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The reaction of 2-pyridone (C5H5NO or PYOH) with diiodine in molar ratios of 2 : 1 and 1 : 2 resulted in the
formation of complexes {[(PYOH)3(PYOH)1] � I3�} (1) and {{(PYOH)6 � [(PYOH)2]

21} � 0.5I� � 1.5I7� � I2} (2),
respectively. The reactions were carried out in dichloromethane solutions in air. The compounds were
characterized by elemental analysis, DTA-TGA chromatography, FT-Raman, FT-IR, UV-vis and EPR
spectroscopies. Crystal structures of the named complexes have been determined by X-ray diffraction at
120(1) K (1) and 293(2) K (2). Compound 1, [(C20H20N4O4)I3], monoclinic, space group C2/c, consists of a
cationic PYOH1 radical species and an I3

� counter anion; three neutral PYOH molecules are also bound to
the complex. The crystal structure of [(C40H40N8O8)I13] (2) reveals a centrosymmetric P-1 triclinic space
group containing two cationic PYOH1 species, with the anionic counterparts being one half I� and three
halves I7

�. Also, a neutral diiodine molecule I2 is retained by weak halogen-halogen interactions to I�, as
well as six neutral PYOH ligands. The structures of 1 and 2 consist of hydrogen-bonded pyridine layers;
polyiodide fragments fill the spaces between the layers, additionally kept together by a number of weak
C–H� � �I interactions.

Introduction

The perturbation of the I–I bond of diiodine by heterocycles
such as thiones or selones is known to produce various types of
compounds, including charge-transfer complexes, iodonium
salts, ‘‘spoke structures’’, ‘‘extended spoke structures’’, mono-
cationic disulfides and dicationic disulfides or diselenides.1–2

On the other hand, the remarkable ability of iodine to catenate
has led to the formation of an array of polyiodides offering a
wide range of structures3 that have been recently reviewed by
Boyle and Godfrey, Deplano et al. and Svensson and Kloo.4

The structural variety of polyiodides range from the simple I3
�

through the linear I4
2�, V-shaped I5

�, three-pronged structures
of I7

�, I9
�, I10

2�, and I12
2�, Z-shaped I7

� and I8
2�, branched

I16
2�, and S-shaped and linear I16

4� species to infinite chains.3,4

The size and shape of polyiodide ions have been found to
depend unpredictably on the size and shape of the counter ion.
Also, in recent years, polyiodides have drawn considerable
attention for their electrical properties.5 Examples include
superconductors, as in the case of the electrolytic oxidation
of bis(ethylenedithio)tetrathiafulvalene (BEDT-TTF or ET) in
the presence of triiodide anions, which leads to the ambient
pressure organic superconductors b-(ET)2I3.

5a,b

The perturbation of the I–I bond by pyridine and its
derivatives, such as 2-pyridone (PYOH), can lead to other
novel complexes containing polyiodides. The formation of
these new complexes can be achieved by oxidation of 2-
pyridone derivatives by diiodine. We intend to use PYOH to
exploit the higher electronegativity of oxygen compared to
sulfur or selenium in order to more strongly perturb the I–I

bond and compare the resulting compounds with those de-
scribed in the literature. Here, the synthesis and characteriza-
tion of two new complexes of 2-pyridone, {[(PYOH)3
(PYOH)1] � I3�} (1) and {{(PYOH)6 � [(PYOH)2]

21} � 0.5I� �
1.5I7

� � I2} (2), obtained by oxidation with I2, are discussed.

