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A series of dichloroferrous complexes with ligands derived from the tris(2-pyridylmethyl)amine tripod has been
prepared and characterized. The X-ray crystal structures of the complexes [bis(2-bromo-6-pyridylmethyl)(2-
pyridylmethyl)amine]Fe"Cl, ((Br,TPA)Fe"Cl,) and [bis(2-phenyl-6-pyridylmethyl)(2-pyridylmethyl)amine]Fe"Cl,, ((Ph,-
TPA)Fe"Cl,) are reported. In these complexes, the tripod coordinates in the tridentate mode, with a substituted
pyridyl arm dangling away from the metal. Both complexes have a trigonal bipyramidal iron center with two equatorial
chloride ions. Their crystal structures are compared with those of the [tris(2-pyridylmethyl)amine]Fe''Cl, and [(2-
bromo-6-pyridylmethyl)bis(2-pyridylmethyl)amine]Fe"Cl, complexes ((TPA)Fe''Cl, and (BrTPA)Fe''Cl,, respectively)
in which the ligand coordinates in the tetradentate mode. For all complexes, the metal to ligand distances are
systematically above the value of 2.0 A, and *H NMR displays paramagnetically shifted resonances with short
relaxation times. This indicates that the iron is in a high-spin state. Electric conductivity measurements show that,
for all complexes, the measured values lie within the same range, significantly below those expected for ionic
complexes. Together with the analysis of the UV-visible and NMR data, this strongly suggests that the coordination
mode of the tripod is retained in solution.

Introduction of molecular dioxygen involves in general reaction with
ferrous compounds or, in some cases, the presence of ferric

Iron complexes of the tetradentate tripodal ligand TPA . . . .
. : ) . o ions together with easily reduced substrates or reducing
(tris(2-pyridylmethyl)amine) and its derivatives have been =0 T . . .
. . .agent$~° This topic has been reviewed several times from
over the past 10 years extensively studied because of their . . . . .
. o . both chemical and biological points of view, and many
ability to mimic some structure and function patterns of non- . . . . .
. N reaction pathways and intermediates have been examined in
heme iron monooxygenases or oxygen-activating enzymes.

j|10—12
In most of the cases in the chemistry of synthetic analoguesdeta”'. Thgs many exam.ples O.f ferr_ous. complexes,
of such metalloproteins, hydroperoxides are used as Oxygen_potentlal candidates for reactivity studies with dioxygen, have

donating reagens3 On the other hand, the biomimetic use been described, for which in most of the cases the usual
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FeCl, Complexes with Tris(2-pyridylmethyl)amine Desmtives

hexacoordination around the metal is obsertfe#. With Conductivity measurementswere carried out under argon at
respect to coordination of molecular dioxygen to the metal 20°C with a CDM 230 Radiometer Copenhagen conductivity meter,
center, it seems obvious that, together with electronic factors, Using & Tacussel XE 150 507569 electrode. Procedure used for the
the geometry around the metal plays a crucial role. We are f:omplexes: 4 mL of dry.and degasggd acetonitrile was introduced
thus trying to build up simple complexes in which some TPA into the cell, and the_ relative cor!d_uctlwty of the blank was meas_,ured
derivatives would coordinate a ferrous ion leaving the metal (A). Then the relative conductivity of the sample dissolved in 4

S . . . mL of the same solvent was measur8jl (The conductivity of the
coordinatively unsaturated. With TPA ligands monosubsti- compound is obtained by the subtracti@n— A. The molar

tuted in thea. position of one of the pyridyl arms by abulky  ¢onquctivity is the ratio B — A)/concentration in complex.
group, bromine atom, or phenyl substituent, we have reportedprocedure for FEBF,), + Lis 4 mL of dry and degassed
the preparation of trichloro ferric complex&sWe showed  acetonitrile was introduced into the cell, and the relative conductiv-
that steric hindrance on the substituted pyridine, associatedity of the blank was measured), Then a solution of F&BF,),
with the good affinity of chloride ions for the metal, induces dissolved in 4 mL of the same solvent was prepared. Two
in that case tridentate coordination of the tripod to BeCl equivalents of ligand (L) was added, and a yellow color
The uncoordinated arm is the substituted pyridine, and the developed upon stirring. Five minutes later, the relat.iv.e conductivity
geometry is retained in solution. These high-spin compounds®f the medium was measurec)( The conductivity of the

are very stable, and in that case the metal remains six-cOmpound is obtained by the subtractiGh — A. The molar
coordinate conductivity is the ratio@ — A)/concentration in iron.

. Ligands L, L, and Ls were prepared according to published
We have now extended our efforts to dichloroferrous methodsi®2°L, was prepared from4by adaptation of a published

compounds and found that both the parent TPA and the yrocedure using the Suzuki cross-coupling procedtiel. NMR,
ligand brominated in thex position of one pyridyl arm CDCls, 8, ppm, TMS: 8.54, 1H d; 7.98, 4H m; 7.75.62, 4H m;
coordinate in LFeGl complexes in the usual tetradentate 7.60-7.55, 4H m: 7.49-7.35, 6H m: 7.14, 1H m: 4.03, 4H s, 4.02,
mode. However, with disubstituted ligands, i.e., whendhe 2Hs. MS, impact modem/z = 442.15. Elemental analysis fog:L
position oftwo of the three pyridyl arms is substituted, one CsoHzeNa. Calcd: C 81.45, H 5.88. Found: C 81.75, H 6.22.
of the substituted pyridyl arms is pushed away from the [Phd™ILs was prepared in a similar way fromglusing GDsB-
coordination site, leaving open a free position around the (OH) from Aldrich ChemicalsH NMR, CDCL, 6, ppm, TMS:
metal which becomes five-coordinate. The tripod then 854 1Hd;7.757.62,4Hm; 7.66.7.55, 4H m; 7.14, 1H m; 4.03,
coordinates in the tridentate mode. We report herein, together*H S 4:02, 2H s. MS, impact moden/z = 452.23. ,
Typical Metalation Experiment. All reactions were carried out

