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Three new supramolecular entities of Cu(ll) were synthesized and characterfzZed(HjO)(tmen} { u-Cu-
(H20)(opba}]A{ (ClO4)2}2-2H;0 (1), [{ Cu(H0)(tmen} A{ u-Cu(H:0) (Mezpba}]2{ (ClO4)2} 2 (2), and f Cu(H;0)-

(tmen}{ Cu(tmen}{u-Cu(OHpba)], {(ClO4)2},-nH20 (3), where opba= o-phenylenbis(oxamato), Mpba=
2,2-dimethyl-1,3-propylenbis(oxamato), OHpta2-hydroxy-1,3-propylenbis(oxamato), and tnrerN,N,N'N-
tetramethylethylenediamine. The crystal structured,02, and 3 were solved. Complex crystallizes in the
monoclinic system, space gro@®/c with a = 20.572(4) A,b = 17.279(6) A,c = 22.023(19) A8 = 103.13-

(4)°, andZ = 8. Complex2 crystallizes in the monoclinic system, space gr@2g1)/c, with a = 16.7555(7) A,
b=13.5173(5) Ac=17.1240(7) A = 104.9840(10), andZ = 4. Complex3 crystallizes in the orthorhombic
system, space groupca2(1) with a = 21.2859(4) Ab = 12.8286(10) Ac = 12.6456(2) A, andZ = 4. The

three complexes are very similar in structure: a trinuclear Cu(ll) complex with the two terminal Cu(ll) ions
blocked byN,N,N,N'-tetramethylethylenediamine, but with a different environment in the Cu(ll) central ion. In
the case of complek, two of these trinuclear entities are packed with a short distance between the central Cu(ll)
ions of two separate entities forming a hexanuclear-type compound. In the c@séwaf of these trinuclear
entities are linked by a hydrogen bond between a water molecule of one terminal Cu(ll) and one oxygen atom of
the oxamato ligand of the neighboring entity, also forming a hexanuclear complex. In the case of cantipdex
intermolecular linkages give a one-dimensional system where the OH groups of the OHpba entities are linked to
the terminal Cu(ll) of the neighboring entities. The magnetic properties of the three complexes were studied by
susceptibility measurements vs temperature. For complen intramoleculad value of —312.1 cn! and a
contact dipolar interaction of0.44K were found. For compleXanda3 the fit was made by the irreducible tensor
operator formalism (ITO). The values obtained were as follodis= —333.9 cnt! andJ, = 0.67 cn1? for 2

andJ; = —335.9 cmt andJ, = 3.5 cnt for 3.

Introduction interest on the coordination supramolecular self-assembly pro-
cesses, we find that very few complexes starting from poly-
supramolecular arrays based on covalent interactions or hydro_nuclear building blocks have been reported to date. McAuley

12 i _bri i
gen bonding has been a major focus of research efforts in recenFt al-# reported the synthesis of a chloro-bridged polymeric

3 (| — i
years for the rational design of functional materfa¥s.Journaux cohpper(ll) lcomplfo: écil_kj(_:lt(l_t)] (L |6t6; sgwo bl(cyc_lamz]_ h
et al? have recently indicated that the pathways used to obtain where cyclam= 1,4,8,11-tetraazacyclotetradecane), in whic

these species are based, essentially, on the following synthetic

The ability to control the construction of coordination

(3) (a) Zavorotko, M. £hem. Soc. Re1994 283. (b) Carlucci, L.; Ciani,

SCheme_'S: (') the Self‘ass_?mb'y method, (i) the use Qf poly- G.; Proserpio, D. M.; Sironi, AJ. Chem. Soc., Chem. Comm@894
nucleating ligands, and (iii) the use of complexes as ligands. 2755. (c) MacGillvary, L.; Subramanian, R.L S.; Zaworotko, MJ.J.
On the basis of these principles, a large variety of supramo- ﬁh;"_‘-c ShOCn-~ Cgesf“-'v(l:f)[m\“/vmg% Sl§§5r- (&) (E:’Lakr% é- Jrh;n?hriggsss'
lecular architectures have been repofed. Focusing our 1005, ung, 5. 5. M., L, W 5., seler, M. Lhem. Lommu ’
(4) Subramanian, S.; Zaworotko, M. Angew. Chem1995 107, 2295;
(1) Supramolecular Chemistry, Concepts and Perspestiehn, J. M., Angew. Chem., Int. Ed. En§995 34, 2127.
Ed.; VCH: Weinheim,1995 (5) Gardner, G. B.; Venkataranam, D.; Moore, S.; LeeN&ture 1995
(2) Aukauloo, A.; Ottenwaelder, X.; Ruiz, R.; Journaux, Y.; Pei, Y.; 374, 792.
Riviére, E.; Mufoz, M. C. Eur. J. Inorg. Chem.200Q 951 and (6) Fujita, M.; Kwon, Y. J.; Sasaki, O.; Yamaguchi, K.; Ogura,JKAm.
references therein. Chem. Soc1995 117, 7287.
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the ligand structure plays a crucial role in facilitating participa- 2, two of these trinuclear entities are linked by a hydrogen bond
tion of the chloride ion in the self-assembly process. Very between a water molecule of one terminal Cu(ll) and one oxygen
recently a rational design of homo and hetero hexanuclearatom of the oxamato ligand of the neighboring entity, also

coordination compounds suchd€u(tmen)(HO),][Cu(tmen)}-
[CuL(H20)} (ClO4)42H,0O and analogues (L is the bis-tetraden-
tate chelating ligan®,N,N"’,N"'-tetramethylenemethanetetrakis-
(oxamato) has been developed by Journaux &t al.
Continuing with this approach, we have attempted the

forming a supramolecular hexanuclear complex. In the case of
complex3, the intermolecular linkages give a supramolecular
one-dimensional system where the oxygen atoms of the OH
group of the OHpba ligands are linked to the terminal Cu(ll)
of the neighboring entities.