Results and discussion

Synthesis

The reaction between 2-pyridone (PYOH) and I2 leads to the
formation of complexes 1 or 2 , depending on the stoichiometry
of diiodine used (Scheme 1). PYOH is oxidized to its corres-
ponding cationic radical as evidenced by EPR spectroscopy
(see below). This radical is found to be stabilized by strong
hydrogen bonds, in contrast to that of 2-mercaptopyridine
(PYSH), which was described to react with I2 in a molar ratio
of 1 : 2, oxidizing the ligand to a monocationic disulfide with
the simultaneous formation of I3

�.1d

Thermal decomposition

TGA/TDA thermal analysis in flowing nitrogen showed that
complex 1 decomposes in two stages: the first stage (61–138 1C)
is endothermic and involves a 10% mass loss, corresponding to
evolution of the co-crystallized neutral molecule of PYOH
(calcd. mass loss 12%) which has a lower m.p. than I2; the
second stage (140–232 1C) is also endothermic and involves a
88% mass loss associated to the loss of {[(PYOH)2(PYOH)1] �
I3
�} (calcd. 88%). I3

� does not decompose and this indicates
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that it has a symmetric structure in complex 1
4b (see also

Raman data and crystal structure).
The corresponding thermal analysis of 2 shows a three-step

decomposition. All stages are endothermic. The first stage (60–
85 oC) involves a 12% mass loss, which is consistent with the
evolution of three neutral molecules of PYOH (calcd. 12%).
The second stage (85–115 1C) involves a 33% mass loss
corresponding to the loss of three molecules of I2 (calcd.
32%). Since there is only one I2 molecule in 2, the other two
may derive from the decomposition of I7

�, which may exist in
the I2I3

�I2 form
4b (see crystal structure). The third step (117–

196 1C) involves a loss of 56%, attributed to decomposition of
the rest of the compound, that is, {{(PYOH)3 � [(PYOH)2]

21} �
0.5I� � 1.5I3� � I2} (calcd. 56%).

Conductivity measurements

Conductivity titration of PYOH with I2 in acetonitrile is shown
in Fig. 1. At [I2] ¼ 0, the system shows a low conductivity,
because of the deprotonation equilibrium established in the
solution (PYOH: pKa ¼ 11.626). Then conductivity increases
up to a [I2] : [PYOH] ratio of 1 : 2 (corresponding to the
stoichiometry where complex 1 is formed, Scheme 1, eqn. 1),
where it reaches a first plateau. A higher plateau is reached
when the [I2]/[PYOH] ratio approaches 1, which corresponds
almost to the stoichiometry of complex 2 (Scheme 1, eqn. 2). At
ratios [I2]/[PYOH]4 2 the conductivity reaches a third plateau
and this may correspond to another complex with PYOH that
has not been isolated.

Spectroscopic analysis

(A) EPR. The electron paramagnetic resonance spectrum of
compound 2 contains a narrow DH ¼ 6 G, g B 2 signal, which
can be assigned to an S ¼ 1/2 organic radical. At room
temperature, this signal saturates at 12 mW, which indicates
that the radical is in close proximity with other paramagnetic
spins. These spins might be adjacent radicals or, alternatively,
other paramagnetic species, that is, the iodine-based paramag-

netic clusters that exist in sample 2. From control experiments
we observed that such iodine-based clusters give EPR signals
consisting of a strong triplet split by ca. 50 G.

(B) UV-Vis. The UV-vis spectra of diiodine complexes 1 or 2
with 2-pyridone in dichloromethane are given in Fig. 2(A). 1
and 2 exhibit one distinct absorption band at 495–505 nm,
which is assigned to the blue-shifted band of I2,

1,2 occurring at
504 nm in free I2 in CH2Cl2.

2e,g The absorption band at 366 nm
in 1 is assigned to the I3

� species (lmax ¼ 360 nm in free I3
�).7

The band at 362 nm in the spectrum of 2may also be attributed
to the I3

� species, indicating a I2–I3
�–I2

4b configuration for
I7
�, as previously suggested (see also crystal structure and

Raman spectroscopy results). I3
� has one more absorption

band, observed at 297 nm in 1 and 294.5 nm in 2. These,
however, coincide with the intra-ligand transitions (p* ’ p)
appearing at 302 nm in PYOH and they are very intense.
Fig. 2(B) shows UV-vis spectra of dichloromethane solutions
at a given PYOH concentration (10�4 M) and increasing
quantities of diiodine. In these spectra, no isosbestic points
are observed, indicating that more than two species are present
in solution. Unexpectedly, no band was observed at 360–370
nm in the spectrophotometric titration curves of I2–PYOH at
any molar ratio, indicating that no I3

� ions were formed in
solution.

