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PREFACE 

The element tellurium was discovered by Franz Joseph Mueller von 

Reichenstein in 1783. Its first organic derivatives were prepared by 

Wohler in 1840. Although organic tellurium chemistry is almost as old 

as organic chemistry, many areas - some of which are mentioned in the 

introduction - remain almost unexplored. This slow development was 

at least partly caused during the early years by the scarcity of elemental 

tellurium from which all preparations started. Later, tellurium chemistry 

was pursued - with few exceptions - as an extension of selenium chemistry. 

Work presently in progress in some of the unexplored areas of organic 

tellurium chemistry soon convinces every investigator that there are at 

least as many dissimilarities as there are similarities in the chemical 

behavior of selenium and tellurium. Much remains to be accomplished in 

this field and challenging problems face the resourceful synthetic chemists. 

This volume should serve as the starting point for further investigations, 

making available the thus far accumulated knowledge of organic tellurium 

chemistry in concentrated form. 

The author expresses his appreciation for financial support of his 

research endeavors in the area of organic tellurium chemistry and related 

fields during the time this book was written to the Selenium-Tellurium 

Development Association, Inc. of New York and the Robert A. Welch Foundation 

of Houston, Texas. The Selenium-Tellurium Development Association 

generously sponsored this book and made its early publication possible. 

Special thanks go to Mrs. Catherine Mieth, who patiently performed the 

arduous task of typing the manuscript. 

Kurt J. Irgolic 
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I. INTRODUCTION 

Organic tellurium compounds have a history dating back to 1840. 

Woehler, who founded synthetic organic chemistry, was also successful 

in preparing dialkyl tellurides, the first organic compounds of tellurium. 

Only a few isolated investigations were performed during the next 

70 years. Lederer enriched the knowledge in this area of chemistry 

through his fruitful work in the decade between 1910 and 1920. His 

synthetic efforts produced a large number of aromatic tellurium 

derivatives. Morgan, Drew and their coworkers beginning in 1920 

explored the chemistry of five- and six-membered ring systems, 

concentrating on 1-tellura-3,5-cyclohexanedione and its derivatives. 

More recently organic tellurium compounds were investigated by 

Petragnani, de Moura Campos and their coworkers. Russian workers 

(Egorochkin, Nefedov, Radchenko, Vyazankin) have published many papers 

in this area with an emphasis on compounds containing tellurium-metal 

bonds. Schumann and coworkers were also active in this field. Organic 

tellurium compounds containing radioactive tellurium isotopes have 

been synthesized recently by decay of organic compounds of tosetedine 

ee tae or from 132-tellurium fetrachineide oa 125-antimon 

The distribution of publications over a time span of 130 years is presented 

in Fig. I-l. A minor information explosion during the past decade is 

clearly evident. 

Since 1840 less than 600 publications have appeared dealing with 

organic tellurium compounds. Compared to organic selenium chemistry, 

organic tellurium chemistry lies still in its infancy. Selenocarbohydrates 

are well known substances. The only attempt to prepare a corresponding 

381 
tellurium compound had failed . The chemistry of tellurophene is almost 

unexplored. Tellurium containing amino acids or peptides are unknown. 
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1850 1900 1950 

Fig. I-l: The Yearly Publication Rate for Papers Dealing with Organic 

Tellurium Compounds. 

Heterocyclic tellurium compounds with nitrogen atoms as ring members 

have not yet been prepared. Even many "facts" reported in the literature 

cannot be considered as the final truth. Many contradictory statements 

will be found in the following sections. These doubtful reports have 

been included in the discussion, because there was in many cases no way 

of selecting the reliable results. It is our hope that new investigations 

will soon resolve the open questions. 

The chapters in this book have been organized to provide an easy 

access to the information available on the topics treated. The first 

part of each section describes the preparation of the compounds. The 

second part dealing with the properties and chemical reactivity is 

usually short containing cross-references to the synthetic sections, 



where a particular reaction is treated in more detail. The synthetic 

methods for a certain class of organic tellurium compounds are outlined 

in general terms. Literature references and data for specific compounds 

are collected in tables. This arrangement should make it possible, to 

locate easily a specific compound, its melting or boiling point, the methods 

available for its synthesis and the yields as reported in the literature. 

An attempt has been made to completely present the field of organic 

tellurium compounds. The literature has been searched from 1840 through 

1971. The papers abstracted in Chemical Abstracts, Volume 76, No. 1 to 11, 

have been included. 

The symbol R is employed throughout this book to represent aliphatic 

as well as aromatic groups. The meaning of R is either stated in the 

text or explained in a note following a chemical equation or a structure. 

The following review articles have been very helpful in preparing 

this chapter: J. N. E. Day) (1928, organic compounds of tellurium), 

Gabe Moreen (1935, heterocyclic tellurium compounds), A. N. Necmevancy 2 

ee (1955, organic (1945, organic tellurium compounds), H. Rheinboldt 

tellurium compounds), S. C. Abrahane’ (1956, stereochemistry), 

M. de Moura Capos (1960, vicinal group participation in organic compounds), 

N. Petragnani and M. de Moura peapoaeed (1967, new topics in organotellurium 

chemistry), E. W. Abel and D. A. Arnteaeee (1967, compounds with a tellurium- 

group IV element bond) and K. J. Irgolic and R. A. Pieienpouse | (1970, reactions 

of organotellurium compounds). 



II. NOMENCLATURE OF ORGANIC TELLURIUM COMPOUNDS 

It certainly would be desirable to have a set of nomenclature rules 

which would make it possible to name all organometallic and organometalloida’ 

compounds in a simple and consistent manner. Such a set of official rules 

does not yet exist. Substitutive nomenclature which has been used extensive! 

in the literature seems to be the most adaptable method of forming names. 

Substitutive nomenclature has, however, the disadvantage that the metallic 

and metalloidal part is in most cases an appendix to the organic parent 

compound. Such an arrangement might not be acceptable to some organometallic 

chemists, who would like to see their favorite element in a more prominent 

position. 

The nomenclature of organic tellurium compounds should follow the 

rules set forth for the sulfur and selenium derivatives in order to have 

a consistent way of naming the organic compounds of the group VI elements. 

The suggestions for naming organic tellurium compounds presented here are 

patterned according to the rules established for sulfur derivatives by 

IUPAC, which are published in the book "Nomenclature of Organic Chemistry" 

(Butterworth, London, 1965). The acceptable names for organotellurium 

compounds have been compiled in the following pages. Not all of these names 

have actually been used in the literature. Table II-1 contains the suggested 

prefixes, suffixes and functional class names for quick reference. 

Suffixes are available only for those organotellurium compounds, which 

contain not more than one carbon-tellurium bond. For compounds with two 

or more carbon-tellurium bonds one is presently forced to use substitutive 

nomenclature with prefixes or radicofunctional nomenclature in conjunction 

with functional class names. Functional class names are available for only ¢ 

4 



5 

few types of compounds in which tellurium is bonded to only one carbon atom. 

The names for the organic parts of the organometallic compounds are formed 

according to the nomenclature rules of organic chemistry. 

It should be pointed out that in substitutive nomenclature the entire 

name of a compound is written as one word, while in the radicofunctional 

naming method the functional class name and the different radicals are 

separate words. The latter method seems to give rise to less confusion 

than substitutive names unless liberal use of parentheses is made. 

R-Te-H: Using substitutive nomenclature, the suffix for the principal 

group -TeH is tellurol. Combined with the parent compound one obtains 

names like alkanetellurol. Should the alkane be substituted, there exists 

in cases the choice between using prefixes for the substituent or conjunctive 

nomenclature. 

C1-CH,CH,-TeH e-CH, ,CH,-TeH 

ehloroalkanetellurol eye Lohexylmethanetellurol 
eye Lohexanemethanetellurol 

Should the -TeH group not be the important part of the compound, the 

prefix hydrotelluro is employed, e.g., hydrotelluroalkane. Tellurol 

is not a generic name like alcohol. Therefore, names like methyl tellurol 

are incorrect. Tellurium analogs of aromatic phenols have also been named 

by placing the prefix telluro, which indicates the replacement of oxygen 

by tellurium, in front of the name for the phenol, e.g., tellurophenol. 

This practice should be discontinued. 

Salts of tellurols can be named in two ways as shown for the sodium 

derivative: 

sodtum alkanetellurolate 

ae sodtum alkyl telluride 



R-Te-X: In these derivatives of divalent tellurium X represents the 

S 2 
following groups: Cl, Br, I, C10,, -S-S-CH., Te $-CH., -S-C-OCH., and 

4 é 3 65 3 

~S,0,Na. These compounds can be looked upon as Reais of the unknown 

alkanetellurenice acid, R-Te-OH, with the acids whose anions are given above. 

According to this view names like alkanetellurenyl haltde or alkanetellurenyl 

methanethtosulfonate are formed. However, since the compounds RTeC1, are 

called alkyl tellurtuwn trichlorides, it is reasonable to propose alkyl 

tellurtum chloride for RTeCl. The term tellurenyl should then be used only 

as a general name for these compounds. As a prefix in substitutive 

nomenclature nttratotelluro, chlorotelluro, (methyl xanthatotelluro) may 

be used, 

R-Te-R:; Radicofunctional nomenclature is generally employed for this 

class of compounds. Telluride is the functional class name. 

R-Te-R CpHo- -Te- ~CH, 

radicofunctional: dialkyl telluride phenyl methyl telluride 
substitutive: alkyltelluroalkane methyltellurobenzene 

Although IUPAC favors substitutive nomenclature, the radicofunctional names 

are preferred by most authors unless a simple RTe- group is attached to a 

complicated organic molecule, e.g.: 

Oo 
tgp 

#0 CH,—Te 

a,a-diphenyl-é-(2-naphthyltelluro)-y-valerolactone 

5- (2-naphthyltelluromethy1l)-2-oxo-3 ,3-diphenyl-1-oxacyclopentane 

The term telluroether should not be used. The tellurides containing several 

tellurium atoms in an aliphatic chain can be named using replacement 



nomenclature according to the following example: 

CH,-Te-(CH,) ,-Te-CH, 

2, 8-ditel Luradecane 

The prefix telluro designates divalent tellurium and has been employed in 

naming symmetric tellurides. Names like tellurodiacetie actd for 

Te (CH,,COOH) . are confusing and should not be used. The radicofunctional 

name bts(carboxymethyl) telluride is preferred. 

R-Te-Te-R: The functional class name of ditellurtde together with 

the appropriate names for organic radicals give the almost exclusively 

used name of dialkyl ditelluride. The group R-Te-Te- is called 

alkylditelluro when employed as a prefix. Ditelluro designates the 

bivalent -Te-Te- group. 

Te-CH,, COOH bts (carboxymethyl) ditelluride 
| 
Te-CH, COOH (carboxymethylditelluro)acetie acid 

Names like ditellurodiacetie actd which are sometimes found in the 
cy 

literature should not be used. 

Rolex»: These compounds are named according to radicofunctional 

nomenclature rules. Tellurium dichloride is considered to be the functional 

class name with the groups bonded to tellurium added as radicals. 

(CpH,) ,TeCl, 

functional class name: tellurium dichloride 
radical: phenyl 

complete name: diphenyl tellurtun dichloride 

In the case of a compound with two difference organic groups, both are 

written as separate words. The radicals should be arranged alphabetically 

according to the rules of organic nomenclature, 

Cl 
CgH,—Te-CH,C1 chloromethyl phenyl tellurtum dichloride 

Cl 



So far the compounds with X representing F, Cl, Br, I, CN, OH, NO, C,0)> 

SO), SO,H, picrate, carboxylate and OR have been prepared. They are 

named dtalkyl tellurtum dinttrate, dialkyl tellurtum oxalate, etc. 

Compounds are known, which are represented by the general formula 

R,TeXY. R,Te(OH)C1 would be called dtalkyl tellurtum chloride hydroxide. 

There is, however, some experimental evidence, that the hydroxides are 

telluronium compounds, [R,Te (OH] “C1” and should therefore be named 

dtalkyl hydroxy tellurontum chloride. The respective anhydrides, 

[R,Te-O-Ter,]**2c1", could be called tetraalkyl u-oxo ditellurontum 

dichloride. 

RTe0: The correct functional class name is telluroxtde. 

Using the preferred radicofunctional nomenclature, names like dialkyl 

telluroxtde and alkyl aryl telluroxide are obtained. Different organic 

radicals are again written as separate words. The prefix for RTe(0)- 

is alkyltellurtinyl. 

6) CH,-COOH 

R-te-C,H, Oeré 
‘CH,-COOH 

(alkyltellurinyl) benzene (cearboxymethyltellurinyl)acette acid 
bts (carboxymethyl) telluroxtde 

Ring compounds having the group -Te(0)- as a ring member are named as 

tellurium oxide, 

3 

| | 1-telluracyclopentane Te-oxide 
5 1 2 

Te 1-telluracyclopentane 1-oxtde 

Role0o: Tellurone is the functional class name for these compounds. 

The names are formed in the same way as discussed for telluroxides. 

O 

Rte - as prefix is called alkyltelluronyl. The ted, group as a ring 
0 

member is designated as Te, Te-dtoxide. 
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0 CH,COOH 
L 4 If 

tet “ Te 
feo SS ey 0 CH,COOH oO Oo 

bts (carboxymethyl) tellurone 1-telluracyelopentane Te,Te-dtoxide 
(carboxymethyltelluronyl)acetie acid 1-telluracyelopentane 1,1-dtoxtde 

RTex.: Using RTeCl 3 as an example, the composite functional class name 
3 

is tellurtun trichloride. Adding the radical the name becomes alkyl tellurium 

trichloride. So far compounds with X representing F, Cl, Br, I, OH and ~SC(S)NR, 

have been prepared. Trtchlorotelluro is used as a prefix for -TeCl,. 

RTe(O)OH; Substitutive nomenclature is employed for this class of 

compounds with tellurtnic acid as a suffix. The organic component is 

considered to be the parent compound. 

butanetellurinte actd 

: Hote (0)0H 1-tellurinobutane 4 

The prefixes tellurino and alkyltellurinyl designate the groups -Te(0)0OH 
O 

and R-Te-, respectively. 

RTe0 Ht The alkanetelluronie acids, not yet prepared, are named using 

telluronte actd as suffix, and tellurono and alkyltelluronyl as prefixes 
O 

H and R-Te-, respectively. 

O 

for the groups ~Ted., 

RTe(O)X: Compounds with X representing Cl, Br, I and NO, are known. 

Telluritnyl halide is the correct suffix generating names of the type 

alkanetellurinyl todide. The anhydrides [X= RTe(0)-] are named alkane- 

tellurtnte anhydrides. 

R,Tex: Telluronium salts with X representing the anions We Cle yaby A 

POL mm picizat em. mCi: 0 pe Cr, 05 5, Pucl,” and other complex anions derived 

from metal halides are known. An unsymmetric telluronium salt would be named 

ethyl methyl phenyl telluronium halide. Telluronium halide is considered 

to be the functional class name to which are added as separate words the 
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radical groups bonded to tellurium. The following names should serve 

as examples. 

[ (cH) ,Te] "I trimethyl tellurontum todide 

[ (CH,) ,C,H.Te] OW dimethyl phenyl telluronium hydroxide 

[(C,H,) ,CH,Te],[PtCl,] bis(methyl diphenyl tellurontun) hera- 

ehloroplatinate (IV) 

If the cation is cited as a prefix telluronto is used, e. g., 

(dimethyltelloronto)benzene hydroxide for [(CH,),TeC HL] "OH. 

Rife: Tellurium compounds with four carbon-tellurium bonds are named 

using tellurtum as a functional class name with the organic groups added as 

radicals. 

(C, Hg) ,Te tetrabutyl tellurtum 

(G (CH,),Te dimethyl diphenyl tellurtum H 
6 5)2 

RCTe: The tellurium analogs of ketones are either named by indicating 

the substitution of tellurium for oxygen by adding tellurag to the functional 

class name ketone, or in substitutive nomenclature by using the prefix 

telluroxo (not telluro) to indicate a tellurium atom formally double bonded 

to a carbon atom. 

5 ethyl methyl telluroketone 
He-G—CaH 

G g Co 5 2-telluroxobutane 

fi 

BC : Aldehydes in which oxygen is replaced by tellurium, are named 

Le 

by using telluroformyl as prefix, carbotelluraldehyde as suffix or the term 

telluro together with the name for the O-aldehyde. 

Te tel luroformylpropane 
propanecarbotel luraldehyde 

H tel lurobutanal 



ik 

Ring compounds: Replacement nomenclature with tellura indicating the 

substitution of -Te- for -CH,- is generally employed for naming heterocyclic 

tellurium compounds. 

i ch 

Te Te 

telluracyclohexane 1,3, 5-tritelluracyclohexane 

e S 
Te Te 

1-oxa-4-telluracyeclohexane 1-thia-4-tel luracyelohexane 

CLIO Te 
Te 

tellurotsoechroman telluranthrene 

@Oe® Owes Te Te 

thtophenox tel lurine phenox (a) tellurine 

telluracye Lopentane benzo tel Lurophene tel lurophene 
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III. ELEMENTAL TELLURIUM, STRUCTURE AND PROPERTIES 

The abundance of tellurium in the earth's crust has been determined 

to be 2 x Woe ner cent by weight. Tellurium is thus as rare as gold. 

Tellurium can replace sulfur in sulfidic ores and may become enriched 

(BQ) By 3 HOT pee cent by weight. Although a number of tellurium minerals 

are known, they do not form large deposits. Tellurium has always been 

obtained as a by-product of mining and processing operations of other 

ores. Today tellurium accumulates as a by-product of the electrolytic 

copper refining process. The anode sludge can contain up to 8 per cent 

tellurium in addition to selenium, copper, silver, gold and the platinum- 

group metals. 

The sludge is roasted in an oxidizing atmosphere. The roasted 

product is melted with sodium carbonate or with a sodium nitrate-sodium 

hydroxide mixture converting tellurium into water soluble sodium tellurite. 

The aqueous extract of the cooled melt precipitates tellurium dioxide 

upon neutralization with sulfuric acid. Sodium selenite remains in solution. 

An alternate method treats the roasted sludge with hot 15 per cent sulfuric 

acid. The undissolved material is extracted with 10 per cent aqueous 

sodium hydroxide. The extraction residue may then be treated with sodium 

carbonate to recover the last amounts of tellurium. The tellurium dioxide 

obtained in this manner reacts with sulfur dioxide in concentrated 

hydrochloric acid solution or with elemental carbon at 400-450° to produce 

tellurium. 

This crude tellurium contains as impurities selenium, copper, arsenic, 

antimony, bismuth and traces of other elements. The purification is 

achieved by employing one, but generally several of the following 

151,201 
methods Distillation under a hydrogen atmosphere separates 

tellurium from all non-volatile substances. Only traces of hydrogen 

3 
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telluride are formed. The separation from selenium can be accomplished 

by dissolving the impure element in a hot, concentrated hydrochloric 

acid-nitric acid mixture. After removing all the nitric acid selenium 

is preferentially reduced by sulfur dioxide at high acid concentration. 

Boel Melting the impure Upon dilution tellurium precipitates 

tellurium with potassium cyanide in a reducing atmosphere converts 

selenium and sulfur into potassium seleno- and thiocyanates, respectively, 

while tellurium forms potassium telluride. The melt is taken up with 

water. When air is passed through this solution elemental tellurium is 

precipitated. In order to remove traces of metals like iron and 

aluminum, the tellurium is treated with dilute hydrochloric acid. A 

boiling aqueous potassium cyanide solution is used to dissolve gold and 

residual selenium. Tellurium can also be purified by recrystallization 

of the basic tellurium nitrate 2TeO, + HNO, , which is formed upon 

dissolution of finely divided tellurium at 70° in nitric acid of density 

1.25g/ml. Careful heating of the nitrate produces pure tellurium dtonider ste? 

The methods available for the extraction and purification of tellurium have bee 

eps e evs It has been etatedss that distillation is the best reviewed 

purification method for elemental tellurium. 

While sulfur and selenium can exist in several allotropic modifi- 

cations, only one crystalline and an amorphous form of tellurium have 

thus far been detected. Amorphous tellurium is reported to precipitate 

upon reduction of tellurous acid, H,Te0,, with sulfur dioxide or hydrazine 

hydrate as brown to grey secre ON A tellurium ee, which had been 

rapidly cooled, was claimed to be a mixture of amorphous and crystalline 

Pelluviue The X-ray powder patterns of tellurium samples prepared 

according to methods, which should have given amorphous products, were 

identical to those of crystalline Pika see oo. Tellurium evaporated in 

vacuum onto a collodion membrane gave electron diffraction maxima similar 
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to those produced by crystalline patertal=s However, tellurium 

precipitated by reduction of tellurous acid by hydrazine hydrate, gave 

a diffraction pattern characteristic of an amorphous ices Recently, 

rapidly solidified samples of tellurium were found to give a te Te nuclear 

Magnetic resonance spectrum, which indicated the presence of amorphous 

parts in the ppecines se The values reported for the enthalpy of 

transformation of amorphous to crystalline tellurium vary between 

-24 kcal/mole and +2.63 Ron hfeole Powder patterns of vacuum deposited 

tellurium gave no indication of a structure change in the temperature 

range from -192° to Hecée ee, 

Crystalline tellurium possesses a hexagonal unit cell containing 

three atoms. The tellurium atoms are arranged in helices of three-fold 

symmetry, the prism edge serving as the screw axis. The fourth atom 

in the helix is positioned exactly above the first atom. The radius of 

the helix, the perpendicular distance from the center of each atom to 

the axis, is 1.20A. The shortest distance between two atoms in the same 

helix is 2.68A, while 3.46A was found to be the shortest distance between 

atoms in neighboring helices Von st Figure III-1 shows the unit 

cell for hexagonal tellurium. 

A three-fold screw axis is either right-handed or left-handed. 

Cleavage planes of tellurium crystals were exposed to hot sulfuric acid. 

The etch pits showed, that nearly equal numbers of right- and left-handed 

crystals were formed in these experiments |. The observed anisotropy 

of the 12306 chemical shifts was in good agreement with the calculated 

194d 
one for right- and left-handed crystals ‘ 

Crystalline tellurium is a silver-white substance with metallic 

luster. It melts at 449.8° to a dark liquid and boils at ya00e ee 

Gaseous tellurium is diatomic from 1400-1800° with an internuclear 

Zz 265,266 
distance of 2.59 » This value obtained from electron diffraction 
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experiments agrees well with that of 2.61A derived from spectroscopic 

aece ee The density of crystalline tellurium is 6.25g/ml, while a 

iil 
density range of 5.8-6.1 g/ml is reported for the amorphous modification A 

Fig. III-l: The Hexagonal Unit Cell of Tellurium 

The electrical conductivity of tellurium at 500° is only 1 per cent that 

of cold Aa ee Light causes a small increase in the penductiviey = as 

Tellurium is insoluble in all solvents which do not react with it. Its 

extreme brittleness allows it to be easily powdered. A detailed discussion 

of the physical properties of tellurium is available in the divers tutenea 

The industrial demand for tellurium is small. The 69 patents claiming 

applications for organic tellurium compounds are listed in Appendix I. 

Small quantities of tellurium are employed as secondary vulcanizing agents 

for natural eibborees The addition of 0.02-0.085 per cent tellurium to 

lead increases the corrosion resistance of lead. Steel can be worked 

more easily if it is alloyed with tellurium. Tellurium added to glass 
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and ceramics imparts a blue to brown color, but in larger concentrations 

a purple color caused by the presence of polytellurides is obtained. 

The industrial applications of tellurium and its compounds have been 

described by Ciaaoness Nechenant oe pornas and Cooper Tellurium 

and inorganic tellurium compounds show great promise as catalysts in the 

oxidation of organic materials. High selectivity, high yields and 

resistance towards poisoning have been claimed in recent years for tellurium 

194 Cc 
containing catalysts. Kollonitsch and Kline discuss these applications 

in detail. The annual tellurium production amounts to approximately 100 

tong t/99294e. 

In the following paragraphs only those chemical reactions of tellurium 

are discussed in any detail, which produce inorganic starting materials 

for the synthesis of organic tellurium compounds. These reactions are 

schematically presented in Figure III-2. A survey of the reactions of 

elemental tellurium with organic substances is included in section IV. 

Elemental tellurium combines with the halogens to produce tellurium 

halides. Fluorine easily forms tellurium hexafluoride over a wide 

temperature range with ditellurium decafluoride being present as a by- 

product. Tellurium tetrafluoride can be obtained by heating the hexa- 

fluoride with elemental tellurium in an alumina tube to 200° 178 , The 

tellurium fluorides have not yet been employed in the synthesis of 

organic tellurium compounds. Tellurium difluoride is niesen Chlorine 

and bromine combine with tellurium to produce in almost quantitative yield 

44 
tellurium Pecraenaeeide. and tetrabromide , respectively. These 

413 
crystalline solids can be distilled in presence of the respective halogens 

: P 44,113 F , é 
and can be sublimed in vacuum . Chlorinating agents like s0,Cl,, 

ie ee aa and Shige produce at room temperature tellurium 

tetrachloride in good yields (eq. 1-3). 
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(1) Te + 2SO9Clp —» TeCl4+ 2SO9 

(2) Te+ 2SOClp —® TeCly+ SO9+S 
(3) Te+2SoClh —®TeCly+ 4S i 

Molten iodine bromide and tellurium powder give a quantitative yield of 

tellurium tetrabromide, which is isolated by extraction with carbon 

fer achior tien. 

In these halogenation reactions the product first formed is a 

183,200, 241,242,413 
tellurium dihalide » which then combines with additional 

reagent to the tetrahalide as shown by equation (4) for the reaction with 

chlorine. 

Cl, Cl, 

(4) Te ——p»TeCl, ——>TeCl, 

When tellurium and iodine were heated together and the crushed melt was 

extracted with carbon tetrachloride, only tellurium tetraiodide was 

footed | Attempts to prepare tellurium diiodide have tailed 

Tellurium dihalides are best prepared by reducing the Petrachioniaes:= 

or feteahvoside’ °°" with tellurium. Reel a at obtained the dichloride 

by passing gaseous difluo1odichloromethane over molten telluriun. 

Similarly, the dibromide was formed from tellurium and bromotrifluoromethane 

at 00° > The tellurium dihalides disproportionate in the solid state 

13,15,92,93 
at room temperature to tellurium and the tetrahalide The 

decomposition proceeds also in solution and is instantaneous when traces 

13,15,93 Panieas 2 reviewed the tellurium halide of water are present 

work published prior to 1923. Table III-1 summarizes some of the properties 

of the tellurium halides. 

Sodium telluride and sodium ditelluride are convenient starting 

materials for the preparation of organic tellurium compounds. Elemental 

tellurium when added to a solution of sodium metal in liquid ammonia 

yields sodium tellurides. The potentiometric titration of a tellurium 
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suspension with a solution of sodium in liquid ammonia gave evidence of 

452 
Te, Na,Te, and Na,Te : . Kraus and coworkers the formation of Na pte ote, 

2 

investigated this reaction in detail. They found that Na,Te is the 

initial peoducon ul: Since Na,Te is only slightly soluble in liquid 

ammonia, it precipitates. With additional tellurium the soluble Na,Te, 

is formed, which can incorporate more tellurium to give Na,Te,. The 

enthalpies for the reactions (5)-(9) were determined’. 

(5) 2Na-(NH,),+ Te —» NagTe AH = -86.9 kcal 

(6) Nagle + Te —> NagTeo-(NH;), Mile 97 (9 ekoat 

(7) Nagles + xNH,—> NagTep-(NH;)x 4H = -4.40 kcal 

(8) NagTeg-(NH3),+ 2Te —p Nagleq-(NH;), 4H = -1.90 kcal 

(9) Na+xNH, —> Na{NH;), AH = $1.45 kcal 

From these data the enthalpies of formation of Na,Te and Na Te, from the 

elements were calculated to be -84.0 and -101.5 kcal/mole, respeoe iy = 

Worentnce 4 obtained -84.3 kcal/mole for AH, of Na,Te at 850°K from data 

for liquid tellurium-sodium alloys. 

It is possible to prepare under the proper conditions almost exclusively 

the monotelluride. When one mole of tellurium is added in portions to two 

moles of sodium in liquid ammonia, a colorless suspension of Na,Te is 

Rermedcs. When equimolar amounts of the two elements are combined in liquid 

ammonia at -78°.a dark green solution is produced containing Na Te, among 

other produeta Sodium telluride, Na,Te, has also been aynthestzedecs 

in 80 per cent yield by heating the elements in an evacuated quartz ampoule 

to 300°. 

Tschugaeff and Gilepine- obtained tellurides by adding tellurium to 

an aqueous sodium hydroxide solution containing sodium formaldehyde 

sulfoxylate (Rongalite-C). The polytellurides initially produced imparted 

a permanganate-like color to the solution which became pale pink after 

the reduction to the monotelluride was completed. The molar ratios of 
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42 17,180,269 26 
Rongalite to tellurium vary between 6.5:1 e and 2.41 . Bergson 

found, that tellurium with Rongalite in a 2:1 molar ratio produced 

predominantly the ditelluride, with monotelluride and polytellurides being 

present as impurities. All these reactions are performed under a nitrogen 

atmosphere to protect the tellurides from oxidation. 

Techaraeeee<e described the reactions by the following equations (10)- 

(3): 

(10) 3Te + 6NaOH —® 2Naple + NagTeO3 + 3H 0 

(11) Nagle + Te —> Nagle, 

(12) NagleO3+ 3HOCH2SO,Na+ 3NaOQH—>NagTe+ 3CH)0 + 3Na2S03 
+ 3HoO 

(13) Nagley + HOCH)SO2Na+ 3NaOH —> 2NagTe +CH2O +NapSO3 +2H20 

After completion of the reaction the solution contains only Na,Te, NaOH 

and Na,S0,. It is, however, possible, that the tellurium does not 

disproportionate according to equation (10), but is converted to the 

telluride as described in equation (14). 

fe) 
(14) HOCH)S-Na ep» HOCH,S Tei NoOl Nagle + CHO + Na2SO3 

O 

Sodium dithionite, NaS,0,, in basic solution also reduces elemental 

405,420 
tellurium to sodium telluride It is possible that the sodium 

sulfoxylate obtained according to equation (15) is the active reagent. 

(15) NagS20,+ 2NaOH —® NagSO, + NagSO2+ H»O 

The reduction might then proceed as described above for Rongalite~C. 

The preparation of sodium telluride using Na,S,0, is inferior to the 

synthesis employing Rongalite. Woehler prepared impure potasstumees 



23 

and sodium’? telluride by heating tellurium with the carbonaceous materials 

obtained either by thermal decomposition of potassium tartrate or by 

reduction of sodium carbonate with carbon. This method is only of historic 

interest. 

Tellurium dioxide is prepared by thermal decomposition of 2Te0. "HNO, 

at 400-430°. The latter compound is formed, when tellurium reacts with 

concentrated nitric acid of density 1.42 yma 



IV. METHODS FOR THE INTRODUCTION OF TELLURIUM INTO ORGANIC MOLECULES 

Only a general outline of the reactions leading to the formation of 

tellurium-carbon bonds will be given here. Specific cases will be dealt 

with in the appropriate sections describing the different classes of 

organic tellurium compounds. 

A number of organic tellurium compounds can be synthesized directly 

from elemental tellurium. The inorganic tellurium compounds most often 

employed as starting materials are tellurium tetrahalides and alkali 

metal tellurides. Diphosphorus pentatelluride, aluminum telluride, tellurit 

dioxide, hydrogen telluride, tetramethyoxy tellurium and hexamethyoxy 

tellurium have found only very limited application. Certain organic 

tellurium compounds can react further with organic reagents to yield 

compounds with more organic groups bended to the tellurium atom than in 

the starting material. 

A) Elemental Tellurium 
—————————————————————— 

Elemental tellurium undergoes the following reactions with formation 

of at least one carbon-tellurium bond. These reactions are summarized in 

Fig. IV-l. 

1) Reactions with organic halides 

Only one aryl iodide and a few alkyl iodides have been reacted with 

elemental tellurium to produce in yields of 50 per cent or less the 

83,96,391,423,425 
dialkyl tellurium diiodides (eq. 16). 

24 
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(16) 2RI + Te —> Rplel, 

(R = CH,, CjH., CpH.CH, C.F.) 

Organic dihalides, X-(CH,) -X, combine with tellurium to form tellura- 

cycloalkane Li -dihalidess a tho The reactivity of the dihalides 

seems to decrease with decreasing atomic mass of the halogen atom. 

Dihalides with n = 4 and 5 produce five and six-membered heterocyclic 

tellurium compounds, while dihalides with n = 2 and 3 gave only indefinite 

preducre an With hexachlorobutadiene tetrachlorotellurophene was 

peoageede 

2) Insertion reactions into carbon-metal bonds 

Elemental tellurium inserts into the carbon-metal bonds of compounds 

164a,323d,343  p, ,343,348b,c,d 38a,41,43 
of the type RMgBr and R-C=C-Na 

shown by equations (17)-(19). 

q7) R-MgBr+ Te —> R-Te-MgBr 

(18) R-Li +Te —>R-Te-Li 

(19) R-C=C-Na+Te —» R-C=C-Te-Na 

The products of equations (17)-(19) are unstable substances. They are, 

therefore, not isolated but treated immediately with the appropriate 

reagent required for the synthesis of tellurides, ditellurides, diorganyl 

tellurium dihalides and tellurols. The reactions, however, are not as 

simple as, for instance, represented by equations (17) and (20) for the 

synthesis of a diorganyl telluride. 

(20) CgH5-Te-MgBr+ RI —® CgHe-Te-R + MgBrl 

Petragnani and de Moura Campos) reported the isolation of phenyl tellurium 

trichloride, diphenyl tellurium dichloride and elemental tellurium after 

treating the reaction mixture, which originally contained tellurium and 

phenyl magnesium bromide or phenyl lithium, with SO,Cl,. They did not 
22 
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obtain an unsymmetric telluride upon addition of ethyl iodide to the reaction 

mixture, while Bowden and Brauda’” successfully synthesized ethyl phenyl 

telluride under similar conditions. Petragnani and de Moura Gampos> > 

proposed a radical mechanism and the reaction sequence given in equation 

(21), which both explain the results of their investigations. 

(21) R-MgBr+Te —» R-Te-MgBr 

H,O 

R-Te-MgBr + Te ——> R-TeTe-R + Te(MgBr)y ——> HoTe+ Mg(QH)Br 

RTeCl3 <-------------- 4 Te +H)0<-------=------ j 

: S0,Cl, 
b.--- 52-8. >RoTeCly 

eeceene secondary reactions isolated products R= CoH. 
SSS ESE 

The detailed mechanism of this heterogeneous reaction must, however, 

still be considered unsolved. It has been shown, that elemental tellurium 

and a number of aromatic Grignard reagents in tetrahydrofuran produce 

in the presence of oxygen diaryl ditellurides in yields as high as 80 per 

peat ee Aliphatic Grignard reagents did not react. 

Sodium acetylides in liquid ammonia react with tellurium according 

to equation (19). The alkynyl sodium telluride without being isolated 

produced with alkyl halides the unsymmetric, unsaturated tellurides in yields 

of approximately 50 per cent 283941543 | 

Equimolar amounts of bis(pentafluorophenyl) thallium bromide and 

tellurium were heated in a sealed tube for 3 days at 190°. Bis(penta- 

fluorophenyl) telluride was obtained in 18 per cent yielde 

3) Reactions with organic radicals 

3 
Mirrors of elemental tellurium were removed by radicals like CH,° 66,367. 

Cee C,H. and Gite generated by thermal decomposition of berhane on: 
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Purenea pre rone eee diethyl ethers diisopropyl, methyl ethyl, 

148,149 334 
methyl propyl, and methyl butyl ketone » dipropyl ketone : 

oCs eal and hexeticoreacercnese Diorganyl benzophenone. =>) diazomethane 

tellurides, ditellurides and polyteliucstorasldenyde were obtained as 

products. These reactions are unimportant as synthetic methods, since the 

organic tellurium compounds formed can be prepared much easier and in 

higher yields by other methods. Waters | proposed, that diphenyl tellurium 

dichloride, obtained from elemental tellurium and benzenediazonium chloride 

in acetone, is formed through the attack of phenyl radicals, generated by 

decomposition of the diazonium salt, on tellurium. This method was employed 

by eniegeat 2 for the synthesis of a number of diaryl tellurium dichlorides 

in yields of approximately 10 per cent. Diphenyliodonium chloride is 

375),376 
claimed to react like the diazonium salts Free radicals might also 

35a,379 
a be the intermediates in the formation of diphenyl telluride nd 

Peulucentnrene from tellurium and tetraphenyl tin. 

4) Replacement of mercury, SO, groups and hydrogen 

3,83,171,173,199, 254,407,429 ,449 
Diaryl mercury reacts with tellurium 

upon heating in absence of a solvent according to equation (22). 

(22) RjHg+ 2Te —» Role + HgTe 

The yields in these reactions range from 53-100 per cent. 

Tellurium replaces the sO, group in biphenylylene eeltonde | and 

thianthrene See 10.10 tercoxide: — upon heating, to give in both cases 

dibenzotellurophene (eq. 23). No reaction took place between diphenyl 

: 9198 Peeeloi 
sulfone and tellurium at 380 » Gurshovich reported that 1,3-dimethyl- 

benzimidazoline kept with tellurium at 100-200° produced 1,3-dimethyl- 

2-telluroxobenzimidazoline. 



29 

db 

Qo Te 
Ss Te 

3b 

B) Tellurium Halides 

Among the tellurium tetrahalides the tetrachloride is used almost 

exclusively. This section will therefore be devoted mainly to the 

reactions between tellurium tetrachloride and organic reagents, which 

proceed under formation of at least one carbon-tellurium bond. Only 

very few reports on the reactivity of the tetrabromide and tetraiodide 

are available. Fig. IV-2 summarizes the reactions of tellurium 

tetrachloride, which lead to organic tellurium compounds. 

1) Condensation reactions of tellurium tetrachloride with elimination 

of hydrogen chloride 

Tellurium tetrachloride combines with substances containing activated 

hydrogen atoms to form cyclic and linear condensation products. 

1,3-Diketones, monoketones, carboxylic acid anhydrides, dimethyl auiviee 

and substituted aromatic compounds have thus far been investigated as 

organic components. Tellurium tetrabromide and tetraiodide do not undergo 

condensation reactions to the same extent as the tetrachloride, 

a) 1,3-Diketones: 1,3-Diketones of the general formula (1), with 
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Dees 
R-CH5- C-CHy-C-CHoR’ 

1 2 3 4 5 

(1) 

R and R' representing hydrogen atoms or the same or different aliphatic 

groups, condense with tellurium tetrachloride producing 1-tellura-3,5- 

cyclohexanedione 1,1-dichlorides (2) (eq.24). 

HH H HH 

Ox ON zO O, Paw me) 
ae c . -2HC1 Cc Cc 

RHC CHR’ HL La 
H H R’ \Te% XR’ 

e 
Ci—Te-Cl Clo 

Clo 

(2) 

Condensation takes place at the 1 and 5 position of the ketone and not 

at the more activated 3 position. Substitution of alkyl groups for 

these methylene hydrogen atoms does not prevent cyclization. A phenyl 

group or two benzyl groups in 3 position, however, do not allow a cyclic 

product to be formed. 

1,3-Diketones of the formula (3) or (4) produce compounds of structure 

(5). Similar linear condensation products were obtained as by-products 

of the reactions of tellurium tetrachloride with the diketones (1). 

Only when the carbon atoms in the 1 and 5 position do not bear any 

hydrogen atoms, will tellurium tetrachloride attack the methylene group 

in the 3 position. Thus, dibenzoylmethane yielded the very unstable 

(dibenzoyl)methyl tellurium trichloride (6). 



32 

ROG cbt RAC ote 
YCH-C-CHy-C-CH2-R’ R-C-C-CHy-C-CHyR 

R R 
(3) (4) 

eRe en 
(R)JH-C-C-CHy C-CH-| TeCl, , 

R n 
(5) 

R,R' = alkyl; n = 1 and/or 2 

TeCl, 

(O)-g-cH- 
0 

(6) 

Most of the work in this area was done by Morgan and coworkers in the 

years 1920-1930. Pertinent literature references are cited in the 

sections dealing with specific compounds. Some of these condensation 

reactions between tellurium tetrachloride and Dissddtetonease” were 

reinvestigated in 1967; the earlier results were confirmed. 

Morgan and poaorkerss proposed, that enolization using hydrogen 

atoms in positions 1 and 5 is followed by addition of tellurium tetra- 

chloride to the thus generated carbon-carbon double bonds. Hydrogen 

chloride is then eliminated from the intermediate chlorohydroxy compound 

restoring the keto function (eq. 25). Addition reactions of tellurium 

tetrachloride to carbon-carbon double bonds are known. They are discussed 

in section IV-B-2, 

b) Monoketones: Monoketones react with tellurium tetrachloride 

in chloroform in a similar manner as 1,3-diketones yielding, however, 

only linear condensation products (eq. 26). The addition of the 

tetrachloride to the enol form of the ketone was discussed as a possible 

pochaniane 



33 

aes ener 
(25) R-CHgC-CHo-C-CHp-R = @®  R-CH:C-CHo-C=CH-R 

2 > E 
(26) nR-CH9-C- CH2R’ + TeCl, —» |R-CHo-C-CH-| TeCl,__+nHCl 

n 

R,R' = aliphatic or aromatic group, n = 1 or 2 

Organyl tellurium trichlorides and diorganyl tellurium dichlorides were 

present together in the reaction mixtures. However, only the less 

2 
soluble compound was usually isolated ih The presence of one methylene 

group in a-position to the carbonyl group seems to be a requirement for 

a successful condensation, since 1,1,3,3-tetramethylacetone did not 

290 
react with tellurium tetrachloride f 

c) Carboxylic acid anhydrides: Acetic anhydride and tellurium 

tetrachloride in a 6:1 molar ratio in chloroform solution yielded 
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bis(carboxymethyl) tellurium dichloride and methylene bis(tellurium 

trichloride) (7). The reactants mixed in a molar ratio of 2:1 gave 

carboxymethyl tellurium trichloride and (7). The primary condensation 

products were derivatives of acetic anhydride. Hydrolysis to the acid 

derivatives occurred during isolation of the proddetss (eq. 26a). 

,O 631 CHC” > (HOOCCH,)sTeCly+CHo(TeCl3), 
(26a) Oo 

/ 
CH3 Cry 7 HOOCCH2 -TeCl3 *CHo(TeC!, Jo 

(7) 

The reactivity of the higher anhydrides towards tellurium tetrachloride 

is markedly less than that of acetic aohydridess Nitromethane is 

reported to yield nitromethyl tellurium terchict iter os 

2 
d) Aromatic compounds: Benzene derivatives activated by an alkoxy 2 oem 

103,422a 358 
phenoxy 6 ehicehesasy & hydrox @ialeelanine | acetamido A 

De ataalyi oo or Geaceidinyl — group condense with tellurium tetrachloride 

in refluxing chloroform or carbon tetrachloride or upon heating on the 

water bath without solvent to give aryl tellurium trichlorides. These 

trichlorides are insoluble in the solvents employed and precipitate 

during the reaction. Diaryl tellurium dichlorides are not obtained under 

these conditions, but will form upon prolonged heating of tellurium 

tetrachloride with a large excess of the organic pesgent (eq.27). 

Ogawa?- reported in 1970 that the not activated benzene derivatives 

toluene and o-xylene, condense with tellurium tetrachloride at the boiling 
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temperatures of these aromatic compounds to produce aryl tellurium 

293,360 374 
trichlorides in good yields. Naphthyl alkyl ethers » naphthols 5 

and monoethers of hydroquinone and resoreincie did not give crystalline 

substances. 

A systematic investigation with respect to the position taken by the 

trichlorotelluro group as a function of the substituents already in the 

aromatic ring has not been carried out. It seems, however, that the rules 

of aromatic substitution hold. A number of amines and heterocyclic nitrogen 

compounds form only adducts with tellurium ecerachloride 7 ee ees Oe 

Tellurium tetrabromide and phenetole heated at 180-90° produced only 

— obtained elemental bromophenetoles and metallic petinrni Montignie 

analyses for products isolated from reactions between tellurium tetrabromide and 

benzoquinone, naphthoquinone, anthraquinone and pyrrole, which suggest, that 

organic tellurium compounds had been formed. 

Biphenyl heated with tellurium tetrachloride at 140-65° produced 

dibenzotellurophene Fe venir (eq. 28). Tellurium tetrabromide gave a 

low yield of the corresponding coronide = 

(28) -2HC1 

Cl Cl Te 

“Te Be 

103,105 af - 
Diphenyl ether ; bis (4-methoxyphenyl) ether ae bis (4—chloro- 

2, ; 
pheny1) sree 4-fluorodiphenyl einen 4 eA and 4-methyl-4'-chlorodiphenyl 

ehenn, heated with tellurium tetrachloride without solvent condensed to 

derivatives of phenoxtellurine 10,10-dichloride (8). Diphenyl sulfide 

did not react in this ee 
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Oo 

Ti 

Clo 

(8) 

Concerning the mechanism of these reactions consult the section on 

heterocyclic tellurium compounds (XII-C-2). 

2) Addition of tellurium tetrachloride to carbon-carbon multiple 

bonds 

Addition of one mole tellurium tetrachloride to at least two moles of 

140,323 peas2e2D), ner23?323b aaa 
cyclohexene 3 arlene propene 1-bute 

2,2-diphenyl-4-pentenoic acid in carbon tetrachloride or acetonitrile 

gave diorganyl tellurium dichlorides. With equimolar quantities of 

Peolonexene wat es with phenylacetylene and dipnenyiseeeyienes = 

only tellurium trichlorides were obtained. Diisobutylene, styrene, 

1,4-diphenyl-1,3-butadiene and stilbene produced tellurium and unidentified 

viscous gubetonees: oe Elmaleh and coworkers, however, obtained from 

styrene and tellurium tetrachloride in diethyl ether a compound, whose 

analysis agreed with the formula C, 6H, ,TeCl3. Diarylethylenes, however, 

119a 
gave with TeC1, adducts of the type (R,C=CH *TeCl 

22 2 

Tellurium tetrabromide did not react with ethylene, but gave with 

carbethoxymethylenetriphenylphosphorane the tellurium dibromide (9) as 

shown in equation (29) 34>, The addition reactions of tellurium tetrahalides 

have not been exhaustively investigated. There are reports, that ethylene 

does not combine with tellurium tetrachloride!*+ and that 2-chlorocyclohexyl 

tellurium trichloride is stable in excess evelsherens: a Further work 

in this area should clarify the disputed points and show whether tellurium 

tetrachloride will add to other types of unsaturated compounds. 
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fe) 
(29) 2(CgHs),P=CH-C-OC Hs + TeBr, 

© fe) ++ 

(CeHs)3 P-CH-C-OC2Hs 

Woe 2Br™ 

(CgHs) p-cH G-OCHHs 

(9) 

3) Reactions of tellurium halides with organometallic compounds 

Tellurium tetrahalides have been reacted with Grignard reagents, 

organyl mercury chlorides, organic lithium compounds, diethyl zinc and 

bis (pentafluorophenyl)thallium bromide. Tellurium tetrabromide and 

tetraiodide gave the same yields in reactions with Grignard reagents 

as tellurium ec pachioride cae 

a) Grignard reagents: The reaction of tellurium tetrachloride 

with an excess of a Grignard reagent in ether or an ether-benzene mixture 

is complex. It is not possible to prepare, for example, a diorganyl 

tellurium dichloride in good yield by adding two moles of Grignard 

reagent to one mole of tellurium tetrachloride according to equation (30). 

(30) 2RMgX + TeCle —> RoleClo + 2MgXCl 

Elemental tellurium, diorganyl tellurium dichlorides, diorganyl tellurides, 

and triorganyl telluronium chlorides have been observed as products of such 

reactions. Rheinboldt and Petvegnande observed, that the formation 

of elemental tellurium by reduction of tellurium tetrachloride is largely 

prevented, when the etheral Grignard solution diluted with twice the 
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volume of benzene is added slowly to an ice-cold suspension of the 

tetrachloride in ether. Refluxing such a mixture gave diorganyl tellurides 

in yields of more than 80 per Conta When the reaction mixture was 

kept cold and then nydratyeed triorganyl telluronium halides were isolated 

in moderate yields together with tellurides. The molar ratios of Grignard 

reagents to tellurium tetrachlorides employed in these reactions varied 

between 5:1 and 10:1. 

Since it is known that diorganyl tellurium dichlorides are reduced 

229, 232-236,238 cording 
by Grignard reagents to diorganyl tellurides 

to equation (31), it is likely that the diorganyl tellurium dichlorides 

are intermediates in the direct preparation of the tellurides from tellurium 

tetrachloride. 

(31) RoTeCly + 2CH3Mgl —» Role + CoH + Maly + MgCl 

The conversion of the diorganyl tellurium dichlorides to tellurides probably 

5 5 44 
proceeds vtq@ a tetraorganyl tellurium compound. Wittig and Fritz 4 and 

Hellwinkel and fone pack oe have synthesized such tetraorganyl tellurium 

compounds and found, that their thermal decomposition leads to diorganyl 

tellurides. The tetraalkyl tellurium compounds decompose already in 

solution at room temperature producing dialkyl eelluridcay ce In the 

reactions between tellurium tetrachloride and a Grignard reagent enough 

of the latter was always used, to convert TeCl, into tetraorganyl tellurium 

(eq. 32). The thermal decomposition and hydrolysis of these compounds 

would give the observed product (eq. 33). The elucidation of the exact 

mechanism of the reaction of Grignard reagents with tellurium tetrahalides 

will come only after a more detailed study in this area. No definite 

conclusions can be drawn from the data now available. 

219, 222-226, 232-236 
Lederer used "tellurium dihalides", together 

with a four-fold molar excess of Grignard reagents in preparing organic 
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(32) TeCly + 4RMgX —®» RygTe + 4MgXCI 

Role = Ro 

(33) RgTe 

#20 > RgTeX + RH 

tellurium compounds. He wrote the following equation (34) for these 

reactions. 

(34) -TeXp + 2RMgX —> Ryle + 2MgX2 

After hydrolysis of the reaction mixture, elemental tellurium, hydrocarbons, 

diorganyl tellurides and ditellurides were isolated. It is almost certain, 

that these reactions were run with a mixture of tellurium and tellurium 

Be eae showed that tellurium dihalides tetrahalide. Aynsley and coworkers 

disproportionate into tellurium and tellurium tetrahalide in ethereal 

solution, especially in presence of traces of moisture. The Grignard 

reagent will then react with elemental tellurium and tellurium tetrahalide. 

The reactions with tellurium have been discussed in section IV-A-2 

db) Aryl mercury chlorides: Aryl mercury chlorides, which can 

be prepared from mercuric chloride and diazonium salts, are employed 

to form carbon-tellurium bonds, when a direct condensation between tellurium 

tetrachloride and an aromatic compound is not possible. Equimolar 

quantities of the aryl mercury chloride and tellurium tetrachloride in 

chloroform, acetonitrile or dioxane give exclusively the aryl tellurium 

55,122,197,304,339, 357,363 
trichloride in yields ranging from 60-90 per cent. 

(35) RHgCl + TeCly —® RTeCl, + HaoClo 
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Aryl mercury chlorides can also be used to synthesize diorganyl 

tellurium dichlorides as has been shown in the case of the reaction of 

2,2-diphenyl-5-chloromercuri-4-pentanolactone and tellurium tetrachloride 

in a 2:1 molar fare This reaction should be capable of more extensive 

application. 

c) Lithioalkanes: Organic lithium compounds combine with tellurium 

tetrachloride with elimination of lithium chloride. Again one would 

expect the reactions to proceed according to equation (36) depending on 

the molar ratios employed. 

cic 
of Te 

ci Cd 
All reported reactions with one exception used at least 4 moles of the 

+ 1RLi—» RTeCl, +LiCl 

+ 2RLi—» RoTeCly + 2LiCl 

+ 3RLi—» R3TeCl +3Licl 

or 4RLi—> Ryle + ALICI 

lithium compound for each mole of tellurium tetrachloride. The products 

recovered in these cases were diorganyl celiucidesaee a 

83,171,172,442 

» tetraorganyl 

172 
tellurium and triorganyl telluronium compounds - The 

equations (37)-(39) outline the postulated reaction steps. 

(37) 4RLi+TeCl, —> Rafe +4LiCI 

(38) RaTe +HX —® RgleX + RH 

(39) Ryle ————> RoTe+ Rp 

Reaction (39) proceeds very easily at room temperature with tetraalkyl 

tellurium compounds. The triorganyl telluronium compounds are probably 

formed by hydrolysis of R, Te according to equation (38). 

Only Kostiner and Conoriecs ae used 3 moles of an organolithium compound 

per mole of tellurium tetrachloride. Tris(perfluorophenyl) telluronium 



chloride was thus obtained from perfluorophenyl lithium. 

C) Alkali Metal Tellurides and Other Inorganic Tellurium Compounds 

Alkali metal tellurides are easily alkylated by organic chlorides, 

bromides and iodides (eq. 40). The alkylation reactions are carried out 

(40) NagTe + 2RX—PRogle + 2NaX 

Nagleo + 2RX —> Roleo+ 2NaX 

either in an aqueous medium, when the telluride was prepared according 

to Tschugaeff and Chiogin' so. or in liquid pamoria’s when the telluride 

was synthesized from the alkali metal and elemental tellurium. Although 

the aqueous systems are easier to handle, liquid ammonia is the appropriate 

solvent for higher alkyl halides, which are not appreciably soluble in an 

17,18,42,121 
aqueous medium. Diorganyl tellurides and a few diorganyl 

Sze were prepared in this way. Mache! discovered an ditellurides 

interesting method to introduce tellurium into an organic molecule. Upon 

mixing stoichiometric amounts of diacetylenes, R-C=C-C=C-R, with sodium 

telluride in methanol at room temperature and hydrolyzing the reaction 

mixture, 2,5-disubstituted tellurophenes were feclaeed 2s A patent was 

recently taken out on this recess >) Although the authors do not 

speculate about the reaction mechanism, one can postulate that sodium 

telluride adds to the carbon-carbon triple bond forming a 3,4-disodiotelluro- 

phene derivative, which then undergoes hydrolysis as shown in scheme (41). 

Hydrolysis experiments with heavy water and attempts to carry out this 

reaction in an inert solvent should clatify the mechanism. 
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GY c——c Na-C—— C-Na 

| | + Nagle =p | | 

=C C-R RC__UC-R 

R = 7 tones CH,OH, C(CH,),0H, } 

257 HC——CH 
CoH.» pyrrolidinylmethyl | | 

RC UCR 

Aluminum telluride, Al,Te,, besides being employed instead of 
2e3y 

F ; 294,298 
sodium telluride in the synthesis of telluracycloalkanes » reacted 

with aliphatic alcohols at 300-350° to produce cetiarote:* and cellueidea: —— 

(eq. 42). 

3RTeH + Alp03 
+3ROH 

(42) A loTe 3 
+6ROH 

RgTe + AO, + 3H,0 

p= 

A British patent ; claims, that saturated aliphatic carboxylic 

acids with at least seven carbon atoms gave with diphosphorus pentatelluride, 

Pote., alkanecarboditelluroic acid anhydrides, RC(Te)-Te-C(Te)R. Hydrogen 

telluride bubbled through a mixture of a ketone with concentrated hydro- 

chloric acid produced telluroketones, Beate 4 The preparation of 

bis (2-cyanoethyl) telluride by electrolysis of a suspension of tellurium 

in 1N aqueous Na,SO, in the presence of acrylonitrile at a pH between 

7.5 and 9, involves the addition of electrolytically generated hydrogen 

telluride to the ethylenic sentiee os 
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Tetra- or hexamethoxy tellurium treated with 2,2'-dilithiobiphenyl 

Ayal 
yielded bis(biphenylylene) tellurium 

D) Organic Tellurium Compounds 
SS SSS SS, 

Only a very general outline of the reactions of organic tellurium 

compounds leading to the formation of additional carbon-tellurium bonds 

will be given here. For more detailed information the sections dealing 

with the reacting compound and the product should be consulted. 

