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Summary 

A study of tellurium and its compounds in rubber has been carried out 
by using them as crosslinking agents and as ultra-accelerating agents 
when employed together with a tetraalkylthiuram disulphide. Reactions 
of tellurium tetrahalides with model alkenes, rubber solutions and solid 
rubber were employed in order to study the tellurium-carbon bond for- 
mation in the media. 

The formation of black gels was observed with natural rubber solutions 
when reacted with tellurium tetrahalides (chlorides and bromides). A 
Mossbauer study was carried out for the black gel obtained with tel- 
lurium tetrachloride and natural rubber solutions and the results are 
discussed . 

In order to explain the observations made with solid natural rubber , 
namely that tellurium tetrahalides and trihalides, and selenium tetra- 
halides enhance the crosslink density and acceleration rate of the 
natural rubber vulcanization reaction in the presence of thiurams: the 
tellurium compounds were reacted with a tetraalkyl(methyl or ethyl) 
thiuram disulphide in solution and the chemistry of the resulting com- 
plexes was studied. : 

Emphasis was placed on their reactions with sulphur donor ligands. 
Detailed or tentative assignments of the spectra for these complexes 
are suggested and in certain cases, structures proposed. 

Using the tellurium (IV) complex prepared with tellurium tetrachloride 
and tetramethylthiuram disulphide, TMID, as the starting material 
reactions with some lst row transition metals gave a new class of com- 
plexes. 

Reactions of RTeNa (R=pEtOC.H 4) with organic dihalides as model compounds 
were carried out with the i8e4 that brominated natural rubber would 
react with RTe_ affording tellurium-carbon bonds. However, the reaction 
of RTeNa with X (CHo) afforded charge-transfer complexes when n=] and 
X=Br, I. The compléxes showed a stoichiometry, {pile ) CH, -CHAX, . The 
nature of these materials is discussed. Some Te flos Sauer data are 
also discussed and it is suggested that the unusually low value of A 
(7.58 mms) for (DEtOC,H Te) ,CH, .CH,Br, is related to removal of 5p- 
electrons from the sparé pair orbitat via the charge-transfer inter- 
action. 

For n=2 and X=Br, elimination of ditelluride occurred with the formation 
of an alkene whereas when n=3,4 and X=Cl1,Br, telluronium salts were found. 
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1.1 Introduction 

Intensive efforts have been made with some success to gain 

a greater understanding of the vulcanization reaction of 

natural rubber (NR). Vulcanization is the chemical reac-= 

tion which, as is now known, brings about the formation 

of crosslinks between the long, linear, unsaturated poly- 

meric chains of NR, leading to a high molecular weight 

three dimentional structure. 

After well over a century of empirical vulcanization 

technology, the enenacne of vulcanization has now reached 

a stage where not only is it possible to explain the 

process used by the technologist, but to use the chemistry 

to advance the technology. As a result, the elucidation 

of the chemistry of vulcanization has had an important 

impact on technology over the last two decades'1+?) 

Some views of the mechanism of vulcanization have appeared 

in the literature including suggestions for a free radical 

or for a polar process. The research ‘work based on model 

compound studies by the British Rubber Producer's Research 

(3,4) 
Association has been interpreted to support the view 

that the vulcanization reaction proceeds through a polar 

(5) 
mechanism. However, Turner has measured the effect of 

radical traps on the radiation crosslinking of rubber and 

claims that the radiation crosslinking proceeds via a 

(6) 
radical mechanism. Glazer and Schulman have studied



the gelation of natural rubber in benzene with sulphur mono- 

chloride at room temperature and also postulate a radical 

mechanism for the crosslinking reaction. 

In view of the wide variety of material and methods used 

to effect cure in rubber, Schelton and Heponel |”) suggest 

that it is reasonable that the reaction can proceed by a 

variety of mechanisms, depending on the curing agents and 

the methods used and further, it is the author's respon- 

sibility to attempt to establish the free radical or polar 

nature of the reaction by determining the effect of free 

radical traps on the rate of crosslinking of rubber. 

1.2  Vulcanizing Agents 

Although sulphur still remains the basis of the most widely 

used crosslinking agents, new polymers have required other 

chemicals. Over the years many materials have been found 

to crosslink natural and synthetic rubbers. The most 

important materials are the compounds that liberate sulphur 

atoms, thiuram disulphides, metal oxides and peroxides. 

Selenium and tellurium can replace and supplement sulphur 

and have found some use in vulcanizing systems for par- 

ticular purposes.



1.3 Vulcanization with Sulphur FEE ot MS, 

1.3.1  Vulcanization with Sulphur Without Accelerator 

The vulcanization with sulphur, without an accelerator is 

an extremely slow process and is therefore of no technical 

importance at all. The low crosslink yield which is ob- 

tained is mainly due to the fact that, as shown in Figure 

1.1, cyclic, poly and vicinal sulphide links may be formed. 

oa vicinal crosslinks 

Polysuiphide crosslinks 

SS = 

a wa natural rubber 

cyclic crosslinks f 

—— eo 

J Sy 

 



1.3.2 Structural Features of Sulphur Vulcanization 

In the vulcanization network sulphur is combined in a 

number of ways (Figure 1,2), as enumerated by Porter'®) 

As crosslinks, it may be present as monosulphide, di- 

sulphide or polysulphide (Figure 1.2a), but it may also 

be present as pendent sulphides (Figure 1.2b) or cyclic 

monosulphides and disulphides (Figure 1.2c). 

ca) Cb) (ce) 
  

      

          

Figure 1.2 

An estimate of the number of sulphur atoms consumed for 

each crosslink formed has been made; an unaccelerated 

rubber-sulphur vulcanizate may require 40-45, while in an 

accelerated vulcanizate this ‘inefficiency' figure may 

drop to 10-15. Special ‘efficient' vulcanizing systems 

can reduce it still further to 4-5. 

1.3.3 Stability of the Sulphur Ring 

The reluctance of sulphur to react with NR giving only 

monosulphidic crosslinks can be easily understood when



one bears in mind the structure of the sulphur, existing 

as a stable Sg ring. Such an eight membered ring should 

be stable in different steric forms, but only the crown 

shape (Figure 1.3a) is known. 

Za Se 
“Figure 1.3 

(9) Warren and Burwell proved the existence of sulphur as S 
8 

ring by means of infra-red spectra and this finding has 

been subsequently repeatedly confirmed by means of tests 

on the diffusion of radioactive sulphur, Sec in rubber. 

Bressler and coworkers ‘10) have confirmed that sulphur 

dissolved in rubber also has a molecular weight of about 

225 i-e., tnat it dssinitially present as the S, ring. 

The stability of the ring explains the lack of reactivity 

of sulphur with the double bonds or the reactive sites of 

the natural rubber. To make sulphur reactive, a consider- 

able amount of activating energy (268 kd .mo17}) must be 

expended and the sulphur ring must be split. This process 

of activation occurs at high temperatures and can be 

promoted by the use of activators, such as zinc oxide and 

stearic acid and accelerators such as dithiocarbamates and 

disulphides.



Peachy and Skipsey ‘+1 showed that the reaction of hydrogen 

sulphide with sulphur dioxide in which active sulphur is 

formed insitu (Eq. 1.1),could be used to vulcanize NR even 

at room temperature. 

2H5S + SO, — 24,0 + 3S atomic Eq... sb st 

After being activated by any of the above methods, the 

sulphur is able to react with the reactive sites on the 

rubber molecules - where there are @ methylene groups, or 

double bonds - in such a way that no intermolecular cross- 

links are formed initially. 

1.3.4 Possible Reaction Pathways for Sulphur Only Vulcan- 

ization 

The fact that the number of double bonds remains unchanged 

in the vulcanizates shows that the addition of radicals or 

ionic reagents to the NR with unsymmetric double bonds is 

not governed according te the well known polar addition 

rule of Markownikoff. Therefore the primary reaction should 

not always be viewed as involving addition to the double 

bonds. Because of the electron doner action of the methyl 

group, which is overcompensated by the electron affinity 

of the double bond, the a-methylene group has an extensive 

electron agglomeration which makes it partially reactive 

(Eq 1205



(t-c-£.8) aaenare {¢-cuc-d) ————— aiid) Eqz leg 
‘adical attack ionic attack 

According to Krebs ‘12) the sulphur ring can generally be 

split up in two ways. In the first case the splitting is 

ionic, in the second it is radical. Depending on whether 

the sulphur attacks the NR ionically or radically (from 

Ss fission products) the process of vulcanization could 

proceed by an ionic or radical method as shown in Equation's 

1.3 and 1.4 respectively. 

Ionic crosslinking 

CH cH H 
(ima 3 deck 3 

€c-c-da8) “ (6-¢-6.84 —s pee Eby Bas 123 
| i | \ $ 

° : 
(-eGg 

cH, 

Radical crosslinking 

ie lyse elo (ole 
Pes + te-c-cnd} Sy bec ated) Eq. 1.4 

s s | i s* is 

bef) 
CH,



1.4 Accelerated Sulphur Vulcanization 

1.4.1 Nature and the Formation of the Active Sulphurating 

Agent 

The use of activating agents zinc oxide and stearic acid 

together with an accelerator shows that the active sul- 

pPhurating agent is itself produced by a multistep reaction. 

The first step involves the reaction of zinc oxide and the 

accelerator with sulphur to give a zinc perthio-salt 

XS, ZnS, X, where X is a group derived from the accelerator 

insitu with rubber. The most common of the so-called 

accelerators are the thiuram disulphides, sulphenamides 

and thiozoles. 

In an attempt to solve the precise mode of ‘sulphur acti- 

vation; one of the yet unsolved mysteries of the vulcan- 

ization ,McCleverty ‘23? found that Sg activation is greatly 

facilitated by the presence of anionic species in the 

‘sulphurating' system. This observation was made by reac-— 

ting (Zn(S,CNMe,) 3)", as its tetraalkylammonium salt 

) (NR) Zn(S5CNMe with Sg in an organic solvent. Za 

it is known '14) that the zinc dimethyldithiocarbamates 

formed in the rubber vulcanization system do not show sig- 

nificant reactivity towards attack on S. or have appreci- 

able solubility in hydrocarbons but many accelerator 

systems containing stearic acid form a 1:2 adduct with



zinc dithiocarbamate which may enhance the nucleophilicity 

of the coordinated dithiocarbamate towards attack on S3- 

(15) McCleverty's studies with carboxylate anions showed 

that acetate forms only a 1:1 adduct with [Zn(S,CcNMe,)] 2 2 

via CNR, ][Zn(S,CNMe,),(OCOMe)]. The reaction of tetra- 

alkylammonium stearate with zinc dimethyldithiocarbamate 

2 

showed the formation of Zn(S.CNMe.) 
2 Be 

&n(s,cnme,) 1, to react with HOCOR' or M(OCOR') (M=alkali 

The inability of 

metal) to form an adduct or anionic species clearly demon- 

strated that the carboxylic acid must be in the form of an 

ammonium salt. Thus, the production of (Zn(S,cNMe,) Je Ba 

‘sulphurating systems' containing zinc oxide, tetramethyl- 

thiuramdisulphide, Ss and stearic acid is distinctly pos- 

sible and this species may be an important precursor in 

the activation of sulphur in zinc assisted vulcanization. 

The analogue CoH ANS, (2-mercaptobenzothiozole) accelerator 

was also found to behave in a similar way to tetramethyl- 

thiuramdisulphide. 

In the 'sulphurating systems' an ammonium stearate could 

be formed by neutralization of the added acid by amines 

which either occur naturally in rubber latex or which are 

formed by acid decomposition of tetramethylthiuramdisul- 

Pphide or zinc dimethyldithiocarbamate. In the benzothio- 

zole activated system, 2-mercaptobenzothiozole is frequently 

NR" used as a sulphenamide derivative C>HANS (R"=alkyl4 
2 Z 

(a) and treatment of these with acids readily affords CNH RS ]* 

10



Typical coordination products with nitrogen bases, amines 

(either naturally occurring in rubber or deliberately added) 

as shown in (b), or with carboxylates formed, will help to 

dissolve the zinc dimethyldithiocarbamate. 

NH, 

CH S$ s CH 
3. I : I 3 
Wroc-sozns tone a 

CHS CH3 

NHS 

b) 

The zinc perthio salt XSZnSX or its complex such as (b) is 

then believed to react with sulphur to form a perthiossalt 

with a polysulphidic anion (Eq. 1.5) 

S-  Se 5 
Se —7n— sk — XS .-Zn-S_ x Eq. 1.5 

N
a
 s- 

\ 
$ 

o 

te



1.4.2 Formation of the Rubber Bound Intermediate 

The active sulphurating agent so formed then reacts with 

the rubber hydrocarbon, RH,to give a rubber bound inter- 

mediate, as in Equation 1.6. 

2n. = Dinkins Ta 
a Ps& ———_ 

. et 44 x-s< es ve S.4-X XS.R + ZnS + HS, _jX Eg.1.6 

R*-H~ t 

rubber bound 
intermediate 

Evidence for the rubber bound intermediate has been obtained 

from the use of a 14, labelled accelerator, by parks‘+®) | 

The perthio-accelerator group HS, _1% formed as in Equation 

1.6, further reacts with zinc oxide to give a perthio-salt 

of lower sulphur content; nevertheless, this again is an 

active sulphurating agent, forming intermediates of the 

form XSL R. In this way each molecule of accelerator gives 
as 

rise to a series of intermediates of varying ‘degrees of 

polysulphidity'. 

The hydrogen atom which is removed from the rubber molecule 

is likely to be attached to a methylene group in the a - 

position to the double bond i.e., in natural rubber, figure 1.4 

the hydrogen atoms at positions 4 and 5 are the most labile 

in this type of reaction. 

12



“ct 

“CH, -C=CH-CH,™ 

dee 344 

Figure 1-4 

1.4.3 Conversion of Rubber Bound Intermediate Into Cross- 

links 

The rubber bound intermediate XS_R, reacts with a molecule 

of rubber hydrocarbon RH to give a crosslink, and the ac- 

celerator is regenerated as shown in Equation 1.7. 

XS R + kt =——— RS, _1R + XSH Beg ees 

Hence, the formation of crosslinks of the natural rubber. 

The probable course of sulphur vulcanization of natural 

rubber in the presence of accelerator and activator is 

shown in Figure 1.5. 

1.5 Crosslinking Without Elemental Sulphur 

1.5.1 Crosslinking With Sulphur Monochloride 

Almost as soon as the original discovery of vulcanization 

(TE issued patent had been made public, Parkes in 1840 

in which he described the vulcanization of thin sheets of 

rubber by exposure to the vapour of sulphur chloride at 

room temperature. Monosulphidic crosslinks were formed, 

13



  

Vulcanizing Ingredients 

sulphur, activator, accelerator 

or 

sulphur donor, activator       

  

  

ee eee 

The active sulphurating Rubber RH 

agent (H= methylenic or     

methylic hydrogen)     

    

    
Rubber bound intermediate 

R-S_-X 
y       

    
Initial polysulphide 

crosslinks 

R-S_-R 
x       

Figure 1.5 
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together with chlorine addition to the molecule, as shown 

in Equation 1.8. 

| | 
[ ee 2 i 2 2 

ms me H.-C-Cl ers : CHy-— + S)Cl, + C-CH; —_CH,-cC-cl cCl-c-cH, + Ss Bq.1.8 
CH a CH - S - CH 

I CH CH CH CH 

Presumably the method, so called ‘cold cure’, is applicable 

to all alkene rubbers, but there is little evidence of it 

being used for any polymer other than natural rubber. 

1.5.2 Crosslinking With Disulphides 

1.5.2.1 The Course of Disulphide Crosslinking 

Since the early 1920's tetraalkylthiuram disulphides, 

besides being accelerators for sulphur vulcanization, have 

been used in conjunction with zinc oxide as non-sulphur 

vulcanizing agents. It is thus possible to vulcanize a 

rubber by a mechanism broadly similar to that of an ac- 

celerated sulphur system without the use of elemental 

sulphur. 

Since one of the sulphur atoms is readily removable to give 

the monosulphide, itself an accelerator, this was assumed 

to be the method of action, but prolonged investigation by 

(18) (19) Scheele and coworkers and Moore has shown that the 

15:



mechanism is highly complex, giving mainly monosulphide 

crosslinks. The disulphide in fact reacts with the zinc 

oxide to yield a tetraalkylthiuram polysulphide. This then 

reacts with the rubber molecule and further zinc oxide to 

produce a rubber bound intermediate polysulphide which then 

crosslinks to eventually yield monosulphidic crosslinks as 

in Equation 159° 

Ss s s 
cae i I eee oS I i peaks 

2 SN-C-S-S-C-NS a N=C-S, -C-NC 
cH CH Zn0 cH cH 

Ss 3 3 3 
. i (x>2) tetramethyl thiuramdisulphide 

RY 

ZnO 

S$ RH 1 CH; 
R=S)-R ———_ Ros) CONG Bg.1.9 

Zno CH 
(x>l at early cure (02) 
x=l at full cure) 

Tetraalkylthiuram disulphides give vulcanizates with natural 

rubber which are lower in tensile strength than sulphur 

vulcanizates but have very good ageing properties. 

1.5.2.2 Proposed Mechanism for the Vulcanization With 
  

Disulphides 

A free radical mechanism for the formation of the rubber 

bound intermediate was proposed in the literature for di- 

sulphide crosslinking. The polysulphides found at a 

certain stage in the vulcanizing system rapidly disappeared 

16



suggesting a free radical mechanism. This rapid disap- 

pearance of the polysulphides has not been observed in 

the absence of cis-1,4 poly(butadiene). It is attributed 

to a rapid free radical reaction of the polysulphides with 

the active hydrogen of the rubber, which results in the 

formation of the rubber bound intermediate. The formation 

of polysulphides and their rapid disappearance is consis-— 

tent with the mechanism proposed in Equation 1.10; 

i i M a Me.N : S_-C-N -C-§-S-C= ————- -C-. -C=- MeoN s-S N le5 e> Cc x Me, 

thiuram polysulphides 

thermolysis 

eae e 
Me,N-C-S_ (=xS_ ) 

thiuram persulphenyl 
radical 

e e 
xs, + R-H —— R + xSoH 

R + XS)X coy et + XS mn 

—— > R-s_- le R + xs) R-S_-X Eq. 1.10 

free radical mechanism. 

The use of bis-morpholinedisulphide as a vulcanizing agent 

was reported by Sibley ‘2°) in an investigation which covered 

a number of organic sulphides. This reagent gives mainly 

mono and disulphide crosslinks and may be used as a curing 

ay



agent for any of the alkene polymers. Dipentamethylene- 

thiuramtetrasulphide acts in a similar manner. 

1.6 Role of Model Compound Studies in Natural Rubber 
  

Vulcanization 

Beyond providing information on elemental proportions, at- 

tempts to gain a greater understanding of structures and 

the kinetics involved in NR reactions by analysis, proved 

very difficult due to the insolubility and high molecular 

weight of the crosslinked end products. 

It is therefore not surprising that much of the present 

knowledge has come from the use of model compounds; that 

is to say, the reaction of sulphur and other vulcanizing 

ingredients with alkenes structurally related to the rubbers 

but of low molecular weights. 

The structures of some of the alkenes which have been 

commonly used and the rubbers for which they are models 

are shown in Figure 1.6 and Figure 1.7 respectively. 

rs 
CH, -C=CH-CH,-CH, 

Cyclohexene 2-methyl 2-pentene 

CH, =CHCH»CH>CH>CH,CH5CH 

l-methylocyclohexene 1 octene 

Figure 1.6 
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ia ie Py 

-natural rubber styrene-butadiene rubber 
cis-(polyisoprene) (SBR) 

- acrylonitrile-butadiene rubber chloroprene rubber 
(NBR) (CR) 

butyl rubber 

Figure 1.7 

The low molecular weight products were more readily and 

easily analysed using mass, infra-red, nuclear magnetic 

resonance and electron spin resonance spectroscopy and 

the predictions based on the results obtained with the 

systems enable improvements to be made in the performance 

of real rubber networks. However, it should be pointed



out that the disadvantage of the model compound studies is 

that they cannot provide any information on intramolecular 

reactions involving more than one double bond. 

Early research work by Farmer and Shipley ‘21) and by 

Armstrong, Little .and Doak ‘22) on the reactions of alkenes 

such as cyclohexene and isobutylene with sulphur at 100°e 

to 140°C in the absence of other reactants established that 

the predominant products are alkyl-(R) alkenyl-(R') poly- 

sulphides, where R is saturated and R' contains one double 

bond. In addition, the following products in Figure 1.8 

may occur with isobutene but are less likely with cyclo- 

hexene and l-methylcyclohexene. x ranges from 1-6 with 

relatively little x=1. 

pera alkenyl-S,-alkyl alkylene 

(major product) so 

alkylene 

alkeny1l-S,-alkylene-S-alkyl 

Figure 1.8 

Another series of studies designed to elucidate the mechan- 

ism of the reactions of sulphur with alkenes examined the 

reactions of alkenes with hydrogen sulphide. It was shown 

that hydrogen sulphide adds to alkenes in the presence of 

sulphur to give Markownikoff addition in an ionic reactiol??/24) 

In the absence of sulphur and with ultra-violet light, 

20



  

On the basis of the information on the reaction of alkenes 

with sulphur, hydrogen sulphide and other sulphur contain- 

(21) ing compounds, Farmer and Shipley and Bloomfield and 

(26) 4 oa Nayer proposed the mechanism given below (Eq. 1.11) 

for the overall reaction of sulphur with alkenes. Sulphur 

forms a sulphenyl- radical by an unspecified Pathway; this 

sulphenyl- radical abstracts an allylic hydrogen from the 

alkene, forming a carbon radical. The carbon radical so 

formed attacks sulphur to produce a polysulphenyl radical 

which abstracts hydrogen from a second alkene molecule and 

then adds to a third alkene molecule in an ionic addition 

which obeys the Markownikoff rule. 

. ry s ¥ e Initiation by unknown mechanism — Sy 

Ss + CH, —— So + CHS ——— 2 

co eet 
7 mS r 

CH CH, CH, cH, CHS CHL-S5-S 

oct 
q 2 

Mes 
a, Hy 

CH 
q 2 

aX x 
CH, CHS 

 



fz CH I CH cH 
q 2 c 1 2 iS 

aN hi, cH SAN ents ean ee 
CH CH,-S|-SH a 2 ch, Yas x CH CH Eq. L.it 

ionic addition 
(x=7,etc) 

The salient feature of this mechanism is that it separates 

the radical hydrogen abstraction steps from the ionic aoe 

dition reaction. One difficulty with this mechanism is 

that the hydrogen-alkyl-polysulphides RSH, which are 

postulated as intermediates, have not been isolatea'?”), 

In 1959, the reactions of sulphur with alkenes were re- 

examined by the workers at the British Rubber Producer's 

Association and the previously published mechanism was 

moditiea!2®) | The reaction of sulphur with l-octene, cycle- 

hexene, 2-heptene, 2-methyl-2-pentene, 1-methylcyclohexene 

and 2,6-dimethyl-2-octene has been studied and the products 

examined by elemental analysis, chemical and spectroscopic © 

methods. The main product is a mixture of polysulphides 

as previously reported. 

The polysulphide products from l-octene were shown by 

careful analysis to be a mixture of the compounds shown 

below in Figure 1.9. 

its 
CH, 3-CH-S ,-CH,-CH=CH-C.H;) Sohys pee 

i b 
BR A25%) st 6.7, 

(av) pees gos 
Be\sOn) eX = =o a7 

(av a+b) 

22



Cg, 7-S~CgH, 7 and/or a(x=1) Cglly 7-S,-CgH, g-S,-CyHy 4 

© (15%) D (15%) x 0407 
(av atb) 

Cel, 5-CH-CH, 

Tay fierce vin gonea ie som Cat Gy 
CHy-CH-CeH, 

E (15%) 

Figure 1.9 

This gives an anomalously low amount of alkyl-alkenyl 

polysulphide, A, and more cyclic products B and E, 

relative to the other alkenes studied (Table 1.1). 

Kinetic studies by Ross (2?) on the reaction of cyclo- 

hexene with sulphur between 110° and 140°C followed by 

dilatometry shows that the reaction goes through three 

steps (Figure 1.10); 

(P
ro
du
ct
 

] 

  

  

Figure 1.10 

1. An accelerating rate until about 20% of the sulphur 

is consumed (ra). 
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2. A constant, maximum rate, ym. 

3. A decreasing rate. 

An induction period occurs and has increasing length at 

smaller initial concentrations. 

The increasing rate ya, is proportional to the square root 

of the product concentration and the square root of the 

initial sulphur and alkene concentrations (Eq. 1.12). 

dap 

dt 

‘i 3 + + ya = k(P)?(8,)2 (RH)? Eq. 1.12 

where P = product 

RH= cyclohexene 

and the subzero indicates initial concentrations. 

The constant rate ym, as measured by the time required for 

the reaction of one-half of the sulphur was found to be, 

mud + ym =k (Sg) 5 (RH) Bq. 1.13 

The products formed in this reaction appear to be both 

cyclic sulphides and alkyl- alkenyl-polysulphides, and to 

be constant during a kinetic run (Eq. Mega) Soe 

Ss 

C,H *8 c ae ane H So ee oe SLO Cas i ea 6°10 + CoH) Sy CeHy 

. (x=a+b) 

Eq. 1.14 
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During the kinetic runs x remains constant over the period 

described by Ya and then decreases slightly. 

This evidence has led to the replacement of the older mech- 

anism for sulphur-unsaturation reactions, Equation 1.11. 

It is proposed that the initiation reaction involves 

heterolytic scission of an S-S bond to give polysulphide 

and polysulphenium ions. The polysulphenium ions add to 

an alkene to produce a carbonium ion which either accepts 

a hydride ion or loses a proton as shown in the set of 

Equations 1.15. 

Dissociation by unknown mechanism—YSa* + YSb~ ( 

initiation 

( sat + O aes (p 

+ 
S2¥ 

. + 

oe O 
w 

propagation 
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_ termination 

The authors ‘27? 

ea 
+ ys; 
O —> Polysulphide 

Products 

C> ea 

Eq. 1.15 

proposed the presence of bridged ions as 

Support for an ionic mechanism. The effects of polar 

solvents on the rate of the reaction of sulphur with cyclo- 

hexene also has been proposed as support for the ionic 

mechanism) , 

The overall reaction of sulphur with cyclohexene increases 

50% in rate when the solvent is changed from cyclohexane 

to nitromethane (dielectric constants increase from 2 to 

399) ) Lf the two 

were to react to 

siderable charge 

larger than this 

neutral molecules, sulphur and cyclohexene, 

produce a transition state with a con- 

separation, then a solvent effect much 

would be expected '29) | 

However the solvent effect does not lend strong support to 

an ionic mechanism for sulphur-alkene reactions. The 50% 

increase in overall rate with a twenty-fold increase in 

dielectric constant is more consistent with a radical 

mechanism. 
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Although a number of studies with indicative evidence may 

be cited, no conclusive proof for this assumption has been 

published. 

