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A tridentate Schiff base carboxylate ligand, derived from the condensation of pyridine 2-carboxaldehyde with anthranilic
acid, reacts with copper trifluoroacetate salt to give rise to the helical chain complex [Cu(C13HoN20,)(FsCCO)]s (1)
and with copper nitrate to give rise to the tetranuclear complex [{ Cus(Cy13HgN202)4(H20)4} -3.5NO30.5N3] (2) with
the addition of azide salt. The structures of these complexes have been solved by X-ray crystallography. The
Cu(ll) ions are in a distorted square-pyramidal environment in complex 1. They are sequentially bridged by carboxylate
groups in the syn—anti conformation, resulting in the formation of an infinite helix like chain along the crystallographic
c-axis. The crystal structure of complex 2 consists of tetranuclear [Cus(L)s(H20)4]** (L = Cy3HgN,O,™) cations and
isolated NO;~ and N3~ anions in the ratio 1:3.5:0.5, respectively, involving bridging carboxylate groups in the
syn—anti conformation. For 1 the carboxylato—Cu(ll) coordination is apical—basal, while for 2 it is basal-basal.
From the magnetic susceptibility measurements the complex 1 is found to exhibit very weak antiferromagnetic
interaction whereas a weak ferromagnetic coupling has been established for complex 2. The magnetic behavior
can be satisfactorily explained on the basis of the structural data for these and related complexes.
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Chart 1 one of them/1, is a one-dimensional helical chain with the
carboxylato giving basalapical coordination, and the sec-
_Cu Cu__ _Cu ond, 2, is a new tetranuclear complex, in which the
? ‘|3 ? o 0 o carboxylato shows basabasal coordination. The tetrameric
Cu Cu Cu complex contains a{Cu—O—C—0), ring folded in such a

manner that the four copper ions fall at the corners of a
pseudotetrahedron. It should be noted that compex

and/or physicochemical properties change by input of represents one of the very few examples of singly carboxyl-
external information. Polynuclear copper(ll) clusters are of ate-bridged tetranuclear complexes reported s&fdiThis
present interest in bioinorganic modeling, multielectron Ppaper is devoted to the structural and magnetochemical
transfer, catalysis, and magnetostructural research. Amongstudies of these two complexes.

the multiatom bridging ligands, carboxylate has been exten-
sively studied.

It is well-known that a carboxylate group can bridge two Physical MeasurementsElemental analyses were carried out
metal ions to give rise to a wide variety of polynuclear com- using a Perkin-Elmer 2400 Il elemental analyzer. Infrared spectra
plexes ranging from discrete entities to three-dimensional were recorded on a Perkin-Elmer 883-IR spectrophotometer using
systemg4-16 |n these complexes, a carboxylate group can KBr pellets. Magnetic susceptibility measurements in the range
assume many types of bridging conformations, the most im- 2~300 K have been carried out using an MPMS SQUID magne-
portant being triatomic synsyn, anti-anti, and syr-anti tometer. . o
and monatomié’ The magnetic properties are closely related _Materials. Pyridine-2-carboxyldehyde, anthranillic acid (Ald-

. . rich), copper carbonate, copper nitrate, trifluoroacetic acid, and
to the bridging (Chart 1) conformation adopted by the car- : . . .

) sodium azide (Merck) were used as received. Copper trifluoroacetate

boxylate group in these polynuclear syst(_ems. Thgs, for cop-a< prepared by standard mett?8d.
per_(ll) complexe_s,. the former conformation med@tes large Preparation of the Complexes.The ligand LH was prepared
antiferromagnetic interactiort$;°the second mediates me-  py coupling anthranillic acid with pyridine 2-carboxaldehyde in
dium or weak antiferromagnetic or ferromagnetic interac- methanol by the procedure reported elsewfigre.
tions!’®1®and the latter exhibits weak antiferromagnetic  The complex [Cu(@HoN,O.)(F:CCOy)]n (1) was prepared by
exchange interactiorf8.As expected on the basis of their slowly adding 10 mL of methanolic solution of I.H1 mmol) to
respective geometries, the sysyn configuration favors the  a 15 mL methanolic solution of copper trifluoroacetate (0.225 g, 1
formation of dinuclear complex&swhile the anti-anti and mmol) at room temperature with constant stirring, and it was kept
syn—anti configurations generally correspond to chain or at room temperature. Deep green rectangular shaped crystals
layer compound®-25 Working with the tridentate Schiff appeared after 36 h from which suitable crystals for X-ray analysis
base HL and two different counteranions (see Experimental We'e separated. Yield: 95%. Anal. Calcd foisCuRN.Oy: C, -
Section), we succeeded in obtaining two new polynuclear 44.78; H, 2.24; N, 6.97; Cu, 15.81. Found: C, 44.81; H, 2.26; N,

