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large AH and AS values observed suggest that s6lvation of
the complex plays a very important role in the conforma-
tional equilibria. The mechanism of the solvent effect is
attributed to the sensitivity of the hydrogen bonding ability
of the amino protons to ring conformation as suggested by
Raymond, Corfield, and Ibers.”
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Nickelocene, (h°-C,H;),Ni, reacts with the square-planar (diphos)NiX,, complexes {diphos = 1,2-bis(diphenylphosphino)-
ethane; X = Cl, Br, I or CN] in organic solvents to afford monocyclopentadienylnickel complexes, the nature of the prod-
ucts depending markedly on the anionic ligand in the diphos nickel(II) starting material. The chloro and bromo complexes
yield novel ionic {(#°-C HNi(diphos)],NiX, complexes which contain nickel(II) cations and anions of different coordina-
tion geometries. The corresponding reactions of the iodo and cyano derivatives yield the bridged dimeric compounds [(%°-
C,H;)NiX],-u-diphos (X = I, CN) as the sole isolable products. With the exception of the cyano complex, acetone solutions
of the complexes afford the ionic [(#°-C;H,Ni(diphos)}X or [(#°-CH,Ni(diphos)]PF , derivatives upon addition of water
or aqueous ammonium hexafluorophosphate, respectively. Proton nmr, infrared, and visible spectra and conductometric

data for the new compounds are presented.

Introduction

The chemistry of nickelocene, (h3-CsHs),Ni, is dominated
by reactions in which the cyclopentadienyl ligands are lost or
altered in some fashion."* Reactions with phosphorus donor
ligands afford derivatives of the formula NiL,*3 [L =a tri-
valent phosphorus ligand], the fate of the displaced cyclo-
pentadienyl ligands being uncertain. Dimeric products of the
type [CpNi-u-X],® (X =P(CF3),, SR) result from the treat-
ment of nickelocene with HP(CF3),” and mercaptans,®®
respectively. High-temperature reaction with diphenylacet-
ylene affords the dimeric {CpNi],C¢HsC,CHs! in which
the acetylene is bonded to both nickel atoms.!* Reactions
with molecular hydrogen,'? fluoroolefins,'* acetylenes con-
taining electron-withdrawing substituents,''¢ perfluoro-
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benzyne,'” or ethyl diazoacetate'® yield products in which
addition to one of the cyclopentadienyl rings has occurred.

A related class of transformations involves transfer of a
CsH; ligand to another metal, exemplified by the reactions
with Ni(CO)s,'® Fe(CO)s,*® and L,NiX,;2%*! complexes (L =
a tertiary phosphine, X = halide). The latter reactions sug-
gest that nickelocene might be a useful reagent for the syn-
thesis of a variety of cyclopentadienylmetal complexes not
readily accessible by more conventional routes. We have be-
gun a systematic study to test this hypothesis and report
herein the results of our study of the reactions of nickelocene
with (diphos)Nill complexes [diphos = 1,2-bis(diphenylphos-
phino)ethane]. While this work was in progress, salts of the
[CpNi(diphos)]* cation*??® and the complex [CpNi(CN)],-
u-diphos-2C¢Hg* have been prepared by other workers using
indirect methods.

Experimental Section

All operations were conducted under nitrogen or argon atmo-
spheres, including admission of argon to evacuated flasks. Methylene
chloride was dried by refluxing over phosphorus pentoxide, distilled
under argon, and stored over Linde 3A molecular sieves. Benzene
was distilled from sodium and ether from lithium aluminum hydride.
Nickelocene and phosphorus ligands (Strem Chemical Co.) were puri-
fied by sublimation and recrystallization from ethanol-benzene, re-
spectively. Nickel salts were obtained from standard commercial
sources and used without purification. The complexes (diphos)Ni-
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Table I. Physical and Analytical Data
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Analyses, caled (found)

Complex Color Mp, °C %C %H % P % nitrogen or halogen
[CpNiCN],-u-diphos Green 171-172 65.14 (65.13) 4.86 (4.77) 8.86 (8.80) 40389 N)
[CpNil],-u-diphos Deep red 194 dec 48.00 47.71) 3.78 (4.01) 6.89 (7.14) 28.22 (28.46) ()
{CpNi(diphos)]1 Green 133 dec 57.45 (56.82) 447 (4.71) 9.58 (9.44)

