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SYNTHETIC APPLICATIONS OF ORGANOTELLURIUM CHEMISTRY 

LARS ENGMAN 
Department of Organic Chemistry, Royal Institute of 
Technology, 5-100 44 Stockholm, Sweden 

Abstract Newly developed applications of organotellurium 
chemistry, including carbon-carbon bond-forming reactions and 
functional group interconversions, are discussed. 

INTRODUCTION 

Organic tellurium compounds have a history dating back to 1840 when 
Wiihler prepared diethyl telluride, the first organic compound of 

tellurium. During the next 130 years many investigations were 
performed which enriched the knowledge in the organotellurium area. 
However, until 1970 most of the studies were concerned with chemical, 
physical and structural properties of orqanotellurium compounds. Very 
few attempts were made t.o develop organotellurium reagents of possible 
utility in organic synthesis. 

During the last fifteen years the search for synthetic 
applications of organotellurium compounds has benefitted by 
developments in related fields, especially that of organoselenium 
chemistry. It soon became clear that there were both similarities and 
dissimilarities in the chemical behaviour of organic compounds 
of the two elements. When the tellurium chemistry has been pursued 
simply as an extension of well-established organoselenium chemistry 
the results have often (but not always) been disappointing in terms of 

synthetic applications. However, when the unique behaviour of 
tellurium in some of its reactions has been recognized and taken 
advantage of, some quite spectacular organic transformations have 
resulted. 
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106 L. ENGMAN 

The newly developed applications of organotellurium chemistry 
include carbon-carbon bond forming reactions as well as various types 
of functional group interconversions. Two review articles are already 
available on the earlier aspects of the topic'r2 one of them2 
including also experimental procedures fo r  the preparation of the most 
commonly used organotellurium reagents. 

In the following the most recent ( 2 - 3  years) synthetic 
applications of organotellurium chemistry will be discussed. 

CARBON-CARBON BOND-FORMI-N.G REACTIONS 

Early work in the field of  organotellurium chemistry has produced a 
variety of readily available organotellurium compounds in which 
tellurium is bonded t o  one, two, three or four carbon atoms. 
Obviously, it should be possible for the inventive synthetic chemist 
to design methods and reagents which transform the weak 
carbon-tellurium bonds of these materials into new useful C--C bonds. 
However, the last few years have seen surprisingly little development 
a long  these lines. 

Tellurol ester .I. has been found to undergo d smo0t.h substitution 
reaction with lithium dialkyl cuprates to produce the corresponding 
ket.one in high yield (ey. 1) 3 .  The required tellurol ester was 
conveniently obtained from'the reaction of phenyltelluro- 
tr i.met,hyl.silane with benzoyl chloride. 

=5 PhCOMe (1) 
87 % 

MezCuLi / THF - ether PhCOTePh 
1 

-78.C - 
When diacetyl telluride was allowed to react with 

bis(trimethylsily1)telluride without solvent at -20 'C, the mixture 
rapidly turned intense blue and elemental tellurium started to 
separate out (eq  2 )  . 4  After 12-15 h a t  room temperature an E/Z- 
mixture of olefin 3 was isolated in good yield. The intermediacy of a 
telluroester 2 with a carbon-tellurium doublebond has been suggested 
and is supported by mass spectrometry. With sterically more demanding 
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SYNTHETIC APPLICATIONS OF ORGANOTELLURIUM CHEMISTRY 107 

diacyl tellurides (2.q. dipivaloyl telluride) the 
telluroester was stable with no sign of tellurium 

2 - 

corresponding 
extrusion. 

3 - 
Telluronium ylides such as dialkyltelluronium carbethoxy- 

methylide have previously been used fo r  the synthesis of a,$- 
unsaturated esters from aldehydes at low temperature in tetrahydro- 
furan. In a further development o f  this reactions it was shown that 
even telluronium salts undergo condensation reactions with certain 
carbonyl compounds in neutral medium at elevated temperature (eq.3). 

