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The products of the reactions of PMes or P(OMe),
with trigonal bipyramidal NiX,{PMes)s (X = CN, C,
Br, I), [NiX(PMe3 )41 BF, and [Ni(P{OMe)s)s](BF,),
complexes have been studied in dichloromethane and
chlorodifluoromethane solutions. The stereochem-
istries of the mixed ligand complexes have been inves-
tigated by 3'P NMR spectroscopy at low temperature.
Relations between the NMR parameters (8; 2Jpp),
the structures and stereochemistries are discussed

11].

Introduction

Although ligand substitution and addition reac-
tions have been widely studied for heavy metal-
phosphine complexes [2—3], few reports are available
on first-row d® metal complexes with monodentate
tertiary phosphine ligands. Furthermore, most of
these studies have been essentially focused on the
stereochemistry of the compounds and on their
dynamic solution behaviour, ie. inter- and intra-
molecular ligand exchange processes. The importance
of five coordinate d® species as intermediates in
ligand substitution processes (Sy1 and Sy2) [2] and
the few studies reported in the literature, led us to
investigate the Ni(II)-PMe, system [4-5]. The char-
acterization of the species present in solution and
the determination of the rates and mechanisms of
inter- and intramolecular PMe,; exchange in the
trigonal bipyramidal (TBP) five coordinate NiX,-
(PMes);, [NiX(PMe;3)s]* (X = CN, Cl, Br, I) and
[Ni(PMe3)s]™ species was achieved by *'P NMR and
electronic spectroscopies. As a continuation of this
work, it seemed interesting to study ligand substitu-
tions in these complexes by ligands as different as
carbon monoxide [6] and trimethylphosphite. These
substitutions are important since they are related to
the selectivity of processes involving these species in
molecular catalysis. We report here the results of the

reaction of P(OMe); with NiX,(PMe;);, NiXY-
(PMe,); and [NiX(PMe;)s]” (X, Y = CN, Cl, Br, I).
The reaction of PMe; with [NiP(OMe);)s]?" has also
been studied. Due to the stereochemical non-rigi-
dity of these pentacoordinate Ni(II) complexes at
ambient temperature, their study was undertaken at
low temperature (220-115 K) where 3'P NMR slow
exchange limit spectra were obtained.

Experimental

Chemicals

Dichloromethane (Fluka, anal. grade) was distil-
led twice from P,0; and stored over molecular sieves
(4 A). Dichloromethane-2D (CEA, France) and
chlorodifluoromethane (Freon 22, DuPont) were
used without further purification. Trimethylphos-
phite (Fluka) was distilled from sodium under a nitro-
gen atmosphere. Trimethylphosphine [7] and the
following complexes were synthesized according to
known methods: Ni(CN),(PMe;); [8], NiX,(PMes)s
(X = Cl, Br, ) [9], [NiX(PMe;)4]BF, (X =Cl, Br,I)
[5]1, INi(P(OMe);)s](BFs), [10], [NiX(PMes)a]X
(X = Cl, Br, I) [5], [NiX(PMe3)3] BF4 is obtained
when deoxygenated argon is bubbled through a
dichloromethane solution of the carbonyl [NiX(CO)-
(PMe3);] BF, complex (X = Cl, Br) [5].

NMR Sample Preparation

The solid complexes were weighed in a nitrogen
atmosphere glove box (KSE) directly into 10 mm
NMR tubes. The solvents were deoxygenated in an
all-glass/teflon vacuumdine by the freeze—pump—
thaw technique and vacuum distilled onto the solid
samples. Solutions of mixed NiXY(PMe;); (X, Y =
CN, Cl, Br, I) complexes were prepared in situ by
weighing stoichiometric amounts of NiX,(PMej)s
and NiY,(PMe,;); into the sample tubes. Solutions
of the complexes NiX,(PMe;),(P(OMe);), NiXY-
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TABLE 1. 31P{IH}NMR Data for Some Trigonal Bipyramidal Complexes of Ni(II) Containing PMej.