(C) Vibrational (IR and Raman). The IR spectra of com-
plexes 1 and 2 show vibrational bands at 1618, 1155 and 570
cm�1, which are attributed to the vibrations of the amide
bonds. The new band appearing at 158 cm�1 in the far-IR
spectrum of complexes 1 and 2 has been assigned to the n(I–I)
stretching vibration modes.1a,8 Diiodine vapor exhibits a

Fig. 1 Conductivity titration of 10�2 M PYOH with I2 in acetonitrile
(T ¼ 293 K).

Fig. 2 (A) UV-Vis spectra of 1 (5 � 10�5 M, long dashed line), 2
(8.6 � 10�5 M, solid line) and PYOH (5 � 10�5 M, short dashed line)
in dichloromethane. (B) UV-Vis spectra in dichloromethane with a
fixed PYOH concentration (10�4 M) and increasing quantities of
diiodine: [I2]/[L] ¼ 0.33 (1); 0.50 (2); 0.66 (3); 0.84 (4); 1.00 (5); 1.16
(6); 1.34 (7); 1.50 (8); 1.66 (9).

Scheme 1
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strong band at 216 cm�1 [n(I–I)], which appears at 180 cm�1 in
the solid state.9 This shifts to lower wavenumbers upon
coordination to a donor atom, reflecting the reduction in the
I–I bond order as well as the strengthening of the complex
formed.1,2b,c,4b,10

Table 1 gives structural and Raman spectral data in the
region 300–50 cm�1 for complexes 1 and 2. The Raman
spectrum of complex 1 exhibits two bands at 161.5 (weak)
and 108.0 (strong) cm�1. Bands around 110 cm�l are normally
attributed to the n1 symmetric stretching of I3

�, which, as a
symmetric ion, exhibits only one Raman active band.1a,b,4b It is
worth noting that, when a distortion of I3

� occurs, additional
bands at higher frequencies (140–130 cm�l), corresponding to
Raman active antisymmetric stretching, and lower frequencies
(80–70 cm�l), corresponding to deformation motions of asym-
metric I3

�, can be observed.4b,11 Thus, here complex 1 is more
likely to contain a symmetric I3

� moiety (I–I–I covalent
adduct). The Raman spectrum of complex 2 with bands at
166.3 (vs), 131.5 (m) and 108.4 (s) cm�1 (Table 1) is a typical
spectrum of a heptaiodide, where the polyiodide chain has a
zig-zag conformation described as an I2–I3

�–I2 sequence,4b

confirming previous observations (see also crystal structure).

Crystal and molecular structures

Structures containing polyiodide anions with cationic aromatic
sandwich complexes as counterparts are very rare in the
literature.12 Selected crystal data for 1 and 2 are listed in
Table 2 and their ORTEP diagrams are shown in Figs. 3 and
4, respectively.w

The crystal structure of compound 1 was solved and success-
fully refined in the centrosymmetric space group C2/c, with two
crystallographically independent C5H5NO fragments in the
asymmetric part of the unit cell. The analysis of the hydrogen
bonding scheme shows, however, that there is some disorder in
the structure: there is a short intermolecular O� � �O contact of
2.448 Å between molecules (A) related by a center of inversion
(Fig. 3). This may be regarded as an indication that the real
symmetry of the crystal is lower (noncentrosymmetric Cc space
group) and that there are four different C5H5NO fragments,
three of them being neutral, in the pyridone form, while the
fourth is charged (C5H6NO1, cf. Scheme 1). Due to the nature
of the X-ray experiments (which are time- and space-aver-
aging) the centro/noncentro ambiguity is unresolvable on the
basis of the X-ray data alone (see, for example, ref. 13 and
references therein). Attempts to refine this structure in the Cc
space group were unsatisfactory due to the huge correlations
between the parameters, related here by a pseudo center of
symmetry. In this case, the deviation from the centrosymmetric
arrangement involves only the position of one hydrogen atom.
We have therefore decided to describe the structure in the
centrosymmetric space group, with one hydroxyl hydrogen
partially occupied (with s.o.f. 0.5). The three-dimensional
structure consists of hydrogen-bonded double layers of pyri-

