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ABSTRACT 

Intramolecular coordination in organotelhuium derivatives is reviewed. The various types of 
complexes are discussed according to the types of donor atoms involved. Structural and spectroscopic 
evidence in support of intramolecular coordination, where Te(II) and Te(IV) behave as Lewis acids, is 
emphasized. 
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1. INTRODUCTION 

The last 15-20 years have witnessed the extremely rapid development of 
organotellurium chemistry. Outlets for the considerable current interest include 
(a) application of organotellurium compounds in organic synthesis [l-3], (b) nuclear 
medicine [4,5], (c) non-silver imaging [6,7], (d) new conducting materials [8,9], 
(e) ligand chemistry [ 10-121 and (f) precursors for metal organic chemical vapour 
deposition (MOCVD) of Hg,_,Cd,Te [ 13,143. The basic chemistry of organotellu- 
rium compounds and bonding is well covered in books and reviews [ 15-181, whereas 
only scattered information is available on the coordination behaviour of tellurium 
[ 193. The main object of this review will be the presentation of work on intramolecu- 
larly coordinated organotellurium compounds with a view to promoting interest in 
this area. The compounds have been classified on the basis of the ligating atom. 

Organometallic intramolecular coordination compounds 1 are, in a general 
sense, those which have at least one M-C bond and one group forming an intramo- 
lecular coordination bond. 

Y = Coordinating atom or group 

I 

Omae, in a series of reviews [20], has classified organometallic intramolecular 
coordination compounds based on the type of coordination of Y to the metal. The 
compounds have mainly N, P, As, 0 or S as the ligating atom and tend to form 
five-membered rings. 

2. INTRAMOLECULAR COORDINATION COMPOUNDS OF TELLURIUM 

Intramolecular coordination compounds of tellurium( II) and tellurium( IV) 
have attracted attention since the built-in functional groups not only stabilize the 
synthetically important but otherwise unstable organyltellurenyl derivatives but also 
afford novel bi-, tri- and tetradentate ligands containing both “hard” and “soft” 
bases. Furthermore, these complexes are interesting in their own right owing to their 
structural variety. Intramolecular coordination compounds of tellurium also find 
potential applications in the synthesis of stoichiomeric monomeric precursors of the 
type RHgTeR’ for MOCVD. Encouragement for the detailed investigation of these 
systems was provided by the application of analogous organosulphur and organosele- 
nium compounds in organic synthesis [21--241. The simpler members of aryltellure- 
nyl halides are thermally unstable and polymeric in nature [25] and the only 
exception for many years has been 2naphthyltellurenyl iodide [26]. However, 
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aryltellurenyl halides prepared in situ have found application in important trans- 
formations [ 27-29): 

ArTeTeAr 3 [ 2ArTeBr] 3 2ArTeR 
THF 

(1) 

2 3 4 

(Ar = C6H5, p-CHJOCsH4, 3,4-(CH30)2C6H1, p-C6HS-CdH4; X = Br, I) 

Stable aryltellurenyl halides can be obtained by (a) complexation with external 
ligands [ 301, (b) formation of anionic complexes [ 311, and (c) chelation with donor 
groups already incorporated in the molecule. 

2.1. Lewis acidity 

Tellurium exhibits an exceptionally wide variety of formal oxidation states. The 
two most common oxidation states are II and IV. Tellurium compounds (in oxidation 
states II and IV), because of the presence of a lone pair of electrons and also vacant 
5d orbitals, can function as both electron donors and electron acceptors depending 
on the partner. Compounds of the type RTeX and R,TeX,,_, (where X is a halide) 
act as good acceptors. The Lewis acidity of tellurium becomes less important as the 
more electronegative halogen atoms in TeC& are replaced by less electronegative 
organic groups. Thus the order of Lewis acidity is as follows: 

TeX4 > RTeX3 > R2TeX, > R3TeX > R.,Te 

In the case of tellurium(I1) compounds, 

RTeX > R,Te 

2.2. Structural considerations [32] 

In recent years, several crystal structures of tellurium compounds have become 
available. In this review complexes of tellurium(I1) and tellurium(IV) with at least 
one built-in ligand coordinating through oxygen, nitrogen, phosphorus and chlorine 
are considered. The term “complex” in this presentation is used in the traditional 
sense, it is defined as an arrangement of electron donating ligands bonded to a 
central atom, Te(I1) or Te(IV), which functions as electron donors. 

Other than ortho-tellurated compounds, all organyltellurenyl compounds 
whose structures have been determined are stabilized by complex formation. Complex 
formation either may occur via reaction with anions or may be intermolecular. 
Around 1960, Foss and co-workers published a series of pape [33-353 on the 
synthesis and structure of Te(I1) intermolecular complexes with tE ‘oureas, halogens, 
pseudohalogens and phenyl groups as ligands. The complexes prefer a square planar 
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geometry. From the stereochemistry, bond lengths and trans effects in these com- 
plexes it has been proposed that the bonding is of the three-centr+four-electron 
type [33-353. For instance in thiourea complexes of tellurium, with a TeS, core, 
two S-Te-S bonds 3~4%~ systems are supposed to be formed. Here suitable s orbitals 
on two sulphur atoms overlap with the same 5p orbitals on tellurium in each system. 
Since only two bonding electrons are available for two bonds, the bonds should be 
weak. The strong trans bond lengthening effects observed in many complexes can 
be easily explained when one assumes that one p orbital on a central tellurium atom 
participates in two bonds trans to each other. Thus a ligand with a strong trans 
effect overlaps more efficiently with the p orbital, weakening the ligand trans to itself 
when this has a smaller trans effect. 

In Te(I1) complexes the two lone pairs of electrons are stereochemically active, 
being located above and beneath the coordination plane while in Te(IV) complexes 
the lone pair is stereochemically active for coordination numbers less than 6 [ 36,371. 
For Te(IV) complexes the structures, although more complex, seem to obey the 
VSEPR theory of Gillespie and Nyholm [38] up to coordination number 5. 

2.2.1. Three-coordinate tellurium(II) complexes 
Although tellurium( II) strongly prefers square planar coordination, tellurium 

in some organyltellurium(I1) complexes is three coordinate. All the complexes have 
a typical “T--shape” structure (Fig. 1). 

A pseudo-trigonal bipyramidal geometry can be defined for these type of 
compounds with five electron pairs (two of which are non-bonding) distributing 
themselves around the metal atom. When the tellurium atom is not part of a ring 
system, the observed bond angles are close to 90” and 180”. A fourth (secondary) 
bond may form along an axis bisecting the angle between the lone pairs. 

2.2.2. Four-coordinate tellurium(II) complexes 
Among intermolecular complexes, four-coordinate tellurium( II) complexes 

with monodentate ligands have a square planar structure while those with bidentate 
ligands form a trapezoidal planar structure. 

L 

L = Lewis boso 

R x = halogen, diathyldithiocorbomotc, 
carboxylote, etc. 

Fig. 1. Typical structure of three-coordinate tellurium compounds. 
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2.2.3. Four- andjve-coordinate tellurium(IV) complexes 

The structures of four-coordinate intermolecular tellurium(IV) complexes may 
be described as pseudo-trigonal bipyramidal with one lone pair of electrons in an 
equatorial position. The structures of five-coordinate tellurium(IV) complexes can 
be considered pseudo-octahedral with a lone pair of electrons in the sixth coordina- 
tion position. This is then a square pyramidal structure. 

2.3. Intramolecular coordination compounds of tellurium having a Te---C bond 

An interesting example where an intramolecular Te---C ineraction exists is 
2-biphenyltellurium tribromide 5. The molecular structure of this compound is 
influenced to a lesser degree by the effects of intermolecular bonding than is the 
triiodide [ 391. A surprisingly short Te---C( 12) separation of 2.945(9) A is observed 
which is even shorter than the Te * * * C( 12) separation of 3.317 A observed in the 
triiodide. A possible chemical significance of this short Te . . . C( 12) separation in- 
volves the conversion of the trihalide to the dibenzotellurophene dihalide. This may 
be visualized as the formation of a bond between Te and C( 12) as the Te-Br(3) and 
C( 12)-H( 12) bonds are broken. 

3 

2.4. Intramolecular coordination compounds of tellurium having a Te---N bond 

In recent years interest has grown in compounds in which intramolecular 
coordination (secondary) N---Te and 0---Te bonds are present with the participating 
Te atom in various degrees of oxidation. Analogues of these bonds are well docu- 
mented in the organic chemistry of sulphur and selenium [40,41]. The presence of 
such bonds considerably strengthens the thermal and hydrolytic stability of organic 
derivatives of tellurium and permits access to some novel type of organotellurium 
compounds. The major nitrogen compounds are conveniently divided into four 
groups depending on the nature of the ligand: azobenzenes 6, heteroatomic com- 
pounds 7, benzylamines 8 and imines 9. 
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-Ph 

6 7 

8 9 

M=Te(ll)orTdlV) 

2.4.1. Ortho-tellurated azobenzene compounds 
An extensive series of azobenzene derivatives of tellurium(II) and tellurium(W) 

are known [42]. The general procedure for linking tellurium to azobenzene involves 
the generation of the mercurated azobenzene derivative and its subsequent reaction 
with tellurium tetrachloride or organotellurium(IV) trihalides. In the preparation of 
synthetically valuable ortho-mercurated azobenzene 10 [43] (Scheme l), the regio- 
specificity of the reaction suggests that the mercury is directed into an ortho position 
by coordination of mercury to an azo nitrogen. 

