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The syntheses and characterization of tetranuclear Ni complexes [(L 2)Ni4][C 104]4 (3) and
[(L2)Ni4(NCS) 4] (4) of a 40-membered macrocyclic octaamine-tetrathiophenolate ligand (L2)4are described. Single-crystal X-ray structure analysis of 4 reveals well-separated molecules of
the tetranuclear isothiocyanate complex [(L2) N i 4(NCS) 4]. The four Ni" centers are arranged
in binuclear [N 2N i(^ 2-SR) 2NiN 2(NCS) 2] subunits containing distorted square-planar NiN 2S 2
and distorted octahedral NiN 2S 2(NCS )2 sites. The fact that the two isothiocyanate groups at the
octahedral Ni site are in trans positions can be ascribed to the large ring size of the macrocycle.

Introduction

The coordination chemistry of macrocyclic lig
ands containing mixed S.VNV donor sets has been
expanding very rapidly in the last few years [ 1 , 2 ],
motivated primarily by the bonding diversity of the
thiolate donors [3], the potential of such ligands in
the preparation of polynuclear transition metal thi
olate complexes [4, 5], and the relevance of these
complexes to biomimetic chemistry [6 , 7]. Most
of the macrocyclic SXN}. ligands reported to date
have been prepared by Schiff base condensation re
actions between 2,6-diformyl-4-methyl-thiophenol,
generated in situ by hydrolysis of (5>(2,6-diformyl4-methylphenyl)dimethyl thiocarbamate [8 ], and an
a,u;-diamine under metal ion control. The reaction
is of broad scope but appears to be restricted to the
formation of the [2 x 2 ] condensation products.
Recently, we have described a novel route to
macrocyclic NXSVligands [9]. In our approach the
thiophenolate residues (2,6-diformyl-4-terr-butylthiophenol, RSH) are converted to thioethers (RS(CH2 )„-SR) prior to macrocycle formation. The
-S(CH 2 )„S- bridge serves as a template on the one
hand and as a protecting group for the air-sensi
tive thiolates on the other hand. Thus, condensation
of the ethylene derivative (n = 2) with 1 ,2 -ethanediamine or 1,3-propanediamine followed by deprotec
tion yields the [4x4] condensation products H 4 L 1
and H 4 L 2 in high yields (see Scheme 1).
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The versatility of the 36-membered macrocycle
in the preparation of polynuclear transition
metal complexes has already been demonstrated
by the syntheses of the tetranuclear Ni complexes
[(L 1 )Ni4 ][C104 ] 4 (1) and [(L 1 )Ni4 (NCS)4] (2). This
paper reports on the synthesis and characteriza
tion of the complexes [(L2 )Ni4 ][C 1 0 4 ] 4 (3) and
H 4L 1

09 3 2 -0 7 7 6 /0 0 /1 0 0 0 -0 9 6 1 $ 06.00 (c) 2000 Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift für Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Förderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veröffentlicht:
Creative Commons Namensnennung 4.0 Lizenz.

K

This work has been digitalized and published in 2013 by Verlag Zeitschrift
für Naturforschung in cooperation with the Max Planck Society for the
Advancement of Science under a Creative Commons Attribution
4.0 International License.

962

B. Kersting ■Synthesis and Structure of a Tetranuclear Nickel Complex

Fig. 1. Perspective view
of the molecular struc
ture of the tetranuclear
isothiocyanate complex
4. Hydrogen atoms and
terr-butyl groups are
omitted for reasons of
clarity. Symmetry code
used to generate equi
valent atoms: 1 - x , y,
0 .5 - z .

[(L2 )Ni4 (NCS)4 ] (4) of the 40-membered octaamine-thiophenolate ligand (L2)4~. It is shown that
the coordination environments of the individual
metal ions in the tetranuclear complexes can be con
trolled by the ring size of the macrocycles.
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Results and Discussion
fBu

