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Summaxy 

  

The initial «work carrise out in this svudy was en att 
introduce sulky groups, nanely tvimethylsilylnet; wl and diz! 
methyl, onto tellurium. The aim of this being to establish - the 
validity of a theosy developed by Hoffman sho ing that gvoups of 

gh electronegativity, i: an axicl position, in a molecule of ¢ 
yrnetry favour a smaller equé@torial bond 2n_le than do ee °. low 

electrore egaviv_ty. Therefore large equatx-ial bond 
favour less electronegative groups, in this case orgénic groups, 
This would lead to tetraorgenyl tellurium con upounds prepared fron 
compounds of the type 2,f6%, where R is 2 gud. The attemp- 
ted synthesis 2% these R,TeX, compounds failed under the experi- 
mental conditions used afi a radical decom osition path 
proposed. based on procuct aaalys us seactio: 

An attempt to utilize the OxtG ative addition of 2,TIX com- 
pounds in organotell: Seer new compotnds when 
the former reacted wi 2) Cl. or elemental telluri 
The products of these reac “Formulate. as 
on the basis of IR and mass specvral evidence the chlo. 
vative is believed to te monomeric with three coordinate thall 
@ T1-Cl stretching vit ion is assigned. The bromide is belie 
to be dimeric with bridging bromine atoms. 

     

  

  

    
  

  

   
    

  

      
        

   
     

    

  

    
4h TM. th T: 

    
    

    Telluriun tetrachloride will not Cizectly o-metallate Sct 
Bases but undergoes hydrolysis, under the, condi tions used, pz 
ing ogapounds of the type (Schiff Base 4) and (Schitt 
TeBr,“", N-(3 met ei ede dene enine was found to mercurate i 
the S-position but was only produced ou yields under the condi- 
tions used, 

New compoenee containing 2 Te-] have been made these being 

(p-B407,H,,) Ten (CO) (ale X = Br and Cl, and Tho 7eN(C9),(CH, \9C1 
and an attefiat mad ers idén stretching Fibrat: io ins = 
the infra-red. and * “C1 vibrations have also been assigned in 
N-Bromosuccinimide and N-Chloroesuccinimide. 
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CHAPTER ONE 

INTRODUCTION 

Tellurium was discovered in 1782 by the Austrian Chemist 

F. J. Mueller von Reichenstein and named by Klaproth sixteen 

years later a 

Tellurium is classified in group VIB of the Periodic 

Table and is located between selenium and polonium. It has 

the atomic number 52 and an atomic weight of 127.6. The outer 

shell of telluriun is ie spt and its inner shell (2.8.18.18) 

is completely filled. As a member of this group tellurium 

bears a resemblance to selenium and sulphur in many of its 

properties. However on 

  

‘oup th 

  

t a 

become more metallic in nature as seen by the fact that oxygen 

and sulphur are insulators, selenium and tellurium semiconductors 

  and polonium a conductor, 

The element can exist in a number of oxidation states 

the most common being II, IV and VI, examples of which are 

respectively (thiourea) ,TeCl,, TeCl, and Te(OH)¢. By 

accepting two electrons the telluride ion, Te?, can be 

formed, for example dihydrogen telluride, HpTe. Fractional 

oxidation states are also known. In 1798 it was reported” 

that elemental tellurium reacted with concentrated sulphuric 

acid to yield a red solution. Later Bjerrum and Smith 3 studied 

the reaction of TeCl), with tellurium in molten A1CL,-Nacl and 

obtained a purple melt which they concluded contained Te5 

(possibly Ten)



Tellurium also dissolves in flnorosulphuric acid to give a 

red solution with identical visible and ultra violet spectra 

as the product in sulphuric acid and molten AlC),-NaCl bs 

Conductiometric and cryroscopic measurements showed that 

tellurium was in the $+ oxidation state and that the ion 

contains eight or less atoms, Ultra violet, visible and Raman 

spectra of the solids and their solutions were found to be 

similar to Seg* strongly suggesting that Ten is square 

planar, This was confirmed by crystallographic studies of 

Te,,(A1C1, ), and Te, (A1,C1,)5 >, Jones 6 has carried out a 

Mossbauer study to investigate the bonding in Tops A 

simple description of the bonding would suggest that each 

tellurium contributes one 5p electron to eaches bond in 

the (xy) plane and that each tellurium possesses on average 

1.5 electrons in the 5P, orbital directed out of the plane, 

the Py orbital participating in TT bonding around the ring. 