Complex ap: spea J papeb Solvent T (K) x°

Ni(CN), (PMe3)3 - ~18.4 (s) - CH,Cl, 183 12.78
NiCl; (PMej3)3 -04 (d) -35.0() 78.7 CH,Cl, 173 11.84
NiBr, (PMej3); -3.7() -30.4 (1) 71.6 CH,Cl, 183 11.68
Nil, (PMej); -8.6 (d) —28.0 (1) 59.8 CH,Cl1, 193 10.60
NiCIBr(PMej); -2.8 () -31.5 (1) 75.0 CH,Cl1, 178 11.75
NiCll(PMe3 )3 ~7.0 (d) —-32.5 (1) 69.6 CH,Cl, 178 11.22
NiBrl(PMe3)3 ~6.2 (d) -28.8 (1) 65.7 CH,Cl, 178 11.13
NiBr(CN)(PMe3 )3 -2.1(@) -26.7 () 85.7 CH; Cl, 178 11.22
[NiCl(PMe; )4]Cl +1.5 (1) -28.7(1) 79.4 CHCIE 114 11.07
[NiCl(PMe3)4]BF4 +1.0 (1) —28.8 (1) 82.5 CHCIF, 114 11.07
[NiBr(PMe3)4]Br -15.7 (s)d - CHCIF, 114 11.98
[NiBr(PMe3)4] BF, -2.6 (1) -29.2 (1) 79.4 CH,(Cl1, 178 10.98
[Nil(PMe3)4]1 -18.4 (s)d - CHCIF 5 114 1045
[NiI(PMe3)4] BF,4 —-5.2 (1) =29.2 (1) 76.5 CH,Cl, 178 1045
[Ni(PMe3)s ] (BF4), +0.9 (q) -32.7(1) 70.6 CHCIF , 114 10.30

®n ppm.  PIn Hz, absolute values.
XBr © 274, X1 = 2.21, Xp = 2.06, XCN & 3.3.
ular PMej; exchange.

(PMe;),(P(OMe);), [NiX(PMes),(P(OMe);),]X and
[NiBr(PMe; ),(P(OMe)s;); ] BF, (X, Y = CN, CI, Br,I)
were prepared in situ by weighing stoichiometric
amounts of NiX,(PMej3);, NiY,(PMe;);, [NiBr-
(PMe3),] BF, and P(OMe); into the sample tubes.
The species [Ni(PMe;)s] (BF,), was prepared in situ
by vacuum distilling an excess of PMe; onto [Ni-
(PMe;),] (BF,),. Solutions of the complexes [Ni-
(PMe3)x(P(OMe);)y] (BFa), (X=2,3,4;Y=3,2,1)
were prepared by adding known amounts of PMe,
to solutions of [Ni(P(OMe)s)s](BF,), in the vacuum
line. All tubes were sealed under vacuum and stored
in liquid nitrogen before recording the spectra.

NMR Measurements

Variable temperature 3!P{'H}FT NMR spectra
were recorded at 36.43 MHz using a Bruker HX-90
spectrometer equipped with a B-SV 3 PM pulser, a
B-SV 3 B proton noise decoupler, a B-ST 100/700
temperature regulating unit and a Nicolet BNC-12
data system. The low temperature spectra (113 to
153 K) were obtained at 24.28 MHz using a Bruker
WP-60 spectrometer with multinuclei facilities. Field-
frequency stabilisation was achieved on an internal
2D signal at 21.14 kG and on an external '°F signal
at 14.09 kG. The temperature of the samples was
measured before and after each spectrum by a
method described elsewhere [11].

Chemical Shift Referencing
PEt; in a capillary is used as 3'P chemical shift
reference. The chemical shift of PEt; being tempera-

®Sum of the electronegativities of the donor atom of the ligands: x = Zx; with x¢; = 2.83,
The presence of a singlet instead of two triplets is due to very fast intramolec-

ture dependent (about 0.027 ppm/K), the chemical
shift difference between PEt; and 62.5% H3PO,
(eutectic) was measured as a function of temperature.
All chemical shifts are reported with respect to 62.5%
H;PO,. Positive chemical shifts are downfield from
the H3PO, standard.

