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Abstract

The reaction of the alkyl or aryl derivatives Ni(R)X(PMe;,), (R = CH,SiMe,, CH,CMe,, C4H; X = Cl, Br) with the potassium salt
of the Bp ligand (Bp = dihydrobis(pyrazolyl)borate anion) forms the corresponding compounds BpNi(R)(PMe;,). In contrast, the reaction
of the aryl derivatives Ni(C4H ,-p-X)Br(PMe;), (X =H, Me, OMe, NMe,) with the Bp™“ anion (Bp™®" = dihydrobi(3-t-
butylpyrazolyl)borate) proceeds with formation of complexes of composition Bp®UNi(C¢H ,-p-X)(PMe,),, in which the polydentate
ligand is bound to the metal through only one pyrazolyl group. The Tp anion leads to only aryl derivatives, the phenyl complex
TpNi(CgH5)(PMe;) has been obtained, and the reaction of the alkyl complex Ni(CH ,CMe,Ph)CI(PMe;), with KTp furnishes the aryl
TpNi(C¢H 4-0-Bu)(PMe,), by means of a rearrangement of the neophyl ligand. The Tp ligand in these complexes is bonded in the 5?2
fashion, although an X-ray analysis carried out for TpNi(Ph)(PMe;) reveals the existence of an important Ni...N interaction with the
third pz ring. Upon reaction with the bulky hydrotris(3-t-butylpyrazolyDborate anion, the aryl derivatives Ni(CgH ,-p-X)Br(PMe;),
(X =H, Me, OMe, NMe,) form complexes of composition Tp®BUNi(C4H ,-p-X)(PMes),, in which the polydentate ligand is once more
bound to the metal through only one pyrazolyl group. These complexes represent the first examples of n® coordination of
poly(pyrazolyDborate-type ligands. The acyl and aroyl complexes BpNi(COR)(PMe;) (R = CH,SiMe;, CH,CMe,) and
TpNi(COPh)(PMe,) have been obtained by carbonylation of the parent compounds. The aroyls Tp®BUNi(COC¢H ,-p-X)(PMe,), have aso
been obtained from the derivatives Ni(COC4H ,-p-X)Br(PMe,), although they evolve CO slowly in solution. An X-ray analysis carried
out with Tp"™“Ni(CgH ,-p-Me)(PMe,), confirms the n*-coordination mode of the Tp™" ligand, which was deduced from NMR studies.
© 1998 Elsevier Science S.A.
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1. Introduction lished refer to the use of tris(pyrazolyl)borates, athough
in some cases the coordination is through only two of

The coordination chemistry of the the three N atoms available. In some cases, maximum

poly(pyrazolyl)borates has been extensively developed
since the ligands were initialy synthesised and the first
compounds prepared, about 30 years ago [1a,1b,1c,1d].
Several reviews on the subject are available
[2a,2b,2¢,2d,2e,2f,29,33,3b]. Most of the papers pub-

* Corresponding author.

! Dedicated to Prof. P.M. Maitlis, a great teacher and imaginative
researcher, on the occassion of his 65th birthday.

2Also a corresponding author, for x-ray studies.

% New address: Departamento de Quimicay Ciencia de los Materi-
ales, Universidad de Huelva, 21819 Paos de la Frontera, Huelva,
Spain.

0022-328X /98 /$19 00 © 1998 FElsavier Science S A All riaghts reserved.

coordination of the Tp ligand may be disfavoured on
steric grounds [4a,4b,4c,4d], although the incidence of
low coordination numbers in complexes of these ligands
appears to be restricted to late members of the transition
series such as Ag, Au, and Hg, the tendency for com-
plexes of these metals to low coordination numbers
being well-documented. Although a number of
poly(pyrazolyl)borate complexes of Pd(I1) and Pt(ll)
have been prepared [5], related studies involving nickel
derivatives are very scarce
[6a,6b,6¢,6d,6€,6f,69,6h,7a,7b,7c] [7d,7¢,7f,8]. In this
paper, we report on the reactivity of akyl and aryl
derivatives of Ni(ll), towards poly(pyrazolyl)borate an-
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ions. In the case of the tris(pyrazolyl)borate derivatives,
the effect of changes in the steric properties of the
potentially tridentate ligand upon its mode of coordina
tion and upon the characteristic reactivity of the com-
plexes have been explored. Part of this work has been
briefly communicated [9].

2. Results and discussion
2.1. Synthesis of complexes

2.1.1. Alkyl and aryl derivatives

The displacement of a halide by an anionic ligand
from the coordination sphere of a metal complex is a
commonly employed route to the synthesis of further
species, and, if the anion employed possesses poten-
tially chelating properties, a donating ligand present in
the original complex is usualy eliminated together with
the halide, or otherwise the coordination number is
increased. Both possibilities can in principle be ex-
pected when a poly(pyrazolyl)borate is employed. The
reaction between the Ni(ll) compounds Ni(R)CI(PMe,),
(R=CH,SiMe,;, CH,CMe,, C4H:) and KBp, pro-
ceeds smoothly at low temperatures to give complexes
of formula BpNi(R)(PMe;) (1), as depicted in Eq. (1).

LN

1Y
Cl_ _-PMe; KBp \N\
Ni Py a—— N N<y

Me.P~ > -20°C, THF SN
- R -PMe; @_/ PMe3 (1)

R = CH,SiMe, (1a), CHyCMe, (1b)
CeHs (1¢)

Compounds 1 can be isolated as reddish crystals, which
are soluble in most common organic solvents. The
microanalytical and spectroscopic data are consistent
with the formulation proposed. In contrast with that, the
reaction of the aryl derivatives Ni(C;H ,-p-X)Br(PMe,),
(X =H, Me, OMe, NMe,) with the thallium salt of the
dihydrobig(3-t-butylpyrazolyl)borate anion, Bp®, yields
crystalline materials whose elemental analyses reveal
the composition Bp®“Ni(C¢H ,-p-X)(PMe,), (2) (Eq.
(2)), that is, no PMe, is lost during the reaction.

CS MeP. /©
Me3 T[BptBu 8
N -20°C, THF “PMes

Br PMeg @ ﬁ

X = H (2a), Me (2b)
OMe (2c), NMe; (2d)

Also, the reaction of complexes Ni(C4H,-
-0-X)Br(PMe;), (X = H, Me) with KTp proceeds with
loss of 1 equiv of PMe; and formation of complexes

TpNi(CgH -0-X)(PMe,) (X = H, 3a; Me, 3b), as brown
crystalline materials (Eq. (3)). Analytical and spectro-
scopic data (see below) are in agreement with the

formulation proposed.
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X = H (3a), Me (3b)

Br~ “PMeg -KBr

Surprisingly, we have been unable to synthesise other
derivatives of composition TpNi(R)(PMe,), in which R
is an akyl group. Thus, when the complexes
Ni(R)X(PMe;), (R = CH,SiMe;, CH,CMe;,,
CH,C¢H,-0-Me; X = Cl or Br) are treated with KTp,
following a similar procedure as described in Section 3
for complexes 1-3, analogous changes in the colour
together with formation of KX salts are observed, but
when workup of the brownish orange solutions and
product isolation are attempted, violet—pink crystals of
the known NiTp, were obtained in al cases [6f]. For the
case of R= CH,C;H,-0-Me, the mother liquors were
investigated by NMR, showing the presence of
Ni(PMe;), and R-R as the only byproducts (Eqg. (4)).
The lower strength of the Ni-alkyl bond

M83P\ . ; KTp ( 4)

Ni —— TpoNi + Ni(PMej); + (CgHg)2
¢ pme, -KCI

compared with the Ni-aryl is invoked to explain the lack
of stability of the attempted species. It is worth men-
tioning that the analogous Cp derivatives of composi-
tion CpNi(R)(PMe,) [10,11] are quite stable, which
suggests that the Tp ligand labilises the Ni—C bond.

On conducting the reaction between KTp and the
neophyl or the Me-neophyl derivatives of nickel,
Ni(CH,CMe, Ph)CI(PMe;), and Ni(CH,CMe,C4sH ,-p-
Me)CI(PMe,),, complexes 3c and 3d are obtained, in
which a rearrangement of the neophyl ligand has taken
place (Eq. (5)).

X
H /@ X
MegP ) KTp B /@
(5

Ni - -
¢t e, -Plleg (N SN
Br O eiteg
X=H (3¢)
X = H, Me Me (3d)

This was deduced from NMR studies of the products, to
be described below. This type of ligand rearrangement



E. Gutiérrez et al. / Journal of Organometallic Chemistry 551 (1998) 215-227 217

has been reported [123,12b,12¢,12d,12€] on previous
occasions, indeed, one nickel complex apparently un-
dergoes an analogous transformation forming the isomer
CpNi(C4H ,-0-CMe,)PPh, as a byproduct when
CpNi(CH ,CMe,Ph)(PPh;) is prepared from
CpNiCI(PPh,) by reaction with Mg(neophy)CI [12b].
However, in the cases described herein only the rear-
ranged aryl derivatives were observed. The instability of
the Ni—C(alkyl) bond in this class of complex appears
to preclude the formation of the expected products,
rendering them susceptible to isomerisation via an intra
molecular C—H bond activation process.

