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Ve have recently described! some pentafluorophenyl complexes of titanium(IV).
Continuing our studies on pentafluorophenyl derivatives of transition metals we now
report several nickel(II) complexes and one cobalt(II) compound. As in the case of
their titanium analogues, the new nickel compounds and the cobalt complex show a
relatively high degree of siability.

Although nickel in the pentafluorophenyl complexes has not attained the elec-
tronic structure of krvpton, the compounds are diamagnetic, and must have square
planar structures similar to those of a large number of organo-derivatives of Group
VIII metals of tvpe (R;P),MR. (M = Co, Niand Pt; R, R’ = organic radicals} and
(R.PLM{RIX (X = halogen) made by Chatt and Shaw?—* and {R';P),PdR, and
(R’;P),Pd(R)X made by Calvin and Coatess.

The pentafiuoropheny! Grignard reagent reacts rapidly under mild conditions
with ecither bis(triphenyiphosphine)nickel dibromide or bis(triethyvlphosphine)nickel
dibromide to give products {(Table 1) in which one bromine atom has been replaced
by a pentafluorophenvl group. Treatment of {1,2-bis(diphenviphosphino)ethane’-
cobalt dibromide with the Grignard reagent afforded a disubstituted product.

Reaction between pentafluorophenyilithium and the square-planar® complex
bis(triethylphosphine)nickel dichloride affords two products where one or both of the
chlorine atoms have been replaced by pentafluorophenyl groups. However, the tetra-
hedral®s complexes bis(triphenvlphosphine)nickel dichloride and bipyridylnickel di-
chloride vield oniy the disubstituted products. Since these reactions involve a change
1n stereochemistry, they mayv proceed via a different reaction path from that of the
triethylphosphinenickel complex which permits formation of a monosubstituted
product.

Bis(triethyvlphosphine)pentafluorophenylnickel chloride undergoes metathetical
replacement of the remaining chlorine atom when an acetone solution is treated with
sodium iodide or potassium thiocyanate.

@ For Part II of this series, see ref. 1.

® Correspondence concerning this paper should be sent to F. G. A. Stone at the School of
Chemistry, Bristol 5, England.
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The new nickel complexes (Table 1) are more stable than their phenyi analogues,
being unchanged after storage in air for many months, and in solution for several
davs. Most of the compounds melt without decomposition and can be solidified and
remelted. In contrast, phenyl derivatives of nickel have low stability unless ortho-
substitcents are present in the phenvl ring3. The ortho-fluorine atoms of the penta-
fluorophenvl groups may be responsible for some of the enhanced stability of the
nickel compounds but a much more powerful stabilising fuctor is undoubtedly the
electronegativity of the C4F; group, which appears to lie betwween that of chlorine and
that of bromine?-3. Because of this electronegativity, the organic group would tend
to remove charge from nickel, consequently the ionic resonance energy of the penta-
fiuorophenyl-nickel bond would be greater than that of the phenyl-nickel bond. This
factor 1s believed to be responsible for the relatively high stability of o-bonded fluoro-
carbon-transition metal complexes in general®.

The infrared specira of the new compounds show very strong bands atiributable
to C,F5 absorptions near 1c635 and 9351 em~!. A characteristic absorption also occurs
near 750 cm~1.

EXPERIMENTAL

Microanaiytical determinations were made at the Alfred Bernhard: Mikroanaly-
tisches Laboratorium im Max-Planck-Institut fiir Kohlenforschung, Milheim (Ruhr}.
Pentatluorophenyl bromide was obtained from Imperial Smelting Co., Avonmouth,
Bristol, Engiand.

The nickel complexes required as starting materials were prepared by published
methods, viz. [Et,P),NiClL, °, (PhyP1,NICL 1, (0-CHN)LNICL, 20 (1,2-Bis{di-
phenviphosphinojethane cobait dibromide was obtained by treating cobalt{ll)
bromide with the diphosphine.

(1} Reasttons doiween pentafuoropheivinagnesin brosnrde and halide complexes

To an ice-ceoled Grignard reagent from pentailuorophenyl bromide (2.3 g, .3 mmole},
magnesium {0.225 g, 9.3 g-atom; and tetrahvdrofuran (2o ml) was added bisitri-
phenviphosphinenickel dibromide (4. g, 6.0 mmole). The green colour of the nickel
complex disappeared, and a deep vellow solution resulted. After stirring (1c min)
ilute {5%5} aquecus hydrobromic acid (1¢ ml} was added, and the organic layer
worked up to give J{C;H; P L NI{CF)Br {4.1 g, 812, vield}.
Bisitriethviphosphinelpentafiuorophenyinickel bromide {Table 1), and [1,2-bis-
{diphenyiphosphinojethane bis{pentativorophienylicobalt were obtained by a similar
procedure. The cobalt compound (found: C, 57.6; H, 3.4; F, 25.6. C;;H,CoF P,
caled.: C, 57.7; H, 3.1; F, 23.0%;), vellow needles {decomp. 186°) recryvstallized from
benzene-cyclohexane, is less stable than the nickel compounds. Its solutions in organic
solvents decompose In air.
(2) Reactions beticeen peniafiuoroplcivilithium and halide complexes

