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Syntheses, Crystal Structures, and Properties of Four Two-Dimensional
Network Complexes with Multidentate Bis(Schiff Base) Ligands

Xing-Mei Ouyang,!?! Bao-Li Fei,l Taka-aki Okamura,® Hong-Wei Bu,?! Wei-Yin Sun,*2!
Wen-Xia Tang,/?! and Norikazu Ueyamal®!
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Four novel two-dimensional coordination polymers
[Ag2(L1)2](CF3803)H,0 (1), [Ags(L1)2](NO3)3H,O  (2),
[Co(L1),(SCN),]-EtOH (3), and [Co(L2),(SCN),] (4) were ob-
tained by reactions of the bis(Schiff base) ligand 1,2-bis(4'-
pyridylmethyleneamino)ethane (L1) with silver(1) trifluoro-
methanesulfonate, silver(1) nitrate, and cobalt(i) thiocyanate,
and 1,2-bis(3’-pyridylmethyleneamino)ethane (L2) with co-
balt(1r) thiocyanate, respectively. In complex 1, a 2D network
structure was achieved by hydrogen bonding interactions
between the two 1D chains, consisting of double-stranded
helicates, through solvate water molecules. The 2D network
of complex 2 was formed by the coordination to a two-coord-

inate silver(1) ion instead of hydrogen bonds as in complex 1.
Complex 3 contains molecular square units, which are occu-
pied by disordered ethanol molecules. Complex 4 exhibits a
classic square-grid network which is different from that of 3
due to the different terminal pyridyl groups in L1 (4-pyridyl)
and L2 (3-pyridyl). These coordination polymers were char-
acterized by X-ray crystallography, electrospray mass spec-
trometry, cyclic voltammetry and magnetic measurements.
The results show a 2D network superstructural diversity by
the fine-tuning of construction components.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2003)

Introduction

The construction of polymeric coordination complexes
has developed rapidly in recent years owing to their struc-
tural topologies and interesting catalytic, electronic, mag-
netic and spectroscopic properties.!! The “node-and-
spacer” approach has been remarkably successful in con-
structing predictable network architectures, including zero-
dimensional polyhedrons, and infinite one- (1D), two- (2D),
and three-dimensional (3D) periodic nets.>~71 In the case
of 2D architectures, one would anticipate that the network
would possess an inherent ability to include guest mo-
lecules. Square grid,®! rectangular grid,®! brick wall,l'”! her-
ringbone,''! and bi-layer!'?! networks have been reported
and can be generated from commonly available metal moi-
eties and linear “spacer” ligands. The square-grid is a
simple and well-known 2D metal-organic network.['3] A
series of square-grid networks has been obtained by the re-
action of bipy spacer ligands with various transition metal
ions such as Cd", Co™, Ni"', and Zn", with different crystal
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packing modes.'* Other commonly used spacer ligands in-
clude cyanol'! and pyrazine moieties!!é! and longer analogs
of bipy.l!”!

Although the node-and-spacer approach exerts signific-
ant effects on the construction of the network polymers, it
can only successfully be applied to the self-assembly of rigid
bidentate ligands and metal moieties. An assembly process
containing multidentate ligands is usually very complicated
and is influenced by various factors such as solvent system,
templates, counterions, valences and the geometric needs of
the metal ions and sometimes the ratio between the metal
salt and the ligand.!'8! Therefore it is still difficult at the
present time to design and synthesize supermolecular archi-
tectures with predicted structures and properties when the
number of donor atoms in the ligands is more than two.

To investigate the influence of the nature of multidentate
ligands on the construction of 2D network polymers, the
tetradentate bis(Schiff base) ligands 1,2-bis(4’-pyridyl)ethy-
lenediamine (L1) and 1,2-bis(3'-pyridyl)ethylenediamine
(L2; Scheme 1) — longer analogs of bipyridine — were em-
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Scheme 1
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ployed as organic ligands. Self-assembly of these ligands
with monovalent silver(1) and divalent cobalt(i) salts as the
nodes was carried out.

Schiff bases are an important class of ligands in coor-
dination chemistry and have been studied extensively!'”] as
they are selective and sensitive toward various metal ions.
In our previous work we reported that the assembly of
Schiff base ligand L1 with copper(1) salts produced two
complexes [Cu(L1)(CH3CN)]NO3z and [Cu(L1)(CH;CN)]-
ClO, with infinite zigzag chain-like structures;*”! two infi-
nite 2D grid networks were obtained by assembly of re-
duced L1 ligand, 1,6-bis(4'-pyridyl)-2,5-diazahexane (L),
with the same copper(1) salts.>?] This indicates the signific-
ant influence of the nature of the ligand on the construction
of supramolecular architectures. In this paper, the reaction
of L1 with silver(1) salts with different counteranions, is
shown to produce two 2D coordination polymers
[Ag>(L1),J(CF;3805)-H,O (1) and [Ags(L1),J(NO3);-H,O
(2) containing double-stranded helicates. In addition, the
self-assembly of ligands L1 and L2 with Co(SCN), pro-
duces two different 2D coordination complexes,
[Co(L1),]J(SCN),*EtOH (3) and [Co(L2),](SCN), (4). These
coordination complexes were characterized by X-ray crystal
diffraction, electrospray mass spectrometry, cyclic voltam-
metry and magnetic measurements.

