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Six dinuclear ferrous complexes including [Fe,(acpypentO)(0,CMe)(NCS),] (1), [Fea(acpypentO)(O.CMe)(NCSe),]
(2), [Fex(acpypentO)(NCO);] (3), ([Fe.(acpybutO)(O,CMe)(NCS),] (5), [Fe.(acpybutO)(O,CMe)(NCO),] (6), and
[Fez(acpybutO)(0,CMe)(Ns),] (7), one tetranuclear (bis-dinuclear) ferrous compound, [Fes(acpypentO)x(Ns)s] (4),
and one mononuclear ferrous compound, [Fe(acpybutOH)(NCS),] (8), have been prepared, and their structures
and magnetic and Mdssbauer properties have been studied (acpybutOH = 1,4-bis{[2-pyridyl(1-ethyl]imino)} butane-
2-ol and acpypentOH = 1,5-bis{[2-pyridyl(1-ethyl]imino)} pentane-3-ol). The X-ray diffraction analyses yielded the
following results: 1 (CasHosFeaNs03S,, monoclinic, P2:/n, a = 8.0380(7) A, b = 12.4495(8) A, ¢ = 27.358(2) A,
B = 92.180(10)°, V = 2735.7(4) A3, Z = 4) is a dinuclear species in which the unequivalent high-spin (HS) Fe"
sites are bridged by the alkoxo oxygen atom of the symmetrical acpypentO~ Schiff base and one syn—syn acetato
anion; 3 (CooHasFe N0y, triclinic, P1, a = 8.4152(10) A, b = 9.1350(10) A, ¢ = 17.666(2) A, o = 97.486(14)°,
B = 100.026(14)°, y = 113.510(13)°, V = 1195.9(2) A3, Z = 2) is a dinuclear species in which the unequivalent
HS Fe' sites are bridged by the alkoxo oxygen atom of the symmetrical acpypentO~ Schiff base and one end-on
NCO anion; 4-MeOH (CagHsoFesNos0s, triclinic, P1, a = 9.1246(11) A, b = 10.2466(11) A, ¢ = 14.928(2) A, a. =
91.529(15)°, B = 101.078(16)°, y = 106.341(14)°, V = 1309.6(3) A3, Z = 1) is a his-dinuclear species in which
the unequivalent HS Fe' sites are bridged by the alkoxo oxygen atom of the symmetrical acpypentO~ Schiff base
and one end-on N3~ anion, and the symmetry related Fe" sites are bridged by two end-on N;~ anions; 8-MeOH
(CaH26FeNs0,S,, triclinic, P1, a = 8.7674(9) A, b = 12.0938(13) A, ¢ = 12.2634(14) A, o = 106.685(14)°, B =
93.689(14)°, y = 108.508(13)°, V = 1163.7(2) A3, Z = 2) is a mononuclear species in which the octahedral
low-spin (LS) Fe' site is in an Ng environment provided by the four N atoms of the protonated asymmetrical
acpybutOH Schiff base and two thiocyanato anions. The Mosshauer spectra of all dinuclear species (1-3 and
5-7), and of the bis-dinuclear compound 4, evidence two distinct HS Fe' sites while the Mésshauer spectra of the
mononuclear compound 8 evidence a LS Fe'" site over the 80—300 K temperature range. The temperature dependence
of the magnetic susceptibility was fitted with J = =13.7 cm™!, D = -1.8 cm™!, and g = 2.096 for 1; J = 3.0 cm ™,
D;=16cm% E;=-035cm*t (4, =022),D,=-122cm %, E; = 1.1 cm™t (4, = 0.09), and g = 2.136
for 3;and J; =-0.09cm™, J, =159 cm %, D; =57cm L, D, = 12.1 ecm™, and g = 1.915 for 4. The nature
of the ground state in 3 and 4 was confirmed by simulation of the magnetization curves at 2 and 5 K. The intradinuclear
interaction through the central O,oxo Of the acpypentO~ ligand and one pseudohalide bridges is ferromagnetic in
3 (end-on cyanato) while it is very weakly antiferromagnetic in 4 (end-on azido). The interdinuclear interaction
through two end-on azido bridges (4) is ferromagnetic as expected. In agreement with the symmetry of the two iron
sites of complexes 3 and 4, the fits show that D, (tetragonal pyramid) is larger than D, (distorted trigonal bipyramid
(3) or distorted octahedron (4)).

Introduction promising field of molecular-based magnetic matertals.

in a controlled fashion is of the utmost importance to the ligands selected for generating coordinatively deficient
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Scheme 1), which itself results from the bis-condensation
of 1,5-diaminopentan-3-ol with 2-pyridine carboxaldehyde.
Copper(ll) dinuclear complexes of HLand of its reduced
pypentOH form, have been reported, where thé iGas are
bridged by the alkoxo oxygen of the pentadentate ligand and
one hydroxo, chloro, bromo, acetato, or pyrazolato afion.
More recently, one tetranuclear nickel(ll) complex of the
pentadentate pypentOH ligand has been reported, where the
Ni" ions are bridged by the alkoxo oxygen of pypentOH,
the alkoxo oxygen of the 2-pyridylmethanol ancillary ligand,
two hydroxo, and two acetato anioh®inuclear copper-
(I3 and mono- and dinuclear manganese(ll) complexes
of the related HE ligand (Scheme 1), i.e., the reduced form
of the Schiff base resulting from the bis-condensation of 1,3-
diaminopropan-2-ol with 2-pyridine carboxaldehyde, have
also been reported, none of them including a pseudohalide
bridge. While discrete pseudohalide-bridged complexes are
common for transition metal ions such as coppef(tickel-

(1,7 cobalt(ll) 2 manganese(llj,and iron(lll);? they are
scarce for iron(l1? On the other hand, a few examples of
pseudohalide-bridged 1D to 3D chains have recently been
reported where azido anions bridge iron(ll) centers in either
theu-1,1 (end-on) mod& or u-1,3 (end-to-end) mod&,or

in both modes! In the present contribution, we consider
the iron(ll) chemistry of two novel Schiff bases in the

amino]pentane-3-ol (pypentOH, Scheme 1), was producedpresence of pseudohalide anions (NCSCSe, N3™). The
through reduction of the imine functions of the corresponding pentadentate (MD) Schiff bases resulting from the bis-

Schiff base, 1,5-bis[(2-pyridylmethyl)imino]pentane-3-ol ¢L
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characterization, X-ray crystal structure, and magnetic and 3.30; N, 11.72; Fe, 15.29. IR data (KBr pellet, thh 2091, 2078

Méssbauer study of which is presented in this report. (vS, ve=n), 1594 (S,vasond, 1438 (S,vs0ad-
[Fex(acpypentO)(NCO)] (3). Dark blue prismatic crystals.
Experimental Section Yield: 0.23 g ¢32% based on KOCN). Anal. Calcd for 4,z

. ) . FeN-;O.: C, 47.01; H, 4.13; N, 17.47; Fe, 19.90. Found: C, 47.20;
Materials. All chemicals, unless otherwise stated, were com- H, 4.19: N, 17.10; Fe, 19.49. IR data (KBr pellet, ¢ 2203,

mercially available and were used as received. Iron(ll) acetate 5175 (VS,vemn).
dihydrate was synthesized as previously describ&blvents were [Fes(acpypentOy(Ns)g] (4). Dark blue prismatic crystals.

analytically pure and were deoxygenated prior to use. Yield: 0.070 g (4% based on Na). Anal. Calcd for GaHas
SynthesesCaution: Although no such beb@ar was observed FeN»Oy: C, 40.67: H, 4.13; N, 32.45; Fe, 19.90. Found: C, 40.60:

during the present work, azido salts are potentially explesind H, 3.89: N, 31.81; Fe, 19.49. IR data (KBr pellet, cfh 2046

should be handled with care.

. , . . (VS, YN=N)-

Ligands. 1,5-Big [2-pyridyl(1-ethyl]imino) } pentane-3-ol (acpy- [Fex(acpybutO)(O,CMe)(NCS),] (5). Dark blue prismatic crys-
pentOH) and 1,4-Big [2-pyridyl(1-ethyl]imino) } butane-2-ol (acpy- tals. Yield: 0.174 g £37%). The dried sample analyzed as
butOH). 1,5-Diaminopentan-3-ol dihydrochloridépr 1,4-diami- 5-MeOH. Anal. Calcd for GiHoaFeNsOsS,: C, 44.88: H, 4.71;

nobutan-2-ol dihydrochlorid¥,synthesized according to literature 13.08: Fe. 17.78. Found: C. 44.73: H. 4.58: N. 12.98: Fe. 17.50.

procedures, was deprotonated with a freshly prepared ethanolic|g gata (KBr pellet, cml): 2069 (VSyo=n), 1567 (Syasoad, 1430
solution of sodium ethoxide (4 equiv fdr~7 and 2 equiv for8). (S, Vsond).

