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A novel linear trinuclear u-O-bridging 2-phosphinophenolate nick-
el(ll) complex with fac-tris(P"O~ chelates) in the terminal positions
and the three oxygen atoms each facing the central nickel(ll) cation
was synthesized and structurally characterized by X-ray crystal-
lography. To the best of our knowledge, this is the first example
of an octahedral Ni(ll) tris(P"O~ chelate).

a u-O-bridging mode to other metals, as found in heterobi-
metallic complexes of zinc(If)or cobalt(l1)®

We now report on the formation and the molecular
structure of a distorted octahedral nickel(ll), the first example
of a trimeric isomer of the classic bis{®~ chelates).
2-Diphenylphosphino-4-methoxyphend) (vas treated with
TIOEt and PhNiBr(PP}), at —30 °C. After removal of TIBr
and concentration of the supernatant solution in a vacuum,

Despite the considerable scientific attention nickel(ll) the residue was layered with hexane, yielding single brown
PO~ chelates have attracted with respect to the industrial crystals of the trinuclear nickel(ll) comple®,” which
importance of the Shell Higher Olefin Process (SHOP), contains six equiv of THF (Scheme 1). Continued crystal-
octahedral tris(PO~ chelates) of nickel(ll) are, to the best lization afforded small amounts of the orange-bis(P'O~
of our knowledge, unknown. Only a distorted octahedron chelate) nickel(ll) complexX. Triphenylphosphine but no
formed by additional coordination a-methoxy groups in phenylnickel phosphinophenolate was detected in the mother
a mononuclear cationic Ni(lll) bis(phosphinophenolate) has liquor by 3*P NMR spectroscopy, indicating that, apart from
been described thus faBecause of thefklectron config- the bromide substitution, cleavage of the-fi bond had
uration of Ni(ll) and the strength of the"®~ ligand field, occurred. Phenylnickel complexes [PhNi(2PRA-RCgH30)-
nickel(ll) salts and 2-phosphinophenols strongly prefer the (PR'3)] (R = Ph,c-Hex; R = H, MeO; R' = Ph, Me) are
formation of diamagnetic square-plar@s- or trans-bis(2- characterized by an easy dissociation of th&¢ Higand but
phosphinophenolate;O) nickel(ll) chelate complex&svith are stable with respect to the Ni phenyl bdhdhe
a 16 VE configuration, detected as decomposition productsreplacement of the Ni phenyl group is therefore attributed
of SHOP-type catalystsThe cis isomers can coordinate in
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Scheme 1. Conversion ofl to the Phosphinophenolate Nickel(Il)
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aTHF omitted.

to a reaction with ethanol, liberated in the metalationLof
by TIOEt. Further detailed studies will determine which
phenylnickel species are attacked, i.e., the starting material

PhNiBr(PPR),, an intermediate phenylnickel phosphinophe- Frigure 1. Molecular structure of. (a) ORTEP plot with displacement
nolate or both. This might help to understand the unusual ellipsoids drawn at the 25% probability level and hydrogen atoms omitted
formation of2. for cla_rity. S_electt_ed bond Iengths_ (A) and angles (deg): Nmz 2.8017-
. I _ (7), Ni2--+Ni1-++Ni2' 180.00(3), Ni-O 2.058(3)-2.072(3), Ni~P 2.4086-

The novel trinucleau-O-bridging PO~ chelate complex  (14)-2.4182(13); trans ONi1—O 180.0(2)-180(16), cis O-Nil—O
2 easily loses THF. After drying of the complex at 5 Torr, 78.65(11)-79.15(10) or 100.85(16)100.93(10), G-Ni2—Peneiai82.14(8)-
elemental analysis is consistent with a residual content of ‘;S"l‘gg)l')"i?: %’T\;izzipp182%%2%316%;{)3)' TN 13'278(11(3
ca. 4 equiv of THF. After storage for some weeks the residual 104 23(4). ' ' ' '
amount of THF decreased from 4 to 2 mol equiv. Line
broadening in the'H NMR spectrum and the apparent
absence of &P NMR phosphorus resonance &f is
indicative of paramagnetic properties. The molecular struc-
ture of 2 was determined by single-crystal X-ray analysis
(Figures 1 and 2).The structure reveals a trinuclearO
bridged nickel chelate complex. The three nickel(ll) centers
display a linear arrangement of face-shared distorted octa-
hedra. The terminal nickel ions Ni2 form facial tri§@"
chelates) with the oxygen atoms directed toward and
coordinating with the central nickel ion Nil that resides at a
center of inversion. The three"®~ chelates are left- and
right-handed three-bladed propellers with a common pseudo-
C; axis. So far, the structure type found hhas been
reported only for the 2-phosphinophenolate chelate com-
plexes of typically octahedrally coordinated zinc(ll), cad-
mium(ll), and manganese(ll), which are of interest as model