The tetranuclear nickel complexes 3 and 4 rep
resent the first metal complexes of the 40-mem
bered octaamine-tetrathiophenolate ligand (L2)4 - .
The procedures as described for the preparation of
the complexes 1 and 2 of the smaller 36-membered
macrocycle H4 L 1 were employed for the synthe
sis of the compounds described in this study. The
reaction of the hydrochloride salt H4 L2 -8 HC1 with
NiCh-öFhO in the presence of a base takes place
readily at ambient temperature in methanol to give
a brown solution. Upon addition of LiC1 0 4 a brickred solid of composition [(L2 )Ni4 ][C 1 0 4 ] 4 (3) was
obtained in 35% yield, eq. (1). Subsequent treatment
of 3 with four equivalents of NH4 SCN in methanol
proceeded smoothly and produced the neutral iso
thiocyanate complex [(L2 )Ni4 (NCS)4 ] (4) in almost
quantitative yield, eq. (2). The formulation of com
plexes 3 and 4 as tetranuclear species was confirmed
by a crystal structure determination of 4 (see below).
Both complexes are air-stable and can be stored
for weeks in air without decomposition. The ionic
complex 3 exhibits good solubility in most com-

fBu

mon organic solvents. In contrast, the neutral iso
thiocyanate complex 4 dissolves only in dimethylformamide. The IR spectrum of 3 displays three
strong ClO-stretching frequencies at 1146, 1114,
and 1087 cm - 1 located at exactly the same posi
tions as found for 1. The IR spectrum of 4 differs
significantly from that of 3. The three absorption
bands in the 1150 - 1080 cm - 1 region are absent and
a new absorption band is observed at 2082 cm- 1 ,
a frequency typical for the CN-stretching vibra
tion of a coordinated NCS- ligand. In the isothio
cyanate complex 2, for example, the CN stretching
frequency appears at 2075 cm- 1 .
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The electronic absorption spectrum of a solution
of 3 in CH3 CN displays an intense absorption at
527 nm and a very weak absorption at 940 nm. When
the spectrum is taken in DMF the bands shift to 544
and 1046 nm, respectively. A solution of complex 4
in DMF exhibits two absorptions at similar positions
(547 and 1009 nm). Comparison of the UV/vis spec
tral data with those of other four-coordinate NiN 2 S 2
and octahedral NiN 2 S 2 (L'2) complexes (L' = ex
changeable solvent molecule or other coligand) sug
gest that the spectra are a superposition of the elec
tronic transitions of planar NinN 2 S 2 and octahedral
NinN 2 S 2 (L' )2 chromophores [ 1 0 , 1 1 ].
Slow evaporation of a solution of complex 4 in
acetonitrile gave red crystals suitable for X-ray crys
tallography. The crystal structure consists of wellseparated molecules of the C2 -symmetric isothiocyanate complex [(L2 )Ni4 (NCS)4 ] and acetonitrile
and water molecules of crystallization. The asym
metric unit contains one half of the atoms of the
formula unit (the C2 axis passes through the methy
lene carbon atoms C(29) and C(31)). A perspective
view of the molecular structure of 4 is shown in
Fig. 1, coordination spheres are depicted in Fig. 2
along with selected bond lengths and angles.
The 40-membered macrocycle adopts a specific
binding mode that generates two identical binu
clear subunits. The Ni 2 units exhibit an overall
bowl-shaped molecular structure that is reminis
cent of the structures of related complexes of hexadentate amine-thiolate or imine-thiophenolate lig
ands [6 , 7]. Such complexes display a folded con
formation of the two thiophenolate moieties the
phenyl ring planes of which usually intersect at an
gles of 90° to 100°. The corresponding value in
[(L2 )Ni4 (NCS)4 ] is at 97.4°. Likewise, each sub
unit contains a central N 2 Ni(/i-S) 2 N iN 2 (NCS )2 core
structure with distorted square-planar NiN 2 S2 and
distorted octahedral NiN 2 S 2 (NCS)2 sites. Each Ni 11
center is coordinated by two bridging thiophenolate
sulfur and two amine nitrogen atoms of the macro
cycle. The two trans -axial isothiocyanate groups
complete the octahedral coordination at Ni(2). The
average Ni-N and Ni-S bond lengths show now un
usual features and compare well with those of other
N 2 S 2 N in and N 4 S 2 Nin complexes [ 9 - 1 1] .
All nitrogen donors of (L2)4- represent sec
ondary amine nitrogen atoms and become asym
metric upon coordination to the N i 11 ions. For the
structure shown in Fig. 2 the configurations are R-
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Fig. 2. Coordination units in the binuclear [N 2Ni(yU2SR) 2N iN 2(NCS)2] subunits in 4. Hydrogen atoms
and ter/-butyl groups are omitted for reasons of
clarity. Selected bond lengths [A] and angles [°]:
Ni( 1)-S( 1) 2.198(2), N i(l)-S(2) 2.213(2), N i(l)-N (2)
1.952(5), N i(l)-N (3) 1.966(5), N i(2)-S(l) 2.4727(15),
Ni(2)-S(2) 2.468(2), N i(2)-N (l) 2.165(4), Ni(2)-N(4)
2.198(4), Ni(2)-N(5) 2.059(5), Ni(2)-N(6) 2.039(5),
N i( l)- N i( 2 ) 3.212(2), N i(2 )-N i(2 ') 6.769(2); C(32)N(5)-Ni(2) 175.7(5), C(33)-N(6)-Ni(2) 164.2(4).