'"""J -' 
V C H O  

rerux 

95 % 

A comparative study of the trifluoromethylating properties of 
(CF ) Hg, CF31 and (CF ) Te showed that the tellurium compound was far 

3 2  3 2  
superior to the other reagents j.n both the thermal and the 
photochemical reaction. Cyclohexene underwent addition t.o produce 
the telluridc _4 at 80 'C in t h e  thermal process (eq.4). At elevated 
temperature t.he chalcogen atom W A S  efficiently extruded to afford only 
the tr if I. uoromethylat,ed cycloal kane - 5 . 

5 4 - 
In an attempt t o  use the weak carbon-tellurium bond of 

organotelluriums for carbon monoxide insertion reactions, various 
aryl- and alkenyltellurium compounds were converted to their 
coxresponding carhoxylic acids by treatment with CO in the presence of 
a stoichiometric amount of a palladium(I1) -salt. 
carboxylic acid methyl esters from aryl-, alkenyl- and 
alkynyltellurium compounds were recently obtained8 by using the 

Improved yields o f  
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108 L. ENGMAN 

system PdC12/methanol/triethylamine. The 
a butenolide synthesis as shown in eq.5. 
reoxidant (CuC12), most of the reactions 

reaction was also extended t o  

In the presence of a suitable 
were catalytic in PdCl 2 -  

Furthermore, the formation of methyl benzoate which was always a side- 
reaction in the stoichiometric process was essentially suppressed in 
the catalytic one. Aryl- and alkenyl sulfides are totally inactive 
under the present carbonylatioon conditions and the corresponding 
organoselenium compounds react very sluggishly. 

It was recent1.y reported that when alkyl phenyl tellurides are 
treated with excess m-chloroperbenzoic acid (MCPBA) in alcohol 
solvents, t h e y  undergo a substitution reaction with displacement, of 

t he  PhTe-moiety to afford dialkyl ethers. The reaction is sometimes 
accompanied by phenyl migration as demonstrated in the synthesis of 
2-arylpropanoic acids from the ethylene glycol acetals of 
a-phenyl te l luropropiophenones  . 

FUNCTIONAL GROUP JNTERCONVERSIONS 

An overwhelming majority of recently reported tellurium-mediated 
functional group manipulations involve oxidation or reduction 
reactions. Although some of the reagents used are inorganic and 
do not always involve an organot.el.lurium intermediate in t,heir 
reactions (NaHTe, Na Te, Te02) they have been included in this 
article. The tellurium-based oxidants and reducing agents are all very 
mild, thus making them highly selective f o r  certain types of 
transformations. 

2 

Tellurium in the oxidation state --I1 has been used for a variety 
of reduction reactions. 
reductant is present as H Te, HTe- or  Te2- (pkal = 2.64; pka2 = 

11.80 for H2Te10). Yamashital 
carbonyl compounds can be reductively aminated to yield secondary 

Depending on the pH of the solution, the 

2 
has recently demonstrated that 
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SYNTHETIC APPLICATIONS OF ORGANOTELLURIUM CHEMISTRY 109 

amines in the presence of NaHTe (eq.6). This reaction was further 

R’R’CO + R3NH2 NaHTe - Rh2CHNHR3 (61 
EtOH ,2<C 

studied by Barton and coworkers12 who demonstrated the importance of 
pH control with the reagent. Under standard NaHTe-c~nditionsl~ 
(EtOH, pH 6) the imine 6 was smoothly reduced to a secondary amine, 
but at pH 10-11 no reaction occurred. Apparently, the protonated 
imine is the reducible species 
The iminium salt 2 was reduced 

Ph 
6 - 

N-oxides were reduced t i ]  

in this and the Yamashita reaction. 

to a tertiary aminc at. a l l  pH. 

Ph 

7 - 
the corresponding amines by NaHTe al: pH 

614 and nitrones were similarly reduced by NaHTe to imines at 
alkaline pH and to sg.-amines at pH 6. 