compounds for trinuclear bioinorganic compleregor 2.232 Ap3¢3h pecause ofu-O coordination, increased
nickel(ll), the structure represents the first example of electron density on Ni, and steric effects by three as
octahedral coordination by phosphinophenolate ligands, compared to two phosphinophenolate ligands. This also
which usually force a square-planar geometry around this causes smaller ©Ni2—P angles within the chelate rings than
d® metal cation. in nickel mono- or bis(chelates) (84.489.45). The trans
The Ni—O and Ni~P bonds in2 are longer than those oO—Ni1—-0 arrangement is linear, but the cis-®i1—0
observed in known square-planar nickel-2-phosphinopheno-angles are smaller or larger by about tian in the ideal

late chelate complexes (ND 1.856-1.984 A, Ni=P 2.126- octahedron because of the above-mentioned distortions.

(©) Crystallographic data fa. CrdhNizOws, M = 2452.48, momo- The nature of the orange side prod&gtwhich was, in
clinic, P21 (No. 14); a = 1135_3124(33) g 21.235(4) A.c = fact, the expected nickel(llxis-bis(phosphinophenolate)
19.134;(4)bA;ﬁb= lOflf.82(3%; g{)z 610%(2T) B, 2200= }%; Dc = 1|.335 solvated by THF, was established by multinuclear NMR
g-cm°; absorpb coefiu = 0. mn-, = ; crystal size H H H _
0.31x 0.15x 0.14 mm:F(000) 2580:6 range 3.1827.49°; index speqtroscopy and comparison with an mdependent!y syn
range—19< h < 19,27 < k < 27,—24 < | < 24; 60037 reflections thesized sample (see below). CompleReand 3 contain,

collected, 13907 independent, 7728 reflectiet®y, R(int) = 0.0719; on average. two ™~ ligands per nickel and thus are
13907 data/10 constraints/732 parameters were used for the refine- g ' . g P L
mentS = 1.040: RUWR2 [ > 4o(l)] = 0.0705/0.1800, RL/wR2  structural isomers with different degrees of association. To

Figure 2. Schematic representation Bf

&ail data)= 011331/0-%145- Nonitz_s ;appa g%gé\/lsoTKa) = %791302783 investigate whether the preference of the uncommon structure
, humerical apsorpton correctionmin = 0. y Imax = V. , i — i

all non-H atoms were anisotropically refined except C and O of the of 2 Compared to the favored .blé(G Chelate) is due to .
disordered THF molecules. the formation path or to energetic factors (i.e., the mesomeric
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effect of the 4-methoxy group, enhancing the basicity and
donor ability of the phenolate oxygen), an independent
synthesis was carried out by reactitigwith nickelocene

(molar ratio 2:1). This organometallic Ni species does not

COMMUNICATION

the basicity of the O-donor site might influence the
formation and structure of nickel(ll)®~ chelate complexes,
favoring association vig-O bridging bonds. The unusual
formation of the trinuclear speci@ss thus the product of a

require an auxiliary base and thus does not produce salt sidekinetically controlled reaction path. The reaction probably

products, is unable to coordinate bis- or triS\QP chelates)
via u-O-coordination, and undergoes thermodynamically
controlled phenolysis (acithase reaction) under reflux
conditions. Heating of ligand with nickelocene in THF (15