The grey solid, empirical formula Peansie? has been prepared 

by Gillespie ” + The compound is diamagnetic and is therefore 

probably Tee (ASF”) 9s No X-ray data is available for the 

ion Teg* but Jones 6 has postulated the structure as in I. 

tw



Te,Seg* and 12585" have been shown to have a six membered 

boat shape a 

Tellurium can also show the oxidation state I, an 

example of this is provided by the oxidation of telluriun 

by S5%F, in fluorosulphuric acid to give the yellow To 

Solids of empirical formulae TeSbFe, TeSO,F and 70383910 

have been isolated 8 The compounds and their concentrated 

solutions are diamagnetic which rules out te’, 13" etc. 

Cryosopic measurements on Tent in fluorosulphuric acid 

showed that the cation is not test but could not distinguish 

between nei 5 melt or Tes" Jones has postulated the structure 

as in II for the ion ret from Mossbauer results . 

II 

Polyanions are also known for tellurium, for example, 

(oxypt-K"),Tes”.en. ,(04,7,13,16,21,24-hexaoxa-1,10-diazabicyclo 

{8.8.8.] hexacosane) potassium] tritelluride (2-)-ethylenediamine 2. 

This deep red compound has been prepared by the reaction of 

@ solution of KoTe and the ligand in ethylenediamine with 

an excess of elemental tellurium. The ion 15 exhibits bond 

lengths of 2.692 & ana 2.720 & and an angle of Magee



The slight deviation of TES from Co, symmetry arises from 

hydrogen bonding to the ethylenediamine molecule, dng 3.46 g. 

Since its discovery tellurium has found many uses, for 

example as an additive element it is used to improve the 

machinability of steel and copper, fuses for explosives, in 

the rubber industry as a vulcanizing agent, in ceramic and 

glass as a colouring agent. It has also been used as a catalyst 

in some chemical reactions e.g. Oxidation of propylene to 

acrylic acid over cobalt, molybdenum, tellurium and phosphorous 

oxide catalysts iy 

Recently several Japanese Patents have been published 

concerning the use of organotellurium compounds in photo- 

graphic emulsions, for example reference 11 where a nitrogen 

containing vinyl species and an organotellurium compound 

are dispersed in a coating medium, which does not dissolve 

the vinyl or the tellurium compound, to give a photosensitive 

imaging mixture. This mixture was found to have good sensitivity 

and shelf life and forms visible images by a single exposure. 

In a typical experiment the following procedure was used. 

(ptie0G,H,,)TeCl,, 0.1M, N-vinylcarbazoyl,1M, a paraffin, 

MP 68-70°C, a second paraffin MP 46-48°C, 0. 5grams,and hexa- 

methylenetetramine, 5mg,were mixed in a toluene/ chloroform 

mixture and coated on a polyester film to give a photo- 

sensitive filn. 

Although in animals tellurium compounds have proved 

lethal in high dosage and there is one account of fatal



results in humans oe from the accidental ingestion of sodium 

tellurite, the toxicity of tellurium in industry has not 

proved as high as that of selenium except for the garlic 

odour of the breath. It has given rise to a mild syndrome of 

gastric and nervous disorders and some cases of skin lesions 

but not the acute dermatitis or ‘burns’ caused by some selenium 

13 compounds . 

The first organotellurium compound was prepared by Wohler 4 

in 1840 and the work carried out from that time until 1971 has 

been reviewed by Irgolic 15 « Research during the period 1972-77 

has also been reviewed by Ingolic.26+27+18,19 Other reviews 

published in this field include those of Petragnani and 

21. »Telluriun" (C. W. Cooper de Moura Campos a and Petragnani 

1971) + is a book dealing with all aspects of telluriun 

chemistry. 

The main initial objective of this work was to prepare 

new tetraorganotellurium compounds and so a brief review 

of these will be given. 

Tetraorganotellurium compounds seem to be the least 

studied aspect of organotellurium chemistry and only a few 

examples are known. 

The first reported attempt to prepare a tetraorganotellurium 

ge obtained compound was in 1888, Here Marquardt and Michaelis 

only triethyttelluronium chloride from the reaction between 

tellurium tetrachloride and diethyl zinc. Wittig and Fritz 2



succeeded in preparing tetraphenyl tellurium in 1952. The 

compound was synthesised from tellurium tetrachloride and 

excess phenyl lithium. It can also be prepared from the reaction 

of triphenyltelluronium chloride or diphenyl tellurium dichloride 

with excess phenyl lithium. Tetraphenyl tellurium is 

obtained as yellow crystals melting at 104-6°C with decompo= 

sition. The reactions were carried out in anhydrous ether 

under dry nitrogen. It is also reported that the phenyl 

lithium used in the reaction must be free of lithium halide. 

