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Abstract-[Ni(cod),], (cod = 1,5-cyclooctadiene) oxidatively adds C6HSCH2C1 in the 
presence of 1 or 2 equiv of PMe, affording [Ni(q3-CH2C6HJCl(PMe3)] or trans-[Ni(q’- 
CH,C,H,)Cl(PMe,),], respectively. Variable temperature NMR studies carried out with a 
mixture of these two complexes indicate that both are involved in a fast equilibrium which 
interchanges the two types of benzylic ligands. The above mentioned compounds decompose 
in the presence of excess PMe3 with the formation of [NiC12(PMe,)3], pi(PMe,),] and 
the reductive elimination product (C,HSCH2)2. In addition, the synthesis and spectral 
characterization of the new complexes trans-[Ni(C,H,)X(PMe,),1 (X = Cl, Br), trans- 
[Ni(2,4,6-C,H,Me,)X(PMe,),] (X = Cl, Br) and [(q’-C5Hs)Ni(2,4,6-C,,H2Me3)(PMe3)], are 
also described. 

It is well known that the benzyl ligand, C6HSCH2, 
can adopt a variety of coordination modes (which 
include the alkyl-type coordination, A, as well as 
the pseudoallylic q3-bonding, B) and that the adop- 
tion of a particular coordination mode is strongly 

L,M-CH2 
-0 

A B 

influenced by the nature of the ML, fragment to 
which the benzyl group is bonded. While v’-inter- 
actions are commonly found among transition 
metal-benzyl complexes, I relatively few q 3-strut- 
tures are known’ and for nickel only a few examples 
have been reported to date, among them the q3-o- 
methylbenzyl derivative, [Ni(q3-CH2C6H4-o-Me) 
Cl(PMe,)], recently prepared in our laboratory.3 

As an extension of this and previous work con- 
cerning the chemistry of nickel alkyl and acyl com- 
plexes,4 we now report the formation of q’- and 
q3-benzyl complexes of the compositions [Ni(q’- 

*Author to whom correspondence should be addressed. 

CH2C6HS)C1(PMe3)2] (la) and [Ni(q3-CH2C6H5) 
Cl(PMe,)] (2), that of the aryl derivatives [Nix 
(Ar)(PMe3)2], [Ar = CsHs, X = Cl (3a); X = Br 
(4a) ; Ar = 2,4,6-C,H,Me, (mesityl), X = Cl (5) ; 
X = Br (6)] and mi($-CSH5)(2,4,6-C6HZMe3) 
PMe,] (7) and their reactions with CO to afford the 
acyl compounds [NiX(q’-COR)(PMe,),], [R = 
CH2CsH5, X = Cl (lb); R = CsH5, X = Cl (3b); 
X = Br (4b)]. Variable temperature NMR studies 
on the benzyl complexes, la and 2, have been 
carried out, and are also reported. 

RESULTS AND DISCUSSION 

Synthesis and spectroscopic characterization of the 
benzyl complexes trans-pi(q’-CH,C,H,)Cl 
(PMe,),] (la) and ~i(~3-CH2C,H,)C1(PMe3)] (2) 

The room temperature reaction of the dichloride, 
[NiCl,(PMe,),], with ca 2 equiv of Mg(CH2 
C6HS)C1, produces a brown suspension from 
which a brown crystalline material can be obtained 
after work-up. Spectroscopic studies reveal the 
presence of a mixture of the benzyl derivatives 
trunsjNi(q’-CH2C6Hs)C1(PMe3)J (la) and [Ni(q3- 
CH2C,Hs)Cl(PMe3)] (2). In addition to these pro- 
ducts, formation of a very dark, sparingly soluble 
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crystalline species is sometimes observed. The latter 
displays an IR absorption at 3580 cm-‘, which 
indicates the presence of hydroxo ligands, and this, 
together with the similarity in colour, solubility and 
other properties with those found for the recently 
prepared a-methylbenzyl compound tJVi,(CH, 
C6H4-o-Me)4(PMe3)2(p3-OH)2],3 whose structure 
was determined by X-ray crystallography, suggest 
an analogous formulation as [Ni,(q’-CH, 
C6HS)4(PMe3)&3-OH)Z]. No satisfactory analyti- 
cal data can however be obtained for this com- 
plex which, as with the related o-methylbenzyl 
derivative, decomposes upon attempted recry- 
stallization, even under an inert atmosphere. For 
these reasons its investigation has not been pursued 
any further. 

shown in eq. (4). 