Results and Discussion

Crystal Structure Description

Complexes 1 and 2 have the same ligand and metal ion
but different anions, while complexes 3 and 4 have different
ligands. X-ray crystal structure analyses reveal that com-
plexes 1—4 crystallize in different crystal systems with dif-
ferent symmetries, from triclinic to tetragonal. Details of
the crystal parameters, data collection and refinement for
complexes 1—4 are summarized in Table 4, and selected
bond lengths and angles with their estimated standard devi-
ations are listed in Table 1.
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Table 1. Selected bond lengths [A] and angles [°] for 1—4

[Aga(L1),]J(CF;3805),'H,0 (1)

Ag(1)—N(1) 233720 Ag()-N@3) 2.328(2)
Ag()-N(Q) 24052)  Ag(1)-N@) 2.387(2)
Ag2)—-N(11) 217622 Ag2)-N@G1) 2.185(2)
N(1)—Ag(1)-N(2) 75.77(8) N@)—-Ag(D-N@3)  125.17(8)
N(1)—Ag(1)~-N(@3) 135.86(8) N@)—-Ag()-N@)  129.37(8)
N(1)—Ag(1)~N() 125.21(8) NG)—Ag(1)—-N() 74.68(8)
N(11)—-Ag2)-N@31)  171.42(9)

[Ag3(L1),J(NO;);"H,0 (2)

Ag(D)-N@G1) 23314)  Ag()-NQ1) 2.346(3)
Ag(1)-N(@41) 24024)  Ag(l)-N(11) 2.407(3)
Ag(2)—-N(12) 2.1544)  Ag(2)—-N(42) 2.155(4)
Ag(3)-N@32) 2.147(4)  Ag(3)-N(22) 2.152(4)
NGD)—Ag()-N@1)  138.71(13)  N@G1)—Ag(l)-N@1)  74.92(12)
NQ2D)—Ag(1)-N@l)  12240(12)  N@1)—Ag(1)-N(11) 128.74(12)
N(21)—Ag(1)-N(11) 73.90(11)  N@)—Ag(1)-N(11) 127.04(13)
N(12)-Ag(2)-N@2)  167.5017)  N(32)—Ag(3)-N(22) 177.56(18)
[Co(L1),)(SCN),"EtOH (3)

Co(1)—N(1) 2.0963)  Co(1)-N(2) 2.098(3)
Co(1)-N(12) 2.1883)  Co(1)-N(22) 2.191(3)
Co(1)-N(32) 21713)  Co(1)-N(42) 2.159(3)
N(1)—Co(1)~N(2) 17647(12)  N(1)-Co(1)-N@42)  92.43(11)
N(1)—Co(1)~N(32) 91.18(12)  N(1)-Co(1)-N(22)  87.63(11)
N(1)—Co(1)~N(12) 89.13(11)  N(12)—Co(1)-N(22)  89.56(10)
N(42)—Co(1)~N(22) 91.93(10)  N@42)—Co(1)-N(32)  86.54(10)
N@2)-Co(1)-N(12)  177.89(11)  N(32)—Co(1)~N(22)  178.02(10)
N(12)—Co(1)~N(32) 92.01(11)

[Co(L2),](SCN), (4)

Co(1)—N(1) 2051(4)  Co(1)-N(2) 2.053(5)
Co(1)-N(12) 2.1791(15)

N(1)—Co(1)~N(2) 180.0 N(1)—Co(1)-N(12)  89.92(6)
N(12)-Co(1)~N(12B)  90.0

Crystallographic analysis indicates that the asymmetric
unit of complex 1 consists of two silver(1) ions, two L1 li-
gands, two CF3SO;~ anions and one water molecule, as
shown in Figure 1. It is interesting that the Ag' atoms have
two different coordination environments, which is not com-

Figure 1. 1D chain structure of [Ag,(L1),]J(CF5SO3),-H>O (1) with atom numbering scheme; anions, water molecules, and hydrogen atoms

have been omitted for clarity
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mon in metal complexes with open-chain bis(Schiff base)
ligands. In the previously reported silver(1) complex with a
flexible reduced bis(Schiff base) ligand, 1,7-bis(4’-pyridyl)-
2,6-diazaheptane, the 2D brick-wall network consists of tri-
gonal and linear silver(r) ions.?!! In complex 1, four imine
N atoms from two different L1 ligands bind to the Ag(1)
atom to form a double-stranded helicate. The coordination
geometry of the four-coordinate Ag(1) is distorted tetrahed-
ral with N—Ag(1)—N coordination angles ranging from
74.68(8) to 135.86(8)° and an average Ag(l)—N bond
length of 2.364(2) A (Table 1). Similar Ag—N bond lengths
have been reported for silver(1) complexes with the same
AgN, binding site, for example [Ag(L)]NO3 has an average
Ag—N bond length of 2.360(3) A.1*?I The double-stranded
helicates are further linked to the Ag(2) atom through the
coordination of two pyridine N(11) and N(31) atoms, as
illustrated in Figure 1. The N(31)—Ag(2)—N(11) angle of
171.42(9)° indicates that the Ag(2) has an almost linear co-
ordination geometry with bond lengths of 2.176(2) and
2.185(2) A. Therefore, each Ag(1) atom in 1 is coordinated
by two different L1 ligands and, in turn, each L1 ligand
connects two Ag'ions. Such a coordination mode generates
an infinite chain-like structure (Figure 1). The intermetallic
distance between Ag(l) and Ag(2) is 7.39 A. It has been
reported that the bis(Schiff base) ligand obtained from pyr-
idine-2-carbaldehye and 1,2-ethanediamine forms a dinuc-
lear double-stranded helical complex with silver(1) tetra-
fluoroborate.>*241 This helical complex shows remarkable
differences to ours with respect to the coordination mode,
as shown schematically in Scheme 2.