Alkylation of naphthyl tellurium iodide with Grignard reagents 

was used to synthesize unsymmetric peliurtdes 7) ¢- Tetraorganyl 

tellurium compounds, which were hydrolyzed to triorganyl telluronium 

compounds, and diorganyl tellurides were the products of the reaction 

of Grignard reagents with diorganyl tellurium dichloxides-~ and 

diorganyl Hieetiurides respectively. Diphenyl tellurium ere 

triphenyl telluronium phlorides and trimethyl telluronium tadite a 

with the appropriate organic lithium compounds formed tetraorganyl tellurium 

compounds. The aliphatic derivatives could not be isolated. Triethyl 

telluronium chloride when heated with diethyl zinc to 100° yielded diethyl 

telluride, tetraethyl tellurium again being a likely invewmedtateoams 

Organyl mercury chlorides reacted with organyl tellurium trichlorides and 

produced dialkyl tellurium dieniopidessy: which can also be obtained by 

300,302,304 9. anyi 
addition of trichlorides to carbon-carbon double bonds 

tellurium trichlorides and tribromides condensed with acetone, acetophenone, 

4-phenoxy-, 4-methoxy-, 4-ethoxy-, 4-dimethylamino- and 2,4-dihydroxybenzene 

to form diorganyl tellurium Ganaiddes 2-Phenoxyphenyl tellurium 

103 j 339 : 
trichloride and the corresponding thio derivative condensed intra- 

molecularly to phenoxtellurine and thiophenoxtellurine, respectively. 

Trichlorides with ditellurides gave diorganyl tellurium dichlorides and 
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eolauricn (eq. 43). 

(43) 2RoTes + 2RTeCIl, —» 3RoleChl + 3Te 2te9 3 2 

Diorganyl tellurides combine with organic halides to give triorganyl 

telluronium halides. Diorganyl ditellurides are cleaved by methyl iodide 

to diorganyl methyl. telluronium iodide and organyl methyl tellurium 

difodide-°°, while vic-dibromides transform ditellurides into diorganyl 

tellurium dibromides with elimination of eelluriua os (eq. 44). 

eo R-TeTe-R + R-CHBrCHBr-R —>RoleBry + Te + RCH=CHR 

Ditellurides decompose thermally to tellurides and reliuetie 

Fig. IV-3 summarizes the reactions of organic tellurium compounds, which 

proceed with formation of at least one additional carbon-tellurium bond. 
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V. TELLUROCYANIC ACID, TELLUROCYANATES, TELLURIUM DICYANIDE, TELLURIUM 

DI(THIOCYANATE), BIS(N,N-DIISOPROPYLTHIOCARBAZOYL) DITELLURIDE AND 

TELLURIUM DERIVATIVES, XCTe 

In this section the few known tellurium compounds, which one can 

formally consider to be derivatives of carbon dioxide and carbonic 

acid, will be discussed. This area of tellurium chemistry has not been 

fully explored. By extrapolation of thermodynamic data of pertinent 

group VI compounds instability was predicted for the tellurium derivatives. 

A number of contradictory statements especially concerning tellurocyanates 

are found in the literature. 

A) Tellurocyanates and Tellurocyanic Acid 

Tellurocyanates would be very useful reagents for the preparation 

of organic tellurocyanates, for tellurourea and its derivatives, for 

tellurosemicarbazides and for heterocyclic tellurium compounds. Telluro- 

cyanic acid is unknown. Its melting point was estimated to be eastern 

pereatiuee reported in 1821 that potassium tellurocyanate could 

not be obtained from tellurium and K, [Fe (CN) (1, although selenium reacted 

as expected. According to Opeeahe ial? and Siteose ice only very small 

amounts of tellurium dissolve in aqueous potassium cyanide solutions. 

Sulfur and selenium formed the respective cyanates. Telluropentathionate, 

contrary to the selenium compound (eq. 45), hydrolyzed according to equation 

(46) and did not produce any tellurocyanate!“", A very small amount of 

tellurium dissolved in various basic solvents like pyridine and ethylene- 

diamine containing hydrogen cyanide. Upon dilution with ether the reaction 

157 mixtures deposited the dissolved telfariuntocs Greenwood and coworkers 

were unable to isolate tellurocyanates after refluxing a suspension of 

46 
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(45) Se(S703)9 + 2CN7+ 20H” —® S203” +SeCN-+ SCN™ 
+SO4q7~ +H9O0 

(46) 2Te(S203)9 + 6OH” —® 4S203” + Te + TeO3~ + 2H2O 

tellurium in an aqueous or ethanolic solution of potassium cyanide. The 

reactants failed to combine when suspended in acetone. The desired 

compound could not be obtained by fusing tellurium with potassium cyanide 

or a KCN-NaCN puteekicnrn: Tellurium dicyanide and potassium fellaridas 4 

did not yield potassium tellurocyanate (eq. 47). 

(47) Te(CN), + KgTe #4» 2KTeCN 

Tellurium dissolved very slowly in liquid ammonia containing aluminum 

or potassium cyanide. Evaporation of these solutions to dryness 

caused deposition of tellurium. Potassium tetratelluride was unreactive 

towards potassium eyenidecas Wassermann, however, claimed to have 

obtained the respective tellurocyanates from a tellurium-sodium cyanide 

or tellurium-potassium cyanide mele Gc 

Predictions of thermodynamic properties and spectral characteristics 

of the tellurocyanate ion based on extrapolations in the series XCN 

(X = 0,S,Se) are found rather frequently in the literature. The standard 

free energy of formation of TeCN was estimated to be +54 keal/mole?®>, 

Birckenbach and KeTlermann’ measured the reducing power of pseudohalide 

anions. From experiments with aqueous and ethanolic solutions prepared 

from tellurium and potassium cyanide the chalcogenocyanate anions were 

arranged in the following order of increasing reducing power (decreasing 

stability). 

OCN <SCN <<SeCN << TeCN 
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These solutions were not 0.1M with respect to KTeCN as erroneously stated 

in reference 32*, Gusarsky and Treinen measuring the ultraviolet 

spectra of the anions XCN (X = S, Se, Te) detected a shift of the absorption 

bands to longer wavelength with decreasing electronegativity of the group 

VI atoms. The long wavelength maximum at ~260mu observed with a solution 

of unknown concentration obtained by shaking tellurium in a 0.1M sodium 

cyanide solution, was attributed to a charge transfer-to-solvent process. 

A shoulder was located at ~235mu. 

Vibrational force constants and the location of ir-absorption bands 

for TeCN were calculated. It was assumed, that in the series XCN (X = 0, 

S, Se, Te) the force constants, k -x? are linearly dependent upon the 
C 

ionization potential of the atom X. Thus, the band corresponding to the 

Te-C stretching vibration should be found at 455 a. while the bending 

mode should give rise to a band at ~400 an ile, Wagner oe assuming a 

carbon-tellurium bond length of 2.03A in TeCN calculated 1-bond orders 

for this anion using an internally consistent procedure based on 

“unsymmetrical group orbitals". The mean amplitudes of vibrations for 

the tellurocyanate ion were calculated by Nagarajan and Maciharaues | 

Devas. reported in 1968 the isolation of a salt of the tellurocyanate 

anion. He found, that acetone, a powerful solvent for potassium 

selenocyanate but not for potassium cyanide, when warmed with tellurium 

and potassium cyanide, produced a solution having an absorption band at 

2079 ae Greenwood and coworkers had predicted 2083-2086 a as the 

location of the C-N stretching mode in the TeCN antenna. A shift 

to lower wavenumbers was observed, when tellurium was replaced by selenium 

and sulfur in the solution. Addition of water to the acetonic, tellurium 

containing sylution or evaporation of the solution caused tellurium to 

precipitate. An attempt to prepare Cs(TeCN) was equally unsuceesafule es 

* 
See correction in reference 33, p. 10, footnote 2. 
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From these observations it can be concluded that tellurocyanates exist 

in solution, but that cations even as large as cst cannot stabilize 

the tellurocyanate anion in the solid state. 

Tetraethylammonium cyanide reacted in dimethylformamide with 

tellurium. The solution deposited upon evaporation pale yellow crystals 

having the formula (10). Austade?? prepared tetramethylammonium and 

[(Cotts)4N]"TeCN - HEN(CHg), 
(10) 

tetraphenylarsonium tellurocyanate in good yields from the corresponding 

cyanides and excess tellurium in acetonitrile. The tellurocyanates 

could be recrystallized from acetone. The tetraphenylarsonium salt 

decomposed only slowly in humid air. It was stable for months, even in 

direct sunlight, when stored in a closed bottle. The tetramethylammonium 

derivative is less stable. It slowly darkens on storage and decomposes 

rapidly in humid air. The Raman coyacmeten in dimethylformamide showed 

a band at 2080 Cae while the corresponding teeabeokneten—4 in 

acetonitrile was located at 2081 eae Maxima in the uv-region were 

found at 247 and 273 ml2?, 

Solutions of tellurocyanates rapidly deposit tellurium in presence 

of oxygen, on treatment with water and on addition of non-aqueous solutions 

of the first row transition metal salts and of silver, lead and mercury 

12b 
The dry salts were unaffected by oxygen 2 : 

Organic tellurocyanates, R-TeCN, according to claims by foreita 2 

P-35, P-36 - P-39, P-40, P-41, P-43, P-44, P-51 Be Wosceraen Bde 

prepared from metal tellurocyanates and appropriate organic reagents. 

The first concrete directions for the preparation of an organic telluro- 

cyanate were given by Netedoy He heated a carefully ground mixture 

of equimolar amounts of potassium cyanide and tellurium for 3 hours by 

increasing the temperature from 100-250°. The cooled melt was extracted 
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with acetonitrile. The resulting solution after addition of copper(II) 

acetate gave with azulene the tellurocyanate (11) as violet needles 

with a melting point of 80-1° in 7 per cent yield. 

TeCN 

CO 
(11) 

Attempts to prepare isotellurocyanates, RNCTe, from isonitriles and 

tellurium Eales ct Thayecn. was unable to synthesize R,SiNCTe 

from the corresponding isonitrile and tellurium, although selenium had 

given the expected compound. 

B) Tellurium Dicyanide and Tellurium Di(thiocyanate) 

Tellurium dicyanide was first prepared by Gockuedge | according 

to equation (48). 

(48) TeBrg+ 3AgCN —> Te(CN)2 + 3AgBr + BrCN 

The reactants were heated in purified, dry benzene for three days. 

Tellurium dicyanide precipitated. It was dissolved in ether after 

decantation of the benzene.. Upon evaporation of the solvent colorless 

crystals of the adduct 2Te (CN) 4* (C,H, ) 40 were obtained. The coordinated 

ether was released upon heating on a water bath. The solvent-free 

compound can be purified by vacuum distillation, but approximately half of 

the material is lost by decompoaiczcn st A rapid high vacuum sublimation 

at 120° gave a slightly pink colored product in 80 per cent yielduo’. 

The thermal decomposition of Te (CN), was slow at 100° but at 190° a 

sudden gas evolution and partial sublimation of tellurium dicyanide 

oceurcade 
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Tellurium dicyanide decomposes in air in a few minutes with formation 

81 33,81 
of elemental tellurium . Water hydrolyzed the compound according 

to equation (49). 

(49) 2 Te(CN)2 + 3H20 —> Te + HgTeO, + 4HCN 

Tellurium dicyanide dissolves in cold methanol, but on warming 

hydrolysis takes place. It is slightly soluble in chloroform, carbon 

tetrachloride and benzene. A saturated soiution in diethyl ether contains 

lg in 60 me on 

Challenger and mohorrere sy obtained diphenylcyanobismuthine and 

diphenyl ditelluride by combining tellurium dicyanide and triphenyl- 

bismuthine in ether at room temperature. The scheme (50)-(51) was offered 

as a possible reaction sequence. 

(50) RgBi + Te(CN)y —» RoBiCN +RTeCN 

RTeCN + 2H»0 —> RTeH + HCNO 

(51) 2RTeH + 0.502 —» Role, +H50 

R= CoH. 

Rietapolde however, pointed out, that there are alternate and more 

likely mechanisms which would account for the ohserved products. 

Fritz and etter: reported the infrared absorption bands of tellurium 

dicyanide: 2181(m,sh), 2179(m), 1316(w), 1086(w), 460(vw) and 403(s) onan 

They assigned the 2181 and 2179 cm bands to C=N modes, while the 403 a 

band was assigned to the antisymmetric Te-C stretching vibration. Greenwood 

and eoworkers 2 on the basis of their calculations believe the 403 en 

band to be caused by the bending mode, while the stretching vibration is 

responsible for the 459 em absorption. 

Sowetenten, | prepared tellurium di(thiocyanate), Te (SCN), from silver 

thiocyanate and tellurium tetrabromide in benzene. Ditellurium dicyanide, 

0.C.T—C 
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Te, (CN), 5 could not be obtained by electrolysis of a solution containing 

potassium Geiuirocvenace 

C) Bis(N,N-diisopropylthiocarbazoyl) Ditelluride 
ISS EEE 

Anthoni, Larsen and Nielsen’ bubbled a fast stream of hydrogen 

telluride through a 10 per cent ethanolic solution of N-isothiocyanato-— 

diisopropylamine (12) and isolated in 70 per cent yield brick-red crystals 

of the ditelluride (14) (eq. 52). 

S (52) RpN-N-C-S + H3Te —> RoN-NH-CC> 

(12) (13) 

A Ee R= t-C,HL 

7 7 0 
1/2 RoN-NH-C-TeTe-C-NH-NRo - 

(14) 

The expected tellurothiocarbazic acid (13) could not be isolated. 

The extreme sensitivity of the hydrotelluro group toward oxidation 

facilitated the conversion of the acid (13) to the ditelluride (14). 

The authors did not state whether an inert, oxygen free atmosphere besides 

excess hydrogen telluride was employed in this synthesis. The ditelluride 

structure (14), although probably CBitect: has not yet been confirmed 

by experimental data. The compound (14) decomposed at 110-3° without 

melting. In air it deposited elemental tellurium. Its infrared absorption 

bands are reported, 

D) Tellurium Derivatives, X=C=Te (X = 0, S, Se) 

The tellurium compounds X=C=Te, with X representing a group VI 

element, have all been prepared with the exception of carbon ditelluride, 

CTe,. The physical and chemical properties of these rather unstable 

tellurides are largely unknown. Carbon oxide telluride, 0=C=Te, a gas at 
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room temperature, was prepared from carbon monoxide and tellurium in 

very small yields in ike No further reports concerning this substance 

were found in the literature. 

Carbon sulfide telluride, S=C=Te, is the best known compound in this 

series. Stock and Peaetociis = first prepared it by passing an electric 

arc under carbon disulfide between a graphite cathode and a tellurium- 

10 per cent graphite anode. The difficult separation from the by-product 

C48, was accomplished by distillation and addition of naphthylamine, which 

398,438 
converted C into thiomalonnaphthylamide. Other investigators S 

Bae 

; ; . 0438 ees 
using the same method, kept the reaction mixture at 0 » maintained a 

: 4 F 438 
co, atmosphere above the reaction mixture to minimize explosion hazards a 

and performed the distillation of the product at epee 

Pure carbon sulfide telluride decomposes even at -50° under very 

weak illumination. Carbon disulfide solutions of a concentration smaller 

than 5 per cent, however, are stable enough at room temperature under 

normal incandescent light to permit infrared adi eae. The telluride, 

aon melts at -—54° a red solid at -80°, with a density of 2.9g/ml at -50° 

and decomposes at higher beeen caeca Recently sreuded prepared 

carbon sulfide telluride from carbon monosulfide and tellurium. Carbon 

monosulfide was generated from carbon disulfide at 0.1 torr in a high 

frequency discharge. The walls of the discharge tube were covered with 

tellurium. Similarly, by employing carbon diselenide, an eight per cent 

yield of carbon selenide telluride was ornare The thermal instability 

of this compound prevented its purification by sublimation in high vacuum. 

The claim of Stock and Biumenthalioe. that they had obtained carbon 

ditelluride under conditions similar to the ones used in the carbon sulfide 

telluride synthesis, was withdrawn by Stock and Peeceewiaa @ The enthalpy 

of formation of carbon ditelluride is expected to be highly positive making 

its existence doubtful. 



54 

@) Cc CSe CTe 
COR jan eeirgs 2 (1) 2 

AH? (kcal/mole) -94.1 421.4 +34 +? 

The attempts to prepare this compound from carbon tetrachloride and 

hydrogen telluride at 500°, from silver telluride and carbon tetrabromide 

or tetraiodide, from carbon and fetiuetom: (2 and from methylene chloride 

186 have been unsuccessful. and tellurium at 450-80° 

Besides the thermal decomposition of X=C=Te compounds only two 

411 
reactions of SCTe, given in equation (53) and (54), have been reported : 

cs 
(53) SCTe + Brp —*-» TeBry+Te+ other coumpounds 

(54) 2SCTe +Hg 282222 y CS9+C+ 2Te 

The infrared investigations carried out with X=C=Te compounds 

are summarized in Table V-l. The instability of these tellurides complicated 

these experiments. Data are available only for S=C=Te and Se=C=Te. 

Calculations for the other molecules gave approximate frequencies for 

Ee ses Bond stretching force eoiutaneeeie te 

88,89 

their fundamental modes 

and interaction force Sodeconen were also derived. Cyvin calculated 

the mean square amplitudes of vibration for S=C=Te. The bond lengths 

° 

in carbon sulfide telluride were obtained from microwave data as 1.90A and 

167 ,398 ° 

1.557A for C-Te and C-S, -respectively The molecular dipole moment 

was found to be 0.172 + 0.002 Debye fencers 

The tellurium analog of carbon monoxide, carbon monotelluride, 

CTe, has not yet been detected. In the theoretical treatment of diatomic 

heteronuclear molecules this compound has been frequently included. The 

internuclear equilibrium distance was deduced from Sutherland's potential 

©414,421 
functions to be 1.949A For the dissociation energy values between 

110,196,406 
4.8 and 6.06 eV were obtained The force constant for an 

infinitesimal amplitude is 4.945 x ie dyneitn niet cun 

frequency of vibration should be 875 cm 19°, 

Its natural 
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Table V-1 

The Calculated and Experimental Infrared Absorption Frequencies of the 

Compounds X=C=Te 

Compound C=Te stretching Bending 

mode, em~! 

C=X stretching 
-1 

mode, cm mode, cm 

20107), 20421? 

S=C=Te 4357? 1385!) 

4237) »4) 26) 13472 2 eee 

Se=C=Te 312) 12255 1222) 

2947) 98) 11797) 27) 

Te=C=Te 2577) tier age” 

1) reference 190,” reference 408, reference 438, reference 439, 

5) deduced from first overtone 

6 
) observed directly and calculated from bands corresponding to the 

sum and difference of these two bands 

1) observed directly 

8) deduced from combination bands 



VI. COMPOUNDS CONTAINING A SINGLE CARBON-TELLURIUM BOND 

The compounds treated in this section contain only one carbon- 

tellurium bond. The second bond to the tellurium atom in divalent tellurium 

derivatives is formed with the following atoms or groups: H, Cl, Br, I, 

9 S 
3? ~S-§-CgH, and -S-C-OCH, . Tellurols, 

6 
R-Te-H, and tellurenyl compounds, R-Te-X, are the only members of this 

0 
CNS, C10,, NO,, -S,0,Na, sae 

class of compounds discussed in this section. Tellurium derivatives, 

in which the second tellurium valence is satisfied by a lithium, sodium, 

magnesium or a group IV or V element atom, are discussed in section XI. 

Ditellurides, R-Te-Te-R, are included in this section. Tetravalent 

tellurium derivatives belonging into this section have the general formula 

RTe(0)OH and R-TeX,, with X representing F, Cl, Br, I, OH and ~SC(S)NR,. 3? 

The derivatives of tellurinic acids will also be discussed. 

pours mentioned that he tested benzenetelluronic acid, CpH.-TeO.H, 

as an analytical reagent for the detection of metal ions. However, the 

literature report describing the synthesis of this compound could not be 

located. The existence of telluronic acids therefore remains doubtful. 

A) Tellurols 

Tellurols, R-Te-H, are compounds which are very sensitive towards 

oxidations’) They possess an abnoxious and persistent odor. Purified 

samples are usually yellow. The color is caused by the presence of 

ditellurides, which are easily- formed by oxidation of the wie" 

(eq. 55). 
(@) 

(55) 2RTeH —® R-Tele-R 

56 
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Alkanetellurols, the only tellurols prepared in pure form, can be synthe- 

sized by the following methods: 

a) Alcohols added to aluminum telluride, Al,Te,, at temperatures 

between 240-350° under an atmosphere of hydrogen gave aikancteliucols: 2210. 

According to Raroet this method is of general applicability. 

b) A solution of sodium ethoxide in absolute ethanol after satur- 

ation with hydrogen telluride was heated with an alkyl bromide. Methane- 

and ethanetellurol could not be prepared in this manner”. 

c) Ditellurides, R lens and sodium in a 1:2 molar ratio are added 

alternately to boiling liquid ammonia. Evaporation of the ammonia left 

a solid residue. Treatment of the residue with dilute sulfuric acid 

set free the acing. 

Table VI-1 lists the tellurols prepared according to these methods. 

310 piel! 
Yields were not reported in the abstracts of Baroni's 7 and Natta's 

papers. 

Table VI-1 

Alkanetellurols 

Reference 

SOROm COZ) LOS LO 

E2105 GEL9S 5) 19 

151.0 (144.4) 19 

according to equation (55a) 
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Anderson. - calculated the boiling points of the known alkanetellurols 

using equation (55a). 

(Sha) Pipe (Ce) = 12301 14 (coral Gree mumeer a-ees 

Milier ao. employed tellurols in the preparation of photoconducting 

cadmium films from high purity cadmium. Mercury, silver and lead salts 

of alkanetellurols could not be prepared by combining the reagents in 

ethanol as golvene. 7: 

Aromatic tellurols have not yet been isolated in pure form. They 

are postulated, however, as reaction intermediates. Giua and Ghevena | 

reacted phenyl magnesium bromide with elemental tellurium. Upon hydrolysis 

hydrogen telluride, diphenyl telluride and diphenyl ditelluride were observed. 

The ditelluride was probably formed by oxidation of benzenetellurol, 

generated from phenyltelluro magnesium bromide by hydrolysis. Uaderee 

reduced diphenyl ditelluride with sodium in ethanol. Besides tellurium and 

diphenyl telluride a small amount of benzenetellurol was formed. The 

ether extract shaken with mercuric chloride produced a yellow precipitate, 

which analyzed for CoH,—-Te-HgCl. Petragnant prepared unsymmetric 

tellurides from ditellurides and aromatic Grignard reagents (eq. 56). 

(56) R-TeTe-R + R'MgX —>R-Te-MgX+R-Te-R’ 

(57) R-Te-MgX+ HO —»> R-TeH +MgX(OH) 

The organyltelluro magnesium bromides formed in reaction (56) were 

hydrolyzed to the tellurols (eq. 57). The tellurols, however, were not 

isolated. 



59 

B) Tellurenyl Compounds 
>>>S>SaBBa=_ 

Compounds of the type R-Te-X with X representing Cl, Br, I, CNS, 

S 2 2 : 
C10, NO -S,0,Na, ‘ie 3? ae a and -S-C-OCH, are known only 

3 3 

in the aromatic series (R = phenyl, 2-naphthyl and 4-methoxyphenyl). 

2-Naphthyl tellurium iodide is the only simple halide derivative 

in this class of compoundee- « Phenyl tellurium chloride, bromide, 

perchlorate, nitrate and thiocyanate were obtained only as complex 

compounds with Peisurse a 

The compounds R-Te-X were prepared according to one of the following 

methods, which are summarized in Fig. VI-l. 

a) Controlled halogenolysis of ditellurides: Only 2-naphthyl 

tellurium iedeae =! was prepared in this manner (eq. 58). No further 

reports concerning this reaction could be located. 

(58) R-TeTe-R + lp —® 2R-Te-l 

b) Reduction of aryl tellurium trichlorides: Aryl tellurium trichlorides 

were reduced by methanethiosulfonate and thiourea to aryl tellurium 

mepneeeriiosulfeastresc (eq. 59) and thiourea adducts of aryl tellurium 

paotisesn io (eq. 60), respectively. 

Q O O 
(59) RTeCl, + 3CH,SO2SNa—> NU + NaCl+ CH, Seopa! 

(60) RTeClz + 3S*C(NHp)p —> RTeCI-SC(NHo)p + Posner lt ep 
NH2 NHo2 

Mixing the trichloride in methanol with thiourea in water in a 1:3 molar 

ratio resulted in the formation of the 1:1 adduct, RTeC1+SC(NH,).5 while 

addition of a drop of concentrated hydrochloric acid to a mixture containing 

127 
the reagents in a 1:5 molar ratio produced the 1:2 adducts RTeC1 + 2SC(NH,) 5 
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c) The exchange of X in RTe-X: The exchange of the methanethio- 

sulfonate group in aryl tellurium methanethiosulfonates for a benzenethio- 

sulfonate, thiosulfate or methyl xanthate group proceeds in methanolic or 

eZ 
aqueous solution . 

The thiourea adducts RTeC1* 2SC(NH,)., when treated with nitric acid 

or perchloric acid produce the compounds RTeX-2SC (NH,) X= NO, silo ae 

When the reduction of RTeCl., with thiourea (eq. 60) is carried out in the 
3 

presence of potassium bromide or thiocyanate the adducts RTeX-SC(NH,)., 

(X = Br, CNS) are obuaitede It is not known whether these exchange 

reactions taken place before or after the reduction of the trichloride. 

The tellurenyl compounds, which have been described in the literature, 

are collected in Table VI-2. 

The crystal structures of the phenyl tellurium halide thiourea adducts 

were determined by Foss and eee The tellurium atom in the 

compounds CH TeX-SC(NH,), (X = Cl, Br) is bonded to a sulfur, a carbon 
5 

and a halogen atom with all four atoms in one plane. The chlorine or 

bromine atom from the next molecule approaches within 3.714 and Sc77k, 

respectively. These long distances indicate weak bonding. The angle 

between the directions of the tellurium-carbon and tellurium-halogen bond 

is 164° in both ea The tellurium-chlorine bond length of 3.61A 

in the adduct C,H TeC1*2SC(NH,), justifies the ionic formulation 
OS 

] +c17. The carbon-tellurium-chlorine bond angle is Cp H.Te+[SC(NH,). 2 

16301289129 | 

The arrangement of the ligands around the divalent tellurium atom 

can be regarded as square-planar with a vacant position trans to the 

phenyl group. Figure VI-2 gives more details about the molecular structures 

of these three compounds. 
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2-Naphthyl tellurium iodide is the only tellurenyl compound whose 

reactivity is known in some detail. 2~-Naphthyl tellurium iodide is a 

convenient starting material for the preparation of unsymmetric tellurides. 

With phenyl mercuric chloride the adduct RR'Te-HgC1I was produced. Sodium 

sulfide reduced this adduct to the belturidee a= Grignard reagents gave 

the tellurides Givecrin tae A list of the compounds prepared by this 

method is included in section VII-A-2. 

2-Naphthyl tellurium iodide reacted with allyldiphenylacetic acid 

in chloroform to give the lactone (15) and hydrogen iodide According to 

equation (61). The hydrogen iodide was oxidized by atmospheric oxygen 

to iodine. The thus formed iodine converted part of the lactone (15) 

to the corresponding tellurium diiodide (ies 

Hydrolysis of 2-naphthyl tellurium iodide with a 10 per cent aqueous 

sodium hydroxide solution lead to the formation of the ditelluride and 

the tellurinic acid eohvdedet- 2. 

o O 
(62) 6R-Te-I+ 3H9O0 —> R-le-O-Te-R + R-TeTe-R + 6HI 

Triphenylphosphine (2 moles) and 2-naphthyl tellurium iodide (1 mole) 

gave 1:1 adduct which could be recrystallized from a chloroform — benzene 

mixture in the presence of triphenylphosphine. Decomposition to the 

ditelluride occurred in the absence of the phoephine 7) The ditelluride 

was also isolated after treating the iodide with triethylamine or triethyl 

phosphite | fequacion (63)]. 

fe) 
(63) 2R-Te-1 + (R'O)3P —» R-TeTe-R +(R'O)P-1 + R'l 

The reactions of 2-naphthyl tellurium iodide are given in Fig. VI-3. 
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C. Organyl Tellurium Compounds, RTeX, 

Organic tellurium compounds of the type RTeX,, in which X stands 

ietopen 19. (Gl, he, Ih (yeh evavel ~SC(S)NR,, have been prepared. While a large 

number of aromatic derivatives are known, only a few unsubstituted 

aliphatic compounds have been synthesized. The aromatic derivatives 

possess much greater stability than the aliphatic compounds. Methyl 

tellurium trichlorides, for instance, is reported to be moisture sensitive 

and to decompose in acetonitrile and nitrobenzene solution. Solutions 

in dichloromethane or benzene are stable for a few days. Methyl tellurium 

trichloride and tribromide are associated in the latter two eclvenee tan 

The aromatic tellurium trihalides are stable under these conditions. 

According to a single crystal X-ray investigation 2~-chloroethyl 

tellurium trichloride is polymeric in the solid state with the tellurium 

, 194b 
atom surrounded by five ligands in a square pyramidal arrangement 4 5 

1) Synthesis of organyl tellurium trihalides 

The reactions which have been developed for the synthesis of organyl 

tellurium trihalides are displayed in Fig. VI-4. Condensation reactions 

with aliphatic and aromatic compounds containing activating groups 

proceed satisfactorily only with tellurium tetrachloride. 1,3-Diketones, 

monoketones and carboxylic acid anhydrides have been employed as aliphatic 

components. 

a) Tellurium tetrachloride and 1,3-diketones: 

With tellurium tetrachloride 1,3-diketones (17) give organyl tellurium 

R' OQ R’R®O _>R* R. OR’ R°O R* 
R?c-E—C—6-coR? R’c-€—c—€-C-TeCh, 
R?”' 2 3 4 5“ Ré R*' 2 3 4 RS 

(ore) (18) 
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trichlorides (18) if at least one R-group among RO SRS is a hydrogen atom. 

When RS es R? and R are hydrogen atoms telluracyclohexane derivatives 

are preferentially formed as discussed in section IV-B-la. Trichlorides 

(18) are expected as by-products in these reactions and have been isolated 

in a few cases. If two or more organic groups are bonded to the carbon 

atom 1 while one or more hydrogen atoms are attached to the carbon atom 

5, the trichloride (18) is the major product when equimolar amounts of 

the reagents are employed. The hydrogen atoms in position 3 (R’ = R® = H) 

react only when no hydrogen atoms are available on the carbon atoms 1 and 5. 

The experimental data available indicate that the formation of organyl 

tellurium trichlorides is not influenced by the nature of the substituents 

R! and R® in position 3. Literature references for individual compounds 

are given in Table VI-3. 

Organyl tellurium trichlorides (18) with at least one hydrogen atom 

in position 3 (R’ and/or R® = H) can enolize to (19) or (20). 

R, 9H 0 R* Ri. 9 OHR* 
R*C- C=CH-C-C-TeCl3 R2C- C-CH=C- C-TeClg 
co R® R® RS 

(19) (20) 

The chloroform employed as a solvent in these reactions contained ethanol, 

which reacted with the enols producing the enol ethers listed in Table 

VI-3. Purified chloroform gave the free enols. The experiments described 

in the literature do not allow a conclusion as to the position of the 

alkoxy group in the enol ethers. The formulas for these compounds as 

written in Table VI-3 are therefore tentative. 

b) Tellurium tetrachloride and monoketones: Aliphatic and 

aliphatic-aromatic ketones were generally reacted with tellurium tetra- 

chloride in a 2:1 molar ratio. Organyl tellurium trichlorides and 

diorganyl tellurium dichlorides were observed as products (eq. 64). The 
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less soluble compounds were teolared( 

R 
R-C-CH-TeCl, 

fe) 
(64) R-C-CHyR 4 

QR 
(R-C-CH),TeCl, 

The condensation reactions were carried out in chloroform. 

1,1,3,3-Tetramethylacetone did not condense with tellurium tetrachloride, 

indicating that at least one methylene group in the a-position to the 

carbonyl function is required for a successful Penecions a Table VI-3 

lists the tellurium trichlorides prepared in this way. 

©) Tellurium tetrachloride and carboxylic acid anhydrides: The 

condensation reactions of tellurium tetrachloride and acetic acid anhydride 

are discussed in section IV-B-lc. The isolated products and pertinent data 

are listed in Table VI-3. Nitromethane refluxed in presence of tellurium 

tetrachloride gave nitromethyl tellurium trichloride’--. Trihalotelluro- 

methyl methyl sulfite was obtained from dimethyl sulfite and tellurium 

Perractinetde sc] (eq. 65). 

(65) CH3Y + TeXy —® Y-CHp-TeX3 + HX 

C1; CH,OSO go ope eE Y,X: NO,, Cl; CH,0SO 
De Bre 2s 

qd) Tellurium tetrachloride and aromatic compounds: Benzene 

derivatives containing a ring-position activated by an alkoxy, phenoxy, 

thiophenoxy, hydroxy, dialkylamino, acetamido, 2-quinolyl or 9-acridinyl 

group condense with tellurium tetrachloride in refluxing chloroform or 

carbon tetrachloride or upon heating without solvent on a water-bath to 

yield organyl tellurium trichlorides. More details about these reactions 
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have been presented in section IV-B-ld. Table VI-3 lists the compounds 

synthesized by this method together with the appropriate literature 

references, Ogava succeeded in condensing tellurium tetrachloride 

with toluene and o-xylene. The trichlorotelluro group entered para to 

the methyl groups. Only unstable products were obtained from m- and 

p-xylene. Morgan and Burgess obtained 3-methyl-4~—hydroxyphenyl 

tellurium trichloride by condensing Te0C1, with 2-methylphenol. 

e) Tellurium tetrachloride and aryl mercury chlorides: If the 

direct condensation of tellurium tetrachloride with an aromatic compound 

is not feasible the reaction with aryl mercury chlorides will give the 

aryl tellurium teienioridea? (eq. 66). 

(66) R-HgCl + TeCl, —» RTeCl3 + HgCly 

Equimolar amounts of the reactants refluxed in chloroform, acetonitrile 

or dioxane for several hours give good yields of the trichlorides. The 

use of dioxane has the advantage of precipitating mercuric chloride as the 

dioxane mddkeetns The organic mercury compounds are generally prepared 

from the appropriate diazonium salts. For individual compounds consult 

Table VI-3. 

£) Tellurium tetrachloride and unsaturated organic compounds: 

Tellurium tetrachloride adds across the carbon-carbon multiple bond in propene 

See phenylacetylene and diphenylacetylene >” to give cyclohexene 

substituted organyl tellurium trichlorides. These compounds are listed 

in Table VI-3. For further information consult section IV-B-2. 

8) Halogenolysis of diorganyl ditellurides: The conversion 

of ditellurides, R,Teos to organyl tellurium trichlorides by action of 

elemental chlorine (eq. 67) is of importance only when the ditelluride 

can be synthesized from sodium ditelluride and an organyl halide. 

Ditellurides are generally prepared by reduction of organyl tellurium 

323b 



79 

trichlorides (see section VI-E-1). 

3¢1, 

(67) R-TeTeR<——————— 2 RTC, 
Reduction 

Since the condensation reactions described in section VI-C-la through 

VI-C-le proceed - as far as is known- only with tellurium tetrachloride 

and not with the tetrabromide and tetraiodide, the organyl tellurium 

tribromides and triiodides can not be prepared in this manner. However, 

the reduction of the trichlorides to the ditellurides, and the subsequent 

reaction of the ditellurides with bromine or iodine in chloroform, carbon 

tetrachloride or benzene solution is a convenient way to the organyl 

tellurium tribromides and Soe ee Reduction and halogenolysis 

proceed almost quantitatively. Further literature references are given 

in Table VI-3. 

Bis(thiocarbamoyl) disulfides show halogen character in their 

reactions with diorganyl ditellurides in chloroform yielding phenyl and 

4-methoxyphenyl tellurium tris(dithiocarbamates) in 90 per cent eld” 

(eq. 68). 

Ss 
(68) RoTeo + 3[R2N-CS], S27 —® 2RTe[SCNRo9] , 

Bis(2-benzothiazolyl) disulfide is reported to react pinileviy eee The 

aryl tellurium tris(dithiocarbamates) possess thermochromic properties’ 

A) Halogen exchange in organyl tellurium trihalides: Halogen 

exchange reactions for organyl tellurium trihalides have been little 

investigated. (oayatexyonenyi and 2-chlorocyclohexyl tellurium 

Pelinaides: were obtained from the respective trichlorides and potassium 

dodide in aqueous ethanolic solution. The conversion of 4-hydroxyphenyl 

339 
tellurium trichloride into the tribromide with potassium bromide failed 

4-Methoxyphenyl tellurium trichloride and sodium dithiocarbamates gave 
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2 120 
the corresponding erie i iicear) auacee sh Emeleus and Heal prepared 

methyl tellurium trifluoride from the triiodide and silver fluoride. 

Equation (69) describes the reactions for halogen exchange. 

(69) RTeX, + 3MY —> RTeY3 + 3MX 

M = metal, X and Y = halogen 

4-Methoxyphenyl tellurium trichloride was hydrolyzed by water. 

According to the results of elemental analyses the product could have 

been the trihydroxide. 

i) Conversion of tellurinic acids, RTe(0)OH, into organyl tellurium 

trihalides: Balfe and eouetkerssl! treated the complex substances 

in Hgle (0)0H and 

TeOOH, with hydrogen iodide. The tellurinic acids 

(C, Hg) (C,H,0(0)CCH, }Te0+2C HoTe (0)OH, (C)Hg) »TeO+3C 

2(C,Hg),Te0-C, Hy 

contained in these compounds were converted to organyl tellurium 

triiodides (eq. 70). 

(70) C4HgTeOOH + 3HI —_> C,HgTel3 + 2H,0 

ed isolated methyl tellurium trihalides by reacting "Vernon's 

B-base", (CH,Te0,)” (CH,),Te™ with hydrogen bromide and iodide. Similarly, 

ethyl tellurium triiodide was prenaced: = For details concerning this 

reaction and the structure of the "8-base" consult section VII-B. 

2) Reactions of organyl tellurium trihalides 

Only a general discussion of the reactions of organyl tellurium 

trihalides is given in this section. A more extensive presentation can 

be found in those sections, in which the particular reaction is employed 

in the synthesis of other organic tellurium compounds. The reactions 

of organyl tellurium trichlorides are compiled in schematic form in Fig. VI-5. 

Organyl tellurium trichlorides are easily and almost always 

quantitatively reduced to diorganyl ditellurides by sodium sulfide 



81 

c19 

x 

ay 

a 
Ale 

H
O
S
S
a
l
y
 

O
 

Cay cy 

1907? Hajar 

S
O
p
T
A
O
T
Y
O
T
A
L
 

w
n
t
a
n
y
p
e
y
 

[
A
u
e
s
1
g
 

jo 
s
u
o
T
q
z
o
e
e
y
 

syL 

F 219 

HO9°HO-aLy 

O 

x40) 
"
H
3
0
0
8
 

-S°OS "HD 

2¢-IA 
°3Ta 

Z19@ a oa, 

u
o
l
y
n
p
a
y
 

J
P
L
Y
 

=
 

a
y
e
 
T
e
 

2
9
0
1
%
y
 

painoiys 

HOON 

0
0
a
.
)
 

‘ eNOOaLY 

fl
ay
 



82 

339,359 286,293 
nonahydrate ,» by potassium disulfite, K,S,0 75905 » and by zinc in 

WV 3h5y/ 
chloroform or ethanol (see section VI-E). However, 2-chloropropyl 

tellurium trichloride was decomposed by reducing agents to tellurium and 

Pesene ee The reduction to tellurenyl compounds by thiourea and 

methanethiosulfonate was treated in section VI-B. Halogen exchange 

reactions were dealt with in the preceding section VI-C-lh. 

Organyl tellurium trichlorides and tribromides condense with acetone, 

acetophenone, 4-phenoxy-, 4-methoxy-, 4-ethoxy-, 4-dimethylamino- and 

Deed Geonyiatizenect with elimination of hydrogen halide. Diorganyl 

tellurium dihalides are formed in these processes. Triiodides do not 

react with any of the mentioned compounds. Further details can be found 

in section VII-B. Intramolecular condensation of 2-chloeacl 62 dtphenyieiay? (am 

Debiphesyiyl and gphanuxyee and 2-thiophenoxyphenyl tellurium 

triohtoride: = produces heterocyclic tellurium compounds (see section XII). 

Aromatic tellurium trichlorides and 2-chlorocyclohexyl tellurium trichloride 

add to the carbon-carbon double bond in cyclohexene, 2,2-diphenyl-—4—-pentenoic 

acid and Sealii) canvoay-eidseeuee forming diorganyl tellurium 

dichlorides (see section VII-B). 

Equimolar amounts of organyl mercury chlorides and organyl tellurium 

trichlorides react in boiling dioxane (eq. 71) to give symmetric (R = R"') 

and unsymmetric (R # R') tellurium datnierides (see section VII-B). 

R-TeCly+ HgCly 
RY’ 

(71) RTeClz +R'HgCl —> 

Aryl tellurium trichlorides and ditellurides refluxed in toluene 

; ; ' é ; 341 107 
produced tellurium and diorganyl tellurium dichlorides - Drew 

reported that potassium iodide combined with methyl tellurium triiodide 

to give almost black crystals of K[CH,TeI,]. 
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Hydrolysis of organyl tellurium trichlorides and tribromides by 

water gave tellurinic acid halides, while sodium hydroxide produced 

the acid or the anhydride (see section VI-D). 

H,O 
ea RTe’ 

; X 

(72) RTeX3 

NaOH O \e) e) 

eS ete or R-Te-O-Te-R 

The chloroalkyl tellurium trichlorides, obtained by addition of 

tellurium tetrachloride to an olefin, are thermally decomposed to an 

inorganic tellurium compound, to olefins, hydrocarbons, chloroalkanes 

and ealoroaikences;  <e 

Methyl, ethyl and 4-methoxyphenyl tellurium trichlorides reacted 

with antimony pentachloride in dichloromethane to give moisture sensitive 

adducts RTeC1,°SbC1, in 61-68 per cent yield, which melted at 125-7° 

(R = CH), 86-8° (R = C,H.) and 131-3° (R = 4-CH,0C;H,). Methyl 

tellurium trichloride did not form an adduct with boron ericnicrscs sees 

Organyl tellurium trihalides, dissolved in benzene, reacted with 

a dichloromethane solution of thiourea to give the adducts 

RTeX,*SC(NH,) "7° (R, X, % yield, m.p- given): 

CHa Cl, 924 123-5"; On, Br, 94, 120-2"; CH, I, 86, 97-9%3 

CoH, C1, 83, 108-20; C,H, Br, 79, 100-2°; C,H, I, 75, 175-6°; 

4-CHLOC He Cl,-66, -133-5° 
36; 42 

The tetramethylthiourea adducts of methyl tellurium trichloride and 

tribromide, which melted at 123° and 120°, respectively, were obtained 

tatters 

The thin layer chromatographic behavior of phenyl bee pel arien 

trichloride has been tieaukieateads oe The dipole moment of phenyl 

tellurium trichloride in benzene was determined to be 2.9001 224, 
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D) Tellurinic Acids and Their Derivatives 

Only eleven tellurinic acids, RTe(0)OH, are known. They have been 

prepared by hydrolysis of organyl tellurium trichlorides or oxidation 

of diorganyl tellurides. Tellurinic acid chlorides, bromides, iodides, 

nitrates and anhydrides, RTe(O)X [X = Cl, Br, I, NO,, RTe(0)0] comprise 3? 

the known derivatives. All of these compounds are cited in Table VI-4. 

The following methods were employed in their synthesis: 

a) Oxidation of diorganyl tellurides to tellurinic acids: 

Dipentyl telluride, carbethoxymethyl pentyl telluride, carbomenthoxy— 

methyl pentyl belluride and carbomenthoxymethyl butyl pelicride= are 

reported to be oxidized by air or the hydrogen peroxide-urea adduct to 

pentane- and butanetellurinic acid, respectively. Adducts of tellurinic 

acids with telluroxides, nRTeOOH*mR,TeO, which are discussed in section 

VII-C were also formed in these oxidation year ose: 

5) Hydrolysis of organyl tellurium trihalides by water: 

Cold water hydrolyzes organyl tellurium trichlorides and tribromides 

to the respective tellurinic acid halides (eq. 72). The only systematic 

investigation of these hydrolytic reactions was carried out by Petragnani 

and Wicentint? =’. These authors found that cold water does not affect 

organyl tellurium triiodides while boiling water converted them into 

products of indefinite composition. Only 4-methoxybenzenetellurinic acid 

iodide was isolated in pure form. There are large discrepancies in the 

melting points reported for 4-methoxy- and 4-ethoxybenzenetellurinic acid 

338,358 
chlorides (see Table VI-4). 

c) Hydrolysis of organyl tellurium trihalides in alkaline medium: 

348c 358 
(o) Organyl tellurium trichlorides were dissolved in 1N, 4 r 2N 

sodium hydroxide solutions. Tellurinic acids were isolated upon 

acidification of these solutions with sulfuric gerd hydrochloric 

48 
acid or acetic Nee “ In some cases a 70-80 per cent sodium hydroxide 
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solution was Suploved > Petragnani and Vicentiat = obtained, however, 

the anhydrides of tellurinic acids by dissolving the respective trihalides 

in 10 per cent aqueous sodium carbonate or sodium hydroxide solution and 

acidifying the resulting solution with 10 per cent acetic acid. 

dq) Disproportionation of tellurenyl compounds in sodium hydroxide 

solution: 2-Naphthyl tellurium iodide disproportionated into the 

ditelluride and tellurinic acid ganydride! according to equation (62) 

(section VI-B). Whether other tellurenyl compounds react in the same 

way is unknown. 

2) Oxidation of diorganyl ditellurides by nitric acid to tellurinic 

acid nitrates: Diphenyl ditelluride warmed with halogen-free nitric acid 

(65 per cent) was oxidized to the tellurinic acid iegate ae No 

further reports concerning this potentially useful reaction could be located 

in the literature. 

£) Nitration of aromatic tellurinic acids: 

Reichel and rieschbate 3 prepared hydroxynitrobenzenetellurinic 

acids by nitration of 4-hydroxybenzenetellurinic acid with a nitric acid 

sulfuric acid mixture. With excess nitric acid the tellurinic acid nitrate 

(21) was isolated as shown in equation (73). 

NO9 

HNO, 

ee eee HO TeOOH 

(73) HO TeOOH NO» 

| excess HO Te? 

HNO. ONO» 

NO» 
(21) 

g) Hydrolysis of tellurinic acid chlorides and nitrates: Tellurinic 

acid chlorides were hydrolyzed by hot 70-80 per cent sodium hydroxide 

solution. Upon cooling white crystalline solids precipitated which were 
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converted to tellurinic acids by treatment with sulfuric actdoe ok Tellurinic 

acid nitrates yielded the tellurinic acids upon treatment with sodium 

hydroxide-!* or with 20 per cent sulfuric actde 

h) Acetonyl and phenacyl aryl tellurium dichlorides (22) are 

cleaved by cold water and hot water, respectively, to arenetellurinic 

acid halides and halogenated ketones. 

i 2 RO Te-CH2-C-R 
X 
(22) CoH» CoH.» C1; 

Ry RY 5X CH, CH, cis CoH» CH, Gilks CH,, CoHe » C1; CH. , CoH, Br: 

Rohrbaech’’ + claimed to have prepared thio derivatives of 4-methoxy— 

and 4-ethoxybenzenetellurinic acid anhydride. His results, however, 

are questionable, since the starting materials employed in these syntheses 

were probably mixtures of organyl tellurium trichlorides and diorganyl 

tellurium dichlorides-~~, 

Our knowledge of the reactivity of the few reported tellurinic acids 

is rather limited. The synthetic methods leading to tellurinic acids 

and their derivatives and the reactions given by these compounds are 

summarized in Fig. VI-6. It should be pointed out that tellurinic acids 

and tellurinic acid anhydrides can be reduced to ditellurides by potassium 

348c 358 or sodium sulfides. and that treatment with hydriodic disulfite 

acid produces organyl tellurium tuiediaes These general statements, 

however, are based on only a few isolated experiments. Since organyl 

tellurium trichlorides hydrolyze in aqueous solution to tellurinic acid 

chlorides, the reduction of the trichlorides by aqueous potassium disulfite 

solution might actually proceed vita the reduction of the tellurinic acid 

chlorides. Recuction experiments with acid chlorides have not been 

carried out. Drevee” reported that methanetellurinic acid seemed to 

disproportionate on standing to dimethyl tellurium dihydroxide and tellurous 

acid. 
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E) Diorganyl Diteilurides 
ee 

Diorganyl ditellurides, R,Te,» are orange to red solids. Only the 

methyl and trifluoromethyl derivatives are liquids at room temperature. 

The known ditellurides are listed in Table VI-5. While the aromatic 

compounds are well represented, only a few aliphatic derivatives have 

been described. The aromatic derivatives are more stable and are much 

easier to handle than the aliphatic members which in addition to their 

relative instability possess an obnoxious, persistent odor. Liquid 

dimethyl ditelluride solidified upon standing for a few days at room 

temperature. Vacuum distillation of the solid regenerated the quads 

It remained, however, liquid when stored in a sealed tube at e508 te: 

Bis(4-chlorophenyl) ditelluride is the only ditelluride whose structure 

has been determined by single crystal X-ray analysis. The two organic 

groups bonded to the tellurium atoms form a dihedral angle of 72°. The 

structure of ditellurides thus resembles that of hydrogen Peroxiiec 

Sink and hey assumed a similar structure for dimethyl ditelluride 

with a dihedral angle of 82° in their vibrational analysis of this 

molecule. More details about the structures of organic tellurium compounds 

are given in section XIV-C.. 

1) Synthesis of Diorganyl Ditellurides 

The direct synthesis of ditellurides from sodium ditelluride and 

alkyl halides has been used very little. Most of the ditellurides 

were prepared by reduction of organyl tellurium trichlorides. A few 

other modes of formation of ditellurides have been found. Most of 

them, however, are of only very limited interest for preparative work. 

The following reactions are known to produce diorganyl ditellurides. 

Table VI-5 should be consulted for specific compounds. 
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a) Sodium ditelluride and alkyl halides in aqueous medium: Sodium 

ditelluride was prepared in basic aqueous medium according to a procedure 

widely used for the synthesis of sodium Paliriiane (see section III). 

The ditelluride reacted with butyl bromide to give a 23 per cent yield 

of dibutyl ditelluride. Chloroacetic acid, however, did not produce 

the expected digeldavide -, 

») Sodium ditelluride and alkyl halides in liquid ammonia: Sodium 

ditelluride prepared from the elements in liquid ammonia (see section III) 

combined with alkyl halides to give the organic ditellurides in yields 

up to 80 per cent. Evaporation of the ammonia left solid residues from 

37a,76,397 
which the ditellurides were recovered by extraction This 

method should be capable of further application in the synthesis of 

aliphatic and perhaps aromatic ditellurides. 

c) Tellurium mirrors and organic radicals: Mechylcc 22 ee 

Priticoromethy! and eneayin radicals attacked mirrors of elemental 

tellurium and formed the respective ditellurides. These reactions were 

employed in the study of organic radicals generated by thermal 

decomposition of various organic compounds. 

d) Reduction of organyl tellurium trichlorides by K “SEN 
Ditellurides are conveniently synthesized by reduction of organyl 

tellurium trichlorides with potassium disulfite or hydrogen sulfite. 

The reductions proceed quantitatively in an aqueous medium at 0°. 

For literature references see Table VI-5. 2-Carboxybenzenetellurinic 

acid was similarly reduced to bis(2-carboxyphenyl) qipeliveice = = 

4 305 
However, Poatoreaheayaas ja alorseye Donesyin » 2-chlorostyryl ; 

D>GG! seautoxy—2 squinoiy)) phenyl tellurium trichlorides and derivatives 

276,282 
obtained from 1,3-diketones were decomposed by potassium disulfite. 

e) Reduction of organyl tellurium trichlorides by Na,S°9H,0: In 

the reduction of tellurium trichlorides with sodium sulfide, Na S*9H,0, 
2 
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the mixture of the reactants with a large sulfide excess is heated to 

95-100° and kept in the molten state at this temperature for about 15 

minutes. The ditelluride separated quantitatively upon treatment of 

the cooled melt with water. The trichlorides listed above were also 

decomposed by sodium sulfide. 

f£) Reduction of organyl tellurium trichlorides by zinc: The 

reduction with zinc in ethanol was employed only in the synthesis 

of bis(pentafluorophenyl) ditelluride from the corresponding Pecnteride eee 

The yield was not reported. 

g) Elemental tellurium and Grignard reagents or oganic lithium 

compounds: Aromatic Grignard reagents react with commercial elemental 

tellurium in tetrahydrofuran in the presence of oxygen (method g). 

The ditellurides were obtained in yields ranging from 12 to 85 per cent. 

However, not all aromatic Grignard reagents combine with tellurium. 

Alkyl magnesium halides were found to be neeseeicen 

Aryl lithium compounds and elemental tellurium produce diaryl 

ditellurides (method g") according to equation (74) 

(74) RLi+Te —» RTe Li 

0, 2RTeLi —2~~2-» R TeTe R + 2LiOH 

h) "Tellurium dihalides" and Grignard reagents: The reaction 

of Grignard reagents with "tellurium dihalides" produced diorganyl 

ditellurides as yc eile es ae It was pointed out in section 

IV-B-3a, that the dihalides very easily disproportionate into tellurium 

and tellurium tetrahalides. The ditellurides were therefore probably 

formed from elemental tellurium and Grignard nant = 

i) Ditellurides from certain unsymmetric diorganyl tellurium 

dihalides: The reduction of certain unsymmetric organic tellurium 

dihalides RR'TeX,, by sodium sulfide and the action of atmospheric 
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agents on benzyl aryl tellurides gave diorganyl ditellurides. Excess 

sodium sulfide, zinc in chloroform, sodium hydrogen sulfite and 

hydrazine sulfate, reduced acetonyl, phenacyl and 2,4-dihydroxyphenyl 

aryl tellurium dichlorides to diaryl qiveltaridee <- (eq. /5)= 

Cl 

Cl 

' = R CH,0, CHO, CeH.O 

The fate of the organic group cleaved from the tellurium atom is not 

known. The tellurium diiodide (23) treated with Na,S*9H,0 at 100° formed 

bis (4-ethoxypheny1) atvelmerce 

CoHs0-(C))-Te-CHp- oi He 
vy) 

OL oo Cots )e 
{ 

(23) 

4—Methoxyphenyl benzyl and 2-naphthyl benzyl telluride were converted 

to the corresponding diaryl ditellurides upon exposure to the atmosphere. 

This conversion is facilitated by the presence of moisture. Benzaldehyde 

F : ; 426 
was detected in the reaction mixture 

Refluxing solutions of the alkyl aryl tellurium dihalides (24) in 

ree : ; ‘ ; 348b,c 
pyridine produced diaryl ditellurides according to equation (75a) : 

The thermal dissociation of (24) into alkyl halide and the unstable 

tellurenyl compound, R-Te-X, is followed by the loss of halogen from 

two molecules of the tellurenyl compound and concomitant formation of 

the diaryl ditelluride. The reaction of the cleavage products RX and X, 

with pyridine favors the formation of the ditellurides. 
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(75a) 2 Te_Ro eee Te-X | +2RX 
Y X2 Y 

(24) R’ R' | 

Y Y 

R, R', Y, X: CH,, CHO, H, Br; C,Hy, CHO, H, Br; C,H,, Br, 2-CH,0, C15 
oi 

C,Hy, H, 4-CH,, Cl; C,Hy, H, 4-Br, Cl 3? 

j) Alkaline hydrolysis of 2-naphthyl tellurium iodide: 

Di(2-naphthyl) ditelluride was obtained by alkaline hydrolysis of 

2-naphthyl tellurium iodide, by decomposition of the triphenylphosphine 

adduct of the iodide, and by action of triethylamine or triisopropyl 

phosphite on 2-naphthyl tellurium teatderae 

k) Modification of the organic moiety without affecting the 

ditelluride group: The conversion of bis(2-carboxyphenyl) ditelluride 

to bis(2-chloroformylphenyl) ditelluride by butyl dichloroformate, 

HCC1, (OC, Ha) , in the presence of anhydrous zinc chloride is the only 

known reaction of this ote ne 

Bis(2-carboxyphenyl) ditelluride was obtained by treating 

2-formylphenyl methyl telluride in aqueous ethanolic sodium hydroxide 

with silver nitrate. It is not known, whether the ditelluride 

link was formed in this reaction prior to the oxidation of the aldehyde 

348c 
group , 

2) Reactions of diorganyl ditellurides 

Most of the reactions of diorganyl ditellurides proceed either 

with elimination of one tellurium atom or with fission of the tellurium- 

tellurium bond. Halogenolysis of ditellurides produces organyl 

tellurium trihalides as discussed in section VI-C-lg. Bis(thiocarbamoyl) 
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disulfides react in the same way as do halogens to give organyl tellurium 

tris (dithiocarbamates)?7°, Controlled halogenolysis of bis(2-naphthyl) 

ditelluride with iodine yields 2-naphthyl tellurium iodide (see section 

ven) to Chen and George” reported that dimethyl ditelluride in ether 

solution was partially decomposed to tellurium tetrabromide upon 

treatment with bromine while in benzene solution the expected tribromide 

was obtained in quantitative yield. 