[CpNi(diphos) }PF, Green 203 56.02 (56.08) 4.36 (4.25) 13.96 (13.76)
[CpNi(diphos)],NiCl, Green 122 dec 59.76 (59.25,59.16) 4.65(4.74,4.79) 10.77 (9.58) 11.41 (11.07) (CD
[CpNi(diphos)],NiBr, Green 220 dec 52,29 (52.69,52.59) 4.08 (4.16,4.19) 9.42 (8.49) 22.44 (21.50) (Br)

X, 525'“ [(CsHs)1PCHzP(C6Hs)z ]2Nixz ’26 and [(coHs)ZP(CHz)a'
P(C,H,), INiX, *¢ were prepared by standard literature methods.

Elemental analyses (Table I) were conducted by Galbraith Micro-
analytical Laboratories, Knoxville, Tenn. Visible~near-infrared spec-
tra were determined with a Perkin-Elmer Model 450 spectrometer
using methylene chloride solvent. Infrared spectra were recorded on
a Perkin-Elmer Model 521 spectrometer using potassium bromide
plates with the samples in Nujol. A Varian Associates T-60 instru-
ment was utilized for determination of the proton nmr spectra.
Chemical shifts (Table II) are reported in ppm downfield from in-
ternal tetramethylsilane. The 100-MHz spectra were measured on a
Varian Associates HA-100 spectrometer. Phosphorus-31 spectra
were determined on a 24.3-MHz Varian Instrument. Conductance
measurements were made in methylene chloride solution using ap-
proximately 1072 M solutions. The latter operations were conducted
in a Vacuum Atmospheres drybox due to the moisture sensitivity of
the complexes. Melting points were measured in sealed capillaries
and are uncorrected (Table I).

Synthesis of {CpNi(diphos)],NiCl,. The reaction vessel wasa
200-ml three-neck flask fitted with reflux condenser, argon inlet, and
magnetic stirrer. All glassware was oven-dried (200°, 24 hr) prior to
use and purged with dry argon for 30 min prior to initiation of the
reaction, Nickelocene (0.57 g, 3.0 mmol), (diphos)NiCl, (1.06 g,
2.0 mmol), and approximately 150 ml of benzene were charged to
the reaction vessel and the mixture was heated at S0° for 48 hr. Dur-
ing the course of the reaction the yellow-orange (diphos)NiCl, slowly
dissolved and green crystals formed. The reaction mixture was cool-
ed to room temperature and filtered under argon to afford the green

solid product which was washed twice with 50-ml portions of benzene.

Recrystallization from methylene chloride-diethyl ether and vacuum-
drying yielded 0.91 g of green microcrystalline [CpNi(diphos)],-
NiCl, (75% based on (diphos)NiCl,). Similar yields are obtained us-
ing refluxing methylene chloride, but the formation of decomposition
products complicates product purification.

Synthesis of [CpNi(diphos)],NiBr,. The reaction was carried
out as described above for the chloride complex with 3.0 mmol of
nickelocene and 1.23 g (2.0 mmol) of (diphos)NiBr,. Recrystalliza- .
tion of the benzene-insoluble product from methylene chloride-dieth-
yl ether and vacuum drying afforded 0.97 g of green crystalline
{C;H;Ni(diphos)],NiBr, (69% yield). The reaction proceeds more
rapidly in refluxing methylene chloride but slightly lower yields are
observed.

Synthesis of [CpNil},-u-diphos. Nickelocene (0.57 g, 3.0 mmot)
and (diphos)Nil, (2.13 g, 3.0 mmol) and 150 ml of methylene chio-
ride were charged to a 200-ml flask under argon as described above
for the chloride and bromide reactions. The reaction mixture was
heated at reflux for 1 hr and solvent was then removed by rotary eva-
porator. The residue was extracted with hexane under argon; the
extract was colorless indicating that nickelocene was completely re-
acted. The product was taken up in 25 ml of methylene chloride
and filtered under argon. Dropwise addition of ether to the filtrate
brought about precipitation of the product which was rapidly filtered.
(The mother liquor quickly attains a green color indicating the pres-
ence of [CpNi(diphos)]I.) Yield of the red-purple crystalline prod-
uct was 1.07 g, 40%. The synthesis may be carried out with equal
facility with benzene as the reaction solvent. In this case the prod-
uct begins to precipitate before reflux temperature is reached. After
1-hr reaction time treatment of the mixture as described above af-
fords 40-50% yields of the product after recrystallization.