@k/\w\?@
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Scheme 2

It is noteworthy that one pyridine unit of each L1 ligand
remains uncoordinated in complex 1. This means that the
N4 donor ligand L1 actually serves as a tridentate ligand
when it reacts with silver(1) trifluoromethanesulfonate. A
similar phenomenon has been observed in the complex
[Cu(L1)(CH3CN)]NO; with a zigzag chain-like structure.l?"!
In this complex, one pyridine unit of the L1 ligand is also
free from coordination; instead, one acetonitrile molecule
coordinates to the copper center to complete the coordina-
tion sphere of the copper(1) ion.[?°! The uncoordinated pyr-
idine N atom in complex 1 forms an O—H-N hydrogen
bond with a solvate water molecule. Each water molecule
forms two such O—H:-**N hydrogen bonds between the two
adjacent chains and links the 1D chains to give a 2D net-
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work structure as shown in Figure 2. The CF5SO5™ anions
located at the vacancy of the 2D network form four
C—H-O hydrogen bonds. Each cavity contains two
CF3SO;™ anions. The hydrogen bonding data are summar-
ized in Table 2.

When the self-assembly of ligand L1 with silver(1) nitrate
was carried out under the same conditions as 1, coordina-
tion polymer 2 with a similar 2D network structure was
obtained. However, the asymmetric unit of complex 2 con-
tains three Ag' ions (rather than two as in 1), two L1 li-
gands, three NO;~ anions and one water molecule, as
shown in Figure 3. The most important difference between
1 and 2 is that the four N atoms of the L1 ligand all parti-
cipate in the coordination with silver(1) ions in complex 2,
while in 1 only three of the four N atoms coordinate to
Ag (vide supra). The four-coordinate Ag(1) has a distorted
tetrahedral geometry with coordination angles ranging
from  73.90(11) to 138.71(13)°  while  Ag(2)
[N(12)—Ag(2)—N@42) = 167.50(17)°] and Ag(3)
[N(32)—Ag(3)—N(22) = 177.56(18)°] are both two-coord-
inate with an almost linear geometry in complex 2. As illus-
trated in Figure 4, the 1D chains containing double-
stranded helicates in 2 are connected by the coordination
bonds of two-coordinate silver(1) ions with two pyridine
ring N donors from two adjacent chains — instead of
O—H-N hydrogen bonds as in complex 1 — into a 2D
network structure. The NO; ™ anions located at the voids of
the network form nine C—H--O hydrogen bonds as listed
in Table 2. Each cavity contains three NO5;™~ anions with
the solvate water molecules located in the cavity between
the two layers.

The different linkage mode from 1D chains to 2D net-
work for complexes 1 and 2 may be explained by the differ-
ent sizes of the CF;SO;~ and NO;~ anions which occupy
the vacancies of the 2D network 1i.e. the size of the anion
controls the vacancy size of the 2D networks. In the case
of 1 (with the larger CF;SOs™ anion) the vacancy has an
Ag(2A)—Ag(2B) distance of 14.98 A and an O(7A)—0O(7B)
distance of 14.36 A (Figure 2), while in the case of 2 with
the smaller NO3;™ anion, the corresponding distances are
Ag(2)-Ag(RA) = Ag(3)—Ag(3B) = 14.09 A (Figure 4).
The distance between two pyridine N atoms [e.g. N(21B)
and N(41A) in Figure 2] linked by one water molecule in
complex 1 is 5.22 A, which is longer than the distance of
429 A between two pyridine N atoms [e.g. N(12) and
N(42), N(22) and N(32) in Figure 4] coordinated by the
two-coordinate silver(l) ion in complex 2. This result shows
that the counteranions have a large effect on the formation
of network structures.

The Schiff-base ligand L1 and its reduced form L react
with silver(1) nitrate to form the 2D network complex 2 and
the 1D hinged-chain complex [Ag(L)]NO3,?? respectively.
It is interesting that each ligand L1 in 2 has a “C” shape
while the shape of L in [Ag(L)]NOs is “Z” due to the flexib-
ility of the ligands. In addition, the imine N atoms and pyri-
dyl N atoms are coordinated to four-coordinate and two-
coordinate silver(1) ions, respectively, in 2 while in the case
of [Ag(L)]NOs, each silver(1) ion is coordinated by two
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Figure 2. Formation of the 2D network structure of [Ag,(L1),]J(CF3S03),°H,O (1) from 1D chains linked by O—H:-**N hydrogen bonds

Table 2. Hydrogen bonds data for the complexes 1—3

D—H--A Distance of Angle of
DA [A] D-H-A[°]
[Aga(L1),J(CF;3S03),-H,0 (1)
O(7)—H(29)--N(21)ll 2.898(7) 113
O(7)—H(30)-"N(41)*! 3.005(7) 161
C(3)—H(5)--0(5)k 3.203(4) 125
C(10)—H(9)-+-O(4)! 3.293(4) 152
C(14)—H(12)-+-0(6)!! 3.247(4) 130
C(33)—H(21)-+0(6)!! 3.207(4) 139
[Ags(L1):]J(NO3);H,0 (2)
C(4)—H(7)-0(12) 3.354(9) 137
C(10)—H(9)--O(1 1)1 3.249(7) 141
C(12)—H(10)--O(1 1)1 3.212(7) 130
C(12)—H(10)--O(21)lel 3.281(6) 132
C(13)—H(11)--O(41)™] 3.420(11) 154
C(14)—H(12)--0(12) 3.380(7) 161
C(14)—H(12)--0(13) 3.074(7) 124
C(23)—H(16)--0(22) 3.333(8) 171
C(44)—H(27)--0(13) 3.277(8) 137
[Co(L1),]J(SCN),-EtOH (3)
O(1)—H(39)---S(2) 3.480(9) 151
O(2)—H(40)--S(2)! 3.421(13) 170
C(13)—H(11)N(2) 3.146(5) 115
C(23)—H(16)--0(1) 3.110(10) 136
C(23)—H(16)--O(1)1! 3.415(10) 148
C(25)—H(18)-*N(41)X 3.482(5) 151
C(44)—HQ27)--NQ2DH 3.325(5) 133

[al Equivalent atoms generated by 2 — x, 1 — y, 1 — z. Pl Equivalent
atoms generated by 1 — x, 1 — y, —z. [ Equivalent atoms generated
by I + x, y, —1 + z. [9 Equivalent atoms generated by x, y, —1 +
z. [l Equivalent atoms generated by 1 + x, y, z. [ Equivalent atoms
generated by x, 1 + y, z. [&l Equivalent atoms generated by 0.5 +
x, 0.5 + y, z. " Equivalent atoms generated by x, 1 — y, —0.5 +
z. 1 Equivalent atoms generated by 1 — x, —y, z. Ul Equivalent
atoms generated by 1 — x, 1 — y, z. Xl Equivalent atoms generated
byx,1 —0.5+ z
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amine N atoms and two pyridyl N atoms from three differ-
ent L ligands.[>?l This suggests that a subtle change in the
organic ligand may cause a large change in the assembly
products.

