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We report in this communication the easy preparation of the a-iodo substituted tripods within the series
of tris(2-pyridylmethyl)amine ligands, I1TPA, I2TPA and I3TPA, respectively. The characterization of the
corresponding FeCl2 complexes in solution is described and structural analysis by X-ray diffraction for
I1TPAFeCl2 and I2TPAFeCl2 is also reported. The steric effect of the iodo substituent is evidenced: (i) by
elongation of the metal to iodo-pyridine distance within I1TPAFeCl2, which however remains a very stable
compound; (ii) by decoordination of one substituted pyridine in I2TPAFeCl2 and I3TPAFeCl3. In I2TPAFeCl2

and in the solid state, this uncoordinated pyridine strongly interacts with the same fragment of the
neighbouring molecule, providing an overall dinuclear arrangement for this complex.

� 2010 Elsevier B.V. All rights reserved.
1. Introduction

The inorganic chemistry of tripodal ligands based on the tris(2-
pyridylmethyl)amine (TPA) motif has, over the last 20 years,
undergone a tremendous development: these small tetraamine li-
gands are easy to prepare, coordinate most metal ions of the peri-
odic table yielding stable complexes, and therefore find potential
application in many research areas [1–3].

Iron complexes with TPA-type tripods have been used as pow-
erful tools to understand the structure/function relationship at ac-
tive sites of non-heme iron proteins in which the metal centres
have high-valent oxidation states [4,5]. Complexes with a-substi-
tuted tris(2-pyridylmethyl)amine ligands have also been used as
platforms to address reactivity questions such as coordination of
dioxygen to FeII centres [6–9], or intramolecular conversion of var-
ious functional groups [9–11]. In terms of properties, it has already
been shown that TPA-type tripods can be considered as borderline
ligands with respect to the ligand field they provide to metal com-
plexes: this is particularly true with ferric hydroperoxides, for
which a change in the spin state is observed upon methyl substitu-
tion of the tripod [12]. In relation to this point, an other important
investigation area for which a-substitution of TPA ligands might be
extremely useful is the question of spin conversions in metal
ll rights reserved.
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complexes. Exogenous ligands such as thiocyanate [13], cyanides
[14–16], nitrogen-containing bridging ligands [16] or catecholates
[17–19] to cite only a few recent examples, once coordinated to the
metal centre in TPA complexes, yield compounds which undergo
spin conversions. Keeping this in mind, the control of the electronic
and steric properties within this kind of tripodal ligands appears to
be highly desirable, and substitution of the pyridine units repre-
sents an easy way to achieve this goal.

Whereas alkyl substitution at the a position was described
shortly after the first report of the synthesis of the parent tripod
[20–23], halide substitution appeared more recently, with bromine
atoms first [24], followed by chloride1 and fluoride [8,25] substitu-
ents. Surprisingly, there was no mention of any a-substituted tripods
with iodine, despite the fact that this atom displays the biggest
atomic radius within the commonly referred series of stable halo-
gens (F, Cl, Br and I), making from these tripods interesting candi-
dates to address the dichotomic question of electronic versus steric
effects in coordination chemistry.

The goal of the present article is to makeup this lack of informa-
tion by reporting the preparation of the series of a- iodo-substi-
tuted TPA tripods, as well as the spectroscopic properties of the
corresponding FeCl2 complexes, and the crystal structures of two
of them, I1TPAFeCl2 and I2TPAFeCl2, respectively.
1 For the mono a-chlorosubstituted tripod, see Ref. [23]. The preparation of di- and
tris-a-chlorosubstituted ligands will be reported in a forthcoming article from this
laboratory.

http://dx.doi.org/10.1016/j.ica.2010.10.024
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2. Experimental