Synthesis of [CpNi(CN)],-u-diphos. Three millimoles each of
nickelocene and (diphos)Ni(CN), in approximately 150 ml of benzene
were refluxed for 48 hr. During the course of the reaction (diphos)-
Ni(CN), dissolved and the green product slowly precipitated. The
reaction mixture was cooled to room temperature and benzene re-

(25) P. Rigo, B. Corain, and A. Turco, Inorg. Chem., 7, 1623
(1968).

(26) G. R. Van Hecke and W. D. Horrocks, Ir., Inorg. Chem., §,
1968 (1966).

Table II. Nmr Datac

Complex 5(C,Hy) 5(C H,) 5(CHy

[CPNi(CN)],-u-diphos? 5.22's 7.4 br,m 2.78 d (Jpyg = 2.0 Hz)

[CpNi(diphos) [Cle 5.50s 7.5br,m 2.74d (Jpy =18 Hz)
[CpNi(diphos) ]Bre.4 5.52s 74 br,m 2.75d (Jpyg =18 Hz)
[CpNi(diphos)}Ic.@ 5.58s 7.6 br,m 2.72d (Jpy = 18 Hz)
[CpNi(diphos)]PF, ¢  5.55s 7.5br,m 2.71d (Jpg =18 Hz)

[CpNi(diphos)],NiCl,? 5.40s 7.4 br,m 2.75d (Jpy = 18 Hz)

@ Varian Associates T-60 spectrometer; chemical shifts in ppm down-
field from internal TMS. Key: s, singlet; d, doublet; m, multiplet;
br, broad. & Methylene chloride-d,. ¢ Acetone-d,. ¢ Phosphorus-
31 resonance at —70 ppm vs. H,PO,, broad multiplet.

moved at reduced pressure. The residue was taken up in methylene
chloride and filtered, and the product was precipitated by addition
of diethyl ether. The yield of product after vacuum drying was 1.40
g, 67%. Unlike the preparations of the other complexes described
above, no precautions to exclude moisture are necessary. The com-
plex exhibits »(C=N) at 2118 cm™! and is a nonelectrolyte.

[CpNi(diphos) IX (X = CI, Br, I). Acetone solutions of {CpNi-
(diphos)],NiX, (X = Cl, Br) or [CpNi(I)}],-u-diphos afford essentially
quantitative yields of the corresponding complexes [CpNi(diphos)]X
upon addition of water. All of the complexes may be recrystallized
from acetone by dropwise addition of diethyl ether. Thus 0.45 g of
(CpNil),-u-diphos afforded 0.31 g of [CpNi(diphos)]I (96%). The
identity of the complexes is confirmed by their metathetical con-
version to the hexafluorophosphate salt [CpNi(diphos)]PF as de-
scribed below, elemental analysis of the iodide salt, and conductivity
measurements.

[CpNi(diphos)]PF,. Addition of saturated aqueous NH,PF
(Ventron) to acetone solutions of any of the complexes reported in
this study (with the exception of [CpNi(CN)],-u-diphos) affords the
complex [CpNi(diphos) |PF  identified by elemental analysis (Table I)
and by the characteristic P-F stretching frequencies of the PF ™ ion
at 830 and 548 cm™'.*’

Attempted Reactions of Nickelocene with Other Bis(phosphine)-
nickel Complexes. No isolable products could be obtained from the
reactions of nickelocene with [(C,H,),PCH,P(C,H;),],NiX, or
[(C4H,),P(CH,),P(CH;), NiX, (X = Cl, Br, I) in refluxing benzene
or dichloromethane. No color change was noted in the reaction mix-
tures after 72 hr and 60~70% of the unchanged starting materials
could be recovered. Nickelocene and (diphos)Ni(NCS), apparently
reacted in refluxing benzene but a pure product could not be isolated.
In refluxing methylene chloride no reaction occurred.

