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NOVEL REACTIONS WITH TELLURIUM AND ORGANOTELLURIUM REAGENTS 

W.-W. DU MONT, R. HENSEL, S. K U B I N I O K ,  L. LANGE, T. SEVERENGIZ 
Universi ta t  Oldenburg, West Germany 

Abstract Novel react ions of elemental te l lur ium, organic di- 
t e l l u r i d e s  and diselenides  and o r  reagents with Te-Li, Se-Li 
and Te-Si bonds a re  reviewed. These reagents have been used 
t o  prepare new molecules with Te-P, Se-P, Te-C, Te=C, Te-I 
and Se-I bonds. 

For more than t en  years t h e  Lawesson Reagent has been known t o  be 

a powerful agent f o r  t h e  transformation of C=O i n t o  C=S groups. A 

comparable reagent f o r  t h e  conversion of C=O t o  C=Se o r  C=Te 

groups has not ye t  been described. In  f a c t ,  even simple binary 

t e l l u r i d e s  of phosphorus have not been s a t i s f a c t o r i l y  character-  

ized. 

PHOSPHANE TELLURIDES 

Early work by Zingaro ' showed, t h a t  c e r t a i n  t e r i a r y  phosphanes 

nucleophi l ical ly  degrade elemental te l lur ium and form t e r t i a r y  

phosphane t e l l u r i d e s ,  R PTe. These compounds a re  much l e s s  s t a b l e  

than phosphane oxides, su l f ides  and selenides.  The most remarkable 

property of  phosphane t e l l u r i d e s  i s  t h e i r  k ine t i c  l a b i l i t y  with 

respect t o  te l lur ium t r a n s f e r  t o  non-coordinated phosphanes. These 

rapid P I1'/Pv redox react ions by te l lur ium t r a n s f e r  a r e  i n i t i a t e d  

by nucleophilic a t t a c k  of t h e  phosphorus lone p a i r  a t  tellurium 

leading t o  t r a n s i t i o n  states with hypervalent ( lO-Te-2)-configu- 

r a t i o n  . 
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86 W.-W. DU MONT et al. 

L R P + l / x  Tex- R PTe 3 3 

.. * 
3 

-* 
R 3 + : P R 3 a  R3P: + Te=PR 

With tri-n-butylphosphane r eac t ion  ( 1 ) does not go t o  com- 

p l e t i o n  when equimolar amounts o f  phosphane and tellurium a r e  

used. A twofold excess of t h e  phosphane i s  necessary t o  "dissolve" 

elemental t e l lu r ium.  Tri-t-butylphosphane, a much s t ronge r  reduc- 

ing  agent and/or  0-donor r e a c t s  wi th  an equimolar amount t e l lu r ium 

t o  give a remarkably s t a b l e ,  but s t i l l  k i n e t i c a l l y  l a b i l e ,  phos- 

phane t e l l u r i d e  1. - 

TELLUROPHOSPHANES 

Tellurium t r a n s f e r  r eac t ions  between t e r t i a r y  phosphanes are spe- 

c i a 1  cases  o f  r a p i d  P 'I1/PV redox r e a c t i o n s  , but they  cannot se rve  

as appropr ia te  models for t h e  i n t e r a c t i o n  of e lemental  phosphorus 

with elemental  t e l lu r ium.  They key s t e p  of t h e  i n t e r a c t i o n  of 

phosphorus r i n g s  and cages wi th  tellurium chains  w i l l  be t h e  in-  

s e r t i o n  of  Te atoms i n t o  P-P bonds, j u s t  l i k e  t h e  i n s e r t i o n  o f  

oxygen and s u l f u r  atoms i n t o  P g ive  P4O6 and P4S3, r e spec t ive ly .  

Thus, a s u i t a b l e  model for t h e  i n t e r a c t i o n  of e lemental  t e l -  

lurium with phosphorus is  t h e  tellurium atom i n s e r t i o n  i n t o  P-P 

bonds leading  t o  P1"-Te-P1" moie t ies .  This r eac t ion  may proceed 

wi th  T e  atoms t h a t  were der ived  from nuc leoph i l i c  degradat ion of 

e lemental  t e l lu r ium with he lp  o f  t h e  phosphorus lone  p a i r  (see 

eqn. I ) ,  o r  by "d i rec t"  i n t e r a c t i o n  o f  t e l lu r ium chains  wi th  phos- 

phorus-phosphorus bonds i n  a k ine  of (2+2 )dismutat ion r e a c t i o n  

wi th  subsequent rearrangements. 