N(l), S-N(2), R- N(3), and R- N(4). An alternative
description concerns the relative orientation of the
methylene carbon atoms C(13), C(15) and C(28),
C(30) with respect to the corresponding NiN 2 S 2
plane. For Ni(l) both N-alkyl methylene carbons
of the lateral C 3 chains are in positions above the
plane defined by S(l), S(2), N(2), and N(3). For
Ni(2) one NCH 2 residue is above, whilst the ad
jacent CH 2 group at N(4) is below the plane de
fined by S(l), S(2), N(l ) and N(4). It is assumed
that the two NCFb groups at the Ni(l) site exert
greater steric hindrance than the NCH 2 groups at
the Ni(2) site such that coordination of the coli
gands at Ni(2) is restricted to the more accessible
coordination sites. The Ni(2)-bound isothiocyanate
ion N(6)-C(33)-S(4) still experiences steric repul
sions with the N-alkyl substituent on N(l ) as it is
tilted towards N(4), away from the alkyl residue on
N(l).
The fact that the nickel atoms arrange in separate
binuclear units rather than in tetranuclear clusters
may be the result of the large ring-size of the NgS4
macrocycle. For complex 4 the separation of the two
subunits may be described by the distance between
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the two octahedral nickel(II) ions Ni(2) and Ni(2')
at 6.769(2) A. On replacement of the C 3 linker with
a C 2 linker one obtains the smaller 36 membered
macrocycle H 4 L 1 . The corresponding Ni4 complex
2 also incorporates binuclear subunits but the dis
tance between the two closest Ni ions has decreased
to 6.144(1) A. Another interesting feature to note is
the fact that the isothiocyanate ions within the bin
uclear N 2 Ni(/i-S) 2 NiN 2 (NCS )2 units in 2 occupy
ds-positions (see Scheme 1).
In summary, the first transition metal complexes
of the 40-membered macrocycle H 4 L 2 have been
synthesized. The new compounds show some sig
nificant structural differences from their homologues 1 and 2 that can be attributed to the vari
ations in the ring-size of the macrocyclic ligands.
This phenomenon was recently termed “mechanical
coupling” [ 1 2 1 .
Experim ental
Materials and methods: All reactions were performed
under an argon atmosphere using standard Schlenk
techniques. The 40-membered amine-thiolate ligand
H 4L2-8HC1 was prepared as described in the literature [9].
All other chemicals were of reagent grade and used
without further purification. Solvents were predried over
molecular sieves and freshly distilled from appropriate
drying agents. CHN-Analyses: Perkin Elmer Elemen
tal Analyzer 240. IR spectra: Bruker VECTOR 22 FTIR-spectrophotometer (KBr pellets). Absorption spectra:
Jasco V-570 UV/VIS/NIR spectrometer.
l(L 2 )Ni4 ][CIO 4 ] 4 3: CAUTION! Transition metal per
chlorates are hazardous and may explode. Only small
quantities should be prepared and great care taken. To
a solution of H4L2-8HC1 (270 mg, 0.200 mmol) and
NiCh-öHbO (190 mg, 0.800 mmol) in MeOH (10 ml) was
added 2.40 ml of a 1.00 M solution of NaOMe in MeOH
(2.40 mmol). The resulting red-brown reaction mixture
was stirred for further 5 min. Addition of a saturated solu
tion ofLiC 104-3H20 (1.60 g, 10 mmol) in methanol (2 ml)
produced a red-brown precipitate. The solid was filtered,
washed with cold MeOH (1 ml), and dried in vacuum.
Yield: 118 mg (35%). M.p. > 350 °C. - UV/Vis (MeCN):
Amax(£M) = 527 (708), 940 nm (46 M “ 1c m " 1). - IR (KBr,
cm - 1 ): v = 1146 s, 1114 s, 1087 vs cm “ 1 (C104~).
C6oH92N 8S4Ni 4Cl4O i 6 (1686.25): calcd. C 42.74, H 5.50,
N 6.65; found C 41.93, H 5.31, N 6.01.
l(L 2 )Ni4 (NCS) 4 ] 4: To a suspension of 3 (84 mg,
50 p m o \) in MeOH (3 ml) was added a solution of
N H 4 S C N (15 mg, 0.20 mmol) in MeOH (1 ml). The
reaction mixture was stirred for 1 h, during which time
the tetranuclear isothiocyanate complex 4 deposited as