Compounds la and 2 are best prepared by the 
oxidative addition of C6HSCH2Cl to [Ni(cod),] in 
the presence of the required amount of PMe,, as 
shown in eqs (1) and (2). 

NCLWh)31 + NPMe3)41 + G4H 14. (4) 

Hence, it seems more likely that the process respon- 
sible for the observed NMR features implies phos- 
phine dissociation and re-association through the 
intermediacy of the pseudoallylic complex 2, and 
this is not only in accord with the above comments 
regarding the reversible transformation la E$ 2 but 
also with the observation of only one set of proton 
resonances for mixtures of la and 2, with chemical 
shifts being an average of those corresponding to 
compounds la and 2 (see below). As expected, la 
exhibits a single “P( ‘H} NMR signal, while in the 
13C{‘H} NMR spectrum a singlet is observed for 
each of the carbon atoms of the benzyl ligand as 
well as for those of the PMe, groups (Table 1). 

[Ni(q’-CH&HJCl(PMe,),] + 2cod (1) 

[Ni(cod),] + CgH5CHzC1 + PMe, - 

[Ni(q3-CH2C6H5)Cl(PMe3)]+2cod. (2) 

They have been found to be related by an inter- 
molecular process which involves PMe, association 
and dissociation [eq. (311, and indeed, on a macro- 
scopic scale, compound 2 can be obtained by 
addition of 1 equiv of PMe3 to solutions of 2, while 
the latter is formed by PMe, abstraction from la 
using [Ni(cod),]. 

A related situation is found in the q3-benzyl com- 
plex, 2. The fluxionality of this species is clearly 
indicated by the appearance of broad, unresolved 
signals in the NMR spectra. Thus, the 3’P(‘H} 
NMR exhibits a broad singlet at - 7.9 ppm, while 
the ‘H NMR spectrum displays a broad singlet at 
1 .O ppm for the methylene benzylic protons. In the 
room temperature 13C{‘H} NMR spectrum, a 
doublet is observed at 6 15.0 ppm for the PMe, 
(I& = 30.2 Hz), a broad singlet at 22.0 ppm for 
the methylene carbon atom and three resonances 
(intensity ratio ca 2 : 2 : 1) between 117-l 34 ppm for 
the ortho, meta and para benzyl carbon atoms. No 
signal can be found for the ipso carbon atom of the 
benzyl ligand. In order to gain further information 
on the fluxionality of these species and on their 
interconversion process, variable temperature 
NMR studies have been carried out with complex 
2 and with approximately equimolar mixtures of la 
and 2. 

s ~i(~3-CHzC6HJCl(PMeJ]. (3) 

Both compounds have been characterized by IR Upon cooling a toluene-ds solution of 2 at 
and ‘H, 13C and 31P NMR spectroscopy. The ‘H -60°C a doublet at 0.9 ppm is observed for the 
NMR spectrum of la shows two singlets at 6 0.98 PMe3 protons (*JHp = 9.8 Hz) and a second doublet 
(18H) and 1.71 (2H) ppm corresponding to the at 1.1 ppm (3JHp = 21.3 Hz) for the two benzyl 
PMe, and the methylene benzylic protons, respec- protons, which remain equivalent under these con- 
tively. The lack of observation of coupling is clearly ditions. Only broad, partially resolved signals are 
due to an exchange process involving PMe3 dis- found for the aromatic protons. These features are 
sociation. A similar situation has been found in other maintained at temperatures down to -90°C the 
nickel alkyl complexes of related composition, and spectrum becoming less resolved due possibly to 
has been explained in terms of a fast exchange viscosity effects. Similarly, the methylene carbon 
between traces of free PMe, and complexed PMe,, atom gives rise to a doublet at 23.7 ppm (‘Jcr = 11.3 
possibly through the intermediacy of a five-coor- Hz) due to coupling to the phosphorus nucleus, 
dinate species.4 Such a process, however, could not while four resonances at 133.5 (2C), 128.2 (1C) and 
be operative in the present system, since addition 117.7 (2C) are observed in the aromatic region, 
of free PMe, to solutions of la does not increase along with a singlet at 114.6 ppm which is due to 
the rate of PMe, exchange, but it rather induces the quaternary carbon atom. The equivalence of the 
decomposition, with formation of [NiC12(PMe3)3], two benzyl methylene protons and that of the two 
[Ni(PMe,),] and Cl 4H, 4 (1,2_diphenylethane) as ortho and the two meta carbon atoms can be 
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explained in terms of a fast suprafacial rearrange- 
ment,5 as shown in eq. (5). 

