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Polynuclear Nickel(n) Complexes of N;O,- and N,S,-Compartmental Macrocycles: The
Structures of a Ni;O4 Cubane Cluster and the Binuclear Nickel(n) Complex of a

Benzenethiolate Macrocycle

Andrew J. Atkins, Alexander J. Blake and Martin Schréder*
Department of Chemistry, The University of Edinburgh, West Mains Road, Edinburgh, Scotland EH9 3JJ

The tetranuclear cluster [{Ni,{L)(MeCO,)},]2+ (L1 = the dianion of the condensation product of 1,3-diaminopropane
and 2,6-diformyi-4-methylphenol) shows a distorted Ni4O4 cubane structure consisting of octahedral nickel(i) centres;
the structure of the dithiolate analogue [Niz(L2)](PFg)2-2dmf (L2 = the dianion of the condensation product of
1,3-diaminopropane and 2,6-diformyl-4-methylbenzenethiol; dmf = dimethylformamide) shows square-planar

coordination at nickel(u).

Complexes of binucleating compartmental ligands have been
reported with a wide range of transition metal and main group
metal ions. -5 The major synthetic route to these complexes is
via template condensation of the appropriate dialdehyde and
diamine precursors around the metal centres.!# We have
recently reported the isolation and structural characterisation
of the protonated metal-free macrocycle [L!H,]J(PFg); and
complexation reactions with L! and the platinum group metals
by metal insertion into the preformed macrocycle. Robson
and Pilkington! have reported the synthesis of [Niy(L1)Cl,]
and proposed that the paramagnetic Nill centres were
square-pyramidal with trans-diaxial coordination to two apical
Cl- ligands. Gagné and coworkers? have also reported the
paramagnetic, octahedral complex [Niy(LY){(pyri-

SRS
CoD  CoD
v



J. CHEM. SOC., CHEM. COMMUN., 1993

(@) cee)( D

C(18)

C(19)
C(23)

C(24) @<
i) )

c

1663

(13) N(2)

Fig. 1 (a) View of [{NiyL!')(MeCO,)};]?+ with numbering scheme adopted. (b, c¢). Two views of the NijO; cube in

[{Nix(L")(MeCO,)},}**+ with numbering scheme adopted.

dine)4](BF,);. We report herein the synthesis and structures
of polynuclear Ni!f complexes of L! and of an Nill complex of
the previously unknown thiolate macrocycle, L2.

The reaction of two equivalents of Ni(MeCO,), with
{LYH,)(PFg), in the presence of an excess of Et3N in MeCN
gives a green product, which was formulated as [Niy(L!)-

(MeCO,)](PF¢).t Crystals of the complex were grown from
MeNO»-Et,0 and a single crystal X-ray structure determina-

t All products have been characterised by elemental analyses, and by
IR, electronic and FAB (fast atom bombardment) mass spectroscopy.



1664

tion was undertaken. The structure of [{Niy(L!)-
(MeCO,)},](PFg), showsi§ the complex to be tetranuclear
{Fig. 1(a)] with [Niy(L1)(MeCO,)]* units having dimerised to
give an NigO, cubane-type structure. Fig. 1(b) shows the
central NiyNgOg unit with a crystallographic two-fold axis
passing through the centres of the open faces of the cube. Each
Nill centre is in a distorted octahedral environment, being
equatorially bound to the N,O, donor set of one L1
macrocycle [Ni-N 2.014(4), 2.027(4), 2.027(4), 2.028(4);
Ni-O 2.080(3), 2.095(3), 2.099(3), 2.081(3) A] and with axial
interactions to a carboxylic O-donor of a bridging MeCO,~
group [Ni-O 2.031(3), 2.035(3) A] and a phenoxy O-donor
from a L! macrocycle from the other half of the dimer [Ni-O
2.152(3), 2.168(3) A). The Ni-Ni distance within the macro-
cycle L1 is 3.0240(9) A. The four Ni-Ni vectors describe a
distorted tetrahedron with two sides ca. 3.02 A long and four
sides ca. 3.22 A long [Fig. 1(c)], with the superimposed O,
tetrahedron of the phenoxy O-donors having sides of ca. 2.70,
2.78 or 2.84 A.

