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By utilizing the novel metalloligand L, [Cu(2,4-pydca),]>~ (2,4-pydca®~ = pyridine-2,4-dicarboxylate), which possesses
two kinds of coordination groups, selective bond formation with the series of the first-period transition metal ions
(Mn" Fe'", Co", Cu", and Zn") has been accomplished. Depending on the coordination mode of 4-carboxylate with
Co'", Cu", and Zn" ions, L® forms a one-dimensional (1-D) assembly with a repeating motif of [-M-0,C—(py)N—
Cu—N(py)—CO2—]: {[ZnL (H,0)3(DMF)]-DMF}, (2), [ZnLC(H,0),(MeOH),], (3), and { [MLS(H,0)4]-2H,0} , (M =
Co (4), Cu (5), Zn (6)). The use of a terminal ligand of 2,2'-bipyridine (2,2'-bpy), in addition to the Cu" ion, gives
a zigzag 1-D assembly with the similar repeating unit as 4-6: {[Cu(2,2'-bpy)L*"]-3H,0}, (9). On the other hand,
for Mn" and Fe" ions, L® shows a 2-carboxylate bridging mode to form an another 1-D assembly with a repeating
motif of [-M—0-C—0—-Cu—0—-C-0-]: [ML“(H,0)4], (M = Mn (7), Fe (8)). This selectivity is related to the strength
of Lewis basicity and the electrostatic effect of L and the Irving—Williams order on the present metal ions. According
to their bridging modes, a variety of magnetic properties are obtained: 4, 5, and 9, which have the 4-carboxypyridinate
bridge between magnetic centers, have weak antiferromagnetic interaction, whereas 7 and 8 with the carboxylate
bridge between magnetic centers reveal 1-D ferromagnetic behavior (Cu"-M"; M" = Mn", J/ks = 0.69 K for 7; M"
= Fe', Jkg = 0.71 K for 8).

Introduction electronic structures in accord with their coordination
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contrary, organic bridging ligands generally construct back- Chart 1
bones for the fabrication of a coordination network. Com-
binations of these building blocks have succeeded to form a

wide variety of molecular architectures. More controlled A =
. : . . . \ N—Cu—N
fabrication to desire fruitful structures and novel physical /
properties would be achieved by using metal complexes as ® 0
B

building blocks, sometimes called “metalloligands”. A met-

alloligand has several advantages to design infinite frame- metalloligand [Cu(2,4-pydca}~ (hereafter, [Cu(2,4-pydcd’-
works: (i) multicoordination sites (functional groups), (ii) is abbreviated as 1) has two kinds of Lewis-base coor-
polyhedral coordination-donor building block controlled in dination groups, 4-carboxylate (group A) and 2-carboxylate
coordination-direction, and (iii) easy to construct heterome- (group B) moieties, as shown in Chart 1. Group A is a regular
tallic assembly systems. The representative metallo'igandscarboxylate linker, whereas group B contributes to both
refer to [M" (CN)X]H and [Mm(qx)g']s_ (0% - oxalate). chelating of the central Cluion (formation of the metallo-
Their assemblies have been in the spotlight to dfe; ligand) and bridging with other metal ions presented. The
however, reports on coordination polymers with metallo- bridging capability of group B is thus weaker than that of
ligands are still sparse in comparison with pure organic .., A pecause of its weak electron-donating and electro-
ligands&”Another famous example of a metalloligand may static power. Indeed[ZnLSY(H,0)(DMF)]-DMF}, (2) and

be Cd co mplexes rep_o_rted by Kahn’s grolﬁ:_)bs where the [ZnLCY(H,0)(MeOHY], (3) synthesized previously revealed
metalloligands containing oxamate, oxamide, benzoate, Ol'the 4-carboxylate bridging mode (the 4-carboxylate group
propionate groups bridge second transition metal ions of of LS linked Zni' ions but the 2-carboxylate group was

Il | il | i i i
Mn', Cd', Ni", and CU to form heterometallic coordination ¢, qination-free for Zhions)? From this aspect, our interest
polymers indicating interesting magnetic behavior with & a5 directed to the selectivity of coordination groups in a

Iong-rangg order. , ) _metalloligand for a certain metal ion. If the control of the
Our_ de_swable_metgllohgap@ is one that POSSEsSes multi-cpoice of metal ions for coordination groups, namely what
coordllnallt.lon 'a.l?'lllty in addition to the above-mentioned o 4l “bond engineering in metalloligand”, is possible, we
peculiarities i-ii. We have recently developed a new . 4 ohtain not only important information toward a rational
metallollgapd, (Edf_\IH)z[Cu(Z,{l-pydcag(HZO)] (1-2ELNH) synthetic strategy for coordination polymers, but also desired
(2,4-pydcd = pyridine-2,4-dicarboxylate), prepared by the
reaction of [Cu(2,4-pydcatH,0),] (1-2H) with E&N.° The
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Framework Control by Metalloligand
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magnetic materials, properties of which are strongly depend-acetonitrile, DMF, CHG, CH.Cl,, and diethyl ether, and

ent on bridging features between the''@enters of € and
second transition metal ions.

this fact limits the utility of 1-2H as a metalloligand.
Therefore, an anionic metalloliganti2ENH, was prepared

In this paper, we report a successful selective bond by further deprotonation of the remaining 4-carboxylic acid

formation of coordination polymer§[ML “4(H,0),]-2H,0}
(M = Co @), Cu (), Zn (6)), [ML “(H20)4]n (M = Mn (7),
Fe ®)), and{[Cu(2,2-bpy)LY]-3H,O},, (9) (2,2-bpy = 2,2-
bipyridine). These compounds are constructed from
combination of the metalloligantt2E;NH and correspond-
ing metals 4—8) or a metal complex [Cu(2,bpy)F" (9)
as the second building unit (Scheme 1%V lindicates the

bonding selectivity for the first-period transition metal ions

parts of1-2H in the presence of Bl; 1-:2EtNH has only
1ad{ COO)I{(COO) stretching bands at 1658,1628/1369,1342
cm L. As expected,1-2EENH is easily soluble in polar

the solvents such as water, MeOH, and DMF, being useful as a

metalloligand. The difference of the solubility between the
two types of the metalloligands could be ascribed to their
hydrogen-bonding networks in the solid state (vide infra).

Crystal Structures of Metalloligands, [Cu(2,4-pydcaH}-

used and thereby controls the magnetic properties of obtaineqy,0),] (1-2H) and (EtsNH)2[Cu(2,4-pydcak(H,0)]
coordination polymers as well. With another coordination (1-2EtsNH). ORTEP views around the ¢center ofl-2H

polymer of [AgL®, (10), their detailed structures and
magnetic properties are discussed.

Results and Discussion

Preparation of the Metalloligands. Assembly of Cli ion
with 2,4-pydcaH (1:2 ratio) in a water/methanol solution
afforded novel metalloligand-2H with the monoanionic

and 1-2ENH are shown in Figure 1a,b, respectively.
Selected bond distances and angles are listed in Table 1. It
should be noted that the structuresle?H and1-2E&NH

are characteristically different from each other in two aspects
of the number of coordinated ;@ molecules and the
protonation of 4-carboxylate groups. The Ceenter of
1-2H can be described as an axially elongated octahedron

form, 2,4-pydcaH, without the presence of any deprotona- Wwith two axial HO molecules and two nitrogen and two

tion reagents. The IR spectrum &f2H shows av(C=0)
stretching band for the 4-GE groups at 1728 cnt and
1a{COO)I{(COO) ones for the 2-CO groups at 1653/1367

oxygen donors of the chelating 2,4-pydcatiigands oc-
cupying the basal sites. Since there is an apparent difference
between the two €0 bond distances of the 4-G@roups

cmL. Note that no polymeric compounds were obtained in (Table 2), they should be considered as an acidic type of

this reaction condition. Nevertheless, this compound

is —CO,H. This fact is in good agreement with the IR data.

scarcely soluble in common solvents such as water, alcohol,Consequently]l-2H forms a neutral building block. The €u