2.1. General considerations and physical methods

All solvents used during the metallation reactions and work-up
were distilled and dried according to published procedures [26]
and degassed shortly before use. 2-aminomethyl pyridine, trimeth-
ylsilyl chloride and sodium iodide were purchased from Aldrich
and used as received. Analytical anhydrous FeCl2 was obtained as
a white powder by reacting iron powder (ACS grade) with
hydrochloric acid in the presence of methanol under an argon
atmosphere. 2-Bromo-6-methylpyridine [27] and bis(2-pyridyl-
methyl)amine (DPA) [21] were prepared as previously reported.
2-Iodo-6-methylpyridine was prepared according to an already
published procedure [31]. UV–Vis spectra were recorded on a
Varian Cary 05e UV–Vis–NIR spectrophotometer at room tempera-
ture in CH3CN. 1H NMR data were collected in CD3CN solutions (or
CDCl3 for free ligands) on a Bruker AC 300 spectrometer at
300.1300 MHz using the residual signal of CD2HCN (CHCl3 for
ligand) as a reference for calibration. Conductivity measurements
were carried out under argon at 20 �C with a CDM 210 Radiometer
Copenhagen Conductivity Meter, using a Tacussel CDC745-9 elec-
trode. Cyclic voltammetry measurements were obtained from a
PAR 273A potentiostat in a 0.1 M acetonitrile solution of TBAPF6

(supporting electrolyte), using platinum electrodes and saturated
calomel electrode as reference. For each measurement, the poten-
tial was checked by addition of a small amount of ferrocene (Fc/
Fc+ = 0.380 v/SCE) in the cell. Elemental analyses were carried out
by the Service Central d’Analyses de l’Institut de Chimie de Stras-
bourg. Mass spectra were obtained from the Service de Spectromé-
trie de Masse de l’Institut de Chimie de Strasbourg.

2.2. Syntheses

2.2.1. Ligands
2-(Bromomethyl)-6-iodopyridine: To a solution of 4 g, (18.2

mmol) of 2-iodo-6methyl pyridine in 200 cm3 of CCl4 were added
3.6 g (20 mmol) of N-bromosucinimide, and 180 mg (0.7 mmol)
of dibenzoyl peroxide. The medium was refluxed for 5 h, then
cooled to room temperature. The solvent was evaporated, and
the residue extracted with toluene. After filtration, the toluene
solution was washed with water, and dried on MgSO4. The concen-
trated toluene phase was deposited at the top of a chromatography
column mounted with silicagel/toluene. Elution using toluene
afforded the desired compound as the third fraction. 1.44 g
(4.8 mmol) of a white solid were obtained, corresponding to a
26.5% yield of 2-iodo 6-bromomethyl pyridine.

1H NMR (CDCl3), d, ppm: 7.64 (d, 1H); 7.43 (d, 1H); 7.32 (t, 1H),
4.48 (s, 2H).

I1TPA = (2-iodo 6-pyridylmethyl)bis(2-pyridylmethyl)amine: To a
solution of 0.5 g (1.67 mmol) of 2-(bromomethyl)-6-iodopyridine
in 200 cm3 of EtOH were added 0.33 g (1.65 mmol) of bis(2-pyri-
dylmethyl)amine and 0.85 g (0.01 mmol) of NaHCO3. The reaction
mixture was refluxed over 16 h. Afterwards, the solvent was evap-
orated to dryness. Water was then added, and the mixture was ex-
tracted several times with CH2Cl2. The combined organic phases
were washed with water then dried over MgSO4. Addition of pen-
tane to the concentrated organic phases allowed precipitation of a
white solid, which was filtered and dried under vacuum. Obtained:
0.28 g, corresponding to a 43.5% yield.

1H NMR, CDCl3, d, ppm: 8.54 (m, a-CHarom, 2H); 7.70–7.50 (m,
CHarom, 6H); 7.28 (t, CHarom, 1H); 7.15 (m, CHarom, 2H); 3.89, (s,
CH2, 4H); 3.87 (s, CH2, 2H). The spectrum is displayed in the
Supplementary Content section.

