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Three coordination polymers of copper(ll), viz. {[Cu(ida)(4,4'-bipyH)]CIO4} 1 (1), {[Cua(ida),(ue-4,4'-bipy)]-2H,0} o
(2), and [Cu,(ida)x(bpa)]lz (3) have been synthesized by the process of self-assembly using Cu(ida) [ida =
iminodiacetate(2-)] as the building block and 4,4'-bipyridyl and 1,2-bis(4-pyridyl)ethane (bpa) as linkers. Crystals of
1 are orthorhombic, of space group Pna2;, with a = 13.8956(12) A, b = 16.3362(16) A, ¢ = 7.3340(12), and Z
= 4. Both compounds 2 and 3 crystallize in monoclinic space group P21/a with a = 10.1887(8) A (9.6779(10) A
for 3), b = 8.0008(11) A (9.1718(10) A), ¢ = 11.6684(9) A (12.9144(12) A), B = 98.307(11)° (102.796(18)°), and
Z =2 (2). Compound 1 has a zigzag chain structure with an extensive hydrogen-bonded network while compounds
2 and 3 are honeycomb (6,3) nets with interpenetrating structures. Variable temperature (2—300 K) magnetic study
indicates the presence of weak antiferromagnetic interactions (J = 0.82 + 0.01 cm™%) in 1 and ferromagnetic in
2 (J=-045+0.05 cm™) and 3 (J = -0.21 + 0.02 cm™). The extent of planarity of the bridging “Cu—-0-C—
O—Cu” moiety, acting as the super-exchange pathway between the neighboring copper centers, probably controls
the sign of the magnetic exchange coupling in these compounds.

Introduction are extremely cruci@ This problem was addressed by many
researchers over the years to develop many aesthetically
pleasing molecular networks such as molecular dtrids,
bricks, herringbone$,ladders’ rings° boxest! diamond-
oids}? honeycombd? helicates)* and other uncommon
frameworks!® The synthetic strategies which have been used

The principle of self-assemblyhas been extensively
utilized to generate numerous metal-organic ligand networks
with fascinating structural topologiésGenerally, the com-
plexation processes involve more than one metal ions and
multidentate ligands with heterodonor atoms, capable of
providing steric and interactive interactions inscribed in .
them3* For the construction of a specific supramolecular ©) t(lay)e'ge{‘,r(':,j'\cvse‘fﬁgaem'efgé%’ C(eré‘{frtgwcs?'fegf acnlfaserép\e,\‘;
architecture with one-, two-, and three-dimensional extended Chowdhry, M. M.; McGrady, J. E.; Mingos, D. M. Chem. Soc.

i i i i Rev. 1995 24, 329. (c) Piguet, C.; Bernardinelli, G.; Hopfgartner, G.
networks, design of the ligands and selection of metal ions Chem. Re. 1997 97, 2005, (d) Stang. . J.. Olenyuk, Bec. Chem.

Res.1997, 30, 502. (e) Holliday, B. J.; Mirkin, C. AAngew. Chem.,

* Author to whom correspondence should be addressed. E-mail: Int. Ed. 2001, 40, 2022.
icmc@mahendra.iacs.res.in. (4) (a) Fujita, M.; Kwon, Y. J.; Sasaki, O.; Yamaguchi, K.; Ogura,JK.
TIndian Association for the Cultivation of Science. Am. Chem. Sod.995 117, 7287. (b) Stumpf, H. O.; Ouahab, L.; Pei,
* Jadavpur University. Y.; Grandjean, D.; Kahn, OSciencel993 261, 447. (c) Yaghi, O.
§ University of Florence. M.; Li, H. 3. Am. Chem. S0d.995 117, 10401. (d) Lu, J. Y.; Babb,
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1154. (b) Lindsey, J. SNew. J. Chem1991], 15, 153. Hagrman, P. J.; Hagrman, D.; ZubietaAllgew Chem, Int. Ed.1999
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to ensemble the arrays include use of covalent bontfing, transition-metal coordination polymers with interpenetrating
hydrogen bondind® and other weak intermolecular attrac- structures®?!
tions!’ The structures of coordination polymers constructed  Polycarboxylate ligands have been extensively employed
from rigid linear ligand arms generally have predictable in recent time in the preparation of carboxylato bridged
networks. Ligands with more flexibility often give rise to  coordination polymers with multidimensional netwofs.
less predictable structures, sometimes with interpenetra-Herein, we report copper(ll) complexes with extended
tions}8 and have interesting material properti2€ Over the structural networks, involving iminodiacetate(® (ida)
years, this information has prompted the syntheses ofligand in the presence of 4;Bipyridyl and 1,2-bis(4-
pyridyl)ethane (bpa) as spacers. One of these compounds
(6) (@) Mann, K. L. V.; Psillakis, E.; Jeffery, J. C.; Rees, L. H.; Harden, has self-assembled as a 1D chal hile the remaining
N '\é' mccﬂﬁ‘ées%_%ﬁ.\fvsirgw'F,'.D"C?egtﬁq?tﬂ?'fggﬂéﬁ’. '\g‘gg?s’ two (2 and 3) have 2D structures with honeycomb-type
Dalton Trans.1999 339. (b) Hanan, G. S.; Volkmer, D.; Schubert, —extended architectures. The compounds have been character-