a purple microcrystalline solid. The crystals were fil
tered, washed with cold MeOH (1 ml), and dried in
air. Yield: 66 mg (87%). M.p. > 300° (dec.). - UV/vis
(DMF): Amax(eM) = 547 (538), 1009 nm (46 M “ 'c m '') .
- IR (KBr): v = 2083vs cm “ 1 (CN). UV/Vis (DMF):
Amax(£M) = 547 (538), 1009 nm (46 M ^ 'c n T 1).
C64H 92N 12S 8Ni4 (1520.8): calcd. C 50.55, H 6.10, N
11.05; found C 48.93, H 5.31, N 11.01.
Single crystals of 4 4 C H 3C N 4 H 2O were obtained by
slow evaporation of a solution of 4 in acetonitrile. The
crystals quickly lose the MeCN molecules of crystalliza
tion upon storage in air at 298 K.
Crystal-structure determination: A red-brown crys
tal of [(L2)Ni4(NCS)4]-4MeCN-4H20 measuring 0.60 x
0.20 x 0.10 mm was mounted on a glass fiber using
perfluoro-polyether oil. Data collection was performed
with a Bruker SMART CCD diffractometer at 180(2) K,
with graphite-monochromated Mo-Ka radiation (A =
0.71073 A). The data were processed with SAINT [13]
and corrected for absorption using SADABS (transmis
sion factors 1.00 - 0.79) [14],
Crystal data and refinement details for [(L2)Ni4(NCS)4]
•4MeCN-4H20 (C72H ,i2N ,604S8Ni4, Mr = 1757.03):
monoclinic, space group C2/c (No. 15), a = 26.845(5) A,
b = 13.804(3) A,oC = 24.992(5) A , ß = 114.37(3)°,
V = 8436.1(29) Ä3, Z = 2 (the asymmetric unit of
[(L2)Ni4(NCS)4]-4MeCN-4H20 consists of one half of
the formula unit), ^(Mo-A'q) = 1.13 mm -1 , Dc =
1.383 g-cm - 1 , F(000) = 3712, 26898 reflections mea
sured, 9968 unique (/?int = 0.0581), 4767 observed re
flections [/ > 2a(I)]. The structure was solved by direct
methods using the program SHELXS-86 [15] and refined
by full-matrix least-squares techniques against F 2 us
ing SHELXL-93 [16]. The disordered tert-butyl methyl
carbon atoms, the C- and N-atoms of the MeCN sol
vates, and the O-atoms of the H 2O solvates were refined
isotropically. All other non-hydrogen atoms were refined
anisotropically. An isotropic split-atom model was ap
plied for the disordered tert-buty\ methyl carbon atoms.
The multiplicities of the respective orientations C(25a)C(26a)-C(22a): 0.49(3), C(25b)-C(26b)-C(27b): 0.51(3)
were refined. In the final stages of anisotropic refine
ment, hydrogen atoms were included at calculated posi
tions and refined by using a riding model. No hydrogen
atoms were calculated for the H20 solvates. Final residu
als R \ = 0.0528, wR2 = 0.1429 [I > 2<r(I)], R 1 = 0.1379,
wR2 = 0.1876 (all data), largest difference peak, A p mdlX =
1.718 eÄ - 3 , and hole, -Apmax = -0.641 eA ~3. Crystallographic data (excluding structure factors) for the structure
reported in this paper have been deposited with the Cam
bridge Crystallographic Data Centre as supplementary
publication no. C C D C -144509. Copies of the data can
be obtained free of charge on application to CCDC. 12
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