h) led to orange crystals of the mononuis-3 THF.1° This
compound is highly soluble in THF and CDCAnd only
partly soluble in hexane. Alternatively, heating of ligahd
with nickelocene in toluene (15 h at 8@) produced brown
solid 4 that was found to be completely insoluble in all of
the aforementioned solventsThe elemental composition
of 4 is consistent with the unsolvated nickel(ll) biS@®
chelate), but the unusually low solubility indicates rather
stable aggregation, possibly by-ND bridging interactions,
that is stable even under prolonged heating in boiling THF.
The formation of3 in THF provides evidence tha& is
thermodynamically more stable th&n The low solubility

of 4, not observed for unsolvated nickel(ll) biS@"

chelates) obtained from 2-phosphinocresols and nickelocene

in refluxing benzenés is also evidence that an increase of

(10) A solution of1 (212 mg, 0.69 mmol) and nickelocene (65 mg, 0.34
mmol) in THF (5 mL) was refluxed for 15 h. Partial removal of the
solvent afforded 200 mg (78%) &f Anal. Calcd for GgHz204P2Ni-
C4HgO (745.41): C, 67.68; H, 5.41. Found: C, 67.49; H, 5.%C.
NMR: 6 56.1 (OMe), 113.1, 117.5(N = 58.4 Hz, C-2), 118.71(

N =16.5Hz), 121.8, 127.9%(N = 50.9 Hz, C}), 128.6 ¢, N = 10.7

Hz, C-m), 130.8 (C-p), 132.8 ¢, N = 10.6 Hz, Ce), 151.4 (br,z,

N = 8.1 Hz, C-4), 169.99, N = 17.4 Hz, C-1 in cis configuration).

31P NMR (CDCE): 6 34.2.

Solutions ofl (184 mg, 0.597 mmol) and nickelocene (56.4 mg, 0.298
mmol) in toluene (each 5 mL) were combined and heated t6G80

for about 15 h. The solvent was removed in a vacuum, and the residue
was washed with hexane and ether to give 140 mg (70%) of a pale-
brown solid4, insoluble in CDC4, CsDs, acetoneds, or THF-dg. Anal.
Calcd for (GgH32NiO4P2)x (673.32): C, 67.79; H, 4.79. Found: C,
67.24; H 4.88.

(11

takes place because of a suitable interplay of rapid (bromide
by phenolate) and slower (phenyl by ethoxy) substitution
reactions at-30 °C, with possible stabilization of intermedi-
ate Ni species by triphenylphosphine ligands and/or THF
and final coordination of Ni(ll) bis- or tris-(RD~ chelates)

to nonchelate Ni(ll) species. Further investigations will be
required to determine whether the reaction is just limited to
2 and closely related nickel(ll) complexes with increased
O -donor strength or whether it has more generally ap-
plicability. In any case, this example shows that square-planar
complexes are not the only structure types available from
this 3¢ metal ion and PO~ chelate ligands; with suitable
reagents and reaction conditions, the formation of novel
clusters with octahedral nicke'®~ chelates is also possible.
This widens our knowledge on paramagnetic multinuclear
nickel(ll) clusters that are of interest for biology as well as
physics and material scienc®s.

Acknowledgment. We thank M. K. Kindermann and B.
Witt for NMR measurements and the Fonds der Chemischen
Industrie for the gift of chemicals.

Supporting Information Available: Experimental details for
the syntheses o2—4, NMR data, color diagram oR, X-ray

crystallographic file in CIF format. This material is available free
of charge via the Internet at http://pubs.acs.org.

1C0484304

(12) (a) Gatteschi, D.; Caneschi, A.; Pardi, L.; SessoliSBiencel994
265 1054. (b) Barra, A. L.; Caneschi, A.; Cornia, A.; Biani, F. F;
Gatteschi, D.; Sangregorio, C.; Sessoli, R.; Soracd, lAm. Chem.
So0c.1999 121, 5302. (c) Miller, J. S.; Drillon, M., EdsMagnetism:
Molecules to Materials Il.; Molecule-Based MagneWiley-VCH:
Weinheim, Germany, 2001.

Inorganic Chemistry, Vol. 44, No. 7, 2005 2139