. : o 1 )
with their UV—visible and*H NMR spectroscopic data, the with dry and degassed solvents under strict anaerobic conditions.

cry;tal structures of t_he complexes [trl§(2—pyr|dylm_ethyl)- Anhydrous FeGl (0.9 equiv) in dry THF was added to a solution
am!ne]FéCIg, LlF_eCIZ’ [(2-br0mo-6-pyr|dylmethyl)bls(2- of ligand L, in THF. The color immediately turned to orange-
pyridylmethyl)amine]F€Cl,, LoFeCh; [bis(2-bromo-6-py-  yejiow, and the reaction medium was stirred @ h at room
ridylmethyl)(2-pyridylmethyl)amine]FeCl,, LsFeCh; and temperature. The solvent was removed under vacuum, and the solid
[bis(2-phenyl-6-pyridylmethyl)(2-pyridylmethyl)amine]ite was extracted with acetonitrile. After filtration and concentration,
Cl,, L4FeChb. Additionally, conductivity experiments have a yellow-orange solid was obtained by slow addition of diethyl
been carried out on the complexes, which show that they ether, filtered off, washed with diethyl ether, and dried under
remain neutral in solution. Together with the analysis of the vacuum. Further purification was achieved by diethyl ether crystal-
UV —visible and'H NMR data, this leads to the conclusion lization from an acetonitrile solution. The yields are within the range

that the coordination mode observed in the solid state for 85—90%, and all compounds are thermally stable. In the crystalline
each complex is retained in solution form, the complexes can be rapidly handled under atmospheric

conditions. Satisfactory elemental analyses could thus be obtained
on the crystals. However, solutions of the complexes should be
handled under anaerobic conditions.

The UV—vis spectrawere recorded on a Varian Cary 05 E bV X-ray Analysis. quantitative data were obtained at room
vis NIR spectrophotometet NMR data were recorded in GD temperature for pFe'Cl; and —100 °C for L;F€!Cly, LsFe!'Cly,
CN at ambient temperature on a Bruker AC 300 spectrometer at and LiF€'Clo. All experimental parameters used are given in the
300.1300 MHz using the residual signal of §ICN as a reference  Supporting Information. The resulting dataset was transferred to a
for calibration.2H NMR data were recorded in GBN at ambient DEC Alpha workstation, and for all subsequent calculations the
temperature on a Bruker AVANCE 400 spectrometer at 61.4223910 Enraf-Nonius OpenMoleN packagjevas used.

Experimental Section

MHz using the residual signal of GBN as a reference for The structure was solved using direct methods. After refinement
calibration. of the heavy atoms, a difference Fourier map revealed maxima of
residual electronic density close to the positions expected for
(13) Diebold, A.; Hagen, K. Sinorg. Chem.1998 37, 215-223. hydrogen atoms; they were introduced as fixed contributors in
(14) zang, Y.; Que, L., Jinorg. Chem 1995 34, 1030-1035. structure factor calculations by their computed coordinatesHC

(15) Zang, Y.; Jang, H. G.; Chiou, Y.-M.; Hendrich, M. P.; Que, L., Jr. = .95 A) and isotropic temperature factors suchBéd) = 1.3
Inorg. Chim. Actal993 213 41-48.

(16) Jo, D.-H.; Chiou, Y.-M.; Que, L., Jinorg. Chem2001, 40, 3181~

3190. (19) Tyeklar, Z.; Jacobson, R. R.; Wei, N.; Murthy, N. N.; Zubieta, J.;
(17) Randall, C. R.; Shu, L.; Chiou, Y.-M.; Hagen, K. S.; Ito, M.; Kitajima, Karlin, K. D.; J. Am. Chem. Sod.993 115, 2677-2689.
N.; Lachicotte, R. J.; Zang, Y.; Que, L., Jnorg. Chem.1995 34, (20) Chuang, C. L.; Dos Santos, O.; Xu, X.; Canary, J.Iiérg. Chem.
1036-1039. 1997, 36, 19671972.
(18) Mandon, D.; Nopper, A.; Litrol, T.; Goetz, $org. Chem2001, 40, (21) OpenMoleN, Interactie Structure SolutigrNonius B.V.: Delft, The
4803-4806. Netherlands, 1997.
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Figure 1. Ligands and complexes reported in this study.

Beq(C) A2 but not refined. Full least-squares refinements was on
|F|. A final difference map revealed no significant maxima. The
scattering factor coefficients and anomalous dispersion coefficients

come respectively from refs 22a and 22b.

Crystal data for L ;F€' Cl: yellow crystals; crystal dimensions
0.15 x 0.13 x 0.10 mn3; CigH1gN4CloFe, M = 417.12, ortho-
rhombic, space groupbca a = 18.516(1) Ab = 16.157(1) Ac
= 25.450 (1) A,V = 7613(1) B, Z = 16, D, = 1.46 g cm?,
u(Mo Ka) = 1.082 mnt?; a total of 16523 reflections, 25< 6
< 26.35; 3842 independent reflections havihg> 3o (I); 451
parameters. Final resultfk(F) = 0.041,R,(F) = 0.058, GOF=
1.183, maximum residual electronic density0.393 e As.