4 

The i n s e r t i o n  of a T e  atom i n t o  a P-P bond was f i r s t  observed, 

when tetra-t-butyldiphosphane was heated wi th  Te powder i n  boi l -  

i n g  to luene  (eqn. 3a). 
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NOVEL REACTIONS WITH TELLURIUM AND ORGANOTELLURIUM 87 

t-Bu 2 P-P-t-Bu2 + Te 1 t-Bu2P-Te-P-t-Bu2 (3a )  

2 - - 

2 
i-Pr P-P-i-Pr2 + Te .* i-Pr -Te-P-i-Pr 2 2 

- 3 

Tel lu rob i s  (di-t-butylphosphane ) 2, - a s t a b l e  compound, was obta ined  

i n  q u a n t i t a t i v e  y i e ld .  Tetra-i-propyldiphosphane r e a c t s  wi th  t e l -  

lurium under milder  condi t ions  but  not  q u a n t i t a t i v e l y  (eqn. 3b). 

Diphosphane/tellurobisphosphane mixtures a r e  always obtained.  T e l -  

lurobis(di-i-propylphosphane) prepared from sodium t e l l u r i d e  and 

chlorodi-i-propylphospahne p r e c i p i t a t e s  Te and e s t a b l i s h e s  e q u i l i -  

brium (3b) .  For t h i s  spontaneous d e t e l l u r a t i o n  phosphorus lone 

p a i r s  have t o  be chemically ava i l ab le .  When t h e  P lone p a i r s  are 

made unavai lab le  , f o r  in s t ance ,  by coord ina t ion  t o  te t racarbonyl -  

chromium acceptors ,  t h e  te l lurobisphosphane is k i n e t i c a l l y  s t a b i -  

l i z e d  (eqn. 4) .  

N a  T e  + i-Pr2PC1 

- 2 N a C l  

2 

I 
i-Pr P-Te-P-i-Pr2 2 

i-Pr P-P-i-Pr + Te 2 2 

(4) 

Elemental tellurium exists as i n f i n i t e  chains  w i t h  di-coordi- 

na te  t e l lu r ium.  To model t h e  i n t e r a c t i o n  of t e l l u r i u m  chains  with 

phosphorus cha ins ,  r i ngs  and cages w e  chose d i -p - to ly ld i t e l lu r ide  

as a simple molecular compound which conta ins  j u s t  one te l lur ium-  

t e l lu r ium s i n g l e  bond. S imi l a r ly ,  t e t r a  a l k y l  diphosphanes ob ta in  

P.S.-D 
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88 W.-W. DU MONT et al. 

just one P-P single bond, and may serve as crude models of elemen- 
t a1 phosphorus. 

Tetraalkyldiphosphanes react with diary1 ditellurides by a 

(2+2)dismutation to form (aryltel1uro)dialkylphosphanes - 5 (eqn. 
5). As in the case of the reaction between Te and tetraalkylphos- 
phanes, bulky alkyl groups favor also the formation of the tellu- 

rophosphanes in equilibria with ditellurides (eqn. 5). 

R = t-Buy i-Pr 

Again, coordination of the P lone pair leads to kinetic stabilisa- 

tion of the P-Te bond, i.e., the barrier of energy f o r  re-dismuta- 

tion is raised significantly: The tungsten(0)complex W( CO) - 
P(i-Pr) Te-C H -CH is completely stable with respect to re-dismu- 

tation to di-p-tolylditelluride and a diphosphane-bridged dinucle- 

ar complex. 

5 
2 6 3  3 

Tetra-t-butyl-cyclotetraphosphane does not react with elemen- 

tal tellurium even in boiling toluene. However, tri-t-butylcyclo- 
triphosphane inserts at 60°c one tellurium atom into one of the 

P-P bonds to form a telluratriphosphetane. Cyclotriphosphane with 
tellurium in boiling toluene produces a mixture of telluracyclo- 

phosphanes (t-BuP) Te (see Tab. I). These heterocycles are also 
formed from t-butyldichlorophosphane and bis (trimethylsily1)tellu- 
ride or from t-butyl-bis (trimethylsily1)phosphane and elemental 

tellurium . 