We have aso prepared and studied an anaogous
phenyl derivative containing the Me-substituted Tp*
ligand, Tp* Ni(CsHs)(PMe;) (4) which is obtained (Eq.
(6)) as a red—brown crystalline material, following a
procedure similar to that described in Eq. (3).

o

H N\

N s
KTp* \
MeaP\ /Q _ \(\N\N /@
Br™ “PMe, :E'\élfa NS (6)

\@Z‘ \PMea

4

Finally on that respect, the reaction of the aryl com-
plexes Ni(C4H ,-p-X)Br(PMe,), with the thallium salt
of the HB(3-Bu'pz), anion, Tp®", proceeds smoothly at
low temperatures affording Tp®UNi(C4H ,-p-X)(PMe,),
(5) as vellow crvstals after workup (Ea. (7)).

Me;P. /@ Me3P, /©
3 TlTptBu é

-20°C, THF PMea

L™ 0

/
Br PM93

X = H (5a), Me (5b)
OMe (5¢), NMe;, (5d)

Once more, elemental analyses reveal the presence of
two molecules of PMe; on the complexes. Moreover,
NMR and X-ray studies to be described below reveal
the monohapto coordination of the potentialy tridentate
ligand.

The reaction of derivative 5¢c with ZnCl, has been
carried out, in an attempt to remove one equivalent of
PMe, and thus force the Tp®" ligand to bind n? to the
nickel atom. However, this did not meet with success,
the reaction proceeding as depicted in Eg. (8), with

formation of
OMe OMe
Me;P. Me;P.
AN
\Ni + ZnCly — Ni + Tp'®¥zZnCl ®)
tBu/ N
Tp PMe; Ci PMe,

5¢

the known Tp®®'ZnCl [13]. Also, attempts to protonate
the unbound pz rings [14a,14b] with HBF, caused

fragmentation of the Tp™" ligand and byproducts con-
taining 'Bu-pyrazole were obtained.

2.1.2. Carbonylation reactions. Synthesis of acyl and
aroyl derivatives

Compounds 1a, b undergo insertion reactions with
CO (Eq. (9)) at

R = CH,SiMe; (6a)
CH,CMe;, (6b)

room temperature and 1 atmosphere of pressure to give
the corresponding acyl complexes BpNi[C(O)RI(PMe;)
(R = CH,SiMg, (6a), R=CH,CMe, (6b)).

These complexes are crystalline materials and, as
expected [11,15a,15b,15c] they are somewhat less solu-
ble than the parent akyls. In their IR spectra, the CO
stretching frequencies are observed in the region 1650—
1670 cm™ 1.

We have previously shown that the 18-electron com-
plexes CpNi(R)(PMe,) [10,11] do not react with CO to
form the acyl derivatives CpNi(COR)(PMe,). This was
thought to be due to the poor dissociative ability of the
PMe; group which precludes access to an unsaturated
16-electron intermediate which would be able to interact
with CO. However, upon exposing a solution of 3a to
CO a room temperature, the acyl insertion product
TpNI[C(O)C4HI(PMe;) (7) is obtained (Eq. (10)). This

8" N B
\ | co i\
N \
rL:,N\,fh/Ph — (}?‘N\N _ciopn (10
N7
O PMe PMe;
3a 7

is in accord with a mechanism that involves initia
release of the weakly coordinated pz group from the
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metal’ s coordination sphere, followed by trapping of the
resultant 16 electron square planar intermediate by CO,
the migratory insertion reaction to CO then follows
affording the acyl product. Attempts to carbonylate
complex TpNi(C4H ,-0-Bu')(PMe;) (3c) by a similar
treatment with CO lead to an appropriate change of
colour. Moreover, the solid obtained after evaporating
the solution displays an infrared absorption at 1610
cm™1, which can be assigned to »(C-0) of an acyl
ligand, suggesting that an analogous insertion of CO has
occurred for 3c. However, upon workup and attempted
crystallisation of the product, only complex 3c is ob-
tained. This indicates that the putative acyl product is
unstable with respect to the reverse deinsertion and
subsequent elimination of CO.

An alternative route to the acyl derivatives was ex-
plored, in which the acyl ligand is in place prior to
treatment with Tp' anions. Thus, the complex
Tp* Ni[C(O)C4H:l(PMe;) (8) was prepared by dis
placement of the halide from the parent
Ni[C(O)C¢HIBr(PMe;),.

Similarly, the corresponding aroyls 9 can be obtained
as depicted in Eq. (11), and they also contain an n*-Tp'®Y

ligand.
0 X 0 X
) O
e3P
Me3P\ /c TITptBu 3T ' (o
AN °C, THF B AN
Br PMe; -20°C, Tpt u PMe, (11)
X = H, Me, OMe X = H (9a), Me (9b),

OMe (9c¢)

Complexes 9 slowly evolve CO in solution a room
temperature, but display sufficient kinetic stability for
full spectroscopic characterisation.

2.2. Spectroscopic studies

2.2.1. Alkyl and aryl derivatives

The NMR data for complexes 1 are consistent with a
formulation involving a pseudo square-planar geometry
in which the bidentate N-donor ligand occupies two
mutually cis coordination positions [16a,16b]. As ex-
pected, the two pz rings of 1a and 1b exhibit separate
resonances, indicating that these moieties are not ex-
changing their positions at room temperature. Neverthe-
less, the equivalence of the two methylenic protons of
the akyl group in each compound indicates that a
fluxional process is occurring on the NMR time scale.
The equivalence of these methylenic protons would
require the coordination plane to be an effective plane
of symmetry, and it can be proposed that this occurs via
inversion of the boat configuration of the NiN,B cycle
(Scheme 1). The process depicted in Scheme 1 has been
proposed to occur in complexes containing analogous
bis(pyrazolyl)-methane [17] and -borate derivatives
[18a,18b,18c,18d,18¢€].

H-Big
/
Me;P. N MesP
SN X e3P~ ;<N
Ni P Nl“
N ORI ')
R
H R H—Bf)N
N
N—Nx H
+N-N+ = @

Scheme 1.

In contrast, the complex BpNi(Ph)(PMe;) (1c) is
shown, by *H and *C{*H} NMR, to exhibit a more
complicated behaviour at room temperature with only
one pz environment and lack of coupling between the
Ni—C and the P nuclei. We propose that an associative
[19] exchange of PMe, is occurring at room tempera-
ture, which is strongly supported from the fact that the
3'P(*H} chemical shift a —8.0 moves to higher field,
after addition of free PMe, to solutions of complex 1c.

As expected, on lowering the temperature to —60°C,
the exchange of phosphine can be suppressed. The
quaternary aromatic carbon bound to nickel is then
coupled to the phosphorus nucleus (d, ZJCP =51 Hgz),
and both pz rings are now inequivalent. Interestingly,
the signals due to the four CH nuclei in the o- and the
m- positions of the phenyl ring aso resolve into sepa-
rate peaks indicating that al important fluxional pro-
cesses that may occur in the molecule are frozen under
these conditions, included the boat-to-boat rearrange-
ment observed in complexes 1.

In the case of the Tp derivative 3a, NMR studies
reveal again the existence of only one set of pyrazole
resonances at room temperature. In addition, the com-
plex displays the same type of phosphine exchange
mentioned above, as indicated by the observation of a

c7 C1

Fig. 1. The molecular structure of compound 3a.
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broad singlet in its **C NMR spectrum assigned to
Ni—C.

We have determined the X-ray structure of 3a, which
will be discussed below, and, as can be observed in Fig.
1, complex 3a is tetracoordinated in the solid state, with
a square planar geometry, although an important inter-
action between the Ni atom and the third pz ring
(Ni—=N(32) 257 A) exists. Although the complex is
highly fluxional in solution, we suggest that the struc-
ture found in the solid state is maintained in solution,
and hence 3aisa 16 e~ species, although the existence
of the weak interaction could not be ruled out with the
data available.

®)

\B/N\N

W |

N N_. Ph (12)
. /N

3a

H

As with the Bp derivative 1c, a —60°C the °C
NMR singlet at 154.3 ppm (Ni—C) splits into a doublet,
(*Jp =55 Hz) attesting to the fact that the PMe,
exchange is slow on the NMR time-scale at this temper-
ature. The resonances due to the pz rings remain un-
changed at this temperature, but at —90°C, they become
broadened although a clear separation is not observed.

The observance of only one pz environment is in-
dicative of rapid exchange of coordinated and uncoordi-
nated groups [20a,20b,20c,20d,20e,20f,20g,2c] and this
feature has been described as a " tumbling” process
[1c].

