
305 

Journal of Organometaliic Chemistry, 69 (1974) 305-310 
@ Elsevier Sequoia S.A., Lausanne - Printed in The Netherlands 

TETRAKIS(TRIETHYLPHOSPHINE)NICKEL(O) AND RELATED 
COMPLEXES 
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(Received August 23rd, 1973) 

The preparation, properties and some oxidative addition reactions of the 
trialkylphosphine complexes (Eta P)e Ni and (n-Bus P& Ni( 1,5-Ca HI a ) are de- 
scribed. 

Introduction 

Considerable interest has recently been shown in trialkylphosphine com- 
plexes of low-valent transition metals [1 - lo] _ The purpose of this paper is to 
describe a number of reactive nickel(O) derivatives which were prepared [ll] as 
precursors to a series of fluorocarbon-nickel compounds 112 - 15]_ The clean 
and facile route to (Pha P)4Ni by displacement of olefin from bis( 1,5-cycloocta- 
diene)nickel(O) with triphenylphosphine has been described by BogdanovS, 
Kr&_er and Wilke 1161. (PhaMeP)&Ni 1133, (MeaP)4Ni [5,S] and (HsP)BNi 
El’?] may be similarly prepared. Application of this synthesis to the trialkyl- 
phosphines Eta P and n-Bus P reveals additional features of interest which form 
the basis of this report. (EtsP)4Ni has bean quoted as the reaction product 
from excess of EtaP and bisfw-aUyl)nickel ]18], while (PhsP)a Ni(CsH, a ), 
presumably analogous to (n-Bus P)z Ni(1,5-Ca H1 e ) described below, has also 
been mentioned [ 191. 

Results and discussion 

Addition of four molar equivalents of triethylphosphine to an ethereal 
suspension of bis(l,5cydooctadiene)nickeifO) in an argon atmosphere at room 
temperature gives an orange solution. On cooling, the colour fades and white 
crystals of (Eta P)*Ni (I) appear; these changes are reversed on warming. Crys- 
talline (I) may be isolated and dried at low temperature; warming to room 
temperature then causes no appreciable change. However, addition of solvent 
(hydrocarbon or ether) to the solid at room temperature produces au intense 
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permanganate-purple solution. Cooling causes the colour to fade to orange at 
about -20” and white crystalline (I) is precipitated from the faintly yellow 
solution at - 78”. The reverse changes occur on allowing the mixture to re- 
attain room temperature. If 1,5cyclooctadiene is added to the solution at 
room temperature the colour changes from purple to orange. On cooling, the 
colour fades to give (I) as before and this change, also, is reversible. These 
interesting variations are explained as follows (eqn. 1). With 1,8cyclooctadiene 
in the solution, the nickel is present largely as (III). Cooling causes precipita- 
tion of the least soluble component, (I). In solution, pure (I) dissociates to give 
(II), although, on cooling, the less soluble (I) again crystallises. Dissociation of 
an L,Ni compound to give a more strongly coloured L3 species has been 
observed for [(o-C&, CT6 H4 -0)3 P J 4 Ni [5] . Bright violet crystals of [(C, H1 1 )a - 
P] 3 Ni have been described [l] [although {(n-Bu)s P l4Ni is reported to be 
deep violet [ 2011. 

(1,5-C8H,,),Nr 
EtaP - G3Hl2 Et P 

-G-+,2 
_ (E>P)2Ni(l,5-C8H,21 _ (Et3P13Ni 2 (EtjP)oNi (1) 

=sH12 
-Et3P 

tm, -Et,P 
(III (I) 

(0ronge) (PurDle) (White) 

Solid tetrakis(triethylphosphine)nickel(O) is pyrophoric. A solution in 
light petroleum rapidly and exothermically absorbed 2.9 molar equivalents 
(NTP) of dioxygen on shaking with an excess of the gas and EtsP=O was 
recovered (in 77% yield). Solutions of (I) undergo a variety of oxidative addi- 
tion reactions, e.g. (i) with Iz to give (Et,P)PNiI:! ; (ii) with Me1 to give 
(EtaP)aNiI [see Experimental section, and ref. 211; (iii) with CzF* to give 

