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NEW ASPECTS OF OLD REACTIONS IN
ORGANOTELLURIUM CHEMISTRY

J.V. Comasseto
Instituto de Quimica, Universidade de Sdo Paulo, Sdo Paulo - Brazil

Abstract: The more general methods to prepare nucleophilic and electrophilic
species of tellurium and their reaction with organic substrates are reviewed.
Some detelluration reactions of organic derivatives of tellurium with possible
utility in organic synthesis are discussed.

INTRODUCTION

Although the first organotellurium compound was prepared in 1840’ this branch
of organic chemistry had not been systematically studied until the middle of the
present century. The first serious attempt to systematize the organotellurium
chemistry was undertaken by Rheinboldt, a german chemist who introduced
chemistry in Brazil in 1934, working in the then recently founded Séo Paulo
University. Rheinboldt and his coworkers reinvestigated several described reac-
tions of tellurium and inorganic compounds of this element with organic
substrates as well as the reactivity of the resulting organotellurium compounds.
The knowledge available until the middle of the 1950’s in this field of organic
chemistry was critically reviewed by Rheinboldt in 19542, By the end of the 1950°s
Petragnani, the last doctoral student directed by Rheinboldt, initiated a sys-
tematic study of the interaction between organotellurium reagents and organic
substrates. Petragnani’s original work constitutes the basis for most of the
present investigations whose aim is the use of tellurium reagents for synthetic
purposes3.

In the last ten years a considerable developement of organic tellurium chemistry
has been observed and several review articles and books on the subject have been
published“z. This article does not intend to be a review but rather an attempt
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to give a brief and comprehensive view of synthetic organic tellurium chemistry,
focusing attention upon the more general reactions used to prepare organotel-
lurium compounds and the useful synthetic transformations promoted or
suffered by them. Emphasis will be given to the recent contributions of our
laboratory where we explore old reactions trying to establish their generality or
making transformations into organotellurium compounds which can lead to
useful synthetic methodologies.

1. GENERATION OF NUCLEOPHILIC TELLURIUM SPECIES

The main sources of nucleophilic tellurium species are elemental tellurium and
diorganylditellurides.

(A) Reaction of Elemental Tellurium with Reducing Agents.

Elemental tellurium reacts with a number of reducing agents to give nucleophilic
tellurium species such as alkaline hydrogentellurides and alkaline tellurides or
ditellurides. The nature of the product can vary depending on the tel-
lurium/reducing agent ratio, on the reaction conditions and on the nature of the
reducing agent. The methods to generate such species were recently reviewed
by us'Z,

A new method to generate sodium telluride or ditelluride was developed in our
laboratory. Reaction of formamidinesulfinic acid (thioureadioxide, TUDO) in
alkaline medium with elemental tellurium leads to sodium telluride or ditel-
luride which react with alkyl halides to give the corresponding dialkyltellurides
and ditellurides (Egs. 1, 2)">.

HN\ 40
SCc-s7
1)2eq H,N~ OH,THF
teqTe R-Te-R Eq.1
NaOH,H,0,N;,reflux, th 72-85%

2)2RX,THF,CTAB reflux,1h

HN\C—S/O
1)2eq- H,N” OH,DMSO
leq-Te R-Te-Te—R Eq.2
NaOH,H,0,N,,CTAB,B80°C 93-98%
2)2RX,THF,r-t-, 1h
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All the above mentioned nucleophilic tellurium species are air sensitive and must
be generated in a carefully deoxygenated inert atmosphere, being used in situ
for further reactions.

(B) Reaction of Elemental Tellurium with Grignard Reagents and Or-
ganolithiums,

The reaction of elemental tellurium with alkyllithiums and alkyl Grignard
reagents was not extensively studied®™>. The reaction of elemental tellurium
with aryl Grignard reagents was investigated in more detail*1%. When the
reaction is performed in THF in the presence of small amounts of oxigen, the
product obtained after air oxidation of the reaction mixture is the corresponding
diarylditelluride”. The insertion of elemental tellurium into a carbon-lithium
bond occurs more easilyls'zo. Recently the synthesis of a number of diarylditel-
lurides by means of the reaction between aryllithiums and elemental tellurium
followed by oxidation was described?!.

