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A range of bi- and tridentate telluroether complexes are described, along with the syntheses 
of new acyclic and cyclic ligands containing telluroether functions. These species have been 
characterised by analysis, IR and multinuclear NMR (̂ H, ^̂ Mn, ̂ Se{'H}, 
'^Te{^H}) spectroscopy (where applicable) and mass spectrometry, along with the X-ray 
crystal structures of several examples. 

The syntheses of the ditelluroether complexes [Mn(C0)3(L-L)X] {X = CI, Br or I; L-L = 
MeTe(CH2)3TeMe, PhTe(CH2)3TePh and o-C^^CTeMe):} and [Re(C0)3(L-L)X] (X = CI or 
Br) are described, along with the crystal structures of [M(CO)3{o-C6H4(TeMe)2}Cl] (M = Mn 
or Re). Detailed comparisons of the spectroscopic data for these and analogous thio- and 
selenoether species have revealed that the telluroether compounds show significantly 
enhanced o-donation compared to the lighter chalcogens. The analogous tripodal complexes 
[Mn(C0)3(L^)][CF3S03] {L^ = MeCCCHzEMe)] (E = S, Se or Te) and MeC(CH2TePh)3}, 
have been prepared and structurally characterised. Increased cr-donation is again observed 
down group 16, with signiGcantly enhanced donation by the MeC(CH2TeMe)3 ligand. 
A range of homoleptic platinum group metal and group 11 metal complexes has been 

prepared with the group 16 tripodal ligands and a range of coordination modes observed. The 
species [M(L )̂2][PF6]2 {M = Pd or Pt; = MeC(CH2EMe)3 (E = Se or Te) and 
MeC(CH2TePh)3} have been synthesised, with the crystal structure of 
[Pt{MeC(CH2SeMe)3}2][PF6]2 revealing distorted square planar Se4 coordination at Pt(II) with 
the remaining arm of each tripod uncoordinated. For the h( xassleno- and hexatelluroether 
complexes, [Ru(L^)2][CF3S03]2, both ligands adopt a facial arrangement, confirmed by the X-
ray crystal structures of thio- and selenoether analogues. The group 11 metal complexes 
[Cu(L )̂2][PF6], [Ag{MeC(CH2TeR)3}2][CF3S03] (R = Me or Ph) and 
[Ag{MeC(CH2SeMe)3}][CF3S03] have also been synthesised. The structure of the Ag(I) 
selenoether species reveals a distorted trigonal planar geometry at the metal centre derived from 
one bidentate selenoether and one monodentate selenoether ligand. These units are then linked 
to ac^acent Ag(I) ions to give a one dimensional linear chain cation. 
The syntheses of the organometallic complexes [M(cod)(L^)] [PFg] and 

[M(C5Me5)(L )̂][PF6]2 {M = Rh or Ir; - MeC(CH2SeMe)3, MeC(CH2TeMe)3 and 
MeC(CH2TePh)3} are described along with the crystal structures of four of the M(I) species. 
Comparisons of the spectroscopic data for the M(I) complexes reveals superior c-donation by 
the ligand MeC(CH2TeMe)3 compared with its selenoether analogue, with the M(III) 
complexes showing the reverse trend. 

The complexes [RuCl2(PPh3)(L )̂] and [RuCl2(dmso)(L^)] {L^ = MeC(CH2SeMe)3, 
MeC(CH2TeMe)3 and MeC(CH2TePh)3} have been prepared. Reaction of 
[RuCl2(dmso){MeC(CH2ER)3}] (E = Se, R = Me; E - Te, R - Ph) with Ag[CF3S03] in 
refluxing MeCN has given the species [Ru(NCMe)3{MeC(CH2ER)3}r^ with the lability of 
the acetonitrile ligands being established via the preparation of mixed-tripod complexes. 
Improved syntheses for the ligands MeC(CH2EMe)3 (E = S or Se) are reported along with 

the synthesis for the new tripodal ligand MeC(CH2TePh)3. The compounds 2,3,6,7-
tetrahydro- li/,5iy-dicyclopenta[ 1,4] [ 1 '4']ditellurui, 1,2-di(2-bromo-1 -cyclopentenyl)ditell-
urane and telluranthrene are also reported as part of an investigation into the chemistry of 
dilithium 1,2-cyclopenteneditellurolate. The syntheses of the macrocyclic ligands 
[1 l]aneS2Te, [12]aneS2Te and [14]aneS3Te, along with their Ag(I) complexes, eire discussed. 
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FT 
FAB 
IR 
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MS 
UV 
Vis 
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Fourier Transform 
Fast Atom Bombardment 
Infra Red 
Nuclear Magnetic Resonance 
Mass Spectrometry 
Ultra Violet 
Visible 
Variable Temperature Nuclear Magnetic Resonance 

Solvents 

dmf 
dmso 
Et20 
THF 

N,N,-Dimethylfbrmamide 
Dimethyl sulfoxide 
Diethyl ether 
Tetrahydrofiiran 

acac 
3-NOBA 
TMS 
Fo/Fc+ 

Acetylacetonate 
3 -Nitrobenzy 1-alcohol 
Tetramethylsilane 
Ferrocene/Ferrocenium 

Bu 
Et 
Me 
Ph 
R 

Butyl 
Ethyl 
Methyl 
Phenyl 
AUcyl or a:yl 

5 
ppm 
w 
m 
s 
br 

Chemical shift 
parts per million 
Weak 
Medium 
Strong 
Broad 

M 
cod 
Cp 
[PjaneSg 
[lOjaneSg 
[14]aneS4 
[SjaneSez 
[16]aneSe4 
[12]aneTe3 

metal 
cycloocta-1,5-diene 
cyclopentadiene 
1,4,7-trithiacyclononane 
1,4,7-trathiacyclodecane 
1,4,8,11 -tetrathiacyclotetradecane 
1,5-diselenacyclooctane 
1,5,9,13 -tetraselenacyclohexadecane 
1,5,9-tritelluracyclododecane 
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1.1 Introduction 

Tellurium was first observed in ores mined in the gold districts of Transylvania and was 

isolated in 1782, by the Austrian chemist F. J. Miiller von Reichenstein, a few years after the 

discovery of oxygen. Miiller named it 'metallum problematicum' since it showed none of the 

expected properties of antimony with the name tellurium, meaning 'earth', being given to the 

element by another Austrian chemist, H. M. Klaproth, the discoverer of zirconium and 

uranium.' 

Despite the first organic derivatives of tellurium being prepared by Wohler in 1840 ^ and 

the immense amount of literature associated with the organic and coordination chemistry of 

thioethers, both seleno- and telluroethers have received relatively little attention until 

comparatively recently. This is very well illustrated by a review article in 1965 ^ which cites 

less than 30 references to metal complexes with selenium and tellurium ligands, and a review 

in 1981 which is still dominated by thioethers.'' This may be compared to a more recent 

article, in 1993, which is devoted purely to seleno- and telluroether ligand syntheses and 

complexation.^ 

This slow development was at least partly due to the scarcity of elemental tellurium from 

which all preparations began. However, more recently this apparent lack of interest in the 

heavier chalcogens may be attributed to a variety of causes including the widely held view 

that SeRz and TeR2 are weak donors, except to soft metal centres, and that their chemistry is 

little different from their more familiar thioether analogues. Added to this, they are also toxic, 

extremely malodorous and were thought to be only of academic interest, lacking any 

applications. Indeed all compounds of selenium and tellurium should be treated as potentially 

toxic, since the elements are taken up by the kidneys, spleen and liver, and even in minute 

concentrations cause headaches, nausea, and irritation of the mucous membrane. Despite this, 

selenium has been found to play an essential role in the dietary systems of humans and may 

be involved in the protection against certain cancers. It should also be noted that no human 

fatalities have been attributed to either selenium or tellurium poisoning. 

The interest in both selenium and tellurium chemistry has subsequently increased with the 

development of selenoether ligand chemistry in the previous 30 years, although the 

analogous tellurium chemistry is only now beginning to emerge as an area of significant 

growth. This recent appeal can be attributed to the fact that both selenium and tellurium may 

be observed by modem multinuclear FT NMR instrumentation, which provides an excellent 

spectroscopic probe to follow ligand synthesis reactions, metal complexation and subsequent 
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reacXicKi cJieinisliy. ]bi ciandizua, snilfur jDosswssses cwihy zui iiise&shiTA: (luzulrufxolar irwcleiis 

(Tidble 1.1). 

In addition to their inherent interest, these systems have potential applications in 

important and diverse fields including metal ion recognition and detection,^' ^ as earner 

ligands for radionuclides used in medical imaging and therapy,® photography^ and new 

conducting materials,'" Research into the prospect of using thio- and selenoether ligands as 

catalysts has also yielded favourable results. The PtCl2(SePh2)2/SnCl2 system may be an 

example of other species which are catalytically active for the homogeneous hydrogenation 

of non-aromatic alkenes^' and recently the catalytic application of 

[Rh(PPh3)2([9]aneS3)][PF6] has been investigated.'^ 

Table 1.1. NMR properties of sulfur, selenium and tellurium. 

Isotope Spin Natural Abundance/ % Relative Receptivity ® 

V2 0.76 1.7x10'^ 

^Se K 7.6 5.3 X 10"* 

% 7.0 2.2x10'^ 

^ relative to the H nucleus. 

1.2 Synthesis of Organo-Tellurium Compounds 

The lack of development in telluroether chemistry, compared to that of selenoethers, is in 

part due to the greater difficulty in handling tellurium ligands, which are significantly more 

air sensitive and malodorous than their corresponding selenium analogues. Further to this is 

the inherent weakness of the tellurium-carbon bond, which can result in elimination of the 

carbon backbone and subsequent telluride formation during ligand synthesis and metal 

complexation reactions. Due to these difficulties, the monodentate telluroether ligands 

constitute the m^or category of the limited number of tellurium ligands now known. 

However, the organic chemistry of tellurium has been increasingly investigated in recent 

years showing tellurium to have a rich chemistry dif&ring significantly &om the better-

known lighter chalcogenides.'^ There are many methods associated with incorporating 

tellurium into organic molecules, although for the chemistry discussed in this thesis many are 

not suitable since tellurium is often oxidised to Te(IV). However, those that are potentially 

usefiil are outlined below. 
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Insertion of tellurium into carbon-metal bonds (Equations 1 to 3).̂ '̂ ** 

RMgBr + Te 

RLi + Te RTeLi 0 

RC^CNa + Te ROCTeNa 

Treatment of these unstable intermediates with the appropriate reagent required for the 

synthesis of tellurides or ditellurides may then be carried out (Equations 4 and 5). 

RTeLi + R'l RTeR 

2RTeLi RTeTeR 

Alkali metal tellurides. Organic halides will readily alkylate alkali metal tellurides. These 

telluride reagents have been prepared in an aqueous medium/^ liquid ammonia,̂ ® and 

more recently in dmf Typical reactions are represented below (Equations 6 and 7). 

NaiTe + 2RX 

NaiTez + 2RX 

RzTe 

RzTez 

Trhe(irk;Uiux)alk2uies, flT'e(C:E[2)̂ rei]R, (BL = A/[e,]3b^ j-EtCXZgHj) hzrve fMnoved difficult to 

obtain and are only known for certain values of« (» = 1, 3, 6 and 10).^ They were eventually 

synthesised by the addition of X(CH2)nX, (X — Br, I) to a &ozen solution (-196 °C) of RTeLi 

in THF and subsequent thawing. Of particular interest is that for n = 2 the required ligand is 

not obtained, the reaction of RTeLi with XCH2CH2X instead leading to the formation of 

RTeTeR and elimination of CH2CH2. However C2 bridged telluroethers may be obtained as 



Chapter 1 Introduction 

the ĉ %ibt]iylerudbws(telhin}etlK%0 lygaiwis, ()-4Z<Jj4(TreIl)2 (II = tvtucdi Itave been 

synthesised by an analogous route the reaction of RTeLi with o-C6H4Br2?̂  For » = 4 or 5, 

the corresponding heterocyclic ring is obtained (Equations 8 and 9). 

2RTeLi + X(CH2)«X 

M = 5 

\ T e / 

8 

Very few examples of polytelluroether ligands have been prepared, however the ligands 

d̂fKZXXZIiaTTelvLe)] aiwi (]((]H2T\5FLb (PL = IPĥ  twive Ibeen refworted iwkz thw; 

reaction of excess RTeLi with MeC(CH2Br)3 or C(CH2Br)4. A few hybrid polydentates 

containing one or (rarely) two tellurium donors in combination with nitrogen have been 

described,^' along with the first tellurium containing macrocyclic schiff base (Figure 1.1) 

prepared by the condensation of bis(2-formylphenyl)telluride with ethane-1,2-diamuie.^^ Just 

one homoleptic macrocycle, 1,5,9-tritelluracyclododecane has been reported via a 

particularly ingenious synthetic procedure which is illustrated in Scheme 1.1.^ The crystal 

structure of the chlorinated product is shown in Figure 1.2. 

Figure 1.1. Structure of the macrocycUc schifF base. 27 
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Scheme 1.1. Synthesis of 1^,9-triteUuracyclododecane. 

Br ZNazTe TeNa i )NaBH4 Te-

Br EtOH TeNa ii) Br(CH2)3Br ^ Te-

Te Te i) Reflux in dmf 

i i ) P h S H / d m s o 

CL 

'CI 
Te 

Te 
CK^ 

Figure 1.2. Single crystal 

hexachlorotriteUuracyclododecane.^^ 

X-ray structure of 1,1^,5^,9-

CK4) 

Cl(3) 
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13 Metal-Lisand Bonding 

7.37 BoW rE = & & of 7e) 

Although the bonding nature of tertiaiy phosphines to transition metal centres has been 

reviewed on a number of occasions,the corresponding factors influencing the bonding of 

neutral group 16 donor ligands have attracted little attention with most of the work being 

concentrated on thioethers. Murray and Hartley in their 1981 review detailed the relevant 

data collected on the structures and bonding in thio-, seleno- and telluroether complexes, 

although the data dealing with the heavier donor ligands were restricted to just four X-ray 

crystal structures/ Since then, although many more complexes have now been structurally 

elucidated, the understanding of the M-Se or M-Te bond is still limited/ 

In contrast to group 15 ligands, steric effects are relatively unimportant since the group 

16 donor atom has just two R substituents. Conversely, the presence of the second lone pair is 

expected to be a complication since it may participate in either jc-donation to the metal 

centre, or alternatively be a source of 7i-repulsion. Further, n-acceptance is also possible with 

the difficulties in establishing %-acceptor behaviour being similar to those for tertiary 

phosphine complexes/^ Early work generally assumed the acceptor orbital to be the (S, Se, 

Te)W orbitals, however this proposal is open to the same criticism encountered for group 15 

ligands, i.e. that the nd orbital is too high in energy to contribute significantly to the bonding, 

thereby inferring that the acceptor orbitals must be mainly the E-C (E = S, Se, Te) <j* 

combinations. 

Schumann and co-workers have reported structural data and carried out extended Hiickel 

molecular orbital calculations on the series of complexes [CpFe(CO)2EMe2]^ (E = S, Se, 

Te).^° These have shown that the inertness and stability of the Fe-E bonds lie in the order Te 

» Se > S, and comparable calculations on group 15 analogues, and upon model Fe-EHg 

systems, where the second lone pair is protonated, have shown that Ti-bonding in the group 

16 complexes is negligible. This increased or-donation is consistent with the decreasing 

electronegativity of the group 16 donor atoms as the group is descended (Table 1.2) and 

generally applies for low oxidation state metal complexes, where the spatial extension of the 

metal orbitals is greatest and thus overlap with the large Te cr-orbital is adequate. 
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Table 1.2. Electronegativity of S, Se and Te using the Pauling Scale. 

Element Electronegativity 

S 2.58 

Se 2.55 

Te 2.10 

In medium to high oxidation state complexes poorer orbital match both of the size and 

energy between the large, soft tellurium a-orbital and the contracted, hard metal d orbitals 

results in telluroether complexes being much less stable than the corresponding thio- or 

selenoether complexes. The stability of Se > S remains, as expected, due to the reduced 

electronegativity and hence better donation by the selenium.^ 

Single crystal X-ray diffraction studies on group 16 complexes have shown the chalcogen 

atom to be in a pyramidal environment, with tetrahedral bond angles about sulfur, selenium 

or tellurium and the single remaining lone pair in an essentially pure sp^ hybrid orbital 

(Figure 1.3). 

Figure 13. Stereochemistry of a group 16 ligand upon coordination to a metal centre, 

where E = S, Se or Te. 

, R 

M — E . . , 
• h R ' 

Therefore, a ligand with two different R groups on the chalcogen atom becomes chiral 

upon coordination to a metal centre and for a simple ligand, RER', two enantiomers are 

possible. For monodentate ligands, where rotation about the M-E bond is a low energy 
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prcKcess, theiae enantioiiwzns are ISOvIFl LoflikaiiyguishKible luidor iiormal cxincUtioiis. JHkywevier, 

for chelating ligands where rotation about the M-E bond is not generally energetically 

feasible, the different invertomers may be observed providing that they are not 

interconverting rapidly via pyramidal inversion. The most common mechanism (Figure 1.4) 

involves the interchange of two energetically equivalent configurations via a planar transition 

state. 

Figure 1.4. Intramolecular rearrangement wa a planar intermediate. 

y I I ** 

Only a reversal of configuration occurs with no actual chemical bonds being broken, and 

this is considered the most common mechanism for chalcogen complexes. Other alternative 

inversion mechanisms have been shown to exist including the dissociation and recombination 

of one (or more) of the three substituents on the central atom and bimolecular exchange. 

However, since both these mechanisms involve the cleavage of the metal-chalcogen bonds 

which are generally strong, neither of these mechanisms is thought to be of importance for 

this work. 

Various studies have investigated pyramidal inversion in chalcogen transition metal 

complexes^' and a review on NMR studies of pyramidal inversion is available.Many 

factors have been shown to influence atomic inversion energies including: 

* ISkiture cdFtbeiiryeTting;(x;ntre.^ '̂̂ *' 

- Generally inversion barriers are in the order Te > Se > S, although quantitative data 

for tellurium are almost completely absent from the literature. 

# Nature of the metal centre.̂ ^ 

- Coordination of a chalcogen lone pair of electrons to a transition metal dramatically 

lowers the chalcogen atom's barrier to pyramidal inversion. The presence of the metal 

can have two effects. The first will be to decrease the s character of the lone pair 

ground state in line with the electropositive nature of the metal, thereby allowing 



Chapter 1 Introduction 

easier access to the transition state. The second possible factor is the effect of {p-d)'K 

conjugation between the chalcogen and metal, again contributing to the stabilisation 

of the planar transition state. 

® 7i-Conjugation effects in the ligands.^^ 

- There is a noticeable fall in inversion energy when the possibility of conjugation is 

introducted into the organic moiety of the ligand. 

# Ligand ring strain efkcts.^' 

- There is generally a lowering in the inversion energy from a five-membered chelate 

ring to a six-membered chelate ring, due to the lowered angle constraint for access to 

the transition state. 

# Influence of frayiy ligands.̂ ^ 

- The trans influence is essentially inductive in nature and is attributed to a weakening 

of the metal-chalcogen bond. 

1.4 Telluroether Complexes 

The first coordination complex with a tellurium containing ligand was reported by 

Fritzman in 1915, CM-[Pt{Te(CH2Ph)2}2CI2] and although since then many monodentate 

telluroether complexes have been reported, characterisation has often been limited to just 

elemental analysis and a melting point. Consequently, only in the last 20 years has a 

reasonable body of spectroscopic data been collected, and this is still much more fragmented 

than that of other group 15 or 16 donor ligands. 

Low oxidation state complexes have mostly involved substituted carbonyl complexes, for 

example photolysis of [Et4N][V(CO)6] with TePhz in THF yields the brown complex 

[Et4N][V(CO)5(TePh2)].'̂ ''''̂ ^ Other examples include niobium,'*^ chromium/^ molybdenum,'^ 

tungsten,^^ manganese,rhenium,'*' iron'*^ and cobalt'*^ carbonyl species. Medium oxidation 

state complexes that have been prepared include [CpCo(TeMe2)3]^[{CuCl(TeEt2)}„],^' 

mer-[RhL3Cl3] (where L = a number of heterocyclic telluroethers)^^ and a number of 

palladium(n) and platinum(n) complexes of the type [ML2X2] (where X = halide, L = 

telluroether).^^ There are no recent reports of medium oxidation state complexes with the 

metals of groups 4 to 7. 

The differences between telluroethers and their lighter homologues, discussed earlier, are 

illustrated by the fact that although monodentate selenoether complexes have been prepared 

10 
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ixM: C)s(T/I), ()s(lT/), Ir(r\r) zuid ]Pt(r\f), all attempts Ik) fxngpaure tile zuialcyroiu; telkuroetlier 

complexes have failed.̂ '̂ ' 

Iteoently a T/ariety ()f IbRuisitkm irwabU cxmipleoHss inwcltwibig Icw^ f̂alent cawiaorryl 

derivatives of Mo(0) and Mn(I), platinum group metal halides and group 11 metal centres, 

have been reported with the ligand l,3-dihydrobenzo[c]tellurophene, as a study into the 

bonding modes of tellurophene ligands. This showed that for these complexes, coordination 

of the tellurophene ligand was via the lone pair on the Te atom (Figure 1.5)/^ McWhumie 

and co-workers have studied other examples of such heterocyclic organotellurium 

compounds. The reaction of dibenzotellurophene with triiron dodecacarbonyl resulted in the 

removal of tellurium from the aromatic system and the isolation of ferrole, [Ci2HgFe2(CO)6]. 

This contrasts with the lack of reactivity of dibenzothiophene.^® The use of ^^Te{^H} NMR 

spectroscopy to determine the bonding modes of these systems has also been demonstrated,^' 

along with a study into heterocyclic organotellurium compounds as precursors for new 

organometallic derivatives of rhodium.^^ Such systems are potentially useful as models for 

hydrodesulfiirisation. The coordination and rearrangement of cyclic telluroethers on a 

rhodium-rhodium bond has also been reported as part of a more thorough study into 

thioethers.^^ 

Figure 1.5. Single crystal 

dihydrobenzo[c]tellurophene}2].^^ 

X-ray structure of [Mo(CO)4{l^-

OH) 

COM 

OO) 

11 
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j^khough the dkellurodher ligands vwoe ^^dhesLxxi 10 yoMS ago, 1&orough 

investigations into their coordination chemistry have been carried out.^ Despite this, 

although RTeCHaTeR, (R = Me, Ph) may be easily prepared, few complexes of these 

methylene backbone ligands have been reported. Indeed just the homoleptic copper(I) and 

silver(I) complexes [M„(MeTeCH2TeMe)2„][BF4]/'^ and the group 10 polymeric complexes 

[fvCLXClz]* (A4 == P(l, ]P% ]L P-hTngCHzTTePh) humfe bexai s)Titbesis(%i arid full]/ 

characterised by spectroscopic means.^^ 

The largest number of ditellura- metal complexes in the literature involve the ligands 

RTe(CH2)3TeR and o-C6H4(TeR)2 (R = Me, Ph) with examples of complexes involving five-

membered chelate rings containing the latter ligands. Interestingly although the red-brown 

cobalt(III) complexes [Co {o-C6H4(TeMe)2} 2X2] [BPh4] (X = Br, I)^ have been prepared, 

attempts to synthesise complexes of MeTe(CH2)3TeMe with nickel(II) or cobalt(II) halides 

have been unsuccessful.^^ The reaction of o-C6H4(TeMe)2 and RTe(CH2)3TeR (R = Me, Ph) 

with iridium trichloride in ethanol gives the insoluble fawn complexes [Ir(L-L)Cl3] which are 

probably halide-bridged polymers and may be converted into [N"Bu4][Ir(L-L)Cl4] via 

reGuxing with N"Bu4CI in 2-methoxyethanol/^' 

The greatest number of complexes of these ligands are with the Pd(II) and Pt(II) metal 

centres. The first examples prepared were the yellow or orange species 

[M{RTe(CH2)3TeR}X2] (R = Me, Ph; X = CI, Br, with the complexes of o-

C6H4(TeMe)2^^ and o-C6H4(TePh)2^^ being subsequently synthesised. The X-ray crystal 

structure of /M&yo-[Pd{PhTe(CH2)3TePh}Br2] is shown in Figure 1.6,̂ ^ and was the first 

reported structure of a chelating ditelluroether ligand. Interestingly the homoleptic complexes 

[M(L-L)2]̂ ^ (L-L = RTe(CH2)3TeR, o-C6H4(TeR)2; R - Me, Ph) were not formed even when 

treated with an excess of l igand.A study of [Pd{o-C6H4(TeMe)2} I2] showed that heating 

this species for short periods in dmso resulted in monodemethylation, leading to the 

formation of the species [ { Pd(o-C6H4(TeMe)Te)I} 4] 7^ 

The coordination chemistry of bidentate telluroethers with large chelate rings 

(p-Et0C6H4)Te(CH2)»Te(C6H40Et^) = 6, 7, 8, 9 and 10) with paUadium(n) and 

platinum(n) halides has also been reported.̂ ^ 

12 
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Figure 1.6. Single crystal X-ray structure of f»gyo-[Pd{PhTe(CH2)3TePh}Br2]. 69 

c(a 

Interestingly, attempts to prepare the Pt(IV) halide complexes, [Pt(L-L)X4] {L-L — 

IVleTTefCItlzjsT'eAdk;, I)hTre(CH2)3T'eP]i or o-(:6]34(Tre]V[e)2;:X = (:i,]3r, 1} hzrve failedL althouĝ b 

three Pt(IV) complexes of the type [PtMe3l(L-L)] have been synthesised via the reaction of 

[{PtMe3l}4] and the ligand in CHCI3. These species have been studied via dynamic NMR 

spectroscopy as part of an investigation into pyramidal inversion processes?^ 

Recently homoleptic complexes have been reported with copper(I) and silver(I) metal 

centres ofthet)Tpe and [/lg(TL-I.)2][E(F4]73.74.is v/elliisdie fuRrttelluioether 

awiducts ()f dii(r\r) tuiLkies, [tSnfly-I,)):*] {].-!. == A/b:]\)(C:t[2)3Tre]Vle, I)hLr€((:]Hb)3Tre]Ph or o-

C6H4(TeMe)2; X = CI or Br} (Figure 1.7)/^ 

Figure 1.7. Single crystal X-ray structure of [SnBr4{o-C6H4(TeMe)2}]. 

• Br(l) 

75 

13 
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The lack of multidentate telluroether acyclic and cyclic ligands subsequently results in a 

scarcity of complexes with such ligands. Copper(I) diimine complexes with tellura-crowns 

have been reported as a spectrochemical and luminescence ion probe for soft metal ions/^ 

The synthesis of the first cationic Pd(II) complex of a tellurium-containing polyaza 

macrocycle (Figure 1.8) has recently been communicated.^' Previous to the work in this 

thesis, no complexes had been synthesised using the two multidentate ligands available, 

MeC(CH2TeMe)3 and C(CH2TePh)4. 

Figure 1.8. Single crystal X-ray structure of Pd(n) complex with a tellurium-containing 

polyaza macrocycle. ' 

r*41A) 

C(8A* 

C<7A) 

14 
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1.5 Complexes with the Trioodal Ligands MeCfCH?EMe)^ fE = S or Se) 

The coordination chemistry of tridentate face capping donor ligands has been extensively 

developed over the last decades with such ligands as 1,4,7-trithiacyclononane, 

hydridotris(pyrazoly)borate and 1,4,7-triazacyclononane being at the forefront of these 

studies/^ The ligand field properties of these systems have enabled them to find applications 

in bioinorganic^^ and organometallic chemistry^® and in coordination compounds which 

possess novel magnetic properties.^ ̂  While apparently similar in providing a fac-X^ donor 

set, each imparts significantly different electronic and structural properties to metal 

complexes. 

The chemistry associated with tripodal group 15 ligands, in particular triphos, 

MeC(CH2PPh2)3, has received particular attention. These ligands offer the prospect of 

combining the catalytic properties associated with phosphine ligands with the stereochemical 

constraints and geometrical control tripodal ligands impart on the metal centre.^ Such 

complexes with the platinum group metals have been studied by Bianchini and co-workers 

who have mimicked the hydrodesulfurisation process with the metals ruthenium^^ and 

iridium^ along with the hydroformylation of alkenes using the species [(sulfos)Rh(cod)] 

(sulfos = 'O3 S (C6H4)CH2C(CH2PPh2)3) supported on a silica surface via hydrogen bonding. 

The reaction of the rhodium alkyl and aryl complexes [(triphos)Rh(R)(T|^-C2H4)] (R = Me, Et 

or Ph) with white phosphorus in THF at room temperature to give the species 

[(triphos)Rh(r|^:r|^-P4R)] has also recently been communicated. This reaction represents the 

first example of P-C bond formation from white phosphorus through the mediation of a 

transition metal complex and illustrates the novel reaction nature of such triphos 

complexes.^^ 

The group 16 tripodal ligands, MeC(CH2EMe)3 (E = S, Se or Te), in contrast to triphos, 

have received little or no attention before this study. Most of the chemistry in the following 

Chapters will discuss the properties of the seleno- and telluroether ligands, however in order 

to gain some information of the background on such species the thioether ligand will also be 

considered here. 

The first complexes prepared with the ligand MeC(CH2SMe)3 were the osmium(IV) and 

chromium(ni) species [Os{MeC(CH2SMe)3}X4] and [Cr{MeC(CH2SMe)3}X3] (X = CI or 

87, 88 coordination chemistry of this ligand has not been studied in detail, 

many derivatives have been prepared, including the chiral ligand 

15 
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MeC(CH2SEt)(CH2S'Pr)(CH2S'Bu), along with its moiybdenum(O) tricarbonyl complex. 

The phenyltris((reyY-biitylthio)methyl)borate ligand, [PbB(CH2S'Bu)3]' (PhTt), has also 

recently been studied by Riordan and co-workers, along with its complexes [(PhTt)Tl], 

[(PhTt)CoCl] and [(PhTt)NiCl].^° These studies have included similar complexes with 

tetrakis((methyltbio)methyl)borate.^' Rabinovich has lately initiated an investigation into the 

properties of the ligand MeSi(CH2SMe)3, reporting the group 6 complexes 

[M(C0)3{MeSi(CH2SMe)3}] (M = Cr, Mo and (Figure 1.9) and the one-dimensional 

copper(I) coordination polymer [Cu3{MeSi(CH2SMe)3}2Br3]n (Figure 1.10).̂ ^ 

Figure 1.9. Single crystal X-ray structure of [Cr(CO)3{MeS:(CH2SMe)3}] 92 

C(4A) 

CGIA) 

S<21A) 
S[31A) 

CI32A) 

Cn2A) 

a2A) 

(XW 

0(2A) 
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Figure 1.10. Single crystal X-ray structure of [Cu3{MeS:(CH2SMe)3}2Br3] showing two 

asymmetric units of the infinite chain structure.̂ ^ 

In contrast to the extensive chemistry associated with preparing thioether tripodal 

derivatives, just two selenoether tripods have been prepared MeC(CH2SeR)3 (R - Me or 

Ph)/'^ One paper has been published reporting their coordination chemistry, discussing the 

species [M{MeC(CH2SeMe)3}Cl2] (M = Pd or Pt), [M{MeC(CH2SeMe)3}Cl3] (M = Rh, Ru 

or Ir) and [Os{MeC(CH2SeMe)3}Cl3]. 95 

17 
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1.6 Characterisation Techniques 

There are many methods available for the determination of the identity of chemical 

species and a range of spectroscopic techniques have been used in this thesis. Knowledge of 

well established techniques such as ^H, and NMR, UV/Vis and IR 

spectroscopies, and elemental analysis is assumed and requires no further introduction. 

1.61 NMR Spectroscopy 

NMR spectroscopy has been used extensively to characterise and study the complexes 

discussed here. Although the use of 'H and NMR are well established procedures, 

manganese-55, selenium-77 and tellurium-125 NMR spectroscopy are not so well known, 

and so these techniques will be discussed, 

1.611 Manganese-55 NMR Spectroscopy 

A particular interest of this study was the possibility of recording the ^^Mn NMR spectra 

of the manganese(I) complexes reported (Chapters 2 and 3). Manganese-55 (100%, I = 5/2, H 

= 24.840 MHz) possesses a moderately high quadrupole moment (Q = 0.55 x 10"^ m )̂ and 

thus for complexes with less than Oh or Tj symmetry the considerable electric field gradient 

is expected to result in substantial broadening of the resonances.^® However, manganese-55 is 

a highly sensitive nucleus with a relative receptivity (compared to ^H) of 0.175 and so, the 

collection of spectra is easy. The total variation in manganese shielding covers a range of 

3000 ppm.^^ Previous manganese-55 NMR studies have involved several classes of 

compound including [Mn2(CO)io] and its derivatives,^^ [Mn(CO)5X] (X = CI, Br, I)^ and 

^c-[Mii(C0)3(MeCN)3]+.^°° 

1.612 Selenium-77 and Tellurium-125 NMR Spectroscopy 

Although both selenium-77 and tellurium-125 nuclei are of moderate and good NMR 

receptivity respectively, rather more work has been done on the former due to the higher 

overall activity in selenium chemistry. The first reports of tellurium-125 NMR involved 

indirect study via coupling to protons in ^H NMR spectroscopy,but since then, almost all 
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involved direct study utilising Fourier Transform methods. Although tellurium-125 has a 

negative magnetogyric ratio (-8.498 x 10̂  rad T"' proton-tellurium distances are 

usually so great that the Nuclear Overhauser Effect is normally negligible, and standard spin-

1/2 methods may be used for both ^̂ Se and nuclei in the majority of cases. 

Several reference compounds have been used in selenium-77 and tellurium-125 NMR, 

although it is now generally accepted that MegSe and MegTe are the most suitable reference 

materials. It has, however, been found that the chemical shifts of MezSe and MegTe are 

relatively sensitive to solvent and concentration and thus all chemical shifts are reported 

relative to neat samples. In fact, variations of about 10 ppm for selenium-77 and 20 ppm for 

tellurium-125 can occur with solvent and temperature for any resonance. 

An important feature of selenium-77 and tellurium-125 NMR spectroscopy is that 

tellurium and selenium shielding run closely parallel in equivalent compounds, and thus a 

plot of 8(^^Te) against 6(^Se) is linear with a gradient of ca. 1.8.^^ To some extent, the 

great sensitivity of 8(^^Te) to electronic changes may be attributed to the larger radial 

expansion term for tellurium in the paramagnetic nuclear shielding equation given below 

(where the Q terms denote the imbalance of charge in the valence shell, and AE is an 

effective excitation energy). 

(?P = -[fcrsp * ZIQ 

A similar expression exists for Se involving the mean inverse cube of the radius of the 4p 

orbitals. However, the ratio <r5p"^>(Te)/<r4p'̂ >(Se) = ca. 1.25, and so this would imply that a 

still unexplained factor must come from the difference in the AE terms. 

O'Brien and co-workers have reviewed over 400 tellurium-125 chemical shift values and 

the overall chemical shift range is thought to exceed 4000 ppm, with the general observation 

that electron withdrawal from tellurium leads to decreased shielding and hence a more 

positive chemical shift. 
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1.62 Mass Spectrometry 

Mass spectrometry of tellurium containing compounds is complicated by the fact that 

tellurium has eight naturally occurring isotopes of reasonable abundance (Table 1.3). 

Table 1.3. Relative abundance of teUurium isotopes. 

Isotope Abundance/% Isotope Abundance/% 

120 0.09 125 6.99 

122 2.46 126 18.71 

123 0.87 128 31.79 

124 4.61 130 34.48 

This makes it easy to identify a tellurium-containing fragment by its characteristic isotope 

pattern (Figure 1.11), but fragments of similar m/z values may have overlapping peaks 

making complete analysis difficult. In order to simplify the work described here all calculated 

m/z values are based upon the most abundant isotope, tellurium-130. 

The inherent weakness of the Te-C bond compared with C-0, C-S and C-Se analogues is 

often demonstrated in the fragmentation behaviours upon ionisation. A good review of the 

mass spectrometry of tellurium containing compounds is available. 
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1.7 Aims of this Study 

The research discussed in this thesis investigates the coordination chemistry of 

teiluroether ligands by comparison with the analogous selenoether derivatives and may be 

divided conveniently into three sections. 

The first section examines the bonding properties of low valent Mn(I) carbonyl species 

with bidentate teiluroether Ugands using a range of spectroscopic techniques (Chapter 2). 

Detailed comparisons of the spectroscopic data for these and analogous thio- and selenoether 

species have been made and are interpreted in terms of the relative coordination abilities of 

group 16 donor ligands. 

The second section reports investigations into the properties of the tripodal group 16 

ligands, in order to study the properties of these ligands and specifically multidentate 

teiluroether ligands. Chapter 3 discusses the preparation of Mn(I) complexes, with Chapter 4 

reporting the synthesis of a range of homoleptic platinum group and group 11 metal 

complexes, thereby probing the coordination modes of these ligands. Chapter 5 extends this 

work to low and medium oxidation state rhodium and iridium organometallic complexes, 

with Chapter 6 reporting some reaction chemistry of piano-stool Ru(II) species. 

Finally, Chapter 7 discusses the preparation of the tripodal ligands, along with some 

chemistry associated with dilithium 1,2-cyclopenteneditelluride. The synthesis of new acyclic 

and cyclic mixed donor thio-telluroether ligands is then described, along with the 

coordination chemistry of the cyclic ligands with Ag(I). 
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Chapter 2 Manganese(I) Ditelluroether Tricarbonyl Halide Complexes 

2.1 Introduction 

In comparison to the other transition metals, the organometallic chemistry of manganese 

does not have a particularly extensive history, essentially dating from 1949 with the first 

reference to [Mn2(CO)io]/ although this species was not folly characterised until 1954.̂  In 

contrast, the carbonyl complexes of the adjacent elements in the periodic table, [Cr(CO)6], 

[Fe(C0)5], [Co2(CO)8] and [Ni(CO)4], were all reported in the late 18* and early 19* 

centuries.^ However, since the discovery of [Mn2(CO)io] the development of organo-

manganese chemistry has kept in step with the rapid expansion of modem organometallic 

chemistry. 

Manganese pentacarbonyl iodide was prepared in 1954 by the carbonylation of Mniz and 

was the first reported member of the series, [Mn(C0)5X] (X = CI, Br or I),^ with the other 

halide complexes being subsequently synthesised in 1959, via the cleavage of the metal-

metal bond in [Mn2(CO)io] by the respective halogen/ Since then, these compounds have 

served as important synthetic precursors in many studies on organo-manganese compounds. 

Interestingly, the preparation of [Mn(CO)5F] has yet to be achieved. 

Substitution of the carbonyl groups in [Mn(C0)5X] by neutral ligands has been widely 

studied, with the complexes generally prepared either thermally or via UV photolysis, with 

mono-, bi- and tridentate arsine and particularly phosphine ligands receiving most attention.^ 

Indeed various studies have been undertaken on phosphine complexes, including kinetics of 

formation,^ X-ray structure determination^ and electrochemical studies.^ Recently a detailed 

study into a series of bidentate phosphine, arsine and stibine complexes has been reported 

within the Southampton research group, describing detailed spectroscopic data.® In 

comparison, group 16 ligands have been rather neglected. Thioethers are the most studied, 

with the bidentate species ^c-[Mn(C0)3{MeS(CH2)2SMe}Br],^ 

[Mn(CO)3{PhS(CH2)2SPh}Br]^° and ;%zc-[Mn(C0)3{(MeSCH2CH2)2S}Br]^ together with 

various monodentate complexes, being reported in the literature.^ Selenoethers have faired 

somewhat worse with just one bidentate complex ^c-[Mn(CO)3{MeSe(CH2)2SeMe}Br],^^ 

and the monodentate species yac-[Mn(CO)3(SePh2)2X] (X = CI, I)'^ and fac-

[Mn(CO)3(SeMe2)2Br]^^ being reported. However, recently a systematic study of thio-̂ ^ and 

selenoether^^ bidentate complexes of the type^c-[Mn(C0)3(L-L)X] {X - CI, Br or I; L-L = 

RE(CH2)̂ ER or o-Cg^CEMe);, E = S, Se; R = Me, Ph, « = 2; R - Me, » - 3} has been 

published by this research group. Detailed multinuclear (̂ H, ^̂ C{̂ H}, ^^Se{̂ H} (where 

appropriate) and ^̂ Mn) NMR data were discussed, and for several complexes. X-ray crystal 
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Structure determinations were undertaken. The ^̂ Mn NMR spectroscopic studies showed that 

for tbe diselerhoethwsr ccKiqplesoes is to Icnv freKfuexicTf c)fidieir tbicwaiier arwik)gties try 

ca. 100 ppm, suggesting that there is more electron density associated with the Mn(I) centre 

in the selenoether species. 

Various monodentate telluroether complexes with [Mn(CO)5X] have been prepared, with 

tbie ocMrqole)[eSĵ 3(>{]V[Q(X:<]Os(Tre])h2)2](] (]% = Br or ()[ == 

gj. 13 j^i7 cw-[Mn(CO)4(TeR2)Br] (R = Me, Et)̂ ^ being reported, albeit with limited 

spectroscopic data. 

The organometallic chemistry of rhenium is less extensively explored than that of 

manganese, but has evolved dramatically since the mid-1980s. Dirhenium decacarbonyl was 

first prepared in 1941 and is still generally the most important starting material for much of 

the organometallic chemistry of rhenium. 

The carbonyl halide [Re(C0)5X] (X = CI, Br or I) species have also proved to be 

convenient rhenium precursors. These reactions generally involve refluxing the ligand and 

carbonyl halide in an appropriate solvent, with this procedure being suitable for most ligand 

types. The vast majority of the complexes in the literature are with group 15 ligands and 

generally mono- to tris- substitution has been observed, with complexes such as cis-

[Re(CO)4(PMe2Ph)I]̂ ° and Twer, cM-[Re(C0)2(PMe3)3Br]̂ ^ being reported. 

Complexes with monodentate group 16 ligands have also been synthesised, including 

[Re(C0)3(EMe2)2Br], [Re(C0)4(EMe2)Br] (E = S, Se or Te)" and [Re(C0)4(TeMe2)I].̂ ^ 

Abel and co-workers have studied a large number of bidentate thio- and selenoether 

complexes of the type_/ac-[Re(C0)3(L-L)X] {X = CI, Br or I; L-L = MeE(CH2)nEMe (n = 2 

or 3, E = S or Se) or MeECH=CHEMe (E = S or Se)}̂ ^ and_/ac-[Re(C0)3(MeSZSeMe)X] {X 

= CL Br or I; Z = CH2CH2 or o-C6H4},̂ ^ reporting detailed spectroscopic data along with a 

discussion of invertomer populations. 

This Chapter discusses the synthesis, characterisation and spectroscopic properties of a 

series of ditelluroether complexes of Mn(I) and Re(I) carbonyl halides of the type fac-

[Mn(CO)3(L-L)X] {X = CI, Br or I; L-L = MeTe(CH2)3TeMe, PhTe(CH2)3TePh or o-

C6H4(TeMe)2} and ;2fc-[Re(C0)3(L-L)X] {X = CI or Br; L-L = MeTe(CH2)3TeMe or o-

C6H4(TeMe)2}. 

These complexes have been characterised by analysis, IR and multinuclear NMR ('H, 

'^C{'H}, ^̂ Mn, '^Te{^H}) spectroscopy as well as FAB mass spectrometry. X-ray 
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C6H4(TeMe)2}Cl] and_/2;c-[Re(CO)3{o-C6H4(TeMe)2}Cl]. 

Detailed comparisons of the spectroscopic data for these and analogous thio- and 

selenoether species have been made in order to probe the nature of the bonding between the 

metal and chalcogen donor. Specifically, comparison of the force constants of the Cs 

symmetry M(C0)3 ifragments and the relative magnitudes of S(^^Mn) and the 6(^^^Te)/5('^Se) 

ratio of analogous compounds have been interpreted in terms of the relative coordinating 

abilities of the bidentate group 16 donor ligands. 
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2.2 Results and Discussion 

The reaction of [Mn(CO)5X] (X = Ci, Br or I) with ditelluroether ligand, L-L, {L-L = 

MeTe(CH2)3TeMe, PhTe(CH2)3TePh or o-C6H4(TeMe)2} in 1:1 mol ratio in chloroform gave 

the species ̂ c-[Mn(C0)3(L-L)X] in moderate yield. The corresponding rhenium complexes 

^c-[Re(CO)3(L-L)X] {X = CI or Br; L-L - MeTe(CH2)3TeMe or o-C6H4(TeMe)2} have been 

prepared similarly from [Re(CO)5X]. The reactions were monitored by solution IR 

spectroscopy in the carbonyl region and the reaction vessels were wrapped with aluminium 

foil to exclude light. The Mn(I) and Re(I) complexes with MeTe(CH2)3TeMe or o-

C6H4(TeMe)2 are air stable as solids, but decompose slowly in solution. The manganese 

complexes of PhTe(CH2)3TePh, are also air stable as solids but decompose rapidly in solution 

thereby limiting the spectroscopic data that could be collected. The complexes 

[Mii(C0)3(Me2E)2Cl] (E = S, Se, Te) and)&rc-[Re(CO)3{o-C6H4(EMe)2}Br] (E = S, Se) were 

made similarly for comparison. These compounds have been characterised using 

^^Mn and ^^Te{^H} NMR spectroscopy, FAB mass spectrometry, IR spectroscopy 

and elemental analysis. 

The solution IR spectra of the isolated products were recorded in CHCI3 since the 

complexes were poorly soluble in non-polar solvents. For all complexes, the spectra 

exhibited three v(CO) bands (Table 2.8 and Figure 2.1). Although both the fac- and mer-cis 

isomers lead to three v(CO) modes, the intensities and frequencies for the complexes 

reported here are consistent with other fac group 16 complexes, thereby leading to an 

assignment of Q symmetry (2A' + A") consistent with a fac geometry. Solid state IR 

spectra (Csl discs) were also obtained and generally showed more than three v(CO) modes, 

which may be attributed to intermolecular interactions, along with bands corresponding to the 

presence of the ditelluroether ligands. 

For a given manganese ditelluroether, the highest frequency CO stretching vibration 

generally shifts to lower frequency upon changing X from CI to Br to I, while the other two 

bands are virtually insensitive to changing halogen. Little change is observed in any of the 

three bands upon changing the ditelluroether ligand from o-C6H4(TeMe)2 to 

PhTe(CH2)3TePh, nevertheless upon changing to MeTe(CH2)3TeMe a lowering in frequency 

is observed for all three bands. 

For the rhenium complexes, the A'(2) band is shifted to higher frequency, whereas the 

other two bands are observed at lower frequency compared to their manganese analogues. It 
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is also interesting to note that all three v(CO) bands for the rhenium complexes are 

insensitive to changes in halogen, although upon changing ditelluroether from o-

C6H4(TeMe)2 to MeTe(CH2)3TeMe a lowering in frequency of all three bands is again 

observed. 

Figure 2.1. IR spectrum (CHCE3) of the carbonyl stretching region foryac-|Mn(CO)3{<y-

C6H4(TeMe)2}Cl]. 

%T 

2050 2000 1950 1900 ,-i cm 

The FAB mass spectrum of each complex showed prominent [M(CO)3(L-L)X]^ [M(L-

L)X]^ and [M(C0)3(L-L)]^ ions with the correct isotopic distribution. However, as discussed 

in Section 1.62, fragments with similar m/z values can have overlapping peaks, hence making 

complete analysis difficult. This was found to be the case for the chloro-complexes where the 

clusters of peaks for [M(C0)2(L-L)C1]^ and [M(C0)3(L-L)]^ were overlapping. 
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2.21 NMR Spectroscopy 

As discussed in Chapter 1, coordination of the ditelluroether ligands to a metal centre 

to # Te. Fc^ Gne akMobom^^; 

(iiryertoirK%%^ iire fXDssible; zuid a IZML pKUur (Fî pire rtus&e imnankmieis 

may be easily identified by NMR spectroscopy providing that they are not interconverting via 

pyramidal inversion at the tellurium donor (the DL pair are NMR equivalent and due to the 

lack of a plane of symmetry each RTe- group af&rds a separate resonance).̂ '* 'H, 

^̂ Mn (where applicable) and ^^Te{^H} NMR spectra have been recorded for all the 

compounds isolated. 

Figure 2.2. The possible invertomers for 

|iVLa(<:())3{IW[eT\B0C]B[̂ k'r<dVIe}]K]. 
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Previous work has shown that pyramidal inversion barriers increase in the order S < Se < 

Te and for these telluroether complexes, inversion has been found to be slow on the NMR 

time-scales appropriate to each of the observed nuclei, thereby enabling resonances for 

individual invertomers to be observed (Table 2.6 and Experimental Section)?'' The relative 

abundance of the invertomers is a subtle reflection of both steric and electronic factors and 

hence varies widely in different systems. When fewer resonances than expected are observed 

in a particular spectrum this may reflect either a low abundance of one form, or since 

chemical shift differences are often small, accidental coincidence of resonances. Detailed 

variable-temperature NMR studies were not undertaken since the ^̂ Mn quadmpolar 

broadening makes these systems unsuitable for quantitative measurements.^^ 

= C/, Br or ^ The NMR 

spectrum of ^c-[Mn(C0)3{MeTe(CH2)3TeMe}Cl] showed four 6(Me) resonances (2.12, 

2.19, 2.22, 2.27 ppm) consistent with the presence of significant amounts of all invertomers: 

meso-1 (1 resonance), meso-2 (1 resonance), and DL (2 resonances). Similarly, four 

5(Me) resonances were observed in the NMR spectrum (-9.7, -10.5, -12.1, -12.6 

ppm) and four signals in the ^^Te{^H} spectrum (280,234, 203, 185 ppm). 

For all the complexes studied, the 5(C0) resonances in the spectra were very 

broad, spanning several ppm. This may be explained by closer examination of the system. 

Two 5(CO) resonances are expected per isomer thereby leading to a total of six CO 

resonances over a fairly small chemical shift range. Further, the manganese-55 quadrupolar 

nucleus (Q = 0.55 x 10"̂ ^ m )̂ is directly bonded to the CO groups and therefore influences 

these signals, resulting in overlapping broad resonances. This prevents useful comparison of 

the 5(CO) chemical shifts with those in complexes with other neutral ligands. Broad 5(CO) 

resonances were also observed in the thio-̂ '̂  and selenoether^^ analogues of these complexes, 

where it was found that cooling a sample of ̂ c-[Mn(CO)3{MeS(CH2)2SMe}Br] to 220 K 

resulted in a noticeable sharpening of the CO resonances, although individual resonances 

were still not discernible. 

The manganese(I) complexes reported here have Q local symmetry and although the line 

widths for manganese-55 NMR spectra generally vary greatly with the electric field gradient 

at the nucleus, line widths for these complexes have been found to be moderate (< 3000 Hz). 