The NaCl precipitate was filtered off, and the filtrate was treated [Fex(acpybutO)(O.CMe)(NCO),] (6). Dark blue plates that
with 2 equiv of 2-acetylpyridine. The colorless solutions were stired ¢, meq after 24 h were collected by filtration, washed with a small
for 24 h, during which time they became yellow-orange, owing t0 516nt of MeOH, and dried in vacuo. Yield: 0.081 gR%).

the Schiff base formation. The ligands were not further purified, 14 dried sample analyzed &9.5MeOH. Anal. Calcd for & Has
and the resulting ethanolic solutions were deoxygenated prior to FeN-O.s C,46.58: H, 4.52: N, 14.49; Fe, 19.80. Found: C 4631

use for complexation reactions. ©H, 4.29: N, 14.39; Fe, 19.42. IR data (KBr pellet, chn 2203
Complexes All complexation reactions and sample preparations (s y._\), 1547 (S,vasoad, 1438 (S,vs0nd.

for physical m(_ea;urements were carried out in a purified nitrogen [Fex(acpybutO)(O.CMe)(Na);] (7). Dark blue needles. Yield:
atm_osphere_ within a gl_ovebox (Vacuum Atmospheres H.E.43.2) 5 137 g (~30%). Anal. Calcd for GoHosFeN1Os: C, 42.58; H,
equipped with a dry train (Jahan EVAC 7). _ 4.29: N, 24.83; Fe, 19.80. Found: C, 42.11; H, 4.08; N, 24.69; Fe,
General Procedure (1-4). To a vigorously stirred solution of 19 55 |R data (KBr pellet, cm): 2058 (vSpn=n), 1557 (Spasond,
Fe(O:CMe)+2H,0 (1, 2, 0.43 g, 2.06 mmol3, 0.82 g, 3.88 mmol; 1424 (S,vs0n0-
4,0.88 g, 4.20 mmol) in MeO'H (10 mL) Wa§ added a solutlpn of [Fe(acpybutOH)(NCS)] (8). To a vigorously stirred yellow-
acpypentOH I, 2, 1.03 mmol;3, 1.94 mmol;4, 2.10 mmol) in orange solution of acpybutOH (0.99 mmol) in EtOH (9 mL) was
EtOH (1, 2, 30 mL; 3, 4, 40 mL). The color of the solution turned slowly added a colorless solution of Fe@Me)*2H,0 (0.19 g,
immediately to dark blue, and then, a solution of pseudohalide salt ; g mmol) in MeOH (3 mL). The color immediately changed to
was a_dded:l(, KSCN 0.20 g, 2.06 mmol2, KSeCN 0.30 g, 2.06 ey dark blue, and then, a solution of KSCN (0.18 g, 1.80 mmol)
mmol; 3, KOCN 0.32 g, 3.88 mmok, NaN; 0.27 g, 4.20 mmol) iy MeOH (3 mL) was added. The resulting solution was filtered
in MeOH (1, 2, 10 mL; 3, 4, 20 mL). The solutions were filtered 414 |eft undisturbed for 24 h. Dark blue crystals that formed were
and left undisturbed for 24 h. The crystalline solids obtained were .|iected by filtration, washed with a small amount of MeOH, and
washed with a small quantity of MeOH and dried in vacuo. dried in vacuo. Yield: 0.084 g~19%). Anal. Calcd for GHor-
General Procedure (5-7). To a vigorously stirred solution of  FeNOS,: C, 49.90: H, 4.40; N, 17.46; Fe, 11.60. Found: C, 49.98;
Fe(QCMe)-2H0 (5, 0.33 g, 1.56 mmol6, 0.20 g, 0.96 mmol;  H 4.63; N, 17.28; Fe, 11.51. IR data (KBr pellet, th 2119
7,0.34 g, 1.63 mmol) in MeOH (3 mL) was added a solution of (g ).
acpybutOH §, 0.70 mmol;6, 0.46 mmol;7, 0.73 mmol) in EtOH Crystallographic Data Collection and Structure Determina-
(12 mL). The color of the solution turned immediately to very dark (o for 1, 3, 4-MeOH, and 8-MeOH. The selected crystals df
blue, and then, a solution of pseudohalide sBIt{SCN 0.15 9, (pjue-black plate, 0.5k 0.25 x 0.10 mnd), 3 (blue-black plate,
1.56 mmol;6, KOCN 0.078 g, 0.96 mmol7, NaN; 0.11 9, 1.63 40 x 0.25 x 0.10 mnd), 4-MeOH (black parallelepiped, 0.39
mmol) in MeOH (5 mL) was added. The solutions were filtered g 20 0.15 mn#), and8-MeOH (blue-black plate, 0.58 0.20 x
and left undisturbed for 24 h. The crystalline or microcrystalline - 10 mn#) were mounted on a Stoe imaging plate diffractometer
solids obtained were washed with a small quantity of MeOH and gy stem (IPDS) using a graphite monochromafor=(0.71073 A)
dried in vacuo. S and equipped with an Oxford Cryosystems cooler device. The data
[Fex(acpypentO)(Q,CMe)(NCS)] (1). Dark blue prismatic  ere collected at 180 K fot, 3, and8-MeOH and 160 K for4-
crystals. Yield: 0.271 g~ 54%). Anal. Calcd for GHae MeOH. The crystal-to-detector distance was 70 mm (ntaxalue
FeNeOsS;: C, 45.26; H, 4.29; N, 13.77; Fe, 18.30. Found: C, 52 1°) for 1, 3, and8-MeOH and 80 mm (max@value 48.4) for
45.40; H, 4.26; N, 13,45; Fe, 18.14. IR data (KBr pellet, €n 4-MeOH. Data were collecté8lwith a ¢ oscillation movementg

2076 (vs,ve=n), 1594 (S,vasond, 1437 (S.vsond- =0.0-202.8, Ap = 1.2° for 1, ¢ = 0.0-250.6, Ag = 1.4° for
[Fex(acpypentO)(Q,CMe)(NCSe}] (2). Dark blue crystalline 3, ¢ =0.0-250.6, Ap = 1.4° for 4-MeOH, andg = 0.0-250.8,
solid. Yield: 0.171 g £23%). Anal. Calcd for GHaeFeNgOs- Ag = 1.9 for 8:MeOH). There were 21502 reflections collected

Se: C, 39.23; H, 3.72; N, 11.94; Fe, 15.86. Found: C, 39.14; H, for 1, of which 5363 were independen®{ = 0.0393), 11599
reflections collected foB, of which 4318 were independer®(
(12) Boinnard, D.; Cassoux, P.; Petrouleas, V.; Savariault, J.-M.; Tuchagues,= 0.0401), 10702 reflections collected #MeOH, of which 3920

(13) ig’ﬂgggr?'.%ﬁgﬁﬁgﬁ) _2?;;&:' M. Ueno. S.- Okawa. H. Kida. 5. Were independenf, = 0.0381), and 11514 reflections collected

Bull. Chem. Soc. Jprl982 55, 2204.
(14) Murase, |.; Ueno, S.; Kida, $nhorg. Chim. Actal984 87, 155. (15) IPDS Manua] version 2.93; Stoe & Cie: Darmstadt, Germany, 1997.
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Table 1. Crystallographic Data Collection and Structure Determination

1 3 4MeOH 8-MeOH

formula GaHoeFeNsO3S, CooHasFeN704 CaoHsoFesN2603 CoiHa6FeNsO2S;
fw 610.32 561.17 1154.45 514.45
space group P2:/n (No. 14) P1(No. 2) P1(No. 2) P1 (No. 2)
a, 8.0380(7) 8.4152(10) 9.1246(11) 8.7674(9)
b, A 12.4495(8) 9.1350(10) 10.2466(11) 12.0938(13)
¢ A 27.358(2) 17.666(2) 14.928(2) 12.2634(14)
a, deg 90.0 97.486(14) 91.529(15) 106.685(14)
5. deg 92.180(10) 100.026(14) 101.078(16) 93.689(14)
v, deg 90.0 113.510(13) 106.341(14) 108.508(13)
v, A3 2735.7(4) 1195.9(2) 1309.6(3) 1163.7(2)
Z 4 2 1 2
pealcs § CNT3 1.482 1.558 1.464 1.468

, 0.71073 0.71073 0.71073 0.71073
T, K 180 180 160 180
1(Mo Ka), et 12.49 12.57 11.49 8.58
Riobs,allft 0.0333, 0.0358 0.0324, 0.0432 0.0250, 0.0264 0.0388, 0.0416
Rw(obs,allfj 0.0668, 0.0672 0.0728, 0.0753 0.0504, 0.0509 0.0924, 0.0932

AR = J|IFol = IFcll/XIFol- ® Ry = [XW(IFol? — |Fcl)¥ 3 WIFe?2] "2

for 8:MeOH, of which 4259 were independerR4 = 0.0431). Table 2. Selected Bond Lengths (A) and Angles (deg) for Complex 1