Precursor 10 has been recently prepared by the use of a domestic microwave 
oven [44]. The mercuration reaction is much faster under the conditions used; 
however, the overall yield was the same as when the reaction was carried out 
conventionally [ 433. The synthetic route linking the tellurated derivatives of azoben- 
zene is illustrated in Scheme 2 and (2-phenylazophenyl-C,N’)tellurium(II) chloride 

w 22h LiCI 

%I 
-a 

+ HgWc)l methanol 

Scheme 1. 
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dioxan 

C12HgN2.TcCl3 

11 1 

N2H4 McOH 

Cl2 Hg N2 .TeCI 

12 

NaBH4 MeOH 
I 

C12HgN2.WP-EtOCiHZ) Cl2 

15 

N2H4 EtOH 
1 

Ct2HgN2 fe(p-EtOC6H41 

16 

Er2 CC14 
1 

C#gN2.feBr3 

17 

NH2 

CUCIX -~CI~I~J~~~~~CUC~X x=1 or2 
lb 

13 
Scheme 2. 

12 is considered as one of the first compounds containing an intramolecular Te---N 
bond to be crystallographically characterized. If stereochemical activity is ascribed 
to the two tellurium lone pairs, the geometry around the tellurium atom can be 
considered to be distorted trigonal-bipyramidal (Fig. 2) [ 451. The phenylazophenyl 

Fii 2. Schematic representation of RTeCl (R = azobenzene). 
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group acts as a bidentate ligand resulting in a five-membered chelate ring. The 
carbon atoms and the lone pairs are in the equatorial plane and the more electronega- 
tive nitrogen and chlorine atoms occupy the axial positions. This stereochemistry is 
in agreement with that predicted by valence shell electron pair repulsion theory 
[46]. The asymmetric unit consists of two discrete molecules A and B with similar 
stereochemistry and (Fig. 2) shows molecule A with atom numbering. The Te---N 
distances of 2.23(2) and 2.19(2) A in the two molecules are equivalent within the 
limits of experimental error. The N=N distances of 1.25(2) and 1.28(2) A are similar 
to values observed in other ortho-metallated azo compounds [47] and only slightly 
longer than the value of 1.24( 3) A found in free azobenzene [48]. 

Several direct tellurations of aromatic substrates activated by o&o- and para- 

directing groups with TeCl, are known. However, it is only with great difficulty that 
direct telluration of azobenzene is achieved and that also in moderate yield [49]. 
Synthesis of the ditelluride by reduction of trichloride 11 with excess hydrazine 
hydrate completes the series of tellurated azobenzenes. The structure of the mono- 
meric trichloride 11 indicates no significant Te * * * Cl and Cl a. * Cl intermolecular 
interactions and the coordination is essentially octahedral. In view of the novel 
structures found in organotellurium compounds there have been further studies on 
the tellurated derivatives of azobenzene. While the crystal structure of tellurium(I1) 
acetate complex of azobenzene 18a (Fig. 3) consists of discrete molecules in which 
weak intramolecular Te---0 (2.9534 A) interaction occurs, the structure of the 
tellurium(I1) thiocyanate complex of azobenzene 18b reveals a weak intermolecular 
Te . . . N interaction which links the molecules into dimers [ 501. The bonding be- 
tween tellurium and the 2-phenylazophenyl group is quite similar in the two com- 
pounds. Weak interactions clustered around the tellurium lone pairs of electrons in 
the equatorial plane roughly trans to the carbon atom of an organic ligand appear 
to be common in organotellurium( II) derivatives [ 32,361. 

The lack of thermal stability of the solutions of Te(CsH4N2C6Hs)(S,CNRB), 
(where R’ = Me, Et or CH,C,H,) 19a made it impossible to obtain crystals [Sl]. 
However, the “‘Te nuclear magnetic resonance (NMR) data indicate that the tris 
compounds dissociate to tellurium(II) compounds in solution and “‘Te Mossbauer 
data suggest that the tris compounds are better formulated as loose charge-transfer 
compounds Ten(CsH4N2C6H5)(S2CNR2) - * * R;NC(S)S-S(S)CNR2. The structure 
of tellurium(I1) dithiocarbamate derivative 19b consists of one discrete repeating 
molecule. Although the coordination about tellurium can be considered as distorted 
square planar, the description “trapezoid planar” is preferred since it has been 
reported for many four-coordinate tellurium(I1) complexes with bidentate ligands 

C361. 
2-Chlorotellurenyl azobenzene 12 has been used in the preparation of 

N-arylbenzotelluradiazolium perchlorates of the type 20 ~521. 
Di(o-aminophenyl)ditelluride 13, which is obtained by the reduction of 12 with 
NaBH, in methanol, acts as a bidentate ligand with both Cu(1) and Cu(I1) 



N. Sudha, H.B. SinghlCoord. Chem. Rev. 1351136 (1994) 469-515 477 

Q- 0 
‘1 Ph TCJ - 

X’ 

18a, X=CH3COO 
lSb, , X =NCS 

190, X=S2CNR>[d=Me, Et] 

-3 
19b, ~~S2CNR~R’.;Me,EtI 

n=l 

M=tn,Cd - 
21 

X=CI, Br R =NO2,H,OCW3,OC$+, 

22 23 

Fig. 3. Ortho-tellurated azobenzenes and other related compounds. 

(Scheme 2). o-Aminophenyltellurolates of Zn( II) and Cd( II) 21 are the first examples 
of metal chelates with coordination skeleton MN,Te2 [53]. The ditelluride 13 has 
also been used in the synthesis of five-membered tellurium containing heterocycles 
such as 22-24 [ 54-561. In the structure of 2-phenylbenzotellurazqle 24, the heterocy- 
clic fragment is planar. Somewhat shortened Te . . . N intermolecular contacts are 
seen in the crystal; however, these do not substantially affect the physical properties 
of the compound [57]. Complex compounds of 13 with Pearson’s acids exhibit di- 
or oligomeric structures. Conformation of diary1 ditellurides in solution offers a 
possibility of oligomer formation on account of participation of nitrogen atoms of 
the amino groups of neighbouring molecules of the ligand in intermolecular coordina- 



478 N. Sudha. H.B. Singh/Coord. Chem. Rev. 1351136 (1994) 469-515 

tion with the metal [58]. Complexes of 13 with CuCI, 10 and complexes of NiCl, 
and NiBr, with the sulphur analogue of 13 [59] have identical compositions and 
properties. 

2.4.2. Heteroatomic compounds 
Nitrogen-containing heteroatomic compounds such as pyridine, N-tosylpyrrole 

and N-tosylindole undergo facile lithiation at the position ortho to the hetero nitrogen 
and the resulting heterocyclic lithiumtellurolates are worked up to give the corre- 
sponding ditellurides 25 [60] (Fig. 4). 

A new type of organotellurium(IV) compound 26 where the organic moiety 
functions as a unique tridentate C, N, 0 ligand has been obtained by the condensa- 
tion reaction of TeCl, with 2,6_diacetylpyridine [61]. The coordination geometry 
can be considered as distorted pentagonal bipyramid. Both the Te---N (2.402 A) and 
Te---0 (2.876 A) distances are much longer than the sum of covalent radii (2.07 A 
and 2.03 A respectively). The steric requirements of the five-membered rings prevent 
a close approach of all three coordinating atoms in the tridentate ligand. The reaction 
of TeCL, with 2-acetylpyridine gives a product having a polymeric formulation with 
intermolecular coordination of the pyridine nitrogen. 

Trans.-metallation reactions involving arylmercury( II) chlorides of the type 
RHgCl (R = 2-( 2’-pyridyl)phenyl and 2-(quinoline-2’-yl)phenyl) with tellurium tetra- 
halides have resulted in a wide range of ortko-tellurated derivatives [62]. The 
structures of RTeBr, and RTe(dmdtc) (R = 2-( 2’-pyridyl)phenyl) show that strong 
Te---N bonding holds the corresponding organic ligand in a near-planar geometry, 
whereas in RTeR’ (R’ = p-Et06Hq) the Te---N distance of 2.695(4) A is much longer 
than the sum of the covalent radii and much greater than the comparable distances 
in RTeBr, and RTe(dmdtc). The occurrence of a Te-C covalent bond trans to the 
Te---N vector significantly weakens the Te---N interaction. Of particular interest is 
the existence of a short Te---N non-bonded interaction (2.554(7) A) which appears 
to hold the novel tritelluride 27 in a planar geometry. However, pyridyl and phenyl 
rings are bent slightly relative to one another to form a shallow V shape with internal 
angle 177.2(4)O [63]. The structure of the compounds dimethyldithio- 
carbamato-2-(2’-quinolinyl)phenyltelhuium( II) 28 shows that the compounds can 
be regarded as “T shape” with the position trans to the bonded phenyl carbon 
unoccupied [64]. This is consistent with the results described for three-coordinate 
tellurium(I1) complexes where the trans effect of the phenyl group is pronounced 
[33,35]. In this compound the sulphur atoms are coplanar with both the tellurium 
atom and coordinating C and N atoms of the organic ligand. However, a weak 
Te . . * S(2) (3.222(l) A) interaction is noted as in Te(CsH,N,C,H,) 
(S,CNMe,) (Te . . . S(2) 3.225 A) [Sl]. 

The structure of the novel telluronium salt RR’TeCl+HgCl; (R = 
2-(2’-pyridyl)phenyl, R’ = p-ethoxyphenyl) [65] consists of discrete cations and chlo- 
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R = 
0 

R 

\ l -‘C /” 

25 

0 0 

I 
0x-s co 

I 
PhCHJ-P 

cm 
I 

o=i=o 
I 
PhCH2-P 

26 27 

v g&f 
28 

S2CNMc2 
29 

Fig. 4. Ortho-tellurated derivatives of pyridines and substituted pyridines. 

romercurate anions. Interest centres on the structure of the cation. The geometry 
around tellurium is pseudo-trigonal bipyramidal. A significant amount of data are 
now available for Te---N interactions in 2-(2’-pyridyl)phenyltellurium compounds. 
If the length of the Te---N coordinate bond can be taken as a measure of the Lewis 
acidity of the central tellurium atom, then the following order of Lewis acidity has 
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been reported by McWhinnie and co-workers [ 651 (Te---N distances in parentheses): 

RTeBr, (2.244 A) > R(R’)TeCl+ (2.31 A) > RTe(dmdtc) (2.35 A) 

> R2Te3 (2.554 A) > R( R’)Te (2.695 A) 

R = 2-( 2’-pyridyl)phenyk R’ = p-ethoxyphenyl; dmdtc = dimethyldithiocarbamate 

Organomercury reagents are known to be effective trans metallation reagents 
in the presence of inorganic tellurium compounds [66]. Recently an unusual case 
of reverse trans metallation has been observed in the reaction of 
2-( 2’-pyridyl)phenyl(p-ethoxyphenyl) tellurium( II) ( RR’Te) with HgCl,. Initially an 
adduct is obtained. On setting aside or on warming, transfer of a p-ethoxyphenyl 
group between the metal centres gives [R’HgCl * (RTeCl),] [ 671. In order to explore 
the generality of this reaction the behaviour of RR’Te with other metal centres such 
as Cu(1) and Cu(I1) has been investigated [68]. Although a novel synthesis of 
organocopper(1) complexes is indicated in terms of labilization of organic groups 
from tellurium to copper(I) centres and from comparison with other results [69], 
further evidence is required. 