Therefore, the 6(^^Mn) resonances of individual invertomers were generally resolved (Table 

2.6, Figure 2.3) and hence the ^̂ Mn NMR spectrum of^c-|Mn(CO)3{MeTe(CH2)3TeMe}Cl] 

showed the expected three resonances (-644, -594, -581 ppm) corresponding to the presence 
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of all invertomers. Similar 'H, and NMR data were obtained for the 

complexes ̂ c-[Mn(CO)3{MeTe(CH2)3TeMe}X] (X = Br or I). The ^̂ Mn NMR spectrum of 

^c-[Mn(CO)3{MeTe(CH2)3TeMe}Br] is shown in Figure 2.3, although one of the 

invertomers was not present in significant quantity. 

Figure 2.3. ^Mn NMR spectrum (89.27 MHz, CHzCli/CDCk, 300 K) of 

[Mn(CO)3{MeTe(CH2)3TeMe}Br] showing two of the three NMR distinguishable 

invertomers. 

-650 -700 -750 -800 6/ppm 

= CZ, Br or The NMR spectra for 

these complexes indicated that just two invertomers were present in substantial amounts. For 

example, the complex ̂ c-[Mn(CO)3{o-C6H4(TeMe)2}I], exhibited three 6(Me) resonances 

both in the 'H NMR (2.17, 2.19, 2.67 ppm) and NMR (2.4, 0.8, -1.2 ppm) spectra 

indicating that the DL and one form were present. Comparison with data on related 

systems suggests that the form, which often has destabilising X...Me interactions is 

likely to be the least populated invertomer therefore implying is present.̂ ^ 

Interestingly, the '̂ ^Te{̂ H} NMR spectrum showed just two resonances (806, 786 ppm). 
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rather than the expected three, probably due to the coincidence of two resonances. The ^^Mn 

NMR spectrum, however, gave the expected two signals (-1146, -1050 ppm). Similar ^H, 

and NMR data were obtained for the complexes^c-[Mn(C0)3{o-

C6H4(TeMe)2}X] (X - CI, Br). 

fac-[Mn(CO)3{PhTe(CH2)3TePh}X] (X = CI or Br) complexes. These complexes were 

found to be extremely air and light sensitive when in solution and they decomposed rapidly, 

despite the solvent being thoroughly degassed with dinitrogen. Therefore, due to the long 

accumulation times required for both ^^Te{^H} and NMR, these spectra could not 

be obtained. Even the 'H NMR spectra showed significant decomposition, with only broad 

resonances obtained, preventing identification of individual invertomers. However, for ^^Mn 

NMR spectra accumulation times were just a few minutes for moderately concentrated 

solutions and so ^^Mn NMR spectra were easily obtained. For the complex fac-

[Mn(CO)3{PhTe(CH2)3TePh}Br] two signals were observed (-634, -568 ppm), with three 

resonances for the chloro- complex (-435, -500, -613 ppm). This is perhaps due to increased 

destabilising X...Ph interactions for the bromo- complex, due to the larger steric bulk of Br 

compared to CI thereby disfavouring the meso-1 invertomer. Despite the short acquisition 

times required, the reliability of these data must be questioned as to if these signals refer to 

the required complexes or to decomposition products. The solution IR of the NMR solutions 

was therefore taken directly after the spectra was observed, and showed the carbonyl region 

remaining unchanged to that of a fresh sample. 

(E = 5̂  5'e or 71̂  The [Mn(C0)3(EMe2)2Cl] (E = S or 

Se) complexes may be readily identified as fac isomers by comparison of their IR and NMR 

spectra (Tables 2.6 and 2.8) with their bidentate ligand analogues. Their IR spectra showed 

three strong v(CO) stretches similar in frequency to the analogous bidentate complexes with 

the NMR spectra illustrating one species present in solution. However the product of the 

reaction of TeMea with [Mn(CO)5Cl] exhibited two closely spaced 6(Me) resonances in both 

the 'H and '^C{^H} NMR spectra of approximately equal intensity, and two 5(^^^Te) 

resonances at 161 and 271 ppm. The ^̂ Mn NMR spectrum showed a moderately sharp peak 

at 8 -637 (wi/2 = 1600 Hz), but on longer accumulations a very broad 6ature at 8 -920 (wi/z ' 

20 000 Hz) was observed. A second species however was not evident in the carbonyl region 

of the solution IR spectrum. This behaviour is very similar to that observed in the 

[Mn(C0)5Cl]-SbPh3 system,and the second species may be identified as the 

37 



Chapter 2 Manganese(I) Ditelluroether Tricarbonyl Halide Complexes 

[Mn(CO)3(TeMe2)2Cl] isomer, which is consistent with the much broader ^̂ Mn resonance. In 

the stibine system, the two v(CO) frequencies of the mer-trans isomer are very similar in 

energy to the two lower bands in the fac form, accounting for the difficulty in identifying the 

second form from the IR spectrum.^' 

fac-[Re(CO)s{MeTe(CH2)sTeMe}X] (X = CI or Br) complexes. The 'H NMR of fac-

[Re(CO)3{MeTe(CH2)3TeMe}Br] showed three 5(Me) resonances (2.24, 2.30, 2.34 ppm) 

corresponding to the presence of the DL and one meso invertomers. However, the '̂ "^Te{'H} 

NMR spectrum showed four resonances (+78, +57, -4.5, -6.0 ppm) and the NMR 

spectrum, four 6(Me) peaks (-10.4, -10.3, -9.2, -8.5 ppm), thereby indicating the presence of 

all invertomers. Therefore, it would seem likely that again two resonances are coinciding, in 

this case in the 'H NMR spectrum. Similar NMR data were obtained for the chioro- complex, 

and the 8(Me) region of the NMR spectrum is shown in Figure 2.4. 

Figure 2.4. 5(Me) region of the NMR Spectrum (90.1 MHz, CHzWCDCk, 300 

K) of yac-[Re(CO)3{MeTe(CH2)3TeMe}CI] showing the presence of fwego and DL 

invertomers. 

-9.0 -12.0 8/ppm 
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exhibited three resonances in the ^^Te{^H} NMR spectrum (616, 607, 594 ppm) indicating 

the presence of the DL pair and 7»g^o-2 invertomers, with three 6(Me) resonances in the 

NMR (2.32, 2.58, 2.40 ppm) and NMR (-0.2, -1.2, -2.7 ppm) spectra being 

consistent with this. Interestingly, the chloro- complex showed four resonances in the 

^^Te{^H} NMR spectrum (629, 625, 612, 600 ppm) (Figure 2.5) and four 6(Me) signals in 

the 'H NMR spectrum (2.35, 2.43, 2.50, 2.57 ppm) indicating the presence of all four 

invertomers. The '^C('H} NMR spectrum, however, exhibited just two 5(Me) signal (-1.6, -

4.7 ppm), evidently because the DL 5(Me) signals were too weak to be observed even after 

the data being collected overnight. 

Figure 2.5. NMR spectrum (113.6 MHz, CH2CI2/CDCI3, 300 K) of /izc-

[Re(CO)3{o-C6H4(TeMe)2}Cl]. 

6/ppm 
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2.22 X-ray Crvstallosravhv 

Prior to this study, there were no structurally characterised examples of ditelluroether 

complexes of metal carbonyls reported in the literature. Therefore, single crystal X-ray 

structure analyses have been carried out on _^c-[Mn(CO)3 {o-C6H4(TeMe)2} CI] and fac-

[Re(CO)3{o-C6H4(TeMe)2}Cl]. Crystals of the complexes were obtained from the vapour 

diffiision of light petroleum ether into a solution of the appropriate complex in CHCI3. The 

compounds are isostructural, both showing (Figures 2.6 and 2.7, Tables 2.1 - 2.5) a distorted 

octahedral geometry at the metal centre, with a fac arrangement for the three CO ligands and 

the chelating ditelluroether adopting the meso-2 arrangement, with both Me groups directed 

on the same side of the MTegCz plane. The Te-M-Te angles involved in the chelate rings are 

87.60(4) and 85.42(3)° respectively. The Mn-X and Mn-C distances are very similar to those 

in analogous thio- and selenoether complexes [Mn(C0)3 {MeSCHzCHzSMe} CI] (Mn-Cl = 

2.3810(9), Mn-C = 1.796(3) - 1.823(3) A)/'^ and [Mn(C0)3{MeSeCH2CH2SeMe}Cl] (Mn-Cl 

= 2.406(4), Mn-C = 1.79(2) - 1.80(2) A)'^ whilst the Mn-E (E = S, Se, Te) bond lengths 

increase along the series as would be expected due to the increased radii of E. 
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Table 2.1. Crystallographic data collection and refinement parameters for /gc-

fMn(CO)3{<?-C6H4(TeMe)2}CI] andy^-[Re(CO)3{<?-C6H4(TeMe)2}CI]. 

fac-

[Mii(C0)3 {o-C6H4(TeMe)2}CI] [Re(CO)3{o-C6H4(TeMe)3}Cl] 

Formula CiiHioClMnOsTez CnHioClReOgTez 

Formula weight 535.79 667.06 

Crystal System Monoclinic Monoclinic 

Space group 

a, A 12.721(3) 12.728(6) 

b, A 8.340(6) 8.405(8) 

c, A 13.976(3) 14.095(6) 

93.16(2) 93.24(4) 

V . A ' 1480(1) 1505(1) 

z 4 4 

Dale g/cm^ 2.404 2.943 

p(Mo-Ka), cm' 49.12 121.70 

Unique obs. reflections 2798 2847 

Obs. reflections with [lo > 2a(Io)] 1755 1875 

No. of parameters 163 163 

R 0.029 0.031 

Rw 0.029 0.026 

. = Z ( jFobsli - |FcaIc|i) / Z |Fobs|i, r L = V[Z:W!(|Fobs|i-|Fcaic|i)''/Z Wi jFobsli^] 
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Figure 2.6. X-ray crystal structure of yac-[Mm(CO)3{o-C6H4(TeMe)2}Cl] with 

numbering scheme adopted. Ellipsoids are drawn at 40 % probability. 

0(1) 

0(2) 

Table 2.2. Selected bond lengths foryac-[Mn(CO)3{o-C6H4(TeMe)2}Cl]. 

Atom Atom Distance/A Atom Atom Distance/A 

Te(l) Mn(l) 2.598(1) Te(l) C(l) 2.139(8) 

Te(l) C(2) 2.136(8) Te(2) Mii(l) 2.613(1) 

Te(2) C(7) 2.138(8) Te(2) C(8) 2.135(8) 

Mn(l) Cl(l) 2.411(2) Mn(l) C(9) 1.821(9) 

Mn(l) C(10) 1.819(9) Mn(l) C(ll) 1.791(9) 
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Table 23. Selected bond angles foryac-[Mn(CO)3{o-C6H4(TeMe)2}Cl]. 

Atom Atom Atom AngleO Atom Atom Atom Angle(°) 

Mn(l) Te(l) C(l) 106.5(3) Mn(l) Te(l) C(2) 101.9(2) 

C(l) Te(l) C(2) 92.8(3) Mn(l) Te(2) C(7) 100.6(2) 

Mn(l) Te(2) C(8) 102.8((2) C(7) Te(2) C(8) 94.4(3) 

Te(l) Mn(l) Te(2) 87.60(4) Te(l) Mn(l) Cl(l) 83.23(6) 

Te(l) Mn(l) C(9) 173.9(3) Te(l) Mn(l) C(10) 93.0(3) 

Te(l) Mn(l) C(ll) 92.5(3) Te(2) Mii(l) Cl(l) 87.82(7) 

Te(2) Mn(l) C(9) 88.9(3) Te(2) Mn(l) C(10) 179.2(3) 

Te(2) Mn(l) C(ll) 90.2(3) Cl(l) Mn(l) C(9) 91.7(3) 

Cl(l) Mn(l) C(10) 91.7(3) Cl(l) Mn(l) C(ll) 175.4(3) 

C(9) Mn(l) C(10) 90.5(4) C(9) Mn(l) C(ll) 92.5(4) 

C(10) Mn(l) C(ll) 90.3(4) 

Figure 2.7. X-ray crystal structure ofyac-[Re(CO)3{o-C6H4(TeMe)2}CI] with numbering 

scheme adopted. Ellipsoids are drawn at 40 % probability. 

0(3) 
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Table 2.4. Selected bond lengths foryac-[Re(CO)3{o-C6H4(TeMe)2}CI]. 

Atom Atom Distance/A Atom Atom Distance/A 

Re(l) Te(l) 2.7416(9) Re(l) Te(2) 2.729(1) 

Re(l) Cl(l) 2.508(3) Re(l) C(l) 1.93(1) 

Re(l) C(2) 1.91(1) Re(l) C(3) 1.91(1) 

Te(l) C(4) 2.12(1) Te(l) C(5) 2.14(1) 

Te(2) C(10) 2.12(1) Te(2) C(ll) 2.16(1) 

Table 2.5. Selected bond angles foryac-[Re(CO)3{o-C6H4(TeMe)2}CI]. 

Atom Atom Atom Aiigle(°) Atom Atom Atom Angle(°) 

Te(l) Re(l) Te(2) 85.42(3) Te(l) Re(l) Cl(l) 87.33(7) 

Te(l) Re(l) C(l) 91.2(3) Te(l) Re(l) C(2) 178.7(3) 

Te(l) Re(l) C(3) 89.9(3) Te(2) Re(l) Ci(I) 82.47(7) 

Te(2) Re(l) C(l) 92.4(4) Te(2) Re(l) C(2) 94.1(3) 

Te(2) Re(l) C(3) 174.1(3) Cl(l) Re(l) C(l) 174.8(4) 

Cl(l) Re(l) C(2) 93.8(3) C(l) Re(l) C(3) 91.3(5) 

C(l) Re(l) C(2) 87.7(5) Re(l) Te(l) C(4) 101.7(3) 

C(2) Re(l) C(3) 90.7(5) C(4) Te(l) C(5) 93.5(4) 

Re(l) Te(l) C(5) 100.1(3) Re(l) Te(2) C(ll) 106.2(3) 

Re(I) Te(2) C(10) 101.1(3) C(10) Te(2) C(ll) 93.6(5) 
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2.23 Some Comparisons 

Recent work within the Southampton research group has investigated the spectroscopic 

and structural properties of dithio-^^ and diselenoether'^ analogues of the manganese 

complexes discussed here. In an attempt to identify the trends in bonding properties of L-L 

(L-L = dithiO", diseleno- or ditelluroether) in metal carbonyl complexes, a comparison of 

selected spectroscopic and structural data have been undertaken. 

2.231 Crystallographic Comparisons 

Comparisons of structural data on dithio-, diseleno- and ditelluroether complexes 

involving Cu\ Ag' and Sn'^ metal centres, have shown an increase in <i(M-E) of ca. 0.1 A 

from E = S to Se, and a further increase of ca. 0.15 A from E = Se to Te.^ For the fac-

[Mn(CO)3(L-L)X] complexes the increase is again about 0.1 A between <i(Mn-S) and J(Mn-

Se). However, the further increase to <i(Mn-Te) is only ca. 0.13 A. A similar difference in 

6^e-Se/Te) exists between ^c-[Re(CO)3{MeSe(CH2)2SeMe}I]^ and ^c-[Re(C0)3{o-

C6H4(TeMe)2}Cl]. However, some caution must be employed in interpreting such differences 

since the number of examples is small and also the data, in some cases, refer to different 

bidentate ligands and chelate ring sizes. It is, however, notable that in [CpFe(CO)2(EMe2)]^ 

the Fe-Te bond length also appears shorter than expected, compared with the Fe-S/Se bond 

lengths.^^ With these cautions noted, the data support the view that the tellurium ligands form 

shorter and hence stronger bonds to metal carbonyls than would be expected from 

extrapolation of data on complexes with other metals. 

Spectroscopic data, specifically the ^^Mn, ''Se{'H} and ^^Te{^H} NMR data (Table 

2.6), in the series of ̂ c-[Mn(C0)3(L-L)X] complexes may also be compared. In order to 

simplify the comparisons, the chemical shifts for the different invertomers of each complex 

have been averaged. The manganese-55 chemical shifts for each set of halogen complexes 

are slightly more positive than those for the corresponding [Mn(CO)5X] species (X = CI, 6 -

1005; Br, 5-1160; I, 8-1485).̂ *^ Further, for each set of ditelluroether complexes upon 

changing X, 8(̂ ^Mn) shifts approximately 150 ppm to low frequency according to the series 

45 



Ch^ter 2 Manganese(I) Ditelluroether Tricarbonyl Halide Complexes 

CI > Br > I, consistent with the trend observed for the parent manganese(I) pentacarbonyl 

halides. However, the most interesting trend is observed as the group 16 donor atom is 

changed. Inspection of Figure 2.8 and Table 2.6 clearly shows that the ^̂ Mn NMR chemical 

shifts move progressively to lower &equency as the donor atom is changed S —> Se Te. 

This increased shielding of the manganese nucleus parallels the decrease in v(CO) (see later) 

which is evidence, assuming Tt-back bonding to the chalcogen is negligible, that E -> Mn cy-

donation (E = S, Se, Te) increases in the same direction.^' 

Figure 2.8. Typical Chemical Shift ranges for yac-[Mm(CO)3(L-L)X], {X = CI, Br 

or I; L-L = RE(CH2)mER (E = S, Se; R = Me, Ph, w = 2; R = Me,« = 3; E = Te; R = Me, 

Ph, n = 3) and o-C6H4(EMe)2 (E = S, Se, Te)}. 

Manganese-55 NMR Shifts 

BifTe-Te) 
' I 

CI(Te-Te) « 

C1(S-S) 

I(Se-Se) 

Br(Se-Se) 

CKSe-Se) 

Br(S-S) 

I(Te-Te) 

200 0 -200 -400 -600 -800 -1000 
Chemical shift/ppm 

1200 

The coordination shifts (AR - Scompiex - ligand) in the Te{ H} NMR spectra (Table 

2.7) show the usual dependence upon chelate ring size, being small 6)r the six membered 

rings in complexes of MeTe(CH2)3TeMe, and very large for the five membered rings formed 

by o-C6H4(TeMe)2, giving further confirmation that the ditelluroethers are chelating in all of 

the complexes.̂ '̂ 
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T a b k Z J x S k k c k d ^ S e { ^ H } and NMRData. 

Compound 5^^Mn7ppm 6^^Tef^H}%pm 

)&c-

|)dbX(:0)3{o.Ĉ I{4(T%dVk(b}Eh'] 

[\iD(CX]i)3{0HC;̂ 34(Te]Vk;)2}I] 

[Tdk4;(:C%b{IdknreOCII%hTrdVIe}(%] 

[}/hL({:cqb{A/knnaOC*I%)3Trehfe}Ek] 

[Mn(C0)3 {MeTe(CH2)3TeMe} I] 

[Mn(C0)3 {PhTe(CH2)3TePh}Cl] 

[Mii(C0)3{PhTe(CH2)3TePh}Br] 

[Mn(C0)3CSMe2)2CI] 

[Mn(C0)3(SeM62)2Cl] 

[Mii(C0)3(TeMe2)2Cl] 

[Re(CO)3{o-C6H4(TeMe)2}Cl] 

[Re(CO)3{o-C6H4(TeMe)2}Br] 

[Re(CO)3{MeTe(CH2)3TeMe}Cl] 

[RG(C0)3 {MeTe(CH2)3TeMe}Br] 

[Re(CO)3fo-C5H4(SeMe)2}Brl 

-774 (3000), 
-717 (1500) 

-901 (2800), 
-827 (1660) 

-1146(2800), 
-1050(1200) 

-644 (2000), 
-594(sh), 

-581 (1700) 

-753 (1855), 
-690 (1640) 

-975 (1500), 
-916(1500), 

-888(sh) 

-435 (1080), 
-500 (1000), 
^13(1120) 

-634(1200), 
-568 (1500) 

-57 (800) 

-205 (2200) 

-637 (1600), 
-920 (20000)" 

829, 824 (br) 

818,817,815 

806, 786 

280, 234,203,185 

260,213,180,165 

226,225,206, 135 

Decomposes (see text) 

Decomposes (see text) 

66" 

161,271'' 

629, 625, 612,599.5 

616, 606.5, 593.5 

101, 77,20,19.5 

78, 57, -4.5, -6 

305,294,289,272" 

° in CH2CI2/CDCI3 solution at 300 K, relative to external KMnO^ in water, wi^ (Hz) in parenthesis. in 

CH2CI2/CDCI3 solution at 300 K, relative to neat external TeMei. " ^Se{'H} NMR, in CH2CI2/CDCI3 solution 

at 300 K, relative to neat external SeMe^. resonance of mer-trans isomer. 
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]F(xr nizuiy ccwî paunible orffarwo-seleHiiuin amwi -telluiimn icoirypoiinds ttw: arid 

chemical shifts show very consistent trends and oAen the 6(^^Te)/8(^^Se) ratio is 1.7-1.8 and 

the 'j(Te-X)/V(Se-X) ratio ca. 2-3.̂ '* Such trends have been observed in Pd(II) and Pt(II) 

diseleno- and ditelluroether complexes.^^' Since both Mn and Re are quadrupolar nuclei, no 

one-bond couplings were resolved, but the chemical shifts are listed in Table 2.6. To simplify 

the comparisons the average chemical shift for the different invertomers of each complex has 

been used and the results are given in Table 2.7. The 6(^^Te)/5(^Se) ratio ranges from 2.1 to 

2.9, and although clearly the spread of values suggest that individual figures should be treated 

with some caution, the overall trend is very clear. The chemical shifts found for the 

coordinated telluroethers in the present carbonyl complexes are much more positive than 

expected, either by comparison with the ^Se chemical shifts in the selenoether analogues, or 

by similar comparisons with the same ligands bound to medium oxidation state metal centres. 

Similar conclusions have been reached by Schumann and co-workers, from studies of the 

complexes [CpFe(C0)2(EMe2)]^(E = O, S, Se, Te).̂ ^ 

Table 2.7. Comparison of NMR data for the complexes^c-[Mn(CO)3(L-L)X]. 

Complex® 5(^Se)'' A(^Ser 8('^e)'' AC'^e)" 6('^e)/8(^Se) 

[Mn(C0)3 {MeE(CH2)3EMe}Cl] 91 17 225.5 121.5 2.48 

[Mn(C0)3 {MeE(CH2)3EMe}Br] 79 5 204.5 100.5 2.59 

[Mn(C0)3{MeE(CH2)3EMe}I] 67.5 -6.5 198 94 2.9 

[Mn(CO)3{o-C6H4(EMe)2}Cl] 397 195 826.5 454.5 2.08 

[Mn(CO)3{o-C6H4(EMe)2}Br] 387 185 817 445 2.11 

[Mn(CO)3{o-C6H4(EMe)2}I] 386 184 796 424 2.06 

[Mn(C0)3(EMe2)2Cl] 66 66 161 161 2.44 

' E = Se, Te. averaged chemical shifts Aom Table 2.6 and ref^nce 15 in ppm. Scompiex - in ppm. 
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22J j m 

The carbonyl stretching vibrations are listed in Table 2.8 along with literature data on 

isostructural dithio- and diselenoether complexes. The force constants were calculated using 

the usual secular equations^^ (shown below) and the co-ordinate system used is shown in 

Figure 2.9. 

p,ki - X V2ki = 0 

VZk, î(k2 + kj) - X, 

X = Xkz - ki) 

(where p is the reduced mass of the CO group, viz. (16.00 + 12.01)/(16.00 x 12.01) = 

0.14583 and X = (5.8890 x 10"̂ )v^ where v is the frequency in cm'') 

Solution of these three equations was achieved via elimination of ki and kz to obtain a 

quadratic equation in ki, solution of which gave a positive and negative value of k;. The 

negative root was rqected, and the positive value for k; used to calculate ki and kz. For each 

complex, the three possible assignments of the three fundamental v(CO) vibrations were 

investigated. The assignment eventually used, A'(2) > A" > A'(l), is the same as that used in 

similar complexes, and gave chemically sensible Arce constants (k; > 0, ki < k;),̂ '̂ and 

resulted in internally consistent trends. Other assignments gave either complex force 

constants using A" > A'(2) > A'(l), or kz < ki using A'(l) > A'(2) > A". 

Figure 2.9. Co-ordinate system used for [M(CO)3XY2] complexes, where Y = S, Se 

or Te and X = CI, Br or I. 

X 

I 
O C ^ I ^ c o 

g k , 
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Table 2.8. [M(CO)3(L-L)Xj v(CO) frequencies and derived force constants. 

Complex v(CO)Vcm-' k, kz ki 

A'(2) A" A'(l) in millidynes A •1 

[Mn(C0)3 {o-C6H4(TeMe)2}Cl] 2026(s) 1957(m) 1916(m) 15.07 15.90 0.4312 

[Mn(C0)3 {o-C6H4(TeMe)2}Br] 2024(s) 1956(m) 1917(m) 15.09 15.87 0.4234 

[Mn(CO)3{o-C6H4(TeMe)2}I] 2020(s) 1954(m) 1918(m) 15.10 15.83 0.4086 

[Mn(C0)3{MeTe(CH2)3TeMe}Cl] 2021(s) 1949(m) 1906(m) 14.93 15.79 0.4487 

[Mn(C0)3{MeTe(CH2)3TeMe}Br] 2019(s) 1949(m) 1907(m) 14.94 15.78 0.4362 

[Mn(C0)3 {MeTe(CH2)3TeMe}I] 20I6(s) 1947(m) 1908(m) 14.95 15.74 0.4272 

[Mn(C0)3{PhTe(CH2)3TePh}Cl] 2025(s) I957(m) 1917(m) 15.08 15.89 0.4245 

[Mn(C0)3{PhTe(CH2)3TePh}Br] 2024(s) 1959(m) 1914(m) 15.02 15.91 0.4117 

[Mn(C0)3CreMe2)2Cl] 2017(s) I942(m) 1907(m) 14.97 15.69 0.4565 

[Mn(C0)3(SeMe2)2Cl] 2027(s) I948(s) I9I6(s) 15.14 15.80 0.4773 

[Mn(C0)3(SMe2)2Cl] 2034(s) 1954(s) 1920(s) 15.20 15.91 0.4868 

[Mn(CO)3{o-C6H4(SeMe)2}Cl]'' 2037 1964 1924 15.22 16.03 0.4551 

[Mn(CO)3{o-C6H4(SeMe)2}Br]'' 2035 1963 1924 15.21 16.01 0.4481 

[Mn(CO)3{o-C6H4(SeMe)2}I]'' 2030 1960 1924 15.21 15.95 0.4329 

[Mn(C0)3{MeSe(CH2)3SeMe}Cl]'' 2032 1955 1917 15.13 15.91 0.4741 

[Ma(CO)3 {MeSe(CH2)3SeMe}Br]'' 2030 1954 1918 15.15 15.88 0.4661 

[Mn(C0)3{MeSe(CH2)3SeMe}I]'' 2025 1951 1918 15.14 15.82 0.4507 

[Mn(CO)3{o-C6H4(SMe)2}Cl]'' 2041 1965 1927 15.28 16.06 0.4707 

[Mn(C0)3 {o-C6H4(SMe)2}Br]" 2039 1965 1927 15J27 16.05 0.4592 

[Mn(C0)3 {o-C6H4(SMe)2}I]'' 2035 1963 1928 15.29 16.01 0.4441 

[Mn(C0)3{MeS(CH2)3SMe}Cl]': 2036 1954 1923 15.27 15.91 0.4947 

[Mn(CO)3 {MeS(CH2)3SMe}Br]': 2034 1955 1924 15.27 15.91 0.4779 

[Mn(CO)3 {MeS(CH2)3SMe}I]'= 2031 1957 1927 15.29 15.91 0.4487 

[Re(CO)3{o-C5H4(TeMe)2}Cl] 2032(s) 195l(m) 1908(m) 15.00 15.87 0.5012 

[Re(CO)3{o-C6H4(TeMe)2}Br] 2032(s) 1952(m) 1908(m) 14.99 15.88 0.4966 

[Re(C0)3{MeTe(CH2)3TeMe}Cl] 2028(s) 1942(m) 1899(m) 14.89 15.76 0.5277 

[Re(C0)3{MeTe(CH2)3TeMe}Br] 2028(s) 1943(m) 1901(m) 14.91 15.77 0.5212 

[Re(CO)3{o-C6H4(SeMe)2}Br] 2038(s) 1953(s) 191 l(s) 15.07 15.93 0.5238 

[Re(C0)3{MeSe(CH2)3SeMe}Cl]'' 2034 1938 1906 15.07 15.74 0.5710 

[Re(C0)3{MeSe(CH2)3SeMe}Br]'' 2038 1942 1906 15.06 15.81 0.5771 

[Re(C0)3{MeSe(CH2)3SeMe}I]'' 2036 1944 1906 15.03 15.82 0.5572 

[Re(CO)3{o-C6H4(SMe)2}Br] 2041(s) 1957(s) 1913(s) 15.09 15.99 0.5211 

[Re(C0)3{MeS(CH2)3SMe}CI]'' 2037 1945 1912 15.14 15.83 0.5516 

[Re(C0)3 {MeS(CH2)3SMe}Br]'' 2042 1950 1914 15.16 15.91 0.5566 

[Re(C0)3{MeS(CH2)3SMe}I]'' 2038 1948 1912 15.12 15.87 0.5446 

' in CHCI3 solution, 6eqiiency data 60m reference 14, Gequency data from reference 15, 6eguency data 
from reference 22. 
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Examination of the data in Table 2.8 shows that factors such as the halogen present, the 

chelate ring size and the R groups on the group 16 donor have some influence, but the most 

significant trend is observed with changes in the group 16 donor atom. These data suggest 

that the CO bonds weaken in the order S —> Se ^ Te, and with significantly larger changes 

between Se and Te than between S and Se. These observations are found for both the 

manganese and rhenium complexes. The rationalisation for this observed trend is that as 

group 16 is descended more electron density is transferred to the metal centre, hence 

resulting in increased Ti-acceptance by the carbonyl groups. There is little evidence that % 

bonding (either donation or acceptance) plays any significant role in the group 16 donor-

metal bond,^ '̂ and therefore the primary contribution to this trend is increased a-donation 

as group 16 is descended and electronegativity of the chalcogen decreases. In Sn(IV) metal 

halide systems, there is some evidence for stronger binding by Se over S, but tellurium 

ligands appear to bind more weakly as the metal oxidation state increases/^ probably due to 

poorer overlap between the large Te a-donor orbital and the contracted metal orbitals. 

However, the present studies in low-valent carbonyl systems, where mismatch of the Te 

orbitals with the expanded metal orbitals is less likely to be significant, are consistent with 

veiy good donation from Te, resulting in an anomalously large increase in a-donation from 

Se to Te. These results are thus entirely in accord with the theoretical predictions of 

Schumann and co-workers.^^ 

Upon changing from manganese to rhenium little change is observed in the value of kz, 

however the value of kj is generally smaller for the rhenium complexes. A decrease of ca. 0.1 

millidynes A"̂  is observed for thio- and selenoether complexes, with a smaller decrease of ca. 

0.05 millidynes A"̂  for telluroether complexes. Therefore, increased back bonding to the 

carbonyl groups is observed in the rhenium complexes, compared to the manganese 

complexes. In order to establish whether this increased back bonding is due to the group 16 

ligands, the ^̂ T̂e{̂ H} and ^^Se{̂ H} NMR spectra may be inspected. Generally, the NMR 

shifts are less positive in the rhenium complexes than manganese analogues. Therefore, less 

a-donation from the chalcogen is observed in rhenium complexes and so the decrease in ki 

on going from manganese to rhenium may be contributed to the increased electron density on 

rhenium. 
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2.3 Conclusions 

TrhetyklerUzite iksUiinoetlier lyraiwis, and 

have been reacted with [Mn(C0)5X] (X - CI, Br or I) and [Re(CO)5X] (X = CI or Br) to give 

the complexes ̂ c-[M(CO)3(L-L)X] (M = Mn or Re). The single crystal X-ray structures of 

[Mn(CO)3{o-C6H4(TeMe)2}Cl] and [Re(CO)3{o-C6H4(TeMe)2}Cl] have conGrmed that these 

complexes exist as the fac isomers, with a distorted octahedral geometry about the Mn and 

Re metal centres and the chelating telluroether ligand adopting the meso-2 arrangement. The 

monodentate complexes [Mn(CO)3(EMe2)2Cl] (E = S, Se, Te) have also been synthesised and 

it has been shown that whereas the thio- and selenoether complexes exist as the fac- isomers 

in solution, the telluroether complex is a mixture of both the fac- and the mer-trans- isomers. 

Comparison of selected spectroscopic and crystallographic data for these complexes with 

those reported for the analogous thio- and selenoether complexes in the literature have 

provided information concerning the bonding properties of group 16 donor atoms to low 

valent carbonyl systems. 

The manganese-55 NMR data for analogous complexes have shown that 6(^^Mn) is 

shifted to low frequency, indicating that the manganese nucleus experiences greater 

shielding, upon descending group 16 (Table 2.9). 

Table 2.9. Chemical shift range for the complexesyac-[Mn(CO)3(L-L)X]. 

Ligand type Manganese-55 chemical shift ranged ppm 

Thioether 67 to -567 

Selenoether -175 to -698 

Telluroether -435 to -1146 

relative to external KMnO^ in water. 

In addition to this, comparison of the ratio 5('^^Te)/S(^^Se) for these complexes with 

other group 16 compounds reported in the literature has shown the tellurium-125 chemical 

shifts fbr^c-[Mn(C0)3(L-L)X] to be much more positive than expected, thereby indicating 

increased a-donation from the telluroether ligands. Crystallographic data corroborate this 

evidence, with comparison of the Mn-E (E = S, Se, Te) bond lengths in ̂ c-[Mn(CO)3(L-

L)X] with other group 16 complexes indicating that the Mn-Te bond is ca. 0.02 A shorter 

than expected. 
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Finally, force constant calculations for the carbonyl groups have shown that the CO 

bonds weaken in the order S -> Se Te, with significantly larger changes between Se and 

Te than between S and Se. 

The data therefore all suggest that o-donation increases in the order S < Se « Te as a 

result of the decreasing electronegativity of the chalcogen atom as group 16 is descended. 
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2.4 Experimental 

The ditelluroether ligands were made as described p r e v i o u s l y ^ Manganese(I) and 

rhenium(I) carbonyl halides were prepared by the literature methods/^' The reactions were 

protected from light by wrapping the reaction flask in foil and the isolated manganese 

complexes were stored in foil wrapped ampoules in a refrigerator. All compounds were 

synthesised by the same general procedure, with slight modifications for X = CI, Br or I, 

examples of which are described. 

)ac-[Mn(CO)3{o-C6H4(TeMe)2}Cl]. To a solution of [Mn(C0)5Cl] (60 mg, 2.6 x 10"̂  

mol) in CHCI3 (40 cm^) was added the ditelluroether ligand (9.4 mg, 2.6 x 10"̂  mol) and the 

solution stirred at room temperature. Removing ahquots of the solution and recording their 

IR spectra was used to monitor the progress of the reaction and after 16 hours, the carbonyl 

bands of [Mn(CO)5Cl] had been replaced by three new vibrations. The solution was 

concentrated under vacuum to ca. 2 cm^, cooled in an ice-bath, and cold light petroleum ether 

(40-60 °C) (10 cm^) added to precipitate the yellow product. The precipitate was collected, 

rinsed with cold petroleum ether (1 cm^) and dried in vacuo. Yield 111 mg, 80 %. Analysis: 

Calculated for CnHioClMnOsTez: %C, 24.6; %H, 1.9. Found: %C, 24.7; %H, 2.2. 'H NMR 

(CDCI3, 300 K): 6 2.23 (s), 2.51 (s) (DL), 2.32 (s) (me^o) (3H, TeCHa), 7.5 - 7.8 (m, 2H, 

C6H4). ^̂ C{̂ H} NMR (CH2CI2/CDCI3, 300 K): 6 -2.3, -2.6, -4.4 (TeCHa), 126.5, 130.7, 

139.5 (C6H4), 220 - 223 (CO). FAB MS (3-NOBA), /?z/z = 538, 503, 454; calc. for 

[Mn(CO)3{o-C6H4(̂ °̂TeMe)2}̂ ^Cl]+ 540, |Mn(CO)3{o-C6H4('^°TeMe)2}]^ 505, [Mn{o-

C6H4(̂ °̂TeMe)2}̂ ^Cl]+ 456. IR/cm'̂  3028(w), 2962(w), 2009(s), 1944(s), 1891(s), 1441(w), 

1451(s), 1258(w), 1218(w), 1081(w), 850(w), 757(s), 666(m), 631(m), 608(m), 514(m), 

486(w), 425(w), 321(w), 270(w), 245(w), 221(w), 197(w), 189(w). 

^c-|Mn(CO)3{MeTe(CH2)3TeMe}Cl] was prepared similarly to give a yellow solid 

(49 %). Analysis: Calculated for C8Hi2ClMn03Te2: %C, 19.1; %H, 2.4. Found: %C, 19.1; 

%H, 2.2. NMR (CDCI3, 300 K): 6 1.7 - 1.9 (br, IH, CHzCj^CHz), 2.12 (s), 2.19 (s), 2.22 

(s), 2.27 (s) (TeCH3, 3H), 2.7 - 3.2 (br, 2H, TeCHz). NMR (CH2CI2/CDCI3, 300 K): 

6 -9.7, -10.5, -12.1, -12.6 (TeCHs), 6.9, 8.0, 8.4 (TeCH2), 26.0 (CH2CH2CH2), 216 - 226 

(CO). FAB MS (3-NOBA), /m/z = 508, 469, 420; calc. for 

[Mn(C0)3{Me^ '̂'Te(CH2)3'̂ °TeMe}̂ ^Cl]+ 506, [Mn(C0)3{Me'^°Te(CH2)3^^°TeMe}]^ 471, 
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[Mn{Me'̂ °Te(CH2)3'̂ °TeMe}̂ "Cl]+ 422. IR/cm'̂  2969(w), 2918(w), 2007(s), 1920(s), 

1892(s), 1412(m), 13S6(s), 1260(w), 1227(w), 1189(w), 1096(m), 995(m), 846(m), 718(w), 

668(s), 631(m), 615(s), 513(m), 272(w), 219(w), 200(w), 191(w). 

7ac-[Mn(CO)3{PhTe(CH2)3TePh}Cl] was prepared similarly to give a yellow powder 

(54 %). Analysis: Calculated for CigHieClMnOsTeg: %C, 34.5; %H, 2.6. Found: %C, 33.9; 

%H, 2.7. NMR (CDCI3, 300 K): 8 1.6 - 1.9 (br, IH, CHzC^CHz), 3 .0-3 .4 (br, 2H, 

TeC^), 7.4 - 7.7 (br, 5H, TePh). '^C{'H} NMR (CH2CI2/CDCI3, 300 K): decomposes see 

text. FAB MS (3-NOBA), /M/̂ = 593, 544; calc. 6)r [Mn(C0)3{Ph^^°Te(CH2)3"°TePli}]+ 595, 

[Mn{Ph"°Te(CH2)3^ °̂TePh}̂ ^Cl]̂  546 IR/cm-̂  3020(w), 2983(w), 2009(s), 1919(8), 

1892(s), 1568(w), 1470(w), 1431(m), 1356(s), 1095(s), 1016(w), 996(w), 834(w), 734(m), 

689(m), 666(m), 627(m), 612(m), 537(m), 453(w), 216(w), 194(w). 

j&c-[Mn(CO)3{o-C6H4(TeMe)2}Br] was prepared similarly from [Mn(C0)5Br] and the 

ligand in CHCI3 heated to 50 °C for 4 hours to give an orange solid (57 %). Analysis: 

Calculated for CnHioBrMnOsTez: %C, 22.8; %H, 1.7. Found: %C, 22.4; %H, 1.8. 'H NMR 

(CDCI3, 300 K): 6 2.22 (s), 2.56 (s) (DL), 2.30 (s) (oi&yo) (3H, TeCH3), 7.5 - 7.8 (m, 2H, 

C6H4). ^^C{'H} NMR(CH2Cl2/CDCl3, 300 K): 6 -2.2, -1.0, 1.6 (TeCHg), 127.0,131.2,140.5 

(C6H4), 220 - 223 (CO). FAB MS (3-NOBA), = 582, 498; calc. for 

[Mn(CO)3{o-C6H4(̂ ^°TeMe)2}^^r]+ 584, [Mn{o-C6H4(^^°TeMe)2}^^r]+ 500. m/crn-' 

2921(w), 2852(w), 2041(s), 1953(s), 1926(s), 1901(s), 1437(m), 1357(s), 1216(w), 1094(s), 

987(m), 835(m), 767(m), 666(m), 613(m), 535(m), 522(m), 323(w), 296(w), 207(w). 

^c-[Mn(C0)3{MeTe(CH2)3TeMe}Br] was prepared similarly to give an orange solid 

(38 %). Analysis: Calculated for CgHi2BrMn03Te2: %C, 17.6; %H, 2.2. Found: %C, 17.9; 

%H, 2.3. 'H NMR (CDCI3, 300 K): 6 1.7 - 2.0 (br, IH, CH2%CH2), 2.12 (s), 2.20 (s), 2.22 

(s), 2.29 (s) (3H, TeCH3), 2.7 - 3.3 (br, 2H, TeC^z). ^^C{'H} NMR (CH2CI2/CDCI3, 300 K): 

6-11.8, -10.6, -10.0, -8.7 (TeCH3), 7.6, 8.3, 8.8 (TeCHz), 25.4, 25.9 (CH2CH2CH2), 

215 - 221 (CO). FAB MS (3-NOBA), /»/z = 548, 464; calc. for 

[Mn(C0)3{Me"°Te(CH2)3'^°TeMe}^%r]+ 550, [Mn{Me'̂ °Te(CH2)3^ °̂TeMe}̂ ^Br]+ 466. 

IR/cm'̂  2944(w), 2922(w), 2006(s), 1926(s), 1896(s), 1357(s), 1260(w), 1095(s), 834(m), 

802(m), 667(m), 615(m), 535(m), 220(w). 
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^c-[Mn(CO)3{PhTe(CH2)3TePh}Br] was prepared similarly to produce a yellow solid 

(60 %). Analysis: Calculated for CigHigBrMnOgTei: %C, 32.2; %H, 2.4. Found: %C, 32.7; 

%H, 2.3. 'H NMR (CDCI3, 300 K): 6 1.6 - 1.9 (br, IH, CH2C%CH2), 2.9 - 3.4 (br, 2H, 

TeCHz), 7.4 - 7.7 (br, 5H, TePh). NMR (CH2CI2/CDCI3, 300 K): decomposes see 

text. FAB MS (3-NOBA), = 672, 588; calc. for [Mn(CO)3{Ph"°Te(CH2)3'^°TePh}^^r]^ 

674, [Mn{Ph^^°Te(CH2)3"°TePh}^^r]+ 590. IR/cm ' 3100(w), 2990(w), 2008(s), 1920(s), 

1893(s), 1569(w), 1430(w), 1357(s), 1259(w), 1095(s), 996(m), 834(m), 735(m), 689(m), 

664(m), 612(m), 538(m), 248(w), 219(w), 198(w). 

^c-[Mn(CO)3{o-C6H4(TeMe)2}I] was prepared similarly with a reaction time of 18 

hours in refluxing CHCI3, to give an orange solid (58 %). Analysis: Calculated for 

CiiHioIMn03Te2: %C, 21.1; %H, 1.6. Found: %C, 20.7; %H, 1.3. NMR (CDCI3, 300 K): 

6 2.17 (s), 2.67 (s) (DL), 2.19 (me;yo) (3H, TeCH3), 7.6 - 7.8 (m, 2H, C6H4). NMR 

(CH2CI2/CDCI3, 300 K): 6 -1.2, 0.8, 2.4 (TeCH3), 128.2, 131.5, 140.5 (€6%), 218 - 226 

(CO). FAB MS (3-NOBA), = 627, 544, 501; calc. for [Mn(CO)3{o-C6H4(̂ ^°TeMe)2}I]̂  

632, [Mn{o-C6H4("'^eMe)2}I]^ 548, [Mn(CO)3{o-C6H4(̂ ^°TeMe)2}]'̂  505. IR/cm ' 2928(w), 

2023(s), 1950(s), 1926(s), 1902(s), 1357(s), 1215(m), 1094(s), 984(m), 834(m), 757(m), 

664(m), 612(m), 537(m), 322(w), 298(w), 242(w), 220(w), 204(w). 

_^rc-[Mn(CO)3{MeTe(CH2)3TeMe}I] was prepared similarly using a 9 hour reaction time 

to give an orange solid (40 %). Analysis: Calculated for C;Hi2lMn03Te2.CHCl3: %C, 15.2; 

%H, 1.8. Found: %C, 15.1; %H, 1.8. NMR (CDCI3, 300 K): 6 1.8 - 2.0 (br, IH, 

CH2C^CH2), 2.12 (s), 2.18 (s), 2.27 (s) (3H, TeCH3), 2.7 - 3.3 (br, 2H, TeC/^). "C{'H} 

NMR (CH2CI2/CDCI3, 300 K): 6 -10.7, -9.3, -8.0 (TeCH]), 8.6, 9.0, 9.2 (TeCH2), 24.4, 28.5 

(CH2CH2), 215 - 226 (CO). FAB MS (3-NOBA), = 595, 511, 467; calc. for 

[Mn(C0)3{Me^^°Te(CH2)3'̂ °TeMe}I]+ 598, [Mn{Me^ °̂Te(CH2)3^ °̂TeMe}I]+ 514, 

[Mn(C0)3{Me^^°Te(CH2)3'̂ °TeMe}]+ 471. IR/cm' 2962(w), 2918(w), 1995(s), 1920(s), 

1894(s), 1357(s), 1261(w), 1092(s), 987(m), 834(m), 664(m), 615(m), 535(m), 203(w), 

195(w). 

;2fc-[Mn(C0)3(SMe2)2Cl]. To a solution of [Mn(CO)5Cl] (0.113g, 0.5 mmol) in CH2CI2 

(10 cm^) was added excess SMe2 (100 mg, 1.6 x 10"̂  mol) and the solution stirred at room 

temperature. The progress of the reaction was monitored by solution IR spectroscopy as 
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Ibed&wne aiwi adter :24 TAms juĉ ged ccwiyplete. TZbe stohitLon lams cotkcerdiaifxl to cxz. 2̂ cm^ iii a 

stream of nitrogen, cooled in an ice bath and cold petroleum ether (10 cm^) added. The 

yellow precipitate was filtered off and dried briefly in a nitrogen stream. Note that the 

complex loses ligand when placed under vacuum and hence must not be vacuum dried. Yield 

120 mg, 80 %. Analysis: Calculated for C7Hi2ClMn03S2: %C, 28.1; %H, 4.0. Found: %C, 

27.7; %H, 3.8. NMR (CDCI3, 300 K): 8 2.4 (br, SCH3). NMR (CH2CI2/CDCI3, 

300 K): 6 22/1 (SWZlHb), :Z17 - 2:20 ((ZXCr). A/IS (34\lC)a/l), am/z = ZTZO, 2:42; for 

[A/ko3CX:%kK:SId[e2)233Cl]* 27(), [A/hi(()[))CSlV[e2)2*'Cl]+ 24:2. llt/cinT* :29:)4(Tv), 2()23(s), 

1918(br, s), 1357(s), 1095(s), 986(m), 833(w), 679(w), 624(w), 535(w), 203(w), 192(w). 

^c-[Mn(C0)3(SeMe2)2Cl] was prepared similarly (83 %). Analysis: Calculated for 

C7Hi2CIMn03Se2: %C, 21.4; %H, 3.1. Found: %C, 20.9; %H, 3.3. 'HNMR (CDCI3, 300 K): 

8 2.5 (br, SeCH]). ^̂ C{̂ H} NMR (CH2CI2/CDCI3, 300 K): 6 12.8 (SeCH3), 218 - 223 (CO). 

FAB MS (3-NOBA), = 392, 308; calc. for [Mn(CO)3('̂ SeMe2)2^^Cl]+ 394, 

[Mn(̂ °SeMe2)2̂ ^Cl]+ 310. IR/cm'̂  2995(w), 2929(w), 2017(s), 1923(s), 1895(s), 1423(m), 

1356(s), 1288(m), 1265(w), 1098(m), 995(m), 969(w), 928(m), 874(w), 834(w), 679(s), 

622(s), 531(m), 515(m), 273(m), 208(w), 186(w). 

[Mn(CO)3(TeMe2)2Cl] (mixture o f f a c and mer-trans) was prepared similarly, except the 

final solution was concentrated under reduced pressure before precipitation of the product 

(64 %). Analysis: Calculated for C7Hi2ClMn03Te2: %C, 17.2; %H, 2.5. Found: %C, 16.7; 

%H, 2.4. NMR (CDCI3, 300 K): 6 2.28 (s), 2.11 (s) (TeCHs). ^^C{'H} NMR 

(CH2CI2/CDCI3, 300 K): 8 -10.6, -9.5 (TeCHa), 219 - 221 (CO). FAB MS (3-NOBA), = 

490, 427; calc. for [Mn(C0)3(̂ °̂TeMe2)2^^Cl]+ 494, [Mn(CO)2(̂ °̂TeMe2)2]̂  431. IR/cm'̂  

2940(w), 2907(w), 1998(m), 1907(m), 1883(m), 1357(s), 1094(s), 986(m), 8349m), 672(w), 

613(m), 536(m), 216(w), 192(w). 

yac-[Re(CO)3{o-C6H4(TeMe)2}Cl]. A solution of the ditelluroether (109 mg, 

3.0 X 10"̂  mol) in CHCI3 (40 cm )̂ and [Re(CO)5Br] (110 mg, 3.0 x 10^ mol) were refluxed 

together for 24 hours. Removing aliquots of the solution and recording their IR spectra was 

used to monitor the progress of the reaction. The solution was worked up as for the 

manganese analogue to yield a pale orange product. Yield 130 mg, 65 %. Analysis: 

Calculated for CiiHioC103ReTe2: %C, 19.8; %H, 1.5. Found: %C, 19.6; %H, 1.3. ^HNMR 
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(CDCI3, 300 K): 6 2.35 (s), 2.50 (s) (DL), 2.43 (s), 2.57 (s) (TM&yo) (3H, TeCHa), 7.5 - 7.9 

(m, 2H, C6H4). NMR (CH2CI2/CDCI3, 300 K): 6-4.7, -1.6 (TeCH3), 124.5, 131.4, 

140.4 (C6H4), 191 - 193 (CO). FAB MS (3-NOBA), 7?%/̂  = 668, 633, 584; 

calc. for [̂ '̂ Re(CO)3{o-C6H4('̂ °TeMe)2}̂ ^Cl]+ 670, [̂ ^^Re(CO)3{o-C6H4("°TeMe)2}]+ 635, 

[Re{o-C6H4("°TeMe)2}^^Cl]+ 586. IR/cm"' 2962(w), 2922(w), 2855(w), 2024(s), 1941(s), 

1884(s), 1357(s), 1260(w), 1223(w), 1094(s), 985(m), 834(m), 758(m), 613(m), 532(m), 

200(w), 183(w). 

