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Summary 

The preparation of sodium 2-(4-ethoxyphenyltelluro)benzoate ligand 

is described. It can form complexes with some of the first row 

transition metal ions and some post-transition ions [Co(II), Ni(II), 

Cu(II), Fe(III), Cr(III), T1(I), Ag(I)]. Only the thallium(1) 

complex shows a considerable conductivity in solution with 

thallium-ligand ion pairing. The other complexes are either 

monomeric or dimeric. Carboxylate groups are either chelating or 

bridging. Cu(II), Cr(III) and Fe(III) complexes show significant 

antiferromagnetism. 

2-butyltellurobenzaldehyde reacts with diaminoethane to give 1,6- 

bis-2-butyltellurophenyl-2,5-diazahexa-1 ,5-diene (L), whose crystal 

structure shows a significant Te---N interaction. This ligand gives 

a 1:1 complex with HgClp . The crystal structure of this complex 

shows that it is monomeric with Hg(II) having a tetrahedral environ- 

ment. The ligand is co-ordinating through two Te atoms and the 

Te---N interaction is maintained in the complex, but there is no 

Hg«-N bonding, therefore,it has a 13-membered chelate ring structure. 

The reaction of 2-butyltellurobenzaldehyde with hydrazine gives 1,4- 

bis-2-butyltellurophenyl-2,3-diazabuta-1,3-diene ligand (L'). Ligand 

(L) gives ionic complexes with Pd(II), Pt(II) and Rh(III), while 

ligand (L') gives non ionic compounds with them. PdCl)L.H,0 has 

trans Te atoms whereas PtCljL.H,0 has cis tellurium ligands and 

undergoes Te-dealkylation with oxidation of Pt(II) to Pt(IV) in 

DMSO. PdCl.L' and PtCly).L'.H,0 have cis~- Te ligands and the first 

isomerises in CHCl,into the trans complex. Rhodium(I1) complex, RhC1L, 

is monomeric and the ligand is tridentate (Te, N, Te). RhC1L' is 

dimeric with bridging Cl and tellurium co-ordinating ligands. 

2-Phenylpyridine and 2-phenylquinoline are mercurated by mercuric 

acetate. Transmetallation reactions of the mercurated derivatives 

with TeBr, and 4-EtO-C¢H,TeCl3 have been studied. The diorganyl- 

tellurides and ditellurides and organotellurenyl bromides were 

prepared. Reduction of 2-(2-pyridyl)phenyltellurium(1V)tribromide 

with NaBH, gives the novel bis(2-(2-pyridyl)phenyl)tritelluride. 

The X-ray structure of this compound has shown a significant Te---N 

interaction, to which the stability of the compound has been 

attributed. Most of these compounds are potentially multidentate 

ligands, but only the dichloro-[bis(2-(2-pyridyl)phenyl)telluride] 

palladium(II) complex has been prepared. 

KEY WORDS: 

TELLURIUM LIGANDS, TRANSITION METAL TELLURIUM COMPLEXES , 

PYRIDINE, QUINOLINE
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1.1 General Introduction 

Interest in ligands containing a heavier group 6A donor 

atom, sulphur, selenium or tellurium, and their co- 

ordination compounds has grown substantially in the last 

two decades, although their organic chemistry dates back 

(t=3) 
to the last century However, despite the extensive 

investigation of the co-ordination chemistry of ligands 

(4-10) 
containing sulphur and to some extent selenium 

ligands ° 21)? , the use of tellurium compounds as 

ligands with transition metals has been paid little 

attention and remained limited until recently; In fact, 

only about seven references to metal complexes with 

tellurium ligands were mentioned in the early review by 

Livingstone in 1965°*), After approximately ten years, 

Irgolic(1974) mentioned only about twenty more references 

in sthis eee And in the last ten years publications, 

dealing with co-ordination compounds of tellurium ligands 

C13 14.) 
have increased dramatically with more than one 

hundred and eighty new publications. 

So, what was the reason for that limitation in the field 

of tellurium chemistry?. There were probably two reasons 

for this, firstly, a wide variety of organotellurium 

ligands are not commercially available, in contrast to, 

for example, organophosphines and organosulphurs. 

