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Abstract—A (N,Te,N) ligand 2-(2-pyridoethyletelluro)ethylpyridine (1) has been synthesized by reacting in
situ generated NazTe with 2-(2-chloroethyl)pyridine. The Pd" and Ptn complexes of stoichiometry [MCI " I]CI
have been studied. The deshielding of ortho protons of pyridine and CH2Te signal (up to 0.5 ppm) indicate
that ! ligates in a tridentate mode. The red shift (20-25 c m i ) in v(Te-—C(alkyl)) supports the involvement of
Te in coordination. Molecular weights and AM values of these complexes support their ionic nature (1:1
electrolyte). The reactions of 2-(chloromethyl)pyridine and 2,6-bis(chloromethyl)pyridine with ArTeNa
(Ar = 4-MeOC6H4) could not produce (N,Te) and (Te,N,Te) ligands comprising pyridyl groups. The CHCI3

present as a solvent in these reactions reacted with ArTeNa resulting in (ArTe)zCHz. To understand the
behaviour of Te donor site vis-h-vis pyridyl group the single crystal structure of Pd{4-MeC6H4TeCHzCH2-2-
(CsH4N)}C12"2CHC13 was solved. An endo, puckered chelate ring is formed by (N,Te) ligand. The trans
influence of the pyridyl group appears to be lower or comparable to that of tellurium.
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The ligation of asymmetric diorganotellurides has and crystal structure of palladium(II) complex of 4
received attention in the recent past [1,2]. Some neu- are reported,
tral ligands having "hard" donor centres viz., N and
O along with "soft" donor tellurium have been syn-
thesized and explored for their ligation behaviour. EXPERIMENTAL
Most of the ligands containing Te and N atom as
donor atoms [3] have amino nitrogen. A few ligands The synthesis of (4-MeOC6H4)2Te2 [71 and the
having a donor set of pyridine nitrogen and tellurium ligand 4 [6] were carried out by published methods. 2-
have also been studied [4-6]. Since the pyridine nitro- (2-Chloroethyl)pyridine, 2-(chloromethyl)pyridine
gen has good coordinating capability, it was thought and 2,6-bis(chloromethyl)pyridine were synthesized
worthwhile to design new hybrid telluroether ligands by chlorination [8] of the corresponding alcohols,
containing pyridine nitrogen as a donor. In the present IR spectra in the range 2004000 c m ~ were rec-
paper the synthesis of a (N,Te,N) ligand, its com- orded on a Nicolet 5DX FT-IR spectrometer in
plexation with Pd " and Pt", the results of attempted KBr/CsI pellets and far-IR spectra in the range 30-
synthesis of 2 and 3 and as a consequence of these 700 c m ~ were recorded in polyethylene on a Perkin-
attempts the resulted novel synthesis of (ArTe)2CH: Elmer 1700X FT-IR spectrometer. ~H and 13C{IH}

NMR spectra were recorded on a JEOL FXI00 FT-
NMR spectrometer at 99.5 and 25 MHz respectively
using Me4Si as an internal standard. UV-visible spec-
trophotometer of Hitachi model 330 was used to rec-
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MeO

MeO OMe

ord electronic spectra. Conductance measurements
were made on ca 1 mM solution using the Metrohm
660 conductometer and molecular weights were deter-
mined using a Knauer vapour pressure osmometer.
Elemental analyses were performed on a Perkin-Elmer
elemental analyzer 240C. ~25Te{1H} NMR spectra
were recorded at 126 MHz (using (CH3)2Te as an
external standard) on a Bruker AMX-400 FT-NMR
spectrometer.

squares procedures using SHELX 76 [9(b)] for pos-
itional parameters and initially isotropic and finally
anisotropic temperature factors for all the non-hydro-
gen atoms. The atomic scattering factors were taken
from the literature [10]. All the calculations were per-
formed on a Microvax II computer using SDF plus
V.30 system of crystallographic program. The crys-
tallographic data are given in Table 1.

Single crystal structure of [PdC12 • 4]

The X-ray diffraction data of crystals of [PdC12 " 4]
grown from chloroform solution were collected on
an EnrafoNonius CAD-4 diffractometer using nickel
filtered Cu-K~ radiation (2 = 1.518 /~). The intensities
were measured at azimuth position corresponding to
minimum absorption using an imaginary crystal with
infinitely small thickness but infinitely large surface
area (fiat psi mode). The 09-20 scan mode was used.
The 20max was 152° and h, k, l ranges were 0 to +10,
- 9 to + 9 and - 1 1 to + 1 l , respectively. Of the 3594
reflections collected, 3357 were unique and out of
which 3069 were with I ^ 3<x. The intensities were
corrected for Lorentz and polarization effects. The
semi-empirical absorption corrections were also
applied.

