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Recent rapid progress in the field of the chemistry of organometallic compound
has included preparation of many s-bonded alkyl derivatives of most of the transition
inetals. There are many examples in which they were thought to be an intermediate
in catalvtic processes, such as alkyvltitanium compounds?:* in Ziegler—Natta polymer-
ization and aikylcobalt compounds® in carbonylation reactions. In this connection,
we intended to prepare o-bonded alkylnickel derivatives in order to elucidate the
catalvtic process of the dimerization of ethylene?® in which an alkvinickel compound
possibly plavs the main role. There are manyv compounds in which an arvi’, ethinyl®
and perfluoroalkyl™-* group is attached to nickel by means of a o-bond. However,
simple alkyl derivatives have not been isolated because of their instability, though
evidence has been obtained about their formations.2.

We had succeeded in preparing stable o-bonded alkyl, arvl and alkynyl deriv-
atives of nickel which have a cvclopentadienyi group and phosphine, arsine or stibine
in a molecule as ligands and have briefiv described such compounds previousiy. Now
we wish to report on the compounds in detail.

RESULTS AND DISCUSSION

Recently the reaction of nickelocene with bis{triphenviphosphineinickel di-
chloride was claimed to yvield triphenviphosphine-z-cvclopentadienyvinickel chloride,
=-C;H Ni{PPh,iClH. Another method of preparation of analogous iodine compound®
from cyvclopentadienvinickel dicarbonyvi, triphenviphosphine and iodine was also
known. The former method is superior to the latter in terms of its high vield and
convenience. The former method was emploved and improved for the preparation
of related compounds. Preparation by dropwise addition of an iodine solution to the
mixture of nickelocene, nickel carbonyl and triphenyvlphosphine (or the phosphite,
arsine and stibine} in tetrzhvdrofuran was widelv emploied. The compounds thus
prepared are summarized in Table 1.

Derivatives having phosphines and phosphite as the ligand are stable in air,
both in solid state and in solution. Arsine- and stibine-substituted compounds are
less stable than their phosphine analogues. They are all soluble in benzene and
tetrahvdrofuran but less soluble in aliphatic solvents, except for the tributyvlphosphine
substituted compound.
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TABLE |
2-C;H Ni{L}X coxpouNDs

Metkeds  Compound Colour M.p. Yield Analysesfound (calcd.} (%)
() (%) ¢ H
1 2-CoH Ni{PPh,)CI dark red 1353-139% go 65.53 (65.53) 4.82 (4.78}
1 T-C H Ni(PBu,)Cl dark brouwn 59-59.5 67 56.47 {56.31} S.0z2 {8.98}
b :z-C,Hs-.\'g(PPh,Me)Br dark brown red 118—120 79 53.86 (53.52 4.5% {4.39)
2 2-CiHNi(P(OPh),)I  dark brownred  132-133% 39 4945 (39-24)  3.69(3.59)
3 2-C;H Ni(AsPh,)Br  dark red violet 109-110% 66 54-20 {54.17) $-0r (3.95)
2 T-C H Ni{AsPhy) dark red violet 113-119% 53 49.65 {39.60)  3.68 (3.62)
2 -CyHNi{SbPhy}H dark red violet 1011020 32 45.82 {25.75) 3-36 (3-34)

@ Method 1: (;1-CgHy)»Ni -~ L.NiX,: method 2: (zx-C;H;).Ni 4 Ni{CO}; =~ 2 L. + I,; method 3:
{71-C4H;1. X1 = NiX. = 2 L. ? Decomposing.

Treatment of these halides in benzene at ice temperature with Grignard reagents
affords 7-C;H;Ni(L)R compounds in good yields.

