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Summary

The preparation of sodium 2-(4-ethoxyphenyltelluro)benzoate ligand
is described. It can form complexes with some of the first row
transition metal ions and some post-transition ioms [Co(II), Ni(II),
Cu(II), Fe(III), Cr(III), TI1(I), Ag(I)]. Only the thallium(I)
complex shows a considerable conductivity in solution with
thallium-ligand ion pairing. The other complexes are either
monomeric or dimeric. Carboxylate groups are either chelating or
bridging. Cu(II), Cr(III) and Fe(III) complexes show significant
antiferromagnetism.

2-butyltellurobenzaldehyde reacts with diaminoethane to give 1,6-
Eigfz-butyltellurophenyl—z,5—diazahexa-1,S-diene (L), whose crystal
structure shows a significant Te---N interaction. This ligand gives
a 1:1 complex with HgCly . The crystal structure of this complex
shows that it is monomeric with Hg(II) having a tetrahedral environ-
ment . The 1ligand is co-ordinating through two Te atoms and the
Te---N interaction is maintained in the complex, but there is no
Hg«N bonding, therefore,it has a l3-membered chelate ring structure.

The reaction of 2-butyltellurobenzaldehyde with hydrazine gives 1,4~
bis-2-butyltellurophenyl-2,3-diazabuta-1,3-diene ligand (L'). Ligand
(L) gives ionic complexes with Pd(II), Pt(II) and Rh(III), while
ligand (L') gives non ionic compounds with them. PdClyL.H,0 has
trans Te atoms whereas PtClpL.H,0 has cis tellurium ligands and
undergoes Te-dealkylation with oxidation of Pt(II) to Pt(IV) in
DMSO. PdCl,.L' and PtCly.L'.H,O have cis- Te ligands and the first
isomerises in CHCl,into the trans complex. Rhodium(I) complex, RhCIL
is monomeric and t%e ligand is tridentate (Te, N, Te). RhCIL' is
dimeric with bridging Cl and tellurium co-ordinating ligands.

2-Phenylpyridine and 2-phenylquinoline are mercurated by mercuric
acetate. Transmetallation reactions of the mercurated derivatives
with TeBr, and 4-Et0-CgH,TeCl3 have been studied. The diorganyl-
tellurides and ditellurides and organotellurenyl bromides were
prepared. Reduction of 2-(2-pyridyl)phenyltellurium(IV)tribromide
with NaBH, gives the novel bis(2-(2-pyridyl)phenyl)tritelluride.
The X-ray structure of this compound has shown a significant Te---N
interaction, to which the stability of the compound has been
attributed. Most of these compounds are potentially multidentate
ligands, but only the dichloro-[bis(2-(2-pyridyl)phenyl)telluride]
palladium(II) complex has been prepared.

KEY WORDS:

TELLURIUM LIGANDS, TRANSITION METAL TELLURIUM COMPLEXES,
PYRIDINE, QUINOLINE
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1.1 General Introduction

Interest in ligands containing a heavier group 6A donor
atom, sulphur, selenium or tellurium, and their co-
ordination compounds has grown substantially in the last
two decades, although their organic chemistry dates back

(1=3)

to the last century However, despite the extensive

investigation of the co-ordination chemistry of ligands

containing sulphur(A-lo), and to some extent selenium

1igands(4’6’11) , the use of tellurium compounds as
ligands with transition metals has been paid little
attention and remained limited wuntil recently; In fact,
only about seven references to metal complexes with
tellurium ligands were mentioned in the early review by

(&)_

Livingstone in 1965 After approximately ten years,

Irgolic(1974) mentioned only about twenty more references
in this area(lz). And in the last ten years publications,
dealing with co-ordination compounds of tellurium ligands
have increased dramatically(IB’la), with more than one

hundred and eighty new publications.

So, what was the reason for that limitation in the field
of tellurium chemistry?. There were probably two reasons
for this, firstly, a wide variety of organotellurium
ligands are not commercially available, in contrast to,
for example, organophosphines and organosulphurs.
Secondly it was believed that organotellurium compounds,

basically due to the early work by Chatt et 31(15“18),

18



dealing with dialkyltelluride complexes of PdA(II) and
Pt(II), are air sensitive and extremely toxic compounds,
but diorganyltellurides do not always have these pro-
perties, since the diaryl derivatives, with the exception
of the 1liquid diphenyltelluride, are air stable with
little or no smell. But what in fact has accelerated the
trend of the co-ordination chemistry of organotellurium
ligands is the increasing familiarity of organotellurium
synthetic methodology to the practising co-ordination
chemist, and also to extend the study of sulphur and
selenium ligands to tellurium ligands in order to
increase knowledge of the chemical behaviour of Group 6A
elements in their complexes, as these have been somewhat
neglected compared to those of Group 5 (nitrogen,
phosphorus, arsenic, antimony). In addition, the
advances in instrumentation and computational facilities
have helped in solving structural problems and moved the
field from a primarily synthetic exploratory stage to a
more sophisticated stage. In this context some
techniques like X-ray crystallography(lg),125Te Mossbauer
effect(zo)and 1257e NMR speCtrOSCOpy(ZI) , have proven to
be very useful probes in tellurium ligands chemistry and
have provided valuable information about ligand-metal

interaction.
Interest in this field has also been established within

the tellurium group at Aston University, since the

previous workers have contributed to the development of

19



tellurium chemistry and the associated metal complexes.
Rattanaphani(1973) found that diaryltellurides form quite
stable complexes with metal ions 1like Cu(I), Rh(I)
and RR(III)¢22), cChia(23) prepared a number of organo-
tellurium complexes with Pd(II), Pt(II), Pd(0) and Rh(I),
and she also came to the conclusion that the Lewis
basicity of some tellurium ligands increases as follows:
(4-Et0-Ph),Te, < PhCN < Ph,Te, (4-EtO-Ph)2Te

according to their reaction with the [Pd(PhCN)2C12]
complex. Using l25Te Mossbauer data, McWhinnie and co-
workers (24) suggested an order of Lewis acidity for some
metal ions relative to bis(4-ethoxyphenyl)telluride

Hg(IL) > PE(II) > PA(II) > Cu(l)

Later Al-Rubaie et s using a mixture of diaryl-
ditellurides were able to 1isolate some complexes of
copper(I) and mercury(II), which were postulated as
RR'Te, .2MX_  (where R=phenyl, R'= 4-ethoxyphenyl; M=Cu(I),
Hg(II); X=Cl, Br; n= 1, 2) based on infra-red spectra,
mass spectra and Raman data which gave reasonable evidence
for v(Te-Te) and (Te=M),  in ‘constrast to the 1:1l
complexes (e.g., RZTeZ.CuX) prepared in the same labora-

tory but using a different solvent(%®)

More recently
some new bis-telluride ligands have been prepared in our
laboratory and their complexes of Pd(II), Pt(II) and
Hg(II) have been investigated(Z?). Therefore,the work

presented here is an extension of the effort of the

previous workers within our tellurium group.

20



1.2 Technological and Scientific Interest

In the last few years, the great incitement for the
development of co-ordination chemistry has been the
application of such complexes in many useful fields, such
as homogeneous catalysis (e.g., organophosphine stabili-

y(28)

sation of low-valent noble metal species , and the

synthesis of materials described as one dimensional

conductors (e.g., dithiolene complexes)(zg).

However,
little attention has been paid to application oriented

work of complexes incorporating tellurium ligands.

One of the major interests, in this respect, is the use
of organotellurium compounds or their complexes as
imaging systems in photography. An earlier review by
Gysling(3oa) described two kinds of processes. The first
is the use of tellurium compounds in a conventional
silver halide process, and the second is the wuse of
various telluriuﬁ compounds in heat-processed imaging
elements. In the first kind, silver(I) co-ordination
complexes with organotellurium ligands could be wused
as components of so-called dry silver processes(3l)
(i.e., development is effected by heating the exposed
film rather than by conventional solution development,
(Scheme 1.1).

hv

el I Seno (] e dpy L hECNCLRE

Agent

Ag(0) + Oxidised
reducing agent

The Conventional Silver Halide Process

21



hv(AgX)

AgX(TeAr, e

+ Reducing agent Ag(0)

)n
Dry Silver Process

Scheme 1.1

Therefore, the tellurium compounds were incorporated as
addenda to facilitate the formation of neutral silver
images. The second processing type is centered on the
use of tellurium compounds as thermal precursors of Te(0)
images. For this case several examples have been
mentioned, and in one of them, complexes of organotellu-
rium(II) ligands (e.g.,PdCl,L,, L = Te[(CHZ)SSiMe3]2) are
exposed then immersed in an aqueous solution of a
reducing agent(e.g., NZHA) to give negative images(32).
In some cases of dry non silver imaging processes an

amplification factor of 108 is obtained compared with 107

of that of the conventional silver halide process.

Many metal complexes have been used as catalysts for
organic synthesis, for example rhodium-phosphine com-
plexes, like Rh(PPh3)3Cl, have been used as homogeneous

catalysts(33)

for hydrogenation of aromatic nitro
compounds into the corresponding amines in benzene,
xylene/methanol solutions. Some publications have also
appeared describing the use of tellurium compounds or
their complexes as reagents for organic synthesis, for
example ditellurocuprate(III) has been wused in oxidation

of some aliphatic ketones which is followed spectrophoto-

metrically by estimating the disappearance of the

22



)

tellurium compound(34 Aryltellurium(IV) compounds

have been reacted with alkenes(35)

to give the corres-
ponding arylated alkenes in moderate to quantitative
yield in the presence of palladium(II) salts; trans-
metalation of tellurium with palladium is thought to be a

key step of the reaction.

A class of organochalcogen compounds containing one or
two chalcogen-chalcogen bonds has been used as ligands
with transition metal ions. These ligands are of the type

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

Yo
@@ XY = 8S, SeSe, TeTe, SSe, STe, SeTe
S Wy e K: W A
C0 000 0ee®
Cl @
X—X s—_ X
TTN TEE TCTTG

X =S, Se and / or Te

Figure 1.1

(36). A series

significant conductivity in the solid state
of transition metal(M) containing complexes [M(L)]x(where
L = /TTN, TIT, TCTTIC as illustrated in Fig.1.1l) have also

been used as active materials for battery electrodes(B?).

23



1.3 Different Kinds of Tellurium Ligands

The simple tellurium ligands, dialkyltellurides and

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

and Hieber et a1(38).

In addition, several other types
of tellurium ligands have been mentioned and used by the
above authors; but generally we can classify them into

three main categories:

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

either H, organic, organometallic or an organometalloid

(39)

group). Baddley and co-workers demonstrated that a

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

Te-Te bond, as follows:-

€ -H
6 6
[7CpFe(CO), ], + Te,Ph, e 1CpFe(CO), TePh (eq.1.1)

An interesting complex, incorporating both termimal and

bridging aryltellurol ligands, was reported by Chia and

(23)

McWhinnie in a reaction involving the splitting of

diarylditellurides. A mercuric phenyltellurol complex

was also prepared(aoa), and the structure of its

)

as shown in

(Fig.1.2). In a single crystal X-ray diffraction study@11

tetraphenylphosphonium salt was reported(40b

the complex Pd[SCN]Z[Te(CHZCH?_SiM%)2]2 has been confirmed
to be in a trans-form in agreement with other spectros-
copic evidence (Fig. 1.3). Lappert et a1 (#2) have

reported, the first metal complex with a ligand incorpora-

24



Figure 1.3: Molecular structure of Pd[SCN]Z['I‘e(CH2(11-128iI*'Ie.3)2]2

25



ting tellurourea functioning as a terminal ligand also.
The crystal structure of this chromium(0) complex is
shown in (Fig. 1.4a). Recently, the first stable telluro-
phosphorane complexes M(CO)S(R3PTe) (M=Cr, Mo, W; R= Bu®)
have been reported(&S), in which the tellurophosphorane
acts as a terminal tellurium ligand. These complexes
have been formed by photolysis of M(CO)6 in the presence
of R3P=Te in THF. A representative molecular structure
of W(0) complex is shown in (Fig. 1.4b). The first
example of complexes with the terminal TeH ligand have
recently been prepared by photochemical (eq. 1.2) and

(44)

thermal (eq. 1.3) substitution reactions but no

crystal structure of such complexes has been reported.

(1)Na Te/EtOH,-60°C
Mcco), THE _ co + M(CO), THF 2 4

6 -
hi,=40°C (2) ¢ c1

+

¢[M(CO), TeH]™ (C* = PEN'; M = Cr)  eq.1.2

[PPN][Cr(CO) C1] + NazTe_E;%._ [PPN][Cr(CO) TeH] eq.1.3

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

could be H, organic, organometallic, S, Se or Te; n=1,2;
m=0,1,2). A variety of complexes containing bridging

(26,45)

TeR group have been reported , where R= Ph(eq.l.4)

or SnMe3(eq.l.5)

RATaPh 4 o guCl P08 L TCuTePh]. eq.1.4

TeSnMe
3
S6lc
Mn(CO)SBr + Te(SnMeB)z._d_.(OC)aMn

60°C Neers

TeSnMe3

Mn(CO)4 eq.l.5
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F53(3)

f L
Figure l.4a:Molecular structure of Cr(CO)[Te=CNEtCH,CH,NEt]

Figure 1.4b: The structure of W(CO)S(RBPTe)
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Recently it has been reported that diethyltelluride
reacts with copper(I) chloride to give polymeric chloro-

(diethyltelluride)copper\I) (46),

for which the X-ray
analysis showed that its structure contains infinite
sheets consisting of bridging EtzTe ligands between two

copper(I) cores (Fig. 1.5).

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

2

X-axis
Bridging diorganylditellurides are also known with the
Te-Te bond intact. The first crystal structure for a
diarylditelluride rhenium(I) complex has been repor-
ted (4?% which consists of pseudo-octahedral Re(I)
centres joined by two bromides and Te,Ph, bridges (Fig.
1.6). Tellurium(2-) ions can also form bridges or cage
type structures. An ionic compound (2,2,2-crypt-K+)2T12-
Te,.en has been reported(AB). The interesting aspect of
its structure is the butterfly-shaped configuration in

which Te-Te separation of &4.414 A is plausibly non-

bonding separation (Fig.l.7).

28



Figure 1.6: Molecular structure of (OC)qRe(p-Br),-

(p-thTez)Re(CO)3

Figure 1.7: Two views of the leTef_ anion in (2,2,2-
crypt—K+)2T12Te§-.en.
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Many cage type complexes,or what are called cluster
compounds, incorporating tellurium atoms as bridges

between three transition metal atoms , have been reported
(49)

together with their crystal structures
(49b)

One example
is the Fe3Te2(CO)9 complex , whose structure is shown

in (Fig. 1.8).

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

(c) Chelating or bidentate tellurium ligands:
Complexes containing terminal chelating telluroformalde-

hyde [Cp(PMe3)Rh(q2—CHZTe)](503) , and bridging telluro-

formaldehyde [Cp(CO)zMn(pz,UZ—CHzTe)Mn(CO)ZCp](SOb) were
prepared according to (eqs.l.6, 1.7).
CH
2NaTeH 4
Cp(PMe; )RhI(CH,I) S Cp(PMe, )Rh eq.1.6
1
Te
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Te CH

CH,N, &
Cp(CO)ZMn____Mn(COJ Cp ———Cp(CO), Mn Te—Mn(CO),Cp
¢ ~710°¢C £
e.q. ld7

The first examples of hybrid bidentate ligands have been
prepared, incorporating tellurium as well as phosphorus
atoms, and the X-ray structure of a Pt(II) complex, bis-
[phenyl-o-(diphenylphosphino)phenyltelluro-P,Te]-platinum
(II) tetra-thiosulphato-S-platinum(II) bis-dimethyl forma-
mide, [Pt(tep)y ][Pt(SCN),].2DMF, has been reported(51)

and is shown in (Fig. 1.9).

12

Figure 1.9: The structure of [Pt(tepb “ion of the

complex [Pt(tep)z][Pt(SCNLﬁ].ZDMF.

More details and examples of different kinds of tellurium
ligand and their complexes are given 1in two recent

reviews by Gysling(la’sza).
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1.4 Synthesis of Organotellurium Ligands

The synthetic aspects of organotellurium chemistry have
received increasing attention, and different methods have
been developed for the synthesis of symmetric and
unsymmetric diorganyltellurides and diorganylditellurides.
These aspects have been discussed in detail in several

GLi2 13535 30¢)

reviews , and some examples are given in

schemes 1.2-1.4.

L
RC1
Te?"
N,H, /EtOH NaBH, /NaOH/H,0
NaBHA/EOH Na/liq. NH,
- -
et et Q) i i, B0 o iarecn
Nal/2-methoxyethano "
ArLi MeqN 4) g
HC1 (aqueous)/O
Vv 2
ArTeTeAr
~N
TePR, (Me,N][TeCN]

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

€

Reduction
ArZTe ArzTeCI2

P

ArTeTeAr ¢ Reduction ArTeCl3
AN

ArHgCl ArH(AlClB}

TeClﬁ

Scheme 1.3. The use of TeCla in organotellurium synthesis
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ATLi

ArTeAr ArTeBr_______)ArTeAi
1) NaBHQIEtOH
] + - o
(2) AerCl Br2,0 C
Hngldioxane (l)NaBH4
ArTeR ¢ ArTeTeAr (2) RC1 > ArTeR
Cu(0) (1) Li/THF
dioxane (2) RC1
TeAr2 ArTeR

Scheme 1.4. Synthesis of diorganotellurides from

ditellurides

1.5 Hard and Soft Nature of Ligands

Tellurium ligands could form complexes with a variety of
transition metal ions, but which of these metal ions are
the more likely to co-ordinate with the tellurium donor
atoms, i.e., which of the transition metal ions could
easily form more stable co-ordination complexes with
tellurium ligands?. In order to answer this question we

have to discuss the basicity of the tellurium ligands.

In 1938 G.N. Lewis put forward a theory in which he
called those substances capable of acting as ligands,
bases, and the substances with which these react, acids.

That means a Lewis acid is an acceptor of an electron

pair, and it could be either a positive ion,like B A,

Cu2+, a molecule like BeClz, BF

, Or a compound in which
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the central atom may use its d-orbitals like SiCla, SnCla,
TeCla, and a Lewis base is a donor of an electron pair,
which could be a negative ion (Cl” ,CN™,0H ,TeH ,...etc.),

molecules with one or two lone pairs of electrons (NHB’

PPhB, HZO’ MeZS, thTe, ..... etc.) or molecules having
carbon-carbon multiple bonds (CH2=CH2, CH=CH, CGHG’
....etc.). This theory lacks quantitative aspects and

enables only qualitative predictions to be made about
complex formation. However, if it were possible to
construct scales of Lewis acid and Lewis base strengths,
the relative stabilities of all complexes could be
predicted. If this is the case, a reference acid has to
be chosen to quantify the strengths of different bases.
Broadly speaking, for the proton (H") to be a reference
acid, it is found that those bases containing nitrogen,
oxygen or fluorine, as the donor atom, are stronger than
those containing phosphorus, sulphur or chlorine. And
therefore, acids such as Hg+ x cu’ o (anct Pt2+ which form
more stable complexes with phosphorus or sulphur ligands
are weaker acids than those which form strong complexes
with nitrogen ligands, Fe3+ and cr’ for example. These
two classes of acids and bases are described as hard and
soft acids and bases. For a better understanding, hard
bases could be described as having high electronega-
tivity, low polarisability and high resistance to
oxidation, while soft bases are those which have low
electronegativity, high polarisability and are readily

oxidised. Soft metal ions are large, of low charge or
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have valence shell electrons which are easily distorted
or removed, and they usually bond to soft ligands, while
hard metal ions prefer hard ligands. However, it appears
that many ions, transition metal ions in particular,
cannot be classified as either hard or soft and they are
regarded as borderline. The concept of symbiosis is very
useful here. A cation which 1is classified as borderline
is made softer by the co-ordination of a soft ligand or
harder by the co-ordination of a hard ligand, and so more
likely to add soft or hard ligands respectively. In

Table 1.1 some metal ions and ligands are classified (%),

Acids Bases
Hard BT Lity ma®, KT H.0, R.O, ROH, NH,, RNH
e e R S e D SRR S

Be2* ,Mg2*,ca?*,s5r2*,Mn2* | OH™,0R™,C17,C10} ,NO; ,CH, CO,
A TR Rl R T g
b T el o s PO}
S14% pi%* g4 R4t
vo%*,vo“,moE‘+

soft |cu’,ag’,au’,Tt *,Hg" R,S, RSH, R,Te, R,P, R,As
cd?*,ug?*,pd?*,pe?t RS .RTe ,1",NCS ,CN i ,R
713* 5,02
pe**

Border Zn2+,Sn2+,Pb2+ Py

line Fe2+,002+,N12+,Cu2+,Ru2+ Br_, N;, NOE
sb3t Bt R, 12" S0~

Table 1.1. Classification of some species as hard and

soft acids and bases
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The hardness of acid and bases 1is thus affected by size,
oxidation state, electronic structure and the nature of

attached groups already present.

Ahrland, Chatt and Davies introduced a different me thod
of classification depending on the affinities of ligand
atoms for metal ions and they concluded that metals could
be divided into two classes:

Metals that form stable complexes with ligands containing
(N, O, F) are considered as class (a), while class (b)
metals are those that prefer 1ligands containing P, S, Cl
donor atoms. Thus class (a) metal ions resemble the hard
acid type and class (b) are comparable to the soft acid

metal ions.

Since the tellurium atom has lower electronegativity
(2.01) and higher single-bond covalent radius 61,37 A%
compared to the sulphur atom with an electronegativity of
2.44 and single-bond covalent radius of 1.04 A, tellurium
should be a softer donor than sulphur. Accordingly
organotellurium ligands prefer to bond to metal ions
having soft character. In fact, most of the complexes of
tellurium ligands have been reported to be with metal

ions which have soft acid character(la’so).

(3 have reported a comparative study of

Laing and Pettit
the donor properties of some dicarboxylic acids of

sulphur, selenium and tellurium towards the silver(I) ion.
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It was found that the general trend in the formation
constant (Table 1.2) was Te > Se > S » 0, which is a

typical behaviour of soft-acid interaction.

Ligand H,L Log KAg(HzL) Log KAg(HL) Log KAgL

S(CH, CH, CO, H), 22 3.34 3.85

Se (CH,CH,CO,H), 3:96 4.32 4.50

Te (CH,CH,CO,H), 4.97 5.35 6.28(0.2M
acetate
buffer)

Table 1.2. Silver complex formation constants with

chalcogenide ligands at 25°C and 0.1M KNO,

However, complexes with metal ions having less soft-acid
character than Ag(I) could be isolated. When pentacarbonyl
manganese(I) halides were refluxed in diethyl ether with
diphenyltelluride two carbonyl groups were replaced by

diphenyltelluride(BBal

Mn(CO)SX + 2Te(CaH5)2._~_.Mn(C0)3(TePh2)2X + 2CO eq. 1.8

s Gl S o BRI

X
oC TeR
\\\“\‘Mn,/’//, 2
oC L e TeR,
Cco

Figure 1.10. Configuration of Mn(CO)B(TePhZ)ZX
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The above complexes are thought to be stabilised by
(Mn)d7 ———3 (Te)dm w-dative bond made possible by the
electron-withdrawing phenyl groups. The analogous
dibutyltelluride adduct could not be isolated due to the
electron-donating groups in this dialkyltelluride, which
increases the electron density on the tellurium atom
and prevents dn-d7 interaction, while Re(CO)SX eXt=C1,
Br, I) reacts with dibutyltelluride to give the disubsti-
tuted products Re(C0)3(Te(n—BuJ2)2X, in poor yields(BSb)
presumably because Re(I) is a softer ion than Mn(I). 1In
more recent work(3®’, complexes of diphenyl-dichalco-
genides with Mn(I) have been prepared with the formation
of a bidentate dichalcogenide bridge. The ligand displace-
ment reactions of CO and THF by EZPhZ (E = S, Se, Te)
were studied and equilibrium data were collected. The

results established increased stability of these

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

The softness of the chalcogens (Te > Se > S) could be
reflected on the other ligands attached to the metal ion.
This is obvious from the highest energy of the carbonyl
stretching frequencies in the complexes n-CpMo(CO)BEPh

(E =S, Se, Te) when going from Te (CO_. = 2016cm * )

_1)(5?), thus

via Se (CO__ = 2026cm™ ') to S (CO___= 2033cm
—_ str str

decreasing the bonding strength between Mo and CO in this
sequence causes a higher thermal stablity for the

tellurium complex than for the selenium and sulphur

complexes.
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The reaction of Na,PdCl, with tellurophene 1in methanol
gave mostly (70% yield) a monomeric cis-compound (A),
while with tetrachlorotellurophene it gave a monomeric

complex formulated as the trans- compound (B)(Ssa), the

& l
Gl Gl Cl 1
/

EAgrome \( L

Te Pd Te
//// \\\ /*_4< )P__\
51 Te\ cl c1 c1 c1
. c1
(A) v(Pd-C1)=303,287cm (B) p(Pd-Cl)=354em™L

Figure 1.11. The trans-effect of withdrawing groups on

the geometry of tellurium complexes.

larger trans-influence of the tetracholorotellurophene
versus tellurophene has been rationalised on the basis of
increased w-accepter properties of the chloro-substitued
ligand. A comparison of the v, bands of the complexes
of the type (OC)BFe(U-TeAr)ZFe(COJB(Ar = C6H5’ b ™ 2056,

1978, 1969cm '; Ar = C:Fe = 2070, 2041, 2007, 1997

T
-1, (58b) o ;
cm ) also suggests an increased m-acceptor capacity

of the TeCqFg- briged complex.

1.6 Accommodating Tellurium Ligands with Borderline and

Soft Metal Ions by Using Chelate Ligands

According to the above illustration of the softness of

tellurium ligands and the stability of a certain tellu-
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rium complex, it seems that it is not easy to prepare and
isolate complexes which incorporate hard or borderline
metals with monodentate tellurium ligands, unless
something is done to increase the stability of such
complexes. Indeed, in a comprehensive review in 1981 of
transition-metal co-ordination complexes of thio-, seleno-

(59) stated that it

and telluroethers, Murray and Hartley
was difficult to prepare all but the simplest organo-
tellurium ligands, and at that time only monodentate

telluroethers and consequently their complexes were known.

1.6.1 Some Borderline and Hard Metal Complexes

(A) Copper(II)

Although Cu(I) tellurium complexes have been widely
investigated, it seems that their analogues with Cu(II)
were neglected. This might be due to various reasons,
among them is that Cu(II) ion 1is reduced to Cu(I) when

(46), and. also Cu(ll) ion

reacted with tellurium ligands
shows 1little tendency to co-ordinate to such soft

ligands.

Nevertheless, copper(II) can form well characterised
complexes with sulphur and selenium ligands. When solu-
tions of copper(II) chloride and diacetylselenosemi-
carbazone oxime(H,dseo) were mixed, the green crystalline
CuCl, .H,ydseo was separated without reduction of

)(603)'

Cu(II) to Cu(l This was confirmed by measurement
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of the effective magnetic moment, and it has been assumed
that the (H,dseo) behaves as a terdentate ligand (two

nitrogen and one selenium donors).

et
HyC l

/ /
== \

/<
(1)

The crystal and molecular structures of copper(II) di-
ethyldiselenocarbamate [Cu(dsec)z] have been reported(ﬁom
in which the co-ordination geometry of the copper atom is
closely related to a tetragonal pyramid (Fig. 1.12) with
normal bonds to four Se atoms, and a fifth long bond to a

selenium atom of the centrosymmetrically related molecule.

Figure 1.12. Bimolecular unit of Cu(dsec)2
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Only one example of a Cu(II) complex with a tellurium

ligand has been mentioned and it was postulated as

CuCl, .[(o-NH,-C¢H,),Te,] based only on the elemental
(61)

analysis . Therefore,it is reasonable to further inves-

tigate Cu(II) complexes containing tellurium ligands.

