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Two polydentate ligands of the family of dicarboxyimidazoles, H,MeDCBI (= 4,5-dicarboxy-1-methyl-1H-imidazole)
and H;DCBI (= 4,5-dicarboxyimidazole), have been used in reactions with the [Fe(3,5-Bu,salpn)]* species {3,5-
Bu,salpn = the dianion of 1,3-bis-[(3,5-di-tert-butylsalicylidene)amino]propane} to synthesize selectively complexes
of different nuclearities. Four complexes have been synthesized: the mononuclear complex [Fe(3,5-Bu,salpn)-
(HMeDCBI)] (1), the two binuclear but topologically different complexes [Fe(3,5-Bu,salpn)(MeDCBI)Fe(3,5-Bus-
salpn)] (2) and {[Fe(3,5-Busalpn)],(HDCBI)} (3), and the trinuclear complex {[Fe(3,5-Bu,salpn)](DCBI)Fe(3,5-
Bu,salpn)} (4). The structures of these complexes have been determined by X-ray crystallography. Variable-
temperature direct-current magnetic susceptibility measurements were conducted for all compounds to obtain
information about their electronic structure and to investigate the extent of magnetic communication among the
Fe(lll) centers. The results of these measurements allowed us to correlate the different structural motifs with the
possible magnetic interactions that arise in multinuclear complexes of dicarboxyimidazoles. For 1, the room-
temperature ywT value reveals an S = 5/, ground state. The data for the binuclear but topologically different
complexes 2 and 3, and the trinuclear complex 4 suggest that weak intramolecular antiferromagnetic interactions
are present, with interaction parameters ranging from —3.6 to =5.1 cm~. Differences in the extent of the magnetic
communication between the metal centers through the two different interaction pathways of the ligands MeDCBI
and DCBI (either through the imidazole ring or through the carboxylate groups) have been observed in complexes
2-4 that can be explained by the structural differences observed in the crystal structures of these compounds (the
separation of the metal centers and the coplanarity of the metal ion orbitals with the sz system of the ligands).
Cyclic voltammetry measurements for the mononuclear compound 1 show an irreversible reduction wave that is
attributed to Fe®* + e~ — Fe?*. The electrochemical behavior of the multinuclear complexes 2—4 is more complicated;
however, it indicates that there is a degree of electronic communication between the Fe(lll) centers.

Introduction otide reductase, all of which have binuclear Fe active Sites,
.as well as the iron storage protein ferritin, which contains a
Lore with as many as 4500 Fe centet$n addition, a large
number of multinuclear Fe compounds display interesting
?‘nagnetic behavior. For example, trinuclear systems fre-
Iquently exhibit spin frustratiof’ and other systems of higher

polynuclear Fe(lll) complexes. This can be attributed to the
relevance of these compounds to a variety of research area
ranging from biological chemistry to magnetic materials.
Multinuclear Fe centers are found in the active sites of several
non-heme metalloproteits Examples of such proteins  (2) Lippard, S. JAngew. Chem., Int. Ed. Engl98§ 27, 344.

include hemerythrin, methane monoxygenase, and ribonucle- (3) Kurtz, D. M., Jr.Chem. Re. 1990 90, 585. _
(4) Theil, E. C.Annu. Re. Biochem1987 56, 289 and references therein.

(5) Xu, B.; Chasteen, N. DJ. Biol. Chem.1991 266, 19965.
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Fe(lll) Complexes with Dicarboxyimidazole Ligands

nuclearity with large ground-state spin values and large three different oxidation states, MiMn"', Mn""Mn', and
degrees of anisotropy function as single-molecule magnéts. Mn'VMn'v.2829Species of higher nuclearity, such as a cyclic
The majority of the multinuclear Fe complexes that have tetramer, have been proposed to be synthesized from the
been synthesized and studied to date are binuclear complexegeactions of oxovanadium(lV) with 4,5-dicarboxyimidazole,
with oxo, hydroxo, and carboxylato groups as bridging although none has been isolafédRecently, two types of
ligands. These systems usually exhibit strong intramolecular one-dimensional polymeric chains have been reported: one
antiferromagnetic interactions. A large number of Fe(lll) involves complexes of Mn(lIl) ions with 4,5-dicarboxyimi-
complexes of higher nuclearity with an oxo and hydroxo dazolé! that are held together via intermolecular hydrogen
ligand environment have also been reported, many of which bonds, and the other is composed of [Mn(ph&n)inits
have been synthesized by rather serendipitous means. Ofphen= 1,10-phenanthroline) and 4,5-dicarboxyimidazole,
interest are the relatively small number of imidazolate- with the latter acting as a,-bridging ligand between two
bridged multinuclear Fe complexes that have been reportedneighboring Mn(ll) center& Three-dimensional frameworks
in the literature. Except for a few polymeric chains of supported by H bonds have also been constructed by 4,5-
Fe(l1),>16 only three Fe(lll) complexes of this type are dicarboxyimidazol& and 4-carboxy-1-hydroxymethylimi-
known: these include a binuclear compound with porphyrins dazolé* in combination with various bivalent metal ions.
as peripheral ligands on the Fe atéfmand two similar Magnetic susceptibility studies carried out in multinuclear
binuclear compounds with imidazolate, phenoxy, and meth- complexes with paramagnetic metal centers bridged by
oxy or hydroxy groups as bridgé%!° The great structural  imidazolate-based ligands have shown that the imidazolate
diversity that imidazole and imidazolate-based compounds moiety generally induces moderate to weak intramolecular
offer as ligands with other metals justifies their wide magnetic interactions. For binuclear Cu(ll) complexes bridged
utilization in many areas of inorganic chemistry, including by the imidazolate ion, it has been found that the interactions
the syntheses of one-, two-, or three-dimensional coordinationare relatively strongJranges from-40 to —160 cnt?) but
polymerg®2tand the syntheses of models of the active sites their magnitude depends on the geometry of the Cu(ll)
of a variety of metalloenzymes, such as (Cu, Zn)S&D coordination®® Weaker interactions have been observed in
and cytochrome oxidase?* the case of the binuclear 4,5-dicarboxyimidazolate-bridged
A large number of complexes with functionalized imida- MnVMn'" complex in which the Mn centers are antiferro-
zole or imidazolate as bridges functioning in different magnetically coupled witd = —2.3 cn1.28 Weak intramo-
coordination modes have been reported. These includelecular antiferromagnetic exchange interactions are also
mononuclear Mn(lll) and Mn(IV) complexe8, binuclear operating among the Mn(ll) centers in the polymeric chain
RK6 and Ir compoundd’ and a series of binuclear 4,5- of Mn(ll) and 4,5-dicarboxyimidazole with ~ 0.1 cnt?1.32
dicarboxyimidazolate-bridged Mn compounds isolated in Interestingly, in the analogous MMn'Y compound, weak
ferromagnetic interactions were observed with= +1.4
cm%, which led to the first EPR spectrum of &= 7/,

(8) Bara, A. L.; Caneschi, A.; Cornia, A.; De Biani, F. F.; Gatteschi, D.;
Sangregorio, C.; Sessoli, R.; Sorace,JJLAm. Chem. S04999 121,