NMR Parameter Determination

In the case of first-order 3'P{!HINMR spectra,
the chemical shifts of the various ligands and the
phosphorus-phosphorus coupling constants were
determined directly from the digitalized spectra. For
the non first-order 3'P{'H}NMR spectra, the coupling
constants and chemical shifts have been determined
by best fit of the spectra using the iterative
LAOCOON 4 program. As all the non first-order
spectra are very close to first order, we used first-
order nomenclature in the tables, i.e. doublet, triplet
and quartet, for clarity.

Determination of the equilibrium constants was
made by integration of the 3P NMR signals of each
complex.

Results and Discussion

The 3P NMR data for the different complexes are
reported in Tables I and II. The slow exchange limit
spectra were obtained in dichloromethane or chloro-
difluoromethane solutions at low temperature (114—
193 K).
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TABLE II. 3IP{IH} NMR Data for Some Trigonal Bipyramidal Complexes Containing PMe3 and P(OMe)3 as Ligands in CH, Cl, at 173 K.

X

UAA

,
a

Jp, P

’
e

Jp.p

’
a

Jp.p

’
e

Jp,p

JPaPe

5p’e

5pe

& P,

Complex

12.78
11.66
10.60
11.13
11.07
10.98
10.45

66.6

+128.6(t)

+19.4(d)

Ni(CN), (PMe3), (P(OMe)3)
NiBl’2 (PMC3 )2 (P(OMe)g)
Nil, (PMe3), (P(OMe)3)

88.0

+111.0(t)
+113.7(t)

+7.0(d)

753

0.0(d)
+3.9(d)
+19.6(t)
+15.9(t)
+10.6(1)
+15.6(t)

80.1

+114.0(t)
+108.0(t)

NiBrI(PMe3), (P(OMe)3)

99.9

[NiCl(PMe3), (P(OMe3), 1 C1
[NiBr(PMe3), (P(OMe)3), ] Br

[Nil(PMe3), (P(OMe3), 1

97.6

+106.2(t)

924

+102.4(t)

97.6

+106.0(d.t)
+116.6(d.1)

[NiBr(PMes); (P(OMe)3),] BF,
[NiBr(PMe3)3(P(OMe)3 )] BF,

361

96.9

69.7

~32.6(d.t)
~15.7(d.d)
~14.6(t)

+8.3(d.d)
+83.6(d.q)

636

93.6

85.0

+134.5(d.q)
+120(q)

[Ni(PMe3)3 (P(OMe)3)] (BF4),

97.7

[Ni(PMe3)3(P(OMe)3)2 1 (BF4),

91.0

+108.9(t)
+110.8

+22.8(qQ)

[Ni(PMe3); (P(OMe)3)31(BF4),

[Ni(P(OMe) 3)5] (BF4),°

120

+114.4

°In CHCIF, at 140 K, ref. 12.

b Hz, absolute values.

is for equatorial P(OMe);.

is for axial P(OMe);, P,

’
a

“In ppm, P, is for axial PMes, P, is for equatorial PMe5, P
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TABLE III. Equilibrium Constants K for the Reaction:
NiX,; (PMe3)3 + NiY,(PMe3g)s = 2NiXY(PMes); in CH,Cl,
at173 K.

X Y K
a Br 25

a I 1

a CN <1073
Br 1 6.5

Br CN 0.15

Mixed Halide and Pseudo-halide Complexes: NiXY-
(PMes )3 (X, Y=CN, (1, Br, 1)

In order to get a better knowledge of the solution
chemistry and before studying the phosphine—phos-
phite substitution in the molecular NiX,(PMe;s);
complexes, it was of interest to follow the halide
substitution. The resulting complexes were obtained
in solution by mixing equimolar amounts of NiX,-
(PMe;); and NiY,(PMe;);. The equilibrium constants
of reaction (1)

NiX,(PMe,); + NiY,(PMe3); = 2NiXY(PMe;); )
were obtained by integration of the undecoupled 1P
NMR spectra and are listed in Table III. The solution
structure of the NiX,(PMej); complexes were deter-
mined previously [4]. Analysis of the 3'P NMR data
of pure and mixed complexes (Table I) indicates
that their structures are similar. We thus propose the
following stereochemistry for NiClBr(PMej); (I,
X = Cl, Y = Br), NiClI(PMe;); (I,, X =Cl, Y =I) and
NiBri(PMe;); (I, X = Br, Y =1).