Previous work wi-th NaHTe has shown tha t  the reagent i s  capable 

of reducing nitrobenzenes t o  azoxybenzenes (eq.7). Sodium tell.uride, 
prepared by heating tellurium and sodium hydride .in a 1:2 molar ratio 
in dry DMF has now been found to reduce ,i variety of aromatic nitro 
compounds selectively to azo compounds.l5 On the other hand, sodium 
telluride generated in alkaline aqueous medium from Rongalite 
(HOCH, SO Na*2H 0) was found to reduce aromatic n i t r o  compounds to 

2 2  2 
anilines without any indication of t h e  formation of intermediate 
reduction p x o d t i r - ~ ~  (ctq. 7 ) .  i G .  Po1ynj.t rc) compounifs were xcdui:eif 
with similar ease to polyamines. When two nitro ijroups were g ~ k b  

or  ~ a r a  to each other, the reduction could be stopped at the 

nitroamine stage by controlling the amount of reducing agent. 
A future study of the behaviour of aqueous Na2Te towards azobenzene, 
nitrosobenzene and lj-phenylhydroxylamine, respectively, would hope- 
fully indicate if these compounds are intermediates in the reduction 
of nitrobenzenes to anilines. 

Surprisingly, a-arylhydroxylamines were obtained in 
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110 L. ENGMAN 

ArNO2 

NaHTe AT- Nazfe 

Na2Te (aq) 

NaBH4,Te (cat) 
EtOH 

Oe 
I 

ArN=N Ar 
(B 

ArN=NAr 

(7) 

ArNH2 

ArNHOH 

synthetically useful yields when aromatic nitro compounds were treated 
at. ambient temperature with sodium borohydride and a catalyt.ic amount 
of tellurium in ethanol (eq.7). l 7  The identity of the actual 
reducing species (NaHTe or Na Te) is not known for this process. When 2 
NaOH was added to create basic conditions where Na Te should clearly 
predominate, N-phenylhydroxylamine was obtained in 60% yield from 
nitrobenzene. 

2 

Alkyl and aryl azides are known to be mildly reduced to the 
corresponding amincs by a reagent formulated as NaHTe. l8 However , 
si.nce the reagent was prepared by heating elemental tellurium with 2.4 
eq. of NaBH in ethanol (without acidification as described in the 
original prepartion of NaHTe13) , Na Te might very well be the actual 2 
reductant: in the process. Nevertheless, in an cxtensiori of the earlier 
findings a number of a-azidoketones were reduced to a-aminoketones 
which underwent self-condensation during workup to afford 
pyrazines. 19 

4 

When tertiary nitro compounds were t.reated with the same 
reductant, a rapid displacement of the nitro group was observed (e.g. 
- 8a.B).  This reductive removal was not restricted t o  nitro groups at 
the a-posit.ion of electron withdrawing groups , but occurred also with 
P-nitrocarbonyl compounds and u-nitrocumene derivatives (compounds 9 
and 22, respectively) . However , tertiary nitro groups situated y 

to a ketone, ester o r  nitrile functionality were untouched by the 
reagent. 
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SYNTHETIC APPLICATIONS OF ORGANOTELLURIUM CHEMISTRY 111 

0 

9 - 8 a  X=N02 - 
b X=H 

10 - 

2-Substituted-2-chloromethyloxiranes I l l  were convert.ed to 
allylic alcohols 12, by treatment with NaHTe. 21 This transformation 
has been suggested to involve an epitelluride 13 formed by two 
consecutive epoxide openings (eq. 8 )  .The clean formation of an allylic 
alcohol from chloromet.hyloxiranes was unique for tellurium arid did 

- 13 

not. occur with selenide or sulfide dianions. Sodium hydrogen telluride 
is known t o  open simple epoxides from the sterically least hindered 
side. 2 2  The resulting fi-,hydroxytellurols were hydrodetcllurated by 
nickel boride treatment to yield secondary alcohols or  were converted 
to olefins by treatment with p-toluenesulfonyl chloride in 
pyridine.Quaternary ammonium salts were dealkylated by NaHTe . 2 2  