The pentacoordinate species, (Cg) Te] "14", is postulated 

as an intermediate to explain the fact that an excess of 

phenyl lithium above the stoichiometrically required amount 

is used. Hellwinkel and Fahrbach 24 isolated bis (2,2'=biphenylene ) 

tellurium (A) in yields ranging from 40-55 per cent from the 

reaction of hexamethoxytellurium, tetramethoxytellurium or 

tellurium tetrachloride with 2,2' biphenylene dilithiun. 

(A)



This compound, yellow needles melting at 214°C, is more 

stable than tetraphenyl tellurium. The same authors report 

the preparation of (A) by the alternative routes (1-4) in 

later publications. 25,26 

+ 

1) 

c rT + I (A) +LICH, 
1 

ee + Lit 

2) 

i ° * 6 ; 
eCly + 36% (A) + 2Licl 

3) 

Ci Es 
eC, + 2 . SIAR tas Atel 

4



4) 

2 

Te + cis )S02 = @=NSO,PhCH, 

ia 

44% ee Li 

Li 

C i A en Vso,nui, + (A) 

Bis (4,4" dimethyl-2,2" biphenylylene) tellurium, (B), was 

z
—
 

also prepared by method 2 in 48 per cent yield. This yellow 

compound decomposes between 204°C and 219°C 26. 

cH, CH 

CH3 CH, 

(3) 

ec and Wheeler eB obtained Nefedov 12m Te-tetraphenyl telluriun 

12 : : by B decay of 1453p in Sb(CgHt.), and (CgH,),SbC1. Tetrakis 

(pentafluorophenyl )telluriun was the product of the reaction 

between tellurium tetrachloride and pentafluorophenyl lithium 

as reported by Cohen et al =)



Tetraalkyl and dialkyl diaryl tellurium compounds have 

not yet been isolated. Hellwinkel and Fahrbach eS have shown, 

however, that these substances exist in solution. The 

alkylation of telluriun tetrachloride (5) and trialkyl- 

telluronium iodides (6) with alkyllithium reagents gave tetra- 

alkyl tellurium compounds. 

5) TeCl, + 4RLi -——> R,Te + 4nicl 

R= Oyo, CH, 

6) RyTeI + Li —— > R,Te + Lil 

R= Cy, CH, 

Dimethyl 2,2"*biphenylylene tellurium was produced from the 

reaction between trimethyl telluronium iodide and 2,2" dilithioe 

biphenylylene. 

i CH3 

cH) TeI + u— es it 
3)3 May 

_ CHs 
+ iCH3 

The formation of this compound requires an exchange of a 

methyl group which is removed as methyl lithium @* 

With the reaction between triphenyltelluronium bromide (8) 

or 2,2" biphenylylene 2, biphenyl tellurium chloride (9) ana 

four moles of butyl lithium all the aromatic groups were 

cleaved from the tellurium as aryl lithium compounds producing 

tetrabutyl telluriun.



8) (Cg) tebe + heyy Li ——> (Cy ),,7e + Libr + 3C,H Li 
5 

Te \ + 4C,Ho b> 

i j SP i +(C, Hg) Te + Li Cl 

Bis(2,2' biphenylylene)tellurium (A) has also been used to 

prepare a solution of tetrabutyl tellurium by the following 

reaction scheme (10). 

(A) 4C4HoLi 4H '—+ i 

10) 

   

c 
+2 CyHg Li at 

oS 

49 
4H9 k3 ScaHg 
4 Ho <——— 
4H (D) 

heat 

& fo 
e +CgHig 

(C4 Hg)4 Te



It is suggested 2 that the rate constants for the four steps 

increase in the order kek pkypk,. These exchange reactions 

can occur either by an Syo mechanism or via a penta coordinated 

tellurium intermediate. 

Although tetraalkyl tellurium compounds have not been 

isolated, the following reactions prove their existence in 

solution: Hydrolysis of solutions of tetraalkyl telluriun 

compounds gave trialkyltelluronium hydroxides. Upon distillation 

of the reaction mixture containing tetrabutyl telluriun 

decomposition to dialkyl telluride, butane and octane took 

place oF The mixed dialkyl diaryl tellurium compounds (C) and 

(D) lost the aliphatic group under these conditions and produced 

2,2° biphenylylene telluride. The solution containing tetrabutyl 

tellurium was reacted with bis(2,2'-biphenylylene) arsoniun 

and phosphonium iodide. The transfer of a butyl group from 

tellurium to either As or P with formation of (E) was taken as 

further evidence of the existance of tetrabutyl tellurium (11), 

. 

(CgHo)yTe es 3 MC : 

in) C4Hy 

(E) 

a + (CyHo),TeT



The thermal stability of the tetraorganyl tellurium 

compounds increases in the series of alkyl, phenyl, 2,2'biphenyl- 

ylene. The tetraalkyl derivatives decompose at room temperature 

while tetraphenyl tellurium is stable to approximately 115°C. 