Secondly it was believed that organotellurium compounds, 

basically due to the early work by Chatt et atel>-18) | 

18



dealing with dialkyltelluride complexes of Pd(II) and 

Pt(II), are air sensitive and extremely toxic compounds, 

but diorganyltellurides do not always have these pro- 

perties, since the diaryl derivatives, with the exception 

of the liquid diphenyltelluride, are air stable with 

little or no smell. But what in fact has accelerated the 

trend of the co-ordination chemistry of organotellurium 

ligands is the increasing familiarity of organotellurium 

synthetic methodology to the practising co-ordination 

chemist, and also to extend the study of sulphur and 

selenium ligands to tellurium ligands in order to 

increase knowledge of the chemical behaviour of Group 6A 

elements in their complexes, as these have been somewhat 

neglected compared to those of Group 5 (nitrogen, 

phosphorus, arsenic, antimony). In addition, the 

advances in instrumentation and computational facilities 

have helped in solving structural problems and moved the 

field from a primarily synthetic exploratory stage to a 

more sophisticated stage. In this context some 

techniques like X-ray erystallography‘'®), !?5rTe Mossbauer 

effect (2% and 125te NMR spectroscopy ‘*!) » have proven to 

be very useful probes in tellurium ligands chemistry and 

have provided valuable information about ligand-metal 

interaction. 

Interest in this field has also been established within 

the tellurium group at Aston University, since the 

previous workers have contributed to the development of 

19



tellurium chemistry and the associated metal complexes. 

Rattanaphani(1973) found that diaryltellurides form quite 

stable complexes with metal ions like Cu(I), Rh(I) 

and RACII IN (22). Chia‘23) prepared a number of organo- 

tellurium complexes with Pd(II), Pt(II), Pd(0) and Rh(I), 

and she also came to the conclusion that the Lewis 

basicity of some tellurium ligands increases as follows: 

(4-Et0-Ph),Te, < PhCN < Ph,Te, (4-EtO-Ph), Te 

according to their reaction with the [Pd(PRCN), C1, ] 

complex. Using 12ote Mossbauer data, McWhinnie and co- 

workers (24) suggested an order of Lewis acidity for some 

metal ions relative to bis(4-ethoxyphenyl)telluride 

HeGEEy > PECIL) > Pd( TE) oy Cull) 

Later Al-Rubaie et aio) using a mixture of diaryl- 

ditellurides were able to isolate some complexes of 

copper(I) and mercury(II), which were postulated as 

RR'Te,.2MX, (where R=phenyl, R'= 4-ethoxyphenyl; M=Cu(1), 

Hg(II); X=Cl, Br; n= 1, 2) based on infra-red spectra, 

mass spectra and Raman data which gave reasonable evidence 

for v(Te-Te) and (Te-M), in ‘econstrast tothe 1:1 

complexes (e.g., R,Te, .CuX) prepared in the same labora- 

tory but using a different solvent‘?® More recently 

some new bis-telluride ligands have been prepared in our 

laboratory and their complexes of Pd(II), Pt(II) and 

Hg(II) have been investigated ‘7”), Therefore,the work 

presented here is an extension of the effort of the 

previous workers within our tellurium group. 

20



1.2 Technological and Scientific Interest 

In the last few years, the great incitement for the 

development of co-ordination chemistry has been the 

application of such complexes in many useful fields, such 

as homogeneous catalysis (e.g., organophosphine stabili- 

sation of low-valent noble metal species) (75) , and the 

synthesis of materials described as one dimensional 

conductors (e.g., dithiolene complexes) ‘29, However, 

little attention has been paid to application oriented 

work of complexes incorporating tellurium ligands. 

One of the major interests, in this respect, is the use 

of organotellurium compounds or their complexes as 

imaging systems in photography. An earlier review by 

Gysling 3°?) described two kinds of processes. The first 

is the use of tellurium compounds in a conventional 

silver halide process, and the second is the use of 

various tellurium compounds in heat-processed imaging 

elements. In the first kind, silver(I) co-ordination 

complexes with organotellurium ligands could be used 

as components of so-called dry silver processes ‘>! 

(i.e., development is effected by heating the exposed 

film rather than by conventional solution development, 

(Scheme 1.1). 

Agx PY ag(0) + Agx Se Ag(0) + Oxidised 

reducing agent 

The Conventional Silver Halide Process 

21



hu(AgX) 
AgX(TeAr, Sea + Reducing agent Ag(0) 

a 

Dry Silver Process 

Scheme 1.1 

Therefore, the tellurium compounds were incorporated as 

addenda to facilitate the formation of neutral silver 

images. The second processing type is centered on the 

use of tellurium compounds as thermal precursors of Te(0) 

images. For this case several examples have been 

mentioned, and in one of them, complexes of organotellu- 

rium(II) ligands (e.g-,PdCl,L,, Le= Te[ (CH, ),SiMe,],) are 

exposed then immersed in an aqueous solution of a 

reducing agent(e.g., NH, to give negative images‘32) , 

In some cases of dry non silver imaging processes an 

amplification factor of 108 is obtained compared with 10° 

of that of the conventional silver halide process. 