The structures of both RTeBr and [R’HgCl * (RTeCl),], where R = 
2-(2’-pyridylphenyl) and R’ = p-ethoxyphenyl, have six molecules in the unit cell 
with no obvious intermolecular interactions between them [ 701. They are essentially 
pseudo-trigonal bipyramidal. The latter may be regarded as an “inclusion compound” 
derived by replacement of two RTeX (R = Cl or Br) molecules by two R’HgCl 
entities. For Te(I1) complexes of the type RTeX where R = 2-(2’-pyridylphenyl) 
and X = Cl, Br, dimethyldithiocarbamate and p-ethoxyphenyl, the following trans 
influence series has been suggested: 

Br=Cl<S<C 

Among the substituted pyridine substrates, 2-(3-thienyl)pyridine is known to 
give five-membered ring compounds. The substrate has been ortho tellurated for the 
first time [71]. The aryltellurenylhalide 29 owes its stability to a stable Tee-N 
interaction. 

2.4.3. Ortho-tellurated benzylamine compounds 
Gysling and co-workers [61] attempted the telluration of o-lithio- 

dimethylbenzylamine by reaction with TeCl, in THF at -78°C. Their work up led 
to decomposition to elemental tellurium. o-Lithiodimethylbenzylamine has been 
shown to react with organochalcogens to afford tellurides of the type 30 [ 721 (Fig. 5). 
An extensive series of ortho-tellurated benzylamine compounds 31 have been pre- 
pared from o-lithiodimethylbenzylamine and elemental tellurium [ 733. Interestingly 
the telluride RTeC4H9 (R = 2-Me2NCH2CsH4) gives the hydrochloride salt 33 rather 
than the expected dichloride. If the Te---N interaction is considered to be significant, 
the geometry around tellurium in RTeBr, (R = 2-Me,NCH,C,H,) can be considered 
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X=Ct,Br&CNEt2 

n=l or 3 
31 

/\ 
Cl Cl 

Rnhle, Et 

32 

cr H+ 
NMc2 

/Te<c4Hg*c’- 
Cl Cl 

33 

34 

35 

Fig. 5. Who-tellurated benzylamine compounds. 

as octahedral. In structure 33 there is no interaction between the protonated nitrogen 
and tellurium, as the nitrogen atom is twisted away from the central tellurium atom 
(Te *. . N 4.380(4) A). The geometry around tellurium is octahedral and the chloride 
ion forms a hydrogen bond with the dimethylbenzylammonium group (H . - . Cl- 
2.327 A). 

The first examples of novel optically pure chiral tellurenyl halide 34 and 
bidentate ligand 35 show that the intramolecular Te---N interaction not only results 
in five-membered chelate rings [74] but also gives nitrogen a stable tetrahedral 
coordination. Anisochronous NMe, resonances are observed at temperatures as high 
as 140°C indicating a strong Te *. . N bond. The most interesling feature in the 
structure of C(S)-2-Me,NCH(Me)CsHq]TeC13 (Fig 6) is the occurrence of H - * * Cl 
intermolecular interaction between Cl(2) and H(7) which is not seen in any of the 
intramolecularly coordinated tellurium complexes. 
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Fig. 6. Schematic representation of RTeCI, (R = C,H,CH(CH,)NMe,). 

Other than five-membered tellurated benzylamine compounds, four-membered 
amine compounds are also known. Potentially bidentate 36 and 37 [75,76] contain- 
ing both Te and N donor atoms are of current interest for two reasons. First, these 
donor atoms may strongly ligate with the “hard” metals of the first and second 
transition series and consequently generate a system in which the forced interaction 
(if any) of Te with such metals can be investigated. Second, they can favourably 
influence catalytic activity of Pt group metallic centres (e.g. for hydrogenation) if 
incorporated into their coordination sphere. When compared with the starting dichlo- 
rides, in the NMR spectra of the tellurides 36 shielding of the NMe, protons by 
about 0.2 ppm is observed. This may be due to a decrease in electronegativity of Te 
and strength of Te---N interaction which otherwise seems to be very weak in nature. 
The ipso, resonances of the telluroethers 37 exhibit significant variation in chemical 
shift with variation in the ortho Y group and are in the range 104-126 ppm where 
they could be identified. Also, the tellurium chemical shifts of 37 are sensitive to the 
nature of the Y group and 6( ‘25Te) increases as the Y group descends group 15 or 16. 

R=H,OMe,OEt R=Me 

v = m2, m2, m2, sm2, 

ONe, SHe. !Wle, Tat%. 

36 37 

2.4.4. Ortho-tellurated imine compounds 
Owing to stabilization by Te---N coordination in the aromatic tellurenyl com- 

pounds containing an axomethine function in the ortho position of the aryl ring, the 
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synthesis of novel organic tellurium compounds bearing this functional group 
becomes possible. 

ortho-tellurated Schiff bases and phenylhydrazones 38 and D9 (Fig. 7), serve as 
examples of aryltelluriium compounds carrying potentially chelating ortho substitu- 
ents [77]. The formation of a Te---N bond is inferred from the IR data. A 10-30 cm-’ 
shift of the v(C=N) bond towards the longer wavelength region is the same as the 
shift in v( N=N) bond seen for tellurated azobenzenes where crystallographic support 
is available for Te---N coordination. 

In the 2-halogenotellurium( II) and 2-halogenotellurium( IV) derivatives of azo- 
methine 40, the crystal and molecular structure of 4Oa exhibits a pseudo-tetragonally 

TcBr 

P 0 
\ 
CW=NPh 

LOa,X=Cl; n=l 
4Ob,X=CI; n-3 

42 R=L-CH3C&,X- 

q 
43 

U CH Q =x ^/NO2 

Cl ,Br 

Fig. 7. Ortho-tellurated azomethines. 
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shaped configuration with planar geometry but with slightly hindered p-tolyl ring 
[78]. In the crystal, two crystallographically independent molecules exist with iden- 
tical geometries, where the Te---N distance in molecule A is 2.218 A and in molecule B 
is 2.239 A. 

In the lz5Te NMR spectra of azomethine 41 which contains a Te(I1) atom and 
azomethine 42 which contains a Te(IV) atom, the signals of the lz5Te nuclei are 
observed in the form of 125Te-‘5N triplets with spin-spin coupling constants equal 
to 61 Hz and 122 Hz respectively. This attests to the participation of both nitrogen 
atoms in 41 and 42 in coordination with tellurium [79]. The 12’Te chemical shifts 
(600 ppm for 41 and 636 ppm for 42) correspond to the ranges of chemical shift for 
tetra- and hexa-coordinate tellurium atoms respectively. Thus according to the 
N-X-L nomenclature of chalcogenuranes and perchalcogenuranes [SO], the com- 
pounds are 12-Te-4 41 and 14-Te-6 pertellurane 42. The 12’Te chemical shift 
corresponds to 12-Te-4 and 14-Te-6 pertellurane structure. 

The unexpected rupture of C,,-Te bonds during halogenolysis of 43 is due 
to the strong stabilization of the lo-Te-3 structure 40a resulting from intramolecular 
coordination of the azomethine nitrogen atom with the tellurium atom [Sl]. In the 
diorganyldiaryloxytelluranes of type 44, the central tellurium atom would possess 
two intramolecular Te---N coordination bonds and thus belong to the 14-Te-6 type 
[82]. A capacity for such coordination has been rendered by the structure of two 
bidentate ligands linked with Te(IV) which bring the azomethine groups into posi- 
tions sterically accessible for coordination. Intramolecular Te---N coordination 
causes the high stability of ortho-tellurated derivatives of azomethine 45-47 [83] 
(Fig. 8). 

Minkin and co-workers have studied the molecular and crystal structures of a 
range of ortho-tellurated azomethines [84,85]. In the crystalline form, 47 is exactly 
similar to 40a (X = Cl) and of tellurenyl azobenzenes. The telluride 49 has a T-shaped 
lo-Te-3 structure shown by resonance forms 48 and 50 with one intramolecular 
Te---N (2.702 A) bond occupying an axial position [86]. With the help of “‘Te 
NMR studies it has been shown that in solution a faster (on the NMR time scale) 
exchange reaction proceeds which is attributed to the concomitant formation and 
rupture of the Te---N bonds 48-50. To elucidate the effect of the basicity of the 
imine N atom on the length of the N---Te bond, the structure of 
bis [( 2Gsopropyliminomethinyl)phenyl] telluride has been studied [ 841. Despite the 
large basicity of the imine nitrogen in this compound, in comparison with its aryl 
analogue 49, the structures of both compounds are similar and only one nitrogen 
serves as the donor centre coordinated to Te; the N---Te bond length is the same as 
that of 49. Although there is a positive charge on the Te atom in cation 51, the 
N---Te bond is long (2.75 A). In the crystal, weak intermolecular contacts between 
Te and 0 atoms of perchlorate anions link the molecules to centrosymmetric dimers, 
forming a distorted pentagonal bipyramid around the tellurium atom. 

Interestingly, Lewis acid and base character is exhibited by the novel bis- 
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26 
R=p--CH$6H4 

b COCH3 
47 

52 

Fig. 8. Ortho-tellurated azomethines. 

telluride ligand 52 which is believed to be the first example of three-coordinate 
R,Te * * 1 X involving nitrogen [87]. The Te---N distance (2.773 A) is well within the 
van der Waals distance (3.61 A> and the Te-C-C-C-N moiety is planar. The ligand 
forms a complex with HgCl, resulting in a 13-membered macrocyclic chelate ring. 

The loss of butyl group on treatment of compound 52 with halogen led to the 
discovery of a range of new compounds (Scheme 3) [ 881. 

