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INTRODUCTION

Even for a year’s coverage of the literature, it is diificuit to avoid being
selective for such a widely investigated transition metal as nickel. However,
although most of the kinetic work which has appeared could have been left
out, some of the more relevant work has been included, as this is one of the
major areas of advance at present.

Two articles not strictly concemed with complexes, but nevertheless of
considerable interest, deserve mention. The first concerns Mg,NiH ., which
has now been shown to undergo allotropic transitions at 228—245 and 280--
300°C (with decomposition) [11; its space group has been re-assigned, as
Fd3m or Fm3m. The material is of interest because it is under test as a hy-
drogen-storage material. The second article is an elegant work on the coordi-
nation-chemistry-like behaviour of a series of moiecules (e.g. MeCN, MeNC,
C;N,, CH,, ete.) on the (111) surface of nickel. Bonding modes similar to
those in coordination chemistry were established {2].

11.1 NICKEL(0) COMPLEXES
The metal--ligand co-condensation technique provides a convenient means

for synthesising complexes of highly m-accepting ligands which stabilise low
oxidation states, and has been applied to the preparation of dialkylaminodi.
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fluorophosphine Ni{0) complexes [3]. Reaction of nickel metal with
Me,NPF, leads to [ Ni{Me,NPF,);]1, and with MeN(PF,}, to polymeric
[Ni{MeN(PF3}i}:],. Co-condensation of nickei vapour witha 4 : 1
Me,NPF; : MeN(PF,}, mixture gives a mixtre of volatile white
[Ni{Me,NPF 1} ,{MeN(PF,),}] (1) with the much less volatile light yellow
[Ni,{Me NPF,}:{MeN(PF,),}1] (2). A UVPES study of gaseous
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[Ni{MeN(PF;),} :], provides evidence that the coordination geometry in the
gas phase may not be tetrahedral. The broad sequence of bands in the 3d1°
ionisation region have maxima (at 7.65 and 8,65 eV) in approximate inten-
sity ratio 2 : 3, whereas a tetrahedral arrangement of donor PF, groups
around each Ni atom (as in [Ni{PF,),]}) would require a 3 : 2 intensity ratio
{4]. However, the nature of the vapour species was not unambiguously
established.

Metal-—vapour synthesis has also been used to prepare [Ni(PF,H},], not
preparable by known bulk methods {5]:

metal—atom reactor

Ni + 4 PF,H o= [Ni(PFH).)

[Ni(PF,H),] is a white solid (m.p. —50 * 2°C); it decomposes only slowly at
room temperature, but completely if left for 8 h at 40°C. 80% of the origi-
nally coordinated PF,H was recovered, the rest undergoing decomposition to
give PF4(g), PF;H{g), and yellow solids of empirical formula (PH),,. The
compound was characterised unequivocally by NMR and IR. Changes in the
P—F stretching frequency on coordination zre significantly greater for PF,H
{in both gaseous and liquid state) than those observed for PF, (ca. 50 cm™,
compared to 6 cm™!), since the w-bonding is distributed over only two P—F
linkages rather than three. PF;H forms a less stable complex with Ni(0) than
does PF,, but a more stable one than does PH,. On this basis, it was con-
cluded that the unusual stability of F,HP - BH, relative to that of F,F - BH,
and H.P - BH, must be attributed to specific hydride proton interactions
involving BH,, rather than to any unusual base strength of PF,H.

[Ni{Me NPF;),{CO}s—n ] {n = 3 or 1) complexes have been successfully
isolated using high-pressure liquid chromatography [6]. The complexes were
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previously believed to exist only as equilibrium species in solution during
preparation of the n = 2 analogue [7]. The reactions of then=4and n=2
complexes with BF; have also been investigated. BF, adds to
[Ni{Me.NPF,}.], giving solid adducts Ni(Me,NPF;}, - xBF, (x = 2.6} and
very viscous oils (x = 1.78 or 1.24); it adds to [Ni(Me,NPF,}(CO}.] giving
solids with x = 1. Characteristic IR spectra with »(B—N) at 610 cm™! indi-
cate that the BF; coordinates to the nitrogen atom of the dimethylaminodi-
fluorophosphine [6].

The sign and magnitude of the P—P coupling constant in several tetra-
hedrat trimethylphosphite complexes, inciuding {Ni {P(OMe),} 4] (Pdpp = +12
Hz), have been determined {8].

Displacement of ethene from [(PPh3}),Ni{C,H4)]} provides a convenient
route to mixed-ligand complexes containing [EPh,}~ (E = Ge, Sn or Pb) [9].

2 [(PPhs):Ni(C;H)] + 4 M[EPh,] ‘= M[Ni(PPh,)s(EPh;)(thf), ] +

+ ML [Ni{PPh,)(EPh4)s(thf), ]

The analogous complexes of [SiPh,]™ could not be prepared, because SiPh,
formed via reaction of the LifSiPh,] with coordinated PPh,. Similarly, the
complex with [SnPh,]~ could not be isolated; only decomposition products,
such as Na,Ni(PPha.},—. * (SnPh,).(thf},, were isolated.

There has been a report this year of the tetraphosphorus unit acéing as a
ligand in a Ni{0) complex (3}, prepared according to [10]

N PPh
/‘ _’\Pphz THF //\\ 2 R
T

+ Pf. —  m== N PPh‘aﬁ_Pé\P
PPh3 /

3)

Crystal structure determination shows that the central nitrogen atom is not
bonded to the nickel {r(Ni---N)} = 3.09 A}, and that the Ni—P! distance,
1.99(1) &, is ca. 0.2 A shorter than the sum of the covalent radii. It was sug-
gested that this indicates the possible presence of some d,—p, interaction
between these atoms.

Not all the Ni(0) complexes reported this year have been with all-phos-
phorus ligands; several complexes with the hybrid donor ligand 1-(thicethyl)-
2-(diphenyiphosphino)ethane, Ph,PCH,CH,SEt (P-SEt), have been reported
[11]. The reduction of [Ni(P-SEt),][{BF ], with sodium amalgam in benzene
gave the red complex {Ni(P-SEt),], which could not be further purified. This.
complex forms a dicarbonyl, [Ni(B-SEt),(CO).] (4), for which a tetrahedral
structure with monodentate ligands was suggested. It also forms an isolable
hydride

[Ni(P-SEt),] + H[BF.] — =% [NiH(P-SEt)][BPh.]
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This hydride reacts with dienes forming cationic w-allyl derivatives

{NiHL,]* + diene =¥ [(m-allyl)NiL,]* = [(m-ally})NiL,]*

involves format:lon of an oleﬁn—metal hydnde adduct wh:ch rea.rranges first
to a metal alkyl and then to a metal hydrido complex of the isomeric olefin.