Numerical absorption correctiolfswere applied tol (Tynax = Fe(1)-0(1) 2.0476(14) Fe(0(2) 2.0614(14)
0.8783,Tmin = 0.5671), t03 (Tmax = 0.6256,Tin = 0.3723) and Fe(1)-0(3) 1.9998(13) Fe(2)0(3) 1.9958(14)
t0 8:MeOH (Tjax = 0.6909, T, = 0.3778). The structures were E:&t“gg gﬂggg;g EZ%“S; gig;g&%
solved by direct methods using SHELXS!9@nd refined by full- Fe(1)-N(5) 2.0911(18) Fe(2)N(6) 2.0949(18)
matrix least-squares df,? with SHELXL-97 8 All non-hydrogen Fe(1)--Fe(2) 3.287

atoms were refined anisotropically. H atoms were introduced in O(L)-Fe(1)-0(3) 106.08(6) 02 Fe(2)-0(3) 106.60(6)
. . . . _ —Fe . e .
calculations by using t.he rldlng model withs, = 1.1U(at0m.0f  O(1)-Fe(1)-N(1) 83.02(6) O(2 Fe(2)-N(3) 83.63(6)
attachment). The atomic scattering factors and anomalous dispersion o(1)-Fe(1)-N(2) 157.71(6)  O(2yFe(2)-N(4)  157.25(6)
terms were taken from the standard compilaidithe maximum O(1)—Fe(1)-N(5) 95.36(7)  O(2)Fe(2)-N(6) 95.58(6)
and minimum peaks on the final difference Fourier map were 0.323 88;—?8)):“% 13?-%2)) ggilieg)):mig 13%-2?((2))
— 3 3 —Fe . e .
and 0.353;3 A3 for 1, 0.458 and-0.350 e A3 for 3, %211 and O3)—Fe(1)-N() 98.84(6) O Fo(2N(§)  100.99(6)
—0.312 e for 4'MeOH,.and 0.304 and-0.500 e for 8- N(1)—Fe(1)-N(2) 75.47(7) N(3)-Fe(2)-N(4) 74.11(7)
MeOH, respectively. Drawings of the molecules were performed N(1)-Fe(1)-N(5) 102.34(7) N(3)-Fe(2)-N(6) 103.26(7)
with the program ORTEP Crystal data collection and refinement N(2)—Fe(1)-N(5) 94.84(7)  N(4)Fe(2)-N(6) 94.06(7)
parameters are collected in Table 1, and selected bond distancesFe(1)-O@)-Fe(2)  110.69(6)
and angles are gathered in Table 2 fpiTable 3 for3, Table 4 for

4-MeOH, and Table 5 foB-MeOH. Table 3. Selected Bond Lengths (A) and Angles (deg) for CompBex

Physical MeasurementsMicroanalyses for C, H, and N were Fe(1)-O(1) 1.9700(17) Fe(2)O(1) 2.0409(19)
performed by the Microanalytical Laboratory of the Laboratoire Egg)):“g; 3:122(72()19) FF:(%)H% g:ﬂggg
de Chimie de Coordination at Toulouse and at the Service Central  fe(1)-N(5) 2.167(2) Fe(2)N(5) 2.1638(18)
de Microanalyses du CNRS in Vernaison, France, for Fe. Infrared  Fe(1)-N(6) 1.997(2) Fe(2yN(7) 1.974(3)
spectra (4008400 cntl) were recorded as KBr disks on a Perkin- Fe(1)--Fe(2) 3.172

Elmer Spectrum GX FT-IR spectrometer. 84bbauer measurements O(1)-Fe(1)-N(1)  137.11(7) O(L}Fe(2-N@) 87.23(8)
were recorded on a constant acceleration conventional spectrometero(1)-Fe(1)-N(2) 90.12(8)  O(1}Fe(2)-N(4) 140.43(8)
with a 50 mCi source of’Co (Rh matrix). The absorber was a  O(1)-Fe(1)-N(5) 81.21(7)  O(1yFe(2-N(5) 79.72(7)
powdered sample enclosed in a 20 mm diameter cylindrical, plastic O(1)-Fe(1}-N(6)  117.50(9)  O(LyFe(2)-N7 112.20(10)
sample-holder, the size of which had been determined to optimize Hggiigg);“% ;g:gi% Hg;’gg?“gg 113'%8((2%
the absorption. Variable-temperature spectra were obtained in the N(1)—Fe(1)-N(6) 104.77(9)  N(3}Fe(2)-N7 108.54(10)
80—300 K range, by using an MD 306 Oxford cryostat, the thermal N(2)—Fe(1)-N(5) 155.44(8)  N(4¥Fe(2-N(5) 94.46(7)
scanning being monitored by an Oxford ITC4 servocontrol device HES;—E‘ES);HES; igg-ﬁgg; Hggieg);m; igg-gggg;
(£0.1 K accuracy). A least-squares computer progtamas used e : € '

to fit the Mossbauer parameters and determine their standard Fe(l-O()-Fe(2)  104.53(8)  Fe(HNG)-Fe(2) 94.21

deviations of statistical origin (given in parentheses). Isomer shift . . . .
gin (g P ) values §) are relative to iron foil at 293 K. Variable temperature

(16) X.-SHAPE, Crystal Optimisation for Numerical Absorption Correction (2__300 K) m?gnet'c_suscept'b'“ty data were C(_)”eaed on powdered
revision 1.01; Stoe & Cie: Darmstadt, Germany, 1996. microcrystalline solids on a Quantum Design MPMS SQUID

17) Sh_eldriqk, Gf- gSHELxsg7._Prograg1 for nyStiagl)gct)ruCture Solution  susceptometer. Data were corrected with the standard procedure

niversity of Gdtingen: Gidtingen, Germany, . T ; ;

(18) Sheldrick, G. MSHELXL-97. Program for the refinement of crystal for the contribution Of. the Samp.le.holder and diamagnetism of the
structures from diffraction dataUniversity of Gatingen: Gatingen, sample. The magnetic susceptibility has been computed by exact
Germany, 1997. calculation of the energy levels associated with the spin Hamiltonian

through diagonalization of the full matrix with a general program

(19) International Tables for CrystallographKluwer Academic Publish-
ers: Dordrecht, The Netherlands, 1992; Vol. C, Tables 4.2.6.8 and

6.1.1.4.
(20) ORTEP32 for Windows: Farrugia, L. J. Appl. Crystallogr.1997, (21) Lagarec, KRecoil, M@sbauer Analysis Software for Windowtp://
30, 565. www.physics.uottawa.catecoil.
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Table 4. Selected Bond Lengths (A) and Angles (deg) for Complex

Fe(1)-0(1) 1.9578(9) Fe(2)0(1) 2.0261(9)
Fe(1)-N(1) 2.1336(11) Fe(2)N(3) 2.1385(11)
Fe(1)-N(2) 2.1405(9) Fe(2)N(4) 2.1152(10)
Fe(1)-N(5) 2.2733(11) Fe(2N(5) 2.1168(11)
Fe(1)-N(8) 2.1669(9) Fe(2)N(11) 1.9922(11)
Fe(1)-N(8) 2.2043(10) Fe(t)-Fe(1) 3.3511(4)
Fe(1)--Fe(2) 3.1968(2)
O(1)-Fe(1)-N(1)  158.26(4)  N(1}Fe(1)-N(8) 93.96(4)
O(1)-Fe(1)-N(2) 90.60(4) N(1}Fe(1}-N(8)  93.37(4)
O(1)-Fe(1)-N(5) 78.43(4) N(2yFe(1-N(5)  107.40(4)
O(1)-Fe(1)-N(8)  103.65(4) N(2}Fe(1-N(8)  162.11(4)
O(1)-Fe(1)-N(8)  102.10(4) N(2FFe(1-N(8)  86.65(4)
N(1)—Fe(1)-N(2) 74.99(4)  N(5»-Fe(1)-N(8) 86.31(4)
N(1)—Fe(1)-N(5) 90.26(4) N(GYFe(1-N(8)  165.95(3)
N(8)—Fe(1)-N(8) 79.90(4) N(3Y-Fe(2-N(5)  145.42(4)
O(1)-Fe(2)-N(3) 81.06(4) N(3yFe(2-N(11) 114.86(4)
O(1)-Fe(2-N(4)  134.86(4) N(4)Fe(2)-N(5) 98.84(4)
O(1)-Fe(2)-N(5) 80.81(4) N(4yFe(2-N(11)  107.96(4)
O(1)-Fe(2-N(11)  116.65(4) N(5yFe(2-N(11)  99.57(4)
N(3)—Fe(2)-N(4) 74.28(4) Fe(lyO(1)-Fe(2)  106.71(4)
Fe(1-N(8)—Fe(I)  100.10(4) Fe(1yN(5)—Fe(2)  93.40(4)

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

Fe-N(1) 1.9293(18) FeN(4) 1.9266(17)

Fe-N(2) 1.9565(17) FeN(5) 1.9583(19)

Fe-N(3) 1.9565(17) FeN(6) 1.9587(19)
N(1)—Fe-N(2) 80.99(7) N(2)-Fe-N(5) 91.30(7)
N(1)—Fe-N(3) 96.16(8) N(2)-Fe~N(6) 94.90(7)
N(1)—Fe—N(4) 92.83(7) N(3)-Fe—N(4) 81.05(7)
N(1)—Fe—N(5) 87.21(7) N(3)-Fe-N(5) 93.36(7)
N(1)—Fe—N(6) 173.10(7) N(3)-Fe-N(6) 88.39(8)
N(2)—Fe—-N(3) 174.41(7) N(4)}-Fe—N(5) 174.38(7)
N(2)—Fe-N(4) 94.25(7) N(4)-Fe~N(6) 93.01(7)
N(5)—Fe—N(6) 87.33(8)

for axial symmetry? Least-squares fittings were accomplished with
an adapted version of the function-minimization program MINU-
IT.22

Results and Discussion

Syntheses.The reactions yielding the acetato bridged
dinuclear complexesl( 2, 5—7) may be summarized by eq
1, and those yielding complexé&sand 4 by eqgs 2 and 3,

Boudalis et al.