The poly-tritelluride 58 (Scheme 3) is stabilized by coordination of tellurium 
with the imino nitrogen atom. The Te-Bu linkage survives intact in the tellurium(IV) 
compound 62 even after halogenolysis. The structure of 62 reveals a weak Te---0 
interaction (2.839( 4) A) with a distorted pseudo-octahedral coordination. The Te---N 
distances in the ditelluride 59, 2.822( 5) and 2.876( 5) A, are within the van der Waals 
distance, 3.61 A, and represent a weak interaction. Formation of aryltellurolate 
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complexes of Pt(IV) 64 and akyl aryl telluride complex of Pt(I1) 65 shows the 
potential application of tetradentate ligands in coordination ohemistry [89]. An 
interesting example where the bis-telluride 52 may function as a terdentate ligand 
is 66. 

Solution of Na,Te, in iV,Ndimethylformamide reacts with the solvent to give 
small yields of an unusual ditelluride 67 (Te( l)---0( 1) 2.984 A, Te(2)---O(2) 2.986 A, 
Te( 1)---N( 1) 3.019 A, Te(2)---N(2) 3.039 A) [go]. Photochemical decomposition of 
67 occurs at low temperatures on exposure to UV radiation but Te atoms do not 
migrate from the unit cells unless the temperature is sufficiently high. 

64 

I 
n-h 

65 

66 67 

2.5. Intramolecular coordination compounds of tellurium having a Te--P bond 

Unlike intramolecular coordination compounds of tellurium having a Te--N 
bond, little has been reported on compounds having a Te---P ‘bond. Gyshng and 
Luss have reported the first hybrid bidentate l&and 68 incorporating tellurium and 
phosphorus donor atoms [91]. It forms a monomeric complex with K2Pt(SCN),. 
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A functionally substituted telluroether of the type 37 (Y = PMe,) offers the prospect 
of coordination of the ligand to hard metal ions such as Co( III), Ni( III), Pt (IV) [ 761. 

PPh2 

TePh 

68 

2.6. Intramolecular coordination compounds of tellurium having a Te---0 bond 

Studies on the oxygen donor atom facilitated ortho tellurations started in 1970 
[92]. Intramolecular coordination compounds containing an oxygen donor atom 
have been studied extensively since then. Among the carbonyl oxygen ligands, the 
tellurated compounds which have attracted attention are the ortho-tellurated alde- 
hydes, ketones and amides. Renson and co-workers were the first to report aryltellure- 
nyl compounds stabilized by ortho-carbonyl function [93-953 (Scheme 4). In a 
carbonyl orientation relative to the ortho substituent there are two possible planar 
conformations, as proposed for the ortho-substituted benzaldehydes [96]. The con- 
formation can be deduced from NMR experiments. The existence of long-range 13J 
coupling in 2-halotellurenyl benzaldehydes and 2-methyltelluro benzaldehyde de- 
tected by double-resonance experiments shows that they all have a “cis” conforma- 
tion. A simple electronic model proposes that the halogen atom X bonded to the Te 
atom polarises the Te-X bond to give Te ‘+--Xd- and a spatial electrostatic effect 
polarizes the carbonyl yielding Cd’+-0 “- In the case of formylphenyltellurenyl . 

halides this agrees with IR measurements. Preliminary results of structural investiga- 
tions also confirm the conformation [97]. The crystal and molecular structures of 
aryltellurenyl compounds 71 [ 981 and 78 [99] (Fig. 9) indicate that these compounds 
owe their stability to an intramolecular Te---0 interaction. Heterocyclic compounds 
79 and 80 exhibit partial bonding between oxygen and neighbouring hetero atoms 
[lOO,lOl]. An estimate of O---X distances in 80 reveals that the O---X interaction 
is weak when X = S and increases with the covalent radius of X. In the course 
of electrophilic cyclization attempts, it has been found that 
o-phenyltellurobenzylchloride undergoes intramolecular carbodetelluration to 
2-chlorotellurobenzophenone 81 [ 1021. 

The reaction between diary1 ditellurides and SeOz results in the insertion of 
selenium between the tellurium atoms [ 1031. The products are identified as benzene- 
tellurenyl benzenetellurinyl selenides, Ar-Te-Se-Te(O)-Ar. When a carbonyl group 
is present ortho to the tellurium atom 72 a bis(benzenetellurenyl)selenide 82 is 
formed. The stability of the latter is attributed to Te---O=C interaction. 

Compared with the corresponding ditelluride, the tellurium atom of the bis(ben- 
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Y=S,Se 

76 

zenetellurenyl)selenide 83 is appreciably deshieldcd. The lzsTe chemical shift is 
downfield to the ditelluride by 493 ppm. In the crystal structure of 83 the Te---0 
distance (2.658 A) is of some interest. Although it is larger than the calculated 
covalent single bond distance (2.04 A), it is less than the sum of the van der Waals 
radii (3.60 A). This explains the stability of o-carbonyl derivatives and their failure 
to produce mixed derivatives of the type Ar-Te-Se-Te(O)-Ar. 

The use of regiospecific orrho lithiation reactions leading to the elaboration of 
orrho-substituted alkyl chalcogenobenzenes has been investigated by Christiaens 
et al. [72]. In the process of preparation of benzo[d]-3-aza-tellurophenes, introduc- 
tion of a tellurium containing group into an aromatic ring, in an orrko position to 
an amino group has been achieved 84 [ 1041. orrho-car-bony1 alkyltellurothiophenes 
are synthesized from organolithium compounds 85-87 [ 1051 (Fig. 10). 

Bis[diaryl(2-formylaryloxy)tellurium] oxides of the type 88 [ 1061, 
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Fig. 9. Ortho-tellurated derivatives stabilized by oxygen donor atom. 

72 82 

(2-formylaryl)oxytellurium trichlorides of the type 89 [ 1073 and dimethyldiaryloxy 
derivatives of Te( IV) 90 [ 1081 have also been shown to be stabilized by intramolecu- 
lar Te---0 interactions. The ready accessibility of (o-nitrophenyl)tellurenyl bromide 
91, as well as its stability, malres it an ideal substance for study as a potential 
analogue of arylselenyl halide reagents [ 1091. 

ortho-tellurated derivatives bearing an alkoxy group constitute further examples 
of stable isolable entities. The addition of TeC& or C,H,TeBr, to cyclic alkenes 
gives compounds in which carbon halogen bonds are readily solvolysed to ethoxy 
derivatives 92-95 [110-l 12) (Fig. 11). The ethoxo group is well situated to coordi- 
nate to give monomeric five-coordinate complexes. Bergman and Engman [ 1131 
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Fig. 10. &rho-tellurated derivatives stabilized by an oxygen donor atom. 

have shown that an electron-deficient atom, at least in the solid state, can coordinate 
to an electron-rich ligand such as the oxygen of an ethoxy group 95. 

1,3-Addition compounds 96 and 97 of TeCl, and allylic esters contain an 
acyloxy group in the /I position [ 1141. The carbonyl frequencies of different adducts 
exhibit a dramatic lowering (100-130 cm-‘) of the frequency, aa compared with a 
normal ester carbonyl. This effect is undoubtedly caused by coordination of the 
carbonyl oxygen to tellurium. This effect has also been observed for several other 
organotelh.uium compounds containing an electron-deficient tellurium atom 
[ 102,115]. Bis(/?-alkoxyalkyl)ditellurides 98 and their corresponding trichlorides 
have been recently prepared by Engman [ 1161. Non-terminal olefins do not give 
isolable yields of ditellurides, cyclohexene being the only exception giving 11% of 
99. If a suitably positioned nucleophile is present in the olefim, cyclic ethers are 
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Fig. 11. Ortho-tellurated derivatives stabilized by an oxygen donor atom. 

obtained. Similar results have been observed in the acetoxyalkyl ditellurides and 
their corresponding trihalides [ 1171. 

In comparison with pure acetylacetone, the CHJ (6 = 1.92,2.11 ppm) and 
CH-CH2 resonances (6 = 5.5,3.5 ppm) are observed to be shielded in the spectrum 
of C,-bonded acetylacetonates of tellurium(IV) 100 [ 1181. This indicates that oxygen 
has significant secondary interaction with tellurium made positive by two electroneg- 
ative chlorine atoms, which in turn brings the CH3 protons under the influence of 
the tellurium lone pair and shields them. The shielding of CH-CH, seems also to 
result from the delocalization of electron density arising out of this interaction. The 
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crystal structure of the trichloride 101 (Fig. 12) shows that tellurium is bonded to 
the alkenyl methyl rather than the carbonyl methyl [ 1191. A significant feature of 
this structure is the short distance between the carbonyl oxygen and the tellurium 
(2.44 A). The tellurium is coordinated to oxygen in an almost planar six-membered 
ring. Alkyltellurenyl halides are expected to be more unstable than their aryl ana- 
logues owing to the lack of Te-x conjugation offered by the aromatic nucleus. The 
first aliphatic tellurenyl halide 102 has been synthesized as an unstable but isolable 
compound by the halogenolysis of a tellurophthalide [ 1151. 

Engman [ 1201 has shown that the stability of a C-Te bond next to a carbonyl 
is decreased with increasing substitution on carbon. Reactions of cycloalkanones 
with TeCl, have been carried out in order to obtain 2 : 1 condensation products 
of the type 103. Cyclohexanone and cycloheptanone afford 

103 
0, n-1 
b, n=2 
c, n=3 

101 
a. n==l 
b,n=2 

Fig. 12. Ortho-tellurated derivatives stabilized by an oxygen donor atom. 
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2-(trichlorotelluro)cyclohexanone 104a and 2-(trichlorotelluro)cycloheptanone 104h 
respectively. However, NazS205 reduction of 103e gives an unstable new compound 
presumably bis( 1-oxo-2-cyclooctyl)telluride 105 as indicated by a quick NMR. 
Because of its lability this compound could not be further characterized. The IR 
spectrum of diphenacyl telluride CgH5COCHzTeCHzCOC,H, exhibits remarkably 
low carbonyl absorption (1640 cm-‘) as compared with diphenacyl selenide (1660 
and 1670 cm-‘) and diphenacyl sulphide (1690 cm-‘). The weak carbon-tellurium 
bonds present in these compounds might be of value in carbon-carbon bond forming 
reactions. 

Interaction of TeCl, with N-methyldiallyamine in CH3CN gives a zwitterionic 
2-oxazoline 106 [121]. 