TihB process, rlowever, wouiir’not account t&- tlie 
loss of coupling, observed at temperatures above 
-1O”C, &,Veen ‘rhem&$enecarboi? or h~&ogen 
Z&-~-V LY& t;rtp ‘-‘-?Lr&5ri~ & &it+-0@&ue-ii~~n?. 
A second fluxional process, which is very slow in 
the NMR time scale at temperatures of - 10°C 
aY&? MYi5; Im?&? &El-&5Yi.i. uj-?ZZ aL+ L?=ll-rpe-l*&ti1~ 
&5vL” - >@Y) ai& ?kiY ;w p-“p5 Lv &tAf lPP5 iiilek= 
molecular process depicted in eq. (3), that, as al- 
ready indicated, interrelates complexes la and 2 
through a PMe, dissociation and association 
process. Its occurrence can be conclusively dem- 
coI&ra1eb by va~5aBe Zempi5J&we EiQR &a&es, 
Thus, the “Pf’H} NMR of a ca 1: 1 mixture of la 
zind z exs~%ts, a% rx3mB h2mj3HSS~ a vi?J-y Tix-D& 
s>g22&& Sk?22 .fpk?s ink? mv sing>ets at - 3.9 &?) 
&WI - Iti.4 (2) OLT b&?&iTg al’ - -W-C. SiiTi~~d~, tik 
room temperature 13C{‘H) NMR spectrum dis- 
plays three broad resonances for the ortho, meta 

&!lTdpr&c&r~n azoms of sties 2i atrh 2, pl-Esefrt 
in the frozen equilibrium of eq. (3). This tem- 
perature-dependent behaviour clearly demonstrates 
the existence of the equilibrium between the q’- 
benzyl complexes la and the pseudoallylic species 
2. 

In conclusion, two different types of fluxional 
lprocesses are observed for complex 2. A suprafacial 
jump, similar to that observed in other benzyl com- 
plexes, ‘pa which is very fast even at -sIo’%, and an 
intermolecular ph~sphine exchange with traces af 
PMe3 present in solution. From the above data s-d 
Iby similtity with the structure found for the o- 
tnet’nybeent~1 androgue hy x-ray _&u&P&~ _QrL!&ure 
#Z can be proposed for this compound. 

Aryl derivatives of composition [NiAr(X)(PMe&l 
and [(q’-C,H,)Ni(Ar)(PMeJ]. Preparation and 
spectral properties 

The addition of ca 1 equiv of the Grignard 
reagent Mg(C6H5)Br to a suspension of 
miCl,(PMe,)J in diethyl ether, produces extensive 
dECDl-I$DD~~hO3, i3SJh ~D~bK’~ Q? .hE d&J& s3@ 

cberivailve otiy jn yeJy>o~$&s. ~.~c~~&J&LzvD- 
plex [Ni(C,H,)CI(PMe,),J (3a), and its bromide 

analogue, mi(C,H ,)Br(PMe,),] (4a), can be 
obtained in good yields by the oxidative addition 
of C,H5X (X = Cl, Br), to [Ni(cod),], in the pres- 
ence of 2 equiv of PMe3. While the reaction with 
bromobenzene takes place readily under ambient 
conditions, that of chlorobenzene requires heating 
at 6O”C, for 24 h, for completion. 