PMe3

/Y

——Ni
X l “NPMe3
PMe3

(ta,b,c,d)

Fig. 1 is an example of the 3P NMR spectra
obtained by mixing NiCl,(PMe3); and NiBr,(PMe;);.
We can see from this spectrum that the signals asso-
ciated with NiCl,(PMe;); are somewhat broadened.
This is due to the intramolecular PMe exchange and
shows that this exchange is faster than the inter-
molecular halide exchange. As seen in Table III,
the complex Ni(CN)CI(PMe;); is not formed at
concentrations detectable by NMR. The species
Ni(CN)Br(PMe 3); presents a *'P'NMR pattern of the
A,B type, similar to that of the halo-complexes
ie. a low field doublet and a high field triplet sug-
gesting the two possible stereochemistries Iy (X =
Br, Y = CN) and II. In all the trigonal bipyramidal
complexes of Ni(Il) we investigated, the P
resonance associated to the axial trimethylphosphine
is downfield of the resonance of the equatorial one
(Table I). Thus the stereoisomer I, is the most
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Fig. 1. ¥P{'H}FT NMR spectra at 36.43 MHz of an equi-
molal mixture of NiCl;(PMe3); (a) and NiBr;(PMes); (b)
in CH,Cl, at 178 K showing the presence of the mixed
NiClBr(PMej3); (c) complex. The low field peaks are due to
the axial (ax) phosphines and the high field ones to the
equatorial (eq) phosphines. Numerical data in Table 1. The
spectra are of the A, B type.

CN

I/PM83
gr—-Ni

| \PMeg

PMe3

(1)
probable. The same behaviour has been observed by
Meakin and Jesson [12] in various Ni(II) complexes
of phosphines and phosphites. When mixing Nil,-
(PMe;); and Ni(CN),(PMe;); in the sample tube, a
dark solid precipitates immediately. This reaction has
not been studied.

Mixed PMe;—P{OMe }; Complexes

Reactions of P(OMe); with Ni(CN),(PMe;);
(trans-TBP), NiX,(PMe;); (cis eq<eq-TBP), [NiX-
(PMe;)4]" (C,y-TBP) were carried out. Due to the
impossibility of getting [Ni(PMe;)s]™ (TBP) as a
starting material and with the aim of studying ligand
exchange on a cationic [NiLs]"™ compound, we
studied the reaction of PMe; with [Ni(P(OMe);)s]-
(BF,),. Phosphorus NMR is especially suited to
identifying the stereochemistries of the products
since there is an unequivocal separation of the PMe,
and P(OMe); chemical shifts. We note that P(OMe),
moves upfield on coordination while PMe; moves
downfield, both relative to the free ligands.

Ni{CN),{PMe3 )3

Addition of a large excess of P(OMe); to a
dichloromethane solution of Ni(CN),(PMe;), (ratio
10:1) leads to the formation in solution at 173 K
of a new dicyano-complex containing two PMe;
and one P(OMe); molecules as ligands. The 3'P NMR
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spectrum of this complex, Ni(CN),(PMe;),-
(P(OMe);), shows two equivalent phosphines (6 =
+19.4 ppm) coupled to one phosphite (§ = +128.6
ppm; 2Jpp = 66.6 Hz). This is consistent with the
three TBP isomers III, IV and V.

CN CN PMe3
I./PMeg |'/PMe3 |/CN
Me3P/N|l\P(OMe)3 NC/NII\pMn C’—‘T\P(OMe)a
cN P(OMe)3 PMe3

nn tiv) v)

The cyanide groups have been reported to occupy
the axial positions of the TBP in complexes contain-
ing phosphine ligands [13]. The coupling constant
2Jpepe’ (Table II) between equatorial PMe; and
equatorial P(OMe),, in an analogous complex is high
(361 Hz) and in this cyano complex 2Jpp is only
66.6 Hz. Moreover, the chemical shift of the phos-
phine is +19.4 ppm, that is, in a region where the
signal associated with an equatorial phosphine has
never been observed. Thus, stereoisomer V is the
most probable for this complex. However, a distor-
tion of the TBP towards a square pyramid along the
nickel-phosphite bond (in isomers III and V) cannot
be excluded.