dine fragments, while the I3
� counter anions are located

between the layers (Fig. 5) and weakly bound to the aromatic
rings (via C–H� � �I interactions).
In the structure of 2 we met a similar problem of centro/

noncentro ambiguity (two symmetry-independent short O� � �O
distances of 2.437 and 2.448 Å); the structure is described in the
centrosymmetric P-1 triclinic space group, with 6 neutral
pyridone molecules and two cationic C5H6NO1 species (cf.
Scheme 1), but the symmetry may also be described as P1 with
12 neutral pyridone molecules and four cationic C5H6NO1

species. In the unit cell of 2 there are therefore two asymmetric
units with a total of four cationic radical PYOH1 species and
one I� plus three I7

� anionic counterparts. Also, two neutral
diiodine molecules are retained by weak halogen-halogen
interactions with an I� anion and twelve neutral PYOH
ligands. Each asymmetric unit of 2 contains two cationic
PYOH1 species and two anionic (0.5 I� and 1.5 I7

�) counter-
parts. A neutral I2 molecule is retained by weak halogen-
halogen interactions with I� and by six neutral PYOH ligands.
An extended network of intermolecular N–H� � �O and
O–H� � �O hydrogen bonds is also observed in 2; the structure
consists of hydrogen-bonded pyridine/pyridinium layers (simi-
lar to 1) and polyiodide fragments that fill up the spaces
between the layers, which are connected to the layers by a
number of weak C–H� � �I interactions (Fig. 6).
Selected bond lengths and angles for 1 and 2 are given in

Tables 3 and 4. The C–O bond lengths found in 1 are 1.279(6)
Å for the nonprotonated neutral pyridone rings and 1.282(6) Å
for the protonated oxidized ring (Fig. 3). The corresponding
bond distances in 2 vary from 1.30(2) to 1.32(2) Å for the pro-
tonated oxidized pyridone rings and 1.21(2) to 1.29(2) Å for the

Table 1 Structural and Raman spectral data of complexes 1-2

Compound

Iodine containing

counter part Geometry d(I–I)/Å

Bond order

n Raman data/cm�1

{[(PYOH)3(PYOH)1] � I3�}

(1)

I3
�: I–I–I Linear symmetric 2.9131(5) 0.52 161.5 w, 108.0 s

{{(PYOH)6[(PYOH)2]
21} �

0.5I� � 1.5I7� � I2} (2)
I� Zig-zag chains 2.946(2), 2.946(2),

3.173(2), 2.779(2)

0.47, 0.47, 0.26,

0.74

166.3 vs, 131.5 m,

108.4 s

I7
�: I2 � I3� � I2 2.793(3), 3.328(3), 2.909(2),

2.933(2), 3.307(2), 2.759(2)

0.72, 0.17, 0.52,

0.49, 0.18, 0.79

Table 2 Crystal data and the structure refinement details for com-

plexes 1 and 2

1 2

Empirical formula C20H20N4O4I3 C40H40N8O8I13
FW 761.076 2918.102

T/K 120(1) 293(2)

Crystal system Monoclinic Triclinic

Space group C2/c P-1

a/Å 14.0652(11) 11.2119(16)

b/Å 15.6176(14) 12.6039(18)

c/Å 11.5015(11) 23.715(3)

a/1 90 78.545(12)

b/1 99.635(7) 76.688(12)

g/1 90 86.422(12)