It was previously repcrted [12] that a zerovalent nickel tert-butyl isocya-
nide complex gave stable complexes with ketones having electron-with-
drawing substituents. A similar study has now been carried out with
[Ni{PEt,),], which readily dissociates in organic solvents (e.g. thf, benzene
or hexane) {13].

Ky ’f2 N
[NiPEt;}.] === {Ni(PE ] =——— [NKPE 1
[Ni(PELs)a] S~ (Ni(PEts)a] 55— [Ni(PEs)al
{(where K, =1 X 107%, K, < 107% in thf).

Reaction with benzophenone gave red, crystalline [ {PhC(O}Ph} Ni(PEt3).], a
crystal structure determination proving th= structure (5). The ifrars influence

EtyP PEt, oNic  =40.7° A
HC=0)} = 1.335
\u\/ HNi—CY = 1974 4
Y r{Ni—O0} = 1.849A
! ¥’
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arises hecause of important contributions to bonding due to n-back-bonding,
i.e. the presence of eieciron-withdrawing substituents iowers ihe energy of

the antlbondmg #* orbital of the unsaturated hgancl favou.tmg formation of
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tion showed that addition of benzophenone to [Ni(PEt;),] follows second-
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order kinetics, the mechanism suggested being
K
[NiL, = [NiL,j + L (R, =42 %102 M)

[NiL,] + Arg(“.=0~'13t [(Ar,C=0)NiL,] + L (Ra=222M*s™})

The m-complex formation is accelerated by electron-deficient benzophenones
and retarded by electron-rich ones [13].

A thorough study of the oxidative addition of aromatic halides to
[Ni{PEt,)} .l has also been carried out [14). Trans-arylnickel(Il) halides are
formed, as well as paramagnetic Ni{I) halides, as by-products,

[NiL,] + ArX - [ArNiXL,] + [XNiL,]

The relative vield of Ni(I1)/Ni(I) strongly depends on the halide (1, Br or Cl},
the aromatic substituents, and the solvent polarity. There is evidence that
both products have a common paramagnetic ion-pair intermediate, the rate-
limiting step being the electron-transfer from the Ni(Q) donor to the aryi
halide acceptor.

[NIL_.]  [NiL,} + L

[NiL,] + ArX 2 [NiL,ArX}

_ [ANiXL,] + L
[NiL3ArX} —< . :
, [NiL;X] + {Ar]
diffuse

Some time ago, it was suggested, on the basis of Hiickel MO calculations,
that M—SO0, bonding should be more sensitive to the basicity of the metal
ion centre (i.e. to the nature of tha other ligands present} in four-coordinat:
d'® transition metal ion systems than in other configurations and geometries
[15]. This suggestion has been further investigated via crystal structure
determination of the Ni(0) complexes [Ni(SO 3}(PPh,)1] and [Ni(503),-
{PPhj),] [16]. In the former, coordination is almost tetrahedral, with
S—Ni—P < 109.4° and P—Ni—P > 109.4°. The NiSQ; group is almost
coplanar, whereas in the isoelectronic complex [Pt{S0O.){PPh;),], the geo-
metry at the sulphur atom is pyramidal. This near-coplanarity in the nickel
complex attests to the importance of the relative basicity of Pt compared to
Ni in determining the geometry of the MSO, group (in similar environ-
ments). Although less than the fetrahedral angle, the 8—Ni—P angles are
greater than those in the platinum analogue, in agreement with a higher
M—S 7 interaction in the Ni complex. [Ni(SO;).(PPh,).] also has a tetra-
hedrat geometry, the two SO, groups being coplanar with the metal, with a
dihedral angle betweer: the SO, planes of 23.57: it was suggested that this
maximises 7— interaction perpendicular to this plane and stabilises the
coplanar M—SQ, geometry. The structure of this complex is also different
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from the iscelectronic platinum complex [Pt(S0O,).(PPh,),], which contains
two pyramidal SO, groups, both of which are extremely labile, whereas the
nickel complex is substantially inert. Thus:

{PL(SO3),(PPhj),] + O, [P(SO,)(PPhj).]

[Ni(SOE)Z{PPhS)zl + 0, o INi(S'Od)(PPha)Q]

11.2 NICKEL(I} COMPLEXES

Few Ni(1) complexes have been prepared to date, and over the past year
the major report of note appears to be the suggestion that Ni(1) interme-
diates occur in the cathodic reduction of the square-planar macrocyclic
Ni(II} complexes (6) and {7) in MeCN at a platinum electrode, followed by

Me
MEY\]/ME
Py o™
\ _/j
(¥

(6; [NKL}1*")

(7)

reaction of the resulting compounds with alky! bromides and iocdides {17].
The reaction mechanism put forward involves nucleophilic attack by the
Ni(I) complex on the alkyl halide, with the formation of a Ni—C bond, e.p.
for (6)
¥
INi(L)}" + RX ~ [l‘lﬁ(L)T
X
The lifetime of the intermediate farmed determines the products obtained.
With secondary and tertiary alkyl bromides, the intermediate is very un-
stable, and the Ni—C bond cleaves rapidly giving a radical and an electroac-
tive complex (i.e. an electroactive current is observed)
i
INIL)]" ~ [R]-+ [N(I)*" + X
X
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In high concentration of halide ion, the reaction
[(Ni(L)]*" + 2 X~ > [Ni{L)X,}

must alsc be considered, although elecirolyses in the presence of high RBr :
[Ni{L}]** ratios indicate this is of little importance on the time scale
involved (ca. 30 min}. With n-CyH,,Br, the Ni—C bonded intermediate is suf-
ficiently long-lived to undergo reduction at the elecirode or in solution.

n-}ll n-l'?‘.
[I;Ti(L)T te > [I;Ti(L)]

Br Br

n-]:’li. n-l?'.
[ll\Ti(L)]‘ + [Ni(L)]" [lfi(L)] + [Ni(L)3**
Br Br

Decomposition of this reduced organc species must then lead to an electro-
Iinactive species (probably octahedral Ni{II})

3
[I;Ii(L)] + Y™ > R™+ {NKL}Y)Br}
Br

The mechanisms for (7) are similar, but results with n-octyl halides show
that (7) is a weaker nucleophile (i.e. the Ni—C bond is weaker with this com-
plex than with {6)}. The differences between the Ni complexes and compari-
son with their Co analogues show that systems which ave both catalytic, and
lead selectively to radicals or carbanions, can be designed by suitable choice
of metal centre and ligand.