In contrast to the behaviour of 3a, the PMe, ex-
change in 3b was slow on the NMR time-scale at room
temperature, as indicated by the presence of a doublet at
152.8 ppm (?Jp = 49 Hz) for the Ni—C nucleus. Pre-
sumably, the presence of the Me group at the ortho
position of the phenyl ring blocks the axial coordination
site, thus preventing the coordination of free PMe; at
this site and thus hindering the exchange pathway.

Spectroscopic studies of 3c and 3d in solution at
room temperature show the three pyrazole rings to be
inequivalent. The presence of the very bulky 'Bu retards
significantly all the fluxional processes observed for the
related Ph derivative 3a.

In the case of the Tp” derivative 4, PMe,; exchange
is judged to be slow by *C{*H} NMR, as suggested by
the doublet seen a 152 ppm (?J., =45 Hz) which
arises from the nickel-bound aryl carbon atom. Taking
into account the exchange of PMe, found for the Tp-
containing complex 3a, the methyl in the 3 position of
the pz rings presumably hinders the interchange of
phosphine. Further, the other interchange processes in-
volving the pz groups, which were observed to be very

fast in the case of 3a, are now slowed down, giving
C—H pyrazolyl resonances in a 1.2 ratio, which separate
into three peaks each at —60°C. We presume that the
complex has a square planar structure, with one non-
bonded or weakly interacting pz* ring.

A selective exchange between the unbound and one
of the coordinated pz rings is invoked in order to
explain the observed 1:2 intensities of the NMR signals
for the pz* moieties at room temperature. A related
exchange has been recently proposed for a Tp*—Rh
compound [21]. Considering the great trans effect [22]
of the PR, group as compared with the phenyl, it can be
proposed that the exchange takes place between the
uncoordinated and the pyrazolyl trans to the phosphine
ligand.

NMR studies on complex 5a provide interesting in-
formation about its solution structure. In the *H NMR,
the appearance of a virtually coupled triplet [23] shows
the presence of two mutually trans PMe; groups in the
molecule. This contrasts with the results obtained for
the parent Tp and Tp* described above, for which a
PMe; is lost during the reaction. In addition, two
distinct sets of pyrazolyl resonances are observed, in a
1:2 ratio. These observations, together with the strong
tendency of Ni(ll) to form four coordinate square-planar
structures in complexes of this type, suggests that the
borate ligand in complex 5a is behaving as a mono-
hapto, i.e., as an one electron donor fragment. The

@j\”@ (13)
5a

coordinated and uncoordinated pz groups do not ex-
change on the NMR time scae at the temperatures
studied.

Several cases have been reported previoudly in which
a Tp' or Bp is bound asymmetrically, with a strong
M...N bond and a weaker M...N interaction
[24a,24b,24c]. Such cases are usualy motivated by the
electronic requirements at the metal centre, specifically
those which display a pronounced tendency to low
coordination numbers. The complexes reported in this
paper represent the first examples of a strict »* coordi-
nation of poly(pyrazolyl)borate-type ligands.

BC{*H} NMR data also provides information about
the existence of a high barrier of rotation of the phenyl
ring, and six separate resonances are found for this
group at room temperature.

NMR data for derivatives 5b—d are in agreement
with them having a square planar structure analogous to
5a. This has been confirmed by means of an X-ray
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study, carried out with complex 5b, to be described
below, which confirms the square planar structure
shown.

NMR features for complexes 2 are very similar to
those encountered for the Tp®Y derivatives. For in-
stance, complex 2a presents a virtually coupled triplet
for the two equivalent PMe, ligands, pz®" resonances
in 1.1 ratio and five singlets for the CH nuclei of the
phenyl, in the *C{*H} NMR spectra. All other spectro-
scopic data obtained for these complexes are in agree-
ment with the structure proposed and need no further
comment.

2.2.2. Acyl and aroyl complexes

In contrast with their parent alkyls, *H and “*C{*H}
NMR studies demonstrate that the two acyl complexes
6a and 6b do not possess rigid stereochemistry at room
temperature. Thus, the pyrazole rings are now magneti-
cally equivalent, giving rise to just one set of signals
and the COR carbon produces a broad singlet at 255
ppm in the *C{*H} NMR spectrum. This last observa-
tion is suggestive of an intermolecular exchange process
involving traces of PMe; present in solution, and in
accord with this, in the presence of additional PMe; at
room temperature, the signal in the * P{*"H} NMR spec-
trum of compound 6b, at —11.0 ppm shifts to higher
fields, a single resonance being observed for both the
free and bound PMe,. On cooling to —80°C, a splitting

of the mentioned **C acyl resonance occurs (d, *Je = 31
Hz) indicating that at this temperature this process has
been stopped on the NMR timescale.

In the case of the aroyl TpNi[C(O)C4H [(PMe;,) (7),
NMR studies again revea that a dynamic process is
taking place at room temperature with equivalence of
the three pz rings. Cooling down to —80°C, has no
effect on the signals corresponding to the pz rings. In
contrast, *H and *C{*H} NMR spectroscopy show 8 to
be a rigid square-planar complex with the Tp* ligand
bound in a dihapto (%) mode at room temperature with
no appreciable exchange processes taking place under
these conditions.

Like their parent aryl derivatives 5, the aroyls 9 have
two trans PMe; groups and an »'-Tp'™®". The spectro-
scopic data are collected in Section 3 and need no
further comment.

2.3. Structural studies

Single crystal X-ray studies have been carried out for
compounds 3a and 5b. Figs. 1 and 2 show ORTEP [25]
representations for them while Tables 1 and 2 collect
relevant structural data. As may be seen, the molecules
of 3a have a distorted sguare planar structure in the
solid state with the Tp ligand coordinated through only
two of the three pz rings. Notewhorty, the distance
2.57(1) A for the Ni—N(32) contact in 3a is out of the

Table 1

Crystal and refinement data for complexes 3a and 5b

Compound 3a 5b

Formula C,gH,7BNgNiP C34H5oBNgNiP,
Formula weight 427.9 683.34

Crystal system orthorhombic monoclinic
Space group P2,2,2, P2,/n

a(A) 10.271(1) 12.626(4)

b (A) 8.218(2) 24.298(3)
c(A) 24.960(8) 13.413(3)

B (‘;) 102.43(3)
V(A% 2106(8) 4018(2)

A 4 4

Crystal dimensi ons (mm?®) 0.15x 0.15 X% 0.15 02xX03x04
Deac (@em™) 1.35 1.13

wem™1) 10.13 5.90
Temperature (K) 295

Diffractometer Enraf-Nonius

Monochromator graphite

Radiation MoK & (A = 0.71069 A)

Scan technique w—20 w/260

0 1<6<30 1<6<25
Data collected (0,0,0) to (14,11,35) (—15,0,0) to (15,28,16)
Unique data 3470 7360
Uniquedata(l) > 20 (1) 1410 —

Uniquedata (1) > 3a (1) - 3169

R= Y| A%F|/XIF,l 5.0 6.2

Ry = (LwA?F /L o|Fy|*)Y/2 5.4 6.6
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C39

Fig. 2. The molecular structure of compound 5b.

normal bonding range (1.938(8) and 1.970(9) for the
other two distances in 3a), but reflects the existence of
an important Ni--- N interaction. Although the be-
haviour of the complex in solution (see above) is in
agreement with a 16 electron unsaturated structure, the
geometry in the solid state could be defined as square
pyramidal, in which the square plane defined by C, P
and two pyrazolyl N atoms is capped by the third
pyrazolyl N atom, the latter interaction being weaker
than the two Ni-N equatorial bonds. The existence of an
axial pz weakly coordinated to the metal has been
reported previously [26]. The distance Ni—P for 3a
(2.141(3) A) fdl into the range found for other Ni(Il)—
PMe, examples [11,15a,20a,20b,20c,20d,20e,20f,20g].
The same is true of the Ni—C distance, of 1.87(1) A,

Table 2 .
Selected bond distances (A) and angles (°) for compounds 3a and 5b
3a
Ni—P 2.141(3) N(32)-Ni—C(4) 106.9(4)
Ni—N(12) 1.938(8) N(22)-Ni—C(4) 170.6(4)
Ni—N(22) 1.979(9) N(22)-Ni—N(32) 82.2(4)
Ni—N(32) 2.57(1) N(12)-Ni—C(4) 89.9(4)
Ni—C(4) 1.87(1) N(12)-Ni—N(32) 85.7(3)
N(12)-Ni—N(22) 88.5(4)
P—Ni—-C(4) 86.3(4)
P-Ni—N(32) 92.8(2)
P—-Ni—N(22) 95.7(3)
P—Ni—N(12) 175.3(3)
5b
Ni—P(4) 2.207(2) C(D-Ni—N(11) 178.6(3)
Ni—P(5) 2.214(2) P(5)-Ni—N(11) 93.5(2)
Ni—C(1) 1.891(8) P(5)-Ni—C(1) 86.1(2)
Ni—N(11) 1.947(6) P(4)-Ni-N(11) 93.6(2)
P(4)-Ni—C(1) 86.8(2)
P(4)-Ni—P(5) 172.7(1)

\B/ \N \B/
W, Iy
., ‘ _Ph N co
(N\“:N( NPt
O] PMe; @) Me
3a TpPt(CO)(Me)
Scheme 2.

close to other examples (1.93(1)° for the Ni-aryl
bond of Ni(CH,CMe,—o0— C,H,(PMe;), [17] or
1.951(12)° for complex Ni(CH,CH,C H ,-0)(Cy,-
PCH,CH,PCy,) [27a,27b)).