The reaction of equimolar amounts of ketones or ketone trimethylsilylenonl 
ethers with organyltellurium trichlorides in boiling benzene produces 
cr-(dichloroorganyltelluro)ketones [ 1221. The introduction of an RTeClz group in 
the o! position of a ketone reduces the v(C=O) frequency. The structure of 
2-[dichloro(p-methoxyphenyl)telluro]cyclohexanone 107 shows that the intramolec- 
ular distance between the tellurium atom and the carbonyl oxygen (2.93,2.94 A) is 
shorter than the sum of the van der Waals radii of the Te and 0 of 3.60 A and is 
much shorter than the upper range of 3.3-3.4 A found for weak bonds. Similar 
results obtained for tellurium compounds containing tellurium-halogen bonds in the 
neighbourhood of carbonyl oxygen bonds have been interpreted in terms of three- 
centre bonds between X, Te and 0. Such an interaction in 107 should be possible 
in view of the conformation of cyclohexane ring shown in the Newman projection 
in Fig. 13 [123]. 

Interest in the tellurium analogues of various heterocyclic systems has been 
increasing. Arylellurenyl halides stabilized by ortho-carbonyl function have been used 
in the synthesis of such heterocyclic systems as telluroindoxyl [ 1241, telluroindigo 
[ 124,125], tellurochromones [ 126,127] and telluroxanthones [ 128,129]. Novel het- 
erocyclic systems of the type 10s [94], 109 [130], 110 [ 1311 and 111 [ 1321 (Fig. 14) 
have also been obtained from aryltellurenyl halides bearing an ortho-carbonyl 
function. 

The rearrangement of tellurochroman-4-one-l,l-dihalides has been facilitated 
by intramolecular Te---0 coordination to give the compounds 112 [ 1331. The 

Fig. 13. Newman projections of cyclohexane rings. 
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Fig. 14. Aryltellurcnyl compounds in the synthesis of telluriumantaining heterocycles. 

compound has a T-form configuration, the structure typical of 10-Te-3 telluranes, 
with a strong non-valent Te * * * 0 (2.368 A) interaction at the apical position. 

The first telluroflavone derivatives have been described by Detty and 
co-workers [134,135]. 1,2-Oxatellurol-1-ium chlorides of the type 113a-113d are 
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easily prepared by Lewis acid or thermally catalysed rearrangement of 
/I-(aryltelluro)acryloyl or cinnamoyl chlorides [ 1341. All the compounds display 
very low carbonyl stretching frequencies (1520-1530 cm-‘) indicating a strong tellu- 
rium-oxygen interaction. An X-ray crystal structure of 113b shows strong, nearly 
equal fractional bonds from tellurium to both chlorine and oxygen. The observed 
bond lengths and bond orders are best explained by a three-centre, four-electron 
bond among chlorine, tellurium and oxygen. Spectroscopically both i3C and ‘H 
NMR show that the ring carbons appear to delocalize a considerable amount of 
positive charge, which would be consistent with negative charge being localized at 
chlorine and oxygen. The lzsTe NMR spectra of some of the oxatellurolium halides 
suggest that Te(IV) may be the approximate oxidation state in these compounds. 

In the organotellurium species, oxatellurolium halides 114, dioxatellurapenta- 
lenes 115, oxatellurolium trihalides 116 and dioxatellurapentalene dihalides 117, 
three-centre, four-electron bonding with tellurium oxygen and a halide should involve 
electron donation from oxygen to tellurium [ 1361. X-ray photoelectron spectroscopic 
studies show that 0( 1s) binding energies of these compounds are higher than those 
of model Te(I1) and Te(IV) compounds, indicating that oxygen is electron deficient 
when involved in a three-centre, four-electron bonding. 

2.7. Intramolecular coordination compounds of tellurium having a Te--3 bond 

No well-substantiated ortho-tellurated compound stabilized by an intramolecu- 
lar Te---S bond has been reported so far. Reaction of 2-thienyl mercuric chloride 
with TeC& in refluxing dioxane gives a mercuric( II) chloride dioxane complex which 
can be reduced to furnish di-2-thienyl ditelluride [ 131. Similarly, the condensation 
reaction of TeC& with 2-acetylthiophene gives only the R2TeC1, product with no 
evidence for interaction of the ring sulphur with tellurium [61]. 

Heterocyclic lithiumtellurolates derived from benzo [b] thiophene and diben- 
zothiophene react with methyl iodide to yield the corresponding methyl telluro 
compounds [ 601. Organosulphenyl-containing tellurium( II) species of the type 
Te[S(CH,),COOH], owe their stability to an intramolecular interaction between 
the tellurium and the acid carbonyl group [138]. 

2.8. Intramolecular coordination compounds of tellurium having a Te---Cl bond 

The metal-halogen coordinate bond is compared with those in compounds 
containing ligating atoms such as N, P, 0, S [20]. TeC1, and alkyl- or aryltellurium 
trichlorides, RTeC13 undergo addition reactions with olefins to give the corresponding 
/I-chloroalkyltellurium species [ 139-1411 (Scheme 5 in Fig. 15). 

When TeCL, is used as the reagent, 2 mol of olefln may add to give the 2 : 1 
adduct 120. The tellurium atom is electron deficient in these compounds. Engman 
and co-workers have proposed a weak interaction in solution between tellurium and 
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Fig. 15. Tellurated derivatives bearing a halogen donor atom. 

the electron-rich /&chlorine atom [ 1421 121b. This phenomenon is observed in the 
solid state for the 2 : 1 adduct of propene and TeCl, 122 [ 1431. The formation of 
dichlorides, i.e. the addition of intermediate trichloride to a second molecule of the 
olefin, is promoted by increasing the dielectric constant of the solvent. An anti 
addition involving a transient telluronium ion has been postulated (Scheme 6 in 
Fig. 15). 

The stereochemistry and mechanism of chlorotelluration 
1 

f olefins by TeC& 
and 2-naphthyltellurium trichloride have been determined using H NMR spectro- 
scopy [ 1421. Additions of the latter to all olefins are consistent with a cyclic tellurium 
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ion intermediate. However, the mechanism of TeCl, addition to olefins is more 
complex and involves a possible radical chain reaction. 

The reaction of TeCl, with ally1 alcohol gives an isolable 1: 1 adduct with 
proposed structure 126 [ 1143. The crystal structure of Te,Br,C,H,, 127 shows that 
each tellurium atom is surrounded by four in a plane and one carbon atom at the 
apex of the pyramid. The two tellurium atoms are linked by two bromine atoms 
and the cyclohexane group [ 1431. 

126 127 

Pathirana and McWhinnie [ 1441 have shown that the reaction of bis(aryltel- 
1uro)alkenes of the type [((pEtOC,H,)Te},(CH,),J, (n = 6 or 10) with bromine led 
to rupture of the Te-aryl linkage giving (Br,Te),(CH,),. The good solubility of the 
products suggests that they be monomeric, the coordination requirements of the 
tellurium atoms being satisfied by their mutual interaction via bromo bridges in a 
manner similar to that observed in 127. The halide derivatives of bis(organyltelluro)- 
methanes, CH2(Te(X),R),, where X = Cl, Br, I, and R = Me or Ph, also fall in this 
category [ 1451. 

3. STRUCTURAL AND SPECTRAL DATA OF INTRAMOLECULAR COORDINATION COMPOUNDS OF 

TELLURIUM 

Over the last few years there has been a considerable interest in the crystallo- 
graphic studies of ortho-tellurated compounds. Particularly, compounds containing 
a Te---N bond have been extensively studied. The intramolecular Te---X distances 
(X = N or 0), certain intermolecular Te * * * X distances and angles at tellurium of 
intramolecular coordination compounds are tabulated in Tables 1 and 2 

iz5Te Mossbauer spectroscopy is a powerful means by which the fundamental 
nature of bonding and structure in organotellurium compounds may be investigated 
[ 1471. The chemical isomer shift 6 is a measure of the electron density at the nucleus 
and provides information on oxidation states, coordination number and bonding 
characteristics. The symmetry of the electronic and ligand arrangement around 
tellurium is obtained by measuring the quadrupole splitting d. The 125Te Mossbatter 
data of a few ortho-tellurated compounds are listed in Table 3. In the azobenzene 
series [Sl] 6 is expected to become more positive from RTeX to RTeX3 since the s 
electrons should be more shielded in the Te(IV) case. The quadrupole splitting (d) 
of RTeX (X = Cl, NCS, dithiocarbamate or 0,CMe) are lower than expected. A 



TABLE 1 

X-ray crystal structure data for intramolecular coordination compounds of tellurium haying a Te-N bond 

Reference 

~421 

Compound 

Q-b 
0 x 

04 
\ 

Cl 

Intramolecular Intermolecular 
Te-N distances Te . . . X distances 

(A) (A) 

Te-N(A) 2.23(2) Te(A) * * - Cl(B) 3.66 
Te-N(b) 2.19(2) Te( B) . . . Cl(A) 3.67 

Angle and geometry 
at tellurium 

(“) 

N(l)-Te-C(2) 72.8(9)(A) 
N(l)-Te-C(Z) 76.8(9)(B) 

cw 

C611 

Te-N 2.417 - N(l)-Te-C(2) 72.3(2) 

Te-N 2.243( 3) Te . . . N 3.535(3) N(2)-Te-C(2) 74.2(2) 

Te-N 2.260( 4) - 

(Te-O(2) 2.953(4) (weak)) 
N(2)-Te-C(2) 73.9(2) 

Te-N 2.340( 7) 
(Te-S 3.225( 3) (weak)) 

N(2)-Te-C(22) 72.5(3) 

Te-N 2.402 
(Te-O(2) 2.878) 

Cl( 3) . . . H( 1) 2.88 N-Te-C( 1) 75.1( 1) 
N-Te-O(2) 61.02(8) 
Cl(l)-Te-O(2) 100.59(6) 
C1(2)-Te-O(2) 81.37(7) 
C1(3)-Te-O(2) 135.56(6) 



TABLE 1 (continued) 

Reference Compound Intramoi~ular 
Te-N distances 

(A) 

Intermolecular 
Te . * + X distances 

c;i, 

Angle and geometry 
at tellurium 

(“) 