4Fe(QCMe),2H,0 + 2acpypentONa-
MeOH, EtOH

6NaN, ——— [Fe,(acpypentO)(N),], + 8BMeCONa
3)
contain an additional syn, sypt:n%u, syn:syn acetato bridge,
whereas for NCO (3) the additional bridge is provided by
an end-on cyanato anion. In the casedpfwhich can be
considered as a bis-dinuclear species, the additional intradi-
nuclear bridge is provided by an end-on azido anion.

In the case of the acpybutO complexes, however, there is
no dependence of the composition and structure on the
pseudohalide anion; all complexes contain the syn,i8yn
ntuz syn:syn acetato bridge observed in complekesnd
2. This conclusion is supported by a low resolution structure
of complex5 (not reported) which confirms the existence
of the abovementioned bridge, but also by microanalytical
results, and the close similarities of the spectral (IR,
Mdssbauer) and magnetic properties of compleixes and
5—7 (see related sections).

The synthesis of the mononuclear compBawas initially
serendipitous and occurred while trying to prepare complex
5 with an experimental procedure similar to that forThe
structure of the selected crystal was that of comi@eXhe
Mossbauer spectrum of the microcrystalline solid showed
one high-spin (HS) and one low-spin (LS) iron sites: their
relative areas, independent of temperature, excluded the
possibility of a spin-crossover compound.

Given the spontaneous formation of comp&xn order
to obtain the dinuclear speci&s we chose conditions that
would strongly favor formation of the latter. Slow addition
of the Schiff base to a ferrous acetate solution was employed,
to ensure a constant excess of iron. In addition, the iron/
acpybutOH ratio was restricted to 2:0.9 stoichiometry, in
order to further favor formation of the dinuclear species, and
the reaction was carried out with an excess of EtONa. The
solid obtained under these conditions was crystallographically
characterized as the dinuclear compfgbut the quality of
the resolution was poor and therefore the structure is not

respectively. It should be noted that all these reactions werereported. The Mssbauer spectrum showed the presence of
carried out with an excess of EtONa, in order to induce twpo relatively similar HS Fésites. There was, however, a
deprotonation of the central alcoholic function of the ligands, ~.10% minor iron site with small isomer shift and quadrupole

leading to alkoxo bridged species.

2Fe(QCMe),2H,0 + LNa + 2 (K, Na)X =

[Fe,(O,CMe)(L)(X),] + MeCONa+ 2MeCONa +
2MeCQ(K, Na) (L = acpypentO, acpybutO) (1)

2Fe(QCMe),:2H,0 + acpypentONat

3KOCN =2ME% e (acpypentONa)(NCQ) +
MeCO,Na+ 3MeCOK (2)

splitting which could be attributed either to HS'"Fer to

LS Fé'. The similarity of the Masbauer parameters of the
minor site to those of comple® and the absence of EPR
signal led us to the conclusion that the mononuclear complex
is so stable that it forms even in conditions favoring the
dinuclear species. Misbauer spectra & and 7 revealed

the existence of similar minor LS [Fesites (5-10%).

The opposite strategy was employed to obtain pire
Ferrous acetate was slowly added to the Schiff base solution,
and the iron/acpybutOH/KSCN ratio was fixed to 1:1.1:2.
In addition, a stoichiometric amount of EtONa was used to

For the acpypentO bridged complexes, we observe thatgenerate the neutral diamino alcohol from its dihydrochloride,
the nature of the complex depends on the pseudohalide aniontherefore avoiding the deprotonated acpybutO during the

For NCS (1) and NCSe (2), the resulting complexes

(22) James, F.; Roos, M. MINUIT Program, a System for Function

Minimization and Analysis of the Parameters Errors and Correlations.

Comput. Phys. Commut975 10, 345.
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complexation reaction. In this case, "B&bauer spectra
showed only one LS Pesite and no trace of HS Eaite, as
expected given the high stability of the mononuclear complex
8. This reaction is summarized in eq 4.



Poly-lron(ll) Schiff Base Pseudohalide Complexes

Fe(O,CMe),2H,0 + acpybutOHH 2KNCS->=28

[Fe(acpybutOH)(NCS) + 2MeCOK (4)

Attempts to synthesize the equivalent mononuclear com-
plex with acpypentOH, i.e., [Fe(acpypentOH)(NglS)ielded
a dark purple solid, the Mgsbauer spectrum of which
indicated the presence of both LS and HS sites. Again, the
relative areas of the peaks being independent of temperature,
we concluded that the sample was a mixturel @nd [Fe-
(acpypentOH)(NCS).

From the above, the following general conclusions may
be summarized for these systems: (i) For the acpypentOH
ligand, the nature of the product strongly depends on the Figure 1. ORTEP plot of complex at the 30% probability level.
coordinated pseudohalide, whereas for the acpybutOH ligand,
only acetato-bridged compounds are obtained. (ii) The
coordinated pseudohalides can be grouped into two catego-
ries, according to the type of bridging they favor with
acpypentOH: (a) NCSand NCSe yielding acetato-bridged
complexes, and (b) NCCQand N~ yielding end-on pseudoha-
lido-bridged complexes. (iii) The most stable acpypentOH
complexes contain dinuclear motifs, even under conditions
favoring formation of mononuclear products. Conversely,
mononuclear acpybutOH complexes form, even under condi-
tions favoring formation of dinuclear species. b

On the basis of these results, a general outline may be ?
suggested: the five-carbon backbone endows acpypentOH
with a flexibility that enables a closer or farther approach of
the bridged iron(ll) atoms, allowing therefore the supple-
mentary bridge to be either an end-on pseudohalide, with a
smaller Fe--Fe separation3| Fel-Fe2, 3.172 A4, Fel-

Fe2, 3.196 A), or an acetate with a larger-Fee separation

(1, Fel-Fe2, 3.287 A). Apparently, the four-carbon back-
bone of acpybutOH is too rigid to allow a close approach,
and therefore, only acetato-bridged systems are allowed. In
contrast, the four-carbon backbone of acpybutOH seems to
be ideally sized to close a seven-membered ring including
an iron(ll) ion @ N2—C7—C8-C9—C10-N4—Fe) and
form a mononuclear complex, whereas the eight-membered
ring of acpypentOH is apparently too unstable.

Description of Structures. ORTEP plots of complexes
1, 3, 4, and8 are shown in Figures 1, 2, 3, and 4, respectively.
Selected interatomic distances and angles for compléxes
3, 4, and8 are listed in Tables 2, 3, 4, and 5, respectively.

Complexl includes two iron atoms bridged by one alkoxo
and one syn, syn:ntu, acetato. The coordination sphere
of both iron sites is a distorted tetragonal pyramid. The
trigonality indext (=(¢1 — ¢2)/60, wherep,, ¢, are the two Figure 3. ORTEP plot of complex at the 30% probability level.
largest L-M—L angles of the coordination sphef)as been

calculated for the two iron sites.= 0.027 and 0.078 for  and one acetate oxygen atom (N(1), N(2), O(3), and O(1),
sites Fel and Fe2, respectively, confirming the highly and N(3), N(4), O(3), and O(2) for Fel and Fe2, respec-
tetragonal pyramidal character of both sites{(0 infersa tjvely). The apices, which are found at cis relative positions,
perfect square pyramid, and = 1 a perfect trigonal  are occupied by the NCSnitrogen atoms N5 and N6 for
bipyramid). Each pyramid base is defined by one pyridine Fe1 and Fe2, respectively. The intermetallic Fe3e2
donor and one imine nitrogen donor, the bridging alkoxo, separation is 3.287 A, whereas the F€I13—Fe2 angle is

Figure 2. ORTEP plot of comple)3 at the 30% probability level.

