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Crown Complexes

[Nig(SCH,CH,OH),,]: A Double Crown
[12]Metallacrown-6 Nickel(1) Cluster**

Fang-Fang Jian,* Kui Jiao, Yan Li, Pu-Su Zhao, and
Lu-De Lu

Metallacrowns represent a new class of multinuclear clusters
that are analogous to crown ethers in both structure and
function.") One may substitute heteroatoms, such as tran-
sition metals and nitrogen atoms, for the methylene carbon
atoms of the parent ether complexes to form metallacrowns.
There has been considerable interest in metallacrown
chemistry owing to potential applications in chemically
modified electrodes, anion-selective separation agents,
liquid-crystal precursors, and magnetic materials.?!

Generally, the metallacrowns can be synthesized using
either multidentate ligands that bridge two metal ions™* or
bridging chalcogen ligands, such as NaSR,”) NaSeR," and
OR anions.”" We wanted to synthesize the bidentate ligand
[NaS,COCH,CH,SCS,Na] from 2-sulfanylethanol
[HSCH,CH,OH] by reaction with carbon bisulfide in aqueous
NaOH solution, and then treat this ligand with aqueous nickel
sulfate to produce the polymer [NiS,COCH,CH,SCS,Ni,.
However, we unexpectedly obtained [Nis(SCH,CH,OH),;]
(1), a novel [12]metallacrown-6 nickel cluster as shown by
single-crystal X-ray diffraction. We repeated the experiment
and were able to form this product in high yield. Herein we
report the spontaneous self-assembly and crystal structure of
compound 1 as well as investigations on its UV/Vis spectrum
and thermal stability.

The crystal lattice of compound 1¥ is made up of a
centrosymmetric [Nig(SCH,CH,OH);,] molecule (Figure 1).
Each Ni atom is surrounded by four S atoms of the p,-
SCH,CH,OH ligands in a distorted square-planar fashion. As
a result, the edge-sharing NiS, planes connect to form a ring.
The six nickel atoms approximately form a hexagon, with Ni—
Ni separations in the range of 2.9010(15)-2.9378(17) A,
vertex angles of 119.08(5)-121.38(5)°, and an average devia-
tion of £0.001 A from the best least-squares Nig plane. The
diameter of the ring, defined as the average distance between
two opposing nickel atoms, is 5.84 A. Two p,-S bridges
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Figure 1. Molecular structure of [Nig(SCH,CH,OH),] (1). Thermal
ellipsoids are shown at the 509% probability level. Selected bond
lengths [A] and angles []: Ni(1)-S(3) 2.194(2), Ni(1)-S(1) 2.197(2),

Ni(1)-S(4) 2.200(2), Ni(1)-5(2) 2.208(2), Ni(1)-Ni(2) 2.934(2), Ni(1)-
Ni(3)#1 2.9378(17) i(2)-5(5) 2.183(2), Ni(2)-S(4) 2.198(2), Ni(2)-
S(3) 2.204(2), N ( )-S(6) 2.214(2), Ni(2)-Ni(3) 2.9010(15), Ni(3)-
S(1)#1 2.192(2), Ni(3)-S(5) 2.204(2), Ni(3)-S(2)#1 2.205(2), Ni(3)-5(6)
2.213(2); S(3)-Ni(1)-5(1)97.21(8), S(3)-Ni(1)-5(4)82.28(8), S(1)-Ni(1)-
S(4)178.64(9), S(3)-Ni(1)-5(2)173.95(9), S(1)-Ni(1)-5(2)81.86(8), S(4)-
Ni(1)-5(2)98.78(8), Ni(2)-Ni(1)-Ni(3)#1 121.38(5), S(5)-Ni(2)-5(4)
178.55(9), S(5)-Ni(2)-S(3) 97.69(8), S(4)-Ni(2)-5(3) 82.11(8), S(5)-
Ni(2)-S(6) 82.25(8), 5(4)-Ni(2)-5(6) 98.11(8), S(3)-Ni(2)-5(6)
173.29(8), Ni(3)-Ni(2)-Ni(1) 119.53(5), S(1)#1- Ni(3)-5(5) 179.39(8),

1
S(1)#1-Ni(3)-S(2)#1 82.05(8), S(5)-Ni(3)-S(2)#1 98.51(8), S(1)#1-
Ni(3)-5(6) 97.60(8), S(5)-Ni(3)-S(6) 81.82(8),5(2)#1-Ni(3)-5(6)
174.20(9), Ni(2)-Ni(3)- Ni(1)#1 119.08(5). Symmetry transformations
used to generate equivalent atoms: #1: —x+1,—y+2,—z+1; #2:
—X,—y+2,—z+1.

originating from two 2-sulfanylethanol ligands connect adja-
cent nickel atoms. One of the w,-S atoms is above and the
other is below the Nig plane. As a consequence, the six
nickel(i1) atoms nearly show virtual C¢; symmetry, and the
twelve w,-S atoms form double crowns, one above and the
other below the nickel ring (Figure 2). This type of complex

Figure 2. The double crowns in 1 made up of a Nig ring and twelve
W,-S atoms.
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with a Nis ring and a double-crown structure is to our
knowledge the first of its kind.

