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Abstract

(MesTe), (mes = 2,4,6-trimethylphenyl) reacts with iodine in the presence of KI to give [mesTel(p-1),(Telmes),], (1). If pyridinium
iodide and two or five equivalents of I, are added to the mixture (mesTe),/iodine, then (CsHgN), [mesTel,](13), (2) and {(CsHgN);[(mes-
Tels) (u-I7)(Telzmes)](I3),},, (3) are produced in good yields. Compounds 1, 2 and 3 are atypical structured organotellurium iodides,
attaining interionic I; ---I-Te”, N*-H--.I-Te” and N*-H - - - I; secondary interactions. Complex 2 form single dimers, 1 and 3 assemble
onedimensional, polymeric chains. In the neutral compound 1 tellurium occurs in the oxidation states +2 and +4. Besides the occurrence
of charge transfer (CT) systems associated to the I5 ions, the charge delocalization in compound 3 suggests further the existence of an

inner CT system within the iodine atoms I(3), I(4) and 1(5).
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Recently we have described the preparation of the new
T-shaped organotellurium(II) dihalides (PyH)[mesTel,],
(PyH)[mesTelBr] and (PyH)[mesTelICl] (Py = pyridine),
starting from (mesTe), and inserting two different halogen
atoms on tellurium [1]. The anions [mesTel,]” and [mesT-
elBr]™ are assembled as dimers by reciprocal, secondary
Te- - -X interactions, linked also to the pyridinium cations
through p-NH---X bonding; the anion [mesTelCl]” do
not interact with neighboring anionic moieties, but attains
also secondary NH- - -Cl bonding. Te- - -m-aryl interactions
have not been detected, differently of earlier reported
organochalcogen halides of tellurium'[2]. The synthesis
and the X-ray characterization of the series (PyH)[mesT-
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eBr;], (PyH)[mesTeCIBr] and (PyH)[mesTeCl,] were also
further reported [3], but these compounds do not repro-
duce the assembling of the above mentioned parent diha-
lides, e. g., there is no dimeric association of the anions.
Nevertheless, the secondary NH- - -X bonds of the anionic
moieties toward the pyridinium cations are also evident.
Both compound series have in common the fact that they
have been prepared by addition of the stoichiometric
amounts of pyridinium halides (PyH)X (X =CIl", Br-,
I7) to the respective intermediary mesTeX (X = Cl, Br,
I), last obtained by direct reaction of (mesTe), with chlo-
rine, bromine and resublimate iodine.

Since the chemistry of organochalcogen halides — partic-
ularly that of organotellurium iodides — becomes more and
more interesting and attractive, we have developed new
experimental routes to reach compounds with innovative
architectural designs and, possibly, also with pharmacolog-
ical applications. It is well known that compounds of tellu-
rium have been abundantly explored in the medicine as
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drugs for a wide range of diseases [4-6]; on the other side,
iodine-125 and iodine-131 are very important in the radio-
therapy, as well as radioactive tracers in diagnostic tech-
niques of nuclear medicine [7].

If the reaction milieu — in the synthesis of the two series
of compounds described in the begin of this report — is any-
way disturbed by using appropriated reagents, the final
products can be essentially different, structurally as well
as chemically. We report now on the effects of these con-
trolled “disturbances” on the intermediary mesTel and
the structural characterization of the new organotellurium
iodides [mesTel(p-I)>(Telmes),], (mes = mesityl) (1),
(CsHgN)a[mesTelo]» (I3)2 (2) and {(CsHgN)s[(mesTels)(p-
I7)(Telsmes)](I13)2} , (3). All the three complexes show unu-
sual compositions and configurations: 2 (Te'") and 3 (Te')
attain secondary, interanionic I ---I-Te~ bonds and N*—
H..I-Te  interactions; N"—H--- I contacts are present
only in 3. Complex 2 form single dimers, but 1 and 3
assemble onedimensional, polymeric chains. The neutral
complex [mesTel(p-1),(Telmes),], (1) represents one spe-
cific example of organochalcogen halides with the chalco-
gen atoms presenting mixed valence states — Te'' and
Te'" — in the same molecule.