synthesis and characterization of new supramolecular magnetic The parent pba derivati¥e (pba = 1,3-propanediylbis-
species, starting from ferrimagnetic molecules, such as trinuclear(oxamato)) does not form any interesting assembly with the

Cu' systems or dinuclear ®«Ni" entities. Applying the

same terminal ligand (tmen). The one-dimensionat@®un

strategy of a self-assembly process, we have demonstrated thatomplex with pba isimplya ferrimagnetic chain, but with the

trinuclear Cll; cation systems have a tendency to give one- OHpba, it is one of the first molecular-based magnets to have
dimensional systems using XCNX = S, Se) as a bridging  been reported in the literatuté.

ligand and by synthesizing the first architectures derived from ] )

Cu's trinuclear cations and S(Se)CNnionst3 With dinuclear ~ Experimental Section

Cu'—Ni" entities we have reported some tetranuclear systems  caution! Perchlorate complexes of metal ions are potentially
which can be considered as the first discrete supramolecularexplosive. Only a small amount of material should be prepared and

structures with the SCNanion acting as ligand in a self-
assembly proces$.With nitrito ligand we have also prepared

this should be handled with caution.
Synthesis of the new complexesihe copper(ll) precursors were

a new one-dimensional supramolecular system, in which the prepared as described elsewhére.

NO; ion is chelated to one metal through the two oxygen atoms

[{ Cu(H20)(tmen)} ] [{ u-Cu(H20)(opba)l{ (ClO )2} 2.2H-0 (1). An

and bridged to a second metal ion via one of these oxygen ethanolic solution (10 mL) of tmen (0.313 g, 2.69 mmol) was added

atoms?®
As a consequence, we can state that the trinuclearGiu-

to an ethanolic solution (25 mL) of Cu(Cip-6H.0O (1.00 g, 2.69
mmol). To this mixture, an aqueous solution (35 mL) of (NBICu-
(opba)] (1.074 g, 1.35 mmol) was added. After filtration to remove

Cu complexes can be used as a building block for the Symh‘ESiS{;\ny impurities, the solution was left undisturbed, and well-formed blue-

of high nuclearity complexes or extended networks, following

green crystals of were obtained after several days. The yield was ca.

the strategy of “complexes as ligands” or self-assembly process.65%.

Here we report on the synthesis and characterization of

[{ Cu(H0)(tmen} o u-Cu(H;0)(opba} ] (ClOs)2} 2:2H0 (1),

[{ Cu(H0)(tmen} o{ u-Cu(H0)(Mezpba} ]2 { (ClO4)2} 2 (2), and
[{ Cu(H0)(tmen}{ Cu(tmen){ u-Cu(OHpba)], { (ClO4)2} nH0

(3), where opba= o-phenylenbis(oxamato), Mpba = 2,2-

dimethyl-1,3-propylenbis(oxamato), OHpba2-hydroxy-1,3-
propylenbis(oxamato), and tmen N,N,N,N'-tetramethyleth-
ylenediamine.

[{ Cu(H20)(tmen)} ]2[{ #-Cu(H20)(Me;pba)lo{ (ClO4)2} 2 (2). An
ethanolic solution (5 mL) of tmen (0.313 g, 2.69 mmol) was added to
an ethanolic solution (25 mL) of Cu(Ci-6H,0 (1.00 g, 2.69 mmol).
To this mixture, an aqueous solution (35 mL) of fGu(Mepba)}t
3H,0 (0.547 g, 1.35 mmol) was added. After filtration to remove any
impurities, the solution was left undisturbed, and well-formed blue-
green crystals o2 were obtained after several days. The yield was ca.
75%.

[{ Cu(H20)(tmen)}{ Cu(tmen)}{ u-Cu(OHpba)} 1n{ (CIO4)2} n*nH2-

The three complexes are very similar in structure: atrinuclear O (3). An ethanolic solution (5 mL) of tmen (0.313 g, 2.69 mmol)

Cu(ll) complex with the two terminal Cu(ll) ions blocked by
N,N,N,N'-tetramethylethylenediamine, but with a different
environment in the Cu(ll) central ion. In the case of complex

was added to an ethanolic solution (30 mL) of Cu(g¥®BH,O (1.00
g, 2.69 mmol). To this mixture, an aqueous solution (35 mL) of-Na
[Cu(OHpba)}3H,0 (0.553 g, 1.4 mmol) was added. After filtration to

1, two of these trinuclear entities are packed with a short distance"®Move any impurities, the solution was left undisturbed, and well-

between the central Cu(ll) ions of two separate entities forming

a supramolecular hexanuclear-type compound. In the case o

(7) (a) Evans, D. A.; Woerpel, K. A.; Scott, M. Angew. Chem1992
104, 439; Angew. Chem., Int. Ed. En$992 31, 430. (b) Hirsch, K.
A.; Venkataraman, D.; Wilson, S. R.; Moore, J. S.; LeeJSChem.
Soc., Chem. Commuh995 2199. (c) Loeb, S.; Shimizu, G. K. H.
Chem. Soc., Chem. Commur293 1395

(8) (a) Ashe, A. J.; Butler, W.; Diephouse, T.JRAm. Chem. S0d981
103,207. (b) Newton, M. G.;. King, R.; Haiduc, |.; Silvestru, korg.
Chem.1993 18, 3795.