110.69.
(23) (a) Hathaway, B. JStruct. Bondingl973 14, 49. (b) Addison, A. . . .
W.; Nageswara, T.; Reedijk, J.; van Rijn, J.; Verchoor, GJ.Ghem. . The packing .dlagrar.n of complek (Figure SI1) reveals
Soc., Dalton Trans1984 1349. intermolecular interactions between atom S2 of the NCS
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the iron centers are acetato bridged in comgdethey are
end-onu,-NCO bridged in complex3, and (ii) the apical
terminally bound pseudohalides are in cis relative positions
in complex1 and in trans relative positions in compl&x
A packing diagram of compleg (Figure SI2) reveals the
existence of intermolecular—z interactions. These can be
divided into two types: (i) an interaction-3.9 A) between
the C1-C2—-C3—C4—C5—NL1 pyridine ring of one molecule
with the C13-C14—-C15-C16—C17—N4 pyridine ring of
its symmetry counterpari(y, 2) of the adjacent unit cell
alonga, and (i) between two symmetry relatedx, —v,
—Z7) C13—-C14-C15-C16—C17—N4 pyridine rings of two
adjacent unit cells along (~3.7 A). The first type oftr—ax
interaction delineates 1D chains alomgvhereas the second
type connects two such chains alotygo form pairs: The
lattice is thus made up of paralled pairs of 1D chains.
Figure 4. ORTEP plot of comple8 at the 30% probability level. Complex4 (Figure 3) includes four iron(ll) atoms in a
zigzag arrangement. Crystallographically, the complex con-
terminal ligand and the two iron atoms Feihd Fe2of a  sijsts of two dinuclear units, symmetry related by an inversion
neighboring molecule & —x + Y2,y + 5, =z+ ). The  center situated between Fel and 'E&ach dinuclear unit
S atom is situated directly above the vacant coordination sitesconsists of two iron(ll) atoms bridged by the alkoxo oxygen
of Fel and Fe2 and the distances S2Fel and S2--Fe2 01 of the dinucleating Schiff base and one end-on azido
are 3.105 and 3.176 A, respectively. The-S2el—N5 anion. Interdinuclear connectivity is achieved by two end-
(174.58) and S2--Fe2—N6' (175.37) angles are very close  on azido bridges between the symmetry related Fel and
to 180C. Repetition of this motif results in 1D chains parallel Felatoms. There are two types of coordination geometries
to theb axis. This thiocyanato bridging mode has already around iron: a tetragonal pyramidal one around the external
been observed, the corresponding-Bl distances being in  metal centers (Fe2 and F2nd an octahedral one around
the 2.6-2.9 A range?* The M—S distance in complet is the internal (Fel and F&latoms. Restricting the description
significantly longer, suggesting weak € interactions,  to one dinuclear unit, the pyramid base is defined by one
rather than covalent bonding. pyridine nitrogen atom and one imine nitrogen atom (N4
Complex3 (Figure 2) includes two iron(ll) atoms, bridged  and N3, respectively), one monatomic alkoxo bridge (O1),
by one alkoxo oxygen atom and one end-on cyanate anion.and one end-on azido bridge (N5). The apical position of
The coordination environment for both iron(”) atoms is the pyram|d is Occupied by one termina”y bound azido
tetragonal pyramidal; each pyramid base is defined by one njtrogen atom (N11). The trigonality index for Fe2= 0.18)
pyridine and one imine nitrogen donors (N1 and N2, and jndicates a slight rhombic distortion. The coordination
N4 and N3 for Fel and Fe2, respectively), the bridging environment is similar for Fel, bound to one pyridine
alkoxo-oxygen atom O1 and the nitrogen atom N5 of the nitrogen atom and one imine nitrogen atom (N1 and N2,
end-on bridging cyanate. The apical positions of Fel and respectively), one alkoxo oxygen atom (O1), and the end-
Fe2 are occupied by the nitrogen atoms of two terminally on azido nitrogen atom N5. In the latter case, though, the
bound cyanates (N6 and N7, respectively). The intermetallic coordination sphere is completed not by one terminal, but
Fel--Fe2 separation is 3.172 A, and the angles formed by two br|dg|ng end-on azido nitrogen atoms (N8 and)N8
between the metal centers and their monatomic bridges areand thus the geometry around Fel is octahedral.
104.53 and 94.21 for Fel-Ol-Fe2 and FetN5—Fe2, The interdinuclear Fei-Fel separation is 3.351 A,
respectively. whereas the FeiN8—Fel—N8' ring is planar due to
Although the two sites appear to be relatively similar, the symmetry, with Fe+N8—Fel and FetN8—Fel angles
trigonality indices of Fel® = 0.31) and Fe27(= 0.07)  equal to 100.18 The intradinuclear Fei:Fe2 separation is
revealed important differences in geometry. The coordination 3,197 A, and the FeiN5—Fe2 and FetO1-Fe2 angles
sphere of Fel is endowed withr&81% trigonal bipyramidal  are 93.40 and 106.73, respectively. The ring, however, is
character, whereas the coordination sphere of Fe2 has onlyhot planar, and the FeIN5—Fe2-01 dihedral angle equals
7% of such character: the rhombic distortion is thus much 5 g.
higher for Fel compared to Fe2. The iron(ll) coordination sphere of compl@(Figure 4)
Despite very similar general features, complekesd3 is slightly distorted octahedral, with two imine (N2, N4),
are distinguished by two prominent differences: (i) while 0o pyridine (N1, N3), and two thiocyanato (N5, N6)
nitrogen donors. The tetradentate acpybutOH ligand imposes

(24) (a) Vicente, R.; Escuer, A.; Palba, E.; Solans, X.; Font-Bardia, M.;

Inorg. Chim. Actal997, 255 7. (b) Ganez-Saiz, P.; GaratTojal, J.: coordination of the thiocyanate anions at cis positions of the

érnéiz, Fééashgagztéo,( I;/IMJ._;_ LTezlsm’\e/tl, Lt-;fRojGo, Enlorg- ?h%m- octahedron. The FeN bond lengths span a very narrow
ommun A . (C ajl, 1. K.; Mostara, G.; emente-Juan, H

J. M.; Ribas, J.; Lloret, F.; Okamoto, K.; Chaudhuri, N. Rur. J. range (-1.93-1.96 A) \_Nhereas the cistFe-N _angles spar)

Inorg. Chem.2003 1005. the 81-94° range, mainly due to stereochemical constraints
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Figure 5. Variable-temperaturé’Fe Msshauer spectra of compl@x
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Figure 6. Variable-temperatur®’Fe Mtssbauer spectra of compl&x
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imposed by the ligand. The NIFe—N2 and N3-Fe—N4
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tively), the rest being in the 8794° range. The trans
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Figure 7. Variable-temperaturé’Fe Mtssbauer spectra of compléx

All acetato bridged dinuclear complexes present composite
high-spin iron(ll) quadrupole split doublets indicating the
presence of two slightly different ferrous sites. The crystal
structure ofl and the low resolution structure Bfevidence
the presence of two iron sites with the samgONdonor
set, but slightly different ligand environment geometries.
Consequently, the spectra of complete®, and4—7 have
been fitted with two quadrupole-split doublets of equal
relative areas. It should be noted that efforts to fit with a
single quadrupole split doublet gave poor results: asym-
metries in the shape of the absorptions could not be
accounted for. The derived parameters are in agreement with
high-spin iron(ll) sites characterized by similar isomer shifts
and different quadrupole splittings, consistent with low
symmetry environment$:?>In the case of complexés-7,
the Messbauer spectra were actually fitted with three
guadrupole-split doublets, two majority HS doublets of equal
area, and one minority LS doublet£30%) corresponding
to the mononuclear impurity mentioned in the Syntheses
subsection: only the NMgsbauer parameters of the two

The effect of the chirality of the ligand deserves some p5iqrity HS doublets have been collated in Table 6, yielding
comments. The crystal structure shows two oxygen aloMS g4y relative areas lower than 50%.

(Ola and O1b) bound to the carbon atom C8. Since the tWo  1ha Missbauer spectra of compl@(Figure 6) consist

arms of the ligand are inequivalent, carbon atom C8, bound
to four different substituents, is chiral. In the present

syntheses, the ligand, prepared froam-1,4-dibromo-butan-

2-ol, was a racemic mixture of the two enantiomers. Thus
complex molecules with either enantiomeric Schiff base
formed and syncrystallized, yielding crystals where half

complex molecules contain the conformer, and the other
half contain theS one. Crystallographically, only one

of two well resolved quadrupole-split asymmetric doublets,
as a result of the differences in local coordination geometries
around Fel and Fe2. These doublets present relatively similar

' isomer shifts, of~1 mm s?, in agreement with similar

coordination environments around the two iron(ll) sites and
quite differentAEq values ¢3.4 mm s'and~2.3 mm s*

at 80 K). The isomer shift values slightly decrease with
increasing temperature, indicating operation of second-order

complex molecule was observed, with the alcoholic oxygen Doppler effect® The doublet with the largegtEq value is

atom statistically distributed among positions Ola and O1b.

Mossbauer SpectroscopyAn overall inspection of the
Mossbauer spectra of complexes? reveals that all acetato
bridged complexed, 2, and 5—7 have the same overall

features. Characteristic variable-temperature spectra of com-

plex 1 are shown in Figure 5. Mgsbauer spectra of
complexes3, 4, and8 present different characteristic features
and are examined separately. The spectr8 ahd 4 are
depicted in Figures 6 and 7, respectively. SelectédsWiauer
parameters are presented in Table 6 for all complexes.

attributed to the more axially distorted site, i.e., Fe2 (see

(25) (a) Martinez Lorente, M. A.; Petrouleas, V.; Savariault, J.-M.; Poinsot,
R.; Drillon, M.; Tuchagues, J.-Rnorg. Chem.1991, 30, 3587. (b)
Rakotonandrasana, A. S.; Boinnard, D.; Petrouleas, V.; Cartier, C.;
Verdaguer, M.; Savariault, J.-M.; Tuchagues, JiABrg. Chim. Acta
1991, 180, 19. (c) Martinez Lorente, M. A.; Dahan, F.; Petrouleas,
V.; Bousseksou, A.; Tuchagues, J.{Rorg. Chem.1995 34, 5346.