In contrast to monovalent metal ions like Cu' and Ag',
which require a tetrahedral or linear coordination geo-
metry, a divalent metal ion such as Co™ is usually six-co-
ordinate with an octahedral geometry. After several at-
tempts at reactions between the L1 ligand and Co'! salts
with different anions, we succeeded in the isolation of a
complex with the SCN™ anion, [Co(L1),(SCN),]-EtOH (3).
The repeat unit of complex 3 is shown in Figure 5. The
coordination sphere of the cobalt(1) ion is defined by four
pyridine N donors of four different L1 ligands situated in
the equatorial plane and two N donors of SCN ™~ anions at
the axial positions, leading to a slightly distorted octahedral
coordination environment. The two linear SCN™ anions are
not perpendicular to the equatorial plane and the
C(2)—N(@)—Co(l) and C(1)-N(1)—Co(1) angles are
147.3(3) and 161.2(3)°, respectively. The four equatorial
Co—N bond lengths range from 2.159(3) to 2.191(3) A and
are longer than those of the two axial Co—N bonds
[2.096(3) and 2.098(3) A] (Table 1). Similar bond lengths
and angles have been observed in a Co'! complex with the
tetradentate Schiff-base ligand 1,3-bis(pyridine-2-carboxal-
diamino)propane.l*®! Surprisingly, the L1 ligand in 3 serves
as a bidentate, not a tetradentate, ligand and connects two
Co' ions; the N atoms of the imine group do not particip-
ate in the coordination to the Co" ion, as shown in Fig-
ure 6. The structure of complex 3 consists of many square
units interconnected through L1 bridges into a 2D network.
Each square unit is composed of two L1 spacers and two
cobalt(m) ions and its cavity is occupied by a disordered
ethanol molecule (Figure 6). It is obvious that the sheets of
2 have a corrugated and wavy network structure and are
linked by C—H-N hydrogen bonds [Figure S1 (for Sup-
porting Information see footnote on the first page of this
article) and Table 2]. The disordered ethanol molecules are
disposed between the layers by (ethanol) O—H--S and
C—H-+O (ethanol) hydrogen bonds (Table 2). Similar to the
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Figure 3. Coordination environment around the silver(r) ions in [Ags(L1),](NO);*H,O (2) with atom numbering scheme, anions, water

molecules, and hydrogen atoms have been omitted for clarity

Co S o5

2
N42 D
c04

Figure 5. Asymmetric unit structure of  complex
[Co(L1),]J(SCN),-EtOH (3); hydrogen atoms have been omitted
for clarity

extended analog of bipyridine, a metal-organic framework
with larger cavity was constructed by reaction of the ligand
L1 with the metal moiety.

In order to compare the structures of complexes obtained
by reactions of Co(SCN), with different ligands L1 and L2,
a crystallographic analysis was carried out for complex 4.
It can be seen from Figure 7 that the coordination mode
around the Co' ion in complex 4 is similar to that in com-
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structure  of  the

network
[Co(L1),(SCN),]'FEtOH (3) with ethanol molecules filled in the
vacancy of 2D sheet; SCN™ ions have been omitted for clarity

Figure 6. 2D complex

plex 3 (Figure 5); the N atoms of the imine groups also
remain uncoordinated as in complex 3. However, two
SCN™ anions and the Co'! ion are in a line, i.e. the SCN™
anions are perpendicular to the equatorial plane in 4. In
addition, each Co'! ion is bridged by four L2 ligands to
four adjacent Co'! centers, resulting in an infinite 2D square
grid with dimensions of 11.34 X 11.34 A (Figure 8, a), near
to the value of 11 A observed in the 1D ladder complex

Eur. J. Inorg. Chem. 2003, 618—627
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Figure 7. Coordination environment around the Co" ion in the
complex [Co(L2),](SCN), (4) with atom numbering scheme; hydro-
gen atoms have been omitted for clarity

BN N
s o '\. 2, ‘
& N r N

N &
. Z R\ NS>
RN N\ Z
' S N <
N\ \}
(@)

®

Figure 8. (a) Square-grid network of complex 4; (b) packing
diagram of two sheets in 4

[Co(bpy); s(NO3),].?°1 The crystal packing diagram of 4,
shown in Figure 8, b, reveals that the 2D sheets repeat in
an ---ABAB--- stacking sequence, with the Co atom of one

Eur. J. Inorg. Chem. 2003, 618—627

layer located above the center of the grid of the adjacent
layer. As a result, there is no open channel and no solvate
molecules are found in complex 4. Ligand L2 is different
from L1 as it contains a 3-pyridyl group instead of a 4-
pyridyl group and this change results in a completely differ-
ent metal-organic framework. These results again demon-
strate that the nature of the organic ligand plays an import-
ant role in the construction of supramolecular architectures.