Diorganyl ditellurides upon heating eliminate tellurium and form 

AE The reaction commences in the absence diorganyl tellurides 

of any solvent at 250° but proceeds in good yields only above 300°. 

Heating bis (4-methoxyphenyl) airetaueias and the corresponding ethoxy 

derivative in xylene for four hours was without ate es, 

Measurements of the molecular mass of diphenyl ditelluride in 

anphen oe indicated that 30 per cent of the compound was dissociated 

into radicals, RTe . Upon raising the temperature of an ethanolic 

ditelluride solution from -80° to +80° the color intensified. Oxygen 

was absorbed by the solution. These observations and the low 

molecular masses of other ditellurides found by earlier 

Guestiestores 2 can be explained by radical formation. 

Diorganyl disulfides are known to dissociate into padieats = 

Ditellurides in ethereal solution treated with a three- to five- 

fold molar excess of an aromatic Grignard reagent gave in quantitative 

yield the unsymmetric tellurides (see section VII-A) according to 

equation (76) 1Onasste 

(76) R-TeTe-R + R’'MgX ——> R-Te-R’ + RTeMgX 

Aliphatic Grignard reagents did not see Phenyl lithium gave a 

complex mixture of tellurides from which definite compounds could 

not be leginwed o7) Diphenyl ditelluride and dialkyl mercury compounds 

d 
refluxed in dioxane formed alkyl phenyl baliurides > : 
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Methyl iodide cleaved the tellurium-tellurium bond in 

288 , 358 
bis (4-methoxyphenyl) ditelluride (Gq Pic 

an x TeTe X + 3CHgl 

CH3 
X = CH,0 xX Te-CH3 + |X Te ~ 

lp CH, 

The 4-ethoxyphenyl derivative, however, was decomposed by methyl 

pode 

, 7286 , 288, 293,103 
Hydrogen peroxides?” or ai oxidized ditellurides 

to white substances which were not further characterized. Concentrated 

nitric acid decomposed Mn@ ake See and bis (4-methoxypheny1 ) 

bagi Ree into 4,4'-dinitrodiphenyl ether, while diphenyl ditelluride 

147,219 
gave benzenetellurinic acid nitrate (see section VI-D-e). 

2 
Lederer ~ made an attempt to reduce diphenyl ditelluride to 

benzenetellurol with sodium in ethanol. He treated the reaction product 

with mercuric chloride and isolated C(H, Te-HgCl (see section VI-A). 

A number of aromatic ditellurides were reduced to aryl sodium 

telluride by sodium borohydride in ethanol-benzene in the presence 

348b,c,d 
of sodium hydroxide These tellurides (see section XI-A) were 

not isolated but were reacted immediately with organic halides to 

produce aryl alkyl tellurides (see section VII-A-2). Diethyl ditelluride 

in ether solution when treated with lithium at room temperature gave 

CH.-Te-Li'/4, Diethyl ditelluride was also cleaved by (CoH) ,GeLi 

- Hay 
in hexane *. Diphenyl ditelluride in benzene when shaken with 

mercury formed (CpaTe) He 
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Ditellurides can serve as dehalogenating agents. Diorganyl 

selenium dibromides, organyl tellurium trichlorides, tellurium 

tetrahalides, diorganyl tellurium dibromides and vic-dibromides 

transformed ditellurides into diorganyl tellurium dihalides with 

elimination of one tellurium atom per ditelluride ee 

These reactions are discussed in more detail in section VII-B. 

A methylene group was inserted into the Te-Te bond when 

bis (4-methoxyphenyl) or bis(4-ethoxyphenyl) ditelluride was treated 

with diazomethane in ether solution. With dichlorocarbene, generated 

from phenyl trichloromethyl mercury, definite products could not be 

obeaiiedn. | Bis(4-ethoxyphenyl) ditelluride reacted with benzyne, 

obtained from diphenyliodonium 2-carboxylate, to give 

ie baal oneay leet inoybenzenaae 

Ditellurides react with transition metal salts and carbonyl 

complexes to form compounds in which the organyltelluro group serves 

as a bridging group in binuclear conpilexeay() ato) to eae 

The ditelluride linkage seems to remain intact upon complexation with 

392,392a 514,396 
mercuric hetides and uranium pentachloride 

reported that diphosphines and ditellurides yield organyltellurophosphines. 

For a detailed discussion of these compounds consult chapter XI. The 

reactions given by ditellurides and the synthetic routes to ditellurides 

are presented in Fig. VI-/. 
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VII. COMPOUNDS CONTAINING A CARBON-TELLURIUM-CARBON MOIETY 

Diorganyl tellurides, diorganyl tellurium dihalides, diorganyl 

telluroxides and diorganyl tellurones comprise the compounds in which 

the tellurium atom is bonded to two organic groups. Compounds of the 

general formula R,TeX,, with X representing anionic groups like NO oe 

Clo, , Cro, and others will be discussed together with the dihalides. 

The aromatic derivatives far outnumber the aliphatic compounds. 

Although methods for the preparation of aliphatic tellurides and their 

derivatives have been known for a long time, their sensitivity towards 

oxygen and their penetrating, obnoxious odor have discouraged more 

extensive investigations. Telluroxides and tellurones are not well 

characterized and much more work is required to establish with some 

confidence the chemical behavior of these compounds. 

A) Diorganyl Tellurides 

The section on diorganyl tellurides will be divided into three 

parts. Symmetric diorganyl tellurides will be discussed first, 

followed by unsymmetric compounds. The third part will deal in general 

terms with the reactions of these tellurides. 

1) Symmetric diorganyl tellurides 

The first organic tellurium compound, diethyl telluride, was 

prepared by igehier: in 1840. His method of reacting potassium 

telluride with an alkyl sulfate was later employed in the synthesis 

170,445 21,170,258,444 446 
of dimethyl and dipentyl telluride ,» diethyl 

Potassium telluride was prepared by keeping tellurium and the 

carbonaceous residue obtained by thermal decomposition of potassium 

hydrogen D-tartrate at red heat until the carbon monoxide evolution 
= 
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had eoaseda These reactions are only of historic interest, since 

310 
better ways of synthesizing these tellurides are now available. Natta 

reported in 1926, that aliphatic alcohols and ethers, reacted with 

aluminum telluride, Al,Te,, at 250-300°, gave good yields of alkyl 

tellurides. This method has not been used again, although it seems to be 

the reaction of choice to produce large quantities of tellurides from 

cheap starting materials. Dimethyl telluride was formed when sodium 

tellurite, Na,Te0,, was heated with betaine or choline chloride in the 

presence of sodium formate Bee eee a 

Dialkyl tellurides are prepared most conveniently by the 

alkylation of sodium telluride or by reduction of dialkyl tellurium 

dihalides, which can be obtained by alkylation of tellurium tetrachloride 

(see section VII-B). Most of the other methods, with the exception 

of the reaction between diorganyl mercury and tellurium, are of 

limited value in the preparation of tellurides. Aromatic tellurides 

can be synthesized employing the methods developed for aliphatic 

derivatives. Sodium telluride, however, does not react with aromatic 

halides. The reaction of diaryl mercury with tellurium has produced 

several tellurides. This route requires the synthesis of the organic 

mercury compound. The more direct preparation from tellurium tetra- 

chloride and a large excess of a Grignard reagent gives tellurides in 

acceptable yields. 

Rohereecu claimed to have prepared bis(4-methoxyphenyl) and 

bis (4-ethoxyphenyl) telluride by reduction of the condensation 

product obtained from tellurium tetrachloride and the respective 

alkoxybenzenes. Morgan and Deere however, showed that under 

Rohrbaech's conditions, only organyl tellurium trichlorides are formed. 

222,31 
The reduced compounds, therefore, were not tellurides but ditellurides 

iil 
, Anderson calculated the boiling points of dimethyl and diethyl 
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telluride using the Kinney equation. The refractive index of diphenyl 

teliacide:—” and the thermal characteristics of mixtures of this 

telluride with the corresponding sulfide and eelenide ~~ were 

determined by Pascal. He found that the telluride is isomorphous with 

the selenide and sulfide but not with the oxide. 

The following methods have been developed for the synthesis of 

symmetric diorganyl tellurides. In order to learn whether a particular 

reaction has been used for the synthesis of a specific telluride, 

Table VII-1 should be consulted. 

a) Alkylation of sodium telluride in an aqueous medium: Sodium 

telluride, prepared by the method of Tschugaeff and Chilop ia <> from 

tellurium and sodium formaldehyde sulfoxylate (Rongalite) in basic 

aqueous medium, combines with alkyl halides to give dialkyl tellurides. 

The insolubility of the alkyl halides in water necessitates the addition 

of ethanol to the reaction mixture. Water soluble alkylating agents 

react satisfactorily without the presence of an organic solvent. Thus, 

benzyl dimethyl phenyl ammonium chloride gave dibenzyl pelluridetoes 

tert-Butyl chloride did not produce the telluride in an aqueous ethanolic 

reaction medina 

b) Alkylation of sodium telluride in liquid ammonia: Elemental 

sodium and tellurium in liquid ammonia form sodium telluride, which 

upon addition of an alkyl halide, gives the dialkyl telluride. The 

utility of this method for the synthesis of long chain aliphatic 

tellurides is shown by the successful preparation of the hexadecyl 

Beets oe Experiments with aromatic halides have not yet been 

carried out. 

c) Reduction of diorganyl tellurium dihalides by potassium 

disulfite, sodium hydrogen sulfite or sodium sulfite: 

The reactions of diorganyl tellurium dihalides with KySo055 
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NaHsO, or Na,S0, proceed in aqueous solution containing sodium hydroxide 

or sodium carbonate. The few reported yields indicate that these 

reductions are almost quantitative. However, the less stable 

tellurium dichlorides like bis(4-ethoxyphenyl) and bis(2-chlorocyclohexyl) 

tellurium dichloride and those derived from acetylacetone, acetone, 

1,1,1-trimethylacetone and acetophenone deposited elemental tellurium 

when treated with these reducing agents. 

In order to facilitate purification diorganyl tellurides are 

often converted to their crystalline dihalides, which are easier to 

isolate and recrystallize. The reduction of the pure dihalides with 

reducing agents as discussed in sections VII-A-lc to VII-A-1f give the 

pure tellurides. 

4) Reduction of diorganyl tellurium dihalides with sodium 

sulfide nonahydrate: The reduction with sodium sulfide is applicable 

to aliphatic and aromatic tellurium dihalides and gives almost always 

quantitative yields. The dihalide and a 15-fold molar excess of the 

sulfide is kept in the molten state at 100° for about 15 minutes. 

Equation (78) describes the process. 

(78) RgTe Xp + NayS 42° » RoTe + 2NaX+ S 

e) Other reducing agents for diorganyl tellurium dihalides: 

Lithium aluminum bvcide ir zinc dust in glacial acetic Seid” or 

henzcnea tin dichloride in hydrochloric afr and sodium 

ehicsuteatece: have been employed as reducing agents in a few isolated 

cases. There seems to be no advantage in using these reagents. 

Bis (4-methylphenyl) polonide dehalogenated the corresponding tellurium 

dichloride forming the polonium dichloride’!®, 

£) Reduction of diorganyl tellurium dihalides with methyl 

magnesium iodide: Aromatic tellurium dihalides which are insoluble 

in water can be reduced with a three-fold molar excess of methyl 



DEES) 

Magnesium iodide in ethereal Sotueionae ak ee The yields vary between 

60 and 92 per cent (eq. 79). 

ey) RoTeX2 + 2CH3Mgl —» RoTe + CoHg + 2MaXI 

Tetraorganyl tellurium compounds of the type R,Te (CH have been 
32 

shown to be unstable eliminating ethane and forming the telluride 

(see section IX). It is therefore likely that such a compound is 

formed as intermediate in these reductions. Ethyl magnesium iodide 

converted bis(l-naphthyl) tellurium dibromide into the ce iuwide wees 

When phenyl or 2-methylphenyl magnesium bromide were reacted with 

aromatic tellurium dihalides, symmetric and unsymmetric tellurides 

were Map taeeieaa: 

8) Diaryl mercury and elemental tellurium: Diaryl mercury 

compounds transfer the organic groups to tellurium upon heating the 

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

3,25,83,199,246,254,407 ,429,449 
several hours (eq. 80). 

(80) RoHg+ 2Te —® Role + HgTe 

The yields obtained range from 50-100 per cent. The reaction 

temperature must be kept below the decomposition temperature of the 

mercury compound. 

h) "Tellurium dihalides" and Grignard reagents: Dederena @a-ameee 

233,236 introduced the reaction of aromatic Grignard reagents with 

"tellurium dihalides" into organic tellurium chemistry. It is almost 

certain, that Lederer unknowingly handled a mixture of tellurium and 

tellurium tetrahalide, into which dihalides easily disproportionate 

(see section VI-B-3a). In most cases, a four-fold molar excess of 

Grignard reagent was employed. The complexity of the reaction is 

manifested by the isolation of tellurides, ditellurides, aromatic 

hydrocarbons and elemental tellurium from the reaction mixture. The 

OCT _RF 
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yields of tellurides range from 30 to 70 per cent. The tellurides were 

usually converted to the dihalides to facilitate their isolation. 

Although the exact reaction mechanism accounting for all these products 

is still unknown, sections VI-B-3a and VI-A-2 present possible reaction, 

sequences, which are applicable to the "tellurium dihalide" problem. 

Glazebrook and Pecrect ee obtained diphenyl telluride together with the 

other possible tellurides from a fused mixture of tellurium and iodine, 

stoichiometrically corresponding to Tel,, and a Grignard solution 

containing methyl and phenyl magnesium bromide. 

i) Organic radicals and tellurium mirrors: The only tellurides 

obtained during investigations of the attack of organic radicals on 

251209282 and diphenyl foliar idccuee tellurium mirrors were dimethyl 

The methyl and phenyl radicals were generated by thermal decomposition 

of various organic compounds. These reactions are unimportant for 

preparative purposes. 

j) Diorganyl tellurides vta tetraorganyl tellurium compounds: 

Diorganyl tellurides were the products of reactions between tellurium 

tetrachloride and butyl Pehian wee pentafluorophenyl itatae phenyl 

Leos el eoAt 2 1208) Gewethoayp beni a and AtuathylpRengi eee magnesium bromide 

magnesium bromide. The amount of reagents present was sufficient to form 

a tetraorganyl tellurium compound as intermediate, which then probably 

decomposed to the diorganyl telluride. The following equations (81)-(82) 

present the likely reaction path. 

(81) TeCl,+ 4RM—» R,Te+4MCl 4 4 

M = Li, MgBr 

(82) Ryle —® Role+ Ro 

B44? 83 Wittig and Fritz and Cohen and coworkers ~ have shown that tetraphenyl 

and tetrakis(pentafluorophenyl) tellurium decompose at their melting 

temperature into the respective tellurides. 



iby) 

k) Pyrolysis of diaryl ditellurides: Bis(4-biphenylyl) ditelluride 

heated with copper powder at 210° produced the eeurides Diphenyl 

belincidenc was prepared by heating the ditelluride to about 300°. 

The yield, reported to be quantitative, makes this method very 

interesting. Starting with organyl tellurium trihalides, obtainable 

by reactions described in section VI-C-1, the ditellurides can be 

prepared quantitatively by reduction with sodium sulfide. The overall 

yields of tellurides would depend only on the efficiency of the organyl 

tellurium trichloride syntheses. 

1) Elemental tellurium and Grignard reagents or organic thallium 

compounds: The reactions between elemental tellurium and Grignard 

reagents are not of importance for the preparation of tellurides except 

in connection with "tellurium dihalide" reactions (see subsection h 

above). Only diphenyl telluride was obtained by this mécnedes 

Petragnani and de Moura Campos further investigated this reaction and 

proposed two meckaniaee (see section IV-A-2), which account for the 

various observed products. 

Bis(pentafluorophenyl) thallium bromide and tellurium heated in 

a sealed tube for 3 days at 190° produced bis (pentafluoropheny1) cabturidea 27: 

m) Diorganyl tellurides from triorganyl telluronium compounds: 

Five reactions shown in equations (83-87) are reported in the literature, 

which convert triorganyl telluronium halides into diorganyl tellurides. 

Reaction (83) - > probably proceeds vita tetraphenyl tellurium as discussed 

in subsection j above for similar reactions. Diphenyl cellueide e 

was formed by refluxing the telluronium salt in dimethylaniline (eq. 84). 

Heating the telluronium salt of equation (87) in vacuum produced 

bis (carbo-2£-menthoxymethy1) peliucide These two reactions probably 

proceed via the thermal dissociation of the respective telluronium 

salts. Telluronium salts seem to be reduced by hydrated sodium sulfide 
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(83) [(CgH,) Te] CI + CgHsMgBr—> (CeHs)pTe + (CgHs)p + MaCIBr 

(84) [CoHs)ectgte] I” «(CHg)pNCgHs—>(CgHs)sTe « [(CHa)3NCgHs] I 

CH3] 
(85) |CH30 Te | I” +NaSH —® CH3OCgHs + (CH3),Te+Nal+S 

CH 

(86) [(Cetts) Te] I” + NaSH—» CgHg + (CgHs)aTe + Nal +S 

(87) [ (Cag )oTeCHycooR] By ———>Te(CH,COOR)» 

i-C3H7 

R = 2- 

CH, 

according to equations (85) and (86)>>°. Benzene and anisole were 

detected as reduction products. 

n) Reactions affecting the organic part of diorganyl tellurides: 

The only reaction known to change the organic part of a symmetric 

telluride is the hydrolysis of bis(2-cyanoethyl) telluride by 

hydrochloric arid 5 (ea. 88). 

HC 1/H,0 
(88) (NC-CH5CHp )oTe —2" __» (HOOC-CHyCH, )pTe 

o) The electrolysis of a mixture of tellurium and acrylonitrile 

in 1N sodium sulfate yielded bis(2-cyanoethyl) fellupide. 12 teeis 

likely that the telluride is formed by addition of electrolytically 

generated hydrogen telluride to the carbon-carbon double bond. No 

further application of this reaction could be located in the literature. 

p) Elemental tellurium and tetraphenyl tin: Schmidt and Selueea ec 

heated tetraphenyl tin and tellurium for 80 hours at 240° in an evacuated 

tube and isolated diphenyl telluride. Telluranthrene (see section 



iE) 

XII-C-5) was also formed. 

q) Diazonium and iodonium salts in the synthesis of diaryl 

tellurides: paceanees obtained bis(2-carboxyphenyl) telluride from 

sodium telluride and 2-carboxybenzenediazonium chloride. The physical 

properties of Farrar's telluride differed from those reported for the 

same telluride by Mazza and Melewionds ane Diphenyl iodonium chloride 

in the presence of thioglycolic acid, sodium carbonate and tellurium 

produced diphenyl pellariae 

r) Bis(4-methoxyphenyl) and bis(4-ethoxyphenyl) ditelluride were 

converted into calieines: = by the respective diaryl tellurium 

dibromides upon refluxing of the reactants in toluene according to 

equation (89). 

(89) Roleg + RoleBro —> Role + RoleBro +Te 

Since the reactions were performed with starting materials containing 

the same organic groups, conclusions as to the reaction sequence cannot 

be drawn. 

BZ 
s) Miscellaneous methods: Nefedov and coworkers obtained 

diphenyl and bis(4-methylphenyl) telluride containing the isotope 

eae by 6-decay of R sh. Diphenyl and dibutyl telluride with 
3 

Te were prepared from sre and diphenyl ee and dibutyl 

mercury, respectively. Syntheses, which are successful in sulfur and 

selenium chemistry, do not necessarily work with tellurium. For 

example, the telluride [CC1,CH(OH)],Te could not be obtained by the 

action of hydrogen telluride on an ethereal solution of SNe 

whereas hydrogen sulfide and selenide gave the expected products. 

Figure VII-1 summarizes the reactions which yield diorganyl 

ditellurides. 
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2. Unsymmetric Diorganyl Tellurides 

Many of the methods, which have been employed for the preparation 

of specific unsymmetric diorganyl tellurides as described below, might 

have general applicability. Extensive investigation in this field 

have, however, not yet been carried out. 

Alkyl aryl tellurides seem to be less stable than diaryl tellurides. 

Bowden and Braude-” reported, that ethyl phenyl telluride in solution 

formed the symmetric tellurides. The tellurium-carbon(benzyl) bond 

in aryl benzyl tellurides is cleaved by bromine, iodine and sulfuryl 

and thionyl chlcvidesc: Such tellurides are also easily oxidized 

to diaryl dieeibucivese-cs 

The unsymmetric tellurides, which are listed in Table VII-2, have 

been prepared according to the following methods: 

a) The reaction of organyl alkali metal tellurides with aliphatic 

halides: Organyl alkali metal tellurides, RTeM (M = Li,Na), (chapter 

XI-A), have been synthesized from sodium acetylides and tellurium 

38, 38a,42,43,348, 355 
in liquid ammonia » from organyl lithium compounds 

348b,c 
and tellurium in diethyl ether and by reduction of diaryl ditellurides 

in ethanol/benzene solution with sodium borohydride in aqueous sodium 

nearonides ck 

Acetylenic hydrocarbons with a hydrogen atom on at least one of 

the triply bonded carbon atoms form sodium acetylides upon treatment with 

sodium or sodium amide in liquid ammonia. Tellurium, added to such a 

reaction mixture, inserts into the carbon-sodium bond. The organyl 

sodium telluride can then react with an organyl halide to produce 

38,38a,42,43,348,355/ 
the telluride in yields up to 65 per cent eq. 90). 
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AHS (2) (90) R-C=CH + Na——>". 5 R-C5C-Na 
: +R'X Te | 

R-C=C-Te-R'-<——_——_- R-C=C-Te-Na -NaX 

Aryl lithium compounds, prepared from aryl bromides and butyl lithium 

in diethyl ether solution, react with elemental tellurium. The thus 

formed aryl lithium tellurides combine with the butyl bromide generated 

in the lithium-bromine exchange reaction (eq. 90a). The aryl butyl 

tellurides were isolated in yields ranging from 30-68 per cent oe 

Butyl lithium telluride, obtained from butyl lithium and tellurium 

in diethyl ether, reacted with benzoyl chloride to give benzoyl butyl 

telluride in 20 per cent pista 

R’ R’ 
R 

Br + C4HoLi —_> C4HgBr + Oy — 

: : Te 

R R +C 1HgBr R Bs 

4 Qe ees 
Te C4Hg -LiBr + 

OF Sr 

(90a) R 

RoR 4—CHeieeh ss 4—B mH) Hs CH(OC,H,) 93 6-CH 
Si 3 

Diaryl ditellurides in ethanol/benzene solution are converted 

to aryl sodium tellurides upon treatment with 1N sodium hydroxide 

solution containing sodium borohydride. The addition of carboxylic 

acid ehlerides: 8-chloropropionic ectaee or dimethyl eolenee 

to this reaction mixture produced aryl organyl tellurides in yields 

as high as 90 per cent. 

b) Reactions affecting the organic moiety in diorganyl 

tellurides: The reactions, which modify the organic moiety in 

unsymmetric diorganyl tellurides comprise addition to the vinyl group 

353,354 
in alkyl vinylacetylenyl tellurides » the isomerization of 

phenyl propargyl tellurides to allenic décivacives 7+ the introduction 
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3 
of a substituent into an aromatic ring in methyl aryl tellurides ae 

and the modification of a substituent already present in an aryl ep 

Radchenko and comorbera noe prepared via a 1,3-dipolar addition 

: 353 355 of benzonitrile N-oxide (25)°~~, N-a-diphenylnitrone (26)~~~, and 

1,3-diphenylnitrilimine (27)3>4 to alkyl vinylacetylenyl tellurides in 

benzene the unsymmetric tellurides presented in scheme (91). 

CHp C CHy— C 

ae eieth fe 
CH3-Te-C=C-CH 0 N CH,-Te-C=C-CH_ oN 

(25) 5-(methyltelluroethynyl)- 

3-pheny1l-2-isoxazoline 

CHp CH CH),—CH 
+e ] l | | 

CoHs-Te-C=C-CH oO) C5H,-Te-C=C-CH_ o- N <O) 

5~(ethyltelluroethynyl)- 
(26) 2,3-diphenylisoxazolidine 

CH c{O) CH2—C 
ll — | 

R-Te-C=C-CH N* R-Te-C=C-CH N 
— / =< N— 

IN~ 

(27) 

5-(alkyltelluroethynyl1)- 
3° Cols 1,3-diphenyl-2-pyrazoline 



EBL 

Pourcsioe a found that phenyl propargyl tellurides (28) isomerize 

to the allenic derivatives (29). The isomerization is facilitated 

by strong base, The propargyl derivatives have been prepared from 

R R 
Te-CH-C=CH <= Te-C=C=CHp 

(28) (29) 

propargyl bromide and phenyltelluro magnesium bromide. The isomerization 

cannot have taken place prior to the formation of the telluride, 

since allenyl bromide was unreactive under these conditions. 

Methyl phenyl and methyl biphenylyl tellurides are susceptible to 

substitution in the 4-position of the aromatic Seoner UF Rogar)” 

introduced the bromoacetyl group by reacting the tellurides with 

bromoacetyl chloride in presence of aluminum chloride in chloroform. 

The bromoacetyl group was then modified in a series of reactions given 

in scheme (92). The compounds obtained, together with their melting 

points and yields, are listed in Table VII-3. 

The reactive aldehyde group in 2-formylphenyl alkyl tellurides 

can be easily converted into other functional groups without affecting 

348c 
the carbon-tellurium bonds . These reactions are summarized in 

scheme (93). 

c) The conversion of triorganyl telluronium salts to diorganyl 

tellurides: The thermal decomposition of triorganyl telluronium 

+ - 

halides of the type [R,R'Te] X seems to be a convenient way to prepare 

unsymmetric tellurides, RTeR', according to equation (94). 
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(92) cre) shes? fie 
BrCH,COC1 2 

ae ){O) 

HC1 conc. 
O O 

R-C-CHoBr- hexamethylenetetramine ——————————_> R-C- CH2NH» 

fo) 
R-C-CH2Br 

(CH) 6N y 

(CH,CO),0 

O O CH,O 2 9? 
R-C-CH-NH-C-CHy RC CHONH-C CH, 

CH,OH 

(7-C3H70) Al 

t-C,,H_OH 

OH Q HC1 OH 
REGH-CtPNH:C-CHy cree 

CH,OH CH,0H 

CC1,CH(OH) , 

Caco 3/ NaCNn 

on ’ ° 
R =CH,Te Oy cute (OO) R-CH-CH-NH-C-CHClp 

CH)OH 



Table VII-3 

CH,-Te 

- cam 

-C-CH, Br 52 2 

? 
-C-CH,Br+ HMTA* 88.1 

4 
~C-CH,-NH, + HCl 30.2 

Q Q 
-C-CH,-NH-C-CH, 78.9 

© CH,OH 
7 2 

~C-CH——NH-C-CH, 45.8 

OH CH,OH 0 
-CH— CH NH—C-CH, [79.5 

OH GH,OH 
-CH-CH=NH, 83.3 

OH ¢H,OH Q | 
~CH— CH—NH-C-CHCL, 92.9 

* 
HMTA = Hexamethylenetetramine 

D0 

107 (dec) 

233) 

163 

155 

128 

108 

114 

Alkyl Aryl Tellurides Prepared by Rogoze © 

© 
ficia® | pc || vielaz | 

CH.-Te 
3 

22.3 

Wo 

86 

Sy 

89 

ike 

71. 

133 

190 

161-3 

147-8 

131 

146 



134 

(93) on?” 

TeR NO2 

+ 

CH(OC2H5) 
2,4-(NO,) ,C .H,NHNH, r 

TeC4Hg be wie 
32 

CH 
HCl conc. reflux in ridine 

TeR 
NaBH / NaOH 

R = CH, | 

R = CH C,H 

HOH 

TeCH3 

C1,CHOC, Hy | 

» C Ss 

CH,OH/pyridine COOC3H; 

Row Cit. CAH 
tee: TeR 
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(94) [RoR’'Te] X22!» RTeR’ + RX 

7,18 
Balfe and Coworkers applied this method in the synthesis of compounds 

of the type, R-Te-CH,COOR' (R = C R' = CoH. 2-menthyl). They Rg bend: 
coor'] ‘Br in vacuum to 100°. 

Z 

heated the telluronium salts [R,TeCH, 

2-Formylphenyl carbethoxymethyl methyl telluronium bromide lost 

348e 
g - methyl bromide at 170° at 0.2 mm H The telluronium salts 

[2-RCH, -Te(CH tts [R = -CHO, ~CH(OC,H.)»,H], when refluxed in pyridine, 

348b,c 

64 3)2 
were converted to the corresponding aryl methyl tellurides 

Reichel and Kirschbaum” treated 4-methoxyphenyl dimethyl telluronium 

iodide with molten sodium sulfide nonahydrate and isolated among other 

products 4-methoxyphenyl methyl telluride. 

Further investigations of the thermal properties of telluronium 

salts should make it possible to arrange the organic groups bonded to 

the tellurium atom in a sequence of thermal "cleavage" stability. Such 

a sequence will be very helpful in developing methods for the preparation 

of unsymmetric tellurides from symmetric tellurides via telluronium salts. 

dq) The reaction of organyl tellurium trichlorides with organyl 

mercury chlorides: The reaction of organyl tellurium trichlorides 

with organyl mercury chlorides is a convenient method for the 

preparation of unsymmetric aryl tellurides, since the tellurium containing 

starting materials'are easily accessible (see section VI-C-1). Rheinboldt 

and Ciencia introduced this method in 1956. Later it was employed 

for the synthesis of benzyl, ethyl and cyclohexyl aryl cellurides -° The 

primary product in these reactions is the tellurium dichloride, which 

is subsequently reduced by sodium sulfide (eq. 95). 
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-HgC1 Cl na.s 
ee? RTeCl3 +R’HgCl ——*- > R-Te-R’ —*-> R-Te R’ 

cl 

e) The reaction of diaryl ditellurides with aromatic Grignard 

reagents: Aromatic ditellurides obtainable through reduction of 

aromatic trichlorides (see section VI-E-ld to 1f) are cleaved by 

aromatic but not by aliphatic Grignard reagents in ether solution to 

give the unsymmetric tellurides in quantitative yields based on 

equation (96). 

(96) Raley + R’'MgBr —> R-Te-R’ + RTe-MgBr 

The aryltelluro magnesium bromide which is formed in this reaction, 

precipitates upon addition of petroleum ether as a syrup. This 

unstable substance decomposes upon contact with the atmosphere to 

tellurium and hydrogen telluride 

£) The reaction of diphenyl ditelluride with dialkyl mercury 

compounds: It has been found, that refluxing equimolar amounts of 

diphenyl ditelluride and di-t-propyl, dibutyl or dibenzyl mercury 

in dioxane produces alkyl phenyl tellurides in yields as high as 

79 per pene Elemental mercury precipitates during the reaction. 

Other ditellurides, which should react similarly, have not yet been 

tested. 

8) The reaction of 2-naphthyl tellurium iodide with Grignard 

reagents or phenyl mercury chloride: Aryl tellurium halides, RTeX, 

would be very desirable starting materials for the preparation of 

unsymmetric tellurides. However, only 2-naphthyl tellurium iodide 

is available (see section VI-B). It undergoes reaction with Grignard 

reagents in ether solution and with phenyl mercury chloride in dioxane 

solution to produce the tellurides in good waatdesno oe 
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h) The reaction of elemental tellurium with Grignard reagents: 

The addition of elemental tellurium to a Grignard solution produces 

organyltelluro magnesium bromide, which without being isolated, reacts 

395502 ( 
with an organic halide and forms the unsymmetric telluride eq. 97). 

Petragnani and de Moura Goeeoscce were unable to prepare ethyl phenyl 

telluride by this method, while Bowden and Bracdes. claimed a yield of 

43 per cent. 

(97) RMgBr + Te —> RTeMgBr ———> R-Te-R’ + MgBrX 

i) The reduction of unsymmetric diorganyl tellurium dihalides: 

The reduction of unsymmetric diorganyl tellurium dihalides has been 

302,340,363,426 asim gulfite229, 

AISEELS zinc dust in glacial acetic peidoe! or 

carried out with sodium sulfide 

potassium disulfite 

methyl magnesium iodide in the manner described in section VII-A-lc to lf. 

The unsymmetric diorganyl tellurium dichlorides obtained from aryl 

tellurium trichlorides and acetone, acetophenone and resorcinol gave, 

on reduction, the symmetric diaryl ditellurides and not the unsymmetric 

tellurides (see section VI-E-lh). 

j) The reaction of symmetric diaryl tellurium dihalides with 

aromatic Grignard reagents: Symmetric diaryl tellurium dihalides 

are reduced to symmetric diaryl tellurides by methyl magnesium halides 

(see section VII-A-1f). However, when bis(4-methoxyphenyl) tellurium 

dibromide was reacted with phenyl magnesium bromide, 4-methylphenyl 

phenyl telluride was the main produce oc Diphenyl tellurium dibromide 

and 2-methylphenyl magnesium bromide gave diphenyl telluride and 

2-methylphenyl phenyl Peliucides*. A likely mechanism for these 

reactions has been presented in section VII-A-lf. 

k) The reaction of tellurium dihalides with solutions containing 

methyl magnesium halide and phenyl or 4-biphenylyl magnesium halide. 

A fused 1:1 molar mixture of tellurium and iodine reacted with an ethereal 
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solution containing methyl and phenyl magnesium iodide, Methyl phenyl 

telluride was isolated in 40 per cent yield in addition to diphenyl 

ditelluride and the symmetric eebioridesue ds Tellurium dibromide and the 

appropriate mixture of Grignard reagents produced similarly methyl phenyl 

telluride and methyl 4-biphenylyl telluride in moderate wietda | 

1) The reaction of 2-naphthyl tellurium iodide with 2,2-diphenyl- 

2-allylacetic acid: 2-Naphthyl tellurium iodide combined with diphenyl 

allylacetic acid to yield 2-naphthyl 2-oxo-3,3-diphenyl-5-tetra- 

hydrofurylmethyl elias Detailed equations describing this 

reaction are presented in scheme (61) in section VI-B. 

m) Elemental tellurium and organic radicals: Methyl and phenyl 

radicals generated by the thermal decomposition of acetophenone 

attacked tellurium mirrors and produced among other products methyl 

phenyl tatiwetde >. 

3) Tellurides with Two Tellurium Atoms in the Molecule 

Petragnani obtained 4-methoxyphenyltelluromethyl 4-methoxyphenyl 

telluride and the corresponding ethoxy derivative, which melted at 

98-99° and 40-41°, respectively, in quantitative yield from the ditellurides 

and diazomethane in ether polueion a 

Benzyne, generated from diphenyliodonium 2-carboxylate in 

1,2-dichlorobenzene at 190°, reacted with bis(4-ethoxyphenyl) ditelluride. 

2-(4-Ethoxyphenyltelluro)phenyl 4-ethoxyphenyl telluride melting at 

114-115° was produced in quantitative wield: 

The other known tellurides, which contain more than one 

tellurium atom in the molecule, are either cyclic or polymeric 

compounds derived from telluroformaldehyde, CH,Te. They are 
2 

discussed in chapter XII and XIII, respectively. 
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4) Reactions of Diorganyl Tellurides 

The reactions of diorganyl tellurides can be divided into three 

groups: 

a) Reactions, in which the valency of the tellurium atom is increased 

without cleavage of a tellurium-carbon bond 

b) Reactions, which proceed with tellurium-carbon bond cleavage. 

c) Reactions, in which the organic moiety is modified without 

affecting the tellurium carbon bonds. 

A general outline of the reactive behavior of diorganyl tellurides is given 

in Fig. VII-1. Many of these reactions have been employed to.synthesize 

other organic tellurium compounds. Cross-reference to the appropriate 

section, in which a particular reaction is treated in detail, are included 

in the following discussion. 

a) Reactions, which increase the valency of the tellurium atom 

without cleavage of a carbon-tellurium bond: Organic halides add to 

aliphatic and aromatic tellurides to form triorganyl telluronium salts 

(eq. 98). 

(98) RoTe + RX —> [Rte] x” 

Aromatic tellurides seem to be less reactive than aliphatic derivatives. 

Diazotetraphenylcyclopentadiene, heated with diphenyl telluride in 

diethyl ether, produced diphenyl telluronium Cotraghenyleve lecaueadtens tice: 

For details on these reactions and a list of known compounds please turn 

to section VIII-l. 

Diorganyl tellurides are easily and almost always quantitatively 

converted into diorganyl tellurium dihalides. Elemental halogens, 

sulfuryl halides, thionyl chloride, transition metal chlorides, vic- 

dibromides and tris(4-methylphenyl) bismuth difluoride were employed as 

halogenating agents. This reaction is especially important for the 

synthesis of diorganyl tellurium dibromides and diiodides, which are 
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not obtainable through condensation reactions. Literature references 

are to be found in section VII-B-1. 

Nefaiov +e" studied the reaction R,TeX, + R,Tes=R,Te ae Ry TeX, 

(X ‘= F, Cl, Br, I) in ehloroform solution and determined the entropy 

changes and activation energies. The reaction mixtures were analyzed 

employing thin-layer eiromatorr spay. ane! 

Nitric acid oxidizes diorganyl tellurides to diorganyl tellurium 

dinitrates, whereas oxygen or hydrogen peroxide yield diorganyl 

telluroxides (section VII-C), tellurinic acids (section VI-D-a) or mixtures 

of oxides and acids, depending upon the conditions. Benzoyl peroxide 

gives diorganyl tellurium dibenzoates (section VII-B). 

The complexes formed between diorganyl tellurides and transition 

metal salts, trimethyl aluminum, trimethyl gallium and boron tribromide 

are described in chapter XI. Ledenes. reported that diphenyl telluride 

and hydrochloric acid gave the adduct R,Te*HC1, which melted at 233-4°. 

Poach determined the specific conductance of a 0.32M dimethyl telluride 

i 

2 

solution in liquid hydrogen chloride at -95°. The value of 3123 ore 

indicates that the R,Te* HCL complex, if formed, is only slightly ionized. 

Hellwinkel and Penpbaene’— isolated the adduct (30) from an ethanolic 

solution containing the telluride and picric acid. Similarly, the picric 

Oh on O,N NO2 
Te 

ow = (30) 

288 
acid adduct of 4-methoxyphenyl methyl telluride was prepared - The 

report by Hetnarski and ofan that dimethyl telluride produces 

a deep red complex with 1,3,5-trinitrobenzene raises the question 

whether the acidic hydrogen atom in picric acid is at all involved 

in the formation of the adducts. 
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b) Reactions, which proceed with tellurium-carbon bond cleavage: 

Atmospheric Oyen or alkaline hydrogen eee oxidize dialkyl 

tellurides to tellurinic acids (eq. 99) (see section VI-D-a). 

(99) (RCHp )oTe + 209 —»RCH»TeOOH+ RCOOH 

Only two literature reports claim the exchange of organic groups in 

diorganyl tellurides. Mazza and Metentonaar’! converted 

bis (2-carboxyphenyl) telluride into 2-carboxyphenyl carboxymethyl telluride 

by adding sodium chloroacetate to a reaction mixture containing the 

symmetric telluride and zinc in a potassium hydroxide solution. Paneer 

was unable to repeat the synthesis of Mazza's starting telluride. 

Bowden and Braude.” suggest that the rapid change in the absorption 

spectrum of methyl phenyl telluride in cyclohexane is caused by the 

conversion of the unsymmetric telluride to the symmetric tellurides. 

Diphenyl telluride heated with sulfur at 220° for 10 hours under 

an atmosphere of carbon dioxide formed diphenyl sulfide and ponder tea ae 

The tellurium atom in bis(pentafluorophenyl) telluride was replaced by 

a selenium atom upon keeping the reagents together at 320°8? 

Tellurides containing benzyl groups are rather unstable towards 

atmospheric oxidation. Dibenzyl telluride decomposes quickly when 

405,420 
exposed to air 2-Naphthyl benzyl and 4-methoxyphenyl benzyl 

telluride heated with sulfuryl or thionyl chloride, with bromine or 

iodine produced aryl tellurium trihalides and benzyl halide. Upon 

exposure of these tellurides to the atmosphere ditellurides and 

benzaldehyde were eoyecaioe 2-Formylphenyl methyl telluride and 

2-formylphenyl butyl telluride were converted to bis(2-carboxyphenyl) 

ditelluride upon refluxing their aqueous-ethanolic solutions, which 

contained sodium hydroxide and silver oce *, Treatment of 

R-C=C-Te-CH, [R = CH, ,CH,=C (CH, ) ] with mercuric acetate in water 
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liberated the respective adecylenee a 

The flash photolysis of dimethyl telluride generated the CH,Te- 

Bb ilig foe a a The irradiation of diphenyl telluride with neutrous 

for 15 seconds decomposed some of the diphenyl ditelluride. Organic 

isji 439b 
tellurium compounds containing the isotope Te were formed - 

246,247, 24 
Llabador and Adloff showed that tea e-dipheny! telluride LOLS a 

132 247,247a 
Te-dibutyl telluride formed the corresponding to oee see 

halides, RI, upon disintegration of the tee isotope. 

Potassium amide in liquid ammonia cleaved both carbon-tellurium 

bonds in diphenyl cedlueide =- according to equation (100). Diphenyl 

selenide under the same conditions produced selenanthrene. 

(200) 7(CgHs) Te +10KNHp + 2NH3—> 4K Te(NH)3+ KoTe3 + 14CgHg 

Diethyl telluride when kept in contact with the hydrides of the 

elements silicon, germanium and tin of the general formula R,MH 

(R = cyclohexyl, ethyl) at 20-200° gave compounds of the composition 

R,M-Te-CH, or R,M-Te-MR., depending upon the reaction conditions 

and the hydride employed. Ethane is liberated during these reactions. 

A detailed discussion of these compounds is given in section XI-B. 

c) Reactions modifying the organic moiety: 2-Formylphenyl 

carboxymethyl telluride was cyclized to 2-carboxybenzotellurophene 

in refluxing pyridine in the presence of acetic guhvduide mace 

The other reactions, which modify organic groups in diorganyl 

tellurides without a tellurium-carbon bond cleavage have already been 

discussed in sections VII-A-l1n and VII-A-2b. 

nd 
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B) Diorganyl Tellurium Compounds, R Tex, 

Diorganyl tellurium dihalides, R,TeX, Co Ea Cle Bre) .eare 

erystalline solids, which can be easily purified by recrystallization. 

A large number of chlorides, bromides and iodides have been prepared. 

When diorganyl tellurides are the primary reaction products, their 

conversion to the dichlorides or dibromides facilitates the isolation 

and purification of the organic tellurium compounds. The reactions 

represented by equation (101) generally proceed in quantitative yield 

% 
(101) Role <= RoTeXo 

Reduction 

in both directions. The difluorides are prepared by exchanging 

halogen for fluorine with silver eiuaniee ao or by fluorinating the 

telluride with tris(4-methylphenyl) bismuth diviioride «0 The methyl, 

heavy iace and homethoxyphenyl >” derivatives are the only known 

difluorides. 

The structures of these diorganyl tellurium dihalides have been 

66,78,79 rhe groups bonded to the tellurium determined by X-ray methods 

atom expand its electronic shell to ten electrons. With four bonding 

electron pairs and one stereochemically active lone electron pair these 

molecules possess as ereeceed 2 a trigonal bipyramidal shape with the 

lone electron pair and two organic groups occupying the equatorial 

positions. The halogen atoms take up the axial poet eicns: (Fig. 

VII-2). 

Bond lengths and bond angles for these compounds are tabulated and 

discussed in section XIV-C. The dipole moments of the diphenyl tellurium 

dihalides were found to be 1.80, 2.48, 2.63 and 3.84D in benzene at 25° 

for the fluoride chloride, bromide and iodide, respectively. The 

molecular moments are believed to be the sum of the equatorial bond 
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Fig. VII-2: The Molecular Structure of Diorganyl Tellurium Dihalides 

moments, ant since the halogen-tellurium-halogen angles are close to 

e022 The decrease in the dipole moment in going from the iodide 

to the fluoride has been attributed to a contraction in the size of the 

pe hybrid orbital which contains the lone electron pair. This 

results because of the increasing electronegativity of the halogen atoms 

The bis(4-methylphenyl) tellurium dichloride and dibromide have dipole 

moments of 2.98D and 3.21D in benzene at 25°, reapecetvealy 

The diaryl tellurium dihalides are stable substances. The 

carbon-tellurium bond is cleaved only under drastic conditions. 

Bis (4-ethoxyphenyl) tellurium dihalides, for instance, were decomposed 

by concentrated nitric acid to ohalo-denttroethonehenaenes —e Certain 

dihalides, however, containing labile organic groups undergo carbon- 

tellurium bond cleavage under rather mild conditions. More details 

concerning these reactions are presented in section VII-B-3. 

192a 
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Dialkyl tellurium dihalides, especially the dimethyl and diethyl 

derivatives, easily undergo cleavage of the carbon-tellurium bond. 

Dimethyl tellurium diiodide forms stable solutions in solvents of low 

polarity, but decomposes in acetone, 2-butanone, phenyl methyl ketone, 

cyclohexanone, methyl cyanide, pyridine, tris (dimethylamino)phosphine | 

oxide and tetrahydrofuran. It has been suggested, that these decomposition 

reactions proceed through dissociation of (CH, ) giel, to CH,Tel and 

SO) a 
CH, ° 

verscnse observed, that two substances, both of which analyzed 

for dimethyl tellurium diiodide, possessed entirely different properties. 

The following scheme (102) outlines Vernon's preparative route 

employing his designation of a- and 8-compound for the two different 

forms. 

ms Ag,0/H,0 
(102) Te *2CH3| <—=——= oi (CHs);Te <——=> -(CH3)pTe(OH), 

> ° 

evaporated to dryness, heated at 100°/15 torr oases 

HX 
:(b286 > 8-dihalides 

Ag.0 

Gilbert and donee extended these investigations to the ethyl 

derivatives. All the reactions, except the conversion of the a-base 

into the B-base, are reversible. The physical properties, like the 

conductivities in the molten state and in eolucion ee the 

absorption pace eee and the pateceorars oe. of these two 

series of dihalides were determined. Vernon, unaware of the correct 

molecular structure of quadrivalent tellurium compounds, proposed a 

square-planar structure for the dialkyl tellurium dihalides and 

ets-trans isomeriem as an explanation for the existence of the two 
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series of dihalides. 

Drew? disproved by chemical means the postulated cts-trans 

isomerism. The members of the a-series are non-polar compounds with 

a structure as shown in Fig. VII-2. The members of the f-series, 

however, have salt-like character. When the B-base was treated with 

hydrobromic or hydriodic acid, trialkyl telluronium halides and alkyl 

tellurium trihalides were recovered. The following reaction sequence 

(103) is consistent with the experimental observations. 

Ag,0/H,0 eae 9 

(103) 5 + Rolelo ga RgTe(OH), —————® R3Te-0-TeR 
HI 

R3lel + RTeOOH 

Rglel-RTely HI 
y 

RTel3 
"@-diiodide" 

Drewes prepared a series of "f-dihalides" by mixing trimethyl telluronium 

halides with methyl tellurium trihalides (eq. 104), These compounds are 

listed in Table VII-4. 

eee) RTéX3+RgleY —p» RTeX3-RgleY 

The properties of these 'B-dihalides" suggested a salt-like structure of 

the type [R,Te]™ [RTeX,¥] . The results of an X-ray structure analysis 

of (CH,),TeI-CH,Ter, corroborated Drew's conclusion. 

The observation of Morgan and Bureesscc that bis (4-hydroxy-2- 

methylphenyl) tellurium dichloride formed the triaryl telluronium chloride 

upon heating in ethanol or upon dissolution in a hot aqueous sodium 

carbonate solution, might indicate the possibility of similar organic 

group migrations in aromatic compounds. 
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Table VII-4 

Trialkyl Telluronium Alkyltetrahalotellurates(1V)_0” 

Compound* 

RTeI,*R,Tel purple-black with green luster 80-5 (dec) 

RTeI,*R,TeBr purple-red with golden luster blackens at ~90 

RTeBr.°R,TeBr yellow 142 

RTeBr,*R,Tel orange—brown 120 (dec) 

2R,Tel,-R,Tel purple | -<= 

R,Tel,*R,Tel,*R,Tel steel-blue ~80 

O 
t 

R,Te-O-TeR colorless --- 

R,Te-0-Tel, black -=— 

* 
R= CH, 

1) Synthesis of symmetric and unsymmetric diorganyl tellurium 

compounds, R Tex, and RR'TeX,, 

The most economical methods for the synthesis of diorganyl tellurium 

dihalides are those which employ either elemental tellurium or tellurium 

tetrachloride and easily available organic halides, ketones, olefins 

or substituted aromatic compounds as starting materials. Many of these 

reactions can also be used to prepare organyl tellurium trihalides 

(see chapter VI-C). In order to obtain the dihalides the reactions 

are often carried out at higher temperatures with an excess of the 

organic component. 

Of great importance for the preparation of diorganyl tellurium 

dichlorides are the condensation reactions of tellurium tetrachloride, 

Since tellurium tetrabromide and tetraiodide do not condense as easily 

as the tetrachloride, the heavier dihalides are prepared by halogenating 

nA mmnT rr 
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the tellurides obtained by reduction of the diorganyl tellurium 

dichlorides. 

A special method, which uses triaryl macs tye tig ve dichlorides, 

produces through B-decay of the antimony isotope diphenyl and 

bis (4-methylpheny1) 125M) e—tellurium aicalorides —* Diphenyl 

i 
pe? eer ony trichloride forms similarly diphenyl MP e—telluriun 

dichlortae= =. 

The synthetic methods leading to diorganyl tellurium dihalides are 

presented schematically in Fig. VII-3. Symmetric and unsymmetric 

compounds are listed in Table VII-5 and VII-6, respectively. 

a) Elemental tellurium and organic halides: Alkyl iodides react 

with elemental tellurium upon heating at 80° in a sealed tube. Thus, 

168,391,423 bis (iodomeehyl) diernaa Ge and dibeneviaae dimethyl 

tellurium diiodide were prepared in yields of up to 50 per cent. Carillo 

and Nassift’° obtained dimethyl tellurium diiodide containing the 

tellurium isotopes tele or See using this reaction. The only aromatic 

iodide investigated was pentafluorophenyl iodide which gave after 

seven days at 230° bis(pentafluoropheny1) Geliuntae: = The expected 

diiodide probably dissociated thermally at this temperature. a,w-Organic 

dihalides react with tellurium to give heterocyclic products, which are 

discussed in chapter XII. 

b) Condensation of tellurium tetrachloride with 1,3-diketones: 

Tellurium tetrachloride condenses with 1,3-diketones to yield preferentially 

the cyclic product (2) under the conditions outlined in section IV-B-la. 

Organyl tellurium trichlorides and diorganyl tellurium dichlorides 

were observed as side-products’//*78? (see also section VI-C-la). The 

diorganyl tellurium dichlorides isolated from the reaction of tellurium 

tetrachloride with 1,3-diketones in a 1:2 molar ratio are listed in 
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Table VII-5. 

c) Condensation of tellurium tetrachloride with monoketones: 

The reactions between tellurium tetrachloride and monoketones 

in ether or chloroform produce di- and trichlorides (see section 

VI-C-1b). Chloroform is preferred as a solvent, since ether forms an 

adduct with tellurium tetrachloride, which contaminates the final 

Aisha EM Morgan and Elvins proposed that these reactions 

proceed vita an addition of tellurium tetrachloride to the carbon-carbon 

double bond of the enolized kerones = 

d) Condensation of tellurium tetrachloride with carboxylic acid 

anhydrides: Bis(carboxymethyl) tellurium dichloride was isolated from 

the reaction between tellurium tetrachloride and acetic acid niedeite 4 

The yield of the dichloride was increased when a six-fold molar excess 

of the anhydride was employed (see section IV-B-lc). Other carboxylic 

acid anhydrides gave only oily peedanese es 

e) Condensation of tellurium tetrachloride with aromatic compounds: 

Tellurium tetrachloride combines with aromatic compounds containing 

an activated ring position to form aryl tellurium trichlorides when 

equimolar quantities are refluxed in chloroform (see section VI-C-ld). 

Diorganyl tellurium dichlorides are formed - if at all - only as by- 

products in very small yields. Resorcinol, however, easily gave the 

dieuiocide A large excess of the aromatic compound and prolonged 

heating favors the formation of the diaryl tellurium dteWlovidess 73-77) 

The insolubility of the trichlorides in the solvents employed in the 

condensation reactions largely prevents further condensation to the 

dichlorides. In section IV-B-ld are listed those aromatic compounds 

which only form adducts or do not react at all with tellurium 

2 
tetrachloride. Morgan and Burgess “a isolated diaryl tellurium dichlorides 

together with other products from reactions between "tellurium 



iL 7Al 

oxychloride", prepared by dissolving tellurium in nitric acid, and the 

isomeric hydroxy (methyl)benzenes~’°, 

f) Condensation of organyl tellurium trichlorides with organic 

compounds: Organyl tellurium trichlorides are intermediates in the 

condensations of tellurium tetrachloride with organic compounds, which 

lead to diorganyl tellurium dichlorides. Drees and Morgan and 

Bieetela ce have shown, that 4-ethoxyphenyl and 4—phenoxyphenyl tellurium 

trichloride when heated with the respective benzene derivative in the 

absence of a solvent to 160-180° gave the dichlorides (eq. 105). This 

method is not important for the preparation of symmetric tellurium 

dichlorides, which are available in a one step reaction from tellurium 

tetrachloride and the organic components, but presents an easy route 

to unsymmetric compounds. 

cl 
(105) R-TeCly + xO) —> Rie x 

Cl 

Thus, 4-methoxyphenyl 4-ethoxyphenyl tellurium dichloride was prepared 

by heating ethoxyphenyl tellurium trichloride and 4-methoxybenzene at 

160° for six houra so Pereacneniae: made extensive use of this 

reaction and condensed 4-methoxy-, 4-ethoxy- and 4-phenoxyphenyl tellurium 

trichloride with acetone, acetophenone and 4-dimethylaminobenzene by 

mixing the neat reactants. In the case of resorcinol, methanol was used 

as a solvent. Some of the tellurium tribromides reacted under similar 

conditions and gave the unsymmetric diorganyl tellurium dibromides. The 

yields were lower than those obtained in the corresponding reactions 

with the ‘chlorides. The triiodides were unreactive. Methylene 

bis(tellurium trichloride) refluxed with acetone in chloroform gave in 

286 
quantitative yield the dichloride (31) $ , 



HZ. 

Cla 9 Te- CHp-C-CH3 
CH, 
Te - CHo-C-CH, 

Clo fe) 
(32) 

g) Addition of tellurium tetrachloride to carbon-carbon double 

bonds: Tellurium tetrachloride adds to carbon-carbon double bonds forming 

the dialkyl tellurium dichlorides when the reagents are mixed in at least 

12a, 3Z3b J235525D 
stoichiometric ratios. Eine lene ua propene » l-butene 

2,2-diphenyl-4-pentenoic acta” and eyalonextuess ace out ee gave 

the expected bis(haloalkyl) tellurium dichlorides. Tellurium tetrachloride 

produced in a reaction with butadiene in carbon tetrachloride via a 

1,4-addition bis(4-chlorobut-2-enyl) tellurium dichtovieense 

Two isomeric dichlorides were detected in the product of the 

l-butene reactions. A list of olefins, which did not react at all with 

tellurium tetrachloride or gave only indefinite products can be 

found in section IV-B-2. Tellurium tetrakgromide did not undergo 

addition eeicrionss. with olefins, but reacted with carbethoxymethylene 

triphenylphosphorane forming the phosphonium salt (Eppes 

Q 
(106) 2(CgHs),P=CH-C-OCoHs + TeBr, 

O +t 

(CgHs)3P- Pees 

TeBro 2Br 

(CgH5)3P- CH- C-OC2Hs 
O 

(32) 
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h) Addition of organyl tellurium trichlorides to carbon-carbon 

double bonds: The addition of 2-chlorocyclohexyl, phenyl, 4-methoxy- 

4-ethoxy- and 4-phenoxyphenyl, l-naphthyl and 2-naphthyl tellurium 

300,304 roe 
trichloride to cyclohexene, 2,2-diphenyl-4-—pentenoic acid 

2,2-(2', 2"-biphenylylene)-4-pentenoic eyes produced unsymmetric 

diorganyl tellurium dichlorides (eq. 107). 

Cl (107) RTeClg + >C=CL_ —» R-Te-C-CCI 
! ' 

Cl 

The organyl tellurium trichlorides are less reactive than tellurium 

tetrachloride, combining with cyclohexene only at its reflux temperature 

and not at all with acetylenic eomeudes an The pentenoic acids 

formed y-lactones (33) after the tellurium-carbon bond had been 

formeds. (eq. 108). 