5302. ground state for such a dimé.
(9) Goodwin, J. C.; Sessoli, R.; Gatteschi, D.; Wernsdorfer, W.; Powell, i i i -
A. K.; Heath, S. L.J. Chem. Soc., Dalton Tran2800Q 1835. In thIS am?le.’ we have used the anions of two (.:arboxyle.lte.
(10) Christou, G.; Gatteschi, D.; Hendrickson, D. N.; SessolMRS Bull. substituted imidazole-based compounds, 4,5-dicarboxyimi-
200Q 25, 66 and references therein. dazole (HDCBI) and 4,5-dicarboxy-1-methyl-1H-imidazole

(11) Sna(}tfjfce?;ntgeftﬁseig,'ﬁ Coria, &hem. Commur200Q 9, 725 (H.MeDCBI) (Chart 1), as scaffolds to synthesize selectively

(12) Boudalis, A. K.; Donnadieu, B.; Nastopoulos, V.; Clemente-Juan, J. and study the magnetic properties of a series of Fe(lll)

E”h'e?]ﬁa”;nﬁ"EEESSZ%YQZE%C“""Q“ES' J.-P.; Perlepes, SArigew. complexes of different nuclearities. These include the mono-
(13) Spek, A. L.; Duisenberg, A. J. M.; Feiters, M. Bcta Crystallogr nuclear complex [Fe(3,Busalpn)(HMeDCBI)] (), the
1983 €39, 1212. topologically different binuclear complexes [Fe(3F:-
(14) Rettig, S. J.; Storr, A.; Summers, D. A.; Thompson, R. C.; Trotter, J. | g | d {IFe(3.5!B
J. Am. Chem. Sod 997, 119, 8675. salpn)(MeDCBI)Fe(3,5Bu.salpn)] @) and {[Fe(3,5'Bu,-
(15) Rettig, S. J.; Storr, A.; Summers, D. A.; Thompson, R. C.; Trotter, J.
Can. J. Chem1999 77, 425. (26) Baym, J. C.; Net, G.; Rasmussen, P. G.; Kolowich, JJBChem.
(16) Rettig, S. J.; Sanchez, V.; Storr, A.; Thompson, R. C.; Trottet, J. Soc., Dalton Trans1987, 3003.
Chem. Soc., Dalton Tran200Q 3931. (27) Net, G.; Baya, J. C.; Butler, W. M.; Rasmussen, P.& Chem. Soc.,
(17) Naruta, Y.; Sawada, N.; Tadokoro, i@hem. Lett1994 1713. Chem. Commuril989 1022.
(18) Chiari, B.; Piovesana, O.; Tarantelli, T.; Zanazzi, Plnerg. Chem (28) Caudle, M. T.; Kampf, J. W.; Kirk, M. L.; Rasmussen, P. G.; Pecoraro,
1982 21, 2444. V. L. J. Am. Chem. S0d.997 119 9297.
(19) Bailey, N. A.; McKenzie, E. D.; Worthington, J. M.; McPartlin, M.; (29) Rajendiran, T. M.; Kirk, M. L.; Setyawati, I. A.; Caudle, M. T.; Kampf,
Tasker, P. Alnorg. Chim. Actal977, 25, L137. J. W.; Pecoraro, V. LChem. Commur2003 824.
(20) Colacio, E.; Dominguez-Vera, J. M.; Ghazi, M.; Kivek&linga, M.; (30) Sanna, D.; Micera, G.; Budly®.; Kiss, T.; Gajda, T.; Surdy, Fhorg.
Moreno, J. M.Inorg. Chem.1998 37, 3040. Chim. Actal998 268 297.
(21) Lambert, F.; Renault, J.-P.; Policar, C.; Morgenstern-Badarau, |.; (31) Huang, D.; Zhang, X.; Zhu, H.; Chen, C.; Liu, Acta Crystallogr.
Cesario, M.Chem. Commur200Q 35. 2001 E57, m441.
(22) Tabbj G.; Driessen, W. L.; Reedijk, J.; Bonomo, R. P.; Veldman, N.; (32) Zhang, X.; Huang, D.; Chen, F.; Chen, C.; Liu, Qorg. Chem.
Spek, A. L.Inorg. Chem 1997, 36, 1168. Commun2004 7, 662.
(23) Kolks, G.; Lippard, S. J.; Waszczak, J. V.; Lilienthal, H. R.Am. (33) Ma, C.; Chen, F.; Chen, C; Liu, @cta Crystallogr2003 C59 m516.
Chem. Soc1982 104, 717. (34) Shimizu, E.; Kondo, M.; Fuwa, Y.; Sarker, R. P.; Miyazawa, M.; Ueno,
(24) Landrum, J. T.; Reed, C. A.; Hatano, K.; Scheidt, WIRAm. Chem. M.; Naito, T.; Maeda, K.; Uchida, Anorg. Chem. Commur2004
Soc 1978 37, 3232. 7,1191.
(25) Rajendiran, T. M.; Caudle, M. T.; Kirk, M. L.; Setyawati, |.; Kampf,  (35) Bencini, A.; Benelli, C.; Gatteschi, D.; Zanchini, l@org. Chem1986
J. W.; Pecoraro, V. LJ. Biol. Inorg. Chem2003 8, 283. 25, 398.
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Chart 1

salpn)(HDCBI)} (3), and the trinuclear comple)f{Fe(3,5-
‘Bu,salpn)}(DCBI)Fe(3,5Buysalpn} (4). Solid-state magnetic

susceptibility measurements were used to investigate the,

intramolecular magnetic exchange interactions that arise in
the multinuclear complexes—4 through different magnetic
exchange pathways that are available in ligands of this type.

Experimental Section

Materials and Techniques.Unless otherwise stated, the reac-

Angaridis et al.

was added. To the resulting dark blue solution was added 1.227 g
(7.5 mmol) of NHPFK dissolved in 20 mL of a 1:1 mixture of
MeOH and HO. The reaction mixture was stirred at room
temperature for 30 min, and then 60 mL of distilleg0Hwas added
slowly under stirring, resulting in the precipitation of a purple-
brown microcrystalline solid. The solid was collected by filtration,
washed with distilled KO (2 x 25 mL), and dried under vacuum.
The compound was recrystallized from MeCN and isolated as dark
crystals®® Yield: 3.762 g (88%). Anal. Calcd for [Fe(3!Bu,-
salpn)}0-3H,0 (CseH10FeN4O0g) (found) (%): C 66.55 (66.31),
H 8.57 (8.26), N 4.71 (4.67). IR (KBr disk, cr®): see Supporting
Information.

Synthesis of [Fe(3,8Bu,salpn)(HMeDCBI)] (1). To a mixture
of 0.341 g (2.0 mmol) of EMeDCBI in 40 mL of MeCN in a
round-bottom flask open to the air was added 1.241 g (2.0 mmol)
of [Fe(3,5Buysalpn)(QCMe)]. The reaction mixture was stirred
and heated at 50C for 18 h. Then it was allowed to reach room
temperature, yielding a purple solid that was collected by filtration

tions and manipulations were performed under an argon atmosphereand recrystallized from wet MeCN and,EX Yield: 0.906 g (62%).
using standard Schlenk line techniques. Commercial-grade solventsAnal. Calcd for 1:-H,O (CsgHssFeNO7) (found) (%): C 62.65

were dried and deoxygenated by reflux under,abiosphere for
at least 24 h over appropriate drying agents and were freshly
distilled prior to use.

