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Treatment of the ApjpAprr and ApppAppp isomers of
K;[Co{Co(L-cys-N,S)3}2] (K5[1], L-cys: L-cysteinate) with
Ln(NO;); (Ln=La and Yb) in water gave coordination
polymers, ApppApp-Ln[1] and ApppAppr-Ln[1], respectively,
in which [1]*~ binds to Ln** through carboxylate groups in a
1:1 ratio. It was found that the dimensional structures of Ln[1]
are controlled not only by the diastereoisomerism of [1]*~
(ALLLALLL VS. ArrpArrr) but also by the ionic size of Ln’*
(La*t vs. Yb*H).

Rational creation of coordination polymers that consist of
metal ions and organic and/or inorganic ligands has received
much attention in the past decades because of their multifunc-
tional properties resulting from specific structures.! The most
common approach to create coordination polymers is the use of
multidentate organic ligands as building blocks.> On the other
hand, the use of metalloligands instead of organic ligands is
much less common, although it is expected that the resulting
structures are more easily controlled thanks to the predetermined
directionality of coordination sites of metalloligands.>* We have
been interested in the use of thiolato metal complexes as an
S-donating metalloligand in order to create systematically S-
bridged polynuclear complexes with specific structures and
properties.* Recently, we have found that a S-bridged
CoMAu'Co™ trinuclear complex, [Au{Co(L-cys-N,S)(en),}>]>*
(L-cys: L-cysteinate), prepared from [Co(L-cys-N,S)(en),]" and
Aul, binds to MnCl, using free carboxylate groups to form a 1D
(Co"™,Mn"Au"), coordination polymer.> This shows that multi-
nuclear complexes with free carboxylate groups can function as
effective O-donating metalloligands. In this context, we thought
it worthwhile to investigate the binding ability of a tricobal-
tate(Ill) complex with L-cysteinate, [Co{Co(L-cys-N,S)s},]>~
([17°7),° toward metal ions not only because of the existence
of six free carboxylate groups available for the coordination to
metal centers but also because of the existence of diastereomers,
ArppArrr and ApppArgr, capable of controlling the resulting
structures by chirality (A and A) at metal centers. Indeed, we
found that [1]>~ binds to La** ions through carboxylate groups
to form coordination polymers, the dimensional structures of
which are changed by the diastereomers employed. In addition,
the use of Yb** instead of La’* as a linking lanthanide ion also
resulted in the drastic change of their structures. In this paper, we
report on these intriguing stereochemical properties that were
established by single-crystal X-ray analyses (Scheme 1).

Treatment of the ApppArrp isomer of Ki[Cof{Co(L-cys-
N,S)3}2]6 (ALLLALLL'KB[I]) with La(NO3)3'6H20 in a 1:1 ratio
in water quickly gave a dark brown powder, which turned to
almost black crystals (Ar p Arrr-La[1]) on allowing it to stand at
room temperature for one week.” X-ray fluorescence spectrom-
etry indicated that this compound contains Co and La atoms in a
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Scheme 1. Schematic representation of coordination polymers
derived from [1]>~ and Ln’*.

3:1 ratio, and its elemental analytical data were in agreement
with the formula for a 1:1 adduct of [Co{Co(L-cys-N,S);},]>~
and La’*.® The presence of the Apj; A isomer of [1]°~ in
ApppArr-La[l1] was confirmed by its reflection and CD spectra
in the solid state, which are almost the same as those of the
parental Appp Appp-Ks[1].7 In the IR spectrum, Ay Apri-La[l]
showed a strong C=O stretching band at ca. 1609cm™!,
indicating that all the L-cys carboxyl groups exist as a
deprotonated form.° The structure of App;Arri-La[l] was
determined by single-crystal X-ray crystallography, which
revealed the presence of A Arr-[17°~ and La’* in a 1:1
ratio, besides water molecules (Figure 1a).'® All the L-cys
carboxylate groups of ArrLArn-[17°~ have an axial orientation
such that N,S-chelate rings adopt a thermodynamically stable lel
(6 for A) conformation. This orientation appears to be stabilized
by the intramolecular hydrogen bonds between amine and
carboxylate groups (av N--O = 3.200(3)A). A similar stereo-
chemical feature has been found in ApppAppr-[Cos(L-cys-
N,S)(L-Hcys-N,S)s]**, in which 5 of 6 carboxyl groups exist as
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Figure 1. Perspective views of (a) ArrpArrr-La[l] and (b)
ArrpArpr-La[l]. Hydrogen atoms are omitted for clarity. Co:
dark-blue, C: gray, N: blue, O: pale red, S: yellow, La: purple.