Crystal data for L ,F€' Cl,: yellow crystals; crystal dimensions
0.10 x 0.09 x 0.08 mn?, C18H17N4C|25r|:e, M = 496.02,
monoclinic, space grou@c, a = 9.3793(3) A b = 15.4229(6) A,
c=14.3681 (6) Ap = 104.284(2, V = 2014.18(13) & 2 =4,

D. = 1.64 g cm®, u(Mo Ka) = 3.007 mm%; a total of 6290
reflections, 0.998 < § < 30.034; 3339 independent reflections
havingl > 20(1); 235 parameters. Final result®(F) = 0.043,
Ry(F) = 0.104, GOF= 1.046, maximum residual electronic density
=0.727 e A3,

Crystal data for L 3F€' Cl,: orange crystals; crystal dimensions
0.19 x 0.16 x 0.11 mn¥, CygH1gN4CloBr.Fe, M = 574.93,
monoclinic, space group2;, a= 8.4198(5) Ab = 10.9214(8) A,
c=11.3218(7) A = 99.201(9), V = 1027.7(2) R, Z= 2, D,
= 1.86 g cn3, u(Mo Ko) = 4.859 mntl; a total of 7495
reflections, 2.8 < 6 < 26.38; 1511 independent reflections having
I > 3o(l); 243 parameters. Final result®(F) = 0.034,R,(F) =
0.038, GOF= 1.022, maximum residual electronic density0.552
e A3,

Crystal data for L 4F€' Cl,: yellow crystals; crystal dimensions
0.20 x 0.08 x 0.06 mrﬁ‘, C63H66N11C|4F6200_5 = 2(030H26N4C|2-
Fe)y3(CH;CN)-0.5(CH;100), M = 1306.86, triclinic, space group
P1,a=9.1141(3) Ab = 12.6745(7) Ac = 15.6581(7) Ao =
113.786(69, B = 94.924(6Y, y = 91.108(6), V = 1646.1(3) &,
Z=1,D.= 1.32 g cn®, u(Mo Ka) = 0.654 mnt?; a total of
10310 reflections, 25< 6 < 27.46; 4006 independent reflections
having | > 30(l); 382 parameters. Final result®(F) = 0.046,
Ry(F) = 0.075, GOF= 1.202, maximum residual electronic density
= 0.657 e A3,

Results
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Table 1. Selected Bond Lengths (A) and Angles (deg) for the
Six-Coordinate kFe'Cl, Complexes

LiF€e'Clp

LoFe'Cl,

Fe-Cl1
Fe-CI2
Fe-N1
Fe-N2
Fe-N3

Fez2Cl4
Fe2CI3
Fe2N8
Fe2N6
Fe2N7
Fe2N5

Cl3-Fe2-Cl4
Cl4-Fe2-N8
Cl4-Fe2-N6
Cl4-Fe2-N7
Cl4-Fe2-N5
CI3-Fe2-N8
CI3-Fe2-N6
CI3-Fe2-N7
CI3-Fe2-N5
N6-Fe2-N8
N7Fe2-N8
N5-Fe2-N8
N6-Fe2-N7

2.4015(13)
2.3604(12)
2.302(4)
2.169(4)
2.248(4)
2.354(4)

97.55(5)
91.01(11)
166.51(10)
98.43(12)
88.77(10)
166.11(10)
95.68(10)
93.60(12)
119.13(10)
76.52(14))
74.26(15)
71.77(13)
83.31(16))

Fel-CI1
Fel-CI2
Fel-N1
Fel-N2
Fel-N3
Fel-N4

2.333(1) 2.340(1)

2.460(1)
2.196(4)
2.266(4)
2.199(4)
2.203(4) FeN4

99.03(5) Clt-Fe-CI2
106.7(1) Clt-Fe-N1
172.4(1) Clt-Fe-N2
102.8(1) Clt-Fe-N3
95.4(1) Clt-Fe-N4
88.6(1) Cl2-Fe-N1
88.2(1) Cl2-Fe-N2
92.3(1) Cl2-Fe-N3
164.5(1) Cl2-Fe—N4
75.6(1) Ni-Fe-N2
150.0(1) Nt-Fe-N3
81.9(1) N:-Fe-N4
745(1) N2-Fe-N3
N2—Fel-N4 75.6(1) N5-Fe2-N6 77.6(1) N2-Fe—N4 82.49(14)
N3-Fel-N4 789(1) N5-Fe2-N7 89.9(1) N3-Fe-N4 145.36(15)

L, = (2-bromo-6-pyridylmethyl)bis(2-pyridylmethyl)amine,
BrTPA; Lz = bis(2-bromo-6-pyridylmethyl)(2-pyridyl-
methyl)amine, BfTPA; and Ly = bis(2-phenyl-6-pyridyl-
methyl)(2-pyridylmethyl)amine, BfPA). Yellow to orange-
yellow complexes are obtained almost quantitavely @s L
Fe'Cl, complexes, as shown in Figure 1. All compounds
are thermally stable and are obtained in semiquantitative yield
after workup. Slow diffusion of diethyl ether in acetonitrile
solutions of the complexes yielded in each case crystals
suitable for X-ray diffraction analysis.

X-ray Crystal Structure Analysis. L;Fe'Cl, and
L,Fe'Cl,. L1F€'Cl, crystallizes with two molecules in the
asymmetric unit. These two molecules,and b, do not
significantly differ, and selected bond lengths and angles for
L;F€'Cl, (a andb) and L,F€'Cl, are given in Table 1. As
shown in Figure 2, for both compounds the tripodal ligand
coordinates in the standard tetradentate fashion. The two
chloride atoms are bound to the metal, which lies in a
distorted octahedral environment. The trans ligand angles

Cl1-Fel-CI2
Cl1—Fel-N1
Cl1—-Fel-N2
Cl1-Fel-N3
Cl1—Fel-N4
Cl2—Fel-N1
Cl2—Fel-N2
Cl2—Fel-N3
Cl2—Fel-N4
N1-Fel-N2
N1-Fel-N3
N1—-Fel-N4
N2—Fel-N3

100.99(6)
100.5(1)
168.1(1)
108.3(1)
94.6(1)
91.6(1)
89.8(1))
88.0(1)
162.2(1)
74.0(1)
150.7(2)
94.0(1)
76.7(1)

As with ferric complexes, the metalation of the ligands is  display values below 180with, for L;Fé'Cl, (a), values of
simple and fast and proceeds smoothly in THF upon addition 168.1(1} for OCI1—Fel—N2, 162.2(1y for OCl2—Fel—

under argon of 1 equiv of Fe€In solution to the corre-
sponding ligand L (L = tris(2-pyridylmethyl)amine, TPA,