; o s ) 6.95; Cu, 15.80. IR (KBr; cmb): »(N—H), 3170-3345;1{C00),
complexes with bridging COO groups in the syranti 1667: 7,{COO), 1395.

configuration but with complete different dimensionality: [{ CU4(C1sHoN>05)a(H-0)2} -3.5NO50.5Ny] (2). This complex

(14) Doedens, R. Prog. Inorg. Chem1976 21, 209. was prepared py addition of_ the Schiff base (1 mmol) to_ a

(15) Rettig, S. J.: Thompson, R. C.; Trotter, J. Xialr@irg. Chem1999 methanolic solution of copper nitrate (0.18 g, 1 mmol). The resulting
38, 1360 and references therein. mixture was stirred for 15 min, and sodium azide (0.5 mmol) in 2

(16) gaﬂTgom_IS,X-:IE’SOmaS. (|3 Dgnglﬂnou-gﬁmafl&sg%-gga%ggw'ou, C. mL of water was added to it with the solution kept at room

., 1erzis, A.; Kessissogliou, D. org. em. 3 . :

(17) (a) Deacon, G. B.; Phillips, R. Coord. Chem. Re 198Q 33, 227. temperaFure. S_hlny green rectangular crystals_appeared after 24 h,
(b) Melnik, M. Coord. Chem. Re 1981, 36, 1. (c) Kato, M.; Muto, from which suitable crystals for X-ray analysis were separated.
Y. Coord. Chem. Re 1988 92 45. (d) Oldham, C. i€omprehensie Yield: 90%. Anal. Calcd for GHCuwN1302256 C, 42.58; H, 3.00;

Coordination ChemistryWilkinson, G., Gillard, R. D., McCleverty, . . . . .
J. A, Eds.; Pergamon Press: Oxford, U.K., 1987; Vol. 2, p 435. (e) N, 12.49; Cu, 17.33. Found: C,42.59; H, 3.02; N, 12.50; Cu, 17.31.

Colacio, E.; Dormguez-Vera, J. M.; Ghazi, M.; Kivekas, R.; Klinga, =~ IR (KBr; cm™): »(N—H) and v(O—H), 3140-3405; »{(COO0),
M.; Moreno, J. M.Eur. J. Inorg. Chem1999 441 and references 1688;v,{C0O0), 1401.

syn-syn syn-anti anti-anti

Experimental Section

(18) tgg;'gy B.: Bowers, K. [Proc. R. Soc, Londo8952 214 451, ~ X-ray Data Collection and Structure Refinement. X-ray
(19) Costes, J. P.; Dahan, F.; Laurent, JirRrg. Chem.1985 24, 1018. intensity data for the compounds and 2 were collected on a
(20) Colacio, E.; Dormguez-Vera, J. M.; Kivela R.; Klinga, M.; Moreno, Bruker-Nonius CAD 4 diffractometer and a CCD area detector,

J. M.; Romerosa, A.; Ruiz, Jnorg. Chim. Actal993 212 115and  respectively, using graphite-monochromatized Mo igdiation ¢

references therein. _ . )
(21) Psomas, G.; Raptopoulou, C. P.; lordanis, L.; Dendrinou-Samara, C.; = 0-710 73 A). The lattice constants were determined by least-

Tangoulis, V.; Kessissoglou, Dnorg. Chem.200Q 39, 3042 and squares refinements of the setting angles for 25 reflections (17
references therein. 6 = 16°) for 1 and for all the observed reflections in the entire

(22) ngg%5ngg£ddison, A.W.; Sinn, E.; Thompson, L.Iorg. Chem. data set foR. The data forl were corrected for absorption effects

(23) Schulz, D.; Weyheriiller, T.; Wieghartdt, K.; Butzlaff, C. Trautwein,

A. X. Inorg. Chim. Actal996 246, 387. (26) Colacio, E.; Ghazi, M.; Kivekas, R.; Moreno, J. Morg. Chem200Q
(24) Sen, S.; Saha, M. K.; Gupta, T.; Karmakar, A. K.; Kundu, P.; Mitra, 39, 2882 and references therein.