fii$lK studits t& tlie complexes [Ni(C‘,l&)X- 

(PM&l indicate a square-planar structure 
w&h ti-ms ph03phine ~igands. Thus, the ‘H 
?$&EV ~~?rmrr l&-r- LVIY@~‘Z 39 s&ows~ a virtiafi~ 
coupled triplet at 0.9 ppm, characteristic of bis- 
phosphine compounds with strong coupling 
‘&-‘?weeIr l?E p&os*orus nuL.ti (IjJ;ip,pp = -5.6 iYzj. 
Irr &&&i_m, iiYe piYosp&int~ ilgands give rise to a 
singlet in the 3’P{‘H) NMR spectrum and to a 
triplet at 13.6 ppm in the 13C(lH} NMR. Other 
pertinent NMR data for these aryl derivatives are 
included in Table 1 and require no further com- 
meL0. 

Upon addition of 1 equiv of the Grignard reagent 
&+E~ frL?Z &Z LQEly) .5g&@ &!g{‘2,#&- 
C&?&?e3)Br, &3 d suspension of INicI,(pIwe,l], 
if &iirii- c&rHn annd tisi reaction fakes place which 
provides good yields (ca 60%) of the mesityl deriva- 
tive [Ni(2,4,6-C6H2Me3)Br(PMe3)2] (6). Formation 
o? &is bromo derivd tive is 0 Kously due fo a mefa- 
thetical replacement of the chloride ligand in com- 
plex [Ni(2,4,6-CgHzMe3)C1(PMe3)2] (5) by the bro- 
mide present in solution. Similar M-X to M-X’ 
exchanges (X’ = heavier halogen) are frequently 
observed during alkyiation reactions. r,* For 
instance, alkylation of [M(~,J~-C~HJ~C~~] (M = Ti, 
Zr, Hf> with M&Z&SiMe3JBr, @ves the bsma- 
alkyl product [M($-C5H&Br(CH2SiMe3)1, with- 
out contamination of the chloro complex, and the 
driving farce far this exchange has been associated 
with the ‘YZd” nature of the LMg2+ 1a. The c&r- 
ide derivative ~~(2,4,6_C,H,Me,>~~~~Me3)23 (5) 
c;111 Ix oI?S.n& Sjl Rx&k?n of HE .6&k+&, 
miCl,(PMe,),], with 1 equiv oE the diary1 mag- 
nesium reagent, Mg(2,4,6-C6H2Me3)2. Compounds 
5 and 6 are highly crystalline materials, soluble in 
common organic solvents and fairly air stable, even 
in solution. Spectroscopic data for these com- 
pounds (Table 1) are also in accord with their for- 
mulation as trans-[Ni(2,4,6-C,H2Me3)X(PMe3)Z]. 

Interaction of 5 or 6 with an excess of NaCp (1.5 
equiv), produces the cyclopentadienyl derivative 
[Ni($-C5H5)(2,4,6-C,H2Me3)(PMe3)] (7) in high 
yields [eq. (6)3. 
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As expected, the Cp protons give rise to a singlet at 
5.17 ppm, indicating pentahapto coordination to 
the nickel atom. 13C and “P NMR studies are 
also in agreement with the proposed formulation. 
Compound 7 is very thermally stable and can be 
sublimed under vacuum (0.1 mm), at lOO”C, with- 
out decomposition. 

Carbonylation reactions 

Interaction of carbon monoxide (20°C 1 atm) 
with compounds la, 3a and 4a, produces the cor- 
responding insertion products, lb, 3b and 4b, as 
exemplified in eq. (7) for the benzyl derivative lb. 