(22) Cromer, D. T.; Waber, J. Tnternational Tables for X-ray Crystal-
lography, The Kynoch Press: Birmingham, 1974; Vol. IV; (a) Table
2.2b; (b) Table 2.3.1.
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N4, and 150.7(2)for ON1—Fel-N3. The angles between
CI1 and its neighbors are significantly larger thar? 9@th
OCI1—Fel-N1 = 100.5(1}, OCI1—Fel-N3 = 108.3(1},
andJCl1—Fel-N4 = 94.6(1y. The value forJCl1—Fe—
Cl2 is 100.99(69. The flexibility of the ligand is expressed
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Table 2. Selected Bond Lengths (A) and Angles (deg) for the
Five-Coordinate KWFe'Cl, Complexes

LsFe'Cl, L4Fe'Cl,

Fe-Cl1 2.298(2) FeCll 2.290(1)
Fe-CI2 2.303(2) FeCI2 2.333(1)
Fe-N1 2.246(7) FeN1 2.258(3)
Fe-N2 2.229(8) FeN2 2.186(4)
Fe-N4 2.188(6) FeN4 2.213(3)
Cll—Fe-CI2 130.8(1) Clt-Fe-CI2 134.74(5)
Cll—Fe-N1 95.2(2) Clt-Fe-N1 95.9(1)
Cll—Fe-N2 114.4(2) Clt-Fe-N2 116.0(1)
Cl1—Fe-N4 94.8(2) Clt-Fe-N4 93.8(1)
Cl2—Fe-N1 98.7(2) Cl2-Fe-N1 96.6(1)
Cl2—Fe-N2 114.7(2) Cl2-Fe-N2 109.2(1)
Cl2—Fe-N4 93.8 (2) Cl2-Fe-N4 93.2(1)
N1-Fe-N2 76.8(3) NI-Fe-N2 78.0(1)
N1—Fe—N4 152.7(3) Ni-Fe-N4 154.6(1)
N2—Fe—N4 76.0(3) N2-Fe-N4 76.6(1)

angles larger than 9Qwith, for instance [ 1CI2—Fe—N4 =
119.13(109, and by small nitrogen-to-nitrogen angles, with,
for example, (ON1-Fe—N4 = 71.77(13). The distance
d(Fe—N1) = 2.302(4) A is larger than the values of 2.248-
(4) and 2.169(4) A observed fa(Fe—N3) andd(Fe—N2),
respectively. The long distance of 2.354(4) A @jFe—N4)

may, in that case, be due to the steric repulsion between the
o-brominated pyridine and the chloride ligands (vide infra).
In LFeCl, the Fe-N4 distance is elongated because of steric
repulsions between the bromine atom and the chloride
ligands. Indeed, a distance of 3.679 A between Brl and CI2
indicates that these two atoms are in van der Waals contact.
As a consequence, the axial pyridine lies more symmetrical
than in LLFeCb, with ON3—Fe—N2 and [ON4—Fe—N2

) ) ) ) angles respectively of 83>3and 82.5. The shortest iron-
Figure 2. ORTEP diagrams of the six-coordinatgRe'Cl, complexes. to-nitrogen distance become@e—N2), i.e., the one between

by the small angles between the nitrogen atoms, with 74.0- the metal and the pyridine trans to the chloride. Finally, in
(1)° for ON1—Fel-N2, 76.7(1} for IN2—Fel-N3, and this structure, the bromo-substituted pyridine is located

75.6(1 for IN2—Fe1-N4. In general, in already reported laterally with respect to the FeCI1—CI2 plane. Van der
structures of iron complexes of TPAs, the-Ré(pyridine) Waals contacts are found between the bromine atom and the

bonds are shorter than the-Rs(amine) oné%1318Indeed, neighboring pyridine with the dis_tancd(t:lZ—B_rl) =3.919
the values of 2.183(4) and 2.180(4) A found ftfFel— Aan@d(NZ—Brl) = 3.536 A. This unsymmetrical geometry
N3) and d(Fel-N1), respectively, are shorter than the Certainly reflects a gain in stability.
distanced(Fe1-N2) = 2.274(4) A. But surprisinglyg(Fe1— LsFe'Cl, and L4Fe'Cl,. The striking features in the
N4) = 2.283(4) A, which is high, presumably because of a Structures of both compounds are (i) the tridentate coordina-
trans effect with the chloride CI2. tion mode of the ligand, one substituted pyridine remaining
For LiFeCl, the two trans pyridines are tightly bound to  out of the coordination sphere; and (ii) the pentacoordination
the metal. As a consequence and because of the steri®f the metal which lies in a distorted trigonal bipyramidal
hindrance provided by the chlorides, theN@e distance is ~ geometry. Selected bond lengths and angles #5elCl,
elongated, and the axial pyridyl ring is tilted with respect to and LiF€'Cl, are given in Table 2, and ORTEP diagrams in
the normal to the N4N2—N3 plane. This additional  Figure 3.
distortion to the octahedral geometry is reflected by the For L3F€'Cl,, the in-plane angles ar@N2—Fe—CI2 =
values of the angleddN3—Fe—N4 andON1—Fe—N4, which 114.7(2y, ON2—Fe—Cl1 = 114.4(2}, and Clt-Fe-CI2 =
are respectively 78%%and 93.9, i.e., significantly different 130.8(1). The ON1—Fe—N4 angle has a small value of
one from the other. 152.7(3). The distortion with respect to ideal trigonal
In L,Fe'Cly,, similar general patterns are observed, the bipyramidal geometry is also expressed by si&lP—Fe—
geometry being here again distorted from ideal octahedral, N4 and [ON2—Fe—N1 angles of 76.0(3) and 76.8(3),
with trans ligand angles of 166.51(20pr O0CI1—Fe—N2, respectively. The metal-to-chloride distancesd{fee—CI1)
166.11(10y for OCI2—Fe—N1, and 145.36(13)for N3— = 2.298(2) A andd(FeCl2)= 2.303(2) A. Other distances
Fe—N4. The distortion is expressed by chloride-to-nitrogen ared(Fe—N2) = 2.229(8) A andd(Fe—N4) = 2.188(6) A.