^c-[Re(CO)3{MeTe(CH2)3TeMe}Cl] was prepared similarly using a 12 hour reflux to 

give a cream coloured solid (63 %). Analysis: Calculated for CgHnClOsReTea: %C, 15.2; 

%H, 1.9. Found: %C, 14.9; %H, 1.7. NMR (CDCI3, 300 K): 6 2.05 - 2.20 (m, IH, 

CH2C^CH2); 2.25 (s), 2.30 (s) (DL), 2.27 (s) (»z&yo) (3H, TeCHs), 2.80 - 3.5 (m, 2H, 

TeC%). "C{'H} NMR (CH2CI2/CDCI3, 300 K): 8 -11.8, -10.9, -9.5 (TeCHs), 6.8, 9.1,10.0, 

10.5 (TeCHz), 27.1, 27.8 (CH2CH2), 188 - 192 (CO). FAB MS (3-NOBA), /»/z = 633, 599, 

550; calc. for [̂ ''̂ Re(CO)3{Mê °̂Te(CH2)3̂ °̂TeMe}̂ ^Cl]+ 636, 

[̂ '̂ ê(CO)3{Mê °̂Te(CH2)3^ °̂TeMe}]+ 601, [̂ ''̂ Re{Me"°Te(CH2)3^ °̂TeMe}̂ ^Cl]+ 552. 

IR/cm-̂  2951(w), 2918(w), 2014(s), 1920(s), 1884(s), 1357(m), 1275(w), 1191(w), 1096(m), 

849(m), 721(w), 630(m), 591(w), 512(w), 271(w), 194(w). 

^c-[Re(CO)3{o-C6H4(TeMe)2}Br] was prepared analogously to the chloro-complex to 

give a pale orange powder (62 %). Analysis: Calculated for CnHioBrOsReTea: %C, 18.6; 

%H, 1.4. Found: %C, 18.8; %H, 1.3. NMR (CDCI3, 300 K): 6 2.32 (s), 2.58 (s) (DL), 2.40 

(s) (/Mê yo) (3H, TeCHg), 7.5 - 8.0 (m) (2H, C6H4). '̂ C{̂ H} NMR (CH2CI2/CDCI3, 300 K): 

8 -2.7, -1.2, -0.2 (TeCHs), 124.0,131.2, 140.6 (Ce^), 189 - 193 (CO). FAB MS (3-NOBA), 

m/z = 712, 656; calc. for [̂ ^^Re(CO)3{o-C6H4(̂ °̂TeMe)2}̂ ^Br]+ 714, [̂ ^^Re(CO){o-

C6H4("°TeMe)2}^^r]'̂  658. IR/cm ' 3055(w), 295 l(w), 2024(s), 1932(s), 1893(s), 1356(s), 

1258(w), 1223(w), 1094(s), 989(m), 834(m), 752(m), 6I2(m), 588(w), 516(w), 225(w), 

215(w). 

^c-[Re(C0)3(MeTe(CH2)3TeMe}Br] was prepared similarly using a 72 hour reflux 

(53 %). Analysis: Calculated for CgH^BrOsReTez: %C, 14.2; %H, 1.8. Found: %C, 14.3; 

%H, 2.0. 'H NMR (CDCI3, 300 K): 8 1.98 - 2.20 (m, IH, CH2Cj^CH2), 2.24 (s), 2.30 (s) 

(DL), 2.34 (s) (Me^o) (3H, TeCHg), 2.8 - 3.5 (m, 2H, TeC%). ^̂ C{̂ H} NMR (CH2CI2/CDCI3, 
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300 K): 6 -10.4, -10.3, -9.2, -8.5 (TeCHg), 7.2, 9.3, 10.3, 10.5 (TeCHz), 26.6, 27.1, 28.1 

(CH2CH2), 188 - 192 (CO). FAB MS (3-NOBA), = 678, 650; calc. for 

[^''^Re(CO)3{Me"°Te(CH2)3^^°TeMe}^^r]+ 680, [^''^Re(C0)2{Me"°Te(CH2)3"°TeMe}^^r]^ 

652. IR/cm-̂  2973(w), 2018(s), 1929(s), 1886(s), 1357(s), 1093(s), 985(m), 834(m), 613(m), 

531(m), 198(m), 188(m). 

^c-[Re(CO)3{o-C6H4(SMe)2}Br] was prepared similarly to the ditelluroether complex 

(50 %). Analysis: Calculated for CiiHioBr03S2Re: %C, 25.4; %H, 1.9. Found: %C, 25.7; 

%H, 2.2. NMR (CDCls, 300 K): 6 3.07 (s, 3H, SCH3), 7.5 - 7.8 (m, 2H, C6H4). ^^C{'H} 

NMR (CH2CI2/CDCI3, 300 K): 6 29.0 - 33.0 (SCH3), 131.5, 133.7, 136.8 (C6H4), 188 - 191 

(CO). FAB MS (3-NOBA), = 520, 492, 441; calc. for [^^^Re(CO)3{o-C6H4(SMe)2}^^r]+ 

518, [̂ ^^Re(CO)2{o-C6H4(SMe)2} '̂̂ r]+ 490, ['''^Re(C0)3{o-C6H4(SMe)2}]^ 439. m/crn'^ 

3000(s), 2922(w), 2037(s), 1940(s), 1914(s), 1457(w), 1425(m), 1356(s), 1259(w), 1211(w), 

1095(s), 983(m), 833(w), 768(s), 632(m), 613(m), 518(m), 474(ni), 203(w). 

^c-[Re(CO)3{o-C6H4(SeMe)2}Br] was prepared similarly to the ditelluroether complex 

using a 24 hour reflux (89 %). Analysis: Calculated for CnHioBrOaSeaRe: %C, 21.5; 

%H, 1.6. Found: %C, 21.2; %H, 1.8. ^HNMR (CDCI3, 300 K): 8 2.68 (s), 2.93 (s), 2.79 (s), 

2.98 (s) (3H, SeCHa), 7.5 - 7.8 (m, 2H, C6H4). ^̂ C{̂ H} NMR (CH2CI2/CDCI3, 300 K): 

8 17.9, 22.9, 23.1 (SeCH3), 130.2, 131.5, 132.2, 132.7, 135.2 (C6H4), 188 - 192 (CO). FAB 

MS (3-NOBA), = 612, 533; calc. for [ '̂'̂ Re(CO)3{o-C6H4(^°SeMe)2}^^r]+ 614, 

[̂ ''̂ Re(CO)3{o-C6H4(̂ °SeMe)2}]̂  535. m/cm'^ 3020(w), 2950(w), 2030(s), 1945(s), 1919(s), 

1900(s), 1416(w), 1356(s), 1096(s), 991(w), 922(m), 833(w), 764(m), 634(w), 612(w), 

515(m), 298(w), 203(w). 

_;2zc-[Mn(CO)3{o-C6H4(TeMe)2}Cl] and _/ac-[Re(C0)3{o-C6H4(TeMe)2}Cl]. Details of 

the crystallographic data collection and refinement parameters are given in Table 2.1. The 

crystals were grown by the vapour diffusion of petroleum ether (40 - 60 °C) into solutions of 

the appropriate complex in CHCI3. Data collection used a Rigaku AFC7S four circle 

diffractometer operating at 150 K, using graphite-monochromated Mo-K^ X-radiation (X = 

0.71073 A). No significant crystal decay or movement was observed and for [Mn(C0)3{o-
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C6H4(TeMe)2}CI] the data were corrected for absorption using psi scans (for [Re(C0)3{o-

C6H4(TeMe)2}Cl] psi scans did not give a satisfactory absorption correction and so 

DIFABS'̂ ^ was applied to the raw data with the complete model at isotropic convergence). 

The structures were solved by heavy atom methods'^ and developed by iterative cycles of 

foil-matrix least-squares refinement'̂ ^ and difference Fourier syntheses which located one 

complete molecule in the asymmetric unit, showing the compounds to be isostructural. All 

non-hydrogen atoms were refined anisotropically while H-atoms were placed in fixed, 

calculated positions with <i(C-H) = 0.96 A. 
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3.1 Introduction 

Hexacarbonylmanganese(I), [Mn(C0)6]\ is the parent compound of a large group of 

cationic manganese(I) species of the type [Mn(CO)6-x(L)x]^ (L = neutral ligand). Like the 

halo-manganese carbonyls described in Chapter 2, the manganese is in oxidation state +1 

with a configuration, therefore diamagnetic (low spin) octahedral complexes that are 

kinetically inert are generally obtained. Although the presence of 7i-acceptor ligands is 

required to stabilise the low oxidation state of manganese, generally the extent of it-bonding 

between the metal and the carbonyls is small. This is illustrated by the relatively high v(CO) 

stretching frequency for [Mn(CO)6]^ at 2090 cm'̂  (in THF) which may be compared to the 

analogous v(CO) values for the isoelectronic species [Cr(CO)6] and [V(C0)6]' at 1996 (in 

CCI4) and 1859 cm"̂  (in THF) respectively.' Therefore, carbonyl substitution is quite easy to 

accomplish due to the relative weakness of the metal carbonyl bonds. 

Numerous complexes have been synthesised, ranging from [Mn(C0)5L]"^ to 

[Mn(CO)(L)5]^ usually with L being a phosphine ligand, although other group 15 ligands 

such as arsines, stibines and nitriles have attracted some interest.^ These complexes may be 

prepared by a variety of routes including direct reaction of a metal carbonyl halide with 

added ligand,^ reaction of metal carbonyl halide, a ligand and halide acceptor,"* displacement 

of other anionic ligands^ and ligand displacement from other cationic metal complexes.^ 

Group 16 ligands have not received such detailed study, with oxygen donors (generally 

solvent molecules such as THF, MeaCO,̂ ^ MeOH and HaO)^ forming complexes of the type 

[Mn(CO)5L]^ probably the most studied of this group. The bis-substituted complexes 

[Mn(CO)4(PPh3)L]̂  (L = SMez, SH2, OHi)^ and the telluroether complex 

[Mn(C0)4(TePh2)2]^ have also been synthesised.^ 

Complexes of the type [Mn(C0)3(L3)]^ where L3 is a tridentate ligand are of particular 

interest to this study with ^c-[Mn(C0)3{MeC(CH2AsMe2)3}]^'° and fac-

[Mn(C0)3{[9]aneS3}]^ being reported.̂ ' 

The complexes ^c-[Mn(CO)3(L3)]^ {L3 = [lOjaneSs, MeS(CH2)2S(CH2)2SMe, 

MeSe(CH2)3Se(CH2)3SeMe, Ph2P(CH2)2PPh(CH2)2PPh2 or MeC(CH2PPh2)3} have also been 

synthesised by the Southampton research group as part of work conducted in parallel with 

that reported in this Chapter.'̂  
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There are no reported complexes of muitidentate telluroether complexes and so their 

properties remain unexplored. Since the study of the complexes ̂ c-[Mn(C0)3(L-L)X] {X = 

CL Br or I; L-L = MeTe(CH2)3TeMe, PhTe(CH2)3TePh or o-C6H4(TeMe)2} and 

[Re(CO)3(L-L)X] {X = CI or Br; L-L = MeTe(CH2)3TeMe or o-Cg^CTeMe);} (Chapter 2)/^ 

clearly illustrated the superior donating ability of ditelluroether ligands to low valent metal 

carbonyl centres, the preparation of similar tritelluroether and related thio- and selenoether 

species should also provide an excellent probe into their spectroscopic properties and 

characteristics. 

This Chapter discusses the chemistry of cationic manganese(I) tricarbonyl species with 

the tripodal ligands L̂  {L^ = MeC(CH2EMe)3 (E = S, Se or Te) or MeC(CH2TePh)3} to 

generate species of the type ̂ c-[Mn(C0)3(L^)] [CF3SO3]. The rhenium selenoether complex 

^c-[Re(C0)3 {MeC(CH2SeMe)3} ] [CF3SO3] has also been prepared for comparison. These 

complexes have been characterised by analysis, IR and multinuclear NMR (^H, '^C{^H}, 

^̂ Mn, ^^Se{^H}/^Te{^H}) spectroscopy as well as ES^ mass spectrometry and X-ray 

crystallographic studies on all five complexes. The spectroscopic and crystallographic data 

have been compared with similar complexes reported in the literature and any trends 

discussed. 
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3.2 Results and Discussion 

Reaction of ^c-[Mn(CO)3(Me2CO)3]'^ with one molar equivalent of {L^ = 

MeC(CH2EMe)3 (E = S, Se or Te) or MeC(CH2TePh)3} in degassed acetone, followed by 

reduction of the solvent volume in vacuo, and precipitation with light petroleum ether (40 -

60 °C) afforded the complexes j23'c-[Mn(C0)3(L^)][CF3S03] as yellow solids. The reactions 

were monitored by solution IR of the carbonyl region and were deemed complete when the 

bands corresponding to ̂ c-[Mn(CO)3(Me2CO)3]^ had been replaced by two new vibrations 

(Ai + E) associated with the product, and indicative of a Csv^c-tricarbonyl unit. The IR data 

of the isolated complexes are presented in Table 3.1. The thio- and selenoether complexes 

were stable in the solid state and in solution, although the telluroether complexes 

decomposed slowly in solution. The compound ̂ c-[Re(CO)3 {MeC(CH2SeMe)3}] [CF3SO3] 

was prepared via a similar procedure from [Re(CO)5Br]. Attempts to prepare the related 

telluroether complexes by various routes were unfortunately unsuccessful. 

[Mn(CO)5Br] + AgCFaSOs + SMezCO ^c-[Mn(CO)3(Me2C0)3][CF3S03] 

I L' 

)2zc-[Mn(C0)3(L")][CF3S03] 

Table 3.1. Carbonyl stretching vibrations ( C H C I 3 ) for the complexes /ac-

[Mn(CO)3(L^]^ and yac-[Re(CO)3{MeC(CH2SeMe)3}]\ 

Complex v(CO)/cm -1 

Ai E 

[Mn(CO)3 {MeC(CH2SMe)3} ] [CF3SO3] 2048 1968 

[Mn(CO)3 {MeC(CH2SeMe)3}][CF3S03] 2039 1962 

[Mn(CO)3 {MeC(CH2TeMe)3} ] [CF3SO3] 2023 1947 

[Mn(C0)3{MeC(CH2TePh)3}][CF3S03] 2028 1959 

[Re(C0)3 {MeC(CH2SeMe)3}] [CF3SO3] 2044 1952 
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]bisix>ctk)n()f radble 3.1 stwyws the ocpKscted ruiineiicailsjiift ui bodi die /Li aiid EiiWDcLss 

Ik) tow frecpiency aus lOie dkicKir K izhauigfxl froin IS -» Se -» TTe, ccHisistsnt wiOi increased % 

taact: IbcHicUng to (]() ((Zhaqpter 2QL** TThe Tfajiwss fcwr lOie ctMoipleoc are biĝ kKsr 

than those for MeC(CH2TeMe)3, indicating poorer a donation in the former, consistent with 

the electron donating methyl groups being replaced by electron withdrawing phenyl groups. 

The values for the thioether complex compare well with those reported in the literature 

fbr)ac-[Mn(C0)3{MeS(CH2)2S(CH2)2SMe}][CF3S03] (2047, 1968), although v(CO) for the 

tripodal selenoether complex are noticeably higher than those quoted for fac-

[Mn(C0)3{MeSe(CH2)3Se(CH2)3SeMe}][CF3S03] (2029,1945).i2 

Tnbw: pNositrve lelectrosqpragr iruiss cdT die ccHiiplecKes cUagplajHsd jaroiiibient jpeaiks 

assigned to [Mn(C0)3(L^)]^ with the correct isotopic distribution confirming the identify of 

the complex cations formed. Other peaks corresponding to the fragmentation ions 

[Mn(CO)(L^)]"^ and [Mn(L^)]^ were also observed. Elemental microanalyses showed a good 

match to the expected calculated values. 
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3.21 NMR Svectroscovv 

Co-ordination of the tripodal ligands to the [Mn(CO)3]^ unit leads to the possible 

formation of two stereoisomers (invertomers); syn and anti (Figure 3.1). Like the manganese 

ditelluroether complexes (Chapter 2), these invertomers may easily be identified by NMR 

spectroscopy providing pyramidal inversion is slow. Therefore, the 'H, '^C{^H}, ^̂ Mn and 

or NMR spectra have been recorded for these species. 

Figure 3.1. The two invertomers possible for the compkies /oc-

[Mn(CO)3{MeC(CH2ER)3}]^ (E = S or Se; R = Me; E = Te, R = Me or Ph, carbon 

backbone omitted for clarity). 

syn anti 

i E -^ i " ^ E 
c / \ c y 
O R R O R 

The NMR spectra were rather uninformative due to the resonances associated with 

the ligands being broadened by the ^̂ Mn quadrupole. Generally just one signal was observed 

for 5(EMe) and ^(ECHz) (E = S or Te) indicating that syn isomer is dominant in solution for 

the telluroether complexes. However, the presence of just one resonance for the thioether 

complex is expected to be due to fast inversion occurring on the NMR time sca l e .The 

presence of the anti invertomer would be expected to give rise to three signals in the NMR 

spectra, however generally just two are observed due to the coincidence of two of the 

resonances. For the complex [Mii(C0)3 {MeC(CH2SeMe)3}] [CF3SO3] three 5(SeCH3) 

resonances (2.27, 2.32, 2.38 ppm) were observed, consistent with the presence of both the syn 

(1 resonance) and anti (2 resonances) invertomers, although the two peaks associated with 

the anti invertomer were of very low intensity (approximately 5 %) (Figure 3.2). 
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Table 3.2. Selected and ^ e { ^ H } NMR Data. 

Complex 

)Ezc-[Mn(C0)3 {MeC(CH2SMe)3) - - -477(5000) 

^c-[Mn(C0)3{MeC(CH2SeMe)3}]^ 48 - -721(3610) 

)^-[Mn(C0)3{MeC(CH2TeMe)3}]^ - 112 -1509(1200) 

^c-[Mn(C0)3{MeC(CH2TePh)3}]^ - 353 -1320(2100) 

^c-[Re(C0)3 {MeC(CH2SeMe)3}]^ 23 - -

" in CH2CI2/CDCI3 solution at 300 K, relative to external neat SeMe;. in CH2CI2/CDCI3 solution at 300 K, 

relative to neat external TeMcz. in CH2CI2/CDCI3 solution at 300 K, relative to external KMn04 in water, Wi/2 

(Hz) in parentheses. 

The NMR spectra showed similar behaviour, with just one signal each for the 

(ZHa aiwi A/kyC ignoiqps beiiyg (dbserinai. TTie rescwaanoes (xmnsspcmdiiyg to 6(X]0) 

very broad, spanning several ppm, due to the large manganese quadrupole moment. 

The ^Se{^H} NMR spectra for the two selenoether complexes showed just one signal 

(T îble 3.2) wlikdb is ctHisistent with tbeligzuid tKiving;tlx:.?y%z (X)nd5gpiatior̂  aiwi allHwDe Se 

donors being equivalent, as deduced from and NMR spectroscopy. The syn isomer is 

also apparent for the two telluroether complexes, with again just one signal being observed in 

the ^^^Te{'H} NMR spectra (Table 3.2). 

(jeiieraily jRar aiialogpaus ccHiiples&es, the 6(*̂ T̂re)/8(̂ Ŝ<:) rzudo is zqpprcxxiDiately 1.7 -

1.8.'^ However, for the manganese species reported here a ratio of ca. 2.3 is found. This is 

therefore, considerably higher than expected and suggests that there is more electron density 

associated with the Mn atom in the cationic tritelluroether complex compared to the 

selenoether analogue, and is consistent with the trend reported in Chapter 2.** 
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Figure 3.2. ^(SeCHs) region of the H NMR spectrum (300 MHz, CDCI3, 300 K) of /oc-

[Mn(CO)3{MeC(CH2SeMe)3}] [CF3SO3], showing the presence of g/w and awff 

invertomers. 

2.6 2.4 6/ppm 2.2 

Our studies on manganese carbonyl halide complexes have shown that ^̂ Mn NMR 

spectroscopy is a sensitive probe of the subtle differences in bonding properties of group 15 

and 16 ligands (Chapter 2)}^' Similar studies on the manganese complexes reported here 

have been undertaken in order that comparisons with the neutral carbonyl halide derivatives 

(Chapter 2) can be made. One broad resonance was observed for each complex in the ^^Mn 

NMR spectra, indicating the presence of just one species. Data obtained from 'H, ^^C{'H} 

and NMR spectroscopy indicate this species being the syn rather than the 

anti invertomer. However, for the thioether complex, the observation of just one signal 

probably indicates fast pyramidal inversion. For the homologous series fac-

[Mn(C0)3{MeC(CH2EMe)3}]\ there is a very noticeable low 6equency shiA down the series 

6(^^Mn) -477 (E = S), -721 (E - Se) and -1509 (E - Te), while 

[Mn(C0)3{MeC(CH2TePh)3}]^ gives 6(^^Mn) = -1320, i.e. less shielded than for the Me-

substituted analogue and consistent with v(CO) data. 
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Comparing the data for the cationic species with those reported previously for the neutral 

icoiiqpleoKss (C^iajpter :2), ishcnars liiat follows the sarru: Ireaid \vith dk)nor ty^pe, 

(%Klut)hiryg a siliiftik) low fraqueucgf alcMig tiie series !3 Se TTe. Fiirdier, fcwrii jpzuticular 

donor type 5(^^Mn) for the cationic species are considerably to low frequency of the neutral 

species. These trends may be attributed to increased a-donation down group 16 as 

electronegativity decreases, along with enhanced a-donation in the cationic species as a 

(xonsogueaice ()f lAie fxosith/e chwaqge cm IVbi. llnsiu^iruHiygly, jtwr lAie cadicHik: pliospdiuie aund 

arsine complexes reported, 6(^^Mn) are ca. -1750, i.e. to low frequency of even the tripodal 

tellurcHsdier (aorojiLsx idie siqperior 

coordinating properties of group 15 ligands compared to group 16/^ 

Manganese-55 NMR spectroscopic data have been reported for the thioether 

complexes ^c-[Mh(CO)3([9]aneS3)]\ ^c-[Mn(CO)3([10]aneS3)]^ and 

[Mn(C0)3{MeS(CH2)2S(CH2)2SMe}]+ at 6 -963, -764 and -696 respectively.^^ The 

manganese atom becomes less shielded in going from the superior [PjaneSs ligand to 

[lOJaneSs, with a similar trend observed with substitution of a macrocylic with an acyclic 

thioether ligand, MeS(CH2)2S(CH2)2SMe. The tripodal thioether complex has 5(^^Mn) = 

-477, i.e. to high frequency of all these complexes consistent with the presence of three 6-

membered chelate rings, compared to 5-membered chelate rings for the facultative thioether 

complex. 

The selenoether complex, ^c-[Mn(C0)3{MeSe(CH2)3Se(CH2)3SeMe}]^ has 

6(^^Mn) = -560, this is to high &equency of the tripodal selenoether complex reported here 

and indicates the superior donating ability of a tripodal ligand compared with its acyclic 

analogue. 

To authenticate the geometry around the Mn(I) centre and establish trends in the bond 

lengths and angles, crystals suitable for single crystal X-ray crystallography were grown for 

each of the complexes reported here wa the vapour diffusion of light petroleum ether into a 

solution of the appropriate complex in CH2CI2. Previous to this study, the only structurally 

characterised species of the form^c-[Mn(C0)3(L3)]^ where L3 is a tridentate thio- seleno- or 

telluroether ligand were where L3 = [9]aneS3,'^ [10]aneS3 or MeS(CH2)2S(CH2)2SMe.^^ 
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The structures of [Mn(C0)3{MeC(CH2EMe)3}]^ (E = S or Se) (Figures 3.3 and 3.4. 

Tables 3.3 to 3.7) show a facially bound tripodal ligand in the syn form, with the Me 

substituents adopting a propeller like arrangement, consistent with the dominant isomer 

observed in solution by NMR spectroscopy. 

Figure 33. X-ray crystal structure ofyac-[Mn(CO)3{MeC(CH2SMe)3}]^ with numbering 

scheme adopted. Ellipsoids are drawn at 40 % probability and H-atoms omitted for 

clarity. 
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Table 3.3. Crystallographic data collection and refinement parameters for the complexes [Mn(CO)3(L^)] [CF3SO3] and [Re(CO)3{MeC(CH2SeMe)3}] [CF3SO3]. 

/ac- _/ac- fac-

[Mn(C0)3{MeC(CH2SMe)3}] 

[CF3SO3] 

[Mn(C0)3{MeC(CH2SeMe)3}] 

[CF3SO3] 

[Mn(C0)3{MeC(CH2TeMe)3}] 

[CF3SO3] 

[Mn(C0)3{MeC(CH2TePh)3}] 

[CF3SO3] 

[Re(C0)3{MeC(CH2SeMe)3}] 

[CF3SO3] 

Formula CnHigFaMnOgS/) C,2H,gF3Mn06SSe3 CuHisFaMnOgSTes C27H24F3Mn06STe3 Ci2H,8F305ReSSe3 

Formula weight 498.44 639.14 785.06 971.28 770.41 

Crystal System Triclinic Triclinic Monoclinic Monoclinic Triclinic 

Space group P I PI P2/m P2/n P i 

a, A 9.190(1) 9.403(3) 8.989(3) 13.216(3) 12.584(1) 

b, A 12.085(2) 12.139(5) 10.033(2) 15.662(2) 15.216(1) 

c, A 9.079(1) 9.124(4) 12.086(2) 16.050(4) 12.4563(8) 

a/° 98.85(1) 100.15(3) - - 99.144(7) 

94.78(1) 94.76(4) 104.85(1) 106.73(2) 98.605(6) 

y/° 81.450(10) 80.92(3) - - 101.545(7) 

V, A^ 983.3(2) 1010.5(7) 1053.6(4) 3181(1) 2266.2(3) 

z 2 2 2 4 4 

Dcalc, g/cm^ 1.683 2.100 2.474 2.028 2.258 

cm' 11.04 61.27 48.47 32.20 103.22 

Unique obs. reflections 3469 3563 1977 5832 7951 

Obs. reflections with 2732 2538 1603 2933 4114 

[Io>2G(L)] 

R 0.028 0.038 0.025 0.044 0.047 

R« 0.026 0.042 0.034 0.046 0.055 

. = Z ( i W - | F c a l c t i ) / Z | F o b s | i , R w = V[ZWi(|Fobs^^ i - IFcalcti)^/^ Wi|Fobs|i^] 
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Table 3.4. Selected bond lengths foryac-[Mn(CO)3{MeC(CH2SMe)3}]\ 

Atom Atom Distance/A Atom Atom Distance/A 

Mn(I) S(l) 2.3481(8) Mn(l) S(2) 2.3487(9) 

S(3) 2.3579(8) Mn(l) C(9) 1.806(3) 

Mn(l) C(10) 1.805(3) Mn(l) C(ll) 1.816(3) 

S(l) C(5) 1.824(3) S(l) C(6) 1.800(3) 

S(2) C(4) 1.819(3) S(2) C(8) 1.810(3) 

S(3) C(3) 1.832(3) S(3) C(7) 1.810(3) 

Table 3.5. Selected bond angles for^K-[Mn(CO)3{MeC(CHiSMe)3}]\ 

Atom Atom Atom Angle(°) Atom Atom Atom Angle(^ 

S(l) Mn(l) S(2) 91.63(3) S(l) Mn(l) S(3) 88.12(3) 

S(l) Mn(l) C(9) 175.8(1) S(l) Mii(l) C(10) 88.19(9) 

S(l) Mn(I) C(ll) 93.45(9) S(2) Mn(l) S(3) 88.77(3) 

S(2) Mn(l) C(9) 91.2(1) S(2) Mn(l) C(10) 177.8(1) 

S(2) Mn(l) C(ll) 86.9(1) S(3) Mn(l) C(9) 88.90(9) 

S(3) Mii(l) C(10) 93.4(1) S(3) Mn(l) C(ll) 175.4(1) 

C(9) Mii(l) C(10) 89.1(1) C(9) Mn(l) C(ll) 89.8(1) 

C(10) Mn(l) C(ll) 90.9(1) Mn(l) S(l) C(5) 111.33(9) 

Mii(l) S(l) C(6) 108.0(1) C(5) S(l) C(6) 102.0(1) 

Mn(I) S(2) C(4) 110.4(1) Mn(I) S(2) C(8) 108.3(1) 

C(4) S(2) C(8) 101.6(1) Mii(l) S(3) C(3) 110.83(9) 

Mn(l) S(3) C(7) 109.8(1) C(3) S(3) C(7) 101.5(1) 
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Figure 3.4. X-ray crystal structure of ̂ K-[Mn(CO)3{MeC!(CH2SeMe)3}] [CF3SO3] with 

numbering scheme adopted. Ellipsoids are drawn at 40 % probability and H-atoms 

omitted (or clarity. 

F(3) 

75 



Chapter 3 Manganese(I) Tricarbonyl Groiq) 16 Tripodal Complexes 

Table 3.6. Selected bond lengths foryac-[Mn(CO)3{MeC(CH2SeMe)3}]\ 

Atom Atom Distance/A Atom Atom Distance/A 

Se(l) Mn(l) 2.464(1) Se(l) C(6) 1.981(7) 

Se(l) C(9) 1.945(7) Se(2) Mn(l) 2.459(1) 

Se(2) C(7) 1.974(8) Se(2) C(10) 1.946(8) 

Se(3) Mn(l) 2.449(1) Se(3) C(8) 1.975(7) 

Se(3) C(ll) 1.934(7) Mn(l) C(l) 1.821(8) 

Mn(l) C(2) 1.793(8) Mn(l) C(3) 1.804(8) 

Table 3.7. Selected bond angles (oryac-[Mn(CO)3{MeC(CH2SeMe)3}j . 

Atom Atom Atom AngleQ Atom Atom Atom Aiigle(°) 

Mn(l) Se(l) C(6) 109.1(2) Mn(l) Se(l) C(9) 107.9(2) 

C(6) Se(l) C(9) 98.9(3) Mn(l) Se(2) C(7) 109.5(2) 

Mn(l) Se(2) C(10) 106.2(3) C(7) Se(2) C(10) 98.1(4) 

Mn(l) Se(3) C(8) 109.4(2) Mn(l) Se(3) C(ll) 104.7(2) 

C(8) Se(3) C(ll) 100.2(3) Se(l) Mn(l) Se(2) 89.19(5) 

Se(l) Mii(l) Se(3) 89.18(4) Se(l) Mn(l) C(l) 175.3(2) 

Se(l) Mn(l) C(2) 93.5(2) Se(l) M]i(l) C(3) 87.6(2) 

Se(2) Mn(l) Se(3) 91.45(4) Se(2) Mii(l) C(l) 86.5(2) 

Se(2) Mn(l) C(2) 177.2(2) Se(2) Mn(l) C(3) 90.8(3) 

Se(3) Mn(l) (3(1) 92.7(2) Se(3) Mii(l) C(2) 87.7(2) 

Se(3) Mn(l) C(3) 176.0(2) (](!) Mn(l) C(2) 90.9(3) 

(:(!) Mn(l) C(3) 90.7(3) C(2) Mii(l) C(3) 90.2(4) 

The structure of [Mn(C0)3{MeC(CH2TeMe)3}][CF3SO3] revealed the cation and anion 

both disordered across a crystallographic mirror plane (Figure 3.5. Tables 3.3 and 3.8 to 3.9). 

In the cation, the central Mn centre is coordinated to three mutual lycarbonyl ligands and 

all three Te donors. However, the disorder leads to two alternative but equally occupied sites 

for each of the Te-bound Me groups, and hence it is not possible to establish which 

diastereoisomer occurs in the solid state. 
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Figure 3.5. X-ray crystal structure of yiK;-[Mn(CO)3{MeC(CH2TeMe)3}]^ with 

numbering scheme adopted. Ellipsoids are drawn at 40 % probability and H-atoms 

omitted for clarity. The figure shows the g'M arrangement established spectroscopicaUy 

in solution, although it can not be certain which isomer occurs in the solid state due to 

the disorder. 

Te(2*) 

C(3) 

0(1*) 

Table 3.8. Selected bond lengths forykc-[Mn(CO)3{MeC(CH2TeMe)3}]\ 

Atom Atom Distance/A Atom Atom Distance/A 

Te(l) Mn(l) 2.601(1) Te(l) C(3) 2.10(1) 

Te(l) C(3) 2.10(1) Te(l) C(4) 2.165(8) 

Te(2) Mn(l) 2.6063(8) Te(2) C(7) 2.162(5) 

Te(2) C(8) 2.05(1) Te(2) C(9) 1.97(1) 

Mn(l) C(l) 1.795(6) Mn(l) C(l) 1.795(6) 

Mn(l) C(2) 1.790(8) 
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Table 3.9. Selected bond angles fory<K-[Mn(CO)3{MeC(CH2TeMe)3}]\ 

Atom Atom Atom Aiigle(°) Atom Atom Atom Angle(°) 

Mn(l) Te(l) C(3) 106.4(3) Mn(l) Te(l) C(3) 106.4(3) 

Mn(l) Te(l) C(4) 108.0(2) C(3) Te(l) C(3) 140.9(7) 

C(3) Te(l) C(4) 94.8(4) C(3) Te(l) C(4) 94.8(4) 

Mn(l) Te(2) C(7) 107.9(2) Mn(l) Te(2) C(8) 109.5(3) 

Mn(l) Te(2) C(9) 106.9(3) C(7) Te(2) C(8) 99.6(4) 

C(7) Te(2) C(9) 99.6(4) C(8) Te(2) C(9) 130.8(5) 

Te(l) Mn(l) Te(2) 90.08(3) Te(l) Mn(l) Te(2) 90.08(3) 

Te(l) Mn(l) C(l) 89.1(2) Te(l) Mn(l) C(l) 89.1(2) 

Te(l) Mn(l) C(2) 178.1(2) Te(2) Mii(l) Te(2) 89.31(4) 

Te(2) Mn(l) C(l) 90.6(2) Te(2) Mii(l) C(l) 179.1(2) 

Te(2) Mn(l) C(2) 88.6(2) Te(2) Mn(l) C(l) 179.1(2) 

Te(2) Mn(l) C(l) 90.6(2) Te(2) Mn(l) C(2) 88.6(2) 

C(l) Mn(l) C(l) 89.4(3) C(l) Mii(l) C(2) 92.2(2) 

C(l) Mn(l) C(2) 92.2(2) 

The complex [Re(C0)3{MeC(CH2SeMe)3}][CF3S03] (Figure 3.7. Tables 3.13 to 3.14) 

shows a similar arrangement to its manganese analogue, adopting the syn form in the solid 

state, again consistent with solution NMR spectroscopy. 

The Mn-S distances obtained for the thioether complex compared well with similar 

thioether complexes reported in the literature, [Mn(C0)3([9]aneS3)]3[PF6]2Br-2H20 (Mn-S = 

2.314(4) - 2.341(4) A)/^)ac-[Mn(CO)3([10]aneS3)r (Mn-S = 2.303(5) - 2.405(6) A) and 

_/ac-[Mn(C0)3{MeS(CH2)2S(CH2)2SMe}]+ (Mn-S - 2.320(3) - 2.402(4) A).'^ 

There are no reported structural data for cationic manganese(I) or rhenium(I) selenoether 

complexes in the literature, although c/(M-Se) may be compared with those in the neutral 

species ^c-[Mn(CO)3{MeSe(CH2)2SeMe}Cl] (Mn-Se — 2.481(3), 2.467(3) A), 

[Mn(CO)3{MeSe(CH2)3SeMe}Cl] (Mn-Se = 2.474(2), 2.482(2) A)̂ ^ and 

[Re(CO)3{MeSe(CH2)2SeMe}I] (Re-Se = 2.593(1), 2.597(1) A).̂ ^ 

Similarly, there are no reported structural data for cationic telluroether complexes of 

manganese(I). However, the data may be compared with the complex [Mn(C0)3 {o-

C6H4(TeMe)2}Cl] (Mn-Te = 2.598(1), 2.613(1) A) (Chapter 2).^^ 

78 



Chapter 3 Manganese(I) Tricarbonyl Group 16 Tripodal Complexes 

The range of Mn-E distances and E-Mn-E angles observed for each complex are shown 

in Table 3.10. Comparing the structural data for the homologous series 

[Mn(C0)3{MeC(CH2EMe)3}]^ (E = S, Se or Te) shows an increase in (/(Mn-E) according to 

the series S < Se < Te, in accord with the increasing covalent radii. In the absence of 

structural data on a much wider range of analogous systems, it is not possible to be certain 

whether the subtle changes in bonding down the group are reflected in the measured 

structural parameters. In fact it is likely that the differences are within the error limits of X-

ray analyses. 

Table 3.10. Range of Mn-E Distances and E-Mn-E Angles. 

Complex Mn -E/A E-Mn-E/(°) 

[Mn(CO)3{MeC(CH2SMe)3}]+ 2.3481(8) - 2.3579(8) 88.12(3) - 91.63(3) 

[Mii(CO)3 {MeC(CH2SeMe)3}]^ 2.449(1) - 2.464(1) 89.18(4) - 91.45(4) 

[Mn(CO)3 {MeC(CH2TeMe)3}]'̂  2.601(1) - 2.6063(8) 89.31(4) - 90.08(3) 

[Mn(CO)3 {MeC(CH2TePh)3}]^ 2.615(2) - 2.643(2) 86.07(6) - 94.49(6) 

[Re(C0)3 {MeC(CH2SeMe)3}]+ 2.579(3) - 2.594(2)^ 87.09(8). 89.08(8)^ 

*Re-Se.°Se-Re-Se. 

TTbie striMzbire lof iWie icoinjptex sdbcrws the 

cation in a distorted octahedral geometry (Figure 3.6. Tables 3.11 to 3.12) with the Ph groups 

adopting the syn arrangement. The Mn-Te distances in the Me- substituted species are shorter 

{ca. 0.025 A) than those for the Ph-substituted analogue (Table 3.10), and although this is 

consistent with the Me-substituted tripod being a better a-donor ligand, steric effects may 

aisolKiveaii(;fB&ct. 
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Figure 3.6. X-ray crystal structure of yw;-[Mn(CO)3{MeC(CH2TePh)3}]^ with 

numbering scheme adopted. Ellipsoids are drawn at 40 % probability and H-atoms 

omitted for clarity. 

C(4) 

C(I8 

C(19)̂  

Table 3.11. Selected bond lengths for/ac-[Mn(CO)3{MeC(CH2TePh)3}]\ 

Atom Atom Distance/A Atom Atom Distance/A 

Te(l) 2.627(2) Te(l) C(6) 2.16(1) 

Te(l) C(9) 2.14(1) Te(2) Mn(l) 2.615(2) 

Te(2) C(7) 2.16(1) Te(2) C(15) 2.13(1) 

Te(3) Mn(l) 2.643(2) Te(3) C(8) 2.16(1) 

Te(3) C(21) 2.14(1) Mn(l) C(l) 1.80(1) 

C(2) 1.80(1) Mn(l) C(3) 1.83(1) 
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Table 3.12. Selected bond angles foryac-[Mn(CO)3{MeC(CH2TePh)3}]\ 

Atom Atom Atom AngleO Atom Atom Atom Angle(°) 

Mn(l) Te(l) C(6) 108.3(3) Mii(l) Te(l) C(9) 102.3(3) 

C(6) Te(l) C(9) 100.3(5) Mn(l) Te(2) C(7) 108.2(3) 

Mn(l) Te(2) C(15) 105.6(3) C(7) Te(2) C(15) 97.5(5) 

Mn(l) Te(3) C(8) 107.3(3) Mn(l) Te(3) C(21) 104.0(3) 

C(8) Te(3) C(21) 96.0(5) Te(l) Mn(l) Te(2) 87.68(6) 

Te(l) Mn(l) Te(3) 86.07(6) Te(l) Ma(l) C(3) 92.1(4) 

Te(l) Mii(l) C(2) 175.6(4) Te(l) Mn(l) C(l) 92.0(5) 

Te(2) Mn(l) Te(3) 94.49(6) Te(2) Mn(l) C(l) 176.7(5) 

Te(2) Mn(l) C(2) 88.4(4) Te(2) Mn(l) C(3) 87.1(4) 

Te(3) Mn(l) C(l) 88.8(5) Te(3) Mn(l) C(2) 92.4(4) 

Te(3) Mn(l) C(3) 177.5(4) C(l) Mn(l) C(2) 92.0(6) 

C(l) C(3) 89.6(6) C(2) Mii(l) C(3) 89.6(6) 
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Figure 3.7. X-ray crystal structure ofyac-[Re(CO)3{MeC(CH2SeMe)3}]^ with numbering 

scheme adopted. Ellipsoids are drawn at 40 % probability and H-atoms omitted for 

clarity. 

cam 

0{4) 

80(3 

Table 3.13. Selected bond lengths for/izc-[Re(CO)3{MeC(CH2SeMe)3}] . 

Atom Atom Distance/A Atom Atom Distance/A 

Re(l) Se(l) 2.588(3) Re(l) Se(2) 2.579(2) 

Re(l) Se(3) 2.587(2) Re(l) C(l) 1.91(2) 

Re(I) C(2) 1.86(2) Re(l) C(3) 1.86(3) 

Re(2) Se(4) 2.579(3) Re(2) Se(5) 2.594(2) 

Re(2) Se(6) 2.578(3) Re(2) C(4) 1.93(3) 

Re(2) C(5) 1.98(3) Re(2) C(6) 1.95(3) 

Se(l) C(ll) 1.95(2) Se(l) C(13) 1.93(2) 

Se(2) C(9) 1.97(2) Se(2) C(12) 1.94(2) 

Se(3) C(10) 1.99(2) Se(3) C(14) 1.93(2) 

Se(4) C(18) 1.98(2) Se(4) C(20) 1.92(2) 

Se(5) C(17) 1.97(2) Se(5) C(22) 1.95(3) 

Se(6) C(19) 1.98(2) Se(6) C(21) 1.97(3) 
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Table 3.14. Selected bond angles foryac-[Re(CO)3{MeC(CH2SeMe)3}]\ 

Atom Atom Atom AngleO Atom Atom Atom Angle(°) 

Se(l) Re(l) Se(2) 87.94(8) Se(I) Re(I) Se(3) 87.96(8) 

Se(l) Re(l) C(l) 87.2(7) Se(l) Re(l) C(2) 91.2(7) 

Se(l) Re(l) C(3) 177.4(6) Se(2) Re(l) Se(3) 87.76(7) 

Se(2) Re(l) C(l) 91.9(6) Se(2) Re(l) C(2) 178.6(6) 

Se(2) Re(l) C(3) 89.7(6) Se(3) Re(l) C(l) 175.1(7) 

Se(3) Re(I) C(2) 91.1(7) Se(3) Re(l) C(3) 90.9(6) 

C(l) Re(l) C(2) 89.2(9) C(l) Re(l) C(3) 94.0(9) 

C(2) Re(l) C(3) 91.1(10) Se(4) Re(2) Se(5) 87.68(8) 

Se(4) Re(2) Se(6) 89.08(8) Se(4) Re(2) C(4) 176.8(9) 

Se(4) Re(2) C(5) 86.8(9) Se(4) Re(2) C(6) 93.7(8) 

Se(5) Re(2) Se(6) 87.09(8) Se(5) Re(2) C(4) 89.9(7) 

Se(5) Re(2) C(5) 94.2(6) Se(5) Re(2) C(6) 176.1(7) 

Se(6) Re(2) C(4) 92.9(10) Se(6) Re(2) C(5) 175.6(9) 

Se(6) Re(2) C(6) 89.3(7) C(4) Re(2) C(5) 91(1) 

C(4) Re(2) C(6) 88(1) C(5) Re(2) C(6) 89.5(9) 

Re(l) Se(l) C(ll) 108.7(6) Re(l) Se(l) C(13) 105.1(8) 

C(ll) Se(l) C(13) 100.1(9) Re(l) Se(2) C(9) 108.5(5) 

Re(l) Se(2) C(12) 104.3(7) C(9) Se(2) C(12) 100.1(10) 

Re(l) Se(3) C(10) 108.8(6) Re(l) Se(3) C(14) 104.7(7) 

C(IO) Se(3) C(14) 98.8(9) Re(2) Se(4) C(18) 108.9(6) 

Re(2) Se(4) C(20) 107.7(9) C(18) Se(4) C(20) 99.3(9) 

Re(2) Se(5) C(17) 108.5(6) Re(2) Se(5) C(22) 107.5(7) 

C(17) Se(5) C(22) 97.1(10) Re(2) Se(6) C(19) 108.6(6) 

Re(2) Se(6) C(21) 104.9(8) C(19) Se(6) C(21) 98(1) 
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3 3 Conclusions 

The complexes ̂ c-[Mn(C0)3(L^)][CF3SO3] {L̂  = MeC(CH2SMe)3, MeC(CH2SeMe)3, 

MeC(CH2TeMe)3 or MeC(CH2TePh)3} and^c-[Re(C0)3{MeC(CH2SeMe)3}][CF3S03] have 

been prepared as yellow solids in good yields via the reaction of [Mn(CO)3(Me2CO)3]^ or 

[Re(CO)3(Me2CO)3]^ with in acetone. 

NMR and IR spectroscopic data have confirmed the identity of these complexes in 

solution, showing that the syn isomer is the dominant species, as well as providing further 

information on the relative bonding properties of these group 16 ligands. Manganese-55 

NMR spectroscopy has shown that for a given donor type 6(^^Mn) lies significantly to low 

frequency compared to those for the neutral j^c-[Mn(CO)3(L-L)X] (X= CI, Br or I, L-L = 

dithio", diseleno or ditelluroether) species (Chapter 2). 

The manganese-55 NMR spectroscopic data for the series fac-

[Mn(CO)3{MeC(CH2EMe)3}]'̂  (E = S, Se or Te) have also shown that 8(^^Mn) is shifted to 

low frequency, indicating that the manganese nucleus experiences greater shielding, upon 

descending group 16. In addition to this, comparison of the ratio 8(^^Te)/6(^Se) for the 

complexes ̂ c-[Mn(C0)3{MeC(CH2SeMe)3}]^ and_^c-[Mn(CO)3 {MeC(CH2TeMe)3}]^ with 

other group 16 compounds reported in the literature has shown the tellurium-125 chemical 

shift of telluroether complex to be more positive than expected, thereby indicating increased 

<j-donation from the telluroether ligand. Thus, the same trend of cr-donation increasing in the 

order S < Se « Te, described in Chapter 2, has been observed. 

The single crystal X-ray structures of all five complexes have confirmed that the 

manganese or rhenium atom is bonded to all three donors of the tripodal ligand with a 

distorted octahedral geometry at the metal. The syn invertomer is observed for all complexes 

in the solid state, although for the complex ̂ c-[Mn(CO)3 {MeC(CH2TeMe)3} ] [CF3SO3] the 

invertomer could not be identified due to disorder. 
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3.4 Eiperimental 

The compounds [Mn(C0)5Br]/" [Re(CO)5Br],̂ ^ ^c-[Mn(C0)3(Me2C0)3][CF3S03]," 

MeC(CH2SMe)3,^ MeC(CH2SeMe)3^ and MeC(CH2TeMe)3^ were prepared VM the 

literature procedures. The synthesis of the ligand MeC(CH2TePh)3 is described in Chapter 7, 

along with improved syntheses for the thio- and selenoether tripod ligands. The reactions 

were protected from light by wrapping the reaction flask in foil and the isolated manganese 

complexes were stored in foil wrapped ampoules in a refrigerator. 

)ac-[Mn(C0)3{MeC(CH2SMe)3}][CF3S03]. A solution of 

[Mn(C0)3(Me2C0)3][CFsSOa] was prepared by treatment of [Mn(C0)5Br] (55 mg, 2.0 x lO"̂  

mol) with AgCFsSOs (56 mg, 2.2 x 10"̂  mol) in refiuxing acetone for 1 hour, and subsequent 

removal of the precipitated AgBr by filtration to yield a yellow solution. MeC(CH2SeMe)3 

(42 mg, 2.0 x 10"̂  mmol) was dissolved in acetone (1 cm^) and added to the reaction mixture. 

Removing aliquots of the solution and recording their IR spectra was used to monitor the 

progress of the reaction. After 16 hours the carbonyl bands of [Mn(CO)3(Me2CO)3]^ had 

been replaced by two new vibrations and the reaction was deemed to be complete. The 

solvent was removed in vacuo and CH2CI2 (2 cm^) added to dissolve the residue, followed by 

addition of ice cold light petroleum ether (40 - 60 °C) to precipitate a yellow powder. Yield 

65 mg, 65 %. Analysis: Calculated for Ci2Hi8F3Mn06S4.CH2Cl2: %C, 26.8; %H, 3.4. Found: 

%C, 27.0; %H, 3.5. ^HNMR (CDCI3, 300 K): 6 1.15 (s, IH, CCH3), 2.22 (s, 3H, SCH3), 2.90 

(s, 2H, SCH2). '̂ C{^H} NMR (CH2CI2/CDCI3, 300 K): 8 25.5 (SCH3), 31(CCH3), 36.2 (C), 

39.4 (SCHz), 214 - 217 (CO). NMR (CH2CI2/CDCI3, 300 K): 8 -477 (wi/2 = 5000 Hz). 

ES+ (MeCN), = 349; calc. for [Mn(C0)3{MeC(CH2SMe)3}]'^ 349. IR/cm ' 2963(w), 

2047(s), 1953(s), 1424(m), 1359(m), 1262(s), 1233(m), 1154(s), 1096(s), 103 l(s), 864(w), 

803(m), 760(m), 666(m), 640(s), 622(m), 574(w), 524(m). 

^c-[Mn(C0)3{MeC(CH2SeMe)3}][CF3S03] was prepared similarly to give a yellow 

product (47 %). Analysis: Calculated for Ci2HisF3Mn06SSe3: %C, 22.5; %H, 2.8. Found: 

%C, 23.2; %H, 3.0. 'H NMR (CDCI3, 300 K): 6 1.27 (s, IH, CCH3), 2.27 (s), 2.32 (s) (aMr/), 

2.38 (s) ( ^ ) (3H, SeCH3), 2.70 (s, 2H, SeCH2). ^̂ C{̂ H} NMR (CH2CI2/CDCI3, 300 K): 

6 16.1 (SeCH]), 32.2 (CCH3), 34.8 (SeCH2), 38.3 (C), 215 - 218 (CO). ^̂ Mn NMR 

(CH2CI2/CDCI3, 300 K): 6 -721 (wi/2 - 3610 Hz). ^^Se{'H} NMR (CH2CI2/CDCI3, 300 K): 
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f) 48. E:s+ (TVIeCJN), m/z = 4()1, 435, calc. ftar 493, 

[Mii(CO){MeC(CH2'̂ °SeMe)3}]'̂  437, [Mii{MeC(CH2^SeMe)3}r 409. IR/cm-̂  2036(s), 

1966(s), 1940(s), 1356(s), 1265(s), 1232(w), 1163(m), 1150(m), 1690(w), 1028(s), 995(w), 

915(w), 833(w), 680(w), 663(w), 638(s), 618(m), 572(w), 555(w), 523(m), 279(w), 202(w), 

191(w). 

