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ABSTRACT

The synthesis and structural features of some newly synthesized ethylenediamine complexes of
aryltellurium trihalides, RTeX;. EN (R = phenyl, p-anisyl, p-hydroxyphenyl and 3-methyl-4-
hydroxyphenyl; X = Cl, Br, I) are reported. The complexes have been subjected to elemental analyses,
conductance measurements, molecular weight determination, infrared and proton nuclear magnetic
resonance spectral studies. Solution studies reveal their non - electrolyte or weak-electrolyte type
behaviour. Spectral studies indicate the linkage of bidentate ethylenediamine molecule to the tellurium
atom through the nitrogen atoms; thus, making it hexacoordinated.
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INTRODUCTION

Aryltellurium trihalides are known to behave as Lewis acids and form molecular
complexes with several nitrogen, oxygen and sulphur donor bases''*. Tellurium in these
complexes is penta- or hexa-coordinated, but the reports on hexa-coordinated complexes
are quite few **'*. A few such complexes are reported®’ to possess bactericidal and
fungicidal activities as well. In continuation of our earlier work on the complexes of
organyltellurium trihalides'®"® with various N, O and S donors, we hereby report the
preparation and properties of some new complexes of aryltellurium trihalides with
ethylenediamine.

EXPERIMENTAL

All preparation were carried out under an atmosphere of dry nitrogen and the
solvents used were dried'®'” and distilled before use.
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Preparation of aryltellurium trihalides

Phenyltellurium trichloride, p-anisyltellurium trichloride, p-hydroxyphenyl-
tellurium trichloride and 3-methyl-4-hydroxyphenyltellurium trichloride were obtained by
the reactions of tellurium tetrachloride with triphenyltin chloride'®, anisole'*?°, phenol*'*
and o-cresol’>*, respectively. The corresponding tribromides and triiodides were prepared
from respective aryltellurium trichlorides by halogen- exchange processes®' .

Preparation of ethylenediamine complexes

A solution of 5 mmol of ethylenediamine in about 10 mL benzene was added to a
saturated solution of 5 mmol of aryltellurium trihalide in ~ 20 mL of dry methanol. The
contents were stirred for about 2 h, which resulted in the separation of a solid product. This
was filtered, washed with diethyl ether and dried over P,O,¢ in a vacuum desiccator. The
complexes were recrystallized from dry methanol.

Analytical methods and physical measurements

Carbon, hydrogen and nitrogen analyses were obtained micronalytically from
Panjab University, Chandigarh. Conductivity was measured at 25 + 2°C with a
conductivity bridge type 305 Systronics model and the molecular weights were determined
by cryoscopic methods in nitrobenzene upto the saturation point. Infrared spectra were
recorded in KBr pellets in the region 4000 — 400 cm™ on a Shimadzu FTIR-8300
spectrometer at Delhi University, Delhi and "H NMR spectra were obtained from S.A.LF.,
Panjab University, Chandigarh on a Bruker Avance II 400 NMR Spectrometer in DMSO-
de using TMS as an internal reference.

RESULTS AND DISCUSSION

18-23

The formation of aryltellurium trichlorides from tellurium tetrachloride can be

shown as below:
Ph,SnCl + TeCl, — > PhTeCl; + Ph,SnCl,

(R—H = Anisole, Phenol or o-Cresol)

These aryltellurium trichlorides, when reacted with potassium bromide or
potassium iodide, are converted into corresponding aryltellurium tribromide or triiodide:
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RTeCl; + 3KX —— > RTeX3 + 3KCI

(X=Br, 1)

Reactions of these aryltellurium trihalides with ethylenediamine, (EN), yield the 1 :
1 complexes.

RTeX; + EN — > RTeX3.EN

These ethylenediamine complexes are light coloured crystalline solids, fairly stable
in dry air and soluble in polar organic solvents. The analytical data and physical properties
of these complexes are described in Table 1.

Conductance and cryoscopic studies

The solution behaviour of ethylenediamine complexes has been predicted by
conductance measurements in nitrobenzene, acetone and acetonitrile and cryoscopic
measurements in nitrobenzene upto the saturation point.

The molar conductance, Ay values (Table 2) for these complexes are much less
than those reported® for 1 : 1 electrolytes indicating thereby their non-electrolyte or weak-
electrolyte type behaviour in solution. The molar conductance values in a particular series
generally increases in the order.

RTeCl;. EN < RTeBr;. EN < RTel;s. EN, the triiodide complexes being most
dissociated. The cryoscopic data for these complexes in nitrobenzene (Table 2) well
support the results of conductance measurements.

Infrared spectral studies

The IR spectra of ethylenediamine adducts are quite complex and therefore, an
attempt has been made to identify the donor sites of the ligand by comparing spectra of the
complexes with those of parent aryltellurium trihalides and ethylenediamine. The most
important band of ethylenediamine, which is reported®2® to undergo a significant change
upon complexation, is the C — N stretching band. The vc.y appears at ~ 1060 cm™ in the
parent ligand and it is shifted towards lower frequency in the complexes formed with
aryltellurium trihalides, which confirms the bidentate chelating nature of ethylenediamine
in these complexes. Similar prediction have been made by Srivastava et al.® in Ph, TeCl,.
EN.
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Thus, tellurium atom in these ethylenediamine complexes acquires a hexacoordination.