(9) (a) Blake, A. J.; Chapness, N. R.; Khlobystov, A.; Lemonovskii, D.
A.; Li, W. S.; Schraer, M. Chem. Commuril997, 2027. (b) Losie,
P.; Zaworotko, M. JAngew. Cheml996 108 2957;Angew. Chem.,
Int. Ed. Eng.1996 35, 2779.

(10) Yagui, O. M.; Li, H.; Groy, T. L.Inorg. Chem.1997, 36, 4292.

(11) (a) Withersby, M. A.; Blake, A. J.; Chapness, N. R.; Hubberstey, P.;
Li, W. S.; Schiaer, M. Angew. Chem1997, 109 2421; Angew.
Chem., Int. Ed. Eng1997, 36, 2327. (b) Whang, D.; Heo, J.; Kim,
C.-A,; Kim. K. Chem. Commuril997, 2361.

(12) McAuley, A.; Subramanian, S.; Zaworotko, M.Chem. Soc., Chem.
Commun1992 1321.

(13) (a) Ribas, J.; Diaz, C.; Solans, X.; Font-Bard¥l. Inorg. Chim. Acta
1995 231, 229. (b) Ribas, J.; Diaz, C.; Solans, X.; Font-Bardvl. J.
Chem. Soc., Dalton Tran4997, 35.

(14) Ribas, J.; Diaz, C.; Costa, R.; Tercero, J.; Solans, X.; Font-8ardi
M.; Stoeckli-Evans, HInorg. Chem.1998 37, 233.

(15) Diaz, C.; Ribas, J.; Costa, R.; Tercero, J.; El Fallah, M. S.; Solans,
X.; Font-Barda, M. Eur. J. Inorg. Chem200Q 675.

formed blue-green crystals 8fwere obtained after several days. The

fyield was ca. 50%.

Elemental analyses (C, N, H, Cu, Cl) were consistent with the
formulation.

Crystal Structure Determination. A prismatic crystal ofl (prism,
blue-green, dimensions 0.1 ms 0.2 mm x 0.2 mm) was selected
and mounted on a Philips PW-1100 four circle diffractometer. Unit-
cell parameters were determined from automatic centering of 25
reflections (8 < 6 < 12°) and refined by least-squares method.
Intensities were collected with graphite monochromatized Mo K
radiation usingn/26 scan technique. A total of 11 421 reflections were
measured in the range 2.08 § < 29.98, 11 094 of which were
nonequivalent by symmetnR(int) (onl) = 0.017). A total of 5885
reflections were assumed as observed applying the condlitioPu(l).
Three reflections were measured gv@rh toserve as orientation and
intensity control; significant decay was not observed. Lorentz-polariza-
tion, but not absorption, corrections were made. The structure was

(16) Costa, R.; Gafal A.; Ribas, J.; Mallah, T.; Journaux, Y.; Sletten, J.;
Solans, X,; Rodguez, V.Inorg.. Chem.1993 33, 3733.

(17) (a) Pei, Y.; Kahn, QJ. Am. Chem. Sod986 108 3143. (b) Pei, Y ;
Verdaguer, M.; Kahn, OJ. Am. Chem. S0d.986 108 7428.

(18) (a) Nonoyama, K.; Ojima, H.; Nonoyama, Nhprg. Chim. Actal976
20, 127. (b) Stumpf, H. O.; Pei, Y.; Kahn, O.; Sletten, J.; Renard, J.
P.J. Am Chem. Socl993 115 6738. (c) Costa, R.; Gdml A,;
Sanchez, R.; Ribas, J.; Solans, X., Rajrez, V.Polyhedron1993
12, 2697.
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solved by Direct methods, using the SHELXS computer prodfam, Table 1. Crystallographic Data for Complexds 2, and3

and refined by full-matrix least-squares method with the SHELX93 1 2 3

computer prograrff,using 11 040 reflections (highly negative intensities —

were not assumed). The function minimized Was ||Fol> — |Fc|2[% empirical formula. GoHaaCl- CoiHasClo- CigHaoCla-

wherew = [¢%(1) + (0.0815)2 + 0.169P] %, andP = (|Fo|2 + 2|Fc|)/ CusNeO1g CueNeO17 CusNeO17
fw 942.14 918.17 888.11