NiX,(PMes)s (X =Cl, Br, I)

Addition of excess P(OMe); to dichloromethane
solutions of NiX,(PMe;), (X = Cl, Br, I) leads to the
formation of the new molecular NiX,(PMe;),(P-
(OMe);) and cationic [NiX(PMe;),(P(OMe);),]1X
species, according to reactions (2) and (3). The low
temperature 3'P NMR spectra of the molecular
species NiX,(PMe;),(P(OMe);), show two equivalent

PMe PMe

X | X
X/NII\PME:; oM === X/TI\P(OMeB e
PMe; PMe (2)

phosphines coupled to one phosphite (Table II), The
chemical shift of the phosphines indicates that they
are in axial positions and we thus propose a TBP
geometry for these complexes, with two axial PMe;,
one equatorial P(OMe); and two equatorial halides.
The spectra of the cationic species show two equiv-

+

PMe3 PMe3
X K_g- '/P(OMe)g
X"‘NI' “NP(0Me), s PioMely === x”Nll " P(OMe);
PMej PMej
3)

alent phosphines coupled to two equivalent phos-
phites. From the chemical shifts (Table II) a tri-
gonal bipyramidal geometry with two axial pMe;,,
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TABLE IV. Products of the Substitution Reaction of NiX;L3, or Equimolal Mixtures of NiX;L3 and NiY, L3 with a Tenfold
Excess of L' in CH,Cl; (X, Y = C1, Br, I; L = PMe3, L' = P(OMe)3), at 173 K.

Reactants Products

NiX, L, . Nivals NiX,L,L' NiY,L,L' NiXYL,L' NiXL,L% NiYL,Lj
+excess L

NiCl, Ly - 0% - - 100% -

NiBr;L4 - 35% - - 65% -

Nil, L3 - 65% - - 35% -

NiCl, L3 NiBryLj 0% 0% 0% 80% 20%

NiCl; Ly Nil,L3 0% 5% 0% 90% 5%

NiBraL3 Nil, L3 4% 12% 12% 60% 11%

N

eI

——

" ppm <20 10

[t}

Fig. 2. ¥P{"H}JFT NMR spectra at 36.43 MHz of an equimolal mixture of NiBr,(PMes); and Nil,(PMes); with P(OMe); in
excess (P(OMe)/Ni = 5) in CH,Cl at 178 K. Showing the NiBr; (PMes); (P(OMe)s) (a), NiBri(PMe3) (P(OMe)3) (), Nil,-
(PMe3), (P(OMe)3) (c), [NiBr(PMej ), (P(OMe)3)2 J'X™ (@) and [Nil(PMe3)> (P(OMe)3 )2 |"X ™ (e) species. Only the ~P resonances
associated to the PMe3 ligands are shown for clarity. Numerical values in Table II.

two equatorial P(OMe); and one equatorial halide
is the most probable structure. The replacement
of one equatorial halide (Reaction 3) by a second
phosphite is not quantitative (Table 1V). The forma-
tion of the cationic species is favoured in the case
of the chloro-complex and the molecular species is
stabilized in the case of the iodo-complex. The
sequence of the equilibrium constants for reaction

(3)is:
K%, >> K%, > Ko @)

The same sequence is observed for reaction (5) [4]:
K3
NiX,(PMe3); + PMe; =—— [NiX(PMe;)s "X~
)

but one may note that K§ < KB, i.e. halide is more
easily displaced by PMe3. ®)

The stereochemistries of the molecular NiX,-
(PMej),(P(OMe);) and the cationic [NiX(PMe;),-
(P(OMe)3),1'X~ species have been confirmed by
looking at the products of the reaction of NiX,-
(PMe3); and NiY,(PMe;); (in the molar ratio 1:1)
with an excess of P(OMe); (X, Y = Cl, Br, I). Taking
the bromine—iodine system as an example (Table IV,
Fig. 2), we observe the formation of the already
known species:  NiBr,(PMe;),(P(OMe)3), +Ni12-
(PMe;),(P(OMe);), [NiBr(PMes),(P(OMe);),]" and
[Nil(PMe3),(P(OMe);),1* plus the new species
NiBrI(PMe;),(P(OMe);) which is the only new one
expected on the basis of the previously proposed
structures.
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Fig. 3. ¥P{'H)FT-NMR spectra at 36.43 MHz of [Ni(P-
(OMe)3)(PMej )4 ] (BF4), in CH,Cl, at 180 K. One sees the
low field strongly coupled AB system (PMej —P(OMe)3 )
coupled itself to the three equatorial phosphmes at high ﬁefd
(PMe3e ). Numerical values in Table II.