C621 Te-N 2.244( 14) Te . . . Br 3.596( 3) N(l jTe-C(l) 78.2(7) 

II621 Te-N 2.354(4) 
(Te-S(2) 3.667( 1) 
(very weak)) 

- 

C623 Te-N 2.695(4) - 

C631 Te-N 2.554(7) - 

Te-N 2.3654(4)(A) - 
Te-N 2,385(4)(B) 
(Te * - * S(2) 3.222( 1) 
Te - . - S(2) 3.230( 1) (weak)) 

N( 1 jTe-C( 1) 74.4(2) 

C( 1)-T&( 12) 94.812) 
C( 1 jTe-N( 1) Not given 

Te( 1 jTe(Z)-Te( 1) 100.4( 1) 
C-Te(l)-Te(2) 99.1(2) 
N...Te(l)-Te(2) 170.7(2) 
N... Te(l)--C 71.6(3) 

N(l)-Te-C(1) 
N(l)--Te-C(l) 
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TABLE 3 

r2’Te Mbssbauer data of intramolecular coordination compounds of tellurium 

Reference Compound Isomer shift 
6 (mm s-l) 

Quadrupole 
splitting A 

(mm s-l) 

rw’ 

c511 

c511 

C511 

c511 

c511 

c511 

Cl451 
Cl451 
Cl451 
Cl451 
Cl451 
Cl451 
Cl451 

0.78b 

0.89b 

0.90b 

0.99b 

0.86b 

0.82b 

11.8, 

8.1” 

12.6” 

1 1.4c 

1 1.9c 

12.5= 

9.3” 6.3 
8.1” 5.7 
6.3” 5.4 
8.4” 6.0 
7.5” 5.8 
6.V 5.7 
7.6’ 6.0 

araY is the average linewidth. 
bWitb respect to I(Cu) error * 0.08 mm s-l. 
‘Errorf0.2mms-‘. 
dIsomer shift relative to I(Cu) with source and absorber at 4.2 K. The error in 6 is 
f0.08 mm s-l. 
‘A fO.l mm s-l. 

possibility is that the tellurium p electron density is delocalized into the heterocyclic 

Ck=C-N=N i Te and further deshielding of s electrons occurs. The 6 values of halide 

derivatives of his(organyltelluro)methanes, CH2(Te(X)zR)2 (X = Cl, Br, I and R = 

Me, Ph) are more positive than those in parent telluromethanes corresponding to 

an increase in the s electron density at the tellurium nucleus [ 1453. 
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TABLE 4 

507 

“‘Te NMR data of some intramolecular coordination compounds of tejlurium 

Reference Compound Solvent S(“‘Te) (ppm’) 

c511 
c511 
c511 
c511 
c511 
c511 
C671 
C671 
C671 
C651 

C7% 861 

C7%861 

C821 

C821 

C841 

C841 

RTeCl 
RTeCl, 
RTe(dmdtc) 
RTe(dmdtc), 
RTe(dbdtc) 
RTe(dbdtc), 
[ HgClz - R’R”Te] 
[ R”-HgCl( R’TeCl)] 
R’R”Te 
R’R”Te+ Cl * HgCl; 

DMSO 1486.5 
CDCl, 1278.2 
CDC& 1228.6 
CDCl, 1225.4 
CDCl, 1239.1 
CDC& 1239.6 
DMSO 641.5 
CDC& 1323.9 
CDCl, 649.1 
DMSO 1056,4, 1059.1 

CDC& 600 

CDCIJ 636 

CDCl, 1055-1077 

998-l 179 

CM3 483.0 

CM=13 484.8 
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TABLE 4 (continued) 

Reference Compound 

N. Sudha, H.B. SinghfCoord. Chem. Rev. 1351136 (1994) 469-515 

Solvent 6(“‘Te) (ppm”) 

F341 

cs41 

I2341 

Cf341 

C891 

Cl031 

Cl031 

Cl031 

Cl031 

Cl171 

Cl341 

CDCl, 1027.0 

3 

J( 
(X=Cl,8r, I) 

CIOC 
w’ ‘G% 

CDC& 

CDC& 

CDCl, 

DMSO 

CDCl, 

1036.0 

1335.0, 1316.0 and 
1187.0 (X = Cl, Br, I) 

641.5 

512.2, 469.5 

1120 

r CDC& 423 

CDCl, 411 

CDC& 907 

a 

OAc 

“3 

195.3, 204.2 

+911.0b 
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TABLE 4 (continued) 

Reference Compound Solvent 

509 

d(“‘Te) (ppm”) 

Cl341 

Cl341 

Cl361 

Cl361 

Cl361 

Cl361 

Cl361 

Cl361 
Cl441 

Cl441 
Cl441 
Cl441 
Cl441 

C761 

C761 

C761 

C761 

C761 

-I- 858.0b 

+ 677.0b 

fi--7cr-o 

0 -To-- 0 

Ph”Ph 

Cl 

CD&l, + 1726b 

CD&l, + 807b 

CD&& + 19w 

CD2Cl, + 1365b 

Ph 

Cl CDzClz +1444b 

Ph 
Cl kl 

CDC& 834 

(CD&CO 791 

(CHMO 808 
CDCl, 786 
CDC& 858.1 
CDCl, 786 
CDCIJ 1276.7 

CHCl, 236 

P*2 

TeMc 

AsMe2 

1eMe 

SbMe2 

feprk 

CHCIJ 258 

CHCl, 275 

CHC& 332 

a OMe 

1eMe 

CHC13 206 
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TABLE 4 (continued) 
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Reference Compound Solvent 6( “‘Te) (ppm”) 

C761 

C761 

SMe 

7eMe 

cx 

SeMe 

1eMe 

CHC& 268 

CHCl, 303 

C761 CHCl, 372 

Cl251 

Cl251 

1226.5’ 

1140.2’ 

1156.6” 

Positive values of 6 indicate a downfield shift. 
aRelative to Me,Te unless otherwise indicated. 
bRelative to bis(diethyldithiocarbamato)tellurium(II). 
“Relative to (p-MeC6H&Tez. 

‘*‘Te magnetic resonance is a useful addition to other spectroscopic methods 
for the study of organotellurium compounds [ 1481. In general, progress in i*‘Te 
NMR spectroscopy has lagged behind that in 77Se NMR spectroscopy because spin 
lattice relaxation times for i*‘Te are approximately 6-7 times shorter than those of 
77Se in analogous compounds [ 1493. Spin rotation mechanism has been shown to 
be dominant for small Te-containing molecules. The ‘*‘Te chemical shifts of intra- 
molecular coordination compounds of tellurium are tabulated in Table 4. 

NOTE ADDED IN PROOF 

We list below relevant papers which appeared after submission of the main text: 
(a) Synthesis and characterization of new organotellurium compounds containing an 
ortho-amino group [ 1 SO]. 
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(b) Reactions of some ortho-tellurated compounds with intramolecular coordinate 
bonds [ 1511. 
(c) Synthesis and characterization of the novel cadmium tellurolate, Cd[Te(o- 
C,H,CH,NMe,)12 [ 1521. 
(d) Transmetallation reaction of Schiff-base type arylmercury compounds with 
4-ethoxyphenyltellurium(IV)trichloride and the structure of (4_ethoxyphenyl)- 
[2-(benzylideneamino-5-methyl)phenyl]tellurium(IV)dichloride [ 1531. 
(e) Ligand chemistry of tellurium [ 1543. 
(f) Aspects of the chemistry of diorgano tritellurides [ 1551. 

ACKNOWLEDGEMENT 

The authors wish to thank Council of Scientific and Industrial Research (CSIR) 
New Delhi for financial support. 

REFERENCES 

1 L. Engman, Act. Chem. Res., 18 (1985) 274. 
2 N. Petragnani and J.V. Comasseto, Synthesis, 1 (1986) 791, 897. 
3 I.D. Sadekov, B.B. Rivkin and V.I. Minkin, Russ. Chem. Rev., 56 (1987) 343. 
4 P.C. Srivastava, F.F. Knapp, Jr., A.P. Callahan, B.A. Owen, G.W. Kabalka and 

K.A.R. Sastry, J. Med. Chem., 28 (1985) 408. 
5 P.C. Srivastava, F.F. Knapp, Jr., and G.W. Kabalka, Phosphorus Sulphur, 38 (1988) 49. 
6 H.J. Gysling, M. Lelental, M.G. Mason and L.J. Gerenser, J. Photogr. Sci., 30 (1982) 55. 
7 M. Lelental and H.J. Gysling, J. Photogr. Sci., 28 (1980) 209. 
8 V.E. Shklover, S.S. Nagapetyan and Yu.T. Struchkov, Russ. Chem. Rev., 59 (1990) 686. 
9 F. Wudl, Act. Chem. Res., 17 (1984) 227. 

10 H.J. Gysling, Coord. Chem. Rev., 42 (1982) 133. 
11 F.J. Berry, in G. Wilkinson, R.D. Gillard and J.A. McCleverty (Eds.), Comprehensive 

Coordination Chemistry, Pergamon, Oxford, 1987, Chap. 17, p. 661. 
12 A.K. Singh and V. Srivastava, J. Coord. Chem., 27 (1992) 237. 
13 G.N. Pain, G.I. Christianz, R.S. Dickson, G.W. Deacon, B.O. West, K. McGregor and 

R.S. Rowe, Polyhedron, 9 (1990) 921. 
14 R.W. Gedridge, Jr., K.T. Higa and R.A. Nissan, Organometallics, 10 (1991) 286. 
15 K.J. Irgolic, in D. Klamann (Ed.), Houben-Weyl’s Methods of Organic Chemistry, 

Organic Tellurium Compounds, Vol. E12b, Georg Thieme, Stuttgart, 1991. 
16 K.J. Irgolic, The Organic Chemistry of Tellurium, Gordon and Breach, London, 1974. 
17 S. Patai and Z. Rappoport, The Chemistry of Organic Sel&.nium and Tellurium 

Compounds, Vols. 1 and 2, Wiley, New York, 1986 and 1987. 
18 K.J. Irgolic, J. Organomet. Chem., 103 (1975) 91; 130 (1977) 411; 158 (1978) 235, 267; 

189 (1980) 65; 203 (1980) 367. 
19 W.R. McWhinnie, Phosphorus Sulphur, 67 (1992) 107. 
20 I. Omae, Coord. Chem. Rev., 83 (1988) 137, and references cited therein. 
21 D. Liotta, Act. Chem. Res., 17 (1984) 28. 
22 D. Liotta (Ed.), Organoselenium Chemistry, Wiley, New York, 1987. 
23 A. Krief, Organoselenium Chemistry, Springer, India, 1988. 