^zc-[Mn(C0)3 {MeC(CH2TeMe)3}] [CF3SO3] was prepared similarly to give an orange 

product (78 %). Analysis: Calculated for CnHigFaMnOeSTcs: %C, 18.3; %H, 2.3. Found: 

%C, 18.9; %H, 2.6. NMR (CDCI3, 300 K): 6 1.58 (s, IH, CCH3), 2.19 (s, 3H, TeCHg), 

3.00 (s, 2H, TeCH2). NMR (CH2CI2/CDCI3, 300 K): 8 -8.3 (TeCH3), 23.7 (TeCHz), 

29.4 (CCH3), 39.5 (C), 217 - 222 (CO). NMR (CH2CI2/CDCI3, 300 K): 6 -1509 (wi/2 = 

1200 Hz). NMR (CH2CI2/CDCI3, 300 K): 6 112. ES+ (MeCN), = 639, 583, 

555; calc. for [Mn(C0)3{MeC(CH2"°TeMe)3}]'^ 643, [Mn(CO){MeC(CH2""TeMe)3}]^ 587, 

[Mn{MeC(CH2"°TeMe)3}]'^ 559. IR/cm'̂  2962(w), 2013(s), 1946(s), 1919(s), 1357(s), 

1262(m), 1150(w), 1094(s), 1026(w), 834(m), 664(w), 636(m), 614(m), 535(m), 204(w), 

188(w). 

^c-[Mii(C0)3{MeC(CH2TePh)3}][CF3S03] was prepared similarly to give an orange 

product (65 %). Analysis: Calculated for C27H24F3Mn06STe3: %C, 33.3; %H, 2.5. Found: 

%C, 34.3; %H, 2.7. NMR (CDCI3 300 K): 6 1.20 (s, IH, CCH3), 2.8 - 3.8 (br, 2H, 

TeCH2), 7.4 - 7.7 (m, 5H, TePh). "C{^H} NMR (CH2CI2/CDCI3, 300 K): 6 20.5 (TeCHz), 

31.3 (CCH3), 40.2 (C), 128 - 139 (TePh), 215 - 220 (CO). ^^MnNMR (CH2CI2/CDCI3, 300 

K): 8 -1320 (w]/2 = 2100 Hz). ^^Te{^H} NMR (CH2CI2/CDCI3, 300 K): 6 353. ES+ (MeCN), 

= 824; calc. for [Mn(CO)3{MeC(CH2^^°TePh)3}]^ 829. IR/cm'̂  3061(w), 2962(w), 

2929(w), 2021(s), 1946(s), 1572(w), 1475(w), 1434(m), 1361(m), 1262(s), 1161(m), 

1096(m), 103l(s), 998(m), 834(w), 803(w), 734(w), 690(w), 638(m), 614(m), 519(m), 

453(m). 

yac-[Re(C0)3{MeC(CH2SeMe)3}][CF3S03]. A solution of 

[Re(C0)3(Me2C0)3][CF3S03] was prepared by treatment of [Re(C0)5Br] (60 mg, 1.5 x 10 

mol) with AgCF3S03 (38 mg, 1.5 x 10"̂  mol) in refluxing acetone for 4 hours. AAer cooling, 

the precipitated AgBr was removed by filtration and MeC(CH2SeMe)3 (52 mg, 1.5 x 10 

mol) added to the reaction mixture which was then refluxed for a further 48 hours. The 

solvent was reduced m vacz/o to 2 cm^ and ice cold light petroleum ether (40 - 60 °C) added 
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to precipitate a white powder. Yield 30 mg, 26 %. Analysis: Calculated for 

CnHigFgOeReSSes: %C, 18.7; %H, 2.3. Found: %C, 19.2; %H, 1.6. NMR (CDCI3, 300 

K): 6 1.33 (s, IH, CCH3), 2.31 (s, 3H, SeCHg), 2.62 (s, 2H, SeCHz). NMR 

(CH2CI2/CDCI3, 300 K): 6 31.0 (SeCHs), 34.9 (CCH3), 40.4 (SeCH2), 42.9 (C), 187.5 (CO). 

^Se{'H} NMR (CH2CI2/CDCI3, 300 K): 6 23. ES+ (MeCN), = 621; calc. for 

["'̂ Re(C0)3{MeC(CH2'̂ °SeMe)3}]'̂  623. m/crn'^ 2973(w), 2039(s), 1956(sh), 1940(s), 

1357(s), 1260(s), 1226(w), 1154(m), 1092(m), 1029(s), 991(w), 834(w), 674(ni), 668(m), 

638(w), 516(m), 470(w). 

Details of the ciystallographic data collection and refinement parameters are given in 

Table 3.3. The crystals were grown by vapour diffusion of petroleum ether (40 - 60 °C) into 

solutions of the complexes in CH2CI2. Data collection used a Rigaku AFC7S four circle 

diffractometer operating at 150 K (except for [Re(C0)3 {MeC(CH2SeMe)3} ] [CF3SO3], 298 

K) using graphite-monochromated Mo-Ka X-radiation (X = 0.71073 A). No significant 

crystal decay or movement was observed and the data were corrected for absorption using psi 

scans. The structures were solved by heavy atom methods^ and expanded using Fourier 

techniques.^^ All calculations were performed using the teXsan crystallographic software 

package of Molecular Structure Corporation.̂ ^ 

_;^c-[Mn(C0)3{MeC(CH2SMe)3}][CF3S03],yac-[Mn(C0)3{MeC(CH2SeMe)3}][CF3S03] 

and yac-[Mn(C0)3{MeC(CH2TePh)3}][CF3S03]. All non-hydrogen atoms were refined 

anisotropically while H-atoms were placed in fixed, calculated positions with (/(C-H) = 0.96 

A. 

^c-[Mn(C0)3{MeC(CH2TeMe)3}][CF3S03]. The cation and anion were both disordered 

across a crystallographic mirror plane, although this disorder was successfully modelled. In 

the cation Mn(l), Te(l), 0(2), C(2) and C(4) lie on the plane, although there are two equally 

populated alternative positions for each of the terminal Me substituents. The disorder in the 

triflate anion also leads to two equally populated arrangements, such that S(l), F(l) and 0(3) 

lie on the mirror plane and are common to both, with one 50 % occupied triflate defined by 

S(l), 0(3), 0(4), 0(5), F(l), F(2), F(3) and C(10), while the other is defined by S(l), 0(3), 
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0(4), 0(5*), C(10*), F(l), F(2*) and F(3*). All non-hydrogen atoms were refined 

iioiscdrcqpicaLUyrTArhile H-adxmis wemzjplaasd in jiaaed, caLkmlatexi fiositiorLS wrhli == ().9(5 

A. 

^c-[Re(C0)3{MeC(CH2SeMe)3}][CF3S03]. Data were collected at 298 K and hence 

thermal parameters are higher than for the other structures. The structure shows two 

independent cations and two anions in the asymmetric unit. Both triflate anions show some 

disorder. In one case, the three F atoms are disordered through rotation about the C3 axis. 

This was modelled successfully using alternative sites for each in a 50:50 ratio. In the other 

anion the O atoms are disordered via rotation about the C-S bond, giving two alternative sites 

in a 70:30 ratio. The F atoms in this molecule also show some disorder, although attempts to 

refine these with split occupancies were unsuccessful, hence these were refined 

anisotropically with high thermal parameters. The Re, Se, S, C and the fully occupied F and 

O atoms were refined anisotropically and H atoms included in fixed, calculated positions. 
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Chapter 4 Homoleptic Platinum and Group 11 Metal Complexes 

4.1 Introduction 

The results of our studies into the bonding properties of telluroether ligands (Chapters 2 

and 3) to low valent metal centres, along with the fact that, apart from the manganese(I) 

tritelluroether complexes discussed in Chapter 3, the coordination chemistry of multidentate 

telluroethers remained unexplored, promoted the investigation into homoleptic platinum 

group and group 10 metal complexes with the seleno- and telluroether tripodal ligands. 

However, in order to gain initial information on the properties of such homoleptic 

telluroether complexes the preparation of Pd(II) and Pt(II) bis(ditelluroether) species was 

investigated since there have been few reports of such systems. Indeed, as discussed in 

Chapter 1, most work has concentrated on the preparation of platinum metal halide 

complexes with a 1:1 metahditelluroether ratio including [M(L-L)X2] (M = Pd or Pt; L-L = 

R = h*e(* Ph,(m = 

[{Ir(L-L)Cl3}„].^ Far fewer complexes with a 2:1 ditelluroether:metal ratio are known, 

examples being limited to some unstable cobalt(III) complexes/ and a range of homoleptic 

copper(I) and silver(l) complexes of the type [M(L-L)2]^, where L-L is a dithio-, diseleno- or 

ditelluroether ligand.^ Since the presence of halide co-ligands is expected to influence the 

properties of telluroether complexes significantly, the preparation of homoleptic species with 

Pd(II) and Pt(II) metal centres should enable the ditelluroether ligands to be studied in a new 

coordination environment. 

In contrast to telluroether chemistry, the preparation of bis(dithioether) complexes with 

palladium and platinum is well established. The complexes [M(L-L)2][C104]2 {M = Pd or Pt; 

L-L = RS(CH2);,SR (R = Me or Ph, M = 2 or 3), cM-RSCH=CHSR and o-Cg^CSR)!} have 

been prepared via the reaction of Ag[C104] with [MCl2(NCMe)2] and subsequent addition of 

ligand.' These complexes were found to have low barriers to inversion due to the high trans 

influence of S compared to halide ligands. More recently, bis(diselenoether) complexes with 

Pd and Pt have also been studied. The preparation of the complexes 

[M {MeSe(CH2)3SeMe} 2]̂ ^ (M = Pd or Pt) have been reported via the reaction of the ligand 

with MCI2 in refluxing MeCN in the presence of TlPFg.̂  A few platinum metal complexes 

have also been described with the tripodal selenoether ligand MeC(CH2SeMe)3, including 

[M{MeC(CH2SeMe)3}Cl2] (M = Pd or Pt), [M{MeC(CH2SeMe)3}Cl3] (M = Rh or Ir) and 

[Ru{MeC(CH2SeMe)3}Cl3],^ however no homoleptic species have yet been reported. 
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Reported here are the results of a study into the chemistry of the ligands MeC(CH2TeR)3 

(II = ]V[e arid Pli) aiwi, jxxr ccKrq)ariscw ]̂VIe(]((IH2SeJVIe)3 Vfidh thuzjplatuiuingrroui) ancljgroup 

11 metals with the aim to form homoleptic species and probe the coordination modes adopted 

by these ligands on a variety of metal ions with differing stereochemical properties. 

The homoleptic platinum and palladium complexes with ditelluroether ligands 

[M(L-L)2]^^ {M = Pd or Pt; L-L = RTe(CH2)3TeR (R = Me or Ph) and o-C6H4(TeMe)2} have 

also been synthesised for comparison. 

These complexes have been characterised by analysis, IR and multinuclear NMR (^H, 
Tn 1 1o ̂  t 

Se{ H}/ Te{ H}) spectroscopy as well as electrospray mass spectrometry. X-ray 

crystallographic studies have also been conducted on five of the complexes to confirm their 

identity and reveal their structures in the solid state. 
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4.2 Results and Discussion 

4.21 Bis {ditelluroether) complexes of Pd and Pt 

Reaction of [M(NCMe)2Cl2] (M = Pd or Pt) with 2 mol. equiv. of ditelluroether ligand, 

L-L {L-L = RTe(CH2)3TeR (R = Me or Ph) or o-C6H4(TeMe)2}, and 2 mol. equiv. of TlPFe 

in MeCN affords the complexes [M(L-L)2][PF6]2 as yellow or orange solids in high yield, 

after removal of the precipitated TlCl through filtration, reduction of the solvent volume in 

vacuo and addition of diethyl ether. Previously, the reaction of [M(NCMe)2Cl2] with a large 

excess of ditelluroether had been shown to give [M(L-L)Cl2] as the only product,^' ^ thereby 

necessitating the use of TlPFg. Longer reaction times at room temperature were employed, 

rather than refluxing the reaction mixture, since dealkylation of the telluroether ligand was 

liable to occur. 

Coordinated diteiluroethers exist as two diastereoisomers, meso (with syn R groups) and 

DL (with anti R groups).̂ ®' Proton and especially '^Te{^H} NMR spectroscopies have 

proved very useful in assigning structures to many ditelluroether complexes. The possible 

combinations of meso and DL diteiluroethers for planar M(L-L)2 moieties result in five 

possible isomers (invertomers) containing eight distinct tellurium centres, although all 

isomers need not be present in significant amounts in a given solution. 

Figure 4.1. The possible invertomers for the complex |M{o-C6H4(TeMe)2}2]^ . 

i 
eci><:pD 
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Bknveve^ the qp&Mcs disKwssed l%%e the Te^yaMj-Te anangenKxd sypuGcandy 

lowers inversion barriers for pyramidal inversion, due to the high trans influence of 

tellurium. At room temperature the 'H NMR spectra of all complexes showed broad features, 

sometimes with ill-defined splittings, thereby indicating that inversion processes were taking 

place on the 'H NMR timescale. Similarly at 300 K, the ^^^Te{^H} NMR spectra showed 

very broad features typical of systems near to coalescence (Table 4.1). 

Table 4.1. NMR data for the complexes [M(L-L)2]^\ 

Complex 8*%:Te{:H}*/ppm 

[Pd{MeTe(CH2)3TeMe}2]^^ 198-219 

[Pd{PhTe(CH2)3TePh}2]^^ 485,580,605 

[Pd{o-C6H4(TeMe)2}2]^^ 770 - 825 

[Pt{MeTe(CH2)3TeMe}2]^+ 195,196,200,201 

[Pt{PhTe(CH2)3TePh}2]^^ 570 - 580 

[Pt{o-C6H4(TeMe)2}2]^+ 692,720 

" in MezCO/CDCl; solution at 300 K, relative to neat external TeMea. 

On cooling the spectra sharpened and for the platinum complexes individual resonances 

were resolved, but even at 210 K inversion still led to significant broadening and ^̂ ^Pt 

satellites were not resolved. Consistent with this, none of the platinum complexes exhibited a 

spechiun al ainbK%# tenyxoahue, but cm cooihy; a sohdion of 

C6H4(TeMe)2}2]to 210 K broad resonances appeared at 5 -4790 and -4760. These shifts 

may be compared with those obtained for [Pt{MeSe(CH2)3SeMe}2]^^ (6 -4677, -4663 and 

-4657)" and [Pt([8]aneSe2)2]̂ ^ (6 -4606). 
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Since NMR spectroscopic data revealed little structural information, due to the fluxional 

nature of these complexes, a single crystal X-ray diffraction study was undertaken on the 

species [Pd{o-C6H4(TeMe)2}2][PF6]2-MeCN, grown via the vapour diffusion of diethyl ether 

into a solution of the complex in MeCN. The structure (Figure 4.2, Tables 4.2 - 4.4) revealed 

a square planar cation with the Pd atom on an inversion centre, coordinated to two meso 

ditelluroether ligands. Two PFe" anions and a disordered MeCN molecule were also present 

in the asymmetric unit. The Te-Pd-Te angles are close to 90°, with cf(Pd-Te) markedly longer 

than those in [Pd{PhTe(CH2)3TePh}Br2] (2.528(1), 2.525(1) A)' and thus consistent with the 

relative trans influence of Te > Br. 

Attempts to oxidise the [Pt(L-L)2]^^ species to Pt^ using CI2 in CCI4 were unsuccessful, 

with the '̂ ^Te{^H} NMR spectrum showing signals corresponding to chlorinated ligand. This 

contrasts with the successful oxidation of [Pt(L-L)X2] to stable [Pt(L-L)X4] (L-L = dithio- or 

diselenoether) analogues/^' but is consistent with attempts to oxidise the dichloro-

ditelluroether species.^ Treatment of either of the palladium or platinum cations with LiCl in 

MeCN, monitored by UV/Vis spectroscopy, resulted in displacement of one ditelluroether 

and the formation of the corresponding [M(L-L)Cl2] species.'' ^ A similar result was found 

6)r the complexes [M{MeSe(CH2)3SeMe}2]^^ (M = Pd or Pt).̂  

Figure 4.2. X-ray crystal structure of [Pd{o-C6H4(TeMe)2}2]^^ with numbering scheme 

adopted. Ellipsoids are drawn at 40 % probability and H-atoms omitted for clarity. 

To(l*) 

Tc(2$) 
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Table 4.2. Crystallographic Data Collection and Refinement Parameters. 

[Pt{MeC(CH2SeMe)3}2][PF6]2 [Ru{MeC(CH2SMe)3}2] 

[CFaSOajz 

[Ru{MeC(CH2SeMe)3}2] 

[CFaSOslz 

[Ag{MeC(CH2SeMe}3] 

[CF3SO3] 

[Pd{o-C«H4(TeMe)2}2] 

[PFgk'MeCN 

Formula CieHxFizPzPtSee CisHaeFgOgRuSg CigHsaFgOgRuSiSeg CgHisAgFsOsSSes C,gH23Fi2NPdTe4 

Formula weight 1187.24 820.02 1101.42 608.04 1160.11 

Crystal System Monoclinic Triclinic Triclinic Monoclinic Triclinic 

Space group P2//M P i PI P2/M P i 

a, A 12.272(10) 8.658(3) 8.8436(5) 8.120(3) 8.9645(6) 

b, A 18.563(9) 11.533(3) 11.6692(15) 15.374(3) 18.896(6) 

c, A 15.285(7) 8.659(2) 8.7056(8) 14.071(2) 8.9325(5) 

a/° - 108.33(2) 107.369(9) - 94.536(6) 

p/" 113.18(3) 91.53(3) 91.648(7) 93.86(2) 95.649(5) 

y/o - 106.01(2) 106.530(7) - 99.533(7) 

v,A^ 3200(2) 782.8(4) 815.62(14) 1752.6(7) 1478.0(2) 

z 4 1 1 4 2 

Dcaic, g/cm^ 2.463 1.739 2.242 2.304 2.607 

H(Mo-Ka), cm' 113.69 11.02 73.68 75.27 46.94 

Unique obs. reflections 5828 2762 2875 3228 5223 

Obs. reflections with 3435 2061 2263 2288 4284 

[L>2(7(Io)] 

R 0.054 0.048 0.037 0.046 0.031 

Rw 0.049 0.050 0.101 0.060 0.035 

R = Z(|Fobs|i-|Fca]c|i)/Z|Fob,|i,R;v = V[ZWi(|Fobs|l4FoWc|i)"/ZWi|Fobs^^^^ 
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Table 4.3. Selected bond lengths for [Pd{o-C6H4(TeMe)2}2]^\ 

Atom Atom Distance/A Atom Atom Distance/A 

Te(l) Pd(l) 2.5716(4) Te(l) C(3) 2.120(7) 

Te(l) C(4) 2.132(8) Te(2) Pd(l) 2.5789(5) 

Te(2) C(5) 2.112(9) Te(2) C(6) 2.116(7) 

Te(3) Pd(2) 2.5732(5) Te(3) C(12) 2.112(9) 

Te(3) C(13) 2.120(7) Te(4) Pd(2) 2.5781(5) 

Te(4) C(10) 2.118(7) Te(4) C(ll) 2.136(8) 

Table 4.4. Selected bond angles for [Pd{o-C6H4(TeMe)2}2]^\ 

Atom Atom Atom Angle(°) Atom Atom Atom Angle(°) 

Pd(l) Te(l) C(3) 102.3(2) Pd(l) Te(l) C(4) 98.3(2) 

C(3) Te(l) C(4) 93.6(3) Pd(l) Te(2) C(5) 100.5(2) 

Pd(l) Te(2) C(6) 102.4(2) C(5) Te(2) C(6) 92.8(3) 

Pd(2) Te(3) C(12) 99.4(3) Pd(2) Te(3) C(13) 103.2(2) 

C(12) Te(3) C(13) 92.8(3) Pd(2) Te(4) C(10) 102.7(2) 

Pd(2) Te(4) C(ll) 99.7(2) C(10) Te(4) C(ll) 93.6(3) 

Te(l) Pd(l) Te(2) 89.98(1) Te(3) Pd(2) Te(4) 90.33(1) 

4.22 Bisftripodal) complexes of the Platinum and Group 11 Metals 

4.221 Palladium and Platinum 

The preparation of homoleptic seleno- and telluroether Pd(II) and Pt(II) complexes with 

the tripodal ligands is of interest since the formation of square planar complexes with a free 

donor atom available on each ligand may lead to the stabilisation of unusual oxidation states. 

Such chemistry has been observed in the oxidation of [Pd([9]aneS3)2]^^ to give the 

tetragonally distorted octahedral complex [Pd([9]aiieS3)2]̂ .̂̂ ^ 

The target complexes [M(L )̂2][PF6]2 (M = Pd or Pt; = MeC(CH2SeMe)3, 

MeC(CH2TeMe)3 or MeC(CH2TePh)3) were conveniently synthesised in moderate yield by 

the reaction of [MCl2(NCMe)2] with two molar equivalents of ligand and T1PF6 in MeCN. 

The selenoether complexes are stable in solution, however the products containing 

MeC(CH2TeMe)3 appear to decompose in solution over a few hours. 
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The NMR spectra of these species were expected to be complex due to the presence of 

five possible isomers (invertomers) containing eight distinct tellurium environments^ with 

further complexity anticipated from the presence of both free and coordinated chalcogen 

furictions. (]cHisidk;ruig this, tlie *1H[ tJlVEPL sqpectigi at 30() ]KL jGor ziU six (CcwnpleooGS iRfere 

surprisingly simple, showing just one signal each for the ECHg, ECH2 (E = Se or Te) and 

CCH3 groups. This indicates that these complexes are probably fluxional in solution at room 

temperature, the dynamic processes involving the arms of the tripod rapidly flipping on and 

off the metal centre. 

Figure 4J. NMR spectrum (300 MHz, CD3CN, 300 K) of 

[Pt{MeC(CH2TePh)3}2] [PFg]:. 
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]bi orcbar1x)!ahid]ftlik;(lyiiainic txeharvioiiriiirdier, VT 'H I4]vIfl!ahwdics\v(%\:(}oruiu(%k%i cwi 

llie ctwnpleoces (&/[ = FM or I>t). JMbowen/er, iWie spMsctra stuawod 

only a broadening of the resonances even at 180 K, indicating that fluxional processes were 

still rapid on the NMR timescale. 

Variable temperature ^^Se{'H} or NMR studies were also undertaken. At 300 

IC, thie ^^Se{*H} sfiectriuii ctf [FVi{IV[e(]((}fl2Sk:Adk;b}2)[P]F6]2 ii bwRDad featiune (it 

6 110 and for [Pt{MeC(CH2SeMe)]}2] [PFeji at 5 144. At 220 K, these signals were 

significantly sharper, with Wi/2 ca. 200 Hz, indicating a slowing of the dynamic processes, 

although the low-temperature limiting spectra were not obtained. The Pd complex showed 

three signals at 5 157, 147 (coordinated Se) and 32 (uncoordinated Se). The Pt complex gave 

more information showing five signals at 6 150, 149, 143, 142 and 34 with the signals 

corresponding to coordinated Se of similar intensity, probably indicating the up, up, up, down 

invertomer (Figure 4.4). The coupling to ®̂̂ Pt was not observed in these spectra even at 220 

K, since the lines are still relatively broad, and indicates that ^ Jpt-se is within the line width of 

the resonances. This is consistent with similar reported complexes such as [Pt([16]aneSe4)]^^ 

where ^^.se was observed to be ca. 90 Hz.̂  

Figure 4.4. NMR spectrum (68.7 MHz, MezCO/CDCIs, 220 K) of 

[Pt{MeC(CH2SeMe)3}2] [PFjz. 

6/ppm 
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The NMR spectrum for [Pt{MeC(CH2SeMe)3}2]% at 220 K, showed a m^or 

signal at 6 -4630 and a minor signal at 5 -4888, this compares with 6 -4750 for 

[Pt([16]aneSe4]^^ and 5 -4677 for [Pt{MeSe(CH2)3SeMe}2]^^ and is therefore consistent with 

a Se4 donor set at Pt(II).'^ 

The complexes [M{MeC(CH2TePh)3}2][PF6]2 (M = Pd or Pt) showed no signals in the 

^^^Te{'H} spectra at room temperature although, broad signals were observed at 190 K at 5 

528 and 561 for M = Pd. For M = Pt resonances associated with the uncoordinated chalcogen 

(5 395) and coordinated chalcogen atoms (6 512, 518, 542 and 547) were observed. 

No signals were observed at either 300 K or 190 K for the complexes 

[M{MeC(CH2TeMe)3}2][PF6]2 in the ^^Te{'H} or ^̂ P̂t NMR spectra. As there is no inherent 

reason for this, it is presumably due to decomposition in solution during the relatively long 

data accumulation. 

Due to the dynamic nature of these complexes in solution, structural information via 

NMR spectroscopy was limited. Therefore in order to gain further insight into the structure of 

these </ complexes a single crystal X-ray diffraction study was undertaken on the complex 

[Pt{MeC(CH2SeMe)3}2][PF6]2- Suitable crystals were grown 6om the vapour difAision of 

diethyl ether into a solution of the complex in acetone. The structure (Figure 4.5, Tables 4.2, 

4.5 - 4.6) reveals a square planar Se4 donor set around the Pt(II) metal centre with the methyl 

groups on both ligands adopting a DL configuration, and the uncoordinated arm of each 

tripod pointing away from, and thus not interacting with, the Pt(II) centre, on opposite sides 

of the metal. The (̂ (Pt-Se) (2.425(2) - 2.435(2) A) are slightly longer than those observed for 

[Pt([16]aneSe4)]^+ (2.417(3) - 2.420(3) A) and [Pt{MeSe(CH2)3SeMe}2]^^ (2.414(2) -

2.421(2) A).̂ '̂ The angles around the central Pt atom do not deviate significantly from 90 

or 180° reflecting the good match of the six-membered chelate rings formed by the ligand 

and the cis angles required for the square planar geometry. The very flexible nature of the 

uncoordinated arms is also apparent from the crystal structure, which shows disorder in this 

region due to the presence of diSerent conformations (see Experimental Section). 
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Figure 4.5. X-ray crystal structure of [Pt{MeC(CH2SeMe)3}2]^^ with numbering scheme 

adopted. Ellipsoids are drawn at 40 % probability and H-atoms omitted for clarity. The 

Ggure shows the major conformation. 

Table 4.5. Selected bond lengths for [Pt{MeC(CH2SeMe)3}2] 2+ 

Atom Atom Distance/A Atom Atom Distance/A 

Pt(I) Se(I) 2.426(2) Pt(l) Se(2) 2.430(2) 

Pt(l) Se(4) 2.425(2) Pt(l) Se(5) 2.435(2) 

Se(l) C(l) 1.93(2) Se(l) C(2) 1.96(1) 

Se(2) C(5) 1.98(2) Se(2) C(6) 1.95(2) 

Se(3) C(7) 1.96(2) Se(3) C(8) 1.93(3) 

Se(4) C(IO) 1.99(2) Se(4) C(9) 1.94(1) 

Se(5) C(14) 1.96(2) Se(5) C(13) 1.97(2) 

Se(6) C(15) 1.96(3) Se(6) C(16) 2.03(3) 
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Table 4.6. Selected bond angles for [Pt{MeC(CH2SeMe)3}2] 2+ 

Atom Atom Atom Angle(°) Atom Atom Atom AngleCO 

Se(l) Pt(l) Se(2) 90.40(7) Se(l) Pt(l) Se(4) 179.66(5) 

Se(l) Pt(l) Se(5) 89.03(7) Se(2) Pt(l) Se(4) 89.58(7) 

Se(2) Pt(l) Se(5) 177.51(5) Se(4) Pt(l) Se(5) 91.01(7) 

Pt(l) Se(l) C(l) 103.6(7) Pt(l) Se(l) C(2) 102.6(5) 

(](!) Se(I) C(2) 95.2(6) Pt(l) Se(2) C(5) 103.3(4) 

Pt(l) Se(2) C(6) 105.3(5) C(5) Se(2) C(6) 95.6(7) 

C(7) Se(3) C(8) 102(1) Pt(l) Se(4) C(9) 1()2.1(5) 

Pt(l) Se(4) C(10) 102.8(6) C(9) Se(4) C(10) 95.2(6) 

Pt(l) Se(5) C(13) 101.8(5) Pt(l) Se(5) C(14) 103.6(6) 

C(13) Se(5) C(14) 94.2(8) Se(l) C(2) C(3) 112.8(8) 

C(15) Se(6) C(16) 98(1) 

4.223 Ruthenium 

There are no examples of homoleptic hexaseleno- or hexatelluroether coordination in 

octahedral metal complexes, with typically two or more of the six coordination sites being 

occupied by halide co-ligands, which greatly influence the metal ion properties. This section 

reports the preparation of the first homoleptic hexaseleno- and hexatelluroether complexes, 

[Ru(L )̂2]̂ + {L^ = MeC(CH2EMe)3, E = S, Se or Te and MeC(CH2TePh)3}. 

Reaction of [Ru(dmf)6][CF3S03]3 with two mol. equiv. of in refluxing methanol 

af&rds the complexes [Ru(L'')2][CF3S03]2 as yellow solids. The electrospray mass spectra 

showed peaks with the correct isotopic distribution for the doubly charged species 

[Ru(L^)2] \̂ with IR spectroscopy showing peaks associated with the coordinated tripod 

ligands and the uncoordinated CF3SO3" anions. 

The electronic spectra of [Ru{MeC(CH2EMe)3}2][CF3S03]2 (E = S or Se) showed two 

(/-cf transitions, ^Aig T̂ig and ^Aig 'T2g at 27 530 and 31 730 cm for E = S, and 25 

975 and 29 940 cm'̂  for E = Se, as well as intense charge transfer transitions at higher 

energy. This leads to approximate values of 10 Dg' and B of 26 500 and 260 cm'̂  for the 

thioether complex and 25 000 and 250 cm ' for the selenoether species.'^ These values may 

be compared with [Ru(H20)6]^^ (17 700 and 425), [Ru(en)3]^^ (25 450 and 390)'^ and 
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[Ru([9]aneS3)2]^^ (28 400 and 290 These data therefore indicate that the thio- and 

selenoether tripods, like [9]aneS3, are strong field ligands with a high degree of covalent 

character in the Ru-Se bonds. The electronic spectra for the telluroether complexes showed 

charge transfer transitions tailing into the visible region, thus obscuring the metal centred 

transitions and preventing detailed analysis. 

The ^'Se{'H} and ^^^Te{'H} NMR shifts for these complexes are showed in Table 4.7. 

Table 4.7. ^Se{ H) and H} NMR data for the complexes [Ru(L^] 2+ 

Complex 5(^Seyor A(^^Se)''or 

8('^Te)'' 

[Ru{MeC(CH2SeMe)3}2]''^ 120 96 

[Ru{MeC(CH2TeMe)3}2]^'^ 204 182 

[Ru{MeC(CH2TePh)3}2]^^ 481 94 

' in MeNOa/CDCls solution at 300 K, relative to neat external SeMe^. in MeNOa/CDCis 

solution at 300 K, relative to neat external TeMea-

Inspection of Table 4.7 shows just one resonance is observed for each of the complexes. 

Given that pyramidal inversion at an Ru-SeRa or Ru-TeRa unit is expected to be slow, the 

observation of only one resonance in each case indicates that each coordinated ligand adopts 

a jyM configuration.'^ The coordination shift for the MeC(CH2TePh)3 complex is noticeably 

smaller than that observed for the MeC(CH2EMe)3 (E = Se or Te) complexes, indicating 

poorer a-donation from the phenyl-substituted ligand. 'H NMR spectroscopy also indicated 

the presence of just the syn invertomer, with one signal being observed for 5(EMe). However 

in order to confirm that pyramidal inversion is slow in these species, VT ^H NMR studies 

were conducted on the complex [Ru{MeC(CH2SeMe)3}2][CF3S03]2. No change in the 

spectrum was observed as the temperature was lowered to 180 K suggesting, although not 

confirming, that these complexes are not undergoing fast inversion on the NMR 

timescale. 

An important feature to note is the relative ease of formation of these homoleptic Ru(II) 

complexes using the tripodal ligands. All previously reported seleno- and telluroether Ru(II) 

complexes have incorporated co-ligands such as halides, and homoleptic thioether 

coordination has only been achieved through the use of macrocyclic ligands. 
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Since the complexes reported in this section represent the first homoleptic hexaseleno-

and hexatelluroether complexes, single crystal X-ray diffraction studies were undertaken on 

the thio- and selenoether species. Unfortunately, attempts to obtain crystals of the telluroether 

species were unsuccessful. Crystals of both complexes were grown via the vapour diffusion 

of diethyl ether into a solution of the appropriate complex in MeNOa. The data collected for 

the complexes at 150 K gave rather broad peaks and did not refine satisfactorily. Data 

collection was therefore repeated at a slower scan-speed at room temperature, yielding better 

quality data. 

The structure of the selenoether complex (Figure 4.6, Tables 4.2, 4.8 - 4.9) shows an 

ordered centrosymmetric [Ru {MeC(CH2SeMe)3} 2]̂ ^ cation with the Ru occupying a 

crystallographic inversion centre, giving a half cation and one CF3SO3" anion in the 

asymmetric unit. Within the cation, the Ru® centre is coordinated to two tridentate, facially 

bound selenoether ligands, to give a slightly distorted octahedral arrangement with <i(Ru-Se) 

= 2.4701(7) - 2.4808(7) A. The Se-Ru-Se angles involved in the six membered chelate rings 

are close to 90°, with the Me substituents oriented in the propeller-like arrangement 

associated with the syn configuration, consistent with ^^Se{'H} NMR spectroscopy. The Ru-

Se distances compare with 2.396(1) - 2.465(1) A in c/5'-[RuCl2([16]aneSe4)] and 2.465(3) -

2.479(3) A in fraM^-[RuCl(PPh3)([16]aneSe4)]\^^ 
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Figure 4.6. X-ray crystal structure of [Ru{MeC(CH2SeMe)3}2]^^ with numbering 

scheme adopted. Ellipsoids are drawn at 40 % probability and H-atoms omitted for 

clarity. 

Table 4.8. Selected bond lengths for [Ru{MeC(CH2SeMe)3}2]^\ 

Atom Atom Distance/A Atom Atom Distance/A 

Ru(l) Se(l) 2.4808(7) Se(l) C(2) 1.975(6) 

RuO) Se(2) 2.4701(7) Se(2) C(5) 1.968(7) 

Ru(l) Se(3) 2.4781(6) Se(3) C(8) 1.958(7) 

Se(l) C(l) 1.953(7) Se(3) C(7) 1.970(7) 

Se(2) C(4) 1.968(7) 
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Table 4.9. Selected bond angles for [Ru{MeC(CH2SeMe)3}2]^\ 

Atom Atom Atom Angle(°) Atom Atom Atom Angle(°) 

Se(l) Ru(l) Se(2) 89.81(2) C(l) Se(I) C(2) 98.1(3) 

Se(l) Ru(l) Se(3) 90.99(2) C(l) Se(l) Ru(l) 109.1(3) 

Se(2) Ru(l) Se(3) 92.44(2) C(8) Se(3) Ru(l) 109.8(2) 

Ru(l) Se(l) C(2) 109.3(2) C(7) Se(3) Ru(l) 109.59(19) 

C(6) Se(2) C(5) 97.8(3) C(8) Se(3) C(7) 97.5(3) 

C(5) Se(2) Ru(l) 109.2(2) C(6) Se(2) Ru(l) 108.1(3) 

The crystal structure of [Ru{MeC(CH2SMe)3}2][CF3S03]2 (Figure 4.7, Tables 4.2,4.10 -

4.11) shows this compound to be isostructural with [Ru{MeC(CH2SeMe)3}2][CF3S03]2, 

revealing an ordered centrosymmetric cation with the Ru occupying a crystallographic 

inversion centre and coordinated to two tridentate, facially bound thioether ligands in a syn 

configuration. The a!(Ru-S) (2.375(2), 2.373(2), 2.367(2) A) are slightly longer than those for 

[Ru([9]aneS3)2], <i(Ru-S) = 2.3272(14) - 2.3357(14) A, probably due to the superior ligand 

properties of the macrocyclic l i g a n d . T h e S-Ru-S bond angles involved in the six-

membered chelate rings are very close to 90°. 
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Figure 4.7. X-ray crystal structure of [Ru{MeC(CH2SMe)3}2]^^ with numbering scheme 

adopted. Ellipsoids are drawn at 40 % probability and H-atoms omitted for clarity. 

C(6) 

C(6*) 

Table 4.10. Selected bond lengths for [Ru{MeC(CH2SMe)3}2]^\ 

Atom Atom Distance/A Atom Atom Distance/A 

Ru(l) S(l) 2.375(2) S(l) C(2) 1.841(7) 

Ru(l) S(2) 2.373(2) S(2) C(6) 1.810(8) 

Ru(l) S(3) 2.367(2) S(3) C(8) 1.813(8) 

S(l) C(l) 1.800(7) S(3) C(7) 1.826(7) 

S(2) C(5) 1.829(7) 
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Table 4.11. Selected bond angles for [Ru {MeC(CH2SMe)3}2]^\ 

Atom Atom Atom AngleO Atom Atom Atom Angle(°) 

S(l) Ru(l) S(2) 91.19(6) Ru(I) S(l) C(l) 111.5(3) 

S(l) Ru(l) S(3) 92.48(6) C(l) S(l) C(2) 101.1(3) 

S(2) Ru(l) S(3) 89.84(6) Ru(l) S(2) C(6) 111.0(3) 

Ru(l) S(l) C(2) 111.2(2) Ru(l) S(3) C(7) 110.5(2) 

Ru(l) S(2) C(5) 111.1(2) C(7) S(3) C(8) 100.5(3) 

C(5) S(2) C(6) 101.1(3) Ru(l) S(3) C(8) 110.9(3) 

4.225 Rhodium and Iridium 

The complexes [Rh(L-L)2Cl2][PF6] (L-L = RTe(CH2)3TeR (R = Me or Ph) or o-

C6H4(TeMe)2}, have been recently prepared by this research group as an extension of the 

homoleptic bis(ditelluroether) palladium and platinum chemistry discussed in Section 4.21. 

These medium oxidation complexes were formed in high yield from the reaction of 

RhCls-SHaO with two mol. equiv. of L-L.^^ In light of these results and the ease of 

preparation of the homoleptic ruthenium(H) complexes with the tripodal ligands, we were 

interested to ascertain if we could extend the investigation into homoleptic species to medium 

oxidation complexes. Therefore, the preparation of hexaseleno- and hexatelluroether 

complexes with rhodium(III) and iridium(III) centres, which has previously not been 

achieved, was investigated. 

Reaction of [Rh(OH2)6]^^ with 2 mol. equiv. of MeC(CH2SeMe)3 and addition of excess 

NH4PF6 aGbrds [Rh{MeC(CH2SeMe)3}2][PF6]3 as a red povyder. The IR spectrum showed 

the presence of the coordinated ligand and the PFg' anion, with the NMR spectrum 

indicating the presence of both and invertomers. The electrospray mass spectrum 

gave one cluster of peaks centred at = 395, which corresponds to the ion 

[Rh(MeC(CH2SeMe)3}{MeC(CH2SeMe)2(CH2Se)}]^\ therefore indicating that dealkylation 

of the tripositive cation has occurred during ionisation to produce the dipositive cation. The 

isotope pattern confirmed this assignment, providing a very good match with the calculated 

pattern. The ^^Se{̂ H} NMR spectrum at 300 K showed several resonances but these did not 

show any coupling to '°^Rh, therefore the sample was cooled to 200 K whereupon doublets 

were observed in the range of 8 126 to 159 with approximately 43 Hz. This Rh-Se 
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coupling constant is consistent with related species such as fraw-[RhCl2([8]aneSe2)2][BF4] 

(42 Hz) and cM-[RhCl2([16]aneSe4)][PF6] (36 Hz, 37 Hz)? 

Attempts to prepare the related telluroether complexes via similar methods were 

unsuccessful, probably due to facile decomposition or dealkylation occurring as a 

consequence of the higher oxidation state of the metal compared to the Ru(II) complexes. 

This has been observed for other systems.^ 

The Ir(III) complex [Ir{MeC(CH2SeMe)3}2][PF6]3 was prepared by the reaction of 

MeC(CH2SeMe)3 with the Ir(I) precursor [IrCl(C8Hi4)2]2 to give a yellow solid via the 

oxidation of Ir(I) by HBF4. Interestingly, similar reaction conditions using the ligand 

[9]aneS3 gave the hydride analogue, [IrH([9]aneS3)2][BF4]2, which may be converted to 

[Ir([9]aneS3)2]^^ by treatment with The 'H NMR spectrum indicated the presence of 

the selenoether ligand with IR spectroscopy showing peaks assigned to the ligand and PFg 

anion. Interestingly, the electrospray mass spectrum showed the same behaviour as the 

rhodium complex, one cluster of peaks corresponding to the dication 

[Ir{MeC(CH2SeMe)3}{MeC(CH2SeMe)2(CH2Se)}]^\ being observed at /»/z = 439. 

Therefore, dealkylation has again occurred during the ionisation process. The ^Se{'H} NMR 

spectrum showed peaks at 5 77, 87, 109 entirely reasonable shifts compared to the previous 

complexes. Like the rhodium species, attempts to prepare the analogous telluroether 

complexes by similar methods were unsuccessful and hence this chemistry was not pursued. 

^.226 Copper oW 

The self-assembly of complex structures is an area of chemistry receiving much attention 

in the literature. Both copper(I) and silver(I) metal centres have played key roles in the 

construction of such supramolecular arrays and our research group recently reported a range 

of homoleptic dithio-, diseleno- and ditelluroether complexes with these metals.^ The crystal 

structures of several of these compounds revealed highly unusual structural features, 

including a three dimensional infinite lattice for the complex 

[Agn(PhSCH2CH2CH2SPh)2n]'' Since we were interested in studying the tripodal ligands 

in new homoleptic coordination enviroimients, including extended structures, their chemistry 

with the Cu(I) and Ag(I) ions was investigated. 

The reaction of [Cu(NCMe)4][PF6] with two mol. equiv. of (L^ = MeC(CH2SeMe)3, 

MeC(CH2TeMe)3 or MeC(CH2TePh)3) gave the species [Cu(L^)2][PF6] as pale yellow 
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products. The electrospray mass spectra showed peaks corresponding to the ion [Cu(L^)]^ for 

all complexes, however the ion [Cu(L^)2]^ was only observed for the MeC(CH2TeMe)3 

complex. This behaviour is common for other systems and has been attributed to the labile 

nature of these complexes, which liberate ligand readily in the mass spectrometer.^ 

Elemental analyses confirmed the identity of the complexes as the bis-ligand species. 

The NMR spectra were rather uninformative, showing only the presence of the 

coordinated ligand, indicating that rapid exchange processes such as reversible 

intramolecular chelate ring-opening and pyramidal inversion are probably occurring in 

solution. Similar behaviour was observed for the bis-bidentate complexes, for example 

p[hi{IyIe5;e(:ii2(:ti2S;eA/k:}2][r'F6].s yUtemfyts to oblzuii T '̂Se{'H} ()r i25Tre{iH} fJA/CBL 

spectra were unsuccessful, even at low temperature, again illustrating the rapid and complex 

dynamic behaviour of these species in solution. 

Recently, the structures of Ag(I) complexes with thioether cages^^ and with the tripodal 

phosphine, CH3C(CH2PPh2)3, have been reported reflecting the interest in the unique 

structural features associated with this chemistry.^ This, together with the structures 

previously identified for the bidentate group 16 ligand complexes of Ag(I),^ prompted the 

investigation into the coordination chemistry of the group 16 tripod ligands with this ion. 

Reaction of 2 mol. equiv. of (L^ = MeC(CH2SeMe)3, MeC(CH2TeMe)3 or 

MeC(CH2TePh)3) with Ag[CF3S03] gave white, light sensitive powders, after reduction of 

the solvent in vacuo and addition of diethyl ether. 

The NMR spectra of the Ag(I) complexes showed similar behaviour to the Cu(I) 

compounds, and so provided little structural information. Elemental analyses gave 

information as to the stoichiometry, revealing that although the telluroether complexes are 

the escpHSCted (BL = IVTe ()r Pli) ispewciies, die isolateii 

selenoether product was in fact the 1:1 complex, [Ag{MeC(CH2SeMe)3}][CF3S03]. The 

electrospray mass spectra of all three complexes showed peaks corresponding to the ion 

[Ag(L^)2]\ Unfortunately, the ^^Se{̂ H} or ^^Te{^H} NMR spectra could not be obtained 

even at low temperature. 

Since the crystal structures of the bidentate group 16 complexes revealed extended 

structures, the structures of these tripod derivatives were of particular interest. Colourless 

crystals of the selenoether complex [Ag{MeC(CH2SeMe)3}][CF3S03] were grown by the 
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vapour diffusion of diethyl ether into a solution of 2 mol. equiv. of MeC(CH2SeMe)3 and 1 

mol. equiv. of Ag[CF3S03] in diy CH2CI2, under a N2 atmosphere. The structure of 

[Ag{MeC(CH2SeMe)3}][CF3SO3] shows an infinite chain lattice (Figures 4.8 - 4.9, Table 

4.2, 4.12- 4.13) via bidentate coordination of MeC(CH2SeMe)3 to one Ag(I) and monodentate 

coordination to an adjacent Ag(I), resulting in a distorted trigonal planar geometry around 

each Ag atom. The electrospray mass spectrum of these crystals was identical to that of the 

bulk solid, giving a cluster of peaks far [Ag{MeC(CH2SeMe)3}2]\ This species may be 

expected as a fragment of the crystallographically identified linear chain polymer involving a 

1:1 Ag:selenoether ratio, since the selenoether ligands are effectively bridging Ag ions. The 

<i(Ag-Se) (2.544(1), 2.607(2), 2.678(1) A) vary by over 0.1 A, with the two longer bonds in 

the chelate. Similar behaviour was observed for [Ag„{p-o-C6H4(SeMe)2}«{o-

C6H4(SeMe)2}M]''̂  where bond lengths varied &om 2.587(1) - 2.861(1) A.^ The Ag-Se bond 

distances are comparable to those observed for [Ag(MeSeCH2CH2SeMe)2][BF4] ((f(Ag-Se) = 

2.610(1) - 2.638(1) A).^ The Se-Ag-Se bond angle involved in the six-membered chelate ring 

is 94.36(4)° with the two angles to the Se attached to the next Ag(I) at 126.09(5)° and 

139.55(5)°. The Me substituents are again orientated in the syn configuration. 

After this work had been submitted for publication, a paper was published reporting the 

formation of one-dimensional copper(I) coordination polymers based on the tridentate 

thioether ligand MeSi(CH2SMe)3 of the formula [Cug {MeSi(CH2SMe)3 }2Br3] The 

structure revealed tetrahedral Cu(I) with the thioether ligands exhibiting two different 

coordination modes namely unidentaterbidentate and bidentateibidentate, again illustrating 

the flexibility and unique coordination chemistry of these tripodal ligands. 
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Figure 4.8. X-ray crystal structure of [Ag{MeC(CH2SeMe)3}2]^ with numbering scheme 

adopted, showing the local geometry around Ag ion. Ellipsoids are drawn at 40 % 

probability and H-atoms omitted for clarity. 

C(6) 

C(8) 

Se(3*) 

Ag(r) 

Table 4.12. Selected bond lengths for [Ag{MeC(CH2SeMe)3}]\ 

Atom Atom Distance/A Atom Atom Distance/A 

Ag(l) Se(l) 2.544(1) Ag(l) Se(2) 2.678(1) 

Ag(l) Se(3) 2.607(2) Se(l) C(3) 1.97(1) 

Se(l) C(6) 1.94(1) Se(2) C(4) 1.96(1) 

Se(2) C(7) 1.95(1) Se(3) C(5) 1.963(9) 

Se(3) C(8) 1.97(1) 
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Figure 4.9. X-ray crystal structure of [Ag{MeC(CH2SeMe)3}2]^ with numbering scheme 

adopted, showing extended structure. Ellipsoids are drawn at 40 % probability and H-

atoms omitted for clarity. 

Se(l*) 

Ag(l*) 

Se(2*) 

Se(l*) 

C(7) 

Se(l*) 
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Table 4.13. Selected bond angles for [Ag{MeC(CH2SeMe)3}]\ 

Atom Atom Atom Angle(°) Atom Atom Atom Angle(°) 

Se(l) Ag(I) Se(2) 126.09(5) Se(l) Ag(l) Se(3) 139.55(5) 

Se(2) Ag(l) Se(3) 94.36(4) Ag(l) Se(l) C(3) 102.5(3) 

Ag(l) Se(l) C(6) 98.9(4) C(3) Se(l) C(6) 95.9(5) 

Ag(l) Se(2) C(4) 92.1(3) Ag(l) Se(2) C(7) 104.8(4) 

C(4) Se(2) C(7) 95.9(6) Ag(l) Se(3) C(5) 95.9(3) 

Ag(l) Se(3) C(8) 101.7(3) C(5) Se(3) C(8) 94.9(5) 

The macrocylic ligand [9]aneS3 has been shown to stabilise unusual oxidation states in 

homoleptic platinum group metal complexes, such as [Rh([9]aneS3)2]^^ obtained via the 

electrochemical reduction of the Rh(III) complex^" and the [M([9]aneS3)2]^^ (M = Pd and Pt) 

species obtained from the oxidation of the M(II) species/^' In order to investigate the 

ability of these tripodal ligands to stabilise other less common oxidation states, the 

electrochemical behaviour of all of the platinum group metal complexes was investigated by 

cyclic voltammetry over the range + 1.8 V to -1.8 V in MeCN solution at room temperature. 

The redox responses were rather uninformative; revealing only very broad, irreversible 

processes which shift potential upon varying the scan-rate. The absence of any reversible 

redox processes for the Ru(II) complexes is in accord with the large ligand field splitting 

observed for these species. After this work had been published the homoleptic Ru(II)-

diphosphine and Ru(II)-diarsine complexes [Ru(L-L)3][CF3S03]2 (L-L = Me2P(CH2)„PMe2, n 

= 1 and 2; o-C6H4(AsMe2)2) were reported. Electrochemical studies on these complexes also 

failed to show an oxidation wave to the respective Ru(ni) species.^^ 
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4.3 Conclusions 

The preparation of homoleptic ditelluroether complexes of Pd(II) and Pt(II) has shown 

that the presence of halide co-ligands greatly affects the properties of the metal ion, and are 

not necessarily required to form stable platinum metal complexes with telluroether ligands. 

