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The compounds ~-CsHsNiPPh;X (X = SnMes, GePh;,
SnPhs, PbPh;, CN, NCS, NCO, NO; and CH;CMe;)
and (n-CsHs):NiFe(CO),PPh; . CsH;s have been prepa-
red and characterized. The metal-metal bond of
n-CsHsNiPPh;SnPhs is readily cleaved by iodine to
give n-CsHsNiPPhsl and PhsSnl, while the germanium
and lead analogues rearrange in solution to give w-
CsHsNiPPh;Ph and, apparently diphenylgermanium and
lead.

The compound 7-CsHsNiPPh;Cl disproportionates
reversibly in aqueous acetone to give the cation, [ -
CsH;Ni(PPhs);]* . and, a paramagnetic nickel species,
probably [~-CsHsNi(solvent),]* (n = 2 or 3). The
reversible naturc of this reaction permits the ready
substitution of the chloride by various pseudohalides.

Introduction

We have recently discussed the thermal stabilities,’
3P chemical shifts’ and preferred conformations® of
the series of nickel alkyl compounds, ®-CsHsNiPPhsR,
prepared by substituting the chloride of =-CsHsNiPPh;-
Cl by various carbanions. In the course of this
work, it became nccessary to extend the series some-
what, and it scemed of interest to preparc compounds
containing thc other group 1Va elements as well as
new pseudo-halide complexes. This paper describes
the preparation and properties of thc new organo-
nickel compounds =-CsH;sNiPPh;R (R = CH.CMe;,
CHPhSiMe;), the bimetallic compounds =-CsHsNiPPhy-
MR3; (MR: = SnMe;, GePh;, SnPh;, PbPh;) and (w-
CsHs):NiFe(CO),PPh; . CiH;, as well as the pseudo-
halide compounds =-CsHsNiPPh;X (X = CN, NCS,
NCO, NO,).

Experimental Section

Preparation of the complexes m-CsHsNiPPh:MR;
(MR; = SnMecs, GePhs, SnPh;, PbPhs). A filtered
solution of the appropriatc lithium salt, LIMR;* (0.03
mole) was added over a period of one hour under
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L.]. Soloski, ibid, 28, 237 (1963).

(5) M. van den Akker and F. Jellinek, Rec., 86, 897 (1967).

Thomson,

nitrogen to a stirred solution of n-CsHsNiPPh:CI® (0.04
mole) in THF (200 ml) cooled to —70° in a dry ice-
acetone bath. During the addition the colour chang-
ed from dark red to green or brown, and after two
hours methyl alcohol (5.0 ml) was added to the re-
action mixture in order to destroy any unreacted
lithium salt. The solvent was removed under reduced
pressure at room temperature and the residue was
extracted with benzene (75 ml). Chromatography of
the extract on an oxygen-free activated alumina co-
lumn using benzene-hexane (1:1) as eluant yielded
a dark green or green brown fraction, which was
collected and concentrated under reduced pressure.
n-Hexane (40 ml) was added and thc solution was
cooled over-night. The crystals which formed (20-
40% yields) were filtered off, recrystallized from car-
bon disulphide-hexane and dried for several hours at
room temperature and 1 mm pressure,

The analyses and physical properties are summariz-
ed in Table I.

An attempted preparation of the complex w-CsHs
NiPPh:SiPh; resulted in brown pyrophoric crystals,

Reaction of w-CsHsNiPPh;SnPh; with iodine. =-
CsHsNiPPh;SnPh; (1.23 g, 1.7 mmole) was dissolved
in dry THE (30 ml) in an atmosphere of nitrogen
and was cooled 1o —70°C in a dry ice-acetone bath.
Iodine (0.42 g, 1.7 mmole) in dry THF (40 ml) was
added dropwise over a period of thirty minutes, dur-
ing which time the colour of the solution changed
from dark grcen to red. The solution was stirred for
a further thirty minutes, was extracted twice with di-
cthyl ether (30 ml) and the combined extracts were
cooled overnight. The red crystals which formed
were filtered off, washed with cold diethyl cther and
recrystallized from cyclohexanc, and were identified
by melting point and analysis as w-CsHsNiPPh;I (m.
p. 139-140°, lit.® 140-141°). The yield was 0.4 g
(659%). Analytical data are listed in Table I.