The compounds 3,5-dert-butyl-2-hydroxybenzaldehyde, 1,3-
diaminopropane, 4,5-dicarboxyimidazole, Fe6H,0O, NH,PF;
(Et4N)(O.,CMe)-4H,0O were purchased from Aldrich, and 4,5-
dicarboxy-1-methyl-1H-imidazole was purchased from Combi-
Blocks. All chemicals were used without any further purification.
("BugN)(H.DCBI) was synthesized from the reaction of[MCBI
with 1 equiv of 1.0 M"Bus;NOH solution in MeOH using MeOH
as the solvent. The resulting mixture was filtered and the product
was isolated by slow addition of E2 to the filtrate as a white
microcrystalline powder. [Fe(3,Bu,salpn)(QCMe)] was synthe-
sized according to the published procedure for the synthesis of [Fe-
(salen)(QCMe)] 3¢

Elemental analyses were performed in the Chemical Analysis
Laboratory in the Chemistry Department at The University of
Michigan. Infrared spectra were recorded on a Nicolet 5DX IR

(62.41), H 7.36 (7.22), N 7.50 (7.45}ESI-MS (2): 595 ([Fe-
(3,54Buysalpn)(HO),] 7). IR (KBr disk, cntl): see Supporting
Information.

Synthesis of [Fe(3,3Busalpn)(MeDCBI)Fe(3,5!Bujsalpn)]
(2). A 0.42-mL volume of 1.0 M"BuyNOH solution in MeOH
was added dropwise to a mixture of 0.311 g (0.4 mmol) of [Fe-
(3,5Bugsalpn)(HMeDCBI)] in 25 mL of dry MeCN under an Ar
atmosphere. A 0.242-g (0.2-mmol) portion of [Fe(Bb,salpn)}O
in 40 mL of dry MeCN was added via cannula to the resulting red
mixture. The reaction mixture was stirred and heated &tClfor
20 h, yielding a microcrystalline precipitate. After filtration, a purple
solid was isolated that was subsequently washed with cold MeCN
(15 mL) and dried in vacuo. Yield: 0.296 g (54%). Anal. Calcd
for 2 (Cr2H10d-€:NOs) (found) (%): C 67.08 (67.12), H 7.76 (7.56),
N 6.52 (6.44)+ESI-MS (W2): 595 ([Fe(3,5Buzsalpn)(HO).] ).
IR (KBr disk, cnm?): see Supporting Information.

Synthesis of {[Fe(3,5!Bu,salpn),(HDCBI)} (3). A 1.535-g
(1.35-mmol) portion of [Fe(3,8Buysalpn)}O was added to a warm

spectrophotometer as KBr pellets. Mass spectrometry data (elec-gqution of 0.536 g (1.35 mmol) ofBusN)(H,DCBI) and 0.354 g

trospray ionization) were recorded using £Hy/MeOH solutions

at the Mass Spectrometry facility at the University of Michigan.
Cyclic voltammetry measurements were carried out at room
temperature under argon atmosphere, in,CH solutions that
contained 0.1 M"BusN)(PFR;) as the supporting electrolyte. All
potentials were referenced to the Ag/AgCl electrode, and under
our experimental conditions;, for the Fc/F¢ couple occurred

at +0.600 V. Variable-temperature solid-state direct-current (dc)
magnetic susceptibility data were collected on a Quantum Design
2000/2010 MPMS SQUID Magnetometer equipped with a 5.5-T

dc magnet. Diamagnetic corrections were applied to the observed

paramagnetic susceptibilities.

Synthesis of [Fe(3,5-Blsalpn),0. [Fe(3,5!Buysalpn)kO was
synthesized according to a modification of a published procedure
for the synthesis of [Fe(salpa).3” To 70 mL of a MeOH solution
of 3.530 g (15.0 mmol) of 3,5-diert-butyl-2-hydroxybenzaldehyde
in a round-bottom flask open to the air was added 0.63 mL (7.5
mmol) of 1,3-diaminopropane. The bright yellow mixture of the
Schiff base was stirred at room temperature for 30 min and then a
solution of 2.036 g (7.5 mmol) of Fe¢€6H,0 in 20 mL of MeOH

(36) Liu, G.; Arif, A. M.; Bruenger, F. W.; Miller, S. Cinorg. Chim. Acta
1999 287, 109. .

(37) Snigal, Z.; Bfezina, F.; $hdeld, Z.; Klicka, R. Polyhedron1974
15, 1971.
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(1.35 mmol) of (EfN)(O,CMe)-4H,0 in 40 mL of MeCN. The
reaction mixture was stirred at room temperature fot8 h,
resulting in a microcrystalline purple precipitate that was collected
by filtration, washed with cold MeCN (X% 15 mL), and dried in
vacuo. Yield: 1.343 g (78%). Anal. Calcd f@&H,O (C7iHgg
FeNgOg) (found) (%): C 65.99 (66.00), H 7.67 (7.85), N 6.51
(6.69). ESI-MS (WV2): 1274 {Fe(3,5Bu,salpn)k(DCBI)} 7). IR
(KBr disk, cn1): see Supporting Information.

Synthesis of{[Fe(3,5!Bu,salpn),(DCBI)Fe(3,5!Bu,salpn)}
(4). A 0.41-mL (3.9-mmol) aliquot of 1.0 M solution ¢B8u,;NOH
in MeOH was added dropwise to a mixture of 0.500 g (3.9 mmol)
of {[Fe(3,5!Bu,salpn)L,(HDCBI)} in 25 mL of dry MeCN under
an Ar atmosphere. To the resulting solution was added via cannula
a 0.223-g (2.0-mmol) portion of [Fe(3!Bu,salpn)}O in 20 mL
of dry MeCN. The reaction mixture was heated~a40 °C and
stirred for 8 h, yielding a microcrystalline precipitate. After
filtration, the purple solid that was obtained was washed with cold
MeCN (15 mL) and collected. Yield: 0.331 g (46%). Anal. Calcd
for 4-2MeCN (C105H151F93N10010) (found) (%) C 67.67 (6768),
H 7.89 (7.87), N 7.31 (6.98). ESI-M3n(2): 1274 {Fe(3,5Buy-

(38) The crystal structure of [Fe(3Buysalen)}O has recently been
reported: Darensbourg, D. J.; Ortiz, C. G.; Billodeaux, Dlrrg.
Chim. Acta2004 357, 2143.
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Table 1. Crystal Data and Structure Refinement Parameters for [FéB&g5alpn)(HMeDCBI)}1.25MeCN (-1.25MeCN),
[Fe(3,5!Bugsalpn)(MeDCBI)Fe(3,3Buzsalpn)}2.5MeCN1.5CHCl, (2:2.5MeCN1.5CHCIy), {[Fe(3,5!Busalpn)p(HDCBI)} (3), and

{[Fe(3,5!Buysalpn)k(DCBI)Fe(3,58Buzsalpn} :2.5MeCN @-2.5MeCN)