(d) Bernal, I.; Jensen, I. M.; Jensen, K. B.; McKenzie, C. J.; Toftlund,
H.; Tuchagues, J.-Rl. Chem. Soc., Dalton Tran4995 3667. (e)
Hemmert, C.; Verelst, M.; Tuchagues, J.-P.Chem. Soc., Chem.
Communl1996 617. (f) Costes, J.-P.; Clemente-Juan, J. M.; Dahan,
F.; Dumestre, F.; Tuchagues, J.4Rorg. Chem.2002 41, 2886.
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Table 6. Mossbauer Parameters of Completess? give rise to an unusual Msbauer behavior associated with
T b AEq Tus surface the ligand field effect of these combinedstackings.
iron site (K) (mms?) (mms?) (mms?) (%) Another interesting feature concerns the asymmetry ob-
1a (NsOy)° 80 1.081(1) 3.016(3) 0.120(2) 50 served between the two branches of each doublet, a feature
150 1.052(9) 2.986(3) 0.112(1) 50 more pronounced at higher temperatures. This asymmetry
293 0.971(2) 2.859(6) 0.117(2) 50 . .
1b (NsOp)° 80 1.077(1) 27993) 0.120(2) 50 may be assougted to the anisotropy of thermally populated
150 1.045(9) 2.804(3) 0.112(1) 50 higher magnetic state§{(= 3, 2, 1)%
293 0.962(2) 2.723(6) 0.117(2) 50 . i
28 (NsOy)° 80 1.001(2) 29358 013603 50 The Messbauer spectra of compléx(Flgure 7_) preser_1t
150 1.059(1) 2.921(4) 0.121(2) 50 two well resolved quadrupole-spllt doublets typlcal of hlgh-
b (O 295 0.968§3; 2.83(%)) o.131§4; 50 spin iron(ll) with quite differentAEq values AEqs = 3.398-
2b (N3O)° 80 1.078(2) 2.771(8) 0.136(3 50 1 — 1 i
32 150 1054(1) 2752(4) 0121(2) 80 (2) mm s, AEqgs = 2.437(2) mm stat 80 K), but isomer
205  0.974(3)  2.68(1) 0.131(4) 50 shifts close to each othed{ = 1.001(1) mm st, g =

3(Fe(2),NO) 80  1.01(1) 3.375(3)  0.12(1) 46.0(1)  1.007(1) mm st at 80 K). The quadrupole splitting values

150  1.031(1) 3.256(1) 0.171(1)  52.6(1) ; ; oot ;
300 0947(1) 2910(1) 0204(1)  49(1) illustrate the differences in coordination geometries for the

3(Fe(1),NO) 80 1.01(1)  2.27(1)  0.49(1) 54.0(1) two sites (tetragonal pyramidal for Fe(2) (site A), and
150  0.990(1)  1.775(1) 0.242(1)  47.5(1)  distorted octahedral for Fe(1) (site B). The quadrupole
4 (Fe(l), NO) 309 g-gég((i)) ;228; g'gg’gg) gigg splitting value for the pentacoordinated iron sitedd$ very
’ 80 1.007(1) 2437(2) 0.149(2) 543(5) Cclose to the value observed for the more axial site of complex
150 0.981(1) 2.419(3) 0.147(2)  59.4(7) 3, in agreement with their similar slight rhombic distortion

4 (Fe(2), NO) 5 1.007(4) 3.44(1)  0.259(9)  49(2) g ; -,
80 1001(1) 3398(2) 0.142(2) 45.7(5) (see Description of Structures subsection). The proximity of

150 0.972(2) 3.342(3) 0.133(3) 40.6(7) theisomer shift values is in agreement with the similarity in

5a (NsO»)° 80 1.045(1) 2.930(3) 0.137(2)  48.8(3)  nature of the donors to Fe(1) £8) and Fe(2) (NO). Owing
égg é'g;%g g??g‘) 8'3(71()4) 2(;('(1))(5) to their clear separation, it was not necessary to impose
5b (NsO,)° 80 1.031(1) 2697(3) 0.137(2) 4883 equality of the relative doublet areas. Deviations of the area

150  1.000(2) 2.688(8)  0.137(4) 47.0(5) fractions from the 1:1 ratio are attributed to the foreseeable

6a (NiOy)° 338 2;822% g:gg&%%) 8:13(71()3) iggzs) difference in Debye temperatures between pyramidally and

150 1.024(1) 2.961(3)  0.145(3) 450(3) octahedrally coordinated iron sites. In addition, the recoil-
293  0.90(1)  2.66(3)  0.148(8)  44.2(8)  free fractions ) of the two sites should differ due to the

6b (N02)° 128 31323% 2:2?2((2)) g:}ig(é)) ig:g(é)) differences in local bondingf. For the external sites, Fe2

293 0.94(1) 2.49(3) 0.148(8) 44.2(8) and Fe2 with N4O donor sets including only four bonds to

7a (NsO2)° 128 1-813(&)) g-gii((i)) gigi(é)) jf;%(é)) the rest of the molecule, a more flexible binding to the crystal
300 0954(2) 2762(7) 0.165()  46.1(3) Iattllce is expected compqred tq the.lnternal sites, Fel and
7b (N3O2)° 80 1.069(1) 2.623(5) 0.151(2) 48.2(2) Fel, with NsO donor sets including six bonds to the rest of

150 1.040(1)  2.598(4) 0.151(2)  47.7(2)  the molecule. Thev8% difference inUeq values confirms
300 0.961(2)  2.490(7)  0.165(4)  46.1(3) e higher mobility of site Fe2 (F&2in the crystal lattice

8 (Ne) 80 0.364(1) 0.601(2) 0.136(1) 100 - _ -
150 0.351(2) 0.604(3) 0.143(2) 100 compared to Fel (F81in agreement with the lower recoil-
293 0.296(1) 0.567(1)  0.130(1) 100 free fractions of Fe2 (FéR Moreover, as temperature

astandard deviations of statistical origin are given in parentheses. increases we might expect a faster decrease of the recoil-
b Referenced to metallic iron foil at 293 K Relative surfaces of two peaks  free fractions for Fe2 (FéR as thermal energy will be more
fixed to equality. effectively transformed into thermal agitation; indeed, this

Description of Structures subsection). Fel which presents aIS the case (sge Taple 6).'. Such large deviations from

significant rhombic distortion is assonciated to the doublet stru'ctu.rally' predicted intensities have been opserved even

with the smalle\Eq value. For both sites\Eq values show a!t _Ilqwd nltrogen _temperatures, when the differences in
I o : . rigidity were sufficient, for Fé complexes3

a significant decrease with increasing temperature in the 80

) . At temperatures close to 5 K, an increase in line width
300 K range. From the magnitude of their quadrupole : .
- . — ~and a slight asymmetry are observed. On further lowering
splitting, we may assume a singlet ground state for both iron

sites. Increasing temperature leads to population of the low- temperature, magnetic dipolar splitting is partially established

lying excited states, which are close to the ground state dueyIEIOIIngl .‘.ﬂjl Zeeman spectrum at 4.2 K. . .
The Mssbauer spectrum of compl8xonsists of a simple

to the low symmetry of the sites and spiorbit interactions. mmetric doublet with parameter ical of low-Sbin iron
Another characteristic aspect of these spectra is the broad MetNc double | parameters typ cal orow=spin Iro
(I1) (Table 6). The spin-state of the iron in this complex

line width of the Fel doublet compared to the Fe2 one at all . h d up to 293 K i d Bedda
temperatures, this effect increasing with decreasing temper-remalns unchanged up to 295 1, as evidenced bysaauer
spectroscopy. The increase in isomer shift upon decreasing

ature. A possible rationale would be to consider that the temperature is attributed to second-order Dobpler effect
atoms involved in both types of—s interactions, and perature 1 ibu PP '

particularly the stronger pairwise ones, namely Fe2, might

(27) Londa, B.; Thalken, L.; Ceccarelli, C.; Glick, M.; Zhang, J. H.; Reiff,
W. M. Inorg. Chem.1983 22, 1719.

(26) Greenwood, N. N.; Gibbs, T. Glossbauer Spectroscop€hapman (28) Thompson, K. L.; Zhao, L.; Xu, Z.; Miller, D. O.; Reiff, W. Mnorg.
and Hall: New York, 1971; pp911, 50-53. Chem.2003 42, 128.
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Figure 8. xm vs T andymT vs T experimental data for complek and
theoretical curves based on the Hamiltonian of eq 5.

Magnetic Properties. The thermal variation of the mag-
netic susceptibilityyym has been measured for complexes
1-7.

The thermal variations ofy and of theymT product for
complex1 are plotted in Figure 8. The magnetic susceptibil-
ity increases from a value of 0.017 &mol* at 300 K to
a broad maximum of 0.026 ¢hmol™ at ~68 K, and then
decreases at lower temperatures. The valugydfis 4.96
cm® mol™* K at 300 K, which is lower than the spin-only
value for two noninteracting = 2 metal centers (6.00 ¢m
mol~* K). This value and the presence of a maximum in the
xwm versusT data are both indications of antiferromagnetic
interactions. The slight increaseaf below 8 K is attributed

......

2T/ cm’ mol™ K

2T/ cm’ mol” K

300

T/K

T T T T T M T T T

30
T/K

Figure 9. Low-temperature region gfmT vs T experimental data for
complex3, and theoretical curves based on the Hamiltonian of eq 6, for
several magnetic fields. The overal-300 K temperature range is shown
in the inset.