A reference to the similarity of the chemical behaviour of 

the group VIA elements is appropriate. This similarity 

became evident since not only oxygen, sulphur and selenium 

atoms react with the unsaturation, but also tellurium atoms. 

The reaction of tellurium and of some tellurium compounds 

with model alkenes and the factors that govern the reac- 

tions are discussed in the third chapter in this thesis. 

1.7 Role of Tellurium and Selenium in Rubber 

The use of sulphur, disulphides and peroxides as vulcan- 

izing agents and similarities in chemistry of selenium and 

tellurium with sulphur have prompted the examination of 

selenium and tellurium as substitutes for sulphur. Both 

these elanents have found applications in rubber technology. 

Thus, selenium and tellurium compounds significantly 

improve the resistance of rubber compositions to ageing. 

Tellurium is employed mainly as the element or as tetrakis 

(diethyldithiocarbamato) tellurium (IV), Te(dgtc),. 

Tellurium rubber is noted for its resistance to heat and 

abrasion. In many instances the addition of tellurium 

increases the rate of vulcanization and improves the ageing 

and mechanical properties of the elastomer. 

28



Styrene Butadiene Rubber (SBR), is generally cured either 

with sulphur or with sulphur liberating compounds. Unless 

high temperature resistance is necessary, it is common to 

use sulphur as the curing agent and a sulphur containing 

compound as an accelerator. 

The effect of tellurium and selenium on the ageing of SBR 

has been studied by the Battelle Memorial Institute ‘3+) 

They found that a combination of elemental tellurium with 

tetrakis(diethyldithiocarbamato) selenium (IV) Se(dpte) 4, 

as the curing system, gave vulcanizates having superior 

ageing properties at temperatures in the range 100-150°%C. 

Cures based on Se(d,te), alone and Te(d,te), with elemental 

selenium also gave vulcanizates with promising ageing 

properties. The effects of selenium and tellurium on the 

ageing of SBR are given in Table aos 

The superior high temperature ageing properties afforded 

by tellurium are indicated by the results on SBR system 

aged for two days at 150°C and cured with a combination 

of one part tellurium and two parts Se(d.te) 4. This 

a and vulcanizate had a tensile strength of 119 kg cm 

elongation of 280%. The sulphur containing control formula 

had much lower tensile strength and elongation under these 

ageing conditions. 

Ageing studies on nitrile rubbers using a variety of 

selenium and tellurium compounds in the curing systems have 

29
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been carried out by the same group. A vulcanizate with one 

part tellurium and two parts Se(d,tc) 4 gave slightly better 

Properties than the low sulphur formula after ageing at 

150°C. The effects of selenium and tellurium on nitrile 

rubber vulcanizates are shown in Table 1.3 

Waggner ‘32) in his studies showed that Te(dite), gives more 

stable linkages than the disulphide and similar accelerators 

in the vulcanization of butyl rubber. Further, he empha- 

sised that the discolouration and Staining problems in the 

vulcanizates could be overcome by the use of this tellurium 

salt. It has also been shown that in combination with 

thiuram, Te(d,tc), provides superior heat resistant vul- 

canizates compared with other types of accelerators (33), 

ee) claims that tellurium itself The patent filed by Murrill 

is a vulcanizing agent and somewhat analogous to sulphur 

in its properties. Furthermore, he showed that nickel and 

zine salts of the dithio-acids which act as accelerators 

are not vulcanizing agents as opposed to the tellurium 

salts which are accelerators as well as valuable vulcanizing 

agents. 

Recent work on the decomposition of the tetrakis and bis- 

(diethyldithiocarbamato) tellurium(IV) and (IZ) in solutiot) 

under U.V. light showed the formation of tellurium oxide and 

tetraethylthiuram disulphide. The formation of the disul- 

phide could be the reason for the ability of Te(d.tc), and 
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Te (dtc), to act as vulcanizing agents. Interestingly, how- 

ever, it has been Shown 7) that the natural rubbers vulcan- 

ized with tellurium salts contain tellurium as well as 

sulphur in their end products. 

Direct vulcanization of rubber to metal surfaces parti- 

cularly to steel, using tellurium, its alloys or its com- 

pounds as couplers, were reported to give vulcanizates with 

better adhesion ‘2°) , Thus 3% sulphur and 0.0425% tellurium 

compounded rubber is directly bound to steel tyre cords in 

saturated steam at 90°C, resulting in an improvement of 

desirable properties. 

The effect of tellurium in rubber has been principally in 

providing improved ageing and mechanical and heat resis-— 

tance. Of increasing importance in many applications are 

the physical properties of elastomers at high temperatures. 

It is possible that, as new polymers are developed, tel- 

lurium curing may play a more important role in improving 

the high temperature mechanical properties of these materials. 

1.8 Use of Tellurium in Polymers Other Than Rubber 
  

Tellurium and certain of its compounds have found appli- 

cations in certain other polymers. In the curing of poly- 

sulphide elastomers, a system involving tellurium oxide has 

been shown to provide improved heat stability at 150°C and 

. a 
improved aromatic fuel resistance‘? y 
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s38) showed The research work carried out in U.S.A. in 1965 

tellurium tetrachloride and bromide could be used as cross- 

linking agents for polyvinylchloride (P.V.C.) at 150°C and 

the crosslinked polymer is used as an electric insulator 

material. 

Although there has been a limited amount of work carried out 

on the technological applications of tellurium in polymers, 

the information is- mostly empirical and very little is 

known about the chemistry of these applications. Only 

recently, Abdullaev ‘2?’ illustrated some spectroscopic evi- 

dence for the effect of tellurium and selenium in nitrile 

rubber using electron spin resonance and infra-red tech- 

niques. 

1.9 Use of Model Alkenes with Tellurium Compounds 

The literature shows that some tellurium compounds could 

react with the unsaturation, suggesting the possibility of 

tellurium compounds acting as crosslinking agents in NR. 

The first attempts to add tellurium compounds to double 

bonds were found to be unsuccessful. Fischer and Eisner ‘4°) 

observed the formation of elemental tellurium and tarry 

products when tellurium tetrachloride was treated with cyclo- 

hexene and styrene, while Farrar and Guliana !41) reported 

the lack of reactivity of tellurium tetrachloride with cyclo- 

hexene. 
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Funk and Weiss’ "2? reported that tellurium tetrachloride 

would react with the unsaturation under different conditions 

thus giving bis(2-chlorocyclohexyl)tellurium dichloride and 

bis(2-chloroethyl)tellurium dichloride with cyclohexene and 

ethylene, as shown in Equations 1.16 and 1.17 respectively. 

C 

Tecl, eo 2: O SSS Bq 51.16 

TeCly 

Tecl, + 2CH,=CH, — (CLCH,CH,),TeCl, Cee use 

Wittig n+3? observed different results, finding that even 

with great excess of cyclohexene only (2-chlorocyclohexyl)- 

tellurium trichloride was obtained. This observation was 

also made by Deeragnands -1°>)8 arpe ‘4®) and Ogawal 7): 

Thus it appears that several authors reported contradictory 

results on the same reaction carried out with tellurium 

tetrachloride with cyclohexene. 

However the crystal structure of bis(2-chlorocyclohexyl) tel- 

lurium dichloride has been studied ‘48 | 

In the molecule itself the tellurium atom has the expected 

environment with two apical tellurium-chlorine bonds as 

ye The molecule consists of two suggested by McCullough 

equatorial tellurium-carbon bonds with the third equatorial 

site of a trigonal bipyramid being occupied by the lone pair 
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electrons. In both ce rings the tellurium-carbon and ad- 

jacent carbon-chlorine bonds are equatorial. 

There are two possible configurations for this arrangement; 

one has the two cyclohexyl groups related (with appropriate 

rotation about a tellurium-carbon bond) by a mirror plane 

bisecting the carbon-tellurium-carbon angle, and the other 

has a two-fold axis bisecting the carbon-tellurium-carbon 

bond. Only crystals of the first arrangement have been 

prepared, whose X-ray structure is given in Figure 1.1l. 

  

Figure 1.11 

A different suggestion was put forward for the reaction of 

tellurium tetrachloride and the unsaturated hydrocarbons by 

(50) 
Michael and Tamary They suggest that tellurium tetra- 

chloride brings about aromatization of various unsaturated 
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cyclohydrocarbons and halocyclohydrocarbons by dehydrogen- 

ation and dehydrohalogenation respectively. End products 

from the particular reactions studied were isolated and 

identified. 

For the reaction of tellurium tetrachloride with cyclohexene 

in 1:1 molar proportions the formation of 2-chlorocyclo- 

hexylCtellurium trichloride was observed which was converted 

to benzene with an additional one molar proportion of 

tellurium tetrachloride. In other cases such as with 9,10- 

dihydroanthracene, 3-chlorocyclohexene, 1-methylcyclohexene, 

decalin, tetralin and limonene, no addition adducts were 

detected, only the aromatic products being obtained directly. 

The end products obtained with different alkenes are tab- 

ulated below (Table 1.4). 

Very little work has been aimed at elucidating the mechanism 

of these reactions. It was suggested '45) that a cyclic 

telluronium ion intermediate could probably be involved 

which suffers a nucleophilic attack by the chloride ions 

giving rise to a racemic trans-compound as shown in 

Equations 1.18 and 1.19. 

oreet ee 1,18 cl Te cl, + > \DeTecl, Eq. 1. 

ai + cl H Eq. 1.19 at Tec} ————3 
ye ‘Tecl 

“Tec, 

cl 
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Reagent Solvent Tc Praducts 

9,10-dihydro CHC1, ,CCl 4 25 9,10-dichloro anthracene 
anthracene CHC13 ,CCL 4 76 9,10-dichloro anthracene 

decalin neat 200 1,2-dichloro napthalene, 
napthalene and 1 chloro- 

napthalene 

tetralin neat 200 products as above 

2,2' bicyclo toluene reflux biphenyl 
hexene cal 76 biphenyl 

cach, 63 biphenyl 
ch 

2,2' bicyclo col 16 rs me (b) 
pentene Ke 

(c) cyclohexene Pay os 76 Coie 

3 

4-methylcyclo Cel a CHCN 76 toluene 

hexene 

cyclohexyl (oesh @ 76 Cy H 
chloride 

3 chlorocyclo CH.CN 25 CoH, 
hexene cet 76 CH 

4 66 

cyclohexyl Col. 76 CAB 
: 4 66 

bromide 

            
(a) reaction time was 6 hrs 3 
(b) identified by elemental analysis, ~C NMR 

(c) a reaction with tellurium tetrabromide gave the same results (much 

slower ) 

(50) 
Table 1.4 Aromatization of cyclic hydrocarbons and halo- 

cyclohydrocarbons by tellurium tetrachloride 
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Recently the steric course of these reactions was studied 

by Engman! >. In this study the formation of bis(2-chloro- 

alkyl)tellurium dichloride (A) and (2~chloroalkyl) tellurium 

trichloride (B), with 1:2 and 1:1 ratios of tellurium tetra- 

chloride and alkene, were supposed to go through a cis- 

addition mechanism’ (Eq. 1.20). 

Tecl, ¢l 
oe 

La ( Tecl, (A) 
R CH 22 

Eq. 1.20 
1 

Tecl, (B) 

R CH,Tecl, 

The trichloride (B) so formed was easily reduced by sodium 

sulphide to yield the inverted starting alkene and elemental 

tellurium as shown in Equation 1.21. 

H R' H H 

Ser TeCla_y RCH(CL)CH(R' )Tec1 N28, ee te 
R H Bee prene rR R! 

addition elim. 

starting alkene inverted starting 
alkene 

Eq. 1.21 

Among the numerous procedures reported for inversion of 

alkenes, the above is a simple, mild one-pot procedure 

involving a cis-addition of tellurium tetrachloride fol- 

lowed by a sodium sulphide-induced trans-elimination. 
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A radical mechanism was also suggested for some of the tel- 

lurium tetrachloride, alkene reactions by the same workers'"2) 

The results obtained here ruled out the mechanism previously 

suggested \*2” involving a telluronium ion intermediate as 

the major pathway. A more or less concerned, stereospecific 

Gis-addition and a.competing radical chain reaction have 

been proposed as the major pathways for the addition of 

tellurium tetrachloride to alkenes, 

The addition of aryltellurium trichlorides to alkenes have 

also been studiea'44), These are less reactive than the 

tetrachloride, giving (aryl-2-chlorocyclohexyl) tellurium 

dichlorides in boiling cyclohexene. 

rot reer, + C) wd Nx cl Eq.l:22 

(onl es 

The crystal structure of (p-toly1-2-chlorocyclohexy1) dichloro- 

S533 This compound results 
tellurium (IV) has been studied 

from the addition of a tellurium-chlorine group across the 

double bond of a cyclohexene molecule. 

el 

p-tol-TeCl, + OC} — p-tol-Tecl, Raa 22 

This structure has been determined to see if the stereo- 

specificity previously observed for the addition is main- 

tained. 
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The tellurium atom has the expected configuration for a four 

coordinated species with an additional lone pair of electrons. 

It is a trigonal bipyramid with the lone pair at one of the 

equatorial sites and with Cl(1) and Cl(2) at the apical 

sites. 

Addition across the double bond of cyclohexene appears to 

be stereo-specific and yields, as previously observed, only 

the cis-product. 

  

Figure 1.12 

The reaction of tellurium dibromide, TeBr,, with cycloheptene 

in ethanol, however, produced cis-2-ethoxycycloheptyltri- 

bromotellurium (IV) and the crystal structure of this com- 

pound has been determined by X-ray crystallography and is 

illustrated in Figure fia oy 
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Figure 1.13 

The oxygen atom of the ethoxy group acts as an internal 

Lewis base donating a pair of electrons to the tellurium 

atom. 

Addition of tellurium tetrachloride to dienes has also been 

reportea'>>), In refluxing acetonitrile, tellurium tetra- 

chloride adds reproducibly to butadiene forming 2,5-dihydro- 

tellurophene 1,1-dichloride and 1, 4-dichloro-2-butene, ac- 

cording to the Equation 1.24. 

HCN —= 

eye Decl Saar, é + Cl-CH,-CH=CH-CH,-Cl 

1 Na ; Eq. 1.24 

2 ,5-dihydrotellurophene 1,1-dichloride 

The same reaction has earlier been studied by Arpe and 

fe) under somewhat different reaction conditions. Kuckertz 

They reported the formation of bis(4-chloro-2-butenyl )tel- 

lurium dichloride, when butadiene was introduced into a 30% 

suspension of tellurium tetrachloride in carbon tetrachloride



at 20-60°C. a yellow oily product was separated out (Eq.1.25) 

crystallised from carbon tetrachloride and characterised by 

elemental analysis, oF NMR and infra-red spectroscopy. 

° 
ss 20-60°C 

2 Lat eee Tecl, —————— (C1-CH,-CH=CH-CH,)5-TeCl, Eq. 1.25; 
CCl, 

bis (4-chloro-2-butenyl )tellurium 
dichloride 

Further, it has been found that the product formed is con- 

verted into 2,5-dihydrotellurophene when refluxed in toluene 

for 1 hour. The yellow oily product is therefore likely to 

be an intermediate on the reaction pathway from butadiene 

to the heterocyclic tellurium dichloride (Eq. 1.26). The 

intermediate is probably a hexacoordinated tellurium species 

(not isolatable), that should be expected to readily under- 

go.a reductive elimination as shown below; 

cl el 

cr ~CH, -cH=cH-cu, ré—cH,-cH=cH-cHy cl 

yellow oily product 

cyclization 

  

Cone 
ZB 2,5-dihydrotellurophene 1,l-dichloride £q.1.26 

Ci 

(55) Isoprene and 2,3-dimethylbutadiene were also found to 

react similarly affording the 3-methyl- and the 3,4 di- 

methyl-substituted 2,5-dihydrotellurophene 1,1-dichloride 

(Bq P27) ic 

ay RS cHicn) fa Bo Eq.1.27 
2 + Tecl, paren 

rN re A 7X 
ey ey 
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where R, = H; Ry = CH for isoprene a 

and Ry = CHS; Ro = CH, for 2,3-dimethylcbutadiene 

when Ry = Ces; Ry = CoH. no reaction. 

The corresponding bromides and iodides were obtained by 

treatment with bromine and iodine. The fact that the 

double bond of 2,5-dihydro-tellurophene-1,1-dichloride was 

inert to treatment with bromine and iodine, was supposed 

to be due to an interaction, either steric or electronic; 

with the Tecl, group i.e., the interaction through space 

of the tellurium atom, with the double bond pulling the 

electrons from the ® bond and thus rendering it less 

susceptible to electrophilic attack. 

However in all the reactions of tellurium tetrachloride 

with the unsaturation, the precipitation of small amounts 

of elemental tellurium is observed. 

1.10 Coordination Chemistry of Some Tellurium Compounds 
  

The coordination chemistry of tellurium II and IV compounds 

is also of interest in this thesis as they could be formed 

in the NR vulcanization reaction of TMTD and TETD with 

tellurium tetra-and trihalides. 

3) showed that the formation of coordinated McCleverty et al 

compounds with zinc in the vulcanization systems containing 

zinc oxide, TMTD, stearic acid and sulphur are the important 
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precursors in the activation of sulphur in zine assisted 

vulcanization. 

Tellurium can exhibit oxidation states -II, Pi EV. and 

VI. Of these IV is the most stable and coordination number 

six is common. 

Tellurium shows the -II state in tellurides, +I in di- 

tellurides and +II in many inorganic and organometallic 

tellurium compounds with two or four coordinated structures 

(Figure 1.14). 

re (NHS) C8 SC(NH,), 

a a 
; me aN 

cl 

Figure 1.14 

The bond angles at the tellurium in all these cases are of 

the order of 90°. In the four coordinated structure the 

angles are found to deviate from 90° by only about 30) resul- 

ting in distorted square planar structures. It has also 

been found that one of these bonds is often much longer than 

the other three ponds '>7). This is presumably due to the 

use of a single p orbital for bonding at 180° so that if 

one ligand is strongly bound, the other is less strongly 

held.



Tellurium in oxidation state (IV), with electronic con- 

2 
figuration [kr J4a?? 5s" can show coordination number of 3, 

4, 5 or 6. The presence of the non-bonding electron pair 

in the compounds of tellurium (IV) will create a distorted 

tetrahedral shape for compounds with four bonds such as 

halides, MX,. The molecules become a 4-trigonal bipyramid 

shape with one equatorial position occupied by an unshared 

pair of electrons. 

This is explained by the Valence Shell Electron Pair Repul- 

sion Theory (vsEpR) ‘98? (29) or Electron Pair Repulsion Theory 

For a molecule of four atoms AB, the shape of the molecule 

which is most stable is that having the minimum electro- 

Static repulsion between the electron-dense regions in the 

bonds in a tetrahedron (Figure 1.15). 

i ee 
os A ee 

i he : ™=s : | 
B 

a. Ty 

b. cy 
Figure 1.15 M 

The angles between B-A-B are 109°28'. The configuration of 

the molecule is also that of the highest symmetry. A good 

example is the methane (CH,) molecule.(Fig 1.15a) 

When the central atom is replaced by tellurium IV which has 

an unshared pair of electrons, the geometry of four and six 
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coordinated tellurium (IV) molecules and ions could be sub- 

jected to possible distortion effects arising from the pre- 

sence of the unshared electron pair. Since the lone pair 

electron density is concentrated close to the central tel- 

lurium atom, it could exert a greater repulsion effect than 

the bonding pairs, thus causing a distorted molecular shape. 

(Fig 1.150) 

For four coordinated species whose structures have been 

investigated, a configuration consistent with a stereo- 

chemically active role for the lone pair has been found. 

Thus, crystalline o-dimethyltellurium dichloride (CH,),TeCl 

and tellurium tetrachloride either in the gas phase ‘©°) or 

(61) 

2° 

in benzene solution have been described as 4¢-trigonal- 

bipyramidal molecules with the electron pair occupying one 

of the equatorial positions. 

Gillespie and Nyhoim! 62) have predicted that hexacoordinated 

complexes of tellurium (IV) should have a distorted struc- 

ture based on seven coordination with a lone pair of 

electrons occupying the seventh position. Thus, the struc- 

ture of trans-tetrachlorobis(tetramethylthiourea)tellurium 

(IV) was believed to have a distorted octahedral structure as 

shown in Figure 1.16 with the central tellurium atom being 

bonded to the two sulphur atoms of the tetramethylthiourea 

groups and to the four chlorine atoms. 
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Figure 1.16 

The electron pair appears to play no detectable role in 

determining the disposition of ligand atoms or groups about 

the central atom and a regular octahedral configuration 

results. X-ray crystallographic examination provides such 

evidence for hexachlorotellurates (®3-64,65) 

(64,66) 

and hexabromo- 

tellurates and conformation is afforded by the 

results of vibrational and Mossbauer spectroscopic inves- 

tigations. 

(67) ee However, McWhinnie et al studied the Te Mossbauer 

data of the complexes derived from trec1,]7~ dee) (tect, 177 

and suggested that the anion tteci 27 may be distorted 

towards C3y symmetry from a regular octahedron with 0. sym- 
h 

metry following the results obtained with a much larger 

cation [ph,Asl*. 

Husebye '©4) Studied the crystal structure of trans({tetra- 
  

bromo) and trans -(tetrachloro)bis(tetramethylthiourea)tel-   

lurium (IV) complexes which involves the addition of tetra- 
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methylthiourea in methanol to a mixture of tellurium dioxide 

dissolved in concentrated hydrochloric at room temperature. 

The crystal structure of trans{tetrachloro)bis(tetramethyl- 

thiourea)tellurium (IV) as shown in Figure 1.17 is a 

regular octahedron which is in agreement with the suggestion 

that the lone pair plays no detectable role in the struc- 

ture of six coordinated tellurium (IV) compounds. 

  

Figure 1.17 

The preparative method of trans({tetrachloro)bis(tetramethyl- 

thiourea)tellurium (IV) involves addition of tetramethyl- 

thiourea in methanol to a mixture of tellurium oxide dis- 

solved in concentrated hydrochloric acid at room temp- 

(68) 
erature - The tetravalent tellurium complex described 

above, Te (tMtU) cl when dissolved in a warm 4N hydro- 4’ 

chloric acid-methanol 2:1 mixture, forms a divalent tel- 

lurium complex at boiling temperature which in the course 
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of a few hours separates out as dark-red crystals. 

Presumably tetramethylthiourea acts as the reducing agent 

being itself oxidised to the disulphide cation, (tmtu)?*, as 

in Equation 1.28, of which salts are known. 

Te(IV) + 6HCl ———> (Tech, )?- + 2H" + 2H 

[recieiaoue. (n+2)S=C(NR), + 2x7 —4 Te 7? [sac-(NR,)]X, rs 

2+ C(R,N) 9C-S-S-C(NR,) 5] 

+ 4c17 Eq.1.28 

where X=Cl,Br or F 

The corresponding iodides, thiocyanates, nitrates and per- 

chlorates can be produced by ionic exchange reactions. 

Clark (69,70) 
studied the reaction of some tellurium (IV) com- 

pounds with NNN'N' tetraethyldithio-oxamide(A) and thiazolidine- 

2-thione (ttz)(B) and suggested that the compounds formed 

may have a structure based on a coordination number of six 

for the tellurium (Iv). 

f 5 
CoH,-N-C=8 AN —cH, 

| en yy HS cea s GO s 

Soe thiazolidine-2-thione(s) 

tetraethyldithio-oxamide (A) 
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The tellurium (IV) complexes were prepared by reacting 

tellurium tetrahalides with A and B in dry methanol media 

and it is possible to effect the change in oxidation state 

of tellurium (IV) to tellurium (II) and oxidation of ligand 

0 to +II by uSing aqueous acid media and varying the ratio 

of tellurium:ligand (Eq. 1.29). 

i : /N-CH N-CH 
treci,]? + 6S=¢ | eee Te | s=c je C15) + 

Ns-cu Ns-cH 2 244 
ar 

i a CHE= N-CH Le = 
Pe De-s-s- fae 4cl 
CH,-s S-CH, 

Eg.1.29 

(72) listed a number of tellurium (IV) compounds Al-Turaihi 

as shown in Figures 1.18 and 1.19 using NNN'N' tetramethyl- 

dithio-oxamide and thiazolidine-2-thione as ligands respec- 

tively. 

In the complex CH,TeSC(NMe,),C1l3, the tellurium (IV) atom 

(72) is five coordinated and this compound is said to have 

a square pyramidal structure, as shown in Figure 1.20. 

fe cl cL Nb 
C17 s=c(nMe,) 5 

Figure 1°20 where S=C(NMe,) 5 is tetramethylthiourea 
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Tellurium (IV) complexes with higher coordination number 

have also been reported! 73/74/75) | 

Tetrakis (diethyldithiocarbamato)tellurium(IV) forms flat 

prismatic orange crystals where the crowding around tel- 

lurium is large and steric factors may also play a role. 

The configuration around the central tellurium atom is 

slightly distorted from dodecahedral D symmetry. This 2a 

corresponds to the energetically most favourable distri- 

bution of the eight bonding electron pairs in the valence 

shell of tellurium! 76.77) | Thus the lone pair is stereo- 

chemically inert in the sense that it does not occupy a 

position in the coordination dodecahedron. This can be 

visualized as two interleaving planar trapezoids at right 

angles to each other. The average coordination within a 

trapezoid for tetrakis(diethyldithiocarbamato )tellurium(Iv) 

is shown in Figure 1.21. 

  

Figure 1.21 

Several explanations have been given for the distorted 

structure, one delocalizing the lone pair mainly on the 
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C787.79) 
ligands , another using three-centre four electron 

description 8°) and a third explaining it in terms of 

steric repulsion ‘8!) | 
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2.1 Experimental (Generally Used Techniques) 

All the general physical methods involved in characterizing 

the complexes, together with the methods used in rubber 

technology are gathered in this chapter. 

2.2 Chemicals 

All the chemicals used in complex synthesis and rubber 

technology were obtained from commercial sources and "Analar 

R" grades were used wherever possible. 

2.3 Solvents 

In general, all the solvents obtained from commercial sources 

were distilled prior to use and kept over molecular sieves 

(Linde 3n) and if necessary were purified by literature 

methods e.g.,; nitromethane ‘82) | acetonitrile '83) 

(84) 

and N,N- 

dimethylformamide Pyridine was dried and distilled 

from barium oxide. 

2.4 Technigues Used in Complex Characterization 

2.4.1 Infra-red Spectra 

The infra-red spectra in the range 4000-250 em7t were recor- 

ded on a Perkin Elmer 457 spectrophotometer. Solid state 
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samples were examined as KBr discs or Nujol mulls supported 

between KBr plates. Far infra-red spectra were recorded for 

Nujol mulls in caesium iodide or polyethene plate supports 

in the region of 400-200 em7>, 

2.4.2 Electronic-Spectra 

Electronic absorption spectra inthe ultra-violet and vis- 

ible region were obtained on Unicam and SP800B instruments 

using matched silica cells. 

2.4.3 Mass Spectra _ 

The mass spectra were recorded on an AEI MS9 mass spectro= 

meter at an ionizing voltage of 70 ev. 

