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A new tripod Nj ligand (L), containing three imidazole rings,

was synthesized in good yield. At variance with usual

aromatic ligands with N, or N3 donor sets such as pyridine or pyrazole derivatives, L stabilizes the Fe' oxidation
state. The corresponding iron(ll) complexes [Fe(L)Cls] (1) and [Fe(L);](ClO4)s (2) were prepared and characterized
by X-ray structural analysis and spectroscopic methods. The coordination environment around all the Fe"" centers
has a distorted octahedral geometry. [Fe(L)Cl5] (1) belongs to the monoclinic system, space group P2/n, a =
9.7406(5) A, b = 17.207(2) A, ¢ = 14.615(2) A, B = 104.448(9)°, Z = 4, V = 2372.1(4) A%, R = 0.044, R, =
0.055. [Fe(L)2J(Cl04)s (2) belongs to the monoclinic system, space group P2:/c, a = 16.1057(15) A, b = 11.1079-
(12) A, ¢ = 26.283(2) A, B = 102.062(10)°, Z = 4, V = 4598.2(8) A3, R = 0.0465, R,, = 0.0902. The Fe-N(-
Prim) bond lengths are systematically longer than the Fe—N(Melm) ones. Compound 2 is a highly anisotropic
low-spin Fe'" complex displaying a rather unusual EPR spectrum with a sharp signal at g = 3.5 and a broad one

at g ~ 1.6. The fitting of this EPR spectrum is discussed.

Introduction

Non-heme iron metalloproteins with mono- and dinuclear
active sites are involved in various biological processes.
Three histidyl nitrogen donors with a pyramidal coordination

hemerythrintt 13 isopenicillin N-synthase (IPSN¥,and the

non-heme iron of photosynthetic reaction centérs.
Modeling the metal binding site of metalloproteins is a

contribution to the understanding of their mechanism of

arrangement are often found at the metal sites. Suchaction. Two objectives are often pursued simultaneously, i.e.,
coordination structures have been established by X-ray (4) Minor, W.; Steckzko, J.; Stec, B.; Otwinowski, Z.; Bolin, J. T.; Walter,

crystallography for a number of non-heme metalloproteins,
including lipoxygenases, Fe-superoxide dismutase (SCDY
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Scheme 1 remarkable ability to stabilize iron(lll) species. Thus, two
monomeric iron(lll) complexes, [Fe(L)gH(1) and [Fe(L}]-
J/ (ClO4)s (2), were prepared and fully characterized. These
] N) complexes may be used as building blocks in the preparation
CO,Et N/ of mono or dinuclear iron(lll) complexes with coordination
>§—_\ N’jNMe J n-Buli N N spheres containing three imidazoles and various additional
= [ N ] ligands.
Ny NR N ORey
Me Me Experimental Section
i E:irj,\]ami_p” i}%iﬂejNaH/Me' All reagents and solvents were purchased from commercial

sources and used as received. The following solvents were distilled
and stored under argon: methanol, from Mg(OMi&trahydrofuran
(THF), from sodium benzophenone ketyl; acetonitrile, from gaH
methylene chloride, from CgldN,N-dimethylformamide (DMF),
from Cahb. The imidazole derivativ8?6 and [Fe(DMF}](ClO,)3 %7

to mimic both the spectral features and the reactivity of
protein active sites using low molecular weight compounds.
One of the difficulties of the model approach is to synthesize
compl_exps yvith bio.log.ically relevant ligands. The imiQazo!e were prepared according to reported procedures.
of histidine is a ublqgltous ligand present at thg a(':tl've ;lte Synthesis of Ligands. (L)N-Isopropylation of 3. NaH (60%
of many metalloproteins. Because of the synthetic difficulties i, mineral oil, 1.76 g, 44 mmol) was added in small portions to a
in preparing imidazoles, aliphatic amines, imines, pyridines, solution of3 (5.27 g, 29 mmol) and 2-iodopropane (7.48 g, 44
pyrazoles, and benzimidazoles are commonly used to syn-mmol) in anhydrous DMF (100 mL) cooled to°@. After 16 h at
thesize model compounds, and significantly less work has room temperature, the usual workup with@®and CHCI, gave a
been done with polyimidazole ligands2° crude product which was purified by distillation to affoid-
Concerning tripod aromatic N ligands, previous work has isopropylimidazole 'Prim) 4 as a pale yellow oil (5.74 g, 88%).
been reported on the synthesis and characterization of somdP: 134°C/3.5 mm Hg.'H NMR (250 MHz, CDCY): 6 (ppm)
mononuclear structural model complexes of non-heme iron 7.40(d, 1HJ1.2 Hz), 6.76 (d, 1 H) 1.2 Hz), 4.26 (m, 1 H), 4.10

