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Varying Coordination Modes and Magnetic Properties of Copper(ll) Complexes with
Diazamesocyclic Ligands by Altering Additional Donor Pendants on 1,5-Diazacyclooctane
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A series of new diazamesocyclic ligands based on a diazamesocycle, |,5-diazacyclooctane (DACO), functionalized
by additional donor groupsl,5-bis(N-1-methylimidazol-2-ylmethyl)-1,5-diazacyclooctarlel), 1-(2-hydroxy-
benzyl)-1,5-diazacyclooctandil ), 1,5-bis(2-hydroxybenzyl)-1,5-diazacyclooctartl(3), and 1-N-1-meth-
ylimidazol-2-ylmethyl)-1,5-diazacyclooctand.49)—and their Cu(ll) complexes have been synthesized and
characterized. Single-crystal X-ray diffraction analysis of the four Cu(ll) complexes revealedtiiatms a
five-coordinate mononuclear complelL 2 a N3~ u-bridged binuclear complex;i,L3 an oxygenu-bridged
trinuclear complex, antl4 a one-dimensional zigzag coordination polymeric complex with Cu(Il) LEQUO]-

(ClOy) (I): a=12.194(2) Ab = 13.351(3) Ac = 14.473(3) A8 = 107.10(3}, Z= 4. [CULYN3)]2 (Il ): a=
8.1864(6) Ab = 18.141(2) A,c = 9.3307(7) A p = 103.662(6), Z = 2. [Cus(L3),Cl,] (Ill ): a= 10.7296(13)

A, b=13.7707(17) Ac = 13.5523(17) AB = 106.350(3), Z = 2. {[CUL*Cl].ClOs}. (IV): a= 7.279(1) A,

b = 23.695(5) A,c = 19.308(4) A, = 100.28(33, Z = 8. All four complexes crystallize in the monoclinic
crystal system with th®2;/c space group, and each Cu(ll) center coordinated with DACO is pentacoordinated
with a distorted square-pyramidal or trigonal-bipyrimidal coordination environment. In cof\pléke binuclear

cation unit [CUL“Cl],?* constitutes the fundamental building block of an infinite alternating zigzag chain structure,
and the binuclear unit contains two types of geometries around the Cu(ll) centers: the Cu(1) center is a distorted
square-pyramidal environment, while the Cu(2) is a distorted trigonal-bipyramidal coordination environment. To
the best of our knowledge, this is the first Cu(ll) complex of a diazamesocyclic ligand with an infinite polymeric
structure. The magnetic properties of compleledll , andlV have been investigated by variable-temperature
magnetic susceptibility measurements in the solid state. The obtained parametérs &€& cnt? (11 ), —345.56

cm~ 1 (Il1'), and—2.60 cnT?! (IV), which differ greatly from ferromagnetic to weak and strong antiferromagnetic
coupling. These results unequivocally indicate that the nature of the pendant arms is a key factor governing the
structure and properties of the complexes; therefore, the coordination modes and properties of the metal complexes
of a diazamesocycle can be controlled by altering the pendant donors on it. Magtretural correlation has

been precisely analyzed, and the solution properties of these complexes have also been described.
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Copper(ll) Complexes with Diazamesocylic Ligands

Such ligands can form stable complexes with transition metal
ions, and interesting features and important functions were found
in these complexeks:®
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Mesocyclic diamines, such as 1,5-diazacyclooctane (DACO),
are some of the smallest members of the family of cyclic
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Chart 1

polyamines. Although the syntheses of these compounds were

reported several decades ggmmpared to the rich chemistry
and the remarkable efforts made in the functionalization of
saturated macrocyclic tri- and tetraamines, studies of the
medium-sized cyclic diamines have remained relatively limited.

To date, some examples of diazamesocycles bearing functional

pendant groups have been reportdxit those bearing only one

heterocyclic group as the functional pendant have never been
reported. Diazamesocyclic compounds have two nitrogen donor

atoms with potential bidentate chelating ability. Since they have
only two nitrogen donors, two or more of these ligands are re-
quired for the formation of one metal center. However, the
incorporation of one or two functional donor groups onto the
nitrogen atom(s) on such compounds could lead to a rational
design of ligands with well-defined structures as well as tailored
functions®®

DACO is a simple example of a diazamesocycle, showing
an interesting “boat/chair” configuration in transition metal coor-
dination complexes. Such configuration inhibits axial coordina-
tion at the metal center, preventing the formation of a hexaco-
ordinate complex. So far, some derivatives of DACO bearing
donor pendants, such a<CH,CO,~, —CH,CH,SH, and—CH,-
pyridyl, and their metal complexes have been repdtfetihe
metal complexes with such functionalized ligands were shown
by Darensbourg et &9 to have very interesting properties and
functions. However, until now, most of the studies in this field
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have focused on Ni(ll) complexes, and studies on Cu(ll)
complexes are comparatively rafe.9

The coordinating abilities of DACO could be adjusted through
the attachment of donor pendants. This interesting chemistry
promoted our investigation on the chemical modification of
DACO by introducing functional groups to clarify their essential
roles in the structures and properties of their metal complexes.
On the basis of previous studies of DACO and its derivatives,
we synthesized a series of new DACO ligands bearing one or
two functional groups. These tri- and tetradentate ligands can
form stable mononuclear, binuclear, trinuclear, or polynuclear
complexes with Cu(ll) by altering the pendant arms.

We report herein the syntheses of four novel DACO ligands
and their Cu(ll) complexes (see Chart 1). The influences of the
functional pendant groups on the structure and magnetic
properties of Cu(ll) complexes have been studied, and the X-ray
crystal structures have been determined in detail. We found that
the nature of the pendant arms is a determining factor governing
the structure and properties of the complexes.