U. S.; Lehn, J.-M.; Baum, G.; Fenske, Bngew Chem, Int. Ed. Engl. ; _ ; ; ;
1997 36, 1842. (¢) Power, K. N.: Hennigar, T, L. Zaworotko, M. J. ized by_ X-ray diffraction analyses, variable temperature
J. Chem. SagChem. CommuriL998 595. magnetic measurements, and X-band EPR analyses.
(7) Dong, Y. B.; Smith, M. D.; Layland, R. C.; Zur Loye, H. @.Chem.
Soc, Dalton Trans.200Q 775. Experimental Section

(8) Withersby, M. A.; Blake, A. J.; Champness, N. R.; Cooke, P. A;

Hubberstey, P.; Schder, M. New. J. Chem1997, 23, 573. . o . .
) (a) Tong, KA._L.; Chen, H.-J.; Chen, X.-Mnorg. Chem.200Q 39, Materials. 4,4-Bipyridyl and 1,2-bis(4-pyridyl)ethane were

2235. (b) Long, D. L.; Blake, A. J.; Champness, N. R.; Wilson, C.; purchased from Aldrich. All other reagents and solvents were
Schrader, M. Chem. Eur. J2002 8, 2026. (c) Rabe, G. W.; Heise,  commercially available and used as received. Sodium salt of

e G, A il Sande, L M el L A SO0 inociacetate was prepared as olows. |
Horsburgh, L.; Mackenzie, F. M.; Mulvey, R. Ehem. Eur. J1998 An aqueous solution of iminodiacetic acid was treated with an
4, 53. (e) Carlucci, L.; Ciani, G.; Proserpio, D. Mhem. Commun.  aqueous solution of sodium hydroxide in 1:2 molar proportions.
(10) %e?)g%/v?r?r?énny, R. E. PJ. Chem. Sac Dalton Trans.2002 1 and The resultant solution was heated on a water ba_th to near to dryness.
references therein. (b) Brechin, E. K.; Cador, O.; Caneschi, A.; Cadiou, It was then cooled to room temperature and diluted with absolute
C.; Harris, S. G.; Parsons, S.; Vonci, M.; Winpenny, R. ECRem. alcohol to obtain a white powder, which was collected by filtration,
Commun 2002 1860. redissolved in a minimum amount of hot water, and finally diluted

D gﬁ_l‘ég;n?g\ggsg’g% féé},%rlogé.T('l)I)_.;Sl}jgrlwlgé’aD\.(.(';iél](rzggl-’sg;/vg“ 1. again with absolute ethanol to obtain the ultimate purified product.

Maekawa, M.; Munakata, Ml. Chem. SogDalton Trans.1999 2737. Preparation of Complexes{[Cu(ida)(4,4'-bipyH)]CIO 4} (1).
(12) (a) Tangoulis, V.; Raptopoulou, C. P.; Psycharis, V.; Terzis, A.; Skorda, anout 0.09 g (0.5 mmol) of sodium iminodiacetate ¢\da) was

E;e'?n?r'z%%%s’3§' ng;zg_a?t%r’M%ééﬁméf 'L.Bglfagsgf;ﬁfn?gg' 5. takenin 20 mL of water. To this stirred solution was added dropwise

Zaworotko, M. J.J. Chem. So¢.Chem. Communl994 1325. (c) a solution of copper(ll) perchlorate hexahydrate (0.18 g, 0.5 mmol),
Abrahams, B. F.; Hardie, M. J.; Hoskins, B. F.; Robson, R.; Williams,  dissolved in 25 mL of methanol, when a blue solution was obtained.

G. A. J. Am. Chem. S0d.992 114, 10641. (d) Simrad, M.; Su, D.; . . . . .
Wuest, J. DJ. Am. Chem. Sod991 113 4696. It was stirred fo 1 h and then combined with a methanolic solution

(13) (a) Chen, B.; Eddaoudi, M.; Hyde, S. T.; O'Keefe, M.; Yaghi, 0. M. (10 mL) of 4,4-bipyridyl (0.08 g, 0.5 mmol), during which a navy
Science2001, 291, 1021. (b) Gardner, G. B.; Venkataraman, D.;  blue solution was obtained. It was stirred for another 30 min when

Moore, J. S.; Lee, Nature1995 374, 792. (c) Choi, H. J.; Lee, T. _ A ;
S Suh. M. PAngew. Chem.. Int. E1999 38 1405. (d) Choi, H. a flocculent sky-blue compound was precipitated out, which was

J. Suh, M. PJ. Am. Chem. Sod.998 120, 10622. (€) Lin, C. H.: r_emoved by fi!tration. The filtrate was kept in the air and filt_er_ed
Wang, S. L.; Lii, K. A.J. Am. Chem. So@001, 123 4649. (f) Liu, time and again to remove any unwanted amorphous precipitate.
T.-F.; Sun, H.-L.; Gao, S.; Zhang, S. W.; Lau, T. l@org. Chem. After ca. 4-5 weeks time, a blue crystalline compound began to

i?o\?eizkaﬁzgéa(r?)gfrg‘rrﬁrbﬁé%.; g'oaggég 1T8 'égiéls'(;h)A,S:%?g;kar’ appear, which was collected by filtration, washed with acetone,

S.; Mallah, T.; Vaissarmann, J.; Bartolome, F.; Veillet, P.; Verdaguer, and dried in vacuo. A few X-ray diffraction quality crystals were

