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Abstract

The synthesis and characterization of homoleptic zinc(II) and cadmium(II) tellurolates incorporating the intramolecularly
chelating oxazoline ligand are described. The derivatives, M[Te(Ox)]2 [M=Zn (4) or Cd (5) and Ox=2-(4,4-dimethyl-2-oxa-
zolinyl)phenyl], are prepared in good yield via the metathesis reactions of MCl2 with lithium arenetellurolate, OxTe−Li+ (2).
Attempts to synthesise the mercury complex led to isolation of the corresponding ditelluride (3). Crystal structure of the ditelluride
was determined by X-ray diffraction method. Of particular interest in the structure is the intramolecular interaction of the sp2

nitrogen with the tellurium. The strength of the Te…N nonbonded interactions in this compound [Te(1)…N(1): 2.864(5),
Te(2)…N(2): 2.694(5) Å] is found to be stronger than the similar interactions found in related compounds. The zinc and cadmium
complexes are quite stable in the solid state and highly soluble in common non-polar organic solvents. The variable temperature
NMR spectra of Zn[Te(Ox)]2 (4) and Cd[Te(Ox)]2 (5) show the complexes to be chiral at low temperatures. © 1999 Elsevier
Science S.A. All rights reserved.
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1. Introduction

The chalcogenolate derivatives of Group 12 elements
have recently attracted considerable attention because
of their potential use as single source precursors to
Group 12–16 semiconductors [1]. Unfortunately, the
development of the molecular chemistry of these com-
pounds has been slow as the precursors are frequently
insoluble in common organic solvents due to the forma-
tion of non-crystalline polymers through bridging of
the chalcogenolate ligands, and are therefore, difficult
to purify and characterize. A number of synthetic ap-
proaches have been used to reduce the ligand associa-
tion and enhance the volatility of the compounds.

Although the introduction of bulky substituents has
proved very effective in preventing higher degrees of
aggregation in metal chalcogenolato complexes of the
type M(ER)2 [2], the complexes are known to involve in
a reductive elimination process to give the dichalco-
genide and elemental metal. The other approach re-
ported in the literature to prepare volatile precursors
involves saturating the metal coordination sphere with
neutral donor ligands [3]. However, although evidently
even weak donor ligands are capable of producing
monomeric complexes, the use of such compounds as
volatile precursors is limited due to the facile dissocia-
tion in the first step of the thermolysis process.

However, the introduction of chalcogenolate ligands
having covalently attached donor atoms is highly effec-
tive in reducing the ligand dissociation process and
thereby increasing the volatility of the complexes [4]. In
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continuation of our work on intramolecularly coordi-
nated organochalcogens [5], we have recently isolated
some stable monomeric mercury selenolates using or-
tho-chelating N,N-dimethylaminobenzyl and N,N-
dimethylaminoethyl ferrocenyl ligands [6] and
well-characterized examples of zinc, cadmium and mer-
cury thiolato and selenolato complexes by using a more
rigid 4,4-dimethyl-2-phenyloxazoline substrate [7]. In-
terestingly, the zinc thiolato [7a] and selenolato [7b]
complexes were found to be chiral at room temperature
(r.t) and the cadmium thiolate and selenolate showed
chirality at low temperatures. It was thought worth-
while to extend our approach to the heaviest chalcogen,
tellurium. Although several metal thiolates and seleno-
lates are known, the metal tellurolates are highly lim-
ited due to their instability [8,9]. In this paper we
describe the synthesis and characterization of zinc and
cadmium tellurolato complexes by using the more rigid
4,4-dimethyl-2-phenyloxazoline substrate. Attempts to
synthesize the corresponding mercury tellurolate com-
plex were unsuccessful.

2. Results and discussion

2.1. Synthesis

Synthesis of ditelluride (3) was accomplished by the
‘ortholithiation’ route. Ortholithiation of 1 with n-BuLi
afforded the aryllithium compound which was further
reacted with finely powdered tellurium powder to give
the corresponding lithium arenetellurolate (2). Oxida-
tive workup of 2 gave the diaryl ditelluride 3. Synthesis
of the tellurolate complexes was approached by the
metathesis reaction of the lithium arenetellurolate with
the corresponding MCl2 in ether (Scheme 1) according
to our recently reported method for the synthesis of
metal selenolates [7b].