2-CaHNI(L)X + RMgX —= 7-CsH Ni(L)R

R = CH,, C,Hj, #-CiH;. n-CH,. sec.-CiH,, CH.CeH;, CeHy. p-CICgH,, 0-CH,CeHy, m-
CH,C H,, p-CHLCeH,. 2,4.6-(CH),C,H., C=CH and C=CCH,. X =Cl, Brand I. L =
(CeHyaP, (CH) (CgH)oP, (12-C Hg)yP, (CgHylaAs and (CgH;),Sb.

The compounds thus prepared are summarized in Table 2.

TABLE 2

2-C HNIH{LIR comroUxps

Componnd Coivur M.pe Yield Anaivsesfound (caled.) {2,)
89 Pa) C H
a-C;H Ni{PPhyiCH, green {126-120) o7 -1.64 {71.80) 5.99 (5.78)
2-CH NitPPh,YC, Hy green {r18—120} 01 7204 {72.33) 6.13 (0.07)
2-CyH N PPhy}-n-CyH green (75-77) 7L 72.89 {72.7b} ©.30 (6.34)
a-C H Ni{PPhyj-»-C H, green {38—a1} 50 73.33 (73.17} ©6.63 (6.60}
7-CyH N PPhy)-sec-C Hy green {13112} 27 73.37 {73-17) 6.65 (6.60)
t-CsH N PPh)CHL.CH green brown {r2g—131) 79 75-22 (75-39) 5.70 (5.79)
a-CHNUPPRICgHy green 137139 77 7503(75-20) 5.33 (5.3}
a-C H N1 PPhy}CgH (Cl-p green brown 140-143 23 70.31 (69.99) .86 (4.86)
2-CoH NP PR OCgH (CH o green 164103 13 75.00 (75.50) 5.852 (5.70)
a-CsH Ni{PPh,)CgH CHy-m2 green 106107 32 75.24 {75.50% 5.60 {s5.70)
a-CgH NifPPhy ) CH ,CH,-p green brown 139-142 035 75.04 {75.50) 5.69 (5.70)
2-C3H NH{PPh,iC HL (CH),-2.4.6 green 190-IQI 57 76.03 (76.07) 6.33 (6.19)
-G H N PPh,)C=CH green 111.5-112.5 75 72.96 (73.03) 5-30 (5-15)
2-C;H Ni{PPh,}iC = CCgH; green 135 63 76.71 {76.42} 5.26 (5.17)
z-CH N1 PBu,)JCH, green brown 2g-30 53 63.52 (03.37) 10.30 {10.33)
2-CH N PPhMe)CH, green 97100 53 67.15 (67.30) 6.37 (6.23)
-C H Ni{AsPh,)CH, green {ror—104) 30 65.23 (64.77) 5-32 (5.21)
a-C H N1{AsPhy)CHj green (126~127) 36 68.56 (65.68} s5.09 (4.97)
2-CHNI{SbPh1C H green {gt—93) 32 62.82 (62.87) 3.55 {4-71)
2-CH Ni{SbPh,)C Hu (CH,yla-2,4,6 vellow green 134-135 42 64.85 (63-48) 5.45 (5.24)

« Melting points given in parentheses were measured in nitrogen filled capillary tube. All
compounds melt with decomposition except z-C;H;Ni(PBu;)CH,.
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They were mostly- dark green crystals soluble in most organic solvents. Tri-
phenviphosphine-z-cyclopentadienylmethylnickel is diamagnetic, monomeric in
benzene and very stable, especially in solid state, which permits handling in air.
The nuclear magnetic resonance (NMR) spectrum of the compound showed a singlet
at 2.56 7 (CgHj), a singlet at 4.94 7 (C;H;), and a doublet centered at 10.82 7 (CH,). The
coupling constant J between the methyvl protons and the 3'P nucleus is 6.0 cps. Alkyl
derivatives are less stable in air when dissolved in organic solvents than are the aryl
and ethynyl derivatives; the methyl derivative is the most stable of the alkyl analogs.