2.4.4 Elemental Analysis ee a ee Pe 

Micro-analysis for carbon, hydrogen, nitrogen, halogen, 

sulphur and phosphorus were carried out by micro-analytical 

laboratories of the Chemistry Department of Aston University. 

First row transition metal analysis was carried out by 

atomic absorption spectroscopy and the tellurium analysis 

by a volumetric titration '®5) | 
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2.4.5 Electron Spin Resonance (ESR) Spectra 
  

ESR spectra were determined with a Jeol PE-1X electron spin 

resonance spectrometer operating in the X-band and calib- 

rated with a standard manganese (II) (line 4g=1.981; sep- 

aration of lines 3.and 4=86.9 G) sample diluted with 

magnesium oxide. Spectra were run at room temperature. 

2.4.6 Magnetic Susceptibility Measurements 
  

Paramagnetic susceptibilities were measured by the Gouy 

method at room temperature. A semi-micro balance (Stanton 

Instruments Ltd) was used in conjunction with an electro- 

magnet. The tube constants ¢ and 8 were determined using 

HgCo (CNS) 4 as calibrant and taking its specific susceptib- 

6 ility xg=16.44 x 107° c.g.s.units at 20°C. 

Magnetic susceptibilities were calculated using the standard 

equation; 

10° = aba 
Ww 

where a = 0.016 mg 

B = 0.209 mg 

£'= effective force on the sample in mg 

w = weight of the sample ing 

Diamagnetic corrections were made from Pascals constants as 

listed in Figgis and hewis ool)



Effective magnetic moments (Hose) were calculated using the 

following formula; 

5 ae Mose = 2-83(X47) 

where Xy is the molar susceptibility corrected for dia- 

magnetism and T is the absolute temperature. 

2.4.7 Conductivity 

Molar conductivities of freshly prepared solutions were det- 

ermined with Mullard conductivity bridges, using standard 

conductivity cell of the type E7591B with a cell constant 

of 1.46 with bright platinum plates. 

2.4.8 Nuclear Magnetic Resonance Spectra 

ty nuclear magnetic resonance spectra, at 100 MHz were mea- 

sured in (cD3),S0 using either a Perkin Elmer R14 or Jeol 

FX 90Q instrument. The spectra were referenced to the 

internal standard-tetramethylsilane. 

oe NMR spectra were obtained using a Jeol Fx90Q instrument 

at the University of Aston. 

2.4.9 Gas Liguid Chromatography ONS rog apa: 

The GLC analyses were carried out with Pye-Unicam equipment. 
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2.4.10 Melting Points 

The melting points of all the complexes synthesised were 

determined using a Gallenkamp electrically heated melting 

point apparatus. 

2.4.11 Mdssbauer Spectroscopy 

Mossbauer data in Chapters 3 and 4 were obtained at 77K 

using 12555 /Rh source, at the University of Birmingham and 

the Méssbauer data in Chapter 5 were obtained at 4K using 

the equipment as described in reference (87). These data 

were obtained at Simon Fraser University, Burnaby, B.C., 

Canada. 

125 ak 
The conversion of Sb/Rh to 2 °T cu was made by adding 

+0.15 mm s >. 

2.5 Techniques Used in Characterization of Rubber 
  

2.5.1 Monsanto Rheographs 

A curve obtained from a Monsanto Rheometer provides infor- 

mation regarding the curing behaviour and therefore it is 

necessary to mention briefly the theoretical aspects. 

The nongante oscillating disc rheometer consists of a bi- 

conical disc surrounded by the compound specimen contained 

in a cavity. The temperature of the cavity, specimen and 

the disc is maintained at a desired level with an accuracy 

+ 
of 0.5% by means of electrical heating. 
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The cavity is made up of two halves which open and close 

pneumatically. A motor-driven eccentric oscillates the’ 

shaft of the biconical disc sinusoidally. A torque trans- 

ducer is recorded on a chart. In a typical Monsanto rheo- 

graph for a natural rubber stock, there is an initial drop 

in torque due to the decrease in the viscosity of the rub- 

ber as its temperature rises. This is followed by an in- 

duction period after which the torque increases steadily 

showing that curing is taking place. After a certain period 

of time, the torque reaches a maximum. In certain cases 

this maximum can further increase or decrease after some 

time, indicating a secondary vulcanization or a reversion 

respectively. Reversion can be caused by the breaking down 

of crosslinks. 

A typical Rheometer trace obtained with a Monsanto oscilla- 

ting disc Rheometer is shown below in Figure 2.1; 

Reversion modulus 

Rheometer 
Units 

  

Time 

Figure 2.1 
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2.5.2 Crosslink Density 

The physical crosslink density was assessed with the help 

of the swelling properties of the vulcanizates. 

The samples cut from the vulcanizates were weighed and im- 

mersed in toluene at 25°C for 24 hours. The samples were 

removed after 24 hours and wiped with a filter paper and 

reweighed. Samples were deswollen at 50°C to a constant 

weight to calculate the weight of the toluene absorbed. 

The physical crosslink density of the vulcanizates cured was 

determined using the Flory Rehner equation ‘88). 

nl -V + vu a 2.303log(1-v_) 
2 SS 
M Bev OW =v yo0 

where V -= effective number of physical crosslinked units 

(mol gt -of rubber ) 

V_ = volume fraction of rubber in swollen vulcanizate 

u = solvent polymer interaction parameter (Huggins 

interaction constant) 

pe. = density of rubber 

V. = molar volume of solvent 

2.5.3 Measurement of Tensile Properties 

The tensile strength, elongation at break, modulus at 100 

and 300 percentages were determined using a K301 type ten- 

someter. 
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3.1 Introduction 

The general introduction in Chapter One indicates that the 

model alkenes which were used successfully with sulphur and 

its compounds in the investigation of crosslinking mechan- 

isms may react with tellurium and tellurium compounds. 

Being a member of the sulphur family, this ability to react 

with the unsaturation should be taken into consideration in 

the study of tellurium and its compounds with NR. According 

to the literature, tellurium is known to play a useful role 

in rubber technology even though the mode of action is still 

a mystery. 

This chapter is concerned with the attempted reactions of 

elemental tellurium with model alkenes and the reactions of 

tellurium compounds with model alkenes, NR solutions and 

solid NR. 

3.2 Experimental 

3.2.1 Attempts to React Elemental Tellurium with Unsat- 
  

urated Hydrocarbons 

Preliminary investigations were carried out as follows using 

elemental tellurium with cyclohexene and 2-methyl-2-pentene. 

3 a. A mixture of cyclohexene (10.4 cm 10 mmol) and tel- 

lurium powder (1.2 g) were added to a 2-neck flask and 

65



heated with stirring under dry nitrogen for 24 hours at 

100°c. ‘The filtrate was examined by g.l.c. and con- 

tained only unreacted alkene. 

b. 2-methyl-2-pentene (10.6 cm, 10 mmol) and tellurium 

powder (1.2 g) were added to a thin pyrex tube, which 

was then sealed and immersed in a metal cylinder for 

protection. This was then heated for 8 hours at 140°C 

using an oil bath. The product was cooled in liquid 

nitrogen for 1 hour, tellurium which had separated was 

filtered off and the filtrate was examined DY Gal-c.. 

and showed unchanged 2-methyl-2-pentene. 

The following Table 3.1 summarises the experiments carried 

out with tellurium powder and cyclohexene/2-methyl-2-pentene 

in different conditions together with the observations made. 

3.2.2 Reaction of Tellurium Tetrachloride with Unsaturated 

Hydrocarbons 

All the reactions with tellurium tetrachloride were carried 

out in dry solvents under dry nitrogen. 

The first few attempts to react tellurium tetrachloride with 

cyclohexene and 2-methyl-2-pentene were unsuccessful. Black 

tarry products were observed when the reactions were carried 

out at room temperature, in different solvents. The only 
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product that could be isolated was obtained in the following 

experiment. 

Cyclohexene (41.6 en) 40 m mol) was added to a round bot- 

a The flask was tom flask containing acetonitrile (50 cm 

covered with ice and the mixture was stirred for about 10 

minutes. Tellurium tetrachloride (5.38 g, 20 m mol) was 

then added immediately to the cold cyclohexene/acetonitrile 

mixture. Stirring was continued for another 30 minutes. 

The pale yellow precipitate obtained was filtered off 

vacuum dried, recrystallised from acetonitrile and analysed. 

Found C, 20.8; H, 2.90; Cl, 39.8; Te, 35.9% 

2.80; C6Hy Cl ytTe requires Cr 20s A SGI Bao ts Te, 36.4% 

Cy aHo9Cl yTe requires “C, 33.2; H, 4.60; CL, 32.7; Te, 29.4% 

Tables 3.2 and 3.3 indicate the attempts to react tellurium 

tetrachloride with cyclohexene and 2-methyl-2-pentene res-— 

pectively in differing conditions, together with the obser- 

vations made. 

The tellurium precipitated in most of the reactions was 

filtered off and the filtrates were centrifuged to separate 

any fine powder left after initial filtration. The filtrates 

were then subjected to g.l.c. analysis. 
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The reaction of 2-methyl-2-pentene with tellurium tetra- 

chloride at 0°c was repeated in the presence of anhydrous 

aluminium chloride in order to increase the polarity of the 

tellurium tetrachloride. A yellow precipitate was observed 

initially but the solution turned black after some time as 

in the other reactions. A suggestion that the filtrates 

obtained in these reactions contained chlorinated alkenes 

was confirmed by comparing the peaks obtained from chlor- 

inated cyclohexene and 2-methyl-2-pentene by g.l.c. with 

peaks obtained from the filtrates. 

3.2.3 Reaction of Tellurium Tetrachloride and Tetrabromide 

with Natural Rubber Solutions 

SMR 10 (Standard Malaysian Rubber) 10 g was masticated in a 

two-roll mill and was dissolved in 100 em? of dry chloroform 

to make a 10% natural rubber solution. Tellurium tetra- 

chloride (5.38 g, 20 m mol) was dissolved in 50 em? of dry 

chloroform under dry nitrogen and was added to the natural 

rubber solution. The mixture was stirred vigorously at 30°C 

for 3 hours. A black gel formed which was washed several 

times with dry chloroform and vacuum dried. The same reac- 

tion was repeated with tellurium tetrabromide, but was found 

to be slower. 

The black brittle material obtained upon drying was cooled 

in dry ice in a sample bottle and was used in a KBr disc 
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for infra-red analysis. The sample cooled in this was easily 

ground to make KBr discs. 

A tellurium analysis was done for this black gel using the 

titrimetric methoa ‘85) described in the literature. 

The black gel was treated with concentrated nitric acid in 

order to remove any elemental tellurium that has not reac- 

ted with NR. This resulted in a yellow precipitate, whose 

infra-red spectrum was recorded as before. The percentage 

tellurium and the other elements present in the black gel 

obtained with tetrachloride are shown below. 

Elemental analyses for the black gel with tellurium tetra- 

chloride. 

©, -30787 Mee Cle epee Tee 3) ae 

The elemental analyses for the yellow material obtained 

after treating the black gel with concentrated nitric 

are as follows: 

3. (C19 829% Te. 238% 

3.2.4 Reaction with Styrene Butadiene Rubber (SBR) 

The method described above was used in the reaction of tel- 

lurium tetrachloride with SBR. The unsaturation was reduced 
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due to the phenyl substituent and gelation was found to be 

somewhat slower than in NR. 

3.2.5 Reaction with Acrylonitrile-butadiene Rubber (Nitrile 
  

Rubber ) 

10% nitrile rubber solution in chloroform was added to a 10% 

tellurium tetrachloride solution in chloroform as before 

while stirring at 30°C. There was no sign of tellurium pre- 

cipitation or a black gel formation even after 24 hours 

stirring. A portion of the yellow emulsion formed was poured 

into a beaker and the solvent was evaporated by passing 

dry nitrogen. The thin film formed was examined by infra- 

red spectroscopy. 

3.2.6 Reaction with Solid Natural Rubber 
  

3.2.6.1 Crosslinking with Tellurium and its Compounds Only 
  

These tests were carried out in a Shawbury curometer using 

the vulcanizates shown in Table 3.4. The amount of vul- 

canizate used in this curometer is very little compared 

with the quantity required in the Monsanto rheometer. Hence 

failure of the rubber to crosslink does not leave a sticky 

unvulcanized product, so it can easily be removed from the 

curometer. 

ie)



  

Sample tellurium/tellurium compound 

  

    
  

Al tellurium powder 

Bl tellurium tetrachloride 

cl tellurium tetrabromide 

D1 (p-ethoxyphenyl)tellurium trichloride 

El bis(N-Ndiethyldithiocarbamato)tellurium (II) 

Fl bis(N-Ndimethyldithiocarbamato)tellurium (IT) 

Gl tetrakis(N-Ndiethyldithiobarbamato) tel- 
lurrium (Iv) 

Hl tellurium oxide 

Il fresh tellurium powder 

Jl sulphur (control) 

Table 3.4 
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The rubber used in these experiments was purified using the 

following method. 

The rubber was masticated in a two-roll mill and rolled in 

aluminium foil after which it was extracted with acetone in 

a soxhlet extractor for 24 hours. The purified natural 

rubber so obtained was dried in a vacuum oven for 30 min- 

utes before use. 

All the compounds (3 g each) in Table 3.4 were milled with 

100 g of purified natural rubber and used in the preheated 

Shawbury curometer at 160°C. 

The bis(diethyldithiocarbamato)tellurium (II) and bis(dimethyl- 

dithiocarbamato)tellurium(II)used in these experiments were 

prepared by refluxing tellurium powder (3.81 g) with the 

corresponding thiuram disulphide (30 m mol) in xylene for 

2 hours under nitrogen. 

M.P. of bis(diethyldithiocarbamato)tellurium (II) - 

(red crystals) 165°C 

M.P. of bis(dimethyldithiocarbamato)tellurium (II) - 

(orange precipitate) 248°C 

3.2.6.2 Crosslinking with Sulphur Containing Compounds, 
  

Tetramethylthiuram Disulphide (TMTD) and Tetra- 
  

ethylthiuram Disulphide (TETD) 

A second set of experiments with solid natural rubber and 
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and tellurium compounds was carried out using tetramethyl- 

thiuram disulphide (TMTD) and tetraethylthiuram disulphide 

(TETD) together with other essential ingredients for ef- 

fective vulcanization as shown in Table 3.5. 

Another set of Monsanto rheographs was obtained with differ- 

ent percentages of tellurium tetrachloride as shown in Table 

3.6, in order to obtain the percentage of tellurium tetra- 

chloride to give the highest crosslink density and better 

enhanced acceleration. 

  

  

  

A3 B3 C3 D3 E3 

NR 100 100 100 100 100 

Zno 5)..0) 5.0 3.0 5.0 5.0 

Stearic acid 2.5 2.5 ee5 Ze 2.5. 

TMTD 3.0 360 37.0 3.0 3.0 

TeCl, 0 220 2.5 37.0: 4.0       

Table 3.6 

In the fourth set of experiments, different proportions of 

the complex derived from tellurium tetrachloride and TMTD, 

prepared as described in Chapter Four, were used as tab- 

ulated in Table 3.7. 

The formulations A2, C2, D2, E2 F2, G2 and H2 in Table 3.5 

were also milled with 20% carbon black to observe the effect 

AD



of fillers on the vulcanizates containing tellurium com- 

  

  

      
  

pounds. 

Parts per 100 NR a4 B4 c4 D4 E4 

NR 100 100 100 100 100 

Zno S=.0 50 5.0 5.0 550 

Stearic acid a 225 2.5 225 2.5 Zuo 

TeCl,/TMTD complex 4.0 520 6.0 V0 4.0 

TMTD - - = = 3°20) 

Table 3.7 

3.3 Results 

The Mossbauer spectrum of the black gel obtained with tel- 

lurium tetrachloride and natural rubber is shown in Figure 3.1. 

The infra-red spectra of typical NR and the black gel ob- 

tained with tellurium tetrabromide are shown in Figure 3.2a 

and 3.2brespectively. 

The Monsanto rheographs obtained with TMTD and tellurium 

and its compounds are illustrated in Figures 3.3a - 3.3e. 

Figure 3.4 and Figure 3.5 show the infra-red spectra of the 

precipitates obtained on extracting the vulcanizates contain- 

ing tellurium and TMTD, and TMTD respectively. 

a t Log(R, oy R,) vs. t graphs, where Soe and R. are the 

Maximum torque and the torque at time t, for the samples A2, 
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C2, D2 and E2 are illustrated in Figure 3.6a and for samples 

H2 , G2 and A2 are illustrated in Figure 3.6b. From these 

plots, two parameters of the kinetics of crosslink formation 

were obtained. They are the 'delay time' for the induction 

period t and the first order rate constant ky, which is the 

negative slope of the straight line obtained after time t. 

R gives a measure of the ultimate crosslink density. 
max 

The rate constants and the induction periods for the vulcan- 

izates are tabulated in Table 3.8. 

  

  

          

Sample Riax Rate constant k* t (induction period) 
(min™+) (min) 

A2 41.0 0.2741 6.0 

G2 W324 0.2132 5.2 

D2 a265 0.3198 4.0 

E2 48.2 0.1515 4.2. 

G2 So 55 0.0690 6.4 

H2 59¢a 0.0511 7 ai 

* k=2.303 x 10949 (Ray - RL)/t 

Table 3.8 

The heat stability of TMTD, TETD, tellurium and tellurium 

compound containing samples (together with TMTD) at ie0°c 

are shown in Monsanto rheographs illustrated in Figures 3.7a 

and 3.7b. 
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The crosslink density and some physical properties of the 

vulcanizates are tabulated in Tables 3.9 and 3.10 respec- 

  

  

tively. 

sample average_crosslink density of three samples 
(g cm 3) 

A2 6.505 x tous 

c2 6785x1002 

D2 8.820 x 107> 

E2 8.783 x 107> 

F2 Be 590 X 10a 

H2 LOS261. 4% Loa 

Fl 4.14 x 107° 

Gl 3.90 x 107°         

Table 3.9 Crosslink density of the vulcanizates (using 

swelling measurements in n-hexane at 25°C 

3.4 Discussion 

The reaction of tellurium tetrachloride with the alkenes 

produced elemental tellurium in most organic solvents used 

and also when the neat unsaturated compound was used. In 

some reactions unstable yellow precipitates formed, which 

decomposed with an increase in temperature above 0°c 

(Tables 3.2 and 3.3). However, in acetonitrile at occ. 

tellurium tetrachloride reacted with cyclohexene to give 
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a stable crystalline product. The infra-red spectrum obtai- 

ned for the product shows no band around 1650 em > due to 

v(C=sC) indicating that the double bond is involved in the 

reaction. The new bands at 355 cm~! and 250 cm! are 

Probably due to v and 
Te-aliphatic “Te-c1 ze=pece ve ye 

The elemental analysis and the melting point of the pure 

compound shows that this is a 1:1 molar proportion addition 

reaction, not a 2:1 cyclohexene:tellurium tetrachloride 

addition as suggested by some early workers. Petragnani ‘44? 

in his studies showed that the addition product has a 1:l 

molar ratio even in the presence of a great excess of cyclo- 

hexene. The results obtained in this work are in agreement 

with this observation. 

However, under certain conditions which are not specified 

by the workers, the dichloride has been isolated and the 

(48 ) crystal structure has been determined (Figure 3.8). 

The addition of tellurium tetrachloride to an alkene was 

(45) 
suggested to involve a cyclic telluronium intermediate 
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Rigure 3.8 

which could then be attacked by the chloride ion according 

to the following Equation 3.2, the mechanism suggested being 

a trans-addition. 

~ 6+ =: + Cl” Tec)3* ——¢j Sa > Tec, 
  

trans- addition 

(7) = 

RoR 

(52 ) But according to Backvall and Engman's recent research 

  

  

on NMR coupling constants of the reaction product of-E-l- 

deuterio-l-decene and tellurium tetrachloride, the addition 

product is cis-and the formation of the inverted alkene on 

reduction of trichloride with sodium sulphide suggests that 

the elimination is trans-~ 
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Further, they pointed out that the cis-addition is favoured, 

probably due to the loosely coordinated bond between the 

electron rich chlorine atom attached to carbon and the elec- 

tron deficient tellurium atom in solution; a phenomenon 

previously observed (S4) for the oxygen atom in 8-ethoxy-4- 

cyclooctenyltellurium trichloride in solid state (Figure 

1.13 in Chapter One). 

The following reaction scheme shown in Figure 3.9 was sug- 

gested for the addition-elimination reactions as described 

above for tellurium tetrachloride addition to E-l-deuterio- 

l-decene in chloroform. 

oag cH 

H Dp ‘Tecl, g 7s nas > Ld 
Nees ——— ae, 

R a | addition R a R ea 
Te (Ren-CyH 5) 

threo- Se 

Teci| sane: 
4 addition 

cl 4 
D | TeCl, Nas 4 D £ te > 

— + Te + 2cl, 

R g R 4 

q 8. 4 

+ Te tl a SS 
GL 

4 D 

R A 

Tecl, 

erythro- 

Figure 3.9 
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Further studies by the same workers!>>) proposed that the 

major pathway of the addition reaction of tellurium tetra- 

chloride to alkenes is a cis-addition with a competing rad- 

ical chain reaction. 

The presence of a weakly coordinating solvent such as aceto- 

nitrile could prevent the weak interaction of the chlorine 

atom attached to carbon and tellurium in TeCl3-moiety in 

solution by coordinating to tellurium thus inhibiting easy 

elimination of tellurium from the trichloride. 

The stereochemistry of the cyclohexyl ring, which hinders 

rotation around the C-C bond, together with the weak co- 

ordination with the solvent could stabilise the reaction 

product with cyclohexene. 

The failure to isolate a reaction product with 2-methyl-2- 

pentene could be due to the decomposition of the unstable 

trichloride formed with the 2-methyl-2-pentene, which may 

undergo the following elimination of elemental tellurium 

and chlorinated 2-methyl-2-pentene (Equation 3.3) 

-Tecl. I ot ON 
Tecl Cl Te cl Reductive 

elimination 

Tecl, moat tele Lots 

CH cl 

oF



The reactivity of chlorine towards the alkene may also be a 

reason for the easy decomposition of the product and this 

supports the mechanism proposed. The removal of precipit- 

ated tellurium by centrifugation resulted in a colourless 

solution, that showed a peak corresponding to 2,3-dichloro- 

2-methyl-2-pentane in g.l.c. analysis. 

The reaction of cyclohexene and tellurium tetrachloride in 

chloroform also could follow a similar decomposition resul- 

ting in the production of elemental tellurium and 1,2-di- 

chlorocyclohexane. 

The addition of tellurium tetrachloride to alkenes has been 

25°) mechanism suggested to involve an ionic or radical 

depending on the conditions of the reaction. The presence 

of a weakly coordinating solvent could stabilise the tri- 

chloride moiety - the ion or the radical by coordination 

e.g., through N in acetonitrile. Detailed study of the 

radical mechanism has not yet appeared in the literature. 

Although the presence of tetrahydrofuran and acetonitrile 

prevented the elimination of the elemental tellurium, only 

in acetonitrile was a crystalline product isolated with 

cyclohexene. 

When the model compound studies were expanded to the actual 

natural rubber molecules, the elimination of elemental tel- 

lurium was observed together with a gel formation in the 
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solution. The disadvantage in model compound studies is 

that they do not provide any information on intramolecular 

reactions involving more than one double bond. Therefore 

the gelation observed could be due to the formation of 

crosslinks between the adjacent rubber molecules. This 

could be a similar observation to that made with the sulphur 

monochloride and natural rubber system which forms a ger? 

and results in crosslinking and the production of elemen- 

tal sulphur as shown in Equation 3.4. 

ee 
2 783 oe Be ey cH; 

eC Cc c-cl cl-c 

I | | | 
or + Ss Clo + C-H —> H-Ce— S——C-H + S 

| | | 
CHS ey CH, CHS 

1 

The infra-red spectra of natural rubber and the black gel 

formed with tellurium tetrabromide are shown in Figure 3.2a 

and Figure 3.2b respectively. 

The disappearance of the vend at 1600 Chey in the black gel 

suggests that the double bond is involved in the gelation. 

The band at 750 cm > in the black gel could be due to the 

stretching frequency of C-Cl. 

Z z r 
The 125.06 Mossbauer spectrum obtained with the black gel 

formed with tellurium tetrachloride and natural rubber gave 

a well resolved spectrum with an isomer shift (8) , (0.8040 .2)mms~> 
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with respect to tS cu and a quadrupole splitting (4), 

(7.3640.3) mms~+ (Figure 3.1). 

Tellurium-125 Mossbauer spectroscopy, which examines the 

electronic environment of the tellurium nucleus directly, 

is a powerful means by which the fundamental nature of bon- 

ding and structure in solid organotellurium compounds may 

be investigated. The technique involves the recoil free 

emission of gamma-rays from excited state tellurium nuclei 

in a radioactive source and their absorption by ground state 

tellurium nuclei in the compound under investigation. 

A typical Mossbauer spectrum consists of a plot of gamma-ray 

counts against the applied velocity which is measured in 

mm eos The magnitude of the applied velocity is called 

the chemical isomer shift,6, and is a direct measure of the 

electron density at the nucleus. The chemical isomer shift 

data therefore provide information on oxidation states, co- 

ordination number and bonding characteristics. The symmetry 

of the electron density and ligand arrangement around tel- 

lurium atom is obtained from the measurement of the quad- 

rupole splitting which arises with asymmetric electric 

fields. Under such circumstances the excited state energy 

level splits and a two line Méssbauer spectrum is recorded. 

The distance between the two peaks is called the guadrupole 

splitting,4, and gives information relating to the degree 

of distortion of the electronic and ligand array 
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around the tellurium nucleus and, importantly, permits an 

evaluation of the relative populations of the tellurium 5s- 

and Sp-orbitals!®?) . 

The initial 12506 Mossbauer investigation of organotellurium 

compounds were performed in mid-1970's and involved the 

examination of a variety of alkyl- and aryl-derivatives of 

Te(IZ) and te(rv) (87-90-93) | 

The isomer shifts of the organotellurium compounds lie in 

(87;,90)) the order tellurides<ditellurides<monohalides< 

dihalides<trihalides<tetrahalides<hexahalides. 

The 1256 MOssbauer parameters for some organotellurium(IV) 

chlorides are summarised in Table 3.11. 

The chlorine atoms appear to remove some S5p- electron den- 

sity from tellurium leading to an increase of deshielding 

of the S5s-electrons from the nucleus and hence increasing 

the value of 6. 

