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The reaction of copper(ll) sulfate, copper(ll) chloride, 3,5- type complexes exhibited catalytic actiityand interesting
diacetylamino-1,2,4-triazole, and 3-acetylamino-5-amino-1,2,4-tria- magnetic properties related with their character of spin-
zole in water yields green, plate-shaped crystals of [[{Cus(us-  frustrated systemd:**In this Communication, we show a

OHy2)L(H20),Cl1} of 4-Cu(H,0):Cla} |- 12H;0], (1), where L is a new novel hep_tan_uclear species formed t_)y two triangulayGEu _
triazole-derived macrocyclic ligand. The structure of 1 consists of based units linked by a Cu atom. This heptanuclear species
heptanuclear (H)OCu's—Cu'—Cu'sO(H) entities linked in pairs is, in turn, the building block of a one-dimensional (1D)
through symmetric. z-O++H-++O-us hydrogen bonds to form a network of formula [{CLJg@tg-OHl/z)L(HZ()_)ZCI}2{,u-Cu- _
double-stranded di ional network. A sianificant I (H20).Cl2}1-12H,0]x (1). The structure of this compound is
ouble-stranded one-dimensional NEWoTK. ‘A significant overa also unique in the ligand, L, a triazole-containing macrocycle
antiferromagnetic behavior has been observed for 1. generated in situ from condensation of simple triazole
derivatives in the presence of a high ratio of copper(ll). We

Simple polynuclear paramagnetic clusters are useful in the "€POTt here its synthesis and characterization.

study of systems in biology and magnetic materials because Reaction of the ligand Haaat (3-acetylamino-5-amino-
they allow a better understanding of the electronic and 1.2:4-triazole) with different copper(ll) salts yielded trinuclear
magnetic properties and, thus, the bonding description of Copper(ll) complexes of formula [Glus-OH)(u-aaat)]*",
more complex analogues. Of these, trinuclear copper com-as Was reported elsewhére? In contrast, reaction of a
plexes with trigonal symmetry are the object of current mixture of Haaat and Hdaat (3,5-diacetylamino-1,2,4-triaz-
research because of the existence of multicopper active site®!€) with a mixture of copper(ll) chloride and copper(ll)
in several oxidadeSlIn this context, compounds containing Sulfate in aqueous media (the ratio of ligand/copper(ll) is
a [Cus(us-X)(u-L)s]™ (X = O, OH, Cl, Br) core with 0.9-1.1:3-3.5) affords a heptanuclear compourd with

peripheral L bridges have been previously published, wheretWo trinuclear copper(ll) cores holding each one by a
L is a Schiff bas&aP oxime—oximate2:d pyrazole?e-93b or macrocycle, > The CuO core probably acts as a template

triazola4 derivative. Some of these pyrazole- and triazole- in the formation of this new ligand. The synthesis could be
reproduced even with some changes in the ligand mixture.
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Figure 1. Structure ofl, with a partial labeling scheme for the asymmetric  Figure 2. (a) Pairing between alternating heptanuclear “butterfly” units
unit. Solvent molecules are omitted for clarity. Selected bond lengths (A) in 1, with the symmetric hydrogen bonds. (b) 1D networklofiewed

and angles (deg): CuiN27, 2.034(6); CutN24, 1.902(7); CutOl, along thec axis (chains of linked convex and concave heptanuclear units,
1.960(6); Cut-ClI1, 2.723(3); Cu2N21, 1.928(5); Cuz2017, 2.010(5); resembling a tiled roof).

Cu2-N12, 1.933(5); Cuz201, 1.937(3); Cu202, 2.330(5); Cu3N11,

1.966(7); Cu3-ClI2, 2.405(4); Cu3-03, 2.161(11); Cu+01—Cu2, 115.69- with a (N, N, N, O + Cl) chromophore for Cul and a (N,

glg’f’&%lug)‘ol\lll_fg? élﬂég?’)?lé\'glg(g)uiffgfg? e f&;’_ Py N, O, O + O") chromophore for Cu2. The equatorial bond

. ) u f . ) u , . ) . .
Cu3-0%, 52.4(7); Cl2-Cu3-CI2%, 100.2(2) [#,—x, Y, Z #2,, y, 2 + distances range from 1.902(7) to 2.034(6) A; the apical bond
;). Sphere color scheme: blue, Cu; green, N; brown, Cl; red, O; gray, C. distances are 2.723(3) and 2.330(5) A for €@1 and