The solvent was removed {rom the original filtrate
under reduced pressurc and the residue was recrystal-
lized from heptane using activated charcoal as deco-
louriser. The white crystals that were obtained were
dried under vacuum and identified as triphenyltin
iodide by mixed melting point (119°C) with an au-
thentic sample.

Yield = 0.40 g = 65% Theoretical.

Pyl‘OlySiS 0/ n-CsHsNiPPh;PbPh;. 7-CsH;NiPPh;-

(6) H. Yamazaki, T. Nishido, Y. Matsumoto, S. Sumida, and N.
Hagihara, J. Organomet. Chem., 6, 86 (1966).
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Table L. Analyses and Physical Properties of the Compounds w-C;H;NiPPh;R (MR, X).

M.P. Calculated Found
R, MR; or X Colour °C) %C H% %C H%
SnMe; Red-brown — 56.17 6.35 55.57 5.16
GePh, Green-brown * 71.37 5.11 68.88 493
SnPh;, Green 163° 66.90 4,79 66.63 5.50
PbPh, Green * 59.72 4.38 59.47 4,35
CN Green 167° 69.95 4.89 69.95 4.87
NCS Red-brown 140° 64.89 4,54 64.94 443
NCO Red-brown 135° 67.33 4.71 67.27 4.67
NO, Gold 147° 63.93 4.66 64.31 5.06
I Red 139-140° 53.85 3.93 53.46 3.83
CH,CMe; Green 126° 73.55 6.83 73.32 7.72
Ph Green 138° 75.20 5.44 74.71 5.05

* These compounds rearrange in the solid state. See discussion.

PbPh; (1.5 g, 1.8 mmole) was refluxed in cyclohexane
(100 ml) for two hours under nitrogen, during which
time the colour remained green and a dark metallic
precipitate formed. The precipitate was filtered off,
washed with cyclohexane and identified as lead metal
(0.35 g, 93%).

The filtrate was concentrated under reduced pres-
surc to approximately 30 ml and was cooled over-
night. The dark green crystals which formed were
filtered off, washed with hexane and recrystallized
from cyclohexane. The solvent was removed from
the filtrate under reduced pressure and the residue
was extracted with acetone (25 ml). The addition
of water to the extract yielded whitish crystals which
were purified by sublimation (0.1 mm, 56°C) and
identified by their melting point (69-70°) and their
mass spectrum as biphenyl (yield 0.12 g, 43%).

The green crystals were identified by melting point
(138°( lit.° 139°) and analysis (Table 1) as 7-CsHsNi-
PPh;Ph (yield 0.41 g, 49%).

A similar rearrangement was found to occur on
heating the triphenylgermyl complex, but not the
triphenyltin complex (in toluene at 115°C).

Preparation of n-CsHsNi(CO)Fe(CO)(PPh3)(n-CsHs).
A solution of sodium cyclopentadienylirondicarbenyl-
ate, prepared from [n-CsHsFe(CO):.]. (5.0 g, 14
mmole) and sodium amalgam in dry THF, was added
dropwise under nitrogen to a stirred solution of =-
CsHsNiPPh;Cl (14.0 g, 30 mmole) in THF (250 ml)
cooled to —70°C in a dry ice-acetone bath. After two
hours the mixture was trcated with methanol (5 ml)
and worked up as above. Chromatography resulted
in a dark brown fraction which yielded dark brown
air-sensitive crystals. These were recrystallized from
benzene-hexanc and dried under vacuum at room
temperature to give 10.4 g of product, m.p. 146-147
°C.