Experimental Section

Materials and General Methods. Most of the starting materials
and solvents for syntheses were obtained commercially and purified
prior to use. The starting compounds, DABIBr, |-methyl-2-chloro-
methylimidazole hydrochloride, and 2-bromomethyl phenyl acetate were
prepared according to the literature methe#sit All other reagents
for syntheses and analyses were of analytical grade. FT-IR spectra were
taken on a FT-IR 170SX (Nicolet) spectrometer. Elemental analyses
were carried out on a Perkin-Elmer 240C analyzer NMR spectra

(10) Turner, R. A.; Huebner, C. F.; Scholz, C. RJJ.Am. Chem. Soc.
1949 71, 2801.
(11) Range, RTetrahedron1971, 27, 1499.
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were recorded on a Bruker AC-P 200 spectrometer (200 MHz) at 25 residue was dissolved in water (20 mL); the pH of the new mixture
°C with tetramethylsilane as the internal reference. Electronic absorption was adjusted to ca. 10 with MaOs;, and then it was extracted with

spectra were taken on a Shimadzu UV-260 spectrophotometer.
Syntheses of Ligands. 1,5-Bid{-1-methylimidazol-2-ylmethyl)-
1,5-diazacyclooctane tetrahydrochloride monohydrate (E-4HCI-
H,0). A solution of DACO2HBr (1.63 g, 6.0 mmol) and KOH (0.67
g, 12.0 mmol) in anhydrous ethanol (40 mL) was stirred 4oh at
room temperature. Then |-methyl-2-chloromethylimidazole hydrochlo-
ride (2.52 g, 15.1 mmol) and triethylamine (2.09 g, 15.0 mmol) in

CHCI; (100 mL x 3). The combined CHGllayers were dried over
MgSO, and evaporated, and the residue was purified by silica gel
column chromatography (GE8l,:MeOH:NHs-H,0 = 5:5:1) to yield a
colorless oil. The ligand was further purified by conversion to the HCI
salts by acidification of the free base with HCI gas. The HCI salts were
obtained as a pale cream solid (yield: 1.52 g, 60% based on I-
methyl-2-chloromethylimidazole hydrochloridéd NMR (D;0): o

anhydrous ethanol (20 mL) were added dropwise to the mixture over 1.88-1.93 (4H, m), 2.88 (4H, t) = 5.5 Hz), 3.23 (4H, tJ = 5.1 Hz),

2 h with stirring. After the addition was complete, triethylamine (5
mL) was further added to the reaction mixture, and stirring was

3.78 (3H, s), 4.08 (2H, s), 7.307.42 (2H, m). IR (KBr pellet): 2956,
1607, 1566, 1536, 1490, 1466, 789 ¢mAnal. Calcd for GiHaoNsr

continued for ca. 48 h at room temperature. The solvent was then 3HCI-HO: C, 39.35; H, 7.51; N, 16.69. Found: C, 39.08; H, 7.69; N,
removed under reduced pressure, and the residue was dissolved irl6.37.

water (15 mL); the pH of the new mixture was adjusted to ca. 10 with
K2CO;s, and then it was extracted with CHQOI100 mL x 5). The

Syntheses of Cu(ll) Complexes. [CUECIOZ(CIO,) (I). The pH
value of a solution containing equimolar amounts of Cu(#®H,0

combined organic phases were evaporated under vacuum, and the crudé37 mg, 0.1 mmol) in methanol (5 mL) ard+4HCI-H,O (47 mg, 0.1

product was purified by silica gel column chromatography {Chd
MeOH:NH;-H,O = 10:10:l) to obtain acid-free ligand as a colorless
oil. The ligand was further purified by conversion to the HCI salts to
obtain colorless crystalline material (yield: 1.66 g, 60% based on
DACO). *H NMR (D;0): 6 1.97-1.99 (4H, m), 3.14 (8H, t) = 5.8
Hz), 3.83 (6H, s), 4.42 (4H, s), 7.42 (4H, s). IR (KBr pellet): 2977,
1623, 1597, 1560, 1527, 1478, 1462, 994, 740 crAnal. Calcd for
CieH26Ng*4HCI-H,0: C, 41.21; H, 6.92; N, 18.03. Found: C, 41.18;
H, 6.98; N, 18.37.

1-(2-Hydroxybenzyl)-1,5-diazacyclooctane (HE). A solution of
DACO-2HBr (3.14 g, 11.5 mmol) and KOH (1.27 g, 22.7 mmol) in
anhydrous methanol (40 mL) was stirred for 5 h, and a solution of
2-bromomethyl phenyl acetate (1.11 g, 4.8 mmol) in anhydrous

mmol) in O (5 mL) was adjusted to ca—& with 0.1 M NaOH
aqueous solution. The blue solution was filtered and left to stand at
room temperature. Single crystals suitable for X-ray analysis were
obtained by slow evaporation of the solvent. Yield: 36 mg (65%). IR
(KBr pellet): 2957, 1614, 1556, 1507, 1445, 1082, 623 tnAnal.
Calcd for GeH26Cl,.CuNsQg: C, 34.02; H, 4.64; N, 14.88. Found: C,
33.88; H, 4.32; N, 14.52.

[CuL?(N3)]2 (I). ComplexIl was prepared by mixing equimolar
amounts of Cu(Clg)2*6H,O (73 mg, 0.2 mmol) an#iL ? (42 mg, 0.2
mmol) in a mixed solution of acetone and water (¥\1:1), followed
by the addition of an equimolar amount of Na{l4 mg, 0.2 mmol).
The reaction mixture was filtered, and green single crystals suitable
for X-ray analysis were obtained by the slow evaporation of the solvent.

methanol (15 mL) was added dropwise over 1.5 h. The resulting mixture Yield: 25 mg (40%). IR (KBr pellet): 2954, 2044, 1594, 1476, 1432,
was heated at reflux for 2.5 h and then stirred at room temperature for 1287, 983, 719 cmt. Anal. Calcd for GeHzsCu:N100,: C, 48.06; H,
72 h. The solvent was evaporated under reduced pressure, the residug.90; N, 21.56. Found: C, 47.97; H, 5.96; N, 21.50.

was dissolved in water (30 mL) and basified with KOH (0.3 g, 5.4
mmol), and the resulting mixture was heated at reflux for 2 h. The
mixture was extracted with Gi€l, (100 mL x 3), the combined
CH.CI, layers were dried over MgSQthe solvent was evaporated,

[Cus(L3)Cly] (I). ComplexIll was prepared by mixing Cugl
2H,0 (47 mg, 0.3 mmol) andH,L® (59 mg, 0.2 mmol) in a mixed
solution of acetone and methanol (wv1:1). The dark green solution
was then filtered and left to stand at room temperature. Single crystals

and the residue was purified by silica gel column chromatography suitable for X-ray analysis were obtained by the slow evaporation of

(CHxCl>:MeOH:NH;°H20 from 10:10:1 to 5:5:1). The final product was

the solvent. Yield: 41 mg (50%). IR (KBr pellet): 2969, 1596, 1486,

obtained as a white solid (yield: 0.69 g, 65% based on 2-bromomethyl 1455, 1340, 1270, 1125, 1115, 1080, 988, 756 tmnal. Calcd for

phenyl acetatefH NMR (CDCL): 6 1.65-1.71 (4H, m), 2.77 (4H, t,

J = 5.5 Hz), 2.90 (4H, tJ = 5.8 Hz), 3.75 (2H, s), 6.386.93 (4H,

m), 7.22-7.26 (1H, m). IR (KBr pellet): 2939, 2669, 2600, 1594, 1458,

1347, 1277, 1248, 929, 750 chAnal. Calcd for GsH.oNO: C, 70.87;