"H NMR spectral studies

@ (b)) ()

Ethylenediamine, H,N — (CH,), — NH,, shows® two sets of four equivalent protons
each at a = 1.19 (4H) and b = 2.74 (4H) & ppm. The '"H NMR spectra of ethylenediamine
complexes are poorly resolved due to low solubility; the data for two such complexers are
given in Table 3.

Table 3. '"H NMR data for ethylenediamine complexes in DMSO-d;

Chemical shift

Complex (6 ppm) Assignment
PhTeCl; . EN 1.27 - 1.37° (4H) -NH, -

3.21™ (4H) -CH, (mixed with DMSO-de)
7.46, 8.21™ (5H) Phenyl

p-HOCH,TeCl; . EN  1.25° (4H) -NH,
3.22™ (4H) -CH,
6.96" (9Hz, 2H) Hg Phenyl
7.97¢ (9Hz, 2H) Hy, Phenyl
8.06° (1H) -OH

b =broad, d = doublet, m = multiplet

Spectra of p-MeOC¢H4TeCls. EN and RTeCl; . EN (R = 3-methyl-4-
hydroxyphenyl) not well resolved due to poor solubility.

The -NH; and —CH,- protons in PhTeCl;.EN and p-HOC¢H4TeCl;. EN resonate at
~ 1.25 and 3.21 6 ppm, respectively indicating the deshielding of these ligand protons due
to shifting of electron density from nitrogen atoms to the tellurium atom. Consequently, the
aryl protons of RTeCl; appear relatively at upfield side as compared to parent
organyltellurium trichloride®*"*%. Thus, "H NMR spectral studies of these ethylenediamine
complexes support the results of infrared spectral studies that tellurium s
hexacoordinated in these complexes, presumably in an octahedral environment.



66

K. K. Verma et al.: Synthesis and....

ACKNOWLEDGEMENT
The authors are thankful to M. D. University, Rohtak for providing necessary
facilities.
REFERENCES

1. K.J. Wynne and P. S. Pearson, Inorg. Chem., 10, 2735 (1971).

2. K.J. Wynne and P. S. Pearson, J. Chem. Soc., Chem. Commun., 556 (1970).

3.  K.J. Wynne, A. J. Clark and M. Berg, J. Chem. Sec. Dalton, 2370 (1972).

4. E.R.Clark, A. J. Collet and D. G. Naik, J. Chem. Soc. Dalton, 1961(1973).

5. M. C. Berg, Diss. Abstr. Int. B, 33(7), 2982 (1972).

6. T.N. Srivastava, M. Singh and H. B. Singh, Indian J. Chem., 21A, 307 (1982).

7. T.N. Srivastava, R. C. Srivastava and M. Srivastava, Indian J. Chem., 21A,
539(1982).

8. T.N. Srivastava, R. C. Srivastava and V. K. Srivastava, J. Indian Chem. Soc., 60,
891( 1983).

9. M. V. Garad, Polyhedron, 4 , 1353(1985).

10. K. K. Verma and Reena, Synth. React. Inorg. Met. Org. Chem., 29, 499 (1999).

11. K. K. Verma, Reena Dahiya and Daya Soni, Synth. React. Inorg. Met. -Org. Chem.,
29, 1033 (1999).

12. K.K. Verma and Reena Dahiya, Synth. React. Inorg. Met.-Org. Chem., 29, 1299
(1999).

13. K. K. Verma and Reena, Phosphorus, Sulfur and Silicon and the Related Elements,
148, 227 (1999).

14. Reena, Ph.D. Thesis, M. D. University Rohtak (1999).

15. K. K. Verma and Seema, Int. J. Chem. Sci. (Communicated).

16. A. L Vogel, “A Text Book of Practical Organic Chemistry”, 3" Edn. Longmans,
London (1975).

17. A. Weissberger, Ed., “Techniques of Organic Chemistry”, Vol. VII, Interscience
Publishers, Inc., NY (1967).

18. R. C.Paul, K. K. Bhasin and R. K. Chadha, J. Inorg. Nucl. Chem., 37,2307 (1975).

19. L. Reichel and E. Krishchbaum, Liebigs Ann. Chem., 523, 211 (1936).



Int. J. Chem. Sci.: 6(1), 2008 67

20.

21.
22.
23.

24.

25.
26.

27.
28.
29.

N. Petragnani, “Tellurium in Organic Synthesis”, Academic Press, London
(1994) p. 52.

B. L. Khandelwal, Krishan Kumar and F. J. Berry, Inorg. Chim. Acta, 47, 135 (1981).
Krishan Kumar, Ph. D. Thesis, IIT Delhi (1981).

B. L. Khandelwal, Krishan Kumar and Krishna Raina, Synth. React. Inorg. Met. —
Org. Chem., 11, 65 (1981).

K. J. Irgolic, “The Organic Chemistry of Tellurium”, Gordon and Breach, NY (1974)
p. 81.

W. J. Geary, Coord. Chem. Rev., 7, 81 (1971).

K. Nakamoto, “Infrared and Raman Spectra of Inorganic and Coordination
Compounds”, Part B, 5" Edn., John Wiley and Sons, New York (1997) p. 14.

M. L. Morris and D. H. Busch, J. Am. Chem. Soc., 82, 1521 (1960).
M. M. Chamberlain and J. C. Bailar, J. Am. Chem. Soc., 81, 6412 (1959).

Academic Press Hand Book Series — Hand Book of Proton NMR Spectra and Data,
Edited by Asani Research Centre. Vol. 1, p. 47.

Accepted : 13.11.2007