Calculated for (CsH;s):NiFe(CO),PPh;-C¢He: C,
67.67%; H, 4.87%. Found: C, 68.70%; H, 4.84%.

Preparation of the Complexes t-CsHsNiPPhs;X,
where X = CN, OCN, SCN, NO,. =-CsHs;NiPPh;Cl
(2.0 g, 4.8 mmole) was dissolved in hot methanol (60
ml) and a large excess of potassium cyanide (4.0 g,
0.06 mole) was added. The mixture was stirred for
ten minutes, during which time the colour changed
from red to green. The green solution was allowed
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to cool and was filtered. Benzene (60 ml) was added
to the filtrate and the solution was again filtered. The
solvent was removed from the filtrate under reduced
pressure at room temperature and the residue was
extracted with hot benzene (250 ml). Concentra-
tion of the extract and addition of n-hexane (60 ml)
resulted in the formation of green crystals (71%
yield), which werc filtered off, recrystallized from
benzene-hexane and dried at 56°C at 1 mm pressure.

The isothiocyanato, isocyanato and nitrito complexes
werc prepared in 50-70% yields in a similar fashion
using the appropriate potassium salt. The analyses
and physical properties are shown in Table I, and the
infrared-active modes of the coordinated anions, X,
are listed in Table II.

Table Il. Infrared data on the compounds ®-CsH;NiPPh;X.

X Bands attributable to X (cm™?)
CN 2110 WCN) (CHCIy)
NCO 2240 v.,(NCO) (CHCl)

1332 vy(NCO) (Hexachlorobutadiene mull)

582 S(NCO) (Nujol mull)

NCS 2108 v(CN) (CHCL)

NO, 1375 v.(NO,) (Hexachlorobutadiene mull)
1320 v(NO,) (Hexachlorobutadiene mull)
833 5(ONO) (Nujol mull)
539 p.(NO,) (Nujol mull)

Preparation of the Complexes n-CsHsNiPPh;R, R =
CH:Ph, CH.C(CH;);, CH,Si(CH;»: and CH(PH)Si-
(CH;);.  The method of preparation was similar 1o
that described by us for similar nickel-alkyl complex-
es.! The preparation of the silicon-containing com-
pounds® and the benzyl compound® has been mention-
ed previously, but physical properties such as their
n.m.r. spectra have not been described. Yields of
these compounds were 35-70%. Analytical data are
shown in Table 1.

Physical Measurements. Infrared spectra were run
on a Beckman IR10, n.m.r. spectra on a Bruker HX
60 spcctrometer. The n.m.r. spectra are listed in
Table 111. Melting points were obtained on samples
scaled in capillaries under nitrogen. Chemical analy-
ses were done by Schwarzkopf Microanalytical La-
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Table Iif. N.m.r. spectra of the complexes,

X, R, MR, <(CsH;)* (Solvent) <(PPh;, MPh,)* Other resonances*®

SnMe; 5.22 (s) (CS,) 2.88 (m) 110.36 (SnMe,)

GePh, 5.22 (s) (CS)) 2.88 (m)

SnPh, 5.05 (s) (CSy) 2.88 (m)

PbPh, 5.00 (s) (CS,) 2.88 (m)

CN 4,78 (s) (CDClY) 245 (m)

NCS 4.85 (s) (CDCly) 242 (m)

NCO 4.88 (s) (CDCly) 242 (m)

NO, 4,78 (s) (CDCly) 242 (m)

CH.CMe, 5.03 (s) (CSy) 2.58 (m) ~19.46 (m) CH,, CH,

CH.SiMe, 5.04 (s) (CSy) 2,58 (m) 111,31 (d, ] = 9.8 Hz) CH,
£10.19 (s) CH,

CHPhSiMe, 5.11 (s) (CS») 2,76 (m) 710.22 (s) CH,
79.51 (d, ] = 16.8 Hz) CH
t3.46 (m) Ph

CH:Ph 5.42 (s) (CSy) 2.74 (m) 78.65 (d, ] = 8.8 Hz) CH,
7347 (m) Ph

*s = singlet, d = doublet, m = multiplet.

