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Summary

Some w-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-r-2-butenylbuta-
diene(triphenylphosphine)cobalt, (#-C.H;)(C.:H; )CoPPh;, by the reaction of
butadiene with cobalt(1l) chloride, zinc and triphenylphosphine [1]. This pre-
paration was of special interest, because m-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-allyl 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 w-allyl 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

m-ALLYL COMPLEXES PREPARED FROM DIENES

Diolefin Solvent(ligand) Temp. Time n-Ally! products Yield
°C) (h) (%)
1,3-Butadiene CeHg /EtOH(PPR3) 18 2 [(r-CaH7)NI(PPh3)2} ZnCl3~ 25
(la)
1,3-Butadiene CH3CN o 12-48 (n-CaH7)pNICl 25
(1< n<3g)
{(71-C5Hg)Ni(PPh3)2]17ZnCl3~ 30
(Ib + Ic)
Isoprene EtOH(PPh3) 70 0.2 (7-CsHg)Ni(PPh3)CI 15
(ITb)
Isoprene CHa1CN 1] 48 [(m-CsHg)NiClla 25
(111b)
[(7-CgH 1 )Ni(PPh3)21*ZnCi;~ 35
ad)
2,3-Diumethyl- EtOH(PPh3) 80 0.2 (m-CoHy | )N1(PPh3)C1 20
1,3-butadiene (1id)
L ¥ CH Cl CH Cl
L
S:HE / ‘l /, 2 /” 2 /
4 - 7 Ve
QJ'—C l‘ Nl\ ZnCI; R]‘_C\ N I’-'«:,——C"\ NI\
EI: R, L \cl-—r:z L Cl—Rz //-_a
R, R, Ry
(la-d) (O a-a) (o b)

(@) Ry=Me ,Rp=H,R3=H,
(b) Ry= Me ,Ry=Me,Ry=H,
(c) Ry=H,Rz = Me,R3 = Me;
(d) Ry = Me,R, = Me,Ra= Me;

L = PPh,

triphenylphosphine. Formation of large amounts of metatlic 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, sparir.gly 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 elemental 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 compiexes I by reaction
with small amounts of pyridine (Py/Ni 2/1) in benzene solution. With isoprene
and 2,3-dimethylbutadiene, 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 I1 were identified from their elemental analyses and NMR
spectra, which are summarized in Table 2.

The complex [(#-C;Hs)Ni(PPh,).]"ZnCl; ", prepared using isoprene as the
diolefin, gives after treatment with chloroform or pyridine in benzene (eqn. 1),
1,1-dimethyl- and anti-1,2-dimethyl-m-allylnickel(triphenylphosphine) chloride
in the ratio 1.5/1 (by NMR analysis). The ratio of the two isomers in the NMR
spectra does not change with time or temperature.

[y * 7Aoo Py
(JT-Cng)u‘h(PPhJ)_,_, ._n\_|3 Golvent
(Ib + Ic)
CHop Ci CHj Cl
I /
4 // Ve /
H—C{ N-\ + M2 —C i + Py,ZnCl, + PPny (1)
\.. \\\
C—Me PPN, (l:——Me FPns3
Mle H
(O0o) 602 (Dc) 40°.

An interesting first example of isomerization of a 1,1-dimethyl-w-allyl
compound to the corresponding 1,2-dimethyl-7-allyl compound has been re-
cently reported for complexes of cobalt and rhodium [4]. In view of the very
mild conditions of reaction 1, a similar isomerization seems to be ruled out in
our case. It is reasonable to believe that the starting complex [(7-C;Hs)Ni-
(PPh3). }"ZnCl; ™ is a mixture of the two isomers Ib and le.

It can be seen from Table 2 that the syrn isomer was obtained from buta-
diene and the anti-1,2-dimethy! isomer from isoprene. A possible interpretation
of this unexpected result is that the ani! isomer is initially formed in both cases,
as observed for the analogous rreaction of cobalt [1], 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 (1,1-dimethyl-m-allyl)nickel chloride (1I1b), which is an important

CHj

o +

—_ — on -
CH,—C—CH=—CH + NiCl B [(T(-C H. N (CHL,CN) :I ZnCl

2 2 2 CH3CN, Hy0 5. e 3

EtOH
!
’CHE CI
4 /
ZnCl, + 2CH,CN + HC'\\ N.\
tI:_CH3 Y2
CHj
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starting material in terpenoid synthesis [5], can be obtained easily by reaction
at 0° of nickel chloride and isoprene with metallic zinc in acetonitrile in the
presence of water; formation of metallic nickel is not observed under these con-
ditions. A red oily product of approximate composition [(7-CsHo)Ni(CH;CN). 1~
7ZnCl, is obtained from the solution, and after treatment with ethanol this gives
(1,1-dimethyl-m-allyl)nickel chloride, identified by its elemental analysis and
NMR spectrum (Table 2).

