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The reactions of nickelocene withs-1,2-diphenylpropylmagnesium bromide and withns-1,2-di-
phenylpropenyllithium had been studied. It was found thstl,2-diphenylpropenylcyclopentadie-
nylnickel underwenty-H elimination to form a mixture ofnP-cyclopentadienyl)j®-1,2-(@nti)-
diphenylpropenyl]nickel andnf-cyclopentadienyl)j®-1,2-(syn-diphenylpropenyllnickel as the main
products. The mechanism of this reaction has been discussed. Dihydrotetra(cyclopentadienyl
cluster (NiCp)H, was the main organometallic product of the reaction of nickelocenetnaiis-1,2-
diphenylpropenyllithium. There was neH elimination products formed in this reaction. It has bee
concluded that-H elimination in cyclopentadienylvinylnickel compounds is stereochemically cc
trolled process and can occur only if a distance~bfdrogen from the nickel atom is relatively
small.

Key words: Hydrogen eliminationjtAllyl complexes; Nickel.

The best recognized pathway of thermal decomposition of meigtrocarbyls if3-H
elimination. It may be represented by the general equatjon (

LM-CH~CH,R <—* LMH + CH=CHR @)

For simple alkyls this process is believed to be predominant and it requires migr
of aB-hydrogen from carbon to the metal with the formation of an afkerRecogni-
tion of the above process and the growing number of isolable transition metal
compounds with alkyls lacking@hydrogen caused the role @hydrogen elimination
to be often overemphasized. &rH elimination process had also been recognized ¢
generally acceptéd. y-H elimination is also known, although it was much less exte
sively studie& ™,
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The thermal decomposition @f'-vinyliridium(l) and -rhodium(l) complexes was
studied by Schwartz et &lin the following reaction (Eq.2}).

1 . 1
R\/LI R\/M

H + MCl — > H — > decomposition )

3/\R2 37752

R R R

They have found that decomposition proceeds aalgis -vinylic H elimination (R= H)
or B-allylic H elimination (R = CH,). Neithera-H (R*= H) nory-H elimination (R= CHj)
have been observed.

We have studied a series of reactions of cyclopentadienylvinylnickel compounc
the general formula CpNiCRCRR? (refs'?~19. They are formed in the reactions o
nickelocene with corresponding vinyllithium or -magnesium compddntier in the
reactions of nickelocene with methyllithium in the presence of alkyn&se cyclo-
pentadienylvinylnickel compounds are unstable and they undergo further reactio
form various products. We have shown that depending on the kind of the R substit
all three decomposition pathways. a-, B- andy-H elimination are possible.

If R1= H, then regardless of the kind of &d R ana-H elimination takes place with
formation of trisg°>-cyclopentadienyl){;-alkylidyne)trinickel clusters (Eq.( 3)).

3 {CPNi~-CH=CRR® _ (NiCpyC-CHRR® + RR3C=CH-CH=CHRCR® (@)

If R! = CH,, thenB-H elimination occurs to formn@-allyl)(n®-cyclopentadienyl)-
nickel® (Eq. @)).

i C(CH3)2
CpNi, — CHs B-H elim. N
—( CpNi—) CH 4)
H_ 1,2-hydrogen _Y
CH, CHs shift CHy

If cyclopentadienylvinylnickel does not posses neitiienor B-hydrogen (R= CgHg; R? =
R3= CH,), theny-H elimination occurs with formation of two isomers gf{cyclopen-
tadienyl)f)3-1-phenyl-2-methylallyl)nickét (Eq. ©)).

H
CpNi  CHy _ CHz
- -
= yHelm. - coni—ceHg (5)
3,1-hydrogen Y
Ph CHg shift CHPh
syn- and anti-
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The purpose of this work was to establish whethegtHeelimination in cyclopenta-
dienylvinylnickel compounds is stereochemically controlliegl, whether the position
of CH; group €is or transto the metal) affects the reaction course.