L,Fe"Cl,
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Lre™cCl,
Figure 3. ORTEP diagrams of the five-coordinatgRg'Cl, complexes.

The valued(Fe—N1) = 2.246(7) A is high because of steric
repulsions between the bromine atom of the substituted
pyridine and the chloride ligands: indeed, the distances
d(Br1—CI1) andd(Br1—ClI2) are very short, with values of

Mandon et al.
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Figure 4. UV—uvisible spectra of LFe'Cl, and L,F€'Cl, in CH3CN.

220 260 300 340

Table 3. UV—Visible Absorption Maxima for the \{Fe'Cl, Complexes
wavelengthmax NM (€, 1073 mmol-1-cnm?), CHCN, rt

complex

LiFe'Cl,  256.0 (8.35) 427.0 (1.44)
LoFe'Cl,  261.0(7.52) 403.5 (1.03)
LsFe!Cl,  262.5 (sh), 269.0 (10.43), 276.0 (sh) 373.0(0.62)
L4FE'Cl,  246.0 (17.90), 283.5 (17.03) 387.0 (0.65)

for L4F€'Cly,, both solvents are present in the unit cell, but
despite their small sizes, they do not bind to the metal.

UV —Visible Spectroscopy.The absorption maxima for
all complexes are listed in Table 3.

L,Fe'Cl, and L,F€e' Cl,. The spectra of the six-coordinate
compounds are displayed in Figure 4. They are dominated
by a ligand-centered—s* transition in the UV region, and
by a broad and prominent transition in the near visible. For
instance, for LF€E'Cl,, values ofl = 256.0 and 427.0 nm
are found. We first thought that the broad absorption in the
visible might be assigned as a charge-transfer transition from
the coordinated chloride to the metal. But our data should
be compared to those reported with some ferrous complexes
with N,N,N'-tris(2-pyridylmethyl)ethane-1,2-diamine type
ligands?® In such complexes, a similar broad band at 400
nm is assigned to a MLCT between the Fe(ll)y"t@rbitals
and thes* pyridine orbitals, this assignment being based
on overlap considerations. The origin of the absorptions in

respectively 3.880 and 3.815 A, indicating that these halogen0ur 59”?5 of compounds might be the same. The spectrum
atoms are in van der Waals contact. Under these conditions Of L2F€'Cl> looks very similar, with however a small

hexacoordination by another bromopyridyl arm is impossible.

In L4F€'Cly, the in-plane angles arEN2—Fe—-CI2 =
109.2(1y, ON2—Fe—Cl1 = 116.0(1}, and Clt-Fe—CI2 =
134.74(5). The ON1—Fe—N4 angle has a small value of
154.6(1y. Small anglesCON2—Fe—N4 = 76.6(1} and
[ON2—Fe—N1 angles of 78.0(2)reflect the distortion of the
ligand. The metal-to-chloride distances ai@e—CI1l) =
2.290(1) A andd(FeClI2)= 2.333(1) A. The shortest FeN
distance in this compound &Fe—N2) = 2.186(4) A. The
metal-to-pyridine bonds are longer, with valuesdfFe—
N4) = 2.213(3) A andd(Fe—N1) = 2.258(3) A. Again in
this structure, the phenyl substituent lies very close to the
chloride ligands with the contact§C11—Cl1) = 3.836 A,
d(C7—CI1) = 3.891 A, andd(C7—CI2) = 3.595 A.

It is noteworthy that both compounds have been recrystal-
lized in a mixture of diethyl ether and acetonitrile. Indeed,
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weakening and shift of the broad band frdm= 427 nm in
L;F€'Cl; to A = 403 nm in LFe'Cly.

LsFe' Cl, and L4F€' Cls. In the five-coordinate complexes,
ligand-centeredr—sr* transitions are also observed in the
UV region. In L4FE'Cl,, absorptions appear at= 246.0
and 283.5 nm and are split as a result of phenyl conjugation
in the ligand. But the striking feature in both complexes,
the spectra of which are similar in the visible range, is the
significant weakening of the broad absorptions. Also, these
weak signals are blue shifted with respect to those in the
six-coordinate complexes, with, for example, ifFE'Cl,, a
maximum atl = 387.0 nm. The spectra are shown in Figure
5. Obviously, the noticeable difference betweeiird!Cl,

(23) Mialane, P.; Nivorojkine, A.; Pratviel, G.; Azema, L.; Slany, M;
Godde, F.; Simaan, A.; Banse, F.; Kargar-Grisel, T.; Bouchoux, G.;
Sainton, J.; Horner, O.; Guilhem, J.; Tchertanova, L.; Meunier, B.;
Girerd, J.-JInorg. Chem 1999 38, 1085-1092.
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Table 4. 'H NMR Chemical Shifts and; Relaxation Times for the Six-CoordinatgRe'Cl, Complexes
chemical shifty, ppm, CQCN, rt (T1, ms)

1P p2
46.4,45.8
(4.63,3.79)

CH2 CHZ

0.5 (2H)
(0.78)

complex o

L;Fe'Cl, 130
(0.20)

B1—Ps, B2

51.3,50.5
(6.95, 4.18)

Y1—Y3, V2 CH;

25.2,24.8 42
(11.83, 6.40) (very broad)

o Pa-3,'2-3

pup1

Y2-3, Y1

CH>

CH>

CH>

LoF€e'Cl, 119 51.1,44.4

(0.46) (6.52, 4.01)

35.6, 23.3
(6.52, 2.40)

13.1,11.0
(9.76, 14.2)

62
(0.42)

55
(0.88)