The macrocycle L! in {{Niy(L1)(MeCO,)},]?* is non-planar
and the angle between the planes defined by the two phenolic
groups is 105°. There are probably two reasons for this bowed
conformation of the compartmental ligands. Firstly, the
bending avoids steric interactions with the macrocycle in the
other half of the molecule. Secondly, from the dimensions of
the O, tetrahedron in Fig. 1(c), it can be seen that the phenoxy
O-donors are closer to the centre of the NiyO4 cube than the
Nill jons. To achieve this geometry the macrocycle L must
fold. The two MeCO,~ and L! groups in [{Niy(L})-
(MeCOy)},]2+ are orthogonal to each other, so there is no
possibility for intramolecular n— interactions between neigh-
bouring macrocycles within the same molecule.

There have been a number of Ni,O, cubane-type structures
with non-macrocyclic ligands reported in the literature.6 We
tentatively propose that the cubane structure is maintained in
solution since no colour change is observed on dissolution of
[{Niy(L1)(MeCO,)},]2* in coordinating solvents. The driving
force for the dimerisation is probably the requirement of the
Nill centres for octahedral coordination, since the ligand field
strength of L! is insufficient to give diamagnetic, square-
planar Nill complexes.5 Modification of the macrocyclic donor
set from N,O, to N;S, would be expected to increase the

¥ Crystal data for C52H53N303Ni42+2PF6_'2CH3CN'CH3N02, M=
1590.92, monoclinic, space group C2/c, a = 22.540(7), b = 19.983(8),
c=15.418(5) A, B = 109.74(3)°, V = 6535 A3 (from 20 values of 25
reflections measured at o [30 < 20 < 32°, A = 0.71073 A)), Z = 4,
D.=1.616gcm~3, T = 150K, p(Mo-Ka) = 1.284 mm~1. A green lath
(0.90 x 0.50 x 0.30 mm3) was mounted on a Sto& Stadi-4 four-circle
diffractometer equipped with an Oxford Cryosystems low-tempera-
ture device.8 Data collection using Mo-K« X-radiation (A = 0.71073
A), 020 scans and the learnt-profile method® gave 4422 reflections
(20 max. 45°) of which 3444 with F > 4o(F) were used in all calculations.
Following identification of the Ni position from a Patterson synthesis,
iterative cycles of least-squares refinement and difference Fourier
synthesis located the positions of all other atoms.? During refinement
disorder of the PFs~ was observed and thirteen F positions were found
with a variety of occupancies: these were fixed in proportion to the
refined occupancies (66% — 24%). Modelling of the PF¢~ group as
idealised octahedra was unsuccessful. Two molecules of CH3;CN and
one of CH3;NO, per Ni, unit were located. The structure was refined
by full-matrix least-squares (on F) with anisotropic thermal par-
ameters for all non-H atoms except the F atoms with occupancies <
50%. H atoms were located from a difference map and included in
fixed, calculated positions. At final convergence, R = 0.0417, Ry, =
0.0528, S = 1.297 for 464 parameters, and the final AF synthesis
showed no feature above +0.78 ¢ A-3.

§ Atomic coordinates, bond lengths and angles, and thermal
parameters for both compounds have been deposited at the Cam-
bridge Crystallographic Data Centre. See Notice to Authors, Issue
No. 1.
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ligand field strength of the macrocycle, and so we undertook
the preparation of complexes of L2.