Many metal complexes have been used as catalysts for 

organic synthesis, for example rhodium-phosphine com- 

plexes, like Rh(PPh,)3Cl, have been used as homogeneous 

catalysts (33) for hydrogenation of aromatic nitro 

compounds into the corresponding amines in benzene, 

xylene/methanol solutions. Some publications have also 

appeared describing the use of tellurium compounds or 

their complexes as reagents for organic synthesis, for 

example ditellurocuprate(III) has been used in oxidation 

of some aliphatic ketones which is followed spectrophoto- 

metrically by estimating the disappearance of the 

a2



(34) 
tellurium compound Aryltellurium(IV) compounds 

have been reacted with alkenes‘>>? to give the corres- 

ponding arylated alkenes in moderate to quantitative 

yield inthe presence of palladium(II) salts; trans- 

metalation of tellurium with palladium is thought to be a 

key step of the reaction. 

A class of organochalcogen compounds containing one or 

two chalcogen-chalcogen bonds has been used as ligands 

with transition metal ions. These ligands are of the type 

illustrated in Fig.1.1, and they have been shown to have 

a, 

OO XY = SS, SeSe, TeTe, SSe, STe, SeTe 

ane ak =x Kk 

cl cl 

—< _eo Kuti 

TIN TIT TCTTC 

X = S, Se and / or Te 

Figure 1.1 

significant conductivity in the solid state ?®) , A series 

of transition metal(M) containing complexes [M(L) ], (where 

1 =TIN; TIT, TClieras, illustrated’ in Fig.1.1) have also 

been used as active materials for battery electrodes‘?”). 
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1.3. Different Kinds of Tellurium Ligands 
  

The simple tellurium ligands, dialkyltellurides and 

diaryltellurides have been used by Chia and McWhinnie‘?3) 

and Hieber et a1©38) , In addition, several other types 

of tellurium ligands have been mentioned and used by the 

above authors; but generally we can classify them into 

three main categories: 

a) terminal, of the type metal-TeR and TeR, (where R is 

either H, organic, organometallic or an organometalloid 

(39) demonstrated that a group). Baddley and co-workers 

terminal M-TeAr bond could be formed by the cleavage of 

Te-Te bond, as follows:- 

ete 
  [wCpFe(CO),], + Te,Ph, aCpFe(CO),TePh (eq.1.1) 

reflux 

An interesting complex, incorporating both termimal and 

bridging aryltellurol ligands, was reported by Chia and 

(23) McWhinnie in a reaction involving the splitting of 

diarylditellurides. A mercuric phenyltellurol complex 

was also prepared©'"9) , and the structure of its 

Ob : 
) as shown in 

(Fig.1.2). In a single crystal X-ray diffraction study", 

4 
tetraphenylphosphonium salt was reported ‘4 

the complex Pd[SCN],[Te(CH,CH,SiMe,) ,], has been confirmed 

to be in a trans-form in agreement with other spectros- 

copic evidence (Fig. 1.3). Lappert et ai??? have 

reported, the first metal complex with a ligand incorpora- 
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Figure 1.3: Molecular structure of Pd[SCN],[Te(CH,CH,SiMe,),], 
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ting tellurourea functioning asa terminal ligand also. 

The crystal structure of this chromium(0) complex is 

shown in (Fig. 1.4a). Recently, the first stable telluro- 

phosphorane complexes M(CO), (R, PTe) (M=Cr, Mo, W; R= But ) 

have been reported (43), in which the tellurophosphorane 

acts as a terminal tellurium ligand. These complexes 

have been formed by photolysis of M(CO), in the presence 

of R,P=Te in THF. A representative molecular structure 

of W(0) complex is shown in (Fig. 1.4b). The first 

example of complexes with the terminal TeH ligand have 

recently been prepared by photochemical (eq. 1.2) and 

(44) 
thermal (eq. 1.3) substitution reactions but —no 

crystal structure of such complexes has been reported. 

