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Treatment of dicyandiamide, 2-aminoethanethiol hydro-
chloride, and NiCl,+-6H,0 in water gave an S-bridged di-
nickel(I) complex, [Niy(L);]Cl, ([1]Cl,), which contains
novel tridentate-N,N,S iminothiolate ligands with a biguanide
moiety (L7). Another S-bridged complex containing L7,
[Co{Co(L),}31%* ([2]Clg), which has the first example of a hexol
S-bridged structure, was obtained by the stepwise reaction of
[1]Cl, with Nagedta and CoCl,+-6H,0 in water.

It is well known that aliphatic thiolate groups possess a high
nucleophilicity to bridge two or three metal centers to form S-
bridged multinuclear structures. Utilizing this property, a num-
ber of S-bridged multinuclear complexes that show intriguing
structures and properties have been prepared from bidentate-
N,S thiolate ligands, represented by 2-aminoethanethiolate
(aet).! To extend the bidentate-N,S ligand system, linear triden-
tate-N,N,S ligands with an aliphatic thiolate group have also
been employed to construct S-bridged multinuclear structures.>3
In the tridentate-N,N,S ligand systems so far reported, however,
no functional groups available for coordination and/or hydrogen
bonding exist in the created multinuclear structures, and the fur-
ther aggregation of multinuclear complexes into highly organ-
ized structures has rarely been achieved. It has been shown that
a biguanide ligand bound to one metal ion can coordinate to an-
other metal ion or form hydrogen bonds with another complex
unit using free amine groups.* Thus, the rational aggregation
of multinuclear complexes, as well as the creation of novel S-
bridged multinuclear structures, would be promising if one de-
signs aliphatic thiolate ligands bearing a biguanide moiety. Here
we report that a desirable tridentate-N,N,S ligand with a bigua-
nide moiety (L ™) is created in a S-bridged dinickel(I) structure
in [Ni(L),]** ([1]**) from Haet and dicyandiamide in the pres-
ence of Ni' ion (Scheme 1). Remarkably, the metal replacement
of Nill in [1]** by Co' led to the formation of a tetracobalt(III)
structure in [Co{Co(L);}3]%* ([2]°*), which is the first example
of a hexol S-bridged tetranuclear complex. The crystal structures
of these complexes that show multiple hydrogen bonding net-
works through amine groups of biguanide moieties are also re-
ported.

Treatment of dicyandiamide, Haet-HCI, and NiCl,-6H,0
in water in a 1:1:1 ratio gave a dark purple solution from which
purple stick crystals ([1]Cl,+3H,0) were isolated.’ The electron-
ic absorption spectrum of [1]Cl,+-3H,0 in water exhibits a visi-
ble band at 520 nm, which is assignable to 'Aj; — !By, transi-
tion for Ni'! with a square-planar coordination environment.®’
The formation of an iminothiolate ligand with a biguanide
moiety (L7) in [1]Cl,-3H,0 is suggested by the 'H NMR spec-
trum giving a single set of signals due to methylene and amine
groups, together with the IR spectrum that shows a V(C=N) band
at 1680 cm~".%3 The structure of [1]Cl,+3H,0 was determined
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Scheme 1. Synthetic roots of [1]> and [2]°*.

Figure 1. ORTEP drawings of [11%F. a) Top view and b) side
view. Hydrogen atoms are omitted for clarity. Symmetry code:
() —x, —y+ 1,z

by single-crystal X-ray analysis.” As shown in Figure 1, the li-
gand L™ in [11*t is a biguanide derivative with an ethanethiol
substituent on an imine group, which coordinates to a Ni'' center
through a thiolate S and two imine N groups to form a [Ni(L)]*
unit. The forth coordination site of the [Ni(L)]* unit is occupied
by a thiolato group from another [Ni(L)]™ unit to complete a
square-planar geometry with a cis-N,S, donor set (av Ni-S =
2.1811(9) and Ni-N = 1.875(2) A). As a result, [1]** has a
S-bridged dinickel(I) structure in [Ni(L),]**, in which two
[Ni(L)]" units are connected to each other through two thiolato
groups with a dihedral angle between two NiN,S; planes being
71°. It may be interesting to note that all the N-H groups in [1]>*
are involved in hydrogen bonding with CI~ anions and water
molecules (av N---Cl = 3.395(2) and N---O = 2.923(3) 1&), con-
structing a 2D sheet-like structure.® While similar S-bridged di-
nickel(Il) complexes with a tridentate-N,N,S ligand have been
reported,” such a dimensional structure having hydrogen-bond-
ing networks has not been observed.