S.; Hursthouse, M. B.; Malik, K. M. AJ. Chem. Crystallogr1998 (27) Wang, S.; Trepanier, S. J.; Zheng, J. C.; Wagner, NMhalg. Chem.

28, 771. 1992 31, 248.

(25) In the case of [GOAC).A],, where A is a macrocyclic ligand, syn (28) Mitra, S.; Singh, L. KThermochim. Actd 991, 176, 327.
anti carboxylate bridges result in a pseudodinuclear structure (cf.: (29) Shukla, R.; Bhardwaj, P. K.; Hall, J. V.; Whitmire, Rolyhedron
Coughlin, P. K.; Lippard, SJ. Am. Chem. S0d.984 106, 2328). 1994 13, 2391.
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Table 1. Crystal Data and Structure Refinement for [Cuf@sN2O5)-
(FCCO)]n (1) and [ Cuu(ClzHgN202)4(H20)4} -3.5NCs0.5Ng] (2)

Table 2. Selected Bond Distances (A) and Bond Angles (deg) for
[CU(Ci3HoN20,)(FCCO)ln (1)

1 2 Cu(1)-0(1) 1.911(3) Cu(1y0(3) 1.940(3)
= Cu(1)-N(2) 2.002(3) Cu(13N(1) 2.010(3)
i S ki G Nid0z2.50 Cu(1y-0(2) 2.144(3) o(1yc(a) 1.271(4)
temp, K 150(2) 150(2) 0(2)-C(13) 1.248(4) o(2yCu(l) 2.144(3)
radiation, graphite Mo Ko Mo Ka O(3)-C(14) 1.268(5) O(4yC(14) 1.210(4)
monochromated
wavelength, A 0.71073 0.71073 O(1)-Cu(1)-N(2) ~ 91.47(11) O(3yCu(1)}-N(2)  164.38(12)
cryst system monoclinic monoclinic O(1)-Cu(1)-N(1)  160.26(12)  O(3)Cu(1)-N(1) 89.21(12)
space group P2i/c C2lc N(2)—Cu(1)-N(1) 81.45(12)
g: é 12;%8% gii%g% a Symmetry transformations used to generate equivalent atomsx,(#1)
a, deg 90 90 .
B, deg 107.83(3) 107.8660(4) Table 3. Selected Bond Distances (A) and Bond Angles (deg) for
v, deg 90 90 [{ Cu(Cl3HgN202)4(H20)a} -3.5N03+0.5N;] (2)2
Z 4 8
: Cu(1y-0(4) 1.936(3) Cu(y0(1) 1.957(3)
cryst size, mra 0.35x 0.30x 0.30 0.10x 0.10x 0.08
V|yA3 1443.9(9) 11615.8(2) Cu(1)-N(2) 1.976(4) Cu(1yN(1) 2.017(4)
6 range for 2.92-25.38 2.92-27.50 Cu(2-0(3) 1.953(3) Cu(2yN(4) 1.973(4)
data collcn, deg Cu(2-N(3) 2.007(4) Cu(2y0(10) 2.170(4)
reflcns collcd 2839 22946 Cu(3-0(2) 1.931(3) Cu(3Y0(5) 1.960(3)
indpdit reflcns 2628 [R(int)= 0.0307] 13 102 [R(inty= 0.0233] Cu(3)-N(6) 1.974(3) Cu(3yN(5) 2.022(4)
goodness-of-fit  1.029 1.023 Cu(3-0(11) 2.169(3) Cu(4)0O(6) 1.930(3)
~onFz Cu(4)y-0(7) 1.956(3) Cu(4yN(@®) 1.976(3)
Fmﬁlfér;c(jll;:]es R1=0.0431, wR2=0.1073 R1=0.0583, wR2=0.1643 Cu(4)y-N(7) 2.011(4) Cu(4r0(12) 2.158(4)
R s ] dae) RE 00608, Rz 01135 Ri-0origwa-oas Q@YU 12O o@icas 129
Iar%t;sc: I(11(|)f|fepeak 0.615and-0.617 e & 2.918and-1.352e A O(5)-C(39) 1.252(5) O(6yC(39) 1.263(5)
0(7)-C(52) 1.254(5) 0(8)C(52) 1.273(5)

using they-scan method incorporated in WINGRand those for N(2)-Cu(1)-O(4) 176.33(14) N(4YCu(2-0O(8) 175.42(15)
2, by using multiple and symmetry-related data measurements via N(6)—Cu(3)-O(2) 176.46(14) N(8yCu(4)-O(6) 175.83914)
SORTAV3! The structures were solved by direct methods (SHELXS- N(1)—Cu(1)-O(1) ~ 142.81(15)  N(3yCu(2)-O(3)  144.00(15)
97)2 and refined or? by full-matrix least-squares using all unique N(5)-Cu(3)-0O(5)  143.34(15)  N(7yCu(4)-O(7)  144.85(15)