a protonated form.®® In Ay Arrr-La[1], each La>* ion is linked
by 6 A AL -[1]°~ anions in a distorted octahedral arrange-
ment through chelating carboxylate groups to form a 12-
coordination environment, while each AjyyApii-[1]>~ anion
binds to 6 La’* ions using 6 carboxylate groups (av La—O =
2.741(18) A). As a result of this connection between Ajpp Aprr-
[11°~ and La’**, a 3D coordination network is constructed for
ArrpArii-La[l].

Similar treatment of the Ap;pApyp isomer of K;[Co{Co(L-
cys-N,8)3}2]® (ArLiArii-Ks[1]) with La(NO3);-6H0  also
produced almost black crystals (Arrp Arrr-La[l]) by way of a
dark brown powder.” Compound Ap;; Apy;-La[1] was assigned
to a 1:1 adduct of Ay Appp-[Co{Co(L-cys-N,S);},]°~ and La*™,
based on the reflection, CD, and IR spectroscopy in the solid
state, together with the X-ray fluorescence and elemental
analyses.”® Single-crystal X-ray analysis demonstrated that
ArrtArii-La[1] consists of the trinuclear anions (ApppAprr-
[17) and La** in a 1:1 ratio, besides water molecules
(Figure 1b), as in the case of ApppAppr-La[l1].!! However,
all the L-cys carboxylate groups of Ap;;Arr-[1]*~ have an
equatorial orientation with /el conformational N,S-chelate rings.
There are two crystallographically independent La** ions in
ALLLALLL—La[l], each of which are linked by 4 ALLLALLL'[1]37
anions in a distorted square-planar arrangement; Lal is nine-
coordinated with 4 oxygen atoms from 4 carboxylate groups
and 5 water molec!ﬂes (av Lal—Ocarboxyla(ez2.484(8);\, av
Lal-Oy, =2.653(9)A), while La2 is 10-coordinated with 8
oxygen atoms from 4 carboxylate groups and 2 water molecules
(av La2-Ocupoxylae = 2.610(8) A, av La2-0,, = 2.583(9) A).” In
ALLLALLL-La[l], each ALLLALLL'[IP_ anion binds to OIlly 4
La’" ions using 4 carboxylate groups, leaving two non-
coordinating carboxylate groups in a trans position. As a result,
a 2D sheet-like structure is constructed for ApppAppp-La[l],
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Figure 2. Perspective views of (a) ArppArrr-Yb[1] and (b)
ArrrArr-Yb[1]. Hydrogen atoms are omitted for clarity. Co:
dark-blue, C: gray, N: blue, O: pale red, S: yellow, Yb: bright-
blue.

which is in sharp contrast to the 3D structure observed for
At Ar-La[1]. It is reasonable to consider that the difference
in the orientations of carboxylate groups between ApppApp;-
[17°~ and AprpAprr-[1]7°~ is responsible for this result. That is,
the A Ar-[1]° anion with the axial-oriented carboxylate
groups is less bulky than the A Ary;-[1]3~ anion bearing the
equatorial-oriented carboxylate groups, and thus each La’* ion
can be surrounded by 6 Ap;Arrr-[1]°~ anions to construct the
3D network structure for ApppArp-La[l]. On the other hand,
only 4 A Ar-[1]°~ anions are allowed to bind with each
La’* ion, resulting in the formation of a 2D structure for
ArppAryp-La[l].