The initial coordinates of Pd, Pt and Te were deter-
mined using SHELXS 86 [9(a)]. The remaining atoms
were located from successive difference Fourier maps.
The refinement was carried out by full-matrix least-

Table 1. Crystallographic data of [PdCI2 " 4]

Formula
Crystal size (mm)
Crystal system
Space group
a(A)
b(A)
c(A)
~(°)

PC)
~(°)
v , A 3

/)c(gcm-3)
Z
F(000)
(cm')
R
Ryy

s
Weighing scheme

C~4H~sNTePdC12 • 2CHC13

0.7x0.2x0.2
triclinic
Pi
9.175(1)
10.498(2)
12.928(1)
95.80(1)
96.25(2)
90.68(1)
1231.7(2)
2.021
2
704
226.67
0.061
0.061
3.159
Constant weights
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Synthesis of2-(2-pyridoethyltelluro)ethylpyridine(l)

Tellurium powder (2 g, 16 mmol) and sodium
borohydride (5 g dissolved in 10 cm3 of 10% NaOH)
were refluxed in water (50 cm3) till a colourless solu-
tion of Na2Te was obtained. 2-(2-Chloroethyl)
pyridine (4.2 g, 32 mmol) dissolved in 5 cm3 of ethanol
was added drop-wise to the solution of Na2Te and the
mixture was refluxed for 2 h with vigorous stirring.
The ligand thus formed was extracted into chloroform
(250 cm3). The extract was washed with water and
dried over anhydrous sodium sulfate. On removing
chloroform under reduced pressure the red liquid was
obtained. Yield: 91%, b.p. 134°C. Mol. wt.: Found
(Calc.): 320 (307). Analyses: Found (Calc.): Te,
40.9(41.6)% NMR (~H, CDC13, 25°C) 6: 3.3(t, 4H,
HT + Hs) 7.39(m, 4H, H3 + Hs), 7.58 (m, 2H, H4), 8.55
(d, 2H, H6); (13C{'H}, CDC13, 25°C) 6: 2.2(C8),
40.3(C7), 120.2(C3), 122.3(C5), 135.6(C4), 136.5(C2),
148.2(C~); (125Te{'HI CDCI3, 25°C) 6: 167. IR
( c m t ) : 495 [v(Te—-C (alkyl))], 408 (6(N—-C)).

Synthesis of [PdCI " I]C1 and [PtCI " 1]CI

Potassium tetrachloropalladate(II) or platinate(II)
(0.15 or 0.20 g, 0.5 mmol) was dissolved in 5 cm3 of
water. A solution of ligand 1 (0.17 g, 0.5 mmol) in 5
cm~ of acetone was added to it with rapid stirring at
room temperature. The stirring was continued further
for 15 min. The precipitate was filtered immediately,
washed with water and hexane successively and dried
in vacuo. The results of elemental analyses and spectral
data are given below.

[PdCI'I]CI: Yield: 68.5%. Mol. wt.: Found
(Calc.): 270(517), m.p. 100°C (d). Analyses: Found
(Calc.): C, 32.9 (33.5); H, 3.2 (3.1); N, 5.1 (5.5)%.
NMR(1H, CDC13, 25°C) 6: 3.33-3.91(m, 8H,
HT + H8), 7.42-7.72 (m, 6H, H3 + H4 + Hs), 8.88 (d,
2H, H6). I R ( c m h ) : 469[v(Te—-C(alkyl)], 424
(6(C—-N),295(v(Pd—-C1)).

[PtCI " I]CI: Yield : 82%. Mol. wt.: Found (Calc.)
320(606), m.p. 112°C (d). Analyses: Found (Calc.):
C, 27.5 (27.7); H, 2.5 (2.6); N, 4.7 (4.6)%. NMR( IH,
CDCI3, 25°C)& 3.09-3.58(m, 8H, H7 + H8), 7.42-
7.72(m, 6H, H3 + Ha + Hs) 9.05(d, 2H, H6);
(~2STe{IH}, DMSO-do: 25°C) 8 515. IR ( c m i ) :
474[v(Te—-C(alkyl))], 425 (6(C—-N)), 335(v
(Pt—-C1)).