: N(1)-Cu(1}-N(2)  81.64(16) N(3FCu(2)-N(4)  81.89(15)
data (SHELXL-97)2 For 1, all non-hydrogen atoms were refined N(5)—Cu(3)-N(6) 81.82(16)  N(7-Cu(4)-N(8) 82.02(15)
anisotropically and the hydrogen atoms were included in calculated O(1)—Cu(1)-N(2) 89.12(14)  O(3YCu(2)-N(4) 88.94(14)
positions (riding model). FoR, both the hydrogen atoms on the ~ O(5)~Cu(3)-N(6)  89.22(14)  O(7}Cu(4)-N(8)  89.19(14)

coordinated water molecules O(10) and O(12) were experimentally a Symmetry transformations used to generate equivalent atoms—g1)
located but not refined. The hydrogen atoms of the other two + 1,y, —z+ 1/2; #2)—x+ 1, -y, —z, #3) —x+ 1, -y + 1, —z + 1.
coordinated water molecules in this structure could not be located

from the difference map and were ignored, while those on the rings es. When the reactions for the synthesig ahd2 are carried
were included in calculated positions. The nitrate and azide anions j by using Cu(ll) trifluoroacetate and copper nitrate mole-

in this structure were somewhat disordered, and refinement was .
carried out with the constraintsND distances= 1.250(5) A and cules, the differences between gCOO) andvsyn(COO)

ISOR= 0.005 & for all the atoms in these groups. The structures s.tretching frgquencies are near 287 and 272'cmespec-
were finally refined to the convention&-values of 0.0431 and tively, reflecting the coordination modes of the carboxylate
0.0583 forl and 2, respectively. The crystal data, conditions for ligands.

the intensity data collection, and important features of the structural Crystal Structures of Complexes 1 and 2.Both the

refinements for both compounds are listed in Table 1. Selected bond . .
lengths and angles for the two complexes are presented in TablesStrUCtureS ofl and2 are based on the tridentate Schiff base

2 and 3, respectively, and the dimensions of some hydrogen bond§igan_d GisHaN20, ™, but they represent two structural varieties
are in the Supporting Information. as discussed below.
The crystal structure of [Cu(L)gECO,)] (L = Ci13HgNO, )

_ _ - (1) is polymeric, and it results from the fact that the copper-
The reactions of the tridentate carboxylate containing (I) ions are bridged sequentially by syanti carboxylate
ligands with copper trifluoro acetate and copper nitrate mole- groups. A view of the molecular fragment showing the
cules generally lead to syranti carboxylate-bridged com-  jmmediate environments of the copper atom together with
plexes. Because the tridentate ligands do not saturate thgne atom numbering scheme and formation of a bridge
coordination positions on the copper(ll) ions, self-assembly pepyeen two copper centers is illustrated in Figure 1. The
reactions may occur through thg deprotonated Carboxylatecarboxylate group belonging to the Schiff base ligand is
groups, leading to carboxylate-bridged polynuclear complex- bidentate/bridging involving both the oxygen atoms, while

that in the trifluroacetate group is monodentate with only
one of the oxygen atoms being bonded to one copper center.
The polymeric chain is helical and propagates along the
c-axis, as shown in Figure 2.

Results and Discussion

(30) Farrugia, L. JJ. Appl. Crystallogr.1999 32, 837.

(31) Blessing, R. HJ. Appl. Crystallogr.1997 30, 421.

(32) Sheldrick, G. MActa Crystallogr., Sect. A99Q 46, 457.

(33) Sheldrick, G. MSHELXL-97 Program for Crystal Structure Refine-
ment; University of Gttingen: Gitingen, Germany, 1997.
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Figure 1. General view of the molecular fragment of the structdre ddfj

showing the immediate environments of the copper atom together with the
atom-labeling scheme.