512 N. Sudha, H.B. SinghlCoord. Chem. Rev. 1351136 (1994) 469-515 

24 N. Kharasch, S.J. Potempa and H.L. Wakrmeister, Chem. Rev., (1946) 269. 
25 P. Schulz and G. Klar, Z. Naturforsch., Teil B, 30 (1975) 39; 30 (1975) 43. 
26 G. Vicentini, E. Geisbrecht and L.R.M. Pitombo, Chem. Bar., 92 (1959) 40. 
27 N. Petragnani, L. Torres and K.J. Wynne, J. Organomet. Chem., 92 (1975) 185. 
28 M.J. Dabdoub, V.B. Dabdoub, J.V. Comasseto and N. Petragnani, J. Organomet. Chem., 

308 (1986) 211. 
29 M.J. Dabdoub and J.V. Comasseto, Organometallics, 7 (1988) 84. 
30 0. Foss and S. Hauge, Acta Chem. Stand., 13 (1959) 2155. 
31 P. Klaeboe, C.J. Nielsen, R. Suchi and 0. Vikane, Acta Chem. Stand. A, 32 (1978) 565, 

and references cited therein. 
32 W.R. McWhinme and Z. Monsef-Mirzai, in F.J. Berry and W.R. McWhinnie (Eds.), 

Proceedings of the Fourth International Conference on the Organic Chemistry of Selenium 
and Tellurium, University of Aston in Birmingham, 1983, pp. 3-31. 

33 0. Foss, S. Husebye and K. Maroey, Acta Chem. Scand., 17 (1963) 1806. 
34 0. Foss and K. Maroey, Acta Chem. Scand., 20 (1966) 123. 
35 0. Foss and S. Husebye, Acta Chem. Scand., 20 (1966) 132. 
36 S. Husebye, in F.J. Berry and W.R. McWhinnie (Eds.), Proceedings of the Fourth 

International Conference on the Organic Chemistry of Selenium and Tellurium, University 
of Aston in Birmingham, 1983, pp. 298-378. 

37 S. Husebye, Phosphorus Sulphur, 38 (1988) 271. 
38 R.J. Gillespie, Molecular Geometry, Van Nostrand Reinhold, London, 1972, p. 150. 
39 C. Knobler and J.D. McCullough, Inorg. Chem., 16 (1977) 612. 
40 I. Hargittai and R. Rozsondai, in S. Patai and Z. Rappoport (Eds.), The Chemistry of 

Organic Selenium and Tellurium Compounds, Vol. 1, Wiley, 1986, pp. 63-156. 
41 A. Kuszman and L. Kapovits, in I.G. Csizmadia and A. Mangini (Eds.), Organic Sulphur 

Chemistry Theoretical and Experimental Advances, Elsevier, Amsterdam, 1985, 
pp. 191-245. 

42 R.E. Cobbledick, F.W.B. Einstein, W.R. McWhinnie and F.H. Musa, J. Chem. Res. (S), 
(1979) 145. 

43 P.V. Rolling, D.D. Kirt, J.L. Dill, S. Hall and C. Holstrom, J. Organomet. Chem., 116 
(1976) 39. 

44 M. Ali, S.P. Bond, S.A. Mbogo, W.R. McWhinnie and P.M. Watts, J. Organomet. Chem., 
371 (1989) 11. 

45 R.E. Cobbledick, F.W.B. Einstein, W.R. McWhinnie and F.H. Musa, J. Chem. Res. (M), 
(1979) 1901. 

46 R.J. Gillespie, Chem. Sot. Rev., (1992) 59. 
47 A.R.M. Craik, G.R. Knox, P.L. Pauson, R.J. Hoare and O.S. Mills, J. Chem. Sot., Chem. 

Commun., (1971) 169. 
48 C.J. Brown, Acta Crystallogr., 21 (1966) 146. 
49 M.A.K. Ahmed, W.R. McWhinnie and T.A. Hamor, J. Organomet. Chem., 281(1985) 205. 
50 M.A.K. Ahmed, W.R. McWhinnie and T.A. Hamor, J. Organomet. Chem., 293 (1985) 219. 
51 M.A.K. Ahmed, A.E. McCarthy, W.R. McWhinnie and F.J. Berry, J. Chem. Sot., Dalton 

Trans., (1986) 771. 
52 I.D. Sadekov, A.A. Maksimenko, G.M. Abakarov, A.G. Maslakov and V.I. Minkin, Khim. 

Geterotsikl. Soedin., (1988) 1426. 
53 I.D. Sadekov, G.M. Abakarov, S.G. Kuren, A.D. Garnovskii and V.I. Minkin, Zh. Obshch. 

Khim., 56 (1986) 2168. 
54 G.M. Abakarov, A.A. Shabson, I.D. Sadekov, A.D. Garnovskii and V.I. Minkin, Khim. 

Geterotsikl. Soedin., (1988) 276. 



N. St&ha, H.B. Singh/Coord. Chem. Rev. 1351136 (1994) 469-515 513 

55 I.D. Sadekov, G.M. Abakarov, AA. Schneider, S.G. Kumn, A.G. Starikov, 
A.D. Gamovskii and V.I. Minkin, Khim. Geterotsikl. Soedin., (1989) 120. 

56 I.D. Sadekov, G.M. Abakarov, A.G. Sneider and V.I. Minkin, Khim. Geterotsikl. Soedin., 
(1989) 989. 

57 A.E. Mistryukov, I.D. Sadekov, V.S. Sergienko, G.M. Abakarov,’ M.A. Porai-Koshits, 
A.A. Shneider and A.D. Gamovskii, Khim. Geterotsikl. Soedin., (1989) 1690. 

58 N.L. Chikina, G.M. Abakarov, A.A. Schneider, S.G. Kuren, V.V. Litvinow, V.G. Zeletov, 
I.D. Sadekov and A.D. Garnovskii, Zh. Obshch. Khim., 58 (1988) 2496. 

59 M. Ali Akbar and S.E. Livingstone, Coord. Chem. Rev., 13 (1974) 101. 
60 L. Engman and M.P. Cava, Organometallics, 1 (1982) 470. 
61 H.J. Gysling, H.R. Luss and S.A. Gardner, J. Organomet. Chem., 184 (1980) 417. 
62 N. Al-Salim, A.A. West, W.R. McWhinnie and T.A. Hamor, J. Chem. Sot., Dalton Trans., 

(1988) 2363. 
63 T.A. Hamor, N. Al-Sahm, A.A. West and W.R. McWhinnie, J. Organomet. Chem., 310 

(1986) C5. 
64 A.A. West, W.R. McWhinnie and T.A. Hamor, J. Organomet. Chem., 356 (1988) 159. 
65 T.S. Lobana, S.A. Mbogo, W.R. McWhinnie, W.C. Patallinghug and A.H. White, 

J. Organomet. Chem., 390 (1990) 29. 
66 W.V. Farrer, Research, 4 (1951) 177. 
67 S.A. Mbogo, W.R. McWhinnie and T.S. Lobana, J. Organomet. Chem., 384 (1990) 115. 
68 S.A. Mbogo, W.R. McWhinnie and T.S. Lobana, Inorg. Chim. Acta, 172 (1990) 221. 
69 T.S. Lobana, M.R. Greaves and W.R. McWhindie, unpublished results. 
70 M.R. Greaves, T.A. Hamor, B.J. Howlin, T.S. Lobana, S.A. Mbogo, W.R. McWhinnie 

and D.C. Povey, J. Organomet. Chem., 420 (1991) 327. 
71 H.B. Singh and N. Sudha, J. Organomet. Chem., 397 (1990) 161. 
72 L. Christiaens, A. Luxen, M. Even, Ph. Thibaut, M. Mbuyi and A. Welter, Chem. Scr;, 

24 (1984) 178. 
73 H.B. Singh, N. Sudha, A.A. West and T.A. Hamor, J. Chem. Sot., Dalton Trans., (1990) 

907. 
74 H.B. Singh, N. Sudha and R.J. Butcher, Inorg. Chem, 31 (1992) 1431. 
75 A.K. Singh, V. Srivastava and B.L. Khandelwal, Polyhedron, 9 (1990) 495. 
76 T. Kemmitt and W. Levason, Organometallics, 8 (1989) 1303. 
77 H.B. Singh and W.R. McWhinnie, J. Chem. Sot., Dalton Trans., (1985) 821. 
78 A.A. Maksimenko, I.D. Sadekov, A.G. Maslakov, G.K. Mehrotra, O.E. Kompan, 

Yu.T. Struchkov, S.V. Lindeman and V.I. Minkin, Metallorg. Khim., 1 (5) (1988) 1151. 
79 V.I. Minkin, I.D. Sadekov, A.A. Maksimenko, A.G. Maslakov, G.K. Mehrotra and 

M.A. Fedotov, Zh. Obsch. Khim., 58 (1988) 1684. 
80 C.W. Perkins, J.C. Martin, A.J. Arduengo, W. Law, A. Alegria and J.K. Koshi, J. Am. 

Chem. Sot., 102 (1980) 7753. 
81 A.A. Maksimenko, A.G. Maslakov, G.K. Mehrotra, G.M. Abakarov, I.D. Sadekov and 

V.I. Minkin, Zh. Obshch. Khim., 58 (1988) 1176. 
82 V.I. Minkin, A.A. Maksimenko, G.K. Mehrotra, A.G. Maslakov, O.E. Kompan, 

I.D. Sadekov, Yu.T. Struchkov and D.S. Yufit, J. Organomet. Chem., 348 (1988) 63. 
83 I.D. Sadekov, A.A. Maksimenko, A.G. Maslakov and V.I. Minkin, J. Organomet. Chem., 

391 (1990) 179. 
84 V.I. Minkin, I.D. Sadekov, A.A. Maksimenko, O.E. Kompan and Yu.T. Struchkov, 

J. Organomet. Chem., 402 (1991) 331. 
85 I.D. Sadekov, A.A. Maksimenko, A.G. Maslakov, O.E. Kompan, Yu.T. Struchkov and 

V.I. Minkin, Metallorg. Khim., 2 (1989) 1260. 