(B) Nickel(TII)

Like copper(II), nickel(II) has also been reported to
form complexes with sulphur and selenium containing

(62a)

ligands The complex bis-(diethyldiselenocarbamato)-

nickel(II) has been prepared, and its crystal structure
been determined(GOb’GZb) , in which each complex molecule
is formed by the two ligands in planar co-ordination to a
nickel atom through four selenium atoms (Fig. 1.13).
Unlike the copper(II) analogue, Ni(II) atom in this

complex shows no tendency to co-ordinate a fifth selenium

atom.

Figure 1.13. Crystal structure of Ni(dsec)2
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Although a nickel(II) complex of the type RNiTeR' has
been proposed as an intermediate in Ni(II) phosphine
complex catalysed carbon-carbon bond-forming reactions

between diorganotellurides and Grignard reagents(82¢)

no
Ni(II) complex with a tellurium ligand has been
synthesised or separated. Therefore,it is interesting to
extend the use of sulphur and selenium to tellurium liga-
nds.

However, the softer nickel(ll), on the basis of the
symbiosis concept that borderline metal ions could be
made softer by the co-ordination of certain soft ligands,
has been reported to form well characterised compounds
with aryl-tellurium ligands. The synthesis of nickel(ll)
compounds with, for example, the phenyltellurol ligand

d (62d),

have been describe in which the compound 7 CpNi-

(P(n-Bu)3)(Te‘CGH5) has been prepared by exchange reaction:

’ Y o
[ 7 CpNi(P(n-Bu)y), ] Cl" + NaTe-CgHg
prNi(P(n~Bu)3)(Te-C6H5) + NaCl + P(n—Bu)3

eq.1.9

This complex, which is moderately stable in air, decompo-

ses in CHZCl2 and CCl, to give the complex 7 CpNiP(n-Bu),Cl.

(C) Cobalt(II) and Cobalt(III)

Complexes of these metal ions with sulphur and sele-
nium ligands have been prepared and investigated.

Most of these complexes are with chelating ligands such
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as [Coll(o-Ph,P-C Hs-SeMe), Briclo, (°32),

(63bd)

COII[PhZP(Se)-

CH,P(Se)Ph, ], , [Co'™T(en),(SeCH,C00)]C10, and [Co''-

(63c)

(en),(SeCH,CH,NH,) ] (NO,), The last complex has

been investigated by X-ray crystallography (Fig. 1.14).

Cs

Figure 1.14. The structure of [Co(en)z(SeCHZCHZNHZ)][N03]2

An organotellurium complex with the softer ion Co(I) has
been synthesised by the reaction of ?GCsz(TePh)2 with

Helated, 1, V07!

to give [(mCp),Nb(p -TePh),Co(CO), ]
which is stable under nitrogen, but its DMSO solution
immediatly decomposes in air. Its diamagnetism suggests
the presence of a Nb-Co bond, which might be the driving
force for the formation of the complex. However, only
one Co(II) complex with a tellurium 1ligand has been
reported and studied by ESR(GA), and it was not isolated.
Therefore, it is feasible to further investigate Co(II)

complexes with tellurium ligands.
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(D) Iron(III) and Iron(II)

Many iron(III) complexes with sulphur and selenium
ligands have been mentioned (65), but tellurium complexes
have not been reported. This gives the impetus to
investigate such complexes. The reaction of some
iron(II) complexes with diphenyltelluride has been

d(38a)

studie , involving displacement of a cis CO group

to the halides by a tellurium ligand (eq. 1.10).

X X
X x
oC 0C ///
Fe\ - TePh2 = S Fe % CO  eq. 1.10
oC / co 0cC / \Teth
co Co
%= By,

These tellurium derivatives show considerably enhanced
stability to air and moisture compared with the original

complex.

In contrast, the heavier borderline metal ions could form
complexes with tellurium ligands without difficulty.

Reaction of rhodium trichloride hydrate with excess Teth
in ethanol wunder reflux gave (thTe}BRhCI3 fasq)
Rhodium(III) complexes comprising both terminal and
bridging TePh™ 1ligands have also been prepared gy by

the following routes:

aq.CHZO

2 EtOH/reflux

RhC13.3H20 + TePh RhClzTePh(Teth)2 eq.l.11
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aq.CHZOIKOH
EtOH/reflux

RhC13.3H20 + TePh, Rh(TePh)3 eq.1.12
Reaction of an alcoholic CO- saturated solution of ruthe-
nium trichloride hydrate with diphenyltelluride gave a
mixture of di- and trisubstituted Ru(II) complexes,
[Ru(CO)z(Teth)ZClz].ieCHzCl2 and [Ru(CO)(TePhZJSClz].%CHi

Ccl which were separated by fractional crystallisation

(66b)

2
from CH,Cl,/pentane
The ruthenium(III) complex [Ru(NH3)5TePh2]3+was generated
in solution by electrochemical and chemical (e.g.,30% HZOZ
in 0.2M HCl) oxidation of the Ru(II) analogue and was
characterised by electronic spectroscopy in solution

without isolating the complex(aac).

1.6.2 Soft Metal Ions Complexes

There are some metal ions which are regarded as class (b)
or of soft character (e.g. Pd(II), Pt(II), Hg(II)), but
in fact they can form well defined complexes with both
hard and soft ligands.

Potassium tetrachloropalladate(IIl) reacts with salicyl-
aldoxime to give vhig(salicylaldoximatdpalladium(II) di-
chloride in which the ligands are bidentate, co-

ordinating through the hard nitrogen and oxygen atomst672).

OH

ﬁ/ 0
Titane
O/// \\\Nﬂ»’
/

T

46



X-ray examination showed that the complex posesses a
centre of symmetry, and therefore has a planar configura-
tion. Also complexes of palladium containing both hard

and soft 1ligands are known (67b,¢),

An example is the
Eig-hii[dimethyl(phenyl)phosphine]bis(S-methyltetrazolato%
palladium(II) (G?b), which has approximately cis-square-

planar configuration (Fig. 1.15).

Figure 1.15. The molecular structure of a palladium

complex with both hard and soft ligands.

Some platinum compounds, known as Magnus salts, have well
known structures. An example is the complex Pt(NH3)4PtC14,
which has a tetragonal structure with the two planar
Pt(NH3)2+and PtClgb'ions stacked over one another and a

(68a)

Pt-Pt distance of 3.25 A Another example of

platinum(II) ion bonded to hard 1ligands 1is the cis-

diamineplatinum («-pyridone complex(68b) , 1in which some
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of the ligands act as bidentate ligands through nitrogen
and oxygen atoms (Fig. 1.16a). Complexes of Pt(II)
containing both hard and soft donor atoms are also known.
The crystal structure of platinum(II) complexes with L-
methionine and glycyl-L-methionine, prepared by the
interaction of PtClaz_with the free ligands in aqueous
solutions, were reported (GSC), in which the ligands are
either bidentate or tridentate, bonded through nitrogen

and sulphur atoms (Fig.1.16b).

Distance A
PH1--Pt2 2779
Pt2-Pt2' 2.885 @

' Pt-NHjlav) 2.06 N

! Pt-N (pyridone) 2.05
L Pt-0 (av) 2.04

Angle Deg.
Pt1-Pt2-Pt2' 164.5°

(a)

Figure 1.16: Platinum(II) complexes with hard ligands (a),
and with hard and soft ligands (b)

Many mercury(II) compounds have been published in which
the mercury ions show an affinity toward hard ligands as

well as soft 1ligands. Mercury(II) oxide dissolved in
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molten acetamide, gave Hg(CH3CONH2) which could be
isolated by dissolving the mixture in water. Crystallo-
graphic 1investigation showed that mercury 1is co-
ordinated to the nitrogen and, to a lesser extent, the

oxygen of the acetamide ligand(ﬁga} .

3 :
,5' :
o)

(iii)
Interaction of pyridine with mercuric trifluoroacetate
brings the nitrogen of two pyridine groups into the co-
ordination sphere of the mercury ion which is located in

a distorted octahedral environment(ﬁgb).



The reaction of mercury(II) chloride with bis(2-pyridyl)-
disulphide gave the complex Hg(pySSpy)Cl, . The crystal
structure of this complex showed that the mercury(II) ion
is co-ordinated by two chloride ions and two pyridyl

nitrogen atoms (69C).

The infra-red spectrum of the
complex revealed no change in the frequency v(S-S), which
occurs at 548cm_1, that means the sulphur atoms are not
co-ordinated to mercury and this is supported by X-ray
crystallography, (Fig.1.17). This might be surprising

because it is known that mercury(II) shows a good affi-

nity to soft donor atoms like sulphur.

Figure 1.17: the structure of Hg(pySSpy)Cl,

There are also many well defined complexes of Hg(II) with



soft ligands. The complex diacetato-bis(tricyclohexyl-
phosphine)mercury(II) dihydrate is an example of a
complex with a phosphorus ligand, and 1its crystal

structure has been solved(ng). Figure (1.18) shows the

co-ordination of two phosphine ligands to Hg(II).

Figure 1.18. Views of independent molecules of Hg(PCyj;),(0Ac),

Since the ions Pd(II), Pt(II) and Hg(II) are well known
to form complexes with tellurium 1igands(ia)s as well as
being able to accommodate hard and soft donor atoms
in their co-ordination sphere, it is very interesting to
study their complexes with chelating ligands containing a
hard donor and a tellurium donor atoms. Such complexes
have not been widely studied, although the first example

of a Pt(II) complex has been reported by Gysling(SZ).
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1.6.3 The Present Work

The object of the present work is, therefore, to synthe-
sise potentially bidentate or multidentate ligands
containing both tellurium and donor atoms such as
nitrogen or oxygen, and try to prepare a wide range of
transition metal and post transition metal complexes with
these ligands, and investigate their structure by the
kinds of physical methods available including infra-red,
visible-u.v., ESR, magnetic measurements, NMR, Mdssbauer

and X-ray crystallography.
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CHAPTER TWO

GENERAL EXPERIMENTAL TECHNIQUES



The preparation and handling of organic tellurium com-
pounds need care. Therefore, all the experiments invol-
ving such compounds have been done under an inert
atmosphere, nitrogen gas Or argon gas; these were bubbled
into a chromium(II) solution and passed over calcium

chloride and phosphorus pentoxide prior to use.

2.1 Chemicals

The starting materials used for many reactions were
obtained either from British Drug Houses (BDH) or
Aldrich Chemical Company and were used without further
purification. Platinum, palladium and rhodium compounds,
used in complex preparations, were obtained from Johnson
and Matthey Ltd. The known tellurium compounds used in the
present work, were prepared by literature methods start-
ing from either Te powder 99.5% (BDH) or TeCla (BDH) and
they gave satisfactory melting points, I.R. and N.M.R.

spectra.

2.2 Solvents

All the solvents were obtained from commercial sources.
Analytically pure solvents were used without further
purification. Other solvents were cautiously purified
where necessary by distillation and were kept over

4 (70)

molecular sieve type A , and stored in clean coloured

containers.
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2.3 Physical Measurements and Techniques

2.3.1 Melting Points

Melting points of all solid compounds were determined
using a Gallenkamp electrically heated melting point
apparatus provided with a mercury thermometer. All

readings were uncorrected.

2.3.2 Conductivity Measurements

Molar conductance of dilute solution (107°M) was measured
at room temperature using a standard Mullard conductivity
bridge and immersion type bright platinum electrodes

(type E 7591/B) with a cell constant of 1.46.

2.3.3 Infra-red Spectra

Infra-red spectra were recorded on a Perkin-Elmer infra-
red spectrophotometer model 599B in the range 4000-200cm™ 1
at a normal scan speed which took 12 minutes for
each run. Spectra of solid samples were either taken as
KBr pellets ( -1%) or as nujol mulls between KBr discs,
while liquid samples were spread as thin films between

KBr discs.
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2.3.4 Ultra-violet and Visible Spectra

U.V. and visible absorption spectra were taken for
solution samples using 10mm path length quartz cells
with the pure solvent being used in the reference beam.
These spectra were recorded on Unicam visible U.V.

instruments models SP800 B and SP8100.

2.3.5 Elemental Analyses

Micro-elemental analyses for carbon, hydrogen, nitrogen
and halogen were carried out by the Analytical Services
Unit of the Molecular Sciences Department of Aston
University. Tellurium was analysed volumetrically by

the following method(?l):

A known weight of the compound was dissolved in, and
oxidised with a mixture of concentrated nitric acid and
perchloric acid (2:1). The volume of the mixture was
then cautiously reduced in a fume cupboard to 10cm® and
another 10cm® of conc.HClO4 was added; heating was conti-
nued until the solution became effectively colourless,
it was then cooled and diluted with distilled water to
250cm> in a volumetric flask. To an aliquot of 50cm® of
the sample solution was added a known excess of standard
0.1N potassium dichromate solution, and the mixture was
allowed to stand half an hour at room temperature. Then

the solution was treated with an excess of 0.1N
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iron(II) ammonium sulphate solution. The unreacted iron-
(IT) was back titrated with a standard 0.1N potassium
dichromate solution using a few drops of diphenyl amine
indicator (prepared by dissolving 2.7g of diphenyl amine
in 100ml of conc.H,SO,) and about 2cm’of conc. phosphoric
acid as a complexing agent for iron(III)ions.

lml O0.1IN KZCr207 = 0.00638g Te

2.3.6 Mass Spectra

Mass spectra of some compounds were recorded on an AEl
MS9 spectrometer at an ionising potential of 70 eV.

: 130
Measurements were carried out on

Te isotope which is
the isotope of largest mass number and highest relative

abundance.

2.3.7 Magnetic Measurements

Magnetic susceptibility measurements of solid samples
were taken with a Stanton Gouy balance model (SM 12) at
22°C using the Gouy method. Samples were ground and
prepared according to the literature method wusing

(72)

HgCo(NCS), as a calibrant Magnetic moments were

calculated with correction for diamagnetism.
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2.3.8 Mossbauer Measurement

One °'Fe Méssbauer spectrum was measured at Birmingham

University by Dr. F. J. Berry to whom many thanks are due.

2.3.9 Nuclear Magnetic Resonance Measurements

Some !H N.M.R. spectra were determined with a Perkin-
Elmer R12B instrument (60Hz) using tetramethylsilane(TMS)
as an internal standard. Other !H N.M.R. and proton de-
coupled natural abundance 13¢ N.M.R. spectra were
obtained on an FX-90Q(JEOL) multinuclear spectrometer at

90 and 22.5 MHz, respectively. The  *°

Te N.M.R. spectra
were also measured for solution samples at room tempera-
ture on the FX-90Q (JEOL) spectrometer at 28.2 MHz by M.
Perry in the Molecular Sciences Department of Aston
University. The instrument was first checked by using
standard materials, like diphenyltelluride 1in dichloro-
methane and bis(diethyldithiocarbamato)tellurium(II), as
1M solution in deuterated chloroform, for which the

chemical shifts (&) were in agreement with literature
values(63b2 and within the experimental error of =+0.5
ppm. The data were referenced to the frequency of the
standard dimethyltelluride for which & is considered as

zero {73,
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2.3.10 Electron Paramagnetic Resonance Spectra

Measurement (EPR)

EPR spectra of solid samples were obtained with a JEOL
PE-1X spectrometer, using a manganese(II) standard to
check the magnetic field and as g-marker. In general
solid samples were packed 1inside a capillary glass tube
(lmm diameter) up to about 1lcm and put inside a quartz
tube of 5mm diameter which is 1inserted in the resonant

cavity between the magnetic poles.

2.3.11 X-ray Measurements

Crystals of the tellurium compounds were obtained by
recrystallisation from suitable solvents. Preliminary
examination of single crystals by photographic methods

was used to check the quality of the crystals.

Accurate cell dimentions and reflection intensities were
measured with graphite-monochromated Mo-K radiation on
an Enraf-Nonius CAD-4 diffractometer operating in the
mode w-28. Two standard reflections were measured every
two hours to check the stability of the system. For one
of the crystals (refer to Chapter Four) absorption correc-

tions were applied.

The structures were solved by Patterson and Fourier

methods, using reflections having I > 2.50(I). The
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refinements were by least-squares, using anisotropic
temperature factors for the heavier atoms. Hydrogen
atoms were either located from difference Fourier maps or
placed in calculated positions (C-H = 1.08 ) "riding"
on their respective carbon atoms; their parameterswere
not refined. Refinement was terminated when all calcula-

ted shift/error ratios were < 0.1.

Computations were carried out on the University of
Birmingham Honeywell computer with the SHELX program(7&)
and also on the University of Manchester Regional

Computer Centre.
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CHAPTER THREE
SODIUM 2-(4-ETHOXYPHENYLTELLURO)BENZOATE LIGAND

PREPARATION AND CO-ORDINATION CHEMISTRY
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3.1 Introduction

Building in a carboxylate functional group and a
tellurium atom within the same molecule is not new. Many
such compounds have been prepared, and some may chelate,
but in others the tellurium atom and the carboxylate
group may not be favourably placed for chelation. Piette

(75a)

and Renson could prepare phenyltelluro-3-propionic
acid (i) by reacting sodium phenyltelluride (obtained by
reduction of diphenylditelluride with sodium borohydride)
with 3-chloropropionic acid sodium salt in an ethanol/
benzene mixture. Later on, the same authors(jsb)
reported the preparation of benzo-(b)-tellurophene-2-

carboxylic acid (ii) by three step cyclisation of 2-

methyl-tellurobenzaldehyde with 2-bromoacetic acid.

0

() (ii)

Fringuelli et al(?e), later, reported the preparation of
tellurophene-2-carboxylic acid(iii), by reacting telluro-
phene and n-butyl-lithium to give the 2-lithio substi-
tuted tellurophene which was then poured on solid co, and

hydrolysed.



| l OH

Te (

0

(iii)
In 1978 Piette et al {77) reported another series of ortho-
substituted carboxylate compounds, the o-phenyltelluro-
benzoic acid in particular, from the reaction of diazoti-
sed anthranilic acid and sodium phenyltelluride. More
recently Engman(?sa) tried to prepare the previously
reportedgatQQEELZ—carboxyphenyl)telluride by the reaction
of potassium tellurocyanide and 2-carboxyphenyldiazonium

tetrafluoroborate, but he obtained only 8% yield.

Nevertheless, only a few examples of complexes of such
carboxy-tellurium compounds with metal ions are known.
Laing and Pettit (33) reported the formation of some metal
complexes wiﬁh bis(3-carboxypropanyl)telluride. They
measured the complex formation constants potentiometri-
cally for some bivalent first-row transition metal ions
and Ag(I) in solution without trying to 1isolate the

complexes.

In order to establish, more firmly, the nature of the
complexes, we tried to prepare and isolate such materials
in the form of solid compounds, which could be studied by
several physical techniques, and finally to ascertain

if by co-ordinating a hard oxygen donor atom of the
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bidentate ligand to a hard or borderline metal ion, the

tellurium atom would also co-ordinate.

e 2 Experimental

3.2.1 Synthesis of 2-(4-Ethoxyphenyltelluro)benzoic Acid

A method similar to that described by Piette et a1(85)
was used and is described below:

A solution of 2-aminobenzoic acid (27.5g,0.2 mole) in con-
centrated hydrochloric acid (25cm’) and distilled water
(100cm3), was diazotised at 0-5°C with sodium nitrite
(13.8g) dissolved in distilled water (25cm>) *. Then the
pH was rendered basic with the minimum of sodium bicar-
bonate solution. The cold solution, thus obtained, was
shaken rapidly with a warm solution (at about 30°C) of
sodium 4-ethoxyphenyltelluride obtained by reduction of a
warm solution of bis(&—ethoxyphenyl)ditelluride(79) (25g,
0.05 mole) in a mixture of ethanol (50cm>) and tetra-
hydrofuran (100cm>) with minimum amount of a basic sodium
borohydride solution (2.5g in 35cm> of 1N NaOH), while
passing nitrogen gas. After the major evolution of N,,
the solution was again warmed, and then extracted with
benzene, from which some of the starting ditelluride

compound was recovered. The aqueous layer was chilled

* The yield was noticed to be a few percent more when the

diazotisation is performed under nitrogen gas.
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with ice, and the precipitate, so formed, was filtered
off, washed with benzene, then dissolved in acetone and
reprecipitated by adding petroleum ether (60-80°C) to
give an almost white crystalline sodium salt (yield,
19.1g = 49%), iwhich; after drying over phosphorus

pentoxide, melts at 257-260°C.

Found C

40.1%, H 0

4.50%; C, H NaO,Te.3H

15554153 Z

4.29%

40.4%, H

I

requires C

The acid form was prepared by adding hydrochloric acid
(1IM) to the sodium salt solution in 1:3 ethanol:water.
The white precipitate was filtered, washed with water and

dried over P,0,,; it melts at 194-196°C.

Il
I

Found C 48.5%; H 3.50%: C15H1403Te

3.81%

48.7 %, H

requires C

3022 Synthesis of Complexes of 2-(4-Ethoxyphenvyl-

telluro)benzoate

3.2.2.1 Thallium(I) Complex

The thallium(I) compound was prepared by reacting a hot
solution of 2-(4-ethoxyphenyltelluro)benzoate (0.89g,
0.002 mole) in distilled water (50cm3) with thallium(I)
sulphate (0.3g, 0.001 mole) in water (25cm>). The white

precipitate was filtered, washed several times with water
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then ethanol, and vacuum dried to give almost quantita-
tive yield. It was recrystallised from a 1:5 DMSO/CH3CN

mixture to give white crystals m.p 200-201°C.

Found 8

ik B
31.4 %, H

2.30%; (ClSH1303Te)T1

Il

2,28%

Il
[l

requires C

3,.2.2.2 Silver(I) Complex

A solution of sodium 2-(4-ethoxyphenyltelluro)benzoate
(0.89g, 0.002 mole) in distilled water (50cm3) was added
with stirring to a solution of silver(I) perchlorate
(0.415g, 0.002 mole) in distilled water (25cm>) to get a
gelatinous white precipitate, which was filtered, washed
with water and dried in an oven at 60°C for three hours,
then recrystallised from a 1:5 DMSO/CH3CN mixture; the

white compound decomposes at about 203°C.

Found C 36:5%, H 2:83%y X0 . H OBTe)Ag.HZO

FS 13

36.4%, H 3.05%

Il
Il

requires C

3.2.2.3 Cobalt(II) Complex

An aqueous solution of cobalt(II) nitrate hexahydrate
(0.873g, 0.003 mole) was added with stirring to a warm
solution of sodium 2-(4-ethoxyphenyltelluro)benzoate

(2.67g, 0.006 mole) in water (75cm’) . The pink precipi-

tate, so formed, was filtered, washed with water and air
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F o)
Y

dried, then recrystallised from chloroform and dried in a
vacuum desiccator. The violet compound melts at 210°C
with decomposition.

Found C 3. 30%, CotC, H.. .0 Te) H.O

Y5130 Z

43.3%, H

I

43.3%, H 3.63%

requires C

3.2.2.4 Nickel(II) Complex

An aqueous solution of nickel nitrate hexahydrate

(0.872g, 0.003 mole) was added slowly with stirring to a
warm solution of the ligand (2.67g, 0.006 mole) in water
(?5cm3). The light green precipitate was filtered, washed
several times with water and air dried. It was recrysta-
llised from chloroform to give an apple green compound

with m.p 195-198°C

Found (&

44.2%, H

3.30%:s Nl(C15H13O3Te)

]
I

requires C = 44.2%, H 3.47%

3.2.2.5 Copper(II) Complex

An aqueous solution of copper(II) nitrate trihydrate
(2.46g, 0.006 mole) was added with stirring to a warm
solution of the 1ligand (2.67g, 0.006 mole) 1in water
(75cm3). The precipitate was filtered, washed with water,
then methanol and dried in wvacuum to give a dark green

complex, having a melting point 172-174°C.

67



Found G

Il
I

44.1%, H = 3.50%, Cu(C;sH; ,0,Te),.H,0

I

requires C = 44.0%, H 3.44%..

3.2.2.6 Iron(III) Complex

An aqueous solution of (NH,),Fe, (SO, ),.10H,0 (0.68g,
0.001 mole) was added slowly with stirring to a warm
solution of the ligand (2.67g, 0.006 mole) in water
(?5cm3). During the addition a violet-brown precipitate
separated and was left at room temperature to settle,
then filtered off, washed with water, alcohol and dried

in a vacuum desiccator. The violet-brown compound melts

at 165-168°C.

Found c

Il

45.9%, H

3.40%; Fe(C)gH) 50;Te), . Hy0

requires C = 45.8%, H = 3.50%

3.2.2.7 Chromium(III) Complex

A solution of chromium(III) nitrate trihydrate (0.46g,
0.002 mole) in water (20cm>) was added slowly to a warm
solution of the carboxylate ligand (2.67g, 0.006 mole) in
water (?5cm3), with stirring. During the addition a fine
light green precipitate formed, which was allowed to
settle, filtered and washed with water then with cold
ethanol, and air dried. It was dissolved in a minimum
amount of acetone and left to evaporate at room tempera-

ture, leaving a dark green solid, m.p = 163 - 165°C.
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I
]

Found . C =45.8%, H = 3.20%; Cr(C, H ,0,Te)s . H,0

3.51%

I

45.9%, H

requires C

3:3 Results and Discussion

Generally, the reaction between sodium 2-(4-ethoxyphenyl-
telluro)benzoate (NaETB) and the metal salts involves an
exchange between the cations and the anions leading to
the precipitation of the less soluble complexes. All the
prepared complexes gave good elemental analysis data
after recrystallisation, however, only the thallium(I)

compound afforded well defined crystals.

3.3.1 Infra-red Spectra of the Carboxylate Group

The i.r. spectra could be helpful in the structural
discussion of the compounds which contain carboxylate
groups. Extensive infra-red studies have been made on
metal complexes of carboxylic acids. The carboxylate ion

may have any of the following structures:

0 M—0
R—-C/ M \C—R
3 5
Ionic (I) Unidentate (II)
0 M—O0
M/ \C—-—R \C—R
Nyl A
Chelate (III) Bridging (IV)
Figure 3.1
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Found 7% Calculated
Compound
(" H C H
C,5H;, 05 Te 48.5 3.50 48.7 3,81
Ci5H13NaO3Te.3H20 40.1 4.50 40.4 4.29
(C15H1303Te)T1 ) B 2.30 31.4 2.28
(C15H1303Te)Ag.H20 365 2.85 36.4 3,05
(C; 5 H, 403 Te), Co.2H,0 43.3 3.30 43.3 3.63
(ClSH1303Te)2Ni.H20 44 .2 3.30 44,2 3 o 47
(C, 5 Hy 503 Te), Cu.H,0 44.1  3.50 44.0  3.44
(C, 5 H; 305 Te)s Cxr.H,0 45.8 3.20 45.9 3051
(Cy 5 Hy 305 Te)y Fe.H,0 45.9 3.40 45.8 3.50
Table 3.1 The elemental analysis the 1ligand
2-(4-ethoxyphenyltelluro)benzoate (ETB)
and 1its complexes.

Compound v (OH) £,(CO0) v(C00) | A(CO0)
Acid form(HETB) | 3300-2500 | 1660(s) 1270(s) 390
Sodium salt 3650-3100 | 1572 1395(s) )L
T1(I) complex - 1512 1380 132
Ag(I) complex 1532 1388,1375(-150
Co(II) complex | 3550-3200 ? 1395(s)

Ni(II) complex | 3600-3200 |1650,1525(sh) | 1390(s)

Cu(II) complex | 3600-3300 | 1590 1395(s) 195
Cr(III) complex | 3300-2500 |1658,1525(sh) | 1263,1410
Fe(III) complex | 3300-2500 |1660,1515 1265,1410

Table 3.2

Infra-red data of ETB
(s) = strong;
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) Mossbauer data
(a) (b
Compound A Meff
5(C) £§d)
2+
Co complex 2.19(acetone) 3:52
N12+ complex 2.83
Cu2+ complex 159D
Cr3+ complex 2.48
Fe>* complex | 7.6 (DMF) 2.80 [0.37+0.03 | 0.61+0.05
i1 complex 15 (DMSO) -
Ag+ complex 3.5 (DMSO) -
e =1 7 =1 -3 :
(a) Molar conductivity (ohm "cm"mole ") of 10 "M solution
ge’ 22°¢
(b) Magnetic susceptibility (B.M) at a current of 10 amps.
at 2290, 1 B/M = 9.2?x10_25kJ/gauss
(c) Chemical isomer shift (mm sec!) vs. Fe metal
(d) Quadrupole splitting (mm sec )
Table 3.4 Magnetic, conductivity and Mossbauer data of

the complexes of the 1ligand (ETB).