The 2:1 molar reactions of OxTe−Li+ (2) and anhy-
drous MCl2 (M=Zn, Cd) in ether afforded the desired
complexes (4, 5) in good yields. The reaction of
OxTe−Li+ (2) and HgCl2 did not give the expected

mercury complex, instead it gave the ditelluride (3).
Although there was some indication of the formation of
mercury tellurolate in solution, the compound decom-
posed upon exposure to air to give the ditelluride and
elemental mercury. Recently, we have shown that pure
monomeric mercury selenolate complexes were best ob-
tained in two further steps, whereby the lithium are-
neselenolate was oxidized to the diselenide (which is air
stable and readily purified), followed by a oxidative
addition of mercury [6,7b]. However, attempts to syn-
thesize the mercury tellurolate complex by the reaction
of ditelluride (3) and elemental mercury were also un-
successful. The reaction of elemental mercury with
ditelluride afforded, after 24 h stirring, a yellow powder
which analyzed for the ditelluride. This is in accordance
with the recent reports that the oxidative addition of
dichalcogenides to elemental mercury is a reversible
process and the equilibrium position depends on R, the
chalcogenide E and the temperature ([9]d, [10]). In
some cases, for example in Hg(TeC6H2i-Pr3)2, even
changes in solvent polarity were found to be enough to
shift the equilibrium towards the left [10].

The complexes have excellent solubility in both non-
polar and slightly polar solvents. They are, however,
almost insoluble in highly polar solvents like DMSO
and methanol. In contrast to the thiolato and seleno-
lato complexes derived from the phenyloxazoline sub-
strate, the tellurolato complexes were found to be
unstable in solution and decomposed over a period of
time to give the ditelluride.

2.2. NMR spectroscopic studies

In order to confirm the monomeric nature of the
complexes in solution, we have studied in detail the
1H-, 13C- and 125Te-NMR spectra in CDCl3. The r.t.
1H-NMR spectrum of complex 4 contains an AB pat-
tern for the methylene protons, indicative of an in-
equivalence of the geminal protons in the molecule.
Although the AB pattern is not well resolved, its obser-
vation implies that the strong coordination of the imine
‘hard’ nitrogen with ‘hard’ zinc(II) removes the erst-
while enantiotopic nature of the methylene protons.
The protons become diastereotopic and the complexes
chiral. The broad AB pattern becomes well resolved at
−60°C. The two broad signals observed for the methyl
protons also become sharper at this temperature. Upon
heating above r.t. the spectrum observed for 4 collapses
into two sharp singlets (Fig. 1). For the cadmium
tellurolate complex 5, the signals due to the methyl and
methylene protons are very broad at r.t. and resolve
into two singlets and an AB pattern, respectively at
−60°C. This indicates the existence of a ‘helical’ ar-
rangement of atoms at low temperatures and fast ex-
change between the ‘helical-’ ‘non-helical’ arrangements
at higher temperatures. This is consistent with our

Scheme 1. Synthesis of M(II) complexes. Reagents and conditions: (i)
n-BuLi, hexane, r.t., 1 h; (ii) Te powder, ether, 0°C, 2 h; (iii) O2, H2O;
(iv) anhydrous, MCl2, 0°C, 1 h and r.t., 18 h.
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Fig. 1. Variable temperature 1H-NMR (CDCl3, 300 MHz) spectra (in
part only) of 4. At −60°C, the signals due to the –CH2– and –CH3

protons split into an AB pattern and two singlets, respectively.

at 164.3 and 164.4 ppm relative to Me2Te at r.t. and
indicate non-equivalence of the two tellurium atoms
present in the complex. It is worth mentioning that the
analogous zinc selenolate complex also showed two
signals in the 77Se-NMR spectrum [7b]. For the Cd
complex (5), the singlet at 215.5 ppm is indicative of the
equivalence of the tellurium nuclei and hence ‘non-heli-
cal’ environment at r.t. In complex 5, coupling of 125Te
to the 12.3% abundant 113Cd (I=1/2) was observed at
r.t. (J125Te–113Cd: 317.5 Hz).

From the above observations it is clear that the zinc
and cadmium complexes are monomeric in solution.
Although the complexes (4 and 5) are very stable in the
solid state these are found to be unstable in solution if
the solution is kept for long time. The complexes
decomposed over a period of ca. 2 h to give signals for
the ditelluride.

