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The first example of a crystallographically established
bis-adduct of tridentate 2,2� : 6�,2� : 6�,2�-quaterpyridine
(qtpy) of formula [Fe(qtpy)2][ClO4]2 has been obtained by
treating an aqueous solution of iron(II) perchlorate with
the ligand in the presence of triethylamine.

Metal complexes of polypyridines 1 have attracted considerable
interest for their relevance in supramolecular chemistry. Metal
complexes containing two qtpy ligands per metal atom are sub-
stantially unknown. On the other hand, a spectrophotometric
study 2 of the Fe()–qtpy system in aqueous solution has sug-
gested that the [Fe(qtpy)]2� and [Fe(qtpy)2]

2� cations have quite
remarkable formation constants K1 and K2 of 1.5 × 108 and
4.5 × 106, respectively, at 25 �C, with sulfate as counterion at
pH 3.0. An earlier report 3 on the reaction between hydrated
Fe(ClO4)2 and qtpy in acetonitrile at 70 �C failed to give the
bis-adduct, the product of the reaction being [Fe(qtpy)-
(H2O)2][ClO4]2 containing the cationic hydrated monoadduct.
In view of the conflicting experimental evidence, we decided to
reinvestigate the Fe(ClO4)2–qtpy system.

We have now found that the qtpy bis-adduct [Fe(qtpy)2]-
[ClO4]2, 1, is in fact the only detectable product of the reaction
between aqueous Fe(ClO4)2 and qtpy, provided the pH is
maintained at relatively high values by addition of a weakly
coordinating tertiary amine and the temperature is raised to
140 �C, see eqn. (1).†

Fe(ClO4)2�6 H2O � 2 qtpy →
[Fe(qtpy)2][ClO4]2 � 6 H2O (1)

A single crystal of 1 was selected for the X-ray diffraction
experiment.‡ The molecular structure of the [Fe(qtpy)2]

2� cat-
ion is shown in Fig. 1. The iron atom does not achieve regular
hexacoordination, and the average Fe–N distance is 2.21 Å,
which is longer than the average distance of 1.956 Å observed 7

in the bis(2,2� : 6�,2�-terpyridine)iron() cation [Fe(tpy)2]
2�. In

the [Fe(qtpy)2]
2� cation the N � � � N non-bonding distances

between neighbouring rings range between 2.576 and 2.638 Å,
whereas for an octahedral coordination geometry a N � � � N
contact of 3.171 Å is expected.8 As a consequence of this
geometrical misfit, each quaterpyridine connects to the metal
by three nitrogens only and the resulting small N–Fe–N� angles
between neighbouring nitrogens within the same ligand (mean
value 73.4�) produce a heavily distorted octahedron. Contrib-
utions to the stabilisation of the system possibly originate
from the weak N(8) � � � Fe interaction at 2.819 Å, which is
only 0.6 Å longer than the average Fe–N bond distance, and
from the π-stacking between the ring containing N(4) and the
coordinated rings containing N(6) and N(7). A similar π-

interaction has been suggested for another iron() complex
with 2,2� : 6�,2�-terpyridine.9

It is to be noted that the qtpy bis-adduct of iron() was
obtained by using an Fe :qtpy molar ratio of 1; while this is
in agreement with the high stability of the bis-adduct,2 the
question remains as to why only the mono-adduct of iron()
was isolated earlier in acetonitrile.3 We have verified that the
mono-adduct [Fe(qtpy)(H2O)2][ClO4]2, crystallographically
identical to the product isolated earlier,3 is formed in an
aqueous medium, in the absence of added triethylamine.§

The effect of the weakly coordinating and relatively strong
base triethylamine (pKa = 10.71) in our system is therefore quite
dramatic (the pH of a 3 × 10�3 M solution of iron() perchlor-
ate is 2.4, which increases to 7.5 upon addition of an equimolar
amount of Et3N). The reaction of qtpy (pyridine, pKa = 5.17)
with iron() was reported to be slow,2 although no kinetic
details were presented. The bis-adduct can be tentatively
assumed to be formed under our conditions due to the reduced
positive charge on the iron as a consequence of deprotonation
of iron()-coordinated water by the additional tertiary amine.
These studies are being extended to other bivalent transition
metal cations.