From a comparison of the infra-red spectra of the acetate
ion in compounds of known structure, Curtis(ao) has shown
that it is possible to distinguish between the various
types of acetate co-ordination on that basis. The
asymmetrical stretching frequency v,(CO07) and symmetri-
cal stretching frequency vS(COO_) of free acetate ion
are 1578cm™ ! and 14l4cm™? respectively, for sodium ace-

tate (81)

, which resembles structure (I) (Fig. 3.1). In
the unidentate complexes (structure (II)), r(C=0) is
higher than v»_,(CO07) and v(C-0) is lower than v (CO07).
As a result the separation between the two v(CO) is much
larger in unidentate complexes than in the free ion. The
opposite trend is observed in the bidentate (chelate)
complex (structure III), the separation between the
r(C0O0) is smaller than that of the free ion. In the
bridging complex (structure IV), however, the two v(CO)

are close to the free ion valuescaz).

3.3.2 2-(4-Ethoxyphenyltelluro)benzoic acid (HETB)

The i.r. spectrum of this compound (Table 3.2) revealed
the characteristic bands for the hydroxyl group and the
carboxylate group. The OH stretching absorption spread
over a wide frequency range (3300-2500cm™ 1) indicating a
strong hydrogen bonding. For the carboxylate group, the
band at 1660cm ‘could be attributed to v(C=0) stretching
vibration and a band at 1270cm™! could be assigned as

v(C-0) stretching.
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The sodium salt of this compound revealed a rather
different i.r. spectrum (Fig. 3.2). A wide absorption
between 3650-31000[11_1 could be due to v(OH) stretching
of water molecules in the crystal lattice, while the band
at 1615cm™ ! may be due to the §(HOH) bending of water
molecules. In the lower-frequency region, absorption
between 530-400cm™ > could be due to rotational oscillation

of the lattice water molecules(83)

The carboxylate
absorption appeared at 1572cm fand 1395cm™! which corres-
pond to p,(C00 ) and vg(COO ) respectively, with a

separation of 177cm * , thus it may have structure(I)

(Pig.3.1)

The mass spectrum of the 2-(4-ethoxyphenyltelluro)benzoic
acid at 70 eV revealed a peak at 372 which corresponds to
the molecular ion (M'"). The molecular ion can lose
ethoxyphenyl group (m/e = 121) giving another ion with a
mass of 251, which can 1lose either a hydroxyl group, to
give a new ion of mass (234), or a carboxyl group to
give a radical ion with mass 206. The dissociation of

the compound is shown in Scheme 3.1.
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COOH
+ e —>
Te Te
| CooH
m/e = 372
OC2H5

C=0"
-0OH
o s T
Te' Te m/e

m/e = 234

OCZH

-C6H40C2H5

COOH

-COOH

Te

m/e

-Te

<
+23

= 251

= 206
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Scheme 3.1. The dissociation of 2-(4-ethoxyphenyltelluro)-

benzoic acid 1in the mass spectrometer;

130Te, 160’ 126

values of m/e are based on
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3.3.3 2-(4-Ethoxyphenyltelluro)benzoato-Thallium(I)

The reaction between sodium 2-(4-ethoxyphenyltelluro)-
benzoate (NaETB) and thallium(I) sulphate in stoichio-
metric amounts gave a 1:1 compound according to the
elemental analysis. And since the thallium atom is compa-
ratively large the compound could be isolated without
water of crystallisation, this is confirmed by the i.r.
spectrum, where no absorption due to H,0 appeared in the

region above 3100cm™! or at 1615-1620cm™ ' .

It is known that the thallium(I) ion can give stable deri-
vatives with carboxylate ligands. For example, thallium-
(I) compounds of 2-hydroxybenzoic acid and 2-aminobenzoic

acid have been prepared as 1:1 derivatives(343) . The
conductivity measurements of these derivatives showed
much lower values than that of their potassium salts,
implying at least a stronger Tl+-ligand ion-pairing;
however, their i.r. spectra have not been thoroughly
discussed. The ion pairing was later confirmed by the
X-ray crystal structure of salicylato-(1,10-phenanthro-
line)thallium(I), in which the compound was found dimeric
in the crystal, and the carboxylate group of the salicy-
late ion forms asymmetrical bidentate co-ordination with
the thallium ion. One of the oxygens, also, has a weaker
interaction with a second thallium ion, but it has been
stated that the nitrogen donor ligands (i.e., 1,10-phen.)

approach the cation more closely than the oxygen donoréaab)
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Potentially chelating ligands containing carboxylate
groups were also reported to form complexes with the
T1(I) ion. For example, ligands like 2-mercaptobenzoic
acid and cysteine have been shown, according to the i.r.
spectra, to co-ordinate through both sulphur and the
carboxylate group, thus indicating the ease with which
thallium will form complexes with soft 1ligands, and
moreover, the conductivity measurements in dimethyl-
sulphoxide or acetone solution showed the compounds to be

(85a)

non-electrolytes The crystal structure of DL-

cysteinatothallium(1I) compound(SSb)

shows that the complex
is a dimer and that the Tl atom is bonded to two O and
two S atoms (Fig. 3.3), which confirms the tendency of
T1' to co-ordinate to sulphur atom rather than to the

nitrogen atom of the ligand.

The infra-red spectrum of 2-(4-ethoxyphenyltelluro)benzo-
atothallium(I) (T1ETB) revealed two bands in the absorp-
tion region of the carboxylate group (Fig. 3.4). The
band at 13800m_l could be assigned as the symmetrical
stretching of the carboxylate vg(CO0 ), while the other
band at 1512<:m_1 could arise from the asymmetrical vibra-
tion, v,(CO0" ). As seen, the difference between the two
frequencies (A) is l32cm_l ;s which is fairly close to
that of the sodium salt (l??cm"l), but obviously having a

lower value. Therefore, the compound could have one of

the three structures, the sodium salt structure (I),
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Figure 3.3. Molecular structure of T1(DL-cysH). The long
contacts between Tl and S atoms in different

dimers are in thin bonds.

chelate structure(III) or bridging structure(IV) as shown

in. (Fig.+3.10

Since the compound has a molar conductivity of 15 ohm -cm?
mole !in DMSO, which is wunlikely to be due to the
solvation of the compound in this solvent, one can
conclude that it has some ionic character (a 1:1 electro-
lyte, 10°3M in DMSO has a molar conductivity of 30 ohm !

2 -1
cm mole

), thus the possibility of bridging structure
could be excluded. The compound could, therefore, have a
structure which is an intermediate between the ionic

structure (I) and the <chelate structure (III). the low
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solubility of the compound in common solvents and its
low conductivity value in DMSO could also, imply that
the compound is dimeric in the solid state and in
solution, with some strong thallium-ligand ion-pairing;
these properties of thallium-carboxylate compounds are

not unusual, and have been reported earlier(sa).

The ease, with which thallium can form complexes with
soft 1igands(8531 and the tedency of TI1(I) ion to co-
ordinate to a tellurium atom (Fig. 1.17) may suggest that
in this compound, (T1ETB), there could be-some kind of
interaction between the tellurium atom of the ligand and
the thallium ion of an adjacent molecule; bearing in mind
that the chelating character of the carboxylate group
would not allow an ortho-tellurium atom to interact with
the same central metal ion (thallium(I) in this case). An
attempt to get the crystal structure of the present TI1(I)
compound was made, but was met with some difficulties at

the early stage of data collection(199),

3.3.4 2-(4-Ethoxyphenyltelluro)benzoato-silver(I) hydrate

This compound has been prepared by the reaction of silver
perchlorate with the 1ligand (Na-ETB). The elemental
analysis data suggest a monohydrate, and its low solubi-
lity in many solvents may suggest that the compound is
dimeric or polymeric. Many silver(I) carboxylates have

been reported to have a dimeric structure. Silver per-
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(86) to be

fluorobutyrate was confirmed by X-ray study
dimeric with an eight-membered ring and Ag-Ag distance of
2,90 A, and the carboxyl groups are bridging between two

silver atoms.

The title compound was found to be a non-electrolyte (A=
3.5 ohm ! cm®mole™ ! in DMSO), which suggests a strong silver-
ligand interaction. Its i.r. spectrum (Fig. 3.5) revealed
a broad band at 3400cm! s which 14s . due to the OH
stretching vibration of the water molecules. The band at
1532cm™ ! could be assigned as the asymmetric vibration of
the carboxylate group ( v,C00 ), while the symmetrical
vibration frequency is split into two very close bands at

1388 and  1375cm -

The difference between the
symmetrical and the asymmetrical bands shows that the
carboxylate groups are bridging between two silver atoms,
and the splitting of the symmetrical vibration band could
indicate that one of the carboxylate oxygen is weakly

bonded either to a hydrogen of H,0 or to a silver atom of

another adjacent dimer.

In an extended study of silver(I) complexes with ligands
containing carboxylate groups and chalcogenide atoms,
Pettit et al(?2:87) reported that the formation constants
of such complexes increases with the increase of the
chalcogenide atomic weight (i.e., form O to Te). This
shows that chelation is increasing by going from oxygen

to tellurium (a typical soft acid-base interaction). It
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is, therefore, reasonable here to suspect that there
might be an interaction between tellurium donor atoms and
silver atoms within the present compound, but this

125

remains unconfirmed until further evidence, Te Moss-

bauer data for example.

3.3.5 Bis[2-(4-ethoxyphenyltelluro)benzoato]-cobalt(II)

dihydrate

This violet compound is hygroscopic, and when left in air
it turns pink after absorption of moisture. Therefore,
this compound was carefully dealt with, especially during

the infra-red and the magnetic measurements.

Cobalt(II) acetate tetrahydrate has been described as
having unidentate carboxylate groups using one oxygen

atom (88).

A benzoate complex, Co, (PhCO0), L, (L = quino-
line), has been reported to be a dinuclear with bridging
carboxylate groups, and a long Co-Co distance of 2.83 A

showing a very weak interaction with a magnetic moment of

4,00 B.M. at 2938PHT

The infra-red spectrum of the title compound revealed the
characteristic band of water OH stretching at 3400cnf1.
The carboxylate symmetrical stretching band appeared at
1395cmh1, while the band caused by the asymmetrical
stretching vibration is not very clear, since it merged

with the other ligand bands below 1600em™t. 1t is, then,
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clear that the carboxylate groups are not acting as
unidentate ligands by using only one of the oxygen atoms,
because unidentate carboxylate groups should show a band
above 1600cm™ ! ¢ v, CO0 ) with a difference between the
symmetrical and asymmetrical stretchings of more than
ZOOcm_l(ao). The structure, therefore, could be

described as having chelate carboxylate groups (Fig. 3.1).

The visible spectrum of a chloroform solution (Fig. 3.6)
exhibits an absorption band with complex envelopes, the
most intense envelope being at 590 nm ( €= 110); this
could be caused by a number of transitions to doublet
excited states which occur in the same region and aquire
some intensity by means of spin-orbit coupling. Absorp-
tion in this region with such molar intensity is charac-
teristic of aTlg(F)—a&Azg transition in octahedral Co(II)
complexes, in contrast to tetrahedral complexes which are
blue and absorb at longer wave length with intensities
10-100 fold greater.

Magnetically co®* (d’

) 1in high spin octahedral complexes
shows effective magnetic moments ranging between 4.7 to
5.2 B.M. at room temperature, i.e., higher than the
theoretical value (3.88 B.M.) due to orbital contribution
to the total angular momentum. Dimeric cobalt(II)
compounds have been reported to have antiferromagnetic
properties, due to the exchange mechanism which arises

(89a,90)

from Co-Co interaction The experimental p ¢¢
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Figure 3.7a: The visible-U.V. spectrum of Ni(ETB), in

2-methoxyethanol. (a) 5 x 10_5M,

(b) 4 x 10-2M.
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value of the title complex was found to be 5.52 B.M. at
room temperature, which is consistent with the values of
monomeric octahedral cobalt(II) complexes in a high spin
state. Accordingly, it could be concluded that this
compound is monomeric having two chelate carboxylate
groups and two water molecules occuping the other sites

of the octahedron.

3.3.6 Bis[2-(4-ethoxyphenyltelluro)benzoato]-nickel(ITI)

hydrate

The elemental analysis of this compound confirms the
presence of two ligand molecules per nickel atom, and the
presence of water was also confirmed by the occurance of
OH stretching at ca. 3400cm_1. Many nickel-carboxylate
compounds have been reported with differing kinds of
structure. Nickel acetate tetrahydrate, for example, was
given a structure of pseudo-octahedral co-ordination with
the nickel atom being co-ordinated to one oxygen of each
of the acetate ions and the oxygen atoms of the four

(88)

water molecules In another study a number of

complexes of sulphur containing amino acid (DL-methionine)

were isolated(gl).

From the spectral and magnetic data
the authors concluded that the nickel(II) complex is
octahedral and polymeric with carboxylato-bridges, so
that the ligand co-ordinates to one nickel ion via the

nitrogen atom and one oxygen atom of the carboxyl group

and to a neighbouring nickel 1ion via the other oxygen
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atom of the carboxyl group, and they obtained bands at

1617cm " ( ©,C007) and 1399cm © ( v CO0 ).

The infra-red spectrum of the title compound revealed a
band at 1390cm_1, which could be assigned as vs(COO_).
Another complex shoulder at 1525cm ' and a medium band at
1650cm ™ * may lead to the conclusion that carboxylate
groups, in this compound, exist in different environments.
They could be bridging between two nickel ions, with one
of the carboxylate oxygens 1is strongly interacting with
one nickel atom, while the other oxygen is weakly bonded

to the other nickel atom.

The visible spectrum of this complex (Fig. 3.7a) is
consistent with an octahedral arrangement of 1ligands
about the metal ion, and it is similar to the spectra of
Ni(HZO)Z+ and many other six-co-ordinated nickel compl-
exes(QZ). The broad band between 800 nm and 600 nm could
be assigned as electronic transition 3Azg——fo’Tlg(F). This
spilts into two bands at 750 nm ( e = 5.57) and at 679 nm
(€= 6.17) due to spin-orbit coupling that mixes the 3Tlg
(F) and lEg states, which are very close in energy at the

A, value of such weak carboxylate environment. Another

band, which is expected to appear around 400 nm [3A2g —

3
1

the tail of the intense charge transfer band at 325 nm.

T g(P)}, has not been resolved and might be obscured by

Magnetically, high spin octahedral nickel(II) complexes
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have experimental magnetic moments ranging from 2.9 to
3.4 B.M., depending on the magnitude of the orbital
contribution. The p_.. value obtained for the present
nickel complex is 2.83 B.M., being similar to the
previously reported experimental values, within experi-
mental errors. This may imply a regular or a slightly
distorted octahedral arrangement of the 1ligands around
the Ni(II) ion. This leads to the same conclusion from

the visible spectrum argument.

Pettitet al(ss), in their study of chalcogenide dicarbo-
xylic acid complexes, have reported that the formation
constant of Ni(II) complexes 1increases from O to Te

{i.es, Te > Se <'S > 0 ) (Table 3.5).

Ligand Log KNiL
CHZ(CHZCHZCOO)2 2320
O(CHZCHZCOO)2 1.39
S(CHZCHZCOO)2 248
Se(CHZCHZCOO)2 1.83
Te(CHZCHZCOO)2 3.00

Table 3.5. Formation constants of N12+comp1exes with

carboxylate ligands(ss)
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The relatively high formation constant value for the
tellurium complex , in table 3.5, could be due to a
"stronger chelating effect" in the compound. According
to this and to other suggested complexes comprising
Ni(II) and a tellurium 1ligand (92c)’ it is reasonable to

suggest that in the title compound, the tellurium atom

may play a role in the co-ordination.

6 e A Bis[2-(4-ethoxyphenyltelluro)benzoto]-copper(II)

hydrate

This green complex was confirmed by the elemental
analysis to contain two ligand molecules per copper atom.
Its colour indicates that the copper(II) ion has not been
reduced to Cu(I) by the interaction with the tellurium
ligand . The presence of Cu(II) ion 1in the complex was
also confirmed by magnetic and electron spin resonance

measurements at room temperature.

The infra-red spectra could be helpful in the elucidation
of the nature of this copper complex. The presence of a
broad band at about 3500cm™' could be attributed to the
OH stretching of water molecules. The band at 1395cd'lmay
be assigned as p (CO0 ), while the band due to asymmetri-
cal stretching of (CO0) group is not very clear and com-
bined with the more intense band at 1590cm™ . Therefore,

one may assume that the carboxylate groups are bridging

between two copper ions, since bridging carboxylates are
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familiar in many copper(II) compounds. It has been shown,
by X-ray crystal analysis, that 1in copper(II) acetate
monohydrate(93a) copper atoms are bridged in pairs by
four acetate groups to form dimer molecules in which the
Cu-Cu distance is as short as 2.64 A. Copper(II) benz-
oate has also been reported to contain bridge carboxyl

groups(93b{

The visible spectrum of the copper(II) complex in chloro-

form exhibits a broad absorption with a maximum at 752 nm

(6= 58k 81 mol™tem™!) (Fig. 3.10), which is characteris-
tic of a d-d transition within the copper ion. Copper(II)

ion has a 4’ electronic configuration, and the electronic

energy levels will spilt into two main levels (Eg, ng)

in an octahedral environment, these will further spilt,

if there is a tetragonal distortion (Fig. 3.9).

bl
blg(dx -y7)

@ =
g g e
o4 '_':~u a (dzz)
’ = lg
e
Fé
d A
’
P b (dxy)
b zg
\\ tzg ’,/
= e (dxz,yz)
O Dan

Figure 3.9. The energy level splittings for Cu?* ion.
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Since the absorption band in the visible region did not
spilt, but only broadened, one may assume that the
distortion from octahedral symmetry is not very large,
and the maximum at 752 nm could be assinged as the
2Blg —_— 2Eg transition. The solid state spectrum,
however, did not show a clear maximum in the visible

region.

The magnetic measurement of this complex, at room
temperature , resulted in a calculated Pags of 1.55 B.M.
per copper atom (Table 3.4). This value is less than 1.73
B.M., the theoretical value of the spin-only moment. In
most instances, copper(II) compounds, with subnormal mag-
netic moments, have non monomeric structures with
bridging ligands. Dimeric copper(II) acetate monohydrate
shows this unusual magnatic behaviour(93a), and this has
been attributed to the short Cu-Cu distances, which allows
coupling of the single electrons on each copper atom. The
precise nature of such interaction has been disputed,
however. The magnetic susceptibility measurement of
copper(II) salicylate tetrahydrate gave a value of Pork =
1.44 B.M., while the results of a complete X-ray crystal
analysis showed no pairs of copper atoms of close distance
of approach in the crystal(ga). Nevertheless, copper(II)
benzoate trihydrate gave a normal magnetic moment (1.87
B.M.) per copper atom (?3) , although a close distance of
approach (3.15 A) and bridging arrangement of copper

(93b).

atoms have been reported Therefore, one can only
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Figure 3.10 : The visible spectrum of Cu(ETB)2 in
chloroform. (a) 2 x 10™*M
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Figure 3.11 The ESR spectrum of polycrystalline

sample of Cu(ETB),.H,0 at room temp.
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imply that the observed magnetic moment of the title
complex resulted from some sort of interaction, but not

necessarily through divalent copper-copper interaction.

The ESR spectrum of a polycrystalline sample of the
Cu(ETB)z.HZO complex was recorded. The spectrum gave two
g-values indicating a normal tetragonal copper(II) ion
environment (DAh) (Fig. 3.11), where g,, = 2.254 and g | =
2.069. In Dah symmetry the g-values for the copper(II)

ion with azBlg ground state are given by the following

expressions(gﬁ):
gk A

e 1

Bl
e
E( Blg Bzg)

2

2K, A

Where K is the orbital reduction factor and A is the spin

orbital coupling constant, which for the free Cu(II) ion

equals -829cm™!. These expressions yield an equation:
2 2 2
&2 4K E(“B,, —“E_)
811 e 21:;', 2g e
gy - 2 K] E( Blg*ﬂ Bzg)
2.254 - 2
e e e -y !
27069 - 2
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By calculating G, it is possible to evaluate K, and K, ,
in the above expressions, 1if the energies of the
electronic transitions are known. i has been
established that the numerical value of G may be used as
a criterion for estimating whether or not exchange
coupling effects invalidate the wuse of the observed g-
values to reflect the 1local Cu(II) ion environmentcg?) -
If the G value lies above 4.00, the criteria suggest that
exchange coupling is not present or only very weak, and
the g-values probably reflect the 1local copper(II) ion
environment, and the Cu(II) ions are in crystallographi-
cally equivalent sites and there 1is good alignment of
tetrégonal axes. If the G wvalue 1is, however, less than
4,00, which is the case for the present complex, the
possibility of exchange coupling must be considered,and
the alignment of the tetrahedral axes 1is poor. This is
in agreement with the magnetic susceptibility measurement
which gave a magnetic moment of 1.55 B.M., that is lower

g

than the spin wvalue for uncoupled electrons in a d

copper ion.

The possibility of a2 copper-copper interaction was
considered, and ESR measurements were done over a wide
range of magnetic field (H) between zero and 5500 gauss.
No signals other than that shown in Fig. 3.11 could be
recorded. Wasson et al(gg)reported the powder ESR spectra
of the dimeric copper(II) cyanoacetate, in which many

signals were recorded at room temperature and at 7/K.



The line in both spectra at about 3200 gauss was
attributed to the free, that is nondimeric, copper ions,
which they estimated to be less than 2%, while the other
line at 700, 4800 and 6300 gauss were considered as due
to the triplet state of the dimeric Cu-Cu complex. From
the above discussion one may conclude that the present
complex has an essentially tetragonal environment but
with exchange coupling and probably fairly long Cu----Cu

distances in chain.

O/\O o/\g
e P
F

Cu Cu

A R

3.3.8 Chromium(III) Complex with ETB Ligand

The elemental analysis of the chromium(III) complex fits
with several possible fo%mulae:

Cr(ETB), .H,0, Cr,(OH), (ETB), (HETB), , Cry (ETB)g (OH), and
Cr,O0(ETB), - There 1is also a possibility of a water
molecule or a hydroxyl ion; however, the infra-red
1

spectrum showed only a weak broad absorption at 3500cm

characteristic of OH stretching.

Metal triacetates should result only under absolutely

anhydrous conditions. Since this preparation was carried
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out in an aqueous solution, one can, therefore, rule out
the possibility of a monomeric complex containing three

ligand molecules.

The infra-red spectrum (Fig. 3.12) revealed strong bands
at 1658 and 1263cm ', which are very close to those of
the acid form of the 1ligand, 1660 and 1270cm™ respecti-
vely, and broad absorption bands between 3300-2500cm !
which are probably due to a carboxyl OH. Other absorp-
tions at 1525cm * (shoulder) and 1410cm ! also appeared,
which could be assigned as asymmetric and symmetric

stretching of a chelate carboxylate group.

The aqua chromium(III) ion is, infact, basic (pK=4), and
the hydroxo ion condenses to give a dimeric hydroxo
bridge species:

OH

—

+
34+ -2H - / \
Eaaeara, i TR 4+
2[Cr(H20)6] e 2[Cr(H20)SOHf¢___[(HZO)SCr\\ Cr(HZO)S]

OH

These two hydrogen ions may react with the sodium salt of
the ligand to give two (HETB). This could explain the
appearance of bands, in the 1i.r. spectrum, for both the
ionised and the acid form of the ligand. Another signi-
ficant band, in the i.r. spectrum, is that of medium
intensity at 520cm"1 which gained some intensity relative
to the band at 552cm™} originally present in the

ligand spectrum. This could be attributed to the

99



30 35 40 S0

FH

10

o -
e et asteme teescoar e, P ———— T
23 e e e Iy 8
z H
4t ¥
. g>[2 = -]
3 &
3 o
o
o] =
2
e e —
i T eremans e T et
S e e e
== =
o - ose et |
-5
T
i
¥
-
5
z -
G
< [
4
z |
i
JI‘- ————
1 = . -— e 1 ——
== S EEE e )
: i e e T R -
S s e
it T LT yerp e eeaeees P
° i e s i e T A
-« = e e e et = 5
= T & T £ ‘5
. 4 i
: = ]
3 = &S
— b ] =
BRE
1T I I T pe z
= SHERN e ~3833=%
= = S R — 8 ¥
e N I
e T et &
: : e rerrilbeaam]
b & 4 o T  mare s
5 s S et g5
o
o e T~ =, oE
e e ety 3
:
e : ez
T ey ¥ : 1 e
s 7 En s
S S -
e £ - : 3
o ]..m mnen T e
A e e
s = I beteerbans ]
— e e o
e &
ey etanel v Tl e e e e
: i
B 1 T
; = T
=
o b gy L I | —
- z
= £)
D0

L S s e
RPE/21YIW0E S100-a T

1000

WAVENUMBER [CH™'|

S

3

§ %
w X
8 i
-

———

L

OATE 4

%] IONYLLIWINYYL

100

complex of the ligand (ETB)

3+

: I.R. spectrum of Cr

Figure 3.12



Cr-(OH)-Cr stretching, which has been reported to be

R I R )

Chromium(III) complexes in an octahedral environment

usuallly have three spin allowed transitions, namely

4 4

4 4
Azg-———9 Tlg(F) and Azg-———é Tlg(P).

The visible spectrum of the present complex revealed a

4 -
Azg—-__) ngs

weak band at about 800 nm (&= 26.25 1 mole lcm!) and
another more intense band at 575 nm (€ = 61 1 moléﬂlcnfl).
The former absorption could be due to the transition
4AZ ——+4T2 and the second band may be due to the transi-

4 4
tion Ar.. ~— I, (F).

The magnetic measurement showed a significant magnetic
interaction with p=2.48 B.M. (theoretical p is 3.88 B.M.)
Many chromium(III) compounds containing bridged hydroxyl
groups have significantly low magnetic moments, for
example [Crz(OH)(NH3)90H]Ch‘ has been reported to show a

(1003 Therefore, it is

magnetic moment of 2.3 B.M.
possible that the title complex has the formula Crz(OHE-

(ETB) , (HETB) ,.

3.3.9 Iron(III) Complex of (ETB)

Like the chromium(III) complex, the elemental analysis
of the iron(III) complex could be fitted with several
possible formulae:

Fe(ETB)3.H20, FeZO(ETB)A(HETB)Z, Fez(OH)Z(ETB)&(HETB)Z,
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Figure 3.13 : The visible spectrum of Cr(III)complex
with (ETB) ligand in CHC1
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Figure 3.14 The visible spectrum of Fe(III) complex

with (ETB) ligand in CHCl3
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FeB(OH)(ETB)8 and FeQO(ETB)lO. It is, therefore, diffi-
cult to suggest which formula is correct using the analy-

tical data only.

The conductivity measurement of the title compound in
solution gave a molar conductance of 7.6 ohm~lcm?mole-lin

DMF indicating the non-ionic character of this complex.

Iron(III) forms basic carboxylates having a so called
oxygen-centered structure, in which the oxide ion is
either in the centre of a triangle, linking three iron
atoms, or in the centre of a tetrahedron, linking four
iron atoms, and the carboxylates are bridging between

each two iron atoms(lol).

The infra-red spectrum, in the COO stretching region
suggests two different types of carboxylate co-ordination.
Both the asymmetrical stretching (1660, 1515cm™ ') and the
symmetrical stretching (1410, 1265cm "1 ) are apparantly
spilt. Such splitting was also observed in the complex
Fe,0(0,CMe),,, with v, (CO0 ) at 1627, 1560cm ! and v, (CO0 )
at 1454, 1380cm-l (101), but this splitting 1is rather
different to our data. For the above iron(III) complex,
a structure has been suggested in which a tetrahedron of
iron atoms are linked by an oxygen atom located in the
centre. The acetate groups are being chelating between

two iron atoms along each edge of the tetrahedron, and a

unidentate carboxylate group on each iron atom.
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It has been reported also that sucha complex has a magnetic
moment of 6.4 B.M. at room temperature being higher than
the spin-only value (5.92 B.M.), while the magnetic moment
of the title complex based on Fe,O(ETB),, formula is

only 2.60 B.M. per iron atom.