U/ Å3 2490.8(4) 3195.3(8)

Z 4 2

rcalcd/g cm�3 2.032 2.507

m/mm�1 3.797 6.346

Reflections collected 8005 21756

Independent reflections 3130 7622

Rint 0.070 0.099

Ra [I 4 2s(I)] 0.0469 0.0678

wR2
b [I 4 2s(I)] 0.1063 0.1430

a R ¼ S||Fo|� |Fc||/S|Fo|.
b wR2 ¼ [Sw(F 2

o�F 2
c)
2/S w(F 2

o)
2]1/2.

w CCDC reference numbers 230098 (1) and 230099 (2). See http://
www.rsc.org/suppdata/nj/b4/b417828a/ for crystallographic data in
.cif or other electronic format.
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nonprotonated neutral pyridone rings (Fig. 4). Thus, the
proton is located closer to the longer C–O bonds. Similarly,
the corresponding C–O bond distances measured in {[(phena-
cetin) � (Hphenacetin)1] �HI4

�}12a [phenacetin ¼ N-(4-ethoxy-
phenyl)acetamide] are 1.24(6) and 1.28(3) Å, respectively. The
I–I bond distances in I3

� in complex 1 are equal to one another
[2.9132(5) Å] due to the special position of the anion, on the
center of symmetry; for the same reason the anion is perfectly
linear (I–I–I bond angle 180.01), in agreement with the Raman
data. According to Pauling,14a d(I–I) ¼ do� 0.85log(n), where
do is the I–I bond distance for I2 in the gas phase (2.67 Å 14b)
and n is the bond order. The calculated values of bond order
for the I–I bonds of complexes 1 and 2 are listed in Table 1.
Deplano et al. 4b classified triiodide adducts into two types: (i)
the I�� � �I2 adducts, which have linear asymmetric geometry
with one strong I–I bond (bond orders 40.63e) and one
weaker I–I bond (bond orders o0.30e) and (ii) the covalent
I–I–I complexes with either linear symmetric geometry (with
two equivalent I–I bonds and bond order values around 0.50e)
or linear asymmetric geometry (with two nonequivalent I–I
bonds and bond order values also around 0.50e but with a
stronger bond, bond order 40.50e, and a weaker one, bond

order o0.50e). Thus, according to the observed values of I–I
bond lengths and bond orders, complex 1 can be classified as
containing symmetric I–I–I adducts.
Compound 2 contains two types of I7

� species, one sym-
metric and one asymmetric. The bond distances in symmetric
I7
� species are: I(1)–I(2) ¼ 2.946(2), I(2)–I(3) ¼ 3.173(2) and

I(3)–I(4) ¼ 2.779(2) Å ( Scheme 2). In asymmetric I7
� frag-

ments, the bond distances are: I(5)–I(6) ¼ 2.793(3), I(6)–I(7) ¼
3.328(3), I(7)–I(8) ¼ 2.909(2), I(8)–I(9) ¼ 2.933(2), I(9)–I(10) ¼
3.307(2) and I(10)–I(11) ¼ 2.759(2) Å (Scheme 2). Deplano
et al.4b classified heptaiodide adducts into two types. The first
type includes heptaiodides described as a sequence of: I2 � I3� �
I2 with two short I–I bonds (in the range of the I–I bond in
solid state diiodine, 2.715 Å

15

) with bond order values higher
than 0.70e, two long I–I bonds distances with bond order
values less than 0.20e and two I–I bonds that have intermediate
lengths and bond order values around 0.50e. Heptaiodides of
this type have a zig-zag geometry. In the second type, the
heptaiodides show a pyramidal geometry and can be described
as I� � 3I2 adducts. In this type, heptaiodides have three short
I–I bonds with bond order values higher than 0.70e and three
long bond lengths with bond order values less than 0.30e. The

Fig. 3 ORTEP diagram of the ionic components of compound 1

together with the atomic numbering scheme. The displacement ellip-
soids are drawn at the 50% probability level, hydrogen atoms are
depicted as spheres of arbitrary radii. Relevant bond lengths are given
in the text.