[Ni(q’-CH,C,H,)Cl(PMe,),] +CO 

- [Ni(~‘-COCH2C6H5)C1(PMe3)2]. (7) 

All these carbonyl species are orange crystalline 
solids, which show no tendency towards CO dis- 
sociation under ambient conditions. The presence 
of an acyl ligand is indicated by the appearance of 
a medium intensity IR band in the region 160& 
1630 cm-‘, due to the CO stretching of the coor- 
dinated acyl group. The similarity of their NMR 
spectra with those of the parent compounds la, 3a 
and 4a, clearly suggests conservation of the trans 
geometry. At variance with the behaviour found for 
these compounds, carbonylation of the mesityl 
derivatives 6 and 7, cannot be achieved even under 
rather forcing conditions (4-5 atm of CO, 5&6O”C). 
This is likely due to steric hindrance of the o-methyl 
groups of the mesityl ligand,9 which may prevent 
association of CO to yield the aryl-carbonyl inter- 
mediate species proposed for the carbonylation 
reaction. 

EXPERIMENTAL 

Microanalyses were by Pascher Microanalytical 
Laboratory, Bonn and the Microanalytical Service 
of the University of Sevilla. The spectroscopic 
instruments used were Perkin-Elmer models 577 
and 684 for IR spectra and Varian XL-200 for ‘H, 
13C and 31P NMR spectra. All preparations and 
other operations were carried out under oxygen- 
free nitrogen, following conventional Schlenk tech- 
niques. Solvents were dried and degassed before 
use. The light petroleum used had b.p. 4&6O”C. 
PMe3,” NiC12(PMe3)2” and Ni(cod)z’z were pre- 
pared according to literature methods. 

[Ni(q’-CH,C,H,)CI(PMeJ2] (la) and [Ni(q3- 
CH ,C 6H ,)Cl(PMe 311G) 

Since the conventional Grignard route does not 
provide reproducible and efficient procedures for 

the independent preparation of compounds la and 
2 (see Results and Discussion), only the oxidative 
addition of CsHsCHICl to [Ni(cod)J procedure is 
reported. 

To a stirred suspension of tJ+(cod)d (0.274 g, ca 
1 mmol) in 30 cm3 of diethyl ether, cooled to 
-70°C an excess of C6HSCH2C1 (0.15 cm3, 1.3 
mmol) and 0.2 cm3 of PMe3 (2 mmol) were added. 
The reaction mixture was warmed and stirred at room 
temperature for 20 h, when a yellow-brown solu- 
tion was obtained. The solvent was removed under 
vacuum, the residue extracted with 20 cm3 of diethyl 
ether and filtered to give a clear solution from which 
yellow-brown crystals of the desired product were 
collected after partial removal of the solvent and 
cooling overnight. Yield 0.2 g, ca 60%. 

A similar reaction, using 1 equiv of PMe3, pro- 
vided the pseudoallyl complex 2 in ca 50% yield. 
Complex 2 is obtained as red crystals from diethyl 
ether. Found : C, 45.9 ; H, 6.2. Calc. for 
CroHr6PClNi: C, 45.9; H, 6.1%. 

Interconversion reactions of la and 2 

(a) To a suspension of mi(q3-CHaC6HJ 
Cl(PMe,)] (2) (0.26 g, ca 1 mmol) in Et20 (20 
cm3), PMe, was added (0.1 cm3, 1 mmol). The 
mixture was stirred for 30 mitt, during which time 
the red starting material dissolved forming a brown 
solution. The solvent was evaporated to dryness 
and the residue crystallized from Et,0 to afford 
yellow crystals of la in 60% yield. 

(b) To a mixture of [Ni(~‘-CH,C,HS)C1(PMe3)Z] 
(la) (0.1 g, ca 0.3 mmol) and [Ni(cod),] (0.05 g, ca 
0.15 mmol), Et,0 (10 ml) was added. The solution, 
initially brown-yellow, darkened to red. After stir- 
ring for 10 min, the solution was cooled to produce 
compound 2 in 20% yield. 