(108)  RTeClg + CHp=CH-CHo-CRo-COOH —» R’TeClo 

CHa 
R’Te- CHo- CH— CH 
Cl 2 | 2 -HC1 CHCl 

O__-CRp <——— HOOCCR5-CHp 

fe) 
(33) R,R': see Table VII-6 

i) The reaction of diorganyl tellurides with elemental halogens: 

Diorganyl tellurides are almost always quantitatively converted 

to the crystalline dihalides by passing a stream of chlorine through 

a solution of the telluride in diethyl ether, benzene, petroleum 

ether or chloroform, or by mixing equimolar amounts of the telluride 

and bromine or iodine in any of the same solvents. The dihalides 

precipitate immediately in pure form. Benzyl 2-naphthyl and benzyl 

4-methoxyphenyl tellurides undergo cleavage of the benzyl group upon 

addition of bromine or iodine forming aryl tellurium trihalides and benzyl 

Haider os Literature references are given in Tables VII-5 and VII-6. 
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A Sulfuryl halides, thionyl chloride, metal halides and 

tris(4-methylphenyl) bismuth difluoride as halogenating agents for 

tellurides: Rheinboldt and Vicentini found that sulfuryl and thionyl 

chloride were better suited for the synthesis of dichlorides from 

tellurides than elemental chlorine. Sulfuryl bromide was employed 

for eerie The dihalides were obtained in quantitative yield 

as well formed crystals. 

Iron(III) chloride, copper(II) chloride and mercury(II) chloride 

heated with bis(4-methylphenyl) telluride in glacial acetic acid in a 

sealed tube, were reduced to the lower valent metal chlorides transforming 

the telluride into the dichtoride ooo Silver chloride and iron(IIT) 

sulfate did not produce tetravalent tellurium compounds. The metal 

salts must be anhydrous, otherwise the dichlorides will be hydrolyzed to 

the hydroxide chlorides or their anhydrides as shown in scheme (109). 

(109) 2FeClz + RoTe —p> RoTeClo+ 2FeCly 

RoTeClp + HyO0 —® RoTe(OH)cl - HCI 

Chel 
2RoTe(OH)Cl —» RoTe-O-TeR, + HO 

Tris (4-methylphenyl) bismuth difluoride was employed to prepare 

diorganyl tellurium difluorides from bis (Gmmethoxnyenenst) = 

F 318 316 
bis (4-methylpheny1) and di-l-naphthyl telluride . The corresponding 

polonium derivatives were obtained similarly. 

k) Reaction of diorganyl tellurides with vtc-dibromides, 

d-halocarboxylic acids and benzoyl chloride: De Moura Campos and 

powaters - investigated the action of vte-dibromides on diorganyl 

tellurides. They isolated diorganyl tellurium dibromides in 66-86 

per cent yield and the olefins, formed by debromination of the organic 



e755 

bromides, in 58-100 per cent yield. The reaction conditions and pertinent 

data are given in Table VII-7. When diphenyl telluride was gently 

refluxed for 30 minutes in vtc-dibromoethane the telluronium salt (34) 

was isolated (eq. 110). 

(110) 2(CgHs)oTe + BrCHpCH)Br 

[(Cetts) Te CHaCH>) Te(CgHs)o] 2 Br 

(34) 

BrCH,CH.Br glac. acetic acid 

2 (CgHs )oTeBry + 2CHp=CHo (CgHs)sTeBry + (CgHs)aTe + CH9=CH 

Vigorous refluxing of the telluronium salt in dibromoethane or 

recrystallization from glacial acetic acid gave diphenyl tellurium 

aipeoarde It is likely, that all of the debromination reactions 

proceed vtq telluronium salts. 

Butyl bromide and diphenyl telluride heated in a sealed tube 

at 180° for two days did not react, while methyl iodide gave only the 

telluronium tr essa eee isolated diphenyl tellurium dihalides 

as by-products from reactions of diphenyl telluride with iodoacetic 

acid ethyl ester and o-bromopropionic acid. 

Benzoyl chloride did not directly transfer the chlorine atom 

to the tellurium atom of bis(4-methylphenyl) telluride, since bibenzyl 

was never isolated. To account for the formation of bis(4-methylphenyl1l) 

tellurium dichloride and dibenzoate,which were obtained from the reaction 

mixture, the reactions (111)-(113) were syunapee . 

(111) 2 CgH5COCI + 2H20 —» 2HCI + 2Cg5H|;COOH 

(112) 2HCI+ RoTe + 1/202 —® RoTeClo + H2O 
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(113) 2CgH5COOH  ReTe+1/202 —> RjTe(OOCCgHs)p H20 
R= 4-CH,C HH), 

The reaction did not proceed when carried out in a nitrogen atmosphere. 

1) The oxidation of diorganyl tellurides by nitric acid and 

benzoyl peroxide: Nitric acid, ranging in concentration from dilute 

to 6N, oxidized diorganyl tellurides upon gentle heating to diorganyl 

tellurium dinitrates, 

(114) 3RgTe + 8HNO3_- —® 3RzTe(NO3)5 + 2NO+ 4H70 

It is possible that the primary oxidation product is the diorganyl 

telluroxide which then combines with nitric acid to give the dinitrate. 

The compounds prepared in this way are listed in Table VII-5. 

Benzoyl peroxide transformed pentyl Cepethonymer yl and butyl 

carbomenthoxymethyl fetiarides’ into the dibenzoates. 

m) Halogen exchange and replacement in diorganyl tellurium 

dihalides: Silver halides, potassium halides, hydrohalic acids, 

nitric acid, perchloric acid, silver carboxylates, silver cyanide and 

aqueous sodium hydroxide have been employed in halogen exchange and 

replacement reactions. Figure VII-4 summarizes these reactions. 

Literature references to specific compounds can be found in Table VII-5. 

The hydrolysis of dichlorides and dibromides by water and basic 

solutions yields diorganyl tellurium dihydroxides, listed in Table VII-5, 

diorganyl telluroxides (see section VII-C), and diorganyl tellurium 

halide hydroxides or their anhydrides listed in Table VII-8. Diorganyl 

tellurium diiodides are not affected by wetecge 

Diorganyl tellurides were converted to the dicnlocides= = a ee 

and eiproiides — by refluxing the solutions containing concentrated 

hydrohalic acid in presence of atmospheric oxygen. The telluride 

is first oxidized to the telluroxide, RoTeO, or the tellurium 
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dihydroxide, R,Te (OH) »» which ten combines with the acids forming the 

dihalides. 

Diphenyl tellurium dichlorides and the silver salts of the 

245a 
dicarboxylic acids HOOC (CH, ) COOH (n = 2,8) produced polymeric substances 

(see chapter XIII). 

n) The oxidation of tellurides to diorganyl tellurium hydroxides: 

The oxidation of diorganyl tellurides produces diorganyl telluroxides 

which, in the presence of water, are easily hydrated to the dihydroxides. 

H,0 

(115) 2R2Te +O —® 2RoTeO ———> 2RzTe(OH), 

The dihydroxides were isolated only a few eagese eee They are 

easily dehydrated. Analytical results were in most cases not reported 

making the exact composition of these substances uncertain. | 

o) Disproportionation of an organyl tellurium trichloride: De Moura 

Campos and perrecaaei = observed, that 2-chloro-2-phenylvinyl tellurium 

trichloride when heated in glacial acetic acid or ethanol disproportionated 

forming tellurium tetrachloride and the diorganyl tellurium dichloride. 

(16) 2CgH,CCIFCH TeClz —> TeCly + (CgHs CCI=CH)TeCly 

Such a behavior has not been observed with other organyl tellurium 

trichlorides. 

p) The reaction of tellurium tetrachloride or organyl tellurium 

trichlorides with organyl mercury chlorides: Tellurium tetrachloride and 

organyl mercury chlorides are capable of producing diorganyl tellurium 

dichlorides when brought together in a 1:2 molar ratio. However, only 

5-dichlorotellurobis(2,2-diphenyl-4-pentanolactone) was prepared in 

this ray 

The reaction of organyl tellurium trichlorides with organyl 

mercury chlorides is the only general method known for the synthesis 

304,363,426 
of unsymmetric diorganyl tellurium dichlorides The 
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trichlorides are prepared as described in section VI-C-l. The 

condensation is best carried out in refluxing dioxane. The mercuric 

chloride formed is precipitated as the dioxane adduct. The dichlorides 

are separated upon addition of dilute hydrochloric acid as yellow 

oils, which solidify on trituration with the mother liquor. Purification 

is accomplished by reduction to the telluride with sodium sulfide 

removing all the mercury salts as the insoluble mercury sulfide. In the 

case, that the dichloride was not isolated, but immediately reduced to 

the unsymmetric telluride, the compound is not listed in Table VII-5, 

but included in Table VII-2 in section VII-A-2d. 

q) The reaction of elemental tellurium or tellurium tetrachloride 

with arenediazonium chlorides and the reaction of tellurium with 

diphenyliodonium chloride: The reaction of elemental tellurium with 

diazonium chlorides was employed by Wacerss =. and Tanijama and cowoekers’ 

to prepare symmetric diorganyl tellurium dichlorides in yields of 

approximately 15 per cent. Tellurium powder reacted with benzenediazonium 

chloride in the presence of chalk in cold acetone, whereas sulfur and 

selenium combined only when the solutions were heseea According to 

Marenee / the diazonium salts form radicals which then react with tellurium 

according to equations (117) and (118). 

(117) CgHyNo Cl —® CgHs: + Np +Cl- 

(118) Te + 2CgHs + 2Cl- —> (CgHs )oTeClo 

a a 
Arenediazonium hexachlorotellurates (IV), [RCgH,No], TeCl, 

(R = H, 4-CH,, 4-CH,0, 4-Cl), prepared from tellurium tetrachloride 
Be 3 

and the diazonium chlorides in concentrated hydrochloric acid, formed 

diaryl tellurium dichlorides in yields ranging from 21 to 55 per cent, 

374 
when treated with copper powder in an acetone suspension at -15° _ 

Sandin and coworkers: (> suggested, that the reaction of diphenyl 

iodonium chloride with elemental tellurium, which yields diphenyl 
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tellurium dichloride, proceeds at least in part vta a radical mechanism. 

r) The reaction of bis(4-methoxyphenyl) ditelluride with methyl 

iodide: Bis(4-methoxyphenyl) ditelluride is cleaved by methyl iodide 

according to equation (119) 288358 | 

19) Reg + 3CHgl —> R-Te-CHy « [RTe(CHy)9] 
2 

After refluxing the ditelluride in excess methyl iodide the more soluble 

diiodide is isolated from the Rphee liquor. This reaction does not 

seem to be of general applicability, since bis(4-ethoxyphenyl) ditelluride 

decomposed when refluxed in methyl egeiec 

s) Miscellaneous reactions: The only example of a reaction in 

which one of the organic groups in diorganyl tellurium dichlorides 

was modified, was reported by een He esterified the aromatic 

hydroxyl groups in the dichlorides (35) with acetic acid anhydride in the 

presence of sulfuric acid and obtained aryl bis(2,4-acetoxyphenyl) 

tellurium dichlorides in good yields. 

HO 

RO Te OH R= CH,, C Hs, C,H. 

Finally, diorganyl tellurium dichlorides could theoretically be the 

products of reactions that take place between tellurium tetrachloride or 

organyl tellurium trichlorides and Grignard reagents. 

(120) TeCly + 2RMgBr —> RoTeCly + 2MgBrCl 

Petragnani and de Moura eee state, however, that the reactions 

described by equations (121) and (122) do not take place. 
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(121) TeCl, + RMgBr—» RTeClz +MgCIBr 

(122) RTeClz + RMgBr —® RoleCly + MgCIBr 

tederes ee however, isolated diorganyl tellurium dihalides as 

by-products of reactions between tellurium tetrachloride and Grignard 

reagents. Further studies are needed to clarify these questions. For 

other products isolated from these reaction mixtures please consult 

sections VII-A-1j and IV-B-3a. 

2) Diorganyl tellurium compounds, R,TexY 

A large number of compounds R,TexY which are listed in Table VII-8, . 

have been synthesized. Diorganyl tellurium dihalides undergo hydrolysis 

when treated with water, ammonia or sodium hydroxide solutions. The 

nature of the isolated products depends upon the hydrolyzing reagent, 

the dihalide used and the conditions employed. Scheme (123) presents 

these reactions. 

bi peeticere) 

OH re { 

(123) 2RoleXo —_——> 2Role —__-____> Ryle-O-TeR, 
x heat 

i = 2RoteO eet 

Hydrolysis with water to the hydroxide halides occurs only with 

dichlorides and dibromides. The diiodides are inert towards wabercu ea 

The hydroxide halides ionize in solution releasing the halide font trestt 

They lose water rather easily converting to the anhydride (36). 
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as : 
R-Te-O-Te-R [Rotel] 1 

R 

(36) (37) 

The halide ion in the hydroxide halide and in the anhydride can be 

exchanged for other anions using alkali metal salts or silver salts. 

Mixing the dihydroxide with a dihalide produces the hydroxide halide. 

Diorganyl tellurium diiodides combine with one mole of iodine to 

form compound (37) containing the triiodide anion. The reaction 

of diorganyl telluroxides with acids is reported to give diorganyl tellurium 

hydroxide compounds which have the acid anion incorporated into the 

molecule. The exact composition of these substances, which have been 

prepared by Woehler and coworkers, and by Heeren and Mallet, is unknown. 

Some of the formulas given in Table VII-8 are therefore tentative. The 

individual compounds, the method of their preparation and the pertinent 

literature references are given in the same Table. 

Diorganyl tellurium dihalides of the general formula (38) are 

unstable toward water. Cold water cleaves the tellurium-carbon(oxoalky1) 

O 

SS Te-CHy-CR Brier aie Coat) 
2 ' Rib Cancer ee 

(38) 

bond in acetonyl derivatives, while boiling water is necessary for the 

phenacyl devivarives or 

3) Reactions of diorganyl tellurium dihalides 

The reactions of diorganyl tellurium dihalides are summarized 
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in Fig. VII-3. 

The reduction of diorganyl tellurium dihalides by sodium sulfide, 

sodium hydrogen sulfite, sodium sulfite, potassium disulfite or elemental 

zinc to diorganyl tellurides is discussed in section VII-A-lc through 

VII-A-le. Aryl acetonyl, aryl phenacyl and aryl 2,4-dihydroxyphenyl 

tellurium dichlorides when treated with sodium sulfide, sodium hydrogen 

sulfite, zinc in chloroform or hydrazine sulfate gave diaryl ditellurides 

(section VI-E-lh). Bis(2-chloropropyl) tellurium dichloride generated 

propene and tellurium upon treatment with reducing apcntee 

Grignard reagents and diaryl tellurium dichlorides produce 

triorganyl telluronium halides (section VIII-1c), and symmetric 

(section VII-A-1f) or unsymmetric tellurides (section VII-A-2j) depending 

upon the reaction conditions and the nature and amount of Grignard 

reagent present. Diorganyl tellurium dihalides are reduced to the 

314,318 
tellurides by diorganyl polonides Phenyl lithium and diphenyl 

tellurium dichloride yielded tetraphenyl tellurium (chapter IX). 

Nefedov investigated exchange reactions in the following systems: 

CHC1 
2 

Rote + RoTeXo > RyTe"Xy + RoTe 
d 

Te* = 17 es xa Gir 27, 2S 185 Br, re 

“ CHC13 A 

RoTelo + lo ¢——————> Rolel + Io 
pave lel sive 

CHC1.,,/H,0 
e- 

RyTeX2 +2X° = —— RyeXp + 2X7 
131.319 

R= Ca et oP at, Cries ue 

The components present in the reaction mixtures were separated by 

P 319b F 
thin-layer chromatography . Values of 8 to 10 kcal/mole were obtained 

for the activation energies. 

The halogen exchange reactions, which have been employed to prepare 

R,TeY, from R,Tex,, are presented in section VII-B-ln. The hydrolytic 
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behavior of the dihalides is discussed in section VII-B-2. It should 

be noted, that bis(2-chloropropyl) and bis (4~chlorobut-2-eny1) tellurium 

dichlorides lose in basic solution the organic groups as olefing 

Diorganyl tellurium dibromides convert diorganyl ditellurides into 

tellurides and elemental tellurium (section VII-A-lr). Dimethyl tellurium 

diiodide formed a series of unstable ammonia addition compounds of 

the type R, Tel, *nNH, with n = 1 to Me The milky white semifluid mass 

formed reaches a limiting composition corresponding to R,Tel,*6NH,. The 

process is reversible. The iodide can be recovered unchanged when dry 

air is passed over the adduct (eq. 124). 

(124) Rote lo + nNH3 <> RoTely-nNH3 

The stability of the compounds decreases with increasing n. 

Reactions, which affect the organic part in the molecule, are 

discussed in section VII-B-ls. 

Tellurium-carbon bond cleavage occurs in certain diorganyl 

tellurium dihalides. The introduction to chapter VII deals with the 

conversion of dimethyl and diethyl tellurium dihalides to triorganyl 

telluronium salts and organyl tellurium trihalides. Dibutyl tellurium 

diiodide treated with hydriodic acid in acetone gave butyl tellurium 

priroidae Equations (125) and (126) were proposed to account for 

the isolated paodiee: | 

(125) RoTelo +» RTel + RI 

(126) RTel + 2HI + 1/202 —» RTel3 +Hy0 

Bis(4-ethoxyphenyl) tellurium dihalides were decomposed by 

concentrated nitric acid to halogenated pitrostnessherzeneas |” 

Aqueous sodium nitrite in dilute hydrochloric acid cleaved the carbon- 

tellurium bonds in bis(4-dimethylaminophenyl) tellurium dichloride 
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2 
forming 4-nitrosodimethylaminobenzene and tellurium dioxide he 

Bis(2-thienyl) tellurium dipreniaeccts bis (2,4-dimethylpheny1) 

88 03 iL 
tellurium drenlovites and bis(4-phenoxyphenyl) tellurium dichloride 

were decomposed by a potassium hydroxide solution and hot potassium 

carbonate solution. 

Aryl methyl tellurium dichlorides and aryl butyl tellurium dichlorides 

were converted to diaryl ditellurides upon refluxing in pynidined 

(see section VI-E-li). The bis(chloroalkyl) tellurium dichlorides, 

a 12a 12a,323b 12a R,TeCl, (R = C1CH,CH,~ , CH,CHC1CH, ; 

V5) 

5 C1CH, CH= CHCH,, 

2-chlorocyclohexyl ae decomposed thermally to olefins, various 

chloroalkanes, chloroolefins, hydrogen chloride and inorganic tellurium 

compounds. 

An attempt to reduce diphenyl tellurium dibromide with lithium 

aluminum hydride to the dihydride failed. Only the telluride was 

obeaineds 
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C) Diorganyl Telluroxides 

All the known diorganyl telluroxides, R,TeO, are white solids. The 
2 

water soluble compounds give a basic solution, probably forming the 

dibyeroxide +o Ryleaeos determined the base strength of dimethyl 

telluroxide. Data collected in titrations of dimethyl tellurium dichloride 

and dimethyl tellurium hydroxide nitrate with aqueous sodium hydroxide 

solutions gave a pK value of +6 for the dissociation of [ (CH,),TeOH]* 

according to equation (127). 

+ 1,0 
(127) [RoTeOH] ——>RzTeO + H30° 

Klofutar and Goworkers °° showed that the basicity of the oxides increases 

in the series sulfoxide, selenoxide, telluroxide. Saneen 2 found a 

dipole moment of 3.93D for bis(4-methylphenyl) telluroxide in dioxane 

solution at 40°. This is indicative of a polar tellurium-oxygen bond. 

Rheinboldt and Gigsbrechs «= investigated the binary systems formed by 

diphenyl and bis(4-methylphenyl) telluroxide and the corresponding 

sulfoxides, selenoxides, sulfones and selenones. 

Diorganyl telluroxides are prepared from diorganyl tellurium 

compounds in the following ways: 

a) Hydrolysis of diorganyl tellurium dihalides: Diorganyl 

tellurium dibromides triturated with ammonia solutions or with five 

per cent aqueous sodium hydroxide solutions gave white telluroxides, 

which were purified by recrystallization from an organic eeivene oe 

Bis (4-ethoxyphenyl) tellurium dichloride and dibromide were converted 

to the oxide by 2N sodium bydrosides? Silver oxide in aqueous 

suspension affected the same conversion by precipitation of the halide 

ie 437258 
ions . 

b) Dehydration of diorganyl tellurium dihydroxides: Diorganyl 
= 
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tellurium dihydroxides are reported to lose water on standing forming 

the telluroxides?149425 The reaction is reversible. Telluroxides 

can be kept pure only under anhydrous conditions. 

c) Oxidation of dialkyl tellurides to telluroxides: Diorganyl 

tellurides are oxidized by atmospheric oxygen to telluroxides-!? 2298298358 

KMn0,, was also used as an oxidizing agent The aliphatic tellurides 

seem to be more susceptible towards oxidation. Hellwinkel and Fahrbach. = 

obtained 2,2'-biphenylylene telluroxide from the telluride and chloramine-T 

(eq. 128). 

(128) Te + HgC-{C))-SO2NCINa—> Te-NSO?(()) CH3 

@ @ (39) 

H,O 

The tellurimine (39) hydrolyzed easily to the telluroxide. 

d) Conversion of diorganyl tellurium hydroxide halides into 

telluroxides: Diorganyl tellurium hydroxide halides, R,Te (OH)X, and their 

anhydrides are hydrolyzed by sodium Byarouideasee The halide ions 

can be removed by silver oxider! Diphenyl tellurium hydroxide 

iodide was converted to the telluroxide and the tellurium diiodide upon 

heating in methanol a 

The compounds, which were prepared by these methods are listed in 

Table VII-9 together with yields, melting points and pertinent references. 

Aliphatic telluroxides are thermally unstable. Upon heating an 

intermolecular alkyl group migration occurs. Trialkyl telluronium salts 

are thus formed (see section VII-B). In the oxidation of tellurides 

telluroxides are expected and sometimes observed as products, but further 
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oxidation to tellurinic acids can take place (see section VI-D-A). Balfe 

and pomarkers 4 oxidized tellurides with air or hydrogen peroxide and 

isolated addition products of telluroxides with tellurinic acids of 

the general formula nRR'TeO-mRTeOOH (R = R' = C,Hy? n= ol m= ose ne= 25 

m=1;R= C,H» R' = CH,CO,C,H.: n = 1, m= 2, all three compounds 

decomposing at 180°; R = C,Hy» R' = CH,CO,-menthy1: n = m = 1, decomposing 

at 220°). The formation of tellurinic acids in these oxidation reactions 

was attributed to the instability of the telluroxides in their enol form 

(40). The enols were further oxidized to the tellurinic and carboxylic 

acids. Butyric acid was in fact isolated as an oxidation product of 

R-CH 
IN 
Je-OH 

R 

(40) 

dibutyl telluride. The association of telluroxides and tellurinic acids 

vita a hydrogen bond should prevent enolization and further oxidation 

of the celluvowides There is, however, no firm experimental evidence 

for the existence of the oxide in the enol form. 

170 258 
Heeren and Mallet found, that dialkyl telluroxides are 

converted to dihalides when treated with hydrohalic acids. Nitric acid 

gave the dicterares( (| Dimethyl telluroxide was reduced to the telluride 

by sulfurous Reidy 

D) Diorganyl Tellurones 

Diorganyl tellurones, R,TeO., the tellurium analogs of the well 

known sulfones, are ill-defined substances. It is doubtful whether a 

substance corresponding to the formula R, Ted, has ever been obtained 

in pure form. 
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Vernon ’~" claimed to have isolated dimethyl tellurone by oxida- 

tion of dimethyl telluride or its dihydroxide with hydrogen peroxide 

as an insoluble, white, amorphous powler. This substance possessed the 

characteristics of a peroxide. It was explosive, oxidized hydrohalic 

acids to the elemental halogens and decolorized potassium perman- 

preeyy ne, Lowry and Gilberts >"? prepared diethyl tellurone by air 

oxidation of the dihydroxide. Since treatment of the oxidation product 

with hydriodic acid gave the adduct RTeI,°R,Tel, the structure 

[R,Te]"[RTe0, }” was proposed for the Petiurone— Balfe and Goworkera > 

oxidized a number of dialkyl tellurides (see section VII-C) and obtained 

telluroxides, tellurinic acids and adducts of these two compounds. 

Bis (carbomenthoxymethyl) telluride, however, treated with 30 per cent 

hydrogen peroxide produced a white solid, which liberated iodine from 

potassium iodide and bromine from hydrobromic acid. Potassium 

permanganate was reduced. These authors thought that their compound 

was the hydrogen peroxide adduct of the telluroxide, R,Te (OH) (00H) . 

Telluracyclohexane 1,1-dioxide monohydrate was obtained as a 

white, amorphous powder by oxidation of telluracyclohexane with hydrogen 

peroxide in methanolic eolution It had the same properties as 

the other substances already described. It exploded on rapid heating. 

When phenoxtellurine, dissolved in acetone or glacial acetic acid, 

was treated with an excess of 30 per cent hydrogen peroxide, an amor-— 

phous precipitate with properties characteristic of peroxides was 

isolated. The results of elemental analysis for the product, which had 

been heated in vacuum for one hour at 110°, suggested structure Cah 

Telluroisochroman (42) oxidized with hydrogen peroxide in 

boiling ethanol produced a white amorphous compound, which was insoluble 

in all common solvents ee The carbon analysis suggested that the 

tellurone had been formed. 
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1@ 
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O fe) 
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VIII. TRIORGANYL TELLURONIUM COMPOUNDS, [R,Te] "x" 

Many triorganyl telluronium salts, [R,Tel "x, have been described 

in the literature. Trialkyl, triaryl, dialkyl aryl and alkyl diaryl 

derivatives, including compounds with three different organic groups 

are known. Telluronium salts containing a tellurium-hydrogen bond are 

not stable at room temperature. Dimethyl telluride was protonated in 

liquid hydrogen chloride forming the cation [ (CH TeH]*, which 
32 

decomposed at -80° in Sateen. A similar protonation occurred when 

telluracyclohexane was dissolved in liquid sulfur dioxide containing 

fluorosulfonic agers 

The following anions have been combined with the telluronium 

cations: F , Cl, Br, i, 0H, NO, , BAH, BBr, (CoH) ,B 

SiF, A CrO, ; Cr 0, ; ZnCl, 5 HgCl, ; HgBr ; Hel, . PtCl, and 

picrate . Table VIII-1 lists the triorganyl telluronium compounds, 

[R,Te] x”. Table VIII-2 contains the telluronium salts of the type 

[R R'Te]*x. The uns etric telluronium compounds, [RR'R"Te] x” have 2 tao 

been collected in Table VIII-3. The structure of the telluronium 

salts is discussed in section XIV-C. 

1) The synthesis of triorganyl telluronium salts 

Among the ten methods discussed below, only three have found 

wide application in the synthesis of triorganyl telluronium salts. 

The reaction of tellurium tetrachloride with Grignard reagents, or 

organic compounds of zinc and lithium, is the only direct route from 

an inorganic tellurium compound to a triorganyl telluronium salt. The 

combination of diorganyl tellurides with organic halides and the 

reaction of diorganyl tellurium dichlorides with Grignard reagents 

represent the other two convenient ways of synthesizing telluronium 

compounds. The preparation of the starting materials is covered in 
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sections VII-A-1, VII-A-2 and VII-B-1. Figure VIII-1 summarizes the 

synthetic routes to and the reactions of triorganyl telluronium compounds. 

The telluronium salts derived from heterocyclic tellurium compounds are 

treated in chapter XII. Triphenyl and tris(4-methylpheny1) eee 

12 
telluronium chlorides were formed by 8-decay of various aryl sp - 

antimony Roerounde; to ee 

a) The reaction of tellurium tetrachloride with organic compounds 

2 
of magnesium, lithium or zinc: tedereco ce 7 was the first to show, that 

tellurium tetrachloride reacted in ether solution with an excess of a 

Grignard reagent over the amount required by equation (129) to give 

telluronium salts. The reaction mixture had to be immediately 

(129) TeCly + 3RMgX —> RgTeCl +3MgCIX 

hydrolyzed at 0° to prevent the formation of dialkyl tellurides (see 

section VII-A-1j). The triorganyl telluronium salts were isolated as 

the rather insoluble iodides upon addition of potassium iodide to the 

aqueous solutions of the telluronium salts. The yields of triaryl 

telluronium iodides ranged from 15 to about 50 per cent. Only 

compounds of the type R,Tex can be synthesized in this manner. Literature 

references to the later work of Lederer in this area and to triorganyl 

telluronium halides prepared by other authors using Lederer's method 

are included in Table VIII-l. 

Hellwinkel and Fahrbach - obtained tributyl and trimethyl 

telluronium iodide by reacting tellurium tetrachloride and the appro- 

priate alkyl lithium compound (1:4 molar ratio) and hydrolyzing the 

reaction mixture with an aqueous potassium iodide solution. Marquardt 

and Michaélis-°- isolated triethyl telluronium chloride as a product 

of the reaction between diethyl zinc and tellurium tetrachloride. It 

is almost certain, that the telluronium salts in all these reactions were 
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formed by hydrolytic cleavage of one carbon-tellurium bond in the 

intermediate tetraorganyl tellurium compounds (see chapter IX). 

b) The reaction of diorganyl tellurides with organic halides: 

Triorganyl telluronium halides were produced when diorganyl tellurides 

were treated with an alkyl halide (eq. 130). 

R’ + 

| z 

(130) R’-Te-R’+RX —> R-Te x 
R” 

Methanol, diethyl ether or excess organic halide were employed as 

solvents. Aliphatic tellurides were more reactive than aromatic com- 

pounds. Lower molecular weight dialkyl tellurides combined vigorously 

with methyl iodide, while aromatic and higher molecular weight aliphatic 

tellurides required heating and longer reaction times. No telluronium 

salts were obtained from diphenyl telluride and ethyl pedideaee or 

butyl Bromide: cc Bis(2,4-dimethylphenyl) telluride did not combine 

with methyl ledidec- Bis (2,4,6-trimethylphenyl) telluride gave only 

a very small amount of the telluronium salt after four weeks at room 

penpecnearece Methyl iodide, ethyl iodide, benzyl chloride and 

bromide, phenacyl bromide and aliphatic a-bromocarboxylic acids were 

used as organic halides. 1,2-Dibromoethane and diphenyl telluride formed 

upon gentle heating bis(methylene diphenyl telluronium) dibromide (see 

structure (34), section VII-B-1k)°°> 

It is not necessary in the preparation of telluronium salts to 

isolate the diorganyl telluride. Phenyl dimethyl telluronium iodides toe 

and 2-(diethoxy)methylphenyl dimethyl telluronium fodide™ -< were 

synthesized by treating the reaction mixture obtained from tellurium and 

the appropriate aryl lithium compound in diethyl ether with methyl iodide. 

c) Anion exchange in telluronium salts: Once a telluronium salt 

has been formed, the anion can be exchanged easily. These metathetical 
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reactions take advantage of the solubility differences between the various 

telluronium salts, of the insolubility of the silver halides, and the formation 

of water in reactions between telluronium hydroxides and acids. The 

solubility of the telluronium halides decreases in the order chloride > 

bromide > iodide. The chlorides can therefore be converted into the 

bromides and iodides, and the bromides into the iodides upon treatment of 

the aqueous solutions of the telluronium halides with the appropriate 

potassium halides. The picrates are less soluble than the halides and 

precipitate upon mixing of the aqueous solutions of the halides and picric 

acid or sodium picrate. The picrates can be used for the characteriza- 

tion of telluronium compounds. 

The solubility differences between the silver halides make it 

possible to prepare telluronium bromides from iodides, and chlorides 

from bromides and iodides employing silver bromide and chloride, 

respectively. An aqueous suspension of silver oxide mixed with solu- 

tions of telluronium halides precipitates silver halides and forms 

telluronium hydroxides, which can be isolated upon evaporation of the 

filtered solutions. The hydroxides combine with acidic substances in 

a neutralization reaction according to equation (131). 

+ ae 

(131) [RgTe OH + HX —»> [R3Te] x +H9O 

esis (IL, aie, 1s Ptcl,/2, SiF,/2, picrate, (CpHS),B 

In many instances the hydroxides were not isolated, but were reacted 

immediately with an acid. The alkaline solutions of telluronium 

hydroxides precipitate metal hydroxides and liberate ammonia from 

ammonia solutions. Carbon dioxide is not absorbed from the air . 

Pertinent literature references for these reactions are given in Tables 

VIII-1, VIII-2 and VIII-3. Figure VIII-2 presents a summary of the 

anion exchange reactions. 
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4) Telluronium compounds from tetraorganyl tellurium compounds: 

carbon tellurium bond in tetraorganyl compounds is easily cleaved by 

water forming a telluronium hydroxide. Additon of potassium or sodium 

lodide precipitates the telluronium odidesl =. The reactions discussed 

in sections VIII-la and VIII-le probably produce the telluronium salts 

via hydrolysis of the intermediate tetraorganyl tellurium compounds. 

Wittig and rite. obtained triphenyl telluronium chloride, upon 

dissolution of tetraphenyl tellurium in dichloromethane or chloroform 

at room temperature. With benzaldehyde in ether the telluronium 

chloride was isolated after hydrolysis of the reaction mixture with 

hydrochloric acid. Tetraphenyl tellurium donated one phenyl carbanion 

to triphenyl boron forming triphenyl telluronium tetraphenyl foraeeces 

(see chapter IX for more details). 

e) The reaction of diorganyl tellurium dichlorides and triorganyl 

telluronium bromides with organometallic reagents: Diaryl tellurium 

dichlorides, which are accessible through methods discussed in section 

VII-B-1, react with a two to three fold molar excess of an aromatic 

Grignard reagent in toluene. The triaryl telluronium compounds are 

conveniently prepared by this method in yields as high as 77 per cent. 

Since aromatic halides do not combine with diorganyl tellurides, the 

reaction of dichlorides with Grignard reagents is the only easy route 

to mixed triaryl telluronium compounds, [R,R'Te]"X. 

The dichloride solutions must be poured rapidly into the Grignard 

solutions. The stirred mixture must be hydrolyzed immediately. The 

telluronium salts are best isolated as the iodides after addition of 

potassium degides o> 

Butyl lithium reacts with triphenyl telluronium bromide forming 

the tributyl derivative’. 

f) The reaction of telluronium halides with boron 

OG. T—H 

One 
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tribromide, zinc dichloride, mercuric halides: Telluronium halides release 

their anion to coordinatively unsaturated metal halides. Boron Ne iptomtac’! 

and zinc dichioride-s: have been employed in a few cases as the anion 

acceptors. Lederer (for references see Table VIII-1 and VIII-2) prepared 

a large number of addition compounds between telluronium halides and 

mercuric halides by mixing either aqueous or ethanolic solutions of the 

components. Some of the adducts were obtained only as amorphous solids, 

as gummy products or as oils. The analytical data suggest [R,Te]*[HgxX,]” 

as the stoichiometric composition of the adducts. Since mercury(II) is 

generally surrounded by four or six ligands, the possibility of a 

direct tellurium-mercury bond cannot be ruled out. Gold(III) 

213,215,216 5 
chloride etin(@ry) Syere = and copper(II) enioride= 

gave precipitates with telluronium salts. 

g) Telluronium halides from "Vernon's fB-base": "Vernon's B-base" 

(see section VII-B), obtained by heating dialkyl tellurium dihydroxides, 

has the formula [R,Te]"[RTe (OH), in its highest hydrated state. 

Treatment of such a compound with hydrohalic acids produced triethyl 

and trimethyl telluronium Witvdes oa. This reaction does not have 

preparative importance. 

h) The reaction of "tellurium oxychloride" with cresols: Morgan 

and Bureedae > condensed a tellurium compound, which they claim was 

tellurium oxychloride, TeOCl,, with the isomeric cresols. With p-cresol 

the telluronium salt (43) and the corresponding telluronium chloride 

pate 
Te TeOCl3 
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was isolated. Compound (43) was converted into the telluronium 

chloride, [R,Te]*c1™, when treated with alcohols. Bis(4-hydroxy- 

2-methylphenyl) tellurium dichloride, obtained from m-cresol and 

tellurium oxychloride, was transformed into the telluronium chloride 

upon refluxing in ethanol or upon treatment with a sodium carbonate 

solution. When this telluronium chloride was dissolved in warm 2N 

sodium carbonate or 4N sodium hydroxide, compound (44) was formed. 

+ 

NaO Te | OH” 

(44) 

i) The reaction of bis(4-methoxyphenyl) ditelluride with methyl 

iodide: Morgan and Drews and Reichel and Kivechbawn 27 reacted 

bis (4-methoxyphenyl) ditelluride with methyl iodide and obtained as one 

of the products dimethyl 4-methoxyphenyl telluronium iodide [see equation 

(119) in section VII-B-lr]. This reaction is very likely not of general 

applicability, since bis(4-ethoxyphenyl) ditelluride was decomposed 

by methyl todtteae: : 

j) Modification of the organic moiety in telluronium compounds: 

Tederencas reported, that carbomethoxymethyl diphenyl telluronium 

bromide when suspended in water and treated with silver oxide, was 

converted into the telluronium hydroxide with concomitant hydrolysis of 

the ester group. Carboxymethyl diphenyl telluronium hydroxide was 

isolated as a crystalline solid. The corresponding ethyl ester behaved 

similarly. Dimethyl 2-(diethoxy)methylphenyl telluronium iodide was 

treated with 4N hydrochloric acid. Dimethyl 2-formylphenyl telluronium 

iodide was isolated in 90 per cent viele 
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2) Racemic and optically active triorganyl telluronium salts, 

[RR'R"Te]* x7 

The tellurium atom in a tetrahedral environment will become 

asymmetric, when it is bonded to three different organic groups. The 

lone electron pair occupies the fourth position. Success or failure 

in isolating the optically active %-andd-salt will depend on the 

rate of racemization. Racemic telluronium salts are prepared through 

addition of an alkyl halide to an unsymmetric telluride, R-Te-R'(eq. 132). 

Table VIII-3 lists the known compounds. 

+ 
R’ 

(132) Re Te Re Rae R-Te x" 
R” 

Lederer first synthesized such compounds. His attempts to separate 

methyl 4-methylphenyl pheayies” and methyl 2-methylphenyl phenyires 

telluronium iodides into their optical antipodes failed. Lowry and 

Gilbert 2-9 reacted methyl 4-methylphenyl phenyl telluronium iodide with 

silver d-a-bromocamphorsulfonate (d-BCS) and obtained 2-[R,Te]* d-[BCs]_ 

it 
with a molecular rotation [IM]. ie of +262° in ethyl acetate. The 

optically active salt showed rapid mutarotation in a variety of solvents 

soon reaching the value of Cpe = +347°, the molecular rotation of d-BCS. 

The &[R,Te]” d-[BCS] salt could not be isolated in these experiments. 

An impure salt of the d-telluronium cation was, however, obtained from 

the racemic iodide and d-l0-camphor-sulfonate. The highest value for 

18 a ° 
5461 7 +162°. Mutarotation the widely varying molecular rotation was [M] 

took place only slowly. 

From the more reliable data on 2—[R,Te]” g-[BCS]” a minimum value 

of -85° for the molecular rotation of the 2-telluronium cation was 

calculated. The active iodides were isolated from the camphorsulfonate 

salts. They also showed rapid mutarotation. The optically active 
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telluronium cations had a half-life of a few minutees> os 

Reichel and Kaescnbagn es similarly obtained 2-methyl ethyl 

4-methoxyphenyl telluronium d-bromocamphorsulfonate. The reaction of 

the sulfonate with potassium iodide gave only an inactive compound. 

The molecular rotation in chloroform for the telluronium cation was cal- 

culated to be [M]) S Syl Ae « 

Holliman and va! resolved the telluronium cation (45) with 

d-BCS into the d-d and d-2£ salts by taking advantage of the solubility 

differences in ethanol. The samples, however, were still optically 

impure. Mutarotation in methanol and ethanol was slow at room temper- 

ature but proceeded rapidly in the boiling solvents. The optically 

active but impure picrates mutarotated very slowly. 

9 
Te-CHoC Cl 

(45) 

Lowry and Gilbert attempted the resolution of 4-methylphenyl 

phenyl telluroxide without obtaining definite results. Reichel and 

Kicechbacmo:” reacted the oxide in water solution with qd-camphorsulfonate 

and isolated the 2-phenyl 4~methylphenyl telluronium salt. Treatment of 

the active compound with sodium carbonate solution gave an inactive 

telluroxide. 

These results with telluroxides suggest, that diorganyl tellurium 

compounds of the type RR'TeXY are at least in solution telluronium 

compounds and should be formulated as [RR'TeX]* Y . Lowry and Husthers 

demonstrated, that optically active compounds can be obtained from 

unsymmetric diorganyl tellurium dihalides, RR'TeX,. The reaction sequence 

is presented in scheme (133). 
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R’ Ag d-BCS R: 
p- eBre —$$—________—__p3.4- re (BCS), 

H,0/methanol 

H,0 

acetone 

ts ; R : 
d- Ro e-OH d-BCS” oe p-le0n d-BCS 

OH OH 

Rs [ de E 
d-| ,-Te-OH | OH t-| 2 Te-OH| OH 

= "= - = R= CoH. R 4 CHC ¢H, » BCS = bromocamphorsulfonate 

While the absolute values of the molecular rotations of these salts are 

rather unreliable, the observed mutarotation towards smaller angles for 

the d-telluronium compounds and towards larger angles for the &-compounds 

indicate the presence of optically active telluronium cations. 

Ter Horace investigating the same compounds, showed that the 

disulfonate, RR'Te(d-BCS),, mutarotated with a half-life of two minutes. 

The dibromides and diiodides prepared from the optically active disulfonate 

showed also mutarotation approaching 0° after approximately ten minutes. 

The mutarotations towards larger angles in the case of the disulfonate 

and from negative angles towards zero in the case of the diiodide and 

dibromide indicate that the 2-telluronium cation was present in these 
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compounds and possessed a molecular rotation of IM) ] = -158° (disulfonate) 

and -185° (diiodide). On the basis, that optical activity can be caused 

by the four groups R, R, R', R" arranged in an irregular tetrahedral 

Manner around a central atom, ter Beret investigated the compounds 

(C(H Te (d-BCS),, (CgH.) »Te (OH) (d-BCS) and (CgH,) ,TeBr. and observed 
52 

a small rotation indicative of 2-telluronium cations. The tellurium 

atom, according to these results, must be surrounded by two phenyl groups, 

one anion and one lone electron pair forming an irregular tetrahedron. 

A reinvestigation of this problem should show whether the optical 

effects observed in the diphenyl series are real or were caused by 

factors not connected with telluronium cations. 

Balfe and perneaters prepared the telluronium compounds 

[RR'R"Te]* Br containing the 2-menthoxy group, which imparted optical 

activity to the telluronium salt. In addition to the menthoxy compounds 

in Table VIII-3, dibutyl carbo-2-menthoxymethyl telluronium bromide 

IL SS 
5461 

active, heterocyclic tellurium compounds consult section XII-C. 

(mp. 90°, [a] -23.6, CHCl) was also synthesized. For optically 

3) Reactions of triorganyl telluronium compounds 

Almost all of the reactions given by triorganyl telluronium compounds 

affect the tellurium atom. The three carbon-tellurium bonds are kept 

intact in most cases. The important reactions are summarized in Figure 

WALI AL 

The exchange of anions in telluronium salts and their reactions with 

metal halides are discussed in section VIII-l-c and VIII-1-f. 

Triorganyl telluronium halides react with organic zinc, magnesium and 

lithium compounds. Triethyl telluronium chloride and iodide dissolve 

in diethyl zinc at room temperature without reaction. When the mixture 

261 23239 
’ was heated to 100°, diethyl telluride and butane was formed . Lederer 

claimed, that he had obtained diphenyl telluride from triphenyl telluronium 
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chloride and phenyl magnesium bromide. 

: 344,347 é 1 
Petragnani and de Moura Campos ,» however, state, that triorgany 

tellurium halides are inert towards Grignard reagents. The following 

equations (134)-(138) describe the reactions of the telluronium salts 

with organic lithium compounds. A more extensive discussion of these 

reactions is given in chapter IX in connection with tetraorganyl 

tellurium compounds. 

CH.,Li H,0/Nal 
(134) (CHg)3Tel ————> (CH) sTe —-———> (Cg) gTel * CH 

(135) (CyHg) Tel til Usa (CyH)gTe See icMabie + CgHyg 

Hees 

(136) (CgHs)sT2C! peuse ee (CgHs),Te 

(137) [+ @ Oo + OL 70's He+ LiCHa+Lil (CH3)5Te On Te pata 
(G), 1etibee H,0/Nal 

(138) (CgHs )zleX —*—-» (C4Hg),Te tee Een (C4Hg Tel 

iCequatiion ireferencess (134). 17201357 2s GS 6) 442137) playin (le3 3) meh 2 pelo) 

Triorganyl telluronium halides can be cleaved into organic halide 

and diorganyl telluride. The decomposition takes place upon heating 

the telluronium salt with or without a solvent. Heat collected the 

decomposition data for trimethyl telluronium salts from the literature. 

He found, that the thermal stability increases in the series F, Cl, SO,» 

Bias Ibs Sale Detailed thermoanalytical investigations in this area 6° 

have not been carried out. The following salts lost alkyl halide 

under the conditions indicated. 

2 
2 boiling ethanol to C=, Br) 

(O)-r<O) nN boiling G@imetin ee tncbe zene cat ( X = 1) 
CH3 is 

vacuum 60°7 



CH3 
ROOCCH)_Te | Br7 CH3—Te ie 

CH3 

boiling ethanol <> (R = CH,) boiling eehanoiaas 

boiling ater o (R = CoH.) 

CH3 

R CHO 
cine r CH3"Te 14 Te-CH2COOH Br 

warm water (| refluxing pyridine 170°/0.2 mm He fe 

(R = w248>  _cy9348e, 

The course of the thermal decomposition of dialkyl carbalkoxymethyl 

telluronium Bromides' | in vacuum is shown in equation (139). 

R= C,H 

RBr + RTeCHyCOOR’ 

H 
‘ sy ia 

39) [RgTecH,coor’] Br ———__> RBr- RTeCH2COOR’ 
2 

R = C, Hy, R' = 2-menthyl 

RBr+RTeCH2COOR’+ 
Te(CH,COOR’), 

100°(20 mm) 
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Bis(methylene diphenyl telluronium) dibromide produced in refluxing 

1,2-dibromoethane diphenyl tellurium dibromide and ethylene, while 

upon recrystallization from glacial acetic acid ethylene, diphenyl 

telluride and diphenyl tellurium dibromide were Sonmade (see section 

VII-B-1k). Reichel and Pirschorans treated triphenyl telluronium 

iodide and dimethyl 4-methoxyphenyl telluronium iodide with molten 

sodium sulfide nonahydrate and observed the formation of tellurides 

and aromatic hydrocarbons, 

The triorganyl sulfonium, selenonium, and telluronium cations are 

much more stable than the oxonium compounds. This extra stability has 

been attributed to hyperconjugation using the empty low energy d-orbitals 

of the sulfur, selenium and tellurium Nar e In order to prove the 

participation of sulfur, selenium and tellurium d-orbitals in the 

reactions of these trimethyl onium compounds, Doering and Hofeman’ 

investigated the DO catalyzed exchange of hydrogen for deuterium in 

D,0 medium at 62°. They found, that the trimethyl sulfonium, selenonium 

and telluronium cations contained after three hours 98.0, 13.2 and 3.99 

atom per cent deuterium, respectively. It was proposed that the exchange 

took place according to equation (140) requiring d-orbital participation. 

| 4 _ -HOD 1 Ho , WW 
(140) @Te-C-H + OD ———»> @Te-C! <——_——> Te= C 

i og ¥ \ ' | ! 
H o H H 

Ore H +DOD foe 
OD™+ @Te-C-D <———___! 

H 

It is, however, not necessary that the ylide (46) be formed. A 

concerted one-step mechanism would give the same results. 

The telluronium ylide (47) has been prepared by Freeman and idovdaes 

from diazotetraphenylcyclopentadiene and diphenyl telluride. 
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Hs CgHs CgH5 CgHs 

@ 
Te(CgHs)2 <>» > (CeHs)2 

C6Hs CgHs CgHs CgHs, 
(47) 

This ylide was decomposed by strong acids. Definite products were 

not obtained from its reactions with 4-nitrobenzaldehyde and nitrosobenzene. 

A theoretical account of the catalytic activity of telluronium salts 

in liquid phase oxidation reactions has been pebivehed The equivalent 

conductance of trimethyl telluronium bydvoride >? in aqueous solution 

at 25° was determined to be 205 haa aa The dipole moments for triphenyl 

telluronium fluoride, chloride and iodide in benzene at 25° are 8.77D 

and Become c=) The thin layer chromatographic behavior of triphenyl 

31 . 
telluronium chloride was investigated Ae tom reviewed the 

analytical applications of triphenyl telluronium salts. 



IX. TETRAORGANYL TELLURIUM COMPOUNDS, R, Te 

Marquardt and Michaaliaae” made an unsuccessful attempt to prepare 

a tetraorganyl tellurium compound in 1888. They obtained only triethyl 

telluronium chloride from the reaction between tellurium tetrachloride 

and diethyl zinc. This telluronium salt when heated with diethyl zinc 

gave diethyl telluride and butane. Wittig and pen succeeded in 

preparing tetraphenyl tellurium in 1952. They synthesized this compound 

from tellurium tetrachloride, from triphenyl telluronium chloride 

(33.6 per cent yield) and from diphenyl tellurium dichloride (51.8 per cent 

yield) and an excess of phenyl lithium as yellow crystals, which melted 

at 104-6° with decomposition. The reactions must be carried out in 

anhydrous ether under an inert atmosphere of nitrogen. The phenyl lithium 

solution must not contain lithium bromide. The excess of phenyl lithium 

necessary in this reaction above the stoichiometrically required amount 

suggests [(C,H,) Te] ie as an intermediate, pentacoordinated species. 

Hellwinkel and Pshebach yea reacted hexamethoxy tellurium, tetramethoxy 

tellurium and tellurium tetrachloride with 2,2'-biphenylylene dilithium 

and isolated bis(2,2'-biphenylylene) tellurium (48) in yields ranging 

from 40-55 per cent. 

Te 

(48) 

This compound, which crystallized as yellow needles and melted at Pia 

is much more stable than tetraphenyl tellurium. A hexavalent tellurium 
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derivative was not formed when hexamethoxy tellurium was employed as 

: A : ; ; 2 e7 iS 
starting material. The same authors reported in later publications 

that the reactions described by equations (141)-(144) had also produced 

(48) in acceptable yields. 

(141) Te-CH3| I 224 (48) + Lil+ LiCHg 

(142) TeCly +. Serge? err lie 

© 70) 

Bis (4,4'-dimethyl-2,2'-biphenylylene) tellurium was prepared 

according to equation (142) in 48 per cent yield. The yellow compound 

decomposed between 204 and 219°" ">, 

Li © 31-44% 
(143) TeCly + ; Ge i ree 

(144) Te + cH (O)>-sont N Leerig Te= NSO2-{C))-CHy 

Li Li 

CHs{O)-SOmNLip + (48) 
44% 
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Nafedew as and cieatare oa obtained oa eieere erat ienal tellurium by 

B-decay of os in Sb (C,H). and (CoH, ) SbCl. Tetrakis (pentafluoropheny1) 

tellurium which decomposes at 210°, was the product of the reaction 

between tellurium tetrachloride and pentafluorophenyl eye 

Tetraalkyl and dialkyl diaryl tellurium compounds are thermally 

rather unstable and have not yet been isolated. Experiments by 

Hellwinkel and Penehacn. prove, however, that these substances exist 

in solution. The alkylation of tellurium tetrachloride (eq. 145) and of 

trialkyl telluronium iodides (eq. 146) with lithioalkanes gave these 

tetraalkyl tellurium compounds. 

(145) TeCly + 4RLi —» Ryle + 4LiCI 
R= CyHos CH, 

(146) Rgtel+ RLi — Rgle+ Lil 

R = C,Ho, CH, 

In the reaction between trimethyl telluronium iodide and 2,2'-dilithiobiphenyl 

dimethyl 2,2'-biphenylylene tellurium was produced. The formation of 

this compound requires an exchange of a methyl group, which is removed 

as methyl lithium, for an aromatic group (eq. 147). 

omens 62 
(147) (CH3),Tel + aetna Te + Lil + CH3Li 

‘oO “OM 
(49) 

When triphenyl telluronium bromide or 2,2'=biphenylylene 2-biphenylyl 

telluronium chloride was acted upon by four moles of butyl lithium, 

all the aromatic groups were cleaved from the tellurium atom as aryl 

lithium compounds. Tetrabutyl tellurium was the reaction product 

(eq. 148,149). 
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(148) (CgHs)gTeBr + 4CgHgLi —p (CyHg)4Te + LiBr + 3CgHsLi 

(149) i Ear end ‘Cato)ate 

ie iC © ‘oO + LiCl 

Bis(2,2'-biphenylylene) tellurium (48) can also be employed to prepare 

solutions of tetrabutyl tellurium according to equation (150). 

SO. OANOy 
~ 

or CT, 
2 

fe ' 
| 

o zm Te + CgHig < ---- 

ae Cc 
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The rate constants for the four reaction steps have been estimated to 

increase in the order k)<k3<k, Sk, The exchange reactions can either 

proceed according to an Sy2 mechanism or vtq@ penta-coordinated tellurium 

intermediates. The aryl lithium compounds formed in the exchange 

reactions were reacted with benzophenone and the expected hydroxy compounds 

were feclated:’*, 

Methyl, phenyl and 4-dimethylaminophenyl lithium did not react with 

(48). Franzen and Mecez. o observed, that triphenyl telluronium iodide 

exchanged organic groups with butyl lithium in a fast reaction, while 

tetraphenyl tellurium reacted only slowly. These authors proposed, that 

the faster reaction with triphenyl telluronium iodide is due to a 

direct exchange on the telluronium cation without participation of a 

tetracoordinated tellurium species o. Although tetraalkyl tellurium 

compounds have not been isolated, the following reactions prove their 

existence in solution: Hydrolysis of solutions of tetraalkyl tellurium 

compounds gave trialkyl telluronium hydroxides. Upon distillation of 

the reaction mixture containing tetrabutyl tellurium decomposition to 

dibutyl telluride, butane and octane took eisce The mixed diaryl 

dialkyl tellurium compounds (49) (eq. 147) and (50) (eq. 150) lost the 

aliphatic groups under these conditions and produced 2,2'-biphenylylene 

telluride. The solution containing tetrabutyl tellurium was reacted 

with bis(2,2'-biphenylylene) arsonium and phosphonium iodide. The transfer 

of a butanide group from tellurium to the group V element with formation 

of (51) was taken as further evidence of the existence of tetrabutyl 

tellurium (eq. 151). 

The thermal stability of the tetraorganyl tellurium compounds 

increases in the series alkyl, phenyl, 2,2'-biphenylylene. The tetra- 

alkyl derivatives decompose at room temperature while tetraphenyl tellurium 

is stable to approximately 115°. Tetrakis(pentafluorophenyl) calluriun’: 
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eae (151) (C4Hg) fe + E > E | + CyHg)gTel 

FO) D/O 
C4Hg 

E = P, As (51) 

produced the telluride and bis(pentafluorophenyl) wheh heated in a 

sealed tube at 200-220°. Bis(2,2'-biphenylylene) tellurium remains 

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

takes place according to equation (52)47°, 

Ce Ol a : © Te imeem are 
+ higher polyphenylene compounds 

The corresponding 4-methyl substituted derivative behaves similarly (7 

While tetraphenyl tellurium is easily hydrolyzed by water, compound 

ey is relatively stable under these conditions. Organic solu- 

tions of (48) when kept in dry air remain unchanged for several days. 

In tetrahydrofuran containing oxygen-free water the telluronium hydroxide 

is formed. Hydrogen chloride in ethanol, or bromine and iodine in 

carbon tetrachloride convert (48) into the corresponding telluronium 

compounds (52) (eq. 153). 

Data for these telluronium salts can be found in section XII-A. 

Compound (52) (X = H, Y = I) is also formed, when (48) is treated 
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(153) 18) (XV Te Yv 

(52) 

Go, SoS 1sly (O)si Tal, (CHER hen Ibe Its gb 

with excess methyl iodide at room temperature. A pentavalent tellurium 

intermediate has been proeeeet oc for this reaction as shown in equation 

(154). 