With the aim of preparing another complex containing L™ as
a multidentate ligand, an aqueous solution of [1]Cl,-3H,0 was
treated with Nasedta, followed by reacting with CoCl,-6H,0 in
air. When the resulting brown solution was chromatographed on
an anion-exchange column (QAE-Sephadex A-25), a major
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Figure 2. ORTEP drawings of [216*. One of two independent cat-
ions with the (A)(A)3(R)e configuration is selected. a) Entire tetra-
nuclear cation, b) [Co(L),]* unit of [2]®F. Hydrogen atoms are
omitted for clarity. Symmetry code: () x —y+1/3, —y+2/3,
—z+7/6.

brown band was eluted with water, from which brown crystals
([2]Clg+6H,0) were obtained.'® X-ray fluorescence spectrosco-
py indicated that [2]Clg+6H, O contains only Co as a metal com-
ponent. The 43 oxidation state of Co ions in [2]Clg+6H,0 is in-
duced by its 'H and '*C NMR spectra that give sharp signals, and
the presence of L™ in [2]Cls-6H,0 is suggested by its IR spec-
trum that is very similar to the spectrum of [1]C1,+3H,0.° Sin-
gle-crystal X-ray analysis revealed that [2]%* is a tetracobalt(III)
complex consisting of three [Co(L),]™ units that are linked by a
central Co™™ ion (Figure 2).!! Each [Co(L),]" unit in [2]®* has a
cis-N4S, octahedral geometry coordinated by two tridentate-
N.N,S ligands (L.7) that adopt a meridional coordination mode
(av Co-S =2.217(2) and Co-N = 1.930(8) A). The central
Co™ ion is surrounded by six S atoms from three [Co(L),]* units
in an octahedral geometry (av Co-S = 2.285(2) A). While a
number of hexol tetranuclear complexes have been reported to
date,'>!3 those having bridging atoms other than oxygen are
rare,'® and furthermore, [2]®* is the first hexol complex having
thiolato S as bridging atoms. Crystal [2]Cleg+6H,0 is a racemic
compound consisting of a pair of enantiomers, as indicated by
the centrosymmetrical space group R3c. In one enantiomer,
the central and the terminal Co™ chiral centers adopt A and A
configurations, respectively, with bridging S atoms being fixed
to R configuration. Thus, the (A)(A)3;(R)g and (A)(A)3(S)e iso-
mers with a D3 symmetry exist in crystal [2]Clg-6H,0. Like in
[1]%*, all the N-H groups in [2]®* form hydrogen bonds with
Cl~ anions and water molecules (av N---Cl = 3.35(2) and
N--O = 2.95(2) A) to construct a 3D structure.’

The '"HNMR spectrum of the bulk sample of [2]Clg-6H,0
exhibits a single set of signals due to methylene and amine
groups.® Furthermore, only four carbon signals are observed in
its 3C NMR spectrum.® These spectral features imply that a pair
of enantiomers, (A)(A)3(R)¢ and (A)(A)3(S)g, found in crystal
are selectively formed for [216t. To our knowledge, the selective
formation of a pair of enantiomers has not been recognized for
any hexol complexes so far reported.'>!> Molecular model ex-
aminations revealed that there exists an unfavorable intramolec-
ular interaction between methylene groups of L~ when [2]%*
adopts the other isomers. Complex [2]%" was partially optically
resolved by fractional crystallization with the use of
K, [Sby(R,R-tartrato),] as a resolving agent, although complete
optically resolution has not been achieved yet.
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In summary, we succeeded in the creation of a novel triden-
tate-N,N,S iminothiolate ligand with a biguanide moiety (L™) in
a S-bridged dinickel(TI) structure ([1]**) by reacting Haet, di-
cyandiamide, and NiCl,-6H,0 in water. Since a similar reaction
using CoCl,+6H,0 instead of NiCl,+6H,0 did not afford any
products containing L™, it is believed that Ni'! acts as an effec-
tive template available for the nucleophilic addition of an amine
group of Haet to a cyano group of dicyandiamide to form L.
Furthermore, [1]** was converted to a S-bridged tetracobalt(IIT)
structure in [2]%* by reacting with Co'! in air, after the removal
of Nil! with use of edta*~. This result indicates that [1]*>* can be
used as a starting material for the preparation of other complexes
containing L. Notably, [2]%F is the first example of a S-bridged
tetranuclear complex with a historically important hexol struc-
ture that affords selectively a pair of enantiomers. Finally, free
amine groups of biguanide moiety in [1]>* and [2]°* were found
to hydrogen bond, which is suggestive of their coordination abil-
ity toward metal ions.
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