Elemental Anal. Calc. for C18H17N4I: C, 51.9; H, 4.1; N, 13.4.
Found: C, 51.7; H, 4.2; N, 13.3%.
I2TPA = bis(2-iodo-6-pyridylmethyl)(2-pyridylmethyl)amine: To a
solution of 0.5 g (1.67 mmol) of 2-(bromomethyl)-6-iodopyridine
in 200 cm3 of EtOH were added 0.09 g (0.83 mmol) of picolylamine
and 1.2 g (10.00 mmol) of Na2CO3. The reaction mixture was re-
fluxed over 16 h. Afterwards, the solvent was evaporated to dry-
ness. Water was then added and the mixture was extracted
several times with CH2Cl2. The combined organic phases were
washed with water then dried over MgSO4. The concentrated solu-
tion was deposited at the top of a chromatographic column
mounted with silicagel/diethyl ether. The column was washed
with diethyl ether, and the desired ligand was obtained upon elu-
tion with a 50:50 mixture of diethyl ether and acetone. Concentra-
tion afforded 0.26 g of a white solid, corresponding to a 30% yield.

1H NMR, CDCl3, d, ppm: 8.53 (m, a-CHarom, 1H); 7.70–7.50 (m,
CHarom, 6H); 7.28 (t, CHarom, 1H); 7.15 (m, CHarom, 1H); 3.88, (s,
CH2, 2H); 3.85 (s, CH2, 4H). The spectrum is displayed in the
Supplementary Content section.

Elemental Anal. Calc. for C18H16N4I2: C, 39.8; H, 2.9; N, 10.3.
Found: C, 39.7; H, 3.3; N, 10.0%.

I3TPA = tris(2-iodo-6-pyridylmethyl)amine: 1.45 g (4.8 mmol) of
2-(bromomethyl)-6-iodopyridine were suspended with NH4Cl
(96 mg, 1.60 mmol) in a mixture THF/H2O 90:10 (150 cm3). The
pH was raised by addition of aqueous NaOH until a value of 10
was readable after having spotted the medium on a pH paper.
The resulting medium was stirred 4 days at room temperature in
a tightly closed flask. After THF evaporation, the reaction mixture
was then poured into CH2Cl2 and the organic phase separated,
washed with water and then dried by MgSO4. Addition of cold hex-
ane to the concentrated organic phases yielded 0.63 g (58%) of a
white solid.

1H NMR, CDCl3, d, ppm: 7.60–7.50 (m, CHarom, 6H); 7.28 (t, CHarom,
3H); 3.85 (s, CH2, 6H). The spectrum is displayed in the Supplemen-
tary Content section.

Elemental Anal. Calc. for C18H15N4I3: C, 32.3; H, 2.2; N, 8.3.
Found: C, 32.4; H, 2.7; N, 8.2%.

2.2.2. Complexes
Preparation and handling of the complexes were performed un-

der argon atmosphere by using Schlenk technique following stan-
dard procedures [28].

Details are given for I1TPAFeCl2, but the following procedure ap-
plies to all complexes: 150 mg (0.36 mmol) of free I1TPA were dis-
solved in a schlenk tube containing 20 cm3 of dry and degassed
THF. 46 mg (0.36 mmol) of anhydrous FeCl2 was dissolved in a sec-
ond schlenk tube containing 10 cm3 of dry and degassed THF. The
solution of FeCl2 was transferred under argon in the schlenk con-
taining the ligand, and the medium was stirred overnight. The sol-
vent was then evaporated to dryness, and the compound was
extracted with dry and degassed CH3CN, filtered under inert atmo-
sphere and concentrated. Addition of diethyl ether afforded a yel-
low solid, which was washed thoroughly with this solvent, prior to
be dried under vacuum. 160 mg (82%) of I1TPAFeCl2 with good
spectroscopic data could be obtained. Additional washings with a
mixture of diethyl ether/CH2Cl2 followed by an other evaporation
cycle is sometimes necessary to get rid of unreacted free ligand.

Single crystals were obtained by slow diffusion of diethyl ether
in a sealed tube containing I1TPAFeCl2 in solution in CH3CN, and
I2FeCl2 in solution in CH2Cl2. The crystals obtained by this way
were crushed and dissolved in dry and degassed acetonitrile, and
the spectroscopic data (UV–Vis and 1H NMR) of the solution were
found to be identical to those obtained from the powder samples.
I1TPAFeCl2: UV–Vis, CH3CN, R.T., k, nm (103 mol�1 L cm�1): 258
(5.5); 375 (1.0).