(EtsP)aNiCFz CFa CF2 CF2 [14] ; and (iu) with (CFs)2C0 to give (EtaP)a- 

Nw(CF3 )2 (13]_ The high nucleophilicity of (I) or its dissociation pro- 
ducts is further demonstrated by the observation that solutions will react with 
molecuhir dinitrogen. The infrared spectrum of (I) in light petroleum under 
argon shows only the absorptions expected from a EtsP/Ni complex. Passage of 
gaseous dinitrogen results in a slight change of colour from purple to dark red 
and the appearance of a strong sharp band at 2077 cm-’ in the infrared 
spectrum. Application of vacuum to the solution reverses these changes. 
Manometric experiments showed that the uptake of dinitrogen is very small, as 
expected for a system involving EtaP as a competing ligand. Although it is 
apparent that dinitrogen is reversibly coordinated, various attempts to isolate a 
crystalline nickel-dinitrogen complex were unsuccessful. Similar results have 
been reported by. other workers who have, however, succeeded in isolating the 
compound [(C,H,.),P] 2Ni(NsN)Ni[P(C6H11 )3]2 [1,22). 

In view of the rather high electron density to be expected at the nickel 
atom in (I), some tendency towards intramolecular oxidative addition might 
have been anticipated, giving rise to an equilibrium as shown below (eqn. 2), 
analogous to that found for (MesPCHs CH2PMez )z Ru in the classic studies of 
Chatt and Davidson 123,241 and subsequently observed in other systems a\- 
though most commonly involving aromatic C-H [25]. However, infrared and 
PMR spectra of (I) do not show absorptions attributable 126 - 281 to Ni-H, 
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and the chemical reactions of (I) generally lack suggestion of hydridic activity. 
Possible p-hydrogen activation is shown by (I) only in its reaction with excess 
of CC14 to give CHCls [(Ph,&IeP)4Ni reacts, but gives no CHCls ] although a 
complex intermolecular reaction cannot be ruled out. Passage of gaseous dihy- 
drogen through solutions of (I) causes a very weak band to appear at 1914 
cm-l in the infrared spectrum, suggesting that a true hydride may exist under 
appropriate conditions. Compounds formulated as (Rs P)s Ni(Ns )H [R = Et, 
v(N~) 2076 vs, v(Ni-H) 1914 m cm-’ (hexane); R = n-Bu, v(Ns) 20’74 vs, 
v(Ni7-H) 1914 s cm-l (Nujol)] have been described by Srivastava and 
Bigorgne, although they were incompletely characterised [29] while other un- 
specified complexes have also been mentioned [SO]. Complex (I) will not act 
as a homogeneous hydrogenation catalyst for cyclohexene or tolan at room 
temperature and atmospheric pressure. 

L y \, 

__L- L + 
‘/ ‘\,/c”’ (*I 

Et2 
CL= Et,P) 

An interesting sidelight on the equilibrium mentioned earlier (eqn. 1) is 
provided by the reaction of n-BusP with (1,5-Cs H1 s )sNi under similar condi- 
tions, since in this case the yellow pyrophoric olefin complex (n-Bus P)s Ni( 1,5- 
CsHl s) (IV) is precipitated. Solutions of (IV) show no interaction with gase- 
ous dinitrogen in their infrared spectra. The l,!%cyclooctadiene ligand in (IV) 
can be replaced by the chelating diphosphine Pha PCHs CHsPPhs to yield 
(n-Bus P)s Ni(Phs PCH, CHsPPh, ) (V) which is useful as a petroleum-soluble 
source of the .[(Ph_;! PCH, CH, PPh, )Ni] unit [e.g. (V) with Cs F4 gave [ 141 

1 . 
(PhsPc:HaCHs PPhs)NiCFz CF2 CF, CF2 ] _ The preparation of the much less 
soluble (PhePCHsCHs PPh, )sNi from the diphosphine and (1,5-Cs H1 2 )s Ni 
provides an alternative to the original 1311 preparation from Ni(CO)* _ Reac- 

I 

tion of (IV) with Cs F4 gave (n-Bus P)s NiCFs CFs CFs 6Fs [ 14]_ 

Experimental 

Experimental procedures and measurements were as described previously 
113 - 153. Argon or dinitrogen atmospheres (as appropriate) ‘were employed 
throughout. Nickel analyses were obtained by EDTA titration 1321 after 
degradation (aqua regia) to Ni +z+ _ An iodine analysis was obtained by degrada- 
tion (NaOH) to I- and titration of liberated (Brs) iodine. The’product from 
(9) was analysed commercially. 