EXPERIMENTAL

IH NMR and®C NMR spectra were recorded on a Varian VXR-300 spectrometer. Mass spt
were recorded on an AMD 604 spectrometer. GC/MS analyses were performed on a Hewlett—P,
5971 Series Mass Selective Detector with a HP 35 column (3028 mm). The reported yields of
crude productsie. after the first column chromatography) were based on the starting amount of
kelocene. All manipulations were carried out under dry argon. All solvents were thoroughtly
and deoxygenated over a benzophenone radical anion and distilled before use. Chromatograp
carried out on neutral alumina (Merck 90, 0.063—0.200 mm, deactivated with 5% of water).
cis-1-Bromo-1,2-diphenylpropef® cis-1,2-diphenylpropenylmagnesium bromtfland trans-1,2-
diphenylpropenyllithiurt® were prepared according to reported methods, as indicated.

Reaction of Nickelocene witbis-1,2-Diphenylpropenylmagnesium Bromide

A solution of cis-1,2-diphenylpropenylmagnesium bromide (9.7 mmol) in THF (45) amas added
dropwise to a boiling solution of nickelocene (1.66 g, 8.8 mmol) in THF (8. dkfter stirring the
mixture for 24 h at room temperature, the solvent was removed, and toluene3j8@ndnteoxyge-
nated water (100 cfh were added. The mixture was filtered through a bed of alumina. The org:
layer was separated, concentrated to about F0aoch chromatographed on alumina with hexane ai
hexane—toluene mixture as eluents, to give nickelocene (0.21 g) and a mixtuné-aytlo-
pentadienyl)fj3-1,2-@nti)-diphenylpropenyl]nickel andnf-cyclopentadienyl)j3-1,2-yn)-diphenyl-
propenyl]nickel as a deep green oil (1.25 g, 3.9 mmol; 44%). The compounds were characteriz
IH and*3C NMR in GDs. The NMR results are presented in Tables | and Il, respectively. Base
the integration ofH NMR signals it was found that the mixture contained 78% ofatiteand 22%
of synisomer. Mass spectrum (EIMS 70 eV) showed a molecular ion/a816 (GgH;gNi*, calcu-
lated for %8Ni; the isotopic pattern was characteristic for one nickel atom; relative intensity 52
The other fragments were at/z= 250 (M — GHg)* (100%); 194 GsH7, (46%); 191 GsH14 (42%);
115 G H¥(27%); 77 GHZ (11%); *8Ni* (7%). The residue eluted from the column was a mixture
unidentified products.

Reaction of Nickelocene wittians-1,2-Diphenylpropenyllithium

A solution oftrans-1,2-diphenylpropenyllithium (8.9 mmol) in THF (45 &nwas added dropwise to
a solution of nickelocene (1.53 g, 8.1 mmol) in THF (8F)cat room temperature. After stirring for
24 h, the solvent was removed, and toluene (108) emd deoxygenated water (100 Jmvere

added. The mixture was filtered through a bed of alumina. The organic layer was separated, ¢
trated to about 10 chand chromatographed on alumina with hexane and hexane—toluene mixtu
eluents. Organic products, eluted with hexane before the first organometallic band, were col
and subjected to GC/MS analysesMethylstilbene was identified (spectra in agreement with D/
TABASE\NBS75K.L) and obtained as white crystals after a recrystallization from hexane (1.2
6.2 mmol).'H NMR confirmed it astrans-a-methylstilbene. The first organometallic fraction con
tained traces of unreacted nickelocene. The second brown fraction (eluted with hexane—toluene
was collected. The solvents were evaporated to dryness, yielding a black solid. Recrystallizatior
hexane-THF gave black crystals of (Nigh) (0.60 g, 1.2 mmol; 59%); no melting was observed L
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to 350°C. The identification was based 6H NMR spectrum (gDg; 8, ppm): 5.35 s, 20 H (Cp);
—20.01 s, 2 H (hydride protons) afC NMR spectrum (§Dg; 8, ppm): 82.67 dXJ(C,H) = 173 Hz
(Cp). These data agreed well with reported 6heBIMS (70 eV): M overlapped with fragments
appearing atmn/z488-504. The other fragmentsratz= 428, 426, 424, 374, 306, 246, 188, 123 wel
consistent with the literatuté The other products eluted were not identified. However, the care
check showed that-allylcyclopentadienylnickel complexes were not formed during the reaction.