(a) Bis{tricthyvlphosphine)bis(pentafivorophenylynickel and bis(tricthylpiosphiney-
peatafinorophcnvinickel chloride. Pentafluorophenyllithium!3 [prepared under nitrogen
from C,F;Br (343 mg, 2.18 mmole) and a 15 %, hexane solution of n-C,H,Li (1.3 ml,-
2.2 mmole} in diethyl ether (10 mi) at —7877 was added by means of a syringe to a
diethvl ether (20 ml) solution of [{C,H;),;P7.NiCl. {398 mg, 1.09 mmole) at room

J. Organometal. Chem., 2 (1964) 455-460



PENTAFLUOROPHEXNYL DERIVATIVES OF TRANSITION METALS. IIT 457

temperature under nitrogen. During addition the colour of the reaction mixture
changed from red to vellow, a white solid being deposited. Solvent was removed,
and the residue shaken with benzene (75 ml) and water (2 X 1o ml). The organic laver
was separated, dried (calcium chloride) and concentrated affording 401 mg (55.5 %
vield) of [(C.H;),P1,Ni{CsF;),. The mother liquor was taken to dryness and the
residue recrystallised to give 100 mg (18.5 % vield) of [(C.H;);P].Ni(C;F;)ClL.

By increasing the ratio of bis(triethylphosphine)nickel dichloride to pentafiuoro-
phenylithium a higher proportion of the monopentafluorophenylnickel complex can
be obtained. Thus [(C,H;);P..NiCl, (1.0 g, 2.73 mmole) in diethyl ether (50 ml) was
treated under nitrogen at —78° with CgF,Li {obfained from C,F;Br (1.0 g, 4.02 mmole)
in diethyl ether (10 ml) and 2.5 ml (4.0 mmole) of the #-C,H,Li solutionl. After
allowing the mixture to come to room temperature separation of products, as described
above, afforded 839 mg (62 °; vield) of (C.H,PL.Ni(CF,)Cl and 20 mg (.29
vield) of [(C.H;).PI,Ni(CgFs),. The latter compound can be made in So9% yield
when the {(C.H;);P1.Ni(C¢F;)Cl complex is treated with excess of pentafluorophenyl-
lithium.

(b) Bis(triphenyiphosphine)bis(pentaflicorophenyl)nickel. Pentafluorophenyllithium
“from CGF;Br (185 mg, 0.75 mmole) and 0.45 ml {0.75 mmole) of 159, #-C,d,Li
solution in diethyl ether (6 ml) at —78°} was treated with bis(triphenylphosphine)-
nickel dichloride (300 mg, 0.46 mmole) under nitrogen. The blue crvstals remained
until the temperature was raised to —60°, whereupon the solution turned yellow and
solid deposited. The mixture was kept (15 h) at 0° under nitrogen, then boiled briefly
with a further 30 ml of ether. The mixture was filtered, the filtrate evaporated,
and the residue crystallised to give 169 mg (409 vield) of [(CgH;)eP I N1(Cels)a
(Table 1).

Bis(triphenyvlphosphine}bis(pentafiuorophenviinickel was shown to be diamag-
netic by the NMR method of Evans®.

\When a solution of (CH;);PLNICL, in dichloromethane was used, instead of
the solid complex, the bis(pentafluoro}nickel compound was formed in about 309
vield, along with much triphenviphosphine and an insoluble solid {m.p. £ 300%)
having a strong infrared absorption at 950 cm~2. In an attemnpt to prepare [(CH;):P1.-
Nii{C.F;iCl, pentafluorophenyllithium and bis{triphenvlphosphinejnickel dichloride
were mixed in a 1:1 ratio. A 39, vield of [(CH;);P1LNi(CgF;). was obtained, and
triphenviphosphine recovered accounted for 53 9 of this ligand present in the starting
material.