Results and Discussion

Nickelocene reacts with (diphos)Nil; and (diphos)Ni(CN),
according to eq 1 affording high yields of the bridged bimetal-

Cp,Ni + (diphos)NiX, = [CpNiX],-u-diphos (X =1, CN) (1

lic complexes [CpNiX]},-u-diphos (X =1 and CN, respectively).
The syntheses may be conducted in methylene chloride or
benzene solvents. The cyano complex is best prepared in
refluxing benzene, the reaction requiring approximately 48
hr to go to completion. In either benzene or methylene
chloride the production of [(Cp)Nil],-u-diphos is complete
in 30-60 min, the reaction mixture rapidly acquiring the
deep red color of the product. Fine red needles of the com-
plex begin to precipitate from benzene almost immediately
upon mixing starting materials. Both complexes are air
stable, crystalline solids, but the iodo complex is extremely

(27) G. M. Begun and A. C. Rutenberg, Inorg. Chem., 6, 2212
(1967).
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moisture sensitive. The reaction with water occurs rapidly
in solution and more slowly in the solid state to afford the
green ionic [(Cp)Ni(diphos)]I in which both phosphorus
atoms of the diphos ligand are coordinated to nickel (vide
infra). The exact nature of the decomposition is not known,
but aqueous extracts from preparative-scale reactions give
positive tests for nickel(II). Nickelocene could not be de-
tected among the decomposition products.

The reactions of (diphos)NiCl, and (diphos)NiBr, with
nickelocene proceed in refluxing methylene chloride or ben-
zene according to eq 2, the products precipitating from solu-

Cp,Ni + 2(diphos)NiX, = [CpNi(diphos)|,NiX, (X=Cl, Br) (2)

tion as formed. No evidence was obtained for the formation
of dimeric bridged complexes analogous to the iodo and
cyano derivatives. The complexes [CpNi(diphos)],NiX, are
also decomposed by water, forming [CpNi(diphos)]X. This
observation is consistent with the lability of the NiX,*" an-
jons (X = Cl, Br) in donor solvents.’®?® Addition of aqueous
ammonium hexafluorophosphate to acetone solutions of
[CpNil],-u-diphos, [CpNi(diphos)|NiX,, or [CpNi(diphos)]X
(X =Cl, Br, I) results in essentially quantitative conversion to
[CpNi(diphos)]PFe.

While this work was in progress, the synthesis of [CpNi-
(diphos)]CI'C4H from CpNi[P(C4Hg)3]Cl and diphos was
reported, but no spectral data were given.”* This complex
reacts with aqueous sodium cyanide to afford [CpNi(CN)],-
u-diphos:2C¢H¢?* analogous to the cyano complex reported
here. We have, however, encountered no problems with sol-
vent incorporation in the present study. Salzer and Werner??
have isolated [CpNi(diphos)]BF, from the reaction of [Cp;-
Ni, |BF 4 with the diphos ligand. The synthetic process de-
scribed here would seem to be superior to those reported by
the above routes in terms of overall yield and economy of
operation.

The complexes [CpNiX],-u-diphos (X =CN, I) can be rea-
sonably assigned the structure 1. The proton nmr spectrum

L L

| |

Ni Ni
"\ /o
(CG H5)2P\ CH2 — CHZ/P(CGHS)Z

1,X=LCN

of the dimeric complex [CpNiCN]-u-diphos shows phenyl,
CsH;, and methylene resonances of the expected relative in-
tensities 20:10:4, respectively. No splitting of the CsH;
resonance by phosphorus-31 was observed, but the methylene
protons appear as a doublet, Jpy =2.0 Hz. All attempts at
obtaining a definitive nmr spectrum of [CpNil ]-u-diphos were
unsuccessful, presumably due to its extreme moisture sensiti-
vity. Broad resonances were observed, and relative intensities
were intermediate between those expected for the complex
and its decomposition product [CpNi(diphos)]I. All of the
ionic derivatives show nmr patterns consistent with the pres-
ence of the [CpNi(diphos)|" cation and are assigned the gener-
al structure 2. The relative intensities of the phenyl, C;H;, and

(28) C. P. Nash and M. S. Jenkins, J. Phys. Chem., 68,356 (1964).
(29) D. A. Fine, Inorg. Chem., 4, 345 (1965), and references
therein.
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CHo—CHz
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2,n=1,X=Cl,Brt,I,PF,;n =2, X=NiCl,, NiBr,

methylene resonances are equal to the expected 20:5:4 ratio
within experimental error (Table II). The methylene reso-
nances of the ionic derivatives occur as doublets separated by
18 Hz in the 60-MHz proton spectrum. This is explained on
the basis of phosphorus-31 coupling, although much smaller
values of Jpy are generally encountered in alkylphosphine com-
plexes.*®3!  An alternative explanation is that the “doublet”
is actually two singlets arising from different environments

of pairs of methylene protons in a rigid puckered chelate

ring such as that shown by 3. That this is not the case was

Ha
P -~
e ~He
CeHg=Ni
5% \P “*“He
Ha
3 .