X Y  

4 

DD 

["\ Te, 60°C, toluene* RPO PR LPR 
'Te' 

RP- PR c-. 
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NOVEL REACTIONS WITH TELLURIUM AND ORGANOTELLURIUM 89 

Table I Spectroscopic data f o r  Telluracyclophosphanes 

PR RP- PR RP- Te 
PR 1 I I I  0 \  PR- PR 

Te R\ Te /’” \ /  
Te 

MS 
m/ z* 
- 306 394 482 5 20 

0-31 -70.9 -4, -60 +94.8, +89.9 +loo, +154 
J(PP) 173 [J(PP)I 319.2 J(PP)f26 

334, 12.4, 
5.6 [calc. 

AA‘BB’ spec- 
trum] 

ca. - - 6Te-125 -696(t) -361(d,t) ca. 

+378(m) +586 (m ) 

J( 125Te,3’P) +226 k84, k10.7 

* for molecular ion 

pprn rel. to 85 % H PO 31 6 P: 3 4  

6125Te: ppm determined rel. to di-p-tolyl ditelluride , values 
given calc. with 6 (rel. Me2Te) = [ 6  (rel. To12Te2) 
+428 ppml 
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90 W.-W. DU MONT et al. 

(Me Si)2Te RP- PR 
I = & +  \ /  RPC12 - 2 Me sicl’ 

3 
Te 3 

2 

Te, 25OC 
- (Me Si)2Te’ RP ( SiMe ) 

3 

( 7 )  

The Te-P heterocycles, (t-BuP)xTey, contain at least one P-P bond 
and no terminal P=Te function. A P=Te group is not formed even 
when an excess of tellurium is present in the reaction mixtures. 

Se 
PtBu 
Se 

3 Se 
3 3 2 - (Me Si)2Se’ t-BuP(SiMe ) ( 9 )  

In contrast with tellurium, selenium converts t-butylbis (tri- 
methyls ilyl ) -phosphane to the ” s eleno-Lawe s son”-t ype compound, 

[t-BuPSe2] (eqn. 9). Although tetra-t-butylcyclotetraphosphane 
does not react with di-p-tolyl ditelluride even in boiling toluene, 
tri-t-butylcyclotriphosphane and di-p-tolylditelluride form - with 
P-P bond cleavage - 1,2-di-t-butyl-~,2-di(p-tolyltelluro)diphos- 
phane 9 (eqn. 10) at 2 5 O C .  

t-Bu t-Bu, / P-P 
\ /  + Me P 

1 
t-Bu 

t-Bu t-Bu, 0 

Te 
Me r - i  

Te 

Me Mk 2 

(10) 

Compound 9 was isolated in the pure state in the form of yellow 
crystals. A similar (2+2)dismutation was not observed in reactions 
between cyclotriphosphane or tetra-t-butyldiphosphane and the 

- 
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NOVEL REACTIONS WITH TELLURIUM AND ORGANOTELLURIUM 91 

bulky bis(2,4,6-tri-t-butylphenyl)ditelluride or bis( 2,4,6-tri-t- 
butylpheny1)diselenide. To attach very bulky 2,4,6-tri-t-butyl- 
phenyl-seleno- and -telluro substituents to phosphorus, metal 
halide elimination reactions have to be carried out. The starting 
materials are obtained by "superhydride" reduction of the Se-Se 
or Te-Te bonds. 

ELi ( THF ), 
2 LiBEt3H/THF 

- H2, -BEt 3 

The lithium areneselenolate, the structure of which was determined 
by X-ray diffraction (Se-Li 257.3 pm, CSeLi 103'), is a good rea- 

gent for the formation of selenium-carbon and heteroatom bonds 

(eqn. 12). 

Me SnCl 
-Lic1, -3 THF' 

3 
3 SeSnMe 4 -- 13 

+0.5 CH2C12 
-Lic1, -3 THF' 

-- 

(E = S e ,  n = 3) 
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92 W.-W. DU MONT et af. 