Reduction of Ni(1l} species with Na[BH,] still appears to be one of the
best methods for preparing Ni(I) complexes, and the reactions of NiCl,/
PPh,;/NafBH,] have now been investigated over a wider range of conditions
than before [18]. All reactions between NiCl,; and PPh; {(in minimum mole
ratio of 1 : 6) and excess Na[BH,] in EtOH in strict absence of O, lead to
[Ni(BH ;}{PPh,),];. Even traces of O, give phosphine oxide, the borane
adduct Ph,P - BH,, and Ni(0) triphenyl phosphine complexes. Conversely,
when less PPh; is used (e.g. Ni : P = 1 : 2), reduction to Ni(0) is rapid and
complete, Several other complexes, with [ClOQ,]™ and mono- and bidentate
phosphines have also been prepared (Table 1). The possible mechanism
accounting for the cccurrence of the dimeric, diamagnetic [INi,(PPha)el-
[PF.]: is llustrated in Scheme I.
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Scheme I, The preparation and reactions of some nickel(1) phosphine complexes {18].

11 3 NICKEL{II) COMPLEXES
11.3.1 Flectronic structural aspects

Among other transition metal halides, NiCl, and NiBr, have been the
object of a detailed UVPES study [19]. The spectra (Fig. 1 shows that for
the bromide)} were correlated with energy levels for linear symmetry, calcu-
lated using spin-restricted and spin-polarised transition state caleulations for
all valence orbitals. Satisfactory correlations were obtained using spin-polar-
ised orbitals and it was found that the 25,, (the uppermost occupied orbital
in FeBr, and CoBr;) is buried under the ligand p-like orbitals in NiBr,. The
highest valence ionisation energies (14—15 eV) were more visible in the bro-
mides than in the chlorides, and were assigned to the 110,+ components
{which would correspond to 80, in the chlorides). Finally, spin splittings
were found to be quite large for gerade levels (up to 3.5 eV for 25,) and
quite small for ungerade ones (<0.04 eV}, as expected since perade levels
involve admixture of metal s and 4 orbitals, whereas ungerade ones do not.

The paramagnetic susceptibilities of single crystals of [Ni(PPh,),X,} (X =
Cl1 or Br) have been measured down to liquid helium temperature and the
results treated within the angular overlap model scheme developed by Ger-
loch and co-workers [20]. No fit was found to be possible unless the e.(P)
parameter was assigned a large negative value (see Table 2), and it was sug-
gested that this was associated with a m-accepting role for the triphenylphos-
phine, in agreement with conclusions arrived at from an earlier study of the
polarised spectra of the Co(1I} analogues [21]. In addition, it was also sug-
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Fig. 1. He—I photoelectron spectrum of NiBr; (upper) and the assignment of its energy
levels (lower) by { A) a spin-resiricted calculation and {B) a spin-polerised calculation,
compared with (C) the experimental ionisation energies.



#31

TABLE 2

“Best-fit”’ parameter sets for [Ni(PPh3)}; X3 ), reproducing crystal magnetism and elec-
tronic spectra [20]

Parameter [Ni(PPh4),Cl2 ] {Ni(PPh,),Bry }
Biem™ 550 550

350 300
eg({Py/em™ 4500 4000
e{P}/em™! —2590 —1500
eg(X)em ™ 4500 4000
e (X)/em™ 2000 1500
2 0.6 .6

gested that donation by the halogens is encouraged by 7 acceptance by the
phosphine, in line with the electroneutrality principle. The m-acceptor role of
the triphenylphosphine was estimated to contribute ca. 2999 cm™ to the

A; .. value. The m-acceptor strength of the triphenylphosphine was lower in
the Co(II) analogue, and this was interpreted as reflecting an enhanced
metal-donor property for the Ni(II) atoms as one more electron is added into
the d-orbital manifold. The orbital splitting diagram derived is shown in Fig.
2. This result is interesting, because both magnetic and electronic spectral
results are now in agreement in suggesting that phosphines do indeed have a
w-acceptor rdle, whereas recent arguments based on the interpretation of
bond-length results from accurate X-ray analyses, and bond hybridisation

+6
CIt —_
th -
9 +2 b!—
_x b.z_” :b1
£ ol =
——
e
9 _az
a -2~
cC
wl —l:‘l.II
a,—-
_6 S
a —
-6 A B

Fig. 2. One-electron-orbital splitting diagram for [Ni{PPh3};Clz ] (A) calculated with best-
fit parameters and (B) calculated neglecting m-interaction with PPhy [20].
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Fig. 3. Resonance Raman spectrum of [Ni{dmg), ] {231.

and addivity, have led Mason and Meek to argue that there is no evidence for:
such a role (in a series of P{(II) and Pd(1I) complexes, at least) [22]. Some
further single-crystal electronic spectroscopy on square-planar Ni(Il) com-
plexes with phosphine donors appears to be called for.

Another long-standing question, the origin of the well-resolved band in the
visible spectrum of [Ni(dmg},], has also been re-examined recently, using
Resonance Raman spectroscopy [28]. As shown in Fig. 3, the excitation
profiles of the resonance-enhanced bands at 1510 and 1355 cm™ (assigned
to ¥{CN), v(CC}), or their coupied vibrations) peak near the electronic absorp-
tion at 18 600 cm™'. There was no resonance enhancement in the low-fre-
quency region, where Ni—Ni bands would be expected. These observations
provide sérong support for the single-molecule origin of this band, rather
than as an intermolecular Ni—Ni transition. However, the nature of the tran-
sition is not yet clear.

The magnetic susceptibilities for two well-known Ni{1I} complexes have
been re-measured down to temperatures below 4.2 K. The first is [Nij(acac)s]
(see Fig. 4), again measured as a powder, but for which magnetisation curves
were also obtained [24]. An isotropic exchange model for a linear Ni(1I)
trimer in the HDVYV exchange Hamiltonian, & cxchange, Was used, where S,,

gelm.:!l.a.:ue =JIS, - S+ 8, - 8.1+ Jg.bsa Sy
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Fig. 4. lp¢g Per trimer unit of [Nis({acac)g ] as a function of H/T for five values of H/kG,
iltustrating the field dependence of the magnetic moment, The illustrated curves are cal-
culated from the parameters g = 2.175, /= —25cm ™ and D = —1.3 em™}, and are in
good agreement with the experimental data points {omitted for clarity) [24].