The extension of this chemistry to the group 16 tripod ligands, MeC(CH2SeMe)3, 

MeC(CH2TeMe)3 and MeC(CH2TePh)3 has illustrated the versatility of these ligands with a 

variety of medium oxidation state transition metal ions. In particular, the various coordination 

modes that they may adopt to accommodate metal ion requirements has been demonstrated. 

For the Ru(II), Rh(III) and Ir(III) complexes facial tridentate coordination, for Pd(II) and 

Pt(II) bidentate coordination with one uncoordinated arm, and for the Ag(I) selenoether 

complex both bi- and monodentate coordination to two different Ag(I) centres is observed. 

The homoleptic selenoether and telluroether coordination achieved for the complexes in this 

work contrasts with the much more familiar halo-derivatives known for the platinum metal 

ions. In particular the ease of formation of the hexaseleno- and hexatelluroether Ru(II) 

species illustrates the excellent ligand properties of these group 16 tripods in comparison to 

the bidentate ligands where such coordination has not been achieved. The fact that the 

telluroether complexes could not be isolated for Rh(III) and Ir(III) is perhaps more as a 

consequence of the harsh reaction conditions employed, to avoid halide coordination, and 

resulting in dealkylation, rather than the stability of the final complexes. 
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4.4 Experimental 

4.41 Bisfditelluroether) complexes ofPd and Pt 

The ligands MeTe(CH2)3TeMe, PhTe(CH2)3TePh and o-C6H4(TeMe)2 were prepared via 

the literature procedures. 

[Pd{MeTe(CH2)3TeMe}2][PF6]2. [PdClzCNCMe):] (82 mg, 3.2 x lO"* mol) and TlPFg 

(226 mg, 6.5 x 10"̂  mol) were stirred at room temperature for 30 minutes under a dinitrogen 

atmosphere in MeCN (30 cm^). MeTe(CH2)3TeMe (221 mg, 6.8 x 10"̂  mol) in MeCN 

(5 cm^) was then added and the reaction stirred at room temperature for 18 hours to give a 

yellow solution and fine white precipitate. The solution was filtered to remove the TlCl, 

reduced to ca. 2 cm' in vacuo and diethyl ether (10 cm^) added to precipitate a yellow solid. 

Yield 220 mg, 65 %. Analysis: Calculated for CioH24Fi2P2PdTe4: %C, 11.42; %H, 2.28. 

Found: %C, 11.39; %H, 2.28. NMR (CD3CN, 300 K): 6 2.27 (br, IH, CH2C^CH2), 2.37 

(s, 3H, TeCHa), 2.93 (m, 2H, TeCHz). IR/cm'̂  2957(w), 2924(w), 1425(w), 1357(s), 1279(s), 

1212(w), 1095(m), 987(m), 832(s), 739(w), 709(m), 613(w), 556(s). 

[Pd{PhTe(CH2)3TePh}2][PF6]2 was prepared similarly to give an orange powder (70 %). 

Analysis: Calculated for C3oH32Fi2P2PdTe4: %C, 27.72; %H, 2.46. Found: %C, 27.93; %H, 

2.27. NMR (CD3CN, 300 K): 8 2.58 (br, IH, CH2C;f2CH2), 3.13 (br, 2H, TeCH2), 7.58 

(m, 5H, TePh). IR/cm ' 1570(w), 1470(w), 1432(w), 1357(s), 1260(w), 1210(w), 1093(s), 

1018(w), 996(m), 840(s), 728(m), 686(m), 615(w), 557(s), 452(w). 

[Pd{o-C6H4(TeMe)2}2][PF6]2 was prepared similarly to give a yellow solid (80 %). 

Analysis: Calculated for C]6H2oFi2P2PdTe4; %C, 17.16; %H, 1.79. Found: %C, 17.59; 

%H, 1.78. NMR (CD3CN, 300 K): 6 2.60 (s, 3H, TeCHs), 7.81 (m, 2H, 0-C6H4). IR/cm'̂  

1356(s), 1093(s), 985(m), 834(s), 756(m), 613(w), 556(m). 

[Pt{MeTe(CH2)3TeMe}2][PF6]2. PtCl2(NCMe)2 (60 mg, 0.23 mmol) and TlPFg (170 mg, 

0.47 mmol) were stirred at room temperature for 30 minutes under a dinitrogen atmosphere 

in MeCN (30 cm )̂. MeTe(CH2)3TeMe (180 mg, 0.55 mmol) in MeCN (5 cm )̂ was then 

added and the reaction stirred at room temperature for 48 hours to give a yellow solution and 
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fine white precipitate. The solution was filtered to remove the TICL reduced to ca. 2 cm^ 

vacuo and diethyl ether (10 cm^) added to precipitate a yellow solid. Yield 210 mg, 80 %. 

Analysis: Calculated for CioH24Fi2P2PtTe4: %C, 10.53; %H, 2.11. Found: %C, 11.00; %H, 

2.01. NMR (CDgCN, 300 K): 8 2.24 (m, IH, CHgC^CHz), 2.43 (s, 3H, TeCHs), 3.02 

(m, 2H, TeCH2). IR/cm"' 2922(w), 2853(w), 1357(s), 1262(vw), 1228(w), 1205(w), 1092(s), 

986(w), 834(s), 613(w), 557(s). 

[Pt{PhTe(CH2)3TePh}2][PF6]2 was prepared similarly to give an orange powder (76 %). 

Analysis: Calculated for C3oH32Fi2P2PtTe4: %C, 25.95; %H, 2.31. Found: %C, 25.98; 

%H, 2.08. 'H NMR (CD3CN, 300 K): 6 2.52 (br, IH, CH2C%CH2), 3.20 (br, 2H, TeCHz), 

7.58 (m, 5H, TePh). IR/cm'̂  3070(w), 1569(w), 1471(w), 1357(m), 1210(w), 1093(m), 

1015(w), 996(m), 838(s), 732(m), 689(m), 613(w), 557(s), 453(w). 

[Pt{o-C6H4(TeMe)2}2][PF6]2 was prepared similarly to give a light brown solid (75 %). 

Analysis: Calculated for Ci6H2oFi2P2PtTe4: %C, 15.90; %H, 1.66. Found: %C, 15.86; 

%H, 1.59. NMR (CD3CN, 300 K): 6 2.60 (s, 3H, TeCH3), 7.84 (m, 2H, 0-C6H4). IR/cm'^ 

1357(s), 1261(w), 1092(s), 987(m), 839(s), 743(m), 613(m), 557(s). 

4.42 Bisftripodal) complexes of the Platinum and Group 11 Metals 

The complexes [Cu(NCMe)4][PF6]/^ [IrCl(CgHi4)2]2̂ '̂  and [Ru(dmf)6][CF3S03]3^^ were 

prepared by the literature procedures, as were the ligands MeC(CH2SMe)3,^^ 

MeC(CH2SeMe)3/^ MeC(CH2TeMe)3.̂ ^ Improved syntheses for the thio- and selenoether 

ligands are detailed in Chapter 7, along with the synthesis of MeC(CH2TePh)3. 

[Pd{MeC(CH2SeMe)3}2][PF6]2. [PdCl2(NCMe)2] (25 mg, 9.6 x 10'̂  mol) and TlPFg 

(70 mg, 2.0 X 10"̂  mol) were stirred in MeCN (40 cm^) for 15 min. under a dinitrogen 

atmosphere. Me(CH2SeMe)3 (68 mg, 1.9 x 10"̂  mol) in CH2CI2 (5 cm^) was then added and 

the reaction stirred at room temperature for 18 hours to give a yellow solution and fine white 

precipitate of TlCl. The solution was filtered, reduced to ca. 2 cm^ in vacuo and diethyl ether 

(10 cm^) added to precipitate a yellow solid. Yield 60 mg, 57 %. Analysis; Calculated for 

Ci6H36F,2P2PdSe6: %C, 17.5; %H, 3.3. Found: %C, 17.1; %H, 3.1. ^HNMR (CD3CN, 300 

K): 6 1.34 (s, IH, CCH3), 2.41 (s, 3H, SeCHa), 3.13 (s, 2H, SeCH2). ^^Se{̂ H} NMR 
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(MezCO/CDCls, 300 K):6 110(br); (220 K): 6 32 (imcoordinated SeMe), 147, 157 

(coordinated SeMe). 2940(w), 2918(w), 1464(w), 1405(sh), 1357(s), 1272(w), 

1261(w), 1095(s), 988(w), 841(s), 613(w), 559(s). UV/vis (MeCN)/cm-^ (smo, mol'̂  dm^ cm'̂ ) 

26 880 (8420), 33 160 (18 130). 

[Pd{MeC(CH2TeMe)3}2][PF6]2 was prepared similarly to give a brown solid (38 %). 

Analysis: Calculated 6)r Ci6H36Fi2P2PdTe6: %C, 13.8; %H, 2.6. Found: %C, 13.1; %H, 2.3. 

'H NMR (CD3C3sr, 300 K): 6 1.39 (s, IH, CCH3), 2.35 (s, 3H, TeCHs), 3.15 (s, 2H, TeCHz). 

m/crn-^ 2940(w), 1356(s), 1092(s), 988(m), 838(s), 613(w), 557(m). UV/vis (MeCN)/cm'^ 

(Gmoi mol'̂  dm^ cm'̂ ) 24650sh (4970), 29 800sh (10 280), 36 870 (18 300). 

[Pd{MeC(CH2TePh)3}2][PF6]2 was prepared similarly to give an orange solid (65 %). 

Analysis: Calculated lor C46H4sFi2P2PdTe6: %C, 31.3; %H, 2.5. Found: %C, 31.3; %H 2.5. 

'H NMR (CD3CN, 300 K): 6 1.33 (s, IH, CCH3), 3.33 (s, 2H, TeCH2), 7.30 - 7.55 (m, 5H, 

TePh). ^^Te{^H} NMR (Me2CO/CDCl3, 190 K): 6 528, 561. IR/cm ' 3061(w), 1570(w), 

1476(w), 1434(w), 1359(s), 1267(w), 1096(s), 1024(w), 997(m), 837(s), 733(m), 690(m), 

613(w), 558(m), 453(m). UV/vis (MeCN)/cm-^ (Gmoi mol ' dm^ cm'̂ ) 26 940 (19 510), 37 

650sh(23 160). 

[Pt{MeC(CH2SeMe)3}2][PF6]2. PtCk (25 mg, 9.4 x 10'̂  mol) was refluxed in MeCN for 

2 hours to give a light yellow solution of [PtCl2(NCMe)2]. TIPF^ (66 mg, 1.9 x 10^ mol) and 

Me(CH2SeMe)3 (68 mg, 1.9 x 10"* mol) in CH2CI2 (5 cm )̂ were then added and the reaction 

stirred at room temperature for 48 hours to give a yellow solution and fine white precipitate 

of TlCl. The solution was filtered to remove the TlCl, reduced to ca. 2 cm^ m and 

diethyl ether (10 cm^) added to precipitate a pale yellow solid. Yield 56 mg, 50 %. Analysis: 

Calculated for CieHseF^PiPtSeg: %C, 16.2; %H, 3.0. Found: %C, 15.9; %H, 3.1. NMR 

(CD3CN, 300 K): 6 1.33 (s, IH, CCH3), 2.48 (s, 3H, SeCH3), 3.25 (s, 2H, SeCHz). ^^Se{̂ H} 

NMR (MezCO/CDCls, 300 K): 6 144(br); (220 K): 6 33.7 (uncoordinated SeMe), 141.8, 

142.6, 149.5, 150.3 (coordinated SeMe). ^̂ P̂t NMR (MezCO/CDCk, 220 K): 6 -4888, -

4630. IR/cm ' 2951(w), 2918(w), 1405(sh), 1357(m), 1095(m), 986(w), 834(s), 613(w), 

559(s). UV/vis (MeCN)/cm-' (Smoi mol ' dm^ cm'̂ ) 28 500 (1300), 33 560 (6310). 
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[Pt{MeC(CH2TeMe)3}2][PF6]2 was prepared similarly to give a brown solid (28 %). 

Analysis: Calculated for CiaHagFnPiPtTeg: %C, 13.0; %H, 2.4. Found: %C, 13.4; %H, 2.2. 

NMR (CDsCN, 300 K): 8 1.39 (s, IH, CCH3), 2.26 (s, 3H, TeCHs), 3.27 (s, 2H, TeCHz). 

IR/cm'̂  2929(w), 2895(w), 1358(s), 1097(s), 991(m), 836(s), 613(w), 558(m). UV/vis 

(MeCN)/cm-' (Smoi mol'̂  dm^ cm'̂ ) 30 560sh (8630), 36 870 (20 350). 

[Pt{MeC(CH2TePh)3}2][PF6]2 was prepared similarly to give an orange solid (20 %). 

Analysis: Calculated for C46H4gFi2P2PtTe6: %C, 29.8; %H, 2.6. Found: %C, 29.8; %H, 2.4. 

'H NMR (CD3CN, 300 K): 6 1.30 (s, IH, CCH3), 3.42 (s, 2H, TeCH2), 7.35 - 7.55 (m, 5H, 

TePh). NMR (Me2C0/CDCl3,190 K): 6 395 (uncoordinated TePh), 512, 518,542, 

547 (coordinated TePh). IR/cm'̂  3017(w), 1572(w), 1474(w), 1435(w), 1359(s), 1267(w), 

1096(s), 997(m), 836(s), 734(m), 690(m), 613(w), 557(s), 453(m). UV/vis (MeCN)/cm-^ (Gmoi 

mol ' dm^ cm'̂ ) 32 050 (19 360), 37 760sh (32 350). 

[Ru{MeC(CH2SMe)3}2][CF3S03]2. [Ru(dmf)6][CF3S03]3 (70 mg, 7.1 x 10'̂  mol) was 

added to a solution of MeC(CH2SeMe)3 (33 mg, 1.6 x 10"̂  mol) in MeOH (40 cm )̂. The 

reaction was refluxed under an atmosphere of dinitrogen for 24 hours to give a yellow 

solution. Reduction of the solvent volume in vacuo to 1 cm^ and addition a diethyl ether gave 

a light yellow solid. Yield 40 mg, 69 %. Analysis Calculated for CigHaePeOeRuSg: %C, 26.4; 

%H, 4.4. Found: %C, 26.0; %H, 4.1. NMR (CD3NO2, 300 K): 6 1.28 (s, IH, CCH3), 2.47 

(s, 3H, SCH3), 2.85 (s, 2H, SCH2). ES^ (MeCN), m/z = 671, 261; calc. for 

([^°^Ru{MeC(CH2SMe)3}2][CF3S03])^ 671, [^°^Ru{MeC(CH2SMe)3}2]^^ 261. IR/cm'̂  

2984(w), 2940(w), 1463(w), 1423(m), 1358(w), 1262(s), 1227(m), 1167(m), 1151(m), 

1097(w), 1032(s), 976(m), 874(w), 812(w), 756(w), 721(w), 639(s), 573(w), 518(m), 429(w). 

UV/vis (MeCN)/cm-' (Gmoi mol"' dm^ cm'̂ ) 27 530 (160), 31 730 (180), 35 210 (1990), 

43 480 (18 590). 

[Ru(MeC(CH2SeMe)3}2][CF3S03]2 was prepared similarly to give a yellow solid 

(42 %). Analysis: Calculated for CigH36F606RuS2Se6: %C, 19.6; %H, 3.3. Found: %C, 19.9; 

%H, 3.2. 'H NMR (CD3NO2, 300 K): 6 1.46 (s, IH, CCH3), 2.51 (s, 3H, SeCHs), 2.6 - 2.9 

(br, 2H, SeCH2). ^Se{^H} NMR (MeN02/CDCl3, 300 K): 6 120. ES^ (MeCN), = 953, 

403; calc. for ([^°^Ru{MeC(CH2^°SeMe)3}2][CF3S03])^ 959, [̂ °^Ru{MeC(CH2''°SeMe)3}2]̂ '̂  

405. IR/cm'̂  1461(w), 1416(w), 1359(m), 1261(s), 1227(m), 1167(m), 1151(m), 1099(w), 
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1032(s), 921(m), 897(m), 834(w), 757(w), 639(s), 573(m), 518(m). UV/vis (MeCN)/cm-' 

(Gmo, mol'̂  dm^ cm'̂ ) 25 930 (220), 29 900 (230), 39 800 (38 230). 

[Ru{MeC(CH2TeMe)3}2][CF3S03]2 was prepared similarly to give a brown solid (33 %). 

Analysis: Calculated for CigH36F606RuS2Te6: %C, 15.5; %H, 2.6. Found: %C, 15.2; %H, 

2.7. NMR (CD3NO2, 300 K): 6 1.71 (s, IH, CCH3), 2.38 (s, 3H, TeCH]), 2.5 - 2.7 (br, 

2H, (TeCH2). '^Te{^H} NMR (MeN02/CDCl3, 300 K) 6 204. ES+ (MeCN), = 547; calc. 

for ['°̂ Ru{MeC(CH2^^^TeMe)3}2]̂ ^ 555. IR/cm'̂  2962(w), 2907(w), 1360(s), 1271(s), 

1232(sh), 116I(m), 1095(m), 1032(m), 834(m), 759(w), 639(s), 6]6(sh), 574(w), 517(m). 

UV/vis (MeCN)/cm-' (Smoi mol'̂  dm^ cm'̂ ) 26 890sli (2450), 35 800 (22 000), 41 800 (28 

100). 

[Ru{MeC(CH2TePh)3}2][CF3S03]2 was prepared similarly to give a brown solid (49 %). 

Analysis: Calculated 6)r C48H4gF606RuS2Te6: %C, 32.6; %H, 2.7. Found: %C, 32.2; %H, 

1.8. NMR (CD3NO2, 300 K): 8 1.67 (s, 3H, CCH3), 2.5 - 3.6 (br, 6H, TeCH2), 7.2 - 7.6 

(m, 15H, TePh). ^^Te{^H} NMR (MeNOz/CDCk, 300 K) 6 481. ES+ (MeCN), = 734; 

calc. for [̂ °̂ Ru{MeC(CH2^ °̂TePh)3}2]̂ ^ 741. IR/cm'̂  2918(w), 1570(w), 1476(w), 1432(w), 

1359(s), 1278(s), 1258(s), 1160(m), 1085(m), 1030(s), 996(m), 835(w), 738(s), 690(m), 

637(s), 517(m), 453(m). UV/vis (MeCN)/cm-^ (Smoi mol ' dm^ cm'̂ ) 25 720 (1330), 32 720 

(29 000), 35 310 (33 990). 

[Rh{MeC(CH2SeMe)3}2][PF6]3. A ^ 0 3 (56 mg, 3.3 x 10"̂  mol) was added to a solution 

of RhCl3.3H20 (29 mg, 1.1 x 10"̂  mol) in H2O (15 cm )̂ and tbe mixture refluxed for 2 hours. 

The precipitated AgCl was filtered off to leave a yellow solution to which was added 

MeC(CH2SeMe)3 (78 mg, 2.2 x 10^ mol) in MeOH (25 cm )̂ and the mixture refluxed for 24 

hours. Addition of NH^PFg (65 mg, 4.0 x 10"̂  mol) gave a fine red precipitate. Yield 45 mg, 

33 %. Analysis: Calculated for Ci6H36Fi8P3RhSe6: %C, 15.5; %H, 2.9. Found: %C, 16.0; 

%H, 2.6. NMR (CD3CN, 300 K): 6 1.40 (s, IH, CCH3), 2.39(s), 2.49(s), 2.54(s), 2.61(s) 

(3H, SeCH3), 2.80 - 2.85 (br, 2H, SeCH2). ^^Se{̂ H} NMR (MeNOg/CDCb, 300 K) 8 117.3, 

134.8, 147.5, 152.1. ^^Se{'H} NMR (MeN02/CDCl3, 200 K, in parenthesis) 8 126.2 

(d, 43 Hz), 136.6 (d, 42 Hz), 137.2 (d, 43 Hz), 155.3 (d, 43 Hz), 159.0 (d, 42 Hz). ES^ 

(MeCN), = 395; calc. for ['"^Rh{MeC(CH2''°SeMe)3}{MeC(CH2^°SeMe)2(CH2^°Se)}]^+ 

398. IR/cm"' 2963(w), 1460(w), 1358(s), 1264(w), 1096(s), 988(m), 836(s), 743(w), 671(w), 
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614(m), 558(s). UV/vis (MeCN)/cm-' (Emoi mol'̂  dm^ cm'̂ ) 21 180 (1720), 32 570 (62 200), 

39 060(68 110). 

[lr{fvIeC:(C:H[:̂ SeJvIe)3}2][I'F6]3. [IrC:i((::sl3]4)2]2 (34 iryr, 3U; x lO'S inol) v/as zuided la 

MeC(CH2SeMe)3 (62 mg, 1.8 x ICT̂  mol) and 40 % HBF4 (0.5 cm^) in a mixture of water 

(20 cm^) and methanol (10 cm^) and the reaction refluxed for 18 hours to give a yellow 

solution. After cooling, excess NH4PF6 (59 mg, 3.6 x 10"̂  mol) was added and the solvent 

removed in vacuo. The residue was dissolved in MeN02 (5 cm^), filtered and diethyl ether 

(20 cm^) added to give a light yellow precipitate. Yield 55 mg, 46 %. Analysis: Calculated 

6)rCi6H36Fi8P3lrSe6: %C, 14.5; %H, 2.7. Found: %C, 14.0; %H, 2.5. ^HNMR(CD3CN, 300 

K): 6 1.35 (s, IH, CCH3), 2.44 - 2.60 (m, 3H, SeCHg), 2.80 - 3.05 (br, 2H, SeCHi). ^Se{^H} 

NMR (MeN02/CDCl3, 300 K)6 77.6, 87.4, 109.1. ES^ (MeCN), /M/z = 439; calc. for 

[^^&{MeC(CH2'°SeMe)3}{MeC(CH2^°SeMe)2(CH2''°Se)}]^+ 443. IR/cm'̂  2929(w), 1359(s), 

1087(s), 839(s), 557(m). UV/vis (MeCN)/cm-' (Gmoi mol ' dm^ cm'̂ ) 40 850 (19 250), 45 290 

(23 150). 

[Cu{MeC(CH2SeMe)3}2][PF6]. [Cu(NCMe)4][PF6] (37 mg, 9.9 x 10'̂  mol) was added to 

a solution of MeC(CH2SeMe)3 (75 mg, 2.1 x 10"̂  mol) in dry CH2CI2 (35 cm )̂ and the 

reaction stirred for 1 hour and refluxed for 10 minutes. After cooling the solvent volume was 

reduced in vacuo to 5 cm^ and diethyl ether (15 cm^) added to precipitate a pale yellow solid. 

Yield 74 mg, 82 %. Analysis: Calculated for Ci6H36CuF6PSe6.CH2Cl2: %C, 20.5; %H, 3.8. 

Found: %C, 19.9; %H, 3.7. NMR (CDCI3, 300 K): 6 1.25 (s, IH, CCH3), 2.22 (s, 3H, 

SeCH3), 2.88 (s, 2H, SeCHz). (MeCN), = 456, 415; calc. for 

[^^Cu{MeC(CH2^°SeMe)3}(NCMe)]+ 458, [̂ ^Cu{MeC(CH2'"'SeMe)3}]'̂  417. IR/cm'̂  

2929(w), 2267(w), 1359(s), 1092(s), 991(m), 835(s), 727(m), 614(w), 559(m), 447(w). 

[Cu{MeC(CH2TeMe)3}2][PF6] was prepared similarly to give a yellow solid (75 %). 

Analysis: Calculated for Ci6H36CuF6PTe6: %C, 16.0; %H, 3.0. Found: %C, 15.9; %H, 3.0. 

'H NMR (COC13, 300 K): 6 1.27 (s, IH, CH3C), 2.02 (s, 3H, TeCH3), 2.98 (s, 2H, TeCHz). 

ES+ (MeCN), = 1058, 602, 563; calc. for [^^Cu{MeC(CH2'̂ °TeMe)3}2]^ 1071, 

[^^Cu{MeC(CH2'^°TeMe)3}(NCMe)]^ 608, [^^Cu{MeC(CH2'̂ °TeMe)3}]^ 567. IR/cm' 

2951(w), 1360(s), 1223(w), 1090(s), 991(m), 841(s), 728(m), 610(w), 558(m), 477(w). 
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[Cu{MeC(CH2TePh)3}2][PF6] was prepared similarly to give a yellow solid (44 %). 

Analysis: Calculated for C46H48CuF6PTe6: %C, 35.1; %H, 3.1. Found: %C, 34.6; %H, 2.2. 

NMR (CDCI3, 300 K): 6 1.25 (s, IH, CCH3), 3.13 (s, 2H, TeCHz), 7.21 - 7.61 (m, 5H, TePh). 

ES+ (MeCN), = 749; calc. for [̂ ^Cu{MeC(CH2'̂ °TePh)3}]'̂  753. IR/cm ' 3050(w), 

2951(w), 1572(m), 1474(m), 1433(s), 1360(s), 1261(w), 1223(w), 1095(s), 1017(m), 998(m), 

839(s), 732(s), 690(s), 655(w), 614(w), 558(m), 479(w), 453(w). 

[Ag{MeC(CH2SeMe)3}][CF3S03]. Ag[CF3S03] (20 mg, 7.8 x 10'̂  mol) was added to a 

solution of MeC(CH2SeMe)3 (56 mg, 1.6 x 10^ mol) in dry CH2CI2 (30 cm )̂ and the reaction 

stirred for 1 hour. The solvent volume was reduced in vacuo to 5 cm^ and diethyl ether added 

to give a white solid. Yield 26 mg, 55 %. Analysis: Calculated for CgHisAgPsOsSSes: 

%C, 17.8; %H, 3.0. Found: %C, 17.8; %H, 2.7. NMR (CDCI3, 300 K): 6 1.29 (s, IH, 

CCH3), 2.29 (s, 3H, SeCH3), 2.01 (s, 2H, SeCHz). ES+ (MeCN), = 808; calc. for 

[^°^Ag{MeC(CH2^°SeMe)3}2]^ 815. IR/cm ' 2962(w), 2907(w), 1410(m), 1362(s), 1274(s), 

1232(m), 1162(m), 1090(s), 1037(s), 990(m), 908(m), 835(w), 760(w), 643(s), 557(w), 

524(w). 

[Ag{MeC(CH2TeMe)3}2][CF3S03] was prepared similarly to give a pale yellow solid 

(63 %). Analysis: Calculated for Ci7H36AgF303STe6: %C, 16.3; %H, 2.9. Found: %C, 16.0; 

%H, 2.1. NMR (CDCI3, 300 K): 6 1.30 (s, IH, CCH3), 2.18 (s, 3H, TeCH3), 3.05 (s, 2H, 

TeCH2). ES+ (MeCN), m/z = 1104, 609; calc. for ['°^Ag{MeC(CH2'^°TeMe)3}2]'^ 1115, 

[̂ °̂ Ag{MeC(CH2^ °̂TeMe)3}]'̂  611. IR/cm'̂  2951(w), 2918(w), 1362(m), 1264(s), 1233(m), 

1162(m), 1095(m), 1039(m), 835(m), 759(w), 645(s), 571(w), 522(w). 

[Ag{MeC(CH2TePh)3}2][CF3S03] was prepared similarly to give a pale yellow solid (29 

%). Analysis: Calculated for C47H4gAgF303STe6.CH2Cl2: %C, 33.7; %H, 2.9. Found: %C, 

33.3; %H, 2.8. NMR (CDCI3, 300 K): 6 1.23 (s, IH, CCH3), 2.39 (s, 2H, TeCHz), 7.00 -

7.65 (m, 5H, TePh). ES^ (MeCN), = 1477; calc. &r [̂ °^Ag{MeC(CH2^^°TePh)3}2]̂  1487. 

IR/cm ' 3063(w), 2957(w), 1572(m), 1473(m), 1432(m), 1370(m), 1263(s), 1233(m), 

1161(s), 1064(w), 1039(m), 1017(m), 998(m), 910(w), 835(w), 790(w), 730(s), 690(s), 

637(s), 573(w), 516(w), 454(m). 
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Details of the crystallographic data collection and refinement parameters are given in Table 

4.2. The crystals were grown by vapour diffusion of diethyl ether into solutions of the 

complexes in acetonitrile for [Pd{o-C6H4(TeMe)2} 2] [PFgji MeCN, acetone for 

[Pt{MeC(CH2SeMe)3}2][PF6]2, nitmmethane for [Ru{MeC(CH2EMe)3}2][CF3S03]2 (E = S or 

Se) and dichloromethane for [Ag{MeC(CH2SeMe)3}][CF3S03]. Data collection used a Rigaku 

AFC7S 5)ur-ciicle dif&actometer operating at 150 K, except [Ru{MeC(CH2SMe)3}2][CF3S03]2 

and [Ru{MeC(CH2SeMe)3}2][CF3S03]2 for which data were collected at 298 K, using 

graphite-monochromated Mo-Ka X-radiation (X - 0.71073 A). No significant crystal decay or 

movement was observed. The structures were solved by heavy atom Patterson methods^ and 

developed by iterative cycles of full-matrix least-squares refinement and difference Fourier 

syntheses."^^ 

[Pd{o-C6H4(TeMe)2}2][PF6]2 MeCN. The structure shows two independent half cations 

with inversion symmetry, two PFg' anions on general positions and two disordered half 

MeCN solvent molecules in the asymmetric unit. The latter are disordered across inversion 

centres such that the methyl C atom of one form is superimposed on the cyano C atom of the 

other form and vice versa with the inversion centre at the midpoint of this C-C vector. The H 

atoms associated with the MeCN molecules were not located from the difference map and 

therefore were omitted irom the final structure factor calculation. All non-hydrogen atoms 

were refined anisotropically while H-atoms, apart from those associated with the MeCN 

molecules, were placed in fixed, calculated positions with d(C-H) = 0.96 A. 

[Pt{MeC(CH2SeMe)3}2][PF6]2. Some disorder was identified within the uncoordinated 

arms of the triselenoether ligands in [Pt {MeC(CH2SeMe)3} 2] [PFajz- Alternative sites were 

identified for C(15), Se(6) and C(16) giving relative occupancies of 60%:40%, while within the 

other &ee arm, an alternative location was identified 6)r C(8) giving a 70%:30% occupancy. 

This disorder model refined reasonably successfully.'̂ ^ All non-H-atoms, except for the partially 

occupied C atoms, were refined anisotropically and H atoms were placed in fixed, calculated 

positions (except 6)r the H atoms associated widi the disordered C atoms which were not located 

and were omitted 60m the final structure 6ctor calculation). 
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\VTiUe die (aentrosyrrmietric (xdicKi is (wniered, lOie 

(IPsSiCk;' aiufw^ Tvtucii ocKxqpies a gpaneral fxashiony haG Jbigh llierinaj pi&namekaGi, pKulicuiajdy 

those associated with the F and O atoms. Attempts to model this disorder by refining partial site 

occupancies were not successful, hence the atoms were refined with unit occupancies and high 

thermal parameters. While low temperature data collection would normally be expected to 

reduce the thermal motion and improve the structure quality, a data set from a different crystal 

ccdlectedjprevicmsby at 151) PC gao/e broi&d pwxUcs arwl a sigpificawitly p<)orer fk to the (lata. ./LU 

non-H atoms were refined anisotropically while H-atoms were placed in fixed, calculated 

positions with J(C-H) = 0.96 A. 

[BUw{lVB:C:C:3i2S]\fe)3}2]BC:]F3S(]3]2 SKid |)\g{Nie(:(C3Hbf)e]VIe)3}][(:F3S<:y]. /Lll noii-H 

atoms were refined anisotropically while H-atoms were placed in fixed, calculated positions 

widi6f(C-H) = 0.96A. 
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Chapter 5 Rhodium and Iridium Organometallic Group 16 Tripodal Complexes 

5.1 Introdncdon 

The organometallic chemistry of both rhodium and iridium, although well established, is 

still an area of intense interest, both academically and industrially as a result of the rich 

coordination chemistry both metals show, along with the catalytic properties that many of 

their complexes exhibit. This catalytic activity may be attributed to the availability of both 

the +1 and +3 formal oxidation states for the metal centre, which are readily interconverted 

via oxidative addition, and reductive elimination. Indeed two of the most interesting catalysts 

discovered, [RhCl(PPh3)3] and [IrCl(CO)(PPh3)2] involve these metals/' ^ and it was these 

complexes that sparked off the growth in rhodium and iridium organometallic chemistry 

involving phosphine donor ligands. 

The reactions of the triphos ligand, MeC(CH2PPh2)3, with a range of rhodium and 

iridium organometallic precursors are of particular interest to this study. Intensive studies 

into the catalytic properties of such complexes have been undertaken over the past decade, 

including the modelling of the hydrodesulfurisation process.^' More recently it has been 

shown that the mononuclear zwitterionic Rh(I) complexes [(sulfos)Rh(cod)] and 

OmUbs = me eGedwe 

hydrogenation of styrene to ethylbenzene and the hydroformylation of 1-hexene to aldehydes 

or alcohols.^ The flexibility of the triphos ligand has also been illustrated in the complex 

[RhH(CO)(triphos)] which has been shown to be a catalyst for olefin hydroformylation via 

the dissociation and re-association of one phosphine arm.^ 

The preparation of group 16 organometallic complexes has received increased interest 

during the past decade, although these species have generally involved thioether ligands. 

Various rhodium(I) and iridium(I) complexes with the macrocyclic ligand [9]aneS3 have 

been reported as part of a study into the properties of the small ring macrocycle.^' ^ The 

extension of this chemistry to study the role of group 16 organometallics as catalysts has 

included the application of iridium(I) complexes containing dithioether ligands for 

asymmetric hydrogenation.^ The reactions of monodentate heterocyclic organoteUurium 

ligands with the pentamethyIcyclopentadienylrhodium(III) dichloride dimer have also been 

reported as potential models for the initial steps in heterogeneously catalysed 

hydrodesulfurisation.^^' "However the preparation of organometallic complexes with seleno-

or telluroether ligands is generally limited to carbonyl containing species. 

An investigation into the species^c-[M(CO)3(L-L)X] (M — Mn or Re; X = CI, Br or I; 

L-L = dithio-, diseleno- or ditelluroether) probing the relative donating abilities of group 16 
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ligands vms dis(%issed in 2 and rewxded in agnaonent Tvkh theaKti(%d 

predictions by Schumann and co-workers,'^ telluroether ligands are significantly better a -

donors to low valent metal centres than their lighter analogues/^ Further, our studies into the 

preparation of homoleptic platinum metal species with the tripodal ligands illustrated the 

versatility of these ligands in adopting various coordination modes to accommodate the metal 

ion requirements (Chapter 4). Described here is the preparation of group 16 tripodal ligand 

complexes of rhodium and iridium involving co-ligands other than carbonyls. 

This Chapter reports the results of a study into the chemistry of the ligands, L^, {L^ = 

MeC(CH2TeR)3 (R = Me and Ph) and, for comparison, MeC(CH2SeMe)3} with the species 

[M(cod)Cl]2 and [M(C5Me5)Cl2]2 (M = Rh or Ir) to give the complexes [M(cod)(L^)][PF6] 

and [M(C5Me5)(L^)][PF6]2 respectively. These precursors were chosen since they provide 

convenient sources of the metal ions in oxidation state +1 and +3 respectively and thus the 

effect of metal oxidation state on the donor properties of these ligands may be established. 

The metal oxidation states also have different geometrical requirements and hence the 

flexible nature of the tripodal ligands may be studied. 

These complexes have been characterised by analysis, IR and multinuclear NMR (^H, 

^^Se{'H}/^^Te{^H}) spectroscopy as well as ES^ mass spectrometry. X-ray 

crystallographic studies on four of the M(I) complexes are also described. The bonding trends 

for the chalcogen ligands to low and medium oxidation state metals are discussed along with 

the reaction chemistiy of the Rh(I) and Ir(I) complexes with H2. 
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5.2 Results and Discussion 

5.21 Rhodium(I) andIridiumd) Complexes 

Reaction of [M(cod)Cl]2 (M = Rh or Ir) with two molar equivalents of l l (L^ = 

MeC(CH2ER)3, E = Se, R = Me; E = Te, R = Me or Ph) and two molar equivalents of 

lSnHLiP]?6 ed inocMii teicqperadure iii aJBGards aa jfellow (jseleiioetlier) ()r cMKmgre txrowni 

(telluroether) solution, from which the complexes [M(cod)(L^)] [PFg] may be isolated after 

removal of the precipitated NH4CI, reduction of the solvent volume in vacuo and addition of 

diethyl ether. IR spectroscopy on the isolated products showed peaks consistent with the free 

PFg" anion, coordinated and cod ligands. The electrospray mass spectra confirmed the 

identity of the cation, showing clusters of peaks, with the correct isotopic distribution, 

corresponding to [M(cod)(L^)]^ in each case. 

As discussed in Chapters 1 and 3, coordination of selenium or tellurium to a metal centre 

leads to chirality at the chalcogen atom and hence the potential presence of both the syn and 

anti invertomers. For these cf complexes, further complexity is anticipated from the 

geometry at the metal centre since the donor atoms on the tripod ligand are likely to be 

inequivalent. Considering this, the 'H NMR spectra at 300 K for all six complexes were 

suprisingly simple, showing just one signal each for the EMe, CH2 and MeC groups, along 

with one signal for the cod-CH and cod-CH2 groups. This indicates that these complexes are 

probably fluxional in solution at room temperature. Similar behaviour was observed for the 

square planar species [M(L )̂2]̂ ^ (M = Pd or Pt) (Chapter 4). The ^^C{'H} NMR spectra 

were also recorded in order to study the cod ligand. As in the 'H NMR spectra, just one 

signal was observed for each set of chemically equivalent carbons in the free cod or tripod 

ligand (Figure 5.1). This behaviour is consistent with ^^C{^H} and NMR data reported for 

the complex [Rh(cod)([9]aneS3)][PF6].''^ The '^C{'H} NMR shifts of 6(cod-CH) for 

[M(cod)L^]^ are presented in Table 5.1. 
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Table 5.1. H} NMR 5(cod-CH) shift (CH2CI2/CDCI3, 300 K) for the complexes 

[M(cod)(L^][PF6]. 

Complex 6(cod-CH) 

[Rh(cod){MeC(CH2SeMe)3}]^ 80.8 

[Rh(cod){MeC(CH2TeMe)3}]^ 76.4 

[Rh(cod){MeC(CH2TePh)3}]+ 79.3 

Pi(cod){MeC(CH2SeMe)3}]^ 62.3 

[Ir(cod){MeC(CH2TeMe)3}]^ 61.8 

[Ir(cod){MeC(CH2TePh)3}]+ 64.3 

Inspection of Table 5.1 shows that the cod-CH resonance is shifted to lower frequency 

and hence is more shielded in the complex [Rh(cod){MeC(CH2TeMe)3}][PF6j compared to 

the other rhodium species. This supports the superior a-donor properties of the ligand 

MeC(CH2TeMe)3 to low valent metals, resulting in increased ii-back bonding from Rh to the 

7t*(C=C) orbitals, compared to the MeC(CH2SeMe)3 and MeC(CH2TePh)3 ligands. For the 

iridium complexes 6(cod-CH) are shifted to low frequency compared to the rhodium 

analogues, indicating greater nuclear shielding from the heavier Ir nucleus. However the 

NMR spectra again show that the cod-CH group is more shielded in the 

MeC(CH2TeMe)3 complex than the other two species, although the effect is less pronounced 

than that observed for the rhodium analogues. Interestingly, the 6(cod-CH) resonances for the 

MeC(CH2TeMe)3 complexes are shifted to lower frequency than those observed for the 

complexes [M(cod)([9]aneS3)]^ (M = Rh and Ir) where 5(cod-CH) = 78.3 and 63.0 

respectively, again illustrating the superior donating abilities of MeC(CH2TeMe)3.̂ '̂ ' 

In order to gain frirther information on the structure of these complexes in solution, 

^^Se{^H}/'̂ Te{^H} NMR spectra were recorded. At room temperature, the ^^Se{̂ H} and 

^^^Te{^H} NMR data (Table 5.2) show that for all six complexes only one resonance is 

observed. This again indicates that the complexes are fluxional in solution at room 

temperature and thus all three arms of the tripod ligand appear equivalent. 
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Table 5.2. ^Se{ H} and H} NMR (CH2CI2/CDCI3, 300 K) data for the complexes 

[M(cod)(L^][PF6]. 

Complex 8("Se{'H})'' AC^Se)" AC'^Te)" 6(Te)/ 

5(Se) 

[Rh(cod){MeC(CH2EMe)3}r 78.2 188.3 (79 Hz) 53.8 166.3 2.4 

[Rh(cod){MeC(CH2TePh)3}]^ - 455.2 - 68.2 -

[Ii(cod){MeC(CH2EMe)3}]^ 58.7 145.0 34.3 123.0 2.5 

[Ir(cod) {MeCCCHzTePh))}]^ 

a 1 J' ^ ^ If 1 -» J b Ti 1 

420.2 - 33.2 

1 r 

-

Scomplex " Sfree ligand-

Rhodium coupling is only observed for the MeC(CH2TeMe)3 complex with a doublet in 

the ^^Te{^H} NMR spectrum (̂ Jre-Rh = 79 Hz), indicating that ligand dissociation does not 

occur during the fluxional process. When compared to the rhodium complexes, the and 

resonances are shifted to low frequency in the iridium complexes, again indicating 

greater nuclear shielding from the heavier Ir nucleus. 

In order to try to distinguish the different tellurium environments, the ^^Te{^H} NMR 

spectra were also recorded at 210 K for the samples [Rh(cod){MeC(CH2TeR)3}][PF6] (R = 

Me or Ph). However, no change from the room temperature spectrum was observed for the 

MeC(CH2TeMe)3 complex, although for the MeC(CH2TePh)3 complex a broadening of the 

resonance was detected. 

As discussed in Chapter 1, for many comparable organo-selenium and -tellurium 

compounds the ^Se and ^^Te chemical shifts show veiy consistent trends and often the 

6(̂ ^^Te)/5(̂ ^Se) ratio is 1.7-1.8.̂ ^ However, in our study of dithio-, diseleno- and 

ditelluroether complexes of manganese carbonyl halides (Chapter 2) we found that the '̂ ^Te 

chemical shifts for the coordinated telluroethers were much more positive than expected, 

either by comparison with the ^Se chemical shifts in the selenoether analogues, or by 

comparisons with the same ligands bound to medium oxidation state metal centres.Thus we 

were interested to compare this ratio in the Rh(I) and Ir(I) complexes reported here. Although 

the range of complexes is more limited, the same trend is observed with 8('̂ ^Te)/6(̂ ^Se) 

being 2.4 for the rhodium complexes and 2.5 for the iridium complexes, indicating superior 

a-donation by the telluroether ligand (Table 5.2). 
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Figure 51. NMR spectrum (90.1 MHz, CH2CI2/CDCI3, 300 K) of 

[Ir(cod){MeC(CH2SeMe)3}] [PFg]. 

cod-CH 
cod-CHz 

SeCHz 

Solvent 

CCH3 

CHsSc 

65 40 15 

The preparation of the cyclooctene complexes [M(CgHi4)2(L )̂]̂  (M = Rh or Ir) was also 

investigated via the reaction of [M(CgHi4)2Cl]2 with two molar equiv. of and NBUPFg in 

CH2CI2. For rhodium, a mixture of unidentified products was isolated that decomposed 

rapidly. The iridium complexes were slightly more stable with the electrospray mass spectra 

showing a cluster of peaks corresponding to [Ir(CgHi4)(L^)]^, and IR spectroscopy displaying 

bands assigned to the tripodai ligand, cyclooctene and PFe". However, the NMR spectra 

showed broad peaks indicating decomposition and elemental analyses were consistently poor, 

and hence these species were not pursued. 
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Due to the dynamic nature of these complexes, limited structural information was 

obtained from NMR spectroscopy, therefore particular emphasis was placed on obtaining X-

ray crystallographic data on these complexes in order to ascertain their structural 

characteristics in the solid state. Since the metal centre in these species has a cf 

c{Hifig*mid()n, zi scpiare jplamar iiwiy 1]e isxpiectecl Twith one ()f the trq)o<i aiiru; 

uncoordinated, as observed for the complex [Pt{MeC(CH2SeMe)3}2]^"^ (Chapter 4). However, 

for Rh(I) and Ir(I), although square planar complexes predominate, 5-coordination also 

occurs, with the relative stability of five- and four coordinate species dependent on the 

ligands involved. 

Yellow or orange crystals of the complexes [Rh(cod) {MeC(CH2SeMe)3} ] [PFg], 

|m(God){MeC(CH2TeMe)3}][PF6], [Ir(cod){MeC(CH2SeMe)3}][PF6] and 

[Ir(cod){MeC(CH2TePh)3}][PF6] were grown via the vapour diffusion of diethyl ether into a 

solution of the appropriate complex in MeCN (rhodium) or Me2C0 (iridium). The structure 

of the complex [Rh(cod){MeC(CH2TeMe)3}][PFg] (Figure 5.2, Tables 5.3 - 5.5) shows the 

Rh(I) centre coordinated to the cod and to all three arms of the tripodal ligand, with the 

methyl groups on the tripodal ligand adopting the syn arrangement. Hence, a five coordinate 

complex cation is obtained. Since both ligands in these complexes are constrained, regular 

trigonal bipyramidal or square planar geometries are not expected. Analysis of the bond 

lengths around the metal centre gives (/(Rh-Te) = 2.6226(8), 2.5786(8) and 2.6924(7) A, thus 

one Rh-Te bond is notably longer than the other two. The Te-Rh-Te angles do not deviate 

significantly from 90°, with the Te-Rh-cod angles ranging from 83.5(3) to 167.9(2)°. Thus, 

the structure may best be described as square pyramidal with the longer Rh-Te bond axial 

and the shorter bonds being trans to the cod ligand. 
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Table 5.3. Crystallographic Data Collection and Refinement Parameters. 

[Rh(cod){MeC(CH2SeMe)3}][PF6] [Rh(cod){MeC(CH2TeMe)3}][PF6] [Ir(cod){MeC(CH2SeMe)3}][PF6] [Ir(cod){MeC(CH2TePh)3}][PF«]-

O.SMezCO 

Formula 

Formula weight 

Crystal System 

Space group 

a, A 

b , A 

c, A 

V.A' 

z 

Dcalc, g/cm̂  

H(Mo-Ka), cm ' 

Unique obs. reflections 

Obs. reflections with 

[Io>2a(Io)] 

R 

Rw 

CisHsoFsPRhSe] 
707.16 

Monoclinic 

P2y/M 

12.857(3) 

12.278(3) 

14.514(3) 

105.40(2) 

2209.0(7) 

4 

2.126 

58.38 

4098 

1792 

0.048 

0.054 

CigHsoFgPRhTes 
853.08 

Monoclinic 

C2/k 

27.203(3) 

14.998(4) 

12.658(3) 

114.75(1) 

4689(1) 

8 

2.416 

45.02 

4303 

2906 

0.028 

0.034 

CisHaoFePIrSe] 
796.48 

Monoclinic 

P2,/)z 
12.889(4) 

12.274(6) 

14.492(3) 

105.28(2) 

2211(7) 

4 

2.392 

111.15 

4102 

3014 

0.038 

0.049 

CazsHsgFglrOosPTes 
1157.65 

Monoclinic 

C2/k 
22.330(4) 

14.57(2) 

23.67(1) 

107.55(2) 

7342(10) 

8 

2.094 

60.81 

6732 

5221 

0.041 

0.058 

R = Z(|Fobs|i- |Fcalc| i) /Z|Fobs|i ,Rw = V [ Z W i ( | F o b s | i 4 F c d o | i ) ' / % W i W ^ ^ 
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Figure 5.2. X-ray crystal structure of [Rh(cod){MeC(CH2TeMe)3}]^ with numbering 

scheme adopted. Ellipsoids are drawn at 40 % probability and H-atoms omitted for 

clarity. 

C(11 

0(7) 

C(13) 

Table 5.4. Selected bond lengths for [Rh(cod){MeC(CH2TeMe)3}]\ 

Atom Atom Distance/A Atom Atom Distance/A 

Te(l) Rh(l) 2.6226(8) Te(l) C(3) 2.156(7) 

Te(l) C(6) 2.147(8) Te(2) Rh(l) 2.5786(8) 

Te(2) C(4) 2.158(7) Te(2) C(7) 2.118(8) 

Te(3) Rh(l) 2.6924(7) Te(3) C(5) 2.156(7) 

Te(3) C(8) 2.151(8) Rh(l) C(9) 2.219(9) 

Rh(l) C(10) 2.178(8) Rh(l) C(15) 2.167(8) 

Rh(l) C(16) 2.135(8) 
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Table 5.5. Selected bond angles for [Rh(cod){MeC(CH2TeMe)3}]\ 

Atom Atom Atom Angle(°) Atom Atom Atom Angle(^ 

Rh(l) Te(l) C(3) 107.9(2) Rh(l) Te(l) C(6) 102.9(2) 

C(3) Te(l) C(6) 94.9(3) Rh(l) Te(2) C(4) 108.9(2) 

Rh(l) Te(2) C(7) 105.4(3) C(4) Te(2) C(7) 95.4(3) 

Rh(l) Te(3) C(5) 104.9(2) Rh(l) Te(3) C(8) 106.4(2) 

C(5) Te(3) C(8) 95.8(3) Te(l) Rh(l) Te(2) 89.26(2) 

Te(l) Rh(l) Te(3) 92.25(2) Te(l) Rb(l) C(9) 85.5(2) 

Te(l) Rh(l) C(10) 101.0(2) Te(l) Rh(l) C(15) 126.7(2) 

Te(l) Rh(l) C(16) 164.5(2) Te(2) Rh(l) Te(3) 87.11(2) 

Te(2) Rh(l) C(9) 152.8(3) Te(2) Rh(l) C(10) 167.9(2) 

Te(2) Rh(l) C(15) 83.5(3) Te(2) Rh(l) C(16) 90.7(2) 

Te(3) Rh(l) C(9) 119.8(3) Te(3) Rh(l) C(10) 86.1(3) 

Te(3) Rh(l) C(15) 139.5(3) Te(3) Rh(l) C(16) 103.2(2) 

C(9) Rh(l) C(10) 36.5(4) C(9) Rh(l) C(15) 78.5(4) 

C(9) Rh(l) C(16) 87.5(3) C(10) Rh(l) C(15) 95.3(4) 

C(10) Rh(l) C(16) 81.1(3) C(15) Rh(l) C(16) 38.0(3) 

Rh(l) C(9) C(13) 113.4(8) Te(l) C(3) C(2) 121.4(5) 

Rh(l) C(10) C(ll) 108.1(5) Te(2) C(4) C(2) 121.3(5) 

Rh(l) C(15) C(16) 69.8(5) Te(3) C(5) C(2) 123.4(5) 

Rh(l) C(16) C(15) 72.2(5) Rh(l) C(9) C(10) 70.1(5) 

Rh(l) C(16) C(12) 114.0(6) Rh(l) C(10) C(9) 73.3(6) 

Rh(l) C(15) C(14) 112.9(9) 

The two selenoether complexes [Rh(cod){MeC(CH2SeMe)3}][PF6] and 

[Ir(cod){MeC(CH2SeMe)3}][PFg] (Figures 5.3 and 5.4, Tables 5.3, 5.6 - 5.9) are isostructural 

with ar(Rh-Se) = 2.479(2), 2.483(2) and 2.635(2) A and (f(Ir-Se) = 2.570(1), 2.481(1) and 

2.478(1) A. The Se-M-Se bond angles are approximately 90°. The complex 

[Ir(cod){MeC(CH2TePh)3}][PF6] (Figure 5.5, Tables 5.10 and 5.11) has (f(Ir-Te) = 2.6033(8), 

2.6062(7) and 2.661(1) A with again Te-Ir-Te not significantly deviating from 90°. Hence 

these complexes show similar structural features to [Rh(cod){MeC(CH2TeMe)3}]^ i.e. a 

distorted square pyramidal geometry with the axial M-E (E = Se or Te) bond significantly 
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longer than the M-E bonds frawf to cod. The R groups on the chalcogen atoms adopt the ayw 

arrangement in each example. 