1 Ph e ﬂ-CsHs ﬂ'CsHs
boratory, Woodside, N. Y. >Pb—Ni: —PhPb+ Ph—NiZ
Ph? PPh;, PPh,

Results and Discussion

Although a variety of compounds containing trans-
ition metals bonded to the group IVa mctals has
been reported,” complexes of nickel were, until 1967,
conspicuous for their absence. Recently compounds
of m-C:HsNiL- (L = neutral ligand) with the groups
SiCl3,** GeCls,® SnCl;,” and GeEt;"' have been charac-
terized, but their chemistry has been little studied.

The triphenylgermanium, -tin and -lead complexes
reported here are similar to the analogous alkyl com-
plexes,' decomposing rapidly in soluton but to a lesser
degree in the solid state in air. The reaction of the
triphenyltin complex with electrophilic reagents such
as the halogens and hydrogen chloridc resulted in
cleavage of the metal-metal bond in the case of iodine
to give w-CsHsNiPPh;I and PhsSnl, and complete de-
composition with other halogens and hydrogen chlor-
ide. Thc nickel-tin bond in the complex would there-
fore appear to be considerably more reactive than the
metal-tin bonds in the complexes Ph;SnMn(CO)s"?
and 7-CsHsFe(CO):SnPh;.”? Chlorine and bromine
cleave the tin-carbon bonds of the former to yield
XsSnMn(CO)s (X = Cl, Br), and while the iron-tin
bond cof the latter is clecaved by chlorine, it is inert
to hydrogen chloride.

Thermal decomposition of the triphenyllead com-
plex resulted in a rearrangement to give m-CsH:Ni-
PPhsPh, lead metal and biphenyl, possibly by a mech-
anism resembling the well known, 1,2 shifts in or-
ganic chemistry.® Thus the reaction may proceed
by migration of the phenyl group from the lead to
the nickel, followed by breaking of the nickel-lead
bond to yield diphenyliead.

(7) M.C. Baird, Prog. Inorg. Chem., 9, 1 (1968);
(19é8; W. Jetz and W.A.G. Graham, l Amer. Chem, Soc., 89, 2173

(9) F. Glockling, A. McGregor, M.L. Schneider, and H.M.M.
Shearer, J. Inorg. Nuc. Chem., 32, 3101 (1970).

(10) M. van den Akker and F. Jellinek, /. Organomet. Chem., 10,
P37 (1967).

(11} E.N. Gladyshev, V.1. Ermolaev, Yu. A. Sorokin, O.A. Kruglaya,
N.S. Vyazankin, and G.A. Razuvaev, Dokl. Chem., 179, 350 (1968).

(12) R.D. Gorsich, /. Amer. Chem. Soc., 84, 2486 (1962).
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Attempts to trap the extremely reactive diphenyllead
by using cyclo-hexene as solvent in a similar fashion
to that described for carbenes' failed to yield the ex-
pected product. This result does not necessarily rule
out the proposed mechanism, since diphenyllead is
known to disproportionate to form tetraphenyllead
and lead metal,® and tetraphenyllead is known to de-
compose in the presence of nickel catalysts to yield
biphenyl and lead metal.

Thermal decomposition of =-CsHsNiPPhiGePh; to
the phenyl complex also readily occurs, and the ger-
manium compound could not be satisfactorily purifi-
cd. The triphenyltin compound, in contrast, is quite
stable in cyclohexenc both to refluxing and to ultra-
violet irradiation. Rearrangements similar to those
discussed herc have been reported previously for the
complexes PtCI(MPh;)(PPhs), (M = Sn, Pb)."