Tetrakis (pentafluorophenyl)telluriun ae produced the telluride 

and bis(pentafluorophenyl) when heated in a sealed tube at 

200-220°c, Bis(2,2'biphenylylene )telluriun remains largely 

unchanged when heated to 210°C. At 260°C, in vacuum, decomposition 

takes place according to equation 12 26. 

12), heat, jee 
e+ - 

: : 

Te 

+ higher polyphenylylene 

compounds 

x 

The corresponding 4-methylsubstituted derivative behaves 

26 
similarly . 

The mechanism of the thermal decomposition of tetraorganyl- 

tellurium compounds has been investigated by Barton 3°, 

Tetraphenyl tellurium decomposed at 140°C in vac vo ina 

sealed tube to (Ces) Te, biphenyl and benzene. Similar 

to



decomposition experiments, under a nitrogen atmosphere, but at 

80°C in the presence of toluene, triethylsilane, furan or 

styrene gave similar results indicating little radical trapping. 

Only traces of polymer were found during the decomposition of 

tetraphenyl tellurium in styrene, when decomposition of di- 

benzoyl peroxide under similar conditions produced polystyrene 

in 77 per cent yield. 

Tetrakis(4-methylphenyl)tellurium gave similar results. 

These results indicate that radicals, which can be trapped, 

are not found during the decomposition reaction. Decomposition 

of mixtures of (Celt) Te/ (HCH CH, ),,Te and (GgH,),,7e/(CgD,),,Te 

gave large quantities of mixed biaryls and unsymmetrical 

diorganyl tellurides. 

30 
Barton and his coworkers concluded that " Tetraorganyl- 

tellurium compounds exchange ligands by a fast non-radical 

process prior to decomposition to diaryl telluride and bi- 

aryls. The decomposition process itself is concerted, does 

not involve radicals and represents an interesting procedure 

for the formation of C-C bonds". 

It may be that a system such as Ryle Rete” is” 

important as is seen in the reaction of 3(Ph), with TePh, 2 (15). 

Most of the chemical reactions of tetraorganyl telluriun 

compounds that have been studied involve the cleavage of at 

least one Te-C bond. The 2,2* biphenylylene derivatives seem 

to be more stable than tetraphenyl tellurium, e.g. tetraphenyl- 

tellurium is easily hydrolysed by water whereas bis(2,2' biphen- 

ylylene) tellurium (A) is telatively.stable.under tnese 

conditions 26



Hydrogen chloride in ethanol or bromine and iodine in carbon 

tetrachloride convert (A) into the corresponding telluroniun 

compounds 26 (13). 

13) (A) + XY ——»> 4 Y 

    
(F) 

XY = H,OH; HCl Br,Br; LT. 

Compound (F), X = CHa, Y = I, is also formed when (A) is 

treated with excess methyl iodide at room temperature. A 

pentavalent tellurium intermediate has been proposed a for 

this reaction as shown in equation 14, 

HOCH - 

14) (A) + CHI —> < x I> (F) 

X= CH,, eS ay 

The ease with which one phenyl group is cleaved in tetra- 

phenyl tellurium is demonstrated by the formation of triphenyl- 

telluronium tetraphenyl borate from triphenyl boron and 

= ee



tetraphenyl tellurium in ethereal solution 25 (15). 

15) B(CoH a) 4 + (CgH.) Te -_ (Cgit.) 72" B(CgH) 

Tetraphenyl tellurium has a similar reactivity to other 

organometallic reagents in its reaction with methylene chloride,” 

chloroform (16) and benzaldehyde (17). 

Ga? (Ca 's)37eCl + CgH.CH,CL 

CHCl, 

16) (Cgit,),,Te Ea; 

  —— > (Cgii,)aTeCl + C,H CHCL, 
2 

R HCl 
17) Ryne + OFCH-R ——}_R,Te-0-CHCR, —> R,TeCl + R,CHOH 

R= Cer. 

Reaction (17) carried out in ether, under nitrogen, gave a 

47.3 per cent yield of diphenyl methanol =), 

Very little structural data is available for tetraorganyl- 

tellurium compounds, the only example being the X-ray 

crystallographic study of (Cgits),,Te.CeHe ot Ziolo found 

a trigonalbipyramidal arrangement of the four phenyl groups as 

shown in III



pe 23h Ph 2.6828 

ash Je : 98 r 
P7214: 

Ph Br 

Til - Iv 

No bond angles were given, only the bond lengths for the Te-C 

axial as 2.3 & and Te-c equatorial as 2.13 &. This structure 

is in fact similar to that found for diorganyl tellurium 

dihalides, for example (Cg) ,TeBr, ee (Iv). 