Scheme 1
MgX e TeMgX air Te
2
— - ref-17

Li Te Teli KsFe(CN)s Te
2

ref-21

The reaction of elemental tellurium with vinylmagnesium bromide in THF was
explored by us as a route to prepare magnesium vinyltellurolates, precursors of
vinylic tellurides and vinylic ditellurides®>* (Scheme 2).
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Scheme 2
R R!
/ Te/THF /Ny
R/_-L&MgBr reflux R/:<TeMgBr

s
() A

The ease of the insertion reaction depends on the tellurium used. When coarse-
grained tellurium is used, the element does not dissolve even under reflux;
150-300 mesh tellurium reacts only by heating the mixture under reflux, and
fine-grained tellurium (300 mesh) reacts spontaneously and with heat evolution.
In all cases the elemental tellurium was heated for 12 hs at 110°C prior to the
addition to the Grignard solutions. To obtain divinylditellurides it is essential to
oxidize the mixture with air prior to the addition of any proton source to the
reaction mixture. If water or ammonium chloride is added prior to the oxidation
step, a complex mixture of products is obtained.

The insertion of elemental tellurium into sp carbon-metal bonds is much easier
and was explored by several authors in the preparation of metal acetylenic
tellurolates (Eq.3)24’25.

Te®
R—=—M —= R—==-—TeM Eq3

M = MgX, Li, Na

The method used in our laboratory consists of the generation of lithium
acetylides by reacting the corresponding acetylene with n-butyllithium in THF
at 0°C under nitrogen, followed by addition of elemental tellurium (mesh
200-300) previously dried for 12 h at 110°C, heating the mixture under reflux for
about 30 min until the element is completely dissolved®.

(C) Transformation of Diorganylditellurides into Organotellurolate Anions
The reduction of the tellurium-tellurium bond of diorganoditellurides by sodium
borohydride in ethanol, introduced by Piette and Renson’® is the method of
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choice to generate organotellurolate anions>'2. Lithium aluminium hydride has
also been employed to reduce diorganylditellurides to lithium organyltelluro-
latesS. Other methods to generate such species are available, e.g., the reaction
of diorganylditellurides with sodium and potassium in liquid ammonia®’ or
lithium in THF?,
[MH]
RTeTeR —— == 2[RTeM] Eq4

MH] = NaBH, 17; LiAlH, 26; Na,K/NH3 27; Li/THF28,
4 4 3

In our laboratory we generated organyltellurolate anions by reaction of dior-
ganylditellurides with aqueous sodium hydroxide in analogy with the long known
similar disproportionation reaction of diorgany]disulfides29 and diorganyl-
diselenidesC. In our work we employed a two phase system using an ammonium
salt as catalyst. The sodium organyltellurolate was captured by an alkyl halide
leading to diorganyltellurides31. The yields are improved by adding to the
reaction mixture formamidinesulfinic acid (thioureadioxide)32 which probably
reduces the by product of the disproportionation reaction (sodium aryltel-
lurinate) to the corresponding tellurolate anion™ .

The above mentioned method to reduce tellurium-tellurium bonds was
employed by us to reduce divinylditellurides (see section 1.B) to the correspond-
ing vinyltellurolate anions (Eq.5 )23, which can be captured by electrophiles (see
section 3B, C, D).

== —_ —— 2= EqS5

[MH] = NaBH,,NaOH/EtOH,reflux; TUDO,NaOH,PTC,r.t.;
Li/NH;,—78°C; LiAlH,.r. ¢,

It must be emphasized that the presence of NaOH in the reaction medium during
the reduction of divinylditellurides with sodium borohydride is crucial. In the
absence of sodium hydroxide, the product obtained after air oxidation of the
reaction mixture is the corresponding dialkylditellurideB.