. . ) - T (9, 2 H,J 7.1 Hz), 1.51 (s, 6 H), 1.42 (d, 6 H,6.7 Hz); 1.17 (t,
proteins using various pyridine derivati¢ésr more or less 3 H,J7.1 Hz).5C NMR (63 MHz, CDCY): 6 (ppm) 176.12 (C),

r_linderezgliztsripod tris(pyrazolyl)_borate (Tpz) derivatives as 145.96 (C), 134.02 (CH), 112.10 (CH), 60.37 (148.88 (CH),
Ilgan_ds_. _ AItho_ugh pyragol_e is a good structu_ra_l analogue 42.90 (C), 25.91 (CH, 23.42 (CH), 13.88 (CH). HRMS Calcd

of histidine for its size, it is not a good mimic for its  for ¢ ,H,N,0, (MH): 225.1603. Found: 225.1600.

electronic properties since it is significantly less donating  (2) synthesis of Carbinol 5.n-BuLi (1.6 M in hexane, 30 mL,
than imidazole. ReaCtiVity studies of Complexes inVOlVing 48 mmol) was added under argon to a solutiorNefethylimi-
imidazole ligands are a valuable complement to the work dazole (Melm) (3.94 g, 48 mmol) in anhydrous THF (80 mL) cooled
previously reported for pyridyl and pyrazole complexes. The to —78 °C. After 0.5 h at—78 °C, 2.7 g (12 mmol) of4 in THF
purpose of this work was to develop the synthesis of a new (20 mL) was added to the solution. After 16 h at room temperature,
tripod ligand L (Scheme 1) containing three imidazole groups the usual workup with kD and EtOAc gave a crude product which
as N donors and to study some of its iron(lll) complexes. Was purified by crystallization (3:7 EtOAc/cyclohexane) to afford

All three imidazole rings of L aréN-alkylated, providing fgr’t\alimiSZaSOCQHrIeéngy.stgls (3.32797,381%1.HMp: 1'5&;1 °C.
high solubility in noncoordinating organic solvents such as ( Z b: 0 (ppm) 7.73 (s, 1H, BD exchange-

%7 able), 7.35 (s, 1 H), 6.82 (s, 2 H), 6.77 (s, 1 H), 6.65 (s, 2 H), 4.24
CH,Cl,, CHCL, and EtOAc. Usually, nonalkylated polyimi- (m, 1 H), 3.29 (s, 6 H), 1.67 (s, 6 H), 1.43 (d, 6 }6.7 Hz).3C

dazole ligands are soluble only in protic solvents, such as \ur (63 MHz, CDCE): & (ppm) 149.11 (C), 147.53 (C), 132.46
MeOH or HO, which are also potential ligands. Owing 0 (cH), 125.30 (CH), 121.71 (CH), 113.21 (CH), 79.01 (C), 48.83
its electron donating property, L was found to exhibit a (cH;), 43.52 (C), 33.81 (CH), 24.50 (CH), 23.31 (Ck). MS (CI,

(14) Roach, P. L.: Cliflon, 1. J.: H C M H. Shibata. N~ Schofield NHs): 343 (MH"); Anal. Calcd for GgH2eNgO (342.45): C 63.13,
oach, P. L.; Cliflon, I. J.; Hensgens, C. M. H.; Shibata, N.; Schofield, .
C. J.; Hajdu, J.; Baldwin, J. ENature 1997, 387, 827. H 7'65’. N 24.54. Found: C 6.3'08.’ H 7'85’ N 24.47.
(15) Deisenhofer, J.; Epp, E.; Miki, K.; Huber, R.; Michel, Nature 1985 (3) Ligand (L). NaH (60% in mineral oil, 175 mg, 4.4 mmol)
318 618. was added under argon to a solution of carbi(l g, 2.92 mmol)

(16) Place, C.; Zimmermann, J. L.; Mulliez, E.; Guillot, G.; Bois, C.; in anhydrous DMF (20 mL) cooled to T. After 30 min at O°C,
Chottard, J. Clnorg. Chem.1998 37, 4030-4039. .