Attempts to obtain analytically pure triphenylstibine-z-cvclopentadienyl-
methylnickel was unsuccessful, although green crystals were obtained. In general,
replacement of the ligand on nickel from phosphine to arsine and to stibine depressed
the stability of the compounds ia this order. The reaction between triphenylphosphite-
z-cyclopentadienvinickel todide and mesityl Grignard reagent in tetrahydrofuran did
not afford the expected mesitylnickel compound. ¢-Bonded nickel-carbon compounds
having onlv weakly donating ligands seem to be unstable.

In an attempt to obtain the s-allvinickel derivative, z-C;H,Ni{PPh,JCH.CH=
CH., the reaction of the chloride and allylmagnesium bromide at room temperature
affords z-cyclopentadienvl-r-allvInickel'®. 14 in 4o °; vield. Transient formation of the
desired compound was suggested by the initial development of green color which was
followed by the change to red-violet. This change of color possibly corresponds to the
tsomerization of o-bonded allyl group to a z-bonded structure by replacement of
phosphine.

In an attempt to prepare the triphenyiphosphine-r-cyvclopentadienvinickel
hy-dride, the chloride was treated with lithium aluminum hydride in tetrahydrofuran
at Dry Ice temperature. Di-u-{diphenyviphosphidoj-z-cyvclopentadienyldinickel!’d was
cbtained in 35 °; vield instead ot the desired hvdride.

Reaction between the methyl derivative and halogens resulted in cleavage of
methyvi-nickel bond. Thus, the reaction of triphenviphosphine-z-cvelopentadienyi-
methyinickel with bromine in ether at Dry Ice temperature afforded triphenyl-
phosphine-z-cyvclopentadienvinickel bremide (16°,) and with iodine at ice tem-
perature gave the iodide (7o °.). In a later case, 409, of methyl group from the nickel
compound employved was detected as ethane and 17 2 as methyl iodide by vapor phase
chromatographic analysis, suggesting that thereaction did not proceed in a simple way.

There are many examples of insertion of carbon monsxide into an alkyvi-
ransition metal bond. The reaction of the methyvl and phenvl derivatives of nickel
with carbon monoxide were carried out to examine the possibilitv of such insertion.
The reaction with carbon monoxide at high pressure proceeded at room temperature
without formation of the expected acetyl and benzoyvl derivatives. The main product
was triphenyviphosphinenickel tricarbonyi. Another product obtained from the re-
actionof the phenylderivative was an air-unstable white crystalline solid which melted
ai 65° in a nitrogen filled capillary tube. Based on elemental analyvsis, the electronic
spectruin Iindicating the presence of conjugate band (Zmax 298 myu; £ 14400) and the
NMR spectrum, its structure was assigned as 1-phenyvl-1,3-cvelopentadiene!s.

v

Hr__h?
2CgH NH{PPhg}Ph — 3CO — Ph—’ " —H? = Ni{CO,PPh,
H  H*
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NMR: 6.74 T (2, doublet, H* and H?}, 3.60 = (1, doublet, H%), 3.53 7 (I, sextet, H3),
3.24 7 (z, triplet, HY), 2.77 7 (5, complex, C;H;). Tetramethylsilane was emploved as
internal standard in CS, solution. Separation of components are 0.1 cps. Relative
intensities, multiplicities and assignments are given in parentheses.

EXPERIMENTAL

Apparaius and insiruments

The reactions were all carried out in nitrogen atmosphere with apparatus of
conventional design. Melting points were determined on a Yanagimoto hotstage
apparatus unless otherwise mentioned. Infrared spectra were obtained by using a
Hitachi EPI-I spectrophotometer. Proton magnetic resonance spectra were madeon a
Varian A-60 spectrometer.

Pr:parations of cvelopentadicenvinickel halides

Melting points, vields and analyses of all compounds prepared in this section
re summarized in Table 1.