Another method to generate organyltellurolates developed by us is the reduction
of carbon-tellurium bonds of acetylenic tellurides with sodium borohydride in
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ethanol®, Depending on the reaction conditions, diferent products can be
obtained (Scheme 3).
Scheme 3

NaBH,/EtOH -
CeHg — = ~TeR ———————= |CgHs — = + RTeH] ™ CgHg —=—H+

I:RTeNo:]
i)(/ Xir R = alkyl,aryl 25

RTeR! reflux RTeTeR

/N

RTe CeHs

2. GENERATION OF ELECTROPHILIC TELLURIUM SPECIES

The main sources of electrophilic tellurium species are tellurium tetrachloride,
tellurium dioxide and diorganylditellurides.

(A) Reaction of Tellurium Tetrachloride with Unsaturated and Organomer-
curic Compounds

The reaction of tellurium tetrachloride with aromatic compounds containing an
electron donating substituent leadsto organotellurium trichlorides*>>*33, Unac-
tivated aromatic compounds only react with tellurium tetrachloride in the
presence of a Lewis acid (AJC13)36’37. However, the reaction is dificult to control
and a mixture of products is often obtained. This problem is circunvented by
reacting tellurium tetrachloride with arylmercuric chlorides, to obtain aryltel-
lurium trichlorides with non activating substituents in the aromatic ring4’34.
Acetylenes react with tellurium tetrachloride leading to the corresponding
vinylic tellurium trichlorides>®°, Addition of tellurium tetrachloride to olefins
was described several years ago by Petragnanim. Recently the reaction was
reinvestigated by Engman41’42.Tellurium tetrachloride reacts with ketones
(probably via the enol form) to give the corresponding a-trichlorotellurium
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ketones™. Among the above mentioned reactions only the reaction of tellurium
tetrachloride with activated aromatic cornpounds“’5 3435 and with arylmercuric
chlorides4’34, leading to aryltellurium trichlorides (Egs.6,7) have a general char-
acter and find large use in the synthesis of organic derivatives of tellurium. It is
worth mentioning that the reduction of this class of organic tellurium com-
pounds is one of the more efficient methods used to prepare
diorganylditellurides (Eq.S)3 3,
TeCly

CCly
/@ * TeCl e Fas
reflux X

X

HgX TeCls
x~©/ + TeCl, ————= X : Eq.7
[H]
RTeCly RTeTeR Eq.8

[H] = Kp5,05.N0,S.9H,0,HNNH . H,0 4 HoNC(=NH)SO,H33,

(B) Cleavage of Tellurium-Tellurium Bonds of Diorganylditellurides with
Halogens.

Treatment of diorganylditellurides with stoichiometric amounts of chlorine,
bromine or iodine leads to the corresponding organyltellurium trihalides (Scheme
4)3'5 . Treatment of diorganylditellurides with equimolar amounts of bromine or
iodine gives the corresponding organyltellurenyi halides>**. Most derivatives
of this class of tellurium compounds are stable only in solution and are used in
situ for further reactions. Some examples of stable organyltellurenyl halides are

known4’45.
Scheme 4
TeXs 3%, Te X, TeX
" )
2

X = CLBr,l X = Br,l
ref-3-5 ref.3,4,44
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In our laboratory divinylditellurides (see section 1.B) were transformed into
vinyltellurenyl iodides by reaction with equimolar amounts of iodine®. Worthy
of note is the fact that the reaction of divinylditellurides with bromine also leads
to vinyltellurenyl bromides, with no addition products to the double bond being
observed (Eq.9)46. The vinyltellurenyl halides can be captured by electrophiles
(see section 4.A).

/N /A —)Ei——- 2 [ /A x} Eq9

R Te Te R

X = Br| 2246

(C) Hydrolysis of Aryltellurium Trichlorides and Diarylditellurides to Aryltel-
lurinic Anhydrides

Aryltellurinic anhydrides, which found use in organic synthesis as oxydizing and
c:yclization47 agents can be prepared by reaction of aryltellurium trihalides with
sodium hydroxide as described by Petragnani48. Alternativelly these reagents can
be obtained by reaction of diarylditellurides with sodium hydroxide at room
temperature in the presence of air in a two phase system using an ammonium
salt as catalyst31. By reaction with sodium hydroxide the diarylditelluride dis-
proportionates to give sodium aryltellurinate and sodium aryltellurolate (see
section 1.C) which by air oxidation regenerates the diarylditelluride. The process
is repeated until transformation of the diorganylditelluride to the sodium aryl-
tellurinate is complete. Acidification of the reaction medium gives the
aryltellurinic anhydride (Scheme §).