2.3. Mass spectroscopic studies

The mass spectra of compound 4 and 5 are indicative
of the presence of a higher molecular species in the gas
phase. 4; m/z 671, Zn(TeOx)2

+; m/z 972, Zn(TeOx)3
+,

m/z 1036, Zn2(TeOx)3
+; 5; m/z 718, Cd(TeOx)2

+, m/z
1021; Cd(TeOx)3

+, m/z 1133, Cd2(TeOx)3
+. This is not

surprising because the structurally characterized
monomeric zinc and cadmium selenolates also showed
similar behavior under mass spectroscopic conditions
[7b]. The primary organic product Ox–Te–Ox was
observed in the mass spectrum and indicates the forma-
tion of MTe (M=Zn, Cd) under mass spectroscopic
conditions. The molecular ion peaks and the peaks due
to other fragments containing Te and M exhibit the
expected isotope patterns.

2.4. Molecular structure of compound 3

An ORTEP [11] view of compound 3 with atom
numbering is shown in Fig. 2. Some details of data
collection and refinement are given in Table 1. Selected
bond distances and angles are in Table 2. Compound 3

recent report that the zinc selenolate showed ‘helical’
chirality at r.t. whereas the cadmium selenolate showed
chirality only at low temperatures [7].

The chemical shift values in all the complexes are
observed almost in the same region and there is no
drastic change in the chemical shift values by changing
the metal atom. However, the signals due to methyl and
methylene protons are shifted upfield compared with
the corresponding ditelluride (3) probably due to the
d10 configuration of the metals. The 13C-NMR spectra
of the complexes are not very informative. The chemi-
cal shift values for methyl and methylene carbons are
almost equal to the values observed for the ditelluride.
In order to understand the effect of coordination on the
tellurium chemical shifts, we have recorded 125Te-NMR
for the complexes 4, and 5 as 125Te is a very sensitive
NMR nucleus and it is easily influenced by its chemical
environment. The 125Te chemical shifts for the telluro-
lato complexes (4 and 5) are in the range d 164.3–215.5
ppm. The chemical shifts for these complexes are
shifted upfield compared with the ditelluride (417.03
ppm). Interestingly, for complex 4, two signals appear Fig. 2. Crystal structure of compound 3.
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Table 1
Crystal data and structure refinement for 3

Compound

C22H24N2O2Te2Empirical formula
603.63Formula weight

Crystal system Rhombohedral
Space group R3
Unit cell dimensions

34.180(2)a (Å)
34.180(2)b (Å)
10.6640(11)c (Å)
90a (°)
90b (°)
120g (°)
10789.3(14)V (Å3)
18Z
1.672Dcalc. (Mg m−3)
293(2)Temperature (K)
0.71073l (Å)
2.451Absorption coeff. (mm−1)

Observed reflections [I\2s ] 5631
0.0409Final R(F) [I\2s ]a

0.0838wR (F2) indices [I\2s ]
Data/restrains/parameters 5631/0/281
Goodness of fit on F2 1.04

a Definitions: R(Fo)=���Fo�−�Fc��/��Fo� and wR(Fo
2)={�[w(Fo

2−
Fc

2)2]/�[w(Fc
2)2}1/2.

are also in agreement with the value of 2.14 Å sug-
gested by Pauling [15] and a typical value for other
ditellurides such as di(2-naphthyl) ditelluride [2.135(6),
2.127(5) Å and 8-(dimethylamino)-1-naphthyl ditel-
luride [2.130(5) Å, 2.126(5) Å] [12]. The interesting
feature in this structure is the strong intramolecular
interaction of the tertiary nitrogen with the tellurium.
Atomic distances of Te(1)…N(1) and Te(2)…N(2) are
2.864(5), 2.694(5) Å, respectively, both of which are
larger than the sum of their covalent radii but signifi-
cantly shorter than the sum of the corresponding van
der Waals radii (3.61 Å). In fact the Te…N distances in
this ditelluride are shorter than those recently reported
for bis[2-(hydroxyiminomethyl)phenyl] ditelluride
[2.822 and 2.876 Å] where the nitrogen is also in sp2

state [16]. It is known that diaryl ditellurides exhibit
‘conformational polymorphism’ in the solid state [14].
The ‘cisoid ’ conformations show the torsion angle C–
Te–Te–CB90° and the ‘transoid ’ conformations show
the torsion angle C–Te–Te–C\90°. In the case of 3,
the torsion angle C(11)–Te(1)–Te(2)–C(21) is −84.4°
and, therefore, the conformation can be termed as
‘cisoid ’. The unequal Te…N bond distances
[Te(1)…N(1): 2.864(5), Te(2)…N(2): 2.694(5) Å] indi-
cate that the steric effects may play an important role.