Work carried out by Hellwinkel has not shown conclusively 

that the compound bis(4,4" dimethyl 2,2° biphenylylene) 

tellurium (3) 26 is trigonal bipyramidal. If the lone pair is 

to occupy an equatorial position then the bidentate ligands 

4,4* dimethyl 2,2"biphenylylene must each occupy one equatorial 

a 26 and one axial position, The “H NMR of compound (B) was studied 

and showed only one peak due to the methyl hydrogen atom in 

the temperature range -55°C to room temperature. This result 

is inconsistent with the trigonal bipyramidal structure. The 

author postulates the rapid interconversion of the trigonal 

bipyramid to the other trigonal bipyramid as an explanation of 

the equivalence of the methyl groups. This situation is 

found in the species 2-biphenyl-bis(4,4' dimethyl 2,2' biphen- 

33 ylyl)..antimony where separate methyl resonances were 

observed when the temperature was reduced to -66°C,



6 
An alternative structure proposed by Hellwinkel < was 

that of a tetrahedron with a stereochemically inactive lone 

pair, 

In spite of the X-ray crystallographic structure of 

(CgH.),,Te Cele 31 hich shows that the (Cg sty te unit is 

trigonal bipyramidal it may be that if the structure of (CgH),,7e 

alone is determined a different structure may be found 

namely a square based pyramid with the lone pair in the apexial 

position (Vv). 

  

This phenomenon is known in organoantimony chemistry. Penta- 

organoantimony compounds normally exist as a trigonal 

bipyramid, for example, pentamethylantimony is known to be 

trigonal bipyramidal from infra red spectroscopy 35 . However 

two examples are known for which the pentaorganoantimony 

species is square pyramidal, pentacyclopropylantimony was



assigned a square pyramidal structure from its vibrational 

spectra 36, Also pentaphenylantimony is known to be square 

pyramidal in the solid state from X-ray diffraction 37,38 

and the same structure is maintained in CHACl, and CHB, 

solution from vibrational spectra Ho and NMR 39, however it 

is reported 35 that the pentaphenylantimony molecule in the 

crystal (Cg) Sb. 4 CcH, > has a trigonal bipyramidal streture 

with virtually no distortion. 

It is obvious that a lot more work needs to be carried 

out concerning the structure of tetraorganyltellurium compounds 

and it was one of the aims of this project to undertake some 

of this work. 

The only other physical data available for tetraphenyl 

tellurium is a list of absorption frequencies in the infra red 

from 4000 em) to 400 cm! by Fritz HL No assignments were 

attempted. 

Due to the relative instabilty of tetraorganyltelluriun 

compounds a method was sought which would enable one to prepare 

more stable compounds. Hoffman 42 has made a theoretical study 

of sulphuranes concerned with bonding,.substitutional site 

preferences and geometrical distortion and it was thought that 

his. conclusions would be applicable to tellurium compounds. A 

brief review of this paper will be appropriate at this stage. 

The prototype SRy, sulphurane, structure was that of SF. 

As shown in VI, the molecule has coy symmetry. 

-18 -



18 
1.64 R——_5 ———-P 

ce 7 OA R R 

VI VII 

Other SRy and related Se and Te compounds show similar 

43d 
geometrical features, e.g. C1,8(C,H),C1) 5 73a Br,Se(CpH.) f 

BrjTe(GgH,),>*. The sulphurane structures are best described 

as close to a trigonal bipyramidal geometry with an equatorial 

lone pair and distinguishable axial and equitorial sites. 

It has been pointed out by Muertterties and Schunn Ate 

that electronegative substituents prefer the axial sites and 

that these axial bonds are weak. Evidence for bond weakening 

comes from the solid state bond lengths, which can exceed the 

sum of the covalent radii by as much as 0.25 . 

Hoffman considers the effects on the molecular orbitals of 

SH), when the molecule is distorted from Dy, symmetry to C vt 

(VIII) shows how the orbitals of a square planar (Dy) SH, are 

formed from the 3s and 3p orbitals of S and the symmetry- 

adapted H 1s combination. In SH, all orbitals through the 

De are occupied by the ten valence electrons. There is some 

uncertainty about the ordering of the two higher occupied 

orbitals, Boy and be The former is entirely on the central 

atom, the latter entirely on the ligands. The ordering of 
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the two M.0.s could depend on the nature of the R groups in SRy. 

  

dg 
Sou = Su 

— au 

ey ey F 
u 

Ag 
a 

‘9 VIII Ag 

Ss Ha 

If the distortion indicated in (IX) is carried out, bending 

two trans hydrogens down until they make an angle of 120° the 

resultant energy changes are shown in (X).