{6} Bipyidvlbis(pentafiuorophenyiynickel. Powdered bipyridyinickel dichloride
{250 mg, 0.57 mmole) was added to pentativorophenyllithium :from C.F;Br (4130 mg,
1.74 mmole) and the hexane solution of #-C HgLi (1.0 ml, 1.74 mmoie)} in diethyl
ether (20 mi) at —787 under nitrogen. The mixture turned vellow and was stirred at
—73° for 15 min and then until it had come to room temperature. Solvent was removed
and the residue extracted (benzene) to give 140 mg (29 % vield) of (o-C,H (N),Ni(C,Fs)a-
A further 83 mg of product was obtained from the mother liquor. The bipyridvl-
bis(pentatluorophenvlinickel complex sometimes decomposes explosively between
255 and 260°.

In an attempt to obtain (o-C;H N),Ni(CgF;)Cl, the reactants were mixed in a
1:1 ratio. None of the desired product was formed but the bis(pentatiuorophenyl}-
nickel complex was formed in 21 % yield (based on C,F;Br).
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(3) Metathetical replacement of chloride in bis(iriethyvlphosphine)pentafiuorophenylnickel
chloride

{(a} Bis(triethylphosphine)pentafluorophenyinickel todide. [(C,.H;);P1.Ni(CEF;)Cl
(215 mg, 0.43 mmole) and Nal (73 mg, 0.49 mmole) dissolved in acetone (20 ml) gave a
brown solution and a white solid. The mixture was boiled briefly, solvent removed and
the residue extracted with warm water (2 X 235 ml). The brown solid remaining was
crystallized (yvield 1So mg). A further 49 mg was obtained from the mother liquor
giving {(C,H;)aP:,Ni(CF5) in a total vield of go %.

(b) Bis{triethviphosphine) pentafluorophenvinickel thiocyanate. In an analogous way,
T(C.H,);P1NI(CF;)Cl with KSCN (7.59 excess) gave [(Cal;)3PloNI{CF5SCN in
73 % yvield.

(1) Infrared spectra

These were recorded in carbon disulphide solution using a Perkin-Elmer model
237 spectrophotometer.

T(C,Hg) P Ni(CeF) 1 2960(m), 2930(m), 2g05(m), 2870(m), 1336(w), 1319(VW),
1271(w), I250(w), Iz30(vw), 10g9(w), I057(s), Ioq4(s), 103I{s), 9gS(w), Qg54(vs),
845(w, br), 773(s), 763(s), 734(vw), 719(s), 709(sh).

T(CLH) ;PLNI(C,F, )Ll 2g60(s), 2930{s), 2905{s}, 2870(s), 1378(m), 1362(shj,
1350(w), 1275(m), 1230(m), x240(sh), 11IS(W), 1102(W), 1Ch5(sh), 1057(s), 1047(s),
1034(s), T003(m}, 954(vs), S30(w, br), 787(s), 761(s), 736(m), 724(s), 712(sh}), 705(sh)

(C.HZ PELNI(CFL)I: 2g60(s), 2924(s), 2900(s), 2868(s}, 2815(vw), 2720(vw},

373(m}, 1357(sh}, 1345(m}, 1269{m), 1245(m), 1232(m}, r113{™W), 1097 {w;, 1o00(sh),
m:4(>,, 10.44(s), 1030(s), 907(m), 951(vs), S50 (w, br), 779(s), 754(5), 729(w), 7T5(s),
706{sh).

T(C.H1PLLNI{CF,ISCXN ) - 2060(s}, 293G(3), 2005(5), 2870(s), 282c(vw), 2730{vw]},
2075(vs), 1375(m), 1360(w), 1340(w), 1323{vw}, 1270(W), T243(1n}, 1233(w}), TIT3(VvW),
1099{w}, 1065(sh), 1053(s}, 1013(s}), 1023(5), g97{w}, 952(xs), 850 (w, br), 8341(m),
733(s), 7537(s). 731(m), 720(s), 708(sh), 7oo{sh}.

T(CeHg)aP1aNi(CeFs1.: 3070(w), 305¢(m), 3010(vw), 29g0{vw), 1335(w), 1310(vw),
1271(VW), 1250(\“') 1093{m}, 1084(sh), 10355(sh), 1045(m), 1024(w), 997 (W), 954(vs),
S40(w, br), 771(m), 742(m), 735ish}, 68g(m).
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SUMMARY

Several new complexes in which pentafluorophenyl groups are ¢-bonded to nickel
have been prepared by treating bis{tertiaryphosphine)nickel dihalides, or bipyridyl-
nickel dichloride, with pentafluorophenylmagnesium bromide and pentafluorophenyl-
lithium. The svnthesis of [1,2-bis(diphenvlphosphino}ethane’bis(pentafiuorophenyl)-
cobalt is also reported. Bis(triethvlphosphine)pentafluorophenylnickel chloride can
be converted to [(C.H;);Pl.Ni(C.F;)I and {(C,H),P1.Ni1(CcF;)SCN by metathetical
reactions.
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