Another possible structure is the binuclear structure
with a bridging oxygen (Fe-0-Fe). An important feature
of oxygen bridged binuclear complexes is their infra-red
spectroscopy. The unit Fe-0-Fe may be considered as
linear or bent three body system. For such system, there
will be three fundamental wvibrations: V) (sym. str.).
vy (deformation mode) which is likely to be too low in
frequency, and v (asym. str.); in either case v, should
have higher frequency than v, . A band in the region 800
-900cm™! has been assigned as M-0-M asymmetric stretching
(vy) , and another band at 215-230cm™! has been assigned
(99)

as v, in linear systems

{ Bent M-0-M systems, however,
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showed a lower Ujg (?70—8300m_1), and a higher v; value

(h50=560cn >y HF02 )"

Since no new band, even weak,
appeared in the i.r. spectrum of the present iron(III)
complex in the range 700-900cm™! , it is, therefore,
unlikely that the title complex has a mono or a bridging

oxygen structure.

The complex may be described as containing M-(OH), -M unit
with two chelating carboxylate groups and one acid form
of the 1ligand on each iron atom. The appearance of a

new medium band at 500cm™ !

in the i.r. spectrum could be
attributed to the asymmetric stretching (vj) of Fe-(OH);-

Fe.

The iron-57 Mossbauer spectrum of the title compound has
been measured at room temperature. The isomer shift
value, § , is 0.37 (Fig. 3.11), which is of the magnitude
expected for high spin iron(III) complexes, and the value
of the quadrupole splitting, A, 1is 0.61, which is also
expected for the high spin iron(III) complexes(103). The
most interesting aspect of the Mossbauer spectrum is the
asymmetry observed in the intensity of the quadrupole
split lines. The component at the lower energy side is
more intense than its companion. A similar feature has
been attributed to the anisotropy of the recoil free
fraction of the iron atoms in the reduced symmetry site,
and is predicted to decrease with decreasing tempera-

ture (R0 3..)
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The calculated p .., based on the formula Fez(uOH)z(ETB%-

(HETB) is 2.80 B.M., which is much lower than the spin-

2’
only value (5.92 B.M.) because of the antiferromagnetic
behaviour of the complex due to Fe-Fe interaction,

probably through the bridging hydroxyl groups, which

allows coupling of the electrons on both iron atoms.
The powder X-ray diffraction spectra of the Cr(III) and
Fe(III) complexes revealed very similar patterns, which

may indicate that the two complexes are isostructural.

3.3.10 Summary

From the above discussions, it seems that the 2-(4-ethoxy-
phenyltelluro)benzoato-ligand can give many types of
structure with metal ions. Only the thallium(I) complex
showed a considerable conductivity in solution and its
structure could be considered as having some strong
thallium-ligand ion pairing with the possibility that two
complex molecules are linked by a tellurium-thallium
bonding. The silver(I) complex was described as dimeric
with the carboxyl groups are bridging between two silver
atoms, and the tellurium donor atoms might have the
opportunity to interact with the silver atoms. The
copper(II) complex was also described as having bridging
carboxylate groups,and the compound could be dimeric or
polymeric with significant magnetic interaction at room

temperature due to exchange coupling. The local environ-
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ment around Cu(II) ions 1is distorted octahedral. The
cobalt(II) complex is considered to be monomeric with two
chelating carboxylate groups and two water molecules
occuping the other sites of the octahedron. Nickel(II)
compound could contain bridging carboxylates, each
carboxyl group is strongly interacting with one nickel
atom through one oxygen and weakly bonded to another
nickel through the other carboxylate oxygen. The complex,
however, has an ordinary magnetic moment and the two

nickel atoms could be quite appart from each other.

The chromium(III) and iron(III) complexes are believed to
be isomorphous or isostructural, showing a significant
antiferromagnetism. This could be due to electron pairing
which may be induced through the two bridging hydroxyl
groups linking two of the metal ions (Fe3+ or Cr3+). The

infra-red spectra of both compounds show the presence of

the ionised and the acid forms of the ligand.
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CHAPTER FOUR

CRYSTAL AND MOLECULAR STRUCTURES OF:
1,6-BIS-2-BUTYLTELLUROPHENYL-2,5~
DIAZAHEXA-1,5-DIENE LIGAND AND ITS
COMPLEX WITH MERCURY(II) CHLORIDE
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4.1 Introduction

As stated in Chapter one, the interest in the ligand
chemistry of tellurium has increased during the past few

years(la’szax

Despite this, few bidentate or polyden-
tate ligands containing the element are known, but such
complexes based on Group 5A donor atoms, phosphorus(104)

(105) are well known. A number of

and arsenic
crystallographically characterised examples exist, incor-
porating even macrocyclic ligands, for example [IxC1l(CO)-
(BujP(CH,),oPBuj)], [PtCl,(Bu,P(CH,) ,PBu;)] and [RhC1(CO)
(BuZP(CHz)loPBu;)](IOG) . Many structures of complexes
incorporating bidentate selenium ligands, with various
combinations of Group 5A and 6A donor atoms, have also
been reported. The X-ray crystal structure of the
compound Ni[Se-0-Ph,P.CcH, )], , for example, which
contains phosphorus and selenium donor atoms, has been

determined(lO?).

An example of the complexes containing
bidentate tellurium ligands is the compound [Pt PhTe(o-
Ph,P.C.H,) 2][Pt(SCN}4].2 DMF, which has recently been

2 d ’ 1
the subject of a structure determination L1

. The complex
was described as monomeric, in which tellurium and phos-
phorus are the donor atoms, and was shown to have the

trans-configuration with a Pt-Te bond length of 2.575 A.
Among other ligands, that contain two tellurium atoms,

are the diarylditellurides which can act as bidentate

ligands. The molecular structures of their binuclear
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complexes, for example M,Br,(CO),Te,Ph, (M= Re, Mn), have
been reported, in which the tellurium ligand 1is

(47,56). O itite

considered as bridging rather than chelating
plexes that incorporate chelating tellurium ligands, of
the type ArTe(CHz)nTeAr, n = 5-10, have been the subject
of a recent investigation (108), but no X-ray crystal

structures of such complexes are available.

Although polydentate ligands incorporating the heavier
donor atoms of Group 5A have been reported, an illustra-
tive example is tris-(o-dimethylarsinophenyl)bismuthine
(bitas) and its nickel complex [Ni(bitas)Cl]BPhaclogz
only sulphur and a few selenium polydentate ligands are
known. The compounds (o-CH3Se.C6Hﬁ)3P(TSeP) and 1its
nickel complex [Ni(TSeP),](Cl0,),, for example,have been
prepared(llo). Polydentate tellurium ligands are, however

unprecedented, and therefore, such ligands will be of

much interest in the future.

In this chapter, the preparation and the single crystal
structure of one of the potentially polydentate tellurium
ligands, 1,6-bis-2-butyltellurophenyl-2,5-diazahexa-1,5-
diene (I), which contains two nitrogen and two tellurium
donar atoms, are described. 1Its 1:1 mercury(II) chloride
complex HgClZ.(I) was also prepared and its X-ray crystal

structure was determined.

Many organotellurium complexes of mercury(II) have been
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reported; these are either with simple monodentate or
diorganylditelluride ligands. Only two Hg(II) complexes,
however, are of ambiguously known structure: the tetra-
meric (thTe)HgIZ(lll) (Fig. 4.1) and [PPh,]|[Hg(TePh),]
(Fig. 1.2) complexes, in which the tellurium ligands are

monodentate and the mercury atoms are either in the

centre of a tetrahedron or in the centre of a triangle.

Figure 4.1. Molecular structure of (Ph,Te)HgI,

ds 2 Experimental

4.2.1 The Preparation of the Ligand 1.6-bis-2-butyl-

tellurophenyl-2,5-diazahexa-1,5-diene (Compound 1)

This compound was prepared starting from 2-bromobenzalde-
hyde according to Scheme 4.1. Firstly, 2-bromobenzaldehyde
(25g, 0.135 mole) was converted into 2-bromobenzaldehyde
diethyl acetal, by reacting it with triethylorthoformate

(20g, 0.135 mole) in refluxing ethanol (16cm3) containing



0.5g of potassium hydrogen sulphate (KHSO,). After
stirring for three hours, ethanol was removed under
vacuum, then water (100cm3) and diethylether (IOOCm3)
were added and shaken. The organic layer was separated
and dried over anhydrous Na,SO, . After removal of the

solvent, the yield of the resultant liquid diethyl acetal

was 33.5g (yield 95.7%).

2-Bromobenzaldehyde diethyl acetal (13g, 0.05 mole) was
then dissolved in dry diethylether (50cm3), and n-butyl
liehiam (3.2g in 15cm3ether/cyclohexane solution) was
added slowly under N, gas from a separating funnel during
15 minutes. The mixture, then, was allowed to cool to
room temperature, and tellurium powder (6.5g, 0.05 mole)
was added slowly, with stirring. After refluxing for 30
minutes, the mixture was cooled and poured on ice and
extracted with ether. The mixture was dried over Nazsoa,
and the solvent was removed 1in a rotary evaporator to
give a yellow liquid (2-butyltellurobenzaldehyde diethyl
acetal), with a boiling point of 148-150°C at 0.lmm Hg,
and 9g yield (68%).

The above product (9g) was hydrolysed by heating it
gently with concentrated hydrochloric acid (10cm®). The
cold mixture was then extrated with diethylether and
dried over anhydrous MgSO, . The solvent was eliminated
under reduced pressure, and the product was distilled

under vacuum at 141-143°C and 0.lmm Hg (lit.140—142°C(112%
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to give 5.5g of the 2-butyltellurobenzaldehyde (80%

yield.
Found Gl = 43,2 Z, H = 4.07:.; CllHMOTe
requires C = 43.497, H = 3.83%

Finally,the above product, 2-butyltellurobenzaldehyde,
(5.2g, 0.018) in absolute ethanol (100m3) was reacted
with a solution of dry ethylene diamine (1,2-diamino-
ethane) (0.54g, 0.009 mole) in absolute ethanol (10cm3),
and the mixture was refluxed for 30 minutes. After
cooling the mixture to room temperature, a yellow crysta-
lline material was obtained, which was separated and
recrystallised from ethanol to give shiny yellow needles

(3.68g, 68%), m.p. 83-85°C.

Found G

47.4%, H 3.50%, N

I
]

Il
Il
Il

requires C GT.7%, H Sian:. . N 4,647

The density of the above compound, (I), was experimen-
tally obtained by flotation of suitable crystals in a
mixture of tetrachloroethylene/ethanol and found to be

1.60 gcm_3.
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4.2.2 The Preparation of the Complex HgCl .(I),

Compound(II)

The 1ligand (I) (0.604g, 0.001 mole) was dissolved in
absolute ethanol (30cm>) and heated. Then a solution of
mercury(II) chloride (0.2715g, 0.001 mole) in ethanol
(20cm3) was added slowly to the refluxing ligand solution
under nitrogen gas. During the addition a white preci-
pitate formed, and the solution was heated for a further
30 minutes. The solid was filtered off, and washed with
hot ehtanol then with diethylether. The white compound
was recrystallised from hot nitromethane to give pale
yellow crystals (0.65g, 74.27% yield) which melted at

172°C with decomposition.

Found C=32.47%, H=3.607%, N = 3.10%; C24H32N2Te2.HgC12
tequires C = 32.9%, H = 3.667%, N = 3.20%
Conductivity (107 3mole litre!) in nitromethane = 2.8

ohm™!em?mole™!.

The density of the above complex was experimentally
obtained by flotation of suitable crystals in a mixture

of bromoform/CCl, and found to be 2.08 gcm-3.
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4,2.3 X-ray Structure Analysis of Compound (I) and (II)

After preliminary examination by photographic methods,
crystals with dimensions c.a. 0.2 x 0.4 x 0.6 mm of

compound (I) and 0.1 x 0.13 x 0.38 mm of compound (II)
were mounted on an Enraf-Nonius CAD-4 diffractometer.
The final cell dimensions and reflection intensities were
measured using monochromated Mo-K, radiation 1in the
w /260 scan mode. Two standard reflections were measured
every hour to check the stability of the system. A total
of 1382 reflections (compound I) and 3912 reflections

(compound II) were scanned in the range 2 < 6 < 25°

Reflections having I > 2.50 (I) were used in the analyses.
The structures were solved by Patterson and Fourier
methods and refined by least squares using anisotropic
temperature factors for the heavier atoms [Te, N, C for
(I) and Hg, Te, Cl for (II)]. Hydrogen atoms were either
located from difference Fourier maps or placed in calcu-
lated positions 'riding' on their respective carbon atoms.

The weighing scheme used was:

wi e 1o 0Bk KFz], with K = 0.0015 (compound I) and
0.005 (compound II).

The refinements were terminated when all calculated

shift/error ratios were < 0.1. Final R values are 0.048

(compound I) and 0.054 (compound II). Absorption correc-
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tions were applied to compound (I), but made no significant
difference. Computations were carried out on the
Honeywell computer at the University of Birmingham and
on the CDC 7600 at the University of Manchester regional

" (74) (3)
computer centre with SHELX and PLUTO :

4.3 Results and Discussion

The preparation of the ligand 1,6-bis-2-butyltellurophe-

nyl-2,5-diazahexa-1,5-diene (I) is illustrated in Scheme

a2
o CH,/’OEt (a) Bu™Li(ether)
EtOH “\~0Et (b) Te
e L >
HC(OEt) fe)Yi'Cone. BCE
i
Br Br
Bu Te
CHO
H,N(CH,),NH,
? N
. EtOH/reflux e T
TeBu
n
TeBu CI)
(1)+HgCl, EtOH /A yHgCl, . (1)
(CLF)
Scheme 4.1

First of all, the aldehyde group was protected by conver-
sion into acetal, which 1is 1insensitive to butyl-lithium

and after complete telluration, the acetal group was acid
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hydrolysed into the original aldehyde. The ability of
such group to react with primary amine groups and elimi-
nate water was utilised. Ethylene diamine(l,2-diamino-
ethane) was used to link two tellurium compounds, giving
finally the ligand which incorporates two tellurium and

two nitrogen atoms.

The 1ligand (I) was found to be stable in air at room
temperature. Passing a current of air through an ethanol
solution of (I) for three days did not oxidise the
compound or change its structure as confirmed by infra-
red spectroscopy and elemental analysis. Trying to
reduce the carbon-nitrogen bond (C=N), by using an

ethanol solution of sodium borohydride also failed.

The reaction of the ligand with mercury (II) chloride in
a 1:1 ratio, always produces the complex (II), whether
the reaction is performed under nitrogen gas or in the
open atmosphere. The result was also the same when the
reaction was carried out in different solvents (ethanol,
methanol, nitromethane) or over a range of time between

15 min. and 2 hours.

b Sl WGEyeEall Data

All the crystal parameters for compound (I) and (II) are
included in Table 4.1. Final fractional atomic co-

ordinates for (I) and (II) are in Tables 4.2 and &4.7.
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The anisotropic temperature factors are shown in Table

4.4,

4.3.2 The Crystal and Molecular Structure of 1,6-bis-2-

butyltellurophenyl-2,5-diaza-hexa-1,5-diene, and

1,6-bis-2-butyltellurophenyl-2,5-diaza-hexa-1,5-

diene (Te,Te)-dichloromercury(II).

Pertinent distances and angles are given 1in Table 4.3
(Compound I) and 4.8 (Compound II). The structure and
the stereoscopic packing arrangement are illustrated in
Figures 4.2 and 4.3 (Compound I) and Figures 4.5 and 4.6
(Compound II). The torsion angles for both compounds

are included in Table 4.6.
A-Compound (1)

In the crystal this compound 1is centrosymetric. Both
Te-C bond lengths are within previously observed limits,
with Te-C (alkyl) 2.181 A and Te-C (phenyl) 2.111 A. The
longer Te-alkyl bond is not wunexpected:the difference in
radius between sz_ and sp3— hybridised carbon atom would
only account for ca. 0.03 A), but the fact that the
tellurium atom is approached by the nitrogen trans to the
alkyl carbon would account for the additional 0.04 A.
The Te---N distance of 2.773 A is well within the Van der

C1F14)

Waals distance (3.61 A following Bondi or 3.7 A

(115))_

following Pauling The C(4)-Te-C(5) bond angle is
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0, (LI
Molecular formula C24H32N2Te2 C24C12H32HgN2Te2
Molecular weight 603.73 875.226
Crystal size (mm) 0.2x0.4x0.6 Oedx0:13x0 .38
Cell constants ( &) a 13.239(5) 9.134(3)
b 5.985(2) 9.430(5)
c 16.198(6) 17.335¢7)
0 TR 90 80.73(5)
B 107 .231(5) 84.54(5)
y 90 73.82(5)
Cell volume ( &%) 1225.8 1413.41
Space group P2, /n(monoclinic) P71 (triclinic)
Density (g cm™3)cale. 1.64 2.06
Density (g em™ %) measur. 1.60 2.08
Absorption coeff.,p(mm™}) 2.48 7.86
Data collection range
A= 0.71069( &), 26(°) 4 - 50 & - 50
Scan range (w°) 1.10+0.35tan® 1.50+0.35tané
Scan speed range(°min” ') 50650, 3k 5 1. 10
Total data measured 2157 4957
Significant data[I>2.50¢ (I)] 1382 3912
Least-squares weights
W= 1/[c%(F) + KF?] K = 0.0015 K = 0.005
Final R (%) 4.80 5.41
Final R, (%) 4,74 5.88
4 2 2
Residual electron density in
final difference map ( e A73)| -1.35 to +1.47 ~3.52 to + 3.54
F (000) 588 816

Table 4.1 Crystal and experimental parameters
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Atom

iso
Te(1l) 7238¢ 1) 4748( 1) 5262(1) -
N(1) 6203( 6) 1214(13) 5766(5) *
Cc(1) 8232(10) 11607(20) 3311(8) 2
C(2) 8698( 8) 10171(18) 4106(7) i
C(3) e FLIC T 8524(15) 4265(7) %
C(4) 8419( 8) 7053(16) 5062(7) X
C(5) 8287( 7) 3094(14) 6325(5) &
C(6) 9307( 8) 3890(17) 6698(7) i
C(7) 10009( 8) 2797(20) 7374(7) T
C(8) 9699( 8) 861(21) 7697(7) =
C(9) 8§710( 8) 53(16) 7362(6) #
C(10) 78716 1) 1145(15) 6683(6) &
C(11) 6912( 7) 217(14) 6357(6) x
C(12) 5150(C 8) 190(18) 5470(6) i
H(AL) 7982( 0) 10089( 0) 2879(0) 43(23)
H(B1) 7624( 0) 11820( 0) 3387(0) 111(54)
H(C1) 8740(C 0) 12893( 0) 3304(0) 94(38)
H(A2) 8848( 0) 10820( 0) 4610(0) 58(30)
H(B2) 9376( 0) 9649( 0) 4043(0) 47(24)
H(A3) 7270( 0) 9544( 0) 4472(0) 31(19)
H(B3) 7629( 0) 7513(C 0) 3697(0) 204(89)
H(A4) 9000(C 0) 6125( 0) 4860(0) 38(21)
H(B4) 8686( 0) 79914 0) 5663(0) 281(90)
H(6) 9527( 0) 5155(C 0) 6319(0) 131(357)
H(7) 10862( 0) 3034( 0) 7471(0) 126(49)
H(8) 10260(C 0) -17¢( 0) 8126(0) ALY
H(9) 8413( 0) -1336( 0) 7645(0) 80(33)
H(11) 6724( 0) -1320( 0) 6627(0) 136(53)
H(A12) 2321 0} -1221( 0) 5805(0) 43(23)
H(B12) 4606( 0) 859( 0) 5700(0) 67(30)

Table 4.2. Fractional atomic co-ordinates ( xlOa) with
parentheses and isotropic temp.

* Atoms

e.8.d"8 in
factors ( A%x 10°3) for compound (I)
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Te(1)
Te(1)
N(1)
N(1)
c(1)
C(2)
C(3)
C(5)

C(4)
C(11)
C(1)
C(2)
Te(1)
Te(1)
Te(1)
C(6)

---C(4)
===0(5)
=2GUEL)
-==C(12)
=-==C(2)
-==C(3)
---C(4)
---C(6)

-Te(1) -C(5)
-N(1) -C(12)
-C(2) =-C(3)
-C(3) -C(4)
-C(4) -C(3)
-C(5) -C(6)
-C(5) -C(10)
-C(5) =~C(10)

2.181
2.111
1.273
1.467
1:519
1.503
1.540
1.390

93,2
117.9
112.9
111.9
109.7
120.9
12151
118.0

(10)
( 8)
(11)
(12)
(14)
(13)
(14)
(12)

( 4)
( 8)
( 8)
( 8)

C(5)
C(6)
C(7)
C(8)
C(9)
C(10)
C(12)

C(5)
C(6)
C(7)
C(8)
C(5)
C(3)
C(9)
N(1)

---C(10)
2o
=—=6(8)
---C(9)
-~=0(10)
~~=C(11)
--=C(12)

-C(6) -C(7)
-C(7) -C(8)
-C(8) -C(9)
-C(9) -C(10)
-C(10) -C(9)
-C(10) -C(11)
-C(10) -C(11)
-C(11) -C(10)

1.419

1.373

1.383

1.350

1.398

1.455

1.472

121.
119,
120.
121.
118.
122.
118.
120.

Xt RO - SAD) SISO SEIER e

(12)
(14)
(16)
(15)
(13)
(12)
(20)

(9
(10)
(10)
¢ 9)
( 8)
( 8)
( 8)
( 8)

Table 4.3. Bond lengths (A) and bond angles (°) with

e.s.d.'s in parentheses.
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Compound I | Ull U22 U33 u23 u13 U12
Te(1) S9¢ 1)k 30L 1) 3 955( 1) 2( 1) 8( 1) 0( 1)
N(1) S4( 4) | 41C 4) | 60C 5) | -7C 4) | 11C 4) | -8( 4)
C(1) 71( 8) | 63( 8) | 81( 8) | 24( 6) | 18( 6) | -1( 6)
C(2) 52¢ S) |71 7)1 33K 6) 7 6) | 16( 4) 1( 5)
C(3) 59( 6) | 38( 5) | 61( 6) 1C 4) | 17¢ 5) | -5( &)
C(4) 63( 6) | 41C5) | 70C 7) 6( 5) | 19C 5) | -2( &)
C(5) 53( 5) | 32( &) | 41C 5) | -3( &) 6( 4) 1( 4)
C(6) 52( 5) | 52( 6) | 59( 6) 0( 5) | 11(¢ 5) | -4( &4)
C(7) 54( 6) | 71 7) | 70C 7) | -3C 6) | 12( 5) 3( 5)
C(8) 59( 6) | 73C 7) | 61( 6) 8( 6) 4( 5) | 20( 6)
Cc(9) 64( 6) [ 50( 6) | 57( 5) K 5) 'YK 5) 7 5
C(10) 53( 5) | 35( 4) | 46( 5) | =5( &) | 18( 4) 7( &)
C(11) 59( 5) | 33( 4) | 45C 4) | -1C &) | 16(C 4) | -6( 4)
C(12) 58( 5) | 63( 7) | 62( 6) | -10C 5) | 22( 5) | -23( 5)
Compound II

Hg 44( 1) | 45( 1) | 40C 1) | -14(C 1) 2( 1) | -12( 1)
Te(1) 39¢ 134 52¢ 1) | 31K 1) | =8BL 1) 1{ 1)1 =9( 1)
Te(2) SIC 1) 41C 1) | 36¢ 1) | -7( 1) | -8( 1) | -10( 1)
C1(1) 47¢ 2) | 57C2) | 77C 2 | -17( 1) | -1C 1) | -2( 1)
C1(2) 76C 2) | 49C 2) | 71C 2) | -10C 1) | -2( 2) | -24( 1)
Table 4.4 Anisotropic temperature factors (E?x 10%)

with e.s.d.'s in parentheses
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P. Plane defined by C(1), C(2), C(3), C(4), Te
0.4601X - 0.6741Y - 0.5777Z+ 3.3680 = 0

P, Plane defined by Te, C(5), C(10), C(11), N
0.4916X - 0.5832Y - 0.6465Z + 3.4760 = 0

P, Plane defined by C(5), C(6), C(7), C(8), C(9), C(10)
0.5263X - 0.5491Y - 0.6492Z + 3.2065 = 0

P Plane defined by Te, C(5), C(6), C(7), C(8), C(9),
Ci189) , EC11)
0.5229X - 0.5632Y - 0.6397Z + 3.1480 = 0

P_ Plane defined by C(1), C(2), C(3), C(4), Te, C(5),
BL6) ., ClTY, €(8) C(9), CC10)5 C(11), N, C(12)
0.4853X - 0.6381Y - 0.5976Z + 3.0987 = 0

Atoms PL P2 P3 Pq P5

Te 0.0026 | -0.0251 |-0.0760 -0.0310 0.1540
N -0.2291 0.0399 0.1192 0.1215 0.0547
c(1) -0.0082 | -0.6879 |[-0.9650 -0.8258 -0.1215
c(2) 0,0123 | <0.5120 |-0.7647 -0.6485 -0.0515
C(3) 0.0037 | -0.3789 | -0.5589 -0.4627 0.0083
c(4) -0.0105 | -0.2373 |-0.3936 -0.3207 0.0431
c(5) =0.1190 0.0285 |-0.0146 0.0037 0.0786
c(6) -0.0043 0.1026 0.0041 0.0276 0.1581
C(7) -0.1185 0.1011 0.0066 0.0130 0.0731
C(8) -0.3497 0.0274 | -0.0065 -0.0231 -0.0920
c(9) -0.4471 | -0.0255 |-0.0045 -0.0269 =0.153%
ce1o) ) ~«0.3141 | -0.0036 0.0149 0.0095 -0.0484
c(11) | -0.4050 | -0.0397 0.0395 0.0270 -0.0980
¢(12) | =0.3333 0.0008 0.1415 0.1354 -0.0050
C(12) | -1.3495 | -1.0984 0.9539 -0.9493 -1.0434

Table 4.5. Equations of least-squares planes and deviations

( A) of atoms from the planes, for compound I.
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95.2°which is close to the previously reported values(llﬁ).

The co-ordination about tellurium is approximately trigo-
nal bipyramidal with the phenyl carbon atom C(5) and the
two lone pairs in the equatorial positions, and the alkyl
carbon C(4) and the nitrogen atom in the axial positions.
Thus, the position trans to C(5) is unoccupied. Conse-
quently, tellurium(II) in this compound exhibits Lewis
acid character with the imine nitrogen being the donor
atom. This 1is generally more pronounced for organotellu-
renyl compounds, RTeX (e.g., 2-phenylazophenyl.(C,N)tellu-
rium(II) chloride)(ll7), but it is not without precedent
for R,Te ; e.g., compound (1)(118) has a Te---0 distance

of 2.574 A (cf. Van der Waals distances of 3.58(114) o

En
& /O /,Te
\"N/
Te /
- e

(1) N

However, compound (I) could be considered as the first
example of three co-ordinate R,Te---X, involving nitrogen
with a T-shaped structure. This feature is significant,
and may be not incidental, since the nitrogen of an imine
group ortho- to a carbon atom would not necessarily be
directed toward that carbon. In a single crystal X-ray

study(llg), it was found that in the compound l-(o-methyl-
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benzylideneamino)pyridinium iodide (Fig. 4.4.), for exam-
ple, the imine nitrogen is pointing away from the ortho-

carbon atom.

Figure 4.4. The crystal structure of [C13H13N2]+I-

The Te---N interaction, in compound (I), could account
for its stability against air oxidation and the chemical
reduction, which has been pointed out earlier. The yellow
colour of this compound may be also due to Te---N
interaction and to the resonance 1in the moiety Te-C(5)-
C(10)-C(11)-N, which is coplanar to within # 0.030 ;. The
C(11)-N double bond has a length of 1.273 A which is very
close to the C=N distance (1.27 R) previously reported
for 1,2-benzisotellurazole(2), which has a covalent Te-N
bond and an intermolecular Te---N interaction of 2.47 ﬁ,
This intermolecular interaction was considered to account

for the "anomalous' physical properties of compound (2)(120)

No other significant secondary bonding or interaction
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between adjacent molecules occurs in the crystal

structure of compound (I).