(17) Breslow, R.; Hunt, J. T.; Smiley, R.; Tarnowski, I. Am. Chem. Mel (540 mg, 3.8 mmol) was added to the mixture. Aféeh at O
Soc.1983 105 5337-5342. _ °C, the usual workup with D and EtOAc gave a crude product

(18) Wu, L. P.; Yamagiwa, Y ; Ino, I.; Sugimoto, K.; Kuroda-Sowa, T.;  which was washed 3 times with pentane resulting in analytically

Kamikawa, T.; Munakata, MPolyhedron1999 18, 2047-2053. . .
(19) Gorun, S. M.; Papaefthymiou, g C.; Frankel, R. B.; Lippard, 8. J. pure L as a colorless solid (977 mg, 94%). Mp (1:9 EtOAc/

Am. Chem. Socl987 109, 4244. cyclohexane): 143143°C.*H NMR (250 MHz, CDC}): o (ppm)
(20) Eoldgre]rg, DéP(-::ngoulfltlglgi;fé:lzudvig, G. W.; Lippard, SJJ. 7.37 (s, 1 H), 6.91 (s, 2 H), 6.61 (s, 2 H), 6.33 (s, 1 H), 4.17 (m,
21) Tg]munﬂ{cgord.%hen’q. Re 1989 04 67108, 1 H), 3.09 (s, 3H), 2.88 (s, 6 H), 1.88 (s, 6 H), 1.34 (d, 6118,7
(22) Mukherjee, RCoord. Chem. Re 200Q 203 151. Hz). 1*C NMR (63 MHz, CDC}): ¢ (ppm) 148.47 (C), 146.67
(23) Ogihara, T.; Hikichi, S.; Akita, M.; Uchida, T.; Kitagawa, T.; Moro- ~ (C), 132.59 (CH), 125.92 (CH), 121.73 (CH), 114.72 (CH), 86.00

oka, . Inorg. Chim. Acta200Q 297, 162. (C), 54.52 (CHj), 48.89 (CH), 46.31 (C), 33.90 (CH), 25.20 (CH),

(24) Siemer, C. J.; Meece, F. A.; Armstrong, W. H.; Eichhorn, D. M.
Polyhedron2001, 20, 2637-2646.

(25) Tromenko, SScorpionates: The coordination Chemistry of Poly- (26) Jmsson, A.Acta Chem. Scand.954 8, 1389.
pyrazolylborate Ligandlmperial College Press: London, 1999. (27) Hodgkinson, J.; Jordan, R. B. Am. Chem. S0d.973 95, 763.
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23.80 (CH). MS (Cl, NHg): 357 (MH"). Anal. Calcd for
C19H28N6O (356.47): C 64.02, H 7.92, N 23.58. Found: C 64.07,

iron at room temperature. The absorber was a sample of 100 mg
of microcrystalline powder enclosed in a 20 mm diameter cylindri-
H 7.68, N 23.45. cal plastic sample-folder, the size of which had been determined
Synthesis of ComplexesWarning! Seeral compounds de-  to optimize the absorption. The spectra were obtained at 80 K, by
scribed here contain perchlorate anions. Although no accident has using an MD 306 Oxford cryostat monitored by an Oxford ITC4
occurred, the use of perchlorate is hazardous because of the servocontrol device#0.1 K accuracy). A least-squares computer
possibility of explosion, especially when the compounds are program was used to fit the Msbauer parameters and determine

anhydrous.

[Fe(L)Cl3] (1). L (285 mg, 0.80 mmol) was added under argon
to a solution of FeGI(130 mg, 0.80 mmol) in anhydrous GEN
(5 mL). After 5 min at room temperature, an orange-yellow solid
precipitated from the initial orange solution, and stirring was
continued for an additional 20 min. The solid was filtered off,
washed with cold CBCN (3 x 3 mL), and dried under vacuum
yielding complexi as an orange-yellow solid (257 mg, 62%). BV
vis (CHsCN): 330 nm € = 4500 M1 cm™1), 360 nm € = 4200
M~ cm™1). Anal. Calcd for GgH,gNgOClsFe (518.68): C 44.00,
H 5.44, N 16.20. Found: C 44.25, H 5.27, N 16.33.

Slow diffusion of'BuOMe into a solution of the crude powder
of 1 in CH3CN at 4°C for 2 weeks allowed the isolation dfas
orange-yellow single crystals suitable for X-ray diffraction.

[Fe(L)2](ClO 43 (2). L (50 mg, 0.14 mmol) was added under
argon to a solution of [Fe(DME])(CIO4)3 (54 mg, 0.07 mmol) in
anhydrous CHCN (2 mL). After 20 min at room temperature ,€t
was added. The solid was filtered off, washed with(Etand dried
under vacuum yielding comple? as a dark brown crystalline
powder (39 mg, 52%). UV vis (CHsCN): 340 nm ¢ = 4750 M~
cm™1), 380 nm € = 3100 Mt cm™1), 470 nm € = 850 M1 cm™?).
Anal. Calcd for GgHsgN1,014ClsFe (1067.15): C 42.77, H 5.29,
N 15.75. Found: C 42.91, H 5.12, N 15.91.