S, are terminal ion spins and S, that of the central ion. However, at lower
temperatures and higher magnetic fields, the effect of single-ion zero-field
splitting contributions within the various spin states, mixing of spin states via
Zeeman matrix elements and breakdown of the Van Vieck approximation
means that additional terms must be included in the Hamiltonian

o= qexchange + quS + GKZEE

The magnetic moment per trimer is shown in Fig. 4, together with fits ob-
tained using the above Hamiltonian and a three-state model. The presence o
an intra-dimer ferromagnetic interaction {of —25 cm~') and an antiferro-
magnetic interaction between terminal Ni(II) ions {(of 9 cm™) was con-
firmed. The magnitudes of these parameters are, however, about half those
reported previously {251, underlining the importance of including zero-field
splitiing effects in analysing low-temperature susceptibility and magnetisa-
tion properties. Nevertheless, the general conclusions from the previous work
[251 remain the same, i.e. antiferromagnetic interactions between adjacent
Ni(II) ions are small for paths of the type e, 12sle,, whilst ferromagnetic
terms may arise for orthogonalities of the type e;1p, I (tz¢1e,) or
eglp.1lpy leg. '

More refined magnetic measurements have also been carried out on the
dimer [Ni(en),Cl,]Cl,, (8), as single crystals [26]. Although it has recently
been reported that the compound undergoes a phase transition at low tem-
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perature {monoclinic — triclinic) between 10 and 20 K [27], it was assurned
that no drastic reorientation of such a large dimeric molecule would occur
at such low temperatures, From fits of the results, it was found that a rela-
tively large single-ion zero-field splitting was also present in this dimer, the
doublet lying lower than the singlet, and D being positive in sign. Again,

the inclusion of a ZFS term gave an intradimer exchange constant (J/k =
5.0 = 0.5 X) smaller than that found previously [28], but the sign remains
ferromagnetic (D/k = 14 £ 1 K). The authors note that these parameters have
magnitudes similar to those for [Ni{(Cl);Nil. linear chains (as occur in
NiCl; - py), and conclude the magnetic properties for this structural unit
appear to be more or less independent of the number of units joined
together. For the purposes of this magnetic study, the crystal structure of
(8) was determined accurately (R = 2.8). The octahedral nickel atom envi-

i
i
it

(8)
ronment has some trigonal and slight tetragonal distortion. In addition, the
Ni—C] bridoe is unsymmetrical (one of the Ni—C)l bonds being 0.09 A longer
than the other) and thare is a trigonal twist (of 51.18°) between opposite
octahedral faces {vs. the 60° expected for a perfect octahedron). The crystal
structure of this complex has also been reported by another group, the
R-factor being higher (7.3) [29].

11.3.2 Complexes with O-donor ligands

11.3.2.1 Monodentate ligands

The use of large counter-ions is a well-established method for preparing
complexes of very weak donor ligands. The technique has been used success-
fully to separate hexakis(tetrahydrofuran) complexes of several transition
metal ions, including Ni(II) [30]. As expected, the complex obtained,
[Ni{thf).] [SbClsl 2, is rapidly decomposed by water; the nickel is octa-
hedrally coordinated, and Dq is 840 cm ™.

A squarato-bridged chain structure has been found in Ni(squ){(imid),
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{OH,), {(squ = [C40,]1?") [31]. The structure, (9), is different than that found
in Ni{squ){OH,), {containing a sheet structure in which all squarato ions are
bonded to the metal ion [32]), in that only two of the oxygen atoms are
coordinated to the Ni{Il) to form a chain. The other two squarato ions bind

to the water molecules via hydrogen bonding, giving rise to two-dimensional
intra-chains; the Ni—0,, bond is long (2.12 A). The magnetic susceptibility
of (9) has been measured down to 1.2 K. At 1.2 K, g ¢ is 1.71 pg, Tises to 3.21

{Ow=0H3}

g at ca. 16 K, and then remains constant at higher temperatures. Although
fits to the susceptibility equation for linear-chain Heisenberg behaviour gave
poor results, it was concluded that super-exchange is very much smalier than
in oxalate analogues [33], with (D/J) > 4. To explain this result, it was sug-
gested that the symmetry of the bridge orbitals greatly affects the interac-
tion, the plane of the squarato molecule being tipped away from the basal
plane of the octahedron about the Ni(11}), thus giving rise to much smaller
overlap between the orbitals of the squarato molecule and the d orbitals of
the nickel, The presence of a 7 system in the bridging unit does not therefore
mean, a priori, that superexchange is favoured,

N-Oxide complexes continue to accasion interest and several complexes
with Ni(II) have been reported over the year {see Table 3). Of particular
interest are the 5-coordinate [36] and tetrahedral [44] complexes; the crys-
tal structures of these complexes would be of interest because of the general,
lack of wellcharacterised oxygen-donor ligand compiexes with these stereo-
chemistries.

Although sulphoxide complexes have been kmown for over twenty vears,
systematic investigation of the electronic and steric factors governing their
formation has been lacking. This lacuna has now been filled via a study of
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compiexes having a 4-substituted phenyl group in phenylmethylsulphoxide
(20) [48]. All the complexes, prepared as their perchloxate salts, are formu-

A
5 ——Me

Il
]
(20; R = 4-Ph, 4-MeO, 4-MeQOCH, or 4-CICH,)

lated as [Nil,1[ClQO.]; and are all Q-bonding, the ¥(S80) hand moving to
lower frequency on coordination. As expected, all the ligands produce weak
fields, Dq lying between 829 and 833 cm™'. However, there appears to be no
relationship between Dg and the electronic properties of the ligands, which

is surprising because the pK,’s of these sulphoxides are governed by the
nature of the para substituents. Dq is also greater than for either the dimethyi
(Dg = 800 cm ') {49] or the diphenyl (I2q = 796 cm™!) {50] analogues, and
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this was ascribed to an optimisation of size and electronie nature of the sub-
stituents in the alkylaryl complexes.

A detailed assignment of the IR spectra of dmso complexes utilising 20
isotope shifts has been carried out [51]. The '*0-induced shift in dmso itself
is 11 em™!, compared to a theoretical value of 38 em™! for an isolated S=0
anit, confirming that vibrational coupling occurs between ¢(S=0) and the
Me rocking mode. As expected for the approximately O, symmeiry of
[Ni(dmso),] {ClO,] 2, only a single »(M—O) band is observed (at 443 cm™').
Several mixed complexes of dmso have also been reported [52]. They were
prepared by addition of dmso and aqueous 1,2-diamincethane (en}ina 2 : 1
molar ratio to Ni{NCS)., which gave Ni(dmso)(en){NCS),. Conversely,
addition of aqueous en to an alkaline solution of dmso, followed by addition
of this mixture to Ni{NCS),, leads to the complex [Ni{dmso).{en)}{NCS),).
Using similar methods, the complexes [Ni(dmf),L{NCS);] (L = en or pn),
Ni(dmso){pn}{NCS)s, Ni(en)S0O, - 6 H.O and Ni(en)(NQO;); - 2 H,0O could
be prepared; no structures were assigned.

Trifluoromethanesulphonate, {CF.80,]7, can act as an anion {as in
[Ni(OH,),][CF3S03],.), but also as a ligand (as in Ni{CF150;),, the structure
of which is octahedral with bridging ligands [53]). The latter forms a very
unstable 2 : 1 adduct with triethylamine {(which could not be isolated) and a
mote stable six-coordinate adduct with the less stericaliy hindered base qui-
nuclidine {53].