The molecule is centrosymmetric, and the centre of the
C(12)-C(12)' bond is coinciding with the crystallographic
inversion centre (1/2, 0, 1/2). The two tellurium atoms
are, therefore, situated on opposite sides of the ethy-
lenediimine chain, preventing any interaction between
them (Fig. 4.2) with the Te---Te distance 5.740 A (sum of

Van. der Waals zadit &40 &)

In general terms, the geometry of the molecule can be
described as consisting of two main planes, each plane
contains half of the molecule (i.e., butyl, Te, phenyl and
imine groups), with the atoms coplanar to within £0.095 A.
Only the phenyl group, in fact,is slightly off the plane

due to a twist around the Te-C(5) bond of ca. 8°. These
two planes are linked by C€(12)-C(12)"' of the ethylene

diimine group.

B-Compound (II)

The reaction of compound (I) with mercury(II) chloride in
ethanol gave a 1:1 complex according to the elemental
analyses. After recrystallisation from hot nitromethane
it afforded light yellow crystals, which proved to be
suitable for X-ray study. The conductivity of a solution

of this complex (10~ 3mol 17!) in nitromethane is 2.8 ohm!
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Ligand Atoms Angles Complex Atoms Angles

C(10) c(11) N C(12) [-179.90| C(10) C(11) N C(12) | 176.59
C(11) N C(12) C(12)"|-123.45| C(11) N(1) C(12) C(13) |-127.16
N Cl2) - cagy. K 180.00 | N(1) C(12) C(13) N(2) 61.34
$612) ca2) N° C1y'] 123.45¢ C(12) C(13) N(2) €(148) | 156.49
C(4) Te C(3) C(10) |-172.12| C(13) N(2) C(14) C(15) | 173.16
C(4) Te C(5) C(6) 8.16 | N(2) C(14) C(15) C(20) -4.66
N C(11) c(10) c(5) |- 4.40| N(1) cC(11) cC(10) cC(5) ial2
N C(11) C(10) cC(9) 176.77 | Te(1) C(5) C(10) C(11) -1.47
C(1) C(2) C(3) C(4) 178.57 | Te(2) C(20) C(15) C(14) 4.81

CL2) . 0(3)  .ete)y» Te | 179.300 €1y Hzg  Te(l) c&) | -98.02
C(3) Cb). Te c(5) | 177.34{ciad) Hg Te(l) c(5) | 165.23
Cl(1) Hg Te(2) C(20) | 25.12
Ci(l) Hg = Te(2) G2 | 12271
Cl(2) Hg Te(l) C(4) 19.48
Cl(2) Hg Te(l) c(5) | -77.25
Cl(2) Hg Te(2) C(20) | -96.68
Cl(2) Hg Te(2) cC(21) 0.90

Table 4.6. The torsion angles (°) for the ligand (compound I)

and the complex (compound II)
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Atom .o y Z Uiso
Hg -2524( 1) -462( 1) 2498( 1) *

Te(1) =1 1350 19 -435( 1) 975( 1) %

Te(2) -485( 1) -206( 1) 33194 1) »

C1(1) -5029( 3) 1382( 3) 2485( 2) *

C1(2) -2888( 4) -3013( 3) 2870( 2) ¥

N(1) 234(11) 1495(10) 1508( 5) 47( 2)
N(2) -1797(10) 2649(10) 2822¢( 5) 46( 2)
Cc(1) =5223¢17) -2697(16) -288( 9) 74( &)
C(2) -3680(17) -3148(16) 37(°"9) 69( 4)
C(3) -3295(16) -1820(15) 332( 8) 65( 3)
C(4) -1721(14) -2305(14) 6334 1) 96( 3)
Cc(5) 1078(13) -1673(12) 1374(C 7) 46( 2)
C(6) 1560(14) -3181(13) 1359( 7) 56( 3)
CLT) 3000(15) -4001(14) 1641( 8) 61( 3)
Cc(8) 3902(16) -3318(15) 1943( 8) 63( 3)
C(9) 3396(15) -1782(14) 1958( 8) 58( 3)
C(10) 1974(12) -954(12) 1677( 6) 45( 2)
C(11) 1523(14) 651¢13) 1432¢ 8) 236 3)
C(12) -204(15) 3021(14) 1606( 8) 60( 3)
C(13) -1765(15) 3474(14) 2031(¢ 8) 29¢ -39
C(14) -2780(14) 3198(13) 33330 1) 52¢ 3)
C{13) -2971(13) 2379(13) 4087( 7) 50C 3)
c(16) -4089(17) 3070(16) 4606( 9) 72( 4)
C(17) =4406(22) 2336(21) 5346(11) 93¢ 5)
C(18) -3580(18) G131 17) 5564( 9) 73( 4)
C(19) -2436(15) 150(14) 5040( 8) 61( 3)
C(20) =2173(13) 886(12) az295¢ 1) 49( 3)
c(21) -105(14) -2400(14) 4174( 8) 57830
C(22) 983(16) -3477(15) 3673( 9) 68( 3)
Cc(23) 1224(23) -5128(22) 4075(12) 105(C 6)
C(24) 1971(29) -6229(28) 3520(15) 135¢(.8)
Table 4.7. Fractional atomic co-ordinates (x 10%4) with

e.s.d.'s in_parentheses isotropic
factors ( A%x 103) for compound (II)
* Atoms are anisotropically refined (Table 4.4)
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Atom X y z Uiso
H(AL) -5308( 0) -1758( 0) -737( 0) 70( Q)
H(B1) -6109( 0) -2382( 0) 176( 0) 70C 0)
H(C1) -5444( 0) -3611( 0) -525( 0) 70C 0)
H(A3) -3367( 0) -907(C 0) -173( 0) 70C 0)
H(B3) -4170(C 0) -1352( 0) 7215 0) 70C 0)
H(A4) -1659( 0) -3177(C 0) 1160( 0) 70C 0)
H(B4) -851( 0) -2808( 0) 209(C 0) 70C 0)
H(6) 829( 0) -3739( 0) 1130¢ Q) 70C 0)
H(8) 5017C 0) -3965( 0) 2143(C 0) 70C 0)
H(11) 2305(C 0) 1150¢ 0) 1983( 0) 70C 0)
H(Al2) 620( 0) 3234( 0) 1979( 0) 70C 0)
H(B12) -189( 0) 3749(C 0) 1057(C 0) 70C 0)
H(A13) -2579( 0) 3185( 0) 1685( 0) 70C 0)
H(B13) -2135( 0) 4646( 0) 2052( Q) e | g i )
H(14) =3492( 0) 4334( 0) 3172¢ 0) 70C 0)
H(16) -4788( 0) 4259¢ 0) 4444( 0) 70C 0)
H(17) -5244( 0) 2884( 0) 5774( Q) 70C 0)
H(18) -3881( 0) 301(C 0) 6127( 0) 70C 0)
H(19) -1941( 0) -1016( 0) 5199( @) 70C 0)
H(A21) -1187( 0) -2710C 0) 4292( 0) 70C 0)
H(B21) 363( 0) -2444( 0) 4731(C 0) 70C 0)
H(A22) 2117€C 0) -3249( 0) 3608( 0) 704 G)
H(B22) 583( 0) -3344( 0) 3090C 0) 700 0)
H(A23) 56( 0) -5280( 0) 4220( 0) 70C 0)
H(B23) 1790(C 0) -5303(C 0) 4598( 0) 70C 0)
H(A24) 12591 0) -6752( 0) 3372( 0) 104 Q)
H(B24) 2930 ¢ Gy -7008(C 0) 3861( 0) FOL0)
H(C24) 2488( 0) -5616( 0) 3044( 0) 70C 0)
H(A2) -2844( 0) -3626( 0) =341( 0) 70C 0)
H(B2) -3616( 0) -3957( 0) 430(C 0) 70¢ Q)
H(7) 3296( 0) -5151( 0) 1601( 0) 70C 0)
H(9) 4056( 0) -1158( 0) 2188( 0) 70C 0)

(Table 4.7 continued)

132



Hg  ==-Te(l)

Hg ---Te(2)
Hg --=-C1(1)
Hg --=-C1(2)

Te(l) ---C(4)
Te(l) =---C(5)
Te(2) ---C(20)
Te(2) =--=-C(21)

NOLY, ===C(11)
NEY) ==a@l12)
N(2) =-=-C(13)
802) ~-==C(143
C(l) ==<C(2)
Cl2) ==-C{3)
LL3) 7 =A%)
CLS) iee<-C(H)
C(5) ==-=C(10)

[RC T -

g~

8190 1)
. 769( 1)
L457(C 3)
.494( 3)
.161(12)
.149(11)
.101(12)
.146(12)
v 93D
.416(15)
.465(16)
.266(15)
.506(20)
.546(19)
.498(18)
=37 10N 5)
»23821615)

C(6) ‘===C(7)
C(7) '===C(8)
C(8) -==€(9)
C(9) ~=~-C(10)

C(10) -~-C(11)
CC12) ===C(13)
C(14) ---C(15)
LAils) ~---C(16)
CLID ) <==-C(20)
C(16) ===C(17)
SL31 7). -~=C{18)
C(18) =-=C(19)
CC19) ===0(20)
C(21)i=~=C(22)
GE22) =-=CL 25
G23)" ==-C(24)

.415(17)
.361(18)
.396(18)
.403(16)
.470(15)

1.523(18)

L427(17)
-385(19)
«2399¢13)
.401(23)
.356(23)
.429(20)
.398(18)
227419)
.567(23)
.508(30)

Table 4.8. Bond lengths ( A) and bond angles (°) with

e.s.d.'s in parentheses.
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Te(1l) -Hg -Te(2) | 109.1( 0) c(7) -C(8) -C(9) 118.9(12)
Te(1l) -Hg -C1(1) | 110.0( 1) C(8) -C(9) -C(10)| 120.8(12)
Te(2) -Hg -C1(1) | 116.4( 1) C(5) =C(10) -C(9) 119.2(12)
Te(l) -Hg =CI(2Y | 7105.3¢ 1) C(5) -C(10) -C(11) | 123.8(10)
Te(2) -Hg -C1(2) | 106.2( 1) €(9)  -C(10) -C(11) | 116.9(10)
Cl(1) -Hg -C1(2) | 109.2( 1) N(1) -C(11) -C(10) | 121.7(11)
Hg -Te(1l) -C(4) 99.7( 3) N(1) =-C(12) -C(13) | 112.4(10)
Hg -Te(1) -C(5) 93.6( 3) N(2) =-C(13) -C(12) | 112.1(10)
C(4) -Te(1l) -C(5) 96.0( 4) N(2) -C(14) -C(15) | 122.0(11)
Hg -Te(2) -C(20) 95.1¢ 3) C(14) -C(15) -C(16) | 117.7(11)
Hg -Te(2) -C(21) 97.9( 3) C(14) -C(15) -C(20) | 122.9(11)
C(20) -Te(2) -C(21) 96.8( 5) C(16) -C(15) -C(20) | 119.2(12)
C(11) -N(1) -C(12) | 120.4(10) C(15) -C(16) -C(17) | 121.9(14)
C(13) -N(2) -C(14) | 119.6(10) C(16) -C(17) -C(18) | 118.9(17)
C(1) =-C(2) =C(3) 111.9(12) C(17) -C(18) -C(19) | 120.9(15)
C(2) -C(3) =-C(&) 110.0(11) C(18) -C(19) -C(20) | 119.3(12)
Te(l) -C(4) -C(3) 110.3( 8) Te(2) -C(20) -C(15) | 120.2( 9)
Te(l) -C(5) -C(6) 119.7( 8) Te(2) -C(20) -C(19) | 120.0( 8)
Te(1l) -C(3) -C(10) | 119.8( 8) C(15) -Cl20) -C(19) | 119.7(11)
Cc(6) =C(5) =C(10) | 120.5(11) Te(2) -C(21) -C(22) | 107.3( 9)
C(5) -C(6) -C(7) 119.6(12) C(21) -C(22) -C(23) | 110.9(13)
C(6) =-C(7) -C(8) 120.9(12) C(22) -C(23) -C(24) | 112.1(18)
(Table 4.8 continued)
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P. Plane defined by Te(l), €(5), C(10), €11y, N(1)
0:3630X + 0:.1667Y - 0.9167Z + 1.9242 =0

Plane defined by Te(2), C(20), C(15), C(14), N(2)
-0.,7119% - 0.5982Y - 0,3678Z + 2.5251 = 0

P, Plane defined by C(1), C(2), €(3), C(4), Te(l)
0.3663X + 0.1735Y - 0.9141Z + 1.9475 =0

P~ Plane defined by C(24), €(23), €C(22), C(21), Te(2)
-0.8763X - 0.3843Y - 0.2902Z + 1.9458 =0

P. Plane defined by Te(1l), C(5), C(10), C(11), N(1),
ClE2), CC3), RC2), Cola), €£15), C(20), Te(2)
-0.8462X - 0.4229Y - 0.3240Z + 1.6856 =0

Atoms Pl P2 P3 P4 PS

Hg 281582 -2.5980 2.7491 -2.5954 -2.1457
€1(1) 3.3692 =3.5151 3.3439 -4.1070 -3.5493
Cl(2) 3.8594 -3.9999 3.8500 -3.5814 -3.1940
C(1) -0.0425 -8.3505 -0.0224 -7.6456 -7.4156
€(2) -0.0158 -7.1106 -0.0022 -6.2372 -6.0267
C(3) 0.0454 =5.8252 0.0469 -5.2338 -4.9632
C(4) 0.0006 -4.6179 -0.0039 -3.8407 -3.5942
Te(1l) 0.0033 -2.8140 -0.0182 -2.4220 -2.0946
C(5) -0.0072 -1.4498 -0.0337 -0.6800 -0.4082
C(6) 0.0330 -1.9394 0.0140 -0.8194 -0.6116
C(7) 0.0622 -1.0406 0.0400 0.3239 0.4965
C(8) 0.0769 0.3049 0.0442 1.5595 1.7618
C(9) 0.0408 0.7910 0.0004 1.6878 1.9554
C(10) 0.0071 -0.0882 -0.0300 0.5634 0.8664
C(11) | -0.0014 0.5147 -0.0472 0.7924 1.1649

Table 4.9. Equations of least-squares planes and deviations

( A) of atoms from the planes for compound I1I
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Atoms P1 P2 P3 P-ﬁ P5
N(1) -0.0019 -0.2028 0.0457 -0.1715 0.2385
C(12) 0.0622 0.4022 0.0099 0.0690 0.5484
C(13) 1.1862 -0.1896 1.1354 -0.8296 -0.2799
N(2) 2.5029 0.0004 2.4524 -0.6164 -0.0441
C(14) 3.5344 | -0.0121 3.4815 -0.9190 -0.2766
Ce15) 4.8510 0.0240 4.7992 -0.8681 -0.2029
C(16) 5.9164 | -0.0090 5.8619 -1.2330 -0.4899
C(17) 7.2467 -0.0323 7.1935 -1.2680 -0.4977
C(18) 7.4958 -0.0060 7.4466 -0.9192 -0.2001
C(19) 6.4254 0.0017 6.3792 -0.5620 0.0758
C(20) 5.1063 -0.0198 5.0591 -0.5761 0.0351
Te(2) 35151 0.0074 3.4722 -0.0393 0.4530
Ce21) 4.6962 -0.3714 4.6614 -0.0578 0.3913
C(22) 3.7285 -0.5647 3.6989 0.1527 0.5116
€(23) 4,4993 -0.9631 4.4765 0.0376 0.3588
C(24) 3:.5772 -1.4817 3.5617 -0.0932 0.1389
(Table 4.9 continued)
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: A stereoscopic view of the unit cell of Hg012.024ﬁ32N2Te2

Figure 4.6



= 3 ; .
cm?mol at room temperature. This value clearly implies

the non ionic character of the compound.

Most of the crystallographic data of mercury(II) comp-
lexes show that the solid state structure of these
compounds is either dimeric or polymeric with halogen
bridges, in which Hg atoms 1lie in a tetrahedral environ-
ment and donor ligands have mutually trans positions with

respect to one another (111D,

Lo
b v g S

X

(3)

The crystallographic space group of this compound is
triclinic, and the crystal analysis showed that the
compound is monomeric. The mercury atom is situated in a
roughly tetrahedral environment with bond angles in the
range 105.3°-116.4° (Table 4.8), bonding to two chlorine

and two tellurium atoms (Fig. 4.5).

The major points of interest are, first, the large (13-
membered) chelate ring, which is the first example
involving a main group element (i.e., Hg), and the first
involving a tellurium 1ligand. The second point of
interest is the fact that Hg---N distances (3.668 R,
3.324 A) are non-bonding. As is known, mercury(II) shows

a strong preference for 'soft" 1ligands, and this is
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illustrated quite dramatically by the present structure,
since the option of tellurium and nitrogen co-ordination,
to give a six membered chelate ring, clearly exists. The
preference of soft acids for soft 1ligands has also been
noted by many previous workers, although the option of
hard and soft ligands also existed. In the molybdenum
complex [MO(CO)A(P,N,N,P)](lZl) , where (P,N,N,P) is the

macrocyclic 1ligand (thPCHzN(CH3)CH2—) it has been

2’
shown, by single crystal X-ray study, that only phospho-
rus atoms are ligated to the molybdenum atom. The

structure (122%f

the complex [(PhZPCHZCHz)ZNEt]Cr(COB
has been described as a distorted octahedron with an
"astonishingly" long Cr-N bond. Similarly, in a single
crystal X-ray structure determination, it has been

reported that the Mo-N bond, in the complex (4)-Mo(CO)j,

is very long (2.44 R), which 1is ‘''essentially'" the same

length as the Mo-P bonds in the complex(123l
Ph
s
P
N Me
p
Ph
(4)

The very important feature of the present complex, which
is quite different from that of the above mentioned

complexes, is that although the Hg---N distances are
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inconsistent with Hg¢«—N co-ordination, the planarity of
the Te-C-C-C-N moieties are again well maintained in the
complex to within + 0.007 R and + 0.024 A (Table 4.9),
and the Te---N interactions (the distances are 2.786,
21752 ﬁ) remain well within the Van der Waals distance

(3.61 A following Bondi(llﬁér 3.7 A following Pauling(lls)

The Hg-Te bond length in this complex are 2.769 and 2.819
A, which are close to the distances 2.753 and 2.818 A
found for the tetrametric (thTe)HgIZ (LLL) s and [PPhA]

](&Ob)
3

[Hg(TePh) with Hg-Te distances of 2.682, 2.692 and

2.717 A.

The tellurium(II) is then acting simultaneously as a
Lewis acid (towards nitrogen) and a Lewis base (towards
mercury), a feature which we think to be a very rare
occurance and unique for R,Te compounds. The geometry
around tellurium is, therefore, achieving a trigonal
bipyramid, with C(5), Hg and the lone pair in equatorial
positions, and C(4) and N atoms in axial positions, as
illustrated below:

C(4,21)

P
SEag

N(1,2)
(5)

C(5,20)

Hg
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The Hg-Te-C(5,20) angles are 93.6 and 95.1°, and C(4,21)-
Te-C(5,20) 96.0 and 96.8° (Table 4.6). These values are
not very different to C(4)-Te-C(5) bond angle found in
the ligand (95.2°).

In mercury(II) complexes, it has been noted that when the
ligands are bulky (e.g.,PhsPSe) dimeric structures result,
and the L-Hg-Cl bond angle is around ca. 136 pfAL24)
Although the ligand (compound I) is relatively bulky, the
complex is monomeric and the Te-Hg-Cl bond angles, ranging
between 105.3-116.4 R, are small. Moreover, the Te(1l)-
Hg-Te(2) angle 1is only 109.1° which 1is 1ideal for a
tetrahedral arrangement of the 1ligands, but when the
ligand size is considered this wvalue is certainly low.
This could mean that the small electronegativity of
tellurium helps to decrease the repulsion between these
two atoms; however, the same bond angle value was found
for Cl(1)-Hg-Cl(2) (109.2°), which 1involves the more
electronegative chlorine ligands. The electronegativity
approach is, therefore, void here, and this fact may
alternatively indicate that the 1ligand 1is not very
flexible although there are eleven bonds between the two
tellurium donor atoms of the 1ligand. The inflexibility
(i.e. the backbone rigidity) of the 1ligand might be
caused by the Te---N interactions and the planarity of

the Te-C-C-C-N moieties, which has been mentioned earlier.
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The colour of the mercury complex is fainter relative to
the colour of the 1ligand. This could be explained in
terms of the decrease in the magnitude of the resonance
in the TE-C=C—C=§ ring, due to the removal of one of the

tellurium electron pairs by co-ordination with the

mercury ion.

It is also noted that the smallest tellurium-mercury-
chlorine angles are the ones which involve C1(2); this is
reflected by the longer Hg-Cl(2) bond (2.494 A) relative
to the Hg-Cl(1l) bond distance (2.457 A) (see Table 4.8).

In this complex, tellurium-carbon bond lengths are well
within the previously reported values. The Te-C(alkyl)
bonds are longer than the Te-C(phenyl) bonds by 0.012-
0.045 A. This difference is 1less than that observed in
the structure of the wunco-ordinated ligand, although the
Te---N interaction, trans to the alkylcarbon, results in
a distance for Te---N of 2.752 A in the complex, which is
shorter than that in the 1ligand. A possible reason for
the decrease in the difference between Te-C(sp’) and
Te—C(spz) bond lengths in the complex is the removal of
electron density from tellurium to mercury. The partial
removal of the electron density from tellurium occurs in
a direction almost perpendicular to the Te-C bonds (i.e.
from an orbital which has mainly p-character), while
donation of electron density from the nitrogen atom to

tellurium is taking place in a direction which is almost
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in the C-Te-C plane. Therefore, one can conclude that
the interaction taking place out of the plane is felt by
the carbon atoms bonded to tellurium more than the inter-
action which takes place in the plane of these carbon
atoms. This may lead us to conclude that the lone pair
of the nitrogen is interacting with the tellurium empty
d-orbital (which is not involved in bonding with carbon
atoms) rather than with the tellurium p-orbitals, for
which any change in the electron density will affect the

strength of the Te-C bonds.

4.3.3 Infra-red Spectra

The infra-red spectrum of compound (I) in the solid state
was measured in KBr disc, as shown 1in Fig. 4.7. The
stretching vibration of the imine group, v(C=N), appeared
at 1636cm_1as a sharp and strong band. This band is very
slightly shifted to a higher energy (1642em™ L) in the
mercury complex, and becomes less sharp (Fig. 4.8). Among
other changes in the i.r. spectrum of the ligand after
complexation, is the appearance of new medium and weak
bands in the fingerprint part of the spectrum. These
changes are due to the rotation of half of the molecule
along the alkyl carbon-carbon bond of the ethylene di-
imine group. This rotation, which is necessary to bring
both tellurium atoms within bonding distance of the
mercury atom, would cause a strain in that part of the

ligand.



Another weak band, in the ligand :

spectrum, at 300cm

could be attributed to the Te---N intramolecular stretch-

ing vibration. The weak band, in the i.r. spectrum of

the complex, at 312em™ ! could be assigned as v (Hg-Cl).
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CHAPTER FIVE

COMPLEXES OF MULTIDENTATE TELLURIUM LIGANDS
DERIVED FROM ETHYLENE DIAMINE AND HYDRAZINE
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5.1 Introduction

Multidentate ligands, which contain mixed donor atoms of
both groups 5A and 6A are known. The tetradentate ligand
tris(o-methylselenophenyl)phosphine, for example, has
been prepared together with some of its nickel(II)
complexes [Ni(TSeP)X]ClO4 (where X = C1, Br, I, SCN). The
structure of these complexes was described as trigonal-
bipyramidal, in which the three selenium atoms are loca-
ted at equatorial positions of the trigonal-bipyramidal

SErvucture.

Bertini et al(123) reported the preparation of a series
of Schiff base ligands having donor sets SN, S,N, and
SoNy. Such ligands have been obtained from o-mercapto-

benzaldehyde and various amines as shown below:

AL
H=NR CH=N N =—CH

SH SH- "HS

(i) (ii)
R

SO A e
SH HS

(iii)
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Some nickel(II) and cobalt(II) complexes with the above
Schiff base ligands have also been prepared(lzs). The
nickel complexes were described as planar both in the
solid state and in solution, and this structure was
believed to be stabilised by the presence of the sulphur

atoms.

The interest in the '"'movel properties' of sulphur contai-
ning chelates and a search for oxygen-carrying metal

{1267 to synthesise

complexes have led Blum and coworkers
a series of metal complexes containing a tetradentate

Schiff base ligand as shown below:

o e —

\ L
L

HC ¢ \I I/ i CH
R o
H3C/ \CH

(iy) MUIT) "= Ni, Cu, ‘Co, Pd, 'Zn, Cd

It was concluded that all of these complexes are square-

planar monomeric species.

Later on, the selenium analogue of cobalt(II) complex

(iv) was prepared and studied by ESR spectroscopy (127) ¢,
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understand the effect of systematically wvarying an

equatorial ligating atom (0 — S —> Se).

Some tellurated Schiff bases and hydrazones have been

prepared in our laboratory by trans- metallation of the

(128)

mercurated derivatives These compounds are illus-

trated below (v):-

CH —NPh H—NPh
MeO TeBrn MeO TeCl Z—@ OEt
n=1,3
NH —N=CH X
TeBr3
X = Me, OMe
N02

(v) Some tellurated Schiff bases
But, obviously, these compounds cannot be used as tellu-
rium ligands unless the tellurium atoms in them are

reduced to a lower oxidation state.

In this chapter the preparations of some transition metal

complexes of the telluro-Schiff base, 1,6-bis-2-butyl-
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tellurophenyl-2,5-diazahexa-1,5-diene (L), and the hydra-
zone 1,4-bis-2-butyltellurophenyl-2,3-diazabuta-1,3-diene
(L') are described and discussed. This work can be
considered as an extension of the study which has been
described in chapter four as well as to extend the
research which has been done on oxo-, thio-, and seleno-

Schiff bases to include telluro-Schiff bases.

Sie2 Experimental

The preparation of the ligand 1,6-bis-2-butyltellurophe-
nyl-2,5-diazahexa-1,5-diene (L) was described 1in detail
in chapter four. Its molecular and crystal structures

were also discussed therein.

5.2.1 Synthesis of 1,4-Bis-2-butyltellurophenyl-2,3-di-

azabuta-1,3-diene (L')

This compound was prepared from the reaction of 2-butyl-
tellurobenzaldehyde (5.90g, 0.02 mole) (see chapter four)
with hydrazine hydrate (0.5g, 0.01 mole) in absolute
ethanol (50 cm3). The mixture was refluxed for 30 minu-
tes, then allowed to cool slowly to room temperature.
The orange crystalline compound, so formed, was filtered
off, washed with ethanol then petroleum ether (40-60°C)
and recrystallised from ethanol (yield -70% based on

hydrazine). It has a melting point 113-115°C.
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Il
Il
Il

Found. €= 46.1%, H =4.75%, N = 5.00%, Cy,H,oN,Te,

4.867%

45.9%, H = 4.85%, N

Il
I

requires C

5.2.2 Synthesis of a Rhodium(III) Complex of Ligand (L)

Dipotassium pentachloroaquo-rhodium(III) [KthCISHZO]

(0.3764g, 0.001 mole) was dissolved in a mixture of
methanol (20 cm3) and DMSO (10 cm3), and reacted with a
warm solution of 1ligand (L) (0.603g, 0.001 mole) in
methanol (10 cma). The mixture was stirred for two hours
under a nitrogen atmosphere, then the methanol was
removed in vacuo, and the remaining solution was left to
evaporate at room temperature. After complete dryness,
dichloromethane (20 cm3) was added to dissolve the comp-
ound, and the solution was filtered. The filtrate was
left to evaporate at room temperature giving a brown

compound, m.p. = 122°C.