3. Experimental section

3.1. General procedures

All reactions were carried out under nitrogen or
argon using standard vacuum-line techniques. Solvents
were purified by standard procedures [17] and were
freshly distilled prior to use. Mercury and ZnCl2 were
purified prior to use [17]. Commercially available CdCl2
and HgCl2 were used as received. Melting points were
recorded in capillary tubes and are uncorrected. 1H-,
13C- and 125Te-NMR spectra were obtained at 300,
75.42 and 94.75 MHz, respectively in CDCl3 on a
Varian VXR 300S spectrometer. Chemical shifts are
cited with respect to SiMe4 as internal (1H and 13C) and
Me2Te (125Te) as external standard. Elemental analyses
were performed on a Carlo-Erba model 1106 elemental
analyzer. Fast atom bombardment (FAB) mass spec-
trum was recorded at r.t. on a JEOL SX 102 DA-6000
mass spectrometer/data system using xenon (6 kV, 10
mV) as the bombarding gas. The acceleration voltage
was 10 kV and m-nitrobenzyl alcohol was used as the
matrix with positive-ion detection. In case of isotopic
patterns the value given is for the most intense peak.

3.1.1. Synthesis of Ox2Te2 (3)
To a suspension of 4,4-dimethyl-2-oxazolinylphenyl

lithium [7b] in ether (10 mmol), elemental tellurium
(1.28 g, 10 mmol) was added rapidly at 0°C. After 3 h,

crystallizes in a rhombhohedral system with 18
molecules per unit cell. The coordination geometry
around the tellurium atoms is distorted T-shaped with
each tellurium atom bonded to a tellurium, a carbon
and a nitrogen atom. The Te(1)–Te(2) distance of
2.7387(5) Å relates well to the corresponding distances
reported for other ditellurides which normally range
from 2.665 to 2.746 Å [12,13]. This distance is close to
the distance reported for related compounds, bis(2-
naphthyl)ditelluride [2.7179(6) Å] [14]. The Te–C bond
lengths [Te(1)–C(11) 2.136(4), Te(2)–C(21) 2.151(5) Å]

Table 2
Significant bond lengths (Å) and angles (°) for 3

Bond lengths (Å)
Te(1)–C(11) 2.151(5)Te(2)–C(21)2.136(4)

1.360(5)O(1)–C(17) O(1)–C(18) 1.441(7)

1.457(7)1.352(6)O(2)–C(27) O(2)–C(28)

1.249(6) N(l)–C(19) 1.486(6)N(1)–C(17)

1.252(6)N(2)–C(27) N(2)–C(29) 1.475(6)

2.7387(5)Te(1)–Te(2)

Bond angles (°)
C(11)–C(21)–Te(2) 119.8(3) C(12)–C(11)–Te(1) 120.1(4)

100.75(2) C(16)–C(11)–Te(1)C(11)–Te(1)–Te(2) 121.4(3)
99.08(12)C(21)–Te(2)–Te(1) C(22)–C(21)–Te(2) 121.9(4)
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all tellurium was consumed to give a brown solution of
lithium arenetellurolate (2). To this, air was passed for
15 min and then the reaction mixture was poured into
a beaker containing cold distilled water (50 ml) and
kept for 3 h to effect complete oxidation. The resulting
organic layer and ether extracts from the aqueous layer
were combined, dried over anhydrous sodium sulfate
and concentrated in vacuo to give a viscous yellow oil.
Addition of CCl4 to the yellow oil afforded a yellow
solid of the desired product. Recrystallization of the
crude from chloroform/methanol (1:1) afforded 3 as
yellow needles. Yield: 1.32 g, (44%), m.p. 150–152°C;.
Anal. Calc. for C22H24N2O2Te2: C, 43.74; H, 3.98; N,
4.64; Found: C, 43.23; H, 3.27; N, 4.12. 1H-NMR,
1.41(s), 4.29(s), 7.24–7.29(t), 7.49–7.59(t), 7.78–
7.83(d), 8.32–8.36(d). 13C-NMR 28.98, 68.14, 79.67,
113.82, 126.49, 128.67, 131.38, 138.25, 162.45. 125Te-
NMR 417.03.