Owing to geometrical restrictions introduced by the
bridging sulfur atoms, the NiS, units are not strictly planar,
with S-Ni-S bond angles ranging from 81.82 to 98.78°. The Ni—
S bond lengths are 2.183-2.213 A, and thus slightly longer
than that found in another nickel(i) complex with square-
planar coordination (2.172(2) A).”) Within the Nig ring, the
average Ni—Ni separations of 2.9276 A are significantly
longer than the Ni—Ni separations between nearest neighbors
in cubic close-packed nickel (2.492 A) and hexagonal close-
packed nickel (2.492 A).'"! They are also longer than the
mean Ni—Ni separations in nickel metal (2.49 A),""l but are
comparable to the Ni—Ni bond lengths in other nickel clusters
such as [NigSe,Cp.] (2.502-3.194 A) and [Ni;sSe;o(CO);Cpy]
(2.523-2.948 A; Cp’' =methylcyclopentadienyl).” In addi-
tion, the triangle plane laminas (NiSNi) of the double crown
are not perpendicular to the Nig ring. The plane comprising
Ni(2), S(5), and Ni(3) makes a dihedral angle of 58.65° with
the plane formed by Ni(2), S(6), and Ni(3). These two planes
form dihedral angles of 57.60° and 63.74° with the Nig ring
plane, respectively.

The salient feature in the crystal packing of compound 1 is
that the hydroxy groups of 2-sulfanylethanol form strong
intermolecular hydrogen bonding interactions with each
other, with donor—acceptor separations of 2.6458-2.8811 A.
This situation results in the formation of a one-dimensional
chain structure (Figure 3), in which hydrogen bonding plays a

Figure 3. Crystal packing of 1 as viewed down the a axis, showing the
one-dimensional chain formed by hydrogen-bonding interactions.
Selected hydrogen-bond lengths [A] and angles [°]: O(1)-H---O(5)
%14y 2.8811, 161.24; O(2)-H--O(3) [-1+xy,2] 2.6802, 175.41;
O(3)-H--O(4) [x,—1+7y,7] 2.6458, 142.85; O(4)-H--O(5) [x,1+y,7]
2.7033, 146.76; O(5)-H-~O(4) [x,—1+y,2] 2.7033, 172.64; O(6)-
H--0(2) [—x1—y,—2] 2.6933, 160.59.
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significant part in sustaining the assembly of the metallacrown
complex.

The solid-state UV/Vis spectrum of 1 shows there is a low-
energy absorption band at A=782 nm. This band can be
attributed to an electronic transition based on principal
d orbital contribution for nickel ions because of the direct
metal-metal bonding system.

Thermogravimetric (TG) analysis and differential scan-
ning calorimetry (DSC) analysis show that the thermal
decomposition of compound 1 includes four transitions
(Figure 4). There are three peaks corresponding to endother-
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Figure 4. The TG and DSC curves obtained for compound 1.

mic processes—that is, weak heat-absorbing processes at
146.6, 174.2, and 217.0°C—and a broad peak for an exother-
mal process at about 300°C. Decomposition occurs at
146.6°C. On the basis of weight changes in the TG curve,
the first process of weight loss corresponds to the loss of
hydroxy groups from the 2-sulfanylethanol ligands (146.6—
174.2°C; found 8.04, calcd 7.98 %) with a weak endothermic
event; the second process of the weight loss is attributed to
the cleavage of C—S bonds (174.2-217.0°C; found 40.81, calcd
4226%). Finally, NisS;, decomposes gradually (217.0-
1000°C) with the broad peak for this exothermal is at about
300°C, the residue may be Ni atom (found 71.69, calcd
72.43%).

Noteworthy is that we could not obtain the novel nickel
cluster if 2-sulfanylethanol was allowed to react with aqueous
NaOH solution and nickel sulfate directly, without adding
carbon bisulfide. Further studies on this reaction, including
the use of other metals, are in progress.

Experimental Section

1: Warm aqueous NaOH solution (1.1 mL, 50 wt %) was added in a
dropwise manner to HOCH,CH,SH (1.00 g, 13.0 mmol) and carbon
bisulfide (1.00 g 13.0 mmol) in acetonitrile (10 mL) with stirring, and
the mixture was allowed to reflux for 1.5h at 30°C. The solution
turned light yellow and then formed an orange-red viscous matter
that dissolved in water easily. Then an excess of aqueous NiSO,
solution (1.5 g, 8.0 ml) was added, upon which brown gelatinous
precipitates formed. The brown precipitate was isolated by filtration,
washed with water, and dried overnight in air. Yield 2.5 g, 92.3%
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based on HOCH,CH,SH; elemental analysis: found C 21.08, H
2.38 % the identity of this substance is not yet clear. The brown solid
was ground into dust, and then recrystallized from EtOH;; thus, large,
dark green crystals suitable for X-ray diffraction experiments were
obtained. These crystals were all collected and dried (Yield 0.4 g,
16 %. Elemental analysis calcd (%) for C,;HgNigO;,S,,: C 22.56, H
4.73; found: C 22.23, H 4.38.
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»[Nig(SCH,CH,OH),,]: A Double Crown
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