This scheme is used throughout. Cu2—-02, respectively. The index! of Cul and Cu2 is

characterized triazole-containing macrocyclic copper com- <q 10, close to the value of 0 for an ideal square pyramid.
plexes reported to dafefFigure 1 shows the structure @f The copper atoms lie 0.159¢4D.151(3) A over the plane
together with pertinent bond lengths. defined by their respective basal donor atoms. The dihedral
The macrocycle, L, providing one N4-monodentate, tWo gngle between these planes is 9.8(Zjhe single copper
N1,N2-bidentate, and one N1,N2,N4-tridentate 1,2,4-triazole gtom, placed on a special position, is six-coordinated, with
ringsé accommodates three copper(ll) ions, which are also tyo short Cu-Nyiazolato[1.966(7) A], two Cu-Oyater [2.161-
bonded to a central hydroxo group and located at the cornerg11) AJ, and two longer Ctrchloride [2.405(4)A] contacts;
of an almost equilateral triangle of sides 3.299(1), 3.299(1), angles corresponding to these positions differ notably from
and 3.304(2) A. These edges are slightly shorter than thoseyalues expected for a regular octahedron (Figure 1). It is
found in analogous trinuclear clusters not constrained by aremarkable that the CaaN11 bonds, which establish the
peripheral cyclic ligand?* The centralus-oxygen atom,  connection between the triangular cores, are strong ones.
displaced by 0.387(5) A over the trigonal plane of the three  The two least-squares planes defined by each of the
coppers, exhibits Sgdistorted hybridization with CtO— interlinked trinuclear moieties form a dihedral angle of 47.66-
Cu angles of 115.7(2), 115.7(2), and 117.F(Jhe triden-  (3)° in a way that the resulting heptanuclear unit resembles
tate triazole ring binds through N4 the unique copper(ll) ion, z butterfly; the single copper atom would be located in the
Cu3, which interacts with thas-triazole ring of a second body There is a further pairing of alternateingsthrough
trinuclear cluster to give a heptanuclear unit. Electroneutrality an ynusual, lineal and symmetric, hydrogen bond, established
is achieved by deprotonation at the triazole rings; compound petween the centraliz-oxygen atoms of two different
1 represents one of the rare examples of the literature thatheptanuclear units (see the Table of Contents synopsis and
includes aus-triazolato ligand bonding to copper(f)f° The Figure 2). Therefore, one hydrogen atom is shared by two
structure is highly symmetric with @, axis passing through  centralus-oxygen atoms [©-O' distance is 2.528(9) A], thus
Cu3. The axis corresponds to the intersection between tWogenerating Cy+-O—H—O—Cug units. A ug-O-+*H+++O-us
perpendicular symmetry planes: one includes Cu3, CI2, a”dgroup, with an even shorter-©0' distance, 2.394 A, was
03, and the second plane includes Cu3, N11, O1, Cul, C|1,a|ready reported by Watson and HolyFigure 3 shows
and N27. in detail atoms and distances concerning this uncommon
The two crystallographically independent copper(ll) atoms ¢contact. The overall structure afconsists of a 1D arrange-
of the triangular group display square-pyramidal geometries, ment built up by double wavy chains of heptanuclear entities
(6) Depree, C. V.; Beckmann, U.; Heslop, K.; Brooker,JSChem. Soc., on theac plane, which are piled through theaxis via other

Dalton Trans.2003 3071-3081. strong hydrogen bonds involving crystallization water mol-
(7) Crystal data foll (C32HesClaCuzN3gO24, fw = 1924.78): orthorhombic, g hydrog g cry

Cmem(No. 63),a = 15.961(4) Ab = 13.884(4) A,c = 27.976(6) ecules. To our knowledge, only four papers have been

f'5¥1i3§42£0§33) 5 ZN= 4, Pr(alcd = %%65 Q)%Ontj?hi((?u Ka%: published describing the use of triangular copper(ll) clusters
. , bruker Nonius Kappa Iffractomeiers : g . g
120.0(1) K. 21518, refins colld/unique refins 21 518/28%%h(= to for_m 1D triazolé¥pyrazole}? 2D triazolé/pyrazole; or
0.0910). R1= 0.0550, wR2= 0.1709. 3D triazolé1%2 networks. The two 3D polymers reported,
(8) Reviews on triazole compounds: (a) Haasnoot, JC&rd. Chem. i i _
Rev. 2000 200-202, 131-185. (b) Klingele, M. H.; Brooker, S. gv'enerate'd by SOIV(.)thermal synthesis, Con.tam’ likqu
Coord. Chem. Re 2003 241, 119-132. (c) Beckmann, U.: Brooker,  triazole rings coordinated to copper(ll) but, in contrastto

©) ?hco%d-GChEm-CF@ZZOgﬁ 2455132?{ 3 Yana. Wt Cus(us-O) planar groups instead of gus-OH) pyramidal
al, Q.-G.; Lu, C.-Z.] en, S.-\M.; AU, X.-J.; Yang, -Bryst . _
Growth Des.2006 6 (6), 1393-1398. 9 y groups. Interestingly, theCu[Cus(us-O)(us-trz)sCls} (trz =

(10) Ding, B.;Yi, L.; Cheng, P.; Liao, D.-Z.; Yan, S.-morg. Chem2006
45 (15), 5799-5803. (b) This paper includes copper(l) triazolate (11) Addison, A. W.; Rao, T. N.; Reedijk, J.; van Rijn, J.; Verschoor, G.
networks: Zhang, J.-P.; Zheng, S.-L.; Huang, X.-C.; Chen, X.-M. C. J. Chem. Soc., Dalton Tran$984 1349-1356.