(154) (48) + CH3l —> 

The ease, with which one phenyl group is cleaved in tetraphenyl 

tellurium, is demonstrated by the formation of triphenyl telluronium 

tetraphenyl borate from triphenyl boron and tetraphenyl tellurium in 

ethereal solution. Tetraphenyl tellurium approaches the reactivity 

of an organometallic compound in its reactions with methylene chloride, 

chloroform (eq. 155) and benzaldehyde (eq. 156). 

(CgH,)3TeCl + CgH5CH2CI 

(155) (CeHs)4Te 

(CgHs)3TeCl + CgHsCHClo 

criss tie, ES HCl 
(156) Rgle,+ (O-CH-R —P RgTe-O-CHRp ———PRyeCl * R2CHOH nig 

R= CpH. 
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Reaction (156) carried out in ether under nitrogen atmosphere gave 

a 47.3 per cent yield of iphenylmerhanot 

Structural data are not available for tetraorganyl tellurium 

compounds. A trigonal bipyramidal arrangement of the four ligands 

and the lone electron pair can be postulated (see Fig. VII-2). The 

bidentate ligands 2,2'-biphenylylene must each occupy one equatorial 

and one axial position when the electron pair takes up the third 

equatorial position. Hellwinkel and fahchach. |= investigated the 

uw nmr spectrum of bis(4,4'-dimethyl-2,2'-biphenylylene) tellurium. 

The compound showed only one peak for the methyl hydrogen atoms 

in the range from -55° to room temperature. This result is inconsis-— 

tent with the trigonal bipyramidal structure. The authors propose as 

the most likely explanation for the equivalence of the methyl groups a 

rapid interconversion of the trigonal bipyramid via a tetragonal 

bipyramid into the other trigonal bipyramid, in which the methyl groups 

formerly in axial position occupy now equatorial sites. A tetrahedral 

arrangement with a stereochemically inactive lone electron pair was 

also mentioned as a possible cause for the equivalence of the methyl groups. 



X. TELLURIUM ANALOGS OF ALDEHYDES AND KETONES 

The only known telluroaldehyde, telluroformaldehyde (53) was 

obtained by action of carbene, :CH,, on tellurium mirrors. The 

carbene was generated by thermal decomposition of dtacpmatione es eee 

or Rechadese and by photodissociation of Recent 

. Hy 

(157) Te+ CHp —> | [ce 

(53) 

Telluroformaldehyde, first formed as a monomeric Ae ne polymerized 

upon condensation. Several modifications are reported to exist. A 

deep-red solid, insoluble in water, only slightly soluble in ethanol, 

ether and benzene was stable in air and sublimed at 100° under high 

vacuum with only slight decompositions ae The compound decomposed 

to elemental tellurium at 150°. The second modification is colorless at 

-70°, It turns grey-green at room temperature and decomposes when 

exposed to air. It is soluble in acetone, chloroform and Bynes 

Williams and Denbans proved with mass-spectroscopic and ir-techniques 

that the product of the reaction between tellurium mirrors and carbene 

generated by decomposition of diazomethane at 500° was tritelluroformaldehyde. 

No evidence for polymers was found. Tellurformaldehyde reacted with 

bromine and iodine with formation of dihalomethanes>--. 

1,3-Dimethylbenzimidazoline heated with two moles of tellurium to 

100-200° for 10-60 minutes gave an 8.8 per cent yield of 1,3-dimethyl- 

et elluvosobencinddasoliaert. (54). The compound melted at 199-200°. 

Dialkyl telluroketones have been prepared by Lyons and ecvdder- a2 by 

passing hydrogen telluride for 24 hours at room temperature through 

a solution made up of equal volumes of the ketone and concentrated 

hydrochloric acid. The liquid telluroketones were purified by vacuum 

242 
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distillation. The following compounds, RC(Te)R', were prepared 

(R,R', bp./torr): CH, CH, 55-58°/10-13; CH 63-66°/9-10; ey CoH» 

CoH, CoH. , 69-72°/8-11; C decomposition. Benzil and ea Meta e 

benzophenone did not react under these conditions. 

O.C.T—I 



XI. ORGANIC TELLURIUM COMPOUNDS CONTAINING A TELLURIUM-METAL OR A 

TELLURIUM-METALLOID BOND 

The tellurium atom is capable of forming bonds with metallic, 

metalloidal and non-metallic elements. All the compounds, which contain 

a tellurium-metal or metalloid bond and at least one tellurium-carbon 

bond, are treated in this chapter. In addition, substances, which have 

organic groups in their molecules, even if they do not possess a telluriun- 

carbon bond, are also included. Bis(triethylsilyl) telluride and 

triorganyl phosphine tellurides are examples for the latter class of 

tellurium compounds. The following elements form bonds with tellurium: 

lithium, sodium, magnesium, boron, aluminum, gallium, carbon, silicon, 

germanium, tin, lead, nitrogen, phosphorus, oxygen, sulfur, selenium, 

fluorine, chlorine, bromine, iodine, manganese, iron, molybdenum, 

palladium, cadmium, platinum, gold, mercury and uranium. 

The organic compounds of tellurium with oxygen, sulfur and the 

group VII elements have already been treated in previous chapters. 

The discussion in this section will be organized according to the 

heteroatoms bonded to the tellurium atom. The compounds of the group 

I and II metals with tellurium are of the type R-Te-M (M = Na, Li, MegBr). 

Silicon, germanium, tin and lead form molecules having the general 

formula R,M-Te-R' or R,M-Te-M'R, (M, M' = group IV element; R = organic 

grouplor Hs Rue) La Hy or CoH). The compounds with the other metallic 

elements are complexes, in which diorganyl tellurides, diorganyl 

ditellurides or organyltelluro groups serve as ligands. 

244 
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A) Organic Compounds of Tellurium with Metals of Group I, II and III 

The compounds R-C=C-Te-Na were prepared by addition of elemental 

tellurium to the sodium acetylide in liquid ammonia (eq. 158). 

(158) R-C=C-Na +Te —» R-C=C-Te-Na 

SGatIetSAe) © 4s 348 do. he Bo Seek 
so R= CH=CH > R= CH,=C (CH) ke CH. R = CH, 

The alkynyl sodium tellurides were never isolated, but were reacted 

immediately with alkyl halides to give alkynyl alkyl tellurides (see 

section VII-A-2a). 

387 384,385 
Sn 5 Lithiym compounds of the type (C(H M-Li (M=Ge §, 

53 

ee) and tellurium powder in tetrahydrofuran formed grayish-black 

solutions containing the compounds (CgH.) ,M-Te-Li. These solutions 

were very unstable. They deposited tellurium upon contact with air. 

When reacted with (CpH.) ,M-Cl the tellurides [ (C,H) 4M] ,Te were produced. 

Aryl lithium compounds reacted with Sicelige des and with 

343, 348b, 348c 
elemental tellurium producing aryl lithium tellurides. 

Butyl lithium and tellurium gave butyl lithium teluride 1 Lithium 

has been reported to cleave diethyl ditelluride to form ethyl lithium 

relies, The reduction of diaryl ditellurides, (RC¢H,) Te, (R = H, 

i ald isa hope) and of bis(2-bromo-—4-methoxypheny1) 

ditelluride with sodium borohydride in sodium hydroxide solution generated 

, 2=CH 

aryl sodium tellurides. None of these compounds was ever isolated. These 

air sensitive substances were either oxidized to ditellurides or treated 

with an alkylating agent. 

Organic tellurium compounds with a tellurium-magnesium bond were 

the products of the insertion of a tellurium atom into the carbon- 

magnesium bond of a Grignard reagent. The reactions were carried out 

in ethereal solution. Phenyl bromomagnesium telluride was employed by 
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39,147,181,343,351,352 as an intermediate in several investigators 

342 
telluride syntheses. Petragnani obtained a pasty substance upon 

addition of petroleum ether to a solution containing phenyl bromomagnesium 

telluride, which had been prepared from a diorganyl ditelluride and phenyl 

magnesium bromide (eq. 159). 

(159) RoTe2 + CgH5MgBr —> RTeCgHs + RTeMgBr 

The highly unstable precipitate was easily hydrolized and oxidized. 

Dabiens reviewed the work on organic magnesium compounds performed 

during the period 1920-1926 and included those containing a magnesium- 

tellurium bond. 

Dimethyl telluride acts as an electron pair donor toward boron 

trihalides forming the adducts (CH,),Te*BX, ( X = Cl, Br, I), which melt 
3)2 3 

379a 10,77,379a 379a 
> with decomposition at 98-101° » 138-142° and 143-145° 

respectively. These addition compounds were obtained by mixing benzene 

or carbon disulfide solutions of the components. When dimethyl ditekluride 

was treated with boron tribromide, elemental tellurium and the adduct 

Te*BBr., were observed as peoducte The compounds [(CH (CH,) 5 3 TeBr,],*BBr 
32 

a colorless solid, which melted at 57-8°, was obtained from a benzene 

SW 

solution of the vemeeanee Boron trichloride and dimethyl telluride in 

liquid hydrogen chloride gave a white precipitate of [(CH Tex] “[BC1,]", 

333 
32 

which lost hydrogen chloride at -80° in vacuum forming (CH,),Te*BCl 
3)2 3 

This adduct melted at 212-3° 

Trimethyl aluminum and trimethyl galttcas formed 1:1 adducts with 

dimethyl telluride (eq. 160). 

a (CHg)pTe + (CH3)3mM —> (CHg)>Te-M(CHs); 

M = Al, Ga 
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The gallium adduct melted at -32° and a boiling point of 122° was 

obtained by extrapolating vapor pressure data. The enthalpy of 

dissociation calculated from the temperature dependence of the equilibrium 

constant is reported as ~-8 kcal/mole. The aluminum adduct, with an 

extrapolated boiling point of 146°, was almost completely dissociated 

in the temperature range from 100 to 150°. The donor strengths of the 

dimethyl chalcogenides decreased in the order O>Se>S=Te and 0>S>Se>Te 

with the acceptors trimethyl gallium and aluminum, respectively. 

B) Organic Compounds of Tellurium Containing a Tellurium-Group IV 
~IIIluCIIlEEEEIlIEIEIlIIlEEE>EIEIEIElIIESEIECUIyIlEEIEaIl"L_=>=E=h»~=E~Lz_L——_—_=~_=z_z=_=_Z_~L~_~-LxEeEqaEaEEEEY]"(UeEL™h_ ELL 

Element Bond 

Compounds containing a bond between tellurium and germanium, tin 

or lead are synthesized from the lithium tellurides (55) and the 

384 ,385 , 387-389 
halides (56) in tetrahydrofuran according to equation 

(161) (method a). 

(161) R3M-Te-Li + CI-M’R3 —> R3M-Te-M'Rg + LiCl 

(55) (56) (57) 

R = CeHe3 M, M’ = Ge, Sn, Pb 

The symmetric (M = M') and unsymmetric (M = M') tellurides (57) are 

yellow solids, which are rather stable towards heat and hydrolytic agents. 

The symmetric lead compound can be exposed for months to moist air 

without decomposition. The tin and germanium tellurides hydrolyze 

readily under these conditions. The stability of these compounds towards 

moisture and oxygen increases in the sequence (R3Ge) Te < (R3Pb) Te and 

(R,Ge) ,Te < R,GeTeSnR, < R,GeTePbR,. Unsymmetric aliphatic compounds 

(57) (M=M!', R = alkyl) are reported to transform easily into the 

symmetric @eriverives:-. Table XI-1 list the known compounds. 
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Lithium telluride, prepared in liquid ammonia, reacted with silyl 

bromiue | in liquid ammonia, and with silyl iodide and trimethylsilyl 

chloride in eperaline to give the corresponding disilyl tellurides 

(method b). Hooton and eee synthesized bis(trimethylsilyl) 

telluride in low yield by addition of trimethylsilyl chloride to diethyl 

ether containing phenyl bromomagnesium telluride (method ec). The 

mechanism for this reaction is unknown. Should the phenyl bromomagnesium 

telluride be the source of tellurium, then a tellurium-carbon (phenyl) 

bond must be cleaved under these mild conditions, perhaps in a dispropor- 

tionation reaction of the unsymmetric telluride CpH,-Te-Si (CH), into the 

symmetric tellurides. 

The hydrides, R,MH (R = CoH, M = Si, Ge, Sn; R=e M = Ge), “Cea? 
when heated with diethyl telluride cleaved one or both ethyl groups of the 

telluride as ethane (method d). The reactivity of the hydrides increased 

in the order Si<Ge<<Sn. Thus, triethylsilane and diethyl telluride kept 

at 200° for seven hours produced the symmetric (60) and unsymmetric 

telluride (59), R,Si-Te-R' (R = CoH. or SiR,). The corresponding 

germanium hydride gave comparable yields of the two tellurides, when 

heated for seven hours at only 140°. With triethylstannane bis(triethylstannyl) 

telluride was the sole product obtained, when the reagents were kept at 

20° for only one hour (eq. 162). 

2R3M-Te-CoHs + CoHg 

(162) 2R3MH + (CoHs)oTe (59) 

(58) R3M-Te-MR3 + 2CoHg 

(60) 
The symmetric tellurides (60) were probably formed from (59) and an 

additional moIecule of the hydride (58). A disproportionation of 

(59) into (60) and diethyl telluride is also a likely reaction path 

Powdered tellurium heated with the hydrides (C,H MH in sealed, 
5)3 

evacuated tubes (M = Si, 22 hrs. at 280°; M = Ge, 18 hrs. at 210°; 
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M = Sn, 4 hrs. at 130°) gave the symmetric tellurides (60) and 

hydrogen (method e). The unsymmetric tellurids, (CH, ) sM-Te-Sn(C,H,) 3 

(M = Si, Ge) were obtained from triethylstannane and the appropriate 

unsymmetric telluride (59) according to equation (163) (method f). 

(163) (C2H5)3M-Te-CoHs + (CoHs)3SnH ——S*-> (CoHg)gm-Te-SnlOpH5)3 

M = Si, Ge 36 

Triethylgermyl lithium cleaved the tellurium-tellurium bond in 

sue Ethyl triethylgermyl telluride and ethyl diethyl asvetavida. 

lithium telluride wére the products (method g). 

Ethyl lithium telluride, which was prepared from diethyl ditelluride 

and lithium in diethyl ether solution, reacted with chlorosilanes to give 

ethyl silyl pelturides a: (eq. 163a). 

(163a) nCHsTeLi + ClpSiHR3_,,—>(C2Hsle)pSiHR3_p + nLiCl 

R, n, % yield, bp. (mm Hg): CHS» 1 , 68%, 59-60°(5); 

1, 48%, 56°(20) De] OF LOOWG) ewe Soe geez Om (In) CH,» Cols» 

Ethyl triethylgermyl telluride, which boiled at 42° at 1 mmHg, was 

obtained in 89% yield from ethyl lithium telluride and triethylgermyl 

bromide = in hexane solution. 

Bis(triethylsilyl) telluride, treated with an equimolar amount of 

trifluoroacetic acid at 20° for one hour, underwent silicon-tellurium 

bond cleavage. Triethylsilyl hydrogen telluride was isolated as the 

major prodace | (method h) (eq. 164). 

CF .,.COOH 

64) [(CoH5)sSi] Te —2——->(CpH5)3Si-TeH + Ho/HyTe + Te 
13k 15% 102% 

The tellurides, (R,M) Te, exchanged the RM groups when heated 

with the hydrides R,M'H (method i). The reactivity of the hydrides 
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(165) (RgM)zTe +2R3M'H —> (R3M’)yTe + 2R3MH 

M= Si, MY ="Gen S6)hrs. at 200°; Mo = Ge. Ml — Sn winr sate 0"5 

with respect to these exchange reactions increased in the order 

Siecexsno? ">, Disilyl telluride, (H,Si),Te, was converted quantita- 

tively into the corresponding germanium compound when kept with an 

excess of germyl peowiae © for 18 hours at 0°. Literature references 

are given in Table XI-1l. 

The tellurides, (RM) Te, in benzene or hexane solution, were 

transformed into the halides RMX by chlorine, bromine and iodine 

5 
according to equation qe) . The reaction of bis(trimethylsily1) 

(166) (R3M)oTe +X2.—® 2R3MX +Te 

Me=—Si Geg SD kta Cle BG ak 

telluride with silver iodide proceeded rapidly at room temperature. 

Trimethyliodosilane and silver telluride were teelavecs Vyazankin 

and pore ers © showed that tellurium is eliminated from the tellurides 

(60) upon treatment with acyl peroxides in benzene at room temperature 

(eq. 167). 

fe) fe) fe) 
(167) (RgM)pTe + R-C-00-C-R’—> Te+ R3MOC-R’ + R3MOC-R” 

a ‘ ’ We ae : : R= CoH Me Rea spetets tos, Cele» CoH; Si, CH, CoH. Sn, Cele, CoH. 

Bis(triethylgermyl) telluride and dicyclohexyl percarbonate produced 

triethyl cyclohexoxygermane, tellurium and carbon aioziae 

The tellurium atom in the tellurides (RM) oTe can be replaced by 

sulfur or selenium. Since the reactivity of the group VI elements in 

these exchange reactions decreases with increasing atomic number, 
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sulfur can replace selenium and tellurium, and selenium can replace 

teltaricn’ 2" (eq. 168). 

(168) (RaM)zTe + Y —> (RgM)Y + Te 

R= CoHe; Many Od sce cehr stately Ocrusnems «eo O Bhs mate Oe mom smOel 

30 ehrse at 50° 

Disilyl telluride decomposed easily on rough glass surfaces. The 

compound became brown on irradiation with blue light or upon heating 

to temperatures higher than 70°. With oxygen disilyl ether was Gommedi 

Digermyi telluride gave with hydrogen iodide at room temperature 

germyl iodide and hydrogen peltestdes = 

Eeovechking 2 established by infrared spectroscopy, that the 

: = = ' oe ay 

tellurium atom in the tellurides (CH.) 4M Te-M (CoH), and (C,H) 4M Te CoH, 

(M, M' = group IV element) is hydrogen-bonded to the deuterium atom 

in deuteriochloroform =’. The gas chromatographic behavior of some of 

these tellurides has been investigated. 

Figure XI-l1 summarizes the synthetic routes to and the reactions 

of the compounds containing a tellurium-group IV element bond. 
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C) Organic Compounds Containing a Tellurium—Phosphorus or a Tellurium- 
ee 

Arsenic Bond 

The first organic compound containing a tellurium—phosphorus bond 

was prepared by foes in 1950. He found, that tellurium dissolved 

in ethanolic solutions of potassium diethyl phosphite. Colorless, 

hygroscopic needles of potassium diethyl tellurophosphate were isolated, 

which darkened rapidly in moist air. Dilute acids or iodine liberated 

tellurium. 

Elemental tellurium heated for four hours at 70-80° with diethyl 

Bld eneep tonite yielded diethyl (allyl)tellurophosphonate, an air, 

light and heat sensitive yellow liquid. It was purified by vacuum 

distillation. An attempt to isolate diethyl (ethyl)tellurophosphonate 

Ue et refluxed triorganyl- was poonecedatal Zingaro and coworkers 

phosphines in anhydrous toluene with tellurium powder and obtained 

phosphine tellurides (see Table XI-2) as pale yellow, crystalline solids. 

Warming the solutions of these compounds in saturated aliphatic hydrocarbons 

resulted in the formation of shiny tellurium mirrors on the surface of the 

glass containers. The aminophosphine tellurides listed in Table XI-2 

were prepared ara A telluride could not be prepared from 

methyldichlorophosphine and poiiaene ie The phosphine, C[CHP(CeH) o],5 

did not form a telluride, when heated at 180° with tellurium powder in the 

presence or absence of potassium cyanide in an evacuated peda 

Petragnani and de Moura Gamea reported that their attempts to 

prepare a compound with a P-Te-C bond had failed. Im a recent short 

publication Russian pest ieatore . claimed that such compounds can be 

synthesized from diphosphines and ditellurides as shown in equation (169). 

No further details with respect to the reaction conditions or 

individual compounds were given. 
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(169) (CH3)pP-P(CH3)) + RoTeg —® 2(CH3}P-TeR 

The dipole moment of (CoH, 5 ),PTe as the neat liquid at 50° was 

determined to be 5.95D. A value of 4.5D for the P-Te bond moment is 

piven” « 

Table XI-2 

Organic Phosphorus Compounds Containing Tellurium 

Mpiee aC 
Compound Dp Ci Ceors) 

(C,H.0),P(0)TeK 

[(CH,),N],PTe 

[ (CH) N], (C,H. )PTe 46-7 

[(CH,).N], (C,H, )PTe 67-8 

(C,H,0), (CH=CHCH, ) PTe 65-6 (0.32) 

(CH) )P-TeR 

(C,H.) ,PTe 

(C,H,) ,PTe 

(C,H 9) 3PTe 

(e-CH, | )PTe 

(C.H.) (C,H) ,PTe 

(CEH, ) (C,H) .PTe 

Reference 

124 

154,352a 

154 

154 

356 

395 

451 

451 

450,451 

451 

451 

451 

The only compound containing tellurium-arsenic bonds is the 

arsanthrene derivative (61). It was prepared by treating the oxygen 

bridged derivative in ethanol with hydrogen felt ide-> 
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An X-ray structure analysis of (61) has been carried out poeP 

D) Organic Tellurium Compounds Containing a Tellurium-Selenium Bond 
—ECICyyyLy—yl I —————IIIyI~_—IyIyI yi yoo ——e————————— LL ——SS= 

Tellurium bis(thioselenodiethylphosphinate) and tellurium 

bis (diselenodiethylphosphinate) , R,P(Y) SeTeSe (Y)PR, (R = CoH, Y= S, Se), 5? 

are the only compounds reported containing tellurium-selenium bonds and 

organic groups in the molecule, which have been isolated in pure form. 

They were prepared from the appropriate sodium Raaoptmaace and tetravalent 

tellurium in hydrochloric acid potueiene ae They melted at 138-42 (dec.) 

and 141-3°, respectively. The tellurium atom in the thioseleno derivative 

is surrounded by two selenium and two sulfur atoms in an approximately 

planar arrangement. Only weak interactions exist between the tellurium 

atom and the two sulfur atoms belonging to two neighboring moleccleas ook 

Piteeerer 7 prepared dimethyl selenide telluride, CH,-SeTe-CH, 

from Na, SeTe and methyl iodide in liquid ammonia. Since this compound 

decomposed during vacuum distillation, it could not be separated from 

the by-product dimethyl diselenide. 

E) Organic Tellurium Compounds as Ligands in Transition Metal Complexes 

Diorganyl tellurides and diorganyl ditellurides form complexes with 

a variety of transition metal ions. These complexes have been prepared 



258 

using metal carbonyls, metal carbonyl halides, salts of the type 

K MX, (M = Pd, Pt) or Mx (M = Ag, Au, Cd, Hg) and the appropriate organic 

tellurium compound. Ligand exchange reactions in complexes already 

containing a tellurium ligand have also been employed. Diorganyl 

ditellurides experienced in most of these reactions tellurium-tellurium 

bond cleavage forming dinuclear complexes with bridging organyltelluro 

groups. The following transition metals have been investigated with respect 

to their tendency to form complexes with organic tellurium compounds. 

Kk 
Complexes with R,Te Attempts to prepare complexes containing an 

organic tellurium compound were unsuccessful. 

Complexes containing RTe groups a Complexes with R,Te, 

Table XI-3 lists the known complexes and their physical properties and 

gives pertinent literature references. 

Octacarbonyldicobalt and diphenyl telluride gave only black 

[Co,Te(CO),]. Tetracarbonylnickel precipitated metallic tellurium and 

Breer, Hexacarbonylchromium did not react with diphenyl telluride. 

Hexacarbonylchromium did, however, react with bis(trimethylsilyl) telluride 

to give [(CH,),Si],Te-Cr(CO),. The corresponding tungsten complex was 

obtained ee 

Bis (1-cyclopentadienyltricarbonylmolybdenum) , [-cpMo (CO) ,]., 

reacted with diphenyl ditelluride to yield several complexes depending 

upon the reaction Conteeione + = Scheme (170) summarizes these reactions. 

The mononuclear complex was converted into the dinuclear species upon 

standing in solution at room temperature or by thermal decomposition. 

The completely decarbonylated, amorphous, insoluble complex (62) was not 

isolated. 
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benzene, reflux, 14 hrs. [: -cpMo(CO)zTeR | 

ar (C(H,) Te, 2 

benzene, 25°, 2.5 hrs. 

ar (C(H.) ,Te, 
70) [;-epMo(CO}3], [7 -cpMo(CO},TeR | 

toluene, reflux, 12 hrs. [x -cpMo (TeR)2] 

Gio zee a2 (62) 

Bis(pentacarbonylmanganese) reacted slowly with diphenyl telluride 

at 125° in xylene (eq. 171) to give di-y-phenyltellurobis— 

(tetracarbonylmanganese) (63). 

(71) [Mn(Co)s |, -2(CeHs),Te —» [Mn(Co);(TeCeHs) | > (CgHs)> + 2CO 

The manganese atoms in this diamagnetic compound, which contains two 

bridging phenyltelluro groups, are octahedrally coordinated. 

co co 

Te co 6o-} ae as ee ol la ete 
ae ea ah 

ve eS n oe ee 
ue a ge ork 

COe 245447" yor Selects wile ae ie a 

co co 

(63) 

The dipole moment of 1.45 + 0.09D does not allow to make a definite 

statement concerning the cts- or trans- arrangement of the two phenyl 

176 
groups : 

Two carbonyl groups are replaced by diphenyl telluride ligands, 

when pentacarbonylmanganese halides are refluxed in diethyl ether 

with diphenyl telluride (eq. 172) or phenoxtellurine. 
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(172) Mn(CO);X + 2(CgH5)Te —» Mn(CO)3(TeR2)oX +20 

SeevCl Be. ok 

The reactivity of the carbonyl halides decreases in the sequence 

Cl>Br>I. The diamagnetic compounds are non-electrolytes, thermally 

stable and resistent to atmospheric agents. The strong trans-effect 

of the carbonyl groups makes it likely that two equatorial CO ligands 

in the pentacarbonylmanganese halide have been replaced. This leads 

to the formulation of the telluride containing complexes with two CO 

groups trans to the telluride ligands as shown in structure (64). 

x 

COs tae care TeRo 

ea Mn Be 

yee NS re 

€0O=-2--- 5 aa 

co 

(64) 

The arrangement of the ligands in these complexes, however, could not be 

ascertained by infrared investigations 

It was not possible to replace only one or more than two carbonyl 

groups. The diaryl telluride complexes are stabilized by (Mn)d_>(Te)d_ 

bonding made possible by the electron- withdrawing phenyl groups. The 

electron-donating groups in dialkyl tellurides increase the electron 

density on the tellurium atom and prevent d_-d_ bonding. The dibutyl 

telluride adduct - in line with these considerations - could not be 

isolated. Pentacarbonylmanganese chloride, when refluxed in ether in the 

presence of dibutyl telluride, quantitatively dimerized with concomitant 

loss of carbon monoxide (eq. 173). 
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(173) 2Mn(CO)sC1 + 2(C4Hg)oTe <=> 2Mn(CO)4Te(C4Hg)2C! + 2C0 

2(C4Hg)oTe + cease 

The dibutyl telluride adduct was only of transitory eeiatence 

The complex Mn (CO) ,[Te(C,H,),],C1 took up one carbonyl ligand 

when carbon monoxide was bubbled through a benzene solution of this complex 

containing aluminum chloride. The cationic manganese complex was 

isolated as the salt {Mn (CO) , [Te (C,H.) I [cr(SCN), (NH) 5)" - In the 
alo 

presence of zinc chloride at 70°. under 300 atm. carbon monoxide pressure 

a mixture of salts containing the two cations {Min (CO), (TeR,) 9)” and 

[mm (CO) Ter] was the reaction peodacs 

Carbonyl and diphenyl telluride ligands can be replaced by nitrosyl 

groups and organic nitrogen containing ligands. When tricarbonylbis (diphenyl 

telluride)manganese(I) chloride in benzene solution was treated with 

nitrogen monoxide at room temperature all three carbonyl groups and one 

telluride ligand were exchanged according to equation (174). 

2Mn(NO)3Te(CgHs }p +6CO 
(174) 2Mn(CO)[Te(CgHs5)}],Cl1+6NO—> ure Carte» (Cos) 
The green nitrosyl complex could not be isolated in pure form, because 

it had the same solubility properties as diphenyl collgvide on 

Tricarbonylbis(diphenyl telluride)manganese(I) bromide exchanged both 

telluride ligands for amine ligands in reactions with pyrrolidine, 

piperidine, morpholine, piperazine, benzidine, hydrazobenzene, 

phenylhydrazine and benzaldehyde phenylhydrazone forming mononuclear 

or dinuclear manganese complexes. Only 4-aminoazobenzene gave a 

mononuclear, telluride containing ieee (eq. 175). 
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Mn(CO)3 [Te (CoHs)p (L) Br 
(275) — Mn(CO)3|Te(CgHs )o|_,Br +L —> 

le *(CeHs )oTe 
L = 4-aminoazobenzene 

1 
aes magnetic susceptibilities~/° and dipole moments’ /° Infrared data 

of these complexes were determined. Experiments with 1409 in benzene 

at 30° showed, that the carbonyl groups in the complexes Mn (CO) ,[Te (C,H. ) 9] 9X 

exchanged with rate ratios of 15:7:1 for X = Cl, Br, fo 

The halogen bridges in y-dichlorobis[tetracarbonylrhenium(I)] are 

split by diethyl telluride to give cts- [ (C,H) ,TeRe (CO), ] and fac- 

{[(C,H,),Te] ,ClRe (CO) .} depending on the molar ratios of the reagents 

agi 

Iron carbonyl complexes with organic tellurium compounds as ligands 

T/6,357 70D S57, 176 176 
were prepared from Fe, (C0); 5 ; Fe (CO). ; Fe(CO), 1, , Fe(CO), Br, ‘ 

Fe (NO), (co); ’/ and [n-cpFe (co) ,13/°8. Diphenyl terraridees diphenyl 

dicelineiae 22 oP. bis (pentafluorophenyl1) ditelluride 2°! and 

bis (4-methoxypheny1) diverse. 0 were employed as the tellurium 

containing reactants. Diphenyl telluride replaced only one carbonyl 

group in reactions with the tetracarbonyliron(II) halides. The infrared 

data did not reveal the position of the telluride ligand in the 

octahedral deletate | & Tris(tetracarbonyliron) formed with diphenyl 

telluride the trigonal-bipyramidal complex Fe (Co), [Te(C,H,),1"”°. With 

ditellurides dinuclear, aryltelluro-bridged complexes [Fe(CO),TeR],, 

176,197,357,378b 
were isolated Dinitrosyldicarbonyliron and diphenyl 

telluride in ether solution produced Fe (NO), (CO) [Te(C,H,),1°”°, while 

bis(4-methoxyphenyl) ditelluride gave the dinuclear complex [Fe (No), (Ter)]3’7. 

Bis[cyclopentadienyldicarbonyliron] and diphenyl ditelluride produced 

the mononuclear complex [-cpFe (CO) (TeC,H,) J upon refluxing in benzene. 

When the reaction mixture was irradiated with visible light and infrared 
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radiation two isomers of the formula [n-cpFe (CO) (TeCH-)]., were obtained, 

which could not be gepocaret 

Ruthenium carbonyl halides and tris(tetracarbonylruthenium) have 

been found to react with diorganyl tellurides and diphenyl ditelluride, 

respectively. When [Ru (CO) ,X and diphenyl telluride or dibutyl 
an 

telluride were heated in benzene the complexes [(R,Te) Ru (CO) ,X.] COo=sBrie 1) 

were isolated, in which the telluride ligands are in trans position to 

each other. The halogens occupy positions trans to the carbonyl groups. The 

corresponding chloro complex was obtained from hydrated ruthenium trichloride, 

diphenyl telluride and carbon monoxide in ethanolic solution. The presence 

of trisubstituted derivatives [(R,Te) ,Ru(CO)X, ] was detected by ir 

rectroseony |) ae Benzene solutions of tris(tetracarbonylruthenium) and 

diphenyl ditelluride were heated at 60°. The complexes [Ru (CO) ,(TeC,H.)], 

and [Ru (CO), (TeC-H.) 5]. were formed. The polymeric compounds isolated 

from these systems had molecular masses corresponding to values of n = 6-7 

SGU Rae eke 

The reactions of diethyl telluride with rhodium complexes, which lead 

120b 
to the formation of telluride containing derivatives » are summarized 

in scheme (176). 

Disethya o> Sietiyit 0 loco caeeoaeh oo ee dibenwyles ee 

and Feoapisentiae tellurides form complexes with palladium(II) and platinum(II) 

halides (see Table XI-3). Chatt and Soacukenae ale in their investigations 

of the trans-effect in inorganic complexes prepared mono- and dinuclear 

palladium and platinum complexes, (RyTe) MCL, and [(R,Te)MC1 (M = Pd,Pt), 
alo 

and mixed platinum complexes of the type (R,Te) (am)PtCl, (am = amine). 

A general outline of the reactions leading to these complexes is presented 

in scheme (177). 
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(176) [Rh(Co)2cl], ete Se 7 

; X= Cl t—+—cl 
E xX 

pentane, r.t. 

C<H.S0,C1 sen X,/CH,C1, 

SS XG). eB. pentane 1“ cO 

co L Gel co—+—L 
/ Rh / 3 VER ey 
: L cl 

cl chs | 
co——t co/CH,C1, 
Josihydis/ts Acetate Glee, 

L* = (C,H,) Te SEG Cl 

I 

4R,T 
ee 2cis-(RoTe}pMCly 

+ Na MC1) 

+ 2R,Te 

(177) = 2NagMCl4 ———2—————>  trans- [Rate)mcly], 

+ 2am 

(RoTe)MClz + 2(am)gMClo 2trans- (RgTe)(am)MClp 

M= Pt, Pd; R= CH,, CoHe, C,H; am = amine 



22. 

The mononuclear species were prepared by shaking stoichiometric quantities 

8 
of the ligands with the alkali metal tetrachloroplatinate(II) oe or 

POUe in eiueotees or athagalie ese: medium. The 

8a,68,72,137,138,187 
> 

tetrachloropalladate (ITI) 

mononuclear complexes, (R,Te),MCl,, have cts-configuration 

while the corresponding bromide and iodide complexes have a trans-arrangement 

of the igandest The mononuclear complexes were easily converted in solution 

into the dinuclear compounds, [(R,Te)MC1,1,°°, which could also be obtained 

8a,72 
directly from an equimolar mixture of the ligands and Na MC1/, Pera The. 

2 
6910/3 

bridged complexes reacted with amines with formation of trans- 

[(R,Te) (am)MC1,]. The palladium complexes disproportionated spontaneously 

73 
into (R,Te) ,PdCl and (am) ,PdC1 and could therefore not be isolated ~. 

2 2 

Among the corresponding platinum(II) complexes only trans-|(C,H,) Te (piper- 

dine)PtCl,] was isolated in pure form, while the more unstable p-toluidine 

6 ; 

complex was obtained only in an impure state " Please consult Table XI-3 

for individual compounds. The stability of the complexes LoPtCl, for 

ee 
ligands containing a group VI element decreases in the peciees 7 

: ; TA 
R,0<<<R,S>>R,Se<R,Te. For palladium the sequence is R,S?R,Se>R,Te . 

The N-H stretching frequencies of the complexes with primary or 

secondary amines, L(am)MC1,, were studied in order to elucidate the 

effects of the ligands (L = R,Te and a large number of other neutral 
2 

eG AOS Ab STAs y. Tc 
ligands) on the metal-nitrogen bond The telluride ligands 

influence the metal-nitrogen and thus the nitrogen-hydrogen bond mainly 

through an inductive eieece The investigation of the ultraviolet and 

visible spectra of a series of complexes [L(piperdine)PtCl, ] indicated, 

that the ligand field splitting decreases in the order R,S>R,Se>R,Te. 
2 2 2 

For the diethyl telluride compound the maximum of absorption caused by 

the first spin-allowed ee transition was located at a wavelength 

SE sA00Ae(e. . = 3505-2. 
max 



273 

Palladium complexes containing diethyl telluride ligands and an aryl 

group o-bonded to the central metal atom have been synthesized from 

trans-{[(C,H,) Te] ,Pdx,} and the appropriate Grignard reagent oo" in 

ether solution (eq. 178). 

(178) trans- ([(CpHs)zTe], PaXp) «RMGX—p érars-([(CoHs Te], Pdx(R)) +MaXp 

Rex Cele, Gir 4-C1C(H, » Ci eHi Bre 2-CH,C¢H, , Br; 2,4,6-(CH,),C,H,, Br; 

4-FC,H,, Br; 2-C1C,H,, Br; 4-C1C,H,, Br; H, I; 4-CH,C,H,, I 

Treatment of the complex (65) (X = Br, R = CeH.) with KCNS gave the 

corresponding thiocyanate Hertracice 

Analogous platinum complexes, trans-{[(CH,) Te] ,PtBr (R)} were 

prepared from ets-{[(C,H,),Te] PtCl,} and 2-methylphenylmagnesium bromide 

phenylmagnesium bromide or 2,4,6-trimethylphenylmagnesium bromide in boiling 

ether. The latter two complexes were converted to the chloro derivatives 

by treatment with lithium chloride in methanol 2-0. 

entes prepared the adducts (R,Te)+2AgI and [(R,Te) ,Ag]I (R = CH) 

by mixing acetone solutions of the telluride with solutions of silver 

iodide in nearly saturated aqueous potassium iodide. Dimethyl telluride 

was released on heating [(R,Te) ,Ag]I in vacuum. The formulation of this 

compound as shown was suggested by the fact, that silver iodide was 

precipitated upon addition of silver nitrate to the acetone solution of 

the complex. Gold(III) chloride, reacted with diphenyl teliartdes |. 

Cadmium iodide combined also with dimethyl telluride. The adduct 

was not paelyzed’ 

Elemental mercury, shaken with a benzene solution of diphenyl 

ditelluride, formed bis(phenyltelluro) ace in 83 per cent yield. 

Mercury(I1I) compounds coordinate with organic tellurium compounds. 

Diethyl tellurium diiodide gave with diphenyl mercury in chloroform 

solution the complex R Tel, *Hg(CcHe) 55 which melted at 94°. 
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al 
Bis(4-methylphenyl) mercury was iaceseuie ae Diphenyl ditelluride eo and 

bis (4-methoxyphenyl1) atcetlnetdaae formed mercuric chloride and iodide 

adducts, respectively. 

A large number of mercuric halide complexes with diorganyl tellurides, 

R,Te*HgX, (X = Cl, Br, I) have been prepared by Lederer (see Table XI-4). 
2 2 

These crystalline adducts were employed in the isolation and identification 

of diorganyl tellurides. The ethereal solutions of the tellurides were 

shaken with aqueous solutions of the mercuric halides, or solutions of the 

components in acetone or ethanol were combined. The adducts precipitated 

as crystalline solids. Some of these derivatives, however, were reported 

to be amorphous. The products were purified by recrystallization from 

ethanol, acetone, benzene or glacial acetic acid. The melting of the 

analytically pure products was generally preceeded by a 5-10° softening 

range. Some derivatives upon heating were slowly converted to viscous 

oils. Bis(2,4,6-trimethylphenyl) telluride did not form mercuric halide 

eh re a Pedeven: did not succeed in preparing adducts of tellurides 

with basic mercuric cyanide, thiocyanate and sulfate. Basic mercuric 

nitrate, however, produced the adducts (2-CH,C-H,) )Te*Hg (OH)NO,, which 

melted at 98-9°, and the oily (C,H) ,.Te*Hg(OH)NO.. The stereochemistry 

of these complexes is unknown. The diorganyl tellurides can be 

regenerated from the adducts by their treatment with sodium hydroxide 

potueinn Te 

Diphenyl ditelluride replaced the organic ligand in the complex 

UC1,*C1 C==CC1COC1 in benzene solution. The compound UCL, * (CH) Te, 

392,392a 
2 

precipitated as a violet-black powder 
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XII. HETEROCYCLIC TELLURIUM COMPOUNDS 

Heterocyclic tellurium compounds, in which the tellurium atom is 

part of a five- or six-membered ring system, have been synthesized. 

The single attempt to prepare telluracyclobutane was ansuceesseut 2 

Morgan and coworkers investigated in great detail the telluracyclo- 

pentane and telluracyclohexane systems in the years between 1920 and 

1930. Tellurophene, benzotellurophene, and dibenzotellurophene and 

their derivatives have received little attention. The easily synthesized 

phenoxtellurine has been investigated in more detail. 

The transient molecules telluracyclopropane and methyltelluracyclopropane 

were detected by uv-spectroscopy and mass spectroscopy in reaction 

mixtures obtained by flash photolysis of dimethyl telluride with ethylene 

and propene, Pecteeivels. s Epitellurobenzene was found as a fragment 

5 
in the mass spectrum of benzotellurophene ta 

A) Five-membered Heterocyclic Tellurium Compounds 

Telluracyclopentane, tellurophene, benzotellurophene and dibenzo- 

tellurophene comprise the five-membered, heterocyclic tellurium compounds. 

1) Telluracyclopentane and its derivatives 

The telluracyclopentane ring system can be synthesized employing 

112,298 
Oo 1,4-diiodobutane and elemental tellurium r 1,4-dibromobutane and 

sodium Patieeae (eq. 179) or aluminum cebiurides’s. 

HC; CH 
(179) Br(CHp)4Br +NagTe —> Hc? 2 cohe 

e 

(66) 

+ 2NaBr 

/3Uft) 
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To the sodium telluride prepared from tellurium, sodium hydroxide 

and Rougatives-° in aqueous medium was added a slight excess of the 

dibromide, The telluracyclopentane formed was reacted with bromine and 

isolated as the diprentasss Aluminum telluride, Al,Te,, (0.07 moles) 

reacted exothermically with 1,4-dibromobutane (0.30 moles) at 125° in the 

absence of a solvent (eq. 180). Upon extraction of the black semisolid 

reaction mixture with acetone and ethanol cyclotetramethylene 4-—bromobutyl 

telluronium bromide (73) was obtained, while the aqueous extract deposited 

tetramethylene bis(cyclotetramethylene telluronium bromide) (75), 

Telluracyclopentane, which is possible primary product, might have formed 

the telluronium salts (73) and (75) with excess bromide. 

(180) oe 1/3 AlgTe3 + Br- CHpCH)CH9CH2-Br meine 

Br (CH»)4Br 

Br(CHp )4-Te-(CHp)4Br (66) 

Te 

(73) 
© Be heat 

Te 
1 

(CH2)4Br 

| 
+(66) pent 

2Br 

@ o) 
Te Te 

Sa CH» CH» CHaCHo 

(75) 
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The telluronium bromides (73) and (75) were converted into the 

corresponding iodides (74) and (76) by treatment with potassium iodide. 

The telluronium salts (73) and (75) dissociated thermally above 153° 

to telluracyclopentane (66) and Pigediocouaburecee 4 Telluracyclopentane 

is best prepared by reduction of its diiodide (67) with sulfur aaesides 

The diiodide (67) can be obtained in quantitative yield from elemental 

tellurium and igeaviadobarene | > Telluracyclopentane reacted 

in the same manner as the non-cyclic diorganyl tellurides. With 

elemental halogens dihalides were formed. The dichloride and dibromide 

dissolved in warm water forming acidic solutions, from which the original 

compounds crystallized unchanged on cooling. Table XII-1 summarizes 

the preparative methods and the reactions of telluracyclopentane compounds. 

Buchta and Greiner’) 4° prepared ditellura-3,3'-bicyclopentyl (78) 

from 1,2,3,4-tetra(iodomethyl)butane and sodium telluride in 62 per cent 

yield. The compound, which melted at 145° sublimed at 160° at 0.01 torr. 

HgC Fhe" Hee qh 

HoC. CHy HoaC CH2 
: Te Te: 

(78) 

2) Tellurophene and its derivatives 

Attempts to prepare tellurophene (79) from aluminum telluride and sodium 

272 
succinate or acetylene have been unsuccessful 5 

(79) 

Diacetylene and substituted diacetylenes, RC=C-C=CR, however, reacted 

133b,257,P-13 
with sodium telluride in methanol A likely reaction 

133b 
mechanism has been outlined in section IV-C (eq. 41). Fringuelli 
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reported, that tellurophene was obtained in this manner with an average 

yield of 47 per cent, when oxygen and moisture was rigorously excluded 

and the butadiyne was used- immediately after its preparation. For the 

successful synthesis of sodium telluride iron-free liquid ammonia and 

commercial metallic grey tellurium were necessary. Amorphous or 

partly oxidized tellurium did not react. Concentration of the methanolic 

reaction mixture at the end of the reaction at reduced pressure caused 

extensive decomposition of tellurophene. Better yields were obtained 

by addition of water to the methanolic solution followed by extraction 

with diethyl ether. 

Tetrachlorotellurophene was the product of the reaction between 

finely powdered tellurium and hexachloro-1,3—butadiene. The reaction 

mixture was shaken for 40 hours at 250°. Whereas tellurium and organic 

halides usually gave the organic tellurium dihalides (section VII-B-la), 

only tetrachlorotellurophene was isolated in this case. Tellurium 

tetrachloride, which was also formed in this reaction, was extracted 

with concentrated hydrochloric acid before the tellurophene was vacuum 

gisvilied- "| Tetraphonyiteliuropnene = was synthesized according to 

equation (181). 

RRRR ‘+TeC1, 
Li-C=C-C=C-Li 

R R on 1B 
RRRR +LinTe Te 

I-C=C-C=C-I 

R = C,H 

One would again expect a tellurophene dichloride to be formed in the 

reaction with tellurium tetrachloride. Data for individual compounds 

are listed in Table XII-2. 
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That tellurophene exhibits aromatic character, is manifested by 

the similarity of its uv-spectrum with that of thiophene and by the 

observation, that the 2- and 5-positions are susceptible to electrophilic 

and nucleophilic substitution. Studies of the rates of formylation of 

tellurophene by phosgene and dimethylformamide, of acetylation by acetic 

anhydride catalyzed by tin(IV) chloride and of trifluoroacetylation showed, 

that tellurophene is more reactive than thiophene and selenophene but 

less reactive than fuvang oe Tellurophene forms 2-lithiotellurophene when 

treated with butyl lithium in diethyl ether Starting with such a 

lithium derivative 2-substituted derivatives of tellurophene have been 

prepared. Modification of the thus introduced groups lead to other new 

tellurophene compounds (scheme 162) > 

Strong mineral acids decompose celtieroptanacs co Tellurophene, therefore, 

cannot be nitrated The alkylation of 2-lithiotellurophene with 

ethyl bromide or bromobenzene gave unsatisfactory fesuites at 

2,5-Dideuteriotellurophene and 2,5-bis(acetoxymercuri)tellurophene 

were obtained by reacting tellurophene with D,S0,/CH,0D, and mercury(II) 

acetate in ethanol, pespectively() 

Tetraphenyltellurophene failed to undergo the Diels-Alder reaction 

with maleic anhydride even when heated at 220° for 21 hours. Tetraphenyl- 

tellurophene 1,1-dibromide, however, reacted with maleic anhydride with 

elimination of tellurium producing the polycyclic compounds given in 

scheme (183) 45, 

As far as investigated (see Table XII-2), tellurophene and its 

derivatives added chlorine and bromine to give the 1,1-dihalides®?2992257 

which were quantitatively reduced by sodium hydrogen sulfite to the 

cyclic tellurides. Tetrachlorotellurophene 1,1-dichloride was rapidly 

decomposed by a basic aqueous solution as shown in equation (184), 

256 
while tetrachlorotellurophene was uneffected 



3 
(182) NasTe+HC=C-C=CH (a3) | O 2 SnC1, | C-CH3 

Te 

Hg H 
H 

Cus 
O 

C,H, (CH.,) NCHO 

ba | eae) | (81) | 

Te cores NH, *H,0 Te cs 

| raES (CH,OH),, 140° 

ee | (82) | eo 

a Te ‘H 

cue | (87) | COOCH ear C,HgLi 
Te | 

NaOH | | | 
CH20H 

9 Toy te leo | 
CHC | as | COOH H3C ¢ iSalaah Li tt | CH3 
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(183) CgHs | Cg§Hs 

CgHs C6Hs 

CgHs CeHs 80g ounces. 

maleic anhydride 

40 cee Sehirss 
CgH C6§H5 

Te 

0 !A0 
C9 Dito 
6 6 

cl ) cl 
H,0/0H Cl Cl Cl Cl 
2 U ‘ 1 ’ se al = Re +> H¢=¢—C=CH + HeTe03 

e 

Methyl iodide did not form a telluronium iodide with tetraphenyl- 

tellurophene upon heating the reaction mixture for 19 hours at 150°", 

Tetraphenyltellurophene did not react with Fe(CO), and Fe, (CO) 9, but 
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when refluxed with Fe, (CO), in toluene/benzene it gave a small yield 

of the complex tetraphenyltellurophene:Fe(CO),. This experiment could 

not be eeseatedses 

Tellurophene was found to be dimeric in benzene, while the 

2,5-bis (hydroxymethyl) and 2,5-bis(2'-hydroxyisopropyl) derivatives 

257 
dissolved as monomers 

For infrared and nmr data for tellurophene and its derivatives see 

sections XIV-A and XIV-B, respectively. 

3) Benzotellurophene and its derivatives 

Gadekov. > obtained 3-chloro=2-phenylbenzotellurophene 1,1-dichloride 

by heating 2-chloro-1,2-diphenylvinyl tellurium trichloride in 1,2,4- 

trichlorobenzene (eq. 185). 

CCl =HCd Cl 
—___—_—_——__»> Il 

Teo C6Hs Te C6Hs 

Cl3 Clo 

(185) 

2-Carboxybenzotellurophene was formed, when 2-formylphenyl carboxymethyl 

telluride was refluxed with acetic acid anhydride in pyridine. 

Decarboxylation of this compound by refluxing it in quinoline in the 

presence of copper produced benzotellurophene (94) (R = R' = wet 

(94) 

Benzotellurophene reacted with chlorine, bromine and iodine in 

chloroform to give the 1,l-dihalides. Unlike tetraphenyltellurophene, 

benzotellurophene formed a telluronium bromide when treated with methyl 

bromide. 
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34 
Trinitrofluorenone and picric acid gave 1:1 adducts pe Sodium sulfide 

nonahydrate reduced 3-chloro-2—phenylbenzotellurophene 1,1-dichloride 

to S=chlcro-?-vhenyibenseteliaurophene |. °. Table XII-3 contains pertinent 

data for benzotellurophene and its derivatives. 

Mazza and Meleniounase, claimed to have prepared the benzotellurophene 

derivatives (94) (R = CH,CO,, OH, R' = H) from 2-carboxyphenyl carboxymethyl 

telluride. Since the synthesis of the starting telluride could not 

be pepedtad:-™ Mazza's results remain questionable. 

Table XII-3 

Benzotellurophene and Its Derivatives 

Compound 

benzotellurophene 

3-chloro-2-phenylbenzotellurophene 374a 

2-carboxybenzotellurophene 348e 

benzotellurophene 1,1-dichloride 348e 

benzotellurophene 1,1-dibromide 348e 

benzotellurophene 1,1-diiodide 348e 

3-chloro-2-phenylbenzotellurophene 1,1-dichloride 

methobromide of benzotellurophene 195 (dec) 348 

benzotellurophene*trinitrofluorenone 145-7 348e 

benzotellurophene*picric acid 147-8 348e 

4) Dibenzotellurophene and its derivatives 

The dibenzotellurophene or 2,2'-biphenylylene telluride ring 

system (95) was first synthesized by Courtot and Bastani’’ from biphenyl 

and tellurium tetrachloride or tetrabromide. They obtained the 5,5-dihalides 

in small yields. Later dibenzotellurophene was prepared by heating the 

sulfones (96)8? and (O77 with elemental tellurium. 
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8 2 

7 Te 3 

6 4 

(95) 

O ee 

Ss S 
Oo 02 

(96) (97) 

2,2'-Diiodoperfluorobiphenyl and elemental tellurium kept of 325° 

82,83 
for 20 hours gave octafluorodibenzotellurophene Hellwinkel and 

Fahrbach found that the mercury compound (98) and elemental tellurium 

Tez sae7/s} 
gave an excellent yield of dibenzotellurophene and its 

3,7-dimethyl derivative Bed) 186). 

Hg 4 R Te R 

(98) R =H, CH, (95) 

The other modes of formation of dibenzotellurophene listed in 

Table XII-4 are of no preparative importance. 

Dibenzotellurophene reacted with halogens to give 5,5-dihalides, 

which can be reduced to the parent telluride by potassium disulfite and 

sodium sulfide. Mercuric chloride, picric acid and 1,3,5-trinitrobenzene 

adducts of dibenzotellurophene are leone Dibenzotellurophene, unlike 

tellurophene, formed with methyl iodide the rather unstable telluronium 

iodide, which decomposed when heated in penenoie Most of the 



292 

S(t 
Lht 

"8 

ELTSTLT 

78 

raat 

CLT TLT 

CO
E 

SE
LT
 

O2
0 

TE
T 78

 ELT CLT IZT 

CLT 

Ter 

O€€ L8 
soUsTozoy 

(28P) 
OF-SEE 

(9®P) 
O2-0TZ 

G- 
SEE 

(29P) 
002 

€6 

9, °du 

Cr
 

+ 
(9
6)
 

qhueydtq 
+ 

7 

G 

igeL 

TO
 

+ 
($
6)
 

V7) 

Thueydtq 
+ 

“TOeL 

TAueydtqozyatTEp,z‘z 
+ 

1e1©("Ho) 

6 

F1
°H
’9
 

+ 
(O
L)
 

3e
04
 

+ 
(T
OT
) 

sen + (001) 

s
e
n
 

+ 
(6
6)
 

So
%s
ty
 

+ 
(6
6)
 

Vj 

TAueydtqoTyITITP-,7°7% + ‘TAL 

TAueydtqotyatttp-,z°z 
+ 

“TAL 

(H 
= 

4) (86) 
+ 

PL 

(26) 
+ 

®L 

(9
6)
 

+ 
PL

 

(
E
e
 
D
E
 

S
S
 

% 
P
T
O
F
A
 

poyieH 

S
d
A
T
I
e
A
T
I
I
G
 

SI
I 

pu
e 

o
u
s
e
y
d
o
i
n
,
[
e
j
o
z
u
e
q
t
q
 

Y
-
I
I
X
 

°
T
I
P
L
 

(00L) 
®PFPOFEP—-¢‘¢ 

eueydoanqTeqozueqTp 

eprWorlqtp-¢‘¢ 
e
u
e
y
d
o
r
n
,
[
e
J
o
z
u
e
q
T
p
 

(66) 
e
p
r
t
o
T
Y
y
o
T
p
-
¢
‘
¢
 

e
u
e
y
d
o
a
n
t
,
T
e
j
o
z
u
e
q
t
p
 

($
6)

 
e
u
e
y
d
o
i
n
,
T
e
q
o
z
u
e
q
t
p
 

p
u
n
o
d
u
o
g
 



295) 

€8
°7
8 

€<
T 

Ca
l 

O
e
 

O
e
 

S/
21
1 

EL
T 

€L
T 18 ELT 

99 

6-
9T
T 

C-TST Sees 

WO 

Eh 
IL 

Y8T 

0S-8972 

LaOS T 6-8IT 07-0€Z 

S
i
G
 

‘
u
f
e
j
i
z
e
o
u
n
 

sf
t 

d
n
o
z
8
—
-
o
1
}
f
u
 

9y
, 

Jo
 

uo
fz
 

IT
sS
od
 

s
u
 

TA
us
ey
dt
q 

O
L
O
N
T
F
E
J
O
O
O
T
Y
I
T
T
E
P
-
,
7
°
Z
 

+ 
AL
 

s
u
e
z
u
e
q
o
r
;
T
U
u
T
a
q
=
<
c
‘
E
*
T
 

+
 

(
G
6
)
 

(f
uo

 
= 

4)
 

(8
6)
 

+ 
aL
 

ON
H 

+ 
(9
6)
 

ON
H 

+ 
(9
6)
 

“t
o8
H 

+ 
(96

) 
s
u
e
z
u
e
q
o
r
j
T
u
T
i
z
—
<
¢
*
E
e
*
T
 

+ 
(9
6)
 

Pp
Fo

e 
a
t
z
o
t
d
 

+
 

(
$
6
)
 

c 
OBESE 

(6.Gy 

AN
G 

UF
 

£ 
e
u
f
m
e
z
o
T
y
o
 

+ 
(6
6)
 

(P
, 

30
09
) 

-I
1L
x 

eT
qQ
eL
 

e
u
e
y
d
o
i
n
{
 

T
e
7
0
z
U
u
d
q
}
t
p
o
r
o
n
t
y
e
j
2
0
 

s
u
e
Z
z
u
e
q
o
i
r
4
 

T
u
 

~F
rI
=-
<¢
 

‘
¢
*
T
-
u
e
y
d
o
i
n
y
 

T
e
j
o
z
u
e
q
t
p
T
A
y
j
e
u
T
 

p
-
/
 

*¢
 

su
ey
 

do
in
, 

[
e
j
o
z
u
a
q
t
 

p
t
A
y
j
e
u
z
 

p
-
/
 

‘
¢
 

yx
eu
ey
 

d
o
i
n
,
 

[e
j 

o
z
u
e
q
o
r
q
p
u
-
T
 

e
u
e
y
d
o
i
n
t
[
e
j
o
z
u
e
q
o
r
q
p
u
-
4
 

©
1
9
8
4
.
 

e
u
e
y
d
o
a
n
t
T
e
z
o
z
u
e
q
t
p
 

e
u
e
z
u
e
q
o
r
3
 

Fu
tI
I-
¢ 

‘¢
* 

T
.
-
s
u
e
y
d
o
a
n
t
 

T
e
q
o
z
u
e
q
t
p
 

P
o
e
 

of
Fr
oT
d.
 

a
u
s
y
d
o
s
n
t
T
a
q
o
z
u
e
q
t
p
 

SP
pF
XO
-¢
 

s
u
s
y
d
o
i
n
y
,
T
e
q
o
z
u
e
q
T
p
 



294 

telluronium salts listed in Table XII-5 were, however, obtained 

through cleavage of one carbon-tellurium bond in the tetravalent 

tellurium compounds (101) (eq. 187). 

