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Some n-allylnickel derivatives were prepared in good yield and under mild 
conditions from the reaction of conjugated dienes and nickel halides in the 

presence of metallic zinc. 

Introduction 

In a previous paper we reported the preparation of anti-n-2-butenylbuta- 
diene(triphenylphosphine)cobalt, (x-C,H,)(CJH6 )CoPPh3, by the reaction of 
butadiene with cobalt(I1) chloride, zinc and triphenylphosphine [ 11. This pre- 
paration was of special interest, because n-butenyl complexes of anti configura- 
tion are difficult to prepare owing to their much lower thermodynamic stability 
with respect to syn isomers. We have now extended the reaction to nickel halid- 
des, in order to see whether butenyl complexes of anti configuration could also 
be obtained in this case. More generally the reaction with nickel halides also ap- 
peared of interest as a new preparative method for n-ally1 derivatives of nickel, 
which are important in the field of homogeneous catalysis [2]. We describe be- 
low the reactions of butadiene, isoprene and 2,3-dimethylbutadiene with nickel 
chloride and metallic zinc. 

Results and discussion 

Conjugated diolefins react rapidly with nickel chloride in the presence of 
zinc to give n-ally1 products of the type I-III. The course of the reactions is 
summarized in Table 1. Complexes I were prepared by treating butadiene, iso- 
prene or 2,3-dimethylbutadiene with nickel chloride, metallic zinc, ethanol, and 
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TABLE 1 

n-ALLYL COMPLEXES PREPARED FROM DIENES 

DioleEin Solvent(tigznd) Temp. Tune 
(OC) 00 

n-~llyl products Yield 
(?a 

1.3-Butatiene 

1.3.Butadmne 

[soprem 

‘&&/EtOH(PPh3) 18 

CH3CN 0 

EtOH(PPh3) 70 

2 [(IT-C~H~)NI(PP~J)~ J -ZnCl3- 25 

(W 

12-18 <IPC~H~)~NICI 25 

(1 c n c 4) 

[(a-CsH9)Ni(PPb3)21rZn(S13- 30 

(Ib + lc) 

0.2 (~-C~H~)N~(PPLIL))C~ 15 
(IIb) 

Isoprene CH3CN 0 48 [(~-CSHI$NICII~ 25 
(11nJ) 

2.3.DImethyl- 

1.5-butadiene 
EtOH(PPh3) 80 

tb-Cc,H~ I )Ni(PPh~)~]+ZnCl3- 35 
(Id) 

@-CtaH, , )N1(PPh3)CI 20 

(IId) 

E,-c 
FCH2 .fcl 
X-F?, ’ ,I 

I / I2 

Rl 

(Ia-dl (Eta-d) (Iii b) 

(a)RI=Me,R2=H,R3=H, 

(b) !?,=Me.R2=Me.R~=H~ 
(~)~,=H,Rp=ble,Fl:,=Me; 
(d) R,= ble.R2= Me.R3= Me; 

L = PPh, 

triphenylphosphine. Formation of large amounts of metallic nickel was observed 
in the absence of triphenylphosphine. The complexes are red-orange, diamagne- 
tic, crystalline solids and are unstable in air. They are almost insoluble in hydro- 
carbon solvents, sparingly soluble in polar solvents (methanol, ethanol), and so- 
luble in chloroform and pyridine. The solutions in alcohols, chloroform or py- 
ridine are unstable, and give complexes II almost quantitatively. The complexes 
were identified from their elementai analyses and chemical properties (reaction 
with pyridine, ethanol, chloroform); the identity of complex Id was confirmed 
by X-ray analysis [3]. 

Complexes II can be conveniently prepared from complexes I by reaction 
with small amounts of pyridine (bINi 2/l) in benzene solution. With isaprene 
and 2,3dimethylbutadiene, complexes II were always formed along with com- 
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plexes I (Table 1) and were separated from the latter by extraction with ben- 
zene. The complexes II were identified from their elemental analyses and NMR 
spectra, which are summarized in Table 2. 

The complex [(n-CjHs)Ni(PPh3),]‘ZnCI,-, prepared using isoprene as the 
diolefin, gives after treatment tith chlorofolrrn or pyridine in benzene (eqn. l), 
l,l-dimethyl- and anfi-1,2-dimethyl-~-ailylnickel(triphenylphosphine) chloride 
in the ratio 1.5/l (by NMR analysis). The ratio of the two isomers in the NMR 
spectra does not change with time or temperature. 

C 1 
f 

(JY-CSHg)PJv(PPh,), ZnCI; PY 
Solvent 

(Itl + ICI 

r.w l-l 

(IID) OOJL (EC) 40% 

An interesting first example of isomerization of a l,l-dimethyl-n-ally1 
compound to the corresponding 1,2-dimethyl-n-ally1 compound has been re- 
cently reported for complexes of cobalt and rhodium [4]. In view of the very 
mild conditions of reaction 1, ;1 similar isomer&&ion seems to be ruled out in 
our case. It is reasonable to believe that the starting comp1e.u [(n-CjH9)Ni- 
(PPh,)? ]‘ZnCi,- is a misture of the two isomers Ib and Ic. 

it can be seen from Table 2 that the syn isomer was obtained from buta- 
diene and the anti-1,2-dimethyi isomer from isoprene. A possible interpretation 
of this unexpected result is that the anti isomer is initially formed in both cases, 
as observed for the analogous reaction of cobalt [I], and that subsequently an 
anti-syn isomerization occurs by action of triphenylphosphine. The transforma- 
tion into the more stable syn isomer could be much slower for the compound 
with isoprene .because of steric effects. 