1H NMR, CD3CN, d, ppm, (Dm1/2, Hz): 117, a (553); 67, 57, 42,
CH2 (608, 352, 521); 51, 46, b, b0unsubst.Py (40, 42); 28, 18, b, b0subst.Py

(87, 150); 10, cunsubstPy (28); 8, csubstPy (24). Assignment realized by
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comparison with the already well known BrTPAFeCl2 complex, for
which a qualitatively similar spectrum is reported in Ref. [28].

Elemental Anal. Calc. for C18H17N4IFeCl2�½ CH2Cl2: C, 37.9; H,
3.1; N, 9.5. Found: C, 38.1; H, 3.5; N, 9.8%.

Cyclic voltammetry, CH3CN TBAPF6 0.1 M, 200 mV/s C = 3
mMol: E1/2Fe(II)Fe(III) = 210 mV/SCE. DEc/Ea = 190 mV. Ipc/Ipa = 0.91.

Molecular conductivity, 3.7 mMol, CH3CN: K = 19.2 S cm2 mol�1.
I2TPAFeCl2: UV–Vis, CH3CN, R.T., k, nm (103 mol�1 L cm�1): 246

(7.1); 370 (0.5).
1H NMR, CD3CN, d, ppm (Dm1/2, Hz): 121, a (680); 88, 74, 47, CH2

(920, 700, 670); 55, 32, 19, b, b0 (90, 265, 333).
Elemental Anal. Calc. for C18H16N4I2FeCl2: C, 32.3; H, 2.4; N, 8.4.

Found: C, 32.7; H, 2.7; N, 8.3%.
Cyclic voltammetry, CH3CN TBAPF6 0.1 M, 200 mV/s C =

2.5 mMol: E1/2Fe(II)Fe(III) = 44 mV/SCE. DEc/Ea = 150 mV. Ipc/Ipa = 0.85.
Molecular conductivity, 3.4 mMol, CH3CN: K = 23.1 S cm2

mol�1.
I3TPAFeCl2: UV–Vis, CH3CN, R.T., k, nm (103 mol�1 L cm�1): 276

(14.3). No MLCT absorption.
1H NMR, CD3NO2, d, ppm, (Dm1/2, Hz): Poor solubility. No tracta-

ble signals detected.
Mass Spectroscopy: esi positive, m/z: found: 758.729 (100%),

759.726 (22%), 760.727 (32%), perfectly matching the cluster
[C18H15N4I3FeCl]+, [I3TPAFeCl]+ for which the calculated values
are: 758.746 (100%), 759.749 (22%), 760.744 (31.5%).

Elemental Anal. Calc. for C18H15N4I3FeCl2�CH2Cl2: C, 25.9; H, 1.9;
N, 6.4. Found: C, 25.9; H, 2.2; N, 6.6%.

Cyclic voltammetry, CH3CN TBAPF6 0.1 M, 200 mV/s C = satura-
tion: E1/2Fe(II)Fe(III) = 54 mV/SCE. DEc/Ea = 170 mV. Ipc/Ipa = 0.93.

Molecular conductivity, 1.0 mMol, CH3CN: K = 15.3 S cm2 mol�1.

2.3. Crystal structures

Single crystals were obtained by slow diffusion of diethyl ether
in a sealed tube containing I1TPAFeCl2 in solution in CH3CN, and
I2FeCl2 in solution in CH2Cl2.

Selected single crystal was mounted on a Nonius Kappa-CCD
area detector diffractometer (Mo Ka k = 0.71073 Å). The complete
conditions of data collection (DENZO software [29]) and structure
N IN Br N
Br(i) (ii)

Scheme 1. Synthetic pathways for ligands InTPA. Conditions: (i): TMSCl, NaI, 100 �C, 4 d
CCl4; (iii): DPA, NaHCO3, EtOH, 90 �C, 16 h; (iv): 2-aminomethyl pyridine, Na2CO3, EtOH
refinements are given below. The cell parameters were determined
from reflections taken from one set of 10 frames (1.0� steps in phi
angle), each at 20 s exposure. The structures were solved using di-
rect methods (SHELXS97) and refined against F2 using the SHELXL97
software [30]. No absorption correction was applied. All non-
hydrogen atoms were refined anisotropically. Hydrogen atoms
were generated according to stereochemistry and refined using a
riding model in SHELXL97. The R2 value refers to all data; the R1 value
refers to observed data.