1-1.25MeCN 2:2.5MeCN1.5CHCl, 3 4-2.5MeCN
formula Cy1.5H56.757€N5 2506 Crg5H1105613FENg 5008 Cr71Ho7FeNeOs CiodH152 5563 N105d010
fw 781.02 1519.30 1274.25 1937.46
cryst system triclinic triclinic triclinic monoclinic
space group P1 P1 P1 P2,/c
a(A) 15.109(1) 11.162(3) 12.641(2) 26.567(5)
b (A) 17.231(1) 19.736(4) 17.362(3) 15.983(3)
c(A) 18.540(1) 21.367(5) 33.972(6) 26.753(5)
o (deg) 109.456(4) 68.170(4) 80.730(11) 90
B (deg) 111.060(4) 76.554(4) 88.282(11) 104.552(3)
7 (deg) 90.560(4) 74.682(4) 85.548(11) 90
V (A3) 4200.6(5) 4166.7(16) 7335(2) 10996(3)
z 4 2 4 4
Dearc (9/cn) 1.235 1.211 1.154 1.170
cryst dimens (mm) 0.4& 0.36x 0.12 0.44x 0.24x 0.12 0.44x 0.28x 0.20 0.58x 0.30x 0.16
abs coeff (mm?) 0.410 0.500 0.449 0.449
6 range (deg) 2.86 to 23.66 1.77 to 28.40 2.811026.42 2.80to 28.45
reflns collcd 37984 83901 66017 130850
data/restr/params 26563/87/1028 20708/0/956 29894/0/1676 27591/0/1246

R1, wR2 | > 20(1)]
R1, wR2 (all data)

0.0751, 0.1898
0.1202, 0.2148

0.0591, 0.1742
0.0787,0.1851

0.0573,0.1349
0.0975, 0.1543

0.0439, 0.1126
0.0715, 0.1267

goodness of fit 0.981 1.080
salpn)(DCBI)} ), 595 ([Fe(3,5Bu,salpn)(H0).] ). IR (KBr disk,
cm™1): see Supporting Information.

X-ray Crystallography. Single crystals of suitable quality and
size of1:1.25MeCN,2-:2.5MeCN1.5CHCl,, 3, and4-2.5MeCN
were mounted on the ends of quartz fibers and used for intensity
data collection on a Bruker SMART 1K CCD-based X-ray
diffractometer equipped with an LT-2 low-temperature device and
normal-focus Mo-target X-ray tubé. (= 0.71073 A) operated at
2000-W power (50 kV, 40 mA). The frames were integrated with
the Bruker SAINT software package with a narrow-frame algo-
rithm.2° For 1:2.5MeCN, the data were processed and corrected
for absorption with TWINABS'® whereas the data f@2.5MeCN
1.5CHCl,, 3, and4-2.5MeCN were processed and corrected for
absorption with SADABS! The structures were solved and refined
with the Bruker SHELXTL software packadéAll non-hydrogen
atoms were refined anisotropically with the hydrogen placed in
idealized positionsl-2.5MeCN was found to be a non-meroherdal
twin with two components related by a 1'8@tation about the direct
(0 1 0) axis and twin fraction of 0.3628(9). Cell parameters and
basic information pertaining to data collection and structure
refinement are summarized in Table 1.

Results

Syntheses and Crystal StructuresSchematic representa-
tions of the reactions described in this paper are given in
Schemes 1 and 2. The reaction ofM&DCBI with 1 equiv
of [Fe(3,5Bu,salpn)(QCMe)] in MeCN results in the
synthesis of the mononuclear compléxin ~60% yield
(Scheme 1a). Complekwas crystallized by slow evapora-
tion of a MeCN solution in the triclinic space gro@d with
Z = 4 (there are two crystallographically distinct molecules

(39) SAINT Plus version 7.01; Bruker Analytical X-ray Instruments:
Madison, WI, 2003.

(40) Sheldrick, G. M.TWINABS version 1.05; Bruker-Nonius Program
for Scaling and Correction for Twinned Crystals; University of
Gottingen: Gitingen, Germany, 2003.

(41) Sheldrick, G. M.SADABS version 2.10; Program for Empirical
Absorption Correction of Area Detector Data; University oft8e
gen: Gidtingen, Germany, 2003.

(42) Sheldrick, G. M.SHELXTL version 6.12; Bruker Analytical X-ray
Instruments: Madison, WI, 2001.

1.018 1.023

Scheme 1

in each unit cell). A view of its crystal structure is shown in
Figure 1, and selected bond distances and angles are listed
in Table 2. The central metal atom exists in a distorted
octahedral coordination environment. HMeDCBI binds in a
bidentate fashion through an oxygen atom of a carboxylate
group and a nitrogen atom of a formally neutral imidazole
ring. The carboxylate group coordinates to the metal center
at a distance of 2.090[3] A (the average value is given for
the two crystallographically distinct molecules in the unit
cell), and it is intramolecularly H-bonded to the other
carboxylic acid of HMeDCBI. At the same time, the
imidazole ring binds at the much longer distance of 2.189-
[4] A. The tetradentate ligand 3!Bu,salpn donates two
phenolate oxygen atoms to the iron center (at distances of
1.880[3] and 1.903[3] A) and two imine nitrogen atoms (at

Inorganic Chemistry, Vol. 44, No. 10, 2005 3629



Scheme 2

distances of 2.112[4] and 2.099[4] A) adopting theis
configuration.

When complexi reacts with a strong base, such as QH
the second carboxylic group of HMeDCBI is deprotonated,
resulting in the formation of [Fe(3,Bu.salpn)(MeDCBI)T,
which subsequently reacts with [Fe(3fssalpn)}O to give
[Fe(3,5Bu,salpn)(MeDCBI)Fe(3,3Bu.salpn)] @) in good
yield (Scheme 1b). Crystals of compl@ivere obtained in
the triclinic space group1 by slow evaporation of a MeCN/
CH,Cl, solution. Selected geometric parameters of this
complex are listed in Table 3, and a thermal ellipsoid plot is
shown in Figure 2. Both of the metal atoms, Fe(1) and Fe-
(2), exhibit slightly distorted octahedral geometry. The
coordination environment of Fe(2) is similar to that of Fe-
(1) in the mononuclear compléx and Fe(2) exhibits similar
geometrical characteristics: it is surrounded by O(6) of one
of the carboxylate groups of MeDCBI at a distance of 2.130-
(2) A, N(6) of the formally neutral imidazole ring at a
distance of 2.140(2) A, and two nitrogen and two oxygen
atoms of a tetradentate 3Bu,salpn (with average FeN
and Fe-O distances of 2.115[3] and 1.906[3] A, respec-
tively). The second Fe atom of complxFe(1), is attached
to MeDCBI through O(5) and O(7) of the two carboxylate
groups with Fe(1)yO(5) and Fe(1)O(7) bond distances of
2.094(2) and 1.998(2) A, respectively. The coordination

Table 2. Selected Bond Distances (A) and Angles (deg) for

Angaridis et al.

Figure 1. View of [Fe(3,5!Buzsalpn)(HMeDCBI)] () with the atoms
represented by thermal ellipsoids at the 35% probability level. H atoms
(except for the one attached to the carboxylate group}emdbutyl groups

are omitted for clarity.