Fig. 4 ORTEP diagram of the ionic components of compound 2

together with the atomic numbering scheme. The displacement ellip-
soids are drawn at the 50% probability level, hydrogen atoms are
depicted as spheres of arbitrary radii. Relevant bond lengths are given
in the text.

Fig. 5 Crystal packing of 1. N–H� � �O and O–H� � �O hydrogen bonds
are depicted as dashed lines.

Fig. 6 Crystal packing of 2. N–H� � �O and O–H� � �O hydrogen bonds
are depicted as dashed lines; longer I� � �I interactions, creating the
infinite polyanion of iodine species, are drawn as open lines.
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two long I–I bond distances measured in I7
� species of 2as well

as their bond orders (Table 1) indicate that both I7
� fragments

are of the I2 � I3� � I2 type, in full agreement with Raman,
thermal analysis and UV-vis observations.

The bond angles found in 2 follow the pattern found for
other polyiodides3–5: The angles I(2)–I(1)–I(2)#1, I(2)–I(3)–
I(4), I(5)–I(6)–I(7), I(7)–I(8)–I(9) and I(9)–I(10)–I(11) are close
to 1801 while the angles I(1)–I(2)–I(3), I(6)–I(7)–I(8) and I(8)–
I(9)–I(10) are close to 901 (Fig. 4, Table 4). The torsion angles
between three almost linear fragments of heptaiodides are
different for two I7

� anions: 1801 for the I(1)� � �I(1A) fragment,
but 92.2(1)1 for I(5)� � �I(11). Two short I–I terminal bonds
[I(13)–I(14), 2.774(3) Å], which are in the range of free diiodine
(2.715 Å

15

) and two long central bonds [I(12)–I(13), 3.315(2) Å]
indicate the retention of two neutral I2 molecules in the unit cell
of 2 with weak halogen-halogen interactions forming a weak
centrosymmetric I2� � �I�� � �I2 complex. This anionic complex is

almost linear (I–I–I angles along the anion are 1801, 167.5(1)1
and 1801). Fig. 7 shows the polyiodide network established by
weak halogen-halogen interactions, in the range 3.51–3.58 Å,
between I7

� and I2� � �I�� � �I2 ions. If only the I–I distances of
3.51 Å are taken into account, then an I19

3� independent
species may be considered (see Fig. 7), encompassing I(11) to
I(11B) and including also I(14) to I(14A).

Conclusion

Structures containing polyiodide anions with cationic aromatic
ligands as counterparts and having the general formula
{[(L)(HL)1] � In�} are very rare in the literature and to the best
of our knowledge there are only three other structurally
characterized compounds of this type: {[(phenacetin) � (Hphe-
nacetin)1] �HI4

�},12a {[(phenacetin)(Hphenacetin)1] � I5�}12b

and {[(C6H5CONH2)(C6H5CONH3)
1] � I3�}12c (C6H5CONH2 ¼

benzamide). The syntheses of these complexes were achieved by
treatment of the appropriate amide with HI, in contrast to the
present case of complexes 1 and 2, formed by the direct reaction
of 2-pyridone with diiodine in molar ratios of 2 : 1 and 1 : 2. This
is a redox reaction5a where 2-pyridone is oxidized to a cationic
radical. With 2-pyridone, however, peroxide structures are not
formed, in contrast to the formation of disulfides in the case of
PYSH.1d Here, polyiodide anions are simultaneously produced.
This is probably a consequence of the redox differences between
SH and OH groups and may prove to be a useful pathway for the
synthesis of polyiodide materials.

Experimental

Materials and instruments

All solvents used were of reagent grade. Diiodine (Aldrich) and
2-pyridone (Merck) were used with no further purification.