[NiX(PMe3}4]BF4

Addition of P(OMe)3 to a solution of [NiBr-
(PMe;),] BF, readlly gives the complex [NiBr-
(PMe; );(P(OMe);)]* (VI) which by addition of more
P(OMe); gives the complex [NiBr(PMe,),(P-
(OMe);),1" (VII). From the 3P NMR spectra (Table
IT), the following stereochemistries are proposed:

PMe3 + PMe3 +
|/P(0Me)3 . N/P(OMe)3 -
Br/T\PMﬂ ¢ B lI\P(OMe)3 ¢
PMe3 PMey
vi) (vii)

Table II shows that the NMR parameters for the ca-
tion [NiBr(PMe,),(P(OMe););]" do not depend on
the counterion. Further addition of P(OMe); does
not lead to the displacement of the halide. Addition
of P(OMe); to [NiCi(PMe;),] BF, and [Nil(PMe;)4] -
(BF,) was not tried. These experiments show that
the replacement of the equatorial trimethylphosphine
by trimethylphosphite is readily achieved in Ni(II)
complexes containing halides but that the replace-
ment of the axial phosphine does not occur. Replace-
ment of the first halide in dihalogenocomplexes is
easy but displacement of the second one with forma-
tion of dicationic pentacoordinate complexes is not
possible with PMe; or P(OMe);.

[Ni(P(OMe )3 )s1(BF 4 ), + PMe;

After having investigated the ligand substitution in
Nin(PMe3)3 and [NiX(PM33)4]BF4, it would be
interesting to do the same experiment with [Ni-
(PMe;)s]1 (BF,),. However, due to the instability of
[Ni(PMes3)s] (BF,),, which has been characterized
only at low temperature (114 K) in solution [4],
we started investigating the P(OMe);—PMe; substitu-
tion with the stable [Ni(P(OMe)s)s](BF;), as start-
ing material.

P. F. Meier, A. E. Merbach, M. Dartiguenave and Y, Dartiguenave

Various amounts of PMe,; were added to dichloro-
methane solutions of [Ni(P(OMe);)s](BF,), (PMe;/
[Ni(P(OMe)3)s]™ = 1 to 50 molar ratio). Three
mixed ligand pentacoordinate complexes were
identified by 3P NMR at 173 K: [Ni(PMe;),(P-
(OMe););1™ (VIII) is characterized by a low field
triplet (5 = +108.9 ppm; Jppe' = 91 Hz) assigned to
the three equatorial phosphites and by a high field
quartet (5 = +22.8 ppm) attributed to the two axial
phosphines. [Ni(PMe;);(P(OMe););]™ (IX) has a low
field quartet (8§ = +120 ppm; Jpepy’ = 97.7 Hz) repre-
sentative of the axial phosphites and a high field
triplet (6 = —15.6 ppm) characteristic of equatorial
phosphines. The spectrum of the third species [Ni-
(PMe;3)s(P(OMe);3)]™ (X) is shown in Fig. 3. The
NMR data are in Table II. A strong coupling (636
Hz) is observed between the axial phosphine and
the axial phosphite ligands, along with a strong
downfield shift of the axial phosphine resonance
(6 = +83.6 ppm). The following stereochemistries
are proposed for these three species:

B PMe3 2t P(OMe)3 2+
i /P(OMe)a /PMe3
——Ni
(MeO)3P | \P(OME)3 Me3P | \PME3
PMe3 P(OMe)3
(V1) {IX}
PMe3 2+
N‘/PMe3
——Ni
Me4P | \PMe3
P(OMe)3
(x)

The complex [Ni(PMe;)(P(OMe);)4]"™ has not been
detected in solution. Thus, in the [Ni(P(OMe)3)5]™*-
PMe; system, P(OMe); is observed in the axial as
well as in the equatorial position of the TBP. There-
fore, it is not possible to conclude on the relative
preferencies of the PMe; or P(OMe); ligands for the
equatorial or axial sites of the trigonal bipyramid.