Bis(2,4,6-tri-t-butylphenyl)ditelluride 1Qb --- allowed t h e  determina- 

t i o n  of t h e  b a r r i e r  o f  enantiomeric in te rconvers ion  (probably 

Te-Te bond r o t a t i o n ) .  The molecular po in t  group C2 w a s  confirmed 

by X-ray d i f f r a c t i o n  d a t a  f o r  t h e  di te1lur i .de 1Qb --- '. I n  s o l u t i o n  

t h e  b a r r i e r  of 9.9 k c a l  mol-' f o r  _?Qb --- (determined by dynamic 

n.m.r.) i s  s i g n i f i c a n t l y  lower than  t h e  b a r r i e r s  f o r  t h e  cor res -  

ponding d i s u l f i d e  and d i se l en ide  (16.2 and 12.5 k c a l  mol-I). 

S t e r i c  e f f e c t s  should a l s o  be respons ib le  f o r  t h e  low r e a c t i v i t y  

o f  t h e  d i se l en ide  and t h e  di te1lur i .de towards P-P bonds. It i s  

reasonable  t o  assume t h a t  s t e r i c  crowding d i s f avor s  t h e  four-cen- 

t e r e d  t r a n s i t i o n  states necessary for (2+2)dismutat ion r eac t ions .  

COMPOUNDS WITH Se-I BONDS 

This  concept o f  k i n e t i c  s t a b i l i s a t i o n  l e d  us  t o  t h e  charac te r iza-  

t i o n  of t h e  f i r s t  w e l l  def ined ,  uncharged molecular compomd wi th  

a selenium iod ine  bond. Elemental Se and I are of  similar e l ec t ro -  

nega t iv i ty ,  and do not form inorganic  b inary  compounds as do t e l -  

l u r i u m  and phosphorus. Diphenyl d i se l en ide  r e a c t s  with iod ine  t o  

give "PhSeI", but n.m.r. d a t a  obtained with s o l u t i o n s  of  "PhSeI" 

do not a l low f o r  a determinat ion of whether PhSeI conta ins  a co- 

va l en t  Se-I s i n g l e  bond o r  should be formulated as a charge-trans- 

f e r  adduct such as PhSeSePh- 2 12. Addition of  less  than  t h e  equi- 

molar amount o f  iod ine  t o  PhSeSePh l eads  t o  changes of  'H- and 

13C-n.m.r. s h i f t s ,  but  s epa ra t e  s i g n a l s  f o r  PhSeSePh and PhSeI 

were not observed. However , t h e  b i s  (2,4 ,6-tri-t-butylphenyl)dise- 

l en ide l iod ine  r e a c t i o n  e s t a b l i s h e s  a dismutat ion equi l ibr ium (eqn. 

13) .  The dismutat ion i s  not r a p i d  on t h e  n.m.r. t i m e  s c a l e  . 
C r y s t a l l i s a t i o n  a f forded  pure s o l i d  "ArSeI'l 15. X-ray d i f f r a c t i o n  

d a t a  gave an Se-I d i s t ance  of  252 pm ( s h o r t e r  than  Se-Li 257.3) , 
and t h e  angle  CSeI of  97.5'. 
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NOVEL REACTIONS WITH TELLURIUM AND ORGANOTELLURIUM 93 

REACTIONS OF BIS(TRIMETHYLS1LYL)TELLURIDE WITH ACYL HALIDES 

The unavailability of a telluro-Lawesson reagent led us to seek 

the application of bis(trimethylsily1)telluride as a precursor for 

the formation of molecules with C=Te double bonds. 

Te-Si bond cleavage of bis (trimethylsily1)telluride with acyl 
halides may be used to prepare bis (acy1)tellurides under mild con- - 
ditions ' I .  Thus, diacetyl telluride is formed from bis(trimethy1- 

si1yl)telluride and two equivalents of acetyl chloride. However , 
the reaction of the same disilyl telluride with only one equiva- 
lent of acetyl chloride, surprisingly, resulted in an acyloin-type 

coupling. The reaction mixture is intensely blue. Mass spectro- 

scopy identified trimethylsilyl telluroacetate 1lB (R = CH ) as a 

thermally labile intermediate. This telluronoester decomposed at 

room temperature by spontaneous detelluration with formation of 

(E)- and (Z)-isomers of the corresponding disilyl enediol ether 

(eqn. 14, 15). 