Inorganic Chemistry, Vol. 44, No. 1, 2005 135
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(a) with the aforementioned structural characters. In the case of
0® (1) 1-2H, the 4-carboxylic acid groups form intermolecular
hydrogen bonds with the coordinated®molecules with

an average bond distance of 2.590 A, and the coordination-
free oxygen atoms of the 2-carboxylate groups also link to
the coordinated D molecules in another hydrogen-bonding
mode (av 2.730 A) as shown in Figure 2a, forming a three-
dimensional (3-D) hydrogen-bonding network Il Et;NH,
the 4-carboxylate groups make intermolecular hydrogen
bonds with the coordinated:® molecules (2.679(2) A) and
free (EeNH)* molecules (2.683(2) A). However, there is no
hydrogen-bonding interaction with the coordination-free
oxygen atoms of the 2-carboxylate groups, being in sharp
contrast to that ofl-2H. The 1-2E%NH unit forms a one-
dimensional (1-D) hydrogen-bonding network (Figure 2b).
Both compounds also form the—x interactions between
pyridinedicarboxylate parts (6C = 3.6 A and G--O =
3.1-3.5Afor1-2H, and G-C=3.6 Aand G-O=3.6 A
for 1-2EtNH). These m—xr interactions spread in the
direction of one dimension. Considering thatas interac-
tion is generally weaker that a hydrogen-bonding one, the
dimensionality of hydrogen-bonding network could be
closely related to the solubility of-2H and1-2EtNH as
mentioned in the previous section. Note that the coordination
geometry of a basic unit [Cu(2,4-pydeR) (L), taking a
Jahn-Teller geometry with the equatorial 2,4-pydca
ligands, is preserved even in extended polymer structures
of 2—10 (vide infra).

Crystal Structures of 1-D Chain Polymers, {[ML -
ion of 1-2ENH is a distorted square-pyramid with an apical (H20)4]-2H,0}, (M = Co (4), Cu (5), Zn (6)).Compounds
H,O molecule and two nitrogen and two oxygen atoms of 4—6 are isomorphous as a coordination 1-D polymer, in
2,4-pydcd" in the basal plane. In contrast 1e2H, the two which the metalloligand " acts as a linear-type bridge. An
C—0 bond distances of the 4-G@roups ofl-2E:NH are ORTEP view around the metal centersla$ representatively
similar to each other (Table 2), indicative of their anionic shown in Figure 3a. Selected bond distances and angles of
form, —CO,~, which is consistent with the IR data. The 4—6 are summarized in Table 3. The coordination environ-
countercation for the anionic metalloligand, [Cu(2,4-pygica) ment of each Clicenter of the metalloligandQ“ consists
(H20)]?", is protonated BN molecules, (BENH)*, as shown of an apical HO molecule and two sets of,, donor atoms
in the X-ray crystallographic data (\H = 0.98 A and of 2,4-pydcd" chelating ligands in the basal plane, forming
O_coo—H = 1.71 A). These compounds form hydrogen- a distorted square pyramid as observed in the precursor
bonding networks, the dimension of which is varied in accord 1:2EtNH. The Cd center also has a distorted square

e ow c(1n
c(14) c2)

0(2)

\%(2’ )
o
T U, (1
(5) @ <@ ’ I I I
o)

oy C)

("ogn
om C(10)

(V) @

Cu(l)

[t)]
C

c@3) O®)

00 H(4)

(I o

Figure 1. ORTEP drawing around a ®ucenter of (a)1-2H and (b)
1-2ENH at the 30% probability level. All hydrogen atoms except for
COOH parts ofl-2H and triethylammonium proton Gf2ENH are omitted
for clarity. Roman numerals-IV are used to briefly describe each
carboxylate part.

Table 1. Selected Bond Distances (A) and Angles (degl&H and1-2ENH2
(a) [Cu(2,4-pydcal)H20);] (1-2H) Distances

Cu(1)-0(1) 1.946(2) Cu(1yO(5) 1.943(2) Cu(y0(9) 2.684(2)
Cu(1)-0(10) 2.524(2) Cu(yN(2) 1.979(2) Cu(1yN(2) 1.979(2)
Angles
O(1)—Cu(1)}-0(5) 174.83(8) O(Z)yCu(1)-0(9) 96.30(7)
O(1)—Cu(1)y-0(10) 85.10(7) O(L)yCu(1)-N(1) 83.25(8)
O(1)—Cu(1)}-N(2) 96.49(8) O(5)Cu(1)-0(9) 88.84(7)
O(5)—Cu(1)}-0(10) 89.74(7) O(5yCu(1)-N(1) 97.30(8)
O(5)—Cu(1)}-N(2) 83.54(8) 0O(9)-Cu(1)-0(10) 177.50(5)
0O(9)-Cu(1)}-N(1) 90.31(8) O(9)-Cu(1)-N(2) 83.22(8)
O(10)-Cu(1)y-N(1) 91.91(7) O(10)Cu(1)-N(2) 94.57(8)

N(1)—Cu(1)-N(2) 173.46(8)
(b) {[Cu(2,4-pydcayH,0)]-2EtsNH} (1-2EtNH) Distances
Cu(1)-0(2) 1.938(1) Cu(1yO(5) 2.141(2) Cu(LyN(1) 2.001(1)
Angles
O(1)—Cu(1)}-0(1%) 168.57(8) O(1)-Cu(1)-0(5) 95.71(4)
O(1)—Cu(1)}-N(1) 82.85(5) O(1)Cu(1)-N(1%) 94.77(5)
O(5)—Cu(1)}-N(1) 101.95(4) N(21)Cu(1)-N(1*) 156.09(9)

aSymmetry code: (*) 2-x,y, %3 — z
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(a)

. 4-COoH

o-t 2-COy &

Figure 2. (a) View of the hydrogen-bonding mode b2H. All hydrogen
atoms except for the COOH parts are omitted for clarity. Only a half part
of the hydrogen-bonding mode is shown for simplicity. The dotted lines
indicate hydrogen bonds. (b) View of the 1-D hydrogen-bonding network
of 1:2ENH. The ethyl substituents of (8H)* and all hydrogen atoms
except for triethylammonium protons are omitted for clarity. The dotted
lines indicate hydrogen bonds.

Table 2. C—O Bond Distances, Difference, and Charge Typelf@H
and 1-2EtNH

compd bond length (A) difference (A) type
1-2H | 1.265(3), 1.240(3) 0.025 carboxylate
I 1.261(3), 1.240(3) 0.021 carboxylate
I 1.317(3), 1.207(3) 0.110 carboxylic acid
IV 1.311(3), 1.202(4) 0.109 carboxylic acid
1-2E6NH | 1.285(2), 1.210(2) 0.075 carboxylate
Il 1.256(2), 1.215(2) 0.041 carboxylate

pyramidal geometry surrounded by one apical oxygen donor

of H,O molecule and four equatorial oxygen donors given
from two other HO molecules and two 4-carboxylate groups
of L% forming an alternating linear 1-D chain (Figure 3b).
The average distance between the' Qenters and the
coordination oxygen of 4-carboxylate bridges is 1.975 A,
which is regularly observed in the metalarboxylate bond-
ing mode. Each chain connects itself with neighboring chains
by interchain hydrogen bonds between M-coordinate@ H

molecules and oxygen atoms of 2-carboxylate groups, and

between Co-coordinated,8 molecules and oxygen atoms
of 4-carboxylate groups with the bond distances of 2.68
2.88 A as shown in Figure 3c. The intrachain -€Go
distance is ca. 8.80 A, while the shortest interchair- @u

and Co-+Co distances are ca. 5.34 and 4.43 A, respectively.
The 7—x interactions between the pyridinedicarboxylate
parts also support an interchain assembly{C= 3.4—3.6
Aand G--O=3.2 A).

Crystal Structures of 2-D Polymers, {[ZnL ¢“(H,0)z-
(DMF)] -DMF}, (2), [ZnL S¥(H20)2(MeOH)2]. (3), [ML -
(H20)d]n (M = Mn (7), Fe (8)), and{[Cu(2,2-bpy)L "]
3H,0}, (9). Crystal structures of2 and 3 have been
previously reported,and therefore, only bonding schemes

(a)

i)
{. clidy

cin 12y

cw CiE .
fcun o
i6)

i1y

(c)

.