RESULTS AND DISCUSSION

Nolteset all®have proved thatis-1-bromo-1,2-diphenylpropene isomerises during tl
reaction with lithium to forntrans-1,2-diphenylpropenyllithium, while the reaction o
cis-1-bromo-1,2-diphenylpropene with magnesium leads to formationisf,2-
diphenylpropenylmagnesium bromide. We have reacted these two compounds wit
kelocene to find out whether tloés or trans position of the methyl group in relation tc
the nickel atom affectg-H elimination in cyclopentadienylvinylnickel compounds.
Nickelocene reacts witbis-1,2-diphenylpropenylmagnesium bromide to form a mi
ture of °-cyclopentadienyl)j*-1,2-@nti)-diphenylpropenyl]nickelXa) and (°-cyclopenta-
dienyl)[n3-1,2-syn-diphenylpropenyl]nickel {b) as the main products (Ed)).

3
HE /H H\ /H
BrMg  CHs Cs, < (6)
NiCp, + ):< ——> CpNi—,C—Ph + CpNi—),C—Ph
PR Ph <1 <
Ph \Hl H \ph
la anti- 1b syn-

The reaction was carried out in boiling THF. The reaction mixture was then tre
with water. The organic layer was dried, concentrated and products were separal
column chromatography (neutral alumina + 5%®Heluents: hexane and hexane—toluen:
The first light green fraction contained a small amount of unreacted nickelocene.
second main fraction was collected, the solvents were partially evaporated an
residue was chromatographed again. Dark green oil (purple-red in an electric
light) was obtained after solvents evaporation.

1H, 3C NMR and mass spectra showed that the product was a mixture of
isomers of the compountl The molecular peak at/z= 316 (calculated fot®Ni with
the isotopic pattern characteristic for one nickel atom; relative intensity 52%) was
served in the mass spectrum of compodndH and3C NMR spectra of the com-
poundsla and1b are shown in Tables | and Il (atom numbering scheme in@y. (
Based on the integration & NMR signals, the product consisted of 78% of &ingi
isomer (@) and 22% of thesynisomer (b).
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The reaction of nickelocene withans-1,2-diphenylpropenyllithium was carried ou
in THF at room temperature. The reaction mixture was then treated with water tc
drolyse LiCp. The organic layer was dried, concentrated and products were sep:
by column chromatography (neutral alumina + 5%@Heluent hexane and hexane—toluent
a-Methylstilbene was identified among organic products. The first organometallic f
tion contained traces of unreacted nickelocene. The main product of the reactior
isolated from the second brown fraction. It was identified as dihydridotetra(cyclope
dienylnickel) clustel’ (NiCp),H,. The identification was based dHl, **C NMR and
mass spectra and their comparison with literature!dafhere were neithemg-
cyclopentadienyl){3-1,2-diphenylpropenyl)nickellj nor othery-H elimination pro-
ducts formed in the reaction.

The results of the above reactions clearly show thallyl cyclopentadienylnickel
complexes are formed in the reaction of nickelocene wititl,2-diphenylpropenyl-
magnesium bromide but not in that witlans-1,2-diphenylpropenyllithium.

cis and trans Isomers of the unstable compound {CpNi—-gHig)=C(CH;)Ph} are
formed in the initial steps of these reactions respectively.