Structural studies of the crystalline dihalides have areas 

the tellurium atoms to be in distorted trigonal bipyramid 

coordination. In these structures the halogens occupy trans 

axial positions and the organic groups are situated in the 

equatorial plane in which the third position is occupied by 

a lone pair of electrons which may sometimes be involved in 

intermolecular bonding through bridging halogens. 
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Compound 6 *mms~> a **mms~! reference 

Te metal 0.5020.06 |7.7720.06 | 97 

(CH,),Tecl, 0.58 9.4 87 

(CpH,),Tecl, OR50: cy) beter! 90 

(p-CH,0C,H,) ,Tecl, 0.68 oe 92 

(p-C,He0CgH,) ,TeCl, 0.70 on) 90 

(CoH ,CLC=CH) ,Tecl, ON 57, 8.0 90 

(CoH,),0TeCl, 0.68 8.0 90 

(p-CH,0C,H,) Tecl, 09 9.22. 90 

(p-C,H,0C,H,)TeCl, 0.91 9.4 87 

Teer, ez 471.6 98 

Tecl,(Py) 0.86 4.5 90 

(NH,),TeCl, 195: 0.0 99           

*& with respect to I/Cu;error to.o8 unless otherwise stated 

**h -0.1 unless otherwise stated 

Table 3.11 

The chemical isomer shift of the tetrachloride as shown in 

Table 3.11 is more positive than those of dichlorides and 

this is consistent with the chloride ligands removing pre- 

dominantly p-electron density from the tellurium. 

The quadrupole splitting arises due to the imbalance in 

the p-orbital electron population about tellurium and the 
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trend may be rationalised if the bonding is envisaged as 

primarily involving the p-orbitals such that. Var the 

principal component of the electric field gradient tensor, 

lies along the X-Te-X bond axis and is positive in sign. 

Thus the quadrupole splittings recorded from the tri- 

chlorides are the same as the corresponding dichlorides 

(Table 3.11). The data are consistent with the similar 

Se NE) in which the bon- “structures of these chlorides 

ding is predominantly concerned with the involvement of 

p-orbitals, and a considerable amount of electron density 

is removed from the tellurium 5Pz-orbital leading to an 

electron deficit along that axis compared with the xy 

equatorial plane. 

The quadrupole splitting of tellurium tetrachloride shows a 

more symmetric environment around tellurium atom and hence 

the coordination about the tellurium atom in the tetrachlorides 

must be significantly different from that in the trichlor- 

ides and dichlorides. The Méssbauer spectrum of the hexa- 

chlorotellurate anion does not show any splitting due to 

the regular octahedral environment around tellurium in 

(NH) Tecl, complex (Table 3.11). 
2 

2 and (CoH.),Tecl, as shown 

in Table 3.11 have Méssbauer parameters 6=(0.5720.08) and 

aE 

The complexes (CoH {C1C=CH) ,Tecl 

6=(0.500.08) mms~? and 4=(8.040.1) ana a=(9.2t0.1) mms~ 

The R groups attached to tellurium in the complex (CoH ,Cl= 

CH,),Tecl, containing double bonds and chlorine atoms seem 
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to increase the isomer shift and decrease the guadrupole 

splitting. The black gel obtained with tellurium tetra- 

chloride and natural rubber may have a similar environment 

with intramolecular tellurium-chlorine bonds and double 

bonds along the natural rubber chains resulting in a sig- 

nificantly different environment from the other well known 

dichlorides. 

However, there is a possibility that the Mossbauer parameters 

obtained for the black gel. 0.8070.2 mms7> and 7.3610.3 mms~* 

for 6 and A respectively, could be due to the elemental 

tellurium metal and dichlorides. Hence at this instance 

it is not possible to be certain of the formation of tel- 

lurium-carbon bonds in the natural rubber medium. 

It is also not possible to see support for a second tel- 

lurium site in the Deore Mossbauer spectrum of the black 

gel as there is no significant broadening of the components 

of A (Figure 3.1) with a line width, Ty. of 6.24 mms~>. 

In agreement with the model compound studies there is how- 

ever positive evidence for the presence of elemental tel- 

lurium in the black gel and the literature value 2?) of the 

linewidth for tellurium metal (6.2140.11) mms~> is in the 

range of the value obtained for the black gel. However, 

being bonded to natural rubber, a second tellurium species 

may have a very low recoil free fraction thus not contribut- 

ing significantly to the 80K spectrum. 
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Hence the slight broadening of the 1255, Mossbauer spectrum 

of the black gel does not argue strongly for two significan- 

tly different types of tellurium species present in the black 

gel. 

In an attempt to find the precentages of tellurium and chlor- 

ine beund to natural rubber. the black gel was treated with 

concentrated HNO, to remove any elemental tellurium present 

and the resultant yellow precipitate showed non-rubbery pro- 

perties and which analysed to contain 14.8% tellurium and 

8.9% chlorine. 

Thus, at this instance, with the aid of the Mossbauer data 

obtained for the black gel. it is not unreasonable to sug- 

gest that the bound tellurium is present as dichlorides 

(N.B. Te:Cl=1:2.12) in the natural rubber medium hence the 

formation of tellurium-carbon bonds is implied. 

The infra-red spectra of the yellow precipitates obtained 

with tellurium tetrachloride and tetrabromide with natural 

rubber solutions are similar to those of their black gels. 

The mass spectrum of the yellow precipitate obtained with 

tetrabromide clearly shows the characteristic fragmentation 

pattern of tellurium containing species at 362,294 and 257 m/e 

130 
(based on Te) values. 

The yellow materials were resistant to corrosive chemicals 

like concentrated HNO, . stable at room temperature and decom- 

posed at 118°. hence showing properties of chlorinated rubber. 
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The formation of black gels was not observed with nitrile 

rubber solutions in chloroform. The infra-red spectrum of 

the thin film obtained by evaporating the emulsion formed, 

shows a possibility of a coordinating nitrile group in the 

nitrile rubber to tellurium via the nitrogen atom as there 

is an indication of a slight increase in Vcen band at 

2100 em}, Therefore this may be evidence for the stabil- 

isation of TeCl,-moiety with the C=N as described ecore 

for model alkenes in acetonitrile which stabilises the +2 

oxidation state of tellurium. 

Among the solid natural rubber vulcanizates, the samples 

that contain no tetramethylthiuram disulphide (TMTD), but 

contain bis and tetrakis (diethyldithiocarbamato)tellurium 

(I) and tellurium(IV) showed very effective crosslinking in 

the Shawbury curometer at 160°C as in Figure 3.10. 

The effect of tellurium, tellurium tetrachloride, tellurium 

tetrabromide, p(ethoxyphenyl)tellurium trichloride and fresh 

tellurium powder is very little and the formation of weak 

crosslinks was observed. The shapes of the Shawbury cure 

curves obtained with these compounds are illustrated in 

Figure 3.11. 

Elemental sulphur without any accelerator or activator 

failed to show as effective crosslinking as the tellurium 

dithiocarbamato- compounds with natural rubber, but was still 
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better than the other tellurium compounds described. The 

type of curve obtained in the Shawbury curometer for sulphur 

only vulcanizate is shown in Figure 3.12. 

Tellurium oxide did not show any crosslinking, probably due 

to the high stability of the compound (Figure 3.13). 

Figure 3.10 The type of curve obtained with samples El, 

Fl, Gl in Shawbury curometer 

Figure 3.11 The type of curve obtained with samples Al, 

Bl, Cl, Dl and Il in Shawbury curometer 
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Figure 3.12 The type of curve obtained with sample Jl -- 

elemental sulphur - in Shawbury curometer 

ae ena ae La 

Pe ae eee eee 

Figure 3.13 The type of curve obtained with sample Hl .- 

tellurium oxide - in Shawbury curometer 

The above figures show the different types of curves obtained 

in Shawbury curometer at 160°C, 

According to the Mtersature, tetrakis(diethyldithiocarb- 

amato)tellurium(IV)is the only dithiocarbamate salt that 

has been found to crosslink natural rubber in the absence 

of sulphur or TMTD. 

This work shows that bis(dimethyl-and diethyl-dithiocarbamato,) 

tellurium(II)compounds are also good crosslinking agents 
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without sulphur or TMTD. 

The solid NR vulcanizates with tellurium, tellurium tetra- 

chloride and tetrabromide and p(ethoxyphenyl)tellurium 

trichloride together with a sulphur containing compound, 

TMTD or TETD gave interesting observations. These samples, 

labelled C2-H2, I2, K2 and L2 in Table 3.5, increased the 

acceleration and the crosslink density of the vulcanizates 

when compared with the disulphides alone, as shown in the 

Monsanto rheographs (Figures 3.3a-3.3e). 

Among these, D2, E2 and K2, the samples with tellurium 

tetrahalides gave the best enhanced acceleration and cross- 

linking as shown in the Figures. An attempt to use 

selenium tetrachloride instead of tellurium showed the same 

effect on the rubber vulcanizates when used together with 

TMTD. The acceleration of elemental tellurium and di- 

sulphide containing vulcanizates could be due to the for- 

mation of the corresponding bis(dialkyldithiocarbamato)- 

tellurium (II) since these compounds may be prepared by the 

reaction of elemental tellurium with disulphides at higher 

temperature, in boiling xylene. It has already been shown 

that these compounds are good accelerators as well as 

crosslinking agents. 

The vulcanizate C2, containing tetramethylthiuram disulphide 

and elemental tellurium, was extracted with acetone and the



solvent was evaporated to dryness in a rotary evaporator. 

The infra-red spectrum of the precipitate obtained is shown 

in Figure 3.4, which is similar to the infra-red spectrum 

of bis(dimethyldithiocarbamatojtellurium (II) but different 

from TMTD (Figure 3.5) supporting the above suggestion. 

Thus a comparison of Figures 3.4 and 3.5 shows a positive 

shift in Youn at 1500 east a negative shift in the band 

at 400 em? ana disappearance of the band at 850 emetg due 

to the formation of bis(dimethyldithiocarbamato)tellurium (ID). 

Obviously the increase in crosslink density and the accel- 

eration of the samples containing dithiocarbamates (F2, G2, 

H2 and L2) in Table 3.5 is due to the presence of two well 

known accelerators. 

Among the samples with different proportions of tellurium 

tetrachloride (Table 3.6), the sample B3 with 2.0% tellurium 

tetrachloride gave the best curve in the Monsanto rheographs 

(Figure 3.3d). In the case of selenium, the samples con- 

taining 2.5% selenium tetrachloride gave the best rheograph. 

The crosslink density of some samples in Table 3.6 are 

tabulated in Table 3.9 using the Flory-Rehner equation. 

The information from the Monsanto rheographs was used to 

plot the log(Ri ay - R,) vs. t graphs as shown in Figures 

3.6a and 3.6b, which enabled the calculation of rate con- 

stants for the vulcanization reactions of some samples and 

these are tabulated in Table 3.8. 
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The tensile strength of these samples were also found 

together with the physical properties 100% and 300% modulus 

and the elongation at break as tabulated in Table 3.10. 

All these results in Table's 3.8, 3.9 and 3.10 are in agree- 

ment with the observations made from the Monsanto rheographs. 

In the study of heat stability of the tellurium containing 

samples, a comparison at 180°C (Figure 3.7) shows that the 

effect is almost the same as with TMTD, which is known to 

be a good heat stabiliser, but contrasts with TETD which is 

a poor heat stabiliser. However, it is known that in the 

presence of an antioxidant, the vulcanizate containing a 

little tellurium gives excellent heat stability’ ’, 

A further set of reactions was carried out to study the ef- 

fect of the enhancement of the acceleration and the cross- 

link density with tellurium tetrahalides with tetraalkyl- 

thiuram disulphides which will be discussed in detail in 

Chapter Four. 

Samples containing tellurium tetrahalides, as the tellurium 

salt could react with any of the ingredients in the normal 

rubber vulcanizing mixture to enhance both crosslinking and 

acceleration. It was considered most likely that the tetra- 

halides had reacted with thiuram disulphides, which contain 

the essential group in thiourea, which is a compound well 
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known for forming crystalline adducts with tellurium tetra- 

halides NSE) 0 

The reaction of tellurium tetrahalides and tetra(ethyl or 

methyl)thiuram disulphide resulted in stable tellurium 

complexes which are analysed and characterised as described 

in Chapter Four. Briefly, of the 4 sulphur atoms from the 

disulphide, 3 are contained in the complexes, leaving the 

fourth sulphur atom with the possibility of entering into 

the reaction medium in an active form. 

Thus when triphenylphosphine, which could capture this 

sulphur, is used in vulcanization with NR, TMTD and tel- 

lurium tetrachloride gave no acceleration or enhanced 

crosslink density, this supported the above suggestion. 

This observation of the formation of triphenylphosphine 

sulphide also suggests that the sulphur is indeed involved 

in the acceleration and crosslinking of the NR containing 

tellurium tetrahalides. 

es.



CHAPTER FOUR 

COORDINATION CHEMISTRY OF TELLURIUM 

WITH RUBBER ACCELERATORS 
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4.1 Introduction 

This chapter is concerned with the study of tetraalkyl- 

thiuram disulphides (methyl-and ethyl) with some tellurium 

(IV) compounds. As described in Chapter Three, tellurium 

tetrachloride enhances the acceleration and crosslink den- 

Sity of the vulcanization reaction of natural rubber when 

used with thiuram disulphides. It was decided that the 

structural variety possible for this observation is best 

demonstrated by reacting tellurium tetrachloride with 

thiuram disulphides, as mentioned in the previous chapter. 

Since the complexes are derived from tellurium tetrachloride it 

is convenient at this point to illustrate the main features 

of the structure of this compound. 

4.2 Structure of Tellurium Tetrachloride 
  

Both covalent structures, based on #-trigonal bipyramid 

(Tecl,), and ionic structures (Tec1,* Cl”) have been pro- 

posed for tellurium tetrachloride in solid state by some 

early Workers! 0) ep Despite a large number of earlier 

attempts to determine the crystal structure, only the X-ray 

crystallographic method has been successful. Buss and 

prennes a2? have shown that tellurium tetrachloride com- 

prises Te,Cli; units within the crystal lattice in which 

° 
the tellurium is six coordinated, with both long (~v2.9A) 
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and short (2.3 A) Te-Cl bonds, as shown below in Figure 4.1. 

  

Figure 4.1 

4.3 Experimental 

4.3.1 Reaction of Tetramethylthiuram Disulphide (TMTD) with 
  

Tellurium Tetrachloride 

Tetramethylthiuram disulphide (4.80 g, 20 m mol) dissolved 

in dry chloroform (50 em?) was added to a clear solution of 

tellurium tetrachloride (5.38 g, 20 m mol) dissolved in dry 

chloroform (50 em=) with vigorous stirring; immediately a 

yellow product separated out. The reaction was carried out 

under a nitrogen atmosphere. The product so formed was 

filtered, washed with carbon disulphide and ether and dried 

in vacuo- over P4Qi9- 
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The precipitate was recrystallised from acetonitrile to af- 

ford yellow needles which melted at 198°C. 

found 14.82 H2.50 NS.76 $21.20 C128.95 Te28.11% 

c C1,N S,Te requires C15.07 H2.51 NS.86 $20.10 Cl29.73 Te27.61% Sao - a2 

4.3.2 Reaction of TMTD/Tellurium Tetrachloride Complex with 
  

Potassium Bromide 

Potassium bromide (1.90 g, 16 m mol) dissolved in methanol 

(50 cm?) was added to a solution of TMTD/tellurium tetra- 

chloride complex (1.91 g, 4 m mol) in the same solvent (50 

en). Almost immediately on mixing of the reactants a 

brownish-orange product separated out. The reaction mixture 

was then heated just above the room temperature for 1 hour. 

The product was filtered, washed with methanol and ether and 

dried in vacuo- over PyPi9 - (MOP. 173°C) 

found C10.86 H1.84 N4.27 S14.88 Br47.38% 

Br,N,S CoH aN Te requires Cl0.98 H1.83 N4.27 S14.64 Br48.81% 
3 

4.3.3 Reaction of TMTD/Tellurium Tetrachloride Complex with 
  

Potassium Iodide 

The same procedure as above was adopted using potassium 

iodide (2.65 g, 16 m mol). The red-brown precipitate formed 

was filtered, washed with methanol and ether and dried in 

vacuo- over P4%19- Recrystallisation of the product from 
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benzonitrile afforded a fine crystalline material which 

melted at 193°C. 

found C8.60 H1.43 N3.32 $11.82 Tel6.01% 

C64, 51453N,Te requires -C8.53 Hl. 42 N331°S11137 Tel5.12% 

4.3.4 Reaction of Tetraethylthiuram Disulphide (TETD) with 

Tellurium Tetrachloride 

TETD (5.92 g, 20 m mol) dissolved in dry chloroform (50 em? ) 

was added dropwise to a clear solution of tellurium tetra- 

chloride (5.38 g, 20 m mol) dissolved in dry chloroform 

(50 cm?) with vigorous stirring under nitrogen. A yellow 

product separated out immediately after mixing the reactants. 

The product was filtered, washed with carbon disulphide and 

ether and dried in vacuo-over P41 9- 

found 622-05 H3°58 NS.00 SL7.24 (Cl26. 22%: 

Cy og 9F14N2837e requires €22.48 H3.74 N5.24 S17.99 C126.61% 

4.3.5 Reaction of TMTD with p-Ethoxyphenyltellurium 
  

Trichloride 

p-Ethoxyphenyltellurium trichloride, (pEtOPh)Tecl,. was pre- 

pared by refluxing tellurium tetrachloride, phenetole and 

105 
chloroform according to the literature mechod. a” 

M.P. 182°C (lit. 1e2-183°c) 
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TMTD (2.40 g, 10 m mol) in dry chloroform (50 em?) was added 

in a dropwise manner to a solution of (pEtOPh)TeCl, (7.10 g, 
3 

20 m mol) in dry chloroform (50 em?) with vigorous stirring 

under nitrogen atmosphere. The fine powdery material formed 

was found difficult to filter without adding dry ether to 

the reaction mixture. The product was stirred with ether 

for a few minutes and filtered off and dried in vacuo-over 

° 
P4190: (MP ae 7S0C) 

found C28.56 H3.15 N3.01 $10.66 C124.00% 

CoH 39C15N,0,S83Te, requires C28.75 H3.26 N3.04 S10.45 C123.19% 

4.3.6 Reaction of TMTD/Trichloride Complex with Potassium 

Bromide 

Potassium bromide (2.14 g, 18 m mol) dissolved in methanol 

(20 em?) was added to a solution of TMTD/(p-EtOPh)TeCl 

3 
3 

complex (2.75 g, 3 m mol) in the same solvent (50 cm). 

Heating the mixture just above room temperature with vigorous 

stirring afforded an orange-brown precipitate. The product 

was filtered off, washed with a little methanol and dried 

in vacuo-over P4O (M.P. 153°C) 
L0G 

found C22.04 H2.52 N2.14 Br38.92% 

C5943 )8r5N,0,S3Te, requires C22.27 H2.53 N2.36 Br40.49% 
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4.3.7 Reaction of TMTD/Trichloride Complex with Potassium 

Iodide 

The same procedure as above was adopted using potassium 

iodide (2.98 g, 18 m mol). The reddish-brown precipitate 

obtained was filtered off, washed with a little ether and 

dried in vacuo: (M.P. 181°C) 

found C17.78 H2.01 N1.91 S6.34% 

Coo #351,N,0,5,Te, requires Cl17.99 H2.04 N1.90 S6.54% 

4.3.8 An Attempt to React TMTD with Bis(p-ethoxyphenyl) 
  

  

Tellurium Dichloride (pEtOPh) ,TeCl, 

(QEtoPh) ,Tecl, was prepared according to a literature poronces 

TMTD (4.80 g, 20 m mol) in chloroform (20 cna was added 

dropwise to a solution of (pEtoPh),Tecl, (11.3 g, 20 m mol) 

with stirring and refluxing. The reaction product was found 

unchanged even after refluxing for four hours. 

4.3.9 Reaction of TMTD with Tellurium Tetrachloride in a 

Coordinating Solvent 

The same procedure and the same amounts of reactants as used 

in the reaction of TMTD and tellurium tetrachloride in chlor- 

oform were used in this reaction, but using dry pyridine 

instead of dry chloroform as the solvent (the pyridine was



redistilled before use in the reaction). The yellow product 

formed was filtered off immediately and washed with a little 

dry ether, dried over Py%Q5 and submitted for analysis as 

soon as possible. 

The reaction was repeated using the same amounts of reactants, 

but using chloroform (25 em?) and pyridine (0.319 g, 40 m mol). 

The reaction product was analysed fresh and was found to 

have the same stoichiometry as the above product. 

The elemental analyses of the fresh sample, after 7, 14 and 

27 days are tabulated below and the precipitate was found 

to absorb moisture,. and decrease the percentages of C, H 

and N accordingly. 

C114) 7N39S3Te requires C26.31 H3.38 N8.37 S19.13 C114.15% 

found,fresh sample C2595 43.29 NI6SS SiS .72 Cl 1.3..55% 

after 7 days C2456 4305 (Ni 32) S19 215 Cl. 

after 14 days 22-984 H2—96 N75 S20567Cl— 

after 27 days CPS 56 H2 91) NO 92 521-58 Cl— 

4.3.10 Reaction of Freshly Prepared TMTD/Tellurium Tetra- 
  

chloride/Pyridine Complex with Potassium Bromide 
  

3) Potassium bromide (1.90 g, 16 m mol) in methanol (25 cm 

was added dropwise to a solution of TMTD/tellurium tetra- 

chloride/pyridine complex (8.02 g. 16 m mol) in methanol 
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(25 em?) with stirring. Almost immediately on mixing the 

solutions, the reaction mixture turned orange. This was 

then heated slightly above room temperature for a few minutes 

and the product separated by filtration, washed with methanol 

and ether and dried in vacuo-over P 4%: 

found C14.18 H2.37 N5.17 S18.36 Br30.86% 

c Br N9STe requires C14.07 H2.34 NS.47 $18.76 Br31.27% 612 

4.3.11 Reaction of TMTD/Tellurium Tetrachloride/Pyridine 
  

Complex with Potassium Iodide 

Potassium iodide (2.65 g, 16 m mol) in methanol was treated 

as above with the tellurium tetrachloride/pyridine/TMTD 

complex (8.19, 16 m mol) to obtain a dark purple/black 

precipitate which was recrystallised from acetonitrile to 

afford shiny purple crystals which melted at 152°C. 

found C11.90 H1.95 N4.55 S16.02% 

C,H, 1,N,0S3;Te requires C11.88 H1.98 N4.62 S15.85% 

4.3.12 Reaction of TMTD/Tellurium Tetrachloride/Triphenyl- 
  

phosphine in Benzene 

To a clear solution of tellurium tetrachloride (5.38 g, 

20 m mol) in dry benzene (25 em?) was added dropwise a 

mixture of TMTD(2.40 g,10 m mol) and triphenylphosphine



2.62 g, 10 m mol) in dry benzene with rapid stirring. The 

yellow precipitate obtained was filtered, dried over Py%Q9- 

(M.p. 156°C) 

(When tellurium tetrachloride in benzene was added to tri- 

phenylphosphine in benzene without TMTD, a black precipitate 

was formed which, on analysis, was found to be elemental 

tellurium). 

found C27 .1:3) 42,.58°N2. 70) Te12 00% 

Co 4H, C1 gN5PS,Te, requires C27.66 H2.59 N2.68 Tel2.25% 

4.3.13 Reaction of TMTD/Tellurium Tetrachloride/Triphenyl- 
  

phosphine Complex with Potassium Iodide 
  

To a solution of the complex (10.41 g, 10 m mol) as prepared 

above in methanol (50 em?) was added a solution of potassium 

iodide (1.6 g, 10 m mol) in methanol (15 em?) with stirring. 

The mixture afforded a dark brown precipitate which melted 

at iss°c. 

found Cll.83 41.91 N4.71 S15.99% 

C,H, ,1,N,0S,Te requires Cl1.88 81.98: N4.62 S15.85%



4.3.14 Reaction of TMTD/Tellurium Tetrachloride Complex 
  

with Metal Salts 

4.3.14.1 Reaction with Copper (II) Chloride 
  

Copper chloride dihydrate (0.80 g, 5 m mol) was dissolved 

3) and to the resultant solution, the in acetone (15 cm 

complex TMTD/tellurium tetrachloride (4.77 g, 10 m mol) in 

acetone (50 cm?) was added with vigorous stirring; immediat- 

ely a dark green product separated out and it did not change 

on subsequent heating at 35°c for 1 hour. The green product 

was filtered, washed with acetone, ether and dried in vacuo-~ 

° 
over P40)9- (PR 13270) 

found 13.45 H2.15 N5.08 S18.01 Cu5.33 Te22.95% 

Cy oH 4Cl) gCuNn,S,Te, requires C13.23 H2.20 N5.14 S17.64 @15.79 Te23.45% 

4.3.14.2 Reaction with Cobalt (II) Chloride 
  

The complex TMTD/tellurium tetrachloride (2.39 g, 5 m mol) 

in acetone (50 em?) was added to a solution of cobalt (II) 

2h chloride hexahydrate (2.38 g, 10 m mol) in acetone (30 cm 

and the resultant mixture was heated slightly above room 

temperature with rapid stirring. The blue product separated 

out was filtered, washed with acetone, ether and dried in 

vacuo-over P,0,,. (M.P. 206°C) 
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found C14.98 H2.54 N5.92 C130.63 S20.48% 

Co Hy 2C14505N5S3 requires C15.38 H2.56 N5.98 €130.34 S20.51% 

4.3.14.3 Reaction with Cobalt (II) Bromide 
  

Aquated cobalt (II) bromide (3.27 g. 10 m mol) was dissolved 

in acetone (50 cm?) and to this solution, the complex, TMTD/ 

tetlurium tetrachloride (2.39 g, 5 m mol) in acetone (50 

cm?) , was added with stirring. The reaction mixture was 

heated slightly,when a blue precipitate was separated out. 

The precipitate was filtered, washed with acetone and ether 

and dried in vacuo-over Py %Q9- 

found C11.08 H1.83 N4.52 Br50.03 S14.27% 

& N,S, requires Cl1.14 H1.85 N4.33 Br49.53 S14.86% St i2a Salo Njas 

4.3.14.4 Reaction with Mercury (II) Chloride 
  

Mercury (II) chloride (2.72 g, 10 m mol) in acetone (50 cm) 

was added to a solution of TMTD/tellurium tetrachloride 

ie The reaction complex (2.39 g, 5 m mol) in acetone (50 cm 

mixture was then stirred at room temperature for 30 minutes 

during which time a pale yellow precipitate ee formed. 

The product was filtered, washed with acetone and a little 

methanol and dried in vacuo-over P 4% - 

found C9.62 H1.63 N3.80 C118.86% 

CoH) Cl 4Hg5N5S3 requires C958 H1.59° NS.72 CllS 191% 
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4.3.14.5 Reaction with Mercury (II) Bromide 

The same procedure as above was adopted with mercury (II) 

bromide (2.60 g, 10 m mol). The yellow precipitate obtained 

was washed with acetone, methanol and dried in vacuo-over 

PA%,19- 

found Cy.81 H1.32 N2.98 Br34.08% 

CgH, Br 4Hg5N5S3 requires C7.75 H1.29 N3.01 Br34.45% 

4.3.15 Reaction of Selenium Tetrachloride with TMTD in 
  

Chloroform 

TMTD (2.40 g, 10 m mol) dissolved in dry chloroform (20 em? ) 

was added to a solution of selenium tetrachloride (4.42 g, 

20 m mol) in dry chloroform (25 em?) under nitrogen atmos- 

phere. Immediately after mixing the two solutions a dark 

yellow product separated out. The mixture was stirred for 

a further 30 minutes at 35°C and the product was filtered, 

washed with a little chloroform and ether, and dried in 

vacuo- over P4%19- 

found C14.82 H2.45 N5.75 C115.83% 

Cc C1.N.0.S.Se 6812015559383 2 requires C14.84 42.47 NS.77 C115.90% 

CH) 2C15N,0S, could also be a possible empirical formula 

but the enhancing crosslink density and the acceleration 
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with natural rubber vulcanizates containing TMTD and selenium 

tetrachloride certainly shows sulphur is entering the medium 

in a reactive form thus deleting this possibility. 