Found 'C = 34.1%, H = 4.00%, N = 3.80%; RhC13.C24H32N2Te2—

2H20 requires C = 34.0%, H &. 275, "N = 3.30%

5.2.3 The Preparation of a Rhodium(III) Complex of

lizand (L)

K,RhCl; H,0 (0.188g, 0.0005 mole) was dissolved in 20cm3
of ethanol:DMSO mixture (1l:1) and treated with a solution
of ligand (L') (0.288g, 0.0005 mole) in ethanol (10cm?).

The mixture was stirred at 80°C under a nitrogen atmos-
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phere for two hours. During that time the colour changed
from orange to dark red-brown. The solution was then
condensed to Sem’  in vacuo, and left to dry at room
temperature. After drying, chloroform was added to
dissolve the compound, and the solution was filtered.
The solvent was removed in vacuo to leave a brown

compound, which was washed with hot methanol, then

diethyl ether and dried. It decomposes at about 160°C.

Found C = 32.8%, H = 3.40%, N = 3.50%; RhCl3.C22H28N2Te2-

H,0 requires C = 32.9%, H = 3.73%, N = 3.50%

5.2.4 Preparation of Rhodium(I) Complexes of Ligand (L)

Method (A):

Di-p-chloro-h}g(qa-l,5-cyclooctadiene)dirhodium(l) (0.148
g, 0.0003 mole) [this yellow complex was prepared accor-
ding to the literatureﬂzg)by the reaction of rhodium(III)
chloride hydrate with 1,5-cyclooctadiene in a refluxing
ethanol-water mixture (5:1) for 18 hours and recrystalli-
sed from dichloromethane/diethyl ether] was dissolved in
dichloromethane (10cm3) and added slowly to a solution
of the ligand (L) (0.362g, 0.0006 mole) in dichlorometha-
ne (15cm3). The colour changed immediately into brown.
After reflux for four hours the colour became red-brown
with the formation of some precipitate. The solution was
filtered to give a red-violet solid (product A), which

was washed with dichloromethane and dried in air (yield
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0.02g); it decomposes at 243°C. To the filtrate diethyl
ether was added to precipitate a brown compound, which
was separated by filtration and redissolved in cold
ethanol and filtered. The filtrate was left to evaporate
at room temperature giving a brown compound (product B,

yield 0.26g), which decomposes at 185°C.

Method (B):

Di-p-chloro-gig(qa-l,5-Cyclooctadiene)dirhodium(I) (0.148
g, 0.0003mole) was dissolved in dichloromethane (10cm3)
and added to a dichloromethane solution (10cm®) of ligand
(L) (0.543g, 0.0009 mole) at room temperature. The mix-
ture was then kept in the fridge for four hours. At the
end of that period the solution was filtered to give a
red-violet crystalline compound (product A), which was
washed with dichloromethane (yield 0.1lg); it decomposes
at about 243°C. The filtrate was treated with diethyl
ether to precipitate a brown compound, which was
seperated by filtration, dried, and then dissolved in
cold ethanol. The resulting solution was filtered and
the filtrate was evaporated in vacuo to give a brown
compound (product B), which was dried in air (yield

0.28g); it starts decomposition at about 186°C.

Product A in both methods:
Found € = 39.4%, H = 4.607%, N = 3.80%;
RhCl(C24H32N2Te2)l.08 requires

C = 39.47%, H = 4.40%, N = 3.83%
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Product B in both methods:

Found G

38:5%, H

4407, N 3.50%: RhGl1.C. . H.. N Te

2403222
3.70%

requires C 38.8%, H = 4.347%, N

5.2.5 Preparation of a Rhodium(I) Complex of Ligand (9

[l,5—COD—RhC1]2 (0.0349g, 0.00007 mole) was dissolved in
dichloromethane (5cm3), and added to a solution of 1,10-
bis(4-ethoxyphenyltelluro)decane (which has been borro-

)(27), in dichloromethane (10cm3); no sudden change in

wed
colour was noticed. The mixture was refluxed for 24
hours, during which the colour changed into red. At the
end, the solvent was evaporated to a minimum volume and
petroleum ether was added. The brown precipitate formed
was filtered off and washed several times with dichloro-
methane, to remove any unreacted materials, and air
dried. The blackish-brown compound (yield 0.066g) decom-

posed at about 210°C, and it is insoluble in many organic

solvents and water.

Found C

I
I

4030 % nt= 5 J10%: "Rh, 01, (G, Hag0,Tes ),

requires C 40.23%, H = 4.90%

5.2.6 Preparation of a Rhodium(I) Complex of Ligand (L')

The compound [1,5—COD—RhC1]2 (0.246g, 0.0005 mole) was
dissolved in dichloromethane (15cm>) and added slowly to

a solution of ligand (L') (0.576g, 0.001 mole). The
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resulting solution was stirred with reflux for seven
hours under dinitrogen, and during that time the colour
changed from orange to deep brown. The solution was,
then, cooled and diethyl ether was added to precipitate
a brown compound, which was filtered off and washed with
hot ethanol then diethyl ether and dried (yield 0.51g);

it decomposes at 220°C.

Found C = 36.7%, H = 3.90%, N = 3.80%

[RhClszstNzTez]2

C=37.0%, H=3.95%, N = 3.980%.

requires

5.2.7 Preparation of a Palladium(II) Complex of Ligand (L)

_Bis(benzonitrile)dichloro-palladium(II) [Pd(PhCN)2C12]
(0.383g, 0.001 mole) [this starting material was prepared
according to the literature (130) by heating a solution of
palladium dichloride in benzonitrile at 100°C for 20 min.,
then treating with pet. ether (80°C-100°C) to precipi-
tate the yellow complex] was dissolved in acetonitrile
(15cm3). To this was added an acetonitrile solution
(15cm3) of ligand (L) (0.603g, 0.001 mole), and the mix-
ture was stirred under dinitrogen for two hours at room
temperature. The volume was then reduced to Scm° in a
stream of nitrogen gas, and benzene was added to
precipitate a brown compound, which was filtered off,

washed with benzene, then diethyl ether, and left to dry

in a vacuum desiccator giving a blackish-brown compound
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(yield 0.67g) which melts at 131-132°C with decomposition.

Found C = 35.8%, H = 4,300, N = 3.40%;
PdCl, 024H32N2Te HZO requires

C=36.1%, H=4,28%, N = 3.50%

5.2.8 Preparation of a Palladium(II) Complex of Ligand (L')

Method (A):

Pd(PhCN),Cl, (0.378g, 0.001 mole) was dissolved in a 1:1
benzene/acetonitrile mixture (ISCm3 Ys To this, a warm
solution of 1ligand (L') (0.576g, 0.001 mole) in aceto-
nitrile (15cm°>) was added. The mixture was stirred at
50°C under dinitrogen for five hours. At the end of that
period, the brown precipitate formed was collected by
filtration, and washed several times with benzene.
Recrystallisation from toluene gave a brownish-red

crystalline compound, which melts at 183-185°C with

decomposition.

Found '€ = 35.4%7, . = 3.80%, N = 3.70%; PdCl CZZHZBNZTe

requires C = 35.1%, H = 3.75%, N = 3.727%

Method (B):

A solution of [AsPh,], PdCl, (0.203g, 0.0002 mole) [this
starting material was prepared by the reaction of aqueous
solutions of NadeC14 and AsPhACl] in dichloromethane

cm was 4a e S1LOW wlt stlrrlng to a 1C Oro-
(15cm>) dded slowly ith irri dichl
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methane solution (10cm’) of ligand (L') (0.115g, 0.0002
mole). The mixture was left standing for two hours,
during which time a shiny orange-brown crystalline
compound formed. The solution was filtered, and the
precipitate was washed with dichloromethane and air dried

(yield 0.136g); it melts with decomposition at 185°C.

Found C = 35.2%, H = 3.70%, N = 3.50%;
PdCl, .C,,H,gN, Te,requires
C= 35.1%, H = 3.754, N = 3.72%

5.2.9 Preparation of Platinum(II) Complexes of Ligand (L)

[AsPh&]z[PtCIA] (1.103g, 0.001 mole) [prepared from KthCla
and AsPhQCI} was dissolved in dichloromethane (20cm’) and
added to a dichloromethane solution (15cm>) of ligand (L)
(0.603g, 0.001 mole). The mixture was refluxed for one
hour, during which time a light cream coloured suspension
formed which was collected by filtration and washed with
dichloromethane and air dried (product A), yield 0.3g.
During the melting point measurement this compound
darkened at about 80°C and finally became black, and did

not melt at 310°C.

Product A:
Found C = 32.1%; H = 3.50%, N = 3.10%:
peCl, .Cy,Hyy) N, Te,.H,0 requires

C= 324772, B = 3.86, N= 3.15%
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When the same experiment was carried out in a refluxing
acetonitrile solution, instead of dichloromethane, the
cream coloured suspension appeared for the first 15 min.
of the reaction, but when the reflux was continued beyond
that, the solution became brownish. After two hours, the
dark brown solution was filtered to get a dark brown
solid (product B), which was washed with acetonitrile
then pet. ether (60-80°C) and air dried. The compound

does not melt at 310°C.

Product B:
Found C=m24,. 3. H = 2.30%, Ni= 3.30%;
PtClz.C16H14N2Te2.2H20 requires

C= 24 3%, H=2.30%, N = 3.54%.

5.2.10 Preparation of a Platinum(II) Complex of Ligand (L')

[AsPha]z[PtC14] (0.22g, 0.0002 mole) was dissolved in
dichloromethane (15cm3), and added slowly with stirring
to a solution of 1ligand (L') (0.115g, 0.0002 mole) in
CHZCI2 (lOcmB). The resulting mixture was stirred and
refluxed for five hours. The orange precipitate, so
formed, was filtered off, washed with dichloromethane and
air dried (yield 0.1lg). It melts with decomposition at
17O7C:
Found C = 30.3%7, B = 3.200, N = 3.00%;
PtCl,.C,,H,gN,Te, .H,0 requires

€ = 30.7%, B = 3.48%, N = 3.25%
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Reactants Products Colour M.Pt°C
L K2RhC15.H20 RhClB.L.ZHZO Brown 122(dec.)
3L, [RhCl.COD]2 RhCl.L Brown 185(dec.)
RhCl(L)l 08 Red-violet 243 (dec)
(a) 10 10
3L [RhCl.COD]2 [RhC1.L ]n Blackish-brown | 210-212(dec.)
i 2=
L PtCl4 PtClz.L.HZO Light-cream >80(dec.)
L (C)PtC1§_ @pec1,.1272H,0 | Dark-brown 5310
% PdClz(PhCN)2 PdClZ.L.HZO Blackish-brown | 131-132
L KZRhCIS.HZO RhC13.L'.H20 Brown 160(dec.)
L' [RhCl.COD]2 [RhCl.L']2 Brown 220(dec.)
s o Bagte PdCL .L' Orange-brown | 185(dec.)
I PdClz(PhCN)2 PdClz.L' Red-brown 183-185(dec.)
(b) =
L PeCl, PtCl,.L'.H,0 | Orange 5170(dec. )
10
(a) L = ArTe(CHy))qTeAr (ref.27)
(b) As [AsPh,],PtCl, in CH,CI,
(¢) As [AsPh,],PtCl, in refluxing CHyCN

(d)
(e)

Table 5.1.

L2- is ligand L minus two butyl groups

As [AsPhéldeCIA in CH2C12

ligand(L), (L') and L'°.
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Found 7 Required 7%
Complex
Cha H N C H N
RACL, .L.2H,0 %.0 400 3801 340 427 3.30
RhC1.L 38.5 4.40 3.50 | 38.8 4.36 3.70
[RAL, .C1 39.4  4.60 3.80 | 39.4 4.40 3.83
[RC1.1'0] 40,3 510 4 - 40.23 4.90 -
‘el L0 32,1, 3,50 330 | 32.47 3.86 3.15
Odpect,tiomp | 4.7 230 330 | 243 2,30 3.5
‘“)pgc1,L.1,0 358 4,30 340 | 3.1 4.28 3.5
RACl,.L'.H,0 208, 3.40- 3.5 | 32.9 373  3.50
[RhC1.L'], 36:7¢ .90 3807|5720 %95 3.90
“pact, .1t 3540580073700 1 3/ T U
“Wpict 't SO LIRS T
PtCL, .L'.H,0 30030 -3.200 500 . 30.7 1348 3.%5
Ligand(L) E7.40 5.50 " 460 | 477 530 4.6k
Ligand(L') 46.1 4.75 5.00 | 45.9  4.85 4.86
(®)1igand 110 494 © 6.10 85.0.. 6007 =

(a) Complex precursor [AsPh,],PtCl, in refluxing CH,C1,
(b) Complex precursor [Asth.]thCI4 in refluxing CHBCN
(c) Complex precursor PdCl,(PhCN), in CH,CN

(d) Complex precursor [AsPhé]z.PdCI4 in CH,C1,

(e) Ref. 27

LlO

Table 5.2. Elemental analysis of ligands L, L' , and their

complexes.
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Complex p(CWem | A(CWem ™| pM-Cl)em™| A
Ligand(L) 1637
Ligand(L') 1616
RRCL, .L.2H0 1640 +3 322 20..44(DMSO)
RhCl.L 1632,1595 | -5,-42 | 300 10.6 (CH,CN)
RACL(L) | 1660,1595 |+23,-42
HeCL, .L 1645 +8 312
PtCl,.L.H,0 1625 12 315 35.0 (DMSO)
PtCl, .L%.2H,0 1615 -22 11.5 (DMSO)
}PdCIZ.L. HO | 1635 1% 35 35.0 (DMSO)
RACL, L' .H,0 1620 +4 340,365 6.6 (DMSO)
[RhC1.L'], 1610 -6 - 7.0 (CH,CN)
“Meant L1 1622 +6 335,290
“pgct,.L 1622 +6 332,288 | 2.7(CHQN)
A 1620 +4 332,289,345
PtCl,.L'.H,0 1626 +10 325,295 2.0(CHCN)
(a) Molar conductivity (ohm ' erPmol™!) of 10-3M solution

(b)
(c)
(d)

Table 5.3.

Complex precursor PdClz(PhCN)2 in CH,CN
Complex precursor [Asph,],PdCl, in CH,C1,

The above complex after digestion in CHCl,

the complexes of ligands (L) and (L').
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(a)g , Ligand(L') (a)S , Ligand(L)

= 0.95(t), 6H; J= 6.88Hz H; = 1.00(t), 6H; J= 7.03
H2’3= 1.36 - 1.92(m), 8H H2’3= 1.46 -2.55(m), 8H
Bl 2.72(t), 4H; J= 7,32Hz H, = 2.54(t), 4H
B 1.20 = 7.70(m), 8H By =7.13=1.52{m), 8H
H, = 8.38(s), 2H Hy, = 8.53(s), 2H

Hy, = 4.10(s), 4H

(a) Chemical shifts measured in ppm relative to Me,Si

(t)- triplet, (m)- multiplet, (s)- singlet

Ligand(L) Ligand(L"')

Table 5.4. 'H NMR data of ligands (L) and (L').
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Chemical shift(a)
Compound
Cc-1 Cc-2 c-3 C-4 Cc-12
Ligand (L) 13.51 25.54 31.93 8.20 60.43
Ligand (L') 13.51 25.54 32525 9.1/ -

(a) In ppm relative to Me,Si

c9 C11

€12
Cl0
c8 \ N/

7
& €5

cé Te

CQL— c3

c2 €1

1

Table 5.6. 3C NMR data (aliphatic region) of ligands (L)

and. ¢(E")
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Compounds .lmax(nm)* Emax(cm‘l) #

Ligand L 366 273322 6880
Ligand L' 410 24,390 5600
RhCl,.L.2H,0 395 25,310 15000
RhCL(L) | 4g 66035553 15,151,;18,018 30357534125
39033153295 25,641;31,7463;33,898 | 5925;8125
PtCl,.L.H,0 430;465(s) 23,250321,505 4003350

PtClZ.LZ_.HZO 4003;470(s) 3560(s)| 25,000;21,275317,857 | 12000;675031500

PdCIz.L.HZO 4643384 21,550326,040 1125;1875
RhCl3.L'.H20 412 24,270 18000

PdClZ.L' 43533203355 22,988;31,250;28,169 | 1700;3125;2125
PtClz.L'.H20 360(s) ;425(s) 275417523330 40003250

e
"W

s = shoulder

} e inem mole™tl

Table 5.7. Visible-u.v. spectral data of ligand (L) and (L' ) and their

complexes
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S Results and Discussion

5.3.1 Characterisation of the New Tellurium-Schiff Base

(L) and Tellurium-Hydrazone (L') Ligands (I.R. and

N.M.R)

The reaction of two equivalents of 2-butyltellurobenzal-
dehyde with diaminoethane (en) or with hydrazine led to
the condensation on both amino-groups of these compounds

{eqs. J.04: 9:2)

Bun
H |
L\\ Te
0 / \ EtOH
2 +H,N NH, \ \ N/\/N &
ﬂe
Te
Bun | &
Bu e, Bl
Bul
s |
2 T
0 EtOH
O emm ey JO
Te
| N Te
Bu |
By eq. 5.2

This was confirmed by the elemental analyses, the 13¢ N.M.
R. spectra and the X-ray structure determination of the
Schiff base (L) (see chapter four). Each of the resulting
compounds, therefore, contains two tellurium and two

nitrogen donor atoms.

g



The infra-red spectra of both ligands confirm the absence
of the aldehyde carbonyl group and the appearance of
lower energy bands, at 1637cm™! in the case of ligand (L)
and 1616cm™! in the spectrum of 1ligand (L'), which could
be assigned as the stretching frequencies of the imine

groups, v (C=N), in both compounds (Figures 4.7, 5.5).

The orange colour of the hydrazone 1ligand (L') is not
astonishing, since many hydrazone compounds are coloured,
but this colour could be due to the higher degree of
conjugation compared to ligand (L) as well as the
possibility of a tellurium-nitrogen interaction, which
has been confirmed crystallographically 1in the structure

of ligand (L) (chapter four).

The 'H N.M.R. spectra of both ligands (Table 5.4) were
recorded using CDCl; as the solvent. The major difference
between the two spectra is the presence of a peak at 4.10
ppm in the case of ligand (L). This peak is attributed
to the resonance of the protons attached to the carbon
atoms of the "en" chain. This peak appears as singlet
instead of the expected triplet; nevertheless, its inte-
grated intensity 1is in agreement with the presence of

four protons.
The 13C—[lH] N.M.R. spectra of both 1ligands were also

recorded in CDCl3 {Tables 5.5, 5.6 and Fligures 5.3, 5.4).

These spectra can be divided into two distinct regions:-
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1. the aliphatic region
2. the aromatic region

125Te did not allow observa-

The 7% natural abundance of
tion of C-Te coupling in the 13C-[lH] N.M.R. spectra of

these ligands.

The assignments of the 13C-[lH] resonances have been made
by comparison with the available literature data of alkyl

Job and aromatic Schiff bases (132X

phenyltellurides
1. The aliphatic region:

The absence of '3C - !27re coupling in the spectra of the
Schiff base- and the hydrazone-tellurium ligands, and the
lack of data in the literature about similar n-butyltellu-
rium compounds make the assignment difficult. For
comparison, the 3¢ n.M.R. spectra of n-alkanes could be
considered. The trend observed for linear alkanes up to
and including n-hexane is simple. The schematic spectra

of some of them are shown below (vi).

As seen from this schematic diagram, the terminal carbon has
the lowest chemical shift (i.e. the highest field), and

it has been assigned at 13 to 13.7 ppm (133,134) oy

e
next carbon, C2, resonates at a lower field than C 1, and

the middle carbon, C3, still lower ( 31.5-34 ppm).
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2 1 TMS 3 2 1 TMS

+H +H

— —
1 2 2 1 1 2 3 2 1
CH3- CHZ_ CHZ— CH3 CH3 CHZ_ CHZ_ CHZ_ CH3

(a) (b)
3 2 1 TMS
+H
—>

(c)
1 2 3 3 Z i
CH3- CHZ- CHZ- CHZ- CHZ- CH3

(vi) Schematic 13C—[LH] N.M.R. spectra of some n-alkanes

When a phosphorus atom is attached to one of the terminal
carbon atoms, the symmetry of the alkane chain, and the
trend in the chemical shift will change. In tri-n-butyl-
phosphine (vii), for example, there are four resonances,
with the carbon attached to the phosphorus atom having
the highest chemical shift (6 29.3 ppm.), and the termi-

nal carbon having the lowest,d 14.7 ppm t 4357

4 3 2 1 T™MS

+H

e

UMW T T TP
CH,~“CH,~"CH,~"CH,~ P(Bu"),

(vii) Schematic '3C['H] N.M.R. of tri-n-butylphosphine
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Similar chemical shift values were reported for dibutyl-

(LA 5

phenylphosphine The relatively high chemical shift

of the carbon directly attached to phosphorus has also

(136,137)  These values are close

(134)

been reported elsewhere
to that found for n-heptane and n-octane The simi-
larity between 13¢  chemical shifts in the tertiary
phosphines and linear alkanes, and the small influence of
phosphorus on 13; chemical shifts have been attributed to
the similarity in the electronegativities of -PMez(—2.28)

and -CHMe, (-2.28) {13%).

Although there is littlel3C N.M.R. work on alkyltellurium-
(II) compounds, it seems that the trend in the chemical
shift is different than that of phosphines. It has been
noted that the &8C values of the methyl carbon relative
to E in MeEPh (E = 0, S, Se, Te) are linearly related to
(137{ 1(131)’ in

the electronegativity of E Kalabin et a

their 13C N.M.R. study of some REPh compounds (R = Me, Et,
Pri, Bu' +: E=0, §, Se, Te), have pointed out that in
going from ethers to tellurides ¢&C1l(alkyl) decreases by
50-70 ppm, while &6C2(alkyl) increases by 2-5 ppm, and
that these changes are in a trend similar to that
observed in haloalkanes. However, the chemical shifts of
the carbon attached to tellurium (c.a.déC 1 alkyl ~15 ppm)

CL31)

in the above compounds and in di-n-butyltelluride

el 1 4.1 ppm)(L38) , were reported to be 1less than
8 C2(alkyl) (35.7 ppm in Bu,Te, for example) . A similar

observation has been recently reported for some bis-
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tellurium(II) compounds (ArTe(CHz)nTeAr), when 6C 1 was

(27) | This

assigned at c.a. 9 ppm and &C2 around 30 ppm
assignment has been made by comparison with the 13C—[lH]
N.M.R. spectrum of a similar bis-tellurium(IV)tribromide

compound (BrBTe(CHZ)GTeBrB), where a downfield shift in

the resonance of C1was observed (86C1l, 59.7 ppm).

The 13C—[lH] N.M.R. spectra of the present Schiff base-
and hydrazone-tellurium compounds in the aliphatic region
(Table 5.6) are similar, except an additional signal in
the spectrum of the former compound at a lower field
(€ 60.43 ppm), which could be assigned to the ''ethylene"

carbons (Cl2) attached to the nitrogens, see below.

o o
c11 //
===l |
9 C10
c8 €3 c1
& TeW
c7_ C6 c4 c2
(ix)
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The signals at & 8.2 and 9.17 ppm in the spectrum of the
Schiff base (L) and the hydrazone (L') are very close to
that reported for bis-tellurium(II) compounds mentioned
earlier (c.a. 9 ppm)(Z?) - Therefore, they could be
assigned to the butyl carbon (C4) attached to tellurium
in both compounds respectively. These chemical shift
values indicate that the nitrogen-tellurium interaction
in (L) and (L') has no significant effect on 6C4, although

the nitrogen is trans to C4.

The remaining three 13¢ signals, in this region, are very
close to those reported for n-hexane (scheme vi)(133'1342
thus they are assigned as Cl, C2, and C3 at successively

lower fields. A schematic representation of the spectra

of ligands (L) and (L') is shown below (x):

3% 3 2 1 4 TMS

+H

N
s

(x) Schematic ‘¢ spectrum for ligands (L) and (L'), the
numbering is as shown in (ix).

* this signal appears in the spectrum of (L)
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This trend of chemical shift is similar to that reported

(138)

for di-n-butyltelluride , although the chemical shift

values are different. This is obviously different to the

trend in the spectrum of tri-n-butylphosphine(135).

2. The aromatic region

The aromatic region in the '°C-['H] N.M.R. spectra of
ligand (L) and (L') showed seven resonances, six for the
phenyl carbons and one for the imine carbon (Figures 5.3,
5.4). The signal at 6 =162.7 ppm in both spectra could
be assigned as Cll, in agreement with the value previou-
sly reported for the imine carbon 1in N-methylphenyl-
imine(139), which absorbs at 6 162.2 ppm. The carbon
atoms, C5 and Cl0 (see compound ix) do not possess a
directly bound hydrogen atom, and such carbons usually
show signals of 1low intensity. Therefore, the low
intensity peaks, in the spectra of 1ligand (L) and (L'),
at 6 136.17 and 135.2 ppm could be asisgned as Cl0 res-
pectively. A similar value ( 6137.3 ppm) has been assig-
ned to the phenyl carbon attached to the imine group in

N—methylphenylimine(139).

In a discussion of the effect of tellurium on the directly
attached carbon of phenyl ring, it has been assumed (131)
that the "heavy atom'" effect is the major basis for the
significant decrease in &6C (c.a. 112 ppm in PhTeEt)
relative to benzene (& 128.7 ppm). A 'large highfield"

shift for the phenyl carbons attached to tellurium in
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diaryltellurides (e.g., 114.7 for Ph,Te) relatiye to

benzene, has been reported to result from shielding

140
effects of the electropositive tellurium atom( ‘ ). A
similar chemical shift wvalue g and even lower values

27
(c.a. 100 ppm)( 4 , have been reported for the ipso-

carbon of some aromatic tellurium(II) compounds.

The signals with low intensity and lowest chemical shift,

13C—[IH] N.M.R. spectrum of

in the aromatic region of the
ligand (L) and (L'), were observed at 6 121.2 and 120.2
ppm respectively, and therefore could be assigned as C5
or the ipso-carbon. Such a chemical shift is the highest
ever recorded for the ipso-carbon in organotellurium(II)
compounds. This could be due to the influence of Te----N
interaction, which is to be discussed later. However,
these values are lower than & C (ipso) reported for iso-
propylphenylselenide (129.5 ppm){131) | higher than in

iodobenzene (96.7 ppm), but not very far from that of the

bromobenzene (123.3 ppm)(141),

Chadha and Miller (140% by examination of the deviations
of the chemical shift wvalues from the calculated values
for a series of aromatic tellurium(II) compounds, have
pointed out that the negative values of A8(13¢c) for the
carbon in a para-position to tellurium suggest that the
tellurium atom in tellurides possesses m-donor proper-
ties. Therefore, the O6C(para) values are mainly depen-

dant on the tellurium m-electron effect which could be
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transfered to the para-carbon mesomerically. Consequently,
the para-carbon will be shielded by the mesomerically
transfered m-electrons, and therefore resonates at a
higher field. The signals with the highest resonating
field, apart from that assigned as C5 (ipso), in the
aromatic region of the spectra of 1ligands (L) and (L')
are those at § 124.9 and 125.5 ppm respectively. These
resonances could be assigned to the carbon atom in the
para-position to tellurium (i.e., C8) in both compounds.
However, these values are lower than any of that reported
in the literature(131’137’138'1&0)f0r a para-carbon atom,
for which &C ranges between 126.6 to 128.2 ppm depending
on the other organic groups bonded to tellurium. This
may imply that the tellurium atoms in these compounds (L
and L') are possessing more m-donor properties than the

simple phenyltellurium(II) compounds.

In order to assign the resonances of the remaining three
carbon atoms of the phenyl rings, namely C6, C7 and C9,
it would be better if we employ the additivity principle
by using the carbon chemical shifts of similar compounds.
For this purpose, it may be proper to adopt 6C values,

reported earlier, for ethylphenyltelluride(131) , and N-

139

methylphenylimine and compare them to the values

shown in (Table 5.5) for ligands (L) and (L').