The same reaction with butadiene gave oily compounds of composition
(7-C:H,),NiCl (1 < n < 4). 2,3-Dimethylbutadiene reacts under these condi-
tions but to give very low yields of products. The mechanism of formaticn of
complexes I-111 has not been completely clarified, but the following observa-
tions can be made.

(1) Small amounts of water are essential in the formation of the complexes;
this suggests that water may be the hydrogen source for the formation of a
Ni—H bond. The w-allyl group could probably form by reaction of the Ni—H
bond with a coordinated diene.

(2) We were unable to prepare complexes I by reaction of the correspon-
ding complexes II with triphenylphosphine and zinc chloride. The insertion of
the diolefin probably occurs by reaction with intermediates which already con-
tain zinc.

(3) The reaction in benzene of nickel chloride and triphenylphosphine
with ethanol and zinc in the absence of diolefins rapidly gives a mixture of
(PPh;),NiZnCl. and (PPh;),Ni (n = 3,4) in a ratio depending on the amount of
triphenylphosphine [6]. If small amounts of water are added. the yellow com-
plex (PPh;);NiCl is also formed, with evolution of hydrogen. Hydrolysis of
ZnCl; to form HC! and subsequent oxidative addition to Ni° species could occur:
the resultant unstable species L, NiHCI could rapidly decompose to give Ni'
complexes and hydrogen, but in the presence of a diolefin could give a m-allyl
complex.

Experimental

All reactions and manipulations were carried out under pure dry nitrogen.
Solvents were used after drying and distillation. NMR spectra were obtained on
a BRUKER 90 MHz spectrometer.

Preparation of [(n-C3H1)Ni(PPh;).]"ZnCl; (Ia)

Butadiene (20 ml), ethanol (10 ml), benzene (20 ml), triphenylphosphine
(3.44 g, 1.31 mmoles), nickel chloride {1.7 g, 1.31 mmoles) and zinc powder
(7 g) were successively introduced into a glass vessel. The suspension was kept
at room temperature for ca. 2 h, with occasional shaking. The colour rapidly
changed to red. The suspension was filtered at ca. —10° with rigorous exclusion
of air; the filtrate was concentrated under reduced pressure to 30 ml and n-pen-
tane (5 ml) was added. The solution was set aside, and after a few days gave
red-orange crystals of Ia (2.7 g, yield 25%). (Found: C, 59.2; H, 4.7; Cl, 13.22;
Ni, 7.41; Zn, 7.89. C.1cH;-Cl:NiP.Zn caled.: C, 59.3; H, 4.6; Cl, 13.12; Ni, 7.24;
Zn, 8.06%.)

From the mother liquor after concentration to small volume was obtained
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the known complex (PPh;):NiCl {7] (1.6 g, yield 15%). (Found: C, 79.12; H,
5.5; Cl, 4.4; Ni, 7.31. Cs.HasCINIiP caled.: C, 79.2; H, 5.54; Cl, 4.33; Ni, 7.17%.)

Preparation of [(n-CsH, )Ni(PPh;),]*ZnCl; (Ib,c)

A mixture 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. C.,H;,Cl:-
NiP.Zn caled.: 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-pentane afforded red-brown crystals of I1Ib (1.24 g, yvield 15%).
(Found: C, 64.81; H, 5.72; Cl, 8.28; Ni, 13.7. C,3;H..CINiP calcd.: C, 64.9; H,
5.66; Cl, 8.33; Ni, 13.8%.)

Preparation of [(n-CoH,, )Ni(PPh,),]"ZnCl;" (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 2,3-dimethylbutadiene 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. 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,.H.,,Cl;NiP.Zn caled.: 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. C..H,CINiP calcd.: C, 65.6; H,
5.96; Cl, 8.07; Ni, 13.35%.)

Preparation of (1,1-dimethyl-n-allyl)nickel chloride (111b)

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 mmoles) at —5°. The mixture 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 11Ib (0.35 g, yield 25%). (Found:
C, 36.79; H, 5.61; Cl, 21.7; Ni, 35.85. CsH,CINi caled.: C, 36.75; H, 5.56; Cl,
21.74; Ni, 35.95%.)

Preparation of complexes II from I by reaction with pyridine

Only 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 complex [(#-CsH,,)Ni-
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(PPh;).1"ZnCl;~ (Id)’in benzene (20 ml), 0.3 ml (3.6 mmoles) of pyridine were
added and the mixture was shaken for ca. 2 h. After this 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 recrystallized from benzene/
n-pentane (1/1 by v/v) to give red-brown crystals of 11d (0.70 g, yield 90%).
(Found: C, 65.54; H, 5.9; Cl, 8.13; Ni, 13.29. C..H,,CINiP calcd.: C, 65.6; H,
5.96; Cl, 8.07; Ni, 13.35%.)
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