4.3.16 Reaction of TMTD/Selenium Tetrachloride Complex 
  

with Water 

To the complex (4.46 g, 10 m mol) as prepared above was ad- 

ded water (50 om?) and stirring commenced rapidly at 50°C. 

An orange precipitate separated out which was subsequently 

filtered, washed with water, ether and dried in vacuo-over 

P4219 and then over concentrated 85S0,. 

found Cl6.825 4 2.81 N 6.55% 

CoH ON O,8.Se5 requires C 16.74 H 2.79 N 6.51% 2 340d 

4535 07, Reaction of Selenium Dioxide/TMTD in Aqueous 
  

Hydrochloric Acid 

To a solution of selenium dioxide (2.22 g, 20 m mol) dissol- 

ved in concentrated HCl (20 em?) was added a suspension of 

TMTD (2.40 g, 10 m mol) in water (25 em?) with rapid stir- 

ring. Almost immediately, an orange precipitate separated 

out, which was then filtered, washed with water, ether and 

and then over concentrated H,SO dried in vacuo-over P4%5 2894- 
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found Colo OL AZ e62 tN, 59S cw 47 Som 

CoH, 9N50483Se, requires CEG ..745 (H>2279° “NF6 -S5L% 

C58, C1 5N,0353S5e, requires C 14.84 H 2.47 N 5.77 Cl 15.90% 

4.3.18 Reaction of Selenium Tetrachloride/TMTD Complex 
  

(Prepared in Chloroform) with Potassium Bromide 

Potassium bromide (2.38 g, 20 m mol) dissolved in methanol 

(50 em?) was added to a solution of TMTD/selenium tetra- 

chloride complex (4.46 g, 10 m mol) in the same solvent (50 

em?) A brownish orange precipitate separated out upon 

heating the mixture slightly above room temperature. The 

product was filtered, washed with methanol, ether and dried 

in vacuo-over P49: 

found © 12.649 He2.10) (N 4.91 “Bro2764% 

CeH, >Br5N,0353Se, requires € 12.54 H 2.09 N 4.87 Br 27.87% 

4.3.19 Reaction of Selenium Tetrabromide/TMTD Complex in 
  

Chloroform 

Fresh selenium tetrabromide was prepared by adding bromine 

(1.60 g, 10 m mol) in dry chloroform to a suspension of 

selenium (3.9 g) in dry chloroform under nitrogen, with rapid 

stirring. The excess bromine was flushed with nitrogen 

while heating the mixture at 40°C. To the fresh selenium 

tetrabromide so prepared, was added dropwise a solution of 
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TMTD (1.20 g, 5 m mol) with vigorous stirring. The orange 

precipitate formed was filtered, washed with dry ether and 

dried in vacuo-over P4%- 

found CeLOL LS a 12.208 Na3 95) Br aa 2en 

c Br,N,0.,S Se, fequires! €.10,025 Hh Wi6i N Bees Br 44556% 6p l2e 4 20283 

4.3.20 Reaction of Selenium Tetrachloride/TMTD Complex 
  

(Prepared in Dry Chloroform) with Potassium Iodide 
  

Potassium iodide (3.32 g, 20 m mol) dissolved in methanol 

(50 em?) was treated with a solution of TMTD/selenium tetra- 

chloride complex (4.46 g,10 m mol) in the same solvent 

(50 em? ) with stirring and heating at 40°C. The dark 

purple material obtained was filtered, washed with methanol, 

ether and dried in vacuo-over P 4% - 

found ¢ 11.00 8 1.80 WN.W4 25% 

I5N,05S,Seé CeHy > 2Nj03S3Se, requires C 10.77 HolLs73 N 49% 

4.3.21 Reaction of Selenium Tetrachloride/TMTD in Pyridine 
  

To a solution of selenium tetrachloride (4.42 g, 20 m mol) 

in dry pyridine (30 em?) was added dropwise a solution of 

TMTD (2.40 g, 10 m mol) in dry pyridine (30 em? ) with rapid 

stirring under nitrogen. The orange precipitate formed was 

filtered, washed with dry ether and dried in vacuo-over 

P41 0- 
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found CEL OeO Meee. NCS 25% 

Ce Hy 2N,0483S5e, requites C 16/574) “Ho2) 79) “N:.6.52% 

4.4 Results 

4.4.1 Syntheses 

A series of previously unknown tellurium complexes were syn- 

thesised directly from the reaction between tellurium (IV) 

compounds and TMTD. Some of the reactions were repeated 

with selenium tetrahalides using TMTD as the ligand to af- 

ford a new class of complexes which are different from the 

corresponding tellurium complexes. It seems that selenium 

tetrachloride easily forms oxychloride before reacting with 

the ligand, thus the final products always contain oxygen 

in the reactions with selenium tetrachloride. However, 

all the reactions seem to eliminate sulphur from TMTD, which 

is the essential element in NR vulcanization. The resulting 

ligand coordinates to tellurium or selenium giving complexes 

of which the structures and the properties were studied. 

The above reactions were carried out using dry chloroform 

as the solvent. Interestingly when pyridine was used as the 

solvent for the tellurium tetrachloride reaction, pyridine 

seems to coordinate to central tellurium atom. The reaction 

product is moisture sensitive and looses the coordinated 

pyridine when reacted with KBr or KI. 

LS.



When an alternative Lewis base, triphenylphosphine. was used 

in a benzene solution, a yellow complex containing two moles 

of tellurium tetrachloride was formed. It is known ‘19 ) 

that the reaction of tellurium tetrachloride with triphenyl- 

phosphine eliminates elemental tellurium. Hence, a mixture 

of TMTD and triphenylphosphine in benzene was added to a 

solution of tellurium tetrachloride in dry benzene. 

It was also of interest to observe that the complex derived 

from tellurium tetrachloride and TMTD reacts with other 

2+ 2+ 
_ (Cu: metal salts, hence salts of Co Cc and Hg?* were reacted 

with the complex and the products were characterised. 

4.4.2 Vibrational Spectra 

The infra-red spectra of TMTD. TMTM and the complex derived 

from TMTD and tellurium tetrachloride are shown in Figures 4.24, 

4.2b and 4.3. Figure 4.4 shows the far infra-red spectrum 

of the complex. This was recorded on a polyethylene disc, 

in a nitrogen environment. 

The infra-red spectra of fresh and decomposed RTeC1, /TMTD 

(where R=pEtOPh) is shown in Figure 4.8. Figure 4.9 shows 

the infra-red spectrum of pyridine and Figure 4.10 shows 

the TMTD/TeCl, complex derived from a pyridine medium. 

The infra-red spectra of cot and cut complexes derived by 

2+ 
reacting the Tecl,/TMTD complex with Co * and cu? salts
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are illustrated in Figures 4.11 and 4.12 respectively. The 

principal absorption bands for these complexes are tabulated 

in Table 4.5. 

4.4.3 Conductivity Measurements 

The conductivity data for the complexes derived from TMTD 

and Tecl, and its bromo~- and iodo- derivatives in DMF at 

25°c are tabulated in Table 4.1. The graphs of molar con- 

4 
2 ductivity against (concentration)* for the chloro- and iodo- 

complexes are shown in Figures 4.5 and 4.6 respectively. 

Table 4.2 shows the conductivity measurements for the other 

tellurium complexes and for the selenium complexes, in DMF, 

whereas Table 4.6 shows the conductivity data for the tran- 

sition metal complexes in acetonitrile at 250ce 

4.4.4 Mossbauer Data 

The Mossbauer data for some hexahalo- and pentahalotellurates 

and for the complexes prepared with TMTD and tellurium tetra- 

halides are tabulated in Tables 4.3 and 4.4 respectively. 

4.4.5 Magnetic Measurements 

2+ 2+ 
The solid state data for the Co and Cu complexes are 

gathered in Table 4.8. 

4.4.6 Electronic Spectra 

The absorption bands in the visible region for the co** and 

2+ uu Cc chloride complexes are tabulated in Table 4.7. 
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complex molar conductivity 
measurement in DMF 

atyZ5 C 

  

        

RTeCl,/TMID complex 46 weak electrolyte 

RTeCl,/TMTID complex 98 approaching to a value 
with ~KBr of 1:2 electrolyte 

RTeCl./TMID complex 160 1:2 electrolyte 
3 

with ~KI 

TeCl ,/TMID/pyridine 39 weak electrolyte 
complex 

TeCl ,/TMID/pyridine 45 weak electrolyte 
complex with KI 

Tecl /TMID/PPh3 58 1:1 electrolyte 
complex 

Secl ,/TMID complex 28 weak electrolyte 

SeBr ,/TMID complex o1 approaching a value 
of 1:2 electrolyte 

SeCl ,/TMID complex 30 weak electrolyte 
4 

with KBr 

Table 4.2 

 



  

  

Compound oa (Lsomer ead i {line ee) 
(40.08 mm s (70.1 mms 

(NH,),Tecl, ede 6.8 

(n-Bu,N) ,Tecl, Lee 6.6 

(PhH) ,Tecl, 1.63) sel 

(n-Bu,N),Tecl ,Br, 1.54 6.5 

(Et ,N),Tecl ,Br, 1.46 7.6 

(Et ,N),Tecl I, P55. 55, 

(n-Bu,N),TeBr ,T, 1.43 5.8 

(Et 4N)Tecl. 1.49 BAT 

(Et ,N)TeBr ,Cl 1.44 79 

(Et ,N)TeBr. Ladd 7.2 

          
* Isomer shift with respect to I/Cu source, and absorbers 

at 4.2K. 

Table 4.3 aoe 

and pentahalotellurates. 
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All spectra were single lines. 

Te Mossbauer parameters of some hexahalo-
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complex** molar conductance 

  

  

complex with 

complex with 

complex with 

complex with 

complex with 

cocl, 

CoBr, 

cucl, 

HgCl, 

HgBr,   

57 

60 

179 

20 

25     

* The range for a 1:1 electrolyte in acetonitrile is 90-130cm@chm™ 
1 

** All the complexes were prepared by reacting these salts with the 
complex derived from tellurium tetrachloride and TMID 

Table 4.6 Molar conductivity measurement in acetonitrile* 

-1 
) 

  

  

  

at 28°C (cm@ohm~tmol 

complex amy € 

Cocl, complex 676 592 
606 360 

(Co,LCl,) 

cucl, complex 634 - 

(Cu,Lcl,)     
where L=C,H)5N5S3 

    

Table 4.7 Absorption bands in the visible spectra 

151 

mol 1



  

  

  

complex Wore (BM) at 298°K 

complex with Cocl, 4.48 t 0.05 

(Co,LCl,) 

complex with CoBr, 4.50 t 0.05 

(Co,LBr,) 

complex with cucl, 1.91 1 0.05 

(CuL,Te,Cl, 4)     
where L=CeH)5N5S3 

Table 4.8 Solid state data 
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The electronic spectrum for the complex derived from Tecl, 

and TMTD is shown in Figure 4.7. 

4.5 Discussion 

Although all the complexes described in this chapter are 

derived from TMTD, it seems, as explained in the previous 

chapter, that one of the sulphur atoms from the disulphide 

is entering the reaction medium, leaving that monosulphide 

TMTM coordinating to tellurium (IV) atom forming stable 

complexes. Hence it is plausible to compare certain dif- 

ferences in the infra-red spectrum of TMTM rather than TMTD 

with the complexes derived from tellurium (IV) complexes 

with TMTD. 

4.5.1 Tellurium Tetrachloride/TMTD Complex and its Bromo- 
  

and Iodo- Derivatives 

4.5.1.1 Infra-red Spectra 

The vibrational analysés of compounds containing tellurium- 

sulphur bonds have been limited to compounds where thiourea, 

mercapto-acid and thiosulphate are ligands. Aynsley and 

(107) 
coworkers were the first research workers to study the 

Spectra of compounds containing tellurium sulphur bonds. 

G71) 
Al-Turaihi synthesised and characterised the reaction 

products of tellurium halides with a number of heterocyclic



(108) 
ligands as sulphur donors. Hendra and Javic published 

the infra-red and Raman spectra of Te(tu),cl,, Te(tu),cl, 

and Te(tu),Br, (where tu=thiourea) and a band at 225 em7* 

was assigned for the Te-S vibration. 

The infra-red spectra of all the complexes derived from 

tellurium tetrahalides and TMTD are similar and are less 

complex than expected. This may indicate a more symmetric 

environment around the tellurium atom in the complexes. 

Certain important differences between the spectra of the 

complexes and the free ligand TMTM are discussed below. 

The infra-red spectrum of the chloro- complex (derived from 

Tecl, and TMTD) (Figure 4.3), shows that the band at 1506 

em7+ in TMTM (Figure 4.2b)has shifted to a higher frequency, 

BSS cm7>, as expected upon complex formation. This may 

be due to the delocalization of the negative charge on 

nitrogen, thus increasing the double bond nature of the C-N 

bond. 

noe bel 
R S—— 1 

2 

Both nitrogen and sulphur in the ligand could act as co- 

ero?) the soft ordinating centres but according to Pearson 

nature of tellurium atom would prefer soft sulphur to hard 

nitrogen. 
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The intensities of the band at 965 cm~+ and 582 cm! which 

are assigned as v and v respectively have greatly 
(Cc=S) 

reduced in the complex. However, the new intense band ap- 

(C-s ) 

pearing at 755 emo could probably be a combination of 

decreased v and increased v vibrations in the 
(C=s) (c-s) 

complex, of which the structure will be discussed later. 

Filippo and Preti(t10) reported the preparation of metal 

complexes with a sulphur containing ligand, thiomorpholin- 

3-one (SCH,CH,NHCOCH (c-0) 

is due to the metal-sulphur bonding in the complexes. The 

dL 

) and suggest that the increase in v 

weak band at 562 cm in the free ligand has shifted to a 

lower frequency, and this weakening could result from elec- 

tron withdrawal from the sulphur atom due to its coordination 

to the metal atom, assuming that this band arises mainly 

from the contribution of C-S stretching vibrations. They 

also pointed out that it is particularly difficult to assign 

the C-S vibrations according to the literature (tt1). 

Though the vibrational spectroscopic technique is a power- 

ful tool for structural investigations, some ambiguous and 

indecisive cases can occur for the interpretation of the 

far infra-red spectra of complex molecules. A very good 

example is shown by the studies of tellurium tetrachloride? 113) 

Both covalent and ionic structures based on ¢-trigonal bi- 

pyramia't3) have been proposed for tellurium tetrachloride 

using infra-red data, although the X-ray crystallographic 

studies showed a cubane like structure (194) | 
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The complex formed with TMTD and tellurium tetrachloride 

will simply have a structure with C symmetry based on 
2v 

tellurium tetrachloride crystal structure. Thus the band 

appearing at 283 ens which has split into four, could be 

assigned as v (Figure 4.4). The far infra-red data 
(Te-Cl) 

were recorded as polyethylene discs, for all the complexes. 

4.5.1.2 Molar Conductivity Measurements 
  

Table 4.1 shows the molar conductivities of the tetrahalide 

complexes together with values characteristic for a 1:1 

electrolyte in both DMF and nitromethane. The low con- 

oz: 
ductivity. value of the chloro- complex, about 40 cm ‘ohm™2 mo1> 

in nitromethane suggests that it is a non-electrolyte (see 

Figure 4.5). However, this value is too high for a non- 

electrolyte, probably due to the partial solvolysis of the 

complex that may have taken place 7 2h 

The molar conductance of tetrabromo- and tetraiodo- complexes 

in nitromethane and DMF respectively are found to be 67 and 

103 cmohm~+mol-+. These values show that the latter is 

fully dissociated in DMF. (Note: The range for a 1:1 elec- 

trolyte in nitromethane and DMF at 25°C are 70-90 and 55- 

2onm mol > respectively). Hence, it could be suggested 

that the iodo- complex is a 1:l electrolyte in pur (+14) 

75 cm 

4 
The graphs of molar conductivity against (concentration) *



for the chloro- and iodo- complexes are shown in Figures 

4.5 and 4.6. 

4.5.1.3 Structures 

Since the ligand exhibits two modes of coordination in these 

complexes, it is possible to suggest the structures shown 

in Figures 4.13(a-c). However, it is of interest to know 

whether the soft nature of tellurium will favour sulphur 

bonding and/or the greater electronegativity of nitrogen 

will be required to accommodate the electron density as- 

sociated with the non-bonding molecular orbital in tel- 

lurium as shown in Figures 4.13b and 4.1l3c. 

CH 
3) 3 3 ee Sick Soe Poe A 3 el c—N #4 even (apie. w ~~, cl s oe 

s Te \ W7: Seah 
oh. SNC c=s C=S \ | cl 

nZ cl N-CH, 
s CH | 
CH, CH; 

Figure 4.13a Figure 4.13b 

See CH CH 
rar oc! 

CaN 

Pe SS ey 
See 

ff Cy 
J CH, Nea, 

s
o
o
t
 

Ss qT 

id 

Figure 4.13c 

Loe



Although it is not possible to be certain, it seems reasonable 

to argue that the structure shown in Figure 4.13a is most 

suitable for the chloro- complex when the following two 

factors are considered: 

dee The infra-red spectrum of the complex with an increase 

in Yon) and the absence of free v 
(C=s)~ 

ii. Even though it was not possible to obtain a better 

spectrum for ly NMR, it was good enough to identify 

only one type of ty in the complex, and the concen- 

tration of the solutions are fair enough to show if 

425 te ty coupling, which is not seen in the there is 

spectrum. It seems probable that there would be a 

greater chance of observing coupling if Figures 4.13b 

and 4.13c were applicable. 

Thus these two points help to rule out the structures shown 

in Figures 4.13b and 4.13c, 

The six-membered ring may be planar and strained if r elec- 

tron delocalization is important (overall symmetry, Coy): 

Alternatively, the ring may pucker (overall symmetry. cy). 

There is strong evidence that in hexahalotellurates tel- 

lurium (IV) is generally found in an octahedral environment. 

The demonstration by X-ray crystallographic examination of 

ur oo



tSisi) 
a number of hexahalotellurate (IV) salts (115 ive) O20.) 

(66) (116) (116) K,TeBr, ; (NH,),TeBr, is Cs,TeBr, and K,Tel, 

indicates that the complex anion have regular octahedral 

(227) 

2= 
Symmetry. However, two instances of distorted TeCl_“~ have 

6 

been reported (67/119) | 

The existence of these regular environments has been explain- 

ed either in terms of the accommodation of the 55° - elec- 

antibonding orbitals’ 78) or in terms of the 
ig 

absence of distorting crystal field effects (120.121) 

(122) 

trons ina 

Donaldson and Silver have suggested that the intense 

colour of salts of TeX.“ may be attributed to the pop- 
2 

6 

ulation of conduction bands in the solid, thus when the 

Se Pair plays no steric role. electron density may be 

forced into conduction bands which probably involve halogen 

da orbitals. 

The complexes obtained by the reaction of tellurium tetra- 

halides with TMTD are coloured suggesting these complexes 

may have a regular octahedral environment around tellurium 

CIV)C 

M6ssbauer spectroscopy is in principle a good way of deter- 

mining the stereochemical activity of s- electrons since 

Participation of the s- orbital in a hybrid set suitable 

for inducing stereochemical activity from the lone pair 

should reduce 6 below values typical of the hexahalotel- 
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lurates or species such as (tecl Br, ]*- which are octahedral. 

However, the range of 6 values is small for tellurium (Iv) 

compounds and the errors are often large, hence conclusions 

must be drawn with care. 

The Méssbauer data of the complexes obtained with TMTD and 

tellurium tetrahalides could either be fitted to Single 

peaks with very large line widths (15 mms7*) or two peaks 

ay, with observable quadrupole splittings (7 mms 

When the conductivity data of the iodo- complex is con- 

sidered, it gives strong evidence that this complex is ionic 

and a strong electrolyte (Figure 4.6). Hence the structure 

of the iodo- complex could be viewed as a five-coordinated 

and hence a square pyramidal structure !62) with a stereo- 

chemically active lone pair. Thus for the iodo- complex a 

two line Mossbauer spectrum is acceptable. Some reported 

Mossbauer isomer shifts and line widths for five-coordinated 

pentahalo- and organo-tetrahalo- complexes(Table 4.3) by 

Jones et eit?) are in good agreement with the isomer shift 

and quadrupole splitting obtained for the iodo- complex 

(Table 4.4). 

The acceptance of two line spectra may not be good when 

comparing the chloro- and bromo- complexes since the far- 

infra-red spectrum shows the presence of four tellurium- 

chlorine bonds in the chloro- complex, and the non-electroyte



properties of the chloro- and bromo- complexes. suggest non- 

lonic structures in their solid states. Hence. if two line 

spectra for these two complexes are applicable. five-co- 

ordinated structures, with erebncssipney of a monodentate 

sulphur ligand, must be considered. This situation could 

be achieved either by forming a S—Te coordination bond 

through the sulphur atom attached to two carbon atoms (thio- 

ether) as shown in Figure 4.14a or by a sulphur atom in one 

of the C=S bonds as shown in Figure 4.14b. 

) N(CH N(CH, ) N(CH 
3 S 3 4 

ns ¢ eC 
ao aN { 

s s s s 

2 3 

i eel cl | Cl 
Te ee 

Gi iat er Ci Pseiil 

Figure 4.1l4a Figure 4.14b 

However, these types of monodentate ligands are not con- 

‘Sistent with the observed high frequency infra-red data. 

The Mossbauer data could also be fitted to a single line for 

the chloro- and bromo- complexes. In which case the pos- 

sibility of octahedral structures for these two complexes 

may be considered. However, the large line widths, which 
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are much higher than the other known hexahalotellurates are 

disappointing. Therefore the quality of the Méssbauer data 

of these complexes at 77K is evidently too poor to be the 

basis of a definite choice of structures. On balance, other 

data available favour the six-coordinate structure presented 

earlier in the Chapter. 

  

Spectra 

The identification based on a single pair of UV and visible 

spectra may be ambiguous due to the limited characteristic 

features available from these spectra. The electronic ab- 

sorption peaks of many compounds are not greatly influenced 

by structural features of attached non-absorbing groups, and 

as a consequence, only absorbing functional groups can be 

identified. Unfortunately, however, the solvents cut off 

regions which may also hinder features of the compounds 

under study. 

The electronic spectra obtained for the complex derived from 

TMTD and tellurium tetrachloride are shown in Figure 4.7. 

2) shows that An inspection of data in literature sources 

there are some trends in the shifts of the bands probably 

connected with the nature of the central atom. For the sake 

of comparison, the spectra are restricted to those taken in 

chloroform and ethanol for which more data are available.



ras 
sérgenson ‘14>? conducted a detailed study of the electronic 

carbamato- 
spectra of dithio; complexes neglecting the effect of M-Sx 

bonding. The S-M x bonding (x antibonding) was related to 

the availability of the lone pairs on the sulphur atoms. 

Therefore as ene C-S bond order increases, the availability 

of lone pairs on sulphur atoms decreases and S-M x bonding 

decreases in importance. 

The band at 39 kk ascribed as r-x* transition located mainly 

in the C=S group. This band is reported for all the dithio- 

carbamato- complexes and shows a slight red solvent shift 

and high intensity. Its position is not much affected by 

the presence of the central atom (39 = 3 kk). Hence the 

band at 39 kk should be an essentially intraligand xr-n* 

transition as suggested by Jgrgenson. 

The complex derived from TMTD and tellurium tetrachloride 

has a strong band at 39.5 kk which is in agreement with 

similar complexes. Thus this band should be the indication 

of m-x* in the complex. The r-x* transition should show a 

red shift when the solvent is changed from a non-polar to a 

polar type due to solvation and/or hydrogen bonding between 

the non-bonding electrons of the thiocarbonyl group of the 

2c The spectra obtained solute and the solvent molecules 

with the free ligand TMTM in chloroform and ethanol are in 

agreement with this statement, but the chloro- complex in 

chloroform and ethanol shows no difference or a slight blue 

 



shift with the increase in polarity of the solvent, thus 

showing the reduced availability of non-bonding electrons 

on sulphur. This supports the idea that the sulphur atoms 

are coordinated to the tellurium. 

The other peaks which may be due to n-x* and n-o* tran- 

sitions are not discussed here due to the uncertainty of 

the cut off regions of the solvents used. 

  

Mass Spectra 

The fragmentation patterns of the TMTM and tetrachloro- 

complex are shown in Figure 4.15 and Figure 4.16 respectively. 

In general, the ligand is decomposed more easily than the 

tellurium tetrahalides and therefore it is not surprising 

that the complex has an extremely weak or even absent 

molecular ion peak. 

The clusters around m/e 256, 192, 128, 64 and 32 could be 

the fragmentation patterns of the pyrolysed polyatomic 

sulphur, S3, in the chamber. These clusters are also seen 

in the mass spectrum of TMTM. 

4.5.2 TMTD and (p-Ethoxyphenyltellurium)trihalide Complexes 

4.5.2.1 Infra-red Spectra 

The vibrational spectra of complexes formed with TMTD and 

(p-ethoxyphenyl)tellurium trihalides, in general. show all 
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Pyrolysis 
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Figure 4.16 Major peaks in the mass spectrum of the complex 

derived from TMTD and 
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the bands due to trihalides and the dithiocarbamato- group. 

| = 
The bands at 1500 cm~? and 872 cm! in TMTD have shifted;one 

to a higher frequency, 1580 cmt, and one to a lower fre- 

quency, 820 ent respectively, in the complex formed with 

trichloride (Figure4.8). In the triiodide complex these 

aL bands are shifted to 1540 cm? and 830 cm respectively, 

indicating weaker electron donation from the S in C=S to 

the central tellurium atom. 

Assignment of bands below 200 em7> tov modes must 
(Te-Cl) 

be made with caution due to ligand vibrations. However, 

after eliminating the ligand bands, the bands at 318 and 298 

em? in the trichloride complex are probably due to Y (Te-c1) 

modes. These two positions have been reported asv 

(101) 
(Te-cl) 

for trichlorides. 

at 334 and 326 com> may 

modes above 200 cm72 by McWhinnie et al 

The other two bands above 200 em=} 

have overlapped with the ligand vibrations. 