Figure 53. X-ray crystal structure of [Rh(cod){MeC(CH2SeMe)3}]^ with numbering 

scheme adopted. Ellipsoids are drawn at 40 % probability and H-atoms omitted for 

clarity. 

C(7) 

Table 5.6. Selected bond lengths for [Rh(cod) {MeC(CH2SeMe)3}]\ 

Atom Atom Distance/A Atom Atom Distance/A 

Rh(l) Se(l) 2.479(2) Rh(l) Se(2) 2.635(2) 

Rh(l) Se(3) 2.483(2) Rh(l) C(l) 2.18(1) 

Rh(l) C(2) 2.13(1) Rh(l) C(5) 2.13(1) 

Rh(l) C(6) 2.17(2) Se(l) C(9) 1.96(2) 

Se(l) C(14) 1.96(1) Se(2) C(10) 1.94(2) 

Se(2) C(15) 1.99(1) Se(3) C(ll) 1.97(1) 

Se(3) C(16) 1.96(1) 
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Table 5.7. Selected bond angles for [Rh(cod){MeC(CH2SeMe)3}]\ 

Atom Atom Atom AngleO Atom Atom Atom Angle(°) 

Se(l) Rh(l) Se(2) 89.64(7) Se(l) Rh(l) Se(3) 90.55(7) 

Se(I) Rh(l) C(l) 86.6(4) Se(l) Rh(l) C(2) 96.1(5) 

Se(l) Rh(l) C(5) 174.4(4) Se(l) Rh(l) C(6) 138.3(4) 

Se(2) Rh(l) Se(3) 85.29(6) Se(2) Rh(l) C(l) 127.6(4) 

Se(2) Rh(l) C(2) 90.3(5) Se(2) Rh(l) C(5) 94.9(5) 

Se(2) Rh(l) C(6) 129.8(4) Se(3) Rh(l) C(l) 146.9(4) 

Se(3) Rh(l) C(2) 172.0(5) Se(3) Rh(l) C(5) 93.1(4) 

Se(3) Rh(l) C(6) 81.3(4) C(l) Rh(l) C(2) 38.6(6) 

C(l) Rh(l) C(5) 88.0(6) C(l) Rh(l) C(6) 79.1(6) 

C(2) Rh(l) C(5) 80.6(6) C(2) Rh(l) C(6) 96.6(6) 

C(5) Rh(I) C(6) 38.6(6) Rh(l) Se(I) C(9) 104.6(5) 

Rh(l) Se(l) C(14) 110.0(4) C(9) Se(l) C(14) 98.5(7) 

Rh(l) Se(2) C(10) 107.6(5) Rh(l) Se(2) C(15) 108.1(4) 

C(10) Se(2) C(15) 99.8(7) Rh(l) Se(3) C(ll) 108.0(5) 

Rh(l) Se(3) C(16) 109.9(4) C(ll) Se(3) C(16) 100.2(6) 

Rh(l) C(l) C(8) 115(1) Rh(I) C(l) C(2) 68.6(8) 

Rh(l) C(2) C(l) 72.8(9) Rh(l) C(2) C(3) 110(1) 

Rh(l) C(5) C(6) 72.3(9) Rh(l) C(5) C(4) 115(1) 

Rh(l) C(6) C(5) 69.1(9) Rh(l) C(6) C(7) 111(1) 

Se(2) C(15) C(13) 118.1(10) Se(l) C(14) C(13) 120(1) 

Se(3) C(16) C(13) 121.5(10) 
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Figure 5.4. X-ray crystal structure of [Ir(cod){MeC(CH2SeMe)3}]^ with numbering 

scheme adopted. Ellipsoids are drawn at 40 % probability and H-atoms omitted for 

clarity. 

c(iq 

Table 5.8. Selected bond lengths for [Ir(cod){MeC(CH2SeMe)3}]\ 

Atom Atom Distance/A Atom Atom Distance/A 

Ir(l) Se(l) 2.570(1) Ir(l) Se(2) 2.481(1) 

Ir(l) Se(3) 2.478(1) Ir(l) C(9) 2.17(1) 

Ir(l) C(10) 2.13(1) Ir(l) C(13) 2.15(1) 

Ir(l) C(14) 2.19(1) Se(l) C(3) 1.97(1) 

Se(l) C(4) 1.94(1) Se(2) C(5) 1.97(1) 

Se(2) C(6) 1.96(1) Se(3) C(7) 1.96(1) 

Se(3) C(8) 1.95(1) 
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Table 5.9. Selected bond angles for [Ir(cod){MeC(CH2SeMe)3}]\ 

Atom Atom Atom Angle(°) Atom Atom Atom Angle(^ 

Se(l) Ir(l) Se(2) 86.44(4) Se(l) Ir(l) Se(3) 90.21(4) 

Se(l) Ir(l) C(9) 131.4(4) Se(l) Ir(l) C(10) 95.7(3) 

Se(l) Ir(l) C(13) 90.2(3) Se(l) Ir(l) C(14) 126.5(3) 

Se(2) Ir(l) Se(3) 90.79(4) Se(2) Ir(l) C(9) 81.3(3) 

Se(2) Ir(l) C(10) 92.8(3) Se(2) Ir(l) C(13) 172.2(3) 

Se(2) Ir(l) C(14) 146.9(3) Se(3) Ir(l) C(9) 136.5(4) 

Se(3) Ir(I) C(10) 173.2(3) Se(3) Ir(I) C(13) 96.3(3) 

Se(3) Ir(l) C(14) 85.8(3) C(9) Ir(l) C(10) 38.9(5) 

C(9) Ir(l) C(13) 95.8(5) C(9) Ir(l) C(14) 78.7(5) 

C(10) Ir(l) C(13) 80.5(4) C(10) Ir(l) C(14) 88.0(4) 

C(13) Ir(l) C(14) 37.8(5) Ir(l) Se(l) C(3) 107.7(3) 

It(l) Se(l) C(4) 106.5(4) C(3) Se(l) C(4) 99.6(5) 

Ir(l) Se(2) C(5) 109.4(3) Ir(l) Se(2) C(6) 107.5(4) 

C(5) Se(2) C(6) 100.2(5) Ir(I) Se(3) C(7) 108.9(3) 

Ir(l) Se(3) C(8) 105.0(4) C(7) Se(3) C(8) 98.3(5) 

Se(2) C(5) C(2) 121.5(8) Se(l) C(3) C(2) 121.1(7) 

Ir(l) C(9) C(10) 69.3(6) Se(3) C(7) C(2) 121.8(8) 

Ir(l) C(14) C(15) 114.4(8) Ir(l) C(9) C(16) 113.1(8) 

Ir(l) C(10) C(ll) 116.0(7) Ir(l) C(10) C(9) 71.9(6) 

Ir(l) C(13) C(12) 110.7(7) Ir(l) C(13) C(14) 72.8(7) 

Ir(l) C(14) C(13) 69.4(6) 

143 



Chapter 5 Rhodium and Iridium Organometallic Group 16 Tripodal Complexes 

Figure 5.5. X-ray crystal structure of [Ir(cod){MeC(CH2TePh)3}]^ with numbering 

scheme adopted. Ellipsoids are drawn at 40 % probability and H-atoms omitted for 

clarity. 

C(21 

C(15) 

Table 5.10. Selected bond lengths for [Ir(cod){MeC(CH2TePh)3}]^. 

Atom Atom Distance/A Atom Atom Distance/A 

Te(l) 2.6033(8) Ir(l) Te(2) 2.6062(7) 

Ir(l) Te(3) 2.661(1) Ir(I) C(24) 2.19(1) 

Ir(l) C(25) 2.17(1) Ir(l) C(28) 2.19(1) 

Ir(l) C(29) 2.165(10) Te(l) C(l) 2.169(10) 

Te(l) C(6) 2.129(9) Te(2) C(4) 2.16(1) 

Te(2) C(12) 2.124(9) Te(3) C(5) 2.17(1) 

Te(3) C(18) 2.12(1) 
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Table 5.11. Selected bond angles for [Ir(cod){MeC(CH2TePh)3}]\ 

Atom Atom Atom AngleO Atom Atom Atom Angle(°) 

Te(l) Ir(l) Te(2) 84.70(2) Te(l) Ir(l) Te(3) 87.39(3) 

Te(l) Ir(l) C(24) 168.4(5) Te(l) Ir(l) C(25) 152.5(5) 

Te(l) Ir(l) C(28) 85.3(3) Te(l) Ir(l) C(29) 92.3(3) 

Te(2) Ir(l) Te(3) 95.93(3) Te(2) Ir(l) C(24) 104.0(4) 

Te(2) Ir(l) C(25) 87.8(3) Te(2) Ir(l) C(28) 128.4(4) 

Te(2) Ir(l) C(29) 166.7(4) Te(3) Ir(l) C(24) 84.1(5) 

Te(3) Ir(l) C(25) 119.8(5) Te(3) Ir(l) C(28) 134.0(4) 

Te(3) Ir(l) C(29) 96.9(4) C(24) Ir(l) C(25) 37.7(6) 

C(24) Ir(l) C(28) 94.9(5) C(24) Ir(l) C(29) 80.9(4) 

C(25) Ir(l) C(28) 78.7(4) C(25) Ir(l) C(29) 89.0(4) 

C(28) Ir(l) C(29) 38.3(5) Ir(l) Te(l) C(l) 106.1(3) 

Ir(l) Te(l) C(6) 108.2(3) C(l) Te(l) C(6) 93.8(4) 

Ir(l) Te(2) C(4) 105.9(2) Ir(l) Te(2) C(12) 109.7(3) 

C(4) Te(2) C(12) 93.1(4) Ir(l) Te(3) C(5) 106.6(3) 

Ir(l) Te(3) C(18) 104.2(3) C(5) Te(3) C(18) 97.0(5) 

Te(2) C(4) C(2) 118.7(6) Te(l) C(l) C(2) 122.2(7) 

Te(l) C(6) C(7) 117.6(7) Te(3) C(5) C(2) 121.5(9) 

Te(2) C(12) C(13) 117.9(8) Te(l) C(6) C(ll) 122.1(8) 

Te(3) C(18) C(19) 124.3(9) Te(2) C(12) C(17) 121.5(7) 

Te(3) C(18) C(23) 116(1) Ir(l) C(24) C(31) 109.5(9) 

Ir(l) C(24) C(25) 70.5(8) Ir(l) C(25) C(24) 71.8(9) 

Ir(l) C(25) C(26) 114.9(8) Ir(l) C(28) C(29) 70.0(6) 

Ir(l) C(28) C(27) 112.7(8) Ir(l) C(29) C(28) 71.7(6) 

Ir(I) C(29) C(30) 114.4(8) 

Since these complexes represent the first structurally characterised seleno- or telluroether 

rhodium(I) or iridium(I) complexes reported, no direct comparisons &om the literature are 

available. Structural data for a series of Cu(I), Ag(I) or Sn(IV) complexes have shown an 

increase in M-E of ca. 0.15 A 6om E = Se to E = Te consistent with the difference in radii of 
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Se vcKies companson of dab for Ac 

[Mn(C0)3(L-L)X] (L-L - diseleno or ditelluroether, X = CI, Br or I) discussed in Chapter 2, 

showed a smaller increase in M-E of 0.13 A . F o r the low valent complexes reported in this 

Chapter the increase in M-E is again smaller than expected (ca. 0.1 A), consistent with all of 

the spectroscopic data indicating greater o-donation from Te compared to Se. 

The generation of transition metal hydride species is of interest due to their role in many 

catalytic hydrogenation processes. We were interested in establishing whether these new 

Rh(I) and Ir(I) complexes would react with Hz gas to form such species. In order to study this 

reaction, Hi was bubbled through solutions of the complexes in CD2CI2 at 0 °C and the ^H 

NMR (360 MHz) spectra recorded immediately under an atmosphere of H2 gas at 0 °C and at 

-50 °C. Weak hydride resonances were only observed for the complex 

[Ir(cod){MeC(CH2SeMe)3}]^ at 8 -13.01, -13.04 and -13.40 at 0 °C, which became more 

intense as the temperature was lowered to -50 °C. No change was observed in the spectra for 

the other complexes. These shifts are consistent with those obtained for iridium hydride 

complexes obtained vza the reaction of [Ir(cod){(+)-RiSSR2}]^ {(+)-RiSSR2 ^ l,2-0-

isopropylidene-3,5-bis(methylsulfaiiyl)-, l,2-0-isopropylidene-3,5-bis(isopropylsulf^yl)-

and l,2-0-isopropylidene-3,5-bis(phenylsulfanyl)-a-D-(+)-riboAiranose with H2.̂  

The extension of this chemistry to Rh(in) and Ir(III) metal centres was undertaken in 

order to study the properties of medium oxidation state organometallic complexes involving 

seleno- and telluroether ligands. Reaction of [M(C5Me5)Cl2]2 (M = Rh or Ir) with 2 mol. 

equiv. of and 4 mol. equiv. of TlPFg in refluxing MeOH afforded an orange solution and 

white precipitate of TlCl. After removal of the TlCl by filtration and reduction of the solvent 

volume m vacwo, the complexes [M(C5Me5)(L )̂][PF6]2 were isolated as orange solids, upon 

addition of diethyl ether. The IR spectra showed the expected bands corresponding to the 

coordinated tripod ligand, CgMeg and uncoordinated PFg" anion. The electrospray mass 

spectra showed clusters of peaks with the correct isotopic distribution for [Rh(C5Me5)(L )̂]̂ ^ 

(Figure 5.6) however for the iridium complexes the fragment [Ir(C5Me5)(L )̂Cl]̂  was 
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observed, probably due to the presence of chloride ions in the mass spectrometer. An X-ray 

data set was collected on a very small crystal of [Ir(C5Me)5{MeC(CH2SeMe)3}][PF6]2, but 

the data were too weak to afford a satisfactory refinement, although the expected pseudo-

octahedral heavy atom framework was confirmed. 

The 'H NMR spectra showed sharp peaks corresponding to the coordinated tripod and 

CsMes ligands. Since inversion at an Rh(III)-Se/TeR2 unit is expected to be slow (Chapter 4) 

the observation of just one peak for the Rh complexes for 6(EMe) indicates that the ayw 

invertomer is dominant in solution. For the complexes [^(CsMes) {MeC(CH2EMe)3} f the 

NMR spectra showed one 6(EMe) signal for E = Te, indicating the syn invertomer, 

however for E = Se, two signals were observed corresponding to the anti isomer. 

The '^Se{'H} and '̂ ^Te{^H} NMR spectra showed one doublet for each of the three 

rhodium complexes (Table 5.12), consistent with the presence of just the syn invertomer in 

solution. 
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Figure 5.6. Electrospray mass spectrum of [Rh(CsMes){MeC(CH2SeMe)3}]^^ showing 

the isotopic pattern for the peak [Rh(CsMe3){MeC(CH2SeMe)3}]^^ with calculated 

isotope pattern. The half^mass peaks were not observed in the spectrum due to the 

resolution of the spectrometer. 
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Table 5.12. and NMR (MeCN/CDCk, 300 K) data for the 

complexes [M(C5Me5)(L^] [PFgjz. 

Complex 6(^^Se)" 8(C5Me5) 

[Rh(C5Me5){MeC(CH2SeMe)3}]^+ 126.6 (34) - 100.2 

[Rh(C5Me5){MeC(CH2TeMe)3}]^+ - 270.5 (91) 104.2 

[Rh(C5Me5){MeC(CH2TePh)3}]^+ - 481.6 (91) 106.2 

[Ir(C5Me5){MeC(CH2SeMe)3}] '̂̂  98.1,102.3 - 93.8 

[Ir(C5Me5){MeC(CH2TeMe)3}]^+ - 214.5 98.5 

[Ir(C5Me5){MeC(CH2TePh)3}]^^ - 394.2,409.5, 449.1 94.4 

Relative to external neat SeMea- JRh-se in parenthesis. Relative to external neat TeMe2, 

^̂ e-Rh in parenthesis. 

In the iridium systems, one resonance was observed in the NMR spectrum for 

the MeC(CH2TeMe)3 complex, indicating the presence of the syn invertomer, with two 

resonances being observed in the ^Se{'H} NMR spectrum for the MeC(CH2SeMe)3 complex 

of 2:1 intensity, indicating the anti invertomer. The MeC(CH2TePh)3 complex exhibited three 

resonances, consistent with the presence of both the syn and anti invertomers in solution. 

Comparing the ^^Se and NMR shifts for with those for the cod complexes, a 

significant shift to high frequency is observed, as would be expected due to the higher 

oxidation state of the metal centre causing deshielding of the chalcogen donor. Upon 

changing from Rh to Ir, 8(^Se) and 6(^^Te) are shifted to low frequency as observed for the 

Rh(I) and Ir(I) complexes. The ratio 8(^^^Te)/6(^^Se) for these +3 oxidation state complexes 

is expected to be nearer the norm of 1.7-1.8. This is indeed observed, with 6(^^Te)/6(^^Se) = 

2.1 for both the rhodium and iridium species with MeC(CH2EMe)3 (E = Se or Te). Thus, 

telluroether donation is less elective here compared to the Rh(I) and Ir(I) cod complexes. 

For the rhodium systems, coupling between rhodium and selenium or tellurium was 

observed in the form of doublets in the ^^^Te{'H} or "Se{'H} NMR spectra (Figure 5.7). The 

value of /̂Rh-se found for the selenoether complex (34 Hz) is lower than that observed for 

other Rh(in) selenoether complexes such as [Rh{MeC(CH2SeMe)3}Cl3] (aym 41 Hz, 39 

Hz),'̂  [Rh{MeC(CH2SeMe)3}2][PF6]3 (43 Hz), fraw-[RhCl2([8]aneSe2)2][BF4] (42 Hz) and 

c(^-[RhCl2([16]aneSe4)][PF6] (36 Hz, 37 Hz).̂ ^ In contrast, the 'Jre-Rh values observed for the 

telluroether complexes (Table 5.12) are larger than that found for the 

[Rh(cod){MeC(CH2TeMe)3}]^ complex and those reported for the complexes 
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[Rh(L-L)2Cl2] [PFg] (L-L = MeTe(CH2)3TeMe, PhTe(CH2)3TePh or o-C6H4(TeMe)2) where 

ranged from 50 - 70 Hz.^° For comparable complexes the ^J(Te-X)/'j(Se-X) ratio is 

generally ca. 2-3 and this trend is observed for the MeC(CH2EMe)3 complexes with 

^J(Te-Rh)/̂ J(Rh-Se) = 2.6.'^ 

Figure 5.7. NMR spectrum (113.6 MHz, CH2CI2/CDCI3, 300 K) of 

[Rh(CsMe5){MeC(CH2TeMe)3}] [PFgjz. 

275 5/ppm 265 

•| <5 -| 

The C{ H} NMR spectra were recorded to examine changes at the CsMes group. 

Comparison of shifts for the Rh and Ir complexes shows that upon changing the metal centre 

from Rh to Ir, a shift to low frequency is again observed. Interestingly, 5(C5Me5) is shifted to 

high frequency upon changing the donor from Se to Te. This trend is observed for both the 

rhodium and iridium complexes and indicates that the CsMes ligand is more shielded in the 

selenoether complex than in the telluroether complex. Hence, as the donor is changed from 

Se to Te, less electron density is transferred to the metal, resulting in increased cr-donation by 

the CsMes group. This indicates that for these medium oxidation state complexes, selenium is 

a stronger a-donor than tellurium, probably due to poorer overlap between the large Te cy-

donor orbital and the contracted metal d orbitals. 
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5.3 Conclusions 

The low and medium oxidation state organometallic complexes [M(cod)(L^)] [PFg] and 

[M(C5Me5)(L )̂][PF6]2 (M = Rh or Ir, = MeC(CH2SeMe)3, MeC(CH2TeR)3, R = Me or Ph) 

have been prepared. The M(I) complexes are dynamic in solution and VT NMR studies have 

failed to slow this fluxionality sufficiently to differentiate between the different chalcogen 

environments. X-ray crystallography has shown that the geometry of the ligands around the 

metal centre is best described as square pyramidal in the solid state with the axial M-E bond 

significantly longer than the equatorial M-E bonds. 

The NMR spectroscopic data have been compared in order to ascertain the bonding 

properties of the chalcogen ligands. Comparison of the ratio 8(^^Te)/6(^Se) for these 

complexes has shown the tellurium-125 chemical shift for the [M(cod){MeC(CH2TeMe)3}]^ 

complexes to be more positive than expected. The "C NMR shift for 5(cod-CH) has also 

indicated increased Ti-back bonding from the metal centre to the cod ligand in the complexes 

with the MeC(CH2TeMe)3 ligand. Thus a similar trend to that observed for the Mn(I) 

carbonyl complexes described in Chapters 2 and 3 is observed, with increased a-donation 

from the telluroether ligand compared to the selenoether ligand. 

In contrast, NMR spectroscopic data for the M(III) complexes have shown the ratio 

8(^^Te)/8(^Se) to be nearer the norm of 1.7 - 1.8 for these species. Further, the '^C{^H} 

NMR shift for ^(CaMe;) has shown increased o-donation from the CgMc; ligand to the metal 

centre in the telluroether complex compared to the selenoether system. These data indicate 

telluroether ligands are poorer cj-donors than selenoethers in medium oxidation state 

complexes, probably as a consequence of decreased overlap between the dif&se tellurium 

orbitals and contracted metal d orbitals. 
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5.4 Experimental 

The complexes [Rji(cod)Cl]2/' [Ir(cod)Cl]2,^ [Rh(C5Me5)Cl2]2 and [Ir(C5Me5)Cl2]2 were 

prepared by the literature procedures,^ as were the ligands MeC(CH2SeMe)3 '̂̂  and 

MeC(CH2TeMe)3 An improved synthesis for the selenoether ligand is detailed in Chapter 

7, along with the synthesis of MeC(CH2TePh)3. 

[Rh(cod){MeC(CH2SeMe)3}][PF6]. [Rh(cod)Cl]2 (55 mg, 1.1 x IQ-̂ mol) was added to 

MeC(CH2SeMe)3 (80 mg, 2.2 x 10"* mol) and NH4PF6 (39 mg, 2.4 x 10"* mol) in CH2CI2 (30 

cm^) and the mixture stirred at room temperature for 1 hour. The precipitated NH4CI 

removed by filtration, the solvent volume reduced to 2 cm^ in vacuo and diethyl ether added 

(10 cm^) to give an orange precipitate. Yield 105 mg, 68 %. Analysis: Calculated for 

CisHsoFePRhSes: %C, 27.2; %H, 4.2. Found: %C, 26.6; %H, 3.7. 'HISIMR (CD3CN, 300 K): 

6 1.22 (s, 3H, CCH3), 223 (s, 9H, SeCH3), 2.40 (br, 8H, cod-CHz), 2.68 (s, 6H, SeCH2), 3.96 

(br, 4H, cod-CH). NMR (CH2CI2/CDCI3, 300 K): 6 13.5 (SeCHg), 32.2 (CCH3), 32.7 

(cod-CH2), 35.7 (SeCHz), 80.8 (cod-CH). ^Se{^H} NMR (CH2CI2/CDCI3, 300 K): 6 78.2. 

ES+ (MeCN), = 561; calc for [Rh(cod){MeC(CH2''°SeMe)3}]^ 565. IR/cm ' 3017(w), 

2973(w), 2940(w), 2879(w), 2830(w), 1460(w), 1420(m), 1359(m), 1267(w), 1094(m), 

926(m), 906(w), 845(s), 613(w), 557(m). 

[Rh(cod){MeC(CH2TeMe)3}][PF6] was prepared similarly to give a brown solid (67 %). 

Analysis: Calculated for Ci6H3oF6PRhTe3: %C, 22.5; %H, 3.5. Found: %C, 22.0; %H, 3.2. Ĥ 

NMR (CD3CN, 300 K): 6 1.52 (s, 3H, CCH3), 2.06 (s, 9H, TeCH3), 2.43 (br, 8H, cod-CH2), 

2.51 (s, 6H, TeCHz), 3.82 (br, 4H, cod-CH). '̂ C{̂ H} NMR (CH2CI2/CDCI3, 300 K): 6 -10.5 

(TeCH]), 14.4 (TeCHz), 31.6 (CCH3), 32.3 (cod-CHz), 76.4 (cod-CH). ^^Te{'H} NMR 

(CH2CI2/CDCI3, 300 K): 8 188.3 (̂ yre-Rh - 79 Hz). ES^ (MeCN), m/z - 709; calc for 

[Rh(cod){MeC(CH2'^°TeMe)3}]+ 715. IR/cm ' 1359(s), 1096(s), 987(m), 836(s), 613(w), 

558(m). 

[Rh(cod){MeC(CH2TePh)3}][PF6] was prepared in a similar manner to give an orange 

solid (69 %). Analysis: Calculated for C3,H36F6PRhTe3.CH2Cl2: %C, 34.2; %H, 3.2. Found: 

%C, 34.6; %H, 2.9. 'HNMR (CD3CN, 300 K): 6 1.58 (s, 3H, CCH3), 2.60 (s, 8H, cod-CHz), 

2.73 (s, 6H, TeCHz), 3.99 (s, 4H, cod-CH), 7.4 - 7.7 (m, 15H, TePh). ^^C{'H} NMR 
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(CH2CI2/CDCI3, 300 K): 8 20.4 (TeCHz), 32.0 (CCH3), 32.6 (cod-CHz), 79.3 (cod-CH), 

111.9, 129.7, 130.0, 135.2 (TePh). ^^^Te{'H} NMR (CH2CI2/CDCI3, 300 K): 8 455.2. ES+ 

(MeCN), = 895; calc for [Rh(cod){MeC(CH2^^°TePh)3}]+ 901. IR/cm'̂  3050(w), 

2951(w), 2896(w), 1571(w), 1474(m), 1433(w), 1405(w), 1359(m), 1262(w), 1235(w), 

1094(m), 1016(w), 997(w), 840(s), 740(m), 693(m), 613(w), 558(s), 454(m). 

[Ir(cod){MeC(CH2SeMe)3}][PF6] was prepared similarly using [Ir(cod)Cl]2 instead of 

[Rh(cod)Cl]2 to give a yellow solid (66 %). Analysis: Calculated for CieHsoFelrPSes: %C, 

24.1; %H, 3.8. Found: %C, 23.9; %H, 3.4. Ĥ NMR (CD3CN, 300 K): 8 1.21 (s, 3H, CCH3), 

2.24 (br, 8H, cod-CH2), 2.37 (s, 9H, SeCHs), 2.65 (s, 6H, SeCH2), 3.96 (br, 4H, cod-CH). 

'^C{'H} NMR (CH2CI2/CDCI3, 300 K): 8 16.6 (SeCHa), 32.8 (CCH3), 33.7 (cod-CHg), 36.8 

(SeCH2), 40.1 (CCH3), 62.3 (cod-CH). ^^Se{'H} NMR (CH2CI2/CDCI3, 300 K): 8 58.7. ES^ 

(MeCN), /M/z = 651; calc for [̂ ^^Ir(cod){MeC(CH2''°SeMe)3}]̂  655. IR/cm' 2973(w), 

2918(w), 2841(w), 1416(m), 1356(s), 1095(s), 991(m), 930(w), 905(w), 846(s), 613(w), 

557(m). 

[Ir(cod){MeC(CH2TeMe)3}][PF6] was prepared similarly to give a brown solid (31 %). 

Analysis: Calculated for Ci6H3oF6PIrTe3: %C, 20.4; %H, 3.2. Found: %C, 19.9; %H, 2.5. Ĥ 

NMR (CD3CN, 300 K): 8 1.47 (s, 3H, CCH3), 2.11 (s, 9H, TeCH3), 2.35 (br, 8H, cod-CHz), 

2.57 (s, 6H, TeCH2), 3.42 (br, 4H, cod-CH). ^̂ C{̂ H} NMR (CH2CI2/CDCI3, 300 K): 8 -8.3 

(TeCHs), 14.0 (TeCHg), 34.1 (CCH3), 36.3 (cod-CH2), 61.8 (cod-CH). '̂ ^Te{'H} NMR 

(CH2CI2/CDCI3, 300 K): 8 145.0. ES+ (MeCN), = 799; calc for 

['̂ ^Ir(cod){MeC(CH2^^°TeMe)3}]^805. IR/cm'̂  2962(w), 1359(s), 1261(w), 1091(s), 991(m), 

841(s), 613(w), 557(m). 

[Ir(cod){MeC(CH2TePh)3}][PF6] was prepared in a similar manner to give an orange 

solid (64 %). Analysis: Calculated for C3iH36F6PIrTe3: %C, 33.0; %H, 3.2. Found: %C, 32.5; 

%H, 2.5. Ĥ NMR (CD3CN, 300 K): 8 1.43 (s, 3H, CCH3), 2.35 (s, 8H, cod-CH2), 2.52 (s, 

6H, TeCHz), 3.82 (s, 4H, cod-CH), 7.4 - 7.7 (m, 15H, TePh). '^C{'H} NMR (CH2CI2/CDCI3, 

300 K): 8 20.3 (TeCHz), 33.3 (CCH3), 36.7 (cod-CHz), 64.3 (cod-CH), 111.9, 131.1, 135.4 

(TePh). '^Te{'H} NMR (CH2CI2/CDCI3, 300 K): 8 420.2. ES^ (MeCN), 7M/z = 985; calc for 

['̂ ^Ir(cod){MeC(CH2'̂ °TePli)3}]'̂  991. IR/cm'̂  2995(w), 2951(w), 1571(w), 1474(w), 
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1434(w), 1359(s), 1236(w), 1092(s), 1016(w), 997(m), 842(s), 741(s), 693(m), 613(w), 

558(s), 434(m). 

In a typical preparation, hydrogen was bubbled through a solution of the complex in 

CD2CI2 for 15 minutes at 0 °C. The solution was then transferred into a NMR spectrometer 

tube and placed under an atmosphere of Hz and the 'H NMR spectrum recorded (using a 

Broker AM360 spectrometer operating at 360 MHz) at 0 °C and -50 °C. 

[Rh(C5Me5){MeC(CH2SeMe)3}][PF6]2. To a solution of MeCCCHzSeMe); (57 mg, 1.6 x 

10"̂  mol) in MeOH (40 cm )̂ was added TlPFg (3.2 x 10"̂  mol) and [Rh(C5Me5)Cl2]2 (50 mg, 

8.1 X 10"̂  mol). The reaction mixture was refluxed for 18 hours to give an orange solution 

and white precipitate of TlCl. After filtration and reduction of the solvent volume in vacuo to 

2 cm ,̂ addition of diethyl ether (10 cm^) produced a light orange solid, which was 

subsequently recrystallised from MeCN and diethyl ether. Yield 60 mg, 84 %. Analysis: 

Calculated for CigHssFizPzRhSes: %C, 24.6; %H, 3.8. Found: %C, 24.1; %H, 2.6. 'H NMR 

((CD3)2C0, 300 K): 6 1.00 (s, 3H, CCH3), 1.43 (s, 15H, CgAfeg), 2.62 (s, 9H, SeCHg), 2.90 -

3.40 (br, 6H, SeCH2). '̂ C{̂ H} NMR (CH3CN/CDCI3, 300 K): 6 8.1 (CgA^s), 14.4 (SeCHa), 

29.6 (CCH3), 34.6 (SeCHz), 40.4 (CCH3), 100.2 (QMeg). ^^Se{̂ H} NMR (CH3CN/CDCI3, 

300 K): 6126.5 (̂ JjRh-se = 34 Hz). ES+ (MeCN), - 295; calc for 

[Rh(C5Me5){MeC(CH2^°SeMe)3}]̂ + 296. IR/cm' 2907(w), 1361(m), 1096(m), 1023(w), 

987(w), 838(s), 559(m). 

[Rh(C5Me5){MeC(CH2TeMe)3}][PF6]2 was prepared similarly to give a brown solid (75 

%). Analysis: Calculated for CigH33Fi2P2RhTe3: %C, 21.1; %H, 3.2. Found: %C, 21.4; %H, 

2.6. 'H NMR ((CD3)2C0, 300 K): 6 1.40 (s, 3H, CCH3), 1.75 (s, 15H, CgA^g), 2.05 (s, 9H, 

TeCH3), 2.45 (s, 6H, TeCHz). '̂ C{̂ H} NMR (CH3CN/CDCI3, 300 K): 8 -6.4 (TeCH3), 9.3 

(CsA/es), 17.9 (TeCHz), 32.9 (CCH3), 38.9 (CCH3), 104.2 (CgMeg). ^^Te{'H} NMR 

(CH3CN/CDCI3, 300 K): 8 270.5 ('Jre-Rh = 91 Hz). ES^ (MeCN), m/z = 368; calc for 

[Rh(C5Me5){MeC(CH2^ °̂TeMe)3}]̂ ^ 371. IR/cm' 1474(w), 1359(s), 1095(m), 839(s), 

740(w), 614(w), 559(m). 
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[Rh(C5Me5){MeC(CH2TePh)3}][PF6]2 was prepared similarly to give a light orange solid 

(70 %). Analysis: Calculated 6)r CasHsgFnPiRliTeg: %C, 32.7; %H, 3.2. Found: %C, 32.5; 

%H, 2.5. 'HTSIMR ((CD3)2C0, 300 K): 6 1.30 (s, 3H, CCH3), 1.48 (s, 15H, CgA/es), 3.10 -

3.30 (br, 6H, TeCHz), 7.4 - 7.7 (m, 15H, TePh). ^^C{'H} NMR (CH3CN/CDCI3, 300 K): 8 

10.4 (Csms), 26.1 (CCH3), 33.4 (TeCHz), 40.9 (CCH3), 106.2 (QMeg) 130 - 138 (TePh). 

'̂ ^Te{̂ H} NMR (CH3CN/CDCI3,300 K): 8 481.6 ('Jr,̂ Rh - 91 Hz). ES+ (MeCN), = 461; 

calc for [̂ °̂ RIi(C5Me5){MeC(CH2"°TePh)3}]̂ ^ 464. IR/cm ' 1359(s), 1096(s), 997(m), 

839(s), 732(m), 690(w), 674(w), 558(m). 

[Ir(C5Me5){MeC(CH2SeMe)3}][PF6]2 was prepared similarly using [Ir(C5Me5)Cl2]2 

instead of [Rli(C5Me5)Cl2]2 to give a yellow solid (65 %). Analysis: Calculated for 

Ci8H33Fi2lrP2Se3: %C, 22.3; %H, 3.4. Found: %C, 22.8; %H, 3.4. NMR ((CD3)2C0, 300 

K): 8 1.46 (s, 3H, CCH3), 1.81 (s, 15H, CsJWes), 2.00, 2.15 (s, 9H, SeCH3), 2.66 (s, 6H, 

SeCHz). "C{'H} NMR (CH3CN/CDCI3, 300 K): 8 7.9 (CgAfkg), 13.4, 13.9 (SeCH3), 31.3 

(CCH3), 35.8, 36.2, 36.4 (SeCH2), 42.3 (CCH3), 93.8 (CgMeg). ^Se{^H} NMR 

(CH3CN/CDCI3, 300 K): 8 98.1, 102.3. ES+ (MeCN), = 715; calc k r 

[̂ ^ Îr(C5Me5){MeC(CH2''°SeMe)3}̂ ^Cl]+ 717. IR/cm'̂  1461(w), 1359(m), 1096(m), 985(w), 

837(s), 558(ni). 

[Ir(C5Me5){MeC(CH2TeMe)3}][PF6]2 was prepared similarly to give a brown solid (55 

%). Analysis: Calculated for Ci8H33Fi2lrP2Te3: %C, 19.4; %H, 3.0. Found: %C, 19.0; %H, 

2.5. NMR ((CD3)2CO, 300 K): 8 1.60 (s, 3H, CCH3), 2.16 (s, 15H, CgJWes), 2.39 (s, 9H, 

TeCH3), 3.0 - 3.5 (s, 6H, TeCH2). "C{^H} NMR (CH3CN/CDCI3, 300 K): 8 -5.6 (TeCH3), 

8.8 (Cams), 15.6 (TeCHz), 33.9 (CCH3), 38.9 (CCH3) 98.5 (CgMe;). ^^Te{^H} NMR 

(CH3CN/CDCI3, 300 K): 8 214.5. (MeCN), = 861; calc for 

[̂ ^ Îr(C5Me5){MeC(CH2'̂ °TeMe)3}̂ ^Cl]+ 867. IR/cm'̂  2940(w), 1359(s), 1098(s), 986(m), 

841(s), 740(w), 697(w), 615(w), 558(m). 

[Ir(C5Me5){MeC(CH2TePh)3}][PF6]2 was prepared similarly to give a light orange solid 

(60 %). Analysis: Calculated for C33H39F,2lrP2Te3: %C, 30.5; %H, 3.0. Found: %C, 30.3; 

%H, 2.3. NMR ((CD3)2C0, 300 K): 8 1.26 (s, 3H, CCH3), 1.63 (s, 15H, CgA/̂ s), 2.26 (s, 

6H, TeCH2), 7.2 - 7.8 (m, 15H, TePh). '̂ C{̂ H} NMR (CH3CN/CDCI3, 300 K): 8 8.2 

(CsA/e;), 25.2 (TeCH2), 29.9 (CCH3), 40.6 (CCH3), 94.4 (CgMeg), 127 - 138 (TePh). 
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NMR (CH3CN/CDCI3, 300 K): 8 394.2, 409.5, 449.1. ES+ (MeCN), wz/z = 1047; 

calc for ['̂ ^Ir(C5Me5){MeC(CH2^^ePh)3}^^Cl]+ 1053. IR/cm'̂  3061(w), 1572(w), 1475(m), 

1435(m), 1360(s), 1095(s), 998(m), 839(s), 737(m), 692(m), 558(m), 454(w). 

X-ray Crystallographic Studies 

[Rh(cod){MeC(CH2SeMe)3}][PF6], [Rh(cod){MeC(CH2TeMe)3}][PF6], 

[Ir(cod){MeC(CH2SeMe)3}][PF6] and [Ir(cod){MeC(CH2TePh)3}][PF6]. Details of the 

ciystallographic data collection and refinement parameters are given in Table 5.3. The crystals 

were grown by vapour diffusion of diethyl ether into solutions of the appropriate complexes in 

MeCN (for the Rh complexes) and MeaCO (for the Ir complexes). Data collection used a 

Rigaku AFC7S four-circle diffractometer operating at 150 K, using graphite-monochromated 

Mo-Ka X-radiation (k = 0.71073 A). The data were corrected for absorption using psi-scans 

(except for [Rh(cod) {MeC(CH2SeMe)3} jPFg for which psi-scans did not provide a satisfactoiy 

correction, hence with the model at isotropic convergence, the data were corrected for 

absorption using DIFABS).^ The structures were solved by heavy atom Patterson methods^' 

and developed by iterative cycles of full-matrix least-squares refinement and difference Fourier 

syntheses.^^ All non-H-atoms were refined anisotropically and H atoms were placed in fixed, 

calculated positions with <f(C-H) = 0.96 A. 
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(]hapter6 IludKairuni(U)(lroup 16 'TryxaidCkHiydeawK 

6.1 Introduction 

jAjtbwouygh luOierLHim eodhibits a widie nmige ofcKxidkdicKi stadhss from T/III to -II, l&ie roost 

common are III and II. Indeed a wide range of Ru(II) complexes are known, with virtually all 

being octahedral, diamagnetic with a low spin t2g configuration. Catalytic processes utilising 

Ru(II) phosphine complexes have been an area of intense interest in recent years/ 

The preparation of MeC(CH2PPh2)3 (triphos) complexes with a range of platinum group 

metals have been reported.^ Such species combine the excellent ligand properties associated 

with phosphine ligands along with the stereochemical constraints such tripodal ligands 

impose.^ Bianchini and co-workers have reported much of this work, in addition to studies 

mimicking the hydrodesulfurisation (HDS) process with various metal centres including, for 

example, rhodium,"^ iridium,^ and two component tungsten/rhodium systems/ HDS is 

important industrially since it is the mechanism by which sulfiir is removed irom crude 

petroleum to provide more processable and environmentally acceptable fuels. This work has 

included C-S bond cleavage of benzo[6]thiophene,^ by the ruthenium(II) 

(tetrahydroborate)hydride complex [(triphos)RuH(BH4)] and the first example of 

homogenous and chemoselective hydrogenolysis of benzo[£>]thiophene to 2-ethylthiophenol 

effectively catalysed by the Ru(0) fragment [(triphos)RuH]", obtained via the thermolysis of 

the complex K[(triphos)RuH3].^ The ruthenium(II) tris(acetonitrile) complex 

[(triphos)Ru(NCMe)3][BPh4]2 has played a key role in this chemistry since K[(triphos)RuH3] 

is prepared via the reaction of KO'BU with [(triphos)RuH(BH4)] which is, in turn, obtained 

from [(triphos)Ru(NCMe)3][BPh4]2 and NaBHj. Recent work has also shown that this 

acetonifrile complex is an extremely efficient catalyst precursor for the regioselective 

hydrogenation of benzo[6]thiophene to 2,3-dihydrobenzo[6]-thiophene under mild reaction 

conditions.^ 

The chemistry of Ru(II) with thioether ligands, in particular the macrocyclic [9]aneS3 

has received considerable attention, with complexes such as [Ru([9]aneS3)2]̂ ^ and 

[RuCl([9]aneS3)(dmso)2]^ being reported.The species [RuCl2(PPh3)([9]aneS3)] '̂ and 

[RuX(CS)(PPh3)([9]aneS3)][PF6] (X = H, CI, SCN and SC6H4Me-4) have also been prepared 

as part of an investigation in to organometallic macrocycle chemistry.These studies have 

also reported the cr-vinyl and (T-aryl complexes [Ru(CH=CH2)(C0)(PPh3)([9]aneS3)]^ and 

[Ru(C6H4Me-4)(C0)(PPh3)([9]aneS3)]^ although it should be noted that these species still 
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cwnkun phospWne l^pnds vdueb wiU of ooinse also infhKmce fH-opedMa of the 

complexes/^ 

The chemistry of ruthenium(II) with the heavier seleno- and telluroether ligands has 

genendby been lunhed to the prepandkHi and charaderisatkHi of bkk%dak 

including the [Ru(L-L)2Cl2] (L-L = bidentate se l eno-o r telluroether ligand) and [Ru(L-

L)2(PPh3)Cl][PF6] (L-L = bidentate telluroether) species. The crystal structures of the 

macrocyclic cw-[RuCl2([16]aneSe4)] and #'aw-[RuCl(PPh3)([ 16]aneSe4)][PFg] complexes 

have also been reported as part of a study into the chemistry of the tetraselenoether ligand. 

The successful preparation of low and medium oxidation state rhodium and iridium 

organometallic complexes with the group 16 tripodal ligands, (L^ = MeC(CH2EMe)3 (E = 

Se or Te), MeC(CH2TePh)3} discussed in Chapter 5, along with their flexible coordination 

modes (Chapter 4) and changing bonding abilities (Chapters 3 and 5) led us to consider the 

ability these ligands to promote novel reaction chemistry. Our investigation into homoleptic 

platinum metal complexes with L^ reported the synthesis of the complexes [Ru(L )̂2]̂ ^ {L^ = 

MeC(CH2EMe)3 (E = S, Se or Te) and MeC(CH2TePh)3} (Chapter 4). Considering the 

difficulty encountered in preparing similar diseleno- and ditelluroether analogues, these 

species were found to be remarkably robust. Therefore we were interested in synthesising 

piano-stool complexes containing the [(L^)Ru]^^ fragment in order to determine whether such 

species were sufficiently robust to support any subsequent reaction chemistry. 

This Chapter reports an investigation into the preparation, characterisation and 

electrochemistry of the complexes [RuCl2(PPh3)(L^)] and [RuCl2(dmso)(L^)] (L^ = 

MeC(CH2SeMe)3, MeC(CH2TeMe)3 and MeC(CH2TePh)3). These complexes have been 

studied by analysis, IR and multinuclear NMR (^H, ^^C{^H}, ^'P{^H} and 

^^Se{'H}/^^Te{^H}) spectroscopy as well as ES^ mass spectrometry and X-ray 

crystallographic studies on two of the complexes. The preparation of the tris(acetonitrile) 

complexes [Ru(NCMe)3{MeC(CH2ER)3}]^^ (E = Se, R = Me; E - Te, R - Ph) from the 

respective chloro-dmso species is also described, along with studies into the lability of the 

MeCN ligands and reaction of these complexes with NaBH4. 
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6.2 Results and Discussion 

The precursor [RuCl2(PPh3)3] has been used extensively in the preparation of Ru(II) 

derivatives with various ligands. Recently this research group has reported its reaction with 

bidentate telluroether ligands to form species of the type [Ru(L-L)2(PPh3)Cl][PF6] (L-L = 

RTe(CH2)3TeR, R = Me or Ph, and o-CgHUCTeMe)!) as part of a study into the preparation of 

1:2 metalcditelluroether complexes.We were interested in the preparation of group 16 

tripodal complexes with [RuCl2(PPh3)3] and their reaction chemistry, since such species 

would allow the study of complexes containing both phosphine and group 16 tripodal 

ligands, and provide complexes containing the [(L^)Ru]^^ (L^ = MeC(CH2EMe)3 (E = Se or 

Te) and MeC(CH2TePh)3} fragment, upon which further chemistry may be undertaken. 

Reaction of [RuCl2(PPh3)3] with 1 mol. equiv. of in CH2CI2 at room temperature for 

18 hours gave an orange (selenoether) or brown (telluroether) solution. After reduction of the 

solvent volume in vacuo and addition of diethyl ether, the complexes [RuCl2(PPh3)(L^)] were 

obtained in good yield. The ES^ mass spectra (MeCN solution) showed clusters of peaks with 

the correct m/z and isotope pattern for [RuCl(NCMe)(PPh3)(L^)]^ where the loss of CI" has 

enabled ionisation, with replacement of this ligand by MeCN. A further cluster of peaks 

corresponding to [RuCl(PPh3)(L )̂]̂  was also observed. Elemental analysis confirmed the 

identity of the complexes, showing good agreement with the expected values and confirming 

that triphenylphosphine oxide is not present in the isolated species. 

Although apparently stable in the solid state, these complexes were found to be unstable 

in solution, even when thoroughly degassed with N2, to give a green coloured solution, 

assigned to Ru(III) species. Since such species are paramagnetic, this led to complications 

when recording NMR spectra. To inhibit this process methanol (ca. 10 %) was added to 

solutions of the complexes in CH2CI2/CDCI3 before recording the NMR spectra since long 

accumulation times were necessary. The 'H NMR spectra were recorded &om &eshly 

prepared solutions, under N2. 

The 'H NMR spectra were expected to be fairly complicated, due to the different 

environments for the tripod donor arms, and ihe potential presence of both and anfz 

invertomers, since inversion at an Ru(H)-Se/TeR2 centre is expected to be slow (Chapter 4). 

Sharp resonances that may be assigned to PPhs and the tripod ligand were apparent for the 

selenoether complex, however only broad resonances, possibly associated with a 
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ipaczuiiagpietic spiecies, pyere cdbser/exi jGor die telluroedieur izcKirpleooss, lierwce iacLh/ichial 

environments were obscured and detailed analysis meaningless. 

The NMR spectra again revealed the reactivity of these complexes. Coordinated 

PPh], would generally be expected to have a signal at 5 « 40 for selenoether complexes^^ and 

5 « 50 for telluroether complexes.However for the telluroether complexes, only resonances 

assigned to oxidised triphenylphosphine were observed at approximately 26 ppm. This 

lastuivicmr is (xorairwan arwl hwas t)een cdbseiifed iwi cdlier ridlieaiium ccMiyplemuss, althouĝ b liie 

reaction appears to be extremely rapid for these species. Attempts to run the spectra in 

CH2CI2/CDCI3 solution resulted in immediate decomposition and a meaningful 

NMR spectrum could not be obtained due to the formation of paramagnetic species. The 

selenoether complex exhibited two resonances in the ^'P{'H} NMR spectrum of approximate 

equal intensity at 8 = 34.4 and 35.2, shifts consistent with coordinated PPh] (Figure 6.1) and 

probably indicating the presence of two invertomers. 

Figure 6.1. NMR spectrum (145.8 MHz, CHzCk/CDCIs/MeOH, 300K) of 

[RuCk(PPh3){MeC(CH2SeMe)3}]. 

36 5/^m 33 

163 



The ^^Se{̂ H} and ^̂ T̂e{̂ H} NMR spectra were also recorded, although the spectra for 

the kdhHmHn (XMnpkxes VM%e of the decomposed specxa. The congdex 

[RuCl2(PPh3){MeC(CH2SeMe)3] showed seven signals, although ,̂̂ e.p were poorly resolved, 

over the range of 100 ppm. This is consistent with the inequivalence of the tripod arms with 

both Se-frwM-Cl and Se-frow-P environments, together with the presence of both the fyn and 

anti invertomers. The ^^Te{'H} NMR spectrum of [RuCl2(PPh3){MeC(CH2TePh)3}] showed 

similar behaviour although the range of signals was greater (> 200 ppm), again indicating the 

presence of a decomposition product. Considering this, the spectrum for 

[RuCl2(PPh3){MeC(CH2TeMe)3}] was surprisingly simple, exhibiting just two signals at 5 = 

340 and 336, although again these are obviously not due to the prepared complex. The lack of 

any coupling to phosphorus in these spectra confirmed the dissociation of PPhs in these 

species, veri^ing the reactivity of these complexes. 