As shown in (Table 5.8), the wvalues obtained from comp-

ound (A) plus compound (B) are inconsistent with the
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values obtained for ligands (L) and (L') (Table 5.5). The
wildest calculated chemical shift wvalue is for C5 (c.a.
121 ppm) which has an unexpected large deviation ( Ad =
-9.2 ppm) from the calculated value. From (Table 5.8)
also, the values obtained from compounds (A) and (C) are
close to that recorded for (L) and (L'). This result, as
well as it confirms the failure of the additivity princi-
ple for closely related aromatic compounds of Group 6, as
noted but to a less extent by many authors(lBS’lao), it
may also show that the total effect of tellurium atoms in
ligands (L) and (L') is as close as the effect of bromine
on &6C of the phenyl carbon atoms. According to this
calculation, the remaining three signals at § 132.27,
133.14 and 129.67 ppm in ligand (L) spectrum and at
6 133.25, 133.68 and 130.43 ppm in ligand (L') spectrum

are assigned as C6, C7 and C9 respectively.

In order to explain the reason for different ranges in
6 C (ipso) in compounds having the formula PhER_  (where E
is Group 4A, 5A, 6A or 7A; n=3,2,1,0), Kalabin et a1 (131)
assumed that these differences are related to different
numbers of unshared electron pairs: zero for G4A, one for
G5A, two for G6A and three for G/A, and they argued that
the observed trends in these compounds are the result of
nonbonded interactions of the substituents with the
unshared electron pairs of the heteroatoms. This could
well be the case in the present compounds, ligands (L)

and (L'). Tellurium(II) has two unshared electron pairs,
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therefore, theoretically phenyltellurium(II) compounds
should show similar chemical shifts for the ipso-carbon

atom.

As seen from the structure determination of ligand (L)
(chapter four), there 1is a weak but a considerable
interaction between ﬁellurium and nitrogen, in which the
nitrogen pair of electrons 1is partially donated to the
tellurium atom (acting as Lewis acid here). Consequently,
the effective electron density on tellurium is more than
two electron pairs. This will bring the behaviour of Te
nearer to the halogens, thus will increase its m-donor
property. That could be the reason for the consistency
in the chemical shifts observed for 1ligand (L) and (L")
and the calculated values from compound (A) and bromo-
benzene (Table 5.8). Therefore, this may provide an
acceptable explanation for the high &C (ipso) (c.a. 121
ppm) and the low &C (para) (c.a. 125 ppm) in the present
compounds.

1251 N.M.R. spectra of ligands (L) and (L') were recor-
ded in CDCl3 : The proton-decoupled spectra show one
signal for each compound (Figures 5.6,5.7) at & 464.4 ppm
for ligand (L) and & 464.1 ppm for ligand (L'). This is
indicative of two things, first, the two tellurium atoms
in the individual compounds are equivalent, and second
that the tellurium atoms in both compounds are in similar

environments. Since the two 1ligands have the same
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0= 464.4ppm relative to Me, Te

Pulse width 12ps

Repet. rate = 2 sec
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16.3 K
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Data points

+H

WSROI NS RA

Figure 5.6 : 125Te[lH] N.M.R. spectrum of ligand (L)
in CDCl3

CoyHzoN,Tey

O= 464.1ppm relative to Me Te

2
Pulse width = 12ps
Repet. rate = 2 sec
Amplitude = 16
Data points = 16 K

Figure 5.7

C22H28N2Te2 in CDC13
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chemical shift within experimental error, Te---N intera-
ction is also expected in 1ligand (L' ), for which no

crystal structure is available yet. These chemical shift

values are similar to that reported for PhTeBan)(AGS

142
ppm)( ), but slightly different to that reported recen-

10
tly for ArTe(CH,), TeAr compounds (454.7 ppm)( 8).

S P Characterisation of the Complexes of Ligand (L)

(Schiff Base) and Ligand (L') (Hydrazone)

The complexes prepared in this chapter can be discussed
in terms of the metal ions used:

1. Palladium complexes

2. Platinum complexes

3. Rhodium complexes

5.3.2.1 Palladium Complexes of Ligands (L) and (L')

The complex precursor bis(benzonitrile)dichloro-palladium-
(II) was used to prepare the complex of ligand (L), while
the above precursor and tetrachloropalladate(II) as
[AsPh4]+ salt were reacted with ligand (L'). These reac-
tions were carried out in 1:1 molar ratios, and in the
case of ligand (L'), identical products were obtained

regardless of the complex precursor used (Table 5.2).

The complex of ligand (L) is soluble in methanol, CH3CN,

CH2C12 and DMSO. The conductivity measurements in CHBCN
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(A = 114 ohm 'cm®mole™ ) and DMSO (A=35.0 ohm !cm?mole™!)
indicate a 1:1 electrolyte based on the formula PdClz.L.
H,0. The calculation based on the formula szc%‘.Lz.
(H20)2 gives a value of A 227.8 (CHSCN) and A 70 (DMSO),

which indicates a 2:1 electrolyte.

The infra-red spectrum of PdCl,.L.H,0 shows a broad band
at 3400cm™1, characteristic of OH stretching of water
molecules. The imine stretching vibration, v (C=N), at
1635cm’1, is almost unshifted from that of the free

1y, A lower energy shift of 48cm !, in

ligand (1637cm”
the frequency of the imine group, has been reported in

the palladium(II) complex () e

(x1i)
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Figure 5.8 : I.R. spectrum of Pd(II) complex of ligand (L)
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Figure 5.9 : I.R. spectrum of Pd(II) complex of ligand (L')
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Therefore, in the complex PdCl,.L.H;0, it may be conclu-
ded that the nitrogen atoms of the 1ligand are non co-
ordinating with the palladium atom. The low frequency
infra-red spectrum of this complex shows a band at 345cm™ !
which can be assigned as v (Pd-Cl). Since the conducti-
vity measurement indicates that the complex is an
electrolyte, then one of the chlorides could be ionic
while the other is co-ordinating to Pd. Hence, this band
may be attributed to a terminal Pd-Cl vibration._ On the
basis of the trans- influence (that 1is the tendency of a
ligand to weaken the bond trans to itself in a comp1e§144)
and according to the infra-red data Crociani et al 43)
assigned the complex [Pd(az)(Py)Cl] as isomeric having a
chloride either trans to the azo nitrogen or to the

phenyl carbon.

Ph Ph
| a |
N N
Pd Pd
\c1 \N/ |
NN
p (Pd-C1) = 352cm™ ! v (Pd-C1l) = 280cm™}

(A) (B)

(xii) Isomers of [Pd(az)(Py)Cl]
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It has been also noted(IAG)

that the Pd-Cl stretching
frequencies for the complexes [PdClL'L2]+, where L'=
neutral ligand and L = phosphine, vary with changes in
L' [p(Pd-C1), L'= 330cm™ ', CO; 312em ™', P(OCgHs); 300cm
P(CgHg)3]. It is also mentioned that the trans influence
decreases in the order C-donors (sp3.= sp2 >iap) > Ps
donors > As-donors > S-donors > N-donors > halide > O-do-

(147
nors, and that Te-donors > Se-donors > S-donors ).

According to these arguements, one may conclude that the
chloride 1ligand in the present PdClz.L.HZO complex is
probably trans to the H,0 ligand, because if the chloride

were trans to the tellurium, r(Pd-Cl) would be at some-

what lower frequencies rather than being observed at 345
cm-l, which 1is close to that reported (352cm_1) for

compound (xiiA)(145), and to the r(Pd-Cl) BSICurlreported

148 =
for trans-Pd[(4-Et0-C.H,), Tel,Cl; ( : and 348cm 1repor_

41
ted for trans-PdC12[Te(Csti(CH3)§2]2(4 :

13C N.M.R. spectra of PdClz. L.H, O complex and of the
other complexes mentioned in this chapter could not be
recorded on the N.M.R. instrument at the Chemistry
Department / Aston University, but samples have been sent

elesewhere for investigation.
According to the above discussion, structures (A) and (B)

can be suggested for PdCl,.L.H,0, but the dimeric struc-

ture (B) may be more favoured.
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Ccl 1
Te\ Cl / 3 /C 3
P cr- b R e | e

(A) (B)

Although, in principle, structure (B) must allow two
v (Pd-Cl) but mechanical coupling between the two
chlorides may be weak. If the Te---N interaction and the
planarity of the moiety Te-C-C-C-N in the ligand (L) are
considered, one may argue that the number of bonds
between the tellurium atoms are pseudo-five instead of

the real eleven bonds, see below.

=N N
Te Te
Bu Bu
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Such a pseudo-five bond backbone probably does not enable
the tellurium atoms of the same ligand molecule to span
trans positions around the same central metal ion (Pd-
(II)). In chapter four, it has been argued that the Te-
Hg-Te bond angle (109.1°) 1is smaller than expected,
although it is typical for a tetrahedron. Moreover, it
has been suggested that this probably indicates a rigid
backbone. Simple calculation on that mercury complex
shows that the bite of the two tellurium donor atoms is
4.552 R. This is shorter than the 5.212 A found between
trans tellurium donor atoms in the palladium complex
Pd(Te (CH,CH,CH,SiMe,),],(SCN), (“1), and shorter than the
sum of covalent radii 5.26 A (using 1.32 A for tetrahe-
dral Te and 1.31 A for square planar Pd(II)(IIS)). This
may emphesise the inability of 1ligand (L) to span trans
around Pd. Space filling models suggest that, at least, a
six bond backbone (i.e., five atoms) between the two
tellurium atoms is needed to respond to the torsion
demand of a chelating trans structure. However, ligands
of the type E(CHZ)RE', where n > 5 and E and E' are donor
groups, tend to bridge metal atoms 1in preference to
forming a chelate ring. The addition of MezN(CHz)nNMez,
where n =5, 7, to a solution of PdClz(PhCN)2 has been

found to give the binuclear complexes trans- Pd2C14[Me2N

(CHz%lNMe confirmed by single-crystal X-ray determi-

2]2
nation, in which the 1ligands are bridging between Pd

(149)

atoms Phosphine ligands of the type Bu;P(CHz)nPBut

(n = 5-7) where also reported to form binuclear complexes
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(150)
2 .

ture of the Pd(II) complex of the bis-sulphide ligand,

trans- PdZCIA(ButP(CHz)nPBut) The molecular struc-
ButS(CHZ)SSBut has also been shown to be a trans-binucler
with bridging 1igands(151). The complex PdClzL5 (L5= Ar-
Te(CHz)STeAr) has been reported to be ''probably polymeric"
in the solid state with trans dichloro-ligands, but is
monomeric probably with cis- stereochemistry in solu-

(108) " The formation of bridging structures rather

tion
than chelates, in the above examples,has been attributed
to the thermodynamic stability and some times to the
effect of the bulky t-alkyl groups in stabilizing these

binuclear complexes in terms of torsional effects.

According to the above evidence, the present complex may
have the binuclear structure (B), and therefore, will
form a large-ring chelate complex (26-membered or a

pseudo l4-membered ring, if palladium is included.

The palladium(II) complex of 1ligand (L') is soluble in
hot benzene and chloroform but insoluble in ethanol, DMF
and DMSO. The molar conductivity of this complex in
benzonitrile indicates that the compound 1is nonionic
(Table 5.3). The elemental analysis suggests a 1:1 Pd/L'
structure (PdClz.L'), and there 1is no evidence for the
presence of water in the infra-red spectrum of the

compound.
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The infra-red spectrum of this compound revealed a band
at 1622cm™! which is attributed to v (C=N), and is sligh-
tly shifted from the position of the band in the free
ligand (1616cm™!). This could be an evidence that the
nitrogen atoms of the 1ligand are not involved in co-
ordination with palladium. In the low frequency region
of the i.r. spectrum of PdCl,.L', the presence of two
bands at 332cm™! and 288cm™! , which are attributed to
r,s(Pd-Cl) and pg(Pd-Cl) respectively, is indicative of a
cis- configuration in the solid state. However, the
v, (Pd-Cl) in cis- palladium compounds was reported to be

lower than our value (e.g., 305-312cm™!), while v (Pd-Cl)
<] (21a132)

has been assigned at 285-292cm . Trying to
recrystallise PdCl, .L' from hot chloroform gave a
compound which has the same elemental analysis,

but its low frequency i.r. spectrum differs slightly from
the original compound, where another band at about 345cnfl
appeared as well as the original bands at 322, 288cm ! .

The low solubility of this compound in chloroform at room
temperature, which increases by warming the solution, and

the appearance of the new band (345cm™!) in the i.r.

spectrum of the recrystallised compound may indicate that

in solution a cis-trans equilibrium takes place (eq. 5.4),
and therefore, the recrystallised compound could be a

mixture of cis- and trans- isomers.

CHC13/Heat

¢ig=Pdcl, .L' N ¢is- and trans-PdCl, .L'
oLl N

eq. 5.4.
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In the hydrazone 1ligand (L'), the nine bond backbone
between the two tellurium atoms, may be able to span
trans- positions. However, similar to ligand (L), this
backbone may be rigid due to the possible Te---N interac-
tion and resonance in the compound, which could hold
Te-C-C-C-N intact and planar. Therefore, the number of
bonds between tellurium atoms, in the same molecule, will
be pseudo-three, instead of the real nine bonds as shown

below.

Bu Bu

This pseudo-three bond backbone may, therefore, allow the
formation of a Pd(II) complex having cis- configuration.
PdClz.Lﬂ complex could, also, be a dinuclear complex, and
the ligands are bridging between two palladium atoms.

These possible structures are shown in scheme 5.1.

Di-selenium compounds, of the type RSeR'SeR (R = CH3, Ph;

R'= CH,CH,, CH=CH, o-C¢H,), which possess a three bond
backbone, have been also reported to form chelate cis-
palladium(II) complexes with v(Pd-Cl) of c.a. 317 and 305
1 (153)

cm™ Chelate cis-palladium(II) compounds have been
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Cl Te

e CHC1 /Cl 57 ek
/Pd\ : N /-d P:c:l
cl Te c1/

cis-monomer

(C)

trans-dimer

(D)

-

W

Te Te
Gl Gl

e

Pd Pd
Te///‘l Te’//}

Lol e

cis-dimer

Scheme 5.1 (E)

also obtained by reacting NadeCl4 with o-phenylenebis-

diphenylphosphine(LSQ).

The visible spectrum of PdClZ.L.HZO compound in chloro-
form revealed bands at 21550cm™ : ( €= 1125)and 26040cm™*
(€= 1875), while the spectrum of Pdplz.L' showed a band
at 22988cm (€= 1700) (Table 5.7). These bands are

characteristic of square-planar palladium(II) complexes,

which have been reported to shown medium intensity bands

197



(155)

= =
around 26000cm for di-stibine complexes , 27000cm :

i568 . 2500Ocm_l for di-selenium

(108)

for di-arsine complexes

C1L531)

complexes , and 24000 for di-tellurium complexes

5.3.2.2 Platinum Complexes of Ligands (L) and (L')

The reaction of tetrachloroplatinate(II) [as tetraphenyl-
arsonium salt] in dichloromethane with 1ligand (L) gave a
light cream coloured compound, while with ligand (L') it
gave a light orange compound. The elemental analyses
suggest a 1:1 formula for both complexes, PtClz.L.HZO and

PEGL, A 1,0,

The infra-red spectrum of PtClz.L.Hzo showed a broad band

at about 3400cm™!, which is characteristic of OH stretc-

hing of water molecules. Another strong band at 1625cnf1,
which is assigned as v(C=N), has not shifted very much

from that of the free ligand (1637cm™!). The 12cm™! lower

frequency shift could be as a result of a strong platinum-
tellurium interaction. The low frequency region of the

i.r. spectrum showed one band at 315cm™ © characteristic

of Pt-Cl stretching. However, this frequency is lower

C_H. Y.l

Vil e e
(vPt-Cl=337cm™ 1) (ZLEK trans-PtClz(SeEtz)2 (vPt-C1=339cm !

than that reported for trans- PtClz[Te(CH2CH

{15?), trans- PtClz[BugP(CHz)nPBug] (n = 5-12, PPt-Cl c.a.

333cm~1) (130,158) .54 trans- PtCl, (Sbeyz), (ecy = CeHyqo

pPt-C1=333cm~!) (139), The conductivity measurement in

DMSO gave a value of A 35 ohm™ ! em?mole™ !, based on the
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formula PtCl,.L.H,0, which indicates a 1:1 electrolyte
(but see later). Therefore, one of the chlorides could
be ionic. Hence, the absorption frequency at 315cm ™t
could not be due to the asymmetrical stretching of trans-
[C1-Pt-Cl], but probably due to the stretching of a
terminal Pt-Cl. In this case, since the ligand's nitrogen
atoms have been  excluded from co-ordination with
platinum, the chloride ligand is, therefore, co-ordinated
trans to either a water ligand or a tellurium
ligand. The v(Pt-Cl) has been found to vary with changes
in the ligand trans to Cl. These variations are interpre-
ted in terms of the trans influence of the ligands, as

(146)

mentioned earlier in the discussion The values of

r(Pt-Cl) in a series of complexes trans-[PtClL(PEtB)Z]CIO&

where L is a neutral 1ligand, have been determined by

(160)

infra-red spectroscopy When L 1is P(OMe)3, in this

series, ' (Pt-Cl) was reported at 316cnr1, whilesi s Cl is

trans to a pyridine 1ligand o©(Pt-Cl) would be at 337
m—l (147)

It has been also reported that, in the compound [Pt(bmsp)

Cl]PF6 (bmsp = (MeSeCHZCHZCHZ)ZSe) in which €1 1is trans
-1 (161)

to Se, the v(Pt-Cl) appears at 320cm All this

evidence, and the fact that Te ligands have higher trans-
: 147 ; : :
influence than H,0 ¢ ), indicate that in the present

compound, PtCl, .L.H,0, the chloride is located in a trans

position to a tellurium atom rather than to H,0 ligand.

Accordingly, we come to a conclusion that this complex
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may have a structure in which the tellurium donor atoms

are in a cis position, as shown below:

2 .20
Cl\ Te / /
Pt cl” / /
///z \\\\ Te Te

(F) (G)

The 125Te N.M.R. measurement of this complex was carried

out in DMSO, but not without gentle heat to obtain the
right concentration, in order to get a good resolution.
The colour of the solution, however, became slightly
brownish during the dissolution process. The spectrum
shows two sets of signals centered at & 469.5 and 512.2
ppm downfield from Me ,Te (Fig. 5.12). These resonances

125Te resonance of the

are at lower field compared to the
unco-ordinated ligand (S 464.4 ppm) (Fig. 5.6). A down-
field shift is expected wupon co-ordination of diorganyl-
telluride 1ligands to metal fons, whieh reflects a
deshielding of the tellurium atoms, as previously

d (21a,108)'

reporte Each of these sets comprises of a

main peak with two satellites resulting from coupling of

125Te with 195Pt (nuclear spin 1/2, natural abundance

201



i A L

o

OSWd ut (1) pue31l jo xa1dwod (J1)wnuijerd Jjo wnijidads *Y'W'N M:ﬁ_mhnmﬂ :

ZH 9'me0l uﬂﬁuﬁ_l,r_hc_:,
THAIOL= (g, ™ 35,00

T

Qyiperby, sk dd |- gh
uF_u-___ E.u widd 1015

(m
wz_u_..,}-.._- J'hah = BE21E8 B2 = _iém._,.._

()Pl ~esy wdd g
21taw f.b_u fLLm._u.:..

o

(o




33.7%). This indicates that both tellurium atoms of the
ligand are bound to platinum. The appearance of two sets
of signals may indicate two things, either there are two
distinct species in solution or, if there is one compound,
the two tellurium atoms of the 1ligand should be

inequivalent.

The presence of two distinct species could arise from

different possibilities:

(1) cis-trans equilibrium

(2) meso-DL isomerism

(3) alkyl and dealkyl compounds

The presence of one species with inequivalent tellurium
atoms may arise from the presence of alkyl and dealkyl

tellurium atoms in the same compound.

In order to discuss these possibilities, two parameters

125

should be considered, the Te chemical shift and the

coupling constant J(195Pt-125

Te).

(1) Cis-trans equilibrium

If there is a cis-trans equilibrium, two sets of signals
should be obtained downfield from the ligand signal. The
trans- isomer is known to resonate at a lower field than

the cis-isomer. Gysling et aI(ZIa)

have reported a down-
field shift of 133 ppm for the trans complex PtClz[Te(CHz'

CH,C H )?]2, while 87.8 ppm downfield shift for the cis-
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isomer was observed compared to the free 1ligand.
McWhinnie et al (108) have recently reported a similar
observation, where downfield shifts A&(83-91 ppm) for
the cis complexes PtCl,(ArTe(CH,) TeAr) (n =7, 9, 10)
and downfield shifts A&(114-124 ppm) for the trans iso-
mers relative to the free 1ligands, were obtained. These
results show that Adtrans/ A cis ratio is about 1.5.

195 125
t-

However, J( P Te) for the cis complex was reported

' f : 21 ;
to be ~1.5 times that in the trans lsomer( a), a ratio
which is similar to that reported for c¢is and trans

(144)
[PtClz(BusP)z] .

The lowest downfield shift in the spectrum of the present
complex is for the signal at 6 512.2 ppm, which is 47.8
ppm downfield from the free 1ligand. The other signal,
however, is only 5.1 ppm downfield from the ligand signal.
Non of these relatively small shifts, which may indicate
that ligand (L) is a harder 1ligand compared to simple
tellurium ligands due to Te¢«— N interaction, could be
considered as due to a trans isomer. Moreover, the
coupling constants J(195pt-125Te) are 1034.6 and 1014 Hz
respectively, which are comparable to the J value (900
Hz) obtained for the cis- PtC12[Te(CHZCH2C6H5E];213). The
difference between the reported coupling constant and our
values may be due to solvent effect(162), since a diffe-
rent solvent has been used in each case. Therefore, the
cis- trans isomerism could be disregarded here and,

. s : : 195 125
in fact, the similarity in J( Pr-

Te) & walues for the



two sets of signals may indicate that these signals are
due to species in which the tellurium donors are occuping
similar positions around platinum (i.e., cis- position);

this 1is 1in agreement with the infra-red arguement

mentioned earlier here.

(2) Meso-DL
The presence of meso and DL invertomers, which arise from
pyramidal inversion at tellurium, is also possible, as

shown below:

meso DL
(xiii) (xiv)

(153’163)have shown that inversion at

Previous studies
selenium is more difficult than at sulphur. Inversion at
tellurium may be more difficult than at selenium, but no
evidence for this 1is available however. o INCMER .

(153%nd tri—selenium(lsa%

studies of di-selenium omplexes
off Bt{IL)l, two e signals were observed due to meso and

DL isomers, for which the resonances of the different
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invertomers differ by c a. 3-12 ppm owing to the diffe-
rent orientation of the nonbonded selenium lone pairs in

the two isomers.

A difference of 42.7 ppm between the two signals in the
125Te spectrum of the present complex is, therefore, very

large to be considered as due to a meso-DL isomerism.

(3) Alkyl and dealkyl species

The possibility of alkyl and dealkyl compounds could be
the more likely explanation. The idea of de-alkylation
of chalcogenide compounds 1in their complexes 1is well
established. Several examples of S-dealkylation of co-
ordinated thioether ligands have been demonstrated(164),
Examples are shown in scheme 5.2, where (As—SCH3) is

dimethyl-o-methylthiophenylarsine.

T —
As\N //S
M(As-SCH,), X, e S M + 2CHX
reflux 8h / "\
2 As
e e
(A} M= Pd, Pt; X = Cl, Br, 1
s .8 X
DMF Mgt T r
2M(As-SCH_ )X - M M + ZCH.X
SEe2 reflux 8h T L 3
X S As
e N

(B) M = Pd, Pt; X = I
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As S X
DMF ST S i
[Pt{As=-8CH. ) ]J[PtX | ———————— Pt Pt 4 2CH.X
3 2 @5 refluxi@h © 2 R TR 3
X S As
\.._‘_________..a
(C) X'= Cl. Br
Scheme 5.2

The presence of dimethylformamide which is known to react
with alkyl halides was regarded to be a factor in the
facile demethylation in the above scheme, and a nucleo-
philic attack mechanism was postulated for the S-demethyl-

(162a)

ation reactions , as shown in eq. 5.5.

+

M
|

RSCHy + M?* + X“—> RS-CH, + X~ —>RSM* + CHX
-+

eq J.)0

Demethylation of co-ordinated selenoethers has also been
reported. When nickel(II) or palladium(II) complexes of
diphenyl(o-methylselenophenyl)phosphine were heated in
DMF or n-butanol, the 1ligand readily underwent demethy-
lation within 5-15 min. The relatively easy demethylation
of the selenoethers as compared to the thiocether was
attributed to the lower dissociation energy of Se-C bond
1o )k Preliminary studies on several [M(L—L)Xz] comple-
xes (M = Pt, Pd; L-L = di-selenium ligand; X = Cl, Br) in
(CD3JZSO, have been claimed to show that, on raising the

temperature, some H N.M.R. signals were identified as

due to the alkyl halide and the solutions darkened during
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these studies, which indicates Se-dealkylation is occu-

(153). These studies were, however, not pursued.

ring
Te-dealkylation of the complexes of organotellurium
ligands is unprecedented, although it may occur 1in a
similar manner to sulphur and selenium complexes. Many

1257¢ Mossbauer studies of organotellurium complexes,

125

particularly of Pt(II) and Hg(II), showed that the Te

Mossbauer parameters, in all cases, were similar to those
for tellurium atoms in triorganotellurium salts(24-26)
As shown in Table 5.9, the quadrupole splitting parameter

(A) for such complexes is around 6 mm s'!, which is very

close to A values of the corresponding telluronium salts.

According to such Mossbauer data and in view of the
apparent presence of RZTe+ groups within complexes, it
has been suggested (29) that the tellurium mercury
complexes are of the type (xv) similar to sulphur comple-

xes (eq. 5.5) and to [R3Te+]X- (xvi).

B
TesHg—X | X Te=R | X

(xv) (xvi)

It is reasonable, therefore, to suggest that the tellu-

rium ligand in the present platinum(II) complex may
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Compound S(mm s1)| A(mm s 1) Ref.

(p-Et0-C¢H, ), Te 0.24 19,13 24
[(p-Et0-C¢H,),Te],PdCl, 0.31 7.61 24
[(p-Et0-C(H,),Tel,PtCl,(cis)| 0.35 6.63 24

[(p-Et0-C H,),Tel,HgCl, 0.32 5.96 24,25
(p-MeO-C.H,),TeMe I (DMSO) 0.29 5.1 26
(CDC1,) 0.32 5.6 26
(solid) 0.15 5.8 26
Ph,Te 0.18 10.5 25
Ph,Te.HgI, 0.27 6.04 25
Ph,Te C1™ (solid) 0.35 5.8 26
Ph,Te C1~ (DMSO) 0.29 5.7 26

Table 5.9. Mossbauer data of some tellurium ligands, their

complexes and salts
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behave similarly to the telluronium salt (xvi) as shown

below:

w7

Bu

\/
/\

(xvii)

(166)stated that conductivity and ly N.M.R.

McWhinnie et al
data suggest that telluronium salts of the type th(CHBJ—
TeX (X = €Cl, Br, I, NCS) are covalent in CHCI3, but more
ionic in DMSO, and to a lesser extent, DMF (eq. 5.6).

Ph, (CH,) TeX —>2 > Ph, (CH,)Te X~ eq.5.6
e e

CHC13

"covalent" Yionic!

In a recent study, Rainville and Zingaro(lﬁ?) have repor-
ted that the difference in the methyl '4 N.M.R. resonance
of 10-methylphenoxatelluronium iodide in DMF—d7 versus
(CD3),S0 is due to the formation of phenoxa-tellurine
and (CD3)2§OMeI_, and stated that this methylation and
demethylation equilibrium in DMSO is reversible for methyl-

telluronium salts (eq. 5.7).
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— + (CD3>2§0Me 6
T e

- €4 Dol

In view of the above Mossbauer, conductivity and 14 N.M.R.
investigations, one can imply that, since organotellurium
ligands, in their complexes, behave 1like telluronium
salts, Te-alkylation and Te-dealkylation equilibrium in
DMSO solution of such complexes 1is also likely to occur.
Therefore, it is possible that when the present
platinum(II) complex was dissolved in (CD3)ZSO for 122ma
N.M.R. measurement, such equilibrium gave different

species in the solution (scheme 5.3)

e —_ ——

/—-———-...___\- /"—-—_—"‘"\
Te Te

Te ie
Bu \Pt ™ Bu DMSO Bu |+ DMSOBuCl~

e G 4 NG

(A) equivalent Te atoms (B) inequivalent Te
]lDMSO
/F_'_-hh\
Te Te
B A

DMSOBu C1~  + R e

/Pt\
(C) equivalent Te L -

Scheme 5.3
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The appearence of two sets of signals 1in the 123 1e
N.M.R. spectrum indicates that there are only two kinds
of tellurium atoms with a different environment. The
signal centered at & 512.2 ppm . could be due to the
alkylated co-ordinated tellurium atom, while the other
signal centered at o 469.5 ppm may be due to the
dealkylated co-ordinated tellurium atoms. The idea of
the presence of a dealkylated tellurium atom could well
explain the very small chemical shift difference between
the signal at é 469.5 ppm and the signal of the unco-
ordinated 1ligand (&= 464.4 ppm), because virtually Te
atoms in the two species of Figure5.13 will have similar

electronic environment, and thus a similar chemical shift.