A comparison can be drawn between the structura
geometry of compound 3a and the complexes
TpPt(L)(R) which are square planar in the solid state
but have been proposed to be pentacoordinate in solu-
tion, by means of NMR studies [28a,28b]. As can be
seen in Scheme 2, the N atom of the non-bonded pz is
oriented away from the Pt atom, unlike in complex 3a.

The nickel centre of complex 5b lies in a dlightly
distorted square plane, with the phenyl ring being per-
pendicular to the coordination plane and, as expected,
the two phosphine ligands in mutualy trans positions.
The borate moiety is coordinated to the nickel through
only one nitrogen, with the other two pz rings oriented
away from the metal centre. The distance Ni—-N(11), of
1.947(6) A is in the range found fqr complex 3a.
Finally, the distance Ni—C(1) (1.891(8) A) is also within
the expected range of values for a Ni-aryl bond
[16a,27a,27h].

3. Experimental details
3.1. General considerations

Mycroanalyses were performed by the Microanalyti-
cal Service of the University of Seville. Perkin—Elmer
Models 577 and 684 spectrometers were used for IR
spectra, and a Varian XL-200 instrument was used for
NMR studies. The *C resonance of the solvent was
used as an internal reference, but chemical shifts are
reported with respect to SiMe,. *P NMR shifts are
relative to external 85% H;PO,. All preparations and
other operations were carried out under oxygen-free
nitrogen by conventional Schlenck techniques. Solvents
were dried and degassed before use. The petroleum
ether used had a boiling point of 40—60°C. The com-
pounds Ni(CH ,SiMe;)CI(PMe;), [15a],
Ni(CH ,CMe;)CI(PMe;), [10] and
Ni(CH,CMe,Ph)CI(PMe;), [15a] were obtained by
published methods, as well as the ligands KH,B( pz),
[6f,29], KHB(pz), [6f31], KHB(3,5-Me, pz), [1d],
TIH,B(3-Bu'pz), [7d], and TIHB(3-Bu'pz), [7d]. The
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syntheses of Ni(CzH ,-0-Me)Br(PMe;),, and Ni(C4H ,-
p-X)Br(PMe,), were carried out following the proce-
dure described previously for the phenyl derivative
Ni(C¢H:)Br(PMe,), [30], using THF as the solvent, at
60°C. The corresponding aroyl derivatives were pre-
pared by reaction of solutions of the parent aryls with 1
am of CO. The Cp derivative (Cp)Ni(C;H)(PMe,)
was synthesised from Ni(CzH;)Br(PMe;,), by reaction
with NaCp in THF and isolated as dark red crystals.

(CP)Ni(C4 Hs)(PMe,): "H NMR (20°C, C,D;) & 0.66
(d, 9 H, ?J,,» = 9.6 Hz, PMe,), 5.18 (s, 5 H, Cp), 6.97
(t, 1H, *J,, = 7.0 Hz, p-CH), 7.03 (t, 2 H, 3JFhlél =73
Hz, m-CH), 7.57 (d, 2 H, *J,,, = 7.7 Hz, 0-CH); *C{*H}
NMR (20°C, C,D,) & 17.8 (d, “Jzp = 30 Hz, PMe,),
89.9 (s, Cp), 122.1, 126.0, 143.0 (s, 1, 2, 2 CH), 144.2
(d, ®Jp = 39 Hz, Cq); *P{*H} NMR (20°C, C,D;) &
—3.56.

CICH,CMe,C.H ,-p-Me was prepared as reported
for neophyl chloride [31] using toluene instead of ben-
zene. Ni(CH ,CMe,C4H ,-p-Me)Cl(PMe,), was synthe-
sised as follows: to a solution of NiCl ,(PMe;), (0.56 g,
2 mmol) in Et,0 (30 ml) cooled to —60°C,
Mg(CH,CMe,C4H ,-p-Me)Cl is added (1.66 ml of a
solution 1.2 M in Et,0, 2 mmol). The mixture is stirred
for 40 min at low temperature and a further period of 24
h at room temperature. The solvent is evaporated under
vacuum and the mixture extracted with petroleum ether
(40 ml). The resulting solution is concentrated and
cooled to —20°C, to yield brown-yellow needles of the
expected product in about 20% yield.

Ni(CH,CMe,C, H,-p-Me)CI(PMe,),: 'H NMR
(20°C, CD,COCD,) & 0.72 (t, 2 H, *J,p =134 Hz
Ni—CH,), 1.15 (br s, 18 H, PMe33), 1.56 (s, 6H, Me,),
2.25 (s, 3H, Me), 7.06 (d, 2 H, °J,,, = 7.7 Hz, 2 CH),
7.79 (d, 2 H, %3, =7.7 Hz, 2 CH); “C{*H} NMR
(20°C, CD,COCD;) 6 139 (pt, Jopapp = 125 Hz,
PMe,), 17.5 (t, ?Jop = 22.4 Hz, CH,), 20.9 (s, p-Me),
33.1 (s, Me,), 41.6 (s, CMe,), 126.6, 129.1 (s, 2, 2
CH), 1346, 1506 (s, 2 C,); *P(*H} NMR (20°C,
CD,COCD,) & —185 (9).

Ni(C, H,-0-Me)Br(PMe;),: *H NMR (20°C, C,D;) &
0.82 (pt, 18 H, Jypiapp = 3-7 Hz, PMe,), 2.66 (s, 3H,
Me), 6.8-7.3 (m, 4 H, C,H,); “C{*H} NMR (20°C,
CoDg) & 135 (pt, Jopepp = 14 Hz, PMey), 25.9 (s,
CH,), 121.8, 124.0, 127.5, 134.1 (s, CH), 141.9 (4,
%Jep = 4 Hz, CMe), 157.8 (t, 2J.p = 34 Hz, Ni—C).

Ni(C, H,-p-Me)Br(PMe,),: *H NMR (20°C, C,D,) &
0.85 (pt, 18 H, Jypiapp = 3.6 Hz, PMe,), 2.16 (s, 3H,
Me), 6.82, 6.86, 7.21, 7.25 (br, 4 H, CgH,); “C{*H}
NMR (20°C, C¢Dg) & 13.3 (pt, Jepapp = 13 Hz, PMey),
20.6 (s, CH,), 127.9 (s, 2 CH), 135.5 (s, 2 CH); *'P(*H}
NMR (20°C, C,Ds) & —14.9 (s). Ana. Calcd. for
C,3HsBrNiP,: C, 40.9; H, 6.6. Found: C, 40.1; H, 7.0.

Ni(C, H,-p-OMe)Br(PMe;),: "H NMR (20°C, C,D,)
8 0.85 (pt, 18 H, J,ipapp) = 3.7 Hz, PMe;), 3.38 (s, 3H,
OMe), 6.72, 6.77, 7.13, 7.17 (br, 4 H, CgH ); “C{*H}

NMR (20°C, C¢Dg) & 13.4(pt, Jepepy) = 14 Hz, PMe,),
54.3 (s, OCH,), 1136 (s, 2 m-CH), 135.4 (t, *Jp = 4
Hz, 2 0-CH), 142.3 (t, *Jo = 34 Hz, Ni—C), 156.4 (s,
COMe); *'P(*H} NMR (20°C, C,D,) & —14.8 (9.
Anal. Calcd. for C;3H,sBrNiOP,: C, 39.2; H, 6.3.
Found: C, 38.3; H, 6.6.

Ni(C,;H,-p-NMe,)Br(PMe,),: ‘H NMR (20°C,
CeDg) & 0.89 (pt, 18 H, Jyipiapp = 3.7 Hz, PMe;), 2.58
(s, 6H, NMe,), 6.60, 6.64, 7.15, 7.16 (br, 4 H, C4H,);
BC{*H} NMR (20°C, C4D,) 6 13.4 (br, PMe,), 40.6 (s,
NMe,), 113.8 (s, 2 CH), 135.6 (s, 2 CH); **P{*H} NMR
(20°C, C4Dg) 6 —15.0(9).