Interestingly the complexes [RuCl2(PPh3)([9]aneS3)], [RuCl(PPh3)([14]aneS4)]\^^ 

[RuCl(PPh3)([16]aneSe4)]^ have been observed to be stable in solution and therefore 

exhibit similar behaviour to [RuCl2(PPh3){MeC(CH2SeMe)3}], although the ditelluroether 

complexes [RuCl(PPh3)(L-L)2]^ (L-L = RTe(CH2)3TeR, R = Me or Ph, and o-C6H4(TeMe)2) 

decomposed on standing in CH2CI2 solution in air, developing new ^^P{'H} resonances 

consistent with the presence of OPPha. 

6.22 X-ray Crystal Structure of fRuChfPPh^jfMeCfCHySeMe)^}] 

Due to the instability of these complexes and the complex nature of the NMR 

spectroscopic data, it was felt particularly important to obtain the crystal structure of one of 

these species. Crystals of the complex [RuCl2(PPh3){MeC(CH2SeMe)3}] were grown via the 

slow diffusion of diethyl ether into a solution of the complex in MeOH/CH2Cl2 under N2. The 

structure (Figure 6.2, Tables 6.1 - 6.3) shows Ru(n) coordinated to all three arms of the 

facially bound selenoether ligand, with the CI' and PPh3 auxiliary ligands completing the 

distorted octahedral geometry, <f(Ru-Se) = 2.429(1), 2.423(1) and 2.492(1) A with the longer 

bond to PPh3, consistent with the higher influence of PPh3 compared to CI", <i(Ru-

Cl) - 2.453(2) and 2.454(2) A, <̂ (Ru-P) = 2.336(2) A. The m^ority of the angles around 

Ru(II) are close to the 90° or 180° expected for a regular octahedron, although the angle 

Se(l)-Ru(l)-P(l) - 99.91(6)°, is noticeably larger. The Ru-Se bond lengths compare well 

with those for ^a%y-[RuCl2{PhSe(CH2)2SePh}2] (2.433(1) - 2.460(1) A)̂ ^ and 
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[RuCl(PPh3)([16]aneSe4)]^ (2.465(3) - 2.497(3) A), with the Ru-P and two Ru-Cl bond 

lengths also consistent with those found in frara-[RuCl(PPh3)([16]aneSe4)]^ ((/(Ru-P) = 

2.307(6) A; (f(Ru-CI) = 2.499(5) A). The methyl substituents on the selenoether adopt the 

arrangement. 

Figure 6.2. X-ray crystal structure of [RuCl2(PPh3){MeC(CH2SeMe)3}] with numbering 

scheme adopted. Ellipsoids are drawn at 40 % probability and H-atoms omitted for 

clarity. 

C(17) 0(18) 

C(25) 

C(26) 
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Table 6.1. Crystallographic data collection and reSnement parameters for 

[RuCl2(PPh3){MeC(CH2S€Me)3}] and [RuCl2(dmso){MeC(CH2SeMe)3}]. 

[RuCl2(PPh3){MeC(CH2SeMe)3}] [RuCl2(dmso){MeC(CH2SeMe)3}] 

Formula C26H33Cl2PRuSe3 ( C,oH24Cl20RiiSSe 

Formula weight 785.38 601.22 

Crystal System Orthorhombic Monoclinic 

Space group Vbca Cc 

a, A 16.001(7) 10.13(1) 

b, A 22.237(7) 13.486(6) 

c, A 15.686(5) 13.396(7) 

p r - 101.49(5) 

V,A^ 

z 

5581(3) 

g 

1794(2) 

4 

Dcdc g/cm^ 1.869 2226 

|i(Mo-Ka), cm -1 47.39 73.63 

Unique obs. reflections 5533 1733 

Obs. reflections with 2695 1417 

R 0.036 0.040 

Rw 0.037 0.054 

. = Z(|Fobs|i- IFcalcli) / Z IFobsk, R ^ - V P Wi (IFobsli - IFcalclO'/Z Wi jFobsli^] 

Table 6.2. Selected bond lengths for [RnCl2(PPh3){MeC(CH2SeMe)3}]. 

Atom Atom Distance/A Atom Atom Distance/A 

Ru(l) Se(l) 2.429(1) Ru(l) Se(2) 2.423(1) 

Ru(l) Se(3) 2.492(1) Ru(l) Cl(l) 2.453(2) 

Ru(l) Cl(2) 2.454(2) Ru(l) P(l) 2.336(2) 

Se(l) C(19) 1.945(8) Se(l) C(20) 1.992(8) 

Se(2) C(22) 1.974(8) Se(2) C(23) 1.941(9) 

Se(3) C(24) 1.955(9) Se(3) C(25) 1.961(8) 

P(l) C(l) 1.837(8) P(l) C(7) 1.860(8) 

P(l) C(13) 1.854(8) 
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Table 63. Selected bond angles for [RuCl2(PPh3) {MeC(CH2SeMe)3} ]. 

Atom Atom Atom Angle(°) Atom Atom Atom Angle(°) 

Se(l) Ru(l) Se(2) 89.34(4) Se(l) Ru(l) Se(3) 87.47(3) 

Se(l) Ru(l) 0 (1) 171.07(6) Se(l) Ru(l) Cl(2) 86.83(6) 

Se(l) Ru(l) P(l) 99.91(6) Se(2) Ru(l) Se(3) 93.53(4) 

Se(2) Ru(l) Cl(l) 89.13(6) Se(2) Ru(l) Cl(2) 175.60(6) 

Se(2) Ru(l) P(l) 92.86(6) Se(3) Ru(l) Cl(l) 83.85(5) 

Se(3) Ru(l) Cl(2) 84.15(6) Se(3) Ru(l) P(l) 170.29(6) 

CI(1) Ru(l) Cl(2) 94.33(7) Cl(l) Ru(l) P(l) 88.95(7) 

Cl(2) M l ) P(l) 89.94(7) Ru(l) Se(l) C(19) 111.8(3) 

Ru(l) Se(l) C(20) 107.8(2) C(19) Se(l) C(20) 95.2(3) 

Ru(l) Se(2) C(22) 108.8(2) Ru(l) Se(2) C(23) 110.7(3) 

C(22) Se(2) C(23) 95.8(3) Ru(l) Se(3) C(24) 109.5(3) 

Ru(l) Se(3) C(25) 108.9(2) C(24) Se(3) C(25) 97.8(4) 

Ru(l) P(l) C(l) 114.6(3) Ru(l) P(l) C(7) 117.2(3) 

Ru(l) P(l) C(13) 118.7(3) C(l) P(l) C(7) 102.3(4) 

C(l) P(l) C(13) 102.9(4) C(7) P(l) C(13) 98.4(4) 

P(l) C(l) C(2) 122.4(6) P(l) C(l) C(6) 119.3(6) 

P(l) C(7) C(8) 120.8(7) P(l) C(7) C(12) 121.4(6) 

P(l) C(13) C(14) 123.1(6) P(l) C(13) C(18) 118.4(6) 

Se(l) C(20) C(21) 121.2(6) Se(3) C(25) C(21) 117.7(5) 

Se(2) C(22) C(21) 121.5(6) 

As stated previously, these complexes were prepared in order to study the reaction 

chemistry of the [Ru(L )̂]̂ ^ jB-agment. Despite their obvious vulnerability to oxidation and 

dissociation of PPhs, it was hoped that by replacement of the phosphine and chloride co-

ligands with labile solvent molecules, such a [Ru(L )̂]̂ ^ system might be acquired. 

Unfortunately the reaction of [RuCl2(PPh3)(L )̂] with 2 mol. equiv. of Ag[CF3S03] in 

refluxing MeCN led to the isolation of dark grey materials (which decomposed rapidly to 

black oily solids) that showed no selenium or tellurium isotope pattern in the electrospray 

mass spectra, hence indicating that the target complexes [Ru(NCMe)3(L )̂]̂ ^ had not been 

obtained. Therefore, an alternative route was adopted. 
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6.23 Ruthenium(II) Dichloro-dmso Complexes 

The sensitivity of the chloro-phosphine complexes was thought to be due to the presence 

of the phosphine ligand. Therefore, by using an alternative Ru(II) precursor these difficulties 

should be avoided. Similar work on complexes with MeC(CH2PPh2)3 has shown that 

[RuCl2(dmso)4] provides a convenient route into such chemistiy, avoiding the use of 

phosphine co-ligands/^ 

Treatment of [RuCl2(dmso)4] with 1 mol. equiv. of in toluene at 100 °C for 24 hours, 

affords the complexes [RuCl2(dmso)(L^)]. For the ligands MeC(CH2EMe)3 (E = Se or Te) the 

complexes are precipitated as orange (for MeC(CH2SeMe)3) or brown (for MeC(CH2TeMe)3) 

powders, which may be isolated by filtration and subsequent washing with diethyl ether. For 

MeC(CH2TePh)3 an orange solution is obtained and the complex is isolated via reduction of 

the solvent volume in vacuo to 5 cm^ and addition of diethyl ether. 

FAB mass spectrometry showed clusters of peaks with the correct m/z and isotope 

pattern for [RuCl2(dmso){MeC(CH2EMe)3}]^ (E = Se or Te). However, for 

[RuCl2(dniso){MeC(CH2TePh)3}] the molecular ion was not observed, but clusters of peaks 

were observed corresponding to [RuCI {MeC(CH2TePh)3} IR spectroscopy showed bands 

associated with the coordinated tripod, chloride (v(Ru-Cl) at approximately 240 cm'' cf. 

v(Ru-Cl) for [RuCl2(C0){MeC(CH2AsPh2)3}] at 270 cm'̂ ) and dmso ligands (v(SO) at 

approximately 1080 to 1090 cm"') indicative of S-bound dmso by comparison with similar 

complexes.'^ The 'H NMR spectra were again complex due to the structural characteristics of 

these complexes. However, resonances associated with the tripod and dmso ligand were 

apparent and, in contrast to the previous dichloro-triphenylphosphine species, these 

complexes were found to be stable in solution. Elemental analysis confirmed the 

stoichiometry of these species. 

Interestingly, for the reactions of [RuCl2(dmso)4] with MeC(CH2EPh2)3 (E ̂  P or As) the 

chloro-bridge dimer [Ru2(|i-Cl)3{MeC(CH2EPh2)3}2]^ is obtained for E = P, although for E = 

As, [RuCl2(dinso){MeC(CH2AsPPh2)3}] is isolated.'^ However, spectroscopic information 

for the group 16 ligand complexes reported here confirms the preparation of the mononuclear 

species. 

The ^^Se{'H} or '̂ ^Te{'H} NMR spectra were also recorded. For the selenoether 

complex six resonances were observed (8 168, 170, 218, 219, 229 and 244), with similar 

shifts to those observed for the dichloro- phosphine complex, showing the inequivalence of 
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the tripod donors {tram-dmso and trans-C\) and the presence of both syn and anti 

invertomers. However since seven resonances are predicted for the presence of the three 

possible invertomers this indicates the coincidence of two of the trans-dmso signals. The 

MeC(CH2TeMe)3 complex was highly insoluble in non-coordinating solvents and hence the 

spectrum obtained was too weak to provide useful information. For the MeC(CH2TePh)3 

complex three resonances were observed of similar intensity which may be assigned to the 

anti invertomer, in which the phenyl substituents on the tellurium atoms trans to CI are 

pointing in opposite directions (Figure 6.3). 

Figure 6J. ^^e{^H} NMR spectrum (113.6 MHz, CHzCWCDCU, 300K) of 

[RuCl2(dmso){MeC(CH2TePh)3}]. 

740 650 6/ppm 560 

Since we were interested in the further reaction chemistry of these systems, it was 

particularly important to establish their structure unambiguously. Crystals suitable for single 

crystal X-ray dif&action were grown of [RuCl2(dmso){MeC(CH2SeMe)3}] vza the slow 

evaporation of CH2CI2 &om a solution of the complex in MeOH/CH2Cl2. The structure 

(Figure 6.4, Tables 6.1, 6.4 - 6.5) shows the ruthenium coordinated to all three arms of the 

facial selenoether, with the methyl groups adopting the jyM arrangement. The octahedral 

coordination sphere is completed by two chlorides and one dmso molecule, coordinated 

the sulfur atom and thus consistent with the IR spectrum. Spectroscopic data for the complex 
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[RuCl2(dmso){MeC(CH2AsPh2)3}] also indicated sulfur bonding for the dmso molecule, 

although the crystal structure was not reported/^ The J(Ru-Se) = 2.455(2), 2.417(2) and 

2.466(2) A and t/(Ru-Cl) = 2.441(4) and 2.448(4) A are comparable to those in 

[RuCl2(PPh3){MeC(CH2SeMe)3}] and [Ru{MeC(CH2SeMe)3}2]^^ (Chapter 4) with ^(Ru-S) 

= 2.336 A. 

Figure 6.4. X-ray crystal structure of [RuCl2(dmso){MeC(CH2SeMe)3}] with numbering 

scheme adopted. Ellipsoids are drawn at 40 % probability and H-atoms omitted for 

clarity. 

C(5) 

Cl(l) 

C(7) 

C(10) 
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Table 6.4. Selected bond lengths for [RuCl2(dmso){MeC(CH2SeMe)3}]. 

Atom Atom Distance/A Atom Atom Distance/A 

Ru(l) Se(l) 2.455(2) Ru(l) Se(2) 2.417(2) 

Ru(l) Se(3) 2.466(2) Ru(l) Cl(l) 2.441(4) 

Ru(l) CI(2) 2.448(4) Ru(l) S(l) 2.258(4) 

Se(l) C(l) 1.94(2) Se(l) C(2) 1.93(2) 

Se(2) C(4) 1.95(1) Se(2) C(5) 2.02(2) 

Se(3) C(6) 1.98(1) Se(3) C(7) 1.91(1) 

S(l) 0(1) 1.49(1) S(l) C(9) 1.83(2) 

S(l) C(10) 1.80(2) C(2) C(3) 1.52(2) 

Table 6.5. Selected bond angles for [RuCl2(dmso){MeC(CH2SeMe)3}]. 

Atom Atom Atom Angle(°) Atom Atom Atom Angle(°) 

Se(l) Ru(l) Se(2) 91.29(6) Se(l) Ru(l) Se(3) 91.75(8) 

Se(l) Ru(l) Cl(l) 85.7(1) Se(l) Ru(l) Cl(2) 89.4(1) 

Se(l) Ru(l) S(l) 173.2(1) Se(2) Ru(l) Se(3) 87.49(6) 

Se(2) Ru(l) Cl(l) 92.77(10) Se(2) Ru(l) Cl(2) 177.1(1) 

Se(2) Ru(l) S(l) 92.6(1) Se(3) Ru(l) CI(1) 177.5(1) 

Se(3) Ru(l) Cl(2) 89.7(1) Se(3) Ru(l) S(l) 94.0(1) 

Cl(l) Ru(l) Cl(2) 90.1(1) Cl(l) Ru(l) S(l) 88.5(1) 

Cl(2) Ru(l) S(l) 87.0(1) Ru(l) Se(l) C(l) 111.2(5) 

Ru(l) Se(l) C(2) 111.0(4) C(l) Se(l) C(2) 98.3(7) 

Ru(l) Se(2) C(4) 108.5(5) Ru(l) Se(2) C(5) 105.8(5) 

C(4) Se(2) C(5) 98.6(7) Ru(l) Se(3) C(6) 106.3(5) 

Ru(l) Se(3) C(7) 109.0(5) C(6) Se(3) C(7) 96.4(7) 

Ru(l) S(l) 0(1) 117.5(5) Ru(l) S(l) C(9) 113.7(6) 

Ru(l) S(l) C(10) 110.9(6) 0(1) S(l) C(9) 107.0(8) 

0(1) S(l) C(10) 107.1(8) C(9) S(l) C(10) 98.7(8) 

Se(l) C(2) C(3) 116.8(10) Se(2) C(4) C(3) 121(1) 

Se(3) C(6) C(3) 119(1) 
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6.25 Rutheniumdl) Tris(acetonitrile) Complexes 

The availability of labile or vacant sites in metal coordination spheres have long been 

recognised as essential features of reactive complexes. Such complexes may be obtained by 

the use of bulky ligands to give coordinatively unsaturated species^" such as [Pd(PCy3)2]^' 

(Cy = cyclohexyl) where four coordination is generally preferred, or by the use of potentially 

labile ligands such as phosphines, e.g. [RhCl(PPh3)3]^^ or solvent molecules.^ 

Soon after its synthesis was reported, the complex [Ru(NCMe)3{MeC(CH2PPh2)3}]^^ 

was shown to yield the soluble complex [RuH(BH4){MeC(CH2PPh2)3}], upon reaction with 

NaBH4,^^ which facilitates the cleavage of the C-S bond in benzo[6]thiophene to give 2-

ethylthiophenolate, without the cooperation of either a multimetallic structure or externally 

added reagents.^ We were therefore interested in obtaining the analogous tris(acetonitrile) 

complexes of the group 16 tripod ligands. 

Reaction of [RuCl2(dmso){MeC(CH2ER)3}] (E - Se, R = Me; E = Te, R = Ph) with 2 

mol. equiv. of Ag[CF3S03] in refluxing MeCN for 2 hours afforded a light yellow solution 

and white precipitate. After removal of the AgCl through Gltration, reduction of the solvent 

volume and addition of diethyl ether, the complexes 

[Rii(NCMe)3{MeC(CH2ER)3}][CF3S03]2 were obtained in good yield as yellow 

(selenoether) or orange (telluroether) solids. Unfortunately the analogous MeC(CH2TeMe)3 

complex could not be isolated despite numerous attempts, including the use of TlPFe instead 

of Ag[CF3S03]. The reasons for this are unclear but are perhaps due to facile dealkylation 

occurring. 

The characterisation of these complexes was more straightforward due to the increased 

symmetry compared to the previous species. The ES^ mass spectra showed clusters of peaks 

with the correct isotopic distribution corresponding to the doubly charged species 

[Ru(NCMe)3{MeC(CH2ER)3}]^^ and [Ru(NCMe)2{MeC(CH2ER)3}]^\ IR spectroscopy 

displayed peaks assigned to the tripod ligand and CF3SO3" anion, along with weak bands 

associated with coordinated MeCN (v(CN) = 2310 cm '), with elemental analysis showing a 

good match with the calculated values. 

NMR spectroscopy showed signals assigned to the tripod ligand adopting the jyn 

arrangement with a further resonance at 8 2.29 (telluroether) or 6 2.42 (selenoether) assigned 

to the coordinated MeCN molecules. This shift is comparable with that for the 

MeC(CH2PPh2)3 complex where 6(C;^CN) = 2.34. The ^^Se{'H} and '^^Te{'H} NMR 
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spectra (Figure 6.5) showed just one resonance again indicating the presence of just the syn 

invertomer, since fast inversion is unlikely with the weak trans donor MeCN. Both signals 

are to low frequency of the corresponding chloro-dmso species, consistent with the 

stdbstibjtk)ri(xf1iu:i:LecdixMaK%;atrvT;(jilorick; ligpmds v/hli;icet()njtrile LyraiHis, tliey aunsliowtyvar 

to high frequency of the respective Ru(II) homoleptic seleno- and telluroether complexes 

discussed in Chapter 4. 

Figure 6.5. NMR spectrum (113.6 MHz, MeCN/CDCk, 3 0 0 ^ of 

[Rn(NCMe)3{MeC(CH2TePh)3}] [CFaSOs]:. 

540 5^pm 520 

The reaction of [RuCl2(dmso){MeC(CH2SeMe)3}] with two molar equivalents of 

Ag[CF3S03] in acetone was also studied, with the aim of preparing the tris(acetone) 

derivative [Ru(0CMe2)3{MeC(CH2SeMe)3}]^^. The product obtained was found to be 

extremely unstable upon isolation, although the mass spectrum was recorded confirming its 

identity, with rapid oxidation to Ru(in) species occurring. However, this intermediate may be 

of use since it is stable in solution under N2. 
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6.26 Reaction Chemistry of the Ruthenium(ll) Tris(acetonitrile) Complexes 

The principle aim of this research was to obtain a reactive [Ru(L^)]^^ fragment upon 

which further chemistry could be conducted. Therefore, we wished to confirm that the 

acetonitrile ligands could be substituted easily by other ligands, obviously a prerequisite if 

these complexes were to be able to cany out reaction chemistry. 

v\dkihicHi of one raol. ecpiry. ()f A/kyCXXZIizSlVIe)] to 

[Ru(NCMe)3 {MeC(CH2SeMe)3} ] [CFgSOsjz in methanol and subsequent reflux for 18 hours 

led to the isolation of the complex [Ru{MeC(CH2SMe)3} {MeC(CH2SeMe)3} ] [CFsSOsji, 

after reduction of the solvent volume in vacuo and addition of diethyl ether, as a light yellow 

solid in high yield. The complex [Ru{MeC(CH2TePh)3}{MeC(CH2SeMe)3}][CF3S03]2 was 

obtained similarly via the reaction of [Ru(NCMe)3{MeC(CH2TePh)3}][CF3S03]2 with 1 mol. 

equiv. of MeC(CH2SeMe)3. 

IR spectroscopy displayed peaks associated with the coordinated tripodal ligands and 

CF3SO3 anion, with the electrospray mass spectra showing clusters of peaks corresponding 

to the doubly charged cation. Elemental analysis showed a good match with the expected 

values. 

The ISIMR spectra were complex due to the number of overlapping signals, however 

resonances associated with both ligands in the complex could be identified in each case. The 

^^Se{'H} and ^^^Te{^H} NMR spectra showed one resonance corresponding to the syn 

invertomer. For the thio- selenoether complex 8(^^Se{^H}) =123 (Figure 6.6), a similar shift 

to the homoleptic complex [Ru{MeC(CH2SeMe)3}2]^^ discussed in Chapter 4. The seleno-

telluroether complex shows 8('^Se{'H}) = 128 and 8(^^Te{^H}) = 485, both shifts are 

consistent with those observed for the respective homoleptic Seg or Teg donor species 

reported in Chapter 4. 

Crystals suitable for X-ray crystal diffraction were grown of 

[Ru{MeC(CH2SMe)3}{MeC(CH2SeMe)3}][CF3S03]2 the vapour diffusion of diethyl 

ether into a solution of the complex in MeN02. Unfortunately, the complex crystallised in a 

centrosymmetric space group (PI) with a half cation in the asymmetric unit, indicating that 

the structure was disordered and hence useful bond lengths could not be obtained. 
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Figure 6.6. NMR spectrum (68.7 MHz, MeNOz/CDCIa, 300K) of 

[Ru{MeC(CH2SMe)3} {MeCCCHzSeMeM] [CFsSOsjz. 

130 110 

Having established the lability of the acetonitrile ligands and hence the availability of the 

[Ru(L )̂]̂ ^ fragment, we were interested to study the reaction of these species with NaBH4 in 

the e)q)ectation of generating hydride species, so important for hydrogenation and 

hydrodesulfiirisation catalysis. As stated previously, reaction of 

[Ru(NCMe)3{MeC(CH2PPh2)3}]^^ with NaBH4 gave the ruthenimn(II) 

(tetrahydroborate)hydride complex, [{MeC(CH2PPh2)3}RuH(BH4)].̂ ^ Therefore, in order to 

study the reactivity of the group 16 donor complexes a similar reaction was undertaken. 

Initially excess solid NaBBU was added slowly to a solution of 

[Ru(NCMe)3{MeC(CH2ER)3}][CF3S03]2 (E = Se, R = Me; E = Te, R = Ph) in dry ethanol at 

room temperature. A gas was evolved immediately along with the precipitation of a black 

solid, which was filtered off Attempts to identify this product were unsuccessful, with the 

mass spectrum and NMR spectrum showing no peaks that could be assigned to a tripod-

containing product. It is likely that this product is ruthenium metal, obtained v/a the reduction 

of Ru(II) by NaBH4 and dissociation of the ligands. This is obviously in contrast to the 
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chemistry observed with MeC(CH2PPh2)3 and is probably as a result of the poorer a-donor/TC-

acceptor ligand properties of the group 16 tripods compared to phosphine ligands, making 

ligand dissociation and liberation of ruthenium more probable. 

In order to ascertain whether the products could be stabilised at low temperature, this 

reaction was repeated by slowly adding the NaBHt to a slurry of 

[Ru(NCMe)3{MeC(CH2ER)3}][CF3S03]2 in edianol at -78°C. No reaction was observed, 

probably due to the insolubility of the reactants in ethanol at this temperature, therefore the 

mixture was allowed to warm slowly. However, as soon as the reactants began to dissolve, a 

black precipitate was again observed, indicating decomposition to ruthenium metal. 

This rather disappointing result does not necessarily exclude these complexes as 

potential catalysts, since the coordination of the substrate may well stabilise the Ru(II) centre 

and assist in keeping the tripodal ligand bound. It does however illustrate the differences 

between the coordination abilities of phosphine and group 16 donor ligands. 

6.27 Electrochemistry 

Cyclic voltammetry was used to investigate the electrochemistry of the complexes 

reported in this Chapter over the range - 0.75 V to + 1.0 V in CH2CI2 solution at room 

temperature under an atmosphere of N2. The Ru(II)/Ru(III) oxidation couple was of 

particular interest due to observation of the facile oxidation of the [RuCl2(PPh3)(L^)] 

complexes. The telluroether complexes of [RuCl2(dmso)(L^)] and [RuCl2(PPh3)(L )̂] 

generally showed just broad ill defined oxidation processes, which shifted potential upon 

varying scan-rate. However, for the selenoether derivatives quasi-reversible oxidations were 

observed at - 0.2 V for [RuCl2(dmso){MeC(CH2SeMe)3}] and -0.1 V (v .̂ Fc-Fc^ at 0.43 V) 

for [RuCl2(PPh3){MeC(CH2SeMe)3}]. These potentials are similar to those obtained for the 

complexes A'aMa-[Ru{PhSe(CH2)2SePh}2Cl2] (E1/2 = 0.16 V Fc-Fc^'^ and 

[RuCl2([16]aneSe4)] (E1/2 = 0.0 V w. Fc-Fc .̂̂ ^ The observation of ill defined potentials for 

the telluroether complexes is consistent with electrochemical studies on [Ru(L-L)2X2] (L-L = 

ditelluroether, X = CI, Br or I) complexes.'^ 
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6.3 Conclusions 

[Tie ]pre%)araticKi ()f lire (xomqplexxss |TtwC]b(T)F1i3)(Î 3)] (L? == ]V[e(]((]H2SeA/re)3, 

and ]V[e(]((IH2TreI*b)3) lias Led to tlie (Dtxseii/ation cxF scHiie iirusxpHscteKl 

chemistry. Although the selenoether complex is relatively stable, the instability of the 

telluroether complexes in solution, through facile oxidation of the metal centre and 

triphenylphosphine ligand has hindered the characterisation of these species, and their use in 

jprepariag fhigfcuaits wrhli ladbik; s()lvei# rooLeciiles o(x:u]}yioj? tlie i%%iiainjiig 

coordination sites. However, an alternative route into this chemistry has been devised through 

the preparation of the complexes [RuCl2(dmso)(L^)] which are stable in solution. Reaction of 

these complexes with Ag[CF3S03] in refluxing MeCN has given the target species 

(E; = ZSe, ]& = A4e; IE = Fe, It == Mi) vfidi die latulibr cdFthie 

acetonitrile ligands being established via the preparation of the mixed-tripod 

Ru(II) complexes [Ru{MeC(CH2SMe)3}{MeC(CH2SeMe)3}]^^ and 

[Ru{MeC(CH2SeMe)3}{MeC(CH2TePh)3}]^^. The reaction of the tris(acetonitrile) 

complexes with NaBH* to give a hydride derivative, has instead led to decomposition of the 

complexes, with precipitation of ruthenium metal, even at low temperature. 

Electrochemical studies have shown that the complexes 

[RuCl2(dniso){MeC(CH2SeMe)3}] and [RuCl2(PPh3){MeC(CH2SeMe)3}] undergo quasi-

reversible oxidations at low potentials. 
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6.4 Experimental 

The complexes [RuCl2(PPh3)3]^ and [RuCl2(dmso)4]̂ ^ were prepared the literature 

procedures, as were the ligands MeC(CH2SMe)3,̂ ^ MeC(CH2SeMe)3^^ and 

MeC(CH2TeMe)3 Improved syntheses for the thio- and selenoether ligands are detailed in 

Chapter 7, along with the synthesis of MeC(CH2TePh)3. 

[RuCl2(PPh3){MeC(CH2SeMe)3}]. [RuCl2(PPh3)3] (208 mg, 2.2 x 10"̂  mol) was added 

to MeC(CH2SeMe)3 (77 mg, 2.2 x 10"* mol) in dry CH2CI2 (40 cm^) and the reaction stirred 

at room temperature for 18 hours to give an orange solution. This was reduced to ca. 2 cm^ in 

vacuo and diethyl ether (10 cm^) added to precipitate an orange solid. Yield 113 mg, 66 %. 

Analysis: Calculated kr C26H33Cl2PRuSe3: %C, 39.8; %H, 4.2. Found: %C, 39.9; %H, 4.4. 

'H NMR (CDCI3, 300 K): 6 1.37 (s, IH, CCH3), 1.6 - 2.0 (m, 3H, SeCH3), 2.3 - 2.6 (m, 2H, 

SeCH2), 7.2 - 8.2 (m, 5H, Ph). ^^Se{̂ H} NMR (CH2Cl2/MeOH/CDCl3, 300 K): 6 165, 168, 

171, 245, 247, 272, 275. ^̂ P{̂ H} NMR (CH2Cl2/MeOH/CDCl3, 300 K): 8 35.2, 34.4. 

(MeCN), /M/z = 792, 751; calc. for ['°W^Cl(PPh3){MeC(CH2''°SeMe)3}(NCMe)]^ 794, 

[^°W^Cl(PPh3){MeC(CH2''°SeMe)3}]+753. IR/cm ' 3050(w), 2962(w), 2940(w), 1481(m), 

1433(m), 1358(s), 1090(s), 989(m), 907(w), 834(m), 746(m), 697(s), 614(w), 523(s), 499(m), 

459(m), 422(m), 290(m), 216(m). 

[RuCl2(PPh3) {MeC(CH2TeMe)3}] was prepared similarly to give a light brown solid (61 

%). Analysis: Calculated for C26H33Cl2PRuTe3.CH2Cl2: %C, 31.9; %H, 3.3. Found: %C, 

31.9; %H, 3.5. NMR (CDCI3, 300 K): see text. ^̂ T̂e{̂ H} NMR (CH2Cl2/MeOH/CDCl3, 

300 K): 6 336, 340. ^^P{'H} NMR (CH2Cl2/MeOHyCDCl3, 300 K): 6 26.7. (MeCN), 

/M/z = 938, 897; calc. for ['°W^Cl(PPh3){MeC(CH2'^°TeMe)3}(NCMe)]+ 944, 

['°W^Cl(PPh3){MeC(CH2^^°TeMe)3}]^903. IR/cm"' 3051(w), 2922(w), 1481(m), 1432(s), 

1360(s), 1267(w), 1217(w), 1190(w), 1090(s), 998(m), 835(s), 744(s), 697(s), 614(w), 

526(s), 459(w), 309(m), 223(m). 

[RuCl2(PPh3){MeC(CH2TePh)3}] was prepared similarly to give an orange solid (72 %). 

Analysis: Calculated for C4iH39Cl2PRuTe3: %C, 44.1; %H, 3.5. Found: %C, 39.7; %H, 3.1. 

NMR (CDCI3, 300 K): see text. '^Te{^H} NMR (CH2Cl2/MeOH/CDCl3, 300 K): 8 566, 

570, 741, 742, 770. ^'P{'H} NMR (CH2Cl2/MeOH/CDCl3, 300 K): 6 25.6. ES+ (MeCN), 
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= 1122, 1081; calc. for [^°W^Cl(PPh3){MeC(CH2'^°TePh)3}(NCMe)]+ 1130, 

[^°W^Cl(PPh3){MeC(CH2'^°TePh)3}]^1089.IR/cm-' 3052(w), 1571(m), 1476(m), 1432(s), 

1358(s), 1263(w), 1187(w), 1090(s), 1017(m), 998(m), 834(w), 797(w), 735(s), 694(s), 

524(s), 456(m), 250(m). 

[RuCl2(dmso){MeC(CH2SeMe)3}]. [RuCl2(dmso)4] (40 mg, 8.3 x 10'̂  mol) was added to 

dry toluene (40 cm )̂ and heated to 100°C for 10 minutes. The resulting suspension was 

allowed to cool, and MeC(CH2SeMe)3 (29 mg, 8.3 x 10"̂  mol) in toluene (5 cm )̂ added and 

the mixture heated to 100°C for 24 hours. The resulting precipitate was filtered, washed with 

diethyl ether (10 cm^) to give an orange solid. Yield 30 mg, 60 %. Analysis: Calculated for 

CioH24Cl20RuSSe3: %C, 20.0; %H, 4.0. Found: %C, 20.3; %H, 3.8. NMR (CDCI3, 300 

K): 6 1.34 (s, IH, CCH3), 2.1 - 2.6 (m, 3H, SeCH3), 2.61 (s, 2H, CH3S), 3.35 - 3.51 (m, 2H, 

SeCHz). ^^Se{̂ H} NMR (CH2CI2/CDCI3, 300 K): 6 168, 170, 218, 219, 229, 244. FAB MS 

(3-NOBA), = 601, 567, 523; calc. for [^°W^Cl2(dmso){MeC(CH2^''SeMe)3}]'^ 604, 

[^°W^Cl(dmso){MeC(CH2''°SeMe)3}]^ 569, [^°W^Cl2{MeC(CH2''°SeMe)3}]'^ 526. IR/cm" 

' 2950(w), 1413(m), 1358(s), 1262(m), 1076(s), 1017(m), 924(w), 834(w), 802(w), 713(w), 

678(w), 614(w), 540(w), 427(m), 238(m). 

[RuCl2(dmso){MeC(CH2TeMe)3}] was prepared similarly to give a brown solid (61 %). 

Analysis: Calculated 6)r CioH24Cl20RuSTe3: %C, 16.1; %H, 3.2. Found: %C, 16.5; %H, 3.5. 

'H NMR (CDCI3, 300 K): 6 1.26 (s, IH, CCH3), 2.1 - 2.4 (m, 3H, TeCHg), 2.63 (s, 2H, 

CH3S), 3.40 - 3.55 (m, 2H, TeCH2). '̂ °Te{̂ H} NMR (CH2CI2/CDCI3, 300 K): see text. FAB 

MS (3-NOBA), m/z = 748; calc. for [^°W^Cl2(dmso){MeC(CH2'^°TeMe)3}]^ 754. IR/cm ' 

2925(w), 1359(s), 1095(s), 1018(m), 996(m), 835(m), 682(w), 613(w), 536(w), 425(w), 

236(m). 

[RuCl2(dmso){MeC(CH2TePh)3}] was prepared similarly except an orange solution was 

produced upon heating for 24 hours. The solvent volume was reduced m vacuo to 5 cm^ and 

diethyl ether added to give an orange solid (69 %). Analysis: Calculated for 

C25H3oCl20RuSTe3: %C, 32.2; %H, 3.2. Found: %C, 31.8; %H, 3.3. 'H NMR (CDCI3, 300 

K): 6 1.26 (s, IH, CCH3), 2.57 (s, 2H, CH3S), 3.10 - 3.50 (m, 2H, TeCHz), 6.8 - 8.2 (m, 5H, 

TePh). '^°Te{'H} NMR (CH2CI2/CDCI3, 300 K): 6 570, 677, 737. FAB MS (3-NOBA), 

= 821; calc. for [^°W^Cl{MeC(CH2'^°TePh)3}]^ 827. IR/cm ' 3050(w), 2951(w), 1570(w), 
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1475(m), 1432(m), 1359(s), 1262(m), 1089(s), 1017(s), 998(s), 802(m), 740(m), 693(m), 

612(w), 541(w), 455(w), 421(w), 253(m). 

[Ru(NCMe)3{MeC(CH2SeMe)3}][CF3S03]2. [RuCl2(dmso){MeC(CH2SeMe)3}] (34 mg, 

5.7 X 10"̂  mol) was added to Ag[CF3S03] (29 mg, 1.1 x 10"̂  mol) in MeCN (40 cm )̂. The 

mixture was refluxed for 2 hours, cooled and filtered to remove the precipitated AgCl. The 

solvent volume was reduced in vacuo to 2 cm^ and diethyl ether added to give a light yellow 

solid. Yield 40 mg, 80 %. Analysis: Calculated for Ci6H27F6N306RuS2Se3: %C, 22.0; %H, 

3.1; %N, 4.8. Found: %C, 21.9; %H, 3.2; %N, 4.8. NMR ((€03)260, 300 K): 6 1.47 (s, 

IH, CCH3), 2.42 (s, 3H, NCCH3), 2.51 (s, 3H, SeCHs), 2.85 (m, 2H, SeCHz). ^Se{^H} NMR 

(MeCN/CDCb, 300 K): 6 159. ES+ (MeCN), mz/z = 288, 267; calc. jkr 

['°^Ru(NCMe)3{MeC(CH2''°SeMe)3}]^^ 290, ['°^Ru(NCMe)2{MeC(CH2^°SeMe)3}]̂ ^ 269. 

IR/cm-̂  2312(w), 1360(s), 1263(s), 1225(m), 1150(m), 1098(m), 1032(m), 991(w), 836(w), 

638(s), 518(w). 

[Ru(NCMe)3{MeC(CH2TePh)3}][CF3S03]2 was prepared similarly to give an orange 

solid (53 %). Analysis: Calculated for C3iH33F6N306RuS2Te3: %C, 30.9; %H, 2.7; %N, 3.5. 

Found: %C, 30.5; %H, 2.4, %N, 3.3. NMR ((CD3)2C0, 300 K): 6 1.91 (s, IH, CCH3), 

2.29 (s, 3H, NCCH3), 2.90 (s, 2H, TeCH2), 7.5 - 7.8 (m, 5H, TePh). ^^^Te{'H} NMR 

(MeCN/CDCk, 300 K):6 531. ES^ (MeCN), m/z - 453, 432, 414; calc. for 

['°̂ Ru(NCMe)3{MeC(CH2^ °̂TePh)3}]̂ + 458, [̂ °̂ Ru(NCMe)2{MeC(CH2^ °̂TePh)3}]̂ ^ 437, 

['°^Ru(NCMe){MeC(CH2'̂ °TePh)3}]^+ 417. IR/cm ' 2315(w), 1478(w), 1435(w), 1358(m), 

1276(s), 1154(s), 1093(m), 1032(s), 998(m), 834(w), 745(m), 693(m), 638(s), 574(w), 

518(m), 458(w). 

[Ru{MeC(CH2SMe)3}{MeC(CH2SeMe)3}][CF3S03]2. MeC(CH2SMe)3 (17 mg, 7.9 x 10" 

^ mol) was added to [Ru(NCMe)3{MeC(CH2SeMe)3}][CF3S03]2 (69 mg, 7.9 x 10'̂  mol) in 

MeOH (30 cm )̂ and the reaction mixture refluxed for 18 hours. After cooling the solvent 

volume was reduced in vacwo to 5 cm^ and diethyl ether added to precipitate a light yellow 

solid. Yield 60 mg, 79 %. Analysis: Calculated for CigH36F606RuS5Se3: %C, 22.5; %H, 3.8. 

Found: %C, 22.5; %H, 3.5. 'H NMR ((CD3)2C0, 300 K): 6 1.26 (s, IH, C7^C(CH2SCH3)3), 

1.38 (s, IH, C^3C(CH2SeCH3)3), 2.34 (s, 3H, SeCH3), 2.52 (s, 3H, SCH3), 2.7-2.9 (m, 4H, 

SeCH2, SCH2). ^^Se{'H} NMR (MeNOz/CDCk, 300 K): 6 123. ES^ (MeCN), /M/z - 811, 
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331; calc. for (['°^Ru{MeC(CH2SMe)3}{MeC(CH2^°SeMe)3}][CF3S03]r 815, 

['°^Ru{MeC(CH2SMe)3}{MeC(CH2''°SeMe)3}]^^ 333. IR/cm-̂  2940(w), 1461(w), 1420(m), 

1358(m), 1262(s), 1227(m), 1166(m), 1096(m), 1032(s), 976(w), 639(s), 518(m). 

[Ru{MeC(CH2TePli)3}{MeC(CH2SeMe)3}][CF3S03]2 was similarly prepared vfa the 

reaction of [Ru(NCMe)3{MeC(CH2TePh)3}][CF3S03]2 with MeC(CH2SeMe)3 (73 %). 

Analysis: Calculated for C33H42F606RuS2Se3Te3: %C, 27.6; %H, 2.9. Found: %C, 27.4; %H, 

2.8. 'H NMR ((CD3)2CO, 300 K): 6 1.16 (s, 2H, % ) , 2.06 (s, 3H, SeCHs), 2.4-2.9 (m, 4H, 

SeCH2, TeCH2), 7.5 - 8.0 (m, 5H, TePh). ^Se{^H} NMR. (MeN02/CDCl3, 300 K): 6 128. 

^̂ T̂e{̂ H} NMR (MeNOz/CDCk, 300 K):6 485. ES+ (MeCN), = 569; calc. for 

['('̂ Ru{MeC(CH2"°TePh)3}{MeC(CH2''°SeMe)3}]^^ 573. IR/cm' 2929(w), 1572(w), 

1476(w), 1433(w), 1358(s), 1262(s), 1224(m), 1156(m), 1096(m), 1030(s), 997(m), 910(w), 

834(w), 738(m), 693(m), 638(s), 573(w), 518(m), 456(m). 

[RuCl2(PPh3){MeC(CH2SeMe)3}] and [RuCl2(dmso){MeC(CH2SeMe)3}]. Details of the 

crystallographic data collection and refinement parameters are given in Table 6.1. The 

crystals were grown v/a the vapour diffusion of diethyl ether into a solution of 

[RuCl2(PPh3){MeC(CH2SeMe)3}] in CHzCb/MeOH and by the slow evaporation of CH2CI2 

60m a solution of [RuCl2(dmso){MeC(CH2SeMe)3}] in CH2Cl2/MeOH. Data collection used 

a Rigaku AFC7S four circle dif&actometer operating at 150 K, using graphite-

monochromated Mo-Kg X-radiation (1 = 0.71073 A). No significant crystal decay or 

movement was observed. The structures were solved by heavy atom methods^° and 

developed by iterative cycles of full-matrix least-squares refinement^' and difference Fourier 

syntheses. All non-hydrogen atoms were reGned anisotropically while H-atoms were placed 

in fixed, calculated positions with 6f(C-H) = 0.96 A. 
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Chapter 7 Ligand Synthesis 

7.1 Introduction 

Despite organic tellurium compounds having a history dating back to 1840, it still 

remains a rather poorly understood area of modem chemistry. Much of the difficulty 

associated with this chemistry arises fi-om the weakness of Te-H and Te-C bonds and was 

discussed in Chapter 1. Therefore, routes generally associated with the preparation of thio-

and selenoether ligands can not be employed for telluroethers. Hence the analogous tellurium 

chemistry associated with thiols is almost unknown, and any reports of such isolated species 

should be treated with some caution. Similarly, the well-known reduction of RSeCN to RSe' 

functions using Na/NHsQ as a route to form a variety of multidentate and macrocyclic 

selenoether ligands is not successfully transferred into tellurium chemistry. The analogous 

tellurocyanates are generally extremely unstable and although systems such as ArCHaTeCN 

(Ar = 4-CIC6H4 and i-MeOCglTt) are known, attempts to synthesise ditellurocyanates have 

failed.' Therefore the preparation of species such as NaTe(CH2)3TeNa is far more 

challenging than first inspection would suggest. Indeed there are at least as many differences 

as similarities in the chemical behaviour of selenium and tellurium. 

Further difficulties can also often arise from attempts to carry out further reaction 

chemistry with tellurium containing fragments since reaction at tellurium is fi-equently 

observed in preference to the required transformation. The sensitive nature of the isolated 

species should also not be underestimated since they are generally air and moisture sensitive, 

depositing tellurium upon exposure. Subsequently, purification of ligands is also surprisingly 

difficult if they may not be distilled in vacuo or recrystallised. 

However, the preparation of new tellurium containing ligands is of great interest, as a 

consequence of the rich coordination chemistry these ligands possess and their enhanced a -

donor properties to low valent metal centres (Chapter 2) and therefore these synthetic 

difficulties need to be overcome. The preparation of tellurium containing macrocycles is of 

particular interest since these ligands will enable tellurium to be studied in a macrocyclic 

environment, and will lead to complexes with novel properties as a result of the enhanced 

kinetic and thermodynamic stability associated with the Macrocyclic Effect? Such 

macrocyclic complexes may have applications in many diverse fields including: 
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" Catalysis: Electrochemical studies on thioether macrocyclic complexes have shown 

that unusual oxidation states may be accessed and stabilised that are not possible 

with their acyclic analogues. For example, the paramagnetic Pd(III) ion is stabilised 

in [Pd([9]aiieS3)2]^ The availability of these unconmion oxidation states suggests 

that such systems may well have potential in some electrocatalytic pathways. 

Recently the complex [Rh(PPh3)2([9]aneS3)][PF6] has been shown to undergo ligand 

substitution and effectively catalyse the demercuration of bis(alkynyl)mercurials.'^ 

" Biological Models: There is currently much interest in the role macrocyclic 

complexes play in nature since in many biological molecules the active metal centre 

is bound within a macrocyclic ring. Marcrocycles have been used to mimic the 

behaviour of certain biological systems such as Mo-nitrogenases, blue copper 

proteins and Ni-hydrogenases.^' ® 

• Selectivity: Macrocycles, depending on their donor atoms and ring size are capable 

of extracting certain metal ions from a mixture. This is particularly true for the 

crown ethers and derivatives, where hard oxygen donors preferably bind group 1 and 

group 2 metals, for example [18]crown6 selectively binds over Na .̂̂  

• Tumour Imaging: The radiopharmaceutical industry has recently noted the potential 

for macrocycles as carriers for p and y emitters such as ^Cu. The strong 

coordinating ability of the macrocycle ensures that the metal centre remains 

complexed to the imaging agent. ̂  

Unfortunately, the synthesis of macrocycles is generally more problematic than their 

corresponding acyclic derivatives. There are two major approaches that may be employed: 

# High Dilution:- This technique involves the ring closure reaction being performed in 

conditions of high dilution in order that concentrations of the reagents in the vessel 

at any one time are very low. The disadvantages of this technique are that it may 

give low yields due to side reactions occurring, and usually leads to long reaction 

times which can cause difficulties when using air or moisture sensitive materials. 

# Metal Template:- This technique requires the acyclic precursors to be coordinated to 

a metal centre, and hence in close proximity, favouring ring closure over 

polymerisation. The obvious disadvantage to this approach is that demetallation is 

then necessary to give the free macrocyclic ligand. Problems are also often 

encountered in identifying suitable metal templates since ion size is extremely 
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important. Sellmann and Zapf utilised this route in order to prepare [PjaneSs in high 

yield via the cyclisation of the open chain dithiolate, "S(CH2)2S(CH2)2S', and 1,2-

(UtMnomcMfdianecHi 1iie]Ma{<]())3 j]%ygmerU:.̂  

Just one homoleptic Te macrocycle, [12]aneTe3, has been prepared, reflecting the 
10 synthetic difficulties in combining organo-tellurium and macrocyclic chemistry. 

There have been a few potentially useful intermediates reported such as [o-CalitTez]^' 

prepared from the phenylenemercury hexamer^^ and [l,2-C5H6Te2]^" which may be 

conveniently synthesised from 1,2-dibromocyclopentene, *BuLi and tellurium in THp/^ 

These dianions, in theory, would allow for the preparation of new multidentate telluroether 

ligands. 

This Chapter reports an investigation in the organic chemistry of tellurium, focusing on 

the preparation of new ligands. For convenience, it has been divided in to three sections. The 

first section will detail improved syntheses for the tripodal ligands MeC(CH2EMe)3 (E = S 

and Se) as well as the synthesis of the new ligand MeC(CH2TePh)3. The second section will 

report an investigation into the chemistry of dilithium 1,2-cyclopenteneditellurolate, an 

important potential precursor in the preparation of new ligands. Finally, the synthesis of new 

mixed donor thio-telluroether macrocycles will be discussed, along with the preparation of 

their Ag(I) complexes. 
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7.2 Results and Discussion 

7.21 Synthesis of the Tripodal Lisands MeC(CH?EMe)^ (E = S or Se) and 

The group 16 tripodal ligands MeC(CH2EMe)3 (E = S, Se and Te) have formed a major 

part of this research. Previous syntheses reported for the thio-'^ and selenoether '̂* ligands 

have reported yields of 33 % and 27 % respectively, with the majority of the crude product 

being the mono- and di-substituted derivatives. Since the tribromo precursor, MeC(CH2Br)3, 

is time consuming to prepare, it was advantageous to maximise the yields of these ligands 

based on this reactant. This was achieved by using 6 molar equivalents of nucleophile, MeS' 

or MeSe", and extending the reaction time to overnight reflux in dry ethanol or THF 

respectively. The tri-substituted ligand was the only product isolated in yields of 83 % (E = 

S)and80%(E = Se). 

Despite the ligand MeC(CH2TeMe)3 being reported approximately 10 years ago/^ the 

phenyl derivative is not known. There&re, in order to investigate the properties of 

multidentate telluroethers further, a synthesis for this ligand was devised. The new tripodal 

ligand MeC(CH2TePh)3 was prepared via the addition of MeC(CH2Br)3 to 6 molar 

equivalents of PhTeLi in THF at -196 °C. The mixture was allowed to warm to room 

temperature, stirred for 18 hours, and refluxed for one hour to give a dark red solution. The 

mixture was worked up to give a dark red oil, the '̂ ^Te{'H} NMR spectrum of which gave 

two resonances at 5 385 and 417. The signal at 5 417 may be assigned to diphenyl 

ditelluride,^^ leading to an initial assignment of the second resonance to the product. Studies 

on RTeR' by O'Brien and co-workers have shown that the effects of R and R' are 

approximately additive and that stepwise deshielding of tellurium occurs with the 

replacement of the hydrogens in MeiTe with other g r o u p s . T h e '^^Te{'H} for 

MeC(CH2TeMe)3 has been reported as 8 21,̂ ^ and since the contribution to this shiA of the 

methyl groups may be taken as 0 ppm, this shift may be attributed to the tripod backbone. A 

prediction for MeC(CH2TePh)3 therefore requires the contribution &om Ph which may be 

taken to be 329 ppm (PhTeMe) or 342 ppm from Ph2Te (685 ppm). Adding the contributions 

from the tripod backbone and an averaged Ph figure (336 ppm), the chemical shiA 6)r the 

ligand MeC(CH2TePh)3 may be predicted to be 357 ppm, and hence in good accord with the 

observed value considering the simplicity of this model. 
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In order to purify the product, the crude red oil was recrystallised twice from light 

petroleum ether to give a light orange solid, the ^^Te{^H} NMR spectrum of which showed 

just one signal at 5 385, indicating that the diphenyl ditelluride had been removed. The 

and NMR spectroscopic data are shown in Table 7.1, and confirmed the purity of the 

ligand, along with elemental analysis which showed a good match with the calculated values. 