Figure 3. Structure of4. (a) ORTEP drawing around €and Cd centers

at the 30% probability level. (b) ORTEP view of the 1-D linear chain
structure at the 30% probability level. (c) View of the hydrogen-bonding
network among the 1-D chains. The dotted lines indicate hydrogen bonds.
The guest HO molecules and hydrogen bonds between the chains and free
H>O molecules are omitted for clarity.

are described to compare the structural features with thoseZn" ions, forming an undulated coordination 1-D chain. The

of other novel coordination polyme—10. These com-
pounds are structurally coordination 2-D network polymers,

chains are bound between 'Cand Zd' ions via a HO
molecule, consequently forming a 2-D coordination sheet,

but they are different from each other in bonding modes as which interacts with the neighboring sheets through hydrogen

shown in Figure 4.
In 2, the two 4-carboxylate groups oft.act as unidentate

bonds between Zn-coordinated,® molecules and the
oxygen atoms of 2- or 4-carboxylate groups. 3n the

coordination and bidentate semichelating ligands to bridge 4-carboxylate groups of 4 bridge Zi' ions to form a
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Table 3. Selected Bond Distances (A) and Angles (degftef? unit, where both 2- and 4-carboxylate groups are utilized to
4(M=Co) 5(M=Cu() 6(M=2zn) form a 2-D network. An ORTEP view around the metal
Distances centers of7 is representatively shown in Figure 5a7aand
Cu(1)-0(1) 1.969(3) 1.964(2) 1.966(3) 8 are isomorphous. Selected bond distances and angles of
gﬂg)tggg %:gggg; %gg%g ;;ggigg and8 are listed in Table 4. The Mncenter is based on a
Cu(1)-N(1) 1.974(3) 1.975(2) 1.980(3) distorted octahedral environment occupied by fowOH
ﬁ“_%)(}';'(z) i:ggg% i:g%(é)) %:8%2% molecules and two oxygen donors of 2-carboxylate groups
M—0O(7%) 1.960(3) 1.924(2) 1.992(3) of the metalloligands with a bond distance of Mnr{Q(2)
m:gg% i:gg%gg i:géigg 318238% = 2.198(3) A, forming an alternating zigzag 1-D chain
M—0(12) 2.155(3) 2.200(3) 2.029(3) (Figure 5b), where the intrachain €tMn distance is ca.
Angles 5.15 A. Since the metalloligand is axially and weakly
88;:%38)):88 é;,?’é‘(?’l()l) é;%%?é?) 333-3’5(31()1) occupied by two oxygen atoms supplied from 4-carbox-
O(1)~Cu(1)-N(1) 82.5(1) 82.76(9) 82.8(1) ylate groups of other symmetry-independerit Ispecies

O(1)-Cu(1)-N(2 100.1(1 100.03(10 100.4(1 = inati -
ogsg—cﬂ&)to((gg 92.1&)) 92_39(3) ) 92.1(1()) (Cu(1)y-0(3) = 2.712(4) A),7 forms a coordination 2-D

O(5)—Cu(1)-N(1) 93.8(1) 93.65(9) 93.3(1) network, which is also supported by hydrogen bonds between
8(8)—811(1)—“(2) g%-g(i) g%-gg(% ggz&) the coordinated FO molecules at the Mhcenters and
—Cu . . .
oggg,Cugl);Nézg 94_78 94'765103 94.98 the oxygen atoms of the 4-carboxylate groups (2.867(4) A)
g(é)—Cu(l)—lll(z) 172.0(1) 171.9(1) 171.8(1) as shown in Figure 5c and by—x interactions be-
og3g:m:8go)) }379?42(%) 18373%%)?) ég%?l()l) tween pyridine rings of the 2,4-pydtaligands (G--C =
0(3)-M—0(11) 88.5(1) 88.86(10) 87.0(1) 3.4-35 A, G-N = 3.4 A). The shortest interchain
O(3)-M—0(12 85.1(1 84.95(9 87.5(1 . . i
0271)_M_é(1%) 91_78 91_2(1()) 91_6((1)) Cu---Cu, Cu-+Mn, and .Mn Mn distances are ca. 7.€_)0, 8.01,
O(7)—M—0(11) 91.3(1) 91.3(1) 90.4(1) and 7.90 A, respectively. Each 2-D sheet is linked by
O(7%)—M—0(12 93.3(1 92.19(9 96.3(1 i
oglo))—M—oEn; 152'51()1) 156.6((1)) 144.(2()1) hycflrpgen bonds between coordinategDHnolecules at the
O(10)-M—0(12) 99.7(1) 97.79(10) 103.6(1) Mn'"ions and the oxygen atoms of 4-carboxylate (the shortest
O(11-M-0(12) 107.6(1) 105.4(1) 111.7(1) hydrogen-bonding distance is 2.690(5) A) (Figure 5d). The
aSymmetry code: (*X — Yo, Yo — y, z+ 1. s—m interactions between pyridine rings and carboxylate

coordination 1-D chain. The chains are bound by weak Parts (C+-O = 3.2-3.3 A) assist an intersheet assembly.
coordination bonds between remaining oxygen atoms of the | "€ shortest intersheet €Mn distance is ca. 5.85 A. For
4-carboxylate groups and the Caenters of neighboring & the intrachain Cu-Fe, interchain Cu-Cu, Cu--Fe,

chains to form a 2-D coordination network (€@ = 2.883- Fe--Fe, and intersheet GuFe distances are ca. 5.09, 7.77,
(3) A). In analogy t2, each 2-D sheet is linked by hydrogen 7-81, 7.77, and 5.81 A, respectively.
bonds between the coordinated@imolecules at the Zn The metalloligand EY in 9 also functions as a quasitet-

centers and the oxygen atoms of 2-carboxylate. In lth radentate bridge, but its coordination mode is slightly
and 3, the 2-carboxylate groups are not involved in any different from those of7 and8. An ORTEP view around
coordination links as in the case 4f-6. the CU' centers o is shown in Figure 6a. Selected bond
In contrast to2 and 3 and 1-D polymers4—6, the distances and angles are listed in Table 5. The metalloligands
metalloligand [€in 7 and8 acts as a quasitetradentate bridge bridge another Cu(Cu(2)) metal complex building block

G
’

(@) ’ (b)

O—cu
0 /
=N |
Z“n \ 7 \ ) MeOH
\ HO o Qe b 0 o HzO\Zl
(¢} 00\ UN=QR n”
OH, // CATNY 07 Vo,
oSy o on ) o e
g S
—, _cy-N—=/ 0 . MeOH O \ o
0N R e o H,0 SN /P -
o o _Zn O 0 N gN~¢cf_ 2 -
- (@) 6] /0 N \ (0]
.Zn (6] . ' —
=" OH, 1 —é/( [e) '

VA
OH
LN\ -
o OH, Z‘n
7 N\ N\
N \
/ o]
Cu—~p

Figure 4. Schematic views of the ? bonding modes of (a2 and (b)3.
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Figure 5. Structure of7. (a) ORTEP drawing around @@and Mr' centers at the 30% probability level. (b) ORTEP view of the 1-D zigzag chain structure
at the 30% probability level. (c) View of the 2-D sheet structure. The dotted lines indicate intralayer hydrogen bonds. (d) View of the hydroggn-bondi
network between the 2-D sheets along #axis. The dotted lines indicate interlayer hydrogen bonds.

with a 2,2-bpy terminal ligand by 4-carboxylate groups to by z— interactions between pyridine rings of the "2hpy

form a zigzag chain structure, where Cu(2) has a pentagonalligands (G+--C = 3.4-3.6 A, CG+-:N = 3.6 A) and between
geometry, and the bond distances with 4-carboxylate groupspyridinedicarboxylate parts (6C = 3.3-3.4 A, GO =

are Cu(2)-0(3) = 2.608(5) A, Cu(2y0(4) = 1.933(5) A, 3.0-3.5 A). The interchain Cu(1)»Cu(1) distance is ca.
and Cu(2)-0(8) = 1.924(4) A. The axial positions of the 5.17 A. The shortest intersheet G«€Cu bond distance
metalloligand moiety are occupied by weak coordination of (Cu(2)--Cu(2)) is ca. 7.91 A. No bonding interaction was
two oxygen donors of 2-carboxylate groups of the nearest- observed between the 2-D undulated sheets.

neighboring € with an average bond distance of 2.760 A, Crystal Structure of 3-D Polymer [Ag2L ©!], (10). Figure

so that9 is a 2-D coordination polymer with an undulated 7a shows an ORTEP view around the metal center0of
network (Figure 6b). The 2-D undulated network is stabilized Selected bond distances and angles are listed in Table 6. The
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o oy U9

Table 4. Selected Bond Distances (A) and Angles (degy @ind 82
ftl‘J}C\-_,--(_‘\\E. 0y C(lu}c‘l-”