3 --- 

To obtain more detailed information about the properties of 

silyl tellurocarboxylates , we attempted to isolate a thermally 
stable compound of this type. 

The reaction of pivaloyl chloride with an equimolar amount of 

bis(trimethylsily1)telluride in the absence of a solvent produces 
a blue liquid that contains trimethylsilyl telluropivalate 16 -- ( R  = 

t-C H ) and chlorotrimethylsilane. Removal of the silane by keep- 
ing the reaction mixture at 10 mbar for three hours provides a 

high yield of pure 16 as a blue liquid that is very sensitive to 
air and moisture but thermally stable at room temperature . 

4 9  

8 
-- 
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94 W.-W. DU MONT et al. 

MeCOCl + (Me3Si)2Te Me Sic1 + Te 3 

(MeC0)2Te + (Me3Si)2Te 2 Me-C, ye 
OSiMe, 

3 I 
l - 2 T e  

Me (Me SiO )C=C (Me )OSiMe3 ( E/Z ) 3 

- Me Sic1 R- C @' + (Me3Si)2Te 3 b 

'c1 

4 O  R- C 
3 'TeSiMe 

R-C 

'OSiMe 3 

In contrast to trimethylsilyl thiopivalate , which exists exclusi- 
vely as the C=S-bonded thiono isomer, the telluro-ester 16 as the 
neat liquid or in C6D6 solution contains the C-Te-Si and the C=Te 

isomers (65 % JlB, 35 % 164) as determined by multinuclear n.m.r. 

spectroscopy. 'H-n.m.r. spectra indicate that two different spe- 
cies with trimethylsilyl groups and t-butyl groups are present in 

-- 

--- --- 

pure 16. In the "C-spectra two resonances are present in the 

carbony1 region. The signal at +207.5 ppm has to be assigned to 
the silyl telluroacetate 154, and the resonance at +251.2to the 
silyl telluronoacetate. The I3C nucleus is far more deshielded in 
the C=Te than in the C=O group (compare 6 '3C +229.38 f o r  

-- 

--- 

Bu t C(=Te)OCH2But '). The 125Te-n.m.r. signal of the C=Te group in 
- 

1 6 ~  (+1419 ppm) appears 1190 ppm to low field from isomer 
( 6  +229 ppm), the resonance, which is close to the average of the 
shifts of (Me3Si)2Te (6 125Te -858) and (t-BuCO)2Te (6 125Te 
+936). As in the case of compounds with C=Se double bonds, the 

--- --- --- 
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NOVEL REACTIONS WITH TELLURIUM AND ORGANOTELLURIUM 95 

low field I3C- and ’25Te resonances of 

small average excitation energy (1_6g: A 
matropic rearrangement 16A * I@ is slow on the n.m.r. time 

scale, but chemical reactions, that we carried out with 16, always 
proceeded with consumption of both isomers. The reaction of 16 
with pivaloyl chloride produces quantitatively di (pivaloyl) tellu- 
ride and chlorotrimethylsilane. (2+4)cycloaddition reactions of 
the C=Te double bond of 

butadiene lead to new cyclic telluroacetals (eqn. 17). 

coincide with a rather 
624 nm). The 1,3 sig- 

--- 

max --- 
--- --- 

-- 
-- 

with cyclopentadiene or 2,3-dimethyl- -- - 

(17) ’ 1 - QOSiMe 3 

p t-Bu-C 

3 ‘OSiMe 
Bu-t 

The existence of a 1:2 equilibrium of 1_6A and 1_6@ which are relat- 
ed by a 1,3-trimethylsilyl shift, indicates, that the strong affi- 
nity of silicon for oxygen, which favors C=S and C=Se bonds in 
silyl thio- or selenocarboxylates, is not sufficient to provide 
the rather high energy that would be needed for the quantitative 
formation of a C=Te double bond. 

--- --- 
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