@ IEA')JB'CZim' EOC.SChemaCSmnzﬁuﬁl99ﬁtik24fl\iﬂl-A] Chem. Int picked up from this product. Yield: 0.06 g (25%). Anal. Calcd for
a) Biradha, K.; Seward, C.; Zaworotko, M. Angew Chem, Int. . . . . .
Ed.1999 38 492. (b) Ziessel, R.; Harriman, A.; Suffert, J.; Youinou, Cl“Hl“C_'C“'\'GOg'OC' 87.22; H, 3.10; N, 9.30. Found: C, 37.10;
M.-T.; Cian, A. D.; Fischer, JAngew Chem, Int. Ed. Engl.1997, H, 3.22; N, 9.45%. IR (KBr disk, cm): »(N—H), 3552, 3472,
36, 2509. (c) Withersby, M. A.; Blake, A. J.; Champness, N. R.;  3415; v,5n{COO), 1607;v5yr(COO0), 1377;vasyn{Cl—0), 1086;
Hubberstey, P.; Li, W. S.; Schder, M. Angew Chem, Int. Ed. Engl. 8(0—CI—0), 629.uei/monomeric unit, 1.86:s
1997, 36, 2327. (d) Batten, S. R.; Hoskins, B. F.; Robson ARgew S e L i )
Chem, Int. Ed. Engl.1997, 36, 636. {[Cux(ida)2(u-4,4-bipy)]-2H:0} 1 (2). To an aqueous solution

(15) (a) Kepert, C. J.; Rosseinsky, M.Qhem. Commuri999 375. (b) of sodium iminodiacetate (0.09 g, 0.5 mmol) was added dropwise
Kondo, M.; Yoshitomi, T.; Seki, K.; Matsuzaka, H.; Kitagawa, S. i i i
Angew Chem, Int. Ed. Engl.1997 36, 1725, a solution of copper(ll) acetate dihydrate (0.10 g, 0.5 mmol) in 30

(16) (a) Desiraju, G. RChem. Communl997 1425. (b) Subramanian,
S.; Zaworotko, MCoord. Chem. Re 1994 137, 357. (c) De Munno, (21) (a) Carlucci, L.; Ciani, G.; Moret, M. Proserpio, D. M.; Rizzato, S.

G.; Armentano, D.; Poerio, T.; Julve, M.; Real, J. A.Chem. Sog. Chem. Mater2002 14, 12. (b) Carlucci, L.; Ciani, G.; Macchi, P.;
Dalton Trans.1999 1813. Proserpio, D. M.Chem. Communl998 1837. (c) Du, M.; Bu, X.-
(17) (a) Aullon, G.; Bellamy, D.; Brammer, L.; Bruton, E. A.; Orpen, A. H.; Guo, Y.-M,; Liu, H.; Batten, S. R.; Ribas, J.; Mak, T. C. Worg.
G.Chem. Commurl998 653. (b) Lewis, G. R.; Orpen, A. @hem. Chem.2002 41, 4904.
Commun.1998 1873. (22) (a) Chui, S. S.-Y,; Lo, S. M. F.; Charmant, J. P. H.; Orpen, A. G.;
(18) (a) Batten, S. R.; Robson, Rngew Chem, Int. Ed. 1998 37, 1460 Williams, L. D. Sciencel999 283 1148. (b) Rosi, N. L.; Eddaoudi,
and references therein. (b) Batten, S.QRyst. Eng. Commur2001, M.; Kim, J.; O’Keefe, M.; Yaghi, O. MAngew Chem, Int. Ed.2002
18 1. 41, 284. (c) Li, H.; Eddoudi, M.; O’Keefe, M.; Yaghi, O. MNature
(19) Proserpio, D. M.; Hoffmann, R.; Preuss,J’Am. Chem. S0d.994 1999 402, 276. (d) Lin, W. B.; Evans, O. R.; Xiong, R. G.; Wang, Z.
116, 9634. Y. J. Am. Chem. Sod998 120, 13272. (e) Lui, X.; Evans, O. R;;
(20) (a) Aumuller, A.; Erk, P.; Klebe, G.; Hhig, S.; von Ulrich, S.; Wenner, Ngo, H. L.; White, P. S.; Lin, W. BAngew Chem, Int. Ed. 2002
H.-P.Angew Chem, Int. Ed. Engl.1986 25, 740. (b) Hunig, S.; Erk, 41, 1159. (f) Zhang, X. M.; Tong, M. L.; Chen, X. MAngew Chem,
P.Adv. Mater. 1991, 3, 225. Int. Ed. 2002 41, 1029.
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mL of hot methanol. The resultant solution was stirred for 30 min
during which a blue solution was obtained. This was treated with
4,4-bipyridyl (0.04 g, 0.25 mmol), dissolved in 10 mL of methanol,
when a deep blue solution was obtained. It was stirred for ca. 10
min when a sky-blue compound was precipitated out. It was
removed by filtration. The filtrate was diluted with 15 mL of water.
The resultant solution was left in the air for slow evaporation. After
ca. 4-5 weeks, a blue crystalline compound was obtained along
with X-ray diffraction quality crystals. It was filtered, washed with
acetone, and dried in vacuo. Yield: 0.05 g (30%). Anal. Calcd for
C1gH2sCWwN4O1: C, 37.15; H, 3.78; N, 9.63. Found: C, 37.34; H,
3.71; N, 9.48%. IR (KBr disk, cm): v(O—H), 3443;v45,nr(CO0O),
1634, 1603ysn(COO0), 1376 uer/monomeric unit, 1.84s.