The attempted preparation of the metal-metal bond-
cd complex w-CsH;PPh;NiFe(CO)y(w-CsHs) by a simi-
lar method to that described for the group [Va metal-
metal tonded complexes, resulted in a brown crystal-
line product which analyzed as a benzene solvate and
whosc infrared spectrum showed two carbonyl stretch-
ing bands at 1763 cm™' (s) and 1813 cm™' (2), in
the region usually attributed to bridging carbonyls.’®

The n.m.r. spectrum contained a broad band of
approximate intensity twenty at t 2.5, attributable to
phenyl protons, and a singlet at t 5.14 and a doub-
let at © 5.72 (] = 1.4 Hz), each of relative
intensity five, which may be attributed to the
two cyclopentadienyl groups. Since coupling of
the cyclopentadienyl protons to the phosphorus

(13) G.W. VWheland, Advanced Organic Chemistry, Wiley, and
Son, New York, 1960, p. 561.

(14) W. van L. Doering and A.K. Hoffman, J. Amer. Chem. Soc.,
76, 6162 (1954). :

(15) L.C. Willemsens and G.J.M. van der Kerk, « Investigations
in the Field of Organolcad Chemistry », Schotanus and Jens Utrecht

{16) W.H. Zartman and I{i.

N.V., Utrecht, 1965.
Adkins,.
3398 (1932).

(17) M.C. Baird, J. Inorg. Nuc. Chem., 29, 367 (1967).

(18) K. Nakamoto, « Infrared Spectra of Inorganic and Coordina-
tion Compounds », 2nd cdition, Wiley and Sons, New York, 1970,
p. 198.
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has been noted for complexes of the type
[ ®-CsHsFe(CO).PPh;]X,” but not for any of the cyclo-
pentadienyltriphenylphosphinenickel complexes pre-
pared by us, it would therefore appear that the pro-
duct has the triphenylphosphine directly bonded to
the iron rather than the nickel. Tilney-Bassett® has
reported the preparation of the tricarbonylcyclopen-
tadienyliron-cyclopentadienylnickel complex, 1.

(0]

I

C CO

/
ﬂ-CsHsNi Fe

1(1: \TE-C5H5
(0]

|

This complex exhibited two bridging carbonyl ab-
sorptions in the infrared at 1806 cm™' (s) and 1836
cm™! (w). It would therefore appear that the tri-
phenylphosphine derivative has a similar structure to
the above complex (IT).

I
C PPh,

7N S
ﬂ-CsHsNi\ Fe
/s
[C \ 7-CsHs
11

The calculated carbon and hydrogen content for a
complex having the above structure was found to be
lower than the analysis values for the products, but
since the n.m.r. integration showed a higher phenyl
content than expected, it seems likely that one mole-
cule of benzene is present as a solvate. Taking this
into account, the calculated carbon and hydrogen
content show good agreement with the analysis values.

Cyclopentadienyltriphenylphosphinenickel chloride
has been known to ionize with rearrangement in po-
lar solvents to yield the diamagnetic cation, [n-CsHs-
Ni(PPh;):]*, which has been isolated as the tetra-
phenylborate” and trichlorostannate!? salts. We
have found that addition of water to a solution of
7-CsHsNiPPh;Cl in acetone causes a reversible change
in colour from red to yellow, and that addition of an
aqueous solution of potassium hexafluorophosphate
to the yellow solution result in precipitation of up
to fifty per cent of the nickel present as [n-CsH;Ni-
(PPh;);]PFs. Although we were unable to isolate a
second nickel complex, the reversibility of the colour
changes suggests that the cyclopentadienyl group re-
mained bonded to the metal ion, which presumably
exists in solution as a solvated complex, i.e. [®-CsHs
Ni(H:0)]* (n = 2, 3).

(19) P.M. Treichel, R.L. Shubkin, K.W. Barnett and D. Reichard,
Inorg. Chem., 5, 1177 (1966).

(20) J.F. Tilney-Bassett, J. Chem. Soc., 4784 (1963).

(21) P.M. Treichel and R.L. Shubkin, Inorg. Chim. Acta, 2,
485 (1968).