3.2. Yynthesis of complexes

3.2.1. BpNi(CH,SMe,)(PMe;) (1a)

To a dtirred solution of Ni(CH,SiMe,)CI(PMe;),
(0.29 g, 0.88 mmol) in THF (20 ml) at —20°C, was
added KH ,B( pz), (0.17 g, 0.91 mmol) in THF (10 ml).
A turbid yellow solution was obtained which was stirred
for 4 h at room temperature. It was then evaporated in
vacuo to give a brownish solid which was extracted
with 20 ml of petroleum ether, centrifuged to remove
KCl and concentrated. Cooling to —20°C provided
cream-coloured crystals; yield 0.24 g (74%). IR (Nujol,
cm™Y): vy_,, 2460-2280, v_, 1500; "H NMR (20°C,
C.D) & 063 (d, 9 H, 2J,,,=9.2 Hz, PMe,), —0.42
(d, 2 H, *Jp=11.2 Hz, CH,), 0.22 (s, 3 H, CHJ,),
5.79, 5.87, 6.94, 7.40, 7.46, 7.51 (s br, 6 H, CH pZ);
BC{*H} NMR (20°C, C,D,) 6 14.2 (d, "Jp = 29 Hz,
PMe,), —4.2 (d, *Jep =33 Hz, CH,), 2.7 (s, CHy),
104.2, 104.6, 1352, 1355, 138.7, 139.7 (s, CH,));
*'P(*H} NMR (20°C, C,D,) & —10.2. Anal. Calcd. for
C;3H,sN,BNIiPSi: C, 42.3; H, 7.6; N, 15.2. Found: C,
42.3; H, 7.6; N, 15.0.

3.2.2. BpNi(CH,CMe,)(PMe,) (1b)

This complex was prepared in the same manner as
compound la using 0.16 g (0.44 mmol) of
Ni(CH ,CMe;)Br(PMe;), and 0.09 g (0.46 mmol) of
KH,B( pz),. The product was obtained as reddish—
brown crystals; yield 0.85 g, 55%. IR (Nujol, cm™2):
ve_y 2480-2280, v._, 1500; '"H NMR (20°C, C,Dy)
8 0.68 (d, 9 H, *J,» = 8.8 Hz, PMe,), 0.83 (d, 2 H,
%J,p = 10.7 Hz, CH,), 1.20 (s, 3 H, CH), 5.80, 5.90,
6.98, 7.49 (s br, 4 H, CH pz), 7.55 (s br, 2 H, CH pZ);
BC{*H} NMR (20°C, C,D,) 6 14.4 (d, 'J.p = 28 Hz,
PMe,), 22.9 (d, ?J.p = 34 Hz, CH,), 33.7 (s, CH,),
34.4 (s, CMey), 104.2, 104.5, 135.4, 139.2, 139.7 (s,
CH,,); *P{*H} NMR (20°C, C,D,) & —11.8. Andl.
Calcd. for Co,H4N,BNiP: C, 47.7; H, 7.9; N, 15.9.
Found: C, 47.7; H, 8.2; N, 16.0.

3.2.3. BpNi(C4 H5)(PMe,) (10)

Following the same procedure as for complexes la
and 1b, 0.66 g (1.8 mmol) of Ni(C4H:)CI(PMe;), was
reacted with 0.34 g (1.8 mmol) of KH,B( pz), in THF
yielding complex 1c as a brown crystalline material;
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y|e|d0499(71%) IR (Nujol,cm™1): VB y 2430-2170,
ve_y 1500; *H NMR (20°C, C,D;) & 0.55 (d, 9 H,
?J.p=17.3 Hz, PMe,), 5.80 (, "2°H, %3y =21 Hz,
CH ), 6.86 (d, 2 H, °J,;,y = 21 Hz, CH ), 6.94-7.55
(m, 7 H, CH,, and CHAr) BC{1H} NMR (20°C, CsDg)
8 13.6 (d, 'J.» = 26 Hz, PMe,), 104.3, 135.0, 140.6,
139.7 (s, CH,,), 122.6, 126.3, 136.6 (s, CH,,), 154.3
(s, Cq.,,); *P(H) NMR (20°C, C,D;) & —11.5. Andl.
Calcd. for C,gH,,N,BNiP: C, 50.2; H, 62; N, 15.6.
Found: C, 50.1; H, 6.3; N, 15.9.

3.2.4. Bp'®“Ni(C4 H,-p-X)(PMe;,),

The Bp' derivatives can be prepared in 65-80%
yields as orange crystalline materias following the pro-
cedure described above for complexes 1.

3.2.4.1. Bp®UNi(C,Hs)(PMe,), (2a). '"H NMR (20°C,
CgDg) 8 0.76 (pt, 18 H, Jyipiappy = 3.8 Hz, PMe,), 1.54
(s 9 H, . CMe,), 158 (s, 9 H, CMe,), 587, 637, 7.25,
8.0(d *Jyy=22Hz,1,1,1and1H, CH,,), 6.8-7.4
(m, 5 H, Ph); ®C{*H} NMR (20°C, C,Dy) "5 12.2 (pt,
Jopcapp) = 14 Hz, PMeS) 315 (s, CMeg) 99.3, 104.3,
134.8,1355(s, 1, 1, 1, 1 CH ), 122.1 (s), 125.6 (9),
1257 (9), 1385 (9 1391 ® 5 CHgy), 1515 (t,

?Jop = 38 Hz, Ni-C), 1583, 162.2 (s, Cq,,); *P(*H)
NMR (20°C, C;Dg) 6 —16.4 (9. Anal. Calcd. for
C,H.N,BNiP,: C, 57.1; H, 86; N, 10.2. Found: C,
57.0; H, 8.8; N, 10.1.

3.2.4.2. Bp'®'Ni(C,H,-p-Me)(PMe,), (2b). *H NMR
(20°C, C¢Dg) 6 0.78 (pt, 18 H, Jypq =37 Hz,
PMe,), 148 (s 9 H, CMe,), 1.53 (s 9H CMe,), 2.16
(s, 3H, Me), 5.87, 6.37, 7.23,7.98 (br s, 1,1, 1and 1 H,
CH,,), 6.7-7.4 (m, 4H, C,H,); BC{H} NMR (20°C,

C,Dy) & 122 (pt, Jcpapp) 14 Hz, PMe,), 206 (s,
Me), 31.3 (s, CMe,), 99.3, 104.3, 134.7, 135.3 (s, 1, 1,
1, 1 CH,,), 1268 (s), 1272 (9, 1384 (s), 138.9 (9
(CsH ), 1309 (br s, CMe), 1455 (t, Jep =38 Hz,
Ni—C), 158.3, 1622 (s, Ca,,) *P{*H} NMR (20°C,

Ce¢Dg) 8 —16.7 (9). Anal. calcd. for C,,H ,4N,BNiP;:
C.’57.8; H, 8.7; N, 10.0. Found: C, 58.4; H, 9.3, N, 9.8

3.2.4.3. Bp'®UNi(C, H,-p-OMe)(PMe;), (2¢). *H NMR
(20°C, C;D;) & 0.77 (pt, 18 H, Jy pappy = 37 HZ,
PMe,), 154 (s, 9 H, CMe,), 1.59 (s, 9H CMe,), 3.37
(s, 3H, OMe), 5.87, 6.37, 7.25, 8.00 (d, %J,,, = 2.2 Hz,
1, 1, 1 and 1 H, CH,,), 6.6-7.4 (m, 4H, CgH,);
BC{TH) NMR (20°C, CyDy) 8 12.2 (P, Jepyapp = 14
Hz, PMe,), 31.4 (s, CMe3) 54.1 (s, OMe), 99.4, 104.3,
134.8,1355(s, 1,1, 1, 1 CH ), 1121 (9), 1131 (9),
138.4 (br 9), 1390 (br 9) (C4H,), 157.0, 158.3, 159.6
(s, Cg); **P{*H} NMR (20°C, C,D,) 6 —16.8 (9).

3.2.4.4. Bp'®“Ni(C4H,-p-NMe,)(PMe,), (2d). *H NMR
(20°C, C4Dg) & 0.82 (pt, 18 H, Jymap =38 Hz,
PMe,), 154(s 9 H, CMe,), 1.62 (s 9H CMe,), 2.57

(s, 6H, NMe,), 5.88, 6.36, 7.26, 8.00 (d, *J,,,, = 2.2 Hz,
1,1, 1and 1 H, CH,,), 65-7.25 (br m, 4H, C,H ,);
SCLH) NMR (20°C, C,Dy) 8 12.3 (pt, Jopiapp = 14
Hz, PMe,), 315 (s, CMe3) 404 (s, NMe2 99.3,
1041, 1348, 1355 (s, CH,,), 1127 (9), 1127 (9
1355 (9), 139.1 (8) (CgH,), 130.1 (t, 2Jop = 38 Hz,
Ni-C), 147.5 (s, CNMe,), 158.3, 162.3 (s, Cq,,);
p(TH) NMR (20°C, C¢Dg) 6 —17.0 (9. Anal. Calcd.
for C,gH s, NsBNiP,: C. 57.0, H, 8.9; N, 11.8. Found:
C, 576 H, 95 N, 11.2.