Table 3. Selected Bond Distances (A) and Angles (deg)Zor

Bond Distances

Fe(1)-0(2) 1.932(2) Fe(2yO(3) 1.902(2)
Fe(1)-0(1) 1.939(2) Fe(2yO(4) 1.910(2)
Fe(1)-0(7) 1.998(2) Fe(2yN(3) 2.104(2)
Fe(1»-0(5) 2.094(2) Fe(2yN(4) 2.126(2)
Fe(1)-N(21) 2.115(2) Fe(2)0(6) 2.130(2)
Fe(1y-N(2) 2.141(2) Fe(2yN(6) 2.140(2)
Bond Angles
O(7)-Fe(1}-N(2)  169.95(8) O(3yFe(2-N(4) 172.34(8)
O(2)-Fe(1)-N(1) 167.89(8) O(4rFe(2-0O(6) 164.47(7)
O(1)-Fe(1)-O(5) 174.31(7) N(3)Fe(2-N(6) 161.53(8)
O(7)-Fe(1-0(5) 86.65(8) N(4)-Fe(2)-N(6) 97.33(8)
O(2)-Fe(1)-0(5) 93.54(7) O(3)Fe(2)-N(6) 90.19(8)
O(2)—-Fe(1)-0(7) 98.79(8) O(6)Fe(2-N(6) 75.28(7)
O(5)—Fe(1)}-N(1) 89.09(8) O(4)Fe(2)-N(6) 92.14(8)
O(5)—Fe(1-N(2) 83.70(8) N(4)-Fe(2)-0(6) 86.82(7)

environment of Fe(1) is completed with two nitrogen and
two oxygen atoms of A-cis-coordinated 3,8Bu,salpn ligand
with typical Fe-N and Fe-O distances. Fe(1) and Fe(2) in
complex2 are ~5.8 A apart. They do not lie on the same
plane (defined by the imidazole ring and the carboxylate
groups of MeDCBI). Although Fe(2) is almost coplanar with
the imidazole ring, Fe(1) is not, as both of the carboxylate
groups of MeDCBI are slightly rotated about th@iazols—
Cearboxylaebond so that the coordinated oxygen atoms O(5)
and O(7) keep Fe(1) more thd A out of the plane of the
bridging MeDCBI.

Upon reaction of KHDCBI with 1 equiv of "Bu;NOH
("BugN)(H.DCBI) is formed. Subsequent reaction of this salt
with 1 equiv of [Fe(3,5Buysalpn)}O in the presence of

Bond Distances

Fe(1)-0(1) 1.877(2), 1.883(2)
Fe(1)-0(2) 1.907(2), 1.899(2)
Fe(1)-0(3) 2.087(2), 2.093(2)

Bond Angles

O@3)-Fe(1)-N(2)
O(1)-Fe(1)-0(2)
N(1)—Fe(1)-N(3)
O(1)-Fe(1)-N(3)

160.44(10), 162.41(8)
92.88(9), 93.26(9)
94.35(9), 94.69(10)
163.95(10), 163.97(10)

aThe second value in each column refers to the corresponding bond distances and angles for the second crystallographically distinct moledule of the un

cell.
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Fe(AN(2) 2.095(3), 2.102(3)

Fe(N(1) 2.112(2), 2.112(3)

Fe(N(3) 2.201(3), 2.176(2)
O(2Fe(1)-N(@3) 89.44(9), 89.24(9)
O(HFe(1)-0(3) 88.61(9), 88.48(8)
O(3)Fe(1)-N(3) 75.34(9), 75.50(8)
N(2Fe(1)-N(3) 85.43(10), 87.36(9)



Fe(lll) Complexes with Dicarboxyimidazole Ligands

Figure 2. View of [Fe(3,5!Buzsalpn)(MeDCBI)Fe(3,%3Buzsalpn)] @) with
the atoms represented by thermal ellipsoids at the 35% probability level. H
atoms andert-butyl groups are omitted for clarity.

Figure 3. View of {[Fe(3,5!Buzsalpn)h(HDCBI)} (3) with the atoms
represented by thermal ellipsoids at the 35% probability level. H atoms
(except from the one attached to the carboxylate groupjeatutyl groups

are omitted for clarity.

(EtuN)(O.CMe) in MeCN results in synthesis of the binuclear
compound [Fe(3,5Buysalpn)l(HDCBI)} (3) in ~78% yield
(Scheme 2a). CompleXwas crystallized by slow evapora-
tion of a MeCN solution in the triclinic space gro@ with

Z = 4 (there are two crystallographically distinct molecules
in each unit cell). A view of its crystal structure is shown in

uncoordinated oxygen atoms of the two £@roups of
HDCBI are intramolecularly H-bonded to each other. The
Fe—Nimidazolate DONd distances for the two metal atoms are
2.129[4] and 2.119[4] A. The FeO and Fe-N bond
distances and angles related to the ' B&salpn ligands are
unexceptional. Unlike the unsymmetrical binuclear complex
2, in the symmetrical binuclear compl&x the imidazolate
ring and the two iron atoms are coplanar with an-Fee
separation 0f~6.5 A.

The trinuclear compleX[Fe(3,5!Bu,salpn)p(DCBI)Fe-
(3,5!Bugsalpn} (4) is synthesized from the reaction of [Fe-
(3,54Bu,salpn)pO with the binuclear comple8 that had
been previously deprotonated by a strong base (Scheme 2b).
It was crystallized together with interstitial MeCN molecules
in the monoclinic space grolg2,/c. A drawing of its crystal
structure is presented in Figure 4. The coordination of the
[Fe(3,5Bu,salpn)]” moiety to the free binding site of the
binuclear complexX3 associated with the two carboxylate
groups destroys the pseu@-axis that bisects the imida-
zolate bridge of comple8. The coordination environments
of Fe(2) and Fe(3) are identical to those of the corresponding
iron atoms of the parent, symmetrical binuclear comf@gx
whereas that of Fe(1) is identical to that of Fe(1) of the
unsymmetrical binuclear compl@<Examination of the bond
distances and angles of compkxTable 5) reveals that the
three iron centers exhibit structural characteristics comparable
to those in complexX. However, they are slightly shorter
than those observed in compl@x This difference can be
ascribed to the charged imidazolate ringdims compared
to the neutral imidazole ring ig. In the trinuclear complex
4, the two iron atoms coordinated to the nitrogen atoms of
the imidazolate ring, Fe(2) and Fe(3), are separatedthy
A, and each of them is at distance-©6.1 A from the third
iron atom at the carboxylate position, Fe(1), forming a core
structure that resembles that of an isosceles triangle. In
contrast to the unsymmetrical binuclear comp&xn the
trinuclear complex4, the Fe atom coordinated to the
carboxylate position of DCBI lies in the same plane as the
other two iron atoms and the imidazolate ring. Apparently,
this is due to the fact that, id, the negatively charged
imidazolate ring of DCBI together with the two carboxylate
groups form an extended conjugatedsystem, whereas in
2 such conjugation is not likely to occur.