(1)Na,Te/EtOH,-60°C 

u(co) co + M(CO), THF ——— 4 —______ 
hr,-40°C .c,0l= 

ao 
Clm(co), TeH] (@* = PENT; M = Cr). — eq.1.2 

[PPN][Cx(CO),C1] + Na, oe [PPN][Cr(CO),TeH] eq.1.3 

(b) Bridging, of the type metal-[p(Te,R,)]-metal (where R 

could be H, organic, organometallic, S, Se or Tes n=1,23 

m=0,1,2)- A variety of complexes containing bridging 

TeR group have been reported (2645), where R= Ph(eq.1.4) 

or SnMe, (eq.1.5) 

NaTerh Sh | cucy — 208 [CuTePh] eq.1.4 

TeSnMe 
Te 3 

Mn(CO), Br + Te(SnMe,), = Fe (OC), Mn, ee aes eq.1.5 

60°C 
TeSnMe, 
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Figure 1.4b: The structure of W(CO)5(R3PTe) 
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Recently it has been reported that diethyltelluride 

reacts with copper(I) chloride to give polymeric chloro- 

(diethyltelluride)copper\I) (6) for which the X-ray 

analysis showed that its structure contains infinite 

sheets consisting of bridging Et,Te ligands between two 

copper(I) cores (Fig. 1.5). 

  

Figure 1.5: A polymeric sheet of Et,Te.CuCl down the 

X-axis 

Bridging diorganylditellurides are also known with the 

Te-Te bond intact. The first crystal structure for a 

diarylditelluride rhenium(I1) complex has been repor- 

ted rs which consists of pseudo-octahedral Re(I) 

centres joined by two bromides and Te,Ph, bridges (Fig. 

1.6). Tellurium(2-) ions can also form bridges or cage 

type structures. An ionic compound (2,2,2-erypt-K"), TI, - 

Te,.en has been reported (#8), The interesting aspect of 

its structure is the butterfly-shaped configuration in 

which Te-Te separation of 4.414 Ais plausibly non- 

bonding separation (Fig.1.7). 

28



  

Figure 1.6: Molecular structure of (0C),Re(p-Br),- 

(p-Ph,Te,)Re(CO) , 

  

Figure 1.7: Two views of the Mites anion in (2,2,2- 

crypt-K"),Tl,Te,.en. 
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Many cage type complexes,or what are called cluster 

compounds, incorporating tellurium atoms as bridges 

between three transition metal atoms , have been reported 

(49) 
together with their crystal structures 

(49b) 

One example 

is the Fe,Te,(C0), complex » whose structure is shown 

in (Fig. 1.8). 

  

Figure. 1.8: The molecular structure of Fe,Te (CO) . 

c) Chelating or bidentate tellurium ligands: 

Complexes containing terminal chelating telluroformalde- 

hyde [Cp(PMe ,)Rh(1)2-CHyTe)]‘°°?) , and bridging telluro- 

  

formaldehyde [Cp(CO), Mn(u, 5-CH,Te)Mn(CO), Cp] 60>? were 

prepared according to (eqs.1.6, 1.7). 

CH 

2NaTeH r 
Cp(PMe, )RI(CH,1) Boe Cp(PMe, )Rh eq.1.6 

N 
ie 
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Te CH 
vo CHAN, 

Cp(Co), Mn—Mn(CO), Cp ———Cp(CO), Mn 
7 -70°C 

2 

  Te—Mn(CO), Cp 

2's. Lief 

The first examples of hybrid bidentate ligands have been 

prepared, incorporating tellurium as well as phosphorus 

atoms, and the X-ray structure of a Pt(II) complex, bis- 

[ phenyl-o- (diphenyl phosphino) phenyltelluro-P,Te]-platinum 

(II) tetra-thiosulphato-S-platinum(II) bis-dimethyl forma- 

mide, [Pt(tep)p ][Pt(SCN),].2DMF, has been reported(>!) 

and is shown in (Fig. 1.9). 

  

ve 
Figure 1.9: The structure of [Pt(tep), “ion of the 

complex [Pt(tep), ] [Pt (SCN), ].2DMF. 

More details and examples of different kinds of tellurium 

ligand and their complexes are given in two recent 

reviews by Gysling °147928), 
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1.4 Synthesis of Organotellurium Ligands 

The synthetic aspects of organotellurium chemistry have 

received increasing attention, and different methods have 

been developed for the synthesis of symmetric and 

unsymmetric diorganyltellurides and diorganylditellurides. 

These aspects have been discussed in detail in several 

(12413;,53;5 30) 
reviews » and some examples are given in 

schemes 1.2-1.4. 