Angew. Chem., Int. EQ004 43, 206-209. (12) Watson, W. H.; Holley, W. WCroat. Chem. Actd 984 57, 467.
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principle, the lowyuT values ofl could be due to an ASE
operating in each triangular unit. As a result of the ASE,
the two degenerated spin doublets, which correspond to the
low-lying spin state of an equilateral triangle, are split into
two Kramers' doublets, with an energy gap o&.2The
splitting has large effects on the magnetic susceptibility.
Mainly, it yields magnetic anisotropy in the ground state:
the parallel component of the susceptibility does not change
significantly ¢ = us°9#4kT), while the perpendicular

Figure 3. Distances (A) in the 3+ 3' antiprisma formed by the coppers ; ;
of the CuO-+-H-+OCL, paired groups in the structure af The CUZ- component changes considerably at low fields and at low

Cu2(, 1 — v, 2) distance is 3.836 A. The GI01(x, 1 — y, —2) distance temperaturesy( = us°gr?/4G, for G > H andH < KT).%
is 2.528 A. When T tends to zeroyT vanishes angy T is 0.38 cmi

mol~t K (for g = 2); thus, the contribution of each gunit
20 would beyT = (T + 2yoT)/3~ 0.13 cni mol~* K. In the
lack of other interactions, at low temperature, the value of
" wm T per Cy entity should beyuT = 2y T(Cug) + % T(Cu) ~
0.64 cn? mol~* K. This value is larger than the experimental
one, which indicates that additional antiferromagnetic inter-
05 actions contribute to the magnetism Df
The structure ofl offers two further magnetic exchange
16077 TA6T T 3o pathways. One pathway involves the central copper(ll) ion,
T/K . . . . .

Cu3, which would interact antiferromagnetically with the four

nearest copper atoms, Cu2 and GuBrough theN,C,N-

1,2,4-triazolate) compound presents one copper(ll) atom triazole bridge. Bridges of this type are known to mediate

1.04

Z'\lT /ent® mol™ K

0.0

Figure 4. ymT vsT for 1 per heptamer.

connectingthreetrinuclear units fwo in the case ofl) and, moderately strong antiferromagnetic interactions & 40—

like in the case ofL, it has also been produced from copper 80 cnT1).23 Moreover, the short hydrogen bond that connects

dichloride? triangular units of different heptanuclear entities (Figure 3)
is also able to transmit significant antiferromagnetic interac-

A preliminary magnetic study of has been performed.
Magnetic susceptibilities were measured in the-300 K
range with a SQUID magnetometer and are plotted in Figure
4. The value ofymT (xm is the magnetic susceptibility per
Cu'; entity) is 1.65 cmimol™! K at room temperature, and
it decreases continuously with decreasihgeaching a value
of 0.19 cn¥ mol~* K at 2.0 K. These features indicate strong
antiferromagnetic coupling. In a first approach, the magnetic

behavior ofl must be dominated by the magnetic coupling lack of sianals for th : o
within the trinuclear core; in fact, similar systettigexhibit ack of signals for the unique copper(ll) indicates a strong

Jvalues of ca—200 cnt?, referred to as the Heisenberg antiferromagnetic interaction with the neighboring;Quits.

Dirac—van Vleck (HDVV) HamiltonianH pow = —J1o$S In summary, we have reported a copper(ll) triazole

— 1:55S — JSS. Both in the case of an equilateral triangle  "€twork constructed by unprecedented" £tCu'—Cu's
(Ji2 = Jos = Ji9) and in the case of a distorted trianglz,( heptanuclear units, linked by strong symmetric hydrogen

= Jps = Ji3), the magnetism curve should follow the Curie POnds between the centyal-oxygen atoms to form Cy—
law, and a plateau gtyT = 1.13 cnd molX K would be O—H-0O—-Cu'; species. The favorable interactions between

expected [2vT(Cls) + yuT(Cu) = 1.13, withg = 2]. For the single Cliand the two adjacent Cigroups and between

1, however, below ca. 100 K, the experimental data lie below CU'3 groups of different heptanuclear units make this unique
the theoretical Curie law values (Figure 4). This law- SYyStem appealing for an exhaustive study of its magnetic

behavior could be attributed to additional antiferromagnetic POPerties.
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may yield magnetic moment values smaller than those

expected for the Curie law through the HDVV modét.in

tionst

Polycrystalline electron paramagnetic resonance (EPR)
spectra ofl have been recorded in the-300 K range, at
both the Q- and X-band frequencies. From 300 to 10 K, they
are silent. Below this temperature, a weak feature is observed
atg~ 2.07. EPR-silent spectra are expecteddquilateral
triangles with important ASE and have already been de-
scribed for some [Gius-OH)(u-L)3]"" compound$215The
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