Scheme 5
NaCH /THF
2{ArTe), ——————= 3[ArTeNa] + ArTeO,Na
r.t.,PTC
) l { H+
air

1/2(ArTe0),0
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3. INTERACTION OF NUCLEOPHILIC TELLURIUM SPECIES WITH OR-
GANIC SUBSTRATES

(A) Reduction of Organic Substrates

The first example of the reduction of an organic substrate by a tellurium reagent
was provided by Petragnani, who transformed vic-dihalides into olefines by
means of a diaryltelluride49. Barton and coworkers™ used this reaction in a
catalytic oxidative process, which used 1,2-dibromotetrachloroetane to
regenerate the oxidation agents diaryltelluroxide. Variation of these
dehalogenation reactions employing tellurolate anions were reported in recent
years. Presently many other functionalities can be reduced by reaction with
several nucleophilic tellurium reagents. These reactions are at present the most
useful synthetic transformations involving tellurium reagents and were recently

reviewed by usZ

(B) Addition of Tellurolate Anions to Acetylenes

The additions of aryltellurolate anions to acetylenes has been described by
several authors (Eq.10)22’50'55 . The reaction seems to be a trans stereospecific
addition, since the only product observed is the corresponding cis vinylic tel-
luride. We observed that the reaction is faster with alkyltellurolate anions than
with aryltellurolates. The process presents a high regioselectivity with aromatic
and conjugated acetylenes. With acetylenes bearing electron atracting groups at
the carbon 3 the regiochemistry is still high leading to the cis olefin with the
tellurium atom at the terminal carbon atom of the double bond as the main
product. Aliphatic acetylenes give low yields and mixture of the two possible

regioisomersﬁ.
NaBH, R TeR!
2R— == —H + (R'Te), 2 >:: Eq.10
EtOH, Ny, reflux H H
R' = alkyl,aryl

Reaction of acetylenes with sodium telluride, generated by reducing elemental
tellurium with sodium borohydride in the presence of sodium hydroxide in
ethanol/water under reflux in a carefully deoxygenated inert atmosphere, leads
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to divinyl tellurides. The reaction is also a trans addition giving the cis divinyl

tellurides (Eq.11)>.
Te/NaBH,/NaOH — —

2R— = —H /T N\- /T \ Eqll

EOH,N, reflux R Te R

As mentioned before (section 1.C) divinyl ditellurides are reduced to the
corresponding sodium vinyltellurolates by reaction with sodium
borohydride/sodium hydroxideB. Addition of these intermediates to an
acetylene gives nonsymmetrical divinyl tellurides (Eq.12)5 1

R 1)NaBH,/NaOH R
== + 2Rl — = —H 2 == /. Eql2
<Te)2 <Te R

EtOH,Ny,r-t-
2)reflux

(C) Vinylic Substitution of Vinylic Halides by Organyltellurolate Anions
Reaction of lithium p-methoxyphenyltellurolate and lithium butyltellurolate
(generated by reduction of the corresponding diorganylditelluride with lithium
aluminium hydride), with trans, -bromo-styrene in THF/HMPA, gives the
corresponding vinylic telluride of trans configuration. The alkyltellurolate reacts
faster than the aromatic one (Eq. 13)22.

CeHs o A (RTe),/LiAlH, CeHs H
=,

: >:< Eq.13

TeR

r o THF/HMPAN, H

Alternativelly the organyl tellurolate anion can be generated by reduction of the
diorganyltelluride with sodium in HMPA.

(D) Reaction of Organotellurolate Anions with Haloacetylenes
Lithium alkyl- and alkynyltellurolates generated as described insection 1.B react
with 1-bromo-2-phenyl ethyne to give the corresponding acetylenic tellurides.”’