31
(0.49)

1.9
17
15

b
134%

:
1113
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Figure 5. UV—visible spectra of bFe!Cl, and LyF€e'Cl, in CH3CN.
and LFe'Cl, on one hand andJE€'Cl, and LF€E'Cl, on

the other hand reflects a difference in the ligand field around
the metal and by consequence a difference in the coordination
sphere. Considering the origin of the broad band as an MLCT

between the Fe(ll) “tZ orbitals and ther* pyridine orbitals,
its weakening in kF€'Cl, and LyFe'Cl, complexes suggests

that the tridentate mode of the ligand, with only two bound

pyridines, is retained in solution.
H NMR. L ;F€'Cl, and L,F€' Cl,. The spectra are typical

for high-spin ferrous complexes, and all resonances are listed

in Table 4. All the signals have been assigned on the basis

of the integrals and’; relaxation times, and the traces are
shown in Figure 6. In LFe'Cl, the a protons of the
coordinated arms are foundat= 130 ppm with a low value
of T; = 0.20 ms. Thej protons of the coordinated arms
appear as sharp signals @t= 51.3, 50.5, 46.4, and 45.8
ppm (T; = 6.95, 4.18, 4.63, and 3.79 ms), and thprotons
ato = 25.2 and 24.8 ppmTg = 11.83 and 6.40 ms). In

Figure 6. H NMR spectra of LFe'Cl, and L,F€'Cl, in CDsCN.

methylene protons appear as three distinct signals strongly
supports that the geometry around the metal found in the

trichloroferric complexes, the methylene protons are not solid state is also retained in solution.

visible on the spectr& In the present case, we observe a

LsFe'Cl, and L4F€'Cl,. The spectra of the complexes

broad signal integrating for two protons at 0.5 ppm and assignalso reflect a high-spin state for the metal, with broader

it to two of the six methylene protons, with& value of

signals than those observed in the above-described com-

0.78 ms. The presence of an extremely broad and weak bangounds (Figure 7, Table 5). InsE€'Cl,, four signals display
lying between 60 and 20 ppm on the spectrum may accountvery short relaxation times. The unique proton of the

for the remaining four methylene protons. IaA€E'Cl, the
two o protons of the coordinated pyridines appeap at
119 ppm withT; = 0.46 ms. Thes and ' protons of the
unsubstituted pyridines are foundat= 51.1 and 44.4 ppm
(T, = 6.52 and 4.01 ms) and are downfield shifted with
respect to thgg andp’ protons of the bromo-substituted arm,
which resonate ab = 36.5 and 23.3 ppmTy = 6.52 and
2.40 ms). Three broad bands with shdrtvalues are found

coordinated pyridine appears at= 123 ppm withT; =
0.12 ms. Then, three signals corresponding to two protons
each are found ad = 72 (T; = 0.42 ms), 34T, = 0.74
ms), and 20 ppmT, = 0.76 ms) and are assigned to the
methylene protons. Two other signals with relaxation times
close to each other are found@t= 55.5 ppm Ti1a= 1.15

ms) andd, = 0.7 ppm {1, = 0.95 ms). They certainly
correspond to thés, 5', andy protons of the coordinated

atd = 62 (0.42 ms), 55 (0.88 ms), and 31 (0.49 ms) ppm pyridines. Considering the relaxation times ondy,would
and are assigned to the three methylene protons. Finally, thefit to the g and ' and d, to they protons. However, the
spectrum is very well resolved, and the fact that the difference in these values might be not significant with
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Table 5. 'H NMR Chemical Shifts and’; Relaxation Times for the Five-CoordinatgRAe'Cl, Complexes

chemical shiftd, ppm, CRCN, rt (T1, ms)

complex o CH; phenyl subst (k)2 uncoord Py B, B, andy

L3Fe'Cl, 123 72,34,20 6.3,4.0 55.5,0.7
(0.12) (0.42,0.74, 0.76) (1.98, 2.08) (1.15, 0.95)

L4FE'Cl, 120 88, 31, 21 10.8,7.0,4.8 21,18 54.1,52.9,7.5,45
(0.13) (0.17,0.31, 0.34) (0.98,5.79, 2.17) (6.0, shoulder) (2.08,1.37,1.0,1.1)

a¢ values from?H NMR on [Phd'9L sF€'Cl,

Figure 7. 'H NMR spectra of LFe'Cl; and LFe'Cl, in CDsCN: (*) 8,
p', andy protons; (T) phenyl substituent of the pyridine)L

respect to the experimental errors. Finally, the only remaining

signals on the spectrum are found in the diamagnetic region,

ato = 6.3 (T; = 1.98 ms) and 4.0 ppnT{ = 2.08 ms), and
are attributed to the protons of the uncoordinated pyridine.
The spectrum of kFe'Cl, also displays four signals with
shortT; values. The broad resonancedat 120 ppm,T; =
0.13 ms is assigned to the proton of the coordinated
pyridine. The methylene signals are founddat 88, 31,
and 21 ppm and witlT; = 0.17, 0.31, and 0.34 ms. The
diamagnetic region should contain the signals from the
uncoordinated pyridine, together with those of the phenyl

substituents. The resonance of these phenyl protons has been

unequivocally assigned usiri¢d NMR on the selectively
deuterated [Pl TPAF€!'Cl, complex. The spectrum, avail-
able as Supporting Information, shows that, for this complex,
these protons give rise to three signalsdat 10.8 (0.98
ms), 7.0 (5.79 ms), and 4.8 ppm (2.17 sPther signals

in the diamagnetic region with = 2.1 (6.00 ms) and 1.8
ppm (shoulder in CBCN) are assigned to the protons of the
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uncoordinated pyridine. Finally, the remaining resonances
display short to moderat€, and appear ad = 54.1 ppm
(2.08 ms), 52.9 ppm (1.37 ms), 7.5 (1.01 ms), and 4.5 (1.09
ms). They might account for th& /', andy protons of the
coordinated pyridine, with a noticeable difference in chemical
shifts and relaxation times due in part to the presence of
one phenyl ring on the coordinated pyridine.