3.1.2. Synthesis of Zn[Te(Ox)]2 (4)
To a suspension of 4,4-(dimethyl-2-oxazolinyl)phenyl

lithium in ether (10 mmol), elemental tellurium (1.28 g,
10 mmol) was added rapidly at 0°C. After 3 h, all
tellurium was consumed to give a brown solution of
lithium arenetellurolate (2). To this, anhydrous ZnCl2
(0.68 g, 5 mmol) was added and the stirring was
continued for additional 1 h at 0°C and 18 h at r.t. The
resulting solution was filtered via Celite and evaporated
to give a bright yellow compound. The compound
could not be recrystallized due to its instability in
solution. Yield: 1.0 g (30%), m.p. 180–182°C, Anal.
Calc. for C22H24N2O2Te2Zn: C, 39.49; H, 3.59; N, 4.19;
Found: C, 38.68; H, 3.53; N, 3.85. 1H-NMR 0.76(s, br),
1.46(s, br), 3.19(s, br), 3.28(s, br), 6.60–6.65(t), 6.83–
6.89(t), 7.80–7.83(d), 8.41–8.44(d). 13C-NMR 26.36,
69.27, 79.04, 116.70, 125.08, 130.38, 130.80, 131.88,
144.30, 168.94. 125Te-NMR 164.28, 164.42. MS: m/z
1036 (C33H36N3O3Te3Zn2)+, 972
(C33H36N3O3Te3Zn)+, 671 (M+,C22H24N2O2Te2Zn)+,
605 (C22H24N2O2Te2)+, 477 (C22H24N2O2Te)+, 368
(C11H12NOTeZn)+, 304 (100%, C11H12NOTe)+.

3.1.3. Synthesis of Cd[Te(Ox)]2 (5)
Compound 5 was prepared following the method

described for 4 using 1.79 g (1.75 ml, 10 mmol) of
4,4-dimethyl-2-phenyloxazoline, 6.8 ml (11 mmol) of
1.6 M solution of n-BuLi and 0.917 g (5 mmol) of
anhydrous CdCl2. The compound could not be recrys-
tallized due to its instability in solution. Yield: 1.25 g
(35%), m.p. 186–188°C, Anal. Calc. for
C22H24N2O2Te2Cd: C, 36.89; H, 3.35; N, 3.91; Found:
C, 36.23; H, 3.34; N, 3.33. 1H-NMR 1.21(s, br), 4.05(s),
6.95–7.00(t), 7.10–7.17(t), 7.57–7.60(d), 8.23–8.27(d).
13C-NMR 28.06, 68.81, 79.71, 111.19, 125.54, 128.35,
130.53, 130.71, 144.70, 167.89. 125Te-NMR: 215.50,
(J125Te–113Cd: 317.5 Hz), MS: m/z 1130, (C33H36N3O3-

Te3Cd2)−; 1020, Cd(TeOx)3
+; 717, Cd(TeOx)2

+, 605
(C22H24N2O2Te2)+, 304 (100%), C11H12NOTe+.

3.1.4. Attempted synthesis of Hg[Te(Ox)]2
To the lithium arenetellurolate prepared as described

above was added anhydrous HgCl2 (1.358 g, 5 mmol)
and stirring was continued for additional 1 h at 0°C,
followed by 24 h at r.t. The resulting solution was
filtered through Celite and evaporated to give a yellow
compound which was characterized as the ditelluride
(3). Yield: 1.8 g (60%).

3.2. X-ray crystallographic studies

The diffraction measurements for compound 3 were
performed at r.t. (293 K) on a Siemens R3 m/V diffrac-
tometer using graphite-monochromated Mo–Ka radia-
tion (l=0.7170 Å). The unit cell was determined from
25 randomly selected reflections using the automatic
search index and least-squares routine. For 3, the u

range for data collection was from 2.64 to 28.00°. The
index range for 3 was 05h542, −455k50, 05 l5
14. The data were corrected for Lorentz, polarization
and absorption effects. The maximum and minimum
transmission values of the correction factors for com-
pound 3 (dimensions 0.18×0.80×0.20 mm) were
0.6984 and 0.5075, respectively. The data were moni-
tored by measuring two standard reflections every 60
min of X-ray exposure time. The structure 3 was solved
and refined using SHELXTL program [18]. The hydro-
gens were partially located from difference electron-
density maps and the rest were fixed at calculated
positions. Scattering factors were from common sources
[19].
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