Synthesis of 2 and 3

The sodium 4-metoxyphenyltellurolate was reacted
with 2-(chloromethyl)/2,6-bis(dichloromethyl)pyri-
dine by the procedure described for the synthesis
of 4 earlier [6]. However, in both the cases ditelluride
was recovered. On carrying out the reactions in the
presence of CHCI3 bis(4-methoxyphenyltelluro)
methane resulted. The reaction of chloroform with

[NaTeAr] separately also resulted in the same prod-
uct. The synthesis procedure is given below:

Synthesis of bis(4-methoxyphenyltelluro)methane

The solution of sodium 4-methoxyphenyltellurolate
generated in situ by borohydride reduction of bis(4-
methoxyphenyl)ditelluride (1.88 g, 4 mmol in 50 cm3

of ethanol), was mixed with chloroform (5 cm3, 10
mmol) in one lot, under refluxing condition. The reac-
tion mixture was further refluxed for 30 min. On cool-
ing to 0°C, crystals separated out which were washed
successively with water, ethanol and hexane and dried
in vacuo. Yield: 85%, m.p. 98°C (lit. value 99-102°C)
[16]. Found (Calc.): C, 37.1(37.2); H, 3.3(3.3)%.

Synthesis of [PdCI2•4]

Potassium tetrachloropalladate (0.15 g, 0.5 mmol)
was dissolved in 7 cm3 of water. A solution of 4 (0.5
mmol) made in 5 cm3 of methanol was added dropwise
to palladium(II) solution with stirring at room tem-
perature. The mixture was further stirred at room
temperature for 1 h. The resulting orange precipitate
was filtered, washed twice with water and diethyl ether
and recrystallized from chloroform. Yield : 72%, m.p.
118°C(d), Mol. wt.: Found (Calc.): 510(502). Analy-
ses: Found (Calc.): C, 33.0(33.5) H, 3.1(3.0); N,
2.9(2.8)%. NMR (1H, DMSO-d6, 25cC)6: 2.31-4.20
(m, 7H, HT + Hs + CH3), 6.94-7.78(m, 8H, Ar + py-
ridine protons) 9.00 (d, 1H, H6). IR (cm -~): 460
[v(Te—-C(alkyl))], 424(~(C— -N)), 329, 295
(v(Pd—-C1)).

RESULTS AND DISCUSSION

The ligand 1 has been synthesized by the reaction
of eq. 1. The synthesis

Te 2Te + 2C1CH2CH22-(CsH4N) (1)

of 2 and 3 by reacting the appropriate halide with [4-
MeOC6H4TeNa] did not succeed. On attempting the
reaction by taking [ArTeNa] in aqueous phase and
2-(chloromethyl)/2,6-bis(dichloromethyl)pyridine in
chloroform the product was bis(4-methoxy-
phenyltelluro)methane. On reacting chloroform sep-
arately with the tellurolate in the presence of base
NaBH4, bis(4-methoxyphenyltelluro)methane was
formed in good yield (>80%) which is the highest
compared to other synthetic routs reported earlier
[11-16]. Moreover, the chloroform based present syn-
thetic route is less time-consuming and free from the
requirements of special techniques. The most plausible
mechanism of the synthesis of (4-MeOC6H4Te)2 CH2

from CHCI~ seems to be the following (eq. (2)),
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OH-

CHC13 ~ CCI~- - :CC12

B H 4 H +

(ArTe)2C: --* (ArTe)2CH" -» (ArTe)2CH2.
solvent

(2)

Neither [PdCI"I]C1 nor [PtCI"I]C1 gave crystals
suitable for X-ray diffraction, therefore to understand
the Pd—-Te bond in conjunction with the Pd-—N(py-
ridine) bond the crystal structure of [PdC12"4], a
closely related complex, was explored.

The 1 and its Pd" and Ptn complexes have been
authenticated by elemental analyses and spectral data
given in the experimental section.

The ~H NMR spectrum of 1 shows multiplets for
H7 and H8 rather than two triplets as observed in the
spectrum of its precursor 2-(2-chloroethyl)pyridine at
3.9 and 3.2 ppm respectively. The upfield shift (0.7
ppm) of H8 in the spectrum of ligand 1 with respect
to its precursor may be due to replacement of chlorine
atoms by the less electronegative tellurium. This
shielding of H8 results in its merger with the H7 signals.
The signal due to H6 appears downfield as compared
to other ring protons of pyridine because the elec-
tronegative nitrogen deshields the ortho carbon and
hydrogen linked to it. The assignments of H4, H3 and
Hs protons in 1H NMR spectrum of 1 are in agreement
with those of alkyl pyridines.[17].