Magnetic Susceptibility. The magnetic properties of
compoundsl—4 were investigated by solid-state magnetic
susceptibility measurements in the-300 K temperature

Figure 3. The two metal centers are related to each other byrange and in a dc field of 2000 G. The temperature

a noncrystallographic pseudty- axis that bisects the imi-

dependence of the molar magnetic susceptibility of com-

dazolate ring and passes through C(18) and the midpoint ofpound1 in the form ofyyT versusT and 1w versusT plots

the C(19)-C(20) bond. The two iron atoms have identical

is shown in Figures S1-1 and S1-2 (Supporting Information).

coordination sphere ligations: each exists in an octahedralThe yuT value at room temperature is4.3 cn? mol™ K

coordination environment consisting of an oxygen atom of
a carboxylate group of HDCBI, a nitrogen atom of the
imidazolate ring of HDCBI, and two oxygen and two
nitrogen atoms of #-cis-coordinated 3,%Busalpn ligand.
As reported in Table 4, the F&camoxyiaredistances are 2.160-
[3] and 2.188[3] A (the average values are given for the two
crystallographically distinct molecules in the unit cell). The

and it stays invariant over the temperature range 3D
K. This value corresponds to the spin-only value of a
mononuclear high-spin SdFe(lll) complex with $.%e,?
electronic configuration. A deviation from Curi@Veiss
behavior is observed at temperatures below 26 K.

The temperature dependences of the molar magnetic
susceptibilities of compounds and 3 in the form of yyT
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Table 4. Selected Bond Distances (A) and Angles (deg)3®r

Bond Distances

Fe(1>-0(1) 1.884(2), 1.894(2) Fe(2)0(6) 1.896(2), 1.890(2)
Fe(1)-0(2) 1.906(2), 1.901(2) Fe(@0(7) 1.906(2), 1.883(2)
Fe(1)-N(1) 2.110(3), 2.116(3) Fe(2N(5) 2.108(3), 2.102(3)
Fe(1)-N(2) 2.123(3), 2.121(2) Fe(2N(6) 2.117(3), 2.123(3)
Fe(1)-N(3) 2.137(3), 2.121(3) Fe(2N(4) 2.126(3), 2.111(2)
Fe(1>-0(3) 2.155(2), 2.164(2) Fe(2)0(8) 2.153(2), 2.223(2)
Bond Angles
O(2)—Fe(1)-0(3) 165.81(9), 165.87(9) O(FFe(2-0(8) 168.37(9), 169.86(8)
0O(1)—Fe(1)-N(2) 170.99(10), 171.50(10) O(6Fe(2)-N(6) 168.89(10), 170.76(10)
N(1)—Fe(1)-N(3) 162.74(10), 162.85(10) N(5Fe(2)-N(4) 163.51(11), 158.12(10)
O(1)—Fe(1)-N(3) 93.91(10), 92.41(9) O(B)Fe(2)-N(5) 85.28(10), 87.93(10)
O(2)—Fe(1)-N(3) 91.71(9), 92.37(9) O(AFe(2)-N(4) 92.72(9), 94.62(9)
N(2)—Fe(1)-N(3) 94.78(10), 95.46(10) N(6)Fe(2)-N(4) 93.46(10), 91.07(10)
N(3)—Fe(1)-0(3) 77.75(9), 77.49(9) N(4)Fe(2)-0(8) 77.65(9), 76.62(9)
O(3)—-Fe(1-N(2) 85.40(10), 85.24(10) O(8)Fe(2)-N(6) 87.64(9), 87.74(9)

aThe second value in each column refers to the corresponding bond distances and angles for the second crystallographically distinct moledule of the un
cell.

Table 5. Selected Bond Distances (A) and Angles (deg)4or

Bond Distances

Fe(1)-0(1) 1.897(2) Fe(2)0O(8) 2.117(1)
Fe(1)-0(2) 1.909(1) Fe(2yN(3) 2.122(1)
Fe(1)-0(9) 2.016(1) Fe(2yN(4) 2.140(1)
Fe(1-0(7) 2.077(1) Fe(3}0(6) 1.891(1)
Fe(1)-N(2) 2.127(1) Fe(3Y0(5) 1.895(1)
Fe(1)-N(1) 2.146(1) Fe(3YN(8) 2.107(1)
Fe(2)-0(3) 1.899(1) Fe(3)0(10) 2.107(1)
Fe(2-0(4) 1.901(1) Fe(3}N(5) 2.121(1)
Fe(2-N(7) 2.114(1) Fe(3}N(6) 2.101(1)
Bond Angles
O(1)-Fe(1)-N(2) 167.60(5) N(7)-Fe(2)-N(4) 92.52(5)
0(2)-Fe(1)-0O(7) 173.56(4) O(3)Fe(2)-N(7) 98.46(5)
O(9)—-Fe(1)-N(1) 170.19(5) O(4)Fe(2)-N(7) 94.74(5)
O(1)—Fe(1)-0(9) 98.29(5) N(4)-Fe(2)-0(8) 89.50(4)
O(1)-Fe(1)-0O(7) 93.76(5) O(5)Fe(3-0(10) 168.51(4)
0(9)-Fe(1)-0O(7)  89.19(4) O(6) Fe(3)-0(5) 94.65(4)
O(9)-Fe(1)-N(2)  93.82(5) N(8)-Fe(3-N(6)  161.08(5)
O(7)—Fe(1)-N(2) 89.05(5) N(8)-Fe(3)-0O(10) 76.96(4)
O(4)-Fe(2)-0(8) 169.39(4) N(8)Fe(3)-N(5) 93.10(5)
O(3)-Fe(2-N(4) 168.41(5) O(6)Fe(3)-N(8) 93.38(5)
N(7)—Fe(2}-N(3) 157.12(5) O(5) Fe(3)-N(8) 94.64(5)
N(7)—Fe(2-O(8)  76.54(4) O(10yFe(3-N(5)  86.40(4)

whereS = Sy; + Sap. Using this model and employing the

interaction parametetlsandJ’ to indicate the two different
Fhigure 4. View of {[Fz(g,5lﬁUzsaIFn?|];(DC_3I)FE(ﬁ.S‘E;ésalpng (Sl_)l_witlh " types of interaction pathways in compoun2ignd 3, the
o e 3% Prbsbly Il usceptiily data were fit o giva = ~4.0(1) cm andg

= 2.005(3) R2 = 0.9997) and) = —4.8(2) cm! andg =
versusT plots are shown in Figure 5. For the former, the 2.001(5) % = 0.9987) for2 and 3, respectively. These
room-temperaturguT value is~8.2 cn? mol~! K, and for results are consistent with the presence of weak intramo-
the latter, it is~8.0 cn? mol~* K. Both of these values are  lecular antiferromagnetic exchange interactions within the

less than the calculated spin-only value of 8.8 enol™* K binuclear compound® and 3.

for two noninteracting Fe(lll) centers with= 2.0. TheywT In Figure 6 is shown the temperature dependence of the
values decrease steadily with decreasing temperature, reachmolar magnetic susceptibility for the trinuclear compound
ing values of~1.1 and~0.8 cn? mol™* K at 4 K for 4in the form of ayuT versusT plot. The room-temperature

compounds and3, respectively; however, these values do T value of~11.8 cnf mol~* K is lower than the expected

not extrapolate to zero as temperature approaches 0 K. Thealue of 13.1 criimol~1 K for three uncoupled Fe(lll) centers
spin Hamiltonian describing the isotropic interaction between with S= %, andg = 2.0. There is a gradual decrease of the
two magnetic centers with local spilg; and Sy, and an T products as the temperature decreases, reaching the value
interaction parametet in zero field is of ~2.0 cn® mol" K at 4 K. The basic structure of com-
pound4 can be described as an isosceles triangle containing
two different types of interaction pathways between the local
SpinsSa1, Sw, andSy, i.e., through the imidazolate ring (A

A) and through the carboxylate groups<8), with J and

B9 =— QS(S +1) J interaction parameters, respectively (Chart 2). Then the
2 spin Hamiltonian used to describe the low-lying electronic

Hex = —I(Sa1°Sa2)

the eigenvalues of which are given by
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Figure 5. Plots ofymT as a function of temperature f@r(red,O) and3
(green,x). The solid lines correspond to the theoretical fits (see text for
details).
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Figure 6. Plot of yuT as a function of temperature fdr The solid line
corresponds to the theoretical fit (see text for details).