2. Experimental

All manipulations were conducted under argon by use
of standard Schlenk techniques. The solvents were dried
(toluene with sodium/benzophenone, CH,Cl, with CaCl,)
and distilled before use.

2.1. [mesTel(u-1),(Telmes),], (1)

To a solution of (mesTe), (0.148 g, 0.3 mmol) in 5 ml of
toluene, 0.077 g (0.3 mmol) of resublimated iodine were
added. The color of the solution turned blue (formation
of the intermediary mesTel). To this mixture KI (0.050 g,
0.3 mmol) was added as seed crystal (the alternative addi-
tion of 0.3 mmol of CsI or CsCl do not change the end
results). After 5h stirring the solution was concentrated
and allowed to recrystallize at —18 °C.

Properties: air stable, cubic blue crystals. C,7;H3315Te;
(1374.83). Yield: 90.0% based on (mesTe),; Melting point:
159.9-161.2 °C. C, H, N-analysis, Found: C, 23.49; H,
2.55; N, 0.00. Calc.: C, 23.59; H, 2.42; N, 0.00%.

IR (KBr): 2961.8 [v(C-H),.], 2908.8 [v(C—H)ye], 1588.2
[W(C=C)], 1436.1 [6(C-C-H)], 848.6 cm ™" [Jou pl. (CC-
H)mes ]

2.2. (CsHgN)4[mes Tel>[>(13)> (2),
{(CsHsN)s3[ (mesTels)(pu-I")(Telsmes) [(13)2},(3)

To a solution of (mesTe), (0.148 g, 0.3 mmol) in 5 ml of
toluene, 0.077 g (0.3 mmol) of resublimated iodine were
added. The color of the solution turned immediately blue.
After addition of pyridinium iodide (0.096 g, 0.6 mmol) the

system was stirred for 2 h and a red precipitate of (PyH)-
[mesTel,] [1] was formed. At this point the addition of
two and five equivalents of I, (0.6 and 1.5 mmol) leads to
the formation of 2 and 3, respectively. After 1/2 h stirring
the products (red precipitates) were filtered and dissolved
in CH,Cl,. Monocrystals of 2 and 3 were obtained by
recrystallization in CH,Cl, at —18 °C.

(CsHgN)4mesTel,r(I3), (2): hygroscopic, rectangular
black crystals. CoH»315N,Te (1041.49). Yield: 90.0% based
on (mesTe),; Melting point: 152.8-154.2 °C. C, H, N-anal-
ysis, Found: C, 21.54; H, 2.46; N, 2.89. Calc.: C, 21.91; H,
2.23; N, 2.69%.

IR (KBr): 3198.5, 3142.3 [w(N-H)], 3052.5 [W(C-H)..],
2961.8 [W(C-H)ye), 1626.5 [w(C=C)], 1593.6 [v(C=N)],
1522.9 [0(C-C-H)], 1475.0 [6(C-N-H)], 856.5 [dout p1. (C—
C-H)pmes), 736.2, 666.6 cm™" [Gout 1. (C-C—H)pyr]:

{(CsHgN)s[(mesTels)(p-1")(Telzmes)[(I5)>}, (3): hygro-
scopic, rectangular black crystals. Cs3Hyol3N3Te,
(2383.58). Yield: 88.0% based on (mesTe),; Melting point:
143.8-145.5°C. C, H, N-analysis, Found: C, 15.75; H,
1.95; N, 2.05. Calc.: C, 16.63; H, 1.69; N, 1.76%.

IR (KBr): 3215.0 [w(N-H)], 3152.4 [v(C-H),.], 3057.2
W(C—H)pel, 1627.7 [(C=C)], 1595.0 [v(C=N)], 1524.1
[6(C-C-H)], 1475.7 [6(C-N-H)], 837.4 [bour p. (C-C-
H)mes], 726.5, 662.3 cm ™" [Sou pl. (C-C—H)py, ).