[Cuy(ida)(bpa)]x (3). Sodium iminodiacetate (0.09 g, 0.5 mmol)
in 20 mL of water was combined with a methanolic solution (20
mL) of copper(ll) perchlorate hexahydrate (0.18 g, 0.5 mmol) to
obtain a blue solution, which was stirred fb h and then treated
with a methanolic solution (10 mL) of 1,2-bis(4-pyridyl)ethane (bpa)
(0.05 g, 0.25 mmol). The mixture was filtered after 30 min. The
filtrate was kept in the air for ca. 2 weeks to obtain a blue crystalline
compound along with X-ray diffraction quality crystals. The product
was collected by filtration, washed with acetone, and dried in vacuo.
Yield: 0.04 g (28%). Anal. Calcd for £H,,CwN4Og: C, 41.84;
H, 3.83; N, 9.76. Found: C, 42.37; H, 3.94; N, 9.76%. IR (KBr
disk, cnml): va5n(COO), 1643, 1608;v5,(COO), 1383.uerl
monomeric unit, 1.86g.

Physical MeasurementsThe IR spectra and elemental analyses
were done using the same instrumentation facilities as described
elsewheré3 Magnetic susceptibility and magnetization measure-

ments on powdered samples were performed on a Cryogenics S600
SQUID magnetometer. The data were corrected for the diamagneticyg 4 | ————
contributions using Pascals’ constants. X-band EPR spectra were

recorded at temperatures between 4 and 298 K on a Varian E-9
spectrometer equipped with an Oxford instruments ESR helium flux
cryostat.

X-ray Crystallography. Crystals of dimensions 0.14 0.16 x
0.43 mm (), 0.35x 0.19x 0.43 mm @), and 0.07x 0.29x 0.31
mm (3) were mounted on glass fibers without protection. Cell
dimensions were determined at 28 from the setting angles of
an Enraf-Nonius CAD-4 diffractometer for 25 centered reflections
in the ranges ob, 13.3-14.8 (1), 13.3-14.9 (2), and 14.6-
15.C (3). Crystallographic parameters and residuals are given in
Table 1. Programs in the TEXSAN suitewere used for data
reduction for all crystals, and for structure solution (SIR92nd
refinement for2 and3. The structure solution and refinement for
1 was performed by means of SHELX%In all cases, absorption
corrections based on azimuthal/(*) scans were applied. The
hydrogen atoms i1 and2 were located and refined isotropically.
For compound3, hydrogen atoms were included at positions
recalculated after each cycle of refinemed() = 1.2B¢(C); d(C—
H) = 0.95 A]. In the case of, difference map indicated disorder
of the perchlorate anion, and two sets of oxygen atoms about a
common chlorine atom were refined with weights 0.60 and 0.40.
Inspection of coordinates and packing diagramifeonfirmed the

Table 1. Crystal Data, Data Collections, and Refinement Parameters
for the Complexed, 2, and3

1 2 3
formula C14H14C|CUNQ,OS C1gH22CuN4O1 CooH22CLN4Og
fw 451.27 581.5 573.5
T(K) 296 296 296
cryst size (mm) 0.14 0.16x 0.43 0.035x 0.19x 0.43 0.07x 0.29x 0.31
cryst syst orthorhombic monoclinic monoclinic
space group  Pna2; P2,/a P2./a
a(A) 13.8956(12) 10.1887(8) 9.6779(10)
b (A) 16.3362(16) 8.0008(11) 9.1718(10)
c(A) 7.3340(12) 11.6684(9) 12.9144(12)
o (deg) 90 90 90
f (deg) 90 98.307(11) 102.796(18)
y (deg) 90 90 90
V (A3) 1664.8(3) 941.2(2) 1117.9(2)

Z 4 2 2
Peacd (g €M) 1.800 2.052 1.704
F(000) 916 592 584
radiation used Mo & Mo Ka Mo Ka
u (mm-L) 15.2 23.3 19.6
260 max(deg) 50 55 60
no. of 1589 2451 3445
independent

reflns: total

observed 13200 = 20(1)] 1848 2621
(1= o]

no. of params 280 181 154
R(F),2wR(F»P 0.058, 0.157 0.028, 0.067 0.043,0.114
g 1.10 1.49 2.28

AR(F) = JIIFol — IFcll/3|Fol. "WR(F?) = [ Sw(IFol> — [Fd)%
SWIFY2 ¢ S = [TW(IFo| — IFc)(N — V)]V2

Scheme 1.
Complexe2
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absence of a crystallographic mirror plane normatt@nd the

correct polarity was confirmed by refinement of a Flack parameter
to 0.02(5).

Results and Discussion

Synthesis Dicarboxylic acid attached to a rigid frame and
polypyridine-type molecules used as a cross-linker are
popular among the inorganic chemists to use them as
potential bridging ligands to synthesize coordination poly-
mers. Many of these complexes have novel structural
topologies?” Our strategy to generate interesting molecular
networks using Cu(lh-iminodiacetate as the building block
is displayed in Scheme 1. Reaction of Cu(ll) with iminodi-
acetate ligand (L) in an aqueous methanolic medium gener-
ates a zigzag molecular chain, propagated by a bridging
carboxylate group of the ligand that binds the two adjacent
copper centers in syranti modé® as revealed from X-ray

(23) (a) Dutta, S. K.; McConville, D. B.; Youngs, W. J.; Chaudhury, M.
Inorg. Chem.1997 36, 2517. (b) Bhattacharyya, S.; Weakley, T. J.
R.; Chaudhury, Mlnorg. Chem.1999 38, 633.