R R R R : 

n'O,6 - 

(187) Te rn Te X 

ea © er oO 
R101) R : “ 

R =H, CH, 3 YX = H-OH, HCl, Bros I, 

The anions in these telluronium salts can be exchanged as described in 

section VIII-lc. Dibenzotellurophene 5,5-dichloride hydrolyzed to the 

oxide, which regenerated the dihalides with hydrohalic aeide The 

oxide was also obtained as a hydrolysis product of 2,2'-biphenylylene 

tallartosylimines 1. The dibromide decomposed on heating to 

Le tea erousbiphenyl © Dibenzotellurophene and butyl lithium exchanged 

their metal atoms and yielded 2,2'-dilithiobiphenyl and dibutyl 

redluetdes Nitration with nitric acid (d = 1.42g/ml) at elevated 

330 
temperatures produced mononitro derivatives of dibenzotellurophene 

Dibenzothiophene was formed when the tellurium derivative was heated 

with tar ee Tables XII-4 and XII-5 list the known dibenzotellurophene 

derivatives and summarize the methods of their preparation. 

The reactions of dibenzotellurophene compounds leading to 

tetraorganyl tellurium derivatives have been discussed in chapter IX. 
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B) Six membered, Heterocyclic Tellurium Compounds with Tellurium 

as the only Heteroatom 

This section is dealing with six-membered ring systems, which contain 

one tellurium atom as the only heteroatom. Telluracyclohexane (102) and 

telluroisochroman (103) are the known representatives of this class 

of compounds. 1-Tellura-3,5-cyclohexanedione and a large number of 

its substituted derivatives were prepared from tellurium tetrachloride and 

1,3-diketones. 

1) Telluracyclohexane 

2E 2 
Tellurium and pentamethylene dihalides and sodium telluxide A 

294 294 
magnesium telluride or aluminum telluride and pentamethylene 

dihalides formed the telluracyclohexane ring system. The reaction of 

aluminum telluride with pentamethylene dichloride, dibromide and diiodide 

did not produce directly telluracyclohexane (102). 

He + bas 

HyC~ ~CHp : i we oe [BL KR Lk 2 e e Te 

“Ta “ (CHo)5Xx — CHp),—! 
(102) (107)-(109) (110) —(113) 

GS (HULA Gben GE 

The primary products were the telluronium salts (107)-(113), which were 

formed by addition of excess halide to (102). These telluronium salts 

lost a molecule of dihalide upon heating in vacuum forming 

telluracyclohexane (102)7%, Telluracyclohexane added elemental halogens 

to yield the respective telluracyclohexane 1,l-dihalides. Telluracyclohexane 

1,l-dichloride and 1,1-dibromide were also obtained from the telluronium 
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salts (107) and (108), respectively (see Table XII-6). The dihalides 

were reduced to the cyclic tellurides with potassium Gteakivess o The 

reactions of telluracyclohexane and its derivatives are summarized in 

Table XII-6. 

Gilbert and ony studied the ultraviolet and visible spectra 

of the tellurocyclohexane dihalides. The results of conductivity 

measurements in aqueous solutions suggested that the dihalides exist 

as hydroxy telluronium halides (114). The telluronium halides (107), 

(108) and (109) (Table XII-6) were found to be binary electrolytes, 

while (110), (111) and (112) behaved as ternary electrolytes. 

+ 

2) 1-Tellura-3,5-cyclohexanedione and its derivatives 

Morgan and coworkers prepared a large number of compounds containing 

the telluracyclohexane ring system by condensing tellurium tetrachloride 

with 1,3-diketones. The diketone must have at least two hydrogen atoms 

each on the two carbon atoms in a-position to the carbonyl groups 

(see section IV-B-la). The condensation products, 1-telluracyclohexane- 

3,5-dione 1,1-dichlorides (115), were in the earlier publications formulated 

as 1-tellura-2-oxacyclohexene-5-one derivatives (116). 
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Hknes Niassa), Biectroscente 4 and structural mencien | prove Chemical 

unequivocally that stucture (115) is correct. 

The dichlorides were reduced to telluracyclohexanediones by 

potassium disulfite or alkali metal hydrogen sulfite in aqueous solution. 

The cyclic telluride added iodine and bromine to give the dihalides. 

The individual compounds are listed in Tables XII-7 and XII-8. 

1-Tellura-3,5-cyclohexanedione decomposed when treated with 

2 2 
concentrated hydrochloric acid or potassium hydroxide oe Its dichloride Ue 

2 
(115) and the corresponding 4-ethyl derivative CU iminated tellurium 

when reacted with sulfur dioxide and hydrochloric acid, respectively. 

1-Tellura-3 ,5-cyclohexanedione 1,1-dichloride refluxed in chloroform 

solution in presence of hydrogen chloride and ethyl chloride gave the 

linear tellurium trichloride Get) ES (eq. 188). 

0. O HO. O os RO O 
(188) << —_——_}»> 

Te Te Te 
Clo Clo Clo 

Ot ae HCL 
H3C-C=CH-C-CHy-TeCk 

(a7) 

The cyclic diketones yielded dioximes with hydroxylamine sulfate in 

boiling aqueous solutions. 2,4-Substituted telluracyclohexanediones 

and the 4,4-dimethyl derivative formed monoximes in dilute acidic acid 

solutions, while dioximes were obtained in alkaline solutions. The 

oximes thus far prepared are given in Table XII-8. The monoximes and 

dioximes should exist in various isomeric forms depending on the 

substitution of the heterocyclic ring and the orientation of the hydroxyl 

groups in the dioximes. 
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3) Telluroisochroman 

Holliman and Mian ey prepared telluroisochroman (118) in 

50 per cent yield from 2-(8-bromoethyl)benzyl bromide and sodium 

telluride. Studies indicate that this cyclic telluride undergoes the 

same reactions given by the other diorganyl tellurides. Figure XII-1l 

summarizes the reactions of telluroisochroman. 

4-Chlorophenacyl bromide produced the racemic telluronium salt 

(119), which was partially resolved with silver d-bromocamphorsulfonate. 

The 2-d salt precipitated while the d-d compound was obtained from the 

mother liquor. Treatment of the active sulfonates with sodium picrate 

gave the active picrates. All the optically active compounds showed 

a slow mutarotation. The molecular rotation of these compounds varied 

indicating that the samples were optically impure. 

C) Tellurium Containing, Six-Membered Heterocyclic Ring Systems 

with Oxygen, Sulfur or Tellurium as Additional Heteroatoms 

Six-membered ring systems containing tellurium and oxygen or sulfur 

in 1,4 position to each other have been prepared. Among these compounds 

phenoxtellurine is the most extensively investigated substance. There 

is only one literature report on telluranthrene. The trimer of 

telluroformaldehyde, (CH,Te).,, 1,3,5-tritelluracyclohexane, is the only 

ring system with three tellurium atoms. 

1) 1-Oxa-4-telluracyclohexane 

1-Oxa-4-telluracyclohexane was prepared by addition of 

bis (2-chloroethyl) ether dissclved in ethanol to an aqueous solution 

of sodium telluride. To facilitate the isolatiion of the heterocyclic 

compound it was converted to the 4,4-dichloride or dibromide’ ~~. The 



CH, : ; "ety Paes oA 
Br TeBr, TeOH 

CHoBr F 

Pal3 

= 1) d-(BCS)~ als es) ees: | fetal 
m.161-3° 

(119) 

(OO cnne-O)ah ees Od. ha -(Bcs) 
m.147-58° 

ee 
i picrate ae 

d- 9 P Q- QO Te-ctpe{O)-cI picrate- Te-CHyC-{O))-€I 

9° 
a Te-CH9C Oy Cl |picrate™ 

m.199° (dec) 

O--N=N--O 

Fig. XII-l: Syntheses and Reactions of Telluroisochroman 
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reaction between elemental tellurium and bis(2-iodoethyl) ether gave 

only a 10 per cent yield of 1-oxa-4-telluracyclohexane 4,4-diiodide, 

due to the instability of the ether under the reaction conditions. The 

dichloride was reduced by potassium disulfite in aqueous solution in 

the presence of carbon tetrachloride. The pure l-oxa—4-telluracyclohexane 

was stable. Extensive decomposition occurred, however, when the compound 

121 
was dissolved in carbon tetrachloride . The reactions of l-oxa-4- 

telluracyclohexane are presented in Fig. XII-2. 

2) Phenoxtellurine 

pretosleiiuries 10,10-dichloride (121) was obtained, when tellurium 

tetrachloride was heated with an equimolar amount of diphenyl ether at 

ponene 38°?) Hydrogen chloride was evolved in two stages, first at 

120° and then near 200°. Under milder conditions 4-phenoxyphenyl tellurium 

trichloride was formed. In order to make intramolecular condensation possible, 

the trichlorotelluro group must migrate into the 2-position. When the 

trichloride was heated for 2 hours at 150-60° a trichloride melting 

at 125° was isolated, which could have been the 2-substitution product. 

Potassium disulfite reduced it to a ditelluride. When 4-phenoxyphenyl 

tellurium trichloride was heated for 4.75 hours at temperatures rising 

from 150° to 210° phenoxtellurine 10,10-dichloride was formed a Meas 189). 

120° 
(189) TeCl4+ oC) a> Fa, 2+(©) O TeCl3 

m.156° 

160°-200° 
6 5 4 

O 
7 3 Pace 

Ww 2 acnia 
: Te TeCl3 

9 Clo ! nore 

(121) ae 
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O NagTe + (CICHyCH2)0 ed : = 

ss Te 
Br 

CH3 
m.158° (dec) 

45% yield 

CH31 

es Te Sr, Te 

Clo M6>,b.-90° 
21 m.179° (dec) 

air/H,0 Ag,0/H,0 

p 
ea 

Cc 

r HI 

re is) ? 67% yield G 

Tem, | 3 Te Te OH | a HO OH lo 
m.216° ¢t m.155° (dec) 

picric acid 

4 

O NS PR 
10% yield 

I | Te ; Te 

OH | 6 (C104) Te+ (ICH,CH,),0 
m. 238° 

Fig. XII-2: 1-Oxa-4-telluracyclohexane and Its Derivatives 
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42 
eoneze prepared 2,8- Campbell and tarner Gipaba and Vasiliu 

disubstituted phenoxtellurine derivatives by direct condensation of 

tellurium tetrachloride and the appropriate diphenyl ethers. 

5 
Campbell and Turner : found a convenient synthesis for substituted 

phenoxtellurines, which is described by equation (190). 

O O 
(190) NaNO»/HC1 

NH» R Nocl- R 

HgCl 
2 

v 
O O 

TeC1l, 

<—_____ 
TeCl3 R HgCl R 

@RO! 
heat 

Te R 
Clo 

2-Methylphenoxtellurine 10,10-dichloride was obtained in an overall yield 

of 36 per cent based on 2-amino-4'-methyldiphenyl euner s For other 

derivatives see Table XII-9. 

Attempts to condense nitro substituted diphenyl ethers with 

tellurium tetrachloride led to extensive decomposition. Nitrophenox- 

tellurines were, however, obtained by nitration of phenoxtellurine 

with fuming nitric acid under the conditions outlined in scheme (191). 

Mono- and dinitrated derivatives were the only products. Trinitro 

1 
or higher substituted compounds were never isolated oe The positions 
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of the nitro groups were determined by alkali cleavage of the ring system 

(eq. 192). The position taken by the incoming nitro group seems to be 

determined by the oxygen atom. The influence of the tellurium dinitrate 

groups seems to be negligible. 

(192) Disks sto KoTeO3 

Be od NO» «KCI 

In these nitration reactions the divalent tellurium atom was oxidized 

to the tetravalent state. All the nitrophenoxtellurines were therefore 

isolated as the 10,10-dinitrates. When phenoxtellurines were treated 

with only 11M nitric acid nitration of the aromatic rings did not occur. 

The products isolated in these reactions were 10,10-dinitrates or hydroxide 

niteetee= = The 10,10-dinitrates and 10-hydroxide 10-nitrates are 

reducible with potassium disulfite. 

The cyclic tellurides react with bromine and iodine to give 

10,10-dihalides. Phenoxtellurine 10,10-dichloride was also obtained 

from phenoxtellurine and pyrocatechol dichloromethylene ether in 

dichloromethane solution in the presence of titanium rereBehiovider 7+ 

The halogen exchange reactions carried out with phenoxtellurine 10,10- 

dihalides are summarized in equation (193). The 10,10-dihalides of 

pheuneeeliuricerscs: >, 8-dif luorophenoxtel lurine *27" and 2,8-dichloro- 

paesemtatiucives oe were reduced by potassium disulfite to the cyclic 

tellurides. 



316 

SOCInmor Gln) CHGT 
aie ocia.. | 

KBr/CH,OH 

(193) POT-Brp - POT -Cl 

KI/CH.,OH KI/CH.0H 

Le Boe 
or PBr., | (il 9/3 min. or socl, 

C1,/2.5 hrs. 

O 

Cl Te Cl 

Clo 

POT = Phenoxtellurine 

The nitrophenoxtellurines are readily reduced by tin and hydrochloric 

acid to the corresponding amines, which can be converted to diazonium 

ice The telluroxide and tellurone of phenoxtellurine are discussed 

in sections VII-C and VII-D. The reactions with pentacarbonylmanganese 

chloride is treated in section XI-E. All these reactions of phenoxtellurine 

and its derivatives are listed in Table XII-9. 

Phenoxtellurine (POT) and its derivatives were found to be capable 

of forming colored complexes. Upon reduction of the crude nitration 

products of phenoxtellurine the adducts [2-(NO,)POT] »[2,8-(NO,) )POT] and 

[2-(NO,)POT]+[2,8-(NO,) ,POT] were isolated as recrystallizable entities. 

The complex POT+ [2-C1,8-CH,POT] was obtained as a by-product in the 

synthesis of phenoxtellurine from diphenyl ether and tellurium tetrachloride. 

Phenyl 4-tolyl ether, present as impurity in diphenyl ether, gave 

8-methylphenoxtellurine 10,10-dichloride. Tellurium tetrachloride 

then chlorinated the heterocyclic compound or the starting ether. 

Upon reduction the complex with phenoxtellurine was formed. 
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Hetnarski and Hofmant/ 49174451746 studied the charge transfer 

complexes between phenoxtellurine and 1,3,5-trinitrobenzene, picric acid 

and picryl chloride. According to spectroscopic measurements in 

dichloroethane the reactants combined in a 1:1 ratio to form the charge- 

transfer complexes. Only the complex between phenoxtellurine and 

1,3,5-trinitrobenzene was obtained as a solid, which melted at 73-5°. 

The ir spectrum of this complex showed, that the bands caused by the 

symmetric and antisymmetric stretching vibrations of the nitro groups 

were shifted by 20 sae towards lower wavenumbers, while the phenox— 

tellurine bands remained unchanged. The authors believed that in 

these complexes the tellurium atom transfers electrons to the aromatic 

rings. Further data are listed in Table XII-10. 

Drees noted the appearance of a bluish-violet intermediate, when 

phenoxtellurine was oxidized to its 10,10-dinitrate by nitric acid. 

The reduction of the dinitrate with sulfur dioxide produced the same 

intermediate. Such highly colored substances were also formed when 

the dry compounds listed in Table XII-1l were rubbed together between 

glass plates. The color disappeared upon treatment of these complexes 

with water, ethanol, ether, benzene and chloroform. The components 

forming the complexes were acevered se The reactants given in 

Table XII-11 combined also in glacial acetic acid. The isolation of 

the complexes in analytically pure form from these solutions was not 

possible, since decomposition occurred in the presence of the oxidizing 

nitrate ions. When phenoxtellurine was dissolved in concentrated 

sulfuric acid, sulfur dioxide was evolved indicating that phenoxtellurine 

had been oxidized and converted into a sulfate. During these reactions 

the solutions became red. Deeply colored substances containing the 

phenoxtellurine ring system, sulfate, hydrogen sulfate, and hydroxide 

ions, sulfuric acid and water were isslated= oo, The structure of 
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Table XII-11 

Complexes formed by Phenoxtellurine and Its Derivatives in the Solid State 

Phenoxtellurine Dinitrate 
Phenoxtellurine or Hydroxide Nitrate Color 

phenoxtellurine phenoxtellurine intense violet 

2,8-dinitro feeble violet 

4,8-dinitro intense violet 

2-nitro phenoxtellurine intense violet 

2-nitro feeble violet 

2,8-dinitro phenoxtellurine none 

2,8-dinitro none 

4,8-dinitro 4,8-dinitro none 

these complexes is unknown. Paccar a suggested, that the color of these 

adducts is caused by the presence of the radical cation (141). The 

analytical results reported by ae would be consistent with such a 

formulation. 

O ‘ O 

Te X 
O 

(141) (142) 

Evidence for the existence of such a radical cation was found in 

electrochemical oxidation experiments with the heterocyclic compounds 

(142) Ce ="S, Se, ve) ' 

Campbell and maces attempted to resolve 2-carboxy- and 

2-aminophenoxtellurine into their optically active antipodes by reacting 
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these compounds with %-menthol, optically active bases and potassium 

d-tartrate, respectively. The 2-substituted phenoxtellurine 

derivatives are asymmetric provided that the molecules are folded along 

the oxygen-tellurium axis. The failure to resolve these compounds 

was taken as an indication that rapid interconversion is taking place. 

The triplet-triplet energy transfer in phenoxtellurine at 25° in 

cyclohexane solution has been used to measure the triplet state lifetime 

and the quantum yield of triplet formation 

The phenoxtellurine ring system is very stable. In hot fuming 

nitric acid and in concentrated sulfuric acid the ring system remained 

intact. In basic solution, however, the tellurium atom was eliminated 

with formation of diphenyl etherue The tellurium atom was replaced 

146 
by a sulfur atom when 2,8-dimethylphenoxtellurine » 2,8-difluoro- 

phenoxtellurine or its 10,10-dichloride'*-°, was fused with sulfur. 

3) 1-Thia-4-telluracyclohexane 

Sodium telluride and bis(2-chloroethyl) sulfide in aqueous—ethanolic 

solution produced 1-thia-4-telluracyclohexane (143) in a 6.6 per cent 

aelda 

The white solid melted at 69.5°, and gave with the elemental halogens 

the 4,4-dichloride [41 per cent, m. 201-2°(dec)], the dibromide 

[68 per cent, m. 191-2°(dec)], and the diiodide [97 per cent, m. 150-1° 
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(dec)]. The structure of the diiodide has been determined by X-ray 

hethoda. With methyl iodide in acetone an 82 per cent yield of 

the telluronium salt, which sublimed under partial decomposition 

between 200-230°, was obtained. 

4) Thiophenoxtellurine 

Peteapnantce” prepared thiophenoxtellurine 10,10-dichloride (144) 

by heating 2-thiophenoxyphenyl tellurium trichloride at 240-50° for 30 

minutes in a glass tube. The compound, obtained in 42 per cent yield, 

melted at 265-70°. At 230° a change in the crystalline form was noted. 

Sodium sulfide reduced the dichloride to thiophenoxtellurine (96 per cent 

yield, m. 122-3.5°). Equation (194) presents the various steps in the 

preparation of thiophenoxtellurine. 

Ss NaNO, /HC1 S 
———_________» = 

no Cl 

NH9:HCI 2 

(194) HgC1,/Cu 

GYM ISVs 

TeC1, » dioxane s 

oe ee 
80.6% 

a HgCl 

heat ea 

42% 

7 3 Na,S : 

C) > 
10 96% 

: Te : Te 
9 Clo y 
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5). Telluranthrene 

Telluranthrene (145), melting at 188-90°, was claimed as a product 

of the reaction between tellurium and tetraphenyl tin in an evacuated 

glass tube. When 0.05 moles of tetraphenyl tin and 0.1 mole of tellurium 

were heated for eight hours at 310°, eight grams of telluranthrene, 

four grams of diphenyl telluride and ten grams of diphenyl were isolated. 

The telluranthrene was probably formed by thermal decomposition 

of diphenyl cetlartae.- 

6 4 

7 Te é 

8 10 

Te ; 
1 

(145) 

6) 1,3,5-Tritelluracyclohexane 

1,3,5-Tritelluracyclohexane was formed when methylene generated 

by thermal decomposition of diazomethane reacted with tellurium 

mieore The same cyclic compound might have been obtained by 

23,335,365 
earlier investigators (see chapter X). The chemistry 

of this compound remains unexplored. 



XIII. TELLURIUM CONTAINING POLYMERS 

Almost no efforts have been made to synthesize well defined polymeric 

organic tellurium compounds. Polymeric materials were observed as 

unwanted by-products. In the reaction between sodium telluride and 

bis(2-chloroethyl) sulfide a polymeric condensation product was 

formed, which was not further eraraceeriae A similar substance was 

obtained from sodium telluride and bis(2-chloroethy1) auiena ce 

Diiodomethane heated with tellurium gave as the main product a red 

polymer’-~?+°>) The by-product, bis(iodomethyl) tellurium diiodide, 

when reduced gave the telluride, which polymerized upon heating and 

in poleetone act Gaseous telluroformaldehyde, obtained from the action 

of methylene on tellurium mirrors, polymerized on qeodeneaiton = ee 

The degree of polymerization of these samples is unknown. Morgan and 

peewee” reduced methylene bis(tellurium trichloride) with potassium 

disulfite and isolated ditelluromethane, CH,Te., a red amorphous, polymeric 

substance, which was insoluble in water and organic solvents. 

Hellwinkel and Penrescwea identified polymeric tellurides as products 

of the thermal decomposition of bis(2,2'-biphenylylene) tellurium. 

These insoluble substances did not melt up to 550°. The structure 

(146) was tentatively assigned to these compounds. 

(146) 
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Aobiencee” prepared crosslinked polymers by reacting tellurium 

halides with unsaturated organic compounds. The viscosity of the 

products depended on the ratio of tellurium halide to unsaturated 

compound employed in the reaction. The "transgel condensates" obtained 

in this manner are claimed to be useful as lacquers and adhesives for 

Natural and synthetic rubbers. 

Diphenyl tellurium dichloride reacted with the silver salts 

of dicarboxylic acids according to equation (195). 

ee) -2n AgCl 
(195) n(CgHs )oTeClp + n AgOOC(CH2 Jp COOAg 

p» solvent, mp.Zyield: 2, dioxane, | -ooc(eH,)pcoo-te- 

255-7°,-; 8, CH,CN, 164-6°, 35%. 

The molecular mass of the polymer with n = 8, as determined in benzene 

solution by vapor pressure osmometry, was 386007 



XIV. PHYSICOCHEMICAL INVESTIGATIONS OF ORGANIC TELLURIUM COMPOUNDS 

Infrared and Raman spectroscopy, ultraviolet and visible spectroscopy, 

nuclear magnetic resonance, nuclear quadrupole resonance, and X-ray and 

Mass spectrometric techniques have been employed to characterize organic 

tellurium compounds. 

Most of the infrared investigations cover the range 3100 cnn to 

300 et A few compounds have been examined beyond this region where 

the absorptions caused by Te-Te vibrations and most bending modes involving 

the tellurium atom occur. Normal coordinate analyses for a few methyl 

tellurium compounds have been performed. Ultraviolet and visible spectral 

characteristics of a few organic tellurium compounds have been determined, 

but assignments of the observed bands to certain electronic transition 

have not been made. 

The first nmr investigation of an organic tellurium compounds seems 

to have been carried out by Simommin’ 2 in 1963 on phenyl propargyl 

telluride. Detailed analyses of the spectra of the simpler molecules, 

dimethyl and diethyl telluride, appeared in the literature a few years 

later. The only nuclear quadrupole resonance investigation in this area 

was performed on dimethyl tellurium dichloride probing the chlorine 

macleuse oe 

The structural investigations have been carried out mainly by 

McCullough and Foss. Little is known about the mass spectral behavior 

of organic tellurium compounds. 

A) Infrared, Ultraviolet and Visible Spectroscopy 

A detailed investigation of the ir and/or Raman spectra of 

nethanetelinrel os dimethyl telluride, its dichloride, dibromide and 

325 
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68 40la 
diiodide! , of dimethyl ditelluride and dimethyl ditelluride-d, have 

been carried out. A special 10 cm gas cell was designed to take the spectrum 

of merwanered role ce The assignments of the observed bands are 

given in Table XIV-l. The tellurium-carbon stretching frequency, found 

for the dimethyl derivatives in the range 472-544 ae 136,168,401,401a 

was located in the region 460-506 eae for the diethyl poems 

listed in Table XIV-2. The carbon(phenyl)-tellurium stretching frequencies 

of eight compounds containing phenyl groups were tentatively assigned 

to weak bands between 455 and 487 cai appearing as shoulders on the 

intense deformation vibrations of the phenyl mye Values between 

2.10 and 2.28 mdyn/A were calculated as the force constants for the 

carbon(alkyl)-tellurium stretching modes te Other pertinent 

force constants derived from the spectra of dimethyl telluride and dimethyl 

ditelluride were tabulated by Freeman and Henshall’>> and Sink and 

harcay respectively. A value of 4 mdyn/A was suggested as the force 

constant for the carbon(phenyl)-tellurium stretching vibeariocsa 2 

The far infrared spectrum in the range 350 Gees toys a of solid 

dimethyl telluride at -190° consisted of bands arising from a skeletal 

bending mode (198 cy a torsional mode (185 ms and lattice modes 

C222 e103 90. 45 ne OE A barrier to internal rotation of 2.27 kcal/mole 

was calculated using the torsional Crachency The C-Te-C bending 

vibration in the complexes trans-[ (CH,),Te],PtX, caused absorptions at 

210 ack (m) (X = Br) and 214 cana (m) (X= ie 

Cyclic and linear condensation products between tellurium tetra- 

chloride and 2,4-pentanedione and 3-chloro-2,4—pentanedione were 

investigated with infrared techniques to elucidate the structures of 

these Poenotnde: 2 The formulation of the cyclic condensation products 

as 1-tellura-3,5-cyclohexanediones was confirmed. The linear tellurium 

dichlorides (147), by-products in these reactions, were found to exist 
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in the enol form with an intramolecular hydrogen Bend (see sections 

XII-B-2, VII-B-1, IV-B-la for more information on these compounds). 

CH3 X 
Vices 

a yas TeCly 

aed. 9 X = H,Cl 

(147) 

; 133b ' 
Fringuelli reported infrared bands arising from carbon-oxygen 

modes in 2-R-tellurophenese [R = -COOH, -COOCH,, -C(0)H, -C(0)CH,] and 3° 

2-acetyl-5-R-tellurophenes [R = -COOH, ~COOCH, ] and listed the hydroxyl 

frequencies for 2-hydroxymethyl- and 2-(1'~—hydroxyethyl)tellurophene. 

Fritz and Reivers ?: recorded the infrared spectra of several tellurium 

compounds. The reported absorption bands are listed in Tables XIV-2 

and XIV-3. In addition to the data collected in Tables XIV-1, 2 and 3, 

the following infrared bands (enn) for [ (4-RC (HH 42° = CH], Te have been 

reported” *: R= H: 3050m, 3010m, 1600m, 1590m, 1490m, 1440s; R = CH,: 

3020m, 2920m, 2850w, 1600m, 1550m, 1500s, 1450m, 1400m. Radchenko and 

coworkers published the infrared spectra of 5-methyltelluroethynyl- and 

Peernyiechivrocthynyi-ecediphenyl2?-eycacoline | and of 1-methyltelluro- 

Beet onion iene Detailed assignments of the observed bands to 

certain vibrations have not been made for these tellurides and the compounds 

given in Tables XIV-2 and XIV-3. 

Egorochkin and Govarkerat tote recorded the infrared spectra 

of the compounds (CH, ) .M-Te-M' (CjH.) 4 (M, M' = Si, Ge, Sn). The 

frequencies characteristic of the ethyl groups were found to be independent 

of the metal M. The metal-carbon stretching frequencies were tabulated. 

The tellurium-metal modes expected to occur below 250 car were not 

detected. 

The Si-H stretching frequencies for the compounds (CyH,Te) (CoH) 3_,SiH 
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Bei 

1 1 1 li7a 
were located at 2117 cm~ (n= 1), 2122 cm~ (m = 2) and 2138 cm (n = 3) ¥ 

The shift toward higher wavenumbers with increasing number of ethyltelluro 

groups bonded to the silicon atom was explained on the basis of a small 

contribution from (Te) Sia, bonding to the Te-Si bond. The Si-H 

-1 117a stretching frequency for (C,H, Te) (CH SiH was found at 2131 cm 3)2 
The tellurium atom in tellurides of the type [(C,H.) 4M]_TeR, 

[nie—92ee Me—sGdemGen Sonsini = Io Me Si Re (C,H,) ,Sn, (CH) Ge; n=" 

M = Ge, R = (C,H.) ,Sn] acts as deuterium acceptor towards CDCl An 3° 

investigation of the C-D stretching vibration revealed that the basicity 

of the tellurium atom increases slightly in the order Sictecsn 

Diethyl telluride in carbon tetrachloride solution forms similarly hydrogen 

bonds with phenol and tedeie es 

Schumann and Scheidt investigated the compounds (C(H,) .M-Te-M' (C-H.) 

(M, M' = Ge, Sn, Pb) in the region 5000 to 250 ae The 

tellurium-metal frequencies were not detected. However, absorption bands 

at 162 ae (164 cat) and 125 con (122 aa in the complex 

[ (CH Sn],Te* W(CO) , {[ (CH Sn],Te*Cr (CO), } were assigned to the asymmetric 
33 

and symmetric Sn-Te stretching frequencies, reapecevvely Hooton and 

33 

mised = reported the silicon-carbon and carbon—-hydrogen modes for 

bis(trimethylsilyl) telluride. Metal-tellurium stretching and bending 

frequencies were located in the following compounds (R = Raman): 

[(CHy),Si],Te: v,, 323 cm v, 330 cm (ir) (Ref. 49) 

(H,Si) Te: Vag? Ye 335 Pagern 334 Gat tR) (Ref. 49) 

si te 85 cm ~(R) (Ref. 49) 

(H,Ge) Te: Nees 228 pee ic R) (Ref. 86) 

Sce,te 73 cur Ch) (Ref. 86) 

The infrared spectra of the germanium compounds were recorded using the 

non-annealed solid and the crystal at -196°. The Raman spectrum was 

86 
taken with the liquid compound at room temperature 
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The infrared absorption frequencies for Te=C=X (X = 0, S, Se) are 

listed in Table V-1 (chapter V). 

Infrared spectra of many transition metal complexes with organic 

tellurium compounds as ligands have been published. In most of these 

papers only frequencies arising from carbonyl modes in carbonyl complexes 

or from metal-halogen modes in halogen containing complexes have been 

reported. 

The few transition metal-tellurium stretching frequencies, which 

have been assigned are listed below: 

pete = em (om) a) trans-[ (CH) ,Te] »Pt Cl, * 

-Pt-Te 197 cm (ms) (or 177 cn) = trans-[ (C,H) Te] ,Pt,Cl,74 

prone 169 aes in trans-[ (CH) Te] ,PtBr,” 

Vpp-te 1872156 om in cis-[(CH,) Te] ,Ptcl,” 

bigeye tbe em in [(CH,),Te] ,Pd,Cl,” 

Upaeie - no te cm in [ (CH) ,Te] ,Pd,Br,” 

Infrared data for the following complexes have been reported: 

390a 
[(CH,) ,Sn],Te Cr (CO), ae 

[C-H,TeMo(CO),™-cp], Vv 419 

COni9 
[C-H,Te*Mo (CO) ,7-cp] Yeo 

6 390a 
[(CH,) Sn] ,Te W(CO) , Yoo 

(C -H.) ,Te*Mn (NO) v 176 
Gubie2 3 NO 175.176 

[ (C_H.),Te],Mn(CO) ,X v (sities Bre De ae 
(Sie 2 2 3 co 176 

(POT) Mn (CO) ,C1 Yeo (POT = phenoxtellurine) 

[C,H_-Teln (CO) , ] pete 
655 (er? CO 178 

(CoH,),TeMn (CO) , (AAB) Br Yoo (AAB = 4-aminoazobenzene) 

120a 
fac-[ (CjH.) Te] ,C1Re (CO), co 

‘ 120a 
ets [(C,H,),Te]C1Re (CO), Yoo 



(CH 

339) 

176 (C(H.) ,TeFe (CO) (NO), “co, yo ‘ 

(Cp) ,TeFe (CO) , Yeo 76 
176 (C.H,) ,TeFe (CO) 41, Yeo Be 

[4-CH,0C,H,TeFe (CO) ,1, a Yoo 

[CH TeFe (CO) J, Yco ik 

[C.F.TeFe (CO) ,], se Yoo 

[RTeFe (CO). ] a = = — 3/2 Yoo (R= CoH, 4-CH,OC-H,, CeF5) 
6 sleFe(CO)4], a ee 

[C,H TeFe(CO).1-cp] Yeo = 

178 [(CpH,) Te] ,Ru(CO)x, a bs (X = Cl, 1) 

[(C.H,) Te] ,Ru(CO),C1,+1/2 CH,C1, = Yo 178a 
a [(C,Hy) ,Te] ,Ru(CO)I, Yoo 

[C,H TeRu (CO) 1, venhee 
378b [(C.H.Te) ,Ru(CO),] va PA 

a [(R,Te) ,Ru(CO) x, Yeo 

(R = CH,» C,H3_X = Cl, Br, 1) 

176 [co,Te (CO) .] ven 

120b 
trans-{[ (CH) ,Te] ,Rh(CO)C1 90 eh-C1 

{[(CjH,) ,Te] »Rh(CO)R(C1)X} Yoo, YRh-C1 (R,X: CH,CO, I; 

C,H,SO,, Cl; CH,, I) 

{[(C)H5) ,Te] ,Rh(CO)C1X,} Yoo, YRh-ci220> 

(Xe=s CieBr ee) 

33 

[(CH,),Te],Pd xe range: 400-100 cml 9 
24 

trans-{[(CH,),Te],PdI,} range: 400-100 cm bes 

trans-{[(C,H,) Te] ,Pd (R)X} Ypa-c, Vpq-x (R,X: see Table XI-3) 

ets-{[(CH,),Te],PtCl,} range: 400-100 emis ? 

trans-{[(CH,) Te] ,PtX5} range 400-100 cm! 9 CSIR rely) 

trans-{[(C,H.),Te],PtCl (mesityl) } ) 392b 
Dia ee 2 392b Pt-Cl 

trans-{[(C,H,) Te] ,PtC1(C,H.) } Vpt-c1 We 

[R,Te(amine)PtC1,] Vyey 

Chen and Clore 

TeBr*BBr , and [ (CH,) ,TeBr 
a) 

*BBr,- 

examined the infrared spectra of the adducts 

Wynne and coworkers reported 

447b 
the spectra of adducts of the type RTeX, *SbC1, 

thiourea 
447c 

are summarized in Table XIV-4. 

O.C.T. L 

and RTeX, *tetramethyl- 

Their assignments for modes involving the tellurium atom 
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As the result of infrared investigations of phosphine tellurides, 

R,P-Te, the P-Te stretching vibration was assigned to bands falling 

into the range 400-518 cane for R= (@m = 2,3,4,5,8) and 

N] Pte”? was 

res 

cyclohexyl. The corresponding vibration in [(CH,), 

found at 519 ye. from which the rather large force constant of 

5.89 mdyne/A was obtained. The calculation of the P-Te bond order 

according to Siebert's method gave the anomalous value of 6377 os 

The organic tellurium compounds, whose ultraviolet and visible 

spectra have been recorded, are listed in Table XIV-5. The wavelength(s) 

of maximum absorption and the logarithm(s) of the molar absorbance(s) 

are also tabulated. The absorption of the methyl tellurium compounds 

248 . 
was drastically reduced, when wet ethanol was used as a solvent in 

these investigations. 

B) Nuclear Magnetic Resonance Spectroscopy 

The organic tellurium compounds which have been investigated with 

nmr techniques, are compiled in Table XIV-6 together with pertinent 

chemical shifts and coupling constants. A review on coupling constants 

for M-C-H and M-C-C-H, where M represents a variety of metal atoms and 

a few non-metal atoms including tellurium, has been published by 

Frischleder and eoayorkare 

A), 7AN) 
Lambert and Keske determined the conformation of the tel- 

luracyclohexane ring system employing nmr techniques. The conformation 

of 1-telluracyclohexane 1,1-dibromide as shown in (148) was deduced 

203 
from the values of the H-H coupling constants 0 . 
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Telluracyclohexane-4,4-d,, telluracyclohexane-3,3,5,5-d, and 

protonated telluracyclohexane-3 ,3,5,5-d, were also investigated. 

A study of the nmr spectrum of telluracyclohexane-3,3 ,5,5-d, at 

210 
various temperatures showed that ring inversion is still fast at -100° 5 

The nmr spectra of the following complexes are reported in the literature: 

378a ele 419 
; [-cpMo (CO), (TeC,H.)], 5 ([m—cpFe(CO), (TeC,H.) ] 

378a 

[m-cpMo (CO) , (TeC .H 

357 
[w-cpFe(CO) (TeC,H.)], and [Fe(CO), (TeC F.)]., » Chemical shifts are 

given only for cyclopentadienyl groups. No further details have been 

published. 

Radchenko and Petrov © reported the nmr spectrum of 1-methyltelluro- 

3-methyl-3-buten-l-yne relative to water as standard. 

C) Structural Investigations 

Dimethyl tellurium diiodide was the first organic tellurium compound 

to be investigated by X-ray techniques. A preliminary report about the 

structure of this compound was published in 1941. Earlier attempts to 

elucidate the structures of organic tellurium compounds made use of a 

variety of physical properties, which could be measured rather easily. 

The parachors of aliphatic and aromatic tellurium compounds were 

50,249,329, 400 
determined ,» the magnetic susceptibilities of dimethyl 

tellurium dihalides and dinitrates were maagined= seme and the dipole 

moments of dimethyl tellurium diiodide (2.26p) “47 , bis (4-methylpheny1) 

tellurium dichloride (2.98D), dibromide (3.21D) and the anhydride of 



2537) 

bis(4-methylphenyl)tellurium chloride hydroxide (6.1p)2°8 were calculated. 

Smyehee deduced a value of 0.7D for the carbon-tellurium bond moment. 

Teqsen proposed a trigonal bipyramidal structure for bis(organyl) 

tellurium dihalides with the two organic groups and the lone electron 

pair occupying the equatorial positions. Gillespie —— and Abcahans” 

discussed the stereochemistry of organic tellurium compounds in context 

of other, similar molecules. Lowry and Gilbert investigated the con- 

248,249 
ductivity of the dimethyl tellurium dihalides » diethyl tellurium 

143 The dihalides poucoundeer a and telluracyclopentane derivatives 

hydrolyzed in an aqueous medium and behaved then as binary electrolytes. 

The conductivities of diphenyl tellurium dichloride and diiodide, of 

triphenyl telluronium chloride and iodide and of methyl diphenyl 

telluronium iodide were determined in acetonitrile and dimethylformamide. 

The telluronium salts were found to be ionized in these solvents. The 

behavior of the dihalides was dependent upon the solvent. The 

conductivity of dimethyl telluride and dimethyl tellurium dichloride was 

measured in liquid hydrogen eiipeiae a 

Bilious reported crystallographic data on diphenyl tellurium 

dibromide and showed, that it can form tetragonal and triclinic crystals. 

Knaggs and Versouues described the crystals of dimethyl tellurium diiodide 

and the crystals of the complex (CH,),TeI-CH,TeT,. 

The structural parameters of the organic tellurium compounds, which 

have been examined by single crystal X-ray techniques are compiled in 

Table XIV-7. The carbon-tellurium bond lengths vary between 2.01 and 

2.18A with standard deviations between 0.02 and 0.20A. The tellurium- 

halogen bond lengths in diorganyl tellurium dihalides and organyl 

tellurium trihalides are not equal. The inequality is caused by the 

interaction of one halogen atom with the tellurium atom of the neighboring 

molecule. Carbon-tellurium-carbon bond angles between 101° and 91° have 

been observed. Bis(4-chlorophenyl) ditelluride has a conformation 
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similar to that of hydrogen peroxide with a dihedral angle of 72eoe The 

molecular structures of the phenyl tellurium halide thiourea adducts, 

which are characterized by distorted square planar coordination of the 

divalent tellurium atom, are depicted in Fig. IV-2. 

Crystals of 2-chloroethyl tellurium trichloride contain polymer 

chains held together by bridging chlorine atoms with the five coordinated 

tellurium atoms situated very nearly in the centers of the bases of 

square pyramids. The organic group occupies the apical position. The 

authors suggest that this compound possesses a predominantly ionic 

lattice with C1CH,CH,TeC1,” and Cl ions alternating along the polymer 

cian 

The diorganyl tellurium dihalides form distorted trigonal bipyramids, 

in which the organic groups and the lone electron pair occupy the 

equatorial positions. The axial chlorine atoms in dimethyl tellurium 

dichloride are slightly displaced towards the methyl eroupe ie while 

the bromine atoms in diphenyl tellurium dibromide point away from the 

phenyl eroueee The trimethyl telluronium cation has the shape of a 

tetrahedron with the lone electron pair occupying the fourth position. 

The tellurium atom in the anion [CH,TeI,] can be considered to be 

octahedrally ligated. The methyl group and the lone electron pair take 

up the apical positions, while the four iodine atoms form the basis of 

the Ripvtaeiiese 

A chair conformation as pictured in (149) has been found for 

1-thia-4-telluracyclohexane 4,4-diiodide. 
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The configuration around the tellurium atom approximates a trigonal | 

bipyramid with two carbon atoms and a lone electron pair in the equatorial 

positions and the iodine atoms in the axial poatiians we 

327 
1-Tellura-3,5-cyclohexanedione is claimed to have a chair structure . 

The structure was derived from 100 independently observed intensity data. 

D) Mass Spectrometry of Organic Tellurium Compounds 

Tellurium has eight naturally occurring isotopes, which give rise 

to a series of mass spectral peaks for each ion containing one or more 

atoms of this element. Such isotope clusters are of great help in 

identifying tellurium containing ions. Calculated relative intensities 

of the mass spectral peaks expected from Te, Te,, Te,, TeSe, Te,Se, nese, toc: 

Bech gs TeBr, , Te Br, and Te,Br ee" have been published. 

Mass spectrometry has been employed to characterize bis (biphenylylene) 

tellurium, bis(4,4'-dimethyl-2,2'-biphenylylene) fellupiuas and 

deassctrivetiuce cyclohexane’ t A molecular ion was observed in the 

spectrum of diphenyl telluronium tetraphenylcyclopentadienylide at low 

electron energy. At higher energies only diphenyl telluride was 

dutectade’ a: 5,10-Epitelluro-5,10-dihydroarsanthrene produced a base 

peak corresponding to the 9-arsafluorenyl ion, a prominent molecular 

ion peak and a strong peak at m/e 152, which is certainly due to the 

biphenylylene fon ae 

The electron impact fragmentation of the complex [Fe, (CO) ¢(TeC,H.) 9] 

produced a weak molecular ion peak and weak peaks corresponding to 

[Fe, (co), (TeCeH.) 9] (n = 4, 3, 2, 1). The base peak is caused by Fe Te,. 

_ The completely decarbonylated ion [Fe, (TeC,H,) 1” possesses an intensity 

378b 
of 43.8% relative to the base peak 5 

The spectrum of bis(2,2-—diphenylvinyl) telluride’??? contained 
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the following ions: [(CpH.), C ==CH],Te (50%) , (CpH.) 4C» (100%) , 

(CpH.), C==CH (second largest peak), [(C, C==CH], (12%) and Hs)» 
[(C,H.), C==CH],-H (35%). 

Among the heterocyclic tellurium compounds only telluracyclopentane 

and benzotellurophene have been investigated by mass spectrometry. 

The base peak in the spectrum of telluracyclopentane occurs a m/e 55 

(oyu) The molecular ion is approximately half as intense as the 

base peak. A weak group of peaks represents ions formed by loss of 

CoH, from the parent molecular ion. A second series of peaks originates 

from loss of cyclopropane. Ions corresponding to Te and TeH* have 

also been pbee ved 

The base peak in the mass spectrum of Pensoredturepheceaar at 

m/e 102 is probably due to benzocyclobutadiene. The tellurium containing 

ions with their intensity relative to the base peak are molecular ion 

a ao Ore tellurium 

Ore) and doubly charged molecular ion (2.6% for 13072). 

(49.3% for Ore), 1,2-epitellurobenzene (0.8% for 

(7.4% for - 

SViley = ; i Bogolyubov investigated the mass spectral behavior of diethyl 

telluride and diethyl ditelluride and determined the appearance potentials 

of the ions formed. The results are summarized in Table XIV-8. 

The diaryl ditellurides, (R-C;H,) .Te, (R = H, 4-CH,, 4-F, 3-F, 4-Br, BY 

2 ort ate 
4-C eH.) produced upon electron impact (70 ev) the ions Ar Te ; Ar,Te n 

ArTe,", Arte’, TeC (n = 2-5), et wary. Ar and ar The 

hydrocarbon fragments were further broken down by loss of hydrogen and 

carbon. Low intensity peaks corresponding to the combination ions 

ArTe,H, ArTeH, TeoH and TeH have also been observed. Table XIV-9 lists 

the relative abundances of the more important ions in the mass spectra 

of diaryl Aicelinnides 07%, 



Table XIV-8 
36 

; Mass Spectral Data for Diethyl Ditelluride and Diethyl Telluride 

(C,H, ) sTe, (CoH. ) oTe beds 

m/e if | Ion Te 

318 R,Te, 9.0 23.9 

290 RTe,H 10.4 8.40 

289 RTe, 10.9 14.60 

275 CH,Te, -- 0.40 

274 CH,Te, _ 0.20 

262 Te H, 20 1.85 

261 Te 12.8 1LBy5 1149) 

260 Te 1370 14.00 

188 RyTe Def 16.40 

173 C,H Te -- 0.40 

161 C,H Te os 0.22 

160 RTeH 10.3 0.67 RTeH LOIS 1b St0) 

159 RTe L3}o(9 3.48 RTe 13.4 8.13 

158 C,H, Te -- 0.42 

145 CH,Te 14.5 0.88 

144 CH,Te — 0.35 CHTe — 0.68 

143 CHTe ~ 0.30 CHTe 0.50 

132 TeH, T2758 0.58 TeH, US} 72 7.48 

131 TeH 15.0 4.06 TeH U5e2 11.00 

130 Te 14.4 3.48 Te 12.8 ie 0 

31 CoH, -- 1.97 

30 CoH = 0.08 CoHe - 0.15 

29 CoH. — 3.50 CoH. _ 7.58 

28 CoH, == 1.05 CoH, -- 2.28 

27 CoH, — 2.90 CoH, _— 5.08 

26 CoH —_ 0.40 CoH, —_ 0.91 

The intensities are expressed in percent relative to the sum of all the 

peaks in the spectrum containing 1 Ore 
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XV. ANALYTICAL TECHNIQUES 

In order to determine tellurium in organic compounds containing this 

element, the organic meterial must be oxidized. During this process the 

tellurium is converted into tellurite or tellurate. The following reagents 

108 138 ; 
were employed as oxidants: fuming nitric acid » aqua regia , a mixture 

of concentrated sulfuric acid and 70 per cent perchloric geqace a 

mixture of nitric acid and 70 per cent perchloric getar fused sodium 

carbonate (2 parts) and sodium nitrate (1 Wares le and a mixture of sodium 

peroxide, potassium chlorate and sucrose in a Parecbomnt on The acidic 

solutions thus obtained were usually evaporated to dryness on the water bath 

and the residues dissolved in 10 per cent hydrochloric acid. The cooled 

fusion mixtures were dissolved in water and the solutions acidified. The 

reduction of tetra- or hexavalent tellurium to the element was accomplished 

with hydrazine sulfate and sulfur diemie with hydrazine chloride and 

DOP CARs and with hydrazine chloride’, The sulfur dioxide 

elemental tellurium was filtered, washed with water and ethanol and dried 

at 105°. Kruse and Cowariere. |. developed a volumetric method for the 

determination of tellurium. After oxidizing the organic tellurium compound 

with nitric acid and perchloric acid, the colorless solution was diluted 

with water. Excess standardized 0.1N potassium dichromate solution was 

added. The solution was then treated with 0.1N iron(II) ammonium sulfate 

and the excess iron(II) back-titrated with dichromate using sodium 

diphenylamine sulfonate as indicator (eq. 195). 

(195) 3TeO + KyCry07 + BHCI —® 3HTeQ, + 2KCI + 2CrClg + HO 

In the micro-determination of tellurium in organic compounds the sub- 

stance is oxidized with fuming nitric acid. Hydrazine chloride together 

with sulfur dioxide was used as reducing Reonea 

366 
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22 
Belcher and coworkers published in 1952 a review on the determination 

of metals in organic compounds and included tellurium. The analytical 

chemistry of tellurium and the separation of this element from other 

elements, especially from selenium is the subject of treatises by 

sreen and Turley! 7° and by Fromes'-?: 

In the qualitative determination of tellurium, tetra- or hexavalent 

fellurium is reduced to the element. The solutions to be reduced are 

treated with alkali stannite in alkaline medium, or with sulfur dioxide 

in highly acidic medium. Tellurium is precipitated as the element. 

Selenium remains in solution under these conditions. Another method fuses 

-he solid residue, obtained by evaporation of the tellurium containing 

solution, with potassium cyanide in a hydrogen atmosphere. Potassium 

-elluride and - in the presence of selenium - potassium selenocyanate are 

‘ormed. The aqueous solution from the melt deposits only tellurium 

mn contact with ape cie! 

The chromatographic behavior of organic tellurium compounds on paper 

ind on thin aluminum oxide layers was investigated in order to find 

the conditions, which would allow the separation and identification of 

these compounds and their corresponding polonium derivatives. A paper- 

Hhromatographic method was employed for the determination of the 

stability of hexavalent tellurium epi vatives ao The following compounds 

ere investigated: C,H,TeCl oto (Gu etech gy tte (Cn otety a 
65) 3 

x 319b ed (4-CH,C,H,)Tec1,°11?92° , (4-CH 
36H) gtecl, 

_ 318% 318% , (4-CH,C,H,) )TeBry” 5 gg, oTely > (4-CH3CH,) Te 3° 684) 2 
311,313* 428a,429 

; (4-CH,C;H,) ,TeC1 5 (3-CHC¢H,) -TeC1, 5 (3-CH,C-H,) ,Te 

428b 428a,429 428b TeCl, ‘ (2-CH,C-H,) Te ; [2,5-(CH,),C,H,],Te ; 

317% 428b 316* 
2 

Sula 5 
CoH.) Te A (C(H.) ,TeC1 TeCl 

13% , 318% ,428a Ghee 

11,313*,428b 

28b , (2-CH,C.H,), 

4-CH,0C,H,) ,TeCl, , (4-CH,0CH,) Te 
6 4°2 

428b 
1-C, pH) Te . The starred references refer to papers which 

‘ (1-C, pH) ,Tel and 
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contain data on polonium compounds. Vapor phase chromatography was employed 

in the purification of eliuracyclovesrane = 7 

Organic tellurium compounds have received some attention as reagents 

for the determination of metal ions. Alimarin and coworkers Jay) reported 

that benzenetellurinic acid forms precipitates with a variety of metal ions 

in neutral or weakly acidic medium. The corresponding salts of benze- 

telluronic acid were all soluble. Pitcaben”” employed diphenyl telluride 

to detect palladium in a 0.1M hydrochloric acid solution. The poteroctactes 

reduction of triphenyl telluronium chloride in 0.1M deairated potassium 

chloride solution proceeded in two eeepas a. A correlation was sought 

between the half wave potential of the telluronium salt and the 

turbidity produced upon addition of complex metal (oe The telluronium 

chloride gave precipiates with various anions, which were, however, too soluble 

to be of use in analytical premises; The half wave potential of triethyl 

telluronium chloride was found to be -1.42V independent of pH. In the 

presence of iodide ions the potential was found to be sensitive to the 

concentration of Bi ous Portratz and neeresee employed triphenyl 

telluronium iodide as a reagent for the detection of bismuth and cobalt. 

Shinagawa and Matsuo’? reviewed in 1956 the analytical applications of 

onium compounds and included telluronium salts. 



XVI BIOLOGY OF ORGANIC TELLURIUM COMPOUNDS 

Morgan and coworkers prepared a large number of compounds containing 

the 1-tellura-3,5-cyclohexanedione ring system (see section XII-B-2). 

The first paper describing the inhibitory action of these compounds on 

the growth of bacteria appeared in igo- In the following years the 

mean bactericidal concentrations of 1-tellura-3,5-cyclohexanedione and 

many of its derivatives with respect to a variety of organisms were 

determined. The data collected in these investigations are presented in 

Table XVI-1. The experiments were preformed in sterile aqueous medium 

employing lemco-peptone broth at 37°. B. colt communi treated under 

these conditions with the appropriate tellurium compound, did not grow 

when subcultured to fresh broth indicating bactericidal and not only in- 

hibitory action of the tellurium compound. The coliform organisms were 

more affected than the cocci Srianicas. Appreciable bactericidal action 

was exerted after one hour, but maximum efficacy was reached after four 

Houre-> >. Uretoccac | (paramoecta) required comparatively high concentrations 

of 1:4x10°. The cyclic tellurium compounds, especially 2,6-dimethyl-1-tellura- 

3,5-cyclohexanedione, were extremely active as germicides in the presence 

ee In serum, however, concentrations of Teeeio> to 1:2x10° of urin 

were required for complete disinfection. Serum from ox blood reduced the 

bactericidal power even after dialysis, showing that the incompatible 

substance is collodial in naciee oe Addition of cholesterol and nucleic 

acids to the broth reduced the germicidal power slightly. Substances like 

oleic acid, olive oil, coconut oil and lecithine caused a remarkable collapse 

159,160 pointed out the structural of germicidal poner Gulland and Farrar 

similarity between the cyclic tellurium compounds and pyridoxine. Their 

hypothesis, that an enolic hydroxyl group in the 3-position of the 1-tellura- 

3,5-cyclohexanedione ring is necessary for bactericidal activity, is now 
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untenable. Dewar and coworkeret. have shown, that the compounds exist in 

the dione-form. The 1-tellura-3,5-cyclohexanedione 1,1-dihalides were 

found to be inatfectiver>’. 

Taniyama and Goworkate 27 found that diaryl tellurium dihalides 

possess a strong antibacterial action. The unsymmetric diorganyl tellurides 

prepared by Ronoee (section VII-A-2b) had a much weaker bacteriostatic 

action than chloramphenicol against 21 strains of various microorganisms. 

The cyclic tellurium compounds are highly toxic. 2,6-Dimethyl-, 

2,4-dimethyl- and 4-ethyl-1-tellura-3 ,5-cyclohexanedione in aqueous solution 

injected subcutaneously into the back legs of mice cause death in doses 

of 0.005, 0.014 and 0.013 g/kg body weight, respectively. No symptoms 

were observed with doses well below the lethal dose. At higher doses a 

slight malaise was observed. Blood passed through urine a few hours after 

injection. The animals recovered in two days. With a lethal-dose the 

signs of malaise soon appeared, hematuria followed and the mouse soon 

died. Dissections showed enlargement of kidneys, liver and spleen. 