7 (M = Mn) 8 (M = Fe) e cm’N-u Nmi s
Distances ce /, 0[6}0 [S]cmcw a‘i”m ~cu»
Cu(1)-0(1) 1.936(3) 1.927(2) XNITRG Nm £ B &
Cu(1}-0(4*) 2.712(4) 2.665(3) o ? 3 e <
Cu(1)-N(1) 1.995(3) 1.963(3) D 5 \ =
M(1)—0(2) 2.198(3) 2.135(2) Omcm, fﬂ}o{ﬂn‘w ) :—-"]\;
M(1)—0(5) 2.217(3) 2.166(3) slls e o?{" )1
M(1)—0(6) 2.185(3) 2.087(2) 3 \f FNL
Angles \ouu %)
O(1)~Cu(1)-0(1*) 180.0 180.0 LN
O(1)-Cu(1)-0(4%) 94.4(1) 94.55(10) .
O(1)-Cu(1)-N(1) 84.5(1) 83.9(1)
O(4%)—Cu(1)-O(4*+*) 180.0 180.0
O(4%)—Cu(1)-N(1%) 91.5(1) 90.65(10) (b) Ve o~ ’L”“
N(1)=Cu(L)y-N(1**) 180.0 180.0 G4 4 L
O(2)—M(1)—O(2****) 180.0 180.0 '\ \
O@)-M(1)—O(5) 84.2(1) 83.89(10) il %
0(2)-M(1)—0(6) 97.5(1) 96.12(10) 2 W3 A
O(5)—M(1)—O(5**+*) 180.0 180.0 z&,ﬁ .:.S ﬁ .}.3: o
0O(5)-M(1)—0(6) 91.1(1) 90.53(10) N W o, W
O(6)—M(1)—O(6****) 180.0 180.0 2 3 3 O
aSymmetry code: ("X + 1,y,z (*)2 —x, 1—y, 1—z (*)1 — “’?—J’ 'h‘-.'f" “rj} }"\,'-.'.‘3"
1=y, 1=z ("2 —x2-y,2—2 ; e ;i:‘;.. ; e :4‘;“
metalloligand I acts as a multidentate bridge. The 4-car- ?} ':"v_: ¥ “:;:
boxylate groups of the metalloligand bridge a dimer of Ag :a";._‘ P4 e {l.
with an average AgO bond distance of 2.214 A to form a "-:': i ‘-:’: 5
1-D arrangement, where the Ag\g bond distance is 2.8822- ¥ /ﬂ
(5) A, slightly shorter than that in metallic silver (2.89 A), “,{} 0ad

indicative of a weak meta{metal mtgracnoﬁ? The 2-car- Figure 6. Structure of9. (a) ORTEP drawing of the 1-D zigzag chain at
boxylate groups coordinate to the dimer of'Agth a bond the 30% probability level. (b) View of the 2-D undulated sheets along the
distance of Ag(1)>0(2) = 2.415(3) A, consequently forming  c-axis. The guest b0 molecules are omitted for clarity.

a 2-D network shown in Figure 7b. The 4- and 2-carboxylate

groups of the metalloligand also weakly coordinate to the Metalloligand with Multicoordination Ability: Selec-

Ag ions with a bond distance of Ag(#)0(3) = 2.713(3) A, tive Bond Formation of Coordination Networks. To date,

and the Cli centers of the metalloligands with a bond a large number of heterometallic €M coordination
distance of Cu(1r0(2) = 2.795(3) A, respectively, finally ~ polymers bridged by organic ligands (MiCu,’¢¢ m8-dfh 11
constructing a 3-D network (Figure 7c), where thé Genter ~ Fe—Cu.? Co—Cu,/*8¢ Zn—Cu,/***and Ag-Cu’**) have

has an elongated octahedral geometry. The assembly of eacheen reported. Herein we succeeded in systematic syntheses
2-D sheet is also supported by interactions between of a series of mixed-metallic coordination polymers by
pyridinedicarboxylate parts (6C = 3.3-3.5 A, G::0 = utilizing the metalloligand E“ with multicoordination ability.
3.2-3.5 A, N---O = 3.2 A). The shortest GetCu distance ~ As mentioned above, ¥ is able to have six characteristic

in the 2-D sheet is 10.22 A (the GuCu distance inthe 1-D  bonding modes depending on metal ions as shown in Chart
chain direction is 16.60 A). The shortest ©€u distance 2. All the coordination polymers are classified on the basis
between neighboring 2-D sheets is 5.12 A. of the coordination modes: (i) bridging number of the

Table 5. Selected Bond Distances (A) and Angles (deg)%or

Distances
Cu(1)-0(1) 1.959(5) Cu(yO(2*) 2.713(6) Cu(1)-0(5) 1.929(5)
Cu(1)-0(6**) 2.806(6) Cu(1)3N(1) 1.971(5) Cu(1)rN(2) 1.955(5)
Cu(2-0(3) 2.608(5) Cu(2y0(4) 1.933(5) Cu(2yO(8***) 1.924(4)
Cu(2)-N(3) 1.995(6) Cu(2)yN(4) 1.974(5)
Angles
O(1)—Cu(1)-0(2%) 95.6(2) O(1)-Cu(1)-0(5) 179.3(2)
O(1)—Cu(1)-0O(6**) 84.0(2) O(1)-Cu(1)-N(1) 83.9(2)
O(1)—Cu(1)-N(2) 95.1(2) O(2*-Cu(1)-0(5) 84.8(2)
0O(2%)—Cu(1)-0(6**) 178.7(1) O(2*-Cu(1)-N(1) 92.1(2)
0O(2*)—Cu(1)-N(2) 90.8(2) O(5)-Cu(1)-0(6**) 95.6(2)
O(5)—Cu(1)-N(1) 96.7(2) O(5)-Cu(1)-N(2) 84.3(2)
O(6**) —Cu(1)-N(1) 89.2(2) O(6**)-Cu(1)-N(2) 88.0(2)
N(1)—Cu(1)-N(2) 177.1(3) O(3)Cu(2-0(4) 55.7(2)
O(3)—Cu(2)—0(8***) 88.6(2) O(3)-Cu(2)-N(3) 127.7(2)
O(3)—Cu(2)-N(4) 88.4(2) O(4)-Cu(2)-0(8***) 90.7(2)
O(4)—Cu(2)-N(3) 175.1(3) O(4)-Cu(2)-N(4) 95.1(2)
O(8***) —Cu(2)-N(3) 92.8(2) O(8***)—Cu(2)-N(4) 170.4(3)

N(3)—Cu(2)-N(4) 81.9(2)
asymmetry code: (X, y,z—1; (**) X, ¥, z+ 1; (**) Ys+x Y4 —y, %1+ 2z
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Table 6. Selected Bond Distances (A) and Angles (deg) 6t

Distances

Ag(1)—Ag(1*) 2.8822(5) Ag(10(2**) 2.415(3)

Ag(1)—-0(3) 2.211(3) Ag(13O(4***) 2.713(3)

Ag(1)—0(4%) 2.216(3) Cu(1}0(1) 1.945(2)

Cu(1)—0O(2r***) 2.795(3) Cu(1)-N(1) 1.949(3)

Angles

Ag(1%)—Ag(1)—0(2**) 154.07(6) Ag(1*)-Ag(1)—0O(3) 76.56(7)
Ag(1*)—Ag(1)—O(4***) 115.71(6) Ag(1*)—Ag(1)—0(4%) 86.60(7)
O(2**)—Ag(1)—0(3) 83.92(9) O(2**)y-Ag(1)—O(4***) 82.24(9)
0(2*) —Ag(1)—0(4*) 112.66(10) O(3)Ag(1)—O(4*+*) 94.16(10)
O(3)-Ag(1)—0(4*) 163.1(1) O(4*+)—Ag(1)—O(4*) 91.61(9)
O(1)—Cu(1)-O(1****) 180.0 O(1)—Cu(1)-O(2*****) 97.58(9)
O(1)—Cu(1)-N(1) 84.4(1) O(2%x*x%) —Cu(1)—-O(2%+****) 180.0
O(2**+) —Cu(1)~N(1) 82.77(9) N(1Cu(L)-N(1+**) 180.0

asymmetry Code: (*) 2= x,1—y, =z (*)1 — X, =y, =z (***) X, ¥, L+ z (***) —x, -y, =2 —z () X, y,z— 1, () —x —y, —1 —

Z

metalloligand 1Y, (ii) role of the Lewis-acidic Clisite, and
(iii) selective bond formation for first-period transition metal
ions.