Properties

Electrospray mass spectrometry (ES-MS) has recently
been proved to be a powerful technique in the characteriza-
tion of assemblies.*”! However, there are few reports on the
application of ES-MS to self-assembled coordination poly-
mers. Using this technique our group has successfully char-
acterized coordination polymers and observed cationic
mono-, di-, tri-, and tetranuclear metal species under ES-
MS conditions.?>?81 Complexes 1—4 were also investigated
by ES-MS and the spectroscopic data are summarized in
Table 3. The ES-MS spectrum of the 2D coordination poly-
mer 1 in acetonitrile solution is shown in Figure 9, a and
gives a clear picture of the different species formed. Four
main peaks at m/z = 345.2, 376.7, 583.0, and 615.0 are ob-
served corresponding to the mononuclear species [Ag(L1)]"
[Ag(L1) + CH;0H]*, [Ag(L1),]*, and [Ag(Ll), +
CH;OH]*" (methanol was used as the mobile phase), re-
spectively. The other four peaks at 840.7, 872.9, 904.7, and
1162.5 originate from the dinuclear species (Table 3). All
these assignments were confirmed by good agreement be-
tween the observed and calculated isotopic distributions.
Figure 9, b shows a typical example of a comparison be-
tween the experimental and calculated isotope distributions
for the peak at m/z = 872.9, corresponding to the dinuclear
species [Ag>(L1),(CF3S0O3) + CH3;0H]*. The observation
of cationic species in the ES-MS spectrum confirms the co-
ordination of L1 to the Ag' atom under the ES-MS experi-
mental conditions. Similar mono- and dinuclear species
were also observed in the complexes 2—4 (Table 3). Obser-
vation of a peak at m/z = 715.9, corresponding to the
[Co(L1),H(SCN), + C,HsOH + H,O]" species, confirms
the presence of an ethanol molecule in complex 3.

The complexes were further investigated by electro-
chemistry. The cyclic voltammograms for
[Co(L1)5(SCN),-EtOH (3) and [Co(L2),(SCN),] (4) are
shown in Figure 10. It can be seen that the cobalt(ir) com-
plexes exhibit similar electrochemical behavior in the posit-
ive potential region. Irreversible anodic peaks were ob-
served at +0.76 V for complex 3 and at +0.80 V for
complex 4 vs. Ag/AgCl in acetonitrile. The known
(Schiff base)cobalt complexes [Co(DSALPTP)],[CoCly]
[H,DSALPTP = 1,3-bis(o-salicylaldiminophenylthio)pro-
pane] and [CoSalmbfn] [Salmbfn = bis(salicylaldehyde)me-
thylene-p,p’-diphenylene] showed a similar irreversible ox-
idation of Co™ to Co™ at 0.75 and 0.80 V vs. Ag/AgCl,
respectively.?? 311 The more positive oxidation potential of
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Table 3. ES-MS data for complexes 1—4
miz Assignment miz Assignment
1 2
2393 [(LLH]* 239.2 [(LLH]*
271.2 [(L1)H+CH;OH]* 271.2 [(L1)H+CH,OH]*
3452 [Ag(LD)]* 3452 [Ag(L)]*
376.7 [Ag(L1)+CH,OH]* 566.9 [Agy(L1)(NO3)+CH;OH+H,0]*
583.0 [Ag(L1),]* 583.0 [Ag(L1),]*
615.0 [Ag(L1),+CH,OH]* 615.0 [Ag(L1),+CH,OH]*
840.7 [Aga(L1),(CF5S03)] 753.8 [Aga(L1)2(NO3)I*
872.9 [Agy(L1)>(CF5S03)+CH,O0H]* 785.8 [Agy(L1),(NO3)+CH;OH]*
904.7 [Agy(L1),(CF5803)+2CH,0H]* 818.0 [Agy(L1),(NO3)+2CH,OH]*
1162.5 [Ago(L1)>(CF5S03)+2CH;0H + H,0]*
3 4
239.2 [(LDH]* 239.3 [(L2)H]*
271.1 [(L1)H+CH;OH]* 271.2 [(L2)H+CH;OH]*
386.9 [Co(L1)SCN+ CH;OH]* 332.7 [Cos(L2)(SCN),+ H,OP*
562.9 [Cos(L1)(SCN); +CH;0H]* 386.9 [Co(L2)SCN+ CH;OH]*
593.0 [Co(L1),SCN]* 579.0 [Coy(L2)(SCN);+CH;0H+H,O0]*
625.0 [Co(L1),SCN +CH;OH]* 691.9 [Co(L2),H(SCN),+CH;CNJ*
651.8 [Co(L1),H(SCN),]*
684.0 [Co(L1),H(SCN),+CH;0H]*
715.9 [Co(L1),H(SCN), + C,Hs;OH + H,0]*
768.0 [Cos(L1)»(SCN)5]*
1004  376.7 583.0 @ 1204 /
o 807 615.0
é 8170 ® | 2004
60
=4 271.2
2
< 401 0 500 1000 1500
2 840.7
g 872.9 E/mV vs. Ag/AgCl
S 201 11625
R J “' *_],165.6
0 0 500 1000 1500 2000 Figure 10. Cyclic voltammograms in acetonitrile with 0.1 M BuyN-
ClO, as supporting electrolyte: (a) [Co(L1),(SCN),]-EtOH (3); (b)
m/z
[Co(L2),(SCN),] (4); scan rate = 100 mV/s
(a)
100+
Q
2 804 complex 4 implies that it is more difficult to oxidize than
£ 601 complex 3 under the electrochemical conditions.
< The temperature dependence of the magnetic susceptibil-
o 401 : -
2 ity of complexes 3 and 4 was measured in the temperature
:23 201 range 75—300 K. It was found that the effective magnetic
01 moment values for 3 and 4 were 5.05 pg and 4.85 pp (U =
865 870 875 880m/2865 870 875 880 9.27-10724 J-T 1), respectively, at 300 K. These values are

®)