40 50 60

of 7.17 cn¥ mol~* K at 300 K, and reaches a maximum of
9.70 cn? mol~* K at ~15 K. This maximum is indicative of
ferromagnetic interactions; increase of the applied field
lowers the maximum and shifts it to higher temperatures,
due to the additional splitting of the energy levels through
Zeeman effect. ThguT decrease at low temperatures is
associated with partial depopulation of the excited magnetic
states, and zero-field splitting effects. A simple model of
two interacting spins (isotropic interaction paramed@gr
employed as a first approach to simulate this behavior,

to the presence of a small fraction of paramagnetic impurity yielded very poor results although the experimental curves
(p). In order to fit these experimental data, a simple system for different magnetic fields were fitted simultaneously.

of two exchange coupled iron(ll) ions was considered.
Attempts to fit without introducing any zero-field splitting

Subsequent insertion in the model of a zero-field splitting
(ZFS) term, common for both iron sites, improved the fits

terms yielded very poor results. Consequently, a zero-field gnjy slightly. It was then considered, on the grounds of

splitting termD, common for both iron sited; = D, =
D), was introduced, the implemented Hamiltonian being

H=- ZJA&els:ez"' D(§F91+ §Fe?) )

This model reproduced the experimental curve very well,

structural and Mssbauer spectroscopy results, that the two
iron sites are different enough for allowing consideration of
different ZFS terms@; and D, for Fel and Fe2, respec-
tively). Implementation of this model brought about a
remarkable improvement of the fits. The best fit parameters
were the following: J = 2.7 cn1?, D; = 1.6 cm1?, D, =

except for a small disagreement at low temperature, which —12.4 cntl, g = 2.140,p ~ 0 with a residuaR = 6.9 x
may be due to intermolecular interactions between adjacent10~° (solution A, not shown). In order to verify if this

dinuclear molecules through the weak-#8 contacts

combination ofD parameters was unique, we examined the

yielding 1D chains (see Description of Structures subsection). error surface plot of the system (Figure S3). This confirmed

The parameter values for the best fit{BO0 K range) were
the following: J = —13.7(5) cm?, D = —1.8(3) cm', g =
2.10(1),p = 0.7(2)%, with a residuaR = 1.8 x 104

The yuT product for complex? is 5.44 cni mol™* K at

the above solution, showing that there is no minimum for
D; = Dy, and revealed a secondary minimuR € 3.3 x

1074). Thus, the necessity for different single ion axial terms
was fully confirmed in agreement with the structural and

300 K and decreases rapidly with decreasing temperatureMOssbauer data.

indicating operation of antiferromagnetic interactions. Below
~40 K, an increase iguT is observed with a maximum of

Additionally, in order to examine if a close— stacking
contact between complexes (see Description of Structures

2.56 cn? mol! K at ~18 K, followed by a steep decrease subsection) affected the magnetic properties of the com-
down to 2 K. This behavior, which seems to indicate the pound, a model consisting of weakly interacting dinuclear
presence of both antiferromagnetic and ferromagnetic inter- molecules was examined. This model yielded essentially the
actions, has not been interpreted, due to the lack of structuralsame results as in solution A, with an additional intermo-
information on complex. lecular coupling constant of the order of fOcm™.

The thermal variation of the produghT for complex3, Therefore, it was concluded that no such interaction played
under different fields, is plotted in Figure 9. Under a 10 kG a significant role in the bulk magnetic properties of complex
field, theymT product increases continuously from a value 3.
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Figure 10. Variation of the magnetizatioM vs applied fieldH at 2 @)
and 5 @) K for complex 3. Dashed and solid lines correspond to the
calculations based on solutions A and B, respectively.
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The significant difference in rhombicity of the two iron

sites intrigued us about the possibility to evaluate the local

rhombic termsE; and E, for the Fel and Fe2 sites,
respectively. The implemented spin Hamiltonian was

F' = _ZJA&el,S:eZ—i_ D1§F61+ D2§Fez+
E1(§Fel_ %:el) + E2(§Fe2_ §Fe2) (6)

This consideration brought about an improvement of the

fit, with the following set of parameter values: = 3.0(3)
cmt, Dy = 1.6(2) cm?, E; = — 0.35(6) cnt (A, = 0.22),
D, = — 12.2(7) cm?, E; = 1.1(2) cnmit (A, = 0.09),g =
2.14(1),p ~ 0, and a residuaR = 6.2 x 1075 (solution B,
shown in Figure 9). In order to check if these additioRal

Boudalis et al.
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Figure 11. ymT vs T experimental data for complekover the 2-50 K
region under fields of 5, 10, 20, and 40 kG. The solid lines represent the
best fits carried out simultaneously for all fields according to the
Hamiltonian of eq 7. The behavior over the overal300 K range under

a field of 5 kG is shown in the inset.
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Figure 12. Spin-coupling scheme for complek

The thermal variation of the produgiyT for the bis-
dinuclear complex4, under different fields, is plotted in

parameters have a true physical meaning and do not resu“i:igure 11. Undea 5 kGfield, theywT product rises slightly

in overparametrization, (i) we calculated and drawnEhe
versusk; and D, versusE, surface error plots, and (ii) we
carried out comparative theoretical calculations of the
magnetizatiorM versusH with the two sets of begt versus

T fit parameters (solutions A and B). Tlig versusD; and

E, versus D, plots (Figures S4 and S5, respectively)
confirmed A; as the soleE,/D; minimum, andi; as the
absolute one among two minima. TheversusH theoretical
calculations, carried out with the MAGPACK program
package? indicated that solution B is much closer to the
experimentally observed behavior (Figure 10), thus confirm-
ing the significance of distindE parameters for the Fel and
Fe2 sites of comples.

As a final comment, it should be mentioned that e
value, although relatively high, is within the range Df
values reported for iron(ll) complexég? and its negative
sign is in line with the essentially tetragonal pyramidal
character of the Fe2 ligand environment.

(29) (a) Borfa-Almenar, J. J.; Clemente-Juan, J. M.; Coronado, E.;
Tsukerblat, B. SInorg. Chem.1999 38, 6081. (b) Borfa-Almenar,

J. J.; Clemente-Juan, J. M.; Coronado, E.; Tsukerblat, B. Somput.
Chem.2001, 22, 985.

(30) (a) Tommasi, L.; Shechter-Barloy, L.; Varech, D.; Battioni, J.-P;
Donnadieu, B.; Verelst, M.; Bousseksou, A.; Mansuy, D.; Tuchagues,
J.-P.Inorg. Chem.1995 34, 1514. (b) Andres, H.; Bominaar, E. L.;
Smith, J. M.; Eckert, N. A.; Holland, P. L.; Mk, E.J. Am. Chem.
So0c.2002 124 3012. (c) Sanakis, Y.; Power, P. P.; Stubna, A’nigk
E. Inorg. Chem.2002 41, 2690.

1584 Inorganic Chemistry, Vol. 43, No. 4, 2004

from a value of 14.52 cfmol! K at 300 K, to reach a
very broad maximum at+80 K. This increase and the fact
that the maximum is field dependent indicate operation of
ferromagnetic interactions. The rapid decrease at low tem-
peratures is associated with partial depopulation of the
excited magnetic states, and zero-field splitting effects. To
account for this behavior, two types of magnetic interactions
were assumed on structural grounds: an intradinuclear
interaction,J;, and an interdinuclear ond;. Attempts to fit

the data taking into account only these isotropic interactions
did not give satisfactory results. Similarly, when a common
ZFS parameter was considered for all four iron(ll) atoms,
the fitting results were not satisfactory. Consequently, two
ZFS parameters were considerBdfor the pentacoordinated
external iron(ll) sites and, for the hexacoordinated internal
ones (Figure 12). Equation 7 expresses the Hamiltonian
describing this bis-dinuclear system:

H= _2J1(S:els:e2+ S:elaez) - ZJZS:eIS:eI +
D1(§Fe2+ f\:thez) + D2(§Fe1+ §Fe1) (7)

Due to the dependence of the susceptibility on the applied
magnetic field, the data were simultaneously fitted for all
magnetic field values. The best fit parameters wiere —0.7
cm? J, =29 cntt, D, = —1.3 cntt, D, = 20.3 cn1?
with g = 2.175,p ~ 0 and a residuaR = 3.4 x 10
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term E, was considered for these sites, yielding results
qualitatively similar to solution B and a somewhat smaller
residualR. The set of parameters derived from this fit was
then used to calculat™ versusH with the MAGPACK
program package. This calculation, however, yielded poor
results, and thus, this solution was discarded as unrealistic.

The zigzag arrangement of the four"Fatoms and the
types of bridges id being similar to those in [FypentO)-
(NCO)]2 and [Fe(pypentO)(N)s]> (pypentOH= 1,5-bis-
[(2-pyridylmethyl)amino]pentane-3-al)it is worth compar-
ing the structural parameters of the metal core for these first
0 10000 20000 30000 20000 50000 three examples of pseudohalido-bridged bis-dinuclear species

H/G in order to evaluate possible magneto-structural correlations.
Figure 13. Variation of the magnetizatioM vs applied fieldH at 2 @) With regard to the intradinuclear interactions, this comparison
and 5 @) K for complex 4. Dashed and solid lines correspond to the may be extended t8.
calculations based on solutions A and B, respectively. The data gathered in Table 7 show that the intradinuclear
Fe--Fe separations (3.38.20 A for one alkoxo and one
pseudohalido bridges) are very close to each other; the
corresponding FeO—Fe angles span a narrow range,

(solution A, not shown). The high absolute valueDzfand
rather poor quality of the fit at low temperatures led us to
examine the diagram of energy levels: despite the topology .
of the cluster which would require Ms = 0 ground state,  103-2-106.7 while Fe-N—Fe and the FeN—Fe-O

the lowest lying energy levels corresponding to solution A dihedra! angle span 'Iarger ranges, 9@6.1° and 4.2—15°,
are theMs = +4 ones. In order to assess the validity of this respectively. There is no clear trend in the variation of any
fit, the magnetic data collected at all four fields in thedD of these parameters which may be associated to the variation