First, the six coordination modes are distinguishable in

terms of (i) bridging number of € this is two for 4—6,
three for2, four for 3 and 7—8, five for 9, and ten forl0.

Second, when the 2-carboxylate groups are coordinated tg? P rovmer2

secondary metal ions, the axial sites of the centrdl iGo
are commonly occupied by anionic 2- or 4-carboxylate
oxygen atoms of another metalloligands, affording high

coordination numbers. This structural aspect is seen in the(sm,po,yrner3

case of7—10, characteristic of a regulation effect by the
central Cl ion of the metalloligand. Namely, Lewis acidity
of the CU sites of the metalloligand is closely related to
Lewis basicity of the 2-carboxylate groups. The case of

Chart 2

(4) 2-D polymers 7 and 8 /

-0
NCub—( J\:\>—<
>—<\:;r >—Qcm« Co

(1) 1-D polymers 4-6

(5) 2-D polymer 9

=) A
)—QCU N
4 ‘/
(6) 3-D polymer 10 4
? 0=
\ N-Cu-| N
=0 I
’

'8

~g=0
g P

\Ncb—<
e

=g coordination bond

looks like an exceptional case; despite the 2-carboxylate SiteS— semi-cheating bond

being coordination-free, the central 'Cion has an axial

coordination mode with the 4-carboxylate groups. However,

considering the fact that the €(4-carboxylate) bond of
3is very long with 2.883(3) A compared with those®f10
(Cu—0 = 2.665-2.806 A),3is not in this case. These results
reveal that this metalloligand® can flexibly change its

(10) Wu, D.-D.; Mak, T. C. WJ. Chem. Soc., Dalton Tran$995 2671
2678.

(11) (a) Gleizes, A.; Verdaguer, M. Am. Chem. S0d.981, 103 7373~
7374. (b) Solans, X.; Font-Altaba, M.; Oliva, J.; Herrera,Atta
Crystallogr.1983 C39, 435-438. (c) Kim, J.; Lim, J. M.; Choi, Y.-
K.; Do, Y. Angew. Chem., Int. Ed. Endl996 35, 998-1000.

(12) (a) Morpurgo, G. O.; Mosini, V.; Porta, P.; Dessy, G.; Fares).V.
Chem. Soc., Dalton Tran498Q 1272-1276. (b) Morpurgo, G. O.;
Mosini, V.; Porta, P.; Dessy, G.; Fares,J.Chem. Soc., Dalton Trans.
1981, 111-117. (¢) Kou, H.-Z.; Liao, D.-Z.; Cheng, P.; Jiang, Z.-H.;
Yan, S.-P.; Wang, G.-L.; Yao, X.-K.; Wang, H.-@. Chem. Soc.,
Dalton Trans.1997 1503-1506. (d) Kou, H.-Z.; Wang, H.-M.; Liao,
D.-Z.; Cheng, P.; Jiang, Z.-H.; Yan, S.-P.; Huang, X.-Y.; Wang, G.-
L. Aust. J. Chem1998 51, 661. (e) Zou, J.; Hu, X.; Duan, C.; Xu,
Z.; You, X. Transition Met. Cheml998 23, 477. (f) Gomez-Romero,

P.; Jameson, G. B.; Borras-Almenar, J. J.; Escriva, E.; Coronado, E.;

Beltran, D.J. Chem. Soc., Dalton Trand988 2747-2751. ()
Morgenstern-Badarau, |.; Laroque, D.; Bill, E.; Winkler, H.; Trautwein,
A. X.; Robert, F.; Jeannin, Yinorg. Chem.1991, 30, 3180-3188.
(h) Chen, Z. N.; Wang, J. L.; Qui, J.; Miao, F. M.; Tang, W.IKorg.
Chem.1995 34, 2255-2257.

(13) Ogata, T.; Taga, T.; Osaki, Bull. Chem. Soc. Jpri977, 50, 1680~
1682.

(14) (a) Dong, Y.-B.; Smith, M. D.; zur Loye, H.-CSolid State Chem.
200Q 2, 335-342. (b) Brouca-Cabarrecq, C.; Marrot, B.; Mosset, A.
Acta Crystallogr.1996 C52 1903-1906. (c) Krautscheid, H.; Emig,
N.; Klaassen, N.; Seringer, B. Chem. Soc., Dalton Tran4998
3071-3077.

----- » weak coordination bond
) Lewis-acidic site

coordination affinity for acting as both coordination-donor
and -acceptor with the aid of second metal units employed.
Third, L selectively binds for divalent ions of the first-
period transition metal series (MnFe', Cd', CU', and
Zn"):1®> as Cll and Zd' ions, the 4-carboxylate groups are
selectively bound to the present metal ions, and a% &t

Fe' ions, the 2-carboxylate groups coordinate selectively to
the present metal iori§ It is well-known that the stabilities

of corresponding complexes of such metal series, irrespective
of the particular ligand involved, usually vary in the Irving
Williams order!” Mn"" < Fe! < Co' < Ni" < Cu' > zn",
which is related to the electrostatic and covalent interactions,
namely, the reciprocal of the ionic radius and the second
ionization potential, both of which increase monotonically
throughout the series from Mn to Cu. Although Zn ion has
also a higher ionization potential and a smaller radius than
those of Ni and Co, an orbital stabilization, which generally
increases in Cu complexes, makes the order of Cu and Zn
reversed’ In the case of the metalloligandt, the 4-car-
boxylate groups have a stronger coordination ability and

(15) Although we tried to attempt a reaction of the“lwith a Ni'" ion, a
desired mixed-metallic compound was not obtained.

(16) We did not consider weak metatarboxylate bonds in the discussion
about the bond selectivity ofqu.

(17) Irving, H.; Williams, R. J. PJ. Chem. Socl1953 3192-3210.
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TS Ul T P al Magnetic Properties. In this section, the magnetic proper-
@ & " '-._Q 'Q— - - g t . . . .
Y, \ -.., ies are discussed on the basis of the bridging mode between
i ."-». bog |l . Q"'- % Lra g metal centers. The difference of the bridging mode between
bl b P '\,___..__."b—n_h_.‘- . AR 3 ‘-.___‘ the CU ion of L% and second metal units influenced
< / - S i b magnetic properties of the compounds. Compouhé&sand
. @ u\"'-. - .4’"____. o F 9, which have the 4-carboxypyridinate bridge between
0 . X Sap¥a™ N magnetic centers, show weak antiferromagnetic interaction,
TE K = while 7 and8 with the carboxylate bridges, to the contrary,
exhibit ferromagnetic behavior. Compourland10 could
(C) T YEEtmaN e et be paramagnetic because of no relevant exchange interaction
o g paschun iy =g dpmanboor iy =g dpman between Cli ions via diamagnetic Zn and Agnoieties,
it P h id respectively, but exhibit weak interchain or interlayer anti-
weoly b=g Ssanbor iyl g Suensae oyt - L .
ferromagnetic interaction. Thus, these compounds can be
b classified into three groups on the magnetic properties.
Direct current magnetic measurements were performed on
c polycrystalline samples o4—10 between 300 and 1.82 K
under an external field of 1 kOe. Fdy5, and9 (first group),
the temperature dependence of between 300 and 50 K
obeys roughly the CurieWeiss law with C = 3.08
emuK-mol andf = —5.32 K for4, C = 0.94 emueK-mol*
a and® = 0.79 K for5, andC = 0.83 emuK-mol~t and§ =
Figure 7. Structure ofl0. (a) ORTEP drawing around tand Ad centers —0.78 K for 9. Each Curie constant is in good agreement