N 9]
The coordination geometry around the copper atom may M Q=
be described as a distorted square pyramidal, the basal plane M "‘\%
being defined by O(3), O(1), N(2), and N(1) and the apical
position being occupied by O(2)#1 from another carboxylate
oxygen atom of a Schiff base. The N(1), N(2), O(1), and
O(3) atoms show deviations of 0.046(2)).045(2), 0.042(2),
and—0.043(2) A, respectively, from the mean plane of these
atoms, indicating a tetrahedral distortion from planarity. As
expected, the Cu(1l) atom is displaced from this plane by
0.282(2) A toward the apical O(2)#1 atom. The Schiff base
ligand is tridentate with respect to one copper center, but it
is in fact tetradentate when the bridging bond is considered.
It forms one five- and one six-membered chelate ring with
the metal, producing considerable distortions in the chelate
rings. Thus, the N(1)Cu(1)-N(2) and O(1)}-Cu(1)—N(2)
chelate angles are 81.45(12) and 91.47{1fgspectively.

The five-membered chelate ring is slightly nonplanar [maxi- (L&&—fl & l

mum atomic displacemer0.016(2) A], while the six-mem-
bered chelate ring is significantly nonplanar [atomic displace-
ment +0.165(2) A]. The two fused ring systems are also
folded along the common Cu@N(2) axis by 14.6(2). \3
Within the coordination sphere, four short bonds are !
formed in the basal plane with two nitrogen atoms [Ct(1)
N(2) = 2.002(3), Cu(1>N(1) = 2.010(3) A] and one oxygen
atom [Cu(1}-0(1)= 1.911(3) A] from the Schiff base ligand Figure 2. Perspective view of the structure dfshowing the formation
and one oxygen atom [C—t0(3) _ 1'940(3) A] from the of the helical polymeric chain propagated along the crystallographids.

FsCCQ; ion, while the other oxygen atom forming the bridge interesting helical chain polymer running along the crystal-
between two copper atoms is placed at the axial position |ographicc-axis as shown in Figure 2. The €tCu separa-

and coordinated at a longer distance [Ct{@)2)#1 = tion in the polymer is 5.283(1) A. A similar helical chain

2.144(3) A]. has been recently reported by Colacio et al. with another
The two C-O distances in each carboxylate group are tridentate Schiff base carboxylate-containing ligdhd.

different [C(13)-0O(1) = 1.271(4), C(13)>0O(2) = 1.248(4) The crystal structure of complexconsists of tetranuclear

A; C(14)-0(3) = 1.268(5), C(14yO(4)= 1.210(4) Al,and  [Cua(L)4(H20)4]** (L = C13HoN,O,") cations and isolated
these differences may be correlated with their involvement NO;~ and Ny~ anions in the ratio 1:3.5:0.5, respectively. The
in bonding with copper. The shortest C(34)(4) bond does  cationic complex is formed from fodrCu(L)(H,O)} ™ units
not interact with the metal. Other bond lengths and angles bridged by the carboxylate groups of the four Schiff base
associated with the Schiff base and trifluoroacetate ligandsligands. A general view of the complex together with the
are as expected. formation of the carboxylate bridges and the immediate
As noted earlier, each carboxylate group in the Schiff base environments of the copper atoms is illustrated in Figure 3
ligand is in the syranti conformation and bridges two with atom-labeling scheme. The carboxylate-bridging groups
copper atoms via its two oxygen atoms. The bridging-Cu and copper(ll) ions form a 16-membered ringGu—O—
O—C—-0—Cu pathway observed here gives rise to a very C—0), with the four copper ions located at the corners of a

4032 Inorganic Chemistry, Vol. 42, No. 13, 2003
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N(2) = 89.12(14), O(3)Cu(2)—N(4) = 88.94(14), O(5)
Cu(3)—-N(6)=89.22(14),and O(AHCu(4)—N(8)=89.19(14j.
These values are close to the corresponding valugsA
the chelate rings are significantly nonplanar, and the Schiff
base ligands undergo considerable strain due to the formation
of the tetranuclear species.