31p NMR Parameters

In contrast to the situation observed with square
planar and octahedral complexes [14, 15] data on
the chemical shifts and coupling constants (*Jpp)
in stereononrigid pentacoordinate d® nickel(II) com-
plexes are scarce. In Fig. 3 are shown the chemical
shifts of the isostructural NiX,(PMes); and [NiX-
(PMe;)s]" complexes as a function of the sum of the
electronegativities of the donor atoms [16]. Two
well separated chemical shift ranges are observed, the
axial phosphines lying at lower field than the
equatorial ones, showing that the chemical shifts are
directly related to the position of the phosphines in
the trigonal bipyramid (axial or equatorial). Such a
result is interesting since few relations between
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1:0_ axial P equatorial P
[0}
o]
11.59
[o]

1.0

10,5+

v v v - T
0 -0 -20 -3¢ -0 Slppm)

Fig. 4. 3p.NMR chemical shifts of the axial and equatorial
phosphines in the TBP NiXY (PMej); (o, full line) and [NiX-
(PMe3)a1* (o, dotted line) complexes as a function of the
sum of the electronegativities of the donor atoms of the
ligands, x, in CH,Cl, /CD,Cl, 1:1.

stereochemistries and chemical shifts have been
reported. However, it is known that phosphorus—
phosphorus coupling constants are better related to
the stereochemistry of the complexes [14, 17]. In
Fig. 5, the axial-equatorial coupling constants
2Jpp, of some Ni(Il) complexes, are reported as a
function of the sum of the electronegativities of the
donor atoms. We see that in NiX, (PMe;); and [NiX-
(PMe,),]" the coupling constants lie in a narrow
range (6085 Hz) and these values may be related to
x. Similar relations have been observed in Pt(II) and
Rh(I) phosphine complexes [14]. The Jp,p, coupling
constant of 51 Hz reported by Klein et al. [18] in
[Ni(CH, )(PMes),4]" lies in the same range.

A higher Jp,p, value (71.6 Hz in NiBr,(PMe3);
compared to 79.6 Hz for [NiBr(PMe;)y]BF, is
observed when the number of PMej ligands in the
complex increases. Analogous trends are observed
in the axial phosphine-equatorial phosphite coupl-
ing constants, Jp,p'e, the values of these constants
lying in the range (67—100 Hz). Emphasis can be put
on the 2Jp.p. value for 361 Hz observed for the
coupling between equatorial phosphine and
equatorial phosphite in [NiBr(PMe;);(P(OMe);3)]"
that is when the PMe;—Ni-P(OMe); angle is about
120° and on the Jp,p’, value of 636 Hz observed
for the coupling between the axial phosphme and the
axial phosphite in [Nl(PMe3)4(P(0Me)3)] that is
when the PMe;—Ni-P(OMe); angle is about 180°.
These results show an angular dependence of ZJpp.
Thus it seems possible to establish empirical relations
between the complex stereochemlstry and the Jpp
values. However, more data (*Jpp and §) are needed,
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especially in the case of square pyramidal complexes,
before one may be able to safely relate the NMR
parameters to the structure and stereochemistry of
pentacoordinate d® nickel(IT) complexes.

Conclusion

This study has shown that the Ni(II) pentacoordi-
nate NiXY(PMe;); (X, Y = Cl, Br, I) are TBP com-
plexes with the halide in equatorial positions. Reac-
tion of P(OMe); with NiX,(PMe;); (X = CN, Cl, Br,
1) or [NiX(PMe;),]* leads to the displacement of
one or two of the equatorial ligands by the phosphite,
one halide always remaining in an equatorial site.
Reaction of PMe; with [Ni(P(OMe);)s]™" leads to
pentacoordinate TBP complexes having either the
phosphine or the phosphite ligands in an axial posi-
tion, thus showing that no conclusion can be drawn
on the preferred stereospecificity of these two
ligands.
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