The effect on the bonding is as follows. One member of the 

ee set, the one along the axial direction, is unaffected by 

the distortion. The other ey component, the one in the equ “torial 

plane, loses bonding overlap between S 3p and H 1s and turns on 

an antibonding interaction between the equ “torial hydrogens. 

For both these reasons that er component, b in Coy is 

destabalized. 

In the lower symmetry of the co, geometry of SH) all 

levels which were of ao? a, and oe symmetry in Duy are 
2u 

reduced to ay and hence may interact. In considering the 

changes in the two highest occupied orbitals, ap ,and Be 

it is only necessary to introduce mixing with the unoccupied 

* ie ‘level. 

Starting with the a, pure 3P,5 the distortion of two 
2u’ 

trans hydrogens, downwards in the yz plane, is considered. As 

the Duy symmetry is lost, what was the be level begins to mix 

into 3p, in a bonding manner. (The be is assumed to be at a 

higher energy in the absence of any distortion) The bonding 

relationship is here set by the 3p, pushing it up in energy. 

The resulting orbitals are represented schematically in (XI.). 

So far the mixing of the two filled levels causes neither 

differential acculumation of charge on the axial or equatorial 

hydrogens, nor a modification of the two bond types. These 

can come about only through the secondary mixing with the 

empty a Because that at is above the occupied levels it 

will mix into them in a bonding way, i.e. bonding to the a
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in each since the overlap between the components of the wave 

function located on the hydrogens is zero. (XII) represents 

the contribution from the secondary mixing with the correct 

phase relative to (XI). Summing (XI) and (XII) will give the 

orbitals displayed in (X). 

The more one bends the equatorial hydrogens down, the 

more will the am orbital mix in. Considering the HOMO made 

up by a superposition of the two contributions in the top 

row of (XI) and (XII). The greater the mixing in of at, 

that is the greater the bending, the more concentrated is the 

+ 
1g 

mixes in the more weakened are the axial bonds. Stating the 

HOMO wave function in the axial ligands. Also the more a. 

same fact in a different way, the smaller the equatorial angle 

the more accumulation of electron density in the axial position 

thus favouring more electronegative substituents. Also the 

axial bonds will become longer, i.e. weaker, the smaller 

the equatorial angle. 

The main conclusions Hoffmann draws are: 

i) The difference in axial and equatorial bond strengths 

should lessen with increasing equatorial angle, e 

i.e. in a molecule with a large equatorial angle the axial 

bond lengths should approach those for the equatorial bonds. 

ii) Conversly if the axial bonds are stretched the equatorial 

angle should decrease. 

An interesting example is the structure of 1-thia-4-selenacyclo- 

hexane! 4,4 aibromide (CG).
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Here.one may expect approximatly equal angles at S and Se. 

This conclusion is based on the fact that the angle at Se in 

1,4 - diselenacyclohexane ne), 98°, is similar to that found 

in 1,4 - dithiocyclohexane ms, 99°. While the angle at the two 

coordinate sulphur in the 1 - thia - 4-- selenacyclohexane is 

normal, O77. the equatorial angle at the four coordinate selenium 

opens up to 108°, 

(444) Substitution in the axial position by more electronegative 

ligands should favour a smaller angle between the equatorial 

ligands. 

The reasoning here is as follows: decreasing the equ torial 

angle increases the electron density at the axial position, 

Electronegative axial substituents take ad 

    

ee of that 2ccum- 

alation of electron density, and So they sneourage a dimun- 

ation of the equatorial angle. Some experimental support for this     

is to be found in Table 1.1. 
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Compound Equitorial angle Reference 

(0R),8(Ph), 104.4 47a 

C1,8 ( CeH,C1) 2 108.6 43a 

C1,Se(CgH),CH)> 106.5 47 

Br Se (Cg,CH,) 9 108.0 47b 

BryTe(CcH.)> A 32 

T,Te(CgH),Cl) 5 101.1 Ave 

Table 1.1 

It is considered worthwhile at this stage to examine 

the structure of Te (CH) )y as determined by Ziolo ou (122), 

and compare it with that of (Cg) pTeBr, (IV). 

It can be seen that the Tent x bond length is shorter than 
ial 

the the Te-Br bond length and is only slightly longer than the 

Te bond length in both cases. It would be expected, ~Coquatorial 

if Hoffmann's first conclusion is to be believed, that the 

C-Te-C bond angle in (Cgit.),,Te would be greater than that 

found in (Cg TeBrs. The same conclusion can be arrived at by 
se 

using Hoffmann's third conclusion, i.e. that substitution in 

axial positions by more electronegative ligands should favour 

a smaller angle between the equatorial bonds. In this case bromine 

is more electronegative than phenyl and so one would expect 

a smaller equatorial angle in (CcH.) TeBr, than in (CgH.)yTe. 