Furthermore, the coordination of acetonitrile to the metal
has been considered infe'Cl, and LF€e'Cl,. Thus, aliquots
of CH3;CN in solution in the deuterated solvent have been
added to NMR solutions of the complexes. However, no
modification of the spectra could be observed.

Conductivity Measurements. Whereas tetradentate co-
ordination mode of the ligand in solutions ofA€g'Cl, and
L,F€'Cl, may be deduced frorH NMR data, the question
arises for LFe'Cl, and LF€E'Cl,. We have measured the
molecular electric conductivities of all complexes in aceto-
nitrile, at concentrations close to that used for NMR
experiments. We found for each of them very similar values,
close to 30x 1C° uS-cmP-mol~%, as shown in Table 6. Our
data may be compared to those reported with some dichloro
iron and manganese complexes with tetraazamacrocycles
which have been shown to remain neutral in soluttbRor
these macrocyclic iron complexes, the values lie between
47 and 62x 10° uS-cm?-mol~t. We thus have evidence that
our compounds remain neutral in solution. But additional
support maybe obtained by comparison of our data with those
obtained from charged species. Two easy ways lead to the
formation of cationic complexes: following already known
procedures, mixing a 1:1 equivalent of ligand and metal
dichloride in the presence of weakly coordinating anions is
expected to yield a dinuclear dicationic specdfeBut also
possible is the formation of mononuclear dications by mixing
a 2:1 mixture of ligand and chloride-free s&ltWe thus
generated cationic species by addition under inert atmosphere
of a 2:1 equivalent of ligand to the H&F,),. Using this
procedure, species are obtained the molecular conductivities
of which lie all together in the same range. However, the

(24) Hubin, T. J.; McCormick, J. M.; Collinson, S. R.; Buchalova, M.;
Perkins, C. M.; Alcock, N. W.; Kahol, P. K.; Raghunatan, A.; Busch,
D. H. J. Am. Chem. So@00Q 122 2512-2522.

(25) Britovsek, G. J. P.; Gibson, V. C.; Kimberley, B. S.; Mastroianni, S.;

Redshaw, C.; Solan, G. A.; White, A. J. P.; Williams, DJJChem.

Soc., Dalton Trans2001, 1639-1644.

(26) Britovsek, G. J. P.; Bruce, M.; Gibson, V. C.; Kimberley, B. S.;
Maddox, P.; Mastroianni, S.; McTavish, S. J.; Redshaw, C.; Solan,
G. A,; Stramberg, S.; White, A. J. P.; Williams, D. J. Am. Chem.
Soc.1999 121, 8728-8740.

(27) All T, values of well-defined signals have been measured on the regular
nondeuterated JF€' Cl, complex. The signals @t = 7.5 and 4.5 ppm
appear as shoulders within the phenyl peaks; tfigivalues were
obtained from measurements on the phenyl-deuterated complex for
which they appear as single peaks.
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Table 6. Molecular Conductivities Observed in Acetonitrile at 20 for All Complexes Described in This Stutly

blank cell sample sample— blank
concn, conductivity, conductivity, conductivity, molar conductivity,
complex mmol-L 1 uScmt uScmt uScmt 10f uS-cn?-mol—t
L1Fe'Cl, 3.60 2.1 109.2 107 29.7
LoFe'Cl, 3.02 1.6 92.1 90 29.8
L3sFe!Cl, 2.61 1.3 86.5 85 325
L4F€e'Cl, 2.63 15 76.9 75 28.5
Fe'(BFs)2+ L1 3.80 1.7 582.0 580 152.6
Fe'(BFs)2+ L2 3.80 1.6 572.1 570 150.0
Fe'(BFs)2+ L3 3.80 1.3 551.3 550 144.7
Fe'(BFs)2+ L4 3.80 2.0 552.2 550 144.7

2l ines 5-8: Anaerobic solutions of P¢BF4), under argon in which a 2-fold excess of ligand is added. Equilibration time of 5 min after appearance of
the yellow color, then measurement.

values found for these compounds are close to £500° complexes with trigonal bipyramidal geometries can be found
uS-cn?-mol™?, i.e., much higher than those measured on the with imido type ligands and are generally studied in the field
complexes, and strongly support in that specific case the of polymerization catalysi>26

presence of charged species in solution. Simple ferrous complexes of TPA or its 6-methyl deriva-

In consequence, we believe that all complexesfEe'Cl, tive have already been fully characterized, and the relation-
described in this study remain neutral molecules in aceto- ship between structure and spin state has been examined in
nitrile solution. detail>1® Spin state is closely related to metal-to-ligand