Figure 9. (a) ES mass spectrum of [Agy(L1),]J(CF5S03),°H,O (1)
in acetonitrile solution; (b) observed (traces) and calculated (bars)
isotopic distributions for the peak at m/z = 872.9
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within the expected range (4.3—35.2 pg) for isolated d” high-
spin, six-coordinate Co'' complexes.?”] Upon lowering the
temperature, the effective magnetic moment gradually de-
creased to 4.32 pp for 3 and 4.20 ug for 4. These results
indicate that there are only weak antiferromagnetic interac-
tions between the metal centers due to the large Co-+Co
separations revealed by the crystal structures.
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Table 4. Crystallographic data for complexes 1—4

FULL PAPER

2

3

4

Complex 1
Empirical formula C30H30Ag,F¢NgO,S,
Molecular weight 1008.48
Crystal system triclinic
Space group P1

a [A] 11.0577(4)
b [A] 13.9358(12)
c[A] 14.3642(10)
a[?] 99.538(3)

B ] 109.125(3)
vl 108.798(2)
VA3 1886.5(2)
V4 2

Dculcd [g-cm’3] 1.775

p [mm™1] 1.234
Reflections collected 13716
Independent reflections 8564

Riy 0.0241
Obsd. reflections [/ > 2o([)] 6482
Parameters refined 502

R (obsd. data) 0.0334

wR (obsd. data) 0.08371

Goodness of fit 1.083
Residuals [erA™7] 0.602; —0.721

CasH30Ag3N 0y
1004.24

C3,H34N;oCo0S ,
697.74

C30H2sNoCoS,
651.67

monoclinic orthorhombic tetragonal
Cc Iba2 14
26.2730(13) 29.5151(8) 11.3350(9)
10.1924(3) 12.5454(3) 11.3350(9)
14.3278(8) 18.8052(5) 13.0035(7)
119.5780(10)

3336.8(3) 6963.2(3) 1670.7(2)
4 8 2

1.999 1.331 1.295
1.817 0.654 0.674
15008 33548 7535

6516 7983 1915
0.0303 0.0746 0.0738
6201 6466 1750

502 432 103
0.0314 0.0549 0.0378
0.0802] 0.1002( 0.0851!
1.043 1.030 1.028
0.853; —0.691 0.375; —0.321 0.317; —0.238

@l ¢ = 1/[63(F,)> + (0.0478P)?], where P = (F,2 + 2F.2)/3. " @ = 1/[cX(F,)? + (0.0537P)> + 3.4468P], where P = (F,2 + 2F.2)/3. @ =
1/[cX(F,)? + (0.0483P)> + 5.7779P], where P = (F,2 + 2F.2)/3. 9 o = 1/[c*(F,)> + (0.0524P)?], where P = (F,> + 2F.2)/3.

Conclusion

From the structure analysis of 2D networks 1 and 2, it
has been found that the anions play a key role in the con-
struction of coordination polymers. In complex 1, the large
CF3SO;~ anion lengthens the distances between the 1D
chains, so that the formation of 2D network depends on
the O—H-N hydrogen bonds formed between the chains
and solvate water molecules. In complex 2, with the small
nitrate anion, a 2D structure is obtained by the coordina-
tion interactions between two-coordinate silver(1) ions and
ID chains. In addition variation of the terminal coordina-
tion group from 4-pydriyl to 3-pyridyl generates two com-
pletely different polymers 3 and 4. These results indicate
that a small change in the organic ligand has a significant
effect on the self-assembly products.

The present study shows that the multidentate Schiff-base
ligands L1 and L2 can offer a different number of N donors
according to the coordination requirement of different
transition metal ions. The ligand L1 is tridentate in complex
1 and tetradentate in complex 2, while in the case of com-
plexes 3 and 4, both L1 and L2 act as bidentate ligands.
This also suggests the complexity of multidentate ligands in
the self-assembly process with metal salts.

Experimental Section

General: All commercially available chemicals were of reagent
grade and used as received without further purification. L1 was
prepared by a method reported previously.*”! Solvents were puri-
fied according to standard methods. Samples for C, H, N analyses
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were dried under vacuum and the analyses were performed with a
Perkin—Elmer 240C elemental analyzer at the analysis center of
Nanjing University. '"H NMR spectra were measured with a Bruker
DRX500 MHz NMR spectrometer at room temperature. Elec-
trospray MS measurements were carried out with an LCQ System
(Finnigan MAT, USA) using methanol as mobile phase. Variable-
temperature magnetic susceptibilities (75—300 K) of complexes 3
and 4 were measured with a CHAN-2000 Faraday magnetometer.
A diamagnetic correction was made with Pascal’s constants for all
the constituent atoms, and the magnetic moments were calculated
by the equation peg = 2.828(ym) "> Cyclic voltammograms (CVs)
were recorded with an EG&G M273 potentiostat/galvanostat sys-
tem using a platinum working electrode, a platinum wire counter
electrode and an Ag/AgCl reference electrode. The CV measure-
ments were carried out in acetonitrile solution containing 0.1 M
tetrabutylammonium perchlorate as supporting electrolyte at a
scan rate of 100 mV-s~!. Ferrocene was added at the end of the
experiment and used as an internal reference.

Preparation of 1,2-Bis(3’-pyridylmethyleneamino)ethane (L2): 1,2-
Ethanediamine (0.53 mL, 7.9 mmol) was dissolved in refluxing ab-
solute methanol (30 mL) and pyridine-3-carbaldehyde (1.42 mL,
15.0 mmol) in absolute methanol (30 mL) was added slowly to give
a clear yellowish solution. The mixture was refluxed for 3 h and
stirred overnight at ambient temperature. The solvents were evapor-
ated to give a yellow solid under reduced pressure. White needle-
shaped crystals were obtained by recrystallization of the residue
from methanol and deionized water. After washing with diethyl
ether and drying under vacuum, 1.52 g of L2 was obtained with a
yield of 85%. ES-MS: m/z = 239.1 [L2 + H]*. C;4,H 4N, (238.29):
caled. C 70.56, H 5.92, N 23.51; found C 70.39, H 5.81, N 23.75.