The molecular weights of [PdCI'I]C1 and
[PtCI " 1]CI indicate that in solution they behave as a
1:1 electrolyte, which is supported by their AM values
(135 and 129 ohm-~ cm2 mol -~, respectively). The
comparison of IH NMR spectrum of 1 with those of
[PdCI " 1]C1 and [PtCI ' I]CI reveals that signal of n6

(proton ortho to pyridine nitrogen) undergoes
deshielding (0.33/0.50 ppm) and signals having con-
tribution from Hs are also affected similarly. This
indicates that 1 acts as a tridentate ligand coordinating
with Pd and Pt in these complexes through Te and
two pyridine nitrogen atoms. In the 125Te{lH} NMR
spectrum of 1 the lone signal was observed at 167 ppm
which is in agreement with the ~25Te NMR signals of
other dialkyl tellurides [15]. The 125Te NMR, spectrum
of [PtCI" I]CI shows a signal highly deshielded with
respect to that of 1 (even after taking into account the
solvent effect) which indicates that in this complex 1
ligates through tellurium. The coupling satellites were
not observed due to the low solubility of the complex.
The red shifted (20-25 cm-i) v(Te—-C(alkyl)) appear-
ing in the IR spectra of Pd/Pt complexes with respect
to that of 1 further supports the ligation of 1 through
tellurium. The electronic spectra of both the com-
plexes exhibit three bands around 25, 30 and 42 kK.
The first one of these bands seems to arise from ~A~g~
~B~g transition of complexed Pd/Pt having square
planar coordination geometry. The other two bands
seem to originate from intraligand transitions. Thus
the following structure seems to be most plausible for
both the complexes.

Cl" M = Pd/Pd

Crystal structure [PdC12 " 4]

The structure of [PdC12 • 4] in the solid state consists
of discrete molecules. For each complex molecule two
molecules of CHC13 are present, in their crystal. The
molecular structure of the complex and a packing
diagram are shown in Figs 1 and 2 respectively. Selec-
ted bond lengths and bond angles are given in Table
2. The chelate ring (Fig. 1) adopts an endo-puckered
conformation with respect to C(2) and Pd. The aro-
matic ring makes an angle of 110.3° with respect to
the square planar geometry while the pyridine ring is

Cl(2)

C1(D

Fig. 1. Molecular structure of [PdC12 • 4].

Fig. 2. Unit cell packing of [PdCI2 " 4].
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Table 2. Selected bond lengths (A) and bond angles ()

Te—-Pd
Pd—-Cl(1)
Pd—-CI(2)
Pd—-N
Te—-C(I)
Te—-C(7)
C(2)— -C(7)
C(4)—-(N)
CI(1)—-Pd—-Te
CI(2)—-Pd—-Te
CI(2)—-Pd—-CI(1)
N—-Pd— -Te
N—-Pd— -CI(1)
N—-Pd— -CI(2)
C(1)— -Te— -Pd
C(7)—-Te— -Pd
C(7)—-Te— -C(1)
C(4)—-N— -Pd
C(7)—-Te— -Pd
C(2)—-C(4)— -N
C(2)—-C(7)— -Te
C(4)—-C(2)1C(7)

2.517(1)
2.287(3)
2.352(3)
2.041(10)
2.118(12)
2.165(14)
1.505(19)
1.356(17)

88.7(1)
177.8(1)
92.4(1)
88.0(3)

175.9(3)
90.8(3)

107.2(3)
96.8(3)
95.8(5)

123.8(8)
96.8(3)

118.3(10)
111.9(9)
111.5(12)

inclined to it by 55.2c~. The Pd-—Te bond length in the
present structure is slightly shorter than the value
2.525(1) A observed in the crystal structure of
[Pd{meso-PhTe(CH2)3TePh}Br2] [18]. The Te-C(7)
bond length is compatible with earlier reported
Te—-C(alkyl)bond distances. The Pd—-N bond length
in the present structure is somewhat shorter than the
earlier reports on Pd-—N(pyridine) bond lengths [19].
This is probably caused by steric influence of the large
tellurium on the six membered chelate ring. The
Pd—-C1 bond trans to tellurium is longer than the
other. This in conjunction with a similar observation
made earlier for the PtH complex of a (Te, S) ligand
[20] indicates that the trans influence of Te should not
be underestimated and lability originating due to this
is worth exploring. The C-—C bond lengths of benzene
ring are between 1.358(16) and 1.434(18) A and their
C—-C— -C bond angles are between 115.1(13) and
123.3(12)' as expected. Similarly the pyridine ring
bond length and bond angles are normal [C-—C bond
length 1.377(19) to 1.419(23) A, C—-N bond
length ~ 1.356(18) A and C—-C— -C/C— -C— -N/
C-—N—-C bond angles 117.4(12)-123.4(13)°].
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