Chart 2
JI

states in zero field is

Hex = —J(Sa1"Sg1+Sa2"Ss) — J(Sa1Sa2)

Chart 3

interactions within the trinuclear complex with a nonzero
spin ground state.

Electrochemistry. The electrochemical behavior of the
complexes1—4 was examined by cyclic voltammetry
measurements in GiEl, solutions. All compounds exhibit
irreversible reduction processes. The mononuclear complex
1 displays an irreversible redox process with a reduction
wave at—0.68 V, which corresponds to the reductiorfFe
+ e — Fé&'. Subsequently, there are two weak return
oxidation waves-0.56 andt-0.05 V) (see Figure S1-3) that
might correspond to a small degree of complex reorganiza-
tion. The behavior of the unsymmetrical binuclear compound
2 is more complicated: its cyclic voltammogram in the
region from 0 to—1.60 V exhibits a series of irreversible
redox events with three reduction processe8.68,—0.89,
and—1.14 V), followed by two return oxidation waves. The
first reduction takes place at the same potential as the
reduction of the mononuclear compouhdin the cases of
the DCBI-bridged complexes, the symmetrical binuclear
compound3 shows a reduction wave at0.69 V, another
very weak reduction wave at a more negative potential, and
a very weak return oxidation wave, whereas the trinuclear
compound4 shows more complex behavior with three
reduction processes-0.69,—0.96, and—1.26 V) and two
very weak oxidation waves. In the latter two compourgis,
and4, the first reduction processes take place at potentials
close to the potential that corresponds to the reduction of
the mononuclear compountl Cyclic voltammograms of
2—4 can be found in the Supporting Information (Figures
S2-1, S3-1, and S4-1, respectively).

Discussion

The use of the carboxylate-substituted imidazole-based
compounds DCBI and MeDCBI as scaffold ligands, together
with 3,5'Bu,salpn as peripheral ligands, for Fe(lll) ions
offers an attractive approach for the synthesis of multinuclear

The energies of these spin states as functions of the exchangge(l11) complexes in which both the nuclearity and topology

integralsJ andJ' are given by
E(SS) = — %S(S—i— 1) — J'—;JS(S +1)

whereS = Sy + Sv, andS= S + . Using this model

can be controlled. These variously prepared compounds
allowed for the study of intramolecular magnetic exchange
interaction in multinuclear Fe(lll) complexes at the weak
exchange limit. DCBI presents three well-defined metal
binding sites and can potentially give rise to mono-, bi-, and

and assuming isotropic interactions between the metaltrinuclear metal complexes (Chart 3a). Two of these sites

centers, the magnetic susceptibility data fbrwere fit
yielding J = —5.1(1) cm%, J = —3.6(1) cm}, andg =
2.001(2) R? = 0.9994). This behavior is consistent with the

are associated with the two imidazole N atoms and a
carboxylate group (type A), and the third is associated with
the two carboxylate groups only (type B). In the case of

presence of weak intramolecular antiferromagnetic exchangeMeDCBI, in which one of the imidazole N atoms is
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Table 6. Calculated Values of the Parameters), andJ' for 2—4

i
B e

g 2.005(3) 2.001(5) 2.001(2)
J(cmy) —4.0(1) N/A —-5.1(1)
J (cm ) N/A —4.8(2) —3.6(1)
R 0.9997 0.9987 0.9994

alkylated, there are two well-defined metal binding sites, an
A-type site and a B-type site, that allow for the synthesis of

Angaridis et al.

center and the bridging ligand MeDCBI by more than 1 A.
Because the Fe centers in both complexes are high-8pin d
ions and have electrons in both thg &nd g molecular
orbitals, the magnetic communication between the two metal
atoms is mediated through both and-orbital pathways
(overlap of the 4; electrons with ther system of the DCBI
or MeDCBI). However, because theorbital pathway in2
is somewhat disrupted due to the nonplanarity of the system,
the magnetic communication between the metal centers
through the A-B pathway becomes less effective, resulting
in a weaker magnetic exchange interaction.

In contrast, in the case of the trinuclear compodnthe
magnetic interaction that arises between two Fe centers

mono- and binuclear metal complexes (Chart 3b). For both through the A-B pathway appears to be stronger than that

ligands, the basicities of the various binding sites differ. Thus,
by suitable control of the reaction conditions, it is possible
to direct the binding of metal ions to a particular site and,

through the A-A pathway ( > J). This result is not
completely unexpected. Considering that the isotropic in-
teraction between metal centers (which has been assumed

consequently, to synthesize complexes of desired nuclearityfor the compound2—4) is electrostatic in nature and that

in a selective way. Indeed, the mononuclear compoiind
was obtained by coordination of the [Fe(3Bnsalpn)j
moiety to the more basic type-A binding site of MeDCBI,
whereas the unsymmetrical binuclear compouhdvas
obtained from compoundl after deprotonation of the
carboxylic acid related to the type-B binding site of MeDCBI.
In the case of compound, the two [Fe(3,5Buysalpn)]
moieties are coordinated to the two more basic type-A
binding sites of HDCBI forming a symmetrical binuclear
complex that is topologically different thah The trinuclear
compound4 was obtained from compourRlafter deproto-
nation of the type-B site of DCBI.

The presence of two different types of binding sites in
the MeDCBI and DCBI ligands creates two different

shorter intermetallic distances give rise to stronger magnetic
exchange interactions, because the e separation through
the A—B pathway is shorter than through the-A pathway
(~6.1 vs~6.4 A), the magnetic interaction through the-B
pathway should be expected to be stronger. The calculated
value of the interaction parametdr through the A-B
pathway in4 is found to be larger than the corresponding
interaction parameter i2. This is because, i, the Fe
centers, the imidazolate ring, and the carboxylate groups are
coplanar, whereas &, they are not. Consequently,dnthe
magnetic communication between the metal atoms through
the A—B pathway is more effective because it is mediated
through both they and s orbital pathways.