distances, and substitution at theposition by a methyl
group has been shown to induce elongation of the metal-
In general, coordination of exogenous ligands to ferrous to-ligand bonds. In the present case all factors combine to
TPA derivatives is limited to either biomimetic anions give high-spin complexes: chloride ions are low-field
(acetates, thiolates, or catechols, for example) or weakly ligands, and their size exerts enough steric constraint to push
coordinating anion&*17 In this study, the choice of chloride away the ligand from the metal, with no metal-to-ligand
ions, which in organic solvents are strongly coordinating, distances lower than 2.0 AH NMR data on ferrous mono-
was dictated by the need to obtain complexes displaying or dinuclear complexes has already been rep8i&éé1“Our
excellent criteria of stability in various media. The prepara- 'H NMR data also supports a high-spin state for the metal
tion is very simple, and by contrast to other methods in all complexes with relaxation times lying between 0.1 and
involving mixtures of chloride, perchlorate, and boron- 7 ms for the paramagnetically shifted protons, i.e., which
substituted counterions from which hiskalo) diiron(ll) are in the lower limit of the range expected for'F&= 2
complexes can be prepared, we obtained mononuclearsystems:!3Interestingly, the relaxation times are shorter in
complexes® With the parent TPA ligand L and the LsFe!Cl, and LFe!Cl, than in the other complexes, which
monobrominated (BrTPA), low or limited steric constraints ~ might reflect a different magnetic distribution around the
allow tetradentate coordination of the tripod ligand td+e  coordination sphere. In early NMR studies of metayridine
Cl,. By contrast, with the di substituted tripods 4.and complexes, pyridine protons were found to experience
L4, decoordination of one substituted pyridyl arm occurs, downfield shifts which attenuate in the ordeHd > g-H >
leaving the metal in a five-coordinate geometry, even in the y-H.}* This has been interpretated as the result of a
presence of a potentially coordinating solvent such as mechanism for delocalizing unpaired spin density. In this
acetonitrile. In chemistry of iron complexes, precedents of study, alla protons appear at low field with short relaxation
tridentate coordination of TPA derivatives are known in both times, in line with previously reported data on high-spin
ferric and ferrous statéd68Decoordination of a pyridyl ~ ferrous monomers for which in general the signals lie
arm generally occurs because of steric repulsions around theédetween 70 and 140 ppm. The assignment of/ttend y
metal. This is the case with ligands substituted in ¢he  protons in the LFe'Cl, and L,F€'Cl, complexes is straight-
position of the pyridyl arm(s), or in complexes in which two forward and follows the general patte¥h!1314But the
tripods coordinate to a single metal atom. The geometry question remains open in the five-coordinate complexes,
around the metal in complexesHe!Cl, and LFe'Cl, is where slightly shorter relaxation times (at least in the same
more unusual. Trigonal bipyramidal geometry has been order of magnitude) are found for the upfield signal.
reported in ferrous derivatives with thiophenolato ligands, The qualitative difference in the spectra of the six- and
but in these cases the tripod acts as a tetradentate liand. five-coordinate complexes should be considered in light of
To our knowledge, the only precedent for a trigonal previously reported studiéé.lt has been shown that @
bipyramidal environment in which a TPA ligand coordinates delocalization is the only possibility left for the magnetic
the iron in a tridentate way has been described in the ferric exchange between the metal orbitals and the pyridine ligands
derivative [(6-MgTPA)Fe(NO}](ClO4)..16 Small nitrosyl in the six-coordinate TPA complexes. But the question of
ligands bind to the metal, but substitution at theeepyridyl delocalization might arise in the case of the five-coordinate
arms prevents complete folding of the tripod. From a more compounds with a trigonal bipyramidal geometry. Although
general point of view, a few examples of dichloro iron L3F€'Cl, and LF€'Cl, deviate from the ideal trigonal

Discussion
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bipyramidal geometry, somedelocalization might account  ligands, TPA or derivatives in which the position of one
for the shorter relaxation times in these compleXes. or two pyridyl arms is substituted by a bromine or phenyl
Finally, the question of the conservation of the structure group. In addition to full characterization by X-ray crystal-
in solution may be important in view of further use of the lography andH NMR and UV-visible spectroscopies, the
complexes. We believe that tetradentate coordination ismost salient point of this study is to demonstrate that
retained " solution fof LFe'Cl, and L,Fe'Cl; complexes.  pentacoordination at the metal site occurs in dichloroferrous
With LsFe'Cl, and LiFe!Cl, both UV-—visible spectroscopy  complexes with a modified TPA ligand in which two pyridyl
and'H NMR support the retention of the structure in solution. arms are substituted in the position, and that tridentate

Tetr_aden_tate coordination of the tripods and L to coordination of the tripod is very likely retained in solution.
undissociated F€l, also seems to be extremely unlikely .
. . o . This property may be extremely useful when vacant coor-
from crystallographic studies. However, it is not possibleto . ™ : . o .
dination sites are needed at the vicinity of a reactive metal

rule out that, upon removal of at least one chloride atom ter. Extensi K in this direction i i d
from the metal, tetradentate refolding of the ligand might F:en er.. >.<en.5|ve work in this direction 1S curréntly under
investigation in our group.

be possible, followeeor not—by coordination of an aceto-
nitrile molecule. This would definitely afford charged species
[(L,FE'CI)(CH3CN)]". Our electric conductivity measure- _ : .
ments invalidate this hypothesis. We show that all complexes, Fischer, Dr. A. De Cian, and Mrs. N. Qrgber fr.om tr'1e Sgrwce
upon solubilization in acetonitrile, display very low conduc- Commun de Rayons X, Faculge Chimie, Universitéouis
tivities in a narrow range similar to those found in other Pasteur for the X-ray structural determinations. We thank

neutral complexe® furthermore, comparison with data @lso Prof. R. Louis for useful discussions about the conduc-

obtained from related ionic complexes at similar concentra- tivity experiments. Financial support by the CNRS and the

tions strongly support that 1L4F€'Cl, remain neutral in  ULP is gratefully acknowledged.

solution. Thus, tridentate coordination of the tripod in _ _ _ S

solutions of LFE'Cl, and LFE'Cl, is the only possibility Supporting Information Available: Side view of the ORTEP

left. Finally, the fact that the NMR spectra off€'Cl, and diagrams for all complexes with selected angles and conthdts.

L,FE'Cl, are not affected by the addition of aliquots of NMR spectrum of LFE'CI; in the diamagnetic regiorftH NMR

nondeuterated CJEN suggests that acetonitrile does not bind SPectrum of [PHI(TPA)FE!Cl, CHCN, 295 K. Tables of

to the metal in solution, and that conservation of the structure CyStallographic data and crystallographic files in CIF format for

of the solid state in solution is the most likely possibility the four reported structures. This material is available free of charge
In summary, we report in this article the preparation of a V2 (€ Intermnet at http://pubs.acs.org.

series of four dichloroferrous complexes with tripodal 1C011104T

Acknowledgment. The authors are indebted to Prof. J.

5372 Inorganic Chemistry, Vol. 41, No. 21, 2002