It seems that,in the light of the limited data available 

for (Cg.)yTe, that Hoffmann's conclusions are valid and may



prove useful in the study of tetraorganyl tellurium chemistry. 

In the present study it was hoped to make use of the third 

conclusion and try to synthesise tellurium compounds with large 

equatorial bond angles and subsequently try and introduce less 

electronegative groups, organic as opposed to halide, into the 

axial position. 

The majority of synthesis carried out in this project have 

involved the use of organometallic reagents for the intro- 

duction of tellurium into an organic molecule and so a brief 

review of the use of these compounds in organotellurium 

synthesis will be given. 

The first reported use of an organometallic reagent for 

the synthesis of an organotellurium compound was that of 

Marquardt and Michaelis ee who reacted diethyl zine with 

tellurium tetrachloride to produce triethyl telluronium chloride, 

When heated with excess diethyl zinc at 100 - 110°C butane and 

diethyltelluride were produced. It seems possible that this 

reaction produces tetraethyl tellurium which then undergoes 

thermal decomposition to give the observed products. This type 

of thermal decomposition is known for other tetraorganyl 

tellurium species. 24-26 , 30 

Since this time many different types of organometallic 

reagents have been used in the synthesis of organotellurium 

compounds,



Organolithium reagents have found use either as the simple 

reagent, RLi, or as the organyl lithium telluride, RTeLi. 

The simple organolithium reagent can be prepared by reaction 

of the appropriate alkyl or aryl halide with lithium metal in 

either dry ether or dry tetrahydrofuran. The reactions are 

normally carried out under an atmosphere of dry nitrogen or 

argon. If the direct reaction between the halide and lithium metal 

is not feasible then the organic halide is reacted with n-butyl 

lithium under the same conditions. The resulting solution can be 

estimated by taking a suitable aliquot, hydrolysing and titrating 

with a standard acid solution. 

The standardised solution of the organolithium reagent is 

then reacted with either tellurium tetrachloride or a substituted 

tellurium halide, e.g. the preparation of tetraphenyl tellurium 

from the reaction of phenyl lithium with either tellurium tetra- 

chloride or diphenyl tellurium dichloride”? 

Reaction of perfluorophenyl lithium, CeFLi, with telluriun 

tetrachloride in a 2:1 molar ratio produced triperfluorophenyl 

telluronium chloride instead of the expected product diperflnoro- 

phenyl tellurium dichloride. 

Aryl lithium compounds react with tellurium metal to produce 

aryl lithium tellurides. This reaction is carried out in THF 

by adding tellurium metal to a solution of the appropriate 

aryl lithium reagent. The mixture is then refluxed for a time 

4 to allow the reaction to proceed to completion. 

1 nN @ 1



The aryl lithium telluride can also be prepared by the 

reaction of a ditelluride, RoTeo, with lithium metal, again in 

THF. 20 

It has also been reported that tellurium will react with 

butyl lithium to give butyl lithium telluride jl and that lithium 

will cleave diethyl telluride to give ethyl lithium telluride. 2 

Once the aryl lithium telluride has been formed it can be 

reacted with various alkyl, or aryl, halides to give mixed tellurides 

e.g. Irgolic 53 reacted PhTeLi, generated from diphenyl ditelluride 

and lithium, with alkyl halides to produce alkyl phenyl tellurides 

which were isolated as light sensitive yellow oils. 

Phenyl lithium telluride has also been used to form tellurium- 

transition metal bonds, e.g. reaction with (7 Cie do NbC1, 

gave the green complex (r-C Ht do Nb (ecg). 

Hydrolysis of solutions containing PhTeLi using 6M HCl 

produces the ditelluride. 55 

Tellurium metal will react with organic lithium reagents 

containing a metal - lithium bond producing compounds such as 

(Cgit,),MTeLi, M = Ge 568 sy, 55D 9, pp, 6° these are unstable 

products and are further reacted with triphenyl metal chlorides 

to produce compounds of the type [(CgH.) i], Te. 

The starting organo lithium reagent is prepared from the 

corresponding triphenyl metal chloride and lithium metal in THF, 

The tellurium is then added and the reaction mixture refluxed 

for two hours giving a grey solution containing (Colts) aMTeLi. 

The above method can also be used to prepare mixed tellurides



RANTeLi + C1-M'-R, = ——> Ryii-Te-M'R, + Licl 

R= wa) M,M' = Ge, Sn, Pb. 