3.2.5. TpNi(C4H;)PMe; (3a)

To a stirred solution of Ni(C4H5)CI(PMe,), (0.2 g,
0.54 mmol) in THF (20 ml) a —20°C, was added
KHB( pz), (0.14 g, 0.56 mmol) in THF (10 ml). The
reaction mixture was stirred for 4 h at room tempera-
ture. The solvent was then evaporated in vacuo to give a
brownish solid which was extracted with 20 ml of
petroleum ether, centrifuged to remove KCI and concen-
trated. Cooling to —20°C provided brown crystals of
complex 3a; yield 0.14 9 (61%). IR (Nujol, cm™1):
va_y 2450, ve_y 1500; "H NMR (20°C, C,D,) & 0.64
(sbr, 9 H, PMe;), 594 (sbr, 3H, CH ), 7.25 (s br, 3
H, CH f3) 7.55 (s br, 3 H, CH ), 69 77(m 5 H,
CH,,); “C{*H} NMR (20°C, C, D s) 8 136 (d, "Jep =
26 Hz, PMe;,), 104.3, 135.0, 1406 139.7 (s, CH ),
1226, 1263, 136.6 (s, CH,,,), 1543 (s, Cq ,,); *P(H)
NMR (20°C, C,Dy) & —11.5. Anal. Cadcd. for
CgH 4 NgBNiP: C, 50.9; H, 5.7; N, 19.8. Found: C,
51.0; H, 5.6; N, 19.8.

3.2.6. TpNi(C4H,-0-CH,)PMe, (3b)

The reaction procedure followed was the same as for
compound 3a using 0.46 g (1.2 mmol) of Ni(C4H ,-0-
CH)Br(PMe,), and 0.3 g (1.2 mmol) of KHB( pz),.
The product was obtained as a light orange crystalline
material; yield 028 g (56%). IR (Nujol, cm™1): vg_,,
2450, v _, 1500; 'H NMR (20°C, CeDg) 6 0.61 (s br,
9H, PMe3) 2.96 (s, 3H, CH,), 6.0 (s br, 3 H, CH,,),
6.87-7.65 (m, 10 H, CH_, and CH,.): *C{*H} NMR
(20°C, C¢Dy) & 14.0 (d, *Jp = 31 Hz, PMe,), 25.4 (s,
CH,), 1045 135.0, 140.7 (s, CH,, ), 126.7, 1268
137.6 (s, CH,,), 1434 (s, Cq,,~Me), 1528 (d, 2Jep =
51 Hz, Cq,,); *"P{(*H} NMR (20°C, C,D,) & —12.2.
Anal. Calcd. for CygH,xNBNiP: C, 520, H, 6.0, N,
19.1. Found: C, 51.8; H, 6.4; N, 19.1.

3.2.7. TpNi(C, Hs-0-CMe,)(PMe;), (3¢)

To a solution of Ni(CH,CMe,Ph)CI(PMe,), (0.15 g,
0.39 mmol) in THF (20 ml) at —20°C, was added a
solution of KHB( pz);. A turbid, orange solution was
obtained which was left stirring at room temperature for
3 h, after which the solvent was evaporated under
vacuum. The solid residue was extracted with petroleum
ether (20 ml) and centrifuged. On concentration of the
solution, and cooling to —20°C overnight, yellow—
orange crystals were obtained; yield 0.12 g (64%). IR
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(Nujol, cm™2): vg_,, 2444, v._,, 1500; "H NMR (20°C,
C¢Dg) 8 0.43(d, 9 H,2J,,» = 10.0, PMe,), 2.05 (s, 9 H,
CH3) 5.63, 5.96, 6.40, 7.56, 7.12, 7.41, 6.66, 7.70 (s
br, 9 H, CH ), 6.8-7.9 (m, 4 H, CH,,,); BC{IH) NMR
(20°C, C,Dy) & 139 (d, 1., = 29 Hz, PMe,), 339 (s
CH.,), 365 (s CMe,), 104.4, 104.6, 1050, 133.2,
136.3, 137.8, 1407, 1420, 1428 (s, CH,,), 1230,
1232, 1265, 137.0 (s, CH,,), 1463 (d, 2Jop = 47 Hz,
C,—CMey), 1555 (s, Cq,,); *P(*H} NMR (20°C,

CcDy) 8 —16.4. Anal. Calcd. for C,,H4,N;BNiP: C,
54.7; H 6.7; N 17.1. Found: C, 54.9; H 6.7; N 17.5.

3.2.8. TpNi(1-C, H,-2-CMe,-5-Me)PMe;, (3d)

Using the same method as for 7 and 8, 0.14 g (0.36
mmol) of Ni(CH ,C(CH,),C4H ,-p-CH ;)CI(PMe;), was
reacted with 0.09 (0.36 mmol) of KHB( pz), giving 3d
as red-brown crystals; yield 02 g (67%). IR (Nujal,
om™): wy_y 2450, vg_y 1500; "H NMR (20°C, C,D)
8 048 (d, 9 H, 23, = 9.7 Hz, PMey), 2.05 (s, 9 H,
C(CH3)3), 2.10 (s, 3H, C,,—CH,), 5.63-7.89 (br s, 10
H, CH,, and 1 CH,,), 6.74 (d, 1H, 33, =74, CH,),
7.08 (d 1H, 8y =74, CH,,); Bc{lH) NMR (20°C,
CsD;) & 139 (d, 'J,»=30 Hz, PMe,), 311 s
C(Me)z), 34.0 (s, C(CH3)3), 36.1 (s, CMe,), 104.3,
104.6, 105.0, 1334, 136.3, 138.2, 140.7, 142.0, 142.9
(s, CH, ,), 124.1, 1263 137.0 (3 CH,,), 131.4, 152.5
(s, c) 1458 (d, ?Jep = 50 Hz, Ni-C); p(tH) NMR
(20°C Cs¢Dy) & —179 s Ana. Cacd. for
C,3H4,NgBNiP: C, 56.0; H 6.7; N 17.0. Found: C,
55.9; H 7.0; N 17.1.

3.2.9. Tp* Ni(C4Hs)(PMe;) (4)

To a stirred solution of Ni(C¢H)CI(PMe;), (0.31 g,
0.84 mmol) in THF (20 ml) a —20°C, was added
KHB( pz*), (0.28 g, 0.84 mmol) in THF (10 ml). The
reaction mixture was stirred for 4 h at room tempera-
ture. It was then evaporated in vacuo to give a brownish
solid which was extracted with 20 ml of petroleum
ether, centrifuged to remove KCl and concentrated.
Cooling to —20°C provided red—brown crystals of
complex 4; y|eld014g(61%) IR (Nujol, cm™): vg_,,
2460, v._, 1550; "H NMR (20°C, C,D,) & 0.57 (d, 9
H,2J,p = 10.3, PMe;), 1.45, 2.16, 219, 1.32 (s, 18 H,
Me,,), 5.33, 5.84, 7.14 (s, 3H, CH ), 6.9-7.6 (m, 5
H, CHA,) BC(H} NMR (20°C, c Dy) & 13.4 (d,
1J = 30 Hz, PMe,), 12.4, 13.3, 139 146(3 Me, B}
1059 106.9 (s, CH ,,), 122.4, 125.2, 1390(5 CHAr)
144.8, 147.3, 1506 (s, Ca,,), 1513 (d, 2Jp = 54 Hz,
Cd,); “P(H} NMR (20°C, C,D,) & —136. Anal.
Calcd. for C,,HNgBNiP: C, 566 H, 7.1; N, 16.5.
Found: C, 56.8; H, 7.4; N, 16.4.

3.2.10. Tp'BNi(C4 H,-p-X)(PMe,), (5)

These complexes were prepared starting from the
aryls Ni(C4H ,-p-X)Br(PMe;), following the procedure
described below for the phenyl derivative:

To a solution of Ni(C¢H;)Br(PMe,), (0.19 g, 0.51
mmol) in THF (20 ml) cooled to —20°C was added
TITp®" (0.30 g, 0.51 mmol) dissolved in THF (10 ml).
A white precipitate of TIBr was formed immediately.
The mixture was stirred for 4 h at room temperature and
the solvent was evaporated under vacuum. The residue
was extracted with petroleum ether (20 ml), the suspen-
sion centrifuged and the resulting solution concentrated
under vacuum and cooled to —20°C overnight. Yellow
needles (0.21 g, 65% vyield) of complex 5a were ob-
tained.