A thorough study of the soivent-exchange kinetics in Ni(II'} solutions of
aqueous OP{NMe ), has been carried out [ 54]. During titrations of small
amounts of water with solutions of Ni{Cl0Q,); in anhydrous OP{NMe,},, the
six-coordinate mixed complexes [ Ni{OP{NMe,);}.(OH,}4]1?" are given at a
H,0 : Ni* ratio of 8 : 1 {estimated from electronic and NMR spectra). The
ligand substitution process is dissociative and the rate parameters were found
to be about three orders of magnitude higher than for similarly substituted
Ni(Il) complexes. Electronic spectral measurements suggest that the equilib-
rium present in this system is

[Ni {OP(NMe,),}]2* + 4 H,O = [Ni{OP(NMe,),} (OH,}.F* + 2 OP(NMe,),
the correlation time for ligand substitution being identified with the rate
constant of the unimolecular reaction

L3 T
{Ni{OP(NMe,1),}{OH:}41? — [Ni{OP(NMe;)3}{(OH,),1** + OP{NMe,),

A five-coordinate transition state was suggested. The relatively high k&

(2.8 X 10° 57! at 25°C) compared with other octahedral Ni(IT} complexes (ca.
10°—10* 57! for common ligands such as H,0, dmso, and dmf {55]) was
ascribed to differences in mobility arising from differences in crystal field
stabilisation energy, being weaker for a tetragonal geometry than for an octa-
hedral one [54]. The authors concluded that the order of activation enthalpies

Tq (ca. 4) < Dyy, (ca. 26) < Oy, (ca. 50 kJ mol™)
reflects the order of inereasing stability due to erystal field effects,
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11.3.2. 2 Bidentate ligands

Most work, recently, has been concerned with variations on the S-diketon-
ato theme. Of particular interest is the fact that substitution of long-chain
alkyl groups in [Ni{f-diketonato),] compiexes {21—23) leads to materials
with unusual solubility characteristics [56]. A very small crystal stabilisation

{CHp), CH3
{21;n = 5)
(22;n =86}
{23;n =8)

{CHo)p, CHy

energy suffices to produce insolubility in squalane; {23) {solid) is not imme-
diately soluble, whereas the liguid trimeric form of (23} is. However, the
smaller size of the pentane molecule confers better stability in pentane, since
(23} (solid form) immediately dissolves in pentane to form the solvated
trimer. {23) exists in an unusual balance among several physical states
(Scheme II). The green liquid (23) dissolves a squalane to give a green solu-
tion, which is converted to a red-brown solution at 250° C; the reaction is
reversibie with change in temperature and is indicative of 2 monomer—trimer
equilibrium as found for [Ni(acac):]. It is unusual to find complexes in
which both a solid state monomer—trimer equilibrium and melting of one of
the forms (the trimer) occur so close to room temperature.

purple A2 green 53°C greea 53%C purple
sahd ———a  50lid —e— Louid liquid
{ monomei} {trimer) (trimer} {mongmer)

ca 30min, 25°C

Scheme II. Physical states of {28) {56].

More traditional studies of equilibria of [Ni(-diketonato),] with base still
appear [57,58]. The formation constants for base adducts of NiL.B and
NiL,B, (HL = 2,2,6,6-tetramethyl-3,5-heptanedione) complexes have been
determined [58]. The kinetics of the Ni(II}/acacH system in H,O and MeOH
has been re-investigated [69], in both forward and reverse directions

&
acacH{keto tautomer} ;——E acacH(enol tautomer}
f

ke I Rl
{Ni(acac)]” + H'
The metal was in ten-fold excess so that only the mono-complex was
formed. The keto tautomer does not react directly with Ni(IT), and the
results suggest that a mechanism in which complex formation rates are
closely related to solvent exchange is not in operation in reactions of metal
ions and oxo-metal ions with simple -diketones.
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It is now rare to find dipole moment measurements being used to investi-
gate stereochemistry in fransition metal complexes. Nevertheless, they can
still throw light on particular aspects of electronic struciure which are of
interest. In all cases, the dipole moments of members of the series of com-
plexes, (24}, are large (4.32 to 6.95 D), and they were all assigned a trans-

R C CF3
"’-‘\
d._ 0

Ni/s2
(24; R = 4-EtCgHa, 4-EtOCgHa, 3,5{Me0);CsHj or 3,4,5{({Me0);CcH;)

planar configuration [60]. The lower dipoie moment of the trimethoxy sub-
stituted complex was ascribed to the presence of steric hindrance caused by
the non-linearity of the 4-methoxy groups. This steric effect (i) orients the
lone-pair orbitals in a direction such that delocalisation of lone-pair electrons
onto the orbitals of the aromatic nueleus is restricted, and (ii) orients the
methoxy groups into an orientation which is favourable for producing an
additional component of electric moment, which reduces the group moment.
Since this interference is absent in the 3,5-dimethoxy analogue, the dipole
moment is higher,

As long ago as 1898, Traube [61] attributed the formula 3-{cyanoimino-
methyl)pentane-2,4-dione (25) to the product of the insertion of cyanogen
into one of the C—H bonds of pentane-2,4-dione:

{(COCH,},CH, + C;N, = (COCH;).C{H)YC(CN)=NH .

Doubt was later cast on this assignment [62}, and it has now been proved
that the product exists mainly as an amide {26). When cyanogen is reacted

H
o O H
& Vi ~
H;,c—-(:\CH cd'NH Hac-—c\C_C/N
~ AN
Hac—c( N MaC — € cN
o o
{25) (26)

with [Ni{acac),] in CH,Cl,, the crude product obtained has different prope:-
ties than that obtained from the reaction of NiCl, with (26) in water [63].
Crystallisation of both species from 1,2-dichloroethane or dichloromethane
gave the same product, shown by X-ray analysis to be (27), a surprising reac-
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Me H /CN
[ - NH \,1=c 0
1 / // —— 1 g
— HNi _— = Mi 1
~. / \ 2
o CH Me
Me Me
[ o0
CN
Hy /
N\ /O—C /0
LI N s |
2 *
— Me
Me
Y
l — Hy0
CN CN
MH o] (o]
1 /0 - 1 / N\ /7 m
TNy = |z M
0 Me ;,N: Me
Me H Me

Scheme I11. Mechanism for the formation of (273} [63].

tion product (electrophilic substitution on acac would be expected to give a
complex of (25) rather than a derivative of 1-(2-iminoethyl)acetcacetyl
cyanide). Assuming that the primary reaction product is indeed a derivative
of {25), 2 mechanism of ligand rearrangement to (27) was suggested (Scheme
IT1}), in which it isomerises to I, which undergoes water attack, hydrolysis of
C=NH, and ammonia extraction to give I1. This complex then undergoes
ammonolysis of the metal-coordinated CO to give either I or I1I, which iso-
merises to the more stable (27) [63].