(1) Preparation of tetrakis(triethylphosphine)nickel(O), (I) 
A solution of triethylphosphine (2.90 g, 24.4 mmol) in ether (5 ml) was 

added dropwise to a stirred suspension of bis(l,5-cyclooctadiene)nickel(O) 
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[lS] (1.68 g, 6.11 mmol) in ether (10 ml) at 20”. The resulting orange solution 
was cooled to - 78” and (at - 78”) the white product washed with ether 
(10 ml), light petroleum (2 X 10 ml), and pumped dry to give crystalline (I) 
(2.62 g, 81%) (Found: Ni, 11.0. CB4Hs0NiP, calcd.: Ni, 11.0%) Infrared spec- 
trum (light petroleum): 1411 m, 1314 w, 1239 m, 1386 w, 1116 m, 1040 s, 
1019vs, 994m, 984m, 962m, 757vs, 743 s, 716 s, 693m, 675m, 655s 
cm-l _ 

(2) Preparation of bis(fri-n-butylphosphine)(l,5-cyclooctadiene)nickel(O), (IV) 
Similarly, bis(l,5-cyclooctadiene)nickel(O) (2.68 g, 9.75 mmol) in ether 

(20 ml) was treated with tri-n-butylphosphine (7.90 g, 39.0 mmol) in ether 
(10 ml)_ The liquid volume was then reduced to 10 ml and the resulting yellow 
solid dissolved in light petroleum (50 ml). Reduction of the solution volume to 
10 ml gave yellow crystals which were separated and washed with light petro- 
leum (2 X 5 ml) to yield (IV) (2.93 g, 53%), m-p. 102 - 104” (Found: Ni, 10.3. 
Cs2HssNiP2 calcd.: Ni, 10.3%) Infrared spectrum (Nujol): 1314 w, 1293 w, 
1271 VW, 1224vw, 1213 vw, 1196 m, 1165 w, 1143 VW, 1085 s, 1080 s, 
1044w, 1033 m, 1002 m, 969 w, 922vw, 897 s, 883 m, 866vw, 845vw, 
763 s, 719 s, 684 VW cm- ’ _ PMR spectrum (Cs Fs): + 4.61 (4H, s), 7.71 (8H, 
s), 8.39 (36H, m) and 8.93 ppm (18H, m). 

(3) Preparation of bis(tri-n-butylphosphine)[1,2-bis(diphenylphosphino)- 

ethane] nickel(O), (V) 
1,2-Bis(diphenylphosphino)ethane (0.378 g, 0.950 mmol) in benzene 

(5 ml) was added dropwise to a stirred solution of (IV) (0.543 g, 0.950 mmol) 
in light petroleum (20 ml). All material volatile at room temperature was then 
removed in vacua (lo- 3 mmHg), and the residue extracted with light petro- 
leum (30 ml). Solvent was removed (10 mmHg), the residual red oil crystallised 
(-63”), and the product pumped dry at 20” to yield (V) as a red-brown solid. 
(0.490 g, 60%), dec. 130”. (Found: Ni, 6.5. CgeH7sNiP4 calcd.: Ni, 6.8%) 
Infrared spectrum (Nujol) : 1584 w, 1478 m, 1430 s, 1301 w, 1269vw, 
1228 vw, 1211 vw, 1195 VW, 1170 w, 1087 m, 1063 vw, 1041 VW, 1021 w, 
998 VW, 963 w, 890 m, 859 w, 838 vw, 790 w, 763 vw, 737 m, 727 s, 714 m, 
687 s, 647 m cm-‘. PMR spectrum (CHsCls): T 2.71 (20H, m), 7.8 (= 4H, 
masked), 8.43 (36H, m) and 9.06 ppm (18H, m). 

(4) Preparation of bis[l,2-bis(diphenylpho.sphino)ethane] nickel(O) from bis 
(1,5-cyclooctadiene)nickel(O) 

Bis(l,5-cyclooctadiene)nickel(O) (0.600 g, 2.18 mmol) and bis(l,2- 
diphenylphosphino)ethane (1.74 g, 4.36 mmol) were vigorously stirred to- 
gether in ether (60 ml) at room temperature. After 1 h, the solution volume 
was reduced to 3 ml and the precipitate recrystallised horn benzene (5 ml) by 
addition of light petroleum (20 ml) to give the required complex 1311 (1.55 g, 
83%). 