Synthesis of [Ag,(L1),](CF5S03),'H,0 (1): All procedures for syn-
thesis and recrystallization were carried out in the dark. A deion-

ized aqueous solution (5 mL) of CF3SO;Ag (12.8 mg, 0.05 mmol)
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was added dropwise to a stirred solution of L1 (11.9mg,
0.05 mmol) in acetonitrile (5 mL) at room temperature. After filtra-
tion, the clear filtrate was allowed to stand at 5 °C for several days,
and colorless crystals were collected (14.1 mg, 56%). Single crystals
suitable for X-ray diffraction analysis were obtained by slow con-
centration of the filtrate at 5 °C. '"H NMR (D0, 25 °C): § =
398 (s, 4 H), 597 (s, 2 H), 7.81 (d, 4 H), 8.73 (d, 4 H) ppm.
C30H30Ag,FsNgO,S, (1008.48): caled. C 35.73, H 3.00, N 11.11;
found C 35.77, H 3.05, N 11.05.

Synthesis of [Ag;(L1),](NO3)3:H,O (2): The complex was prepared
in a manner similar to that for 1 except that CF;SO;Ag was re-
placed by AgNOj3. Light-brown block single crystals were obtained
(8.4 mg, 50%). CrgH30Ag3N1101¢ (1004.24): caled. C 33.49, H 3.01,
N 15.34; found C 33.38, H 3.26, N 15.36.

Synthesis of [Co(L1),(SCN),'EtOH (3): This complex was pre-
pared by the layering method. A solution of ligand L1 (11.9 mg,
0.05 mmol) in ethanol (5 mL) was added slowly and carefully to a
layer of a solution of Co(SCN), (11.5 mg, 0.05 mmol) in ethanol
(3mL) in a tube. Red-orange platelet single crystals suitable for X-
ray diffraction analysis were obtained after standing for several
days (12.6 mg, 72%). C5,H34CoNoOS; (697.74): calcd. C 55.08, H
4.91, N 20.07; found C 55.02, H 5.00, N 20.28.

Synthesis of [Co(L2),(SCN),] (4): According to the preparation
method of complex 3, pink column single crystals suitable for X-
ray diffraction analysis were obtained by reaction of the ligand L2
with Co(SCN),; yield 11.1 mg, 68%. Cs30H,3CoN oS, (651.67):
caled. C 55.29, H 4.33, N 21.49; found C 55.12, H 4.49, N 21.47.

X-ray Crystal Structure Analysis for Complexes 1—4: The intensity
data for the complexes 1—4 (Table 4) were collected with a Rigaku
RAXIS-RAPID Imaging Plate diffractometer at 200 K, using
graphite-monochromated Mo-K, radiation (A = 0.7107 A). The
structures were solved by direct methods with SIR9233! and ex-
panded using Fourier techniques.*¥ All data were refined aniso-
tropically by the full-matrix least-squares method for non-hydrogen
atoms. The hydrogen atom positions were generated geometrically
except for those of the water molecules, which were found from
difference maps. Disordered NO;~ anions and ethanol molecules
were observed in complex 2 and 3, respectively, although the data
collection was performed at low temperature (200 K). All calcula-
tions were carried out with an SGI workstation using the teXsan
crystallographic software package of Molecular Structure corpora-
tion.33) CCDC-189685 (1), -189686 (2), -189687 (3), and -189688
(4) contain the supplementary crystallographic data for this paper.
These data can be obtained free of charge at www.ccdc.cam.ac.uk/
conts/retrieving.html [or from the Cambridge Crystallographic
Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; Fax: (in-
ternat.) + 44-1223/336-033; E-mail: deposit@ccdc.cam.ac.uk].

Acknowledgments

This work was supported by National Natural Science Foundation
of China.

11 J. L. Atwood, J. Eric D. Davies, D. D. MacNicol, J.-M. Lehn,
Comprehensive Supramolecular Chemistry 1996, vol. 6, p.
733-755.

2l B. F. Abrahams, B. F. Hoskins, R. Robson, J Am. Chem. Soc.
1991, 713, 3606—3607.

131 B. Olenyuk, J. A. Whiteford, A. Fechtenkotter, P. J. Stang, Na-
ture 1999, 398, 796—799.

626

B A. Muller, E. Krickemeyer, H. Bogge, M. Schmidtmann, F.
Peters, Angew. Chem. Int. Ed. 1998, 37, 3360.

BI' M. J. Zaworotko, Chem. Soc. Rev. 1994, 23, 283—288.

1 H. Li, M. Eddaoudi, M. O’ Keeffe, O. M. Yaghi, Nature 1999,
402, 276.

[71'S. Noro, S. Kitagawa, M. Kondo, K. Seki, Angew. Chem. Int.
Ed. 2000, 39, 2081 —2084.

[8] [8a] J Ly, T. Paliwala, S. C. Lim, C. Yu, T. Niu, A. J. Jacobson,
Inorg. Chem. 1997, 36, 923—929. I8l R, W. Gable, B. F. Hos-
kins, R. Robson, J Chem. Soc., Chem. Commun. 1990,
1677—1678.

Pl K. Biradha, M. Fujita, Chem. Commun. 2001, 15—16.

(101 [10al [, Carlucci, G. Ciani, D. M. Proserpio, J. Chem. Soc., Dal-
ton Trans. 1999, 1799—1804. 11 Y. B. Dong, M. D. Smith, R.
C. Layland, H. C. Zur Loye, J. Chem. Soc., Dalton Trans. 2000,
775—780. 1% H. J. Choi, M. P. Suh, J. Am. Chem. Soc. 1998,
120, 10622—10628.

(I Hal M. Fuyjita, Y. J. Kwon, O. Sasaki, K. Yamaguchi, K. Ogura,
J Am. Chem. Soc. 1995, 117, 7287—7288. bl M. A.
Withersby, A. J. Blake, N. R. Champness, P. A. Cooke, P. Hub-
berstey, M. Schroder, New J. Chem. 1999, 23, 573—575.