Acetylenic hydrocarbons with a hydrogen atom at one of 

the triply bonded carbon atoms form sodium acetylides upon 

treatment with sodium or sodium amide in liquid ammonia. Tellurium 

added to such a reaction mixture inserts into the carbon-sodium 

bond. 7” 

Cede CoH poe +Te ———> _~=—-R-CsC-Te-Na 

The alkynyl sodium tellurides were never isolated, but 

were reacted with alkyl halides to give alkynyl alkyl tellurides 

e.g. alkylthioethynyl methyl tellurides 58a, and ethynyl methyl 

telluride 58e were isolated when methyl iodide was added to the 

ethynyl sodium telluride in liquid ammonia. 

WH, (2) 
R-C=C-TeNa + CHAT secon) coe ea + NaI 

Re oS CoHS and H. 

For organic compounds not possessing an acetylenic group 

the aryl sodium telluride can be produced by reduction of diaryl 

ditellurides, The-reduction is carried out by-dissolving the 

ditellurides in an ethanol / benzene mixture and adding a sodiun 

hydroxide solution of sodium borohydride. 

The aryl sodium telluride is not isolated but can be reacted 

59 with a variety of compounds, e.g. Sadekov prepared diaryl 

tellurides, R-Te-R, ( R,R' = Cp, OH Op, 4-CHAC oH. 

230



Cotes K-O1C Hs 4 CH, OCH x, HACHAC eH ) by reacting RIeNa with 
3 

the appropriate diazonium tetrafluoroborates, RINS BF}. 

Piette 60 reacted RTeNa with 3-chloropropionic acids 

yr@lding aryl-2-carboxy tellurides. 

It is suggested by Sadekov 61 that the RIe anion adds across 

the triple bond of acetylene oxo compounds producing aryl-l- 

phenyl-3-oxo-l-alkenes, 

ede GH,0-C.H) “Tena + HESS _—__— 

0 

OCH, ~Te-C=CH-C-R CHOC H,-Te a i 

Organomercury compounds have found use in the synthesis 

of organyltellurium trihalides and diorganyl tellurium dihalides, 

either symmetric or unsymmetric. Diorganomercury, RHE, and 

organyl mercury halides have been used. 

A number of workers have reacted diarylmercury with elemental 

tellurium to produce diaryl tellurides, The organomercury compound 

transfers the organic groups to tellurium upon heating the reactants 

under an inert atmosphere in a sealed tube to 230°C for several 

hours. 

Te + Hg — ref 29. 
Zz 

Organyl tellurium trihalides when heated with diaryl 

e.g. Photg Sg Sorento ERT Y, 

mercury compounds (2 : 1) in dioxan for several hours produce 

diorganyl tellurium dihalides. 63 This method can be used to 

prepare unsymmetrical dihalides and hence tellurides by reduction, 

+ Rig ——— > RR 2 Rfecl, ROHS RR TeCl, 

ses



Petragnani and coworkers 64 obtained diorganyl telluriun 

dihalides by refluxing a dioxan solution of tellurium tetrachloride 

and the appropriate organyl mercuric chloride (1:2), 

Tel, + HeRC,H) HeCl —_—_—— (4-FCpH),) ,TeCl, + HgCl, 

where R=H, GH, 

Yields were greater than 90 per cent. 

Sadekov has also prepared unsymmetrical diorganyl telluriun 

dichlorides by boiling equimolar amounts of aryl telluriun 

trihalides and aryl mercury chlorides in dioxen.”> 

One of the most important uses of organomercury compounds 

in organotellurium synthesis has been the reaction of aryl 

mercury halides and tellurium tetrachloride in dioxan. The 

resulting organyl tellurium trichlorides can then be reduced to 

the corresponding ditelluride. The use of dioxan as solvent is 

favoured because of the formation of the mercuric chloride-dioxan 

complex which crystallises.as the solution is allowed to cool. 

If the starting organomercury halides are not commercially 

available then they can be made either by direct mercuration 

or via the diazonium compounds. An example of a typical reaction 

scheme would be as follows, 

HCI eae! Hg Cl 

NaNO, 
2 

ise
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TeCl, Pesery 
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One of the more extensively used organometallic reagents 

in organotellurium synthesis are the Grignard reagents. These 

have been used in the preparation of tellurides, ditellurides 

and triorganyl telluronium chlorides. 

The Grignard reagent is prepared from the appropriate 

alkyl or aryl bromide and magnesium metal in dry diethyl ether. 

The product of the reaction will react with elemental telluriun, 

tellurium tetrachloride, organyl tellurenyl halides, diorganyl 

ditellurides or diorganyl tellurium dihalides. 

Elemental tellurium will insert into the carbon-magnesium 

bond of the Grignard reagent producing a compound of the type 

RTeMgxX. 

R-MgX + Te ————> RfleMgx 

-35-