3,f, f', andf" were taken from thénternational Tables of Crystal-

lography?! All the atoms of each perchlorate ion were refined with :[sé)rﬁce(%oup %gg @) Pzzéé)(/;) ng%((lz))
the same isotropic temperature coefficient. All H atoms were computed 1 (M% Ka) (A) 0.71069 0.71073 0.71073
and refined with an overall isotropic temperature factor using a riding a(A) 2'0.572(4) 16.7555(7) 2i.2859(4)
model. The finalR(on F) factor was 0.044wR(on |F|?) = 0.120 and b (A) 17.279(6) 13.5173(5) 12.82860(10)
goodness of fit= 1.089 for all observed reflections. The number of c(A) 22.023(19) 17.1240(7) 12.6456(2)
refined parameters was 430. Max. Shift/es®.0. Mean shift/ese= a (deg) 90.00 90.00 90.00
0.00. Max. and min. peaks in final difference synthesis were 0.065 g (deg) 103.13(4) 104.9840(10) 90.00
and —0.629 eA3, respectively. y (deg) 90.00 90.00 90.00
Suitable crystals o8 (prism, blue-green, dimensions 0.50 mm V (A3 7624(7) 3746.5(3) 3453.11(9)
0.30 mm x 0.25 mm) and2 (prism, blue-green, dimensions 0.50 Z 8 4 4
mm x 0.35 mmx 0.15 mm) were used in the structure determination.  Peaica (g CNT°) 1.640 1.628 1.708
X-ray data were collected using a Bruker SMART CCD area detector 4 (Mo Ko) (mm™) (1)8471‘211 é?)ggo %%?1%9
single-crystal diffractometer with graphite monochromatized Mo K WR 01187 01691 0.0931

radiation ¢ = 0.71073 A) by the phi-omega scan method. A total of
1271 frames of intensity data were collected for each compound. The 2R(on F) = S|Fo| — |F¢||/S|Fol. PwR(on F?) = [SW(F¢?2 — F2)%
integration process yielded a total of 18 739 reflections3fand 24 360 S W(F¢?)?)2.

for 2, of which 7535 R(int) = 0.0310] and 9211R(int) = 0.0533], o . .
respectively, were independent. Absorption corrections were applied from the oxamate. The pentacoordinatioriiand2 is provided
using SADABS2 program (maximum and minimum transmission by an oxygen atom from a water molecule. In the case of
coefficients, 1.000 and 0.853 f& and 0.763 and 0.449 f&). The complex3, the pentacoordination for Cu(1) is also achieved by
structures were solved using the Bruker SHELXTL#Pébftware by an oxygen from a water molecule but the Cu(3) atom completes
direct methods and refined by full-matrix least-squares method®.on  its coordination with the O of the OH group of OHpba from
Hydrogen atoms were included in calculated positions and refined in g neighboring entity instead a water molecule. Thus, the
the riding mode, except those in the water molecules that were located .., qination polyhedron of Cu(1) and Cu(3) can be considered
on residual density maps, but then also refined in the riding mode. For as a square pyramid withzfactor value of 0.03 for Cu(1) and

3, convergence was reached at a fiRdl = 0.0439 [forl > 20(1)], .
wR2 = 0.1017 [for all data], 451 parameters, with allowance for the 0.01 for Cu(3) inl, 0.07 for Cu(1) and 0.08 for Cu(3) & and

thermal anisotropy for all non-hydrogen atoms. The weighting scheme 0-02 for Cu(1) and 0.2 for Cu(3) i8(z = 0 for a square pyramid

employed wasw = [0%(Fo2 + (0.0398 P)2 + 2.7928] and P = andz = 1 for trigonal bipyramid). The distances of copper(ll)
(IFol> + 2|F¢[?/3 and the goodness of fit oR? was 1.080 for all atoms to the basal plane are 0.202 A for Cu(1) and 0.207 A for
observed reflections. F&, convergence was reached at a fiRal= Cu(3) in1, —0.145 A for Cu(1) and 0.186 A for Cu(3) i,

0.0590 [forl > 20(1)], wR2 = 0.1951 [for all data], 452 parameters, and —0.221 A for Cu(1) and 0.246 A for Cu(3) i8. At the
with allowance for the thermal anisotropy for all non-hydrogen atoms. central Cu(2) atom the basal plane is formed by two oxygen
The weighting scheme employed was= [0*(Fo” + (0.111%)7] and atoms and two nitrogen atoms from the oxamato ligand.
P = (IFol + 2|F[%)/3 and the goodness of fit di¥ was 1.013 forall  cqmp0ndg and2 have 4+ 1 coordination and the fifth ligand
observed reflections. The perchlorate anions are disordered in the ceIIis a water molecule: their coordination polyhedron can be

of the complexes. Crystal data and details on the data collection and . ) .
refinementpare summyarized in Table 1. considered as a square pyramid withr géactor value of 0.02

Physical MeasurementsMagnetic measurements were carried out fof 1 and 0.07 for2. Complex 3 shows four-coordination

on polycrystalline samples with a SQUID Magnetometer. The magnetic (Square-planar) geometry. The distance of the copper(ll) atom
field was 1000 G. The diamagnetic corrections were estimated from to the basal plane is0.110 A in1, 0.075 A in2, and 0.024 A