(5) Reaction of (I) with carbon tetrachloride 
(I) (0.087 g) was treated with carbon tetrachloride (1.0 ml), immediate 

and vigorous reaction taking place. After a few minutes, the solvent was re- 
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moved in vacua and its IR and PMR spectra recorded; the presence of chloro- 
form was proved by comparison with an authentic CHCls/CCl, mixture. A 
similar experiment using tetrakis(methyldiphenylphosphine)nickeI(O) [13] 
showed a less vigorous reaction with CC& and yielded no CHCls . 

(6) Reaction of (I) with iodine 
A solution of iodine (0.180 g, 0.709 mmol) in ether/pentane (l/Z v/v) was 

added dropwise to a stirred solution of (I) (0.300 g, 0.564 mmol) in pentane 
(5 ml). Crystallisation (- 78”) gave trans-(EtaP),NiIz (0.240 g, 78%) m-p, 
91- 92’ (lit. [33] 91- 92”). (Found: C, 26.3; H, 5.5.Cr 2H30 IsNiPs c&d.: C, 
26.3; H, 5.5%) 

A similar experiment in a sealed tube using iodotrifluoromethane (4 molar 
equivalents} in place of iodine also gave trans-(Ets P)e Nifi as the only isolable 
product (24%). 

(7) Reaction of (I) with iodomethane 
Iodomethane (0.070 g, 0.489 mmol) in light petroleum (5 ml) was simi- 

lady added to (I) (0.260 g, 0.489 mmol) in light petroleum (5 ml) at - 10”. 
Cooling (- 78O) gave bright yellow crystals which were recrystallised from light 
petroleum (3 ml) at - 78” and pumped dry at - 10” to yield pammagnetic 
iodo~(~ethylphosph~e)~ckel(I) (0.200 g, 76%), m-p. ca. 40” (dec.), stable 
at or below - 10”. (Found: 1, 22.9; Ni, 10.4. C&H= INiP, calcd.: I, 23.5; Ni, 
X0.9%.) For further details, see ref. 21. 

(8) Reaction of iodotris(triethylphosphine)nickel(I) with tetrafluoroethylene 
A solution of (EtsP)sNiI (0.200 g, 0.370 mmol) in light petroleum 

(15 ml) was sealed in a Carius tube with tetrafluoroethylene (2.88 mmol) and 

set aside at 20” for 48 h. Yellow crystals of (Et3P)2NiC!FzCFsCF,CF:, 
(0.084 g) precipitated. The deep green solution yielded the same compound 
(0.006 g, total yield 49%) together with trans-(EtsP)sNiIa (0.097 g, 48%) on 
cooling to - 78”. 

(9) Reaction of {IV) with iodotrifiuoromethane 
A solution of (IV) (0.543 g, 0.949 mmol) in light petroleum (20 ml) was 

treated with iodotrifluoromethane (2.39 mmol) in a sealed Carius tube. All 
material volatile at 20°/10-3 mmHg was removed from the resulting dark 
green solution, The residual oil was dissolved in light petroleum (1 ml) and 
methanol (10 ml) added slowly_with very vigorous stirring. Cooling (-- 78”) 
gave shining green-black crystals which were recrystallised twice more by the 
same method-(yield 0.280 g) m.p. 35 - 37”. (Found: C, 43.5; H, 8.3; I, 23.6; 
Ni, 8.7. Cs s Hs 4 F3 Is Nip, c&d. : C, 45.5, H, 8.3; I, 19.3; Ni, 8.9%. 
Cz4HS412Ni.P2 c&d.: C, 40.2; H, 7.6; I, 35.4; Ni, 8.2%). The expected pro- 
duct, trans-(n-Bu3 P)sNi(CF3)I, was thus present but contaminated with Lrans- 
(n-Bus P)s NiIz . The rBFNMR spectrum (CsH,) of the mixture showed 
Ni-CF3 at 8.4 ppm relative to CFCls with &P-F) (between outer lines of 
virtual triplet) 42.0 Hz. See also ref. 21. 
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