The Cu-N/O bond lengths around each coppeg iiollow
a pattern similar to that observed inThus, the axial bond
for each copper [Cu(HO(9) = 2.174(4), Cu(2)-O(10)=
2.170(4), Cu(3y0(11)=2.169(3), Cu(4)yO(12)= 2.158(4)
A] is always longer than the corresponding four basal bonds
[Cu(1)—N(1)/N(2)/O(1)/O(4)= 2.017(4)/1.976(4)/1.957(3)/
1.936(3), Cu(2)-N(3)/N(4)/O(3)/0(8)= 2.007(4)/1.973(4)/
1.953(3)/1.935(3), Cu(3)N(5)/N(6)/0(5)/O(2)= 2.022(4)/
1.974(3)/1.960(3)/1.931(3), Cu@N(7)/N(8)/O(7)/0(6)=
2.011(4)/1.976(3)/1.956(3)/1.930(3) A]. It is observed that
the two Cu-N bonds for each Schiff base ligand are slightly
different and the longer bond is always associated with the
Figure 3. Perspective view of the formation of the carboxylate bridges terminal amino nitrogen atom. Similarly, the two €u

and the immediate environment of the copper atoms of complesith O(carboxylate) bonds in the basal plane follow a definite
atom-labeling scheme. trend. Thus, the CuO bond associated with the six-
flattened tetrahedron. The GuCu separations are5.17 A membered chelated for each Schiff base ligand is slightly

along the two flattened [Cu(®)Cu(4), Cu(2)--Cu(3)] edges but systematically longer than the €0®(COCu) bridge
and~4.73 A along the other four edges. Each copper is five bond. This difference in the CtO bond lengths for each
coordinate and bonded to two nitrogen and one carboxylatecarboxylate group is also reflected in the twe-Q distances
oxygen atoms of a Schiff base ligand, one water molecule, [C(13)—0(1)/0(2) = 1.257(5)/1.269(5), C(26)O(3)/O(4)
and an oxygen atom of the carboxylate group from another = 1.254(5)/1.266(5), C(39)O(5)/0(6)= 1.252(5)/1.263(5),
Schiff base ligand. All the donor atoms of the Schiff base C(52)-0(7)/O(8)= 1.254(5)/1.273(5) A]. These variations
ligands are thus utilized in the chelating and bridging modes in the C-0O distances are small and statistically insignificant,
of bonding with the copper atoms. The structure is very butthe effects are probably real. Certainly they follow a trend
similar to the unique one recently reported by Colacio et and appear to be correlated with the corresponding Qu
al?® bond distances. As mentioned earlier, similar effects are also
The coordination geometry around each copper may beobserved forl.
conveniently described as highly distorted square pyramidal. It should be pointed out that, i&, each copper atom, in
For Cu(1), the base of the pyramid is defined by the three addition to the five bonding interactions discussed above,
atoms N(1), N(2), and O(1) from the same Schiff base and has a long CtO interaction at Cu()-O(3) = 2.826(4),
0O(4) from another Schiff base ligands, and the apical position Cu(2):-O(7) = 2.862(4), Cu(3)-O(1) = 2.845(4), and
is occupied by the water molecule O(9). Similarly, for each Cu(4)--O(5)= 2.876(4) A. These distances are nonbonding,
of the other copper atoms, the corresponding four atoms frombut the oxygen atoms are sterically placed to block the
two Schiff base ligands occupy the basal and one water “sixth” coordination site in an “octahedral” arrangement of
molecule occupies the apical positions. All the copper atoms ligands around the metal atoms.
in this structure have equivalent coordination environments The presence of water molecules in the structure of
with similar geometric distortions. In the basal plane, the 2 enables it to form several hydrogen bonds with the ni-
N(2)—Cu(1)-0(4), N(4)-Cu(2)-0(8), N(6)-Cu(3)-0(2), trate and azide groups. Location of the hydrogen atoms
and N(8)-Cu(4)-0(6) angles [176.33(14), 175.42(15), on the water molecules O(10) and O(12) has established
176.46(14), and 175.83(1%4 yespectively] are close to 180 the following hydrogen bonds: O(12H(12B)---N(16);
whereas the N(HCu(1)-0(1), N(3-Cu(2)-0(3), N(5} O(12)-H(12A)---O(13); O(10)-H(10A)---O(18); O(10y-
Cu(3-0(5), and N(7)-Cu(4)-O(7) angles [142.81(15), H(10B)---O(20).
144.00(15), 143.34(15), and 144.85(15%spectively] show Magnetic Properties and Correlations of Complexes 1
significant deviations from linearity. These deviations are and 2. The global feature of thguT vs T curve inl is
mainly due to the geometric restrictions associated with the characteristic of a very weak antiferromagnetic interaction.
formation of five- and six-membered chelate rings by each The value ofyyT at 300 K is 0.421 crhmol™! K, which is
Schiff base with a metal atom, as well as its involvement in as expected for one uncoupled copper(ll) ion (0.48 wml*
the bridge formation with another metal. The bite angles in K/one CU with g = 2.08). TheymT values are constant in
the five-membered chelate rings are N{Qu(1)-N(2) = all the range of temperature, decreasing to the value of 0.408
81.64(16), N(3)-Cu(2)-N(4) = 81.89(15), N(5)-Cu(3)— cm® mol™t at very low temperature. Thay curve starts at
N(6) = 81.82(16), N(73-Cu(4)-N(8) = 82.02(15j, and 1.4 x 102 cm?® mol~* at room temperature and increases in
those in the six-membered chelate rings are ©QY(1)- an uniform way to 0.204 cfnmol™! at 2 K. The shape of
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Figure 4. Magnetic behavior of the compleXin the form ofymT vs T
plot and the field dependence of the reduced magnetizakidN.(s) (per
Cu, entity) vsH plot at 2 K (inset). The solid lines correspond to the best
fit (see text).