Single crystals were obtained by slow diffusion®&OMe into
a solution of the crude powder @fin CH3CN at 25°C for 3 weeks.
Compound2 was isolated as dark plates.

Physical MeasurementsMelting points were determined with
a Bilchi SMP-20 apparatus and are uncorrecteNMR spectra

were recorded with a Bruker AM-250 spectrometer, and chemica

shifts refer to an internal standard of Mg (0 = 0.00). High-

resolution mass spectra (HRMS) and Chemical-ionization (CI) mass

spectra were recorded at Ecole Normale ‘Siepee, Paris. Elemen-

their standard deviations of statistical origi.

Crystallographic Data Collection and Structural Determi-
nation. Crystal data were collected at 298 K) on a CAD4 Enraf-
Nonius diffractometer and at 160 R)(on a Stoe Imaging Plate
Diffraction System (IPDS), equipped with an Oxford Cryosystems
Cryostream Cooler Device and using graphite-monochromated Mo
Ko radiation ¢ = 0.71073 A). The final unit cell parameters were
obtained by least-squares refinement of the setting angles of 25
well-centered reflectionslj and of a set of 5000 well-measured
reflections @). Two standard reflectionsl) and 200 reflections
per image 2) were monitored periodically showing no significant
fluctuations during data collection. Corrections were made for
Lorentz and polarization effects. Empirical absorption corrections
(Difabsy® were appliedI). A secondary extinction correction was
unnecessary. The structure dfwas solved by direct methods
(SHELXSY® and successive Fourier maps. Computations were
performed by using the PC version of CRYSTABSull-matrix
least-squares refinements were carried out by minimizing the
function YW(|F,| — |F¢|)?2 whereF, and F. are the observed and
calculated structure factors. Real and imaginary parts of anomalous
dispersion were taken into account. The structur@ dfas been
solved by direct methods using SIR9and refined by least-squares
procedures orF? with SHELXL97% included in the package
WINGX32 .34 Refinements have been performed by minimizing the
function Y W(F.2 — Fc?)2 Atomic scattering factors were taken from
the International Tables for X-ray CrystallograpthAll hydrogen
atoms were located on difference Fourier maps;Ifothey were

| given an overall isotropic thermal parameter; fyrthey were

introduced in the refinement process by using a riding model, with
isotropic thermal parameters fixed at values 20% higher than those
of riding atoms. Non-hydrogen atoms were refined anisotropically.

tal analyses were performed by Service de Microanalyse, ICSN, WeightedR-factorsR, and goodness of fi§ are based offc?,

Gif-sur-Yvette.

conventionalR-factorsR are based off,, with F, set to zero for
negativeF 2. Criteria for a satisfactory complete analysis were the

Voltammetric experiments were performed in a single-compart- s ) e :
ment cell with a potentiostat EGG-PAR model 173 and interface ratios of rms shift to standard deviations being less than 0.1 and
model 276. The electrode system consisted of a NaCl saturated® significant features in the last Fourier-difference map. Drawings
calomel electrode as reference electrode, a platinum electrode a®f the molecules were performed with the programs CAMERON

auxiliary electrode, and a glassy carbon electrode as working

electrode. The voltammograms were recorded at room temperature(28) Varret, F. Proceedings of the International Conference osshtauer

in CH3;CN solution with a 10 mM concentration of the complexes.
The scanning rate was 50 mVls ["BusN](BF;) was used as
supporting electrolyte (0.1 M).

UV —vis spectra were recorded with an Uvikon 820 spectropho-

tometer.

Effect Applications, Jaipur, India 1981; Indian National Science
Academy: New Delhi 1982.

(29) Walker, N.; Stuart, DActa Crystallogr.1983 A39, 158.

(30) Sheldrick, G. MSHELXS: Program for Crystal Structure Solutjon
University of Gdtingen: Gitingen, Germany, 1986.

(31) Watkin, D. J.; Carruthers, J. R.; Betteridge, P.Gkystals User Guide
Chemical Crytallography Laboratory: Oxford, U.K., 1988.

EPR spectra were obtained with a Bruker Elexsys 500 spec- (32) Altomare, A.; Cascarano, G.; Giacovazzo, G.; Guagiardi, A.; Burla,

trometer equipped with a SHQ 001 cavity operating at X-band.
The EPR measurements were performed at 4.2 K using an Oxford

M. C.; Polidori, G.; Camalli, M. Sir 92: Program for Automatic
Solution of Crystal Structures by Direct MethodsAppl. Crystallogr.
1994 27, 435.

liquid helium continuous flow cryostat. Fitting of the EPR spectra (33) Sheldrick, G. MSHELXL-97 Program for the Refinement of Crystal

was performed using Xepr & Xsophe suite (Bruker).