(1211128l K. N. Power, T. L. Hennigar, M. J. Zaworotko, New J.
Chem. 1998, 22, 177—181. 12°] A_ Rujiwatra, C. J. Kepert, M.
J. Rosseinsky, Chem. Commun. 1999, 2307—2308.

(131 S, Nishikiori, T. Iwamoto, Inorg. Chem. 1986, 25, 788—794.

(141 [14a] M. Fujita, Y. J. Kwon, S. Washizu, K. Ogura, J Am. Chem.
Soc. 1994, 116, 1151—1152. [14P] K. Biradha, K. V. Domasev-
itch, B. Moulton, C. Seward, M. J. Zaworotko, Chem. Com-
mun. 1999, 1327—1328.

[151'S. Nishikiori, T. Iwamoto, Bull. Chem. Soc. Jpn. 1983, 56,
3246—3252.

(1erftea]l g R. Batten, B. F. Hoskins, R. Robson, New. J Chem.
1998, 22, 173—175. [16] B. F. Abrahams, M. J. Hardie, B. F.
Hoskins, R. Robson, E. E. Sutherland, J Chem. Soc., Chem.
Commun. 1994, 1049—1050. 161 L. R. Macgillivray, R. H. Gro-
eneman, J. L. Atwood, J Am. Chem. Soc. 1998, 120,
2676—2677.

(710171 T, L. Hennigar, D. C. Macquarrie, P. Losier, R. D. Rogers,
M. J. Zaworotko, Angew. Chem. Int. Ed. Engl. 1997, 36, 972.
1701 Y_B. Dong, M. D. Smith, H.-C. zur Loye, Inorg. Chem.
2000, 39, 4927—4935.

(18] [18a] M. Munakata, L. P. Wu, T. Kuroda-Sowa, M. Maekawa,
K. Moriwaki, S. Kitagawa, Inorg. Chem. 1997, 36, 5416. [180]
L. Carlucci, G. Ciani, D. W. Gudenberg, D. M. Prosperpio, A.
Siraoni, Chem. Commun. 1997, 631. '8 S -1. Noro, M. Kondo,
T. Ishii, S. Kitagawa, H. Matsuzaka, J Chem. Soc., Dalton
Trans. 1999, 1569.

1 G. Singh, Ph. A. Singh, A. K. Sen, K. Singh, S. N. Dubey, R.
N. Handa, J. Choi, Synth. React. Inorg. Met.-Org. Chem. 2002,
32, 171—-187.

(201 W.-Y. Sun, B.-L. Fei, T.-A. Okamura, W.-X. Tang, N. Ueyama,
Eur. J. Inorg. Chem. 2001, 1855—1861.

211 B. L. Fei, W. Y. Sun, T.-a. Okamura, W. X. Tang, N. Ueyama,
New J. Chem. 2001, 25, 210—212.

221 B. L. Fei, W. Y. Sun, K. B. Yu, W. X. Tang, J Chem. Soc.,
Dalton Trans. 2000, 805—811.

(231 P. K. Bower, K. A. Porter, A. D. Rae, A. C. Willis, S. B. Wild,
Chem. Commun. 1998, 1153—1154.

[241 G. C. van Stein, G. van Koten, K. Vrieze, A. L. Pek, J Am.
Chem. Soc. 1984, 106, 4486—4492.

(251 A. Jantti, K. Rissanen, J. Valkonen, Acta Chem. Scand. 1998,
52, 1010—1016.

(261 P. Losier, M. J. Zaworotko, Angew. Chem. Int. Ed. Engl. 1996,
35, 2779—-2782.

271 E. Leize, A. V. Dorsselaer, R. Kramer, J.-M. Lehn, J Chem.
Soc., Chem. Commun. 1993, 990—993.

(281 (28] B, L. Fei, W.-Y. Sun, Y.-A. Zhang, K.-B. Yu, W.-X. Tang,
Inorg. Chim. Acta 2000, 306, 106—111. 28?1 WY Sun, J. Fan,
T.-a. Okamura, N. Ueyama, Inorg. Chem. Commun. 2000, 3,
541—544.

Eur. J. Inorg. Chem. 2003, 618—627



Two-Dimensional Network Complexes with Multidentate Bis(Schiff Base) Ligands FU LL PAPER

[291 S, Chang, V. V. Karambelkar, R. D. Sommer, A. L. Rheingold, P4 DIRDIF94: P. T. Beurskens, G. Admiraal, G. Beurskens, W. P.

D. P. Goldberg, Inorg. Chem. 2002, 41, 239—2438. Bosman, R. de Gelder, R. Israel, J. M. M. Smits, The DIRFID-
1301 S, Pal, P. Sengupta, S. Ghosh, G. Mukherjee, G. Mostafa, J 94 program system, Technical Report of the Crystallography
Coord. Chem. 2002, 55, 271—280. Laboratory, University of Nijmegen, The Netherlands, 1994.
311 A, Pui, 1. Berdan, I. Morgenstern-Badarau, A. Greg, M. Per- 33 teXsan: Crystal Structure Analysis Package, Molecular Struc-
ree-Fauvet, Inorg. Chim. Acta 2001, 320, 167—171. ture Corporation, 1999.
[321 M. Mikuriya, K. Nakadera, J.-W. Lim, Synth. React. Inorg. Received July 18, 2002
Met.-Org. Chem. 2002, 32, 117—125. [102400]

331 STR92: A. Altomare, M. C. Burla, M. Camalli, M. Cascarano,
C. Giacovazzo, A. Guagliardi, G. Polidori, J Appl. Crystallogr.
1994, 27, 435.

Eur. J. Inorg. Chem. 2003, 618—627 627