Fig. 1 Structure of the [Fe(qtpy)2]
2� cation. Some relevant bond

distances (Å) and angles (�): Fe–N(1), 2.207(8); Fe–N(2), 2.112(7); Fe–
N(3), 2.205(7); Fe � � � N(4), 3.540(8); Fe–N(5), 2.349(9); Fe–N(6),
2.145(7); Fe–N(7), 2.236(8); Fe � � � N(8), 2.819(9); N(1)–Fe–N(2),
74.7(3); N(1)–Fe–N(3), 148.6(3); N(1)–Fe–N(5), 86.5(3); N(1)–Fe–
N(6), 89.5(3); N(1)–Fe–N(7), 102.6(3); N(2)–Fe–N(3), 74.0(3); N(2)–
Fe–N(5), 81.4(3); N(2)–Fe–N(6), 150.2(3); N(2)–Fe–N(7), 134.0(3);
N(3)–Fe–N(5), 88.0(3); N(3)–Fe–N(6), 118.0(3); N(3)–Fe–N(7),
99.7(3); N(5)–Fe–N(6), 72.4(3); N(5)–Fe–N(7), 144.5(3); N(6)–Fe–
N(7), 73.5(3).
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Notes and references
† A carefully deaereated aqueous solution (20 ml) of Fe(ClO4)2�6 H2O
(0.17 g, 0.47 mmol) was treated under dinitrogen with 2,2� : 6�,2� : 6�,2�-
quaterpyridine 4 (0.15 g, 0.48 mmol) and NEt3 (0.07 ml, d = 0.7275 g
cm�3, 0.50 mmol) in a closed vessel at 140 �C for 5 h. The solution was
then cooled over a period of 12 h and red crystals (0.17 g, 80% yield
with respect to qtpy) of the air-stable [Fe(qtpy)2][ClO4]2 were obtained
(Found: C, 53.9; H, 2.8; N, 12.4. C40H28Cl2FeN8O8 requires C, 54.9; H,
3.2; N, 12.8%). IR (Nujol, range 1700–400 cm�1): 1601m, 1577m,
1568m, 1397w, 1297w, 1261w, 1243w, 1192w, 1165w, 1099vs, 1085vs,
1019w, 991w, 819w, 797m, 775s, 754w, 669w, 652w, 624s cm�1.
‡ The diffractometric measurements were carried out with an Enraf-
Nonius CAD-4 diffractometer equipped with graphite-monochromated
Cu-Kα radiation. A ruby-red prism of dimensions 0.33 × 0.21 × 0.10
mm, glued at the end of a glass fibre, gave the unit cell parameters from
the setting angles of 34 strong reflections [a = 10.392(3), b = 8.867(4),
c = 40.177(9) Å, β = 91.39(2)�; monoclinic, P21/n (no. 14); V = 3701(2)
Å3; Z = 4; T = 294 K; ρcalc = 1.571 Mg m�3]. The data were collected in
the ω/2θ scan mode, three standard reflections being monitored every 2
hours for checking crystal decay and equipment stability. Data reduc-
tion was by the SDP package.5 A set of 5730 independent intensity data
were collected between θ = 4.4 and 61.9� and corrected for Lorentz and
polarisation effects. Only 1859 unique reflections satisfying the condi-
tion I > 2σ(I) were obtained due to the relatively small dimensions of
the crystal and its low diffraction power. A correction for absorption
was also applied by using the ψ-scan method. The solution was found
by the standard direct methods contained in the SHELX-97 program.6a

The full matrix least-squares refinement based on F2 was carried out
with the same program by using anisotropic thermal parameters for Fe,
Cl and O atoms and placing the hydrogens in calculated positions
{R(Fo) [I > 2σ(I)] = 0.0834; Rw (Fo

2) [I > 2σ(I)] = 0.1782; R(Fo) =
Σ |Fo| � |Fc| /Σ|Fo|; Rw(Fo

2) = [Σ[w(Fo
2 � Fc

2)2]/Σ[w(Fo
2)2]]¹²; w = 1/[σ2

(Fo
2) � (AQ)2 � BQ] where Q = [MAX(Fo

2,0) � 2Fc
2]}. Refined param-

eters: 292. The PARST program 6b was also used for geometric calcula-
tions. CCDC reference number 156001. See http://www.rsc.org/
suppdata/dt/b1/b100360g/ for crystallographic data in CIF or other
electronic format.

§ Iron() perchlorate (0.25 mmol) and qtpy (0.023 mmol) in 20 ml of
water heated at 140 �C for 5 h gave red crystals of [Fe(qtpy)-
(H2O)2][ClO4]2 exclusively, with the following unit cell parameters
(literature data 3 in brackets): a = 14.613(7) [14.633(5)], b = 11.140(6)
[11.134(4)], c = 15.15(2) [15.123(6)] Å, β = 98.60(5) [98.84(3)]�.
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