Pascal Tables. in 3. The Cu--Cu separations within the trinuclear unit are as
] ) follows: Cu(1)>Cu(2)= 5.176 A and Cu(2yCu(3)= 5.193
Results and Discussion A for 1, Cu(1)-Cu(2)= 5.173 A and Cu(2}Cu(3)= 5.155 A
Description of the structures [ Cu(H20)(tmen)} 5][{ #-Cu- for 2, and Cu(1)-Cu(2)=5.179 A and Cu(2)Cu(3)= 5.163
(H20)(opba)k{ (C104)2} 22H20 (1), [{ Cu(H-0)(tmen)} o p- A for 3. The Cu(1)-Cu(2)-Cu(3) angles are 165.15169.14,
Cu(H;0)(Mezpba)}]A (Cl04)2} 2 (2), and [ Cu(H-0)(tmen)} - and 173.90 and the angle formed by the two mean oxamato-
{ Cu(tmen)}{ g-Cu(OHpba)}]n{ (CIO4)2} n*nH-0 (3). A drawing like planes (which contain the copper(ll) ions) are 158.4

of the cationic part with atom labeling scheme is given in 164.9, and 164.0 for 1, 2, and3, respectively.
Figures 1, 3, and 5. The main bond distances and ang|es are In Complexl, two of the trinuclear entities are self-assembled
given in Tables 2, 3, and 4 for complexds 2, and 3, with a short distance (4.047 A) between the central Cu(ll) ions
respectively. The terminal copper(ll) ions, Cu(1) and Cu(3), have Of two different entities giving a hexanuclear-type compound
4 + 1 coordination. Their basal planes are formed by two (Figure 2). The phenylene group remains on the main plane of
nitrogen atoms from the tmen ligand and two oxygen atoms €ach trinuclear entity, with the water molecules linked to the
central Cu(ll) ions in the opposite direction to the -€Cu
(19) Sheldrick, G. MActa Crystallogr.199Q A46, 467. interaction. These structural features permit packing of the
(20) ghfelr?rir%k. ?Upl{lS*jEl-Xéat_An Corzljpét;rnPrOr?r%m :%r Cr?]rysgitfucwfe trinuclear entities with a short distance between the central Cu-
(21) In(taelrngtigr?al Tgk?l:é)lfor X.IragyeC-rystalllogfabh}(eynoihybress:- Bir- (”) ions of tW.O. different entities. In comple2, two of the
mingham, U.K., 1974; Vol. 4, pp 99100, 149. trinuclear entities are self-assembled by a hydrogen bond
(22) Sheldrick, G. MSADABS: Program for Absorption Corrections using  between a water molecule of one terminal Cu(ll) and one oxygen

ir)g%ker CCD Data University of Gdtingen: Gatingen, Germany,  atom of the oxamato ligand of the neighboring entity, also
(23) Sheldrick, G. M.Brucker SHELXTL-PCUniversity of Gatingen, forming a hexanuclear complex (Figure 4). In Cu(1) the water

Gottingen, Germany, 1997. molecule acts as a terminal ligand, while in Cu(3) it bridges
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Figure 1. Drawing of the cationic part of [Cu(HO)(tmen} A u-Cu-
(H20)(opba} ]2 {(ClO4)2} 2:H20 (1) with the atom labeling scheme.
Ellipsoids at the 50% probability level.

Figure 4. Projection down théc-plane of the unit cell of [Cu(H;0)-
(tmen} A u-Cu(H:0) (Mexpba}]A{ (ClO4)2} 2 (2), showing the best view

of the hexanuclear entities. The perchlorate anions are omitted for
clarity.

Figure 5. Drawing of the trinuclear cationic part gfCu(HO)(tmen}-
{Cu(tmen}{u-Cu(OHpba)]{ (ClO4)2} n(H20)r"nH-0 (3) with the atom
labeling scheme. Ellipsoids at the 50% probability level.

Figure 2. Projection down thec-plane of the unit cell of [Cu(H0)-
(tmen} { u-Cu(H0)(opba} ]2 { (ClO4)2} 2-2H,0 (1), showing the best
view of the hexanuclear entities. The perchlorate anions are omitted
for clarity.

c12

Figure 6. Projection down thec-plane of the unit cell of {Cu(H;0)-
(tmen}{ Cu(tmen){u-Cu(OHpba)], { (ClO4)2} n(H20):-nHO (3), show-

ing the best view of the one-dimensional entities. The perchlorate anions
are omitted for clarity.

Figure 3. Drawing of the cationic part of [Cu(HO)(tmen} o u-Cu-
(H,0)(Mespba} 1o (ClO4)5} 2 (2) with the atom labeling scheme. EI-  intermolecular Cu-Cu distance is via the bridge OH group,
lipsoids at the 50% probability level. Cu(3)(terminal-Cu(2)(central)}= 5.913 A.