I1TPAFe(II)Cl2 = C18H17Cl2FeIN4, T = 173 (2) K, M.W. = 543.01. Tri-
clinic, P�1, a = 8.9812(3) Å, b = 13.7106(3) Å, c = 16.7178(7) Å,
a = 92.518(2)�, b = 105.340(1)�, c = 92.663(2)�, V = 1979.73(12) Å3.
Dcalc = 1.822 g cm�3, Z = 4, R1 = 0.0415, wR2 = 0.1216 for 9005
reflections, h max = 27.47�. Rint = 0.0450, total number of reflex-
ions: 20356.

I2TPAFe(II)Cl2 = C18H16Cl2FeI2N4, CH2Cl2, T = 173 (2) K, M.W. =
753.82. Monoclinic, P21/c, a = 8.1785(2) Å, b = 15.2004(5) Å, c =
21.2058(6) Å, b = 106.957(2)�, V = 2521.62(13) Å3. Dcalc = 1.986 g
cm�3, Z = 4, R1 = 0.0546, wR2 = 0.1719 for 5577 reflections, h
max = 27.5�. Rint = 0.0557, total number of reflexions: 14949.

3. Results and discussion

Synthesis of tris(2-pyridylmethyl)amine (TPA) – type ligands is
generally achieved following two alternative pathways: (i) the con-
densation of 2-aminomethyl pyridine with 2-pyridine carboxalde-
hyde derivatives followed by reduction with hydrides, and
subsequent action of a second equivalent of 2-pyridine carboxalde-
hyde derivative; (ii) the condensation of 2-halomethyl-substituted
pyridines with primary amines (2-aminomethyl pyridine), with
secondary amines (bis(2-pyridylmethyl)amine [DPA]) or with in
situ generated ammonia. The choice of the 2-halomethyl pyridine
method was dictated by the unavailability of 6-iodo-2-pyridinecar-
boxaldehyde, whereas the preparation of 2-iodo-6-methylpyridine
had already been reported [31]. We thus prepared 2-iodo-6-
methylpyridine from the 2-bromo-6-methylpyridine precursor,
and obtained upon radical bromination reaction the 2-(bromo-
methyl)-6-iodopyridine, as the source of iodo pyridine in our
ligands.
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ays, propionitrile (according to Ref. [31]); (ii): NBS, Benzoyl peroxide 4%, 90 �C, 5 h,
, 90 �C, 16 h; (v): NH4Cl/NaOH (pH 10), THF:H2O 90:10, 4 days, R.T.
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The synthesis of ligands turned out to be straightforward, as
shown in Scheme 1, although a moderate yield of 30% only in ana-
lytically pure compound could be obtained for I2TPA. All tripods
displayed good stability, and were characterized by 1H NMR and
elemental analyses. The metalation reactions were carried out fol-
lowing already reported procedures [8,28], and afforded the com-
plexes I1TPAFeCl2, I2TPAFeCl2 and I3TPAFeCl2 as yellow-orange,
yellow and pale yellow solids, with yields of 85–90%. Although
oxygen-sensitive, the complexes turned out to be thermally stable
when stored under inert atmosphere.

In UV–Vis spectroscopy, I1TPAFeCl2 exhibited the expected
MLCT absorption for high-spin complexes at k = 375 nm, with a
molecular extinction coefficient e = 1.0 � 103 mol�1 L cm�1 sup-
porting coordination of the three pyridines of the tripod. By con-
trast, the similar MLCT absorption was found at k = 370 nm
(e = 0.5 � 103 mol�1 L cm�1) for I2TPAFeCl2 and non-existent with
I3TPAFeCl2. The weak (half-reduced with respect to I1TPAFeCl2)
intensity for the former and the absence of transition for the latter
indicate a hypodentate coordination mode of the ligand around the
metal [28,32]. All data are shown in the Supplementary Content
section. The molecular conductivity values were found to be
K = 19.2, 23.1, 15.3 S cm2 mol�1, for I1TPAFeCl2 (3.7 mM), I2TPA-
FeCl2 (3.4 mM) and I3TPAFeCl2 (1.0 mM), respectively, indicating
limited dissociation in solution.