32.10.L Tp'®Ni(CsHs)(PMe,), (5a). IR (Nujol,
cm™b): vg_y, 2330, ve_, 1500; *H NMR (20°C, C¢D;)
& 0.64 (pt, 18 H, Jypapp) = 3.8 Hz, PMey,), 1.48 s 18
H, CMe;), 154 (s, 9 H, CMe,), 5.88, 6.2, 7.40, 7.64
(d *),, =22 Hz, 1, 2, 2and 1 H, CH,,), 6.91 (br m,
3H, P, 7.22 (br d, 1H, )y, = 7.5 Hz, Ph), 7.63 (br d,
1H, %J,,, = 7.5 Hz, Ph); *C{*H} NMR (20°C, C;D;) &
12.2 (pt, Jeppp = 14 Hz, PMey), 31.3 (s, CMes) 318
(5 CMe,), 322 (s, 2CMe;), 100.2, 1045, 1332, 137.5
(s 2, 1,2 1 CHy), 1222 (9, 1256 (9, 126.0(9),
1383(0r 9), 130.1 (br'9) (5 CH,,), 1508 (t, 2Jg, = 37
Hz, Ni—C), 159.8, 162.1 (s, Cq, ) 2'P(*H} NMR (20°C,
CqDg) 6 —18.3(s). Anal. Calcd. for Ca3H,NgBNiP,:
C. 59.2; H, 86; N, 12.6. Found: C, 600; H, 86; N,
133.

3.2.10.2. Tp'BUNi(C4H, p—Me)(PMe3)2 (5b). IR (Nujol,
cm™Y): wg_y, 2330, ve_y 1500; "H NMR (20°C, C,D,)
8 0.66 (pt, 18 H, Jypapp = 3.8, PMe;), 1.49 (s, 18 H,
CMe,), 1.55 (s, 9 H, CMe3) 2.17 (s, 3H, Me), 5.88,
6.22, 7.41, 7.65 (d, °J,,, =22 Hz, 1, 2, 2 and 1 H,
CH,,), 684 (brm, 2H, CgH,), 7.16 (br s, 1 H, CcH,),
7.54 (br d, 1H, JHH—78 Hz, C4H,); BC{iH) NMR
(20°C, C4Ds) 8 12.2 (pt, Jopapp) = 14 Hz, PMe,), 20.6
(s, Me), 31.3 (s, CMe,), 322(5 CMe,), 100.3, 104.5,
1332, 1375(s, 2, 1, 2, 1 CH ), 126.8 (9), 127.2 (9),
138.1 (br_ s) 1390 (br 5) (C4H,), 1312 (br s, CMe),
144.9 (t, *Jop = 40 Hz, Ni ~0), 1508, 162.1 (s, Cd,,);
Sp(tH) NMR(20°C C;Dy) 6 —18.5(s). Anal. Calcd.
for C,,HsoNgBNiP,: C, 59.8; H, 8.7; N, 12.3. Found:
C,50.7: H. 88; N, 123

3.2103. Tp'®Ni(CsH,-p-OMe)(PMe;), (50). IR
(Nujol, cm™2): vg_,, 2330, v._, 1500; *H NMR (20°C,

CeDy) & 0.65 (pt, 18 H, Jpmp = 3.7, PMey), 149 (s,
18 H, CMe,), 1.55 (s, 9 H, CMe,), 3.37 (s, 3H, OMe),
5.88, 6.22, 7.41, 7.63 (d, *Jy, =22 Hz, 1,2, 2and 1
H, CH,,), 671 (m, 2H, CH,), 7.05 (br d, 1 H,
*Jun = 8.1 Hz, C4H,), 7.44 (br d, 1H, *J,, = 8.0 Hz,
CeH.): PC(tH) NMR (20°C, C,Dy) 8 122 (pt, Joraom
14 Hz, PMey), 312 (s, CMe,), 313 (s, CMe), 31.8
(s, CMey), 32.2 (s, CMey), 54.2 (s, OMe), 100.2,
1045, 133.2, 137.5(s, 2,1, 2, 1CH ), 112.4(s), 1130
(s), 138.1(br 9), 139.0 (br s) (C4H ), 135.3(t, *Jcp = 39
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Hz, Ni-C), 157.1 (s, COMe), 159.8, 162.2 (s, Cq,,);
3p(1H) NMR (20°C, CsDy) 6 —18.5(s). Anal. Calcd.
for C4,HeoNgBNIOP,: c 584 H, 8.5; N, 12.0. Found:
C, 57.6; H, 8.9; N, 118,

3.2.10.4. Tp'BUNi(C, 4pNMe2)(PMe3)2 (5d). IR
(Nujol, cm™1): vy_,, 2340, v._, 1500; '"H NMR (20°C,
CeDg) 8 0.69 (pt, 18 H, Jyypany = 3.7, PMey), 146 (s,
18 H, CMe,), 159 (s, 9 H CMe3) 258 (s, 6 H,
NMe,), 5.88, 6.18, 7.37, 7.61 (d, °J,,, =22 Hz, 1, 2, 2
and 1H, CH, ,), 657 (m, 2 H, C;H,), 7.01 (br d, 1 H,
*J.,, =81 Hz, CeH,), 7.42 (br, 1H CH)); Bo(iH)
NMR(20°C CeDg) 8 124 (pt, Jepapy = 14 Hz, PMey),
313 (s, CM%), 31.4 (s, CMe,y), 31.8 (s, CMe,), 32.2
(s, CMe,), 40.4 (s, NMe,), 100.1, 104.4, 133.1, 137.3
(s,2,1,2 1CH,,), 1124 (s), 1129 (s), 1382 (br 9),
139.1 (br s) (C H4) 147.5 (s, C,(C¢H,)), 159.8, 162.0
(s Cq,,); ° P{lH} NMR (20°C CGD) 8 —18.6 (9).
Anal. Calcd for CyxHg,N,BNIiP,: C, 59.0; H, 8.8; N,
13.7. Found: C, 59.2; H, 9.0; N, 13.6.

3.2.10.5. Reaction of complex 5¢c with ZnCl,. To a
solution of complex 5c¢ (0.07 g, 0.1 mmol) in Et,O (15
ml) a solution of ZnCl, (0.06 ml, 1 M solution in Et,O,
0.06 mmol) was added. A white precipitate was formed
and after 1 h of dtirring, the solution was filtered and
the solvent evaporated under vacuum. The residue was
extracted with Et,O, concentrated and cooled at —20°C
to yield orange crystals of the complex Ni(CzH ,-p-
OMe)CI(PMe,),. From the mother liquors a white solid
identified as Tp®“ZnCl was crystallised. Anal. Calcd.
for C, H,NgBZnCl: C, 52.3; H, 7.1; N, 17.4. Found:
C, 525; H, 7.4; N, 17.6.

3.2.11. BpNi[C(O)CH, SMe,](PMe,) (6a)

A solution of 1a (0.24 g, 0.65 mmol) in 30 ml of
petroleum ether was bubbled with CO for 5 min at room
temperature during which the appearance of a yellow
microcrystaline solid was observed. The solvent was
evaporated under reduced pressure leaving a yellow
solid residue which crystallised from a 1:1 petroleum
ether /diethyl ether mixture at — 20°C to give an orange
crystalline material in essentially quantitative yield. IR
(NUJO| cm™): vy, 2460-2280, v 1500 Ve_o
1625; ‘*H NMR (20°C, C;D;) 6 0.67(d, 9 H, *J,p = 9.3
Hz, PMe,), 2.83 (s, CHZ) —0.06 (s, 9H CH,), 5.81
(t, 2H, CH_,), 7.18, 7.50 (d, 4 H, JHH—Zl Hz,
CH,,): “cfftH) NMR (20°C, C,D,) 6 13.9 (d, "Jep =
28 Hz PMe,), 43.6 (s, CH,), —0.9 (s, CH,), 34.4 (s,
CMe,), 104.4, 1354, 139.7 (s, CH ,), 255.5 (s br,
C=0): 'P{*H} NMR (20°C, C,D,) & —10.6. Anal.
Calcd. for C,,H ,sN,BNiOPSi: C 42.4; H,7.1; N, 14.1.
Found: C, 42.7; H, 7.0; N, 14.3.

3.2.12. BpNi[C(O)CH,CMe;, ] (PMe;) (6b)
Employing the same method for compound 6a, 0.16
g (0.45 mmol) of BpNi(CH,CMe;)(PMe;) underwent

insertion with CO to give the product as yellow crystals
in nearly quantitative yield. IR (NUJO| cm ) vy
2480-2280, v _y 1500 Ve_o 1600; *H NMR (20°C
C.D,) 6 0.66 (d, 9 H, *J,,p = 9.0 Hz, PMe3) 2.96 (s,
CH2) 0.91 (s, 9 H, CH,), 582(d 2H, JHH—21 Hz,
CH, ,), 712 (sbr, 2 H, CHp) 7.49(d, 2 H, JHH—21
Hz, CH ), BC{*H} NMR (20°C, C,D,) & 13.3 (d,

CP—28 Hz, PMe,), 63.2 (s, CH,), 29.2 (s, CH,),
30.9 (s, CMe,), 104.5, 135.3, 1396(s CH,,), 256.9 (s
br, C=0); lP{lH} NMR (20°C, C4sDs) &6 —11.0.
Anal. Calcd. for C;sH,sN,BNiOP: C, 473 H, 7.4; N,
14.7. Found: C, 47.4; H, 7.6; N, 14.9.