at the 30% probability level. (b and c) View of (b) the 2-D sheet structure with the expected value of 2.25 emtmol* for 4 (Cu'—
iggrd(iz)atggﬁ t;3>0-rI]Ddsr.1etwork. The dotted lines indicate interlayer weak ca"), and 0.75 emi-mol-! for 5 anq 9 (Cu'—Cu"),
assuming an averagg value of 2.00 (slight large values
electrostatic effect than the 2-carboxylate groups that coor-should be according tgvalues larger than 2.00). The small
dinate to the Lewis-acidic, cationic tCwenter. Therefore, Vvalues of the Weiss constant indicate a weak interaction
the bonding selectivity of the carboxylate groups could be between the magnetic centers. Indeed,fhéehavior as a
anticipated for divalent ions of the first-period transition function of temperature is nearly flat at the temperature range
metal series: Cb Cu', and Zr ions form stabler bonds  300-100 K (Figure 8 for4 and Figure 9 for5 and 9).
with 4-carboxylate parts than 2-carboxylate ones whilé'Mn Considering long metal-to-metal distance via the 4-carboxy-
and Fd ions prefer 2-carboxylate bridges more than 4-car- pyridinate bridge, it can be easily understood that the
boxylate ones. The trend obtained in the case ©@fit not corresponding exchange interaction is relatively weak. (In
explained at present. As far as the experimental results, wethe case 08, although the carboxylate bridge between the
succeeded in selective bond formation by utilizing the Cu(1)ions also exists, the magnetic interaction between them
different coordination groups (sites) of the metalloligaf L~ can be neglected due to the weak bridge (av 2.760 A).)
i.e., multicoordination ability. Thus, the metalloligan&'L Nevertheless, compound may be not in this case. As
may be a candidate for useful building units for rational realized from their structures, these compounds can be
construction of novel coordination polymers having mixed magnetically assumed as 1-D chain. To estimate intrachain
metals and various dimensions. This selective bond formationmagnetic exchange coupling (via 4-carboxypyridinate bridge),
played an important role in control of magnetic properties the magnetic susceptibility at the temperature range-300
in the compounds. K (300—15 K for 4) was simulated by using an alternating
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Figure 9. Temperature dependence of fhieproduct at 1 kOe measured
on polycrystalline samples & (upper) and9 (bottom). The solid line
represents a fitting performed using alternating classical spin model (see
text) in the temperature range-300 K.
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Table 7. Magnetic Parameters Obtained from Simulations on Magnetic
Susceptibilities

compd O Jeu Jikg? (K) 2J/kg® (K)
4 2.40 (M= Co) 2.05 —4.05
5 2.24 (M= Cu) 2.24 -0.57
69 2.19 -0.17
7 2.00(M=Mn)  2.10 0.69
8 2.12 (M= Fe) 2.25 0.71
o 2.11 (M= Cu) 2.11 —0.89
10¢ 2.12 —1.51

aFrom the simulation using the alternating classical spin mdd&lom
the simulation with the mean-field approximation treatménising the
alternating classical spin modélTreated by the mean-field approximation.

chain model of classical spins reported by Drillon et'@l.,
based on the following Hamiltonian:

N
H=-2) s SESHEY )

where§ is the current spin vector at thih site, andS;—; =
S andSy = S, for 4, S = S, for 5 and9. The obtained
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Figure 10. Temperature dependence of feproduct at 1 kOe measured
on polycrystalline samples of (upper) and8 (bottom). The solid line
represents a fitting performed using alternating classical spin model (see
text) in the temperature range-300 K.
Cor--Cu antiferromagnetic interaction with spin-canting (i.e.,
2-D antiferromagnetic coupling with spin-canting). Indeed,
both assumptions are able to yieldy@ minimum (2.30
emuK-mol™ at 5.3 K) and an abrupt increase in the low-
temperature region (Figure 8), but we could, unfortunately,
not define the actual exchange process.

For 7 and 8 (second group), temperature dependence of
1/x between 300 and 50 K obeys roughly the Cuf\®eiss

best sets for the compounds are summarized in Table 7. Itlaw with C = 4.75 emuK-mol~* and6 = 2.28 K for 7 and

is well-known that Ct ion with an octahedral surrounding,
generally, has a strong spiorbit coupling in its ground state
4T1g In the case of}, the coordination geometry around'Co
ion is very close to square-pyramid with pentacoordination
(D4r) which would also experience such an effé¢tiowever,

the simulation was approximately performed by neglecting
its effect’® For all these compounds, the contribution of
interchain interaction was also neglected in the fitting above
5 K, because the interchain interaction (Cu{Qu(1)
interaction) is expected to be very weak as-0.1 K as
observed ir6 (vide infra). However, the interchain €eCo
distance (4.43 A) in4 is shorter than the interchain
Cu(ly:+Cu(1) distance (5.34 A) i as described in the
structural section. Therefore, the origin for the relative large
exchange coupling id can be considered in two possibili-
ties: (i) ferrimagnetic spin arrangement in a chain as
simulated above, and (ii) the contribution of the inter-
chain Co--Co antiferromagnetic interaction and intrachain

(18) Drillon, M.; Coronado, E.; Beltran, D.; Georges,Ghem. Phys1983
79, 449-453.

(19) The effect of spirorbit coupling for C8 ion may be oversimulated
as theg value for Cd ion. See Table 7.

C = 3.84 emuK-mol~t and6 = 1.82 K for8. The obtained
Curie constant is in good agreement with the expected value
of 4.75 emeK-mol~* for 7 (Cu'—Mn") and 3.38 emiK-mol*

for 8 (Cu'—F¢€") (gav = 2.0). Here, we should give attention
to the obtained positive Weiss constants, ferromagnetic
interaction between the magnetic centers being dominant.
As mentioned already, and8 have a 2-D network structure
consisting of two bridging modes of 4-carboxypyridinate and
carboxylate bridges (see structural description). Considering
the small antiferromagnetic contribution mediated by 4-car-
boxypyridinate as realized from the results of the first group
in addition to the weak 4-carboxypyridinate bridge (2.712(4)
and 2.665(3) A foi7 and8, respectively), the positive Weiss
constant obtained in the high temperature region reflects
principally the magnetic interaction via the 2-carboxylate
pathway. Considering this mattét,and8 can therefore be
assumed magnetically to be a quasi-1-D alternating chain
bridged by a carboxylate group. Figure 10 shows plots of
the temperature dependencesdfof 7 and8. Both magnetic
behaviors are very similar to each other. With decreasing
temperature, theT value at 300 K, 4.79 emK-mol~ for

7 and 3.86 emiK-mol for 8, gradually increases followed
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Figure 11. Field dependence of the magnetization at 1.82 K measured Figure 12. Temperature dependence of ffieproduct at 1 kOe measured
on polycrystalline samples @fand8. The solid and dashed lines represent on polycrystalline samples & (upper) and10 (bottom). The solid line
simulation curves witls = 5, + 1/, andS= 2 + 1/, (paramagnetic system represents a fitting performed by the mean-field approximation (see text)
with no interaction), respectively, where tgesalues in Table 8 that were in the temperature range-800 K.

experimentally obtained were used in the simulations.

. . netic centersS = %, (g = 2.00)+ Y, (g = 2.10) andS =
by an abrupt increase to reach a maximum of 8.17 2 (g = 2.12)+ Y, (g = 2.25), respectively (thg values

emuK-mol™* at 1.8 K and 7.64 em#-mol™* at 2.0 K, correspond to the experimental values obtained from the best-
respectively. With further decreasing temperature, &at fitting of yT (see Table 8)). The magnetization rapidly
sharply decreases to 7.46 efidemol™ at 1.8 K. The  increases at low fields beyond the corresponding Brillouin

observation of the abrupt increase)df certainly supports  function’s curves, then gradually increases up to 7 T. The
ferromagnetic arrangement of the alternating bimetallic spins magnetization of7 and 8 at 7 T is 6.2 and 4.2us,
mediated by the carboxylate pathway. Assuming a 1-D respectively, indicating their ferromagnetic arrangements
magnetic chain via the carboxylate group, the magnetic petween the magnetic centers. The overvalu afjainst
susceptibility in the temperature range 300 K was  the expected value iz asg = 2.00 should be due to the
simulated by using the alternating chain model of classical sjightly largeg value arising from the Cuion (gcy = 2.10
spins (eq 1) as well as the first group, wh&e, = &, and derived from the fitting of the susceptibility). On the other
Si = S Or S = S The obtained best sets are summarized hand, the considerably small valueSfas the expected value
in Table 7. is 5 ug with g = 2.00, could be due to the effect of zero-
The ferromagnetic arrangement can be also confirmed infield splitting of Fé' ion.
field dependence of magnetization measured at 1.82 K Compounds and10 (third group) can be assumed to be
(Figure 11). The solid and dashed curves in the figure were paramagneticG = 0.45 emuK-mol™* and§ = —0.11 K
represented by Brillouin functions with the sets of paramag- for 6, andC = 0.42 emuK-mol~* and® = —0.90 K for 10