H, 9.15; N, 12.72. Found: C, 70.42; H, 9.13; N, 12.87.
1,5-Bis(2-hydroxybenzyl)-1,5-diazacyclooctane @¢3). A solution

of DACO-2HBr (2.28 g, 8.3 mmol) and KOH (2.53 g, 45.1 mmol) in

toluene (50 mL) was stirred fo2 h at 70°C, and a solution of

2-bromomethyl phenyl acetate (4.60 g, 20.1 mmol) in toluene (20 mL)

CusoHasCLCWwNLO4: C, 52.77; H, 5.32; N, 6.16. Found: C, 52.69; H,
5.21; N, 6.50.

{[CuL“Cl],ClO4}. (IV). The pH value of the solution containing
equimolar amounts of Cu(Clp-6H,0 (54 mg, 0.15 mmol) in methanol
(5 mL) andL#3HCI-H,O (50 mg, 0.15 mmol) in kD (5 mL) was
slowly adjusted to ca.-67 with 0.1 M NaOH aqueous solutioithe
blue solution was filtered and left to stand at room temperature. Single
crystals suitable for X-ray analysis were obtained by the slow
evaporation of the solvent. Yield: 28 mg (45%). IR (KBr pellet): 2957,

was added dropwise over 1.5 h. The resulting mixture was heated at1635, 1558, 1516, 1446, 1122, 1089, 623 &nAnal. Calcd for GiHzo-

reflux for 2.5 h and then stirred at room temperature for 12 h. The

CICuNsClO4: C, 32.48; H, 4.96; N, 13.78. Found: C, 32.26; H, 4.65;

solvent was evaporated under reduced pressure, and the residue wald, 14.10.

dissolved in water (50 mL); KOH (5.0 g, 89 mmol) was added, and
then the resulting mixture was heated at reflux for 2 h. The mixture
was extracted with CKCl, (100 mL x 5), and the combined Gi&l,
layers were dried over MgS@nd evaporated. The residue was purified
by recrystallization from methanol. The final product was obtained
below 0°C as a white solid (yield: 2.17 g, 80% based on DACW®).
NMR (CDCl): ¢ 1.84-1.87 (4H, m), 2.81 (8H, tJ = 5.9 Hz), 3.81
(4H, s), 6.76-6.98 (8H, m), 7.16:7.24 (2H, m). IR (KBr pellet): 2939,
2669, 2600, 1614, 1581, 1492, 1461, 1216, 1168, 769.cAmal. Calcd
for CooH2eN2O2: C, 73.58; H, 8.03; N, 8.58. Found: C, 73.60; H, 7.67;
N, 8.77.

1-(N-1-Methylimidazol-2-ylmethyl)-1,5-diazacyclooctane Trihy-
drochloride Monohydrate (L“43HCI-H,0). A solution of DACO
2HBr (8.3 g, 30 mmol) and KOH (3.3 g, 58.8 mmol) in anhydrous
methanol (40 mL) was stirred for 4 h. Then a solution of I-methyl-2-
chloromethylimidazole hydrochloride (1.26 g, 7.5 mmol) in anhydrous

Caution. While we have experienced no problems with the per-
chlorate and azide compounds in this study, these should be handled
with great caution due to their potential for explosion.

Magnetic Studies.The variable-temperature magnetic susceptibilities
were measured on a model CF-l magnetometer(fdiv ) or a SQUID
(for 111') apparatus in 4:2300 K temperature range. The susceptibilities
were corrected for diamagnetism with Pascal’'s constants for all the
constituent atoms, and magnetic moments were calculated by the
equationuer = 2.828fwT)Y2

Crystallographic Studies. Single-crystal X-ray diffraction measure-
ments were carried out with an Enraf-Nonius CAD-4 diffractometer
(for I, IV), a Siemens P4 diffractometer (ftir), or a Bruker Smart
1000 CCD diffractometer (fotll ). Each of the diffractometers is
equipped with a graphite crystal monochromator situated in the incident
beam for data collection. The determination of unit cell parameters
and data collections were performed with MaxKadiation ¢ =

methanol (15 mL) was added dropwise, and the resulting mixture was 0.71073 A). Unit cell dimensions were obtained with least-squares

heated at reflux for 1 h, followed by stirring at room temperature for

refinements analyses of 25 (fby, 3648 (forll ), 9854 (forlll ), and 25

48 h. The solvent was evaporated under reduced pressure, and théfor IV) reflections. All the structures were solved by direct methods,
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Table 1. Crystallographic Data and Structure Refinement Summary for Complexiés

| Il 1} \
chemical formula G:eHzeClCUNeO4‘0|04 C25H33CU2N1002 C4oH43C|2CLbN404 CllHZ()ClCUNa‘C|O4
formula weight 564.87 649.76 910.34 406.75
space group P2,/c P2i/c P2i/c P2i/c
T(K) 299+1 293+ 2 293+ 2 299+ 1
a(A) 12.194(2) 8.1864(6) 10.7296(13) 7.279(1)
b (R) 13.351(3) 18.141(2) 13.7707(17) 23.695(5)
c(R) 14.473(3) 9.3307(7) 13.5523(17) 19.308(4)
B (deg) 107.10(3) 103.662(6) 106.350(3) 100.28(3)
V(A3 2252(1) 1346.5(2) 1921.4(4) 3277(1)
pealca (g CF) 1.666 1.588 1.573 1.649
VA 4 2 2 8
u (cmt) 12.642 16.25 18.31 16.850
Ra 0.073 0.0408 0.0401 0.055
Ry 0.077 0.090% 0.1058 0.062

aR = 3||Fo| — |Fel[/Z|Fol. ® Ry = [SW(|Fo| — [Fe)¥EWF,AY2 Wl = 6X(F) + 0.000F2 ¢ R, = [S[W(Fs2 — FAA/SW(FAZY2 wt = $(F?) +
(0.056#)2 + 0.304P, whereP = (Fi? + 2F2)/3. AR, = [S[W(F2 — FA/EW(FAZY2 wt = £(Fe?) + (0.1000P)2 + 0.00(P, whereP = (F,?

+ 2F2)/3.
Scheme 1
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to the HCI salts to obtain a crystalline solid. The yields for all
the syntheses were greater than 60%. All analytical and spectral
data are in good agreement with the theoretical requirements
for all the new ligands.