(22) P.A. McArdle and A.R. Manning. Chem. Comm., 617 {1967).
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Magnetic susceptibility measurements using the
Evans® method showed that the second species is
paramagnetic, with a magnetic moment of approxima-
tel 2.3 B.M. This is somewhat less than the expected
value for two unpaired electrons expected for com-
plexes of nickel(II), possibly because of incomplete
ionization of the =-CsH:NiPPh,Cl. However, it seems
clear that species in solution is a paramagnetic com-
plex of the type suggested above.

The lability of the complex =-CsHsNiPPh;Cl and
the reversibility of the substitution of the chloride by
other ligands suggested that displacement of the chlor-
ide by other anions might occur in polar solvents,
for instance by the addition of potassium cyanide or
other appropriate potassium salt to a hot ethanolic
solution of 7-CsHsNiPPhsCl.

21-CsH;NiPPh,Cl-> [ 7-CsHNi(PPh,),]* Ci" 4 [ 7-C,;H,;Ni(SOLV},]*Cl

KCN

-pol i
21:-C,H,NiPPh,CN%[n-C,H,Ni(PPh,);]‘CN +[7-CH,Ni(SOLV),]*CN

Since potassium cyanide is much more soluble in
cthancl than potassium chloride, the potassium chlor-
ide precipitated and could be filtered off. The addi-
tion of a non-polar solvent had the effect of shifting
the equilibrium towards the non-ionized species, re-
sulting in the formation of the substituted complexes.
The n.m.r. and infrared spectra and the analyses were
consistent with covalent complexes of the type =-Cs-
HsNiPPh:X. A recent publication by Sato et al®
has reported the preparation of a similar complex,
-CsH:NiPBusCN, from the reaction of sodium cyanide
and [ﬂ-CsHsNi(PBU:,)z]Cl.

In order to determine whether the thiocyanate
anion was bonded to the nickel through the sulphur
or nitrogen atom, a calculation of the extinction co-
cfficient of the band at 2108 cm~! was carried out.
The molar extinction co-cfficient was found to be
1190 cm™ mole™', in the region expected for N-
bonded complexes,® and is therefore consistent with
the general belief® that most first row transition me-
tals form isothiocyanate complexes.

Considerable interest has been focused in recent
years on the stability of metal alkyl complexes. It is
generally believed the decomposition of such com-
plexes proceeds by either homolytic cleavage of the
metal carbon bond or by a low energy f-elimination
mechanism,” and that by blocking the latter route by
using alkyl ligands which contain no 3-hydrogens, the
stability of the complexes will be cnhanced.®*

We have recently' reported on the relative stabili-
ties of the series of nickel alkyl compounds 7-CsHs-
NiPPhiR; those which contained no B-hydrogens
were -indced unusually stable. 1n this paper. we re-
port some of the physical properties of four additio-

(23) D.F. Evans, f. Chem. Soc., 2003 (1959).

(24) M. Sato, . Salo, ad T. Yoshida, J. Organomet, Chem., 26,
C49 (1971).

(25) C. Pecile, Inorg. Chem., 5, 210 (1966).

(26) Ref. 18, p. 187.

(27) R.P.A. Snecden and H.H. Zeciss, J. Organomet. Chem., 22,
713 (1970).

(28) B. Wozniak, J.D. Ruddick, and G. Wilkisnon, J. Chem. Soc.
A, 3116 (1971).

(29) W. Mowat, A. Shortland, G. Yagupsky, N.J. Hill, M.
Yagupsky, and G. Wilkinson, J. Chem. Soc. Dalton, 533 (1972).



nal compounds in this series which do not contain
B-hydrogen atoms. Although data on quantitative
stability studies will be deferred to a later publica-
tion, we note that the neopentyl, trimethylsilyl-methyl
and benzyl compounds all have decomposition points
(126°, 130-131°} 129-131°° respectively) which are
comparable with that of the methyl complex,! and
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significantly greater than those of the ethyl, n-propyl,!
et cetera.
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