3.2.13. TpNi[C(O)CsHs1PMe, (7)

A solution of TpNi(C4H-)(PMe,) (0.12 g, 0.28
mmol) in 40 ml of a 1:1 mixture of diethylether /petro-
leum ether was bubbled with CO for 5 min at room
temperature during which the solution took on an or-
ange hue. The solvent was then removed under vacuum
leaving an orange solid which was extracted with di-
ethyl ether (15 ml). On cooling, orange crystals of 7
were obtained; yield 0.1 g (79%). IR (Nujol, cm™1):
ve_n 2450, vo_y 1510, v o 1620; 'H NMR (20°C,
CsDg) 6 0.68 (d 9 H, °J,p=9.7 Hz, PMe,), 5.94,
725 755 (m, 9 H, CH_,), 7.0-8.4 (m, 5H CH ,);
BC{iH} NMR (20°C, C,D) 5 14.1 (d, “Jop = 30 Hz,
PMe,), 104.3, 134.8, 1411 (s, CH, ,), 128.0, 128.7,
131.1 (s, CH,,), 138.3 (s, Cqp,), 253.7 (s, C = O);
*'P{LH} NMR (20°C, C4Dg) & —10.5. Anal. Calcd. for
C,oH,,N;BNiOP: C, 50.4; H 53; N 1856. Found: C,
50.6; H 5.3; N 18.6.

3.2.14. Tp* Ni[C(O)C¢ Hs]PMe, (8)

Following the same procedure as for 7, 0.25 g (0.66
mmol) of the complex Ni[C(O)C¢HIBr(PMe;), was
reacted with 0.23 g (0.68 mmol) of KHB( pz* ), giving
orange crystals of the expected product; yield 0.2 g
(55%). IR (Nujol, cm™): vy, 2460, v y 1530,
ve_o 1610; 'H NMR (20°C, C,D,) & 0.78 (d, 9
H,2Jp = 9.9, PMe,), 1.95(s, 3 H, Me ), 217 (s, 6 H,
Me,,), 2.33 (s, 9 H, Me,,), 521, 557(sbr 3 H,
CH..), 6.2— 8.0 (m, 5 H, CH ) ClHH) NMR (20°C,
CyDg) & 134 (d, 'J.p = 29 Hz, PMe,), 12.6— 150(m
Me ) 105.3, 106.5, 107.1 (s, CH,), 127.9, 1285,
1310(3, CH,,), 143.7, 145.7, 1460 146.8, 149.7 (s,
Cq,,), 139.0 (s, Cq,,), 254.0 (d,*Jcp = 38 Hz, C = O);
%p{TH} NMR (20°C, C,D;) 6 — 11.1. Andl. Calcd. for
C,5H 4 NgBNiOP: C, 55.9; H, 6.7; N, 15.7. Found: C,
55.3; H, 6.9; N, 15.7.

3.2.15. Tp'BUNi(COC, H,-p-X)(PMe,),

The aroyls 9 can be synthesised similarly. A typical
procedure is as follows:

A solution of Ni(COC¢H)Br(PMe,), (0.17 g, 0.43
mmol) in THF (20 ml) cooled to —20°C, was treated
with a solution of TITp®Y (0.25 g, 0.43 mmol) dis-
solved in THF (10 ml). The mixture was stirred at low
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temperature for 2 h. The solvent was removed in vacuo
at 0°C and the residue extracted with petroleum ether
(20 ml) and filtered off. After concentration and cooling
a —20°C yellow crystals of complex 9a were obtained
(yield 67%).

3.2.15.1. Tp'®Ni(COC,Hs)(PMe;), (9a). IR (Nujol,
cm™): vg_y 2390, ve_y 1510, ve_o 1610; "H NMR
(20°C, C D6) o 0.69 (pt 18 H, Jyppp = 3-6 Hz,
PMe,), 147 (s, 18 H, CMe,), 161 (s, OH. CMe,), 5.85
(brs), 6.21 (br s), 7-8 (m) (1, 2and 3 H, CH ), 7-8
(m, C4Hy); BCIH) NMR (20°C, C.Dy) 5 129 (pt,
Jepappy = 13 Hz, PMey), 312 (s CMea) 314 (s,
CM633 32.1 (s, CMeg,), 100.4, 104.5, 132.9, 137.0 (s,
2,1, 2, lCH ,), 128.2 (s), 131.7 (9), 134.0 (s) (CxH ),

138.9 (, JCP—7 Hz, COC), 160.1, 162.2 (s, Cq,,),
254.2 (t, ?Jo =27 Hz, CO); Apih} NMR (20°C,
CyDg) 6 —19.5(s). Anal. Calcd. for C4H,NsBNiOP,:

C, 58.6; H, 8.2; N, 12.1. Found: C, 58.6; H, 8.3; N,
12.1.

3.2.15.2. Tp'BUNi(COC4H,-p-Me)(PMe;), (9b). IR
(Nujol, cm™1): wg_,, 2390, ve_, 1510, v._, 1600; 'H
NMR (20°C, Cq D)a 0.72 (pt, 18 H, Jyiprapp) = 3.9 Hz,
PMe;), 1.99 (s 3 H, Me), 1.47 (s, 18H CMe,), 1.62
(s, 9 H, CMe,), 5.86 (d), 6.23 (d), 7.49 (d), 7.52 (br 9)
(=22 Hz, 1, 2 2, 1 H, CH,), 7.0-7.7 (m,
CoHy): CtH) NMR (20°C, C,Dy) & 13.0 (pt, Jereaom
=13 Hz, PMey), 21.1 (s, Me), 312(s CMe,), 315 (s,
CMe,), 31.7 (s, CMe,), 32.2 (s, CMe,), 100.3, 104.5,
1329, 137.0 (s, 2, 1, 2, 1 CH ), 1289 (br s, CgH ),
137.0 (s, Cy), 1421(3 C,), 160.1 (s, qu ), 1621(s
Cq,,), 2533 (t, CP—26 Hz, CO); “'P(*H} NMR
(20°C CisDg) 8 —195 (s). Anal. Cacd. for
CasHggNg BN|OP C, 59.1; H, 8.3; N, 11.8. Found: C,
58.9; H, 8.4; N, 116.

3.2153. Tp'®“Ni(COC4H,-p-OMe)(PMe;), (9c).
(Nujol, cm™1): vg_yy 2390, ve_y 1510, ve_ 1605; H
NMR (20°C, C4Dq) & 0.74 (pt, 18 H, Jyypapp) = 3.9 Hz,
PMe,), 3.22 (s 3H, OMe), 1.49 (s, 18 H, CMe,), 1.63
(s, 9 H, CMe,), 5.87 (d), 6.22 (d), 7.43 (d), 7.46 (br )
(=22 Hz, 1, 2,2, 1 H, CH,), 65-7.0 (m,
CoHy): CtH) NMR (20°C, C,Dy) 8 137 (pt, Jorapn)
14 Hiz, PMe,), 54.8 (s, OMe), 31.3 (s, CMe), 314
(s, CMe,), 317 (s, CMey), 32.2 (s, CMe,), 100.4,
104.5, 1329, 136.7 (s, 2, 1, 2, 1 CH,,), 112-140 (br,
CeH ), 133.3(t, *J¢p = 6 Hz, C(O)C), 1626(5 COMe),
1603 (s, Ca,,), 162.2 (s, Cq,,), 2511 (t, *Jgp= 27
Hz, CO); *A*H} NMR (20°C, C;Dy) & —19.3 (9.
Anal. Calcd. for CygHegNgBNIO,P,: C, 57.8; H, 8.2
N, 11.6. Found: C, 56.9; H, 8.; N, 11.2.

3.3. X-ray structure determinations of 3a and 5b

Crystals (red (3a) or yellow (5b)) of prismatic shape
were coated with an epoxi resin and mounted in a

Kappa diffractometer. The cell dimensions were refined
by least-squares fitting the 6 values of 25 reflections.
The intensities were corrected for Lorentz and polarisa-
tion effects. Scattering factors for neutral atoms and
anomalous dispersion corrections for Ni and Pd were
taken from the literature [32]. The structure was solved
by Patterson and Fourier methods in the centrosymetric
P2,/n space group. An empirical absorption correction
[33] was applied at the end of the isotropic refinements.
As can be seen in the values of the thermal parameters
for 5b, there exists some non resolvable disorder in the
C aoms of the t-Butyl groups due to their thermal
motions. A final refinement was undertaken with unit
weight and anisotropic thermal motion for al atoms
except the hydrogen atoms that have been refined
isotropically. The hydrogen atoms were included with
fixed isotropic contributions at their calculated posi-
tions. No trend in AF vs. F, or sin 6/A was observed.
Final difference synthesis showed ng significant elec-
tron density (no greater than 0.40 e A3 for 5b). Most
of the calculations were carried out with the X-Ray 80
system [34]. Atomic coordinates for these structures
have been deposited with the Cambridge Crystallo-
graphic Data Centre. The coordinates can be obtained,
on request, from the Director, Cambridge Crystallogra
phyC Data Centre, 12 Union Road, Cambridge CB2
1EZ, UK.
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