The 1H NMR spectra of all three complexes displayed paramag-
netically shifted signals, indicating a high-spin state of Fe(II) in
these complexes. The spectrum of I1TPAFeCl2, recorded in CH3CN
exhibited well-defined signals. It looks very similar to that of the
already published BrTPAFeCl2 [28], with da-H = 117 ppm (Dm1/2 =
553 Hz), dCH2 ¼ 65 ppm (Dm1/2 = 608 Hz), 57 ppm (Dm1/2 = 352 Hz)
and 42 ppm (Dm1/2 = 521 Hz), dbpy = 51 ppm (Dm1/2 = 40 Hz) and 46
ppm (Dm1/2 = 42 Hz), dbpy-I = 28 ppm (Dm1/2 = 87 Hz) and 18 ppm
(Dm1/2 = 150 Hz), and dcpy and dcpy-I = 10 ppm (Dm1/2 = 28 Hz) and
8 ppm (Dm1/2 = 24 Hz). No tractable signals could be observed in
the diamagnetic region, between +10 and �10 ppm.

By contrast, I2TPAFeCl2 exhibited a poorly defined spectrum
with broader resonances at 120 < d < 20 ppm with 920 < Dm1/2

< 100 Hz. Zooming the spectrum into the diamagnetic region al-
lowed detection of resonances assigned to the uncoordinated iodo-
pyridine. Finally, the poor solubility of I3TPAFeCl2 precluded any
observation of 1H NMR signals, even when CD3NO2 was used in-
stead of CD3CN. All NMR data are displayed in the Supplementary
content.

We already know that the presence of poorly resolved signals in
the 1H NMR spectrum, or even the lack of signals, together with a
weak MLCT signal in UV–Vis, correlate with a trigonal bipyramidal
geometry (TBP) around the metal centre [8,25,28,32] in FeCl2

complexes.
The cyclic voltammetry can sometimes be informative with re-

spect to the geometry around the metal: when observed at moder-
ate positive potential (150 < E1/2 < 300 mV/SCE), reversible Fe(II)/
Fe(III) waves indicate the presence of LFeCl2 complexes with the
usual octahedral geometry: this is the case for TPAFeCl2, Me1TPA-
N
I

N
N

N
R1

R2

FeCl2, THF, Ar, R.T.

12 hours

R1 = R2 = I L3 = I3TPA

R1 = R2 = H, L1 = ITPA
R1 = H, R2 = I L2 = I2TPA

Scheme 2. Ligands and comple
FeCl2 and [C6H4(OMe)2]1TPAFeCl2 [10,33]. The trigonal bipyramidal
geometries generally afford lower values of the potentials, in line
with hypodentate coordination of the ligand: this is the case with
[C6H4(OMe)2]3TPAFeCl2 with E1/2 = 9 mV/SCE [10], [C6H4(OH)2]2-
TPAFeCl2 with E1/2 = 10 mV/SCE [35].

In the present study the **Fe(II)/Fe(III) couple of I1TPAFeCl2 is
measured at E1/2 = 210 mv/SCE, whereas I2TPAFeCl2 and I3TPAFeCl2

exhibit pseudo reversible waves at E1/2 = 44 and 54 mV/SCE,
respectively. Thus the E1/2 value for I1TPAFeCl2 falls into the ex-
pected range of potentials for octahedral complexes, whereas the
values found for both other complexes support hypodentate coor-
dination and trigonal bipyramidal geometries. The data are dis-
played in the Supplementary Content section.

Considering all the above-mentioned data, we reached the con-
clusion that in solution, the complexes of the present study display
the geometry indicated in Scheme 2.