2.3. Crystallography

Single crystals fixed on a glass fiber were used for the
X-ray data collection. Data were collected with a Bruker
APEX II CCD area-detector diffractometer and graphite-
monochromatized Mo Ko radiation. Computing data
reduction and absorption correction [8]. The structures of
mesTel(p-1)x(Telmes),], (1), (CsHgN)s[mesTeL1, (I); (2)
and {(CsHgN)s[(mesTely)(u-I7)(Telsmes)1s)s}, (3) were
solved by direct methods [9] and refined on F* with aniso-
tropic temperature parameters for all non H atoms [10]. H
atoms of the mesityl groups were positioned geometrically
(C-H =0.93 A for Csp® atoms) and treated as riding on
their respective C atoms, with Uj,(H) values set at
1.2 Uequpz. The hydrogen atom (N-H) of the pyridonium
ion was located in a difference-Fourier map and refined iso-
tropically. The crystallographic parameters and details of
data collection and refinement are given in Table 1.

3. Results and discussion

Crystal data and experimental conditions are given in
Table 1. Selected bond distances and angles of [mesTel(p-
I)y(Telmes),], (1), (CsHeN)fmesTeLh (L), (2) and
{(CsHgN);[(mesTelz)(pu-17)(Telsmes)] (I5),},, (3) are listed
in Tables 2-4, with dashed lines representing the secondary
bonds. Fig. 1 represents the unidimensional assembling of
complex 1 in the ab plane; Fig. 2 shows the dimeric associ-
ation of 2. Fig. 3 displays the asymmetric unit of 3, with the
secondary interactions and charge delocalization in dashed
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Table 1
Crystal data and structure refinement for 1, 2 and 3
1 2 3
Empirical formula C27H3315T€3 C19H2315N2Te C33H401|3N3T62
Formula weight 1374.83 1041.49 2383.58
T (K) 293(2) 293(2) 293(2)
Radiation, / (A) Mo Ka, 0.71 Mo Ka, 0.71 Mo Ka, 0.71
Crystal system Monoclinic Triclinic Monoclinic
Space group P2,/c Pi P2y/c
Unit cell dimensions
a(A) 8.1642(2) 8.4019(4) 16.2880(2)
b (A) 28.5166(9) 8.6610(4) 17.4708(2)
c(A) 16.0723(5) 21.2534(1) 21.1867(3)
o (°) 90 86.979(2) 90
B (°) 103.721(2) 89.221(2) 107.567(6)
7 (°) 90 63.966(1) 90
V(A% 3635.09(18) 1387.65(12) 5747.82(12)
zZ 4 2 4
Absorption coefficient (mm™") 6.653 6.642 8.022
Crystal size (mm) 0.06 x 0.06 x 0.23 0.07x0.15%0.25 0.10x0.11 x 0.43
F(000) 2464 936 4208
0 Range (°) 1.43-28.33 0.96-30.59 1.31-30.14
Index ranges —10<h <8, —37< k<38, —11<h<g12, -12< k<12, —22 < h <22, =24 <k <23,
—21<I< 18 -27<1<30 -29<1<29
Reflections collected 25937 24062 122702
Reflections unique 8989 [Rin = 0.0242] 8493 [Ri = 0.0208] 16887 [Rine = 0.0477]
Absorption correction Multi-scan Multi-scan Multi-scan
(SADABS) (SADABS) (SADABS)
Maximum and minimum transmission 1.00 and 0.64 1.00 and 0.67 1.00 and 0.47
Refinement method Full-matrix least-squares on F* Full-matrix least-squares on F* Full-matrix least-squares on F*
Data/restraints/parameters 8989/0/316 8493/0/244 16887/0/460
Goodness-of-fit on F* 1.093 1.023 1.135

Final R indices [I > 20([)]
R indices (all data) .
Largest difference in peak and hole (¢ A~3)

R; =0.0279; wR, = 0.0675
R, =0.0418; wR, = 0.0807
0.985 and —0.812

Ry =0.0403; wR, =0.1362
R, =0.0626; wR> = 0.1551
1.226 and —2.239

R, =0.0534; wR, = 0.1486
R, =0.1204; wR, = 0.2028
2.382 and —1.997

Table 2
Selected bond lengths [A] and angles [°] for [mesTel(u- I)y(Telmes),], (1)