The nickel complexes Ni{PhC(O)N(H)O}, - H,O, Ni{PhC(O)N(Ph)O}; and
Ni {MeC(O)}N{Me)}O}, are all octahedral in geometry, with magnetic moments
in the range p. ¢ = 3.1—3.4 pg. Molecular weight measurements show that
Ni {MeC(O)N{Me)(O}, is tetrameric in CHCl,, and dimeric in propanone or
ethanol {64].

A new inclusion system invoelving Ni(II) and an oxygen donor has been
found [65]. Addition of diiodotetrafluorobenzene (ditfb) to nickel(I1)
iodide dissolved in 1,2-dimethoxyethane gave, under anhydrous conditions,
the complex Nil,(C4H,¢032)2 - 2ditfb, which could also be obtained from
[Ni{CO).]. Chemical and spectroscopic evidence for the formulation of this
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complex as a clathrate (rather than as a charge-transfer compliex} was pre-
sented and a structure for the host system (ditfb) proposed.

The thermal stabilities of some 1 : 1 complexes formed between Ni(Il)
and benzenedicarboxylic acids (phthalic, isophthalic, and terephthalic) have
been investigated [66] using TGA and DSC methods. For the anhydrous
phthalates, the order of thermal stability was found to be Co > Ni > Cu, an
order the reverse of that found for the stability constants in agueous solut-
tion [67].

11.3.8 Complexes with N-donor ligands

11.3.3.1 Monodentate ligands

Although it may appear that there is little yet to be done in this area, the
chemistry of simple pyridine complexes can still reserve surprises. Previously,
it was believed that steric hindrance would not permit the complexes of
doubly hindered pyridines (e.g. 2,6-disubstituted derivatives) to be obtained.
It has now been found that, operating under strictly anhydrous conditions, a
series of complexes of nickel(II} halides with 2,6-dimethylpyridine, 2,3,6-tri-
methylpyridine, and 2,4,6-trimethylpyridine can be prepared [68]. The com-
plexes have formulation [NiL,X,] (X = CI, Br, 1 or NCS) and were assigned a
trans-planar geometry on the basis of their electronic spectra (single strong
d—d band at 550—663 nm, followed by a very weak band at 1000—1250
nm). The surprising property of these complexes is that they are inert to
exchange by other ligands (including water}, and are not attacked even by
strong acids (cf. complexes of 2,5-Me,py decompose instantaneousiy on
contact with water, acids, or bases, and dissolve readily in CH,Cl, to give

TABLE 4

Complexes obtained by controlled decomposition of Ni{L),(NCS), complexes (n = 4, 3,
2,1 ar0) [69]

L n

4 3 2 1
2,4-Me; py — p s o
2.5-Me, py P — s -
2-Me,5-Etpy P — B -
2,6-Me,py p - s -
3-Mepy o - o (4]
4-Etpy o bt o (=]
4-Mepy o o o o)
3.4-Me,py c o c o
3,5-Me,p¥ o - — p??

p = pentacoordinate, s= square-planar, o = psendo-octahedratl. 2 n = 1.5 for this complex.
— signifies: that no NiL,{NCS}; complex is formed.
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tetrahedral species via partial dissociation). This inertness is due to kinetic
causes rather than thermodynamic ones, prolonged contact with hot acids
eventually leading to decomposition., The “‘blocking” action of the hydro-
phobiec Me groups in the 2,6 nositions on both the Ni centres and the N
atoms makes the complex “impenetrable”; this suggests a lower limit to the
effective size of the hydrated proton, which cannot pass through the gaps
available in the coordination sphere of the Ni(II). Both five-coordinate and
square planar complexes, as well as the more usual pseudo-octahedral ones,
are given when dizlkylpyridine isothiocyanatonickel(Il) complexes are ther-
mally decomposed under conirolled conditions [69}. The complexes given
are listed in Table 4.

The only other significant work appears to be on the crystal structure and
magnetic susceptibility of the clathrate Mn{NH3;)Ni{CN). - 2C,;H,, (guest =
biphenyl), which shows that this complex obeys Curie—Weiss behaviour with
@ = 0.50 + 0.05 K between 1.2 and 4.2 K [70!. Large disorder, significant
puest—guest interaction, puest—host coupling and rapid phosphoresence were
found in a study (Raman phonon, vibrational, and singlet—iriplet spectro-
scopy) of aromatic clathrates of [M(4-Mepy)«NCS),] (M = Mn or Ni), so
that it does not appear that significant results can be obtained from such ma-
terials [T1].

N—N N—N N—N
Me’QS)\NHa Ph’QD»\NHz Pn"{s»\NHz
(28) {29) {30}

Although not all have monodentate N-bonding, complexes with five-mem-
bered heterocyclic rings are collected together for convenience in Table 5;
some miscellaneous six-membered heteroeyclic ring compiexes are aiso
included. One of these studies involves a thorough investigation of the Ni{(1I)-
imidazole-OH™-Cl” system by potentiometric methods [ 72]; ternary com-
plexes Ni{L)Cl", Ni(L).Cl*, Ni(L),Cl, and Ni(L},Cl, (L. = imidazole) were
detected.

11.3.3.2 Bidentate ligands

Substitution of bulky groups at the nitrogen atoms of S-iminoaminoamines
can enforce fetrahedral coordination at the meta) ion, and some further
examples have been reported [85] with the ligands (31). All the complexes

{31; R; = H, Ry = Ph, Ry = H; Ar = Ph, 2-tolyi or 4chlorophenyl)
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were assigned pseudo-tetrahedral structures. The erystal structure of

bis {NN'-1,3-dimethylpropanediylidine)dianilinato} nickel{II) (32), a related
complex, shows it to have two independent molecules in the unit cell with
differing distortions from tetrahedral stereochemistry [86]}. The average

Me He

OO
AN

(32)

Ni—N distances (=1.96 A) are ca. 0.1 A longer than Ni—N, gyare—pranar dis-
tances, and the inter-ligand N—Ni—N angles vary between 110.4 and 115°,
with one in each molecule being particularly high (133.1 or 134.7°). There is
extensive conjugation in the ring. The *H and *3C NMR isotropic shifts and
relaxation times of this complex have been measured (250 K, CDCl,). The
narrow NMR lines and long T, values underline the suggestion that intra-
molecular re-orientation between structurally equivalent molecular arrange-
ments can be a powerful electron-spin relaxation process in solutions of tran-
sition metal complexes [87]. Analysis of the TH/TY ratios based on the
Solomon—Bloembergen equation led to the conclusion that the basic struc-
ture of the solid state is retained in solution.