(24) Texsan Software for Single-Crystal Structure Analysession 1.7;
Molecular Structures Corporation, 3200A Research Forest Drive, The
Woodlands, TX 77381, USA, 1997.

(25) Altomare, A.; Cascarano, G.; Giacovazzo, C.; Guagliardi, A.; Burla,
M. C.; Polidori, G.; Camalli, NJ. Appl. Crystallogr 1994 27, 435.

(26) Sheldrick, G. MSHELX 97 University of Gdtingen: Gatingen, 1997.

(27) (a) Lu, J.Y.; Lawandy, M. A.; Li, J.; Yuen, T.; Lin, @norg. Chem.
1999 38, 2695. (b) Li, J.; Zeng, H.; Chen, J.; Wang, Q.; Wu,Chem.
Commun.1997 1213. (c) Lightfoot, P.; Snedded, 8. Chem. So¢.
Dalton Trans.1999 3549.

(28) (a) Ruiz-Peez, C.; Sanchiz, J.; Molina, M. H.; Lloret, F.; Julve, M.
Inorg. Chem200Q 39, 1363. (b) Konar, S.; Mukherjee, P. S.; Drew,
M. G. B.; Ribas, J.; Ray Chaudhuri, Morg. Chem2003 42, 2545.
(c) Tao, J.; Tong, H. L.; Shi, J.-X.; Chen, X.-M.; Ng, S. \@hem.
Commun200Q 2043. (d) Chen, X.-M.; Liu, G.-FChem. Eur. J2002
8, 4811.
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crystallography (see latter). In the second stage, two such 5
chains are connected by the ancillary linkef €:4,4-bipy ‘
and bpa) to generate extended 2D structures with puckered
honeycomb network and3. With 4,4-bipy the cross-linking
reaction fails in the presence of Cu(Q)@6H,O and the
product obtained 1) has a 1D zigzag chain structure
involving a 4,4-bipy molecule with one of its N atoms o4 clz«:\
remaining protonated (eq 1). Traces of free acid present in . Ay
the copper(ll) perchlorate precursor is believed to be the X \
source of proton in this case. At higher pH (using copper-
(II) acetate dihydrate as the metal ion precursor), cross-
linking proceeds, leading to the generation of extended
honeycomb structure (eq 2). With bpa as the linker, however,
the only product i3 irrespective of the associated anion of
the metal ion precursor (eq 3).

Cu(ClO,), + Najida+ 4,4-bipy + H" —
i i Figure 1. Molecular structure and atom numbering scheme for the
{[Cu(ida)(4,4-bipyH)]CIO,} + NaClO, + Na" (1) mononuclear unit of comple{Cu(ida)(4,4-bipyH)]CIO4} o (1).

Table 2. Interatomic Distances (A) and Angles (deg) for Complekes

2Cu(OAc), + 2Na,ida+ 4,4-bipy + 2H,0 — 2, and3?
{[Cu,(ida),(4,4-bipy)]-2H,0} + 4NaOAc (2) 1 2 3
. . Bond Lengths
2Cu(X), + 2Najida+ bpa— [Cu,(ida),(bpa)]+ 4NaX Cu-01 1.946(10) 1.950(2) 1.954(2)
X-co,on) @ gz e 2 2
Cu—N1 1.977(9) 1.999(2) 1.999(2)
All the complexes reported here are formed by the process cu-N2 1.980(7) 2.000(2) 1.983(2)
of self-assembly, through a slow crystallization step. Some- Bond Angles
time it takes about a month to isolate the desired product. 01-Cu-02 90.0(3) 107.47(7) 98.2(1)
Moreover, reported complexes are sparingly soluble in 37~Eu~03 lgg"f((g)) 1852'5351((77)) 15?;1151(%9))
common organic solvents. We have tried to crystallize the o1—cu-n2 104.1(5) 94.03(7) 93.40(1)
products from an optimum dilution so that we could strike 8§—gu—(’3113 gg.gg)) gi-ggg)) 1881-25((99))
; ; ; —Cu— . . .
a balance_bet.ween the improved crystal quality and the time 0% —CU—N2 93.6(3) 90.55(8) 90.80(1)
of crystallization. 03-Cu—N1 84.8(5) 84.27(7) 84.18(8)
IR spectra of the complexels-3 display all the charac- 03-Cu—N2 87.1(5) 95.85(7) 94.70(9)

teristic bands of the coordinated iminiodiacetate ligand. These N1=Cu-N2 170.5(5) 175.41(8) 170.50(2)

include a pair of strong bands at ca. 1635 and 1380'cm & The symmetry transformations i fdc 2 —x, 1 —y, —0.5+ z The
corresponding tovas{COO) and vs,{COOQ) vibrations, symmetry transformations i f&2 and3: 0.5+ x, 1.5—y, z
respectively, of an unidentate carboxylate group with char-
acteristically largeAv values (ca. 250 cr).?® For the syr-

anti bridged carboxylate groupasy-{COO) band shows up

at ca. 1610 cmt. The corresponding band duestgn stretch

is not traceable. In the high-frequency region, a sharp band
is observed in the 31953160 cn! range due ta/(N—H)
vibration of the ligand. Prominent bands Inalso include