Table 3 Selected bond lengths (Å) and angles (1) for compound 1
a

I(1)–I(2) 2.9131(5) C(5A)–C(6A) 1.351(8)

I(1)–I(2)#1 2.9131(5) C(2B)–O(2B) 1.282(6)

C(2A)–O(2A) 1.278(6) N(1B)–C(6B) 1.371(7)

N(1A)–C(2A) 1.364(6) N(1B)–C(2B) 1.369(7)

N(1A)–C(6A) 1.341(7) C(2B)–C(3B) 1.408(8)

C(2A)–C(3A) 1.419(7) C(3B)–C(4B) 1.361(8)

C(3A)–C(4A) 1.360(8) C(4B)–C(5B) 1.407(8)

C(4A)–C(5A) 1.396(8) C(5B)–C(6B) 1.347(8)

I(2)–I(1)–I(2)#1 180.0 C(2B)–N(1B)–C(6B) 122.5(5)

C(6A)–N(1A)–C(2A) 123.6(5) O(2B)–C(2B)–N(1B) 117.3(5)

O(2A)–C(2A)–N(1A) 118.1(5) O(2B)–C(2B)–C(3B) 126.1(5)

O(2A)–C(2A)–C(3A) 125.9(5) N(1B)–C(2B)–C(3B) 116.6(5)

N(1A)–C(2A)–C(3A) 116.0(5)

a Symmetry transformations used to generate equivalent atoms: #1 �xþ 1, �yþ 1, �zþ 1.

Table 4 Selected bond lengths (Å) and angles (1) for compound 2a

I(1)–I(2) 2.946(2) I(12)–I(13) 3.315(2)

I(1)–I(2)#1 2.946(2) I(13)–I(14) 2.773(3)

I(2)–I(3) 3.173(2) C(2A)–O(2A) 1.30(2)

I(3)–I(4) 2.779(2) C(2B)–O(2B) 1.28(2)

I(5)–I(6) 2.793(2) C(2C)–O(2C) 1.29(2)

I(6)–I(7) 3.328(3) C(2D)–O(2D) 1.21(2)

I(7)–I(8) 2.909(2) C(2E)–O(2E) 1.26(2)

I(8)–I(9) 2.933(2) C(2F)–O(2F) 1.26(2)

I(9)–I(10) 3.307(2) C(2G)–O(2G) 1.26(2)

I(10)–I(11) 2.759(2) C(2H)–O(2H) 1.32(2)

I(2)–I(1)–I(2)#1 180.00(6) I(7)–I(8)–I(9) 178.41(8)

I(1)–I(2)–I(3) 92.13(5) I(8)–I(9)–I(10) 85.17(6)

I(4)–I(3)–I(2) 174.95(8) I(11)–I(10)–I(9) 179.91(8)

I(5)–I(6)–I(7) 174.99(7) I(14)–I(13)–I(12) 167.52(8)

I(8)–I(7)–I(6) 88.85(6)

a Symmetry transformations used to generate equivalent atoms: #1�x,
�y, �z.

Scheme 2 Structural conformation of symmetric (A) and asymmetric
(B) I7

� (I2 � I3� � I2) moieties found in complex 2.

Fig. 7 Polyiodide network established by weak halogen-halogen
interactions, in the distance range 3.51–3.58 Å, between I7

� and
I2� � �I�� � �I2 ions.
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Elemental analysis for C, H, N and S was carried out with a
Carlo Erba EA model 1108 elemental analyzer. Melting points
were measured in open tubes with a Stuart scientific apparatus
and are uncorrected. Infrared spectra in the range 4000–370
cm�1 were obtained from KBr pellets, while far-IR spectra in
the range 400–50 cm�1 were obtained from polyethylene pellets
with a Perkin–Elmer Spectrum GX FT-IR spectrophotometer.
A Jasco UV/Vis/NIR V 570 series spectrophotometer was used
to record the electronic absorption spectra. Conductivity titra-
tions were carried out at T ¼ 293 K in acetonitrile solutions
with a WTF LF-91 conductivity meter. Electron paramagnetic
resonance spectra were recorded at room temperature on a
Varian E-Line spectrometer operating at 9.26 GHz. Micro-
wave power saturation experiments were performed by record-
ing the signal intensity as a function of the microwave power in
steps of 6 decibels.