Syntheses of Complexes and General Characterizations.

m m Benzene The syntheses of complexésand IV were achieved by the
o N/@ or @(\N N/U o A reaction of the corresponding acid-free ligahd 6r L#) with
U HO OH U“O DACO Cu(ClQy)2*6H,0. Since the corresponding ligands are the HCI
a2 s salts, they must be neutralized with NaOH aqueous solution

N N
q& e [;)\CHZOH

N
SOCL/CHC
by k !/N»\
CH,

prior to complexation. Complexds andlll were synthesized
by the reaction of the corresponding free ligan#t ¢ and
H,L 3) with Cu(ClQy),6H,0 (including NaN when preparing
complexll) or CuCh-2H,0. SinceHL 2 andH,L 2 are depro-
tonated when forming complexes with Cu(ll) and the coordinat-

Refhx CH,Cl
CH CH, ing anions (N~ or CI"), Il andlll are both neutral complexes.
) The uncharged nature df resulted in its very low solubility
o GHs iy Tt in many general solvents, including,® and methanol. The
HN N/\II\Ir\/) or Q\_Y\N N”\rj} Refl/Ar results of elemental analyses for all the four complexes were in
U N v N DACO good agreement with the theoretical requirements of their

r

Ll

and empirical (forl and IV) and semiempirical (fodl and IIl')
absorption corrections were applied. Cu atoms in each complex were bands of CIQ™ appeared at the 1089075 and 625623 cnt!
located from theE-maps. The other non-hydrogen atoms were located regions forl andlV, respectively, in their IR spectra.

in successive difference Fourier syntheses. The final refinement was

compositions. The IR spectra of compleXdeand IV showed
absorption bands resulting from the skeletal vibrations of
imidazole ring in the 14081600 cnT? region. In addition, the

Description of the Crystal Structures. The Mononuclear

performed by full-matrix least-squares methods with anisotropic thermal Complex I. The ORTEP structure of complelx with atom
parameters for non-hydrogen atomsFotfor I, IV) or F2 (for Il , 1) .

The hydrogen atoms were added theoretically onto the specific atoms

and refined with fixed thermal factors. Crystallographic data and

experimental details for structural analyses are summarized in Table

1. Preliminary results of the crystal structure fbrwere published

recently*?

Results and Discu

ssion

Syntheses of Ligands.The new ligands were prepared ' \ kB
according to Scheme 1. An excess of DACO was used to obtain¢00rdinated to the central Cu(ll) from an apical position,
the monoalkylated productsL 2 and L4, which were purified
by silica gel column chromatographiL 2 could be obtained

labeling is shown in Figure 1, and the selected bond distances
and angles are given in Table 2.

The structure of complex consists of a discrete [Cud-
(ClOg)]" cation and a perchlorate anion. The coordination
geometry around Cu(ll) can be described as a near-ideal square-
pyramid stereochemistry & 0.06)12 All the nitrogen donors
of L1 occupy equatorial positions. It is somewhat to our surprise

that an oxygen from one perchlorate ion, not water or,Cl

although the crystal was obtained from water solution in the
presence of Cl. For the ligand, the two nitrogen atoms of the

directly as a colorless solid after column chromatography, but iMidazole pendant groups and the two nitrogen atoms of the
acid-freeL 4 can only be isolated as an oil, so we converted it diazamesocyclic ring are in cis positions at the coordination
to the HCl salts to obtain a white solid. The doubly substituted Polyhedron. The Cu(ll) ion deviates from the mean equatorial
ligands L and H,L3 were prepared by using an excess of plane o_f the square pyrgmld toward the apical O_(ll) by ca. Q.27
I-methyl-2-chloromethylimidazole hydrochloride or 2-bromo- A In this complex, the ligand adopts a boat/chair configuration
methyl phenyl acetaté.® was also purified by silica gel column

chromatography, where&#l 3 could be obtained directly as a
white solid by recrystallization from methanol solution. Acid-

freeL! can only be obtained as an oil, so it was also converted

(12) Bu, W. M,; Ye, L,; Xu, Q.; Bu, X. H;; Yang, G. D.; Fan, Y. Gcta
Crystallogr, Sect. C1999 55, 44.

(13) Addison, A. W.; Rao, T. N.; Reedijk, J.; Rijn, V. J.; Verschoor, G. C.

J. Chem. Soc., Dalton Tran&984 1349.
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Ci24)

Figure 1. ORTEP structure of compleixwith 30% thermal ellipsoid
probability.

Table 2. Selected Bond Lengths (A) and Angles (deg) for
Complexl Figure 2. ORTEP structure of compldk with 50% thermal ellipsoid

probability.

Bond Lengths (A)

Cu(1)-N(1) 2.073(14) Cu(BN(2) 2.043(15)
Cu(1)-N() 1.981(14) Cu(yN(5) 1.951(14) 'IC':itr)]Le I2.)d?elected Bond Lengths (A) and Angles (deg) for
Cu(1)-0(11) 2.332(18) P
Bond Lengths (A)
Bond Angles (deg) Cu—0(1) 1.911(2) CtN(2) 1.996(3)
N(1)—Cu(1)-N(2) 87.8(6)  N(1)-Cu(1)-N(4) 82.7(6) Cu—N(1) 2.067(3) Cu-N(3) 2.174(3)
N(2)-Cu(1)}-N(4) ~ 160.9(7) N(1)}Cu(1}-N(5)  164.7(7) Cu—N(3A) 2.215(3)
N(2)-Cu(1}-N(5)  83.1(6) N(4FCu(l}-N(5)  102.3(6)
N(1)-Cu(1-O(11)  90.7(6) N(2}Cu(1}-O(11) 105.6(6) Bond Angles (deg)
N(4)-Cu(1-O(11)  91.1(6) N(5}Cu(1}-O(11) 103.6(6) O(1)-Cu-N(2)  173.54(11) O(3}Cu—N(1) 96.50(10)
N(2)—Cu—N(1) 87.25(11) O(1}Cu—N(3) 89.99(10)
with two five-membered chelate rings [NEL(10)-C(11)- N(2)—Cu—N(3) 91.02(11) N(1}Cu-N(3)  135.32(11)
N(4)-Cu(1) and N(2)-C(20)-C(21)-N(5)-Cu(L], forming N CUNGA)  134.03(10) NGRCu N(GA)  89.07(10
a N(1)-Cu(1)>-N(4) angle of 82.7(6)and a N(2)-Cu(1)—N(5) Cu-N(3)—-Cu(A)  90.93(10)