Bond lengths

Bond angles

C(11)-Te(1) 2.139(0) I(1)-Te(1)-1(2) 172.85(2)
Te(1)-1(1) 2.794(7) 1(2)-Te(3)-1(5) 173.48(0)
Te(1)-1(2) 3.148(7) Te(1)-1(2)-Te(3) 99.94 (1)
Te(1)-1(3) 2.924(6) Te(1)-1(2)-Te(2)’ 101.51(0)
C(21)-Te(2) 2.121(0) Te(1)-1(3)-Te(2) 172.52(2)
Te(2)-1(3) 3.063(7) 1(4)-Te(2)-1(2)" 175.33(1)
Te(2)-1(4) 2.752(7) C(11)-Te(1)-I(1) 90.73(1)
Te(2)'-1(2) 3.297(0) C(11)-Te(1)-1(2) 84.84(1)
C(31)-Te(3) 2.130(6) C(11)-Te(1)-1(3) 113.44(1)
Te(3)-1(2) 3.340(0) C(21)-Te(2)-1(3) 116.33(1)
Te(3)-1(5) 2.751(8) C(21)-Te(2)-1(4) 94.04(1)

C(31)-Te(3)-1(2) 82.49(1)

C(31)-Te(3)-1(5) 91.64(1)

Symmetry transformations used to generate equivalent atoms:
(=-1+xpz(")=1+xyz

lines. Fig. 4 exhibits the polymerization of 3 in the ab plane.
In the polymeric assembling of [mesTel(p-1),(Telmes),], (1,
Fig. 1) the I(2) atom attains a triple bridge function, linking
Te(1) {Te(1)-1(2) = 3.148(7)}, Te(2) {Te(2)"~
1(2) = 3.297(0)} and T(3) {Te(3)-1(2) = 3.340(0) A}. The
to-1(3) distances I(3)-Te(1) and 1(3)-Te(2) are 2.924(6)
and 3.063(7) A respectively. The Te(3)-1(2) {3.340(0)}
and Te(3)-1(5) {2.751(8) A} distances show that [mes-
Tel(p-1),(Telmes),], (1) formally can be viewed as Te'”

moieties {Te(1) and Te(2)} linked to Te" groups {Te(3)},
e.g., the tellurium atoms attain mixed valence states in
the same molecule, a very rare occurrence form of organo-
chalcogen halides [11,12]. In addition, such clear molecular
association between [mesTel;] and [mesTel] moieties has
not yet been reported in the solid state.

The complex salt (CsHgN)4mesTel,], (I3), (2) exhibits
atypical secondary interactions — through iodine atoms —
between the anions I; and [mesTel,]”. These twofold
negatively charged units are combined in dimers through
reciprocal Te(1)---I(1) interactions {3.924(3) A}, with the
I(1)/I(1)" and (I2)/(12)" atoms fulfilling the charge balance

Table 3
Selected bond lengths [A] and angles [°] for (CsHgN)4[mesTel,] »(13), (2)

Bond lengths

Bond angles

C(11)-Te(1) 2.130(5) C(11)-Te(1)-I(1) 89.14(1)
Te(1)-1I(1) 2.919(6) C(11)-Te(1)-1(2) 89.81(1)
Te(1)-1(2) 2.974(6) I(1)-Te(1)-1(2) 178.90(2)
1(2)---1(3) 3.659(4) Te(1)-1(2)- - -1(3) 146.86(2)
1(3)-1(4) 2.896(8) 1(3)-1(4)-1(5) 179.45 (2)
1(4)-1(5) 3.006(8) I(1)- - -H(31)'-N(31) 133.82(1
Te(1)---1(1) 3.924(3) 1(2)- - -H(21)-N(21) 144.80(2)
I(1)---H(31) 3.158(2)

1(2)---H(21) 2.904(2)

Symmetry transformations used to generate equivalent atoms: (') = —x,
11—y, —z
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Table 4 .
Selected bond lengths [A] and angles [°] for {(CsHgN)s[(mesTels)(u-
I)(Telsmes)](T3),}, (3)