Vicinal dibromoalkanes have been known for some time to be 
debrominat.ed by the action of NaHTe. Sodium telluride, prepared from 
Rongalite and elemental tellurium, has now been found to execute the 
similar type of transformation. 2 3  The reaction proceeded to 
completion at ambient temperature and occurred stereospecifically in 
an anti-fashion. The dehalogenation of y&-dibromides with diphenyl 
tellurium to yield diphenyltellurium dibromide and the corresponding 
olefin is the first reported transformation of an organic molecule by 
means of an organotellurium reagent. By using aqueous K2S2O5 
as the stoichiometric reductant in a two-phase system containing 
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112 L. ENGMAN 

benzene and bis(4-methoxypheny1)telluride the reaction has now been 
turned into a catalytic one with respect to the tellurium reagent.24 
The maximum turnover number of the catalyst was estimated to be 30. 

When a-halocarbonyl compounds are treated with lithium 2- 
thiophenetellurolate a reduction reaction occurs to afford, 
protonation of an enolate anion, the hydrodehalogenated carbonyl 
compound. Suzuki and co-workers have now, in an extension of this 
process, reacted a-bromoacetic esters with anhydrous sodium telluride 
and condensed the resulting ester enolate anions with aldehydes .z5 
This allowed the E-a,@-unsaturated esters t o  be isolated after acidic 
workup with no need for a separate dehydration step as shown in eq.9. 

Several mechanisms would seem possible for the many 
tellurium(-11)-reductions which do not involve an isolable 
organotellurium intermediate (eq.10). The first type (1) involves a 
covalent carbon- tellurium bond which fragments to give a radical which 
could be further reduced by hydrogen atom transfer. This kind of 
mechanism appears likely for the reaction described in eq.6. The 
second type o f  mechanism (ii) involves nucleophilic attack by 
tellurium on a heteroatom. This process seems favoured when an 
electron recipient (like a @--bromide leaving group or an electron 
withdrawing group) in also present in the molecule. The third 
mechanism (iii) involves electron transfer from tellurium to form a 
radical intermediate which is subsequently reduced to the product. 
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SYNTHETIC APPLICATIONS OF ORGANOTELLURIUM CHEMISTRY 113 

T h i s  mechanism would seem most probable f o r  t h e  hydrodeni t ra t ion  

reac t . jons  of compctunds 8a, 9 and jQ but- could a l s o  account f o r  most crf 

t h e  reduct ion  r e s u l t s  w i t h  t h e  te l lur ium( -11) -reagents. 

The reducj ng capacj.ty o f  benzene tc l lu ro l  I PhTeH, genera ted  i n  
- s i t u  by t h e  methanolysis  of phenyltellurotrimethylsilane, has been 

inves t iga t ed  i n  some d e t a i l .  2 6  I n  a d d i t i o n  t o  t h e  prev ious ly  known 

t ransformat ions  brought about by t h e  reagent  i t  was found t h a t  

secondary al.kyl a r y l  t e l l u r i d e s  were reduced t o  alkanes, and acetals 

were reduced t o  t h e  corresponding e t h e r s  i n  t h e  presence of Zn12. A 

var i e?  y of carbonyl  compounds were reduc t ive ly  converted t o  
unsymmct.rica1 c t h e r s  by i n  sijg generated benzcnete l luro l  and ZnI  as 
exemplif ied i n  eq.  1 I . 2 7  

2 

Cava hds  r ecen t ly  repor ted  t h e  e f f i c i e n t  ca t a ly t . i c  dep ro tec t ion  

of 2 , 2 , 2 - t r i c h l o r o - ~ - b u t y l o x y c a r b o n y l  (TCBOC)  protect .ed amines by 

sodium 2 - th iophene te l lu ro la t e  under mild a l k a l i n e  cond i t ions  

(eq. 1 2 ) .  2 H  This  r eagen t ,  genera ted  i n  situ by reduct ion  of 
bi:; (2- t l i i e i . ry l )d i te l lur . ide ,  ha:: been previous ly  used f o r  t h e  c a t a l y t i c  

debromination of vrc ina l  3 1  bromides and f o r  

1 4-dibromo-2-enes t o  1 ,  3 - d i e m s .  