angle of 83.1(6). . . o
The Cu-N distances of the macrocyclic ring lie in the range distance is 3.1_29(4) A, which is rather large _compared to that
of 1.951(14)-2.073(14) A, all being normal lengths for G ob_served_ in binuclear Cu(II) complexes with a;|do anions
coordination bonds; however, the bonds of the nitrogen atoms Pridging in an end-on fashion at the two equatorial positions
of the diazamesocycle that coordinate with Cu(ll) {a@\(1) (3.045-3.162 A)1 ] ] ]
= 2.073(14) A and CuN(2) = 2.043(15) A) are longer than Each_Cu(II) atom in compleb_t is boun(_j by flve_donor atoms
the Cu-N bonds of the imidazole groups (E(4) = 1.981- occupying the vertexes of_a distorted trigonal blp_yramld with
(14) A and Cu-N(5) = 1.951(14) A), indicating weaker = 0.63713 Two bridging a2|dq molecules and a nitrogen don_or
coordination of N(1) and N(2) compared with N(4) and N(5). of the.DA.CO ring ofL? comprise the basal plane, and the axial
The Cu-O distance of 2.332(18) A is greater than normal coordination sites are occupied by one oxygen atom _of the
Cu—0 bond distancé®5dindicating weak coordination of the ~ deprotonated pendant phenol group and the remaining nitrogen
perchlorate ion, probably due to the Jafifeller effect or steric ~ atom of DACO. The CeN bond (basal plane) distances fall
constraints between the larger perchlorate ionlahdhe weak I the expected rangé. . _
coordination of the perchlorate ion makes it possible that  INhe end-on azido bridge is almost linear with a N¢B)4)—
stronger donor atoms can replace it, and this is important in N(5) bond angle of 178.4(2)The N(3)-N(4) and N(4)-N(5)
the further application of this complex as a potential catalyst bond lengths (1.200(4) and 1.150(4) A, respectively) are
or a functional building block for the construction of larger @Pproximately equal to each other, and the longer bond involving
functional architectures. the nitrogen atom is linked to the metal. This is consistent with
The Binuclear Complex Il. The ORTEP view of complex thg structural results obtained with the other end-on bridging
I, including the atomic numbering scheme, is given in Figure azido conj]plexeé‘_‘arle
2. Relevant bond distances and angles have been listed in Table The Trinuclear Complex Ill. The ORTEP structure of
3. The structure of the azido complex consists of neutral complexlll is shown in Figure 3, and the selected bond lengths

binuclear entities. Each complex results from the pairing of two

(a) Kahn, O.; Sikorav, S.; Gouteron, J.; Jeannin, S.; Jeanninpkg.

mononuclear units related by a crystallographic center of (14)
symmetry. The two Cu(ll) centers are bridged equivalently by
two end-on azido anions. The bridging azido anions are bound
asymmetrically to Cu(ll) at distances of 2.174(3) and 2.215(3)
A, and the Cu-N3—Cu angle (90.93(10) is the smallest one
observed in similar complexes. The <«€Cu intramolecular

(15)

Chem 1983 22, 2877. (b) Sikorav, S.; Bkouche-Waksman, I.; Kahn,
O. Inorg. Chem 1984 23, 490. (c) Boillot, M. L.; Journaux, Y.;
Bencini, A.; Gatteschi, D.; Kahn, Onorg. Chem 1985 24, 263. (d)
Costes, J. P.; Dahan, F.; Ruiz, J.; Laurent, JinBrg. Chim. Acta
1995 239, 53.

Thompson, L. K.; Tandon, S. S.; Manuel, M.lBorg. Chem 1995

34, 2356.
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criea) nitrogen donors of the macrocyclic ring. Chloride anions
5 complete the coordination polyhedron around the two Cu(ll)
centers. The Cu(1l) atom is pentacoordinated with @Sl
donor set, and the coordination polyhedron may be best
described as a real square pyramid wite 0.113 The Cu(2)
atom is bridged by four oxygen donors of the phenol groups of
the two ligands into flanking units, and due to its position on
the inversion center, the structure is entirely symmetric. The
folding angle between the perfect square-planar [Cu(2), O(1),
0(2), O(1A), and O(2A)] and the best plane calculated for [N(1),
N(2), O(1), and O(2)] is 15.02 The dihedral angle between
the two planes of the phenol rings of the ligand is 62.93
The Cu(1) atom is 0.3185 A above the mean plane formed by
[N(2), N(2), O(1), and O(2)] toward the apical Clon. The
apical position is occupied by a Cldonor with an axial
[Cu(1)—ClI(1)] bond of 2.4493(13) A, which is longer than
normal, probably due to the Jahiieller effect. The weak
coordination of Cf also reserves this position as an active site
for further applications or reactions. The Cu¢iCu(2) distance
in the dimer is 2.9389(5) A, which is rather short and raises the
possibility of Cu—-Cu bonding between adjacent Cu(ll) centers.
This suggests that there might be some cluster character in this
complex.

The Polymeric Complex IV. The polymeric complex,
{[CUL“CI]2(ClO4)2}» (IV), is composed of [C4L #).Cl,]* cation
units and perchlorate anions. The ORTEP structure of binuclear
cation unit oflV is shown in Figure 4a, and the selected bond
distances and angles are listed in Table 5. The structure of this
complex is interesting because there are two kinds of coordina-
tion geometry, and therefore, the complex has an alternating
zigzag chain structure. The binuclear cation unitJCd),Cl,] ™
constitutes the fundamental building block of the infinite zigzag
chain structure, and the adjacent Cu(ll) atoms are linked by
Cl~ anions. Each Cu(ll) center is five-coordinated with three
nitrogen atoms of the ligand.¢) and two chloride anions. The
(b) binuclear unit contains two types of geometries around Cu(ll)
centers: the Cu(l) center has a nearly perfect square-pyramidal
coordination environmentr(= 0.05):3 generated by the least-
squares plane of N(£)N(11)—N(12)—ClI(3) and the apical

Figure 3. (a) Top view and (b) side view of ORTEP structure of
complexlll with 30% thermal ellipsoid probability.