01 and O3 from iminodiacetate take up the basal positions
around Cu(ll) along with the nonprotonated N2 atom of the
4,4-bipyH" ligand. A carboxylate oxygen Oaf an adjacent
molecule (not shown in Figure 1) occupies the apical
position, leading to a square pyramidal geometry around the
metal center. As a result, chains of Cu(ida) units occur along

each crystallographic,2ixis in space groupna2;. One such
=1 _
three sharp bands at 3550, 3473, and 3415"¢rorre chain is shown in Figure 2. Unlike the €N distances, the

sponding to the NH proton of the 4;8ipyH™ moiety, which Cu—O distances here are disperate. The axia-O@

remains hy_drogen-bonded_ to carboxylate oxygen from a distance (2.313(9) A) is much longer than the basal distances
nearby chain, thus generating a supramolecular assembly afCu—Ol 1.946(10) A; Cw-03, 1.947(9) A), as expected
revealed from X-ray crystallography (see latter). Also, a ¢, o JahPrTeIIer ion.,The tra,ns angles Gi:u—OS and
couple of strong bands at 1086 and 629 &nmdicates the N1—Cu—N2 are 165.0(3)and 170.5(5), respectively, and
presence (.)f ionic perchlorate in the Cu atom is displaced by 0.128(4) A from the least-squares
Description of Crystal Structgrgs. Thg X-ray cryst.al basal plane toward the apical oxygen atorm @21 makes
Is:t.ructurf of (tjhehfundlamental bU!ldI:‘lg unit biis Sh_OW_Ir_] IQI o MO short contacts on the open side. Cross-linking into a sheet
TE”FE - an the reNelvant dmetnca bparalmeters N Table 2. girycture (Figure 3) results from protonated nitrogen atoms
€ imino nitrogen and two carboxylate oxygen atoms 5 o he ancillary 4,4bipy ligands, extending on both sides
(29) Nakamoto, Kinfrared and Raman Spectra of Inorganic and Coor- of each Cham. acting as .pI’OtOI’l dQ”OVS to |m|nod|acetat(_a o
dination Compounds3rd ed.; Wiley-Interscience: New York, 1978. atoms of adjacent chains. Details of hydrogen-bonding
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Honeycomb Nets with Interpenetrating Frameworks

with the adjacent interwoven sets along tbelirection.
Three-dimensional interlocked structures obtained by parallel
interpenetration of (6,3) nets @fand3 are shown in Figures

8 and 9, respectively. Few such interwoven nets have been
reported recently in the literatuf@28-30

Crystal structures of related copper{tila complexes
involving 2,4- and 2,2-bipy as ancillary ligands have already
been reported in the literatufe3? These molecules show
interesting diversity in their molecular structures with the
type of incorporated bipy ligands. Thus, with 2Blpy, the
product{[Cu(ida)(2,4-bipy)]-H.0} 5 has an extended poly-
meric structuré! The Cu atom displays a distorted square
pyramidal geometry with attached fdaligand in a mer
tridentate chelating mode and uses a-sgnti bridging
carboxylate group to provide polymeric chains as observed
in 1-3. 2,4-bipy ligand binds the metal center by its N4
donor. Nearly planar pyridyl rings of this molecule play an
interesting role to generate a bilayered 2D framework through
interligand 7—x* stacking. Closely similar stacking of
N-heterocyclic ligands is observedir{Figure 3). With 2,2
bipy, however, the product isolated [Cu(ida)(2p2oy)]
6H,O is a mononuclear compouftdinvolving a square
pyramidal copper(ll) center with ida ligand acting as
terdentate, exhibiting a fachelation unlike in1—3. The

Figure 2. View of an infinite 1D coordination chain dof[Cu(ida)(4,4- Cu—N and Cu+0 bond distances in these molecules are in
bipyH)ICIO4} o (1) propagated along the crystallographicais. the ranges comparable to the corresponding distandesan

parameters are summarized in Table 3. Voids in the network Magnetism and EPR. The EPR spectra recorded on
contain disordered ClOanions. polycrystalline samples of compountls 3 are displayed in

Figures S1 (Supporting Information) and 10, which show
no temperature dependence in the temperature range studied
(6—298 K). The spectra were simulated using a standard
simulation prograi® by assuming simpl& = ¥/, paramag-

netic behavior, including (slighty value anisotropy. This
fitting procedure yielded), = 2.31,gn = 2.05, [g0= 2.14,

and a line width of 25 G fol; gy = 2.29,0n = 2.12,[g=

2.17, and a line width of 95 G fa2; andg, = 2.25,gn =
2.10,[g0= 2.15, and a line width of 300 G f@&. The errors

in the g values are estimated to he0.01 for1 and2 and

Compound® and3 both crystallize in space grolgR2,/a
with closely related structures. Their relevant interatomic
parameters are summarized in Table 2. A§,irach copper
atom is bonded to the N1 atom and two carboxylate oxygen
atoms (O1 and O3) of an ida ligand along with an N atom
of a bridging bipyridine ligand (4,4bipy for 2 and bpa for
3), which lies across a crystallographic center of symmetry
(Figures 4 and 5). In addition, the copper atom forms a
somewhat longer bond (2.343(2) A ®@and 2.236(2) A for