R—-TelLi + CgHs — = —Br —= (CiH; — == —TeR
& s Eq.14

R = alkyl,alkyny!
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4.INTERACTION OF ELECTROPHILIC TELLURIUM SPECIES WITH OR-
GANIC SUBSTRATES

(a)Reaction with Grignard Reagents

The reaction of aryltellurenyl halides with Grignard reagents leading to dior-
ganyltellurides was described several years ago“. Recently we used this reaction
to prepare vinylic tellurides and bis vinyltellurides by reacting vinyltellurenyl
halides (see section 2.B) with vinyl Grignard reagent (Eq.15).

S\ .+ RMgX  —=

R TeX R TeR Eq.15

X = Brl; R = alkyl,vinyl,ary!

The tellurium atom of acetylenic tellurides presents electrophilic character,
reacting with organolithiums or Grignard reagents to give a tellurium free
acetylene and diorganyltellurides. In this way acetylenic tellurides can be con-
sidered tellurenyl acetylides21.

1)2R'MgX or R'Li

CgHs — = —TeR CeHs — = —H + R!TeR Eq.16
2)H,0

(B) Reaction with Acetylenes

The reaction of aryltellurium trichlorides with acetylenes was recently inves-
tigated in our laboratoryss. It was observed that the addition occurs in a syn
fashion leading to a Z arylvinyltellurium dichloride as demonstrated by X-ray
diffraction of one derivative>". The dichlorides are reduced to the corresponding
tellurides by reaction with sodium borohydride in ethanol (Eq.17)5 8,

R H NaBH,
=<

reflux ArTeCl, EtOH,r-t-

benzene

R— == —H + ArTeCly

H

R
S Eq.17
o <

TeAr
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(C) Reaction with Olefins Containing an Internal Nucleophile

The reaction of electrophilic species with olefines containing an internal
nucleophile (cyclofunctionalization) is a powerfull tool in organic synthesism.
One of the most important of such reactions is selenocyclofunctionalization,
described for the first time by Petragnani in 195981, A similar transformation
involving tellurium reagents was reported in the same paperﬁl, but did not
receive the same attention as did the selenocyclofunctionalization.
Aryltellurium trichlorides®™3, tellurium dioxide/lithium chloride in acetic
id*®% and aryltellurinic anhydride‘”’“”67 have been used to perform the

cyclofunctionalization of unsaturated carboxylic acidsS%2, alcohols*76%67

bamates*”’, ﬂ-dicarbonylcompounds68 and b¢:nzy1ethers69 (Scheme 6).

RTeXs
l —_—— R-Te N
u
x/ \x

‘Nu

, car-

Scheme 6

Nu = CO,H; RTeX; = ArTeCi$1.62

OH; ArTeCl$3,Te0,/LiCI/ACOH 6465 (ArTe(),0 47.66
OH O
M : ArTeCl; 68
OR; ArTeCly 69
NHCO,Et; (ArTeQ),0 47.67

Several transformations such as telluroxide elimination® , bromodetellura-
tion®, reduction’® and reductive akylations70 can be effected on the cyclic
products, demonstrating the synthetic potential of the reactions.

(D) Reaction with Ketones and Ketone Silyl Enol Ethers

Aryl- and alkyltellurium trichlorides react with ketones’ '
enol ether ¥ to give the corresponding a-dichloro(organyltelluro) ketones.

The ketones probably react via the enol form (eq.18).

and ketone silyl



14: 55 29 January 2011

Downl oaded At:

NEW ASPECTS OF OLD REACTIONS IN ORGANOTELLURIUM CHEMISTRY 195

Cl
0-R Cl

0
RITeCl AN
etls Te{ RI Eq.18
~ benzene,reflux

R = H; MesSi ref-72,75

R = p‘—CH3OC6H5

The reaction with ketonesilylenol ethers is faster and gives higher yields than the

reaction with ketones .

5. DETELLURATION OF ORGANOTELLURIUM COMPOUNDS

The functional transformations promoted by tellurium reagents are synthetically
valuable only if mild and selective methods to remove tellurium from the organic
products are available. The tellurium atom can be removed from organic sub-
strates by telluroxide elimination, by reduction of tellurium carbon bonds, by
transmetallation with organolithium or with higher order cyanocuprates and by
reaction with halogens.