Syntheses

Complexes 1 and 2 were prepared by mixing dichloromethane
solutions of diiodine with dichloromethane solutions of 2-
hydroxypyridine in the appropriate molar ratios, in air at
0 1C under continuous stirring for 4 h. The solutions were
subsequently filtered and the resulting clear solutions were kept
in the refrigerator for several days; crystals of the pure
compounds formed and were filtered off. The filtrates were
kept for further crystallization.

Complex 1. I2: 0.127 g, 0.5 mmol; PYOH: 0.096 g, 1 mmol;
CH2Cl2: 20 ml; m.p. 121–124 1C; anal. calcd for
C20H20N4O4I3: C: 31.56; H: 2.65, N: 7.36; found: C: 31.56;
H: 0.63; N: 2.80; S: 14.07 %; IR (cm�1): 3261 w, 1654 vs,
1611 s, 1541 s, 1436 s, 1240 m, 1150 m, 990 m, 770 vs, 722 s, 615
s, 569 s, 504 s, 157 m, 112 m; UV-vis [lmax/nm (loge) in
CH2Cl2]: 505 (2.77), 365 (3.44), 297 (3.89).

Complex 2. I2: 0.254 g, 1 mmol; PYOH: 0.048 g, 0.5 mmol;
CH2Cl2: 20 ml; m.p. 85–88 1C; anal. calcd for C40H40N8O8)I13:
C: 19.93; H: 1.67, N: 4.65; found: C: 19.65; H: 1.68; N: 4.77 %;
IR (cm�1): 3119 w, 1648 vs, 1617 s, 1540 s, 1430 s, 1250 m, 990
m, 771 vs, 720 s, 616 s, 570 s, 513 s, 151 vs; UV-vis [lmax/nm
(loge) in CH2Cl2]: 501.5 (2.83), 362 (3.58), 294.5 (4.05).

X-Ray structure determination

Dark crystals of the complexes suitable for single crystal
analysis by X-ray crystallography were grown by slow eva-
poration of the filtrates from the reaction medium. Data were
collected by the o scan technique in the range 22.941 o 2y o
to 29.351 for 1 and 2.701 o 2y o to 22.001 for 2 on a KUMA
KM4CCD four-circle diffractometer16a with a CCD detector,
using graphite-monochromated MoKa (l ¼ 0.71073 Å) at
120(1) K (1) and 293(2) (2). Cell parameters were determined
by a least-squares fit.16b All data were corrected for Lorentz
polarization effects and absorption.16b,16c The crystals of 2

were of relatively poor quality, therefore the statistical indica-
tors of the appropriate refinements are not very good and the
refinements were performed with constraints. Nevertheless, the
quality of the data obtained allow for a reasonable discussion,
especially on crystal packing and constitution of the com-
plexes. The structures were solved with direct methods with
SHELXS9716d and refined by full-matrix least-squares proce-
dures on F2 with SHELXL97.16e All nonhydrogen atoms were
refined anisotropically; hydrogen atoms were located at calcu-
lated positions and refined as a riding model with isotropic
thermal parameters fixed at 1.2 times the Ueq of the carrier
atom.

In the structures of 1 and 2 some OH and NH hydrogen
atoms were found to be disordered between the hydrogen-

bonded molecules and were refined with site occupation factors
of 1/2. This might be regarded as an indication that the
symmetry of the space group should be lower. In this case,
the structure would consist of antiparallel hydrogen-bonded
chains made up of ordered molecules.
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