  

  

  

TeR, 

RCl 

2- 

NH, /EtOH NaBH, /NaOH/H,0 

NaBH, /EOH Na/liq. NH, 
+ S 

R, Tel, RX(X=C1 , Br) Te(0) NaCN/MeCN, DMSO NaTeCN 

NaI /2-methoxyethano’ = 
ArLi Me,N Cle 

HCl (aqueous) /0, 

ArTeTeAr 

TePR, (Me, N][Tecn] 

Scheme 1.2. The use of Te(0) in organotellurium synthesis 

Reduction 
Ar, Te Ar, TeCl, 

ArTeTeAr joes eaeE Lone ArTeCl, 

ArHgCl ArH(AIC1, ) 

TeCl, 

Scheme 1.3. The use of TeCl, in organotellurium synthesis 
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ArLi 
ArTeAr ArTeBr ArTeAr 

(1) NaBH, /EtOH 

(2) AeNjcT Br30°¢ 

HgR, /dioxane (1) NaBH, 
————— ArTeR pe PAT Teter (2) ROI ArTeR 

Cu(0) (LY Li/ THE 
dioxane (2) RC1 

TeAr, ArTeR 

Scheme 1.4. Synthesis of diorganotellurides from 

ditellurides 

1.5 Hard and Soft Nature of Ligands 

Tellurium ligands could form complexes with a variety of 

transition metal ions, but which of these metal ions are 

the more likely to co-ordinate with the tellurium donor 

atoms, i.e.,which of the transition metal ions could 

easily form more stable co-ordination complexes with 

tellurium ligands?. In order to answer this question we 

have to discuss the basicity of the tellurium ligands. 

In 1938 G.N. Lewis put forward a theory in which he 

called those substances capable of acting as ligands, 

bases, and the substances with which these react, acids. 

That means a Lewis acid is an acceptor of an electron 

pair, and it could be either a positive ion, like H*, Agt, 

Cu’. a molecule like BeCl, , BF, or a compound in which 
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the central atom may use its d-orbitals like Sicl, , SnCl, , 

TeCl, , and a Lewis base is a donor of an electron pair, 

which could be a negative ion (Cl ,CN ,OH ,TeH ,...etc.), 

molecules with one or two lone pairs of electrons (NH, » 

PPh HO, Me,S, Ph,Te,....-etc.) or molecules having 3° 

carbon-carbon multiple bonds (CH, =CH, » CH=CH, CoH,» 

....ete.). This theory lacks quantitative aspects and 

enables only qualitative predictions to be made about 

complex formation. However, if it were possible to 

construct scales of Lewis acid and Lewis base strengths, 

the relative stabilities of all complexes could be 

predicted. If this is the case, a reference acid has to 

be chosen to quantify the strengths of different bases. 

Broadly speaking, for the proton (H*) to be a reference 

acid, it is found that those bases containing nitrogen, 

oxygen or fluorine, as the donor atom, are stronger than 

those containing phosphorus, sulphur or chlorine. And 

therefore, acids such as Hg* x Cu* » and pt2+ which form 

more stable complexes with phosphorus or sulphur ligands 

are weaker acids than those which form strong complexes 

with nitrogen ligands, Fe" and cx’* for example. These 

two classes of acids and bases are described as hard and 

soft acids and bases. For a better understanding, hard 

bases could be described as having high electronega- 

tivity, low polarisability and high resistance to 

oxidation, while soft bases are those which have low 

electronegativity, high polarisability and are readily 

oxidised. Soft metal ions are large, of low charge or 
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have valence shell electrons which are easily distorted 

or removed, and they usually bond to soft ligands, while 

hard metal ions prefer hard ligands. However, it appears 

that many ions, transition metal ions in particular, 

cannot be classified as either hard or soft and they are 

regarded as borderline. The concept of symbiosis is very 

useful here. A cation which is classified as borderline 

is made softer by the co-ordination of a soft ligand or 

harder by the co-ordination of a hard ligand, and so more 

likely to add soft or hard ligands respectively. In 

Table 1.1 some metal ions and ligands are classified ‘>*), 

  

Acids Bases 
  

+ 
Hard | Hos; Laos Nas, K H,0, R,0, ROH, NH,, RNH, 

Be2* ,Mg2*,Ca2*,Sr2*,Mn2* | OH ,OR” ,C1” ,C10; ,NO, ,CH, CO) 

Mer (See sGa.In2 yLar \pSOo, coe" 