The bands below 400 ena were also examined as polyethylene 

discs and after eliminating the above vibrational modes, 

the absorptions in the 258-205 ene region are all likely 

to be associated with v vibrations. 
(Te-s) 

The infra-red spectrum of the trichloride complex recorded 

a few months after preparation shows the bands due to Y (cen) 

and v approaching their original positions found in (c-s) 

the free ligand spectrum. The band at 1990 em~> in the 
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TMTM (Figure 4.2b) which is assigned tov is clearly 
(C=) 

reappearing on this spectrum. This band is not seen in the 

freshly prepared complex probably due to the decrease in 

the bond order in C=S bond upon coordination i.e., when 

the Eoerainacien bond is formed with tellurium. the avail- 

ability of the lone pair electrons on the sulphur atoms 

decreases resulting in a decrease in the double bond char- 

acter of the C=S bond. 

a 
RAN roe 

However, the triiodide complex is quite stable probably due 

to the ionic nature of the complex as discussed below. 

4.5.2.2 Molar Conductivity 

Molar conductance of trichloride, tribromide and triiodide 

complexes in DMF at 25°C are found to be 46, 98 and 160 

em*moi~tonm7> respectively. The values of tribromide and 

triiodide complexes show that these complexes are fully : 

dissociated in DMF showing characteristic properties ate 

electrolytes, The value for the trichloride complex how- 

ever, is low for it to be considered as a 1:2 electrolyte. 

It could be suggested that the steric factors facilitate the 

formation of ionic tribromide and triiodide complexes. 
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The sulphur atoms of the ligand could exert a stronger trans- 

bond lengthening effect than does chlorine and a five-coor- 

dinated eouror tan complex with one long Te-Cl is therefore 

likely with the TMTD/(p-ethoxyphenyl) tellurium trichloride 

complex. A similar argument could be made with tetrachloro- 

complex having two long Te-Cl bonds. 

Different degrees of Lewis acidity may readily account for 

the possible structures suggested for tetrachloro- and tri- 

chloro- complexes. The lower Lewis acidity of the trichl- 

oride points to the fact that it may accept only one sulphur 

atom from the ligand. Therefore the structure could be a 

dimer, which is in very good agreement with the elemental 

analysis, as illustrated in Figure 4.17. 

R where R=OC 5H, 

Figure 4.17



The poor solubility in common organic solvents supports the 

polymeric nature of the trichloride complex. The proposed 

structure is also in accordance with the theory of Wynne 

and Pearson???) , that the five-coordinate tellurium atom 

will have no halogens in positions trans- to the phenyl 

groups. 

The conductivity data show values characteristic for 1:2 

electrolytes for the bromo- and iodo- complexes, hence 

Suitable ionic structures could be proposed for these two 

complexes as shown in Figure 4.18. 
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R where X=Br,I and 
R=OC5Hs, 

Figure 4.18 

However, the equilibrium shown below could easily occur 

from solvolysis in all these compounds hence showing higher 

values for the molar conductivities. 
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Rimerg = RTeX5 (59) pe RTax, © where X=Cl Br ,I 

4.5.2.4 Mass Spectra 

The crystal structures of (p-ethoxyphenyl)tellurium tri- 
( 

halides show'1?8) these materials are dimeric. The mass 

spectra obtainea ‘129) for these show the fragmentation at 

higher m/e ratio than the monomer molecules. These ions 

could only occur from the dimeric molecules by breaking the 

tellurium-halogen bonds and forming tellurium-tellurium 

bonds. 

The mass spectra obtained for the complexes prepared with 

TMTD and trihalides do not show the fragmentation pattern 

at higher m/e ratio as seen for trihalides alone. This 

observation helps us to speculate that the structures of 

the complexes do not contain halogen bridged tellurium 

atoms as for the trihalides. 

Generally, the ligand is more easily decomposed than the 

trihalides, thus no peak due to the molecular ion is ob- 

served in all three cases. 

4.5.3 A Comment on the Attempted Reaction of Bis(p-ethoxy- 

phenyl)tellurium Dichloride with TMTD 

The reaction of TMTD with bis(p-ethoxyphenyl)tellurium di- 

chloride, RjTecl,. failed to give a coordinated complex. 
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The failure in this reaction could mainly be due to the weak 

Lewis acidity of the compound. The contraction of the lone 

pair electrons on tellurium with two chlorine atoms is 

rather difficult. thus the availability of the lone pair on 

the tellurium atom will help to repel the incoming electron 

donation from the two sulphur atoms in the ligand. Thus the 

decreased tendency for the formation of a coordinated comp- 

lex is not surprising. 

4.5.4 TMID/Tellurium Tetrachloride/Pyridine Complex and 

its Bromo- and Iodo- Derivatives 

4.5.4.1 Infra-red Spectra 

The absorption bands between 2200 and 1900 em7+ have been 

assignea'230) to be due to OT ny immonium group which 

is likely to form in pyridine containing reactions. How- 

ever, the complex formed with TMTD/tellurium tetrachloride 

in pyridine did not show these bands, suggesting that no 

protonation of pyridine has taken place in the reaction. 

All the bands due to pyridine (Figure 4.9) and the ligand 

are clearly seen with slight shifts due to coordination in 

the complex, with tetrachloride (Figure 4.10). The spectra 

of the bromo- and iodo- complexes do not show any band due 

to pyridine. All three spectra clearly indicate the pres- 

Nh ence of a v band at 600 cm 
(Te=0) 
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qd The band at 1500 cm in TMTM due toy has shifted to 
(C-N) 

s -1 * + t920° cm upon coordination in the complexes. This shift 

is smaller when compared with the v Sshitt in TMT, 
(C-N) 

tellurium tetrachloride complex in chloroform. The Yc s) 

at 872 ¢m7> has shifted to 760 em7* indicating coordination 

ss 
through sulphur atoms. The bands at 1599 em” due to ring 

stretching vibrations and 700 em> due to C-H out of plane 

(130) 
deformation vibrations of the pyridine ring are shifted 

to 1635 cm~> and 685 cm7= upon coordination. 

The resulting chloro- complex will thus contain two chlorine 

atoms, one oxygen atom and a coordinated nitrogen atom from 

pyridine that will increase the electron density on tellurium. 

This may reduce the drift of electrons from the C-N bond in 

the ligand. Hence the slight shift in v would be 
(C-N) 

expected in these compounds, Figure 4.19 contributes to the 

above idea. 

  

Figure 4.19



The bromo- and iodo- complexes show no pyridine bands in 

their infra-red spectra but the shift in v is still (C-N) 

seen in both cases. In these two complexes, the presence 

of lower electronegative bromo- and iodo- ligands and the 

oxygen will not much affect the electron density on tel- 

lurium thus only a slight shift in is observed. The *(c-N) 
presence of a Te=O0 band at 600 em? is seen in both cases. 

The bands at 252-200 em7+ region could probably be due to 

vibrations. “(Te-s) 

  

Molar Conductivity 

The molar conductivity data tabulated in Table 4.2 shows 

that all three complexes are weak electrolytes in DMF at 

25°. 

4.5.4.3 Structures 

On the basis of infra-red spectra, elemental analysis, mass 

spectra and conductivity data, the following structures, 

Figure 4.20 for tellurium tetrachloride and TMTD in pyridine; 

and Figure 4.21 for bromo- and iodo- complexes, could be 

suggested. 
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Figure 4.21 

4.5.4.4 Mass Spectra 

The fragmentation patterns of the TMTD,tellurium tetrachloride 

pyridine complex and its bromo- and iodo- derivatives are 

Shown in Figures 4.22 and 4.23 respectively. 

The mass spectra of the pyridine containing chloro- complex 

contains very intense peaks at 79 and 52. The relative 

intensities of the other peaks are less than 10% when com- 

pared with these two peaks. Thus the mass spectrum of this 

complex at 70 eV is found to be difficult to tabulate. 

4.5.5 QTMTD/Tellurium Tetrachloride/Triphenyl phosphine 

Complex and Its Iodo- Derivative 

The interaction of TMTD, tellurium tetrachloride in the 

presence of triphenylphosphine in benzene solution produces 

a yellow complex with two molecules of tellurium tetrachloride. 
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Figure 4.22 Major peaks in the mass spectrum of the complex 

derived from TMTD/Tecl, in pyridine 
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shown in Figure 4.15 
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Figure 4.23 Major peaks in the mass Spectrum of the complex 

derived from TMTD/Tecl, in pyridine with KBr 

and KI 
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Infra-red Spectra 

The infra-red spectrum of the triphenylphosphine complex 

generally shows the vibration bands due to the ligand, TMTM 

mer 
and triphenylphosphine. The band at 1500 cm ~~ in TMTM due 

to v(co_y) has shifted to a higher frequency, 1575 ence and 

the band at 872 em? due to Y (cus) to a lower frequency, on 

coordination to tellurium. The new band at 642 em > 2) 

clearly indicates the formation of triphenylphosphine sul- 

Phide. The bands in the region 1450-1435 em? and 1005- 

$95: em7> which have been suggested to be characteristic of 

(132) a phosphorous-phenyl linkage are not affected in the 

complex with sulphur attached to phosphorous. 

The infra-red spectrum of the iodo- derivative shows the 

absence of all the triphenylphosphine sulphide bands. The 

coordination with two sulphur atoms in the ligand is still 

seen and the spectrum is identical with the iodo- derivative 

of the pyridine complex discussed earlier. The band at 600 

em7> indicates the presence of Te=O in the complex. 

  

.2 Molar Conductance 

Conductivity measurement in DMF, 58 em@me1 7 ohm=> shows the 

triphenylphosphine containing complex is a 1:1 electrolyte 

2 aE 1 and the iodo- complex shows a very close value, 38 cm*mol~ ohm ~ 

to that of the iodo- derivative of the pyridine complex, 

Pp
 ~ oo



Vaal -1 2 39.1 cm™mol “ohm in DMF, a typical value for a weak 

electrolyte. 

The op NMR in DMSO shows the presence of one type of phos- 

phorous atom in the complex. Due to the poor solubility, 

no other information could be obtained from the spectrum. 

4.5.5.4 Structures 

On the basis of elemental analysis, conductivity measurement, 

31, NMR and infra-red data, the following structures as 

shown in Figures 4.24 and 4.25 could be suggested for these 

complexes. The mass spectrum of the triphenylphosphine 

containing complex is too complicated to be analysed. As 

seen from Figure 4.24, there is no reason why the nitrogen 

could not be coordinated to the five-coordinate tellurium 

atom which is already interacting with triphenylphosphine 

sulphide, to satisfy the most probable coordination number 

for tellurium tetrachloride. 
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Figure 4.25 

4.5.6 Reactions of Tellurium Tetrachloride/TMTD Complex 

with Some First Row Transition Metal Salts 

One aspect of these reactions which has been of interest is 

the mode of bonding of two different metal atoms to the lig- 

and, through nitrogen and sulphur atoms. According to the 

concepts of Pearson (109) | the nitrogen is a hard centre and 

sulphur is a soft centre. Consequently, nitrogen bonding 

is expected with hard (Class a) metal ions while sulphur 

bonding should take place with those of soft (Class b). 

Further, bridging of two metal ions of form MNCSM' is well 

known (234,135) 

However, the qualitative tests, mass spectra and analytical 

data clearly indicate that no tellurium species is present 

in the reaction product of tellurium tetrachloride complex



  

with cobalt ( chloride, bromide and mercury (II) chloride 

and bromide. The reactions with these metal salts have 

resulted in some stable coordination compounds with the 

corresponding metal coordinating to the ligand in the tel- 

lurium complex, liberating tellurium tetrachloride into the 

reaction medium. The nature of these compounds will be 

discussed in the following section. Further, it is known 

that tellurium tetrachloride could easily react with acetone 

thus giving good evidence for the above suggestion. When 

the reaction of cobalt (II) salts were carried out in 

methanol, pale yellow products were obtained which appeared 

to be impure and unstable. 

The reaction of the tetrachloride complex with copper (II) 

chloride however, resulted in a complex containing both 

tellurium and copper. 

The properties of the metal complexes are in fact dependent 

upon the nature of the metal ion and also the ligands. Many 

types of ligands are known '239) and the properties of their 

derived metal complexes have been investigated. Of major 

importance in the transition metal coordinated complex 

is the presence of an incomplete d-shell in which the ener- 

gies of the d orbitals are split. the magnitude of splitting 

being determined by the ligand field strength,a, and the 

stereochemistry of the complex. 
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4.5.6.1 Complexes of Coba aa cr 4 1 

4.5.6.1.1 Infra-red Spectra 

The complexes of Co(II) salts were easily prepared and the 

infra-red spectra of the complexes obtained from the reaction 

of cobalt (II) ehleriae and bromide with tellurium tetra- 

chloride/TMTD complex show very strong absorptions due to 

Y¢cen) 2t values (Table 4.3) higher than the tellurium 

complex. The new band appearing at 880 cm ~~ could be a 

negative shift inv in the free ligand. This downwards (Css) 
shift may arise due to the reduced double bond character 

in C=S, caused by the coordination of the metal atom to the 

ligand. The reappearance of this band, which is absent in 

the tellurium complex.may also indicate the presence of a 

free C=S bond in the ligand, thus implying coordination 

through nitrogen has probably taken place, as shown below 

in the diagram. 

e 
s 

C= Ne CO 
fe 

Ss 

ai, The sharp bands at 540 cm+ and 580 cm+ could illustrate 

the absorptions due to C-S stretching vibrations. The far 

infra-red spectrum of the chloro- complex shows two absor- 

ptions at 316 em7 and 279 cm which may be assigned to 

(136) 
wi CSeCl) (Figure 4.11).



  

Both Co(II) complexes have a deep blue colour and the chloro- 

complex shows two bands at 676 and 606 nm with © values 592 

and 360 respectively. These values are too high to infer 

wg 
an octahedral environment around the co? ion. 

Ferguson'2?? has discussed the spectra of some Co(II) com- 

pounds which are free from severe distortion and resemble 

true tetrahedral stereochemistry and concluded that split- 

ting of the band at higher frequency, 700 nm can best be 

explained in terms of a lowering of symmetry e.g., conics 

However, the band at 672 nm in the Co(II) complex shows no 

a 2+, 
Coch Splitting,thus ruling out the possibility of ionic CoL, 

structure for the chloro- complex. 

. 

4.5.6.1.3 Magnetic Measurement 

The observed magnetic moments for the cobalt complexes at 

room temperature are (4.48t0.05)BM and(4.50t0.05)BM for 

chloro- and bromo- compounds respectively. These are 

considerably in excess of ene spin only value (3.89 BM), 

but in the range of normal values obtained for other tetra- 

hedral Co(II) complexes cooley 4.59 BM; coBr,7~, 4.69 BM 

2- (80) 
and Col, 4.77 BM



  

The conductivity data in acetonitrile (Table 4.6) shows the 

two Co(II) complexes are weak electrolytes thus ionic 

formulae could’ pe easily ruled out. So, suitable dimeric, 

LX neutral structures Co where X=Cl, Br must be found for our Ge 

these compounds. 

Three simple possibilities exist. two structures where the 

two coordinating centres, nitrogen and sulphur, are coord- 

inating onto two cobalt atoms, and the other with halogen 

bridges. These possibilities are illustrated in Figures 

4.26a, 4.26b and 4.26c. 

Be Ne 7 eae c Co! 

te oN Sn7 Sx 
of, | cé, \ 3 )cH, S7cHs 

Figure 4.26a 

cH, cH 
s SO : 

‘ ae Oe ¢ . 
Bo ee / 0 

Co Ss SO 
Soa | Saag x : % 

PN 

4 & cn Cece 

Figure 4.26b



  

where X=Cl,Br 

Figure 4.26c¢c 

The magnetic moments observed for the chloro- and bromo- 

complexes are high for the compounds to be antiferromagnetic 

and hence a chlorine bridged structure as shown in Figure 

4.26c is unlikely. 

Hence the two possible formulations for the Co(II) complexes 

are the structures illustrated in Figures 4.26a and 4.26b. 

Attempts were made to obtain ly NMR data for the complexes, 

but due to poor solubility properties they were unsuccessful. 

In general, the mass spectra of the complexes were similar 

to that of free ligand and none of the complexes displayed 

the parent ion peak corresponding to their molecular weight. 

Apart from this information, the mass spectra of these com- 

plexes have not aided the structure-elucidation of these 

complexes, hence these data are not presented. 

@ ur



      

Both Hg(II) chloride and bromide react with the tellurium 

tetrachloride/TMTD complex under similar conditions to yield 

analogous products. 

s uw
 

  

-l Infra-red Spectra 

The infra-red spectra of both complexes are indeed similar, 

and indicate the presence of coordinated ligand. 

The far-infra-red spectrum of the Hg(II) chloride complex 

2 and 305 cmt indicates two absorption bands at 326 cm 

which were absent in the bromide complex and hence may be 

attributed to v The far-infra-red spectrum in the (Hg-Cl)* 

case of the bromo- complex showed several ill-defined bands 

and hence nothing could be attributed with certainty to 

v (Hg-Br)° 

4.5.6.2.2 Conductivity Measurement 

Both these complexes are non-electrolytes in solution and 

-are diamagnetic. 

4.5.6.2.3 Structure 

These complexes agree well with the dimeric formulations as 

suggested for the cobalt(II) complexes. Thus, the mercury(II 

t co an 

)



  

complexes could represent dimeric str’ 1lorine 

¥ 5 
bridges as shown in Figure 4.27. Sag NMR shows only one 

peak, supporting this structure. 

Ss Ss Ss. 

i SS he PS a ek. x P c c x x 

9 / \ ag 
Oe es Nea a Sx 

a * ie NY CH CH CH CHS 

Figure 4.27 

4.5.6.3 Complexes of Copper(II) 

Ahrland et ee) have classified the Cu(II) ion as a 

borderline case between Class a and Class b metals. The 

Cu(II) ion is a typical transition metal in respect of the 

formation of coordination complexes but less typical in its 

reluctance to take up a regular octahedral or tetrahedral 

2 outer electronic configuration stereochemistry. The 3d 

of the Cu(II) ion lacks cubic symmetry and hence yields 

distorted forms of the basic steéreochemistries. 

4.5.6.3.1 Infra-red Spectra 

The Y(c-N) of the complex formed between Cu(II) chloride and 

tellurium tetrachloride/TMTD appears at slightly higher 

frequency than in the tellurium complex alone. The new 

@



sharp band appearing at 650 emus could be an indication of 

C-S stretching vibrations. The far-infra-red spectrum of 

the Cu(II) chloride complex shows a sharp band at 410 ent 

which is absent in all the other complexes and may indicate 

Cu-N stretching vibrations. The broad band around 260 em7+ 

Probably indicates the presence of Cu-Cl vibrations. 

4.5.6.3.2 Electronic Spectra ee eee 

The electronic spectrum of the green coloured copper(II) 

complex gives a sharp band at 634 nm. However, due to rel- 

atively low symmetry of the environment in which cust is 

Characteristically found, detailed interpretations of the 

spectra and magnetic properties are somewhat complicated, 

even though cu2* is the equivalent of a one-electron case. 

4.5.6.3.3 Magnetic Measurement ee ee ee ees 

The value of Mose of the Cu(II) complex (1.9110.05 BM), 

lies within the normal range generally observed for cu2t 

complexes !89) , 

uw 4.5. 603-4 Structure 

Interestingly, the complex has shown the presence of tel- 

lurium and it analyses reproducibly to the stoichiometry 

CuL.Te,Ccl where L=C,H 2teoclig- 6 12N283- The conductivity measurement



2 - 
of the complex in acetonitrile shows a value 179 em*onm mol 

a value acceptable for a 1:2 electrolyte in acetonitrile. 

Hence, a suitable ionic formula must be found for this 

complex. 

It is known that when Cu(II) is in six-coordination, the 

‘octahedron’ is severely distorted, the typical distortion 

being an elongation along one 4-fold axis. so that there 

is a planar array of four short Cu-L bonds and two trans- 

long ones. In the limit, of course, the elongation leads 

to a situation indistinguishable from square coordination, 

as found in many discrete complexes of Cu(II). Thus the 

case of tetragonally distorted ‘octahedral' coordination 

and square coordination cannot be sharply differentiated. 

In view of the above information. it is conceivable that 

the Cu(II) complex could have a structure as shown below 

in ’Pigure 4.28). 

13 
2+ 

(Cub, ) (Tecl, 

Figure 4.28 
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In the course of study of the reactions of selenium tetra- 

halides with TMTD, it appears that selenium tetrahalides 

are much more readily hydrolysed than tellurium tetra- 

halides under the reaction conditions used. 

The summary of the.complexes obtained is shown in Figure 

4.29 below. 

Sex 
4 

450 

| 2 X=Br 

SeOx —> (Se0X,) 5b 
|e? L A 

90 f T X=C1,Br 
3 Sa Se Se (Se.0,X.,)L 

x7 ay oe Ny L aa 2 

pyridine ¥ #50 

Pls ogee 
2 Se Se (seo,)5L 
aM oe es ca 

where L=TMTM;i.e.,monosulphide 

Figure 4.29 

Under inert atmosphere with freshly prepared tetrabromide 

the complex A was isolated. Further hydrolysis of Seox, 

(where X=Cl,Br) could result in B, again stabilized with 

the monosulphide. However, in the presence of a base e.g., 

pyridine, further hydrolysis seems to occur leading to the 

0 °



separation of a complex C in which selenium dioxide is co- 

ordinated. 

The reactions of tellurium tetrahalides followed a different 

scheme as shown below in Figure 4.30. 

L 
Tex ———_ (Tex .)L 

ae XeCl,Cr,I i 
A 

i 4,0 

X=Cl 
TeOox, ————uwu«_, py.(Teocl,)L 

inet B 
py. 
X=Br ,I 

(TeOX, )L 

S 

Figure 4.30 

Only in the presence of a base tellurium tetrachloride hy- 

drolyses to give a complex Bg with pyridine coordinating to 

tellurium and tetrabromide and iodide hydrolyse to give 

complex C stabilized by the monosulphide. 

4.5.7 Selenium Tetrachloride/TMTD Complex and Its Bromo- 

and Iodo- Derivatives 

It was thought that selenium tetrachloride could follow the 

Same mechanism as for the tellurium tetrachloride reaction 

Ne a



with TMTD. Thus it was of interest to Carry out a few 

reactions with selenium tetrahalides and TMTD, following 

the reactions carried out with tellurium tetrahalides. 

It was encouraging that selenium tetrachloride and bromide 

gave the same effect when used together with TMTD in NR 

vulcanization, increasing the acceleration and enhancing 

the crosslink density of the vulcanizates, thus suggésting 

the possibility of the release of active sulphur atoms into 

the reaction media. 

The analytical data and some physical data used in the 

structure elucidation of the complex formed with selenium 

compounds and TMTD are discussed below. 

4.5.7.1 Infra-red Spectra ape eee 

The vibrational spectra of all the complexes obtained with 

selenium tetrahalide and TMTD show the characteristic upward 

shifts in v upon complex formation through S atoms of (C-N) 

the ligand. The new band appearing at 905 em could probably 

i be due to a negative shift in v that occurs at 965 cm (Cas) 

in the free ligand. 

rt cal ase 

s 
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The region of the complexes show identical bands to  (C-H) 
the tellurium complexes thus implying the symmetry of the 

coordinated ligand molecule could be the same as in the tel- 

ae 
lurium complexes. The broad band at 380 cm ~~ could probably 

be an indication of Se=0 stretching vibrations. 

  

Unlike tellurium, the complexes of Se,cl, and Se,8r, have 

been reported and the spectroscopic data based on assign- 

1 
ments for Coy symmetry, have been interpretea'+39) 

4.5.7.2 Conductivity Measurement 

The conductivity of the chloro- complex, 28 em@ohm7 mol = 

in DMF at 25°C, Shows that the compound is a weak electrolyte, 

thus eliminating the possibility of an ionic compound. 

The conductivity of the corresponding bromo- complex fur- 

2 onm7 moi? nished a value of 30 cm in DMF suggesting that 

this too is a weak electrolyte. However, the complex for- 

med with fresh selenium tetrabromide/TMTD shows a different 

2onme mola!) a value approaching a 1:2 elec- value, 91 cm 

trolyte (Table 4.2), hence, formation of an ionic complex 

is more likely in this case. 

4.5.7.3 Mass Spectra 

The mass spectra of all complexes clearly indicate the pre- 

sence of two selenium atoms. 

o w



The fragmentation pattern of the bromo- complex gives 

particularly intense peaks, this probably being due to the 

most abundant isotopes of selenium, 78 (25.52%) and 80 

(49.82%) and bromine 79 (50.53%) and 81 (49.47%) lying 

in the same region. 

Although attempts to assign all ene rcoaie in the spectra 

were not successful, the assignments of two selenium atoms 

and probably two halogen atoms in the complexes prepared 

with selenium tetrachloride give valuable evidence for 

structure elucidation. Further, the characteristic frag- 

mentation pattern of the ligand confirms the presence of 

the unaltered ligand skeleton in the complexes. 

  

-7.4 Structure 

Although the same conditions were used and care was taken 

to avoid oxygen as in the case of the tellurium tetra- 

chloride reaction, selenium tetrachloride seems to give a 

different product with TMTD. 

The main feature common to both systems is the possibility 

of eliminating active sulphur to the reaction medium. 

The elemental analyses of the complex prepared with selenium 

tetrachloride/TMTD and its bromo- and iodo- derivatives, 

Show a stoichiometry Se,L03X,. where L=C.H,5NS3 and 

 



  

Hh X=Cl, Br, I. However, the figures obtained for the percen- 

tage of sulphur seem to vary, probably due to the presence 

of selenium interfering with the sulphur analyses. 

On the basis of infra-red. mass spectra and conductivity 

measurements the most suitable structure for these com- 

plexes could be that shown below in Figure 4.317 

where X=Cl ,Br,I 

Figure 4.31 

It seems that selenium tetrachloride absorbs moisture, and 

as observed, much more rapidly than tellurium tetrachloride, 

thus the possibility of formation of oxychloride before 

reacting with TMTD is not unlikely even though care was 

taken to avoid this situation. 

Further, the complex formed with tellurium tetrachloride/ 

TMTD shows no reaction with water, the complex formed with 

selenium tetrachloride/TMTD has been shown to interact with 

water losing the two remaining chlorine atoms. The product 

0 w



formed shows a stoichiometry Se,LO,, thus suggesting a 

structure as shown in Figure 4.32 is a suitable model for 

the hydrolysed product. 

CH 
/ 3 

  

Figure 4.32 

The freshly prepared selenium tetrabromide when reacted 

with TMTD gave a complex with a different stoichiometry; 

the analytical data fits well with the stoichiometry 

Se,LO,Br,. Therefore in the case where the starting mat- 

erial is less susceptible to moisture, the structure would 

be as follows (Figure 4.33): 

2+ 

2 
Nea 

ne aie 

s Zar 
\ 

wee -Br 

N—CH, 

L CH 3 

Figure 4.33 
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The interaction of four large bromine atoms close to each 

other may be the reason for the high conductivity value 

observed for this complex (Table 4.2). 