(@) Triphenviphosphine--cvclopentadienvinickel chloride. This compound was
prepared according to the method described in ref. 11. It was diamagnetic, Zmot
-—164 - 1079 The same method was emploved for the preparation of methyldiphenyl-
phosphine-z-cyclopentadienvinickel bromide and tri-n-butylphosphine-z-cyclopenta-
dienyvlnickel chloride, although the reactions were carried out at room temperature
and with equimolar amounts of the corresponding bis(phosphine)nickel dihalide and
nickelocene.

(6) Triphenviarsins-cr-cvclopentadicryinicke! iodide. To the solution of triphenyl-
arsine (4.6 g, 15 mmole) in tetrahyvdrofuran (30 mi} was added nickel carbonyl (x.3 g,
=5 mmole) in tetrahvdrofuran (ro ml) at room temperature. After the gas evolution
had ceased, the solution was refluxed for one hour. To an ice-cooled solution was
added nickelocene (1.5 g} and then iodine (3.9 g} in tetrahvdrofuran (4o ml} dropwise.
The solution was stirred for 30 min at room temperature and 30 min more at reflux
temperature. After concentration of the solution, 5-hexane was added to precipitate
red-violet crystals. Recrystallization from cyclohexane gave dark red-violet crystals
{6-9 g, 53 °;). The same method was emploved to prepare triphenvistibine—z-cyclo-
pentadienylnickel iodide and triphenviphosphite-z-cyclopentadienylinickel iodide.

() Triphenylarsine-w-cvelopentadienvinickel bronide. The mixture of nickel
bromide (2.4 g), triphenvlarsine (6.2 g) and nickelocene (2.0 g) in tetrahydrofuran
(50 ml) was stirred for 3 h at 50°. A procedure similar to that in () above for isolation
of title compound gave dark red-violet crystals {6.7 g, 66 °;).

£

Preparation of alkvl, aryl and alkynyvl derivatives of nickel

Melting points, vield and analyses of the compounds prepared in this section
are summarized in Table 2.

To an ice cooled Grignard reagent from methyl 1odide (3.8 g), magnesium (1 g)
and ether {70 ml) was added triphenviphosphine--cyclopentadienyinickel chioride
(4.22 g, 10 mmole) in benzene (100 ml). A deep green solution resulted. After stirring

for 2 h, aqueous ammonium chloride was added and the green-colored organic layver
was dried with sodium sulfate. After the solvent was removed under reduced pressure,
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the residuc was resolved in benzene and chromatographed on alumina, benzene/
n-hexane (I:1) being used as eluant. The dark green fraction was collected and solvent
was evaporated almost to dryness. After addition of »#-hexane (20 ml), it was kept in
the refrigerator to give dark green crystals (2.6S g, 67 %) of triphenylphosphine-=-
cvclopentadienvimethvinickel. The molecular weight was measured crvoscopicaily in
benzene (found 3587 ; caled. for C.;H.,PNi yo1). The NMR spectrum was obtained in
CS. with tetramethylsilane as internal standard. The magnetic susceptibility was
measured (4not —I49 - TO7SL

All other compounds were prepared according to procedures similar to that
described above. In the case of the mesityvl derivative, tetrahvdrofuran was employved
as solvent instead of ether. The IR spectrum of the ethyvnyl derivative, 7-C;H Ni-
{PPhy}C=CH, showed the presence of an acetvlenic proton (32go0 cm™!) and a triple
bond (1668 cnY}, and that of phenyvlethynyl derivative, x-C;H;Ni(PPh;)C=CPh, also
showed the presence of a triple bord (2090 cm—?).