t h e  debromination of 

a , u ' - n i h a l o - ~ - x y l e n c s  were dehalogenated on t rea tment  w i t h  

sodium benzcnete l luro l .a te  and t h e  e-quinodimethane pr0duct.s t rapped  i n  
moderate y i e l d s  as  Diels-Alder  adducts  . 29 

Various t e l l u r i u m  (IV) - - reagents  have a t t r a c t e d  a t t e n t i o n  as mild 

s e l e c t i v e  ox idan t s  i n  o rgan ic  s y n t h e s i s .  Barton found that 

a r y l t e l l u r i n i c  ac id  anhydrides  oxid ized  hydroquinones t o  quinones i n  
high y i e l d s  and converted t h i o l s  t o  d i su lph ides  under cond i t ions  where 
simple phenols were untouched. 3* 
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114 L. ENGMAN 

Ogura made similar observations with pmethoxybenzene- 
tellurinic acid anhydride but he also reported oxidations of 
phosphines , thioamides , thioureas and benzylic alcohols. 3 1  

Polymer-support.ed tellurium-based oxidants have appeared in t.hc 
literature for the first time. The polymer-bound diary1 telluroxide 
- 1432 showed much the same oxidizing properties as its monomeric 
counterpart, compound Is. Thus, thiols were oxidized to disulphides, 
phosphines to phosphineoxides, hydroquinones to quinones and 
thiocarbonyl compounds t o  the corresponding carbonyl compounds. For 
these reactions the polymer-bound reagent offers only pratical 
advantages (easier separation/reoxidation) as compared with the 
soluble one. The reagent also effected a novel solvent-dependent 
conversion of t,hioamides to nitriles or  1,2,4-thiadiazoles at ambient 
temperdture. The selectivity for  nitrile formation was usually 
excellent in dichloromethane and other non-acidic solvents whereas 
the oxidative dimerization pathway to yield 1,2,4-thiadiazoles was 
compet.itive 1.n only a few cases in acetid acid. 

14 - 15 - 
Another polymer-supported tellurium oxidant, formulated as a 

benzenetellurinic acid l6, has been found to catalyze the epoxidation 
of olefins with hydrogen peroxide (eq .  1 3 ) .  33 Catalysts prepared from 
highly cross-linked polystyrene gave the best conversions. However, 
the amount of tellurium which could be introduced was inversely 
proportional to the cross-linking. Since arenetellurinic acids are 
known to readily form anhydrides, it has been hypothesized that these 
species, linked t o  the polymer, should in fact be the active catalysts 
in the process. In support of this idea, bis(4-vinylpheny1)ditelluride 

oxidation, an active oxidation catalyst Is. On the other hand, when 
4-vinylbenzenetellurinic acid was copolymerized with divinylbenzene to 

was copolymerized with divinylbenzene to produce, after 
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SYNTHETIC APPLICATIONS OF ORGANOTELLURIUM CHEMISTRY 115 

produce a polymer with randomly placed tellurinic acid groups, very 
little catalytic activity was observed. 

30 : 62 

The use of TeO. ds an oxidant in organic synthesis was explored 2 
already in the 1940's. Thus, lsenzil was obtained from benzoin And Te02 
in 95% yield at 190 ' C  in the absence of a solvent. A recent report 
describes the oxidation of stilbene dibromides to benziles using TeO 
in acetic acid.34 

2 

Tellurium dioxide in ace.tie acid ccrntajning a sc~urce of bromide 
ion has long been known to convert olefins into a mixture of 
1,2.-alkanr!diol monoacetates and diacetates. Early studies indicated 
dominant &s---diacetoxylation of 2-olef ins but little or no selectivity 
with E-olefins and terminal olefins. 3 *  Uemura36 has confirmed 
these results and also shown t.hat cyclic olefins were 
stereospecifically & diacetoxylated via cis-l12-cycloalkanediol 
monoacetates, the primary products of the process (eq.14). As to the 