Reaction of Ni(MeCO,), with 2,6-diformyl-4-methyl-
benzenethiol and 1,3-diaminopropane in MeCN in the
presence of NH,PFg gives [Niy(L2)](PF¢), as a red product.
Crystals of [Niy(L2)](PFg),-2dmf (dmf = dimethylformamide)
were grown from dmf-MeCN-Et,0 and a single crystal X-ray
structure determination was undertaken.§¥ This crystal struc-
ture shows (Fig. 2) the complex disposed about a crystallo-
graphic inversion centre with two equivalent Nill positions
within the complex. Each Ni!l ion is bonded directly to two
bridging benzenethiolate S-donors [Ni-S 2.181(6), 2.171(6)
A] and two imine N-donors [Ni-N(1) 1.927(15), 1.906(15) A];
additional interactions with O-donors from two dmf molecules
[Ni-O 2.644(15) A] are observed. The coordination geo-
metries at the Nill centres are therefore distorted square-
planar with the Nill jons displaced by ca. 0.1 A out of the
least-squares plane defined by the N,S, donor set. The angle
between the two square planes defined by the N,S, arrays

Fig. 2 View of [Niy(L2)]2*2dmf with numbering scheme adopted

ﬂ Crystal data for C24H26N452Ni22+2PF6_'2(CH3)2NCHOI M =
988.02, monoclinic, space group C2/c, a = 24.50(3), b = 10.004(12),
c = 18.218(24) A, B = 120.23(5)°, V = 3858 A3 [from 26 values of 27
reflections measured at +w [20 < 26 < 26°, A-= 0.71073 A]), Z=4,
D.=1.701gcm=3, T = 150 K, p(Mo-Ka) = 1.261 mm~—!. A red tablet
(0.35 x 0.23 x 0.08 mm3) was mounted on a Stoé STADI-4 four-circle
diffractometer equipped with an Oxford Cryosystems low-tempera-
ture device.8 Data collection using Mo-K« X-radiation (A = 0.71073
A), ©-20 scans and the learnt-profile method? gave 2790 reflections
(261max. 45°), 2127 unique (R, 0.15), of which 1543 with F > 4o(F)
were used in all calculations. Following identification of the Ni
position from a Patterson synthesis, iterative cycles of least-squares
refinement and difference Fourier synthesis located the positions of all
other atoms.!9 At isotropic convergence, final corrections (min.
0.595, max. 1.246) for absorption were made using DIFABS.!!
Anisotropic thermal parameters were refined for Ni, S. P and F but
the C and N atoms could only be refined isotropically owing to
limitations in the quality of the data imposed by the quality of the best
available crystal. H atoms were located from a difference map and
included in fixed, calculated positions. At final convergence, R =
0.1263, R,, = 0.1676, S = 1.195 for 167 independent parameters, and
thg final AF synthesis showed no feature above +1.39 or below —1.72
e A3,
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about Ni and Ni(a) is 144.4°. The metal-metal distance in
[Niy(L2)]2+ [Ni-Ni(a) 3.163(4) A] is similar to those observed
in the macrocyclic complexes of L1,24 which suggests that
there is a well defined metal-metal distance that can be
accommodated by two bridging phenolate or benzenethiolate
donors within the Schiff-base macrocyclic framework.

In order to accommodate the coordination geometries
about the Ni! ions in [Ni,(L?)}2+, the macrocycle L2 adopts
a folded conformation. This folding allows the bridging
benzenethiolate S-donors to form a syn-endo Ni,S; ring, and
the geometries about the S-atoms are pyramidal [ ZNi-S—-C(1)
99.3(7), Ni(a)-S~C(1) 101.6(7)°]. The folded conformation of
ligand L2 also permits a lengthening of the S---S distance
within the macrocycle [S---S(a) 2.872(20) A}, thus minimising
repulsive S---S interactions. If L2 were to adopt a planar
conformation, the S---S distance would become prohibitively
short. Although complexes of open-chain analogues of L2
have been reported,’ this is, to our knowledge, the first
structural report of the cyclised system.

The complexes [{Niy(L1)(MeCO,)},]2+ and [Niy(L?)]2+
reveal some interesting differences between the donor proper-
ties of bridging phenolate and benzenethiolate ligands.
Current work is aimed at an investigation of the redox
properties of these and related complexes.
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