Table 4. Selected Bond Lengths (A) and Angles (deg) for Cl(4) anion, and it is displaced from the mean equatorial plane
Complexlll of the square pyramid toward the apical CI(4) by ca. 0.38 A,
Bond Lengths (&) whereas Cu(2) is in a distorted trigonal-bipyramidal coordina-

Cu(1>-0(1) 1.986(3) Cu(Br0(2) 2.005(3) tion environment £ = 0.81)3 with two CI- anions and a
838)):'(“”((21)) 3-2‘21323;)13) (éla((%’c\l:ﬁl()z) 22-%23%(9?2)5) N(14) atom in the equatorial plane and two N atoms [N(3)

' : and N(13)] in the axial positions. The NEBTu(2)-N(13)

Cu@rom 1.900(3) Cuzro(2) 1.922(3) angle of 165.2(2) is smaller than the ideal angle of 180

Bond Angles (deg) whereas the sum of angles in the equatorial plane is* 360

O(1)-Cu(1)}-0O(2 76.48(13) O(XyCu(1)-N(2) 156.36(15 _ _
oEz%-c;u&?N&; 94.o3§13; oggc:u&ﬁwﬁl% 93.03((132 [CI(4b)~Cu(2)-N(14) = 117.0(2), CI(3)~Cu(2)-N(14) =
O(2)-Cu(1)-N(1) 162.11(14) N(2rCu(1}-N(1) 90.01(14) 137.5(2y, and CI(_3)—C1_J(2)_—CI(4b) = 105.5(1)]. Diazame-
socycles and their derivatives usually form metal complexes
and angles are listed in Table 4. Like complexill isalsoa  With square-planar or square-pyramidal geometry, and such
neutral complex in which each ligand is doubly deprotonated. cOmplexes, having both trigonal-bipyramidal and square-
The asymmetric unit is formed by half a molecule of the Pyramidal coordination environments, are very rare and may
complex, which shows inversion in the center of the rhom- Provide an excellent example for the study of an alternating
bus plane (Cu(2) is just on this center). The Cu(1) and Cu(1A) chain structure. To the best of our knowledge, this is the first
atoms, which occupy the general positions, are centrosym-€example of Cu(ll) complexes which have alternating chain
metrically related to one another; hence, Cu(1), Cu(2), and structures with diazamesocyclic ligands and their derivatives.
Cu(1A) lie in a straight line. They are bound to the ligands  The Cu(1)-CI(3) (basal plane) is normal as a €Gl
by two oxygen atoms of the pendant groups and a pair of bond but shorter than the Cu@gl (apex) bond probably
due to the JahnTeller effect. Therefore, there are also two

(16) ((g)) Fehihammer, W. P.; Dahl '—P-‘f--éf;‘hcy?&‘-i%ﬁéz 943371 kinds of CI bridges in the complex. The least intramolecular
Weiss, R.; Kahn, O.: Morgenstern-Badarau, IAm. Chem. Soa982  Cu(1)}+*Cu(2) and Cu(l)-Cu(2a) nonbonded distances are

104, 6330. 4.571(6) and 4.425(4) A, respectively, which are comparable
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ci21

ci22)

(b)

Figure 4. (a) ORTEP structure of a binuclear unit in the polymeric
chain complexiV; (b) view of the one-dimensional infinite zigzag
chains in the unit cell of complel/ .

to Cu--Cu distances found in the-chloro-bridged Cu(ll) chain
compoundsg’

As shown in Figure 4, in the zigzag chain structure of
complexlV, the odd and even Cu(ll) centers can be visualized

(17) Cortes, R.; Lezama, L.; Ruiz de Larramendi, J. |.; Maddariaga, G.;
Mesa, J. L.; Zuniga, F. J.; Rojo, Thorg. Chem 1995 34, 778.

Bu et al.

Table 5. Selected Bond Lengths (A) and Angles (deg) for
ComplexIV

Bond Lengths (A)

Cu(1)-CI(3) 2.329(2) Cu(2rN(@3) 1.932(6)

Cu(1)-Cl(4) 2.541(2) Cu(2yN(13) 1.978(5)

Cu(1)-N(1) 1.955(5) Cu(2rN(14) 2.110(6)

Cu(1)-N(11) 1.980(5) Cu(2)xCI(3) 2.523(2)

Cu(1)-N(12) 2.100(6) Cu(2)Cl(4b) 2.401(2)

Cl(4)—Cu(2a) 2.401(2)

Bond Angles (deg)

CI(3)—Cu(2)-N(13) 87.4(2) CI(3¥Cu(1)-N(1) 92.8(2)
N(3)—Cu(2)—-N(13) 165.2(2) Cl(4yCu(1)-N(1) 99.0(2)
CI(3)—Cu(2-N(14) 137.5(2) CI(3}Cu(1)-N(11) 90.5(2)
N(3)—Cu(2)—-N(14) 83.6(2) CI(4yCu(1)-N(11) 99.2(2)
N(13)—Cu(2)—-N(14) 86.4(2) N(1)Cu(1)-N(11) 159.9(2)
CI(3)—Cu(1)-N(12) 157.2(2) Cl(4yCu(1)-N(12) 96.9(2)
N(1)—Cu(1)-N(12) 82.7(2) N(11yCu(1)-N(12) 86.6(2)
Cu(1)-CI(3)—Cu(2) 140.8(1) CI(3)Cu(2)-N(3) 92.7(2)
Cu(1)-CI(4)—Cu(2a) 127.1(1)

Table 6. UV—vis Spectra Data for the Four Complexés-[V)

complex Amaxe NM (€max x 1079)2
| 600 (0.16) 259 (4.91) 193 (16.3)
I 629 (0.51) 278 (16.2) 231 (16.7)
Il 607 (0.25) 260 (7.67) 209 (15.0)
\Y 640 (0.38) 295 (17.6) 260 (7.87)

a|n water solution (for complexek I, and1V) or DMF solution
(for complexlll ).

to arrange separately in each zigzag chain, and the odd and
even CI anions also lie separately in an individual straight
line. The four visualized lines limit the extension of the chain
in the a-orientation (Figure 4b). The repeated arrangement of
the binuclear units in the chain is limited by the angles of
Cu—Cl—Cu (140.8(1) and 127.1() and CFHCu—ClI
(105.5(1y and 105.9(1). They are in the range of the
Cu—CI—Cu angles (114145) reported for similar chain
complexes? The chain extension is along thedirection. The
corresponding interchain separation is &gaxis. The position

of each ligand I(4) around each Cu(ll) center in a chain is
opposed to those in adjacent chains.