The calculated exchange interaction parameters for the

pathways for magnetic and electronic communication among three compound2—4 are weak (Table 6), but not inconse-

the Fe(lll) centers: through the imidazole ring,—A
pathway, and through the carboxylate groups,BYpathway.

quential. In fact, they are relatively substantial when one
considers the long intermetallic distancess(A). Interest-

Variable-temperature magnetic susceptibility measurementsingly, the two magnetic exchange pathwaysAand A—B
were used to investigate the intamolecular magnetic exchangeseem to be independent from one another. We obtain

interactions among the Fe(lll) centers through the two
magnetic exchange pathways-A and A—B in the multi-
nuclear compound2—4. The small and negative values of

reasonable fits to the magnetic data of the trinuclear system
4 by utilizing the values o8 andJ' obtained from fits of the
magnetic data for the binuclear compouriand 3. This

the interaction parameters that were calculated and areapparent pathway independence is not surprising for ex-
summarized in Table 6 indicate the presence of weak change coupling of high-spin Fe(lll) species. A more

intramolecular antiferromagnetic interactions.

In the particular case of the binuclear compou@dsnd
3, the symmetrical compouriwas found to exhibit slightly
stronger interactions than the unsymmetrzaConsidering
that DCBI and MeDCBI as ligands are structurally very
similar and that the only substantial difference between
compound<? and 3 is their topology, it can be concluded

interesting case might occur in future studies if other
transition metal ions, such as Mn(lll), that exhibit Jahn
Teller distortions are bound to the DCBI ligand.

It is of interest to compare our results with those obtained
for other multinuclear DCBI-bridged systems. For a por-
phyrin-capped imidazolate-bridged binuclear Fe(lll) complex,
an antiferromagnetic exchange interaction-€29.4 cnr?

that the magnetic interaction that arises between the metalhas been reportéd.For a related imidazolate-, phenoxy-,

centers through the AA pathway is stronger than that
arising through the AB pathway { < J'). However, this
conclusion is valid only for these two compounds, and it
cannot be generalized. In the symmetrical compoBirtie
two metal centers are coplanar with the imidazolate ring of
the HDCBI ligand, whereas in the unsymmetrical compound

and methoxy-bridged binuclear Fe(lll) compound, an ex-
change parameter 6f8.0 cm! has been reported. In this
case, the imidazole bridge does not have a suitable coordina-
tion geometry to contribute to the exchange interaction,
which is basically mediated through phenoxy and methoxy
bridges!® Weaker exchange interactionsZ.0 cnt?) have

2, the metal center coordinated to the type-B binding site of been observed between the metal centers in imidazolate-

MeDCBI deviates from the plane defined by the other Fe
3634 Inorganic Chemistry, Vol. 44, No. 10, 2005

bridged polymeric Fe(ll) chains reported by Storr and
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Thompsont* In the cases of related multinuclear DCBI- salpn)(MeDCBI)Fe(3,%u,salpn)] @), {[Fe(3,5Bu,salpn)}-
bridged Mn complexes, different types of exchange interac- (HDCBI)} (3), and {[Fe(3,5!Bu,salpn)p(DCBI)Fe(3,5-
tions of similar strength have been observed: antiferromag- ‘Bu,salpn} (4). Complexes2 and 3, although of the same
netic interactions in the binuclear MiMn"V complexX® with nuclearity, are topologically different, given that, in the
J~ —2.3 cnTtand in the one-dimensional polymeric chain former, the two Fe(lll) ions are coordinated to both of type-A
[Mn(phen)(HDCBI)}*2 with J ~ —0.1 cn* and ferromag-  and -B binding sites, whereas in the latter, the two type-A
netic interactions in the MMn"Y complexX® with J ~ +1.4 binding sites are occupied. In the trinuclear complethe
cm™L In contrast, in related binuclear Cu(ll) imidazolate- metal centers are arranged at the vertices of an isosceles
bridged complexes, in which the metal ions have fillgd t  triangle.

orbital levels and one unpaired electron in thewbital level Variable-temperature magnetic susceptibility measure-
and the magnetic communication is mediated only through ments have provided information on the electronic structure
the z-orbital pathway, much larger coupling constants have gnd the extent of magnetic communication among the Fe-
been calculated (ranging from20 to —80 cntt).*3 (1) centers in these multinuclear complexes. The mono-
Electrochemical measurements of the multinuclear com- nclear compoundL is an Fe(lll) complex with 43,2
plexes2, 3, 4 in CHCI; solutions suggest that there is a glectron configuration, whereas the data for compo@ieé

degree of electronic communication between the Fe(lll) syggest the presence of weak intramolecular antiferromag-
centers. However, the electrochemical behavior of thesepetic exchange interactions with interaction parameters

compounds cannot be fully understood. This is due to the ranging from—3.6 to—5.1 cnt. Differences in the extent
fact that the electron-transfer processes are accompanied byf the magnetic communication between the metal centers
c_hem|_cal react|ons._The symmetrl_cal binuclear compdi_md through the two different magnetic exchange pathways of
(in which the Fe(lll) ions are coordinated to the type-A sites) the MeDCBI and DCBI ligands (through the imidazole ring,
shows a relatively simple electrochemical behavior, whereas 5 _ p pathway, and through the carboxylate groups;B\

the unsymmetrical compouriiand the trinuclear compound  pathway) have been observed. The main factors that affect
4 (in which the Fe(lll) ions are bound to the type-A and -B  the magnetic communication are the separation of the metal
sites) exhibit more complex behavior. Mass spectrometry centers and the coplanarity of metal ion orbitals with the
data of the compoundsand4, recorded in CCl/MeOH system of the ligands. In the case of the binuclear complexes
solutions, suggest that, in solgtmn, the Fe(lll) ions are not 5 and3, which are of the same nuclearity but are topologi-
strongly bound to the type-B site, as only mononuclear and .41y different, it has been found that magnetic interaction
binuclear fragments are observed in their mass spectra ('”through the A-A pathway is slightly stronger than the
contrast to compound for which the molecular ion can be magnetic interaction through the-%8 pathway. However
detected). In other words, there is actually no clear evidencethis result cannot be considered general, and it applies only
that the species in solution correspond to those observed in, he particular cases of compour@lsnd3, as the poorer

the solid. Thus, it might be possible that, in solution, 5gnetic communication in compouritlis probably the
cpmpoundéz apd4 partially dissociate to mononuplear and_ result of the nonplanarity of the Fe ion coordinated to the
binuclear species and the observed electrochemical beha"'ofype-B site with the system of MeDCBI. Indeed, in the

can be attributed to a complex equilibrium between species

. . case of the trinuclear compouddin which all of the metal
of different nuclearities.

atoms are coplanar with the aromaticsystem of DCBI,
Concluding Remarks the magnetic communication is more effective through the

) ) A—B than the A-A pathway.
Two polydentate compounds of the family of dicarboxy-
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exhibit two types of metal binding sites: one of them is measurements.
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carboxylate groups only (type-B binding site). This makes freauencies of all compoundgiT vs T and 1gw vs T graphs for

MeDCBI and DCBI good candidates for the synthesis of tl’;lyd'c _\:gltl;nmggdr_a:ns Oﬂ_t thgrmallelllps?ld .pIOtS’ Cg.mﬁlem d

complexes in which both the nuclearity and topology can ables with bond distances, bond angies, atomic coorainates, an
. X-ray crystallographic data in CIF format fot-1.25MeCN,

be controlled. Four complexes have been synthesized selec:

. . X A 2:2.5MeCN1.5CHCI,, 3, and4-2.5MeCN. This material is avail-
tively: [Fe(3,5'Buzsalpn)(HMeDCBI)] @), [Fe(3,5'Buz- able free of charge via the Internet at http://pubs.acs.org.
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