Reduction of triphenyiplosphinve-m-cyclopentadienyliickel chloyide by Isthiun aluminum
Eyvdride

To 2 Dryv Ice-cooled solution of lithium aluminum hydride (0.5 g) in tetrahxdro-
furan (20 ml} was added dropwise triphenviphosphine-rt-cvclopentadienvinickel
chioride (2 g} in tetrahydrofuran (30 mi} during 135 minufes and the mixture kept for
one hour under stirring. To the resulting brown solution was added methanol (10 mli)
dropwise and then water (30 mi}. The brown-red colored organic laver was separated
and dried with calcium chloride. After removal of the solvent, the residue was
chromatographed on alumina with benzene as cluant. The eluent was concentrated
and kept in the refrigerator to give dark brown crvstals. Thev were recrvstallized from
a mixture of benzene and #-hexane to give 0.55 g of air-stable, dark brown crystals,
m.p. 275-257°. (Found: C, 66.10; H, 5.10. C5;HNi.P, caled.: C, 66.08; H, 1.8g°,.}
The absorption maxima of IR spectrum of these crystals were fully identical with
those of already known di-p~-{diphenviphosphidol--cyvelopentadienvidinickel.

Reaciéiors of triphenviphospiiine-z-cyclopentadienvhmethivinickel with halogens

To an ice-cooled solution of triphenviphosphine-z-cyclopentadienvimethyl-
nickel (2.0 g} in ether {30 ml} was added dropwise a solution of iodine (0.63 g} in ether
{50 mi} during 20 minutes under stirring. After completion of addition, the solvent
was evaporated at reduced pressure. The residue was dissolved in a small amount of
benzene, foilowed by the addition of a large amount of -hexane to give red-brown solid.
This was recristallised from cvclohexane o give dark red-violet crystals, m.p. 140
1417 {decomp.} {1.9 g1 It was identified bv analvsis as triphenviphosphine-t-cyclo-
pentadienvinickel indide which had been reported in literature!®. (Found: €, 54.17;
H, g.01. C..HLHIXIP caled.: C, 53.85; H, 3.6375.)

From an experiment similar to that above, triphenviphosphine-z-cyclopenta-
dienvimethivinickel (1.2 g) and bromine (0.24 g) at Dry Ice temperature vielded red
crystals. Recrystallization from cyclohexane and drying at 100” under reduced pressure
gave red crystals, m.p. 118-120° (decomp.) (0.2 g). These were identified by analysis
as triphenvlphosphine-w-cyvelopentadienvinickel bromide. (Found: C, 59.18; H, 4.26.
CoH BrXiP caled.: C, 59.28; H, £.339%.)

The IR spectra of these halides are quite similar to that of the chloride.
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Reaction of triphenylphosphine-z-cvclopentadienylphenylnickel with carbon monoxide

In a stainless steel autoclave containing triphenylphosphine-z-cyclopentadienyl-
phenylnickel (2.32 g) and benzene {30 ml) was introduced carbon monoxide (8o atm).
The autoclave was allowed to stand several days. The orange-red solution was con-
centrated almost to dryness under reduced pressure (5 mm Hg, room temperature).
The residue was treated with methanol (10 ml) and filtered to give white crystals
(1.5 g) which were identified as triphenylphosphinenickeltricarbonyl by comparison
with authentic compound. The orange-red filtrate was concentrated to dryness under
reduced pressure without heating, and the residue sublimed under reduced pressure
(5 mm Hg, 70°) to give slightly purple colored crystals {0.42 g). Resublimation of the
crystals gave white crystals, m.p. 60.5-61.5° (in air); 65° (in a nitrogen filled capillary
tube). (Found: C, 93.30; H, 7.01. C;,H,, caled.: C, g2.91; H, 7.09%.) The crystals
were polvmerized gradually in air. The electronic spectrum of the compound was
measured i1 ethanol.

SUMMARY

The preparations and some properties of x-C;H,NI{L)X and =>-C;H Ni(L)R
IN == halogens; L = (C;H,;),P. (CHL)(C:H;).P, (1-C Hy) P, (CeH;)3As and (CgH;),Sb;
R = CH:,, C’.‘HB' 1Z‘C3H7, "l-'C_lHQ, SC’C—C,;Hg, CHngHs, C5H5, P’ClcsH,;, O-CH:SCGH-I’
m-CH,CH,, p-CH,CH;, 2,4.6-(CH},CH,, C=CH and C=CCH; are described.
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