4.5.8 Reaction of Selenium Tetrachloride/TMTD in Pyridine 

The reaction carried out in pyridine failed to show any 

bands due to pyridine in its infra-red spectrum or any 

fragmentation pattern characteristic of pyridine in its mass 

spectrum. It is not surprising that in the presence of a 

base, pyridine, further hydrolysis could result in a complex 

with a stoichiometry Se,L0,. thus a structure similar to 

that shown in Figure 4.30 could be proposed for this complex. 

o 
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CHAPTER FIVE 

SYNTHESIS AND PROPERTIES OF ORGANOTELLURIUM 

COMPOUNDS DERIVED FROM TERMINAL 

DIHALOALKANES



  

Introduction 

As mentioned previously in Chapter 3, attempts to react 

tellurium and tellurium compounds with model alkenes failed 

to show the formation of tellurium-carbon bonds in most of 

the reactions, indicating the difficulty in crosslinking 

Natural rubber (NR) molecules with tellurium and its com- 

pounds. 

A modified NR e.g., brominated NR, (CoH) 5Br5),. could be an 

alternative rubber to study the crosslinking with tellurium 

compounds as it is known that various diorganyl ditellurides 

R,re react with compounds of the type Br(CH,) Br (n=1, 
2hge” 

3, 4) in the presence of an alkaline alcoholic solution 

of sodium or potassium porohydride (140-141). 

Diorganyl- ditellurides are convenient, stable starting mat- 

erials for various tellurium compounds and metal complexes. 

toon Mossbauer data of diphenyl- ditelluride (CoH) 5Te,. 

suggests that the involvement of intramolecular tellurium 

associations, in addition to short Te-C and Te-Te bonds 

gives rise to highly coloured diary}+ditellurides as shown 

by the red coloured (C Hs) Te, in which the Te-Te bond is 
6 

2.7 8 and the intramolecular contacts are 4.2 Rie 

(129) 
However, Thavornyutikarn has shown that there are other 

factors that could affect the colour of the compounds, and 

even though it has been suggestea 43) that some decompo- 

sition of diary}:ditellurides to free radicals occurs in 

wo ive
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solution, the ditelluride is undissociated in organic sol- 

vents. Thus the electron spin resonance spectrum of a 

solution of diphenyl-ditelluride in benzene did not indicate 

any radical species present. Also, the diffuse reflectance 

spectrum of ercteniid: celiac and visible spectrum of a 

solution in chloroform are similar, indicating that the 

species in the solid and in solution are similar. 

The reaction of a diorgany-ditelluride, R,Te, with aqueous 

alkaline sodium tetrahydroborate- affords a solution with 

the chemical properties of NaTeR', and a large number of 

aromatic ditellurides have been reduced to aryl sodium 

tellurides in this way (Equation 5.1) 

NaBH, 

RTe-TeR ——— 2NaTeR ) 
1M NaOH/EtOH ) 

EGS Sa 

) 
2NaTeR — RTe + Na~ ) —— 

The compounds R-C=C-TeNa have been prepared ‘ 144) by the 

addition of elemental tellurium to the sodium acetylide, 

prepared by treatment of sodium or sodium amide with acet- 

ylenic hydrocarbons in liquid ammonia. Tellurium inserts 

into the C-Na bond as shown below in Equation 5.2. 

lig NA 

RC=C-Na + Te eer eee R-C=C-TeNa Bo 15.02: 

The alkynyl- sodium tellurides have never been isolated, but 

have been found to react with alkyl- halides to give alkynyl-



alkyl-tellurides. Thus methyl-iodide is reacted with alkyl- 

thioethynyl- sodium tellurides and ethynyl sodium telluride 

in liquid ammonia to give alkyl thioethmyl-methyl- telluriafkt5 46) 

7 
and ethynyl-methyl- telluride ‘+* } respectively as shown 

below. 

lig NH 

R-C=C-TeNa + CH31 — R-C=C-TeCH + Nal BG.5 .3 

where R=R,S, C,H-~S and H 
3 ro, 

The preparation of diaryl-tellurides, RTeR' (R,R' = Cele. 

CeHsi CeHs, 4CH3C oH; 4CH,0CQH., 4CH,CcH.). has also been 

(148) 
claimed by reacting RTeNa with the appropriate diazonium 

tetraflucroborates, RING BEAL. 

3 : £49) 
Some years ago, it was suggested by McWhinnie and coworker 

that the oxidative addition reaction of diorganotellurides 

with methyl-iodide went through an intermediate which was a 

charge-transfer complex as shown in Figure 5.1. 

Figure 5.1



Charge-transfer compounds have been demonstrated for organo- 

tellurium complexes with 7, 7,.8, 8-tetracyanoquindimethane 

l 

(reg) (25°) | Also the reaction product of 2,3-bis(bromo- 

methyl )quinoxaline with tellurium and sodium iodide on 

reduction sets B violet crystalline material, 3,4~-quin- 

oxalino-l-tetracyclopenta-1l-l-diiodide, which produced a 

black crystalline charge-transfer complex with TCNQ as 

illustrated in Equation 5.4. 

eee S | 

‘ 
Pecan nZ 

N TCNQ NS : 
= — Te — Tel, 

Te. TCNQ Ne nz 

N 

® Violet 

- When 2,3-bis(bromomethyl )qiunoxaline is reacted with tel- 

lurium and potassium iodide, a yellow 1:1 adduct of 3,4- 

quinolino-1l-telluracyclopentane-l-l-diiodide and 2.3-bis- 

(iedomethyl)quinoxaline is isolated. 

x | Aye 
S r Tek] Rig ! 

5 —_> Te. Ss S 
NZ r nZ | N 

9- methoxyethanol | Eq ss 

® Yellow 

Nu ° vo



(4905057 152: 753,154 
McCullough and coworkers have demonstrated 

that in RTelL R5Tel and RTeI 
24 z) 3 

intermolecular Te..I and I..I contacts exist and they post- 

type compounds, a variety of 

ulated a correlation between colour and the type and degree 

of secondary bonding. 

The compounds obtained in Equations 5.4 and 5.5, namely 

compounds A and B, are violet and yellow suggesting weak 

bonding in the crystal structure and strong intermolecular 

bonding respectively, according to McCullough's suggestion. 

The crystal structure has also been determined for the 

yellow complex (B) and is illustrated in Figure 5.2. 

  

Figure 5.2 
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-2 Experimental 

The reactions with RTe® anion were carried out by two 

different methods, one using mixed organic solvents and the 

other in the presence of a phase transfer catalyst. 

5.2.1 Preparation of the Starting Materials 
  

Preparation of diphenyl ditelluride PhoTe, 
  

  

PhoTe, was prepared according to Gunther's method 12>) 

M.Pe 63°C Lit. 65°C 

found % Gimss-2 H 2.60 

Cy oH oTe> requires % Cc 34.8 BH 2341 

Preparation of bis(p-ethoxyphenyl)ditelluride 

(105 ) 
The ditelluride was prepared by the literature method 

as described briefly. 

(pEtOPh)TeCl., was prepared by refluxing tellurium tetra- 
3 

chloride, phenétol and chloroform under dry nitrogen for 

2 holrs.s MP. 182°C Sit, 1s2etes-ec 

Bis (p-ethoxyphenyl )ditelluride was obtained by reduction of 

the above trichloride at o°c with potassium metabisulphite



  

(580.140 ME Hit 107s L0eoc 

found % C7 38.3 83250 

Cy 641 392Te> requires % Gorse. s. a 3.60 

Preparation of the. phase transfer catalyst, benzyltri-n- 
  

butylammonium bromide Bu N(CH Ph)BrQ Br 
3   

Benzyl bromide (12 ml) was added to tri-n-butylamine (24 ml). 

The mixture was stirred at room temperature for 2 hours. 

A white solid, benzyltri-n-butylammonium bromide, was 

formed. 

5.2.2 Preparation of (RTe) 5 (CH, ) xX, (where n=l) Complexes 
  

5.2.2.1 The Method of Mixed Solvents - Method A 
  

Bis(p-ethoxyphenyl)ditelluride (6.2 mmol) in benzene (2.5 

cm?) and ethanol (7.5 cm?) was heated to reflux. To this 

solution, sodium tetrahydroborate (10 mmol) in 1 mol am7> 

sodium hydroxide (8.5 em?) was added dropwise. The reac- 

tion mixture became colourless on completion of the ad- 

dition. Dihalomethane (bromo/iodo-) (2 mmol) in benzene 

(5S cm?) was then added and the warm mixture was stirred for 

3 
30 minutes. The mixture was then poured into water (100 cm) 

and the organic layer was extracted with diethyl.ether (2 x 

100 cm?) . A yellow precipitate was separated out in 75% 

nN o a



  

yield, was £ washed with diethyl ether and dried 

in vacuo. Recrystallisation from acetonitrile gave yellow 

needles. 

Dichloromethane gave white fibrous material which was found 

GLétioult to sdentity: 

The analytical data for the compounds formed from the reac- 

tion between RTeNa and organic dihalides are given in Table 

5.1 where R=(pEtOC.H,) and (CoH). 

5.2.2.2 In the Presence of a Phase Transfer Catalyst - 
  

Method B 

Bis(p-ethoxyphenyl)ditelluride (1 mmol) in benzene (50 cm?) 

was treated with a solution of sodium tetrahydroborate (10 

mmol) and benzyltri-n-butylammonium bromide (2 mmol) in 1 

oye The mixture was stir- mol dm~> sodium hydroxide (20 cm 

red for 2 hours during which time the colour of the ditel- 

luride was lost. Dihalodiodo/bromo)methane (2 mmol) was 

added and stirring continued for 4 hours at 30°C. Diethyl- 

ether was then added and the mixture was set aside. A 

yellow precipitate was obtained in 60% yield and was sep- 

arated, washed with diethyl-ether and dried in vacuo. Re- 

crystallisation from acetonitrile gave compounds described 

in method A.
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N.B. In both methods when n=4, R=pEtOC.H or (Ph) and x=Cl, 
5 

Br white precipitate were obtained on cooling the 

warm reaction mixture (149) | 

The analytical data of all the compounds are tabulated in 

Table 5.1 together with their melting points. 

5.2.3 Preparation of Palladium Complexes with (RTe) CHSX pen pecly ee 

A dihalomethane complex (RTe) ,CH, .CH,X, (prepared as above) 

(1 mmol) was added dropwise to a dichlorobis(benzonitrile) 

palladium(II) Pd(PACN) {Cl (1 mmol) in chloroform at room 
2 

temperature. The solution was stirred under nitrogen for 

30 minutes. The red-brown precipitate so obtained was 

filtered off and vacuum dried. Analytical data for the 

complexes prepared are given below. 

Pd(PhCN) cl, with (RTe) ,CH,.CHoI, complex where R=pEtOPh 

found Care o ca! Hoe oc00) CL) Liss27% 

Cy 7H59C1,0,PdTe, requires C 29.62 A 290: Cr LOS 

Pd(PhCN) ,Cl,with (Re) CH CH,Br 2-CHSBr, complex where R=pEtOPh 

found c 28.00 HH. 2.585 GI 9. 15% 

Cy 7p 9C1204PaTe, requires C 28.30 By 2.77 cL 9.85% 
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uo nw e 8 . . 2.4 Reaction of RTe~ Anion with Vic-dibromo- Compounds 

Method A in Section 5.2.2 was repeated with 2,3-dibromo-2- 

methyl-2-pentane and 2 ,3-dibromo-2-methyl-2-butane, each 

of 1 mmol instead of 2 mmol dihalomethane as used in Method 

A. 

Addition of vic-dibromo-compound immediately changed the 

colourless solution to a dark red solution together with 

a red-orange precipitate indicating the formation of ditel- 

luride in the reaction mixture. The precipitate was fil- 

tered off and the filtrate was subjected to g.l.c. analysis. 

In each case peaks due to the corresponding alkenes were 

observed in’ the ig,1-c. 

2-iodo-2-methyl-2-butane also gave similar results elim- 

inating 2-methyl-2-butene and ditelluride. 

5.2.5 Reaction of RTe® with Dichlorocycloalkanes 

The reaction of dichlorocarbene with cyclohexene was 

achieved by the following method ‘7>°). 

Cyclohexene (9.6 g, 44 mmol) and chloroform (11 cm?, 135 mmol) 

and tributylbenzylammonium bromide (0.15 g, 0.44 mmol) were 

stirred at 50°C while aqueous sodium hydroxide (13.5 g in 

27 em? 337 mmol) was added over a period of 15 minutes. 
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3 
After 2 hours iced water (50 cm~) was added and the mixture 

was acidified with sulphuric acid (10%) and extracted with 

diethyl ether (3 x 25 cm? ). The combined ether layer was 

washed with water, then saturated sodium chloride, dried 

and the solvent removed. The viscous liquid obtained was 

characterised by infra-red spectroscopy. 

7,7-dichloromonoycarane (3.30 g, 20 mmol) thus pre- 

pared was then added to an emulsion of bis(p-ethoxyphenyl) 

ditelluride (4.96 g, 10 mmol) in benzene (50 cm?), benzyl- 

tributylammonium bromide (0.45 g, 1.76 mmol), sodium hy- 

droxide (50%) (100 em?) in dropwise fashion with vigorous 

stirring at 50°C. A white precipitate formed when petroleum 

ether (60-70°C) was added to the cold mixture. 

The precipitate was analysed by elemental analysis, infra- 

red and mass spectrometry. 

5.3 Results 

The elemental analysis of the compounds obtained with RTe® 

(R=PhpEtoc ) and X(CH 4% (where X=Cl, Br, I and n=l, 3, 6g 2 
4) are tabulated in Table 5.1. Tables 5.2 and 5.3 show 

the mass spectroscopic data for ((pEtoPh)Te],CH,.CH5I, and 

(PhTe) ,CH, .CH1, respectively. 

Figures 5.3, 5.4 and 5.5 show the major peaks in mass spectra 

{ (pEtoPh)Te],CcH CH, 2° (PhTe).CH CHSI and RTe (CH, ) X (where 
ee 2 4



X=Cl, Br and R=pEtOC.H,). Table 5.4 summarises the gore 

Mossbauer data for reaction products of NaTe(C_H 
604 

‘ 13 25, with dibromoalkanes. The ~C and Te NMR data for l-tel- 

OEt-p) 

luracyclopentane derivatives in DMSO are tabulated in Table 

S255 

The infra-red spectra of PORE OS nate acuor cages. CHAT 
Zoe 

and (pEtOC,H Te) CH, .CH,Br are shown in Figures 5.6, 5.7 

and 5.8 respectively. 

The ty NMR spectra for (pEtOC_H Te),CH,.CH I, and (pEtoc,#H, ) 674 28 674 

Te(CH,) ,Br in DMSO are shown in Figures 5.9 and 5.10. 136 

NMR for (pEtOC,H,) Te (CH,) ,Br and the ESR spectrum of (pEtOC,H, 

2 2-CHII, are illustrated in Figures 5.11 and 5.12 re- 

spectively. 

Te). CH 

Figure 5.20 and Figure 5.21 illustrate the infra-red spectra 

2:Pdcl,. Figure 

5.22 shows the infra-red spectrum of (RTeO) ,CH,Pdcl 

of the complexes Pd(PhCN) ,Cl, and (RTe) CH 

2 and 

Figure 5.23 shows that of (RTeO) 50. Figure 5.25 gives the 

major peaks in the mass spectrum of (RTeO) 50. 

5.4 Discussion 

The experiments were carried out by using a solution of 

diorgano-ditelluride RoTe, (where R=Ph, PEtOC.H,) in one 

portion of benzene and three portions of ethanol as desc-



  

  

          

m/e Species Relative Intensity 

+ = 516 | (pEtoc,H,),Te,(CH,) 30.5 

+e 2 $02 | (pEtoc,H,),Te, 6.2 

372 (pEtOC.H,) Te” 100 

208 5) \CHo TS. 29.0 

+ 265 | (pEtoc.H,)Te(cH,) 90.7 

251 (pEtOC,H,)Te™ 100 

242 | (pEtoc,H,),~ 98.1 

223 (p-HOC.H,)Te* 100 

93 OCeH.” 100 

ie -ikecae 100 

45 | ocjH, 95.3 

A relative to ty =2c Bere 12% 185 

Table 5.2 

Nu tw
 

Mass spectroscopic data for ((p-Etoc,H,)Te],cH 
2 

E AI,



  

  

  

m/e Species Relative Intensity 

428 (Pte), (cH, )* 22.4 

414 Poove os weak 

348 PhiCH,)TeI~ 51.0 

284 Phote” 100 

268 cr, 100 

221 PhTeCH,~ 99.0 

207 PhTe* 100 

154 PhD 95.3 

141 GHot 99.0 

ak Ph* 100     
  

Leelee 
A relative to “H Cc 

  
Table 5.3 Mass spectroscopic data for (PhTe),(CH,)CH I, 

 



  

  

        

Compound 62 a Ty 

| 

( (pEtoc,H,)Te],cH,.cH Br, Pogrss 7.58 6233 

(pEtOC,H,)Te(CH,),Br 0.36 5.58 5.68 

(pEtOC,H,)Te(CH,) Br 0.38 5.50 5.43 

a = 0.08 mms 7 vs 12550 cu 

b Quadrupole splitting (Eom mms~*) 

ae Mossbauer data (mms~*+) for reaction products 

a 
of NaTe (C,H ,OEt-p) with divronoal ates =? d 

Table 5.4
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‘(pEtOC.H ,Te) ,(CH,)CH5I,(g) 

Bec e ei 
((pEtoc.H,)Te],cH, CHoI, 

(m/e=516) es (m/e=268) 

+ + 
(pEtOC,H,) ,Te, (pEtOC.H,)TeCH, 

(m/e=502) (m/e=265) 

+ (HOC,H,),Te, (pEtOC,H,) Te 

(m/e=251) 
Y 

+ 
(pEtOC.8,) ,Te 

(m/e=372 ) 

an 
(HOC ,H,) Te 

(m/e=223) 

Quoted m/e values are referenced to 430 Te, 127 126, i 

and 68 

Figure 5.3 Major peaks in the mass spectrum of ((pEtOC.H,) Te), 

CH, .CH5I, 

wv pa a



(PhTe) CH. .cHLI 

  

  

ak cae 

(Phe) cH,* CHaI, Ph(CH,)Tez* 
(m/e=428 ) (m/e=268 ) (m/e=348 ) 

+ 
PhoTe 

(m/e=414) 

PhTe* 
(m/e=207) 

Quoted m/e values are referenced to rey, aie a2 and 4a. 

Figure 5.4 Major peaks in the mass spectrum of (PhTe).CcH 
on oe 

CHAT 
oo 

nN
 

(ts
 a



  

  

  

[RTe (CH) 4x], 

(Rote, ) + 2e RTe (CHS) ,X™ + 2e 

(m/e=388 (Br) ,344(C1) J 

mea 
v ; y 

+ + + RTe C,H ,OH Ro Te RTe(CH5) 4 
[m/e=474 (Br) ] (m/e=372 (Br ,Cl)] [m/e=307 (Br ,Cl)] 

284 

= 
Te,(CgH,0H), RTe 

[m/e=446 (Cl) ] [m/e=251 (Br ,Cl) ] 

| 

Te(C,H,0H)* R* 
[m/e=223(Br ,cl)] (m/e=121 (Br ,Cl)] 

Major peaks in the mass spectrum of (pEtOC.H )Te(CH,) X (X=Cl or Br). 674 4 
(140 ) 

Quoted m/e values are referenced to 13 0Te) 37e1, Sle, 126 li 

and ao. 

A round bracket around a fragment implies ‘not cbserved' and (Br and/or 

Cl) implies ‘observed for indicated X only’. 

Figure 5.5 
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ribed in Method A. The addition of alkaline sodium tetra- 

hydroborate affords a solution with the chemical properties 

of NaTeR. Addition of x(CH )X (where X=Cl, Br, I and n=l, 2a 

3, 4) to NaTeR solutions gave compounds similar to those 

obtained using the phase transfer catalyst (Method B). 

In both methods the same reaction products were obtained but 

the use of a phase transfer catalyst shows no obvious advan- 

tage in these systems. 

From the analytical data (Table 5.1), the empirical formula 

of (RTe) CH, .CHSX, (where R=pEtoOc Ph and X=Br, I) is 6Hg: 
obtained for the methylene compounds which is different from 

the empirical formula (RTe), (CHS) x obtained for 1,4 dibromo- 

butane and 1,3 dibromopropane with n=4 and 3 respectively. 

This suggests that the reaction of NaTeR with dibromo-and 

diiodo-methane follows a different course. 

In this instance, nucleophilic substitution of both halogen 

atoms proceeds but the products are isolated as pale yellow 

(CH,Br,) or deep yellow (CH5T,) solids containing 1 mol. of 

dihalogenomethane (RTe) ,CH,.CH,X, (X=Br or I). 

The mass spectra (Tables 5.2 and 5.3) are in accord with 

this formulation.(Products from the reaction with CHLBr, 

sometimes showed variable C analysis figures but this cor- 

relates with partial loss of dibromomethane. The broad 

nN nN
 
a



features of the spectra may be related as in Figures 5.3 and 

5.4. Preliminary experiments indicate that the materials 

behave as bis(telluride) ligands with 'soft' metal centres 

- vide infra) 

Infra-red and ly NMR spectra support the formulation of the 

complexes. For example, strong features at 1114, 725 and 

529 ema in the spectrum of C(pEtoc.H,)Te]_c# -CH,I, (Figure 
2 2 

§.6) certainly arise from CHOI, (Figure 5.7) and correlate 

with bands at 1100, 721 and 599 cm7! in the free liquid. a 

rather dilute solution of [ (pEtoC,8,)Te]_,cH,.cH eis Arye OGD! 2 Ze 

gave a ty NMR spectrum as shown in Figure 5.9, in which 

),S0 
ue 

significant broadening of signals had occurred, doubtless 

due to the paramagnetism detected by ESR spectroscopy (see 

below); the spectrum integrates correctly but the broad 

lines mask coupling of the Te-CH,-Te methylene protons to 

125.06 (natural abundance 6.99%). 

The Méssbauer spectrum has been obtained for C(pEtoc,H,)Te],- 

CH, .CH Br, and it will be noted (Table 5.4) that the para- 2a 

meters are out of step with those of the telluronium salts 

125 discussed below, Te Méssbauer data for (pEtOC_H )Te(CH,) ,Br 
Seal 

is typical of a telluronium (IV) compound and, in particular, 

4 is within the expected range for a telluronium salt. The 

results obtained for methylene compounds are seen to be more 

consistent with a tellurium. (II) species when comparing 

(87) values obtained for other tellurium (II) compounds 

Nv nN 4



The chemical isomer shift is, within the errors, more posi- 

tive than 6 for the other two compounds, which implies a 

greater s electron density on tellurium in this compound. 

This may imply that some mechanism is operative which leads 

to withdrawal oF Sp-electron density thus deshielding the 

5s electron pair. This hypothesis gains more positive sup- 

port from the value of A , which is significantly lower than 

that expected (ca. 10 mm Sie) for a telluride ‘®* Me At the 

same time the value is too high for a telluronium salt. 

Thus the methylene species are considered to be of two pos- 

sible formulations as illustrated in Figure 5.13. 

R 

| 
“ee arog Ae 

CHS ite 

ae Atenas o orer x 

| 
R 

R CH RR CH R 
2 Bs 72 Re 

“te a ~ Te ye Te 

x eS x x 
Rae BS. CHS CHS CHS 

Figure 5.13 

i)
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The compound CU (pEtOC.H,)Te],CH,.CH,I, gives a broad ESR 2 

Signal in solid state t=75 G) centered on g=2.18, as 

shown in Figure 5.11. This suggestion that these materials 

are indeed charge-transfer complexes is the only one which 

offers a self-consistent interpretation of all the data. 

It is proposed that electron density is transferred from 

the spare-pair p-orbital on tellurium. This will decrease 

the p-orbital occupational imbalance and, accordingly, 

reduce 4. Simultaneously, removal of p-electron density will 

increase 6. Similar effects have been noted for organotel- 

lurium complexes with 7,7,8,8-tetracyanoquinodimethane 

) 
(Teng) £259 and the implication is that charge-transfer is 

considerable. 

It has previously been suggested that a charge-transfer 

interaction may be the first step'in the oxidative addition 

of methyl- iodide to diphenyl-telluride'149). hee data 

support that hypothesis. 

The formulations of the n=l compounds i.e., the methylene 

compounds, have previously been suggested by Davis 141) to 

be as shown in Figure 5.14. These formulations were pos- 

tulated although they were not supported by physical data. 

CH 
mee 

2(RTeBr)?~ (Rte* re-R) 
a 

CHS 

- + 
(RTeBr,) (RTe (CH, )3) 

Eat 

- + 
(RTeBr,) (RTe (CHS) 4) 

24 ny be re)
 c H o u



Davis also suggested that (RTe) 5 (CHS) (Br, could possibly 

have a polymeric structure of the type shown in Figures 

$.15 and. 5'.16). 

mae s_ 
ae Br oar ?*-ar 

R-Te cee R-Te- - 

R-Te— ie > R-Te— aa 
»>Br Br : Ser, or 7 

R-Teo R-Tec 

(CH,) CH, 
a 2 a 

Figure 5.15 Figure 5.16 

However, it would appear that Davis based his proposals on 

an incorrect stoicheometry. 

The reaction of tetrahydroborate reduced ditellurides, RjTe, 

with (CH) (X5(n=3 or 4) gives materials of stoicheometry 

RTe (CHS) (xX. The compounds RTe (CH5) 4X (R=pEtOC.H, or Pho 

X=Cl or Br) are salt like and dissociate as 1:1 electrolytes 

in water. 12576 Mossbauer data (Table 5.4) for (pEtOC,H,) 

Te(CH,) ,8r are typical of a tellurium (IV) compound and, in 

particular, 4 is within the expected range for a telluronium 

salt. Thus the most acceptable formulation of the product 

is’ as a telluronium salt derived from 1-tellurocyclopentane 

(Figure. 5.17). 

i)
 Ww So



Nucleophilic attack on 1,4-dibromobutane by RTe~ has taken 

place, but quaternisation then proceeds more rapidly than 

attack at the second C-X bond by further RTe , as shown in 

Figure 5.18 (it seems likely that the telluronium salt may 

function as a ade serena ees Catalyst once small quantities 

have been formed, thus helping to explain why no advantage 

accrues from the use of benzyl-tri-n-butylammonium bromide). 

ne s 
RTe + Br=(CH,)4,-Br —. RTe-(CH,) ,-Br 

a) 
mo 

R’Te 
RTe (CH,) ,-Br Belca ee 

i, CH 
i z 

R—tTe CH, 
Nae 
ae: 

Br _Te*-R 
4 cw 72 ie 
CHy— CH, 

Figure 5.18 

The mass spectra of Rte (CH) 4x (X=Cl or Br) support the 

formulation shown in Figure 5.17 and, in general respect, 

do not differ greatly from the spectra of a range of salts 

based on 1 3-dihydro-2-telluraindene ‘+?! ). In particular, 

the observation of fragments containing two tellurium atoms 

may reflect a degree of association in the solid state, 

tw we



s ‘ a (158) which 1s quite common for this variety of compound : 

The general features of the spectra may be related as in 

Figure 5.5. 