Variable-temperature magnetic data were collected with a (34)

Quantum Design MPMS SQUID susceptometer in the3@0 K
temperature range.

Mdssbauer measurements were obtained on a constant-acceler

tion conventional spectrometer with a 50 mCi sourcé’@o (Rh
matrix). Isomer shift values] are given with respect to metallic

Structure University of Gdtingen: Gidtingen, Germany, 1997.
Farrugia, L. J. WinGX version 1.63: An Integrated System of
Windows Programs for the Solution, Refinement and Analysis of
Single-Crystal X-ray Diffraction Datal. Appl. Crystallogr1999 32,
837.

435) International Tables for X-ray CrystallographiKynoch Press: Bir-

mingham, U.K., 1974; Vol. IV.
(36) Pearce, L. J.; Watkin, D. LZAMERON Chemical Crytallography
Laboratory: Oxford, U.K., 1992.
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Table 1. Crystal Data Collection and Refinement Parameters for
[Fe(L)Cl (1) and [Fe(L)](ClO4)s (2)

1 2
formula C19H28N60C|3Fe Q3H56N12014CI3Fe
fw 518.68 1067.26
a(A) 9.7406(5) 16.1057(15)
b (A) 17.207(2) 11.1079(12)
c(A) 14.615(2) 26.283(2)

B (deg) 104.448(9) 102.062(10)
V, (A3) 2372.1(4) 4598.2(8)
Z 4 4
cryst syst monoclinic monoclinic
space group P2:/n P2;/c
2 (A) 0.71069 0.71073
p (grcm3) 1.45 1.542
u(cm™) 10 5.24
T (K) 298 160
no. data collected 6296 31585
no. unique data 5713 6575
collected
no. reflns used 2491 6575
in refinement
GOF 0.970 0.920
R=Y||Fo| — |F¢|l/3|Fol 0.044 0.0465
Ry*@ 0.055 0.0902
Ap min (e, A3) —0.37 —-0.323
Ap max (e, A3) 0.47 0.523

ARw* = [IW(|Fo| — [Fel)¥IwWFo?2.

Table 2. Selected Bond Distances (A) and Angles (deg) for [Fe(&])Cl

(1)

Fe—CI(1) 2.330(1) Fe-N(1) 2.126(4)

Fe—Cl(2) 2.324(1) Fe-N(3) 2.111(4)

Fe—CI(3) 2.320(1) Fe-N(5) 2.210(4)
Cl(1)-Fe-CI(2) 93.77(5) Cl(1)-Fe-N(5) 172.2(1)
CI(2)-Fe-CI(3) 95.03(6) CI(2)-Fe-N(1) 171.5(1)
Cl(1)—-Fe—CI(3) 96.43(5) Cl(2)-Fe-N(3) 93.0(1)
N(1)—Fe-N(3) 80.4(1) Cl(2)-Fe-N(5) 90.4(1)
N(1)—Fe-N(5) 83.3(1) CI(3)-Fe-N(1) 90.7(1)
N(3)—Fe—N(5) 82.1(1) CI(3y-Fe-N(3) 168.5(1)
CI(1)—Fe-N(1) 91.8(1) CI(3)-Fe-N(5) 89.7(1)
CI(1)-Fe-N(3) 91.1(1)

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

[Fe(L)2(ClO4)s3 (2)

Fe(1)-N(1)
Fe(1)-N(5)
Fe(1)-N(9)

N(1)—Fe(1)-N(3)
N(1)—Fe(1)-N(7)
N(1)—Fe(1)-N(11)
N(3)—Fe(1)-N(7)
N(3)—Fe(1)-N(11)
N(5)—Fe(1)-N(9)
N(7)—Fe(1)-N(9)
N(9)—Fe(1)-N(11)

(1) and ZORTEF’ (2) with, respectively, 30% and 50% of

1.927(3)
1.982(3)
1.984(3)

87.17(14)
91.70(14)
178.56(14)
90.28(13)
91.71(14)
89.91(13)
89.84(13)
89.75(14)

Fe(1N(3)
Fe(1yN(7)
Fe(1yN(11)

N(1)-Fe(1)-N(5)
N(13-Fe(1)-N(9)
N(3)Fe(1)-N(5)
N(3})-Fe(1)-N(9)
N(5) Fe(1)-N(7)
N(5)-Fe(1)-N(11)
N(7)-Fe(1)-N(11)

1.928(3)
1.920(3)
1.936(3)

89.56(14)
91.36(14)
90.00(13)
178.54(14)
178.72(14)
91.35(14)
87.38(14)

Chauvin et al.