Bond lengths

Bond angles

C(11)-Te(1) 2.147(8) C(11)-Te(1)-1(1) 89.2(2)
Te(1)-1(1) 2.884(10) C(11)-Te(1)-1(2) 91.2(2)
Te(1)-1(2) 2.956(10) C(11)-Te(1)-1(3) 116.2(2)
I(1)- - I(8) 3.675(12) C(11)-Te(1)- - -1(5)" 156.59(1)
1(8)-1(9) 2.856(11) I(1)- - -I(8)-1(9) 167.12(2)
1(9)-1(10) 2.982(12) Te(1)-1(3)-1(4) 172.53(3)
Te(1)-1(3) 2.826(9) 1(3)-1(4)-1(5) 95.87(3)
1(3)-1(4) 3.100(10) C(21)-Te(2)-1(5) 116.9(2)
1(4)-1(5) 3.097(9) C(21)-Te(2)-1(6) 89.1(2)
C(21)-Te(2) 2.149(4) C(21)-Te(2)-1(7) 90.1(2)
Te(2)-1(5) 2.833(9) C(21)-Te(2)- - -I(3)’ 155.80(1)
Te(2)-1(6) 2.873(10) Te(2)-1(5)-1(4) 171.77(3)
Te(2)-1(7) 2.974(11) 1(6)- - -I(11)-1(12) 165.48(1)
1(6)- - -I(11) 3.618(12) N(31)-H(31)--1(13) 126.76(2)
I(11)-1(12) 2.865(12) N(41)-H(41)--1(7) 133.04(2)
1(12)-1(13) 2.961(12) N(51)-H(51)- - -1(10) 134.79(2)
Te(1)- - - 1(5)" 3.922(7) 1(8)- 1(9)-1(10) 179.20(1)
1(3)- - - Te(2)" 3.940(7) I(11)-1(12)-1(13) 178.97(1)
H(31)---I(13) 3.279(6)

H41)--1(7) 3.150(2)

H(51)- - 1(10) 3.265(6)

Symmetry transformations used to generate equivalent atoms: (') = —x,

05+,05-z(")=-x, —05+y,0.5—z.

by means of four N"-H.---I bonding {N-H(31)---I(1) =
3.158(2), N-H(21)- - -I(2) = 2.904(2) A}, as shown in Fig. 2.
The structure of {(CsHgN);(p-17)(Telsmes)] (Iz)2}, (3)
has also not yet been described. The complex asymmetric
unit is assembled formally by the association of two mes-
Tel; moieties through an iodide ion. The charge delocaliza-
tion, also represented in Fig. 3, is suggested by the
equivalence of the bond distances I(3)-1(4) {3.100(10)}
and I(4)-I(5) {3.097(9) A}. Also hier interanionic I3 - - -I-
Te™ bonding and N*—H---I-Te™ interactions take place,
besides N"—H- - I; effective contacts. The asymmetric units
represented in Fig. 3 attain the complex polymeric, unidi-
mensional structure shown in Fig. 4: each (CsHgN)s-
(u-I7)(Telzmes)](I5), unit is linked to the half of two facing
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ones through reciprocal Te-I secondary interactions
{Te(1)---I(5)" = 3.922(7), Te(2)"---1(3) = 3.940(7) A, see
Fig. 4}, achieving a zigzag polymeric assembling of centro-
symmetric dimers connected along the chain through
iodine bridges. The presence, in 2 and 3, of linear chains of
I3 anions {2: 1(3)-1(4)-1(5) = 179.45(2)°; 3: 1(8)-1(9)-1(10) =
179.20(1)°, I(11)-I(12)-1(13) =178.97(1)°} allows their
classification as charge-transfer (CT) compounds, since
the charge-transfer effect is associated with this anionic
iodine species. Although we have not experimentally con-
firmed, in compound 3 a CT system probably is present
also within the iodine atoms I(3), I(4) and I(5), as conse-
quence (or perhaps as cause) of the charge delocalization.