€x>,€o*" sFe°",ce>™ P03; 
Siti zr? Th 
vo3*,vo"* ,Moo?* 

    
Soft |Cu*,Ag*,Au*,Tl *,Hg” R,S, RSH, R,Te, R,P, R,As 

cd2* »Hg?* ,pa2* pe? RS Rie: I NES .CNe He R 
3+ 2- TT $,0 23 
4+ Pt 

Border ne? Sn?" Po” Py 

line Fe2* Co?’ ,Niz*,Cu“* Rue Br, Ny» NO, 

$b2*,Bi°’,Rh?’ Ir?” $0,” 
  

Table 1.1. Classification of some species as hard and 

soft acids and bases 
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The hardness of acid and bases is thus affected by size, 

oxidation state, electronic structure and the nature of 

attached groups already present. 

Ahrland, Chatt and Davies introduced a different method 

of classification depending on the affinities of ligand 

atoms for metal ions and they concluded that metals could 

be divided into two classes: 

Metals that form stable complexes with ligands containing 

(N, 0, F) are considered as class (a), while class (b) 

metals are those that prefer ligands containing P, S, cl 

donor atoms. Thus class (a) metal ions resemble the hard 

acid type and class (b) are comparable to the soft acid 

metal ions. 

Since the tellurium atom has lower electronegativity 

(2.01) and higher single-bond covalent radius (1.37 “a) 

compared to the sulphur atom with an electronegativity of 

2.44 and single-bond covalent radius of 1.04 "A, tellurium 

should be a softer donor than sulphur. Accordingly 

organotellurium ligands prefer to bond to metal ions 

having soft character. In fact, most of the complexes of 

tellurium ligands have been reported to be with metal 

ions which have soft acid enaeacter No. 

( 
Laing and Pettit 22) have reported a comparative study of 

the donor properties of some dicarboxylic acids of 

sulphur, selenium and tellurium towards the silver(I) ion. 
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It was found that the general trend in the formation 

constant (Table 1.2) was Te > Se >S %0, which is a 

typical behaviour of soft-acid interaction. 

  

Ligand HL Log K Log Log K Kas (HL) 

  

Ag (HL) AgL 

S (CH, CH, CO, H). S22 3.34 3.39 

Se(CH,CH,CO,H), 3.96 4.32 4.50 

Te(CH,CH,CO,H) , 4.97 D9 6.28(0.2M 
acetate 

buffer) 
  

Table 1.2. Silver complex formation constants with 

chalcogenide ligands at 25°C and 0.1M KNO, 

However, complexes with metal ions having less soft-acid 

character than Ag(I) could be isolated. When pentacarbonyl 

manganese(I) halides were refluxed in diethyl ether with 

diphenyltelluride two carbonyl groups were replaced by 

diphenyltelluride’?**), 

Mn(CO),X + 2Te(C.H,) 7 = Mn(CO) ,(TePh,),X + 2C0 eq. 1.8 

X==CL, br, 

  

Figure 1.10. Configuration of Mn(CO),(TePh,),X 
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The above complexes are thought to be stabilised by 

(Mn)da——_-» (Te)da 2-dative bond made possible by the 

electron-withdrawing phenyl groups. The analogous 

dibutyltelluride adduct could not be isolated due to the 

electron-donating groups in this dialkyltelluride, which 

increases the electron density on the tellurium atom 

and prevents da-da interaction, while Re(CO), X CXE= CL 5 

Br, I) reacts with dibutyltelluride to give the disubsti- 

tuted products Re(CO), (Te(n-Bu), , X, in poor yields ‘38>) 

presumably because Re(I) is a softer ion than Mn(I). In 

more recent work (56), complexes of diphenyl-dichalco- 

genides with Mn(1) have been prepared with the formation 

of a bidentate dichalcogenide bridge. The ligand displace- 

ment reactions of CO and THF by E,Ph, CE = (Sy Se, le) 

were studied and equilibrium data were collected. The 

results established increased stability of these 

complexes in the sequence of increased softness, S<Se<Te. 

The softness of the chalcogens (Te > Se > S) could be 

reflected on the other ligands attached to the metal ion. 

This is obvious from the highest energy of the carbonyl 

stretching frequencies in the complexes m-CpMo(CO), EPh 

(B = §, Se, Te) when going from Te (CO... = 2016cm + ) 
tr 

= 2026em™!) to § (CO,, = 2033em7!) (57), thus via Se (CO 
a s tr tr 

decreasing the bonding strength between Mo and CO in this 

sequence causes a higher thermal stablity for the 

tellurium complex than for the selenium and sulphur 

complexes. 
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