (CV) or at a Hg-pool electrode (CPE) in NCMe/0.2 mol dmv3 
[Bu,N1[BF,]. 6 Values in volt us. SCE, for the cathodic wave, measured by CV at 100 mV s-l, by using 
as internal reference the couple [Fe(n5-C,Hs)2]0’c ]EP;r = 0.42 V us. SCE, in NCMe]. ’ Number of 
electrons transferred in the cathodic process, as measured by CPE at the corresponding wave. d Values 
in volts us. SCE (measured as in b, unless stated otherwise), for the anodic wave of the electrogener- 
ated species at the cathodic wave with quoted &red. e Measured at 500 mV s-’ (wave only clearly 
observed for v 2 200 mV s- ‘). f X = Cl or Br. 8 Leading to quantitative evolution of CO, + C,H, and 
to loss of H, (measured by gas chromatography), also observed in THF/0.2 mol dmm3 LiCIO,. 

dioxycarbene ligand occurs upon exhaustive cathodic CPE, to give CO, and 
ethylene in a quantitative yield, as measured by gas chromatography which also 
detected Hz. The formation of these gases was not detected upon cathodic CPE 
for any of the other complexes of this study, or in blank experiments. 

The cathodically induced cleavage of the dioxycarbene ligand to CO, and C2H, 
is consistent with a related conversion [22a] of this ligand as a result of the 
chemical reduction (e.g.: by sodium amalgam or sodium naphthalenide) of [($- 
C,H,)Fe(CO),(COCH,CH,6)1. 

Moreover, since extensive dihydrogen evolution also results from the cathodic 
CPE of the hydride complex, zerovalent platinum species, such as Pt(PPh,), 
known [26] also to be cathodically generated from cis-[Cl,Pt(PPh&], can be 
products of the reduction (eq. 6). 

[(PPh,),Pt”(H)(COCH,CH#)] + 5 

“Pt”(PPh,),“+ CO, + C,H, + 1/2H, (6) 

The occurrence of cathodically induced metal dehydrogenation has also been 
quoted for other cationic hydride complexes, such as [(rlS-C,H,)C~H(PR,)2]+ 
(R = Et, Ph, or OMe) [30] and [ReClH(NCRXPh2PCH,CHi,PPh,)2]+ [31], giving 
the corresponding reduced neutral compounds, [(~J-C,H,)Co(PR,),] and 
[ReCl(NCRXPh,PCH,CH,PPh,),l, respectively. 

Final comments 

The cathodic processes displayed by the cyclic carbene complexes of Pd” or Pt I1 
(except for the dioxycarbene species in which the carbene ligand undergoes 
fragmentation reactions) appear to lead to synthesis of zerovalent carbene com- 
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pounds. This attractive hypothesis (which conceivably involves heterolytic cathodic 
cleavage of metal-halide bonds or homolytic cathodic rupture of a metal-hydride 
bond) will be tested by attempting the isolation and full characterization of the 
final products. 

Low-coordination-number zerovalent complexes of Pd or Pt are believed to play 
a key role in various catalytic processes, but convenient synthetic methods are still 
unknown, except in restricted cases 125,261. Therefore, their synthesis by electro- 
chemical generation is of much interest. To our knowledge, the studies we report 
here are the first attempts to apply electrochemical (cathodic) methods to carbene 
complexes of Pd or Pt. 
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