Slow diffusion of diethyl ether in an acetonitrile (I1TPAFeCl2) or
methylene chloride (I2TPAFeCl2) solution afforded single crystals,
suitable for structural determination. For these two compounds,
the geometry as observed in the solid state perfectly matches that
postulated in solution from the spectroscopic studies.

In general, in complexes with single-substituted ligands, a dis-
torted octahedral geometry is observed, and the substituted pyri-
dine lies in lateral position (i.e. the unsubstituted pyridines lie in
the cis position to each other) to minimize the steric intramolecu-
lar repulsions [8,9,28,33]. Complex I1TPAFeCl2 is not exception to
this fact.

I1TPAFeCl2 crystallizes with two molecules in the asymmetric
unit. Although displaying a similar geometry, these two molecules
termed I1TPAFeCl2 (a) and I1TPAFeCl2 (b) slightly differ in terms of
equatorial distortion. The ORTEP diagram of the (b) form is dis-
played in Fig. 1.

Both forms share common features such as a strongly distorted
octahedral geometry, with \NamineFeNpyridine angles never reaching
more than 78� as expected for a five-membered metallacycle,
slightly open \Cl1FeCl2 angles (96.5� and 95.2�), and relatively
long metal to pyridine distances with the shortest one being not
less than 2.18 Å. All these data support high-spin state of the metal
in this complex.

Complex I1TPAFeCl2 (a) is the low distorted form. The shortest
metal to pyridine distance is dFeN3 = 2.19 Å, i.e. the one involving
coordination of the axial pyridine. The longest one is
dFeN4 = 2.40 Å, clearly indicating noticeable elongation due to
repulsive interaction between the iodine atom in a position of
the pyridine, and the equatorial chloride ion. This value represents
one of the highest ones among all already obtained data for similar
compounds. In complexes with a-substituted ligands, the axial
deformation is quantified by the a angle between the plane defined
by the Cl1–Fe–Cl2 atoms and the mean plane of the axial pyridine
[33]. In the present case, the deformation is significant – yet not
extreme – with a = 13.2�. The equatorial distortion is expressed
by the trans-equatorial distortion parameter q obtained as the
product of the dihedral angle / between the trans equatorial
N

N

N

N
I

R
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Fe Cl
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N

N
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Cl
Cl

N
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R = H: I2TPAFe(II)Cl2
R = I: I3TPAFe(II)Cl2

ITPAFe(II)Cl2

xes reported in this study.



Fig. 1. ORTEP diagram of I1TPAFeCl2 (b) showing a partial numbering scheme, and
structural parameters. Selected bond distances (Å) and angles (�): Fe2–N5 = 2.275
(4), Fe2–N6 = 2.246 (3), Fe2–N7 = 2.178 (3), Fe2–N8 = 2.342 (3), Fe2–Cl3 = 2.3515
(11), Fe2–Cl4 = 2.4677(12). \N5Fe2Cl3 = 169.07 (10), \N6Fe2N8 = 145.34 (13), \N7
Fe2Cl4 = 167.38 (10), \Cl3Fe2Cl4 = 95.24 (4), \N6Fe2N5 = 75.10 (13), \N8Fe2N5 =
71.03 (13), \N7Fe2N5 = 77.42 (13).
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pyridines, and the torsion angle between the planes of the two
trans equatorial pyridines, h [8,33]. In the present case, and in a
paradoxical way, the mechanical effect of the elongation of the
Fe–N4 bond is to unstress the coordination polyhedron around
the metal: as a consequence, the value of the dihedral angle
Fig. 2. Axial and trans equatorial distortion param
between the two equatorial pyridines remains low, and
q = 52.1�2 indicates only moderate trans-equatorial distortion.

Complex I1TPAFeCl2 (b) is the high distorted form. Here also, the
shortest metal to pyridine distance is the one involving coordina-
tion of the axial pyridine, with dFe2N7 = 2.18 Å. The longest one
is that between the metal and the iodo pyridine, with
dFe2N8 = 2.34 Å. This value is significantly shorter than the corre-
sponding one in the low distorted form. As a consequence and to
minimize steric interaction with the coordinated chloride ions,
the dihedral angle / is more pronounced, and in the end trans-
equatorial distortion increases with q = 84.3�2.