[&5)
Figure 1. CAMERON representation (ellipsoid at 30% probability level)
of [Fe(L)Cl3] (1). H atoms are omitted for clarity.

Figure 2. ZORTEP representation (ellipsoid at 50% probability level) of
[Fe(L)2](ClO4)3 (2). H atoms are omitted for clarity.

includes four mononuclear complex molecules. The iron is
hexacoordinated in a 4€l; environment with a distorted
octahedral geometry. The three nitrogen donors originating
from L are in afac arrangement, and the coordination sphere
is completed with three chloride anions. N(1) and N(3)
belong to the two Melm groups, while N(5) belongs to the
third 'Prim ligand. The FeN(1) and Fe-N(3) bond lengths
(2.126(4) and 2.111(4) A, respectively) are significantly
shorter than the FeN(5) bond distance (2.210(5) A). The
latter is close to the FeNpyrigine bond length (2.208 A) found

in trichloro[di(2-pyridyl)methylamine]iron(lll), namely [F&
(DPMA)CI3] complex3® The Fe-Cl bond lengths (2.320-
(1)—2.330(1) A) are in the usual rang®® The significant
departure of the FelCl; core from octahedral geometry is
also evidenced by the bond angles: CiEp—CI(2), CI-
(2)—Fe—CI(3), and Cl(1)-Fe—CI(3) = 93.77(5}, 95.03(6J,

and 96.43(5), respectively, while N(1yFe—N(3), N(1)—
Fe—N(5), and N(3)-Fe—N(5) = 80.4(1y, 83.3(1}, and
82.1(1y, respectively.

[Fe(L)2](ClO4)3 (2). A ZORTEP view of the [Fe(Ly3"
cation of2 is shown in Figure 2, and selected interatomic
bond lengths and angles are listed in Table 3. The unit cell
includes four mononuclear complex molecules. The iron is

probability displacement ellipsoids for non-hydrogen atoms. Crystal h€xacoordinated in a slightly distorted Bnvironment. The
data collection and refinement parameters are gathered in Table 1SiX hitrogen donors originate from two L molecules with the
and selected bond distances and angles in Tables 2 and 3.

Results

Description of the Structures. [Fe(L)Ck] (1). A CAM-

ERON view is shown in Figure 1, and selected interatomic
bond lengths and angles are listed in Table 2. The unit cell

(37) Zoln&) L. ZORTEP, Graphical Program for X-ray Structures Analysis

University of Heilderberg: Germany, 1998.
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samefac arrangement as in compléx Moreover, the two
iPrim moieties arecis to each other. The FeN distances
are shorter than in complelx with Fe—N(1) = 1.927(3) A,
Fe—N(3) = 1.928(3) A, Fe-N(5) = 1.982(3) A, Fe-N(7)
= 1.920(3) A, Fe-N(9) = 1.984(3) A, and FeN(11) =

(38) Renz, M.; Hammert, C.; Gornitzka, H.; Meunier, Bew J. Chem.
1999 23, 773-776.

(39) Fukui, H.; Ito, M.; Moro-oka, Y.; Kitajima, NInorg. Chem.199Q
29, 2868.
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1.936(3) A. This suggests a stronger coordination of the
imidazoles to the iron i2 compared td. As in 1, the'Prim
groups via N(5) and N(9) bind less tightly than the Melm
analogues via N(1), N(3), N(7), and N(11). The-Re—N
angles are close to 90

Magnetic Susceptibility. The thermal dependence of the
magnetic susceptibility was measured in the320 K (1)
and 5-300 K (2) temperature ranges. The effective magnetic
moment per iron ofl at 300 K (5.81ug), close to the spin-
only value forS= %,, remains constant when the temperature
is lowered down to 80 K (5.8@&g). A decrease irug is
observed on further lowering the temperature down to 2 K
(4.85ug), indicating the presence of zero-field splitting of
the high-spin iron(lll) ground state. The effective magnetic
moment per iron oR at 300 K (2.12ug), close to the spin-
only value forS= /,, slightly decreases upon lowering the
temperature dowrot5 K (1.92ug).

The previously reportél high-spin complex [Fe(terty)-
Cl3] (5.75ug at 290 K) and the low-spin complex [Fe(tergly)
(ClO4); (2.16 ug at 286.5 K and 1.9z at 78.5 K) have
magnetic data similar to those @fand 2, respectively.