We thus corroborate that the strategies for the construction
through the hydrogen atom. In the hexanuclear entity the of molecular architectures through the self-assembly process is
distance between H(3SBPD(3) is 2.283 A. The shortest consequence of several structural factors and numerous subtle
intermolecular Cu-Cu distance is Cu(3)(terminatCu(2)- intermolecular forces: van der Waals, hydrogen-bonding,
(central)= 5.064 A. The methyl groups of the 2,2-dimethyl- electrostatic interactions and metéigand coordination. In this
1,3-propylenbis(oxamato) ligand are situated opposite each othemway, the polymerization of analogous trinuclear complexes by
in the center of the main plane of the hexanuclear entity. In changing only the central part of the oxamato ligand, opba
this structural feature the proximity of the Cu(ll) ions of the [o-phenylenbis(oxamato)], Mpba [2,2-dimethyl-1,3-propylen-
two trinuclear entities is impossible. In compl8xwhere the bis(oxamato)], and OHpba [2-hydroxi-1,3-propylenbis(oxa-
starting building block has the OHpba ligand, the presence of mato)], gives three new polynuclear architectures.
the oxygen atom of the OH group gives rise to 1D system as Magnetic Studies.Susceptibility measurements for complex
expected due to the possibility of CutHPH coordination. The 1 are shown in Figure 7 ggyT vs T. From room temperature
oxygen atoms of the OH groups of the OHpba ligands are linked down to 75 K there is a clear fall ipy T values, followed by a
to the terminal Cu(3) of the neighbors (Figure 6). The shortest plateau close to 0.41 ¢ihmol~* K, a typical value for an isolated
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Figure 7. Experimental and calculated variations of the product = 0.504 F coupling
xmT versus temperature fof Cu(H.0)(tmen} o{ u-Cu(H,0)(opba}].-
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Figure 10. Theoretical curves obtained by CLUMAG program (see
text) for differentJ, values. In all cases); andg were constant.J; =
tmT—= 0 AmT— 1 —334 cnTt andg = 2.15.
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Figure 8. Scheme of the spin topology assuming intermolecular ferro F“‘- F. ’ F“‘-
(a) or antiferromagnetic (b) coupling between the two trinuclear{Cu e
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0 50 100 150 200 250 300 Figure 11. Scheme of the spin topology assuming ferro or antiferro-
TIK magnetic coupling between the trinuclear [80u—Cu] entities in the
) . . one-dimensional complex.
Figure 9. Experimental and calculated variations of the proguct
versus temperature fof Cu(HO)(tmen}2{u-Cu(H0)(Mezpba}]2- magnetic measurements and the treatment of data. If the
{(ClOa)2}2 (2). magnetic interaction between these two entities were weakly

] ) ) ] ) ferromagnetic, the resultingr value would tend to zero at low
Cu' trimer (S = %), assuming antiferromagnetic coupling temperatures, so theuT curve would decrease and tend to zero
between the Clions. In the low-temperature zone, below 40 4 these temperatures. In contrast, if the coupling was weakly
K, there is a clear fall in thewT values, toward zero. This  aptiferromagnetic the resulting values would tend to 1 and
decrease can be explained by dipolar interactions between thqheXMT curve would increase and tend to a value greater than
two central copper(ll) ions. According to the Hamiltonian and 4 (taking into account thag > 2.00). The susceptibility
mathematical formula reported in the literatdfehe best fit measurements for compl@are shown in Figure 9 gg4T vs
parameters aré= —312.1 cm*, 6 = —0.44K,g = 2.10,and T The fit of experimental data, was performed according to
g = 2.07.R= 3 x 107° (R = Ji(xmcaic — %Mobsd?/ Y i(XMcald)*. the following Hamiltonian:

For complex2, as shown in the crystallographic part (Figure

4), the hexanuclear complexes are formed by two trinuclear H=—-J,(SS, + S;S; + §5 + SS) — 1SS, + SS) (1)
entities linked by a hydrogen bond between a water molecule
of one terminal copper(ll) and one oxygen atom of the oxamato whereJ; corresponds to the coupling through the oxamato bridge
ligand of the neighboring entity. The two cases represented in andJ, to the coupling through the hydrogen bonding between
Figure 8 are two extremes used for analyzing experimental trinuclear entities. The free parameters wdie J,, and g
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Table 2. Selected Bond Lengths (A) and Angles (deg) for

2.5 1 Cu(3)-0(7) 1.980(3) Cu(2r0(4) 2.000(3)
Cu(3)-0(8) 1.984(3) Cu(2y0(5) 2.327(4)
Cu(3)-N(5) 2.011(3) Cu(1r0(2) 1.968(3)
Cu(3)-N(6) 2.01(5) Cu(1}0(1) 1.991(3)
1 Cu(3)-0(9) 2.297(3) Cu(BrN(2) 2.022(3)
5 Cu(2-N(@3) 1.918(3) Cu(1}N(1) 2.036(3)
0 Cu(2)-N(4) 1.918(3) Cu(1)0(3) 2.343(3)
f | Cu(2)-0(6) 1.998(3)
| O(1)-Cu(1)-N(1)  93.53(13) O(4Cu(2-0(5) 91.45(14)
P N(2)—Cu(1)-N(1) 87.80(14) N(3)Cu(2)-N(4) 81.96(12)
0 O(2-Cu(1)-0(3) 92.62(13) N(4-Cu(2)-0(6) 84.12(12)
"0 50 100 150 200 250 300 O(1)-Cu(1)-O(3) ~ 89.74(12) N(3)}Cu(2)-O(4)  84.18(11)
N(2)—Cu(1)}-O(3) 100.65(14) O(AHCu(3-0(8) 84.33(10)
T/K N(1)-Cu(1)-O(3) 99.8(2)  O(7}Cu(3-N() 92.26(12)
Figure 12. Experimental and calculated variations of the progudt O(2)-Cu(1y-0O(1) 84.17(10) O(8yCu(3-N(6) 93.21(12)
versus temperature fof Cu(HO)(tmen}{ Cu(tmen)}{x-Cu(OHpba)]n- O(2)—Cu(1y-N(2) 92.18(12) N(5)Cu(3)-N(6) 87.75(13)
{(ClO4)3} n(H20)nnH20 (3). 0(6)-Cu(2)-0O(4) 109.04(10) O(ACu(38-0(9) 90.72(13)
N(3)—Cu(2}-O(5) 103.1(2)  O(8YCu(3-0(9) 92.02(12)