Attempts were ee to study the NMR spectra of the products 

from the reaction of 1,4-dichlorobutane with NaTe(C¢H,OEt). 

The compound was not excessively soluble but a 135 NMR 

spectrum was obtained (Tablé 5.5) in DMSO which was 

essentially the same as for a solution in D,0. a solvent 

in which salt-like character has been demonstrated. Sig- 

nificant ion pairing occurs in DMSO as demonstrated by the 

2 ik An value which was 13.6 ohm~tem mol ~ as compared with 

values in excess of 30 ohm7> cm-mol expected for strong 

electrolytes. The spectrum is certainly inconsistent with 

an open-chain structure RTe (CH) 4C1 for which extra carbon 

resonances would be expected. Also it contains features in 

common with data for salts derived from 1,3-dihydro-2-tel- 

eT Nine 2 ere data are consistent with the lurindene 

telluronium salt formulation since the chemical shift is 

within the range of values for similar compounds. Thus, 

despite the limited solubility of the material, these NMR 

data (Table 5.5) provide good support for the proposed 

Structure in Figure 5.17. 

The product of the reaction of NaTe(C.H ,OEt) with 1,3-dibromo-~ 

propane is, from the Mossbauer data, also a telluronium salt. 

tv
 ws nN



It seems improbable that it should be formulated as a der- 

ivative of 1l-telluracyclobutane since such a ring would be 

too strained. Thus, a polymeric formulation is more 

plausible and, indeed, the mass spectra of such Counenuds 

are very eonnles with many fragments of Significantly higher 

m/e than (RTe (CH) 5x” 

Addition of vic dibromides, 2-methyl-2 ,3-dibromopentane and 

2-methyl-2,3-dibromobutane to the colourless solution on 

NaTeR produced the familiar ditelluride colouration and, 

indeed, R,Te, was recovered quantitatively. The other pro- 

duct was (when dibromides were used) an alkene which was 

generally identifiable by g.l.c. Thus it is possible that 

nucleophilic substitution does proceed and the ditelluride 

then eliminates in a concerted process (Equation 5.6). It 

is of interest that 2-iodo-2-methylbutane gave 2-methyl-2- 

butene under these conditions. 

- 7) ——s_R,Te, + R'CH=CHR" Eq. 5.6 2 
R'- CHR" :   

It has recently been shown that sodium hydrogen telluride 

(161), is a useful debrominating agent it would appear that 

NaTeR is no less effective. 

It is known '192) that the reaction of telluroester 

(PhCOTec OEt-p) with dichlorobis(benzonitrile) palladium(II), 684 

Pd(PhCN) Cl, results in an extremely insoluble red-brown 

N w Ww



th fe) rmul » product having an empirical 

(1653 5 4 

Diary1- 193-164) and dialkyit? 

Pd(RTe), where R=pEtCC.H,. 

a we 

-165) tellurides are known to 

substitute for the labile benzonitrile ligand in dichloro- 

bis(benzonierive palladium (II) to form four coordinated 

complex. anugede was expected that the reaction between 

Pd (PhCN) Cl and (RTe) CH, .CH,I, where R=pEtOC.H, would give 
2 674 

a complex. 

The reaction is immediate upon the mixing of the two start- 

ing materials in the solvent, the product being isolated as 

a dark red-brown insoluble material with a melting point of 

148°c. The structure is possibly dimeric, although this 

cannot be verified experimentally because the insolubility 

of the compound precluded molecular weight measurements in 

solution. 

Figure 5.20 shows the infra-red spectrum of the complex 

Pd(PhCN),Cl,. The infra-red spectrum of the palladium com- 

plex with (RTe) ,CHSI, where R=EtOC oH, (Figure 5.21) shows 

at 2224 cm? and 2298 cm 

band eround 600 cm! sup- 

the disappearance of Vv and 
(CEN) 

the absence of the broad \oreco) 

porting the proposed structures (Figure 5.19). The elemen- 

tal analysis is also in good agreement with the structures 

shown in Figure 5.19, having an empirical formula (RTe).,CH,.PdCl 
272: ce 

R CH, 
| cal S A ae 
rs Te e 

a ee ve Ci ied CH, a Npq pam 
™ te ™e2 Cia Cr 

| Te Te 

x TE De a R CHS R 

Figure 
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However, the mass spectrum of the complex does not show 

tragments of higher m/e than the molecular ion ((RTe) ,CH, 

Baer diy ruling out the possibility of a dimeric structure 

in the gas phase. 

With the dibromo- compound , (RTe) ,CH,CH Br Pd(PRCN) Cl 2 te 2a 
z : i n° forms a dark brown material with a melting point of 160°C. 

The infra-red spectrum of this compound (Figure 5.22) shows 

strong bands centered on 550 cmen 

istic !129) of 

which are very character- 

Y(teso)* Thus, the product almost certainly 

contains oxygen. 

There is evidence that ditelluride May react with oxygen in 

(160) solution to produce radical intermediates and this 

could occur with oxygen present in the solvent. There is 

also evidence that the ditelluride may undergo an ethanol 

catalysed photochemically initiated reaction with oxygen (165) 

as in Equation 5.10. 

oe 
R,Te, ——> RTe® —__, rTeo® Eq. 5.10 

hv 

The complex (RTe) Ho -CH,Brs produced from the reaction 2° 

between CHSBr, and RTe sometimes showed variable carbon 

analysis figures as discussed earlier. This correlates 

with partial loss of dibromomethane. Having such a group 

present makes it reasonable to assume that the tellurium(II) 

in (RTe),CH.,.CH Bro could easily be oxidised to (RTe=0) ,CH, 6 2 

239



in solution before reacting with (PhCN).Pdacl.. Thus, the 

reaction product (Figure 5.24.) could be different to that 

formed by the diiodomethane complex reaction with Pd(PhCN) 5 Cl,. 

However, complete structural analysis of these metal com- 

(167) 
plexes are in progress " 

a
D
 

'e@=0 5 Senor 
Cc Pd 

ei ~ 
Pa 

ee al 
ior 

R 

Figure 5.24 

Summarising the above discussion of dibromo-alkane reactions 

with ditellurides, it can be noted that generally vic-di- 

bromides eliminate the corresponding alkene together with 

ditelluride from the reaction, although the dibromomethane 

and diiodomethane resulted in charge-transfer complexes and 

1,4-dibromobutane and 1,3-dibromopropane resulted in tel- 

luronium salts. Thus the reactions of brominated natural 

rubber with the RTe anion would follow the same mechanisms 

according to the model reactions described above. If these 

reactions were extended to brominated natural rubber, the 

attack of RTe® at the adjacent bromine atoms would eliminate 

natural rubber and the attack of RTe at the bromine atoms 

separated by four carbon atoms would result in quaternization. 

It therefore appears that these reactions are not suitable 
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Figure 5.25 Major peaks in the mass spectrum of (RTeO),0 

where R=pEtOC.H,



for study of tellurium-carbon crosslinks with brominated 

natural rubber molecules. 

Another attempt was made to react the chlorine atoms in car- 

bonated alkenes with RTe. The carbenation of natural rub- 

ber by the phase transfer technique has appeared in 

literature! eee . It seemed that carbenated cyclohexene 

and 2-methyl-2-pentene would be suitable models for the 

above. 

The reagent (cel, ) is prepared in situ by a two-phase system 

involving reaction of chloroform with concentrated aqueous 

sodium hydroxide solution in the presence of a quaternary 

ammonium salt as catalyst. In this instance, tributylbenzyl- 

ammonium bromide was used as catalyst. 

NaOH(aq) + QBr(org) ——_, QOH(aq) + NaBr (aq) 

QOH (aq) —_ QOH (org) 

QOH(org) + CHCl,(org)__, 4,0 + Q*cl,c™ (org) 

Orci ce ~ > Qcl + :ccl, 

+ cel, = ae 

¢ cl 
where Q*Br = tributylbenzylammonium bromide 

The reaction of bis(p-ethoxyphenyl)ditelluride with 7 ate 

dichloromonorearane in the presence of the phase



nsfer catalyst afforded a white compound of melting point a ba w 

256°C. Analytical data suggests an empirical formula of 

(RTeO) 0. The infra-red spectrum of the white material 

-1(129 .170) (Pigure 5.24) shows the presence of v at 600 cm 

at v285 om 2 !229.170) The mass spectrum of 

(Te=0) 

aoe “ (Te70) 

the compound (Figure 5.25) shows a base peak at m/e 502 

(RTe,*) indicating the probable polymeric nature of the 

compound (Figure 5.26). 

on | q 
te we Te-R 
TONS ee 

° 
Le) 

Figure 5.26 

This suggests that the ditelluride is affected by atmos- 

pheric oxygen as discussed earlier in this section. Hence 

the following Equation 5.7 might indicate the method of 

production of (RTe0) 50. 

R-Te 9 hv RTe® 
+ ans el 

R-Te ° RTe 

207 
(RTeO),0 — 2RTe0° Eqs 5.7 

It therefore appears that no reaction took place with the 

carbenated organic species and extension to the actual rub- 

ber network could not be followed further.
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The Reaction of Organic Dihalides with Organy!telluride (RTe7) 
Anions: Telluronium Salts and Charge-transfer Complexest 

K. G. Karnika De Silva, Zahra Monsef-Mirzai, and William R. McWhinnie* 
Department of Chemistry, University of Aston in Birmingham, Birmingham B4 7ET 
  

The reaction of NaTeR (R = p-EtOC,H, or Ph) with organic dihalides (CH2),X2 (n = 1—4) affords 
telluronium salts (n = 3 or 4; X = Cl or Br) the nature of which is     iscussed. For n = 1 (X = Bror |) 
the products are formulated as charge-transfer complexes of stoicheiometry (RTe)2CH2°CH2X2. For 
n = 2, elimination of ditelluride occurs with formation of an alkene. The compound NaTeR is shown to 
be an effective dehalogenating agent for vic-dihalides. Some '2°Te Mossbauer data are discussed and it 
is suggested that the unusually low value of A (7.58 mm s~*) for (p-EtOC,H4Te)2CH2°CH2Brz relates 
to removal of 5p-electron density from the spare-pair orbital via the charge-transfer interaction. The 
related di-iodomethane complex gives a solid-state e.s.r. signal. Mass spectroscopic data are discussed 
and these support the formulations proposed. 

  

The reaction of a diorganyl ditelluride (R,Te) with aqueous 
alkaline sodium tetrahydroborate affords a solution with the 
chemical properties of NaTeR.' Our work had its origin in a 
desire to synthesise a range of bis(tellurides), RTe(CH2),TeR, 
and to study the ligand chemistry of these potentially biden- 

tate materials. It seemed that nucleophilic attack by RTe~ on 
organic dihalides, X(CH2),X (X = halogen, normally Br), 
would be worth examining; hence we carried out two-phase 

reactions (both in the presence and absence of a phase- 

transfer catalyst) involving NaTeR and the dihalides. Here we 
report on the products obtained. 

The literature* contains a report of the synthesis of 

(RTe),CH, (R= p-MeOC,H, or p-EtOCsH,) from the 
reaction of diazomethane with a ditelluride. 

Experimental 
(a) Synthesis—Two methods of preparation were used. 

These are illustrated for the reaction of di(p-ethoxyphenyl) 
ditelluride * with 1,4-dibromobutane. 

1-Bromo-1-p-ethoxyphenyltelluracyclopentane. Method A. 
Di(p-ethoxyphenyl) ditelluride (6.2 mmol) in benzene (2.5 
cm’) and ethanol (7.5 cm*) was heated to reflux. To this 
solution, sodium tetrahydroborate (10 mmol) in 1 mol dm™* 
sodium hydroxide (8.5 cm’) was added dropwise. The reaction 
mixture became colourless on completion of the addition. 
1,4-Dibromobutane (1 mmol) in benzene (5 cm*) was then 
added, and the warm mixture was stirred for 30 min. A fibrous 
white precipitate was obtained in 80% yield which was 
filtered off, washed with diethyl ether, and dried in vacuo. 
Recrystallisation from acetonitrile gave a white material, 
m.p. 280 °C. 

Method B. Di(p-ethoxyphenyl) ditelluride (1 mmol) in 
benzene (50 cm*) was treated with a solution of NaBH, (10 
mmol) and benzyltri-n-butylammonium bromide (2 mmol) 
in 1 mol dm™ sodium hydroxide (20 cm’), The mixture was 
stirred for 2 h during which time the colour of the ditelluride 
was lost. 1,4-Dibromobutane (1 mmol) was added and stirring 
continued for 4 h at room temperature. On setting aside, a 
fibrous precipitate was obtained in 70% yield and was sepa- 
rated, washed with diethyl ether, and dried in vacuo. Recrystal- 
lisation from acetonitrile gave the compound described in 

method A. 
It was found that 1,4-dichlorobutane was effective in the 

above preparations. Generally method A was used with the 
  

+ Non. S.1. units employed: €V ~ 1.60 x 10~° J,G = 10+ T. 

following organic dihalides; CH,Br,, CH2I2, and (CH2)sBr2. 

Reactions with dichloromethane gave products of indefinite 

composition containing tellurium-oxygen bonds (i.r.). Some 
reactions were also carried out using diphenyl ditelluride.* 

Reactions with dihalogenoethanes. When method A was 

used with dibromomethane and NaTeR, evolution of ethene 

occurred with regeneration of RTe;. 2,3-Dibromobutane 
gave but-2-ene (g.l.c.) and ditelluride; 2,3-dibromo-2- 
methylpentane gave 2-methylpent-2-ene (g.l.c.). 1,2-Dibro- 

mocyclohexane afforded cyclohexene (g.l.c., i.t.), and, 

interestingly, 2-iodo-2-methylbutane gave 2-methylbut-2-ene 

(g.l.c.). 

(6) Physical Measurements.—Infrared spectra (4 000—250 

cm”) were measured using a Perkin-Elmer 457 instrument, 

mass spectra with an AEI MS9 instrument (70 eV). G.Lc. 
analyses were carried out with Pye-Unicam equipment. 
Elemental analyses for carbon and hydrogen were obtained 

from the Microanalytical Service, Department of Chemistry, 

University of Aston. Conductivities were measured over a 
concentration range for aqueous solutions using a standard 
bridge. 

Some '*Te Méssbauer data were obtained at Simon 
Fraser University, Burnaby, Canada, at 4 K using equipment 
previously described.* 

3C N.m.r. spectra for p-EtOCsH,Te(CH;),Br were obtained 
in dimethyl sulphoxide (dmso) and in water. A Te n.m.r. 
spectrum for the same compound was obtained in dmso. 
The compound has only limited solubility and no °C-"5Te 
coupling was detectable in the “C spectrum. Proton n.m.r. 
spectra were measured in (CD;),SO using either a Perkin- 
Elmer R14 or JEOL FX 90Q instrument. The “°C and ™Te 
n.m.r. data were obtained at the Université de Rouen as 
previously described.° 

Analytical data are given in Table 1 and Méssbauer data 
in Table 2. Data for 1-chloro-1-p-ethoxyphenyltellura- 
cyclopentane are compared in Table 3 with data for some 

telluronium salts derived from 1,3-dihydro-2-telluraindene 
which have previously been published. Several of these salts 
have been characterised crystallographically. The main 

features of the mass spectra are summarised in Schemes 1 and 
2 

Discussion 
Reaction with Dihalogenobutanes and Propanes.—The use of 

conventional phase-transfer catalysis was of no obvious
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Table 1. Analytical data for new organotellurium compounds 

Analysis (%) 

Found Calculated Aa Me 
Compound Cc H Cc H (water) CC) 

[(p-EtOC,H,)Te],;CHyCH;Br, ° 30.0 3.10 31.5 3.20 = 154 
[(p-EtOCH,)Te];CH,’CH;1 27.2 2.90 278 2.80 = 118 

i 
(p-EtOC,H,)Te(CH3)3Br 36.0 3.80 355 4,00 — 260-262 

f= 3 

(p-EtOCH,)Te(CH),Br 37.2 4.40 37.4 4.40 176 258260 
1 

PhTe(CH,),Br WS. - 3609, 361 3.80 ~ 280 
ee 

(p-EtOC.H)Te(CH;),Cl 419 5.10 42,3 4,90 185 228-230 
a 

PhTe(CH;),Cl 39.9 4.10 40.4 4.35 = 240 
*In ohm™ cm* mol"; extrapolation to infinite dilution. Te: found 37.7, calc. 37.2%, Br: found 24.1, calc. 23.4%. 

  

Table 2. ‘Te Méssbauer data (mm s™) for reaction products of 
NaTe(C,H,OEt-p) with dibromoalkanes 

Compound ee ae Ty 
[(p-EtOCH,)Te],CHsCH,Br, 0.53 7.58 6.33 
(p-EtOC,H,)Te(CH;),Br 036 «5.58 5.68 

(p-EtOCsH,)Te(CH2),Br 0.38 5.50 5.43 
# £0.08 mm s+, vs. ™Sb/Cu. * Quadrupole splitting (0.1 mms”). 
  

advantage in reactions of 1,4-dichloro- or 1,4-dibromo- 
butane with sodium organotellurates, NaTeR. However, we 
have previously shown that when the catalyst is supported on 
an expandable clay good yields of product may be obtained 
in a short time.” 

The reaction of tetrahydroborate-reduced ditellurides, 
R,Te2, with (CH;),X2 (1 = 3 or 4) gives materials of stoicheio- 

metry RTe(CH;),X. Our most extensive studies have been 
with the n = 4 compounds since these show potential for 

application to organic synthesis.* The compounds RTe- 
(CH2)4X (R = p-EtOCsH, or Ph; X = Cl or Br) are salt like 
and dissociate as 1:1 electrolytes in water. '*°Te Méssbauer 
data for (p-EtOCsH,)Te(CH,),Br are typical of a tellurium(1v) 
compound and, in particular, A is in the expected range for a 
telluronium salt. Thus the most acceptable formulation of the 
product is as a telluronium salt derived from 1-telluracyclo- 

pentane (I), Nucleophilic attack on 1,4-dibromobutane by 

(D 

RTe~ has taken place, but quaternisation then proceeds more 
rapitlly than attack at the second C-X bond by further RTe~. 

(It seems likely that the telluronium salt may function as a 

phase-transfer catalyst once small quantities have been 

formed, thus helping to explain why no advantage accrues 
from the use of benzyltri-n-butylammonium bromide.) 

foot 
The mass spectra of RTe(CH,),X (X = Cl or Br) support 

formulation (1) and, in general respects, do not differ greatly 
from the spectra of a range of salts based on 1,3-dihydro-2- 
telluraindene.® In particular, the observation of fragments 
containing two tellurium atoms may reflect a degree of 
association in the solid state which is quite normal for this 

variety of compound,” The broad features of the spectra may 
be related as in Scheme 1. 

Attempts were made to study the n.m.r. spectra of the 
products from the reaction of 1,4-dichlorobutane with NaTe- 
(CsH,OEt). The compound was not excessively soluble but a 

*3C n.m.r. spectrum was obtained in dmso (Table 3) which was 

essentially the same as for a solution in D,O, a solvent in 
which salt-like character has been demonstrated. Significant 
ion pairing occurs in dmso since Aq was 13.6 ohm™ cm? 
mol compared with values in excess of 30 ohm cm? mol 
expected for strong electrolytes. The spectrum is certainly 
inconsistent with an open-chain structure RTe(CH;),Cl 
for which extra carbon resonances would be expected, also it 
contains features in common with data for salts derived from 
1,3-dihydro-2-telluraindene.“* The Te data are also 
consistent with the telluronium salt formulation since the 
chemical shift is within the range for similar compounds. We 
have previously demonstrated that 5(‘*Te) is sensitive both to 
the anion and the quaternising group R within a given solvent 
for a particular series of telluronium salts. Thus despite the 
limited solubility of the material, these n.m.r, data provide 
good support for the proposed structure (I). 

The product of the reaction of NaTe(C,H,OEt) with 1,3- 
dibromopropane is, from the Méssbauer data, also a telluro- 

nium salt. It seems improbable that it should be formulated 
as a derivative of 1-telluracyclobutane since such a ring would 
be too strained. Thus a polymeric formulation is more plaus- 
ible and, indeed, the mass spectra of such compounds are 
very complex with many fragments of significantly higher m/e 
than [RTe(CH;);X]*. 

Reactions with Dihalogenomethanes.—The reaction of 
NaTeR with dibromo- or di-iodo-methane followed a different 
course. In this instance, nucleophilic substitution of both 
halogen atoms proceeds but the products are isolated as 
pale yellow (CH,Br,) or deep yellow (CHz1,) solids containing 
1 mol of dihalogenomethane, (RTe),CH,*CH,X; (X = Br or 
I), The mass spectra (Scheme 2) are in accord with this 
formulation. [Products from the reaction with CH,Br; some- 
times showed variable C analysis figures but this correlates 
with partial loss of dibromomethane. Preliminary experi- 

ments indicate that the materials behave as bis(telluride) 
ligands with ‘ soft ’ metal centres.] 

Lr, and 'H n.m,r. spectra support the formulation of the 
complexes. For example strong features at 1 114, 725, and 
592 cm™ in the spectrum of [(p-EtOC,H,)Te];CH,CH2I, 
certainly arise from CH,I, and correlate with bands at 1 100, 
721, and 599 cm™ in the free liquid. A rather dilute solution 
of [(p-EtOCeH,)Te],CH2*CH,I, in (CD;),SO gave a*H n.m,r.
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[RTe(CH2).X], (8) 

(R,Te,*) + 2¢ RTe(CH,),X* + 2e 
-GH, (m/e = 388 (Br), 344 (Cl)] 

RTeTeC,H,OH* 
[m/e = 474 (Br)] RTe(CH;),* 

—CH, [m/e = 307 (Br,Cl)] 

Tex(CsH,OH)2 R.Tet 
[mje = 446 (CI)] [mje = 372 (Br,C)] 

RTe* 
[mje = 251 (Br,C))] 

Te(C,H,OH)* 
[mje = 223 (Br,C))] 

Rt 
[mle = 121 (Br,Cl)] 

ce 
Scheme 1. Major peaks in the mass spectrum of (p-EtOCH,)Te(CH;).X (X = Cl or Br). Quoted m/e values are referenced to Te, *"Cl, 
“Br, 2C, 'H, and 0. A round bracket around a fragment implies not observed and (Br and/or Cl) implies observed for indicated X only 

  

Table 3. Carbon-13 and Te n.m.r, data for 1-telluracyclopentane derivatives in dmso 

Compound 
Eo 

2 0-CH,CH3 
oa é 

y 

Be 
cl 

2 

oe 
<< 

* Data from refs. 6 and 9. 

6(°C) vs. SiMe, 

34.4 * (C2) (R = Me, X = 1) 
x 34.3 * (C2) (R = allyl, X = Br) 

8(5Te) vs, MezTe 

31,43 (C'), 35.68 (C?), ? (C*), 134.66 (C*), 
115,73 (CS), 160.11 (C®), 63.21 (C”), 14.33 (C*) 761 

651* (R = Me, X =I) 
688.3 * (R = allyl, X = Br) 
722 * (R = benzyl, X = Br) 

  

(a) [(p-EtOC.H,)Te],CHy'CHily 
[(p-EtOC,H,)Te],CH;*, (p-EtOC,H,);Te.*, (p-EtOC,H,)Te*, CHalz*, —(p-EtOC,Hs)Te(CH:)*, (p-EtOC.H,)Te*, (p- HOCH.) Te* 

(mje = 516) (m/e = 502) (mje = 372) — (m/e = 268) (mje = 265) (mje = 251) (mje = 223) 

(6) (PhTe),CHy'CHalz 

(PhTe),CH,*, Ph,Te;*, Ph(CH,)Tel*, Ph.Te*, CHi1,*, PhTe* 
(mle = 428) (m/e = 414) (m/e = 348) (m/e = 348) (m/e = 268) — (m/e = 207) 

Scheme 2. Tellurium-containing fragments in mass spectra of charge-transfer complexes of RTe(CH,)TeR with di-iodomethane. Quoted 
mie values are relative to Te, ¥C, 1H, '*O and "71 

spectrum in which significant broadening of signals had 

occurred, doubtless due to the paramagnetism detected by 
e.s.r, spectroscopy (see below); the spectrum integrates 
correctly but the broad lines mask coupling of the Te-CH.-Te 

methylene protons to '°Te (natural abundance 6.99%). 

A Méssbauer spectrum has been obtained for [(p-EtOC,- 
H,)Te],CHyCH;Br; and it will be noted (Table 2) that the 
parameters are out of step with those of the telluronium salts 
discussed above. The chemical isomer shift is, within the 
errors, more positive than is 6 for the other two compounds 
which implies a greater s-electron density at tellurium in this 
compound. This may imply that some mechanism is operative 
which leads to withdrawal of Sp-electron density thus de- 

shielding the 5s pair. This hypothesis gains more positive 
support from the value of A which is significantly lower than 
that expected (ca. 10 mm s") for a telluride. At the same 
time the value is too high for a telluronium salt. We suggest 
that the material is a charge-transfer complex and two 

possible formulations are the illustrated (Ila) and (IIb). The 
compound [(p-EtOCsH,)Te],CH2*CHzI2 gives a broad e.s.r. 
signal in the solid state (T, ~ 75 G) centred on g = 2.18. The 
suggestion that these materials are indeed charge-transfer 
complexes is the only one which offers a self-consistent 

interpretation of all the data. It is proposed that electron 
density is transferred from the spare-pair p orbital on tel- 

lurium, This will decrease the p-orbital occupational im-
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balance and, accordingly, reduce A. Simultaneously removal 
of p-electron density will increase 5. Similar effects have been 
noted for organotellurium complexes with 7,7,8,8-tetra- 

cyanoquinodimethane (tcnq) '® and the implication is that 
the charge transfer is considerable. 

We have previously suggested that a charge-transfer inter- 
action may be the first step in the oxidative addition of 
methyl iodide to diphenyl telluride."’ These data support that 
hypothesis. 

Very recently, Engman and Cava™ reported that the 
reaction of LiTeR with dichloromethane affords RTeCH,TeR 
(e.g. R = benzo[b]thien-2-yl). 

Reactions with Dibromoethanes and other vic- Dibromides,— 
Only brief comment is necessary. Addition of these di- 
bromides to the colourless solution of NaTeR produced the 
familiar ditelluride colouration and, indeed, R,Te: was 

recovered quantitatively. The other product was (when 
dibromides were used) an alkene which was generally identi- 
fied by g.l.c. Thus it is possible that the nucleophilic sub- 

stitution proceeds and that ditelluride then eliminates in a 
concerted process (Scheme 3). It is of interest that 2-iodo-2- 
methylbutane gave 2-methylbut-2-ene under these conditions. 
We have not checked the generality of this reaction. It was 

J, CHEM. SOC. DALTON TRANS. 1983 

  RTe-~-TeR 

R'CH ~ CHR” —> RpTe, +R’CH=CHR” 

Scheme 3. 

recently shown that sodium hydrogentelluride was a useful 
debrominating agent," it would appear that NaTeR is no less 
effective. 
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