3) to the O2 atom of another Cu(ida) unit generated by the £0.05 for3. The fact that the ordag, > gy > 2.03 indicates

a glide operatlon. As a consequence, the coordination ada_y (or less likely ady) based ground state for these
geometry is square pyramidal around copper atom. The transgjecules

a”?'es OF Cu~O3 and NT-Cu—N2 are 156.81(7)(158.11- The yuT product versud curve forl (Figure 11) shows
(9)° for 3) and 175.41(8)(170.50(1}), respectively, and the .
o that the ymMT value is 0.43 emu K/mol expected for a
Cu atom is displaced by 0.235(1) A (0.257(1) A) from the : > .
. noncoupled Cu(ll) ion [lag?ug?3K)S(S + 1)] taking thelg]
least-squares basal plane toward the apical oxygen atom.
o ) e = 2.14 from the EPR spectra (see above). Avylls T
Infinite zigzag chains, thus generated by the bridging-syn . : .
anti carboxylate moiety, extended in thedirection. The (Curie) plot shows a straight line down to very low
liaand 44b¥ (bpa n)::’) cross-links the C atomé of the temperatures. Fitting this curve to the Cutl&/eiss law [1fm
'% . t, Py Ip tl d sheet ! taini u63 . fa= (T — 0)IC] gives a Curie constan® = 0.432+ 0.001
ﬁ ains 1o glvetvf/) eﬁgg sd_eels an a||:|j|ng ( é) r(ljngs_r(r)] 4 emu K/mol and a Weiss temperatiteof —0.72+ 0.07 K,
noneycompo NEWork=as dispiayed In FIgures 6 and 7. tNe 0 |ayer of which is indicative of (weak) antiferromagnetic
individual hexagonal ring of this network is made up of six
Cu(u_ja) units connected 'Fogether by twp cros_s-lmker ligands (30) Suh. M. P.: Choi, H. J.: So, S. M.; Kim. B. Morg. Chem 2003
leading to a puckered ring structure involving six copper 42, 676.
centers each acting as a node. The sheets repeat at interval3l) Tribet, M.; Covelo, B.; Choquesillo-Lazarte, D.; GiegPeez, J.
. ; . . . M.; Castiteiras, A.; Nicls-Gutigrez, J.Inorg. Chem. Commur2003
of three unit cells in thé direction. Each pleated sheet is 6, 343.
interwoven with two others, offset by theé-b and —b (32) Nardin, G.; Randaccio, L.; Bonomo, R. P.; Rizzarelli, E.Chem.
translations but sharing the same mean plane (paraligd)to Soc, Dalton Trans198 369.

; : . (33) Glerup, J.; Weihe, HActa Chem. Scand.991, 45, 444.
which makes only weak contacts with the first sheet, and (34) Hathaway, B. J.; Billing, D. ECoord. Chem. Re 197Q 5, 143.
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Figure 3. View of an infinite 2D supramolecule, generated by the cross-linking©ti(ida)(4,4-bipyH)]CIO4} 1 (1) chains into a sheet structure through

extensive hydrogen bonding.

Table 3. Hydrogen Bonding Interactions for Compléx

D H A D..A D-H H..A [OD—H..A
1 N1 HIA O1#1 3.092(13) 0.91 2.3300 141.00

N3 H3A O3#2 2.841(15) 0.86 2.5000 105.00

N3 H3A 04#2 2606(12) 0.86 1.7700 163.00

a Symmetry transformations used to generate equivalent atoms-#1)
-y, "tz #2)1-x —y, Y2+ z

Figure 4. Molecular structure and atom numbering scheme for the
centrosymmetric binuclear fundamental unit{¢€u,(ida)(u-4,4-bipy)]-
2H0} 0 (2).

Figure 5.
centrosymmetric binuclear fundamental unit of jGda)(bpa)h (3).

Molecular structure and atom numbering scheme for the

interactions, in agreement with the decreasenim going
to low temperatures. The data were also fitted to the
numerical expressiéh obtained from the BonnetFisher
uniform antiferromagnetic Heisenberg chain mod&Jsing

(35) Estes, W. E.; Gavel, D. P.; Hatfield, W. E.; Hodgson, Dindrg.
Chem.1978 17, 1415.
(36) Bonner, J. C.; Fisher, M. Phys. Re. A 1964 135, 640.
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Figure 6. Pleated honeycomb architecture involving a (6,3) net formed
by the cross-connection of tH€Cuy(ida)(«-4,4-bipy)]-2H,0} 1 (2) strands
through a 4,4bipy bridge.

the effective spin Hamiltoniaikl = JSS4, this takes the
form (eq 4)

. NQZ,“B2

0.25+ 0.07497% + 0.075235%°
ImT =

Ks 1.0+ 0.993k + 0.172135° + 0.757825°
(4)

wherex = |J|/kgT. From the fitting an exchange interaction
parameted = 0.824 0.01 cn1! was obtained.

In the case oR, the ymT value at high temperatures is
0.42 emu K/mol (Figure 12), which is also close to the value
expected for a noninteracting Cu(ll) ion witg0= 2.17.

On decreasing the temperature, theT value increases,
which indicates predominant ferromagnetic exchange inter-
actions. The parameters, obtained from a Curie plotCare
=0.4134+ 0.001 emu K/mol and an almost negligible Weiss
temperature of 0.16 0.13 K. The positive sign of the Weiss
temperature indicates ferromagnetic interactions within the
chain. To obtain the exchange interaction constant, the data
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Figure 7. Pleated honeycomb architecture involving a (6,3) net formed
by the cross-connection of the [gida)(bpa)} (3) strands through a bpa

bridge. Figure 9. Perspective view of the crystal packing showing the three

interpenetrated sheets 8fdown thec-axis.