Mossbauer SpectroscopyMdéssbauer spectra of com-
plexesl and?2 collected in the 86200 K temperature range

consist of a single quadrupole split doublet. They were least-

squares fitted with Lorentzian lines. The resulting isomer
shift (6, mmrs™) and quadrupole splittingAEq, mmrs™1)
parameters indicate the ferric nature of their unique iron site
and confirm the difference in spin state betwdeand2. At

80 K, the Mtssbauer parameters b{o = 0.473(8),AEq =
0.469(4) mms™1) are typical of high-spin F& while those

of 2 (0 = 0.14(1),AEq = 1.60(2) mms™1) are consistent
with low-spin Fé', in agreement with the magnetic data.

In the literature? while the high-spin complex [Fe(terpy)-
Clg] (0 = 0.46, AEg = 0.54 mm.s! at 77 K) has data
comparable to those df the low-spin complex [Fe(terpy)
(ClOy); displays a low value of the isomer shifi & 0.07
mmes™t at 77 K) and an unexpectedly large quadrupole
splitting (AEq = 3.43 mms™! at 77 K). The authors have
explained these data by an additive effect of a valence
contribution from the “hole” in the,f subshell and a lattice
contribution due to the asymmetry of the ligands. It is
noteworthy that neither [Fe(terpy)}Fhor [Fe(terpy)](ClO,)s
was characterized by X-ray diffraction.

EPR SpectroscopyThe EPR spectrum of [Fe(L)gl(1)
recorded 84 K in CH3CN is typical of rhombic high-spin
Fe' (g = 4.3).

The experimental and computed EPR spectra of [Fg(L)
(ClO4);3 (2) at 4.5 K in CHCN are shown in Figure 3a,b,
respectively. Typical low-spin P species have values
around 2 The spectrum in Figure 3a displays a sharp signal
atg = 3.5 and a broad one at abaut= 1.6; no other feature
can be observed from 0 to 1 T. Fitting of the spectrum in
Figure 3a gavey, = 3.40,9, = 1.67,9« = 0.87. According
to Duelund and Toftlund! this type of spectrum can be

(40) Reiff, W. M.; Baker, W. A,; Erickson, N. E1. Am. Chem. S0d.968
90, 4794-4800.
(41) Duelund, L.; Toftlund, HSpectrochim Acta, Part R00Q 56, 331.
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Figure 3. EPR spectrum of [Fe(k)ClO4)s3 (2) at 4.5 K in CHCN: (a)
experimental, (b) fit.

attributed to a highly anisotropic low-spin 'Fepecies. The
crystal field parameters were calculated following the
convention used by Thomson et &with g, > g, > ox >

0. Applying Taylor’s formula& (egs 1 and 2) for,f°® hole
model to low-spin complexes in acetonitrile yieldeth =
0.831,A/1 = 4.006,V/IA = 0.207. The calculatétig., value
(2.14) is consistent with the magnetic data (vide supra). The
large splitting of the ground staté\/1 = 4.006, may be
understootf as arising from the anisotropy resulting from
the cis arrangement of the longer F&(5) and Fe-N(9)
bonds ¢1.99 A) compared to the shorter Fii(1), Fe-
N(3), Fe-N(7), and Fe-N(11) ones £1.92 A).

VIi=gJ(g,+9)+9/(9,— 9)
AIL=gl(g,+9) +g/(g,— g) — VI2A

Discussion

)
)

Synthesis of L. The synthetic route chosen for the
preparation of carbind allows the simultaneous incorpora-
tion of two Melm moietie$® (Scheme 1).

N-Isopropylation of the known imidazole derivatias®
with sodium hydride andPrl in anhydrous DMF yielded
quantitatively the correspondini§rim 4. It is noteworthy
that the 1,4-disubstituted product was exclusively formed,;
no 1,5-disubstituted derivative was detected'byNMR.
This rather unusual situation is ascribed to the steric
hindrance resulting from the presence of isopropyl and
methyl groups at the. positions of the imidazole id, thus
preventing formation of the 1,5-disubstituted derivative. The
anion of Melm (2 equiv), generated in situ by n-BulLi in
anhydrous THF at-78 °C, was then added t4, yielding
the carbinob in high yield. O-Methylation of5 with sodium
hydride and Mel in anhydrous DMF yielded L quantitatively.

Complexes Previous work has shown that¥end tripod
tris(pyrazolyl)borate (Tpz) ligands, such as K[HB(B2r

(42) Gasby, P. M. A.; Thomson, A. J. Am. Chem. So&99Q 112 5003~
5011.

(43) Taylor, C. P. SBiochim. Biophys. Actd977, 491, 137.

(44) Aasa, R.; Vagard, T.J. Magn. Reson1975 19, 308.

(45) Rieger, P. HCoord. Chem. Re 1994 135-136, 203.