The barriers to rotation in a pseudo-tetrahedral Ni{II) complex can also be
investigated using non-racemisable groups, as shown in Scheme IV {88]. In
both (33) and (34} the gross structure is pseudo-tetrahedral between —80
and +137°C (in C1,CDCDCI, or tetralin) and conversion into (35} and (36)
can be followed via integration of the fwo NMR signals for the {wo pairs of
symmetry-related 4-H atoms and by time-dependent CD. The interconver-
sion (33)+ (35) was found to be first order (in tetralin) : AH" =94 = 3 kJ
mol™!, AS* = 814 + 18 J K™! mol™'. Such high barriers are unusual for open-
shell tetrahedra, and no evidence could be found for perturbation by the
bornane moiety. When diastereoisomerism of {33) was performed in the
presence of a racemic ligand, the third, completely asymmetric isomer, was
also observed (as the RRS isomer, the central symbol referring to the metal
ion). Since (37) can be formed from (33) only by ligand exchange, the
authors concluded that substitution can be faster than configurational inver-
sion.

Not all recent work has been concemed with details of sterically induced
tetrahedral coordination; there are still reports of more traditional work on
Lifshitz-type complexes. Thus, [NiL,X,] complexes, where X = [CHC1,CO4]"
and L = meso-H,NCHPhCHPhNH,, provide further examples of low-spin+
high-spin behaviour [89]. Also, several complexes of cis-1,3-hexanediamine
with Ni(II) have been reported, of formulation [NiL,X,] (X =C], Br,

{NO,] -, or [ClO.]17) [90]. Square planar structures were assigned, and it was
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{33: R = Ph)
{(34: R = Ma)
H ;R R\ " RSR
H _N\‘ N— H
Ni 35; R = Ph)
rd / ( 3
\ b{ \2 {36; R = Me)
M R R Mg Me
Me Me
1
E exchange
1
\
R R H Me
H 7 \ Me
H -""N\ f"-_- H
\ Ni)‘ y {3T:R = Ph)
Me \R R Me R5S
Me

Scheme [V, Tetrahedral interconversions with a chiral anchored group 881,

confirmed that, as expected, the conformation of the ligand changes from
diequatorial to diaxial on coordination. Although a-N-alkylimine arylhydra-
zones RCOC(NNHCH ,X-4}C(=NR')Me contain three possible donor ligands,
only the azomethine N and the ¢-N of the arylhydrazone coordinate to the
Ni(Il}, giving a square-planar {NiN,} chromophore {91]. The same com-
ments apply to the Ni{Il) complexes of o-hydrozy{mercapto)phenyl benzo-
thiazolylformazans (38), which were also assigned a square-planar {NiN,}
chromophore [92].

Oy mri D)

(38; HyL;; X = OH, SH, OMe or H)
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Some properties of halogenated [Ni{dpg)s ] and [Ni(bqd)21 [93,94]

m

Complex A(Ni—Ni)/A r(Ni—~N)/A  Comments

Ni{bgd), 3.856(2) Slipped-stack structure

{unoxidised

material)

Ni{bqd);Ip 018 3.180(2) 1.88 (10) Stacked along c-axis, each
molecule staggered by 63°
with respect to the next one

Ni{bqd};I5,52 - S 2 3.153 Maxima in reflectance elec-
tronic spectra at 775—730
nm {probably Ni—Ni
(dzz > p. ) in origin)

Ni(dpg)21 3.223 (2) (at —160°C) 1.868 (15)

2 § = solvent of crystallisation.

The materials obtained from the reaction of iodine with [Ni{dpg).])(dpg =
diphenylglyoximato ion) and {Ni(bad},] {bad = benzoquinone dioximate)
have been re-investigated using a variety of physical methods (X-ray crystal
structure determination at iow temperature, Resonance Raman, 2?1 Moss-
bauer spectroscupy, single-crystal conductivity measurements, and electronic
spectroscopy). The major results are shown in Table 6. On the basis of these
new results, Ni(dpg).l is shown {o contain largely [Is]~, whereas the bqd-
containing materials are formulated as containing [I,]” [93,94]. The previ-
ously reporied stoicheiomeiry for Ni{bqd),l, ;s was found to be more closely
formulated as Ni(bgd);l, 52 * S, where 8 is the solvent of crystallisation {94].
The formal fractional oxidation states were found to be +0.20 (dpg} and
+0.17 (bad). The oxidation by icdine causes a shortening of the Ni—Ni sep-

- Py . |
aration and an increase in the c-axis conductivity. However, the ease of elec-

tron transport 1s still less than that of the well-known KCP, K,Pt{CN),Brg s °
3 H,0O, and it is still not known whether the charge carriers are transported
thmugh the nickel-atom chain {(as in KCP) or through the n-systems of the
stacked organic moiety. It was suggested that the latter was the case because
of the relatively large Ni--Ni distance compared with that in KCP (2.89 A)
and the fact that the conductivity is relatively insensitive to changes in the
metal. These are the first examples where the only feature of the donor crys-

tal shructure to change on halogenation is the interplanar spacing.

11.3.3.3 Multidentate ligands
Empirical force field calculations have been used to show that the steady
decrease in enthalpy cha.nge on complex formation as each nitrogen donor

atom is added in COI!:IPLEK&'S of po;.yaentaue ugarm.s FI{IN rlbrl;brl;}x J.V ].1.3 W'l.tl.']
Ni(II), as x increases from 1 {en) to 4 (tetren), is due to cumulative ring
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strain [95]. This effect is partly offset by the increase in Ni—N bond
strength (in the absence of strain effects) as the nitrogen donor changes from
primary to secondary to tertiary. These opposing effects produce a net
decrease in AH on complex formation which almost exactly matches a term
in AS present in the free energies of formation of monodentate ammine
complexes..This matching of terms may go some way to explaining why the
analysis of the chelate effect in these polyamines appears more complicated
when separate enthalpy and eniropy terms are considered.

Using results for over forty complexes, a relationship between the thermo-
dynamic heat of formation and electronic spectrum in agueous solution has
been established [96]. The most accurate spectroscopically derived function
would be

F = (3/4)N(ox — 00)

where N is the number of amine nitrogens bound in the molecular “plane®,
and oy and gg are the antibonding contributions to the energy of the accep-
tor dxz__y'; orbital, derived using an angular overlap approach. Alternatively,
instead of an F vs. AHY, correlation, a —AHZ vs. >E? (i.e. the second ob-
served *‘octahedral”™ band) is passible, although this means that different
equations are necessary, depending on NN. It was found that although a sim-
ple plot of 10Dg vs. —AH?, was not utilisable, weighting 10Dg by the num-
ber of nitrogen atoms (i.e. plotting N(v,) vs. —AH3,) gave a useful plot for
29 complexes. The presence of differences in strain energies between very
different amines such as en and tetradentates apparently are not reflected in
peoor behaviour as regards the correlation using the third method, and it was
suggested that such strain must be partially or wholly compensated, decrease
in A.ng being paralleled by reduction in the spectroscopic parameter. It thus
may become possible to obtain thermodynamic data (for g-bonding systems,
at least) directiy from electronic spectra.