K range were simultaneously fitted, based on the model in intradinuclear magnetic interaction from 3t®.6 cnt.

expressed in eq 7, and allowing for a paramagnetic impurity On the other hand, for the interdinuclear bridges (two
(p); the resulting parameter values were then used as initial pseudohalides) both the #¢-e separation (3.35 vs 3.46 and

values to fit the overall temperature range simultaneously 3.50 A) and Fe-N—Fe angle (100.1vs 102.5-105.T) are

for all fields. This resulted in a remarkable improvement of smaller in4 where the interdinuclear ferromagnetic interac-

the fit at low temperatures. The derived parameters were thelion is stronger (16 vs 0.7 and 0.75 ccompared to [Fe

following: Ji = —0.09(5) cmt, J, = 15.9(8) cmt, D, =  (PypentO)(NCOJ; and [Fe(pypentO)(N)s]»2

5.7(4) cm?, D, = 12.1(6) cm?, p ~ 0 with g = 1.915(8) The ymT versusT plot of complex5 shows a continuous
and a residuaR = 4.2 x 10°5 (solution B, shown in Figure ~ decrease from 4.81 cmmol™ K at 300 K, to 0.063 crh
11). The better agreement between the calculated andmol~ K at 2 K, indicative of antiferromagnetic interactions.

experimental data is reflected by the significRdecrease, ~ Theyw versusT plot, however, shows a continuous increase
the D value is more reasonable than in solution A, and the from 0.016 crimol~* at 300 K to a maximum of 0.027 ¢m

lowest lying energy level in solution B is tHds = 0 one mol~! at ~18 K, with a broad shoulder centered-a90 K.
(Figure S6). This behavior, which is rather difficult to model, might stem

In order to compare the qua“ty and physica| meaning of from weak intermolecular interactions within the solid. The
solutions A and B, we then carried out Comparative theoreti- intramolecular interaction should be responsible for the broad
cal calculations of the magnetization with the two sets of shoulder at-90 K, whereas a weaker interaction would cause
bestyw versusT fit parameters (A and B). Thi#l versusH the sharper maximum at 18 K. This type of interaction might
theoretical calculations, carried out with the MAGPACK be similar to the one observed in complexout the lack of
program packag®,indicated that solution B is much closer detailed structural information does not allow us to attempt
to the experimentally observed behavior (Figure 13). fitting these data.

Finally, in order to assess the effect of the slight rhombicity ~ The situation is similar for comple®&: its ymT versusT
structurally detected for sites Fe(2) and Fg(a rhombic product decreases continuously from 5.7Cenol™ K at

Table 7. Compared Structural and Magnetic Parameters for Reported Pseudohalido-Bridged Ferrous Complexes

Fe--Fe Fe-N—Fe-O
distance Fe—-O—Fe Fe—-N—Fe (Fe-N—Fe—N) J
complex A angle (deg) angle (deg) dihedral angle (deg) (cm™)
3 (this work) 3.17 (intra) 104.5 94.2 4.2 3
[Fex(pypentO)(NCOj), (ref 2) 3.18 (intra) 103.9 92.4 12.9 0.6
3.46 (inter) 106.7 102.5 0 0.7
4 (this work) 3.20 (intra) 93.4 5.6 —-0.1
3.35 (inter) 105.0 100.1 0 16
[Fex(pypentO)(N)s]2 (ref 2) 3.19 (intra) 103.2 96.1 114 —2.6av
3.14 (intra) 90.7 15 —2.6av
3.50 (inter) 103.5 6.6 0.75
105.1
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300 K, to 0.091 crhimol™® K at 2 K, and the magnetic
susceptibility increases continuously from 0.01%enol™*
at 300 K to 0.047 crhmol™ at 2 K. In this case, however,

the low-temperature maximum is concealed by the suscep-

tibility increase due to a small fraction of paramagnetic
impurity, and it appears as a shoulder.

Conclusions

The acpypentOH and acpybutOH dinucleating Schiff bases
with N,O donor sets possess the ability of imposing, in
combination with pseudohalides, various coordination en-
vironments to iron(ll), endowing the resulting ferrous
complexes with unexpected and original physical properties.

[Fex(acpypentO)(@CMe)(NCS)] (1) and [Fe(acpy-
pentO)(QCMe)(NCSe)] (2) are dinuclear species in which
the inequivalent HS Hesites are bridged by the alkoxo
oxygen atom of the symmetrical acpypentSchiff base and
one acetato anion. The slight structural differences in ligand
environment between the two ferrous centers are significant
enough to be sensed by “B&bauer spectroscopy which
shows two HS Pequadrupole split doublets. The intradi-
nuclear magnetic interaction mediated by the alkoxo and
acetato bridges of is antiferromagneticl ~ —14 cnt?)
and the iron(ll) anisotropy is weald(~ —2 cm1).

[Fex(acpypentO)(NCQ) (3) is a dinuclear species in
which the inequivalent HS Eesites are bridged by the alkoxo
oxygen atom of the symmetrical acpypentSchiff base and
one end-on NCO anion. The significant structural differences
in geometry of the ligand environment between the two
ferrous centers are reflected by the presence of two very
different HS Fé& quadrupole split doublets. The intradinuclear
magnetic interaction mediated by the alkoxo and cyanato
bridges of 3 is ferromagnetic J = 3 cm!), and the
differences in symmetry of the [Fdigand environments are
reflected by significant differences in the anisotropy param-
eters of Fel and FeDg = 1.6 cnm?, E; = — 0.35 cnt? (4
= 022), D, =—12.2 le, E,=1.1 cntl (},2 = 009)
Compound3 is the second Fe-NCO—F€' bridged complex
ever described: its ferromagnetic behavior, similar to that
of [Fex(pypentO)(NCOJ]. (pypentOH= 1,5-bis[(2-pyridyl-
methyl)amino]pentane-3-of)suggests that end-on NCO is
an as good as, or even better, ferromagnetic coupler for Fe
than N;~.

[Fes(acpypentO)Nas)e] (4) is a bis-dinuclear species in
which the inequivalent HS Eesites are bridged by the alkoxo
oxygen atom of the symmetrical acpypentSchiff base and
one end-on K anion, and the symmetry related"Fstes
are bridged by two end-on N anions. The differences in
ligand environment between the two types of ferrous centers
(NsO, octahedral for Fel(land NO, pyramidal for Fe2-
(2) are reflected by the presence of two very different HS
Fe' quadrupole split doublets. The intradinuclear magnetic
interactions mediated by the alkoxo and azido bridge$ of
are weakly antiferromagnetidy~ —0.1 cnT?) while the
interdinuclear interaction mediated by the two azido bridges
is ferromagnetic, ~ 16 cnt?); the differences in ligand
environment between the two types of leenters (octahedral
Fel(1) and pyramidal Fe2(? are reflected by significant
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differences in the anisotropy parametBy & 5.7 cn?, D,

= 12.1 cmY). Compound4 is the second He-N;—Fe!
bridged complex ever described: its magnetic behavior is
qualitatively similar to that of [FdpypentO)(N)s].: the
intradinuclear magnetic interactions (alkoxo and azido
bridges) are weakly antiferromagnetic while the interdi-
nuclear interaction (two azido bridges) is ferromagnetic in
both compounds;the differences in ligand environment
between the octahedral and pyramidal' Feenters are
reflected by similar differences in the anisotropy parameter
of both compounds.

[Fex(acpybutO)(QCMe)(NCS}] (5), [Fex(acpybutO)(G-
CMe)(NCO}] (6), and [Fe(acpybutO)(@CMe)(Ns)7] (7) are
dinuclear species in which the inequivalent HY Bites are
bridged by the alkoxo oxygen atom of the asymmetrical
acpybutO Schiff base and one acetato anion. The differences
in ligand environment between the two ferrous centers are
reflected by the presence of two different HS Beadrupole
split doublets. In the absence of X-ray crystal structure, the
magnetic data of complexés—7 were not fitted; qualita-
tively, however, it may be stated that the intradinuclear
magnetic interaction mediated by the alkoxo and acetato
bridges is antiferromagnetic as in the similarly bridged
complexesl and 2.

[Fe(acpybutOH)(NCS) (8) is a mononuclear species in
which the octahedral LS Hesite is in an N environment
provided by the four N atoms of the protonated asymmetrical
acpybutOH Schiff base and two thiocyanato anions.

The antiferromagnetic behavior of complexks2, and
5—7 is in line with that of previously reported dinuclear
complexes including one alkoxo and one carboxylato bridges
between transition metat&3! The magnetic behavior of
complexes3 and 4 is in line with that of [Fe(pypentO)-
(NCO)]» and [Fe(pypentO)(N)s]., and together, they yield
the first pieces of information on the magnetic interactions
mediated by end-on bridging pseudohalides betweén Fe
centers: (i) The magnetic interactions mediated by one
alkoxo and one end-on cyanato bridges are weak, and end-
on NCO seems to be a better ferromagnetic coupler fébr Fe
than N~. The range of values for the ferromagnetic
interactions mediated by two end-on bridging cyanato or two
end-on bridging azido is larger, and the trend seems to be
reversed. However, additional data are needed before we may
draw reliable conclusions from a comparison of the magnetic
interactions mediated by end-on NCO and™ Noridges
between Fé& centers.
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