R

N0

%

R

Ligand Te-dealkylated complex

Figure 5.13. The similarity between a tellurium ligand

and a dealkylated complex.
Conductivity measurement of this platinum(II) complex

(A= 35 ohm™lcm®mole™!) in DMSO indicates a 1:1 electrolyte.

Therefore, only species (A) and (B) of scheme 5.3 could
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be present in solution at least in the early stages of

the equilibrium (see later).

The similarity in the coupling constants i+ Be-1%37a)
of the two sets of signals may indicate that both of
these signals arose from tellurium atoms located in a cis
position. However, the signal, which is attributed to a
dealkylated tellurium atom, has a lower J value than the
signal attributed to the alkylated tellurium atom. This
may indicate that a dealkylated tellurium atom is weakly
co-ordinated to Pt as compared to an alkylated Te, since

the RTe” ligand is a harder base compared to R;Te.

The 'H N.M.R. spectrum of this Pt(II) complex in DMSO
(Fig. 5.14), shows all the peaks of the unco-ordinated
ligand. However, the signals centered at 3.05 ppm and
9.1 ppm, which are attributed to the protons of Cé&
(adjacent to Te) and the imine proton respectively, are
shifted by more than 0.5 ppm to a lower field. This
indicates deshielding of these protons due to the co-
ordination of tellurium to platinum. However, the
signal, due to the imine proton, is very clearly split
into two peaks (6 9.12&9.15 ppm), with the appearance of
two satallites at 6 8.62 &9.65 ppm, result from 195p¢-ly
coupling. The 53(1%%¢-14) value of 92 Hz is higher than
3J(Pt-H) reported for some organoseleniumplatinum(II)
complexes(lSB’leq) cf. 41 Hz. This may indicate two

things, first the resonance in the moiety Te-C-C-C-N, and
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(a) After one hour

freq. Range = 3000 Hz
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Figure 5.15

pt[1H] N.M.R.

spectrum of platinum

complex of ligand (L) in DMSO-dg
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therefore its planarity, is maintained in this complex
(crystallographically observed for Hg complex in chapter

four), which allowed a five-bond coupling with Pt. Second,
platinum is interacting inequivalently with tellurium

atoms of the ligand, which results in the splitting of

the signal into two peaks. The apparent splitting in the

other alkyl protons' signals and the appearance of a new
multiplet, in the 4 N.M.R. spectrum of the complex,

centered at § 4.26 ppm could be interpreted as due to the

formation of butyl chloride as a result of dealkylation

process.

195t N.M.R. spectrum of PtClZ.L.HZO was recorded in DMSO.

195Pt

It is known that resonance covers a wide range of

chemical shifts(l68), and wusually Pt(II) resonates at a
higherfield than the reference Na,PtCly , while Pt(IV)
could resonate at a higherfield or at a lowerfield. The
search in the higherfield down to ¢&=- 6700 ppm, did not
give a convincing signal, for this complex. The search
in the lowerfield, however, gave first a set of signals
of almost equal intensity at 6=+ 5986.1, + 5980.7 and
5975.4 ppm (interval frequency ~ 104 Hz), which are cha-

racteristic of Pt(IV) rather than Pt(II), as shown in

Fig. a.15a.
During the period of N.M.R. measurement, the solution

changed from light yellow to brownish. This change in

colour may be accompanied by oxidation of Pt(II) to
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Pt(IV) with intermediate Te-dealkylated species. This
process was followed by conductivity measurements. A
solution of PtClz.L.HZO (103M) in DMSO has A 35 ohm~lcm?
mole™! (indicating a 1:1 electrolyte), but when heated it
became brownish with a decrease in the molar conductivity.
After heating for 30 min., the solution became completely
brown and the conductivity dropped to 12 ohm™! cm?mole~!

(indicating a non electrolyte solution).

As stated in the experimental section, that when the
preparation of this compound was carried out in a reflux-
ing acetonitrile, a brown compound was obtained. The
elemental analysis showed a formula PtCl, .C,¢H,,N,Te,2H,0
(i.e., a dealkylated platinum(IV) complex) which has a
molar conductance of 11.5 ohm™lemZmole™!in DMSO. This
evidence together with 195p¢ N.M.R. study clearly support

the formation of a Pt(IV) complex.

It is feasible then to see resonances due to Pt(IV) in

195
the Pt N.M.R. spectrum. If a 195Pt nucleus is coupled

with two 125Te (I = 1/2, natural abundance 7%), the obser-
ved 195Pt spectrum should appear as one intense line
flanked by a doublet (relative intensity 1/2x 7%) whose

195Pt-lste)(lss). Therefore, one

interval is exactly J(
would expect three signals of relative intensity 0.035: 1
0.035, if this is within the spectrometer detection

capability as shown in the schematic diagram (xviii) below:



93%

J(199p-1254,

3.5% 35%

195 p¢ N.M.R. spectrum showing the

125

(xviii) Schematic
coupling to Te nuclei.
It has been stated that the ratio of the coupling
constants J(Pt(IV)-L) / J(Pt(II)-L) should be close to
0.67, because the S-character of a bond formed by Pt(II)
in a square planar complex [PtXZLZ] is approximately 1/4,
as the metal atom makes use of dspz-hybrids, while in the
corresponding octahedral complex of Pt(IV) [PtXaLz] it
is approximately 1/6, as the metal atom makes wuse of

(169)

dzspzthybrids It has been found experimentally,

that this ratio is about 0.6 in tertiary phosphine
complexes(laa’l?og and about 0.5 in selenium complexeél?l?
Thus it would be expected that J(Pt(IV)-Te) is about half
J(Pt(II)-Te) (i.e., about 500 Hz). Since neither the
intensity requirement nor the interval frequency between
the three signals obtained 1in the 195Pt N.M.R. spectrum
are satisfying the above discussion, one can not regard

195p¢ 12504 coupling. It is

these signals as due to
possible, then, that these three signals are due to three

different species in solution. After overnight accumu-
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lation, the position of these signals did not change while
the relative intensity became 0.28 : 1 : 0.38, which may
mean that the equilibrium has shifted in favour of the

central signal (Fig. 5.15b).

The structure of the present platinum complex appears to
be more complicated than what was thought, but what seems
almost certain is that the complex has cis tellurium

y 12570 N.M.R.

atoms around platinum. The solution (DMSO
spectrum showed that there are two kinds of tellurium,
one is three co-ordinated (alkylated) and the other is
two co-ordinated (dealkylated). The way in which dealky-
lation proceeded is unknown, probably by simple elemina-
tion or by platinum insertion between the tellurium atom
and the butyl group, then finally settled on a DMSO
molecule. The 195Pt N.M.R. spectrum in DMSO showed the
presence of Pt(IV) complex, which 1is believed to be the
same complex that was separated when the reaction was

carried out in acetonitrile, and having no butyl groups

according to the elemental analysis.

The platinum(II) complex of 1ligand (L') was prepared
using PtClz- , to give a 1:1 complex PtClZ.L'.HZO, which
is soluble in hot CHCl3 but not soluble in DMSO, CH3CN,

ethanol or nitromethane.

The infra-red spectrum of this complex showed a band at

1626cm™ ! characteristic of v(C=N), which is shifted to a
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higher energy by 10cm ™! as compared to the free ligand
absorption. The low frequency region of the i.r. spect-
rum showed two bands at 325, 295cm_L characteristic of
v, (Pt-Cl) and v _(Pt-Cl) respectively, which indicate a
cis configuration in the solid state. These are compara-
ble to the values 320, 299cm ™t reported for'gig-PtCIZ[Ar-
Te(CHz)?TeAr];loa), and the values 315, 293cm™! reported
for some cis-diphosphine platinum(II) complexes(154). As
stated earlier in the discussion, the number of bonds
between the tellurium atoms in 1ligand (L') could be
considered as pseudo-three instead of the real nine bonds.

Such a three bond backbone would not allow a trans

configuration unless the 1ligands are bridging. Accor-
dingly this complex may have a structure similar to that

of palladium (structure C or D).

The visible spectrum of PtCIE.L.HEJ in DMSO revealed a
band at 23250cm™1( € = 400) and a shoulder at about 21505
em™! (€= 350), while the spectrum of PtCl, .L'.H,0 in
chloroform showed a band at 27777cm ' ( €= 4000) and a
shoulder at about 23530cm™' (e = 250) (Table 5.7). These
bands are characteristic of square-planar Pt(II) comple-
Xes. The electronic spectra of many square-planar
platinum(II) complexes show a weak intensity band ( €e~250)
at the lower energy region, and an intense or a medium
intensity band ( ¢> 1000) at the higher energy side, but
some times one of them does not show due to overlapping.

These bands have been reported to occur at~25000cm™! for
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di-arsine complexes(156), 27000 and ~31500cm ! for di-
stibine complexes (155’159{ ~ 25500 and ~ 31100cm™! for
di-selenium complexes(153), and ~ 29500cm™! for di-tellu-

rium complexes(108).

When a DMSO solution of PtClz.L.HZO is heated, its colour
changes into brown and the electronic spectrum is gradu-
ally changed to give finally a band at 25000cm ! (€=12000)
and shoulders at 21275cm™! ( e = 6750) and 17855cm™! (e =
1500), which could be due to electronic transition in

Pt(IV).

5.3.2.3 Rhodium complexes of ligands (L) and (L')

A-Rhodium(III) Complexes

The complex precursor K,RhCl. (H,0) was used in the prepa-
ration of Rh(III) complexes of (L) and (L'). Brown 1:1
complexes of the formula RhClB.L.ZHZO and RhC13.L'.H20
were obtained, according to the elemental analyses (Table

5.2).

The complex RhCl;.L.2H,0 1is soluble in methanol, CHC13,
CH,Cl, and DMSO. Conductivity measurement of this
compound in DMSO (1073M) gave a value of A 20.4 ohm !cm?
mole‘k and 65 ol'lrn_lcmzmole_1 in acetonitrile, which are
less than the value expected for 1:1 electrolytes. Thus

the compound could be dimeric. The infra-red spectrum

shows a band at l640cm_1assigned as v (C=N) which has not



shifted much from that of the free 1ligand. The low
region of the i.r. spectrum showed bands at 322, 380cm™!

characteristic of U(Rh3+-Cl) vibrations.

The complex RhC13.L'.H20 is not soluble in methanol but
soluble in benzene, CHCl3 and DMSO. The conductivity
measurement of this compound in DMSO (1073M) gave a

2mole"lindicative of the non-ionic

value of A 6.6 ohm lcm
behaviour in solution. The infra-red spectrum revealed a
band at 1620cm ! attributed to U (C=N) stretching, which
has not shifted much from its position in the free ligand
(1616cm™ ). The low frequency region of the i.r. spec-

trum showed bands at 340 and 365cm™ ! characteristic of

) (Rh3+-C1) vibrations.

B-Rhodium(I) Complexes

The complex precursor [RhCl.COD]2 (COD is 1,5-cycloocta-
diene) was used to prepare the rhodium(I) complexes of
(L) and (L'). Brown 1l:1 complexes of the formula RhCl.L
and RhCl.L' were obtained (Table 5.2). They are both
soluble 1in dichloromethane and slightly soluble in
acetonitrile. Both of these complexes are non-ionic in

CH3CN (Table 5.3).

The infra-red spectrum of RhCl.L' showed a band at 1610
cm ~ assigned as v (C=N), which has been slightly shifted
to a lower energy as compared to the free ligand. The low

frequency i.r. spectrum did not show any band above 200
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Figure 5.16 : I.R. spectrum of Rh(III) complex of ligand (L)

MIZRONS

1800 1600 1400 200 600 400 100
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cm™! which could be assigned to v (Rh-Cl). This could
mean that this complex is dimeric with bridging chlorides

and chelating ligands as shown in structure (H).

Te“\a /// \\“ H//Te
Te//ﬂ K\\‘ /// R\\

(H)

The infra-red spectrum of RhCl.L (Fig. 5.17) showed bands
at 1632 and 1595cm™ ' which could be assigned as 1 (C=N)
for unco-ordinated and co-ordinated imine groups respec-
tively. The low frequency region of the i.r. spectrum

-1

showed a band at 300cm assignable to r (Rh"-Cl). There-

fore the compound could be monomeric with a terminal

chloride, and having a structure shown below:

Bu

i

; \/
/\
_N\/

(J)
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For comparison, the complex [RhCl.LlO]n was prepared by
the reaction of [RhC1.COD], with L'®(ArTe(CH,) , TeAr)‘?”]
The resulting compound 1is 1insoluble in many organic
solvents, and its 1low frequency 1i.r. spectrum did not
reveal a band characteristic to v (Rh-Cl) above 200cm™
This could mean that the complex 1is polymeric with

bridging tellurium ligands and bridging chlorides.

Ar Ar Ar
""Te/ \Te/\‘re/ \ Sl
\ / \ / \ / /
Te/// \\\ /// .\\\Te Té//’ \\\ \\\“Te
if \\\Ar Af// i e Af// s

(K)

The visible spectra of RhC13.L.H20 and RhC13.L'.H20 exhi-
bit bands at 25310cm !(e= 15000) and 24270cm™!(e= 18000)
respectively which are characteristic of absorptions in
Rh(III) complexes. It has been reported that Rh(III)
complexes show intense band (€ > 17000) at 31000cm™! for
di-phosphine complexes(ISA) g 30000em™!  for diarsine

= 55
complexes (156b), 27000cm™! for di-stibine COmplexés )

and 26500cm ' for di-selenium complexes(lsa).
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5.3.2.4 Summary

As a result of this study, it has been noted that genera-
lly the reaction of 1ligand (L) with Pd(II), Pt(II) and
Rh(III) gives ionic compounds, while the reaction of
these transition metal ions with 1ligand (L') gives non-
ionic compounds. No reduction of these metal ions to a
lower oxidation state has been noticed as a result of the
reaction with such tellurium ligands, in contrast to some
of the di-tellurium ligands [ArTe(CHZ)nTeAr], which were
Yeported to ‘'reduce Pt(Il)  to Pe(I) and Rh{(IIl) to
Rh(1)(27)

Ligand (L) could be considered as having a pseudo-five
bond backbone between tellurium atoms instead of the real
eleven bonds, and ligand (L') could be regarded as having
a pseudo-three bond backbone between telurium atoms,
instead of the real nine bonds. This was attributed to
the significant tellurium-nitrogen interaction in both
ligands.

The complexes could be described as follows:

(1) Palladium(II) Complexes
a-with ligand (L): it is ionic, dimeric with trans bridg-

ing tellurium ligands and chloride is trans to H,0.

b-with ligand (L'): the complex has a cis configuration.
It is non ionic and it could be monomeric or dimeric.

It isomerises in CHCl3 solution into trans.
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(2) Platinum(II) Complexes

a-with ligand (L): it is 1ionic, monomeric or dimeric
having cis tellurium ligands. It is not stable in DMSO
solution, and undergoes Te-dealkylation with oxidation
of Pt(II) to Pt(IV) and finally became non ionic.

b-with ligand (L'): the complex has a cis configuration.

It could be monomeric or dimeric.

(3) Rhodium(III) Complexes

a-with ligand (L): the complex 1is ionic and it could be
dimeric. Only tellurium atoms are co-ordinating.

b-with ligand (L'): the complex 1is non-ionic and only

tellurium atoms are co-ordinating.

(4) Rhodium(I) complexes

a-with ligand (L): the complex may be monomeric with a
terminal chloride and the ligand is acting as tridentate
through Te, N and Te atoms.

b-with ligand (L'): the complex 1is dimeric with bridging

chloride and only tellurium atoms are co-ordinating.
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CHAPTER SIX

NEW ORGANOTELLURIUM COMPOUNDS DERIVED FROM

PYRIDINE AND QUINOLINE



6.1 Introduction

In the previous chapters, the preparation of some
tellurium ligands, containing carboxylate or imine
groups, have been described and some of their complexes
have been discussed. As the aim of this work is to
prepare and study tellurium ligands that incorporate hard
donor atoms,pyridine and quinoline functionalised ligands

may be good examples.

Some chalcogenide compounds which contain pyridine or
quinoline groups and capable of acting as bi- or
multidentate ligands have been reported in the literature.
Bis(f3-(2-pyridyl)-ethyl)selenide (DPSe) was prepared from
2-vinylpyridine and H,Se in ethanol, its 1:1 complexes
Cu(DPSe)X, (X=Cl, Br, NO,, C103) were also prepared in
which the ligand was shown to be tridentate through two

nitrogen atoms and one selenium atomcl?Z).

O )

N\/\S N

(DPSe)

The preparation of 2-(2-pyridyl)benzo[b]selenophene (PBSe)

has been also reported(l?3) ) This compound has been
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investigated as a possible reagent for palladium. It was
postulated that this ligand might be highly selective for
palladium, and it acts as a bidendate ligand involving a

Pi-Se Bond Ti

Pd(PBSe)CL,

Selenium compounds involving a quinoline group have also
been prepared, and 8-methylselenoquinoline 1is one exam-

(173)
e .

pl Some cadmium(II), 2zinc(II) and lead(II) 1:1

complexes of quinoline-8-selenol were investigated, and

their formation constants were determined (176{

The only bidentate tellurium compounds of the above
category, which have been reported to date, are [4,5-d]-
quinolino-2,3-dihydrotellurophene (i) and [4,5-d]-quinolino-
tellurophene (ii), which were prepared in fair yield (30-
50%). No complexes of these compounds have been reported

(200)
however i
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[ ::]: \\il::——j:] [ ::J: “f]::j—j:]
N/ Te N = Te

(1) (ii)

In this chapter, the preparation of some tellurated
pyridine and quinoline derivatives is described. Tellu-
ration of the starting organic compounds was performed
via trans-metallation of the mercurated derivatives. Some
of these tellurium compounds are potentially bi- or
multidentate ligands, and one palladium complex was
prepared. A novel tritelluride compound was isolated,
and its molecular structure determined by a single

crystal X-ray crystallographic study.*

6.2 Experimental

6.2.1 Synthesis of 2-(2-Pyridyl)phenylmercury(II)chloride

2-Phenylpyridine (7.81g, 0.05 mole) and mercury(II) ace-
tate (15.93g, 0.05 mole) were mixed in absolute ethanol

(100cm3) and refluxed for 24 hours. At the end of this

*Single crystal X-ray crystallography was done in co-

operation with A.A.West of our group at Aston University.

231



period, lithium chloride (4.4g) in methanol (100em®) was
added with vigorous stirring, and the thick mixture was
heated for 15 minutes. It was then poured into distilled
water (300cm®) and filtered. The solid product was washed
with water then methanol, dissolved in hot methanol and
filtered. The filtrate was left to stand at room tempe-
rature whereupon a white crystalline compound formed,
which was separated by filtration, washed with cold

methanol and dried at 60°C in an oven, yield 35.5%, m.p.

138-140°C.
Found C.= 33.7%, B = 2.00%, N = 3.50%; C11H8C1NHg
requires € = 33.8%, H = 2.05%, N = 3.58%

6.2.2 Synthesis of 2-(2-Pyridyl)phenyltellurium(IV)tri-

bromide

A solution of 2-(2-pyridyl)phenylmercury(II)chloride
(3.9g, 0.01 mole) in dry dioxane (20cm>)  was added to
tellurium tetrabromide (4.47g, 0.01 mole) dissolved in
dry dioxane (15cm3). The mixture was refluxed under di-
nitrogen for two hours, during which time a yellow
compound formed. At the end of this period, the hot
solution was filtered and the yellow compound was washed
several times with absolute ethanol. It was recrysta-
1lised from "1:1i acetonitrile/ethanol giving yellow

crystals, yield ~77%, m.p. 283-285°C.
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Found € = 2570, B = 1,408, N = 2.80%. Br = 46.3%
C“HSNTeBr3 requires
C=25.3%, H=1,55%, N = 2.68%, Br = 46.0%

6.2.3 Synthesis of 2-(2-Pyridyl)phenyltellurium(II)bromide

2-(2-Pyridyl)phenyltellurium(IV)tribromide (1.04g, 0.002
mole) was suspended in absolute ethanol (30cm>). To this
was added hydrazine hydrate (0.1lg, 0.002 mole) in ethanol
(10cm>) under nitrogen gas with stirring. The solid
dissolved after the completion of addition, and the clear
solution was refluxed for 15 min., then left to cool to
room temperature. The yellow crystalline compound, so
formed, was filtered and washed with ethanol, yield 65%,

m.p. 178-180°C.

3.80%, Br

Found = 37.08y H = 2.,20%; N = = 22.3%
ClleNTeBr requires
C= 36.5%, H= 2,222, N = 3.81%, Br=22.1%

6.2.4 Synthesis of Bis(2-(2-pyridyl)phenyl)ditelluride

2-(2-Pyridyl)phenyltellurium(IV)tribromide (1.04g, 0.002
mole) was dissolved in 2:1 acetonitrile/ethanol (30cm>)
and treated with excess hydrazine hydrate (0.6g, 0.012
mole) in ethanol (lOcm3), and the mixture was refluxed
for 20 min. The precipitate, so formed, was filtered off

and recrystallised from benzene to afford yellow-orange
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crystals, yield 60%, m.p. = 150-152°C.

Found C = 46.6%, H = 3.00%, N = 5,20%, Te = 45.3%
C22H16N2Te2 requires
C =146.9%, H = 2.86%, N = 5.00%, Te = 46.0%

6.2.5 Synthesis of Bis(2-(2-pyridyl)phenvl)tritelluride

2-(2-Pyridyl)phenyltellurium(IV)tribromide (2.60g, 0.005
mole) was suspended in absolute ethanol (60cm?) and trea-
ted dropwise with a solution of sodium borohydride (1l.1g,
0.03 mole) in absolute ethanol (20cm3). At the begining
of the addition, the solid dissolved with evolution of
gas, then black tellurium was noticed. After completion
of NaBHa addition, when the solution had turned red, it
was heated for 10 min., and filtered hot. Upon standing
at room temperature a brown-red solid formed, which was
filtered off, washed with water then ethanol. It was
recrystallised from a benzene/toluene mixture, yield ~

90% based on the tribromide, m.p. 165-166°C.

Found € = 390%, H =12.30%, N = 3,90%, Te-= 55.6%
C22H16N2Te3 requires
C = 38.2%, H = 2.33%, N = 4.0%, Te = 55.4%.
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6.2.6 Reduction of Bis(2-(2-pyridyl)phenyl)tritelluride

with Cu®.

Bis(2-(2-pyridyl)phenyl)tritelluride (1.38g, 0.002 mole)
was dissolved in dioxane (15cm > ), and copper powder
(0.38g. 0.006 mole) was added. The mixture was refluxed
for 24 hours, then filtered, and the solution was
evaporated in vacuo. The residue was recrystallised from
ethanol giving a golden-yellow crystalline compound,

yield ~75%, m.p. 146-147°C.

Found G

]
I
I

46.6%, H 2.60%, N = 4.80%; "C..H N Te

22 lis 2

requries C = 46.9%, H 2.86%, N 5.00%

6.2.7 Synthesis of Bis(2-(2-pyridyl)phenyl)telluride

2-(2-Pyridyl)phenyltellurium(IV)tribromide (1.04g, 0.002
mole) and 2-(2-pyridyl)phenylmercury(II)chloride (0.78g,
0.002 mole) were dissolved in dry dioxane (20em®), and
the mixture was refluxed for three hours. The white
solid, so formed, was filtered off, washed with dry

methanol and recrystallised from nitroethane, m.p. 235-

238°C,

Found C=29.3%, B = 1.80%, N.= 3.10%:
CypHygN 2TeHgClBr requires
€= 29.0% . cH=21.77%8, N = 3.07%



The above white compound (0.91g,0.001 mole) was suspended
in ethanol, stirred and treated dropwise with a solution
of hydrazine hydrate (0.2g,=0.005 mole) in ethanol (5cem ),
then heated. During that time elemental mercury deposited
and the solution turned yellow. The solution was
filtered, and water was added to precipitate a yellow
compound, which was separated, washed with water and

crystallised from ethanol, yield~65%, m.p. 102 - 103°C.

Found C = 60.5%, H=3.70%, N = 6.30%, Te = 28.5%
C22H16N2Te requires
C= 60.6%, H=23.70%, N =6.42%, Te = 29.21%

6.2.8 Preparation of Bis(2-(2-pyridinium)phenyl)tellurium

Di-perchlorate.

Bis(2-(2-pyridyl)phenyl)telluride (0.44g,~0.001 mole) was
dissolved in hot methanol (30cm>) and treated with an

excess of perchloric acid. The solution was heated with

stirring for 30 min., then filtered. The filtrate was

set aside at room temperature, and over a period of time

a yellow crystalline compound formed, which was filtered

off, washed with methanol and air dried. It decomposed

at about 270°C.

Found C 41.6%, B

]

2.60%, N 4.10%; C,,H, Cl1,N,0,Te

22 L8 w228

requires C 41 .5%: B = 2.53%, B i G0E
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6.2.9 Synthesis of 2-(2-Pyridyl)-4-ethoxyphenyltelluride

2-(2-Pyridyl)phenylmercury(II)chloride (1.95g, 0.005 mole)
and 4-ethoxyphenyltellurium(IV)trichloride (1.28g, 0.005
mole) were dissolved in dry dioxane (20cm®) and refluxed
for two hours. The white material, so formed, was
filtered off while the solution was hot, washed with

methanol and dried in an oven at 100°C.

Found C

30.4%, H 2.90% % N

1.60%; C19H17N0TeHgC14

30.6%, H

I

2.30%, N 1.87%

Il
Il

requires C

The above white compound (1.49g, 0.002 mole) was suspen-
ded in ethanol (30cm3) and treated dropwise with an
excess of hydrazine hydrate and stirred for 15 min.
Water (50cm3) was then added, and the solution was filte-
red. The solid ,obtained, was recrystallised from 1:1
ethanol/acetone to give a pale yellow crystalline comp-

ound, yield 67.4 %, m.p. 124-126°C.

Found C = 56.5%, H = 4.10%, N = 3.40%, Te = 31.1%
C,qH,,NOTe requires
C.= 56.6%, H = 4§, 258, N = 3,475, Te = 31.77%
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6.2.10 Synthesis of Dimethyldithiocarbamato-2-(2-pyridyl)-

phenyltellurium(II)

Method (A):

2-(2-Pyridyl)phenyltellurium(IV)tribromide (1.04g, 0.002
mole) in acetonitrile (30cm>) was treated with aceto-
nitrile solution (ZOcmS) of sodium dimethyldithio-
carbamate (1.08g, 0.006 mole) and the mixture was
refluxed under dinitrogen for two hours. The solution
was filtered, and the filtrate was left standing at room
temperature. After one hour, the yellow crystalline
compound, so formed, was filtered off, washed with

acetonitrile and air dried, yield 70%, m.p. 165-166°C.

Method (B):

2-(2-Pyridyl)phenyltellurium(II)bromide (0.36g, 0.001

mole) in acetonitrile (15cm3) was treated with an aceto-

nitrile solution (15cm°) of sodium dimethyldithiocarbamate
(0.18g, 0.001 mole), and the mixture was heated for 30

min. The solution was then filtered and the filtrate was

left to cool down giving rise to a yellow crystalline

compound, yield 75%, m.p. 165-167°C. The compounds

prepared by both methods gave identical analyses.

Il

Found C = 42.0