Table 8. Crystallographic Data for [Cu(2,4-pydcadthi>O),] (1-2H), (E&NH)2[Cu(2,4-pydcayH20)] (1:2E&NH), {[CoLCY(H20)4]:2H20} (4),
{[CULCYH20)4]-2H20} n (5), {[ZNLCYH20)4]-2H20} n (6), [MNLCYH20)4]n (7), [FELCYH20)4]n (8), {[Cu(2,2-bpy)LY]-3H,0}» (9), and [AgL Y], (10)

1-2H 1-2ENH 4 5 6 7 8 9 10
formula GiaHi CogHao- CigH1gN2>- CigH1gN2>- Ci1gH1gN2>- Ci14H1aN>- CiaH1oNo- CaaHooN4- Ci1aHgN2-
NzCUOlo NACUQ CoCuQg4 CwO14 CuZnOys CuMnOy, CuFeQ» Cw,011 AQQCUQ
fw 431.80 616.17 560.78 565.39 567.23 520.75 521.66 667.53 609.49
lattice triclinic monoclinic monoclinic monoclinic monoclinic triclinic triclinic orthorhombic  triclinic
a A 10.146(6) 18.546(3) 14.7281(9) 14.683(2) 14.779(2) 7.898(1) 7.7656(5) 35.954(2) 8.7317(7)
b, A 11.319(6) 10.511(2) 8.3905(4) 8.398(1) 8.364(2) 8.005(1) 7.9258(6) 56.323(2) 8.7642(6)
c, A 7.218(3) 15.050(2) 15.471(1) 15.4555(2) 15.4923(3) 7.580(1) 7.5144(5) 5.1710(2) 5.1250(5)
o, deg 97.41(4) 97.325(4) 97.499(4) 93.678(5)
B, deg 94.74(4) 95.404(4) 93.643(2) 93.0221(4) 93.8722(5) 90.874(7) 91.663(3) 99.508(3)
y, deg 73.69(5) 112.07(1) 112.495(4) 108.496(2)
Vv, A3 788.0(7) 2920.9(8) 1907.9(2) 1903.2(2) 1910.7(3) _ 439.4(1) _ 422.08(5) 10471.4(8) 363.97(5)
space group  P1(No.2) C2/c (No.15) P2j/a(No.14) P2j/a(No.14) P2/a(No.14) P1(No.?2) P1(No.2) Fdd2(No.43) P1(No.2)
zZ 2 4 4 4 4 1 1 16 1
p(calcd),3 1.820 1.401 1.952 1.973 1.972 1.968 2.052 1.694 2.780
genr
F(000) 438.00 1300.00 1136.00 1144.00 1148.00 262.00 263.00 5408.00 291.00
u(Mo Klu), 14.50 8.05 20.67 23.17 24.51 20.02 21.95 16.94 41.59
cm-
diffractometer AFC7R RAXIS- RAXIS- CCD CCD RAXIS- RAXIS- RAXIS- RAXIS-
RAPID RAPID RAPID RAPID RAPID RAPID
radiation ¢, A) 0.71069 0.71069 0.71069 0.71069 0.71069 0.71069 0.71609 0.71069 0.71069
temp,°C 25 25 25 25 25 25 25 -40 25
R(I > 0.040 0.036 0.041 0.037 0.042 0.047 0.039 0.044 0.029
2.00s(1))2
R (all datay 0.064 0.054 0.059 0.066 0.065 0.062 0.059 0.058 0.041
no. obser- 3593 (all data) 3279 (alldata) 3983 (all data) 4021 (all data) 3903 (all data) 1715 (alldata) 1764 (all data) 3238 (all data) 1562 (all data)
vations
no. variables 244 182 289 289 289 139 139 371 124

AR = J||Fo| — IFI/3IFol. PRy = [SW(IFol — |Fcl)?yWFAY2.
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in the temperature range 5300 K). This is because of
connecting diamagnetic centers, i.e.!! Zon for 6 and [Ag)]"

unit for 10, with Cu' paramagnetic centers via 4-carboxy-
pyridinate and both carboxylate and 4-carboxypyridinate,

Experimental Section

Materials. All chemicals and solvents used during the syntheses
were reagent gradd.[Cu(2,2-bpy)]-2CI-6H,0}, was prepared
according to the literatur®. Compounds2 and 3 were previously

respectively. Figure 12 shows the temperature dependencesynthesized.

of ¥ T of 6 and10. TheyT values of 0.45 emiK-mol~* for

6 and 0.42 emiK-mol~* for 10at 300 K are almost constant
above 50 K, and then gradually decrease to 0.43 kérmol—*

for 6 and 0.29 emiK-mol™* for 10 at 1.8 K. The decrease
could be due to interchain or interlayer antiferromagnetic
interaction between Cuions. Note that the intrachain or
intralayer Cu--Cu distance is significantly longer than the
interchain or interlayer one. With a desire to estimate this

Caution! Perchlorate salts are dangerous (especially if they are
dry) and should be handled with care.

[Cu(2,4-pydcaH)(H20),] (1:2H). A methanol solution (300 mL)
of 2,4-pydcaH (3.34 g, 20.0 mmol) was added to an aqueous
solution (50 mL) of CuS®5H,0 (2.50 g, 10.0 mmol). The obtained
blue powder was collected by filtration, washed with methanol,
and dried under vacuum for 1 h. Yield: 3.80 g (8.80 mmol, 88%).
Anal. Calcd for G4H1,.CuN,O1g: C, 39.12; H, 2.35; N, 6.52.
Found: C, 38.30; H, 2.78; N, 6.35. IR (KBr pellet): 3406 m, 1728

interaction, the mean-field approximation was treated to a S, 1635 s, 1610 s, 1562 m, 1477 w, 1433 w, 1367 s, 1282 s, 1257

paramagnetic model with a8= Y/, (ycu = Ngclug?4KT):

Xcu

2zJ
2 ZXCU

NG, 4

xX= (2

1_

wherez is the number of neighbors addis the magnitude
of the interaction between interchain or interlayet' @ns.

s, 1182 m, 1093 w, 1035 w, 997 w, 902 w, 873 w, 810 w, 765 w,
721 m, 686 m, 574 w, 530 w, 472 w cth

The single crystals suitable for X-ray analysis were prepared by
the careful diffusion of a methanol solution of 2,4-pydegahkto
an aqueous solution of CugGH,0.

(EtsNH),[Cu(2,4-pydca)p(H,0)] (1:2EtsNH). An excess tri-
ethylamine solution was added to a DMF suspension (30 mL) of
1-2H (1.00 g, 2.31 mmol). To the resulting thick, blue solution
was added an excess of acetone solution. The obtained blue powder
was collected by filtration, washed with acetone, and dried under

The obtained parameter sets are summarized in Table 7, and ;. ,um for 1 h. Yield: 1.37 g (2.22 mmol, 96%) Anal. Calcd for
the best fit with these parameters is represented as the solidc,(H,,CuN,0o: C, 50.68: H, 9.09: N, 6.54. Found: C, 50.46; H,

line in Figure 12. ThezJ value of10is larger than that of

9.07; N, 6.31. IR (KBr pellet): 3379 mb, 2976 m, 2939 m, 2739

6. As we can see in their structures (Figures 3 and 7), them, 2677 m, 2492 m, 1658 s, 1628 s, 1614 s, 1554 m, 1469 m,

nearest Cu-Cu distance is 5.12 A fot0, whereas that is
5.34 A for6, the former being clearly shorter than the latter.
Consequently, this structural difference affords the variation
of magnitude ofzJ between6 and 10.

Conclusion

By using a metalloligand with multicoordination ability,
[Cu(2,4-pydcag)> (L®Y), as the building block, selective
bond formation for first-period divalent transition metal ions
has been accomplished: f&nLCY(H,0)3(DMF)]-DMF},
(2), [ZNLCYH20)(MeOHY] (3), {[ML Y H20)4]-2H,0} (M
= Co (@), Cu (6), Zn (6)), and{[Cu(2,2-bpy)L°"]-3H,O}

(9), the 4-carboxylate groups selectively bind with the present

metal ions, and as [ME(H,0)4], (M = Mn (7), Fe @)), the

1435w, 1369 m, 1342 s, 1263 m, 1161 w, 1035 m, 825 w, 781 m,
734 m, 694 m cmt.

The single crystals suitable for X-ray analysis were prepared by
the careful diffusion of an acetone solution into a DMF solution of
1-2H and excess BN.