514 N. Sudha, H.B. SinghjCoord. Chem. Rev. 1351136 (1994) 469-515 

86 I.D. Sadekov, A.A. Maksimenko, A.G. Maslakov, G.K. Mehrotra, G.S. Borodkin, 
O.E. Kompan, M.A. Fedotov and V.I. Minkin, Metallorg. Khim., 2 (1989) 298. 

87 N. Al-Salim, T.A. Hamor and W.R. McWhinnie, J. Chem. Sot., Chem. Commun., 
(1986) 453. 

88 K.Y. Abid, N. Al-Sahm, M. Greaves, W.R. McWhinnie, A.A. West and T.A. Hamor, 
J. Chem. Sot., Dalton Trans., (1989) 1697. 

89 N. Al-Salim and W.R. McWhinnie, Polyhedron, 8 (1989) 2769. 
90 R.A. Zingaro, C. Herrera and E.A. Meyers, J. Organomet. Chem. C, 36 (1986) 306. 
91 H.J. Gysling and H.R. Luss, Organometallics, 3 (1984) 596. 
92 J.-L. Piette and M. Renson, Bull. Sot. Chim. Belg., 79 (1970) 353. 
93 J.-L. Piette and M. Renson, Bull. Sot. Chim. Belg., 79 (1970) 367. 
94 J.-L. Piette, R. Lysy and M. Renson, Bull. Sot. Chim. Fr., (1972) 3559. 
95 J.-L. Piette, M.C. Pardon, R. Weber, M. Baiwir and G. Liabres, Bull. Sot. Chim. Belg., 

95 (1986) 247. 
96 M. Baiwir, G. Llabres, J. Denoel and J.-L. Piette, Mol. Phys., 25 (1973) 1. 
97 M. Baiwir, G. Llabres and J.-L. Piette, J. Appl. Crystallogr., 8 (1975) 397. 
98 M. Baiwir, G. Llabres, 0. Dideberg, L. DuPont and J.-L. Piette, Acta Crystallogr. B, 30 

(1974) 139. 
99 L. DuPont, 0. Dideberg, J. Lamotte and J.-L. Piette, Acta Crystallogr. B, 35 (1979) 849. 

100 R. Close, D. Gagniant, G. Le Costumer, C.G. Andrieu and Y. Mollier, J. Chem. Res. (S), 
(1978) 4. 

101 J. Lamotte, H. Campsteyn, L. DuPont and M. Vermeire, Cryst. Struct. Commun., 6 
(1977) 749. 

102 J.-L. Piette, P. Thibaut and M. Renson, Tetrahedron, 34 (1978) 655. 
103 N.L.M. Dereu, R.A. Zingaro, E.A. Meyers and M. Renson, Organometallics, 1(1982) 111. 
104 T. Junk and K.J. Irgolic, Phosphorus Sulphur, 38 (1988) 121. 
105 N. Dereu and J.-L. Piette, Bull. Sot. Chim. Fr., (1979) 623. 
106 G.K. Mehrotra, A.A. Maksimenko, A.G. Maslakov, I.D. Sadekov and V.I. Minkin, Zh. 

Org. Khim., 23 (1987) 1794. 
107 I.D. Sadekov, A.A. Maksimenko, G.K. Mehrotra and V.I. Minkin, Zh. Org. Khim., 23 

( 1987) 656. 
108 I.D. Sadekov, A.A. Maksimenko, G.K. Mehrotra and V.I. Minkin, Zh. Org. Khim., 23 

(I 987) 657. 
109 P. Wiriyachitra, S.J. Falcone and M.P. Cava, J. Org. Chem., 44 (1979) 3957. 
110 J. Bergman and L. Engman, J. Organomet. Chem., 181 (1979) 335. 
111 T.S. Cameron, R.B. Amero, C. Chan and R.E. Cordes, Cryst. Struct. Commun., 9 

( 1980) 543. 
112 S. Uemura, S. Fukuzawa, A. Toshimitsu and M. Okano, Tetrahedron Lett., 23 (1982) 1177. 
113 J. Bergman and L. Engman, J. Am. Chem. Sot., 103 (1981) 5196. 
114 L. Engman, J. Am. Chem. Sot., 106 (1984) 3977. 
115 L. Engman and M.P. Cava, J. Org. Chem., 46 (1981) 4194. 
116 L. Engman, Organometallics, 8 (1989) 1997. 
117 S.I. Fukuzawa, K.J. Irgolic and D.H. O’Brien, Organometallics, 9 (1990) 3073. 
118 B.L. Khandelwal, A.K. Singh and N.S. Bhandari, Phosphorus Sulphur, 38 (1988) 157. 
119 C.-K. Huang, D.H. O’Brien, K.J. Irgolic and E.A. Meyers, Cryst. Struct. Commun., 11 

(1982) 1593. 
120 L. Engman, Organometallics, 5 (1986) 427. 
121 J. Bergman, J. Siden and K. Maartmann-Moe, Tetrahedron, 40 (1984) 1607. 
122 H.A. Stefani, A. Chief% and J.V. Coma&to, Organometallics, 10 (1991) 1178. 



N. Sudha, H.B. SinghjCoord. Chem. Rev. 1351136 (1994) 469-515 515 

123 J. Zukerman-Schpector, E.E. Castellano, J.V. Comasseto and H.A. Stefani, Acta 
Crystallogr. C, 44 (1988) 2182. 

124 J.M. Talbot, J.-L. Piette and M. Renson, Bull. Sot. Chim. Fr., (1976) 294. 
125 W. Lohner and K. Prafcke, J. Organomet. Chem., 208 (1981) 35. 
126 N. Dereu, M. Renson, Y. Mollier and G. Le Lostumer, J. Organomet. Chem., 208 

(1981) 23. 
127 A. Luxen, L. Christiaens and M. Renson, J. Organomet. Chem., 287 (1985) 81. 
128 W. Lohner and K. Prafcke, Chem. Ztg., 103 (1979) 265. 
129 W. Lohner and K. Prafcke, J. Organomet. Chem., 205 (1981) 161. 
130 R. Weber, J.-L. Piette and M. Renson, J. Heterocycl. Chem., 15 (1978) 865. 
131 M. Loth-Compere, A. Luxen, P. Thibaut, L. Christiaens, M. Guillaume and M. Renson, 

J. Heterocycl. Chem., 18 (1981) 343. 
132 M. Baiwir, G. Llabres, M.C. Pardon and J.-L. Piette, Spectrochim. Acta, Part A, 42 

(1986) 57. 
133 I.D. Sadekov, A.A. Ladatko, V.L. Nivorozhkin, O.E. Kompan, Yu.T. Struchkov and 

V.I. Minkin, Zh. Obshch. Khim., 60 (1988) 2764. 
134 M.R. Detty, B.J. Murray, D.L. Smith and N. Zumbulyadis, J. Am. Chem. Sot., 105 

(1983) 875. 
135 M.R. Detty and B.J. Murray, J. Am. Chem. Sot., 105 (1983) 883. 
136 M.R. Detty, W.C. Lenhart, P.G. Gassman and M.R. Callstrom, Organometallics, 8 

(1989) 866. 
137 L.-T. Chia and W.R. McWhinnie, J. Organomet. Chem., 148 (1976) 165. 
138 S.A. Gardner, J. Organomet. Chem., 190 (1980) 363. 
139 M.M. Campos and N. Petragnani, Tetrahedron, 18 (1962) 521. 
140 M. Ogawa and R. Ishioka, Bull. Chem. Sot. Jpn., 43 (1970) 496. 
141 J.-E. Backvall and L. Engman, Tetrahedron Lett., 22 (1981) 1919. 
142 J.-E. Backvall, J. Bergman and L. Engman, J. Org. Chem., 48 (1983) 3918. 
143 A.C. Hazel, Acta Chem. Stand., 26 (1972) 1510. 
144 ,H.M.K.K. Pathirana and W.R. McWhinnie, J. Chem. Sot., Dalton Trans., (1986) 2003. 
145 C.H.W. Jones and R.D. Sharma, Organometallics, 5 (1986) 805. 
146 S. Husebye, K. Maarthmann-Moe and 0. Mikalsen, Acta Chem. Stand., 43 (1989) 754. 
147 F.J. Berry, C.H.W. Jones and W.R. McWhinnie, in F.J. Berry and W.R. McWhinnie (Eds.), 

Proceedings of the Fourth International Conference on the Organic Chemistry of Selenium 
and Tellurium, University of Aston in Birmingham, 1983, p. 492. 

148 D.H. O’Brien, K.J. Irgolic and C.-K. Huang, in F.J. Berry and W.R. McWhinnie (Eds.), 
Proceedings of the Fourth International Conference on the Organic Chemistry of Selenium 
and Tellurium, University of Aston in Birmingham, 1983, p. 468. 

149 N.P. Luthra and J.D. Odom, in S. Patai and Z. Rappoport (Eds.), The Chemistry of 
Organic Selenium and Tellurium Compounds, Vol. 1, Wiley, New York, 1986, p. 189. 

150 A.Z. Al-Rubaie, N.I. Al-Salim and S.A.N. AlJadaan, J. Organomet. Chem., 443 (1993) 67. 
151 A.G. Maslakov, W.R. McWhinnie, M.C. Perry, N. Shaik, S.L.W. McWhinnie and T.A. 

Hamor, J. Chem. Sot., Dalton Trans, (1993) 619. 
152 P.J. Bonasia and J. Arnold, J. Organomet. Chem., 449 (1993) 147. 
153 Y. Wu, K. Ding, Y. Wang, Y. Zhu and L. Yang, J. Organomet. Chem., 468 (1994) 13. 
154 E.G. Hope and W. Levason, Coord. Chem. Rev., 122 (1993) 109. 
155 A.G. Maslakov, M.R. Greaves, W.R. McWhinnie and S.L.W. McWhinnie, J. Organomet. 

Chem., 468 (1994) 125. 