(A) Oxidative Removal of Tellurium from Organic Substrates

The oxidative removal of tellurium from organic substrates has been performed
by several methods, e.g., oxidation of tellurides followed by syn elimination5’76,
transformation of tellurides into telluroxides by bromination followed by reac-
tion with aqueous sodium hydroxide and subsequent elimination77, reaction of
tellurides with chloroamine T followed by elimination5’78, oxidation of benzyl
and allyltellurides by air'l or by hydrogen peroxide, t-butyl hydroperoxide, and
sodium periodate79 followed by spontaneous decomposition of the telluroxide
to give oxigenated products. However none of these methods compete with
analogous transformations involving selenium reagents and the oxidative
removal of tellurium from organic substrates seems to be to date devoid of

practical interest™!2,
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(B) Reductive Removal of Tellurium from Organic Substrates.
Diorganyltellurides and diorganyltellurium dichlorides can be reductively detel-
lurated by reaction with triphenyl“’80 or tributyltin hydrides62’70
occurs through a free radical intermediate, although no radical initiator is
necessary. The intermediate free radical can be captured with acrylates leading
to chain elongation products70. It must be emphazised that this reduction method
is selective, being compatible with the presence of other functionalities.

. The reaction

Other reagents such as Raney Nickel and copper powder were also used to
promote the detelluration of organic tellurides. However, we feel that more
selective and practical methods to promote reductive detelluration of organic
substracts are lacking and much work has to be done in this particular area.

(C) Transmetallation with Organolithiums

The lithium-tellurium exchange is a long known reaction® %, However, only
recently this reaction has been extensively explored for synthetic purposes. In
this way alkyl-87’91’92, carbamoyl-88 benzyl-87, aryl-87, vinyl-87’89, acyl-90, and
ethynyllithiums®’
organotellurium compounds with butyllithium.

Recently we studied the transmetallation reaction between vinylic tellurides and
buty]lithiumsg. We found that the reaction is general and occurs with retention
of the olefin geometry. The vinyllithiums were trapped with electrophiles, such
as aldehydes, ketones and alkyl halides (Eq.19).

were prepared by means of the reaction of the corresponding

1)n~Buli
N\ —_—— /A Eq.19
R TeR! 2)E+ R E 4
R = alkylaryl,R 7 >

E+ = RXCHO,R2CO,R2X

When R! is an aryl group the transmetallation can lead to a vinyl- or to an
aryllithium and normally a mixture of products is obtained after capture with
the electrophile. In this way, an alkyl group Rlis required to generate only the
desired vinyllithium. When Rlisa vinyl group, two equivalents of the vinyl-
lithium are formed for each equivalent of the starting vinylic telluride.
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(D) Transmetallation with Higher Order Cyanocuprates

A novel reaction involving vinylic tellurides was developed in our laboratory.
The reaction of vinylic tellurides with higher order cyanocuprates gives the
corresponding vinylcuprates with retention of the olefin geometry93. The vinylic
cuprates react with enones to give the 1,4-addition products (Scheme 7).
Scheme 7

(o}
o]

|
/\ —— /N — |
R TeR! I} CuBuUCNLIy j' (vs/“\

(E) Halodetelluration

The replacement of the tellurium atom of benzyltellurides by a halogen is a long
known reaction’*. In recent times the halodetelluration of organyltellurides,
diorganyltellurium dihalides and organyltellurium trihalides has been effected
by photolysis5 95, thermolysis5 6 and by reaction with halogenating agents5 R39,97-
? In our laboratory we transformed a-dichloro(organyltelluro) ketones into
a-telluroketones by therrnolysis'74 or by reaction with halogens75 . Halogenolysis
of telluroacetylenes afforded 1,1,2-trihaloalkenes via an intermediate

halocetylene (Eq.20)'%.

2%, Xz

R—C==C~TeR! R-C==C—X ~——= RC(X)=CX, Eq.20
r.t.,—R'TeX;

X = Br, i

CONCLUSION

From an obscure branch of the organic chemistry, the organotellurium chemistry
has emerged in recent years as a promissing and advantageous alternative for
some important synthetic operations. As can be anticipated the developement
of some reactions commented in this article discloses new perspectives for the
preparative organotellurium chemistry as well as for challenging synthetic ap-
plications.
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