19 - 
reaction mechanism of these oxidations, three different pathways have 
been considered. The first one, 37 involv.ing a cyclic telluroester 
- 20, was dismissed mainly for stereochemical reasons.35 A second one, 
involving TeOZ-oxidation of bromide ion, followed by brominationl 
solvolysis38 appeared highly unlikely since tellurium dioxide is 
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116 L. ENGMAN 

incapable of oxidizing Br- under the conditions used.39 The third 
mechanism, 35 involving an acetoxy or halotelluration intermediate 1 
has now received additional support. 36 Thus , organot.elluriums 2 2  and 
- 23 with well-defined stereochemistry were stereospecifically converted 
to diacetate when treated in acetic acid containing TeO and LiBr. 2 

X 
0, ,o 
x’ ‘x 

Te 

X 
X Te 

21 

1 I‘ 

- - 23 
- 20 

Benzenetellurinic acid anhydride has also been found to oxidize 
olef ins to 1 I 2-alkanediol diacetates. 40 The long induction period of 
the reaction (5 h )  was drastically reduced in the presence of a mild 
reducing agent. This result seems to indicate that the active oxidant 
is a reduced form of benzenetellurinic acid anhydride rather than the 
anhydride itself. The reaction pathway from olefins to II2-alkanediol 
diacetates (&-stereochemistry) may involve acetoxytellurenylation 
followed by displacement of the phenyltelluro group by an acetoxy 
group. 

Uemura4’ has found that the double bond geometry o€ alkenes 
produced by oxidative elimination of some =.-alkyl phenyl selenides 
and tellurides varies with the amount of oxidant used for the 
tellurium compound but not for the selenium compound (eq.15). Thus, 
t.he molar ratio 24/25 was 100/0 when one eq. of NaIO was used but as 

low as 30/70 when a five-fold excess of the oxidant was employed. 
The formation of the &-isomer was tentatively explained assuming t.he 
formation of a tellurone or a tellurinic acid ester PhTe(0)OR 
( R  = cyclododecyl). 

4 

25 - 24 X= Se ,Te - 
4-Methoxybenzenetellurinic acid anhydride catalyzed the 
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SYNTHETIC APPLICATIONS OF ORGANOTELLURIUM CHEMISTRY 117 

hydration of alkynes in a very selective way.31 Thus, terminal 
alkynes were smoothly converted to ketones whereas non-terminal 
alkynes are unaffected. The method nicely complements the conventional 
mercury-assisted hydrations which are applicable to a l l  kinds of 
acetylenes. 

Tellurium tetrachloride has been found to convert alcohols to 
the corresponding alkyl chlorides in various non-polar solvents 
(ey  . I 6  ) . 4 2  Experiments wj th optkcal ly pure 1 --phenylethanol showed 
that the hydroxyl group was replaced with racemization. This seems to 
indicate an SNl-like mechanism of the substitution reaction. 
TeC14 also functioned as a mild Friedel-Crafts alkylation catalyst 
with certain benzylic or tertiary alcohols in the presence of an 
an aromatic solvent (eq.16). The intermediacy of alkyl chlorides and 
t h e  catalytic action of TeCl4 i n  the alkylat.ion process were shown. 

? 
CHzCl2,-50 C 

(16) ?H 
PhCHCH3 

to luene ,25 t 

83 '10 

Tosyl azide is usually inert towards bcnzaldehyde and other 
carbonyl compounds. However, in the presence of diisobutyl telluride 
nitrogeti was slowly evolved and benzaldehyde N-tosylimine formed . 4 3  

A postulated tellurilimine intermediate was independently synthesized 
and reacted with benzaldehyde to give the corresponding N-tosylimine. 

reported to promote deacylation of aryl acetates and b e n ~ o a t e s ~ ~  and 
to deallylate allyl carboxylates and allyl aryl ethers. 45 

In addition t.ct its reducing properties, NaHTe has also been 
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