this curve is a typical one for the Curie law. The field - . |

: N (3 o Figure 5. Interpretation of the magnetic interaction of a cyclic system in
dependence of the reduced magnetlzatM ) _(O _5 T) complex2 considering only one kind of coupling parameter.
vs H measuredta2 K tends to 1.0 electrons which is close

to the expecte® = '/, for one CU ion. As shown inthe  molt K/4 CuU' with g = 2.1). TheyuT values smoothly
crystallographic part, the complek structure consists of  jycrease from room temperature to ca. 50 K (1.83 ral!
copper entities linked between them by the carboxylate groupk) and then quickly increases at lower temperature reaching
of the ligand giving a 1D system. Thus, only one coupling 5 maximum value of 3.30 chrmol~* K (5.14 ug) at 2 K.
parameter J) must be considered to interpret a possible This is consistent with that expected for a spin-aligned
magnetic interaction in the complex. ground state in which all spins are parallel arising from the
Taking into account this consideration, the experimental jntramolecular interactions between the four Cu(ll). The field

magnetic data have been fitted using the equation which is gependence of magnetization{5 T) measuredta2 K is
derive from the BonnetFisher Ca|Cu|ati0W on the basis of shown in Figure 4 (inset) in the form CMI/N//‘B (per Cu

the isotropic Heisenberg Hamiltonian: entity) vs H. The magnetization tends to 4.09 e, which is
close to the expectefl = 2 for the four CUll ions system.
H= _JZ(SS“) This feature agrees to the global weak ferromagnetic coupling
within the four copper(ll) ions.
The best fit parameters from 300 down2 K are found as As shown in the crystallographic part, comp2is made
J = —0.11 cnt! andg = 2.08 with an erroR = 2.5 x by Cu, entities linked between them by the carboxylato part

1075, whereR = Y [(xmTexp — (mTN)cad Y [(xmT)exp® The of the ligand 2-(2-pyridylmethylidene)aminobenzoic acid,
low value of the superexchange parameter can be related tayiving a cyclic system (Figure 5). Thus, four of one kind of
the nature of the bridging among the neighbor copper(ll) coupling parameted must be considered to interpret the
atoms. In this case the coordination between the copper atomsnagnetic properties of complex Another possible trans-
is through the carboxylato group of the ligand in syanti mission of the coupling among two neighbor copper ions
conformation, with basalapical coordination. As pointed through the same ligand is discarded, because it can be
out for other similar situations, the magnetic pathway in considered nil (such as Cu®2-C13-C12-C7—N2—
apical-basal coordination gives typically very weak ferro- Cul).
or antiferromagnetic behaviét.As it has been recently On the basis of this consideration, the experimental
pointed out by Colacio et at®when carboxylato groups link  magnetic data have been fitted using the isotropic Heisenberg
copper(ll) in equatoriataxial positions, the coupling through  Hamiltonian2®
the bridging ligand should be negligible regardless of the
structural parameter of the bridge. H=-JSS +SS;+SS,+SS)

The magnetic behavior of the compl2xn the form of a
amT vs T plot is shown in Figure 4. The global feature is Here the numbering of the spins follows the numbering of
characteristic of weak ferromagnetic interaction. The value the copper atoms in Figure 5. In this HamiltonianJakalues
of ymT at 300 K is 1.69 crimol™* K, which is as expected  between Cu(ll) atoms are considered to be equal. The best
for four magnetically quasi-isolated spin doublets (1.65 cm fit parameters from 300 dowio 2 K are found ag = +6.88

(34) Bonner, J. C.; Fisher, M. Phys. Re. A 1964 135 640. (36) The series of calculations were made using the computer program
(35) Neels, A.; Stoeckli-Evans, H.; Escuer, A.; Vicente lfarg. Chem. CLUMAG which uses the irreducible tensor operator formalism
1995 34, 1946. (ITO): Gatteschi, D.; Pardi, LGazz. Chim. Ital1993 123 231.
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cmt!andg = 2.12 withR = 3.3 x 10°° whereR =
SGomNexp — OmDead 7Y [(xmTexd> The TIP was assumed
to be 240x 107¢ cm® mol™.