Reaction of mi(q’-CH2C6H5)Cl(PMe3)J (la) with 
an excess of PMe, 

A solution of la (0.33 g, ca 1 mmol) in Et,0 (20 
cm’) was treated with 0.5 cm3 ofPMe,. The mixture 
was stirred at room temperature for 3 h and cooled 
at -30°C. Crystalline dark blue [NiC12(PMe,),] 
(0.15 g, 0.4 mmol) was filtered off and the remaining 
pale solution was evaporated to dryness. ‘H, 
31P{ ‘H) and “C{ ‘H} studies, carried out with a 
C6D, solution of the residue, reveal the presence of 
[Ni(PMe,),] and C 1 qH1 4 (1 ,Zdiphenylethane, 
identified by comparison of its IR, ‘H and 13C 
NMR spectra with those of an authentic sample) as 
the major species in solution. 
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pi(C,HS)X(PMe,)J [x = Cl (3a) ; Br (3b)] 

These compounds are prepared as described 
above for the benzyl derivative la, using C6HSX 
(X = Cl, Br). The reaction of mi(cod),] with 
C6H,Br was complete within about 4 h, while that 
with C6HSCl required stirring in tetrahydrofuran, 
at 50-6O”C for 20-24 h. Yields were about 50-- 
65%, and the compounds could be crystallized from 
diethyl ether. [Ni(C,H,)Cl(PMe&]. Found : C, 
44.8; H, 7.2. Calc. for Ci2H2sPZ ClNi: C, 44.6; H, 
7.1%. ~i(C~H~)B~~e~)~. Found: C, 39.1; H, 
6.3. Calc. forC,,H,sP,BrNi: C, 39.2; H, 6.3%. 

INi(2,4,6-C,H,Me,>X(PMe,),l, Ix = Cl (5) ; Br (611 
and ~i(2,4,6-C~H~Me~)(C~H~)FMe~] (7) 

2.7 cm3 of a 0.55 N solution of Mg(2,4,6- 
Me&H& in tetrahydrofuran (cu 1.5 eq} were 
added to a cold (-60°C) suspension of 
[NiCl,(PMe3)2] (0.42 g, 1.5 mmol) in Et,0 (30 cm3). 
The solution was allowed to reach room tem- 
perature and stirred for 5 h, The solvent was then 
stripped off under reduced pressure and the residue 
extracted with 25 cm3 of Et,0 and centrifuged. 
Upon cooling at - 30°C overnight the product was 
obtained as brown-yellow crystals (0.33 g, 60% 
yield). 

The bromide derivative, 6, was prepared 
similarly, but using Mg(2,4,6-C,H,Me,)Br as the 
alkylating reagent. The reaction mixture, composed 
of 2 mmol of miCl,(PMe&] and 2 mmol of the 
Grignard reagent was stirred at -60°C for 30 min 
and at room temperature for an additional 20 min 
(Yield 0.51 g, 62%). Found : C, 44.0 ; H, 7.2. Calc. 
for C, 5H29P2BrNi : C, 43.9 ; H, 7.1%. 

The reaction of 5 or 6 with an excess of NaCp 
(1.5 equiv) at 20°C for 12 h, produces complex 7 in 
80% yield as red-brown needles. Found : C, 64.0 ; 
H, 8.6. Calc. for Ci7HzsPNi: C, 64.0; H, 7.8%. 

/Ni(COR)X(PMe,),], [R = C6H5CH2, X = Cl 
(lb) ; R = CsHs, X = Cl (3b) ; X = Br (4b)] 

Carbon monoxide was bubbled at room tem- 
perature through a solution of the alkyl or aryl 
precursors, la, 3a or 4a, in diethyl ether (ca OS 
mm01 ; 25 cm3) for about 5 min, after which time an 
orange crystalline precipitate of the carbonylation 
product was obtained. The solvent was removed 

under reduced pressure and the resulting solid 
recrystallized from diethyl ether at 0°C to provide 
orange crystals of the desired products in ca 90% 
yield. @i(COCH,C,H,)Cl(PMe,),]. IR (Nujol 
mull) 1600 cm-’ (CO). ~i(COC~H~)Cl(PMe~)~. 
Found : C, 44.7 ; H, 6.8. Calc. for C, 3H23P2C10Ni : 
C,44.4;H,6.6%.IR(Nujolmull) 16lOcm-‘(CO). 
pi(COC,HS)Br(PMe3),1. Found : C, 39.8 ; H, 5.9. 
Calc. for C,3H23P2BrONi: C, 39.4; H, 5.8%. IR 
(Nujol mull) 1625 cm- ’ (CO). 
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