The FAB mass spectrum also confirmed the required ligand had been prepared showing a 

cluster of peaks at m/z = 684 (calculated for [MeC(CH2^^°TePh)3]^ = 690). 

Table 7.1. and NMR (CDCI3,300 K) data for MeC(CH2TePh)3. 

17 H NMR Data C{'H} NMR Data 

1.20, s, IH 

3.23, s, 2H 

7.1 -7.7,m,5H 

% 
TeC% 

TePA 

26.1 175 Hz) 

28.7 

39.7 

113 

139 

128,129 

TeCHz 

CCH3 

CCH3 

ipso-C 

ortho-C 

meta, para-C 

7.22 Investigation into the Chemistry of Cvcloventene 1.2-ditellurolate 

The preparation of organic molecules containing two tellurolate functions is of great 

interest to this study. Such species would be convenient precursors for the preparation of 

multidentate and more importantly, macrocyclic telluroether ligands. However, such 

dianions, in contrast to thio- and selenoether chemistry, are synthetically challenging to 

prepare. This is as a result of a lack of compounds containing two tellurium atoms that may 

be exploited to synthesise such species, and also due to the weakness of Te-C bonds, leaving 

such anions prone to rapid decomposition via elimination of the carbon backbone and the 

formation of ditellurides. As discussed previously, routes such as the preparation of Te-H 

entities that are used extensively in the analogous thioether chemistry are not accessible, with 

attempts to prepare species such as RTeCN giving irreproducible results. 

The bidentate telluroether ligands were prepared via the reaction of RTeLi with 

dibromoalkanes. An obvious extension of this chemistry would be the preparation, and 

subsequent reaction with tellurium, of dilithio- reagents. These species in themselves are not 

trivial to prepare but would allow, in theory for the preparation of ditellurolates. Two such 
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species have been reported in the hterature, dilithium 1,2-benzeneditellurolate" and dilithium 

1,2-cyclopenteneditellurolate although this chemistry has not been investigated in detail, with 

just the Pt(n) complexes [Pt(Te2C5H6)(PPh3)2] and [Pt(Te2C6H4)(PPh3)2] being reported 

(Figure 7.1)^^ along with their reaction with tetrachloroethene, as part of a study into designer 

organic metals, to give dibenzotetratellurafulvalene and hexamethylenetetratellurafiilvalene 

(Figure 7.2)/"' 

Figure 7.1. Single crystal X-ray structure of [Pt(Te2C6H4)(PPh3)2]. 17 

CM31 

cm 

en* 

Figure 7.2. Single crystal X-ray structure of hexamethylenetetratellurafulvalene. 18 

C(8) 

Te(3) Ted) 

Te(4) Te(2> 
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Their reaction to form tellnroether species has not been investigated, and so this section 

reports some chemistry of dilithium 1,2-cyclopenteneditelluroiate in order to establish 

whether these systems are suitable precursors in the formation of such ligands. 

Dilithium 1,2-cyclopenteneditellurolate was prepared via Scheme 7.1 shown below. The 

control of the temperature is important due to the reactive nature of these species and thus all 

reagents were added at -78 ° C. Although slow warming was found to be necessary to ensure 

complete reaction of tellurium with the lithiated species, this was controlled so that the 

reaction temperature did not exceed -20 °C. The quality of the 1,2-dibromopentene was also 

found to be an important factor for this reaction, and thus was freshly distilled immediately 

before the preparation was undertaken. 

Scheme 7.1. Preparation of the tellurium dianion CgH^TezLiz. 12 

,Br 
i) *BuLi 

ii)Te 
^ B r 

TeLi 

Br 

i) 'BuLi 

ii)Te 

TeLi 

TeLi 

In order to establish whether this dianion would react in a similar manner to the 

methyltelluro-lithium and phenyltelluro-lithium analogues, i. e. straightforward nucleophilic 

attack, Mel was added to [CgHgTez]̂ " at -78 °C, with the aim of isolating the ligand 1,2-

CsHkCTeMe): (Figure 7.3). 

Figure 7.3. Predicted product from the reaction of [CgH^Tez]^ with Mel 

/ T e M e 

^ T e M e 

After work up to give a red oil and subsequent recrystallisation from hght petroleum 

ether, a brown solid was obtained. The FAB mass spectrum gave a cluster of peaks at = 

388, with an isotope pattern consistent with the presence of two tellurium atoms in the 
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molecule. However, the mass was too high for the ogected product for C7Hi2̂ °̂Te2 = 

356), and was found to correspond to [CioH^'^^Tez]^ {m/z - 392). Therefore, on this basis the 

compound shown in Figure 7.4 was proposed as the product. The ^^Te{^H} NMR spectrum 

gave one peak at 5 422 ppm, consistent with this structure, although there are few similar 

compounds reported. The and NMR spectroscopic data are shown in Table 7.2 

and Figure 7.5, which, with elemental analysis, confirmed the postulated structure. Repeating 

the reaction without the addition of Mel was found to give the same product. 

Figure 7.4. Structure of 2^,6,7-tetrahydro-lB^^d:cyclopenta[l,4][l'4']diteUur:n. 

H a 
/ T e \ C 

T e - ^ C ^ C b 

Table 7.2. 'H and NMR (CDCI3, 300 K) data for 2^,6,7-tetrahydro-m,5^-

dicycIopenta[l,4][l'4']ditellurm. 

NMR Data NMR Data 

2.13, q, IH Hb 27.7 Cc 

2.62, t, 2H Ha 42.0 Cb 

125.1 Ca 

An interesting feature of this compound is the apparent stability of the [Te(C)2Te] 

backbone, which is obviously prone to elimination, as observed in the attempted preparation 

of the bidentate ligands RTe(CH2)2TeR and RTe(CH)2TeR.̂ ^ The cyclopentene ring structure 

must thermodynamically disfavour this process due to the predicted formation of a strained 

5-membered ring containing a triple bond. 
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Figure 7.5. NMR spectrum (300 MHz, CDCI3, 300 K) of 2,3,6,7-tetrahydro-m,5^-

d:cycIopenta[l,4][l'4']d:tellurin. 

I ' I ' I I U I I ' I I I I I I I I I I I I I I I I I I I U I I I I I I I I I I I 1 ^ I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

2.70 2.60 2.50 2.40 2.30 2.20 2.10 2.00 

6/ppm 

This molecule would be expected to act as a bidentate ligand, with enhanced stability 

due to the formation of a 5-membered chelate ring. However, analysis of this system shows 

that due to the rigidity of the central 6-membered ring, the lone pairs on the tellurium atoms 

can not coordinate in such a fashion to a metal centre, although it can act as a bridging 

bidentate ligand. 

Initial inspection of this reaction scheme suggests that the dianion had not been formed, 

resulting in cyclisation of two monoanions upon warming. Therefore, addition of one 

equivalent of tellurium to CjHeBrLi to give the monoanion, should lead to this cyclised 

product in higher yield. In order to investigate this proposition, the monoanion was prepared 

as before, but rather than cooled again to -78 °C, the reaction was allowed to warm to room 

temperature. Subsequent work up gave a red oil which was recrystallised from light 

petroleum ether to give a dark orange crystalline product. The ^̂ T̂e(̂ H} spectrum 

showed one peak at 8 213 ppm, indicating that 2,3,6,7-tetrahydro-l/f,57i/-

dicyclopenta[l,4][r4']ditellurin had not been obtained, with the FAB mass spectrum showing 
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a cluster of peaks centred at m/z = 548 corresponding to [CioHn^^Bra'̂ ^Tea]^ {m/z = 550). 

Thus, the ditelluride compound, l,2-di(2-bromo-l-cyclopentenyl)ditellurane, shown in 

Figure 7.6, had been synthesised with 'H and NMR spectroscopic data (Table 7.3) 

confirming this assignment. The elemental analysis result was also in agreement with the 

calculated values. 

Figure 7.6. Structure of l^-di(2-bromo-l-cyclopentenyl)d:teHurane. 

Ht 
T e — T e ^ y C i 

>Cb 

Br Br^Cd 

Table 7J. and NMR (CDCI3, 300 K) data for l^-di(2-bron:o-l-

cyclopentenyI)diteUurane. 

'H NMR Data "C{^H} NMR Data 

2.04, q, IH Hb 23.6 Cb 

2.64, t, IH He 41.4,43.2 Ca,Cc 

2.91, t, IH Ha 110.6 Cd 

127.3 Ce 

Hence, the monoanion has been formed at low temperature, which is decomposing to the 

ditelluride product upon warming to room temperature. This is a common reaction pathway 

in tellurium chemistry where the formation of ditelluride species is favoured. Addition of 

dihaloalkanes to RTeLi to form the ditelluroether ligands, at room temperature, results in a 

similar formation of RTeTeR. 

This reaction suggests that 2,3,6,7-tetrahydro-l^,5^-dicyclopenta[l,4][r4']ditellurin 

must be obtained v/a a different mechanism to that first proposed. However, it is likely that 

the addition of a further quantity of *BuLi disfavours the formation of the ditelluride 

compound, thus enabling cyclisation to occur preferentially. 

We were interested to establish whether this decomposition route could be hindered vza 

the addition of a species that could react with the monoanion. In order to investigate this a 

solution of [CgHgBrTe]' was prepared at -78°C, and 1,2-dibromobenzene added as shown in 

Scheme 7.2. 
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Scheme 7.2. Proposed reaction scheme for the reaction of 1^-dibromobenzene with 

[CgHgBrTe]. 

TeLi 

Br 

+ 

The reaction procedure was followed as before but cooled to -78°C as soon as the 

tellurium had dissolved, whereupon was added dropwise. Stirring the reaction 

overnight gave an orange solution, which was worked up to give an oily brown solid. 

Addition of light petroleum ether to dissolve the oil, and subsequent cooling led to the 

isolation of a light yellow solid. The FAB MS showed a cluster of peaks at m/z = 408 

corresponding to [CnHĝ ^̂ Tcz]̂  = 412), with the '^Te{^H} NMR spectrum giving one 

peak at 8 898 ppm. The and NMR spectra showed only aromatic signals, with no 

resonances assigned to the cyclopentene fragment. All the data are consistent with the 

product being telluranthrene, which has been prepared previously vza the reaction of o-

phenylenemercury and tellurium metal at 250 °C.̂ ° Therefore, transmetalation has occurred 

with subsequent cyclisation leading to the obtained product (Scheme 7.3). 

Scheme 73. Proposed reaction scheme leading to the formation of telluranthrene. 

TeLi 

Br 

+ 2 2 
TeLi 
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These results suggest that the preparation of both the mono- and dianions is difficult to 

control and although this system has led to some interesting chemistry, it seems unsuitable 

for the synthesis of macrocyclic ligands due to its unpredictability. 

7.23 Preparation of New Tellurium Containing Cyclic and Acyclic Limnds 

Due to the difficulties associated with the synthesis of tellurium ligands, mono- and 

bidentate ligands form the major categories of such species. There are few tridentate ligands, 

and just one homoleptic tritelluroether macrocycle [12]aneTe3, although little work has been 

published on its associated coordination chemistry.There is also one example of a tellurium 

containing macrocyclic Schiff base with Te2N4 donor set in a 22-membered ring.^' 

We were interested in preparing new mixed donor acyclic and cyclic ligands containing 

telluroether functions. Such species would allow tellurium to be studied in new coordination 

environments such as high oxidation state complexes, if the additional donor atoms of the 

ligand supported such. The preparation of macrocyclic ligands would also allow for tellurium 

to be studied in a macrocyclic environment and should lead to complexes with novel 

properties due to the thermodynamic and kinetic stability associated with such systems. 

In contrast to telluroether chemistry, the preparation of thioether macrocycles is well 

established with the ligands [9]aneS3, [14]aneS4, [16]aneS4 (1,5,9,13-

tetrathiacyclohexadecane) and [ISJaneSe (1,4,7,10,13,16-hexathiacyclooctadecane) being 

readily available from commercial suppliers, reflecting the interest shown in their chemical 

and coordinative properties. Arguably, the most interesting of these macrocycles is [9]aneS3 

which has been shown to be an excellent ligand due to the combined properties of the 

preorganisation of its lone pairs for facial coordination, and the C2 linkages between the 

sulfur atoms resulting in the formation of five membered chelate rings upon coordination. 

Certainly some very interesting complexes have been reported with this ligand including the 

homoleptic species [Rh([9]aneS3)2]^\^ [Pd([9]aneS3)2]̂ ^ (Figure 7.7) and [Pt([9]aneS3)2]̂ ^ 

where monomeric Rh(n), Pd(ni) and Pt(in) are stabilised by this ligand.̂ '̂ 
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3+ 23 Figure 7.7. Single crystal X-ray structure of [Pd([9]aneS3)2] . 

H(ZA) 
H(3B) 

H(6A) 

We were interested in ascertaining how the replacement of a thioether function with 

tellurium would change the properties of homoleptic thioether macrocycles in light of our 

observations of the changing donor properties down group 16 that we had previously 

established (Chapter 2). Therefore, it was decided to concentrate on the preparation of mixed 

donor thio-, telluroether ligands. The thioether functions should allow for the stabilisation of 

higher oxidation state complexes, with telluroether functions favouring lower oxidation 

states. Few similar compounds have been synthesised, although l-thia-4-telluracyclohexane 

has been previously reported via the low yielding reaction of bis(2-chloroethyl)sulfide with 

Na2Te in water using high dilution techniques. 

7.237 

The synthesis of Te(CH2CH2CH20H)2 has been previously reported v/a the reaction of 

NazTe (generated in H2O) and BrCH2CH2CH20H.̂  The preparation of the dithiol analogue, 

Te(CH2CH2CH2SH)2, would be advantageous since this would allow for ring closure with 

dibromoethane to give a mixed donor S/Te macrocycle. However, it was anticipated that the 

thiol function may complicate the reaction due its potential to polymerise via S-S bond 

formation, and therefore the reaction was Grst performed utilising Br(CH2)3SMe. A solution 

of Na2Te was prepared in H2O, Br(CH2)3SMe (2 mol. equiv.) added in ethanol and the 

mixture refluxed for 1 hour. Subsequent work up gave the required ligand 

Te(CH2CH2CH2SMe)2 hi good yield as a red oil. The FAB MS showed the expected cluster 
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of peaks at = 308 corresponding to [CgHigSî ^^Te]̂  (/M/k = 308) and the ^̂ T̂e{̂ H} NMR 

spectrum one peak at 6 238. The rules for predicting NMR chemical shifts, 

discussed by O'Brien and co-workers, states that substitutions more remote than the y-carbon 

(with respect to Te) have negligible effects/^ Therefore die shift for this ligand may be 

directly compared with that obtained for TeCCHaCHaCHaOH)! (8 229)?® The 'H and 

NMR spectroscopic data are shown in Table 7.4 and confirmed the identity of the ligand. 

Table 7.4. and NMR (CDCI3,300 K) data for Te(CH2CH2CH2SMe)2. 

NMR Data "C{'H} NMR Data 

1.98, q, 2H 

2.06, s, 3H 

2.53, t, 2H 

2.69, t, 2H 

CH2C^2CH2 

8 % 

8 % 

TeCJ^ 

1.5 ('Jrec-155Hz) 

15.7 

31.6 

36.2 

CHzTe 

C H 3 S 

CH2S 

C H 2 C H 2 C H 2 

Unfortunately the corresponding reaction with Br(CH2)3SH^' led to a mixture of 

products. The FAB MS was encouraging showing a cluster of peaks at = 278 for 

['̂ °Te(CH2CH2CH2SH)2]+ - 280), however both the 'H and spectra were complex 

indicating a mixture of species. The ^̂ T̂e{̂ H} NMR spectrum gave three peaks at 6 234, 233 

and 229, reasonable shifts for the required ligand, but again indicating a mixture of species 

present, probably polymeric in nature. The crude product was therefore columned but 

unfortunately, this led to decomposition, despite being performed under N2. Therefore, it 

would seem likely that reaction had also occurred at the thiol Amction. Although the 

protection of the thiol groups was considered for this reaction, the methods required for 

deprotection would also lead to reaction at tellurium, in preference to sulfur, and thus an 

alternative synthetic strategy was adopted. 
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Due to the difficulties associated with converting functional groups in tellurium 

containing molecules, a synthesis was devised where the addition of the telluroether 

functional group was the final step. The method adopted is shown in Scheme 7.4. 

Scheme 7.4. Preparation of [lljaneSzTe. 

2 C1(CH2)30H + NaS(CH2)2SNa H0(CH2)3S(CH2)2S(CH2)30H 

S O C I 2 / C H C I 3 

CI(CH2)3S(CH2)2S(CH2)3C1 
NH3(i) 

The dichloro-compound C1(CH2)3S(CH2)2S(CH2)3C1 was prepared according to the 

literature procedure.^^ Addition of HS(CH2)2SH dropwise to a solution of sodium in ethanol 

followed by dropwise addition of C1(CH2)30H gave the compound 

H0(CH2)3S(CH2)2S(CH2)30H, after work up, as a white waxy solid. Addition of SOCI2 to a 

solution of this species in CHCI3 subsequently gave C1(CH2)3S(CH2)2S(CH2)3C1 as a brown 

oil. The required macrocyclic ligand was prepared via the addition of this dichloro- species in 

THF to a solution of Na2Te prepared in NH3(i) at -78 °C. The ammonia was allowed to boil 

off overnight and the resulting mixture hydrolysed and extracted with CH2CI2 to give a red 

oil. Purification by silica flash chromatography using ethyl acetate:hexane 1:3 gave the 

ligand as a hght yellow solid. 

The NMR spectrum showed one peak at 5 234, a similar shift to that obtained 

for the acyclic S2Te ligand MeS(CH2)3Te(CH2)3SMe. The FAB MS showed a cluster of 

peaks at m/z = 306, with the correct isotope pattern, corresponding to [C8Hi6S2^ '̂̂ Te]̂  {m/z = 

306), the molecular ion of the required ligand, along with fragmentation peaks associated 

with [Te(CH2)3S]^ due to the loss of (0^2)3S(CH2)2 through cleavage of the Te-C and S-C 

bonds. It should also be noted that the FAB mass spectrum was obtained of the crude product 

in order to establish the potential presence of larger ring systems. However, the highest mass 
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peak corresponded to [llJaneSaTe. Elemental analysis was consistent with the expected 

values. The and NMR spectroscopic data are detailed in Table 7.5, and the 

NMR spectrum is shown in Figure 7.8. The expected coupling is observed in the 'H 

NMR spectrum, and although the two signals from the SCH2 groups overlap, the overall 

singlet and triplet pattern may be discerned. The NMR spectrum shows four 

resonances corresponding to the four carbon environments, with the shift for ^(TeCHz) 

markedly to low &equency than the other three resonances, consistent with other telluroether 

ligands and its acyclic analogue discussed above. 

Table 7.5. and NMR (CDCI3 ,300 K) data for [lljaneSzTe. 

NMR Data NMR Data 

2.05, q, IH CH2%CH2 2.2 CHzTe 

2.67, t, IH TeCffz 32.6 CH2S 

2.73, t, IH SC^CHzCHzTe 32.9 CH2S 

2.74, s, IH S%C//2S 34.7 CH2CH2CH2 

TThe ligfuidiwT&s veiTf jpocxrhf solidbls arui theit%&)re 'Jre-c wem: iicd cdbsennai, e\%%i adRer 

extended data accumulation. 

Figure 7.8. NMR spectrum (90.1 MHz, C D C I 3 , 3 0 0 K) of [lljaneSzTe. 

35 15 8/ppm 
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7 . 2 ( V , J - 6 f y / ^ A w - P - W / « r a c y c / o ( y o d ^ c a M ^ 

This chemistiy has been successfully adapted to prepare the ligand [12]aneS2Te (Figure 

7.9). The reaction procedure was followed as for [1 IJaneSiTe, with the addition of a solution 

of C1(CH2)3S(CH2)3S(CH2)3C1 in THF to NagTe in NHao) at -78 °C. Upon work up and 

purification v/a flash column chromatography using ethyl acetate:hexane 1:3, a light yellow 

oily solid was obtained. 

Figure 7.9. Structure of [IZjaneSzTe. 

The ^^Te{'H} NMR spectrum showed one peak at 6 217, a shift entirely consistent with 

a Te{(CH2)3}2 unit- The FAB mass spectrum showed a cluster of peaks at = 320, 

corresponding to the molecular ion (/»/^ for C9HigS2̂ °̂Te = 320) along with peaks associated 

with the loss of [S(CH2)3] and [(CH2)3S(CH2)3]. The (Figure 7.10) and NMR 

assignments are shown in Table 7.6, which with elemental analysis confirmed the purity of 

the ligand, showing a good match with the calculated values. 

Table 7.6. H and NMR ( C D C I 3 , 300 K) data for [IZjaneSiTe. 

'H NMR Data NMR Data 

1.86, q, IH SCH2%CH2S 1.0 CH2Te 

2.06, q, 2H SCH2%CH2Te 27.7 SCH2CH2CH2S 

2.66, t, 2H TeCjfz 29.0 CH2S 

2.73, t, 2H SC/f2 30.1 CH2S 

2.78, t, 2H 33.5 SCHzCHzCHzTe 
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Figure 7.10. H NMR spectrum (300 MHz, CDCI3 ,300 K) of [IZjaneSzTe. 
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2.80 2.70 2.60 2^0 2.40 2.30 2^0 2.10 2.00 1.90 1.80 

6/ppm 

This chemistry has also been successfully adapted to prepare the tetradentate macrocycle 

[MjaneSgTe (Figure 7.11) vza the reaction of Na2Te with 

C1(CH2)3S(CH2)2S(CH2)2S(CH2)3C1. 

Figure 7.11. Structure of [14]aneS3Te. 

S Te-

Purification of the crude product by silica gel flash chromatography using ethyl 

acetateihexane 1:3 and ethyl acetateihexane 1:20 gave a light yellow solid. 

202 



Chapter 7 Ligand Synthesis 

The '^^Te{'H} NMR spectrum gave one peak at 5 254, again consistent with the 

previous ligands. The FAB mass spectrum (Figure 7.12) showed a cluster of peaks at m/z — 

366 corresponding to the molecular ion im/z for CioHaoSs^^^Te = 366), along with peaks 

showing the fragmentation of the ligand through cleavage of Te-C and S-C bonds. The 

and ^^C{^H} NMR spectroscopic data are shown in Table 7.7. Elemental analysis showed a 

good agreement with the expected values. 

Table 7.7. and NMR (CDCI3,300 K) data for [14]aneS3Te. 

'H NMR Data NMR Data 

2.09, q, IH (ZHsCffzCZHz 4.7 CHzTe 

2.62, t, IH TeC#2 34.5,34.9,35.7 3 xCTHjSI 

2.73, t , lH SC#2 3&1 

2.78, m, 2H 2 iclSCZf/z 

Figure 7.12. FAB mass spectrum of [14]aneS3Te. 

200 250 300 

Intensity 
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[Te(CH2)3S(CH2)2S] 
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7.2JJ (^2e(1C%C%C%^V%)2 

The extension of this chemistry to mixed N/Te donor acyclic ligands has also been 

investigated, with the aim to provide convenient synthetic precursors for the preparation of 

new macrocyclic ligands. With this in mind, a similar route to that first undertaken to prepare 

the S/Te ligands was adopted, with the replacement of thiol functions with primary amines. 

Thus the ligand H2N(CH2)3Te(CH2)3NH2 was prepared the dropwise addition of 3-

chloropropylammonium chloride to a solution of sodium telluride in water. The mixture was 

subsequently refluxed for three hours and extracted with diethyl ether to give an orange oil. 

The ^^Te{^H} NMR spectrum showed a shift of 6 240, again consistent with the previous 

ligands reported in this Chapter, and confirms the minimal effect that changing groups further 

than the y-carbons have on 8(^^Te). The FAB mass spectrum confirmed the identity of the 

ligand showing a cluster of peaks corresponding to the molecular ion at = 246, for 

CeHieNî ^^Te = 246) with elemental analysis showing a good match with the calculated 

values. The 'H and NMR spectroscopic data are shown in Table 7.8. In contrast to 

the thiol chemistry, the amine protons are more basic and polymerisation does not occur. 

Table 7.8. and NMR (CDCI3,300 K) data for Te(CH2CH2CH2NH2)2. 

NMR Data NMR Data 

0.98, s, br, IH N ^ 2.4(^Jrec=156Hz) CH2Te 

1.64, q, IH NCHzC/^CHzTe 38.8 NCHzCHzCHzTe 

2.42, t, IH T e % 46.8 NCHz 

2.50, t, IH N % 

7.2̂ ^ Co/MpZexgj' Donor Macmcyc/gj' 

The coordination chemistry of the new mixed donor S/Te macrocycles has been 

investigated with Ag[CF3S03]. In a typical preparation, the macrocyclic ligand, Lsn̂ e, (1 mol. 

equiv.) was dissolved in 25 cm^ of CH2CI2 and Ag[CF3S03] (1 mol. equiv.) added. The 

reaction mixture was stirred for approximately 1 hour, during which time the Ag[CF3S03] 

dissolved and a light yellow solid was precipitated, which was filtered off and washed with 

diethyl ether. These species were found to be extremely insoluble even in coordinating 
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solvents, probably as a combination of the insolubility of the ligands with the formation of an 

extended structure, common in Ag(I) chemistry. Due to this and the fact that NMR 

spectroscopy has been shown to provide little information on the structure of such complexes 

(Chapter 4), just NMR spectra were obtained which showed resonances associated with 

the coordinated ligands. However, the ES^ mass spectra gave clusters of peaks corresponding 

to [Ag(Ls/Te)]^ for all three complexes, and [Ag(Ls/Te)2]^ for both Ls/xe = [lljaneSaTe and 

[12]aneS2Te with IR spectroscopy displaying peaks identified with the CF3SO3 anion and the 

macrocyclic ligand. Elemental analysis showed a good match for both the [llJaneSaTe and 

[MjaneSsTe complexes illustrating a 1:1 complex. However, the [lljaneSaTe species was 

observed to be extremely unstable and decomposed before microanalyses were obtained. 

To order to confirm that the macrocyclic ligand had been synthesised, crystals suitable 

for single crystal X-ray diffraction were grown of [Ag([l 1 ]aneS2Te)][CF3SO3] via the vapour 

diffusion of diethyl ether in a solution of the complex in MeNOa/MeOH. Unfortunately, the 

crystal was poorly diffracting and analysis of the structure obtained showed it to be highly 

disordered as well as containing various solvent molecules. Therefore, refinement to a 

reasonable R factor was unsuccessful (Table 7.9). However, the expected macrocyclic ligand 

was revealed as well as the overall structure which shows two different Ag(I) environments, 

trigonal planar and tetrahedral (Figure 7.13). The trigonal planar geometry is obtained via 

bidentate coordination of one macrocycle through the thioether functions to give a five-

membered chelate ring, with the remaining coordination site occupied by a telluroether 

function from a neighbouring macrocycle. The tetrahedral Ag(I) has a similar coordination 

environment, except that the extra coordination is occupied by a bridging thioether function, 

which binds the {[Ag([lIjaneSzTe)]'^}^ dimers together to give a linear chain polymer 

(Figure 7.14). The heavy atom bond lengths ^/(Ag-Te) = 2.67(1) - 2.717(6) A and <i(Ag-S) = 

2.60(1) - 2.80(1) A are comparable to those found in 

[{Ag(MeTeCH2CH2CH2TeMe)2}j[BF4]« (4Ag-Te) = 2.785(2) - 2.837(2) A)^ and 

[Ag^hSCH2CH2CH2SPh)2»][BF4]» (4Ag-S) = 2.573(3) - 2.623(3) A)̂ ° although due to the 

high R factor for this structure, caution must be employed when comparing these data. 
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Table 7.9. Crystallographic Data Collection and Refinement Parameters for 

[AgdlljaneSzTe)] [CF3SO3]. 

[Ag([ll]aneS2Te)][CF3S03] 

Formula QHieAgFaOaSaTe 

Formula weight 525.37 

Crystal System Triclinic 

Space group PI 

a, A 12.49(1) 

b,A 14.328(4) 

c, A 11.648(7) 

a/" 108.01(4) 

p/" 109.56(7) 

y/o 94.27(4) 

v,A' 1830(2) 

z 4 

Dakag/cm^ 2.086 

H(Mo-Ka), cm"' 30.35 

Unique obs. reflections 6449 

Obs. reflections with 4172 

R 0.187 

Rw 0.231 

R = Z ( |Fobs|i - |Fcalc|i) / Z [Fobsli, Rw V [Z Wi (IFobsli - IFcalcIO^ / Z Wi |Fobs|i^] 
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Figure 7.13. X-ray crystal structure of [Ag([ll]aneS2Te)][CF3S03] showing local 

geometry around Ag(I) centres. Ellipsoids are drawn at 40 % probability and H-atoms 

omitted for clarity. 

Ag(2*) 

Te(l*) 

\ 

Te(l) 
Ag(l*) 
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Figure 7.14. X-ray crystal structure of [Ag([lIjaueSzTe)] [CF3SO3] showing extended 

structure. Ellipsoids are drawn at 40 % probability and H-atoms omitted for clarity. 
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7.3 Conclusions 

The first section of this Chapter has detailed improved syntheses for the ligands 

MeC(CH2SMe)3 and MeC(CH2SeMe)3 reporting the isolation of just the trisubstituted ligand, 

which contrasts with previous syntheses where mixtures of mono-, bi, and tri-substituted 

products were obtained. More importantly the tritelluroether, MeC(CH2TePh)3, has also been 

prepared in moderate yield which has allowed for comparisons to be made between methyl 

and phenyl substituted tripodal telluroether ligand complexes. 

The chemistry of cyclopentene-1,2-ditellurolate has been investigated and has led to the 

isolation of some unexpected products and illustrated some aspects and unpredictability of 

tellurium chemistry. The preparation of the cyclised product 2,3,6,7-tetrahydro-li/,5i/-

dicyclopenta[l,4][r4']ditellurin has shown that Cz linkages between Te atoms may be 

obtained, providing the elimination of the backbone is disfavoured, and that these systems are 

prone to cyclisation. However, the isolation of the compound l,2-di(2-bromo-l-

cyclopentenyl)ditellurane has also depicted the preference for the formation of ditelluride 

systems over cyclisation, common in organo-tellurium chemistry. The reaction of 

[CsHeBrTe]" with 1,2-dibromobenzene has led to the isolation of telluranthrene, which had 

only previously been prepared by utilising rather extreme reaction conditions, representing 

the transmetallation of tellurium. 

The mixed donor ligands MeS(CH2)3Te(CH2)3SMe and H2N(CH2)3Te(CH2)3NH2 have 

been prepared as part of a study into the synthesis of new ligands containing telluroether 

functions. This chemistry has been successfully adapted to prepare the macrocyclic ligands 

[llJaneSaTe, [12]aneS2Te and [HJaneSsTe. These species will allow tellurium to be studied 

in a macrocyclic environment as well as providing complexes with novel properties by the 

combination of thio- and telluroether functions and should lead to some interesting 

comparisons with the homoleptic thioether macrocyclic chemistry already established. The 

Ag(I) complexes of these ligands have been prepared with the ciystal structure of the 

complex [Ag([ll]aneS2Te)][CF3S03] showing two Ag(I) environments. For the trigonal 

planar Ag(I) ions, coordination occurs to one macrocyclic ligand vza bidentate coordination 

of the thioether functions and another macrocycle through the telluroether function. For the 

tetrahedral Ag(I) ions, the extra coordination site is occupied by a bridging sulflir atom &om 

a neighbouring macrocyclic ligand. 
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7.4 Experimental 

TThe irdaniiediades ]V[eC:(C:HbJ3r)3,3' (:]((:pi2)3S((:tl2)2S(t:ii2)3C:L 

(:% :̂332)3SO::]3]Oi3S%:C]Hb)3(:i arid (:i(C:F[^k!3((:tl2)2S((:tl2)2S((:ii2)3(:i v/ere pingpareKl vfa llie 

literature procedures/^ 

MeC(CH2SMe)3. Prepared by adapting the literature method/^ 1,1,1-

tris(bromomethyl)ethane (7.5 g, 0.024 mol) was added dropwise to a solution of NaSMe (7.5 

g, 0.11 mol) in dry ethanol (150 cm^). After the addition was complete, the reaction mixture 

was refluxed for 18 hours, after which time the majority of the ethanol was distilled off. The 

resulting mixture was hydrolysed with water (100 cm^) and the organic phase separated. The 

aqueous layer was then extracted with diethyl ether (4 x 25 cm^) and the combined organic 

phases dried (MgS04) for 18 hours. The mixture was filtered and the solvents removed in 

vacuo to give the required ligand as a yellow oil. Yield 4.2 g, 83 %. 'H NMR (CDCI3, 300 

K ) : 6 1 . 1 0 ( s , I H , C C H 3 ) , 2 . 1 5 ( s , 3 H , S C H 3 ) , 2 . 6 5 ( s , 2 H , S C H 2 ) . N M R (CDCI3 , 

300 K): 8 17.9 ( S C H 3 ) , 24.0 (CCH3) , 41.4 (C), 44.4 (SCHz). 

MeC(CH2SeMe)3. Prepared by adapting the literature method.'"^ Selenium powder (11.04 

g, 0.14 mol) and dry THF (200 ml) were frozen using a liquid nitrogen bath and methyl 

lithium in diethyl ether (100 cm ,̂ 0.14 mol) added. On warming to room temperature with 

stirring, the selenium dissolved to give a pale yellow solution. 1,1,1 -tris(bromomethyl)ethane 

(7.0 g, 0.022 mol) was added dropwise and the mixture refluxed for 18 hours. After cooling 

to room temperature, the mixture was hydrolysed with water (100 cm^) and the organic phase 

separated. The aqueous layer was then extracted with diethyl ether (4 x 25 cm^) and the 

combined organic phases dried (MgS04) for 18 hours. The mixture was filtered and the 

solvents removed in vacuo to give the required product as a yellow oil. Yield 6.2 g, 80 %. 'H 

NMR (CDCI3, 300 K): 6 1.05 (s, IH, C C H 3 ) , 1.94 (s, 3H, SeCH3), 2.67 (s, 2H, SeCHz). 

NMR (CDCI3 , 300 K): 8 6.58 ( S e ^ ) , 25.33 ( C C H 3 ) , 37.96 (SeCHz), 40.66 (C). 

^^Se{̂ H} NMR (neat sample, 300 K): 8 24.4. 

MeC(CH2TePh)3. A suspension of tellurium powder (23.0 g, 0.18 mol) in dry THF (150 

cm )̂ was frozen using a liquid nitrogen bath and phenyl lithium in diethyl ether (100 cm ,̂ 

0.18 mol) added. The mixture was allowed to thaw and stirred at room temperature for 1 
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hour, to give an orange solution. The mixture was refrozen in the liquid nitrogen bath and 

l,l,l-tris(broniomethyl)ethane (9.3 g, 0.03 mol) injected into the flask. The mixture was 

allowed to thaw, stirred at room temperature for 18 hours and refluxed for 1 hour. After 

cooling to room temperature, the mixture was hydrolysed with water (100 cm^) and the 

organic phase separated. The aqueous layer was extracted with diethyl ether (4 x 25 cm^) and 

the combined organic phases dried (MgS04) for 18 hours. The mixture was then filtered and 

the solvents removed in vacuo to give a deep red oil, which was recrystallised twice from 

light petroleum ether to yield the product as an orange powder. Yield 2.5 g, 12 %. Analysis: 

Calculated for C23H24Te3: %C, 40.4; %H, 3.5. Found: %C, 40.1; %H, 3.2. '^Te{^H} NMR 

(neat sample, 300 K): 8 387. FAB MS (3-NOBA), = 684; calc. for [MeC(CH2"°TePh)3]^ 

690. 

2,3,6,7-tetrahydro-l/f,5iy-dicyclopenta[l,4][r4']ditellurin. Freshly distilled 1,2-

dibromocyclopentene (1.42 g, 6.3 x 10"̂  mol) was added to dry THF (100 cm^) and the 

mixture cooled to -78 °C. ^BuLi (7.4 cm ,̂ 0.013 mol) was added dropwise to give a yellow 

solution which was stirred for 5 minutes, after which time freshly ground tellurium powder 

(0.811 g, 6.3 X 10"̂  mol) was added and the grey slurry allowed to slowly warm. After 

approximately 30 minutes, all the tellurium had dissolved and the mixture was re-cooled to -

78 °C, whereupon the addition of *BuLi and tellurium was repeated to give a light yellow 

solution. The mixture was allowed to warm to room temperature and stirred for 1 hour. 

Addition of H2O (50 cm^) and subsequent extraction of the aqueous layer with diethyl ether 

(4 X 25 cm^) gave an orange solution which was dried overnight with MgS04. Filtration and 

removal of the solvent in vacuo gave a red oil, which was recrystallised using light petroleum 

ether to give a brown solid. Yield 80 mg, 66 %. Analysis: Calculated for CioHi2Te2: %C, 

31.0; %H, 3.1. Found: %C, 30.9; %H, 3.4. '^Te{^H} NMR (CDCI3, 300 K): 8 422. FAB MS 

(3-NOBA), m/z = 388; calc. for [CmHiẑ ^̂ Tez]̂  392. 

l,2-di(2-bromo-l-cyclopentenyl)ditellurane. To a solution of freshly distilled 1,2-

dibromocyclopentene (1.89 g, 8.4 x 10'̂  mol) in THF (100 cm^) at -78 °C was added *BuLi 

(9.9 cm ,̂ 0.017 mol) dropwise to give a yellow solution after stirring kr 5 minutes. Freshly 

ground tellurium powder (1.07 g, 8.4 x 10'̂  mol) was then added, the mixture stirred for a 

further 5 minutes at -78 °C and allowed to warm to room temperature. After 30 minutes the 

resulting red solution was hydrolysed (20 cm )̂, the aqueous layer extracted with diethyl ether 
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(4 X 25 cm )̂, dried overnight (MgS04), filtered and the solvent removed to give a red oily 

solid. Addition of light petroleum ether and subsequent cooling led to the precipitation of a 

brown crystalline solid. Yield 1.1 g, 48 %. Analysis: Calculated for CioHi2Br2Te2: %C, 21.9; 

%H, 2.2. Found: %C, 21.7; %H, 2.1. '^Te{^H} NMR ( C D C I 3 , 300 K): 8 213. FAB MS (3-

NOBA), TM/z- 548,275; calc. for [CioHn^ r̂ẑ ^^Tez]̂  550, [CgHg^W^^Te]'̂  275. 

Telluranthrene. 'BuLi (5 cm ,̂ 8.5 x 10'̂  mol) was added dropwise to a solution of freshly 

distilled 1,2-dibromocyclopentene (0.95 g, 4.2 x 10'̂  mol) in THF (100 cm )̂ at -78 °C and 

the mixture stirred for 5 minutes. Freshly ground tellurium powder (0.54 g 4.2 x 10'̂  mol) 

was then added, the grey slurry stirred for a further 5 minutes and then allowed to warm to 

room temperature until all the tellurium had dissolved. The resulting yellow solution was re-

cooled to -78 °C and 1,2-dibromobenzene (0.5 g, 2 x 10'̂  mol) added dropwise, the mixture 

stirred for 1 hour at - 78 °C and then allowed to warm slowly to room temperature overnight. 

The resulting orange solution was hydrolysed (20 cm^), the aqueous layer extracted with 

diethyl ether (4 x 25 cm )̂ and dried overnight (MgS04). After removal of the solvent m 

vacuo a brown oily solid was obtained, which was recrystallised from light petroleum ether 

to give a light yellow solid. Yield 250 mg, 61 %. Analysis; Calculated for C^HgTea: %C, 

35.4; %H, 2.0. Found: %C, 35.1; %H, 1.8. ^^Te{^H} NMR ( C D C I 3 , 300 K): 8 898. FAB MS 

(3-NOBA), = 408; calc. for [CnHs'̂ ^Tez]"̂  412. 

Te(CH2CH2CH2SMe)2. Freshly ground tellurium powder (3.19 g, 0.025 mol) was added 

to a mbcture of sodium hydroxide (13 g) and sodium formaldehyde sulfbxylate (10 g) in 

water (50 cm^). The mixture was then refluxed until the solution became colourless and a 

white precipitate was observed, l-bromo-3-methylthio-propane (8.45 g, 0.05 mol) in ethanol 

(30 cm )̂ was then added and the mixture refluxed for 1 hour. After cooling, diethyl ether (25 

cm^) was added and the organic layer separated. The aqueous layer was then extracted with 

diethyl ether (4 x 25 cm )̂ and the combined organic extracts dried overnight (MgS04). After 

filtration and removal of the solvent m vacuo a red oil was obtained. Yield 6.2 g, 81 %. 

Analysis: Calculated for C8H]8S2Te: %C, 31.4; %H, 5.9. Found: %C, 31.2; %H, 5.6. 

'̂ ^Te{'H} NMR (CDCI3, 300 K): 6 238. FAB MS (3-NOBA), - 308, 219; calc. for 

[CgHigS2̂ °̂Te]+ 308, [C4H9Ŝ °̂Te]+ 219. 
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TTo a solution lof fja&TTe (0.(KZ5 iiiol) in lijC) pHnqpared i/wz tbie 

procedure described above was added 3-chloropropaneamine hydrogen chloride (6.5 g, 0.05 

mol) in ethanol (40 cm^) dropwise. The mixture was refluxed for 3 hours, cooled and 

extracted with diethyl ether (4 x 25 cm^). The organic layer was dried overnight (MgS04), 

filtered and the solvent removed in vacuo to give an orange oil. Yield 5.4 g, 89 %. Analysis: 

Calculated for C6Hi6N2Te: %C, 29.6; %H, 6.6; %N, 11.5. Found: %C, 30.2; %H, 6.9; %N, 

11.0. '^Te{'H} NMR (CDCI3 , 300 K): 8 240. FAB MS (3-NOBA), m/k = 246, 188; calc. for 

[C6Hi6N2^^Te]+246, [CgHgN^^Ter 188. 

[1 l]aneS2Te. To a solution of sodium (0.93 g, 0.04 mol) in NHso) (400 cm )̂ at -78 °C 

was added tellurium powder (2.58 g, 0.02 mol) and the mixture allowed to warm slowly. 

When a white precipitate of NagTe was observed, the mixture was re-cooled to -78 °C and 

C1(CH2)3S(CH2)2S(CH2)3C1 (5 g, 0.02 mol) in THF (100 cm^) added dropwise over 30 

minutes. The mixture was warmed to room temperature and the NH3 allowed to boil off 

overnight to give a red solution which was bydrolysed (200 cm^), the organic layer separated 

and the aqueous layer extracted with dichloromethane (4 x 40 cm^). The combined organic 

extracts were dried overnight (MgS04), filtered and the solvent removed in vacuo to leave a 

red oil. This crude material was purified by silica gel chromatography [hexane-ethyl acetate 

(3:1)] to afford the ligand as a pale yellow solid. Yield 1.7 g, 28 %. Analysis: Calculated for 

CsHi6S2Te: %C, 31.6; %H, 5.3. Found: %C, 31.9; %H, 5.5. ^^Te{'H} N M R ( C D C l 3 , 300 K): 

6 234. FAB MS (3-NOBA), - 306, 204; calc. for [C8Hi6S2̂ °̂Te]+ 306, [C3H6Ŝ °̂Te]+ 

204. 

[12]aneS2Te. To a solution of Na2Te (0.025 mol) in NH3(i) (400 cm )̂, prepared by 

following the procedure detailed above, was added at -78 °C a solution of 

C1(CH3)3S(CH2)3S(CH2)3C1 (6.5 g, 0.025 mol) in THF (100 cm )̂ over 30 minutes. After the 

addition was complete the mixture was allowed to warm up to room temperature and the NH3 

boiled off overnight. The mixture was worked up as above to give a red oil. Purification by 

silica gel chromatography [hexane-ethyl acetate (3:1)] afforded the ligand as a light yellow 

oily solid. Yield 1.4 g, 18 %. Analysis: Calculated for C9Hi8S2Te: %C, 34.0; %H, 5.7. Found: 

%C, 33.5; %H, 5.3. ^̂ T̂e{̂ H} NMR (CDCI3 , 300 K): 6 217. FAB MS (3-NOBA), /w/z = 320, 

246, 204; calc. for [CgHigSz'̂ ^Te]̂  320, [CeHnS'̂ ^Te]̂  246, [CsHgŜ ^̂ Te]̂  204. 
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[MJaneSgTe was prepared in a similar manner using NaiTe (0.015 mol) and 

C1(CH2)3S(CH2)2S(CH2)2S(CH2)3C1 (4.7 g, 0.015 mol) to give a red oil. Purification was 

achieved using silica gel chromatography elating with hexane-ethyl acetate (3:1) and hexane-

ethyl acetate (20:1) to give a light yellow solid. Yield 1.6 g, 29 %. Analysis: Calculated for 

CioHzoSaTe: %C, 33.0; %H, 5.5. Found: %C, 33.1; %H, 5.4. ^̂ T̂e{̂ H} NMR (CDCI3 , 300 

K): 8 254. FAB MS (3-NOBA), = 366, 264; calc. for [CioH2oS3"°Te]+ 366, 

[C5HioS2"°Te]+264. 

[Ag([ll]aneS2Te)][CF3S03]. Ag[CF3S03] (25 mg, 9.7 x 10'̂  mol) was added to a 

solution of [llJaneSiTe (29 mg, 9.7 x 10"̂  mol) in dry CH2CI2 (30 cm^) and the reaction 

stirred for 1 hour, during which time a light yellow precipitate was observed that was filtered 

off and washed with diethyl ether. Yield 30 mg, 63 %. Analysis: Calculated for 

C9H,6AgF303S3Te: %C, 19.3; %H, 2.9. Found: %C, 19.5; %H, 3.0. 'H NMR (CDCI3 , 300 

K): 6 2.2 (br, IH, TeCHzC^CHzS), 2.7 (br, IH, TeCH2), 2.8 - 3.2 (m, 2H, 2 x SCH2) . ES+ 

(MeCN), 7M/Z = 717, 454, 413; calc. for ['°^Ag([ll]aneS2'^°Te)2]+ 719, 

['°^Ag([ll]aneS2'^°Te)(NCMe)]+ 454, ['''^Ag([ll]aneS2'^°Te)]+ 413. IR/cm'̂  2959(w), 

1364(m), 1263(s), 1155(m), 1098(m), 1030(m), 834(w), 636(m), 572(w), 517(w). 

[Ag([12]aneS2Te)][CF3S03] was prepared in similar manner to give a light yellow solid 

that decomposed rapidly to give a black solid (38 %). Analysis: see text. NMR ( C D C I 3 , 

300 K): 8 1.8 (br, IH, SCHzC^CHzS), 2.1 (br, 2H, TeCHzC^CHzS), 2.4 - 3.0 (m, 6H, 2 x 

SCH2, TeCH2). ES+ (MeCN), = 745, 427; calc. for [̂ °^Ag([ll]aneS2^^°Te)2]'̂  747, 

[̂ ''̂ Ag([12]aneS2^ °̂Te)]+ 427. IR/cm'̂  2945(w), 1359(s), 1275(s), 1154(m), 1080(m), 

1032(m), 636(m). 

[Ag([14]aneS3Te)][CF3S03] was prepared in similar manner to give a light yellow solid 

(55 %). Analysis: Calculated for CiiH2oAgF303S4Te: %C, 21.3; %H, 3.2. Found: %C, 21.0; 

%H, 3.6. NMR (CDCI3 , 300 K): 6 2.1 (m, IH, TeCH2C/f2CH2S), 2.60 (m, IH, TeCHz), 

2.8 - 3.1 (m, 3H, S C H 2 ) . ES^ (MeCN), = 473; calc. for ['°^Ag([14]aneS2'^°Te)]+ 473. 

IR/cm'̂  2967(w), 1364(s), 1263(s), 1098(m), 1030(m), 803(w), 636(m). 
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l]aKieS2Tre)][(]IylS()3]. I)etails ()f the crystallcygraijpbic «iata coltectLon aiwi 

refinement parameters are given in Table 7.9. The crystals were grown via the vapour 

diffusion of diethyl ether into a solution of the complex in MeNOi/MeOH. Data collection 

used a Rigaku AFC7S four circle diffractometer operating at 150 K, using graphite-

monochromated Mo-Ka X-radiation (k = 0.71073 A). No significant crystal decay or 

movement was observed, although the crystals were poorly diffracting. The structure was 

solved by heavy atom methods^^ and developed by iterative cycles of full-matrix least-

squares refmement^ and difference Fourier syntheses. Although the overall structure of the 

complex was revealed, satisfactory refinement was not obtained. 
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Appendix 

Infrared spectra were measured as Csl discs using a Perkin-Elmer 983 spectrometer over 

the range 180 - 4000 cm"\ or in solution using NaCl plates on a Perkin-Elmer 1600 FTIR 

spectrometer. 

Mass spectra were run either by fast atom bombardment (FAB) using 3-NOBA (3-

nitrobenzyl alcohol) as a matrix on a VG Analytical 70-250-SE Normal Geometry Double 

Focusing Mass Spectrometer or by positive electrospray (ES) in MeCN solution (0.1 pM) 

using a VG Biotech Platform. 

'H NMR spectra were recorded using a Broker AM300 spectrometer operating at 300.13 

MHz and are referenced to Me4Si (8 = 0). ^^Se{̂ H}, ^^Te{^H} and ^̂ P̂t 

NMR spectra all were recorded in 10 mm diameter tubes using a Bruker AM360 

spectrometer operating at 90.1, 145.8, 89.3, 68.7, 113.6 or 77.2 MHz respectively and are 

referenced to Me4Si, 85 % H3PO4, external saturated, aqueous K[Mn04], external neat 

MeiSe, external neat MeiTe and [PtClg] '̂ in D2O respectively (5 = 0). For the carbonyl 

complexes [Cr(acac)3] was added to the NMR solutions prior to recording '^C{^H} NMR 

spectra and a pulse delay of 2 seconds was employed to take account of the long relaxation 

times. Microanalyses were carried out by the University of Strathclyde microanalytical 

service. 

Electrochemical studies used an Eco Chemi PGstat20 with 0.1 mol dm"̂  °BuNBF4 

supporting electrolyte in MeCN or CH2CI2, Pt working and auxiliary electrodes and are 

referenced to a standard calomel reference electrode. All potentials were referenced verses 

ferrocene-ferrocenium. 

All preparations were conducted in degassed solvents under a dinitrogen atmosphere 

with standard Schlenk techniques being employed. 
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