TaBLE |
'H NMR spectra of compoundsa and1b

o, ppm
Compound
H* H? H? Cp Ph
182 5.37s 244 s 3.43s 5.09 s 6.91-7.41m
1P 2.72s 1.60s 2.98s 514 s 6.91-7.41m
2 J(HY,H% not observed® J(H*,H?) not observed.
TasLE Il
13C NMR spectra of compounds and1b
o, ppm
Compound
ct c? c? Cp Ph
la 50.1 102.4 43.3 90.4 125.0-142.8
1b 61.1 105.4 42.0 90.5 125.0-142.8
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Thecisisomer of {CpNi—-C(GHs5)=C(CH;)Ph} does not possess neitleernor 3-hy-
drogen, so the formation atf-allyl complexesla and1b can be explained by wH
elimination process. The course of the react@ng proposed on Scheme 1. A drivin
force of this reaction is the anxiety of the nickel atom to achieve 18-electron con
ration.y-H elimination occurs, leading to the formation of an ustable nickel hydride
an oxidative addition step. The shift of double bond from@to C>—C3 stabilizes the

MgBr\ CH3 CpNi CH3
/ \ /
NiCpy + cC—C E— cC—=C + CpMgBr
/ \ / \
Ph Ph Ph Ph
H\ /H
CpNi w_ /'CH» CpNi CH»
\ / y-H elim. \ Ay
cC—=C — > CcC—=C
/ \ / \
Ph Ph Ph Ph
stabilisation

of carbocation

./H H_ /H H_ _H
CpNi > CH> C c
\ // hydrogen RN N
ccC ————> CpNi—,C—-Ph + CpNi—,C—Ph
/ \ transfer 4(:/ ,c/
Ph Ph H™ “ph Ph~ \H
1b syn- la anti-

ScHEME 1

carbocation. Due to the free rotation arourid-@ bond, the transfer of the hydroger
from nickel to Cin an intramolecular reductive elimination step leads to the format
of anti and synisomers ofrrallyl complex. Theanti isomer is predominant probably
due to the steric reasons. The whole process can be described as a nickel me
3,1-hydrogen shift.

The trans isomer of {CpNi—C(GH5)=C(CH;)Ph} does not possess neitheer nor
B-hydrogen either, it possessebydrogen atoms, but in that case we have not obser
the formation ofrrallyl complexes. The main product isolated from the reaction m
ture was dihydridotetra(cyclopentadienylnickel) cluster (Nj€p) This compound has
been formed in several reactions of nickelocene with organolithium or -magne:
compound¥’*8 Our previous studies showed that it was always formed during dec
position of cyclopentadienyl(phenyl)nickéle. in the case when substituesbonded
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to nickel does not possess neitherp- nory-hydrogen atoms, undergoing facile hydroge
abstraction. We have shown that the solvent (THF) is the source of the hydr
necessary for the formation of (NiGpi), (ref.18). From the point of view of the possibility
of a-, B- ory-hydrogen abstraction, theansisomer of {CpNi—C(GH5)=C(CHy)Ph} is
similar to the phenyl group. There is a lackcof and 3-hydrogen atoms, anghy-
drogen atoms are further apart from the nickel than iighisomer. The long distance
disablesy-H elimination andrrallyl complexes cannot be formed. We presume tha
decomposition of ffansCpNi—-C(GHs)=C(CH;)Ph} proceeds similarly to that of
{CpNiPh} and that (NiCp)H, is formed like described previousfy

The following conclusions can be drawytH elimination in cyclopentadienyl-
vinylnickel compounds leads to the formation mhllyl complexes. This process is
possible only if the distance of tlyehydrogen from the nickel atom is relatively sma
(y-H bearing group isis situated in the relation to the nickel atom) what indicates tt
stereochemical factors play a key roleyid elimination. If y-hydrogen atoms are in
the CH; grouptransto the nickel, thery-H elimination does not proceed amehllyl
complexes cannot be formed. This result also proves that 3,1-hydrogen shift lead
the formation of an allyl group is not direct but proceeds with a mediation of the ni
atom.
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(Grant No. 3 T09B 035 11).
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