(46) Kesicki, E. A.; DeRosch, M. A.; Freeman, L. H.; Walton, C. L
Harvey, D. F.; Trogler, W. Clnorg. Chem.1993 32, 5851.
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K[HB(3,5-Me,Pz)], tend to form a mixture of “full-
sandwich” F8'(TPz) and Fé(TPz) complexes, the latter
resulting from F&" reduction. However, a few examples of
“half-sandwich” [Fd'(TPz)Ck]~ complexes could be pre-
pared using (EN)2[Fe:OClg] as iron(lll) source®® Reaction
of the N; ligand L with FeC} in anhydrous CHCN vyielded
the stable monomeric complex [Fg)Cl3] (1) quantitatively.
CompoundLl is soluble in common solvents (GEIN, DMF)
yielding an orange-yellow solution.

The magnetic data and Msbauer spectra clearly indicate
that the iron ofl is in the high-spin ferric state. The frozen
solution (CHCN) EPR spectrum of at 4.2 K @ = 4.3) is
typical of rhombic high-spin P&, in agreement with the
magnetic and Mssbauer data. The voltammogram bf
shows a reversible reduction with, = +0.125 V versus
SCE in CHCN (Figure S1, Supporting Information).

With the purpose of evaluating the ability of L to stabilize
[FE""N¢] species, another iron(lll) complex was prepared by
addition of 2 equiv of L to [Fe(DMRJ(ClO4)3 %" in anhy-
drous CHCN yielding cleanly [Fe(Ly](ClO4)s (2). The iron-

(1) center of2 has a N coordination sphere, with imidazolyl
nitrogen donors. This situation is quite unusual, as direct
addition of aromatic N ligands such as terpy, bipy, or phen
to iron(lll) salts usually results in spontaneous iron reduction
with formation of [FéNg] complexes. The corresponding
iron(lll) complexes could only be obtained by oxidation of
the [F&'Ng] complexes with Pb@in ~1 M H,SQ, followed

by addition of a suitable noncoordinating anion such as,CIO
or PR~,*” or by nitric acid in the presence of excess ligand.
Two complexes were thus isolated and structurally character-
ized by X-ray diffractior®4°but no spectroscopic data were
reported probably because of their instability in solution. The
previously mentioned [Fe(terpy)sand [Fe(terpy)](ClO4)s
complexes have been prepared using PIOH,SO,.4° A
{[Fe"Ng][Fe"'Cl4],Cl} complex with a tripod imidazole
ligand as N donor set has recently been prepared by air
oxidation of the corresponding [Fdg] species®

(47) De Simone, R. E.; Drago, R. 3. Am. Chem. Sod.97Q 92, 2343.
(48) Baker, J.; Engelherdt, L. M.; Figgis, B. N.; White, A. Bl.. Chem.
Soc., Dalton Trans1975 530.
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In the present case, the [Ifdg] complex was obtained
directly from [Fé'(DMF)g](ClOg4)3, and no reduction was
detected. [Fe(LJ(ClO4)s (2) was isolated in high yield.
Compouna is soluble in common solvents (GEN, DMF)
yielding a brown solution. As mentioned eatrlier, the-fié
bond lengths, magnetic data, and”$8bauer and EPR
spectroscopy clearly indicate &= Y/, ferric state of the
iron center in comple®. The voltammogram o2 shows a
reversible reduction witk, = +0.24 V versus SCE in CH
CN (Figure S2, Supporting Information). The stability of [Fe-
(L)2]®" (2) is tentatively assigned to the strongeidonor
character of the imidazolyl N donors of L compared to that
of the usual aromatic N ligands such as pyridine or pyrazole
derivatives, suggesting that these aromatic N ligands stabilize
the Fé state. Comparing thE;, value of+0.24 V (vs SCE)
for the [Fe(L)]3"?" couple to value¥ of +1.03 and+1.17
V (vs SCE), respectively, for the [Fe(phelij’?" and
[Fe(bipyk]®>™2" couples in CHCN, indicates that the L ligand
stabilizes the P& state.

Conclusion

In this study, a new tripod imidazolyl ligand L, soluble in
organic solvents, has been synthesized in a highly efficient
way. Two monomeric P& complexes, [Fe(L)G] (1) and
[Fe(L)](ClOy4)s (2), have been isolated and fully character-
ized by X-ray diffraction and various spectroscopic measure-
ments. In agreement with the magnetic andsstzauer data,
the rather unusual EPR spectrum2ohas been interpreted
as the signature of a highly anisotropic low-spin''Fe
Compared to the phen and bipy ligands, L stabilizes the Fe
oxidation state. The reactivity of the complexes of L is under
investigation.
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