The equatorial distortion parameters of both (a) and (b) forms
are given in Fig. 2.

Fig. 3 shows the ORTEP diagram of compound I2TPAFeCl2. The
iron lies in a distorted TBP geometry: one of the two iodo-pyridines
of the tripod has decoordinated. As indicated above in I1TPAFeCl2,
dFeN4 = 2.40 Å i.e. already noticeably elongated; obviously, coordi-
nation of a second iodo-pyridine in a FeCl2 complex would result in
an unacceptable distortion: thus, TBP geometry is the obvious solu-
tion for I2TPAFeCl2.

The longest metal to nitrogen distance is still the one involving
coordination of the iodo-pyridine, with however a shorter value:
dFeN3 = 2.25 Å. The shortest metal to nitrogen bond is the one cor-
responding to coordination of the amine, with dFeN1 = 2.17 Å.
Here again, these data support high-spin state of the metal centre
in this complex.

The value of the \Cl1FeCl2 angle is for complexes with TBP
geometry a good indication of the steric stress around the metal.
eters in both (a) and (b) forms of I1TPAFeCl2.



Fig. 3. ORTEP diagram of I2TPAFeCl2 showing a partial numbering scheme. Selected bond distances (Å) and angles (�): Fe1–N1 = 2.170 (5), Fe1–N2 = 2.194 (5), Fe1–N3 = 2.253
(5), Fe1–Cl1 = 2.2883 (18), Fe1–Cl2 = 2.3258 (18). \N3Fe1N2 = 154.9 (2), \N1Fe1Cl1 = 116.47 (14), \N1Fe1Cl2 = 100.69 (14), \Cl1Fe1Cl2 = 142.84 (8). Focus on two adjacent
molecules within the unit cell, showing p-stacking effects between two dangling iodopyridines.

152 H. Jaafar et al. / Inorganica Chimica Acta 366 (2011) 147–153
In general, relatively invariant values lying in the 130� <
[\Cl1FeCl2] < 135� range are found [10,25,28,33]. In the present
case \Cl1FeCl2 = 142.8�, which is the largest value found for FeCl2

complexes with simple ligands,2 higher than the value of 130.7�
reported in the Br2TPAFeCl2 analogue [28]. This clearly reflects the
steric effect of the iodine atom around the metal centre.

An other striking feature of this structure is the particular stack-
ing of the two adjacent molecules within the unit cell. The dangling
iodopyridine of one complex is coplanar to that of its neighbour, as
seen in Fig. 3, and both strongly interact with each other, with an
interplanar distance of 3.47 Å. This represents an academic exam-
ple of p-stacking effect [34]. Thus, in the solid state the structure of
the complex can be seen as the non-covalent association of two
monomers of I2TPAFeCl2. This is in strong contrast with the struc-
ture of the Br2TPAFeCl2 analogue [28].

In conclusion, we reported in this communication the easy syn-
thesis of the three a-iodo substituted tripods in the tris(2-pyridyl-
methyl)amine series, the preparation of which was so far
unpublished. The dichloroferrous complexes are stable com-
pounds, and X-ray crystal analysis definitely evidences the impor-
tant steric hindrance due to the presence of bulky susbstituants,
and the tendency of the dangling iodopyridine to aggregate. Future
studies should shed light on the utility of such ligands in the
2 An exceptionally high value of <Cl1FeCl2 = 152.6� was found in a FeCl2 complex
with a tris(2-aryl substituted) ligand, as the results of intramolecular interaction of
the substituants of the ligand. See Ref. [10].
control of the ligand field properties within various metal-contain-
ing complexes.
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Appendix A. Supplementary material

CCDC 774440 and 774439 (I2FeCl2) contains the supplementary
crystallographic data for I1TPAFeCl2 and I2FeCl2. These data can be
obtained free of charge from The Cambridge Crystallographic Data
Centre via http://www.ccdc.cam.ac.uk/data_request/cif. Supple-
mentary data associated with this article can be found, in the on-
line version, at doi:10.1016/j.ica.2010.10.024.
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