The value of the superexchange paraméter+6.88 cni?
for complex2 can be considered as normal, taking into
account the structural and magnetic data found in the
literature. As indicated above, weak ferro- or antiferromag-

is varying between 37 and 4@0° stands for planarity and
90 for orthogonality), enhancing the ferromagnetic coupling.
Theoretical DFT calculations also corroborate this weak
ferromagnetic coupling for the syranti conformatiort®

Conclusion
The reaction of a tridentate Schiff base carboxylato ligand

netic interactions are observed in these carboxylato-bridgedwith copper(ll) in the presence of trifluoroacetate or nitrate/

copper(ll) complexes when the carboxylato adopts the-syn
anti conformation, assuming axiahxial coordinatiorf’—4°
The small overlap between the magnetic orbitals of the
copper atom through the antsyn carboxylato bridge for a
Cu—0O—C—0—Cu skeleton that is planar accounts for the
weak antiferromagnetic coupling observed. This overlap is
significantly reduced for cases where the-G—C—0O—

azide anions allows the synthesis of two new polynuclear
systems, one one-dimensional helical chain and another
tetranuclear with a flattened tetrahedron shape, with the
carboxylates linking the copper(ll) ions in syanti confor-
mation. In the one-dimensional systeinthis coordination

is basat-apical, while in the tetranuclear comple;, it is
basat-basal. The magnetic properties agree with these

Cu skeleton deviates from planarity (out-of-phase exchangefeatures: 1 shows very small antiferromagnetic coupling,

pathway), thus reducing the antiferromagnetic contribution,
and the ferromagnetic term becomes domirf&ft. The

whereas2 shows small ferromagnetic coupling, typical of
these basatbasal syr-anti nonplanar structures. The syn-

magnetic orbital at each copper atom is defined by the shortthesis from this tridentate Schiff base carboxylato ligand

equatorial bonds, and it is of thgzde type with possible
some mixture of the g character in the axial position. In
the case of compleg, the conformation is not planar, but it

(37) Doedens, R. Prog. Inorg. Chem199Q 38, 97.

(38) Ruiz-Peez, C.; Sanchiz, J.; Molina, M. H.; Lloret, F.; Julve, Morg.
Chem.200Q 39, 1363 and references therein.

(39) Bakalbassis, E.; Tsipis, C.; Bozopoulos, A.; Dreissig, W.; Hartl, H.;
Mrozinski, J.Inorg. Chim. Actal991 186, 113.

(40) Ruiz-Peez, C.; Hernadez-Molina, M.; Lorenzo-Luis, P.; Lloret, F.;
Cano, J.; Julve, Mnorg. Chem200Q 39, 3845 and references therein.

(41) Carling, R.; Kopinga, K.; Kahn, O.; Verdaguer, Morg. Chem1986
25, 1786.

(42) Rodfguez-Martn, Y.; Ruiz-Peez, C.; Sanchiz, J.; Lloret, F.; Julve,
M. Inorg. Chim. Acta2001, 318 159.

(43) Towle, D. K.; Hoffmann, S. K.; Hatfield, W. E.; Singh, P.; Chaudhuri,
P.Inorg. Chem.1988 27, 394.

(44) (a) Colacio, E.; Costes, J. P.; Kivekas, R.; Laurent, J. P.; RUmd.
Chem.199Q 29, 4240. (b) Colacio, E.; Domguez-Vera, J. M.; Costes,
J. P.; Kivekas, R.; Laurent, J. P.; Ruiz, J.; Sundberglndrg. Chem.
1992 31, 774.

(45) Rodfguez-Fortea, A.; Alemany, P.; Alvarez, S.; Ruiz, Ghem=—
Eur. J. 2001, 7, 627.

corroborates the recently reported perspectives made by
Colacio et aP® about the possibility of obtaining new
interesting complexes by blocking three of the coordination
sites of the copper(ll) ion.
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