In all four complexes, the 1,5-diazacyclooctane mesocyclic
rings of the ligands take the boat/chair configuration, and this
configuration inhibits axial coordination at the metal center,
preventing the formation of a hexacoordinate compfex.
Although the four ligands bear different pendant arms, their
Cu(ll) complexes all have approximately the same-Glgaco
bond distances (2.058 A fdor 2.032 A forll, 2.031 A forlll ,
and 2.040 and 2.044 A fd¥ ). This indicates that the influences
of the pendant groups on the €Npaco bond lengths are small,
possibly negligible. However, the nature of the pendant arms
is the determining factor controlling the coordination geometry
of Cu(ll) in forming mononuclear, binuclear, trinuclear, or
polynuclear complexes.

Electronic Spectra. The UV—vis spectra of the four com-
plexes in water (for complexds |l , andlV) or DMF solution
(for complexlll ) have absorption maxima in the range of 600
640 nm (Table 6). For pentacoordinate Cu(ll) complexes, this
spectral feature is typical for Cu(ll) complexes with square-
pyramidal or distorted square-pyramidal geometry, which gener-
ally exhibits a band in the 556660 nm range (g, d,, —
dy—y2).8 The polynuclear 1) and binuclear complexedl §
display slightly highelmaxs (640 and 629 nm, respectively),

(18) (a) Bereman, R.; Churchill, M.; Schaber, P.; Winkler,IMorg. Chem
1979 18, 3122. (b) Haidar, R.; Ipek, M.; Dasgupta, B.; Yousat, M.;
Zompa, L.Inorg. Chem 1997, 36, 3125.
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Table 7. Magnetic Parameters of Complexiés-1V

complex g 2J (cm™) F2
1 2.02 2.06 1.40< 10°3
1 2.08 —345.56 4.68< 107
\ 2.10 —2.60 2.60x 10

3F = Z(xobs — Xcal)¥Z(Xobg?>.

sharply. The expected value @fs (2.83ug) for aS= 1 spin
ground state is not reached, which is indicative of intramolecular
ferromagnetic interactions and intermolecular antiferromagnetic
interactions in the ground state. The singigtplet energy gap
(2J) was deduced from the least-squares fit of the experimental
data to the temperature for isotropic exchange by using a
Bleaney-Bowers equation = —2JSS, No. = 120 x 107
cm )

am = 2NGBAKT) [3 + exp2I/KT)] t+ No (1)

We have not analyzed the data at temperatures below 12 K
because the zero-field splitting and intermolecular interaction
become significant and are no longer negligible. The best fithess
parameters are shown in Table 7.

The ferromagnetic interactions in compldk could be
interpreted on the basis of the DFT calculatf®? and spin-
polarization effect! Experimental observation and theoretical
analysis show that there is a critical bridging angle {Gl+
Cu) of about 108.5 The smaller angles lead to accidental
orthogonality of the magnetic orbital, resulting in the ferro-
magnetic interaction between Cu(ll) atoms, while an antifer-
romagnetic exchange interaction is expected with a large &hgle.
When our data are compared with the results shown in Table
8, it is found that the Ca&N—Cu angle is the smallest in all
bis(end-on) azide-bridged Cu(ll) complexes. The shaklue
could be interpreted as follows: the electronegative phenoxo
atom lowers the HOMO energy, and the coordination geometry
around Cu(ll) ion is an intermediate between the ideal square-
pyramidal and trigonal-bipyramidal geometries other than the
ideal square-pyramid geometry on which the DFT calcula-
tion!>2%was based; therefore, the magnetic orbital is contributed
not only by dz—y2 but also by &, which leads to a weak
ferromagnetic interaction.

The room-temperature magnetic momgegi (2.23 ug) for
complexlll is considerably smaller than the expected value (3
ug) for three coupled Cu(ll) ions, and it decreases gradually
upon the cooling of complexll . This is characteristic of
significant antiferromagnetic interactions between Cu(ll) ions

indicating that their geometries are distorted more toward the within the trinuclear complex. The magnetic analysis was carried
trigonal bipyramid than those of the trinuclear and mononuclear oyt within the susceptibility equation based dn= —2J(S.S

complexes becaus®/ and Il already contain a distorted
trigonal-bipyramidal geometry in their unit¢The spectral data
are consistent with the degree of distortion from the square-
pyramidal geometry found in the X-ray structural analysis. In
addition, the solution spectra of the complexes in the-2880

nm range also show — z* ligand transitions.

+ $S)

xm = (NFBYAKT[1 + exp(—2J/KT) + 10 exp@/KT))/[1 +
exp(—2J/KT) + 2 exp@/KT)] + Na. (2)

whereym denotes the susceptibility per trinuclear complex and

Magnetic Properties. The temperature dependence of the Na is the temperature-independent paramagnetism (1806

susceptibility and magnetic moment for compleXesl|V are
shown in Figure 5, and the magnetic parameters are summarize
in Table 7.

For complexl , we can see from Figure 5a that the value
and uer Value increase as the temperature decreasesudhe
reaches a maximum (2.G64g) at T = 12 K, then goes down

(19) McLachlan, G. A;; Fallon, G. D.; Martin, R. L.; Spiccia, lnorg.
Chem.1995 34, 254.

m3 mol~1). As shown in Figure 5b, the results indicate that
here is a strong antiferromagnetic spexchange interaction
among the nearest Cu(ll) ions within each molecule.

(20) (a) Ruiz, E.; Alemany, P.; Aloarez, S.; CanoJJAm. Chem. Soc.
1997 119 1297. (b) Escuer, A.; Vicente, R.; Mautner, F. A.; Goher,
M. A. S. Inorg. Chem 1997 36,1233. (c) Tandon, S. S.; Thompson,
L. K.; Manuel, M. E.; Bridson, J. NInorg. Chem.1994 33, 5555.

(21) Charlot, M. F.; Kahn, O.; Chaillet, M.; Larrien, @. Am. Chem. Soc.
1986 108 2574, and references therein.
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Table 8. Comparison of the Structural Data and Magnetic Properties for Some-Rig{ Binuclear Cu(ll) Complexes

complex 0 (deg) Cu-N (A)2 Cu—Cu (A) Jexp (CMTY) refs
[Cu(terpy)(Ns)(H20)](PFs)2 95.7 1.927,2.851 3.595 —-2.9 22a
[Cu(tbz)(Nk)2] 2(CHsOH)2 104.66 2.037, 2.059 3.2422 23 22b
[Cus(t-Bupy)(N2)2](ClO%). 100.5 1.99, 1.97 3.042 105 22¢
Cp(n-Na)2(Na)2([24]ane-NOs) 101.65, 105.46 1.990, 2.043 3.162 70 16b
[CUs(L?)2(Na)2] (I1) 90.93 2.174,2.215 3.129 1.03 this work

a Azide bridge.