The configurational preferences of the well-known linear tetradentate
ligands trien, 2,3,2-tet and 3,2,3-tet have been further investigated [97].
Trien shows a preference for cis-octahedral (or, in general, non-planar} confi-
gurations, i.e. (39) or {40}, whereas the other two ligands have preferred

- - ~ -
- - L P

€39; cis-x) (40; cis-f1) {41; trans)

trans-octahedral (or planar N;) configurations, i.e. (41). Further study of the
equilibria present, in various solvents (H;O, dmf and dmso}, confirms these
preferences, bul now shows that solvation effects can be important in condi-
tioning them. The solid complexes Ni(L)X, - nH,O (L. = tetradentate ligand;
X = a monoanion) are trans isomers, the only exception being [Ni(2,3,2-tet)-
(NO;3)1{NO;], necessarily cis because of a chelating {NO;1". In solution, the
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most important equilibria established are (S = solvent)
(i) 3{Ni(L)}(8),1*" = [Nix(L),]1*" + [Ni(8)¢]**

(ii) trans-{ Ni{L}(8),]1*" = cis-[Ni(L)(S),1**

(iti) cis-a-[Ni(L)}(S),]*" = cis-B-[Ni(L)(5).1*"

(iv) [Ni(L}S).J** + 2X~ = [Ni(L)}(S)X])* + X~ +S

[Ni(L)X,] + 28
(v) trans-INi{L)(8)}?* = {Ni(L)1** + 28

octahedral square planar
{high spin) (low spin}

Most of these solutions have the ionisation equilibrium to the left (cis-« and
cis-B cannot be distinguished). It was concluded that equiltibrium (i) can be
neglected for 2,3,2-tet and 3,2,3-tet, and that both have a more marked ten-
dency to form coplanar [NiN,]?* than does trien. For equilibrium (ii), it was
found that all aqueous solutions of 2,3,2-tet complexes contain some cis-
isomer(s) of high-spin [Ni(2,3,2-tet){OH,)»]*", and that the ¢is isomers are
preferred over the frans isomers in the order

for solvent: H,O < dmf < dmso
for amine: trien >> 2,3,2-fet > 3,2,3-tet

The major factors are steric, and it appears that the values of thermodynamic
parameters evaluated for such systems may be unreliable because of the vari-
ous confipurations possible.

Moderately bulky triamines tend to give high-spin five-coordinate Ni¢II}
complexes, whereas those with less stringent steric requirements give pseudo-,
octahedral complexes. This generalisation has been put on a firmer empirical
basis via an examination of stereochemical changes in complexes with
RN{{CH,).NR!'R*},(n = 2 or 3, R, R, R? = combinations of H, Me, and Et}
[98], i.e. with alkyl-substituted dien and dpt. Me;dpt gives high-spin five-
coordinate [Ni{Me;dpt}X,}] (X = Cl, Br, [NCS]~ or [ NO;} ), whereas
Me,dien yields psendo-octahedral [Ni(Me,dien), 1Y, (Y =1 or [CIQ,]7) and
iNi(Medien)(NO3},i, containing both mono- and bidentate [NO,]". In solu-
tion, [Ni(Me.dien}{NCS),] remains six-coordinate, but the halide compilexes
give some five-coordinate species in solution. Conversely, unsubstituted dpt
gives only six-coordinate complexes. It was concluded that five-coordination -
is promoted by increasing backbone length, and that methyl substitution at
the N-trimethylene linkages is not sufficient in itseif to promote five-coordi-
nation, whereas a long backbone together with a single methyl substitution
(i.e. Medpt) or three methyl groups together (i.e. Me dpt) are sufficient.
With dimethylene linkages, even three methyl groups do not promote five-
coordination {e.g. Me;dien), only full alkylation, as in Mesdien, being able to
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do so. The larger steric requirements of triamines with longer backbones and
bulkier substituents appears to be the determining factor in imiting the
coordination number to five.

Cther complexes with non-cyclic multidentate ligands reported are shown
in Table 7. Cf particular interest is the complex (42) formed with deproton-

O"\ii ©£ Me\l/Y Me

_ —N N=
AR e g
@ TR\ I
O O
(42) Ré R
9 9 -
0~ R 0

(44}

ated N,N-bis(2'-pyridinecarboxamide)-1,2-benzene and Ni(II) [103]. Here, a
picolinamide unit has been used to force amide nitrogen coordination on the
metal ion. The complex probably has a highly conjugated structure.

11.3.3.4 Macrocyclic ligands

Without doubt, macrocyclic ligands continue to provide some of the most
interesting chemistry with Ni(Il), and although the accent is still largely on
colution thermodynamic properties, new systems also appear regularly.

(A) Tridentate macrocyclics. [Ni{Me,[12]aneN3)]?* (45; [Ni(L)}*") is readily
obtained by reduction of the complex produced by Curtis-type condensation

e Me

T ——\z-- 3/
»

(45)

of propanone with nickel dpt complexes and is five-coordinate in aqueous
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Scheme V, Mechanism for the hydrolysis of [Ni{(f9ianeN3}}** [105].

solution, forming a dihydrate {104]. The solution species readily loses a pro-
ton from a coordinated water molecule (pX, = 9.81}, and {presumabiy)
dinuclear species were also detected in aqueous solution.

2[Ni{L}(OH)]* = [Niz(L}.{OH),;}** (log K = 2.44)

A comparison of the rates of acid hydrolysis of [Ni([12]aneN;}]** and
[Ni([9]aneN;)]*” underlines how macrocyclic or poly-substituted amines can
coordinate in such a way =s to hinder normal step-wise unwrapping of a
ligand from a metal ion [105]. The mechanism of hydrolysis put forward is
shown in Scheme V, and although [Ni{[9]aneN,}]?" is five orders of magni-
tude more stable thermodynamically than is {Ni([12]aneN;)]*" (log 8, at
25°C = 16.2 or 10.9, respectively), the latter dissociates much more slowiy.
This was rationalised on the basis of a regular octahedral stereochemistry
adopted by [Ni{[12]aneN,)]1?", but a sizable distortion from regular geometry
in [Ni{{9]aneN1}]*". The strain energy involved gives rise to weaker Ni—N
bonds and hence greater lability. The kinetics of ligand substitution For {46},
a complex of the related tride