Death was probably cause by hematuria. The tellurium compounds were 

found to be cumulative in large but not in small doeess 

Levaditi claimed weak therapeutic properties for 4-ethyl-1-tellura-3,5- 

eyelohassnediones °? The 2,4-dimethyl derivative performed very satisfactorily 

in treatment of infective conditions of the eye like conjunctivitis, ble- 

pharitis and corneal ulceration’ =. Bis(2-chloroethyl) tellurium dichloride 

was found to be a mild irritant of the human and dog skin indicated by simple 

hyperemia without vesication, mild urticarial rash, moderate swelling and 

edema and very little or no meceoniane 2 Glazebrook and Desreon >” reported, 

that continued inhalation of dimethyl telluride and other volatile tellurium 

compounds induced an unpleasant halitosis and debility and caused headaches. 

Trimethyl telluronium methyl trichlorotellurate(IV) acts as a powerful 

medullary stimulant and specifically excites the suprarenal glands. 
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Large doses paralyzé nerve structures in the following order: symphatic 

ganglion cells, other autonomic ganglion cells and medulla and motor 

nerve budinee Dimethyl tellurium dichloride is relatively inactive 

toward nerve fe Diphenyl telluride did not have a curative effect 

on syphilis in Vapbite- (>: The LDey values in mg/kg with mice as experi- 

mental animals were found to be 382, 70.3 and 92.4 for sodium 2-methyltelluro- 

bepeoate methyl 4—(1'-hydroxy-2'-hydroxymethyl-2'-dichloroacetamidoethyl)- 

phenyl and biphenylyl Petia; respectively. Oefeles- published in 

1912 a review on therapeutic agents containing tellurium. A recent review 

deals with the toxicology of tellurium and its inorganic eoupeunde 

The ability of living systems to convert tellurium and inorganic 

tellurium compounds into gaseous tellurium derivatives has been noticed 

very early. Upon administration of potassium tellurite to dogs and men, 

the odorous compounds exhaled were easily detected as bad breath. Liter- 

ature references to these early investigations are part of reviews on this 

subject prepared by Prablenger <3 4 

Bird and Gyaieiser identified the gaseous product formed when molds 

were allowed to grow on moistened bread crumbs in the presence of tellurites. 

The mold was allowed to form a good mycelium before potassium tellurite 

was added in an amount sufficient to reach a concentration of 0.5 g 

per 200 ml of medium. The mold gases, which were very sensitive towards 

air, were passed into a mercuric chloride solution. The precipitate was 

identified as (CH) ,Te*HgCl,, proving that the inorganic tellurium compound 

was reduced and methylated by the molds to dimethyl telluride. 

Seopulartopsts brevicaulis?>?®, green Pentetllium (P. notatum)>> and 

Pentetlliun chrysogenum>> produced varying amounts of dimethyl telluride. 

Ceaiiene ere. and Challenger and Nowen summarized the biological methyl- 

ation of compounds of metalloids. It was also feand’ > that sodium tellurite 

in aqueous solution was reduced by tissues of various plants, especially 

by Allium cepa to an extent differing with the various parts of each plant. 

Dimethyl telluride was formed only by molds but not by higher plants. 
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SUBJECT INDEX 

The subject index has listed only those compounds, reactions and physical 

properties of compounds which are mentioned in the text. Compounds, which 

appear only in tables are not indexed. 

In order to find information on a specific compound, the list of 

Tables should be consulted. The appropriate table will provide the 

mode of synthesis, the melting point and/or the boiling point, the 

yield and pertinent references for the compound in question, if it has 

been reported in the literature. Additional information, which might be 

contained in the text, can be retrieved with the help of the subject index. 

Throughout this book general statements have been made in the text 

about the various classes of organic tellurium compounds. This information 

has not been incorporated into the tables. To find, for example, a 

general description of the behavior of diorganyl tellurium dihalides, the 

Table of Contents will give the pertinent page numbers. In addition 

entries such as "Diorganyl tellurium dihalides", "Diorganyl tellurium 

dichlorides", Dialkyl tellurium dihalides" and Diaryl tellurium dihalides" 

should be looked up in the subject index. Underlined page numbers refer 

to Tables, Figures or Reaction Schemes. 

In arranging the entries alphabetically, the prefixes "Bis-, Cyclo-, 

Di-, Epi-, Iso-, Tetrakis-, Tri~ and Tris-" determine the placement of 

each subject containing one of these prefixes. "Bis(2-naphthyl) telluride" 

is listed under "B". The prefix "Di" is used only when the organic radical 

is unsubstituted and does not have a positional number. The chapter on the 

nomenclature of organic tellurium compounds will be helpful in forming 

the names used in this book. The organic groups within a compound are 

arranged alphabetically. 
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The following abbreviations have been employed in the subject index: 

compd(s). compound(s) 

conv. conversion 

dec. decompose, decomposition 

detn. determination 

a infrared 

nmr nuclear magnetic resonance 

opt. optical (ly) 

refl. reflux, refluxing 

L.W. reaction with 

soln(s) solution(s) 

TLC thin layer chromatography 



A 
Acetic anhydride 

see also carboxylic acid anhydrides 

-r.w. 4-alkoxyphenyl 2,4-dihydroxy- 

phenyl tellurium dichlorides 186 

-- TeC1, SE 7H 

-- tellurophene 279 

Acetone 

see also ketones 

-r.w. methylene bis(tellurium 

trichloride) 171 

~- organyl tellurium trichlorides 

43, 82 

Acetonyl aryl tellurium dichlorides 

-conv. to ArTeOOH 89 

-conv. to Ar Te, 99 

-dec. by reducing agents 189 

-from ArTeC1, and acetone 171 

Acetylacetonyl tellurium tri- 

chlorides 67 

-dec. by K,5,0. 97 

-dec. by Na,S-9H,0 98 

-enol formation 69 

Acetylene 

-r.w. Al,Te, 279 

Acrylonitrile 

-r.w. H,Te 42, 118 

Acyl peroxides 

-r.W. [(C,H.) ,M],Te (M = group 

IV element) 252 

Alcohols 

“© .W. Al,Te, 42, 57, 106 

Alkali metal halides 

-Ir.w. R,Tex 227), 

Alkali organyl tellurides 121 

Alkanecarboditelluroic acid 

anhydride 42 

411 

Alkanetellurinic acids 

-r.w. HI 80 

Alkanetellurols 57 

-synthesis 42, 57 

Alkanols 

-r.W. Al,Te, 422 ae LOG 

4-Alkoxyphenyl 2,4-diacetoxyphenyl 

tellurium dichloride 186 

4-Alkoxyphenyl 2,4-dihydroxyphenyl 

tellurium dichloride 

-dec. by reducing agents 189 

-r.w. acetic anhydride 186 

Alkyl aryl tellurides 102, 121, 

13), 232, 133, 7134 

Alkyl aryl tellurium dichlorides 

-conv. to Ar Te, in refl. 

pyridine 99 

Alkyl 2-formylphenyl telluride 

nc bee CLS 

Alkyl halides 

see also individual compds. 

gre 106, 107 

-- tellurium 148 

Alkyl iodides 

-r.w. tellurium 148 

Alkyl phenyl tellurides 101, 136 

Alkyl tellurium trichlorides 

3650075020) 

-red. to R,Te, OF, 

Alkyl tellurium trifluorides 80 

Alkyl tellurium trihalides 67, 70 

Alkyl tellurium triiodides 70, 80 

Alkyl vinylacetylenyl tellurides 

129), 130 

Alkylating agents 

-Ir.wW. Na,Te 41, 106, 107 

-- Na,Te, 41, 97, 106 
a) 

Alkynyl sodium tellurides 245 

-r.w. Na 
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Allenyl bromide 

-r.W. C,H TeMgBr 131 

Allenyl phenyl tellurides 131 

9-Ally1-9-carboxyfluorene 

-r.w. 2-chlorocyclohexyl tellurium 

trichloride 88 

Aluminum telluride 

-r.w. acetylene 279 

-- alkanols 42, 106 

-- dialkyl ethers 106 

-- 1,4-dibromobutane 277 

-- organic dihalides 42 

-- pentamethylene dihalides 296 

-- sodium succinate 279 

Aluminum-tellurium compds. 246 

2-Aminophenoxtellurine 

- attempted resolution into opt. 

active compds. 320 

Aminophenoxtellurines 311, 316 

Anines 

-r.w. TeC1, 35 

Ammonia 

-r.w. dimethyl tellurium diiodide 

190 

Antimony compds. 

see Organyl antimony compds. 

Antimony pentachloride 

- adducts with organyl tellurium 

trichlorides 83 

Arenediazonium chlorides 

-r.w. NaTe 119 

-- tellurium 28, 119, 185 

-- TeCl, 185 

Arenediazonium hexachloro- 

tellurates(IV) 185 

Arenetellurinic acids 

- from acetonyl or phenacyl aryl 

tellurium dichlorides 89 

- nitration 88 

Arenetellurols 58 

Aromatic compds. 

-r.W. ArTeCl, 43, 82, 171 

-- TeBr, 35 

-- TeCl, 34547706 

Aromatic tellurenyl compds. 59 

Arsenic-tellurium compds. 257 

Aryl benzyl tellurides 121 

Aryl butyl tellurides 129 

Aryl chloromagnesium telluride 136 

Aryl 2,4-dihydroxyphenyl tellurium 

dichlorides 

- conv. to Ar Te, 99 

- dec. by reducing agents 189 

Aryl 4-dimethylaminophenyl tellurium 

dichloride 

- synthesis 171 

Aryl lithium 

see also organic lithium compds. 

-r.w. tellurium 129, 245 

Aryl lithium tellurides 129, 245 

Aryl mercury chlorides 

-Ir.w. TeCl, 39, 78, 184, 309 

-- RTeCl, 82 3 
-- 2-C_,H-TeI 64, 136 

Aryl ao tellurides 130, 131, 

33135 

Aryl organyl tellurides 129, 171 

Aryl phenacyl tellurium dichlorides 

- conv. to Ar,Te, 99 

- dec. by reducing agents 189 

- from ArTeCl, and acetophenone 

ily 

Aryl sodium telluride 245 

-r.w. carboxylic acid chlorides 

129 

-- B-chloropropionic acid 129 

-- dimethyl sulfate 129 



Aryl tellurium chlorides 60, 62, 

136 

- adducts with thiourea 59 

-- structure 61 

Aryl tellurium tribromides 

-r.w. ketones 171 

Aryl tellurium trichlorides 

34, 67, 70 

- from ArHgCl and TeC1, 39 

-r.w. 4-dimethylaminobenzene 

ihc 

-- ketones 171 

-- olefins 82 

-- resorcinol 171 

- reduction by methanethiosulfonate 

59 

-- Na,S-9H,0 97 

-- sulfites 97 

-- thiourea 59 

Aryl tellurium triiodides 171 

Aryltelluro magnesium chloride 

136 

Azulene 

-r.w. KTeCN 50 

B 
Base solutions (NaOH, KOH, 

carbonates) 

-r.w. 2-C, pH7Tel 64, 88, 100. 

-- dinitrophenoxtellurines 315 

-- phenoxtellurine 320 

-- R,TeX, a] 0 Fee ts Ee 2 

-- R, Te (OH)X 193 

-- R,Te (OH), 146, 193 

-- R,Tex 223 

-- 1-tellura-3,5-cyclohexanedione 

300 

-- tetrachlorotellurophene 286, 

288 
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Benzaldehyde 

-r.W. (CH) ,Te 211, 240 

Benzenetellurinic acid nitrate 

88, 102 

Benzenetellurol 58, 102 

-r.W. HgCl, 102 

Benzenetelluronic acid 368 

Benzonitrile N-oxide 

-r.w. vinylacetylenyl organyl 

tellurides 130 

Benzotellurophene 289, 290 

- adducts with trinitrofluorenone, 

picric acid 290 

- mass spectrum 363 

- nitration 292, 294 

-r.w. butyl lithium 294 

-- halogens 289 

-- methyl iodide 289 

-- sulfur 294 

Benzotellurophene 1,1-dibromide 

- thermal dec. 294 

Benzotellurophene 1,1-dichloride 

- hydrolysis 294 

Benzotellurophene 1,1-dihalides 

289, 290 

Benzotellurophene 1,1-dioxide 294 

-r.w. hydrohalic acids 294 

Benzoyl butyl telluride 129 

Benzyl chloride 

-r.W. R,Te 174, 208 

Benzoyl peroxide 

-r.W. R,Te 140, 177 

Benzyl dimethyl phenyl ammonium 

chloride 

-r.W. Na,Te 107 

Benzyl iodide 

-r.w. tellurium 148 

Benzyl 4-methoxyphenyl telluride 

141 
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- conv. to Ar,Te, 99 

- conv. to ArTeX, and RX by 

halogens 173 

Benzyl 2-naphthyl telluride 141 

to Ar Te, 99 

- conv. to ArTeX, and RX by 

halogens 173 

- conv. 

Benzyne 

-r.w. diaryl ditellurides 138 

Betaine 

-r.W. Na,Te0, 106 

Biphenyl 

Siang 1HaGIL, Siig HEXs) 
4 

2,2-(2', 2"-Biphenylylene) -4- 

pentenoic acid 

-T.W. RTeC1, v7.3 

2-Biphenylyl 2,2'-biphenylylene 

telluronium chloride 239, 240, 294 

-r.w. butyl lithium 236 

2-Biphenylyl 2,2'-biphenylylene 

telluronium hydroxide 239, 240, 294 

4-Biphenylyl methyl tellurides 

13375) 38 

-r.w. bromoacetyl chloride 131, 132 

2-Biphenylyl tellurium trichloride 

- intramolecular condensation 82 

2,2'-Biphenylylene 2-(2'-bromo- 

biphenylyl) telluronium bromide 

239, 240, 294 

2,2'-Biphenylylene 2-(2'-iodobi- 

phenylyl) telluronium iodide 

239, 240, 294 

2,2'-Biphenylylene dibutyl 

tellurium 237 

2,2'-Biphenylylene dimethyl 

tellurium 236 

2,2'-Biphenylylene methyl 

telluronium iodide 291 

291 

-r.w. 2,2'-dilithiobiphenyl 235 

-dec. 

2,2'-Biphenylylene mercury 

-r.w. tellurium 291 

2,2'-Biphenylylene organyl 

telluronium salts 294, 295 

- anion exchange reactions 294 

2,2'-Biphenylylene sulfone 

-r.w. tellurium 28, 290 

2,2'-Biphenylylene telluride 237, 

238 

see also dibenzotellurophene 

- adduct with picric acid 140 

- polymeric 239, 323 

-r.w. chloramine-T 193, 235 

2,2'-Biphenylylene tellurium 

dichloride 

-r.w. 2,2'-dilithiobiphenyl 

235 

2,2'-Biphenylylene tellur-4- 

methylphenylsulfonylimine 193 

- hydrolysis 294 

-r.w. 2,2'-dilithiobiphenyl 235 

2,2'-Biphenylylene telluroxide 193 

Bis(acetylacetonyl) tellurium dichloride 

- enol form 333 

- hydrogen bonding in 333 

Bis(acetylacetonyl) tellurium 

dichlorides 

- dec. by reducing agents 114 

2,5-Bis (acetoxymercuric) tellurophene 

286 

Bis(2-benzothiazolyl) disulfides 

-r.w. R,Te, 79 

Bis(benzoylmethyl) tellurium 

dichloride 

- dec. by reducing agents 114 

Bis(4-biphenylyl) ditelluride 

- thermal dec. 117 



- mass spectrum 363, 365 

Bis(4-biphenylyl) telluride 117 

Bis(2,2'-biphenylylene) arsonium 

iodide 

-r.w. (C,H) ,Te 238 

Bis(2,2'-biphenylylene) butyl 

arsenic 238 

Bis(2,2'-biphenylylene) butyl 

phosphorus 238 

Bis(2,2'-biphenylylene) phosphonium 

itodide 

-r.W. (C,H) ,Te 238 

Bis(2,2'-biphenylylene) tellurium 

236235), 237 

- mass spectrum 362 

-r.w. bromine, iodine 239, 294 

-- butyl lithium 237, 238 

-- HCl in ethanol 239, 294 

-- methyl iodide 240 

-- water 239, 294 

- thermal dec. 239, 323 

Bis (2~bromo-—4-methoxypheny1) 

ditelluride 

-r.W. NaBH, 245 

Bis(4-bromophenyl) ditelluride 

- mass spectrum 363, 365 

-r.w. NaBH, 245 

{Bis[ (carbethoxy) (triphenylphos- 

phonio)methyl] tellurium dibromide} 

dibromide 37, 172 

Bis (carbo-£-menthoxymethy1) 

telluride 117 

-r.w. H,0, 197 

Bis(carbomenthoxymethyl) telluroxide 

- adduct with H,0, 197 

Bis(2-carboxyethyl) telluride 118 

Bis(carboxymethyl) tellurium 

dichloride 34, 170 
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Bis(2-carboxyphenyl) ditelluride 

97 

=-r.W. HCC1, (0C Hy) 100 

Bis(2-carboxyphenyl) telluride 

119, 141 

Bis(4-chlorobut-2-enyl) tellurium 

dichloride 172 

- dec. by base 190 

- thermal dec. 191 

Bis (2-chlorocyclohexyl) tellurium 

dichloride 

- dec. by reducing agents 114 

- thermal dec. 191 

Bis (3-chloro-2, 4-dioxopentyl) 

tellurium dichloride 

- enol form 333 

- hydrogen bonding 333 

Bis(2-chloroethyl) ether 

-I.W. Na Te 305 

Bis(2-chloroethyl) sulfide 

-r.w. NaTe 320 

Bis(2-chloroethyl) tellurium 

dichloride 

- irritant 378 

- thermal dec. 191 

Bis(2-chloroformylphenyl) ditelluride 

100 

Bis(4-chlorophenyl) ditelluride 

- structure 91, 357 

Bis(4-chlorophenyl) ether 

-Ivw. TeC1, 35 

Bis (2-chloro-2-phenylviny1) 

tellurium dichloride 184 

Bis(2-chloropropyl) tellurium 

dichloride 

- dec. by base 190 

- dec. by heat 191 

- dec. by reducing agents 189 
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Bis(2-cyanoethyl) telluride 42, 118 

Bis (N,N-diisopropylthiocarbazoyl) 

ditelluride 52 

Bis(4-dimethylaminophenyl) tellurium 

dichloride 

- dec. by HNO, 190 

Bis (4,4'-dimethy1-2,2'-biphenylylene) 

tellurium 235 

- mass spectrum 362 

- nmr 241 

-r.w. bromine, iodine 294 

-- HCl 294 

-- water 294 

- thermal dec. 239 

Bis(2,4-dimethylphenyl) telluride 

-r.w. methyl iodide 208 

Bis(2,5-dimethylphenyl) telluride 

- TLC 367 

Bis(2,4-dimethylphenyl) tellurium 

dichloride 

- dec. by KOH, K,CO, 191 

Bis (3, 3-diphenyl-2-oxo-1l-oxacyclo- 

pentylmethyl) tellurium dichloride 

184 

Bis(2,2-diphenylvinyl) telluride 

solns. 

- ir spectrum 333 

- mass spectrum 362 

Bis(2,2-di-p-tolylvinyl) telluride 

- ir spectrum 333 

Bis(2-naphthyl) ditelluride 64, 88, 

99, 100 

Bis(1l-naphthyl) tellurium dibromide 

- reduction by C,H MgI 115 

Bis(4-ethoxyphenyl) ditelluride 

99, 101 

- dec. by methyl iodide 102, 186, 

223 

-r.w. Ar, TeBr 
2 2 

-- benzyne 138 

ta, 

-- diazomethane 103, 138 

Bis(4-ethoxyphenyl) telluride 119 

Bis(4-ethoxyphenyl) tellurium 

dibromide 

-r.w. 2N NaOH 192 

Bis(4-ethoxyphenyl) tellurium 

dichloride 

- dec. by conc. HNO, 144, 190 

- dec. by reducing agents 114 

- from ArTeCl, and ArH 171 

-r.w. 2N NaOH 192 

Bis(4-ethoxyphenyl) telluroxide 

192 

Bis(3-fluorophenyl) ditelluride 

- mass spectrum 363, 365 

Bis(4-fluorophenyl) ditelluride 

- mass spectrum 363, 365 

Bis(haloalkyl) tellurium dichlorides 

- dec. by base 190 

- from TeC1, and olefins 172 

- thermal dec. 191 

2,5-Bis(2'-hydroxyisopropyl) - 

tellurophene 289 

Bis (4-hydroxy-—2-methylpheny1) 

tellurium dichloride 

to Ar,TeC1 4652235 

- from cresol and TeOCl, 223 

- conv. 

2,5-Bis (hydroxymethyl) tellurophene 

289 

Bis(2-iodoethyl) ether 

-r.w. tellurium 308 

Bis(iodomethyl) telluride 323 

Bis(iodomethyl) tellurium diiodide 

- from CHAI, and Te 148 

Bis(4-methoxyphenyl) ditelluride 

99 

- dec. by HNO, 102 
3 

Ar,TeBr, 119 

-- bis(thiocarbamoyl) disulfides 

79 

—-T.W. 



-- diazomethane 103, 138 

-- Fe(CO), (NO), 269 

-- mercuric halides 274 

-- methyl iodide 102, 186, 223 

- thermal stability 101 

Bis(4-methoxyphenyl) ether 

-r.W. TeCl, 35 

Bis (4-methoxyphenyl) telluride 119 

- TLC 367 

Bis(4-methoxyphenyl) tellurium 

dibromide 

-r.W. C.H.MgBr 3/7 

Bis(4-methoxyphenyl) tellurium 

dichloride 

- TLC 367 

Bis(4-methoxyphenyl) tellurium 

difluoride 143, 174 

Bis(4-methoxyphenyl) tellurium 

diiodide 186 

Bis(methylene diphenyl telluronium) 

dibromide 175, 208 

- thermal dec. 232 

Bis(2-methylphenyl) ditelluride 

-I.w. NaBH, 245 

Bis(4-methylphenyl) ditelluride 

-r.w. NaBH, 245 

Bis(2-methylphenyl) methyl telluronium 

iodide 

- loss of methyl iodide 231 

Bis(2-methylphenyl) telluride 

-Yr.w. Hg (OH)NO., 274 

- TLC 367 

Bis(3-methylphenyl) telluride 

- TLC 367 

Bis(4-methylphenyl) telluride 

114, 119 

- contg. waa 119 

-r.w. FeCl CuCl,, HgCl, 174 
sh 2 

- TLC 367 

417. 

Bis(4-methylphenyl) tellurium 

dibenzoate 175 

Bis(4-methylphenyl) tellurium 

dibromide 

- dipole moment 144, 356 

- TLC 367 

Bis(4-methylphenyl) tellurium 

chloride hydroxide 

- dipole moment 357 

Bis(2-methylphenyl) tellurium 

dichloride 

- TLC 367 

Bis(3-methylphenyl) tellurium 

dichloride 

- TLC 367 

Bis(4-methylphenyl) tellurium 

dichloride 175 

= contg. tiem 148 

- dipole moment 144, 356 

- from Ar,Te and FeCl, 

HgCl, 174 

=f .W. Ar Po 114 

- TLC 367 

Bis (4-methylphenyl) tellurium 

difluoride 174 

Bis(4-methylphenyl) tellurium 

diiodide 

- TLC 367 

Bis(4-methylphenyl) telluroxide 

CuCl,, 

- binary systems with Ar,S0, 

Ar,Se, Ar,S0., Ar, Se0, 192 

- dipole moment 192 

Bis(l-naphthyl) telluride 115 

- TLC 367 

Bis(l-naphthyl) tellurium difluoride 

174 

Bis(1-naphthyl) tellurium diiodide 

- TLC 367 

Bis(perfluorophenyl) 239 
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Bis(perfluorophenyl) ditelluride 98 

Bis(perfluorophenyl) telluride 

27, 116, 117, 148, 239 

-r.w. selenium 141 

Bis(perfluorophenyl) thallium bromide 

-r.w. tellurium 27, 117 

Bis(2-phenoxyphenyl) ditelluride 

307 

Bis(4-phenoxyphenyl) ditelluride 

-r.w. HNO, 102 

Bis(4-phenoxyphenyl) tellurium 

dichloride 

- dec. by KOH, K,CO, solns. 191 

- from ArTeC1, and ArH 171 

Bis(phenyltelluro) mercury 

IO 27/8 

1,2-Bis(phenyltelluro)benzene 103 

-r.w. todine 59, 101 

Bis (phenyltelluro) hexacarbonyldiiron 

- mass spectrum 362 

Bis(2-thienyl) tellurium dichloride 

- dec. by KOH, K,CO, alent 

Bis(thiocarbamoyl) disulfides 

R,Te, 79, 100 

Bis(triethylgermyl) telluride 

252 

- deuterium acceptor 337 

solns. 

—-r.w. 

- ir spectrum 333 

-r.w. dicyclohexyl percarbonate 

252 

-- halogens 252 

-- triethylstannane 252 

Bis(triethylsilyl) telluride 251 

- deuterium acceptor 337 

- ir spectrum 333 

-r.w. acyl peroxides 252 

-~- halogens 252 

-- sulfur 253 

-- triethylgermane 252 

Bis(triethylstannyl) telluride 252 

- deuterium acceptor 337 

- ir spectrum 333 

-r.w. acyl peroxides 252 

-- halogens 252 

-- selenium 253 

-- sulfur 253 

Bis(trifluoromethyl) ditelluride 97 

Bis(2,4,6-trimethylphenyl) methyl 

telluronium iodide 208 

Bis(2,4,6-trimethylphenyl) telluride 

-r.w. mercuric halides 274 

-- methyl iodide 208 

Bis(trimethylsilyl) telluride 

- ir spectrum 337 

- complex with Cr and W carbonyls 

257 

-- ir spectrum 337 

-r.w. silver iodide 252 

Bis(triphenylgermyl) telluride 247, 

248 
- ir spectrum 337 

Bis(triphenylplumbyl) telluride 

247, 248 

- ir spectrum 337 

Bis(triphenylstannyl) telluride 

247, 248 

- ir spectrum 337 

Boron-tellurium compds. 83, 212, 246 

Boron tribromide 

R,TeX 212 

Boron trichloride 

-I.W. RTeC1, 83 

Boron trihalides 

-r.W. R,Te 246 

-T.wW. 

Bromine 

-r.w. CSTe 54 

-- (CH,) Te, 101 

-- tellurium 17 



Bromoacetyl chloride 

-r.w. aryl methyl tellurides 131, 

132 

4-Bromobutyl cyclotetramethylene 

telluronium bromide 278 

4-Bromobutyl cyclotetramethylene 

telluronium iodide 279 

a-Bromocarboxylic acids 

-r.w. diorganyl tellurides 208 

2-(8-Bromoethyl)benzyl bromide 

-T.w. Na,Te 305 

2-Bromo-4-methoxyphenyl sodium 

telluride 245 

4-Bromophenyl sodium telluride 245 

a-Bromopropionic acid 

-r.w. diphenyl telluride 175 

Bromotrifluoromethane 

-r.w. tellurium 19 

Butadiene 

-I.W. TeC1, 172 

Butanetellurinic acid 84 

- adducts with diorganyl 

telluroxides 196 

-r.w. HI 80 

1-Butene 

-r.w. TeC1, 

Butyl bromide 

-r.W. Na,Te, 97 

-- diphenyl telluride 175, 208 

Butyl carbethoxymethyl telluride 

23) 

Butyl carbethoxymethyl teliuroxide 

36, 172 

- adduct with butanetellurinic 

acid 196 

Butyl carbomenthoxymethyl telluride 

84, 231 

-r.w. benzoyl peroxide 177 

Butyl carbomenthoxymethyl tellurium 

dibenzoate 177 
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Butyl carbomenthoxymethyl telluroxide 

- adduct with butanetellurinic 

acid 196 

tert-Butyl chloride 

-T.W. Na,Te 107 

Butyl dichloroformate 

-r.w. bis(2-carboxyphenyl1) 

ditelluride 100 

Butyl 2-formylphenyl telluride 

- oxidation by Ag,0 141 

Butyl lithium 

-r.w. benzotellurophene 294 

-- bis(2,2'-biphenylylene) 

tellurium 237, 238 

-- (C pH.) ,TeBr Pal PSK: 

-- tellurium 129, 245 

-- TeC1, 116, 236 

-- tellurophene 279 

-- tetraphenyl tellurium 238 

-- tellurium halides 230, 236, 

238 

Butyl lithium telluride 129, 245 

Butyl tellurium triiodide 80 

- from R,Tel, and HI 190 

Cc 
Cadmium-tellurium compds. 273 

Cadmium iodide 

- adduct with dimethyl telluride 

213 

Carbethoxymethyl dibutyl telluronium 

bromide 

- thermal dec. 231 

Carbethoxymethyl dipentyl telluronium 

bromide 

- thermal dec. 231 

Carbethoxymethyl diphenyl telluronium 

bromide 

-r.w. silver oxide/water 223 
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Carbethoxymethyl 2-formylphenyl 

telluronium bromide 

- thermal dec. 135 

Carbethoxymethyl pentyl telluride 

84, 231 

-r.w. benzoyl peroxide 177 

Carbethoxymethyl pentyl tellurium 

dibenzoate 177 

Carbethoxymethylenetriphenyl- 

phosphorane 

-I.W. TeBr, 36, 172 

Carbo-2-menthoxymethyl dibutyl 

telluronium bromide 118, 229 

- thermal dec. 231 

Carbomenthoxymethyl pentyl telluride 

84 

Carbomethoxymethyl diphenyl 

telluronium bromide 

- cleavage of alkyl bromide 231 

-r.w. silver oxide/water 223 

Carbon disulfide 

-r.w. tellurium 53 

Carbon ditelluride 53 

Carbon monoxide 

-r.w. tellurium 53 

Carbon monoselenide 

-r.w. tellurium 53 

Carbon monosulfide 

-r.w. tellurium 53 

Carbon monotelluride 54 

Carbon oxide telluride 52 

Carbon selenide telluride 53 

- ir spectrum 54, 55 

Carbon sulfide telluride 53 

- ir spectrum 54, 55 

-r.w. bromine 54 

-- mercury 54 

2-Carboxybenzenetellurinic acid 

- reduction to ditelluride 97 

2-Carboxybenzotellurophene 142, 289 

- decarboxylation 289 

Carboxylic acids 

-T.W. Pte, 42 

Carboxylic acid anhydrides 

—r.W. TeC1, Sy Wein U7KO 

Carboxylic acid chlorides 

-r.w. ArTeNa 245 

Carboxymethyl 2-carboxyphenyl 

telluride 141, 290 

- cyclization 290 

Carboxymethyl diphenyl telluronium 

hydroxide 223 

Carboxymethyl 2-formylphenyl methyl 

telluronium bromide 

- cleavage of methyl bromide 231 

Carboxymethyl 2-formylphenyl telluride 

- cyclization 142, 289 

Carboxymethyl tellurium trichloride 

34 

2-Carboxyphenoxtellurine 

- attempted resolution into opt. 

active compds. 320 

2-Carboxyphenyl methyl telluride 

- toxicity 379 

4-(4'-Carboxy-2'-quinolyl) phenyl 

tellurium trichloride 

= dec. by K,S,0,. 97 
29255 

- dec. by Na,S+9H,0 98 

Chloral 

-r.W. H,Te 119 

Chloramine-T 

-r.w. dibenzotellurophene 193, 235 

Chlorine 

see also Halogen 

-r.w. tellurium 17 

Chloroacetic acid 

-r.W. Na,Te, 97 

2-Chloroalkyl tellurium trichlorides 



- thermal dec. 83 

2-Chlorocyclohexyl tellurium 

trichloride 

- dec. by K,S,0. 97 

- dec. by Na,S-9H,0 98 

- halogen exchange 79 

-r.w. 9-alkyl-9-carboxyfluorene 

88 

-- 2,2-diphenylpentenoic acid 82 

- reactivity towards cyclohexene 

36 

2-Chlorocyclohexyl tellurium 

triiodide 79 

2-Chloro-1,2-diphenylvinyl tellurium 

trichloride 

- intramolecular condensation 82, 

289 

2-Chloroethyl tellurium trichloride 

- structure 67, 361 

Chloroform 

-r.w. (C¢H,) ,Te 211, 240 

Chloroform-d hydrogen bonded to 

[ (CH) 4M] ,Te (M = Si, Ge, Sn) 337 

4-Chloro-4-methyldiphenyl ether 

-I.w. TeC1, 35 

4-Chlorophenacyl halide 

-r.w. telluroisochroman 227, 305 

2-Chloro-8-methylphenoxtellurine 

316 

- adduct with phenoxtellurine 316 

3-Chloro-—2-phenylbenzotellurophene 

290 

3-Chloro~2-phenylbenzotellurophene 

1,1-dichloride 289 

-r.W. Na,S-9H0 290 

2-Chloro-2-phenylvinyl tellurium 

trichloride 184 

- disproportionation into TeCl,, 

R,TeCl, 184 
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8-Chloropropionic acid 

-r.w. ArTeNa 129 

2-Chloropropyl tellurium trichloride 

82 

Chlorosilanes 

-T.W. C,H,TeLi 25 

2-Chlorostyryl tellurium trichloride 

- dec. by reducing agents 97 

4-Chloro-1-tellura-3, 5-cyclohexanedione 

1,1-dichloride 

- ir spectrum 326 

Choline hydrochloride 

-r.w. Na,Te0, 106 

Chromatography of organic Te compds. 

367 

Chromium hexacarbonyl 

-r.w. bis(trimethylsilyl) telluride 

257 

Conductivity of organic Te compds. 

IWAD Zesisi5 PAN 5 show! 

Cresol 

-r.w. TeOCl, 185 ATES 2122223 

Cyclohexene 

-I.W. TeC1, 365) 78 72 

Cyclopentamethylene 5-halopentyl 

telluronium halides 296 

- thermal dec. 296 

Cyclopentamethylene hydrogen 

telluronium ion 199 

D 
Diacetonyl tellurium dichlorides 

-~ dec. by reducing agents 114 

Diacetylenes 

-I.W. Na,Te 41, 279 

Dialkyl diaryl tellurium 

- thermal stability 236, 238 

Dialkyl ditellurides 91, 92 

see also Diorganyl ditellurides 
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- reactions 100, 104 

-r.w. halogens 100 

-- transition metal compds. 103 

- synthesis 97, 104 

Dialkyl ethers 

-Ir.W. Al,Te, 106 

Dialkyl tellurides 105, 108 

see also Diorganyl tellurides 

- from Al,Te, and ROH 42, 106 

- from Na,Te and alkyl halides 106, 

107 

- from R,TeCl, and reducing agents 

106, 107 

- from tetraalkyl tellurium 38 

- reactions 120, 139 

-r.w. H,0, 141 
jy a 

-- KMnO, 193 

-- ears halides 139, 208 

-- oxygen 141, 193, 197 

- synthesis 120 

Dialkyl tellurium dichlorides 36 

Dialkyl tellurium dihalides 

see also Diorganyl tellurium 

dihalides 

- from R,TeO and HX 196 

- reduction to tellurides 106, 107 

- stability 145 

Dialkyl tellurium dihydroxides 

- thermal rearrangement 146, 212 

Dialkyl tellurium diiodides 24 

Dialkyl tellurium dinitrates 196 

Dialkyl telluroketones 242 

Dialkyl telluroxides 193 

- oxidation 193 

-r.w. hydrohalic acids 196 

-- nitric acid 196 

- stability 193 

Diaminophenoxtellurines 311, 316 

- diazonium salts 316 

Diaryl ditellurides 91, 92 

see also Diorganyl ditellurides 

- from acetonyl, phenacyl and 

2,4-dihydroxyphenyl aryl 

tellurium dichlorides and 

reducing agents 99 

- from RArTeCl 
2 

pyridine 99 

in refluxing 

- from tellurium and Grignard 

reagents 98 

- from tellurium and organic 

lithium compds. 98 

- from tellurium and organic 

radicals 97 

- from "TeX," and Grignard 

reagents 98 

- mass spectra 363, 365 

- reactions 100, 104 

-r.w. aryl lithium 245 

-- bis(2-benzothiazolyl) disulfide 

79 

-- bis(thiocarbamoyl) disulfide 

79, 100 

-- diazomethane 103 

-- Grignard reagents 101, 136 

-- halogens 100 

-- phenyl lithium 101 

-- sodium borohydride 102, 121, 129 

245 

-- transition metal compds. 103, 

258, 266526955. 270)5,0274 

- synthesis 104 

- thermal dec. 101, 117 

Diarylethylenes 

- adducts with TeC1, 36 

rw. TeC1, 26 

Diaryl mercury 

see also organic mercury compds. 

-r.w. tellurium 28, 106, 115, 119, 291 



Diaryl tellurides 

see also Diorganyl tellurides 

Te, by thermal dec. 101 

- from Ar,TeCl, and CHMgI 114 

- from Ar, TeX, and ArMgBr 115 

- from tellurium and diaryl 

- from Ar,Te 

mercury 115 

- reactions 120, 139 

-- affecting the organic moiety 

129 

-r.w. organic halides 139, 208 

- unsymmetric 115 

Diaryl tellurium dichlorides 

28, 34 

see also Diorganyl tellurium 

dichlorides 

-r.w. Grignard reagents 211 

- reduction by ArMgBr 115, 189 

- reduction by CH,MgI 137 

- unsymmetric ae 

Diaryl tellurium dihalides 144 

see also Diorganyl tellurium 

dihalides 

- antibacterial action 378 

- stability 145, 146 

Diazomethane 

-r.w. diaryl ditellurides 103, 138 

Diazotetraphenylcyclopentadiene 

-r.w. diphenyl telluride 139, 

232 

Dibenzotellurophene 28, 290, 291, 

292) 

see also 2,2'-biphenylylene telluride 

- adducts with HgCl,, picric 

acid, 1,3,5-trinitrobenzene 

291 

- from trimethyl telluronium iodide 

and 2,2'-dilithiobiphenyl 230 

-r.w. chloramine-T 193 

0.C.T.—O 
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- halogens 291 

-- methyl iodide 291 

- telluronium salts of 294, 295 

Dibenzotellurophene 5,5-dibromide 

35 

Dibenzotellurophene 5,5-dichloride 

35 

Dibenzotellurophene 5,5-dihalides 

DY), PAM Sh 

- reduction 291 

Dibenzotellurophene p-tolylsulfonimide 

193 

Dibenzotellurophene 5-oxide 193 

Dibenzothiophene 294 

Dibenzoylmethane 

=KeWs TeC1, 31 

Dibenzoylmethyl tellurium trichloride 

oil 

Dibenzyl telluride 107, 141 

- platinum complexes 270 

- stability 141 

Dibenzyl tellurium diiodide 

- from tellurium and benzyl 

iodide 148 

vie-Dibromides 

-r.W. RoTe, 4455 0203), 959 

-- R,Te 13 9 LG 76) 

1,4-Dibromobutane 

Al,Te, 277 
(ss) 

-- Na,Te 217 

-- 1-telluracyclopentane 278 

—-r.wW. 

1, 2-Dibromoethane 

-r.w. diphenyl telluride 175 

Dibutyl ditelluride 97 

Dibutyl telluride 238, 294 

- adduct with BX, 246 

-- trimethyl aluminum 246 

-- trimethyl gallium 246 
132 

- from Te and diaryl mercury 119 
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- oxidation to butyric acid 196 

-I.W. Mn (CO) <x 267 

Smee en 270 

- Te disintegration 142 

Dibutyl tellurium diiodide 

-r.w. HI 190 

Dibutyl telluroxide 

- adduct with butanetellurinic 

acid 196 

Dichlorodifluoromethane 

-r.w. tellurium 19 

Dichloromethane 

-Ir.W. (C,H,) Te 211, 240 

2,8-Dichlorophenoxtellurine 

10,10-dihalides 

- reduction by K,8,0. 315 

2,5-Dideuteriotellurophene 286 

2-(Diethoxymethyl) phenyl dimethyl 

telluronium iodide 208 

~ saponification 223 

Diethyl allylphosphonite 

-r.w. tellurium 255 

Diethyl (allyl)tellurophosphonate 

255 

Diethyl ditelluride 

- mass spectrum 363, 364 

-r.w. boron tribromide 246 

-- lithium 102, 245, 251 

-- triethylgermyl lithium 102 

Diethyl telluride 105, 106 

- from triethyl telluronium 

chloride and diethyl zinc 

229, 234 

- hydrogen bonded to phenol, 

indole 337 

- mass spectrum 363, 364 

-r.w. air 197 

-- group IV hydrides 142, 250 

-- Re, (CO) ,C1, 269 

-- [Rh(CO) C1], 2705827) 

- platinum complexes 270 

- palladium complexes 270 

Diethyl tellurium dihalides 

- conductivities 357 

Diethyl tellurium diiodide 

- dec. in solution 145, 146 

- from tellurium and ethyl iodide 

148 

-r.w. diphenyl mercury 273 

Diethyl telluroketone 243 

Diethyl tellurone 197 

Diethyl Zinc 

-r.W. TeC1, WE, PAE, 22814 

- triethyl telluronium 

chloride 43, 229, 234 

Diethylsilyl ethyl telluride 251 

Di(ethyltelluro) silane 

- ir spectrum 337 

2,8-Difluorophenoxtellurine 

-r.w. sulfur 320 

2,8-Difluorophenoxtellurine 

10,10-dihalides 

-r.W. K,850. 315 

-- sulfur 320 

Digermyl telluride 352 

- ir spectrum 337 

Dihexadecyl telluride 107 

1,4-Diiodobutane 

-I.W. Li,Te 282 

- tellurium 277, 279 

Diiodomethane 

-r.w. tellurium 148, 323 

1,3-Diketones 

-r.w. TeC1, PRY (Oh AWA 27) 

2,2-Diiodooctafluorobiphenyl 

-r.w. tellurium 291 

2,2'-Dilithiobiphenyl 

-I.w. R,TeCl, 235 



-- Te(OCH,) , 43, 234 

-- Te (OCH) ¢ 43, 234 

-- tellurimines 235 

-- telluronium halides 230, 235 

-- TeC1, 234). 235 

-- triphenyl telluronium chloride 

230 

1,4-Dilithiobutadiene 

-Ir.w. TeC1, 282 

3, 7-Dimethyldibenzotellurophene 

291 

Dimethyl ditelluride 91 

- from tellurium and CH," oF 

- ir, Raman spectrum 326, 327 

-r.w. bromine 101 

- vibrational analysis 91, 327 

Dimethyl ditelluride-d 

- ir, Raman spectrum 326, 327 

Dimethyl 2-formylphenyl telluronium 

iodide 223 

- loss of methyl iodide 231 

Dimethyl hydrogen telluronium 

chloride 199 

Dimethyl 4-methoxyphenyl telluronium 

iodide 223 

- loss of methyl iodide 231 

-r.w. Na,S+9H,0 US 4 Z82 

Dimethyl phenyl telluronium iodide 

208 

- loss of methyl iodide 231 

Dimethyl selenide telluride 257 

Dimethyl sulfate 

-r.w. ArTeNa 129 

Dimethyl sulfite 

-r.W. TeC1, 77 

Dimethyl telluride 105, 106, 116, 

iliieye, iste! 

- adduct with HgC1, 379 

- adduct with HCl 140 

425 

- adduct with trinitrobenzene 140 

- conductivity in liquid HCl 140, 357 

- flash photolysis 142, 277 

- from K,Te0, and molds 379 

- ir, Raman spectrum 326, 327 

- Palladium complexes 270 

- Platinum complexes 270 

- protonated 199 

cadmium iodide 273 

-- hydrogen peroxide 197 

-- liquid HC1 199 

-- silver iodide 273 

“ toxicity 378 

Dimethyl tellurium dibromide 

-r.w. 

- ir, Raman spectrum 326, 327 

Dimethyl tellurium dichloride 

- action on nerve cells 379 

- conductivity in liquid HCl 357 

- ir, Raman spectrum 326, 327 

- structure 361 

- titration with base 192 

Dimethyl tellurium difluoride 143 

Dimethyl tellurium dihalides 

- conductivity in liquid HCl 357 

- magnetic susceptibilities 356 

Dimethyl tellurium dihydroxide 89 

-r.w. hydrogen peroxide 197 

Dimethyl tellurium diiodide 

- adducts with NH, 190 

Brey 129, 148 - contg. 

- crystallographic data 357 

- dec. ni solution 145, 146 

- dipole moment 356 

- from tellurium and methyl 

iodide 148 

- ir, Raman spectrum 326, 327 

- structure 356 

Dimethyl tellurium dinitrate 

- magnetic susceptibility 356 
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Dimethyl tellurium hydroxide 

nitrate 

- titration with base 192 

Dimethyl telluroketone 243 

Dimethyl tellurone 197 

Dimethyl telluroxide 192 

- basicity 192 

4-Dimethylaminobenzene 

-r.w. ArTeCl, LAS YS ateyIn alyAl 

1,3-Dimethylbenzimidazoline 28, 

242 

-r.w. tellurium 28, 242 

4,4'-Dimethyl-2, 2'-diphenylylene 

mercury 

-r.w. tellurium 291 

4,4'-Dimethyl-2, 2'-biphenylylene 

tellurium dichloride 

-r.w. 4,4'-dimethyl-2,2'-dilithio- 

biphenyl 235 

Dimethyl (ethyltelluro) silane 

- ir spectrum 337 

2,8-Dimethylphenoxtellurine 

-r.w. sulfur 320 

Dimethylsilyl ethyl telluride 251 

2,4-Dimethyl-1-tellura-3, 5-cyclo- 

hexanedione 

- toxicity 378 

4,4-Dimethyl-1-tellura-3, 5-cyclo- 

hexanedione 

-r.w. hydroxylamine sulfate 300 

2,6-Dimethyl-1-tellura-3,5-cyclo- 

hexanedione 

- bactericide 369 

- toxicity 378 

1,3-Dimethy1-2-telluroxobenz-— 

imidazoline 28, 242 

2,8-Dinitrophenoxtellurine 

- adducts with 2-nitrophenox- 

tellurine 316 

Dinitrophenoxtellurine 10,10- 

dinitrates 311, 315 

Dinitrophenoxtellurines 310, 311 

- dec. by KOH 315 

-r.w. tin/HCl 316 

Diorganyl ditellurides 91, 92 

see also Dialkyl, Diaryl ditellurides 

- as ligands 247, 258 

- from Na,Te, and organic halides 41 

- modification of the organic moiety 

100 

- oxidation to tellurinic acids 84 

- properties 91, 92 

- reactions 104 

-r.w. air 102 

-- bis(thiocarbamoyl) disulfides 

735 LOO 

-- diphosphines 103, 255 

-- Grignard reagents 43, 58, 101, 245 

-- halogens 78, 100 

-- hydrogen peroxide 102 

-- iron carbonyls 269 

-- mercuric halides 103 

-- methyl iodide 44 

-- nitric acid 88 

-- phenyl lithium 101 

-- RTeCl, 43, 82, 103 
3 

-- R,TeBr, 103, 190 

-- R,SeBr, 103 

-- tellurium tetrachloride 103, 247 

-- transition metal compds. 103, 

LU PINHOLES AO AA 

-- vie-dibromides 44, 103 

-- uranium pentachloride 103, 274 

- synthesis 91, 104 

- thermal dec. 44, 101, 117 

Diorganyl mercury 

-r.w. diphenyl ditelluride 101, 

136 



Diorganyl selenium dibromides 

-r.w. R,Te, 103 

Diorganyl methyl telluronium 

lodides 139 

- from R,Tel, 

44 

Diorganyl tellurides 

and methyl iodide 

see also Dialkyl, Diaryl tellurides 

- as ligands 257, 258 

- from Na,Te and organic halides 

44, 107 

- from R,TeCl, and sulfites 
2 2 

107, 114 

- from R,TeCl, and Na,S, LiAlH, , 

Zn, SnCl,, Na,S,0, 114 

- from R,TeC1, and CH,MgI 114, 189 

- from R,TeCl, and R5Po 189 

- from R,Te, by thermal dec. 44, 

117 

- from R,Te, and Grignard reagents 

43 

- from R,Te, and R,TeBr, 190 

- from TeCl 

3/5 Shs) 

- from TeCl 

4 and Grignard reagents 

4 and organic lithium 

compds. 40 

- modification of the organic 

MOLECYMIIO pe ol LS! 

- reactions 120, 139 

-Ir.w. Ar ,BiF, 139, 174 

-- benzoyl chloride 174 

-- benzoyl peroxide 140, 177 

- a-halocarboxylic acids 174 

-- halogens 139, 143, 173 

-- hydrogen peroxide 140 

-- mercuric halides 274, 275 

-- nitric acid 140, 177 

-- organic halides 44, 139, 199, 

208, 224 
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-- oxygen 140 

-- oxygen(air) and HCl or HBr 177 

-- R, TeX, 140 

-- S0,Xo> Socl, 139, 174 

-- vte-dibromides 139, 174, 176 

- purification 114 

- symmetric 105 

-- synthesis 107, 120 

- unsymmetric 121, 122, 189 

-- synthesis 121 

Diorganyl tellurium compounds, 

R,TexY U5 NST) 

Diorganyl tellurium dibenzoates 

140, 177 

Diorganyl tellurium dibromides 

and ArH 171 
3 

- from Ar,Te and vtc-dibromides 

174, 176 

- from Ar,Te, 

44, 103, 139 

- hydrolysis 177, 187 

-r.w. R,Te, 103, 190 

Diorganyl tellurium dichlorides 

- from ArTeBr 

and vtce-dibromides 

see also Dialkyl, Diaryl tellurium 

dichlorides and dihalides 

- from ArTeCl 

- from RTeC1, 

- from RTeC1, 

3 and ketones 171 

and ArH 82, 171 

and unsaturated 

compds. 82 

- from RTeC1l 

- from RTeCl 

3 and ArHgCl 82 

3 and R,Te, 82, 103 

gre and socl, 139 

- from R,Te and transition metal 

chlorides 139 

- from R,Te, and TeCl, 103 

- from TeC1, and Grignard reagents 

Bf, Shs) 

- from TeCl, and ketones 69 
4 

- hydrolysis 177, 187 

- from R 
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-r.w. Grignard reagents 199 

Diorganyl tellurium difluorides 

139 

- from R Te and tris (4-methylphenyl) 

bismuth difluoride 139, 174 

Diorganyl tellurium dihalides 

143 

see also Diorganyl tellurium 

dichlorides, Dialkyl and Diaryl 

tellurium chlorides and halides 

- from ArTeCl, and ArH 171 

- from RTeC1, and olefins 173 

- from RTeC1, 

43 

- from RTeC1, and R,Te, 43 

- from R,Te and air /HX 177 

- from R,Te and halogens 139, 173 
2 

- from R,Te and vitc-dibromides 
2 

L745 L7G, 

- from Te and alkyl iodides 148 

- from TeC1, and acetic anhydride 

170 

- from TeC1, and ArH 170 

- from TeC1, and ketones 148 

- from TeC1, and 1,3-diketones 

148 

- from TeOC1, and cresols 171 
2 

- halogen exchange reactions 177 

and organic compds 

- reactions 149, 188 

-r.w. base 192 

-- Grignard reagents 43, 114, 

189, 211 

-- R5Po 189 

-- RoTe 140 

-- silver oxide /water 192 

- reduction to R,Te by sulfites 

107-114, 137, 1143 

-- by Na,$+9H,O 114, 137, 185 

-- by LiAlH,, SnCl,, CH,MgI, 

Na,S 0 114 
223 

-- by Zn 114, 137 

-- by Grignard reagents 43, 114, 189, 

211 

- symmetric 147, 150 

- structure 143, 144, 357, 358, 361 

- synthesis 147, 149 

- unsymmetric 147, 161, 171, 173, 184 

-- resolution into opt. active 

compds. 227, 228 

Diorganyl tellurium dihydroxides 

LO aN YS aes 1) 

- dehydration 192 

-r.w. NaOH 193 

Diorganyl tellurium diiodide 

-r.w. iodine 188 

-- water 177, 187 

Diorganyl tellurium dinitrates 

140, 177 

Diorganyl tellurium halide 

hydroxides 177, 187 

- anhydrides of 187 

- from R,TeO and HX 188 

- halogen exchange 188 

-r.w. NaOH 193 

a R,,Te (0H) » 188 

-- silver oxide/water 193 

Diorganyl tellurium iodide triiodide 

188 

Diorganyl tellurones 196 

=-r.w. HI 197 

- structure 197 

Diorganyl telluroxides 140, 175, 177, 

184, 192, 194 

- adducts with RTeOOH 196 

- basicity 192 

- enol form 196 

- oxidation to tellurinic acids 196 

-r.w. HX 188 

- synthesis 192, 193 



Dipentyl telluride 84, 105 

Diphenyl acetylene 

-r.w. TeC1, 36, 78 

Diphenyl ditelluride 58, 138 

- complex with UC1, 274 

- dissociation into radicals 

101 

- from Te and CoH. 97 

- from Te (CN), and (C.H.) ,Bi Dill 

- mass spectrum 363, 365 

- molecular mass 101 

-r.w. bis(thiocarbamoyl) disulfides 

79 

-- dialkyl mercury 101,-136 - 

-- Grignard reagents 246 

-- mercuric halides 274 

-- mercury 102, 273 

-- nitric acid 88, 102 

-- sodium 58, 102 

-- sodium borohydride 245 

-- [n-cpFe(CO),], 269 

-- [n-cpMo (CO) .], 257, 266 

-— [Ru(CO) 1], 270 

- thermal dec. 117 

Diphenyl ether 

-r.w. 4-phenoxyphenyl tellurium 

trichloride 171, 307 

-- TeC1, 35,0307, 

Diphenyl methyl telluronium iodide 

ibis}, alee 

- conductivity 357 

- loss of methyl iodide 230 

Diphenyl selenide 141, 192 

- binary system with telluride 

107 

-r.w. potassium amide 142 

Diphenyl sulfide 

- binary system with telluride 

107 
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=r.We TeC1, 3B) 

Diphenyl telluride 116, 117, 118, 

LIB) Leys}, AsV, ss y27 

- adduct with HCl 140 

- binary systems with diphenyl sulfide, 

selenide 107 

- contg. Ute) from Te and Ar Hg 119 

-- disintegration 142 

- contg. res from Ary) sb 119 

- determination of Pd 368 

- effect on syphylis in rabbits 379 

- from Ar,Te, by thermal dec. 117 

- from Ar,TeCl and ArMgBr 229 
3 

- from R,TeBr, and LiAlH, 191- ~- 2 2 4 
- neutron irradiation 142 

- platinum complexes 270 

-r.w. a-bromopropionic acid 175 

-- butyl bromide 175, 208 

-- diazotetraphenylcyclopentadiene 

ise), As¥2 

-- 1,2-dibromoethane 175 

-- ethyl iodide 208 

-- ethyl iodoacetate 175 

-- HCl 140 

-- methyl iodide 175 

-- potassium amide 142 

-- sulfur 141 

-- AuC1, 273 

-- Co, (CO) , 257 

-- Cr (CO) ¢ 257 

-—— Fe (CO) ,X, 269 

-- Fe, (CO). (NO) 269 

-- Fe, (CO) 15 269 

-- Hg(OH)NO, 274 

-- Mn (CO) .X 266 

-- Mn, (CO) 19 266 

-- Ni(CO), 2510 

-- [Ru(CO) 

- TLC 367 

Xo), 270 



430 

Diphenyl tellurium bis (d-bromo- 

camphorsulfonate) 229 

Diphenyl tellurium d-bromocamphor- 

sulfonate hydroxide 229 

Diphenyl tellurium dibromide 175, 231 

- crystallographic data 357 

-r.w. lithium aluminum hydride 

191 

-- 2-methylphenyl magnesium 

bromide 137 

- optically active 229 

- structure 361 

Diphenyl tellurium dichloride 

- conductivity 357 

- contg. sean 148 

- dipole moment 143 

- from Sein Ar,” ?sbC1, 

148 

- from Te and diphenyliodonium 

chloride 185 

-r.w. silver salts of dicarboxylic 

acids 184, 324 

- TLC 367 

Diphenyl tellurium difluoride 143 

- dipole moment 143 

Diphenyl tellurium dihalides 

-r.w. halide ions 189 

-- diphenyl telluride 189 

Diphenyl tellurium diiodide 175, 

193 

- conductivity 357 

- dipole moment 143 

-r.w. iodine 189 

- TLC 367 

Diphenyl tellurium hydroxide iodide 

- conv. to Ar,TeO and Ar Tel, 193 

Diphenyl telluronium tetraphenyl- 

cyclopentadienylide 139 

- mass spectrum 362 

Diphenyl telluroxide 193 

Diphenylacetylene 

4 36, 78 

1,4-Diphenylbutadiene 

-r.w. TeCl, 36 4 

2,2-Diphenyl-5-chloromercuri-4- 

-r.w. TeCl 

pentanolactone 

-r.W. TeC1, 40, 184 

Diphenyliodonium chloride 

-r.w. tellurium 28, 119, 185 

Diphenylnitrilimine 

-r.w. acetylenyl organyl tellurides 

130 

N-a-Diphenylnitrone 

-r.w. acetylenyl organyl tellurides 

130 

5-(3, 3-Dipheny1-2-oxo-1-oxacyclopentyl1) - 

methyl 4-ethoxyphenyl tellurium 

diiodide 99 

- conv. to Ar,Te, 25° 9H,0 99 

5-(3,3-Dipheny1-2-oxo-1l-oxacyclopentyl) - 

methyl 2-naphthyl telluride 64, 65 

-r.w. iodine 64, 65 

5-(3, 3-Dipheny1-2-oxo-1-oxacyclopentyl1l) - 

methyl 2-naphthyl tellurium diiodide 

64, 65 

3,3-Dipheny1-2-oxo-5-tetrahydrofurylmethyl 

2-naphthyl telluride 138 

Diphosphines 

by Na 

-©r.wW. R,Te, 1103), 255 

Diphosphorus pentatelluride 

-r.w. carboxylic acids 42 

2,2-Diphenyl-4-pentenoic acid 

-r.w. 2-chlorocyclohexyl tellurium 

trichloride 82 

-- 2-C, pH Tel 64 

-- RTeCl, 173 3 
-- TeCl, 36, 172 



Dipole moments of organic Te compds. 