{[COL®4(H,0)4]-2H.0} , (4). An acetonitrile solution (20 mL)
of Co(BF)2*6H,0 (218 mg, 0.640 mmol) was slowly diffused into
an aqueous solution (20 mL) &f2ENH (200 mg, 0.325 mmol).
The bluish-purple crystals were obtained after a few weeks, washed
with methanol, and dried in air. Yield: 58 mg (0.103 mmol, 32%).
Anal. Calcd for GsH1gCoCuNOy4: C, 29.99; H, 3.24; N, 5.00.
Found: C, 29.92; H, 3.18; N, 5.06. IR (KBr pellet): 3368 mb,
1645 s, 1616 s, 1558 m, 1477 w, 1392 m, 1336 s, 1257 m, 1095
w, 1035 w, 843 w, 773 m, 740 m, 690 m, 669 w, 574 w, 468 w
cm L,

{[CuL €Y(H,0),]-2H,0}, (5). A H,O/methanol mixed solution
(4 mL + 16 mL) of Cu(AcO)-H,O (200 mg, 1.00 mmol) was

2-carboxylate groups selectively bind with the present metal sjowly diffused into an aqueous solution (20 mL)Ie2E&NH (616

ions. This may be related to the strength of Lewis-basicity
and electrostatic effect of“ and the Irving-Williams order

mg, 1.00 mmol) at room temperature. After a week, the obtained
blue crystals were filtered, washed with methanol, and dried in air.

on the present metal ions. Such a bonding selectivity of theseYield: 98 mg (0.067 mmol, 17%). Anal. Calcd for ;s

compounds dramatically affects their magnetic properties:

4, 5, and 9 with the 4-carboxypyridinate bridge between

CwN,O14 C, 29.74; H, 3.21; N, 4.95. Found: C, 30.17; H, 2.80;
N, 5.02. IR (KBr pellet): 3373 mb, 1643 s, 1614 s, 1556 m, 1477
w, 1392 m, 1336 s, 1257 m, 1095 w, 1035 w, 841 w, 773 m, 740

magnetic centers showed weak antiferromagnetic mteractlon,m, 690 m, 584 w, 466 w cnt.

and 7 and 8 with the carboxylate bridges on the contrary
exhibited ferromagnetic behavior. It is worth noting that a
control of properties characteristic of frameworks, for
instance, magnetic properties, is attained by the use”of L
that potentially has the ability to identify first-period divalent
transition metal ions. We anticipate this synthetic approac
to be viable for the construction of desired coordination
polymers, namely, crystal engineering of metalloligands.

{[ZnL CY(H,0)4]-2H.0}» (6). A methanol solution (10 mL) of
ZNn(NG;),:6H,0 (149 mg, 0.500 mmol) was slowly diffused into
an aqueous solution (10 mL) @f2EtNH (308 mg, 0.500 mmol).
After a few weeks, the obtained blue crystals were collected, washed
with methanol, and dried in air. Yield: 240 mg (0.423 mmol, 85%).

h Anal. Calcd for GsH1gCuN,O14Zn: C, 29.64; H, 3.20; N, 4.94.

(20) Hathaway, B. J.; Procter, I. M.; Slade, R. C.; Tomlinson, A. AJG.
Chem. Soc. A969 2219-2224.
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Found: C, 29.63; H, 2.94; N, 4.94. IR (KBr pellet): 3350 mb, X-ray Structure Determination. Single crystals of all com-

1645 s, 1616 s, 1558 m, 1477 w, 1392 m, 1336 s, 1259 m, 1093 pounds were mounted on a glass fiber and coated with epoxy resin.

w, 1037 w, 881 w, 839 w, 775 m, 740 m, 690 m, 669 w, 617 w, For 1-2ENH, 4, and 7—10, all measurements were made on a

466 w cnrt. Rigaku RAXIS-RAPID imaging plate diffractometer with graphite
[MnL €4(H20)d]x (7). A HO/methanol solution (4 mk- 16 mL) monochromated Mo ¥ radiation. Forl-2H, all measurements were

of MnSQ;-5H;0 (242 mg, 1.00 mmol) was carefully diffused to 346 on a Rigaku AFC7R diffractometer with graphite monochro-

an aqueous solution (20 mL) &f2EENH (616 mg, 1 mmol). After mated Mo Ku radiation and a rotating anode generator. Cell

a few weeks, the obtained purple crystals were filtered, washed . . . . .
. T T constants and an orientation matrix for data collection were obtained
with methanol, and dried in air. Yield: 104 mg (0.200 mmol, 20%). . } .
from a least-squares refinement using the setting angles of 25

Anal. Calcd for GgH14,CuMnN;O,,: C, 32.29; H, 2.71; N, 5.38. ) .
Found: C, 31.86; H, 2.77; N, 5.30. IR (KBr pellet): 3383 mb, carefully centered reflections in the range 29.&920 < 29.96’.
3067 m, 1630 s, 1610 s, 1583 s, 1549 m, 1475 m, 1444 w, 1377 S,For 5 and6, X-ray data collections were carried out by a Rigaku
1363 s, 1275 w, 1261 m, 1103 w, 1035 w, 825 w, 787 m, 733 m, Mercury charge coupled device (CCD) system with graphite
692 m, 569 w, 478 w crt. monochromated Mo K radiation. Forl-2H, the structure was
[FeLCu(H20)4]» (8). A methanol solution (10 mL) of Fe(Clp- solved by a direct method using the SHELXS86 progfaamd
6H,0 (182 mg, 0.500 mmol) was carefully diffused to an aqueous expanded using Fourier techniqués:or 1-2ENH, 4, 7, and9,
solution (10 mL) ofl-2ENH (308 mg, 0.500 mmol). After afew  the structures were solved by a direct method using the SIR92
weeks, the light-brown crystals were obtained with another progran® and expanded using Fourier technigé®Bor 5 and6,
unidentified byproduct. After filtration, the mixture was separated the structures were solved by using the final atomic coordinate of
by hand, and crystals were washed with methanol and dried in air. the jsomorphoug! as an initial coordinate and expanded using
Yield: 62 mg (0.119 mmol, 24%). Anal. Calcd for (s Fourier technique For 8, the structure was solved by using the

Euge;;olg (IEB?;z)eZII:;t)'—l 3232; Nt; 53311 FOE”S(SG% 31'1%‘?’3;0"'* 21220 final atomic coordinate of the isomorphotias an initial coordinate
.35. : wi wi w s . . .

' ! ! ' ' and expanded using Fourier technigé&sor 10, the structure was

S, 1583, 1549 m, 1475 m, 1444w, 13785, 1363 5, 1275w, 1261solved by heavy-atom Patterson methods using the PATTY

m, 887 w, 833 w, 787 m, 733 m, 713 m, 688 m, 572 w, 480 w
cn’rl ' ' ' ’ ' ' ' prograni? and expanded using Fourier technigé®es all com-

{[Cu(2,2-bpy)L S4]-3H,0} 1 (9). A methanol solution (20 mL) pounds, the non-hydrogen atoms were refined anisotropically. All
of {[Cu(2,2-bpy)]-2CI-6H,0} (180 mg, 0.324 mmol) was added hydrogen atoms, which were placed in idealized positions, were
to a methanol solution (20 mL) df2E&NH (200 mg, 0.324 mmol).  included but not refined. By way of exception, the H(4) and H(8)
When the resulting blue solution was allowed to stand for 1 day, (4-carboxylic acid protons fot-2H), and the H(19) (triethylam-
the bluish-purple microcrystals were obtained, filtered, washed with monium proton forl-2E%NH), were observed from a Fourier map
methanol, and dried in air. Yield: 119 mg (0.178 mmol, 55%). and fixed. The refinements were carried out using full-matrix least-
Anal. Calcd for G4H20CWwN4O11: C, 43.18; H, 3.02; N, 8.39. squares techniques. All calculations were performed using the
Found: C, 42.39; H, 2.93; N, 8.24. IR (KBr pellet): 3472 mb, teXsa®* crystallographic software package from the Molecular

1643 s, 1608 s, 1556 m, 1471 m, 1448 w, 1383 m, 1342 s, 1273 Strycture Corporation. Crystal data and details of the structure
w, 1261 m, 1157 w, 781 m, 772m, 742 m, 731 w, 700 m, 667 W, determinations are summarized in Table 8.
648 w, 445 w cm?.
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