shown by recording the spectrum at 100 MHz. The spacing
between the lines remains constant at 18 Hz, § 2.75 ppm,
demonstrating that the doublet pattern is the result of phos-
phorus~hydrogen coupling rather than a nonequivalence in
chemical shifts. Thus while puckering of the chelated diphos
ring has been demonstrated in X-ray studies,*>*® it would
seem in the present case that either the ring is rapidly flipping
to equilibrate proton environments or the chemical shifts of
“axial” and “equatorial’’ protons are very nearly equivalent.
Similar doublet patterns have been observed for the methyl-
ene protons of [(#*-C4H,)Pd(diphos)]PF* and [(CH3),-
PCH,CH,P(CHj3), JFe(CO)3™ but the origin of this pattern
was not commented upon.*® The complex [CpNi(diphos)],-
NiCl, exhibited a proton nmr spectrum in which chemical
shifts and line shapes were virtually identical with those of
the [CpNi(diphos)]X complexes (Table II). The presence

of the paramagnetic NiCl,>~ ion might have been expected

to lead to a shifting or broadening of the cation resonances,
as is observed for 0.1-0.25 M solutions of [(n-C4Hg)4N],-
NiCl,.37 Recent studies® have shown, however, that in
CH,Cl, solvent these effects decrease considerably as the
concentration of the complex decreases. The solubility
limitations (approximately 107* M) imposed by [CpNi(di-

(30) K. C. Dewhirst, W. Keim, and C. A. Reilly, Inorg. Chem., 7,
546 (1968), and references therein.

(31) C. E. Jones and K. J. Coskran, Inorg, Chem,, 10, 55 (1971).

(32) M. C. Hall, B. T. Kilbourn, and K. A, Taylor, J. Chem, Soc.
A, 2539 (1970),

(33) M. R, Churchill and S. A, Bezman, Inorg, Chem., 12,260
(1973).

(34) D. L. Tibbetts and T. L. Brown, J. Amer. Chem. Soc., 92,
3031 (1970).

(35) M. Akhtar, P. D, Ellis, A. G. MacDiarmid, and J. DB, Odom,
Inorg. Chem.,, 11,2917 (1972). )

(36) The complexes (diphos)NiX, also exhibit doublet methyl-
ene resonances (Jpy = 20 Hz) at ambient temperature. We are cur-
rently investigating the generality of these observations as well as
the temperature dependence of the nmr spectra of these and related
compounds.

(37) I. M. Walker and R. S. Drago, J. 4mer. Chem, Soc., 90,
6951 (1968).

(38) Y. Y. Lim and R. S. Drago, J. Amer. Chem, Soc., 94, 84
(1972), and references therein.
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phos)],NiCl, make it highly unlikely that we would be able
to obsetve either paramagnetic shifts or broadening in this
case.

The presence of the tetrahedral NiCl,*™ and NiBr,*™ an-
ions in their respective complexes was shown unequivocally
by visible=near-ir spectroscopy. The chloro complex showed
its characteristic®®*® absorptions at 15,500 cm™ (¢ 206) and
14,500 cm™ (e 200). The NiBr,*~ complex showed the ex-
pected®®?® absorptions at 14,600 cm™* (e 280) and 13,600
em™ (€ 272). The [CpNi(diphos)]* cation is transparent in
this region, allowing unambiguous assignment of these bands.