The (l,l-&methyl-n-allyl)nickel chloride (Iilb), which is an important 

CH3 
I 

CI-I,=C-CC=CH, + NICI, 
Zn i- 

CH$N, Hz0 - [ (~-CSH,)Ni(CH,CN), 1 ZnCI; 

EtOH 

I 

ZnCb + 2CHgCN + 
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the known complex (PPh,)JNiCl [7] (1.6 g, yield 15%). (Found: C, 79.12; H, 
5.5; Cl, 4.4; Ni, 7.31. C5,H,,ClNiP calcd.: C, 79.2; H, 5.54; Cl, 4.33; Ni, 7.17%) 

Preparation of [(n-Cj,Hg)Ni(PPh~)~j’ZnCI,- (I&c) 
A titure of 2.5 g (19.3 mmoles) of nickel chloride, 5.06 g (19.3 mmoles) 

of triphenylphosphine, 10 g (150 mmoles) of zinc dust, 50 ml of isoprene and 
15 ml of ethanol was boiled under reflux with magnetic stirring for 15 min. The 
resulting red solution was filtered and concentrated to 35 ml and n-pentane 
(5 ml) was added. The product Ib,c precipitated as yellow-red crystals (4.78 g, 
yield 30%). (Found: C, 59.84; H, 4.68; Cl, 12.87; Ni, 7.25; Zn, 7.8. Cd,H3&13- 
NiP?Zn caIcd.: C, 59.8; H, 4.77: Cl, 12.9; Ni, 7.12; Zn, 7.93%) 

The mother liquor was concentrated to small volume (5 ml) and n-pentane 
(5 ml) was added. By cooling to -20” a red solid was obtained. Recrystallization 
from benzene/n-per&me afforded red-brown crystals of IIb (1.24 g, yield 15%). 
(Found: C, 64.81; H, 5.72; Cl, 8.28; Ni, 13.7. CzlH,&lNiP calcd.: C, 64.9; H, 
5.66; Cl, 8.33; Ni, 13.8%) 

Preparation of ((sr-Ci,H,,)Ni(PPh3)2]rZnCI,- (Id) 
A mixture of 2.5 g (19.3 mmoles) of nickel chloride, 5.06 g (19.3 mmoles) 

of triphenylphosphine, 10 g of zinc dust, 50 ml of 2,3dimethylbutadiene and 
15 ml of ethanol was boiled under refiux with magnetic stirring for 15 min. The 
resulting red solution was filtered and concentrated to 35 ml, and n-pentane 
(5 ml) was added. A mixture of red-orange (Id) and red-brown (IId) crystals 
gradually formed. Extraction with benzene removed complex IId, and the resi- 
dual Id was dried under vacuum (5.66 g, yield 35%).(Found: C, 60.14; H, 5.01; 
Cl, 12.73; Ni, 7.11; Zn, 7.66. C,&,Cl,NiPJn calcd.: C, 60.2; H, 4.95;Cl, 
12.68; Ni, 7.0; Zn, 7.79%) Compound IId was obtained from the benzene ex- 
tract, after removal of the solvent under reduced pressure (1.7 g, yield 20%). 
(Found: C, 65.65; H, 5.91; Cl, 8.0; Ni, 13.49. &H,,ClNiP calcd.: C, 65.6; H, 
5.96; Cl, 8.07; Ni, 13.35%) 

Preparation of (I, I-dimethyl-n-allyl)nickel chloride (Iilb) 
zinc powder (1.2 g, 18.4 mmoles) was added to a suspension of acetonitrile 

(20 ml), isoprene (10 ml), water (0.36 ml, 17 mmoles) and nickel chloride 
(1.1 g, 8.5 mmoies) at -59 The misture was set aside for two days at 0”with 
occasional shaking, during which time the colour changed gradually from pale 
yellow to orange, then to red. The solution was filtered and the solvent evapo- 
rated under reduced pressure. The red oily product obtained was dissolved in 
ethanol and the solution evaporated at 0” and 0.5 mmHg pressure. Recrystalliza- 
tion of the residue from n-pentane at -78” gave IIIb (0.35 g, yield 25%). (Found: 
C, 36.79; H, 5.61; Cl, 21.7; Ni, 35.85. &H&lNi calcd.: C, 36.75; H, 5.56; Cl, 
21.74; Ni, 35.95%) 

Preparation of complexes II from I by reaction with pyridine 
OrJy the preparation of compound IId is described in detail, the experi- 

mental procedure being substantially the same for all other compounds of the 
same type. 

To a suspension of 1.5 g (1.79 mmoles) of the comples [(rr-CLH, ,)Ni- 
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(PPh~)2]‘ZnC1,- (Id)?n benzene (20 ml), 0.3 ml (3.6 mmoles) of pyridine were 
added and the mixture was shaken for ca. 2 h. After tbis time the solution was 
concentrated to a small volume (3 ml) and n-pentane (5 ml) was added. The 
product was precipitated by cooling to 0” and was recrystaliized from benzene/ 
n-pentane (l/l by v/v) to give red-brown crystals of IId (0.70 g, yield 90%). 
(Found: C, 65.54; H, 5.9; Cl, 8.13; Ni, 13.29. GHz,CINiP calcd.: C, 65.6; H, 
5.96; Cl, 8.07; Ni, 13.35%) 
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