Recently we have reported some new examples of
simultaneous occurrence of secondary Te- - -Iand I- - -Iinter-
actions: in the complex salts (Et4N)[PhTel;] and (Et4N)-
[(B-naphtyl)Tel4] [13], only anionic interactions of the types
Te-- -1 and I-- I take place, cation—anion effective contacts
do not occur. For each case the secondary bonds keep the
anionic moieties in a whole supramolecular gathering, being
also able to assure an octahedral coordination to the tellu-
rium atoms. The well known sequence of [( B-naphtyl)Tel4]
dimers — through reciprocal Te- - -1 interactions — connected
in chains by means of I- - -1 bonding had been already found
in the supramolecular lattice of (a-naphtyl)Tel; [14]. Further
examples of interesting anion—anion and polymeric associa-
tions through Te- - -I and I- - -I interactions offer the lattices
of [p—CH3O(C6H4)Te(etu)][p—CH3O(C6H4)Tel4] (etu =
ethylenethiourea) and [RTelz(p-I)Te(tu)R] {R = p-PhO-
(CgHy); tu = thiourea}, recently described [15]. Typical
“three center—four electron’ bonds, i.e. triiodide like bond-
ing involving Se---I and I---I interactions have also been
shown by du Mont and co-workers [16] in solid
{[CsH(N,=Se]3" - 2I; - CsH oN,—Se — I, }.

It is well known that the heavier halogens, particularly
I,, tend to form oligomeric catenated polyanions which
can assume a wide range of structural designs [17]. Polyiod-
ides such as I5, I}~ and I are very numerous in the litera-
ture and have been well discussed by Devillanova, Lippolis

Tel
g Te3

15 b

Fig. 1. Unidimensional assembling of [mesTel(u-1),(Telmes),], (1) in the ab plane. Symmetry transformations used to generate equivalent atoms:

Y=—-1+x,p3z()=1+x,y z
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Cl11

Fig. 2. Structure of the dimer (CsHgN)4mesTel,] 5(I3)2(2). Symmetry transformations used to generate equivalent atoms: (') = —x, 1 — y, —z. Dashed
lines are secondary interactions.

112 113
r
'
ra
/
“H31
N3i
I8 19 110
Y H51
N51

Fig. 4. Polymerization of {(CsHeN)s[(mesTels)(u-17)(Telzmes)] (I5),}, in the ab plane, with dashed lines representing secondary interactions. For clarity
the pyridinium cations do not appear. Symmetry transformations used to generate equivalent atoms: () = —x, 0.5+, 0.5—z; (") =—x, —0.5+ y,
0.5—z.
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and co-workers [18], according to whom all higher polyiod-
ides can be considered to be derived from the donor/accep-
tor interaction of asymmetric I; and/or I” with di-iodine
molecules that emerge slightly elongated. Although some
polyiodides are present in the crystal lattices as discrete
aggregates, they frequently attain polymeric one-dimen-
sional chains or extended two- or three-dimensional net-
works in the polyanionic matrix via I---I cross-linking
soft-soft secondary interactions: these range generally
from 3.6 A up to the van der Waals sum for two iodine
atoms (4.3 A) [19], and the identification of the basic poly-
iodide unit can become arbitrary [17,20]. However, the
value of 3.6 A for an I- - - is commonly accepted as the bor-
derline for the identification of the basic polyiodide unit in
extended multi-dimensional polyanionic networks [17]: val-
ues lower than 3.6 A identify the polyiodide unit, values
higher than this limit distance should be considered as con-
tacts between polyiodide units.

Although our results do not deal with higher polyio-
dide chains, all the measured values for I-I bond dis-
tances in the complexes 2 and 3 (see Tables 3 and 4)
are limited by 3.6 A: lower values identify covalent I-I
bonds, longer distances characterize the secondary I-I
interactions between single I; and I-Te®-1 chains.
Finally, is has been also pointed out [18] that bond
angles of iodine chains are frequently observed at 90°
and 180°, but can deviate considerably from these values
with longer (I3) I"---I-1 bond lengths.

4. Supplementary material

CCDC 619645, 619646 and 619647 contains the supple-
mentary crystallographic data for 1, 2 and 3. These data
can be obtained free of charge via http://www.ccdc.cam.
ac.uk/conts/retrieving.html, or from the Cambridge Crys-
tallographic Data Centre, 12 Union Road, Cambridge
CB2 1EZ, UK; fax: (+44) 1223-336-033; or e-mail:
deposit@ccdc.cam.ac.uk.
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