Infrared spectroscopy was a definitive means of characteri-
zation only for [CpNi(CN)},-u-diphos and {CpNi(diphos)}-
PF,. The former complex exhibited a C-N stretching band
at 2118 cm™, typical of coordinated cyanide®® while the lat-
ter complex showed characteristic?” PF stretches at 830 and
548 cm™. Conductance data for the complexes in methyl-
ene chloride are shown in Table III. (The complex CpNi-
[P(CsHs);]CL is included as'a reference nonelectrolyte.) The
|CpNi(diphos)]X and [CpNi(diphos)],NiX, complexes af-
ford values of A, consistent with their formulation as ionic
species. In the concentration range studied here dichloro-
methane solutions of (C¢H;);AsCl exhibit a molar conduct-
ance value of 78.0 ohm™ c¢m? mol™ *® which is taken as the
reference value for a 1:1 electrolyte.***#! Unfortunately,
dichloromethane is a very poor solvent for discriminating
between 1:1and 2:1 electrolytes in which the cation is a
group VIII metal complex containing chelating ligands. This
effect is presumably due to ion pairing®:*! which could also
explain our observations (Table III). The use of solvents in
which ion pairing is less important, e.g., acetone or ethanol, is
of course precluded by the substitution lability of the NiX,*"
ions in these solvents.?®?® Interestingly, the conductance
observed for the cyano derivative is very near the reference
nonelectrolyte value, while meaningful data for [CpNi(I)],-
u-diphos could not be obtained due to its decomposition to
[CpNi(diphos)]I during the time required to prepare the
sample and measure its conductance. These differences in
behayior serve to point up once again the tremendous dif-
ferences in moisture sensitivity between the cyano and iodo
derivatives and suggest that decomposition of the iodo com-
plex may be initiated by dissociation of I” and subsequent
attack at nickel by water.

The formation of the bridged iodo and cyano complexes
parallels the isolation of the covalent CpNi(L)X derivatives
from the reaction of nickelocene with [R3P},NiX, complexes
(X = halogen).?®?! The complexes [CpNi(diphos)];NiX,

(X =Cl, Br) were quite unexpected products of their respec-
tive reactions and some attempt at explaining the marked an-
ion dependence of these reactions seems in order. Unfortu-
nately, the reactions are heterogeneous, with reactants and/or
products being insoluble in the various solvents utilized, and
meaningful kinetic studies are thus precluded. It is clear
from control experiments, however, that the dimeric com-
plex [CpNil],-u-diphos is not formed by attack of iodide ion
on the ionic [CpNi(diphos)]I. The [CpNi(diphos)]* cation
is also inert to attack by CI™ and Br™ under the reaction con-
ditions employed here. The addition of excess sodium cya-

(39) K. Nakamoto, ‘‘Infrared Spectra of Inorganic and Coordina-
tion Compounds,”” Wiley, New York,N. Y., 1963.

(40) T. Tarantelli and C. Furlani, J. Chem. Soc. A, 1717 (1968).

(41) R. L. Dutta, D. W. Meek, and D. L. Busch, Inorg. Chem., 9,
1215 (1970).
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Table I1l. Conductance Data®
A, ohm
Complex cm® mol™!

[CpNi(diphos)]PF, = 56.3
[CpNi(diphos) ]C1 45.0

- A, ohm™

Complex cm? mol™!
[CpNi(diphos)],NiCl,  33.6
[CpNi(diphos)],NiBr,  39.5
[CpNi(diphos) |Br 39.3  [CpNi(CN)],-u-diphos 1.7
[CpNi(diphos) ]I 512 CpNi[P(C,H,),IC 0.4

a All complexes ~10~* M in methylene chloride.

nide to solutions of the cation does lead to the formation of
[CPNi(CN)], -u-diphos,** but the quantities isolated from
this reaction are not sufficient to account for the yields ob-
tained in our direct synthesis. The precipitation of the
[CpNil],-p-diphos and [CpNi(diphos)],NiX,; complexes (X =
Cl, Br) from their respective reaction mixtures is no doubt a
dominant factor in their isolation. Control experiments have
shown that nickelocene does not react with diphos under the
conditions employed here, nor do the (diphos)NiX, com-
plexes disproportionate to (diphos),Ni**NiX,;*". These pro-
cesses would seem to be ruled out as important features of
the observed reactions.

In accord with mechanisms proposed for other reactions
in which a cyclopentadieny! ligand is transferred to or from
a nickel complex,*¥*? we suggest that the reaction is initjated
by attack of the 20-electron nickelocene complex on the co-
ordinatively unsaturated (diphos)NiX, complexes to afford
an intermediate such as 4. This intermediate could collapse

CHp—CHyp
. %Hs):[ PCeHs)o
! F—
4

directly to give the dimeric complex or could collapse by a
series of steps to afford [CpNi(diphos)],NiX,. While this
mechanism is plausible, there are obviously other possibilities
which cannot be excluded at present. We are continuing our
studies of these and related systems to clarify the mechanistic
details of these reactions. The results of these investigations
as well as our studies of the reactions of nickelocene with
other coordinatively unsaturated metal complexes will be

the subjects of future reports.
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