To investigate the influence of the ionic size of linking
lanthanide(IIl) ions on the resulting structures, Arpp Arrr- and
ArpLArr-Ks[1] were treated with Yb(NO;)3-3H,0, instead of
La(NOs3);-6H,0, which also gave 1:1 coordination polymers,
At Ar-Yb[1] and ApppApp-Yb[1], respectively.” The as-
signment of these compounds was made by the reflection, CD,
and IR spectroscopy in the solid state, together with the X-ray
fluorescence and elemental analyses,'? and their structures were
established by single-crystal X-ray analyses (Figure 2).7!13:!4
Like in ALLLALLL-La[l] and ALLLALLL-La[l], the 6 L-cys
carboxylate groups of Ay Arr-[11°7 and App Arr-[177 have
axial and equatorial orientations in ApppApr-Yb[1] and
ALLLALLL'Yb[l]a respectively. HOWGVGI‘, in ALLLALLL'Yb[lL
each Yb3* ion is bound by 4 Ar i Ar-[1]°" anions through
2 chelating and 2 monodentate carboxylate groups, besides 3
water molecules, to have a nine-coordination environment (av
Yb-Ocarboxylate = 2.37(2) A, av Yb-O,, = 2.39(2) A). In addition,
only 4 carboxylate groups of ApjArr-[1]°~ participate in the
coordination to Yb' ions, while the remaining 2 carboxylate
groups, which are located in a trans position, remain uncoordi-
nated. As a result, ArpArr-Yb[1] forms a 2D sheet-like
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structure, which is markedly different from the 3D structure in
ALLLALLL-La[l]. On the other hand, each Ybs}Jr in ALLLALLL'
Yb[1] is situated in a eight-coordination environment with 4
monodentate carboxylate groups from 4 different Appy Appg-
[1]°~ anions, besides 4 water molecules (av Yb—Ocarpoxylate =
2301(4)A, av Yb-O, =23554)A). The binding of 4
ArppArr-[17*~ anions around each cation in ApppAqp-Yb[1]
is the same as that in Ay Arp-La[1]. However, in ApppAppy-
Yb[1], the four ArrArr-[1]°~ anions surround a Yb** ion in a
tetrahedral-like arrangement, rather than a square-planar arrange-
ment found in Ay Appr-La[l]. Furthermore, each ApppAppp-
[1]’~ anion binds to 4 Yb’T ions through 4 monodentate
carboxylate groups such that 2 noncoordinating carboxylate
groups locate in a cis position, rather than in a trans position
found in ALLLALLL-La[l]. As a result, in ALLLALLL'Yb[lL
ArrpArrr-[17>~ anions and Yb’* cations are alternately con-
nected with each other to form a 3; supramolecular helix, which
is further connected to 6 adjacent supramolecular helixes
through O-Yb-O linkages to complete a unique 3D aggregated
structure. Accordingly, the use of Yb’* with an ionic radius
smaller than La* (Yb>* = 0.87 A, La>* = 0.98 A)!® causes the
reduction of the binding number of [1]*~ anions from 6 to 4 for
the less bulky AprpArrr isomer and also causes the change of
their binding arrangement from square-plane to tetrahedron
for the ArprArrp isomer, resulting in the drastic change in
dimensional structures from 3D to 2D for the AjppAyLL isomer
and from 2D to 3D for the Ay AL isomer.

In conclusion, we have shown evidence that the tricobal-
tate(IlT) complex with L-cysteinate ([1]*7) acts as a multi-
bridging metalloligand toward Ln3* to form carboxylate-bridged
heterometallic coordination polymers. While [1]*~ uniformly
formed 1:1 coordination polymers with Ln**, the constructed
dimensional structures were found to be highly dependent on the
selected diastereoisomerism (Appp Arrp vs. AprrArrr) and Lot
ion (La’™ vs. Yb’*). Note that the control of Ln3*-based
dimensional structures by changing the diastereoisomerism of
(metallo)ligands has not been reported to date, although several
reports that show the structural change in coordination polymers
by changing Ln3* have been presented.'® Further investigations
of this system are currently underway by using other Ln** ions,
as well as transition-metal ions.

One of the authors (H. Q. Yuan) expresses her special thanks
to the Global COE (center of excellence) Program “Global
Education and Research Center for Bio-Environmental Chem-
istry” of Osaka University.
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