A B

284K
286K

100K
J\F 102K

12K
16K

Figure 8. Perspective view of the crystal packing showing the three
interpenetrated sheets @fdown thec-axis.
were fitted to the numerical equation obtained by Baker et
al 3" for ferromagneticS = 1/, Heisenberg chains: . : ; : : , . . : : -

2000 3000 4000 2000 3000 4000

Ngz,u 2 Field (G) Field (G)
AmT = 5 ([1.0+ 5.797991& + 16.90265%% + Figure 10. Variable temperature X-band EPR spectra of (A) compound
4kB 2 and (B) compouna in the solid state.

29.37688% + 29.832958" + 14.036918°)/ c . i 02 i behavior. Thus. th
2 3 ompound3 is very similar to2 in behavior. Thus, the
[1.0+2.7979918 + 7'0023678& +8.653644°+ Curie plot (Figure S2, inset) gave = 0.428+ 0.001 emu
4.57431147])  wherex=J2gT (5) K/mol and@ = —0.01+ 0.01 K. The sign of this latter value
suggests a predominant antiferromagnetic exchange interac-
tion, but since the error from the fit is larger than the value,
no definite conclusions can be drawn. FittiggT vs T

(37) Baker, G. A., Jr.: Rushbrooke, G. S.: Gilbert, HFBys. Re. A 1964 (Figure S2) to expression 5 yields a ferromagnetic exchange
135, 1272. interaction constanl = —0.21 4+ 0.02 cn1.

The fitting procedure resulted in a ferromagnetic exchange
interaction constanl = —0.45+ 0.05 cnm™.
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0.45 The magnetic orbitals here are predominantly of dre,
type with a minor contribution from thdz orbital in the
= 0.40- axial direction. In compounil where adjacent copper centers
g are only connected by a syanti carboxylate bridge, the
% planarity of the super exchange pathway “@D—C—0O—
£ 0.351 Cu” allow enough overlap of the magnetic orbitals to display
Z weak antiferromagnetic interactions. In compour2dand
3, formation of honeycomb networks needs participation of
0.307 the bipyridine ligands that fix the copper atoms in a rigid
: oo 200 300 molecular frame. This probably disturbs the planarity of the
TK) “Cu—0O—C—0—Cu" moiety (due to pleated structure) as the
Figure 11. Thermal dependence giT for complex1. The solid line copper atoms are pushed out of the plane comprising the
represents the best fit of the experimental data (see text). super exchange pathway. Net result is a decrease in antifer-
romagnetic contribution to such an extent that the ferromag-
0604 *® netic term becomes prominétitin the latter two compounds.
=E‘ 058 Concluding Remarks
2 " Coordination polymerd—3 have been synthesized by the
E 0.50 process of self-assembly using Cu(ida) as the building block
;; and bipyridine ligands as linkers. Compoufichas a 1D
Toas{ . zigzag chain structure whil@ and 3 have 2D puckered
honeycomb (6,3) net structures. Interpenetration of these nets
0.40 = generates 3D structures for the latter two compounds.
i i . . . . i Adjacent copper centers in all these compounds are linked
0 IOOT(K) 200 300 by carboxylate groups of syranti conformation. Variable

temperature magnetic study (300 K) indicates weak
antiferromagnetic interaction) = 0.82+ 0.01 cn!) in 1
while ferromagnetic contribution becomes dominan2 ifd

In carboxylate bridged Cu(ll) complexes, the exchange = —0.45+ 0.05 cm?) and3 (J = —0.21 4 0.02 cnY),
coupling between the participating metal centers is largely respectively. The extent of planarity of the “€@—C—0O—
determined by the coordination mode of the bridging Cu” bridging moiety, acting as the super exchange pathway
ligand3845 In complexes where the metal ions are bridged between the adjacent copper(ll) centers, probably controls
in a syn—syn manner, the exchange coupling is large and the sign of the magnetic exchange coupling in these
antiferromagneticy =~ 300 cn11)38 while for the anti-anti compounds.
bridge, the coupling is always weak antiferromagnétic.
There are only a few fully characterized carboxylato bridged
copper(ll) complexes with synanti bridging conforma-
tions#%45 They display either antiferromagnéfic*? or
ferromagnetic behaviét > with weak exchange coupling
(J = 5.0 cn?).

The compounds reported in this papgt-B8) show diverse
magnetic behavior; whild is antiferromagneticy = 0.82
+ 0.01 cmY), the remaining two compoundsand 3 are
ferromagnetic in nature)(= —0.45+ 0.05 for2 and—0.21
+ 0.02 for3). As previously noted, in all these complexes €035422Z

the square pyramidal Cu(ll) centers are sequentially bridged 1) carlin, R. L.; Kopinga, K.; Kahn, O.; Verdaguer, Mhorg. Chem.

by carboxylate groups of syranti conformation, via an 1986 25, 1786.

equatorial position of one to the apical position of the other. %3 #(e)‘ﬁf'g_ F};.R,_";Of(?n"’,‘lg’r?' g”,?ﬁ%;gg[g'1\,?,?%_2.%"113?,5.. Chaudhuri

P.Inorg. Chem.1988 27, 394.

Figure 12. Thermal dependence giT for complex2. The solid line
represents the best fit of the experimental data (see text).
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