The study of magnetestructural correlation has been per- coordination environment with residual spin density in the
formed in di-phenoxo-bridged Cu(ll) complex&sRecently, equatorial plane and residual spin density on the axial positions.
Thompson and co-worke¥sderived the magnetestructural Owing to some ¢ character of Cu(2), usually a weak magnetic
relationship for bis(phenoxide)-bridged binuclear Cu(ll) com- interaction is possible. The result is in good agreement with
plexes,—J = 31.95 — 2462 cnt!, wherea is defined as the  the extended Fkel calculationt’

Cu—O(phenol)-Cu angle. In compleHl , thea angle is 98.28
and the—J value predicted by the above equation should be Conclusions and Comments
677.4 cntt, which is much higher than in the experimental data

mainly because the dihedral angle (165 defined by the two A series of new diazamesocyclic ligands functionalized by
planes Cu(1}0(1)-0(2) and Cu(2}-O(1)-0(2). To date, di- additional donor pendants have been synthesized and character-

phenoxo-bridged Cu(ll) complexes with a smalangle . < ized. The interesting coordination modes of the four Cu(ll)
77°), in which a crossover from antiferromagnetism to ferro- complexes with these ligands{1V) have been elucidated by
magnetism could be reached, are still not kndifo synthesize X-ray structural analyses, and the magresructural correla-
such complexes with a smail angle is still an unresolved tions were investigated for complexéls—V. The following
problem points were reached:

The uer value of complextV is approximately constant in (1) By attaching one or two methylimidazole or phenol donor
the range of 30870 K (see Figure 5¢), which is close to the pendants to the framework of DACO, we obtained a series of
value expected for uncoupled Cu(ll) ion, but below 30 K, it Ne€W polydentate ligands, and the formation of mononuclear,
decreases slightly, reaching a value of 188at 4 K. This binuclear, trinuclear, and alternating zigzag chain Cu(ll) com-
behavior indicates a slightly antiferromagnetically coupled one- Plexes has been achieved. Namely, the variation of the
dimensional compound. The magnetic analysis was carried outco0rdination modes of Cu(ll) with DACO has been achieved

with the susceptibility equatidh of isotropically coupleds = _here by the attachment of different pendant donor groups on
1/, ions in antiferromagnetic linear chains its framework. We therefore concluqle that the nature of the
pendant donor groups on DACO is a determining factor

am = (NPBIKT)[(A+ BX+ CX3)/(1+ DX + governing the structure and properties of their metal complexes.
5 3 This is an important point for the rational design and control of

EX"+ FX)] (3) metal complexes with different structures and properties, which

whereyy denotes the susceptibility per Cu(ll) complég= might be required for different applications. From the structures

_ _ _ _ of our complexes and other reported metal compRexéth
£|/()Kg’32\54 ?arZKSFB: 6%’;;'395’(: 0.30094,0 = 1.9862.E DACO ligands, we can conclude that DACO derivatives are

As shown in Figure 5¢, least-squares fitting leads] to- good model ligands for the formation of metal complexes whose
~1.30 entt. which is rathér small. This small value may be coordination geometries cannot be more than five-coordinated

related to the two adjacent Cu(ll) environments of compiéx g‘i\ectg the dsterr]eochemﬁal ;effect (boat/chal_rd col?f_lé,]u_ratl?n of
in which Cu(1) ion adopts a distorted square-pyramidal coor- i I't) a‘ltlh ‘;V ?[Se penl anf arms can Iﬁ)row t'e raging Enp-
dination environment with the nearest neighbors in the basal lonaiity. The first exampie of a unique aiternating zigzag chain

Cu(ll) complex has been achieved by using a DACO ligand,
plane of N(1)>N(11)-N(12)-CI(3) and, eventually, a CI(4) . X . .
in the apical position. The unpaired electron is mainly described which might provide a good example for the study of alternating

by a dy-type orbital pointing from Cu(1) toward the nearest chain cqmplexes. ) .
neighbors in an antibonding fashion. However, owing to the ~ (2) With respect to the magnetic properties for the three
slight distortion toward the trigonal bipyramid, the unpaired COomPlexesi{ —IV), very different magnetic interactions were
electron should be described by ay(¢ Ad?)-type orbital with foupd to exist from w_eak ferromag_ne_tlc to w_eak antlferrc_)mag-
residual spin density on the apical sites CI(4). On other side of N€lic and strong antiferromagnetic interactions. The bis(end-
the bridge, the Cu(2) ion is in a distorted trigonal-bipyramidal ©M) azido-bridged Cu(ll) complex() shows both ferromagnetic
and antiferromagnetic coupled interactions in different temper-
(22) (a) Cortes, R.; Urtiaga, M. K.; Lezama, L.; Larramendi, J. I. R.; ature ranges, while the trinuclear complgk shows strong
Arriortua, M. I.; Rojo, T.J. Chem. Soc., Dalton Tran993 3685. antiferromagnetic interactions, and the chain compleshows
(b) Albada, G. A. V.; Lakin, M. T.; Veldman, N.; Spek, A. L.; Reedikk,  \yeak antiferromagnetic coupled interactions. This indicates that
,J:,'l;ﬂ?é\g,i'ncgfrgjr%?sﬁf{aﬁ%l%_.(CB)G%ZES{SSI_F”S%QQ;h (;’_'I{(,)_ r."TEé’Zek the rational design of metal complexes having different magnetic
F.; Ohrstriom, L.; Grand, A.; Lelievre-Berna, B. Am. Chem. Soc.  properties might be achieved by selecting the proper functional

1998 120, 5238. ) o donor groups. Furthermore, from our study on the binuclear
(23) (a) Kahn, OMolecular MagnetismVCH: Weinheim, Germany, 1993;

Chapter 8. (b) Charlot, M. F.. Jeannin, S.; Jeannin, Y.: Kahn, O.: _comple>_<, it may be concluded that the magnitude of the coupling

Lucrece-Abaul, J.; Frere, M. lhorg. Chem1979 18, 1675. (c) Chiari, interaction is not only governed by thé angle but also

B.; Piovesana, O.; Tarantelli, T.; Zanazzi, P.lfforg. Chem 1987, dominated by a spin delocalization in the complexes. The study

26, 952. . . . i
(24) Thompson, L. K.; Mandal, S. K.; Tandon, S. S.; Bridson, J. N.; Park, on the mggnetlc properties for the zigzag arrange_ment success

M. K. Inorg. Chem 199§ 35, 3117. fully confirmed the results based on the extendeke¢iiMO

(25) Ojima, H.; Nomoyama, KCoord. Chem. Re 1988 92, 85. calculation.
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