g
[=
h

% T/ cm*K mol
4

foug t 4 4 N(4)—Cu(2-0(5) 985(7)  N(5-Cu(3-0(9) 99.74(13)
fcuro CL J; Clu 9 CTU A 0(6)-Cu(2-0O(5) 83.2(2)  N(6)}-Cu(3)-O(9) 100.96(14)
W ’ B | ! «"'/Jz B T Table 3. Selected Bond Lengths (A) and Angles (deg) 2or
beu” 2yt 1O fue Cu(1)-0(1) 1.947(3)  Cu(0(2S) 2.400(5)
| ] Ji 3 Cu(1y-0(2) 20213)  Cu(20(3) 2.004(3)
Iy y foup, Cus! Cu(1y-N(1) 2.031(4)  Cu(3yO(5) 1.965(3)
Curz, . Cus & N Cu(1-N(2) 2.045(4)  Cu(3yO(6) 1.996(3)
w2 2 RV b Cu(1)-0(1S) 2.351(4)  Cu(3N(6) 2.020(4)
T e B AT ST Cust Cu(2)-N(4) 1936(4)  Cu@NQ) 2.034(4)
P e s Cu(2-N(3) 1.937(4)  Cu(3rO(3S) 2.376(4)
s Cu(2y-0(4) 1.989(3)

fh;{ 2 T =3 (g = 2.00) O(1)-Cu(1)-O(2) 84.71(13) N(4YCu(2)-O(2S) 89.64(19)

0(2)-Cu(1)-N(1) 96.13(15) N(3}Cu(2)-O(2S) 93.04(18)

(@) ) O(1)-Cu(1)-N(2) 90.38(15) O(4YCu(2)-O(2S) 93.58(17)

Figure 13. Scheme of the spin topology assuming intermolecular ferro IC\I)((B:gﬂg)):’C\I)((?S) %1?138((11?) %((:ggﬂg)):gg)s ) ggjg((llg))
(a) or antiferromagnetic (b) coupling for a ring of twelve copper(ll) 0(2)-Cu(1)-0(1S) 90:68(16) 0(6)Cu(3)-N(6) 92:72(15)
atoms. N(1)-Cu(1)-O(1S) 95.21(17) O(SYCu(3}-N(5)  92.52(16)
: : : N(2)—Cu(1}-O(1S) 99.14(16) N(6)Cu(3)-N(5) 87.39(18)
' N(4)—Cu(2-N(3) 94.81(15) O(5yrCu(3)-0O(3S) 85.51(15)
3.5 4 N(4)—Cu(2-0O(4) 84.62(14) O(6yCu(3-0O(3S) 98.20(15)
N(3)—Cu(2-0O(3) 84.34(14) N(6yCu(3)-0O(3S) 102.88(16)
O(4)—Cu(2)-0(3) 95.99(13) N(5yCu(3-0O(3S) 94.45(18)

3.0+ Table 4. Selected Bond Lengths, (A) and Angles (deg) 3or

J
AF coupling )

Cu(1)-0(1) 1.967(3) Cu(zr0(3) 1.969(3)

25 Cu(1)-0(2) 1.989(3) Cu(20(5) 1.986(4)

Cu(1)-N(1) 2.024(4) Cu(3y0(6) 1.969(3)

Cu(1)-N(2) 2.027(4) Cu(3y0(7) 1.989(4)

90 Cu(1)-0(1S) 2.270(4) Cu(3)N(5) 2.012(4)

1 Cu(2-N(3) 1.930(4) Cu(3yN(6) 2.015(4)
Cu(2)-N(4) 1.934(4)

O(1)-Cu(1)-0(2)  84.31(13) N(3}Cu(2-O(3) 85.12(14)
0(2)-Cu(1)-N(1)  92.42(14) N(3FCu(2}-N(4) 94.88(15)
O(1)-Cu(1)-N(2)  93.05(15) N(4)Cu(2}-O(5) 85.30(14)
N(1)-Cu(1}-N(2)  87.43(16) O(3}Cu(2-O(5) 94.69(13)
O(1)-Cu(1)-O(1S) 91.73(16) O(6YCu(3)-O(7) 84.22(14)
. 0(2)-Cu(1)-0(1S) 91.89(17) O(6}Cu(3)}-N(5) 92.37(17)
J;=5cm N(1)—Cu(1}-O(1S) 100.14(17) O(ACu(3)-N(6) 92.52(16)

"] J=10cm’ | N(2)—Cu(1}-O(1S) 101.29(19)
2

1.5

% T / cm® K mol™

1.04

F coupling

0.0 . . . . andR= 2 x 104 Finally, to compare the theoretical magnetic

0 5 10 15 20 25 behavior for the two extreme cases represented in Figure 8, a
T/K simulation of theymT vs T, using the same formalism, was

- > 1
Figure 14. Theoretical curves obtained by CLUMAG program (see perfzorln;ed, ;Ixmg t_he]ltr\]/aluelas 334 ot I_and ttl'?eg Vglltjﬁ
text) for differentd, values. In all cases); andg were constantJ; = as 2.15 and varying the values 8f (coupling through the

—336 cnrl andg = 2.14. hydrogen bond) between10 and 10 cm'. As expected, with

these small, values the variation ofmT vs T is manifested
(average). The fit made by the irreducible tensor operator only at low temperatures (Figure 10). When thecoupling is
formalism (ITO), using the CLUMAG prograiit, gave the
following resultsJ; = —333.9 cn1?, J, = 0.67 cn1t, g = 2.15, (24) Gatteschi, D.; Pardi, LGazz. Chim. Ital1993 123 231.
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Table 5. Main Molecular Parameters Affecting the Intramolecular Antiferromagnetic Coupling for the Three Similar Compl@xesd 3

CuCuCu/ planes anghé deviatior?/A 7 descriptor for five coordinaticn
J(cm™) deg deg Cul Cu2 Cu3 Cul Cu2 Cu3
Q) —-312.1 165.15 158.38 0.202 —0.110 0.207 0.03 0.02 0.01
) —333.9 169.14 164.90 —0.145 0.075 0.186 0.07 0.07 0.08
3) —335.9 173.90 164.00 —0.221 0.024 0.246 0.02 d 0.20

2 Formed by the two mean oxamato-like planes which contain the copper(ll)i@uwuiation of the copper(ll) ions from the mean plane created
by the four basal atom$. is 0 for square-pyramid and 1 for trigonal bipyramidihe environment for Cu(ll) is square planar.

antiferromagneticyu T increased at lower temperatures tending decreasing temperature tendingSe= 2 (4 electronsymT =

to a finite value greater than 1 becauge= 2.15; whenJ, 3.44 cntmol~1K, assumingg = 2.14)) value; when thel,
coupling is ferromagnetigymT decreased with lower temper-  coupling is ferromagneticymT decreases with decreasing
ature, tending to zero. temperature, tending to zero.

For complex3, as can be seen from the crystal structure, the  Magneto-structural Correlations. As previously reported
chain is formed by trinuclear entities linked by the oxygen atom the most antiferromagnetic coupling occurs when the trinuclear
of the OH group of OHpba ligand (Figure 6). Such a ligand entity is completely planar assuming that all copper(ll) ions are
can transmit an additional interaction between the trinuclear in the center of the square-planar coordination: this is an ideal
entities, giving rise to two different forms of the ground state case. In Table 5 we have gathered some structural differences
at low temperature. These two forms are shown in Figure 11. petween the three complexes. The most important one lies in
If the magnetic interaction between these two entities were the angles formed by the three copper(ll) ions, but the different
weakly ferromagnetic, the resulting total spin value would tend values for complexe8 and3 do not justify the similad values.
to zero at low temperatures, so th@T curve would decrease  The small deviation from 180for complex3 is undoubtedly
and also tend to zero at these temperatures. In contrast, if tha;ompensated by the deviation from square-pyramidal to trigonal
coupling were weakly antiferromagnetigyT would tend to  bipyramid of Cu3 (0.2, Table 5). The magnetic orbital in a bpt
infinity at low temperatures. The susceptibility measurements distortion reduces the overlap between them and, consequently,
for complex3 are shown in Figure 12 gg4T vs T. To fit the theJ value. The explanation of thkvalues gradation, ¥ 2 ~
experimental data we have assumed a ring of 12 copper(ll) 3, lies in the variation formed by the two mean oxamato-like
atoms, which should describe the behavior of the infinite chain planes (which contains de copper(ll) ions). These angles create
with negligible uncertainty (Figure 13). The fit of experimental g deviation from the planarity in the order=1 2 ~ 3. This is
data was performed according to the following Hamiltonian: the main factor that diminishes the antiferromagnetic coupling

because it reduces the overlap between magnetic orbitals. The

H=-J(SS+S5+SS+SS+SS+SS experimental values are consistent with this explanation.
SioSu T S1S1)- LSS+ §F + §S;; + 5,.5) (2) With regard to the intermolecular GCu interactions is not

possible to perform magneto-structural studies since there are
where J, corresponds to the coupling through the oxamato three kinds of bonds: dipolar, hydrogen, and meligiand. For
bridges andJ, through the oxygen bridged atom. The free complexes1 and 2 we cannot predict the sign of or J.
parameters werd,, J;, andg (average). The fit made by the  Experimentally,1 is antiferromagnetic an@ is ferromagnetic.
irreducible tensor operator formalism (ITO) using the CLUMAG  On, the contrary, fo8 it is possible to predict the sign b,
prograni* gave the following resultsJ, = —335.9 cn1, J, = due to the orthogonality of the magnetic orbitals because the

35cnt, g =214, andR = 2.15x 10°% _ OH group of the OHpba is almost perpendicular toxjielane
To compare the theoretical magnetic behavior of the two of cy().

extreme cases shown in Figure 13, a simulatiorygf vs T

for the ring of twelve copper(ll) atoms was calculated using  Acknowledgment. This study was financially supported by
the same method as that described above. Jh&oupling the Direccimm General de InvestigaaioCientfica y Técnica
through the oxamato bridge) value was fixed-a336 cnt? (Spanish Government, Grant No. PB96/0163).

andg was set at 2.14. The value 8f was simulated between

—10 and 10 cm. As expected, with these small values, the _ Supporting Informati_on Availgblg: Th_ree X-ray crystalographic
variation of yuT vs T is observed only at low temperatures. files, in CIF for.mat. This material is available free of charge via the
The theoreticaymT vs T curves are shown in Figure 14. When Internet at http://pubs.acs.org.

the J, coupling is antiferromagneticymT increases with IC001028E