83), 43, 144, 311925 233;,.250, 350, 

357 

Dipropyl telluride 

- complexes with Pd, Pt 270 

Dipropyl telluroketone 243 

Disilyl telluride 250 

- ir spectrum 337 

-r.w. germyl bromide 252 

- HI 253 

-- light 253 

-- oxygen 253 

Disulfur dichloride 

tellurium 17 

1,1'-Ditellura-3, 3'-bicyclopentyl 

279 

Ditellurium decafluoride 17 

Ditellurium dicyanide 52 

Ditelluromethane 323 

-r.W. 

E 
5,10-Epitelluroarsanthrene 257 

- mass spectrum 362 

- structure 257 

Epitellurobenzene 277, 363 

5, 10-Epoxyarsanthrene 

-r.W. H,Te 256 

4-Ethoxy-2-oxo-3-pentenyl tellurium 

trichloride 300 

4-Ethoxyphenyl 4-ethoxyphenyl- 

telluromethyl telluride 138 

4-Ethoxyphenyl 2-(4-ethoxyphenyl- 

telluro)phenyl telluride 138 

4-Ethoxyphenyl 4-methoxyphenyl 

tellurium dichloride 

- from 4-ethoxyphenyl tellurium 

trichloride and ArH 171 

4-Ethoxyphenyl tellurium trichloride 

-r.w. alkoxybenzenes 171 
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-- dimethylaminobenzene 171 

-- ketones 171 

-- resorcinol 171 

Ethyl chloride 

-r.w. 1-tellura-3,5-cyclohexanedione 

1,1-dichlorides 300 

Ethyl ethylsilyl telluride 251 

Ethyl iodide 

-r.w. diorganyl tellurides 208 

-- tellurium 148 

Ethyl iodoacetate 

-r.w. diphenyl telluride 175 

Ethyl Lithium telluride 102, 245 

-r.w. chlorosilanes 251 

-- triethylgermyl bromide 251 

2-Ethyl methyl 4-methoxyphenyl 

telluronium d-bromocamphorsulfonate 

22H, 

-r.w. potassium iodide 227 

Ethyl methyl 4-methoxyphenyl 

telluronium iodide 227 

Ethyl phenyl telluride 121, 137 

Ethyl silyl telluride 251 

- ir spectrum 337 

Ethyl tellurium tribromide 

- adduct with thiourea 83 

- ir spectrum 340 

Ethyl tellurium trichloride 

- adduct with SbCl, 83 

- adduct with thiourea 83 

- ir spectra of adducts 340 

Ethyl tellurium triiodide 

- adduct with thiourea 83 

-- ir spectrum 340 

Ethyl triethylgermyl telluride 251 

Ethyl triethylsilyl telluride 251 

Ethyl vinylacetylenyl telluride 

-r.w. 1,3-diphenylnitrilimine 130 

-- N-a-diphenylnitrone 130 
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1,2-Ethylene bis(diphenyl telluronium 

bromide) 175 

- dec. to Ar,TeBr, 174 

4-Ethyl-1-tellura-3, 5-cyclohexane- 

dione 

- therapeutic value 378 

- toxicity 378 

5-(Ethyltelluroethyny1)-2,3-diphenyl- 

isoxazolidine 130 

5-(Ethyltelluroethyny1)-1, 3-diphenyl- 

2-pyrazoline 130 

- ir spectrum 333 

F 

Flash photolysis of dimethyl 

telluride 142, 277 

Fluorine 

-r.w. tellurium 17 

4-Fluorodiphenyl ether 

=TieWs TeC1, $15) 

Fluorosulfonic acid 

-r.w. l-telluracyclohexane 199 

2-Formylphenyl methyl telluride 

-r.w. silver nitrate 100 

-- silver oxide 141 

G 
Gallium-tellurium compds. 246 

Germanium-tellurium compds. 247 

Gold-tellurium compds. 258, 273 

Germyl bromide 

-r.w. disilyl telluride 252 

Grignard reagents 

-Ir.wW. ArTeC1, 186 

—— Ar,TeCl, YAS Alibris /ige IRS), 

199 Zed 

-- Ar,TeCl 2297230 

-- 2-C, pH>Tel 43, 64, 136 

= R,TeCl, CSV daly lies IES /s5 

189, 211 

-- R,Te, 43, 101, 136, 245, 246 

-- tellurium 26, 58, 98, 106, 117, 

137, 245 | 

== TeX, 36, .98,0.139 

-- TeCl, 37, 38, 116, 186, 199, 206 

H 
Halogen exchange 

- in RTeX, 79, 80 

- in RTeX 61 

- in R,TeX 208, 209, 210, 294 

Halogens 

-r.w. benzotellurophene 289 

-- benzyl aryl tellurides 173 

-- bis(triorganyl -group IV element) 

tellurides 252 

-- dibenzotellurophene 291 

-- l-oxa-4-telluracyclohexane 305 

-- phenoxtellurine 315 

-— R,Te, 78, 100 
2 2. 

-- R,Te 139, 143, 173 

-- i Deciabieweh neta 296 

-- 1-tellura-3,5-cyclohexanedione 

300 

-- 1-telluracyclopentane 278, 279 

-- telluroformaldehyde 242 

-- tellurophene 286 

-- tetraorganyl tellurium 239, 294 

-- 1-thia-4-telluracyclohexane 320 

Hexachloro-1,3-butadiene 26, 282 

Hexamethoxy tellurium 

-r.w. 2,2'-dilithiobiphenyl 43, 234 

Hydrides of Si, Ge, Sn 

-r.w. diethyl telluride 142, 250 

Hydrochloric acid 

see hydrogen chloride 

Hydrogen chloride 

-r.w. dimethyl telluride 140, 199 

-- diphenyl telluride 140 



-- 1-tellura-2,5-cyclohexanedione 

300 

-- 1-tellura-3,5-cyclohexanedione 

1,1-dichlorides 300 

-- tetraorganyl tellurium 239, 294 

Hydrogen halides 

-r.w. R,TeO 177, 196 

Hydrogen todide 

-I.W. C,HoTel, 190 

—— (C,Hg) .Tel, 190 

-- (H,Si) .Te 259 

-- RTeOOH 80, 89 

oo R,Te0, 197 

-- trialkyltelluronium alkyltetra- 

hydroxytellurate(IV) 212 

Hydrogen peroxide 

- adduct with diorganyl telluroxides 

197 

-r.w. diorganyl ditellurides 102 

-- diorganyl tellurides 140, 141, 

197 

-- phenoxtellurine 197, 198 

=< R,Te (OH) » 197 

-- 1-telluracyclohexane 197 

-- telluroisochroman 197 

Hydrogen telluride 58, 136 

-r.w. acrylonitrile 42, 118 

-- benzil 243 

-- benzophenone 243 

-- chloral 119 

-- 5,10-epoxyarsanthrene 256 

-- N-isothiocyanatodiisopropyl- 

amine 52 

-- ketones 42, 242 

Hydrogen triethylsilyl telluride 

251 

Hydrolysis 

- 2,2'-biphenylylene tellur-4- 

methylphenylsulfonylimine 193 

433 

= R, TeX, Ws AS) 5 7258 

- Ry Tel, ILC cy Busy) 

- RTeX, 80, 82, 83, 84, 88 

- RTe(0)X 89 

- R,Te LAO) 7A}, PLIES WAstshy 24s) 

294 

Hydroxy 4-methylphenyl phenyl 

telluronium 

- d-bromocamphorsulfonate, opt. 

active 228 

- hydroxide 228 

4-Hydroxybenzenetellurinic acid 

- nitration 88 

4-Hydroxy-3, 5-dinitrobenzenetellurinic 

acid nitrate 88 

4-(1'-Hydroxy-2'-hydroxymethy1-2'- 

dichloroacetamidoethyl) biphenylyl 

methyl telluride 

- toxicity 379 

4-(1'-Hydroxy-2'-hydroxymethy1-2'- 

dichloroacetamidoethyl) phenyl methyl 

telluride 

- toxicity 379 

Hydroxylamine sulfate 

-r.w. 1l-telluracyclohexanediones 

300, 304 

4-Hydroxy-3-nitrobenzenetellurinic 

acid 88 

4-Hydroxyphenyl tellurium trichloride 

79 

- dec. by K,S,0. 97 

- dec. by Na,S*9H,0 98 

- halogen exchange 79 

4-Hydroxyphenyl tellurium triiodide 

ng) 

l 

Indole 

- hydrogen bond to diethyl telluride 

337 
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Iodine 

-r.w. diorganyl tellurides 59, 

64, 65, 101 

-- phenoxtellurine 315 

-- R,TeL, 188, 189 

-- tellurium 19 

Iodine bromide 

-r.w. tellurium 19 

Iron-tellurium compds. 259, 269 

Iron carbonyls 

-r.w. tetraphenyltellurophene 

1,1-dibromide 288 

Iron compds. 

- complexes with tellurides, 

ditellurides 259, 269 

Isonitriles 

-r.w. tellurium 50 

Isopropenylethynyl methyl telluride 

- dec. by mercuric nitrate 141 

Isopropenylethynyl sodium 

telluride 245 

N-Isothiocyanatodiisopropylamine 

-r.W. H,Te 52 

K 
Ketones 

-r.W. ArTeBr, 171 

== ArTeC1, 4382 olf: 

-- H,Te 425 242, 243 

-- TeC1, SY45 CEN, Wi/i5 AUSS -AlyAG) 

L 
Lead-tellurium compds. 244, 247 

2-Lithiotellurophene 286, 287 

-r.w. alkylating agents 286 

Lithioalkanes 

see also organic lithium compds. 

-I.W. TeC1, 40, 199, 236 

=r W eh Lele 250 
3} 

Lithium 

-r.w. diethyl ditelluride 102, 

24550 251 

Lithium aluminum hydride 

-r.W. R, TeX, Ilse satel 

Lithium pentaphenyltellurate(IV) 

234 

Lithium-tellurium compds. 244 

Lithium telluride 250 

-r.w. silyl halides 250 

-- 1,4-diiodobutadiene 282 

Lithium triphenylgermyl telluride 

245, 248 

-r.W. (CcH.) .MC1 (M = Ge, Sn, Pb) 

247 

Lithium triphenylplumbyl telluride 

245, 248 

-r.W. (CH) MCL (M = Ge, Sn, Pb) 

247 

Lithium triphenylstannyl telluride 

245, 248 

-r.W. (CH) 4MC1 (M = Ge, Sn, Pb) 

247 

M 
Magnesium-tellurium compds. 244, 245 

Magnetic susceptibility of organic 

Te compds. 356 

Maleic anhydride 

-r.w. tetraphenyltellurophene 286 

-- tetraphenyltellurophene 1,1- 

dibromide 286 

Manganese-tellurium compds. 266 

Mercuric acetate 

-r.w. tellurophene 286 

Mercuric chloride 

-r.w. benzenetellurol 102 

-- dibenzotellurophene 291 

Mercuric halides 

- complexes with diorganyl 

ditellurides 274 



- complexes with diorganyl 

tellurides 64, 103, 273, 274, 

PAs \y SH/2) 

=I.W. R,TexX 212 

Mercuric hydroxide nitrate 

-r.w. diorganyl tellurides 274 

Mercuric nitrate 

-r.w. methyl alkynyl tellurides 

141 

Mercury 

-r.w. CSTe 54 

-- diphenyl ditelluride 102, 273 

Mercury tellurium compds. 244, 

Bish Pails, “721/5) 

Metal halides 

-r.w. diorganyl tellurides 139, 

174 

-- R,TeX 212 

Metal ions 

- detn. with organic Te compds. 

368 

Methanetellurinic acid 89 

Methantellurol 

-.ir, Raman spectrum 325, 327 

4-Methoxybenzenetellurinic acid 

todide 84 

4-Methoxyphenyl dimethyl 

telluronium iodide 118 

4-Methoxyphenyl 4-methoxyphenyl-— 

telluromethyl telluride 138 

4-Methoxyphenyl methyl telluride 

- adduct with picric acid 140 

4-Methoxyphenyl tellurium 

trichloride 79 

- adduct with SbCl, 83 

-- ir spectrum 340 

- adduct with thiourea 83 

-- ir spectrum 340 
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- halogen exchange 79 

- hydrolysis 80 

4-Methoxyphenyl tellurium trihydroxide 

80 

4-Methoxyphenyl tellurium triiodide 

- hydrolysis 84 

4-Methoxyphenyl tellurium 

tris(dithiocarbamate) 79, 80 

Methyl iodide 

-r.w. benzotellurophene 289 

-- dibenzotellurophene 291 

-- diorganyl ditellurides 44, 102, 

186, 223 

-- diorganyl tellurides 175, 208 

-- sodium selenide, telluride 257 

-- tellurium 148 

-- tetraorganyl tellurium 240 

-- tetraphenyltellurophene 288 

-- 1-thia-4-telluracyclohexane 323 

Methyl lithium 

-r.w. TeC1, 206, 236 

-- (CH,) ,Tel 2305, (236 

Methyl methylethynyl telluride 

- dec. by mercuric nitrate 141 

&-Methyl 4-methylphenyl phenyl 

telluronium 

- d-a-bromocamphorsulfonate 224 

- iodide 224 

d-Methyl 4-methylphenyl phenyl 

telluronium 

- d-10-camphorsulfonate 224 

- iodide 224 

Methyl 2-methylphenyl phenyl 

telluronium iodide 224 

Methyl 4-methylphenyl phenyl 

telluronium iodide 224 

-r.w. silver d-a-bromocamphorsulfonate 

224 

-- silver d-10-camphorsulfonate 224 
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Methyl phenyl telluride 138 

- from "TeX," and CH,MgBr / 

Cel MgBr 138 

-r.w. bromoacetyl chloride 131, 

wi 2 

- uv spectrum 141 

Methyl tellurium iodide 145 

Methyl tellurium tribromide 

67, 80, 101 

- adduct with thiourea 83 

- adduct with tetramethylthiourea 

83 

Methyl tellurium trichloride 67 

- adduct with SbCl, 83 

-- ir spectrum 340 

- association in solution 67 

-r.w. boron trichloride 83 

Methyl tellurium trifluoride 80 

Methyl tellurium trihalides 

- adducts with (CH TeX 146, 

147 

- adducts with tetramethylthiourea, 

33 

ir spectrum 340 

Methyl tellurium triiodide 80 

- adduct with (CH,) ,Tel 146 

-- crystallographic data 357 

-- structure 146 

- adduct with thiourea 83 

- halogen exchange 80 

-r.w. potassium iodide 82 

Methyl vinylacetylenyl telluride 

-r.w. benzonitrile N-oxide 130 

-- N-a-diphenylnitrone 130 

-- 1,3-diphenylnitrilimine 130 

Methylene bis(acetonyl tellurium 

dichloride) 171 

Methylene bis(tellurium trichloride) 

34 

-r.w. acetone 171 

-- K,S50, 323 

Methylene ditelluride 323 

Methylene radicals 

-r.w. tellurium 322 

Methylethynyl sodium telluride 245 

3-Methyl-4-hydroxyphenyl tellurium 

trichloride 78 

2-Methylphenol 

-I.W. Te0Cl, 78 

2-Methylphenoxtellurine 10,10-dichloride 

309 

8-Methylphenoxtellurine 10,10-dichloride 

316 

-Ir.w. TeCl, 316 

4-Methylphenyl phenyl ether 

—r.W. TeCl, 316 

2-Methylphenyl phenyl telluride 137 

4-Methylphenyl phenyl telluride 137 

4-Methylphenyl phenyl tellurium 

bis (d-a-bromocamphorsulfonate) 

- hydrolysis 228 

- opt. active 228 

4-Methylphenyl phenyl tellurium 

dibromide 

- opt. active 228 

-r.w. silver d-a-bromocamphorsulfonate _ 

228 

4-Methylphenyl phenyl tellurium 

diiodide 228 

- opt. active 228 

4-Methylphenyl phenyl telluroxide 

- attempted resolution into opt. 

active compds. 227 

2-Methylphenyl sodium telluride 245 

4-Methylphenyl sodium telluride 245 

4-Methylphenyl tellurium trichloride 

- TLC 367 

Methyltelluracyclopropane 277 

Methyltelluro radical 142 



5-(Methyltelluroethyny1)-1, 3-diphenyl- 

2-pyrazoline 130 

- ir spectrum 333 

5-(methyltelluroethyny1)-3-phenyl- 

2-isoxazoline 130 

1-Methyltelluro-3-methy1-3-buten- 

1-yne 

- ir spectrum 333 

- nmr spectrum 356 

Methyltetraiodotellurate(IV) anion 

- structure 361 

Mineral acids 

-r.w. tellurophene 286 

Molybdenum-tellurium compds. 

258,259), 206 

N 

Naphthalenetellurinic acid 

anhydride 64, 88 

2-Naphthyl phenyl telluride 

- adduct with HgC1I 64 

--I.W. Na,S+9H,0 64 

2-Naphthyl tellurium iodide 

- adduct with triphenylphosphine 

64 

-- dec. to Ar,Te, 100 

- reactions 66 

-r.w. aqueous NaOH 64, 88, 100 

-- 2,2-diphenyl-2-allylacetic 

acid 64, 138 

-- Grignard reagents 43, 64, 136 

-- phenyl mercury chloride 64, 

136 

-- triethyl phosphite 64, 100 

-- triethylamine 64, 100 

- synthesis 59 

1-Naphthyl tellurium trichloride 

-r.w. olefins 173 

2-Naphthyl tellurium trichloride 

-r.w. olefins 173 

Nitric acid 

-r.w. arenetellurinic acids 88 

-- benzotellurophene 292, 294 

-- diorganyl ditellurides 88, 102 

-- diorganyl tellurides 140, 177 

-- phenoxtellurine 309, 310, 317 

--R TeX, 144, 190 
2 

= R,TeO 196 

Nitrodiphenyl ethers 

=r-w. TeC1, 309 4 

Nitromethane 

-r.w. TeCl, 340 77, 

Nitromethyl tellurium trichloride 

34) 21 

Nitrophenoxtellurines 310, 311 

-r.w. tin/HCl 316 

Nitrophenoxtellurine 10,10-dinitrates 

Spill, SUL) 

2-Nitrophenoxtellurine 

- adduct with 2,8-dinitrophenoxtellurine 

316 

Nitrous acid 

-r.w. bis(4-dimethylaminopheny1) 

tellurium dichloride 190 

Nomenclature of organic tellurium 

compds. 4 

O 
Octafluorodibenzotellurophene 291 

Olefins 

-r.w. ArTeC1, 82, 7/3, 

-- TeBr, 26 cndi72; 

-- TeCl, BGG (kp, dll 

Organic Compds. 

-r.w. tellurium 25 

~~ TeC1, Re) -2h0) 

Organic dihalides 

-r.wW. Al,Te, 42 
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-- tellurium 26 

Organic halides 

-r.w. Na,Te 44, 107 

-- Na Te, 41 

-- R,Te 44, 139, 199, 208, 224 

-- tellurium 24, 148 

Organic lithium compds. 

-r.W. R,Te, LOM 245 

-~ R,Tex 230 e234 250 

-- tellurium 26, 98, 121, 122, 245 

-- TeCl, (MO), EGS. SUSI) PAO, PAOKEh 

234, 236 

Organic radicals 

-r.w. tellurium 27, 97, 116, 138, 

322 

Organic mercury compds. 

=reweteliuriumec ol OGn lst Oo) 

291 

-- TeCl, 39, 78, 184, 309 

-- RTeC1, AS O25 LOO 

-- 2-C, pj Tel 64, 136 

Organic tellurium compds. 

- as ligands in transition metal 

complexes 257 

-- ir spectra 338 

-- nmr spectra 356 

- biological activity 369 

- chromatography 367 

- contg. radioactive tellurium 

isotopes 142, 148 

- contg. a tellurium-metal bond 

244 

- dipole moments 143, 144, 192, 

35650557 

- heterocyclic 277 

=) ir,eRaman) 325,..327, 933050934) 

- magnetic sysceptibilities 356 

- mass spectra 362 

- nor 341 

- nomenclature 4 

- parachor 356 

- patents 380 

- physicochemical investigations 

325 

- polymeric 323 

- reviews 3 

- structures 356 

- synthesis from tellurium 24, 25 

-- from organic tellurium compds. 

43, 45 

- uv, visible spectra 341, 342 
45 cb) 

- disintegration to Te compds. 

LO aS 206256 

Organyl mercury chlorides 

Organyl antimony compds. ( 

see also Organic mercury compds. 

-r.w. RTeC1, ASS 2 Seale 

Organyl tellurium tribromides 70 

- from R,Te, and bromine 79 

- hydrolysis 83, 84 

Organyl tellurium trichlorides 67, 

70 
see also individual compds. 

- adducts with thioureas 83 

- halogen exchange 79 

- hydrolysis 83, 84 

- intramolecular condensation 82 

-r.w. aromatic compds. 43, 82 

-- dialkyl ditellurides 82, 103 

-- dialkyl tellurides 43 

-- Grignard reagents 186 

-- ketones 43, 82 

-- olefins 173 

-- organyl mercury chlorides 43, 82, 

135. LOO 

-- sulfites, sodium sulfide 79, 

80, 97 

- reduction to RTeCl 59, 82 



- synthesis 67, 68, 69, 77, 78 

Organyl tellurium trifluorides 80 

Organyl tellurium trihalides 70 

- halogen exchange 79 

- hydrolysis 84 

- reactions 80, 81 

- synthesis 67, 68 

Organyl tellurium triiodides 

- from R,Te, and iodine 70, 79 

- hydrolysis 84 

Organyl tellurium tris(dithiocarba- 

mate) 70, 79 

- thermochromic properties 79 

Organyl tellurocyanates 49, 50 

Organyltelluro magnesium bromide 

ele Lusi 

Organyltellurophosphines 103, 255 

1-Oxa-4-telluracyclohexane 305, 

308 

- dec. in CCl, 307 

- reactions 308 

-r.w. halogens 305 

1-Oxa-4-telluracyclohexane 

4,4-dichloride 305 

-I.W. K,S50. 307 

1-Oxa-4-telluracyclohexane 

4,4-diiodide 307 

Oxygen (air) 

-r.w. disilyl telluride 253 

-- R,Te 140, 141, 177, 193, 197 
2 

-- R,Te, 102 

P 

Palladium 

-- determination with diphenyl 

telluride 368 

Palladium complexes 

- with dialkyl tellurides 259, 

PaO, 221 3h 
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Pentamethylene bis(cyclopentamethylene 

telluronium halide) 296 

- thermal dec. 296 

a,w-Pentamethylene dihalides 

-r.w. Al,Te, 296 
2en13 

-- Na,Te 296 

-- Wee areiees 296 

-- tellurium 296 

Pentanetellurinic acid 84 

Perfluorodibenzotellurophene 291 

Perfluorphenyl iodide 

-r.w. tellurium 148 

Perfluorophenyl lithium 

-r.w. TeCl, Ade 6236 

Perfluorophenyl tellurium trichloride 

=rE.w. zine 98 

Phenacyl bromide 

-r.w. diaryl tellurides 208 

Phenol 

-hydrogen bonded to diethyl telluride 

3377, 

Phenoxtellurine 307, 311 

- adduct with 2-chloro-8-methyl- 

phenoxtellurine 316 

- adducts with phenoxtellurine 

derivatives 317, 319 

- adducts with trinitrobenzene, 

picric acid, picryl chloride 

SHIT Shs) 

-- ir spectra 317 

=) 2), S-disubstituted 309) gin 

- electrochemical oxidation 319 

- from 2-phenoxyphenyl tellurium 

trichloride 43 

- nitration 309, 310 

- product of oxidation with H,0, 

198 

- reactions 311 

-r.w. base 320 
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-- bromine, dodine 315 

-- hydrogen peroxide 197 

-- Mn (CO) ,X 266 

-- nitric acid 309, 310, 317 

-- pyrocatechol dichloromethylene 

ether 315 

-- sulfuric acid 317 

~- 2-substituted 309, 311 

- triplet-triplet energy transfer 

320 

Phenoxtellurine 10,10-dichloride 

35, 307, 311, 315 

-r.w. K,S,0. 3r5 

Phenoxtellurine 10,10-dihalides 

315 

- anion exchange 316 

Phenoxtellurine 10,10-dinitrate 

315 

- complex with reduced species 

Say, She) 

-T.W. K550, S15 

Phenoxtellurine 10-hydroxide 

10-nitrate 315 

-r.W. K,550. 315 

Phenoxtellurine sulfates 317 

2-Phenoxyphenyl tellurium 

trichloride 

- intramolecular condensation 

43, 82, 307 

-r.W. K,S,0. 307 

4-Phenoxyphenyl tellurium 

trichloride 

- intramolecular rearrangement 

43, 82, 307 

-r.w. diphenyl ether 171, 307 

Phenyl bromomagnesium telluride 

58, 245, 246 

-r.w. allenyl bromide 131 

-- propargyl bromide 131 

-- trimethylsilyl chloride 250 

Phenyl lithium 

gteCl, 234 

== Ar ,TeC1 234 

-- TeCl, 234 

Phenyl propargyl telluride 129 

-rew. Ar 

- isomerization 131 

Phenyl sodium telluride 245 

Phenyl tellurium halides 

- thiourea adducts, structure 61, 63 

Phenyl tellurium trichloride 

- contg. ore 83 

- dipole moment 83 

-r.w. olefins 173 

- TLC 83, 367 

Phenyltellurium tris(dithiocarbamates) 

79 

Phenyl trimethylsilyl telluride 250 

Phenylethynyl sodium telluride 245 

Phenyltelluro magnesium bromide 

- see phenyl bromomagnesium telluride 

Phenyltelluro mercury chloride 58, 102 

Phosgene 

-r.w. tellurophene 279 

Phosphorus-tellurium compds. 255 

Picric acid 

-r.w. benzotellurophene 290 

-- dibenzotellurophene 140, 291 

-- diorganyl tellurides 140 

-- phenoxtellurine 317, 318 

-- R,TeX 209 

Picryl chloride 

-r.w. phenoxtellurine 317, 318 

Platinum complexes 

- with dialkyl tellurides 259, 

ZiOpmeial 

Polonium compds. 174, 189, 367 

Potassium amide 

-r.w. diphenyl selenide and telluride 

142 
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Potassium cyanide Potassium tellurocyanate 

-r.w. tellurium 46, 47 -r.w. azulene 50 

Potassium diethyl tellurophosphate - synthesis 46, 47 

255 Potassium tetratelluride 47 

Potassium diethyl phosphite Propargyl bromide 

-r.w. tellurium 255 -r.w. CH TeMgBr v3T 

Potassium halides Pyrocatechol dichloromethylene ether 

=I.W. R,TeX 209 -r.w. phenoxtellurine 315 

Potassium hexacyanoferrate (II) Pyrrole 

-r.w. tellurium 46 -I.w. TeBr, 35 

Potassium disulfite 

- dec. of acetonyl tellurium Q 

compds. 97, 114, 189 Quinones 
- dec. of 4-hydroxyphenyl see reer, He 

tellurium trichloride 97 

-r.w. l-oxa-4-telluracyclohexane F sewwage 

4,4-dichloride 307 eae ArTeCl, 171 

-- phenoxtellurine 10,10-dihalides = TeCl, 170 

815 

-- RTeOOH 89, 97 

-- RTeC1, .° 10 ay A: a) APs | 0 AP 2 

-- R, TeX, OOOO Ovid 437. 

143592915 315 

-- 1-telluracyclohexane 1,1-dihalides 

297 

-- 1-tellura-3,5-cyclohexanedione 

1,1-dichlorides 300 

Potassium iodide 

Rhenium complexes 

- with diethyl telluride 259, 269 

Rhodium complexes 

- with diethyl telluride 259, 

270, 271 

Rongalite 21 

Ruthenium complexes 

- with diphenyl ditelluride, telluride, 

dibutyl telluride 239, 270 

-r.w. RTeL, 82 S 

-- tetramethylene bis(cyclotetra- Selenanthrene 142 

methylene telluronium iodide) Selenium-tellurium compounds 257 

279 Selenium 

Potassium methyltetraiodotellurate(IV) -r.w. diorganyl tellurides 141 

82 -- bis(triethylstannyl) telluride 252 

Potassium permanganate Silyl halides 

-r.w. diorganyl tellurides 193 -r.w. lithium telluride 250 

Potassium telluride 47, 105 Silver d-a-bromocamphorsulfonate 

Potassium tellurite -r.w. telluronium salts 224, 227, 

- conv. to dimethyl telluride 228, 305, 306 

by molds 379 
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Silver d-10-camphorsulfonate 

-r.w. telluronium salts 224 

Silver complexes 

- with dimethyl telluride 273 

Silver cyanide 

-r.W. TeBr, 50 

Silver dicarboxylates 

-r.W. Ry TeX, 184, 324 

Silver halides 

-I.W. R,TeX 209 

Silver iodide 

-r.w. bis(trimethylsilyl) telluride 

252 

Silver nitrate 

-r.w. 2-formylphenyl methyl 

telluride 100 

Silver oxide 

-r.w. alkyl 2-formylphenyl 

telluride 141 

-- carbalkoxymethyl diphenyl 

telluronium bromide 223 

-- R,Te (OH)X 193 

-- R,TeX, 192 

se R,TeX 209223 

Silver thiocyanate 

-t.W. TeBr, 51 

Sodium 

-r.w. diphenyl ditelluride 58, 102 

-- tellurium 19, 21, 282 

Sodium acetylides 

-r.w. tellurium 26, 121, 245 

Sodium borohydride 

-r.w. diorganyl ditellurides 

VOD 21 1298 245 

Sodium ditelluride 19, 21 

-r.w. alkylating agents 41, 91, 

O77, 

-- butyl bromide 97 

-- chloroacetic acid 97 

-- diacetylenes 41 

Sodium hydrogen sulfite 

-r.w. tellurophene 1,1-dihalides 286 

Sodium hydroxide 

see base solutions 

Sodium picrate 

-r.w. R,Tex 209 

Sodium selenide telluride 

-r.w. methyl iodide 257 

Sodium succinate 

-r.w. Al,Te, 279 

Sodium sulfide nonahydrate 

- reduction of benzotellurophene 

dichlorides 290 

-- RTeC1, T3915 280 

-- RTeOOH 89, 97 

-- R TeX, 99; 106; "107, 1145) 1972185 

291 

-- R,Te-Hgx, 64 

=SiRoMens Loy 6292 

-- thiophenoxtellurine 10,10-dichloride 

321 

- dec. of acetonyl tellurium compds. 

98, 114, 189 

- dec. of 4-hydroxyphenyl tellurium 

trichloride 98 

Sodium telluride 19, 21 

- from tellurium and sodium in NH 
3 

21, 282 

- from tellurium, NaOH and Rangalite 

in H,0 21 

-r.w. alkylating agents 41, 106, 107 

-- arenediazonium chlorides 119 

-- benzyl dimethyl phenyl ammonium 

chloride 107 

-- bis(2-chloroethyl) ether 305 

-- bis(2-chloroethyl) sulfide 320 



-- 2-(8-bromoethyl)benzyl bromide 

305 

-- tert-butyl chloride 107 

-- diacetylenes 41, 279 

-- 1,4-dibromobutane 277 

-- pentamethylene dihalides 296 

-- 1,2,3,4-tetrakis (iodomethyl)- 

butane 279 

Sodium tellurate 

-r.w. betaine 106 

-- choline hydrochloride 106 

Sodium-tellurium compds. 244, 245 

Sodium thiosulfate 

- reduction of R, TeX, 114 

Sodium vinylethynyl telluride 245 

Sulfur 

-r.w. benzotellurophene 294 

-- bis(triethysilyl) telluride 

253 

-- 2,8-difluorophenoxtellurine 

320 

-- 2,8-dimethylphenoxtellurine 

320 

-- diphenyl teliuride 141 

Sulfur dioxide 

-r.w. 1-tellura-3,5-cyclohexane- 

dione 1,1-dichlorides 300 

-- 1-telluracyclopentane 

1,1-diiodide 279 

Sulfuric acid 

-r.w. phenoxtellurine 317 

Sulfuric acid-do 

-r.w. tellurophene 279 

Sulfuryl chloride 

-r.w. R,Te 139, 174 
2 

-- tellurium 17 

+ 

1-Telluracycloalkanes 

443 

- trom Al,Te, and organic dihalides 

42 

1-Telluracycloalkanes 1,1-dihalides 26 

1-Telluracyclobutane 277 

1-Telluracyclohexane 277, 296, 298 

- protonated 199 

- reactions 298 

-r.w. fluorosulfonic acid 199 

-- hydrogen peroxide 197 

-- halogens 296 

-- pentamethylene dihalides 296 

1-Telluracyclohexane-4, 4-d5 

- nmr 356 

1-Telluracyclohexane-3, 3,5, 5-dy, 

- nmr 356 

- protonated 356 

1-Telluracyclohexane 1,1-dibromide 

- conformation 356 

- nmr 341 

1-Telluracyclohexane 1,1-dihalides 

296, 298 

- conductivities 297 

=I .We K,850. 297 

- uv spectra 297 

1-Telluracyclohexane 1,1-dioxide 197 

1-Tellura-3,5-cyclohexanedione 296, 

297, 301 

- bactericide 369 

- dec. by HC1, KOH 300 

- ir spectrum 326 

- oximes 300, 304 

-r.w. bromine, iodine 300 

-- hydroxylamine sulfate 300 

- structure 362 

1-Tellura-3,5-cyclohexanedione 

1,1-dibromides 304 

1-Tellura-3, 5-cyclohexanedione 

1,1-dichlorides 31, 277, 297, 301 

- dec. by SO, 300 
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-r.w. ethyl chloride, HCl in CHCl 

300 

-- K,S,0. 300 

1-Tellura-3,5-cyclohexanedione 

1,1-diiodides 304 

2,4-R,-1-Tellura-3, 5-cyclohexane- 

3 

dione 

-r.w. hydroxylamine sulfate 300 

1-Telluracyclopentane 277, 279, 

280 

- conductivity of derivatives 357 

- mass spectrum 363 

-r.w. 1,4-dibromobutane 278 

-- halogens 278, 279 

- vapor phase chromatography 368 

1-Telluracyclopentane 1,1-dibromide 

278 

- conductivity 357 

1-Telluracyclopentane 1,1-diiodide 

279 

- conductivity 357 

-r.w. sulfur dioxide 279 

1-Telluracyclopropane 277 

1-Tellura-4-ethy1-3, 5-cyclohexane- 

dione 1,1-dichloride 

- dec. by HC1 300 

Telluranthrene 28, 118, 322 

1-Tellura-2-oxa-cyclohexane-5-one 

297 

Tellurenyl compounds 59, 62, 99 

- exchange of X in RTeX 61 

- preparation 59, 60 

Tellurides 105 

see individual compds. 

- R,M-Te-M'R, (M,M' = group IV 

element) 248, 254 

- R,M-Te-R (M = group IV element) 

247, 253 

-- ir spectra 253 

Tellurinic acids 84, 85, 90, 140, 141 

- adducts with R,TeO 84, 196 

- aromatic, nitration 88 

- from RTeX, and NaOH 83 
3 

- from R,Te, on oxidation 84 
Damaie. 

- from R,TeO on oxidation 196 

-T.W. ean 89 

-- reducing agents 89, 97 

Tellurinic acid anhydrides 85 

- from RTeX, and NaOH 82, 88 

- reduction 89 

Tellurinic acid chlorides 85 

- hydrolysis 89 

Tellurinic acid halides 84, 85 

- from acetonyl and phenacyl aryl 

tellurium dichlorides on hydrolysis 

89 

- from RTeX, and water 83 

- hydrolysis 88 

Tellurinic acid nitrates 85, 88 

- hydrolysis 89 

Tellurium 

- abundance 13 

- amorphous 14 

- applications 16 

- crystalline 15 

- determination in organic compds. 

366 

- manufacture 13 

- properties 15 

-r.w. alkyl iodides 148 

-- arenediazonium chlorides 28, 

LO Los 

-- aryl lithium 129, 245 

-- benzyl iodide 148 

-- 2,2'-biphenylylene mercury 291 

«- biphenylylene sulfone 28, 290 

-- bis(2-iodoethyl) ether 308 

-- bis(perfluorophenyl) thallium 

bromide 27, 117 



bromine 17 

bromotrifluoromethane 19 

butyl lithium 129, 245 

carbon disulfide 53 

carbon monoxide 53 

carbon monoselenide 53 

carbon monosulfide 53 

chlorine 17 

diaryl mercury 28, 106, 115, 119, 

291 

dichlorodifluoromethane 19 

diethyl allylphosphonite 255 

1,4-diiodobutane 277, 279 

diiodomethane 148, 323 

2,2'-diiodooctafluorobiphenyl 

291 

1,3-dimethylbenzimidazoline 28, 

242 

4,4'-dimethyl-2,2'-biphenylylene 

mercury 291 

diphenyliodonium chloride 28, 

119, 185 

disulfur dichloride 17 

ethyl iodide 148 

fluorine 17 

Grignard reagents 26, 58, 98, 

106, 117, 137, 245 

hexachloro-1,3-butadiene 26, 

282 

inorganic compds. 18 

iodine 19 

iodine bromide 19 

isonitriles 50 

methyl iodide 148 

methylene radical 322 

organic compds. 25 

organic dihalides 26 

organic halides 24, 148 

organic lithium compds. 26, 

98, 121, 122, 245 
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organic radicals 27, 97, 116, 138 

pentamethylene dihalides 296 

perfluorophenyl iodide 148 

potassium cyanide 46, 47 

potassium diethyl phosphite 255 

potassium hexacyanofenate(II) 46 

sodium 19 

sodium acetylides 26, 121, 245 

sulfuryl chloride 17 

tellurium tetrabromide 19 

tellurium tetrachloride 19 

tetraethylammonium cyanide 49 

tetramethylammonium cyanide 49 

tetraphenyl tin 28, 118, 322 

tetraphenylarsonium cyanide 49 

thianthrene 5,5,10,10-tetroxide 

28, 290 

thionyl chloride 17 

triethylmetal hydrides 250 

triorganylphosphines 255) 

triphenylgermyl lithium 245 

triphenylplumbyl lithium 245 

triphenylstannyl lithium 245 

separation from other elements 13 

- structure 15 

Tellurium bis(diselenodiethylphosphinate) 

257 

Tellurium bis(thioselenodiethyl- 

phosphinate) 257 

- structure 257 

Tellurium-carbon bond 

- bond dipole moment 357 

- bond length 357 

- formation 24 

Tellurium dibromide 19, 20 

-r.w. Grignard reagents 138 

Tellurium dichloride 19, 20 

- adducts with diarylethylenes 36 

Tellurium dicyanide 47, 50 
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- ir spectrum 51 -- phenetole 35 

-r.w. triphenylbismuthine 51 -- pyrrole 35 

Tellurium dihalides 19, 20 -- silver cyanide 50 

-r.w. Grignard reagents 38, 98, -- silver thiocyanate 51 

5 -- tellurium 19 

- stability 39 Tellurium tetrachloride 

Tellurium dioxide 23, 191 - addition to carbon-carbon multiple 

Tellurium di(thiocyanate) 51 bonds 36, 78, 172, 323 

Tellurium-halogen bond - preparation 17 

- bond length 357 - properties 20 

Tellurium hexafluoride 17 -r.w. acetic anhydride 33, 77 

Tellurium-iodine, fused -- amines 35 

-r.w. mixture of CH,MgI and -- arenediazonium chlorides 185 

CoH Mel 138 -- aromatic compounds 34, 77, 106 

Tellurium-metal bonds 244 -- aryl mercury chlorides 39, 78, 184 

Tellurium oxychloride 78 -- biphenyl 35, 290 

-r.w. 2-methylphenol 78 -- bis(4-chlorophenyl) ether 35 

-- cresols 171, 212 -- bis(4-methoxyphenyl) ether 35 

Tellurium-palladium compds. -- butadiene 172 

262, 270 -- 1-butene 36, 172 

- Te-Pd vibration 338 -- butyl lithium 116, 236 

Tellurium-phosphorus compds. -- carboxylic acid anhydrides 33, 

255 Tiles M7, 

~ Te-P stretching vibration 341 -- 4-chloro-4'-methyldiphenyl ether 

Tellurium—platinum compds. 35 

263, 276 -- cyclohexane 36, 78, 172 

- Te-Pt stretching vibration -- diarylethylenes 30 

338 -- dibenzoylmethane 31 

Tellurium tetrabromide -- diethyl zinc 199, 206, 234 

- preparation 17 -- diisobutylene 36 

- properties 20 -- 1,3-diketones 29, 67, 148, 297 

-r.w. anthraquinone 35 -- 2,2'-dilithiobiphenyl 234, 235 

-- benzoquinone 35 -- 1,4-dilithiobutadiene 282 

-- biphenyl 35, 290 -- dimethyl sulfite 77 

-- carbethoxymethylenetriphenyl- -- diphenyl ether 35, 307 

phosphorane 36, 172 -- diphenyl sulfide 35 

-- ethylene 36 -- diphenylacetylene 36, 78 

-- naphthoquinone 35 -- 1,4-diphenylbutadiene 36 

-- olefins 172 -- 2,2-dipheny1-5-chloromercuric- 

4-pentanolactone 40, 184 



-- 2,2-diphenyl-4-pentenoic acid 

Yon aly 

-- ethylene 36, 172 

-- 4-fluorodiphenyl ether 35 

-- Grignard reagents 37, 116, 

186, 199, 206 

-- ketones 32, 69, 170 

-- lithioalkanes 40, 199, 236 

-- methyl lithium 206, 236 

-- 4-methylphenyl phenyl ether 316 

-- nitrodiphenyl ethers 309 

-- nitomethane 34, 77 

-- organic lithium compds. 

40, 116, 199, 206, 208, 234 

236 

-- organic compds. 29, 30 

-- perfluorophenyl lithium 41, 

116, 236 

-- phenyl lithium 234 

-- phenylacetylene 36, 78 

-- propene 36, 78, 172 

-- resorcinol 170 

-- 2-(4'-R-phenoxyphenyl) mercury 

chloride 309 

-- 4,4'-R,-diphenyl ether 309 

-- stilbene 36 

-- styrene 36 

-- tellurium 19 

-- 1,1,3,3-tetramethylacetone 33, 

Hi 

-- toluene 34, 78 

-- xylenes 34, 78 

Tellurium tetrafluoride 17 

Tellurium tetrahalides 

see also individual compds. 

- preparation 17, 18 

- properties 20 

-r.w. organometallic compds. 37 

447 

-- diorganyl ditellurides 103 

Tellurium-tin compds. 247 

- Te-Sn stretching vibration 337 

Tellurium ylides 232, 233 

Telluroaldehydes 242 

Tellurocyanate ion 

- physical properties 47 

- ir spectrum 48, 49 

Tellurocyanates 46 

Tellurocyanic acid 46 

Telluroformaldehyde 28, 138, 242, 322, 

323 

- mass spectrum 242 

-r.w. bromine, iodine 242 

Telluroisochroman 198, 296, 305, 306 

- reactions 306 

-r.w. hydrogen peroxide 197 

- telluronium salt with 4-chloro- 

phenacyl halide 227, 305 

-- resolution into 2-R,Te d-bromo-— 

camphorsulfonate and d-d salt 

22:17, 30557306) 

-- opt. active picrates 227, 306 

Telluroketones 242 

- from H,Te and ketones 42, 242 

Tellurols 56, 58 

- preparation 57 

- properties 56, 57 

Telluropentathionate 46 

Tellurophene 1,1-dihalides 

-r.W. NaHSO, 286 

Tellurophene(s) 279, 283, 287, 289 

- aromaticity 286 

- ir spectra 333 

- nucleophilic substitution 286 

-r.w. acetic anhydride 279 

-- butyl lithium 279 

-- D,S0,/CH,0D 286 

-- halogens 286 
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-- mercuric acetate 286 

-- mineral acids 286 

-- phosgene 279 

- 2,5-substituted 41, 279, 287 

-- from diacetylenes and NaTe 

41, 279 

Tetraalkyl tellurium 238 

see also Tetraorganyl tellurium 

- hydrolysis 238 

- thermal stability 236, 238 

Tetrabutyl tellurium 230, 236, 237 

-r.w. bis(2,2'-biphenylylene) - 

arsonium, phosphonium iodide 238 

- thermal dec. 238 

Tetrachlorotellurophene 210, 282 

- dec. by base 286, 288 

Tetraethylammonium cyanide 

-r.w. tellurium 49 

Tetraethylammonium tellurocyanate 

49 

1,2,3,4-Tetrakis(iodomethyl) butane 

-r.w. Na, Te 279 

Tetrakis (perfluoropheny1) tellurium 

236 

- thermal dec. 116, 238, 239 

Tetramethoxy tellurium 

-r.w. 2,2'-dilithiobiphenyl 

43, 234 

Tetramethyl tellurium 230, 236 

Tetramethylammonium cyanide 

-r.w. tellurium 49 

Tetramethylammonium tellurocyanate 

49 

Tetramethylene bis(cyclotetra- 

methylene telluronium bromide) 278 

-r.w. KI 279 

- thermal dec. 279 

Tetramethylene bis(cyclotetra- 

methylene telluronium iodide) 

279 

Tetramethylthiourea 

-r.W. RTeBr, 83, 340 

Tetraorganyl tellurium 

see also individual compds. 

- from R,TeCl, and Grignard reagents 

43 

- from TeC1, and RLi 40, 116 

- hydrolysis 40, 208, 211, 238 

- structure 241 

- thermal stability 38, 115, 116, 

238 

Tetraphenyl tellurium 

- contg. ea 236 

- from Ar,TeCl, and C,H.Li 234 
2 2 65 

- from Ar,TeCl and C,H,.Li 234 

i2 135 - from Sb(C(He) es Sb (CH 

236 

- from TeC1, and CpHeLi 234 

- hydrolysis 239 

-r.w. benzaldehyde 211, 240 

-- butyl lithium 238 

-- CHC1,, CH,C1, 211, 240 

-- triphenyl boron 211, 240 

- thermal dec. 116, 117, 238 

Tetraphenyl tin 

-r.w. tellurium 28, 118, 322 

s4ct 

Tetraphenylarsonium cyanide 

-r.w. tellurium 49 

Tetraphenylarsonium tellurocyanate 

49 

Tetraphenyltellurophene 282 

-r.w. maleic anhydride 286 

-- methyl iodide 288 

Tetraphenyltellurophene 1,1-dibromide 

286 

-r.w. iron carbonyls 288 

-- maleic anhydride 286 

Thianthrene 5,5,10,10-tetroxide 

-r.w. tellurium 28, 290 



1-Thia-4-telluracyclohexane 320 

-r.w. halogens 320 

-- methyl iodide 321 

- telluronium salt with methyl 

lodide 321 

1-Thia-4-telluracyclohexane 

4,4-dihalides 320 

1-Thia-4-telluracyclohexane 

4,4-diiodide 

- structure 321, 361 

Thionyl chloride 

-Yr.w. R,Te 139, 174 

-- tellurium 17 

Thiophenoxtellurine 321 

- from 2-thiophenoxyphenyl 

tellurium trichloride 43, 321 

Thiophenoxtellurine 10,10-dichloride 

321 

-r.w. sodium sulfide 321 

2-Thiophenoxyphenyl tellurium 

trichloride 

- intramolecular condensation 

43, 82 

Thiourea 

- adducts with ArTeCl 59, 61, 63 

-r.w. RTeX, 59, 83 

Tin/hydrochloric acid 247 

- reduction of nitrophenoxtellurines 

316 

Tin dichloride 

—r.w. R,Tex, 114 

Tin-tellurium compds. 247 

Toluene 

-r.W. TeC1, 34 

Transition metal compds. 

-r.w. ditellurides 103, 247, 258 , 

269 

- tellurides 257, 258, 267, 269, 

DIO eis 278 
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Trialkyl telluronium alkyltetrahydroxy- 

tellurate(IV) 212 

-r.w. HX 212 

Trialkyl telluronium hydroxides 238 

Trialkyl telluronium iodides 

lithioalkanes 236 

Trialkyl telluronium salts 

-r.W. 

- from R, Teo upon heating 193, 212 

Triarylbismuth difluoride 

-r.W. R,Te ISR AUS 

Tribromotelluromethyl methyl sulfite 

77 

Tributyl telluronium bromide 211 

Tributyl telluronium iodide 230 

- from (CH) TeX and butyl lithium 

230 

-r.w. butyl lithium 230, 236 

Trichlorotelluromethyl methyl sulfite 

de 

Triethylmetal(group IV) hydrides 

-r.w. tellurium 250 

Triethyl phosphite 

-r.W. 2-C, pH Tel 64, 100 

Triethyl telluronium chloride 

~ from TeCl, and diethyl zinc 206, 

234 

- polarography 368 

-r.w. diethyl zinc 43, 229, 234 

Triethylamine 

-r.W. 2-C, gH Tel 64, 100 

Triethylgermane 

-r.w. bis(triethylsilyl) telluride 

22 

Triethylgermyl bromide 

C,H TeLi 25) 

Triethylgermyl lithium 

-r.w. diethyl ditelluride 102 

Triethylgermyl triethylsilyl telluride 

- hydrogen bonded to CDC1, 337 

i? 

-r.W. 

3 
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Triethylgermyl triethylstannyl 

telluride 

- hydrogen bonded to cDcl, 337 

Triethylsilyl triethylstannyl 

telluride 

- hydrogen bonded to CDCl, 337 

Triethylstannane y 

-r.w. bis(triethylgermyl) telluride 

252 

Tri(ethyltelluro) silane 

- ir spectrum 337 

Trimethyl aluminum 

-r.w. dibutyl telluride 246 

Trimethyl gallium 

-r.w. dibutyl telluride 246 

Trimethyl onium compds. 

- hydrogen exchange in D,0 232 

- hyperconjugation 232 

Trimethyl telluronium bromide 

adduct - ir spectrum of BBr, 

340 

Trimethyl telluronium halides 

- compds. with CH,TeX, 146, 147 

- from R,Te’ RTe(OH); and HX 212 
Trimethyl telluronium hydroxide 

- conductivity 233 

Trimethyl telluronium iodide 

- adduct with CH,TeI, 146 

-- crystallographic data 257 

-- structure 146 

- from TeCl 

206 

-r.w. 2,2'-dilithiobiphenyl 236 

-- methyl lithium 230, 236 

Trimethyl telluronium methyl- 

tetrahalotellurates(IV) 149, 197 

4 and methyl lithium 

- medullary stimulant 378 

Trimethyl telluronium salts 

- catalytic activity 233 

- hydrogen exchange in D,0 232 

- hyperconjugation 232 

- thermal dec. 230 

Trimethylsilyl chloride 

-I.w. C,H. TeMgBr 250 

1,3,5-Trinitrobenzene 

- adduct with dibenzotellurophene 

291 

- adduct with dimethyl telluride 

140 

Trinitrofluorenone 

- adduct with benzotellurophene 

290 

- adduct with phenoxtellurine 317, 

318 

Trioctylphosphine telluride 

- dipole moment 256 

Triorganyl telluronium bromides 

- conv. to chlorides with AgCl 209 

- conv. to iodides 209 

Triorganyl telluronium chlorides 

- conv. to bromides and iodides 209 

- from R,TeC1, and Grignard reagents 

189 

from TeC1, and Grignard reagents 

SW sts! 

- from TeCl, and RLi 40 

Triorganyl telluronium halides 199 

ote and RX 44, 139, 208 

-r.w. organic lithium compds. 230 

- from R 

-- picric acid, sodium picrate 209 

-- potassium halides 209 

-- silver oxide/H,0 209 

- solubility 209 

- stability 232 

- thermal dec. 131, 230 

Triorganyl telluronium hydroxides 

209 

- basicity 209 



-r.w. acids 209 

Triorganyl telluronium iodides 206, 

209 

- conv. to chlorides, bromides 

with Agx 209 

Triorganyl telluronium picrates 

209 

Triorganyl telluronium salts 199, 

207 

- anion exchange 208, 210 

- from TeC1, and Grignard reagents 

206 

- modification of organic moiety 

223 

- of the type R,Te* 200 

-- R,R'Te’ 211 
-- RR'R"Te* 224 
-r.w. boron tribromide 212 

-- mercuric halides 212 

-- other metal chlorides 212 

-- zinc chloride 212 

Triorganylphosphine 

-r.w. tellurium 255 

Triorganylphosphine tellurides 

255, 256 

- ir spectrum 341 

Triphenyl boron 

-Ir.w. (CeH.) ,Te 20240 

Triphenyl telluronium bromide 

-r.w. butyl lithium 211, 236 

Triphenyl telluronium chloride 118 

- analytical applications 233, 

368 

- conductivity 357 

- contg. £2 0 from eat compds. 

206 

- dipole moment 233 

- from Ar,Te and CHCl,, CH,Cl 
4 St ee eke 

or C.H.CHO 211, 240 

451 

- polarography 368 

=-r.w. 2,2'-dilithiobiphenyl 230 

-- Grignard reagents 230 

-- phenyl lithium 234 

- TLC 367 

Triphenyl telluronium fluoride 

- dipole moment 233 

Triphenyl telluronium halides 

-r.w. butyl lithium 230 

Triphenyl telluronium iodide 

- conductivity 357 

~ detn. of Bi, Co 368 

- dipole moment 233 

-r.w. butyl lithium 238 

-= Na,S-+9H,0 232 

Triphenyl telluronium salts 

- analytical applications 233 

Triphenyl telluronium tetraphenyl- 

cyclopentadienylide 233 

Triphenyl telluronium tetraphenyl 

borate 211, 240 

Triphenylbismuthine 

-r.w. Te(CN)., Syl 

Triphenylgermyl chloride 

-r.w. R,MLi (M = Ge, Sn, Pb) 

247 

Triphenylgermyl lithium 

-r.w. tellurium 245 

Triphenylphosphine 

-r.w. 2-C, pH Tel 64 

Triphenylplumbyl chloride 

-Y.w. R,MLi (M = Ge, Sn, Pb) 247 

Triphenylplumbyl lithium 

-r.w. tellurium 245 

Triphenylstannyl chloride 

-r.W. R,MLi (M = Ge, Sn, Pb) 247 

Triphenylstannyl lithium 

-r.w. tellurium 245 

1,3,5-Tritelluracyclohexane 242, 322, 323 
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Tritelluroformaldehyde 242, 322, 323 

Tris (dimethylamino) phosphine 

telluride 

- ir spectrum 341 

Tris (4-hydroxy-—2-methylpheny1l) 

telluronium chloride 146, 223 

-r.w. NaOH, Na,CO, 223 

Tris (2-hydroxy—5-methylpheny1) 

telluronium chloride 212, 213 

Tris (4-hydroxy—2-methylpheny1) 

telluronium hydroxide 

- sodium salt 223 

Tris (2-hydroxy—5-methylpheny1) 

telluronium oxotrichlorotellurate(IV) 

72372 

- conv. to telluronium chloride 

223 

Tris(4-methylphenyl) telluronium 

chloride 

- contg. one from a eh compds. 

206 

- TLC 367 

Tris(perfluorophenyl) telluronium 

chloride 40 

Tungsten hexacarbonyl 

-r.w. bis(trimethylsilyl) telluride 

25 

U 
Uranium-tellurium compds. 244, 274 

Uranium pentachloride 

- complex with diphenyl ditelluride 

274 

Vv 
Vernon's $-base 146, 212 

Vinylethynyl sodium telluride 245 

WwW 
Water 

-r.w. bis(2,2'-biphenylylene) tellurium 

239, 294 | 

-- RTeC1, 83 

x 
Xylenes 

-r.w. TeCl, 34, 78 4 

Y 
Ylides 232 

Z 
Zinc 

-r.w. R, TeX, 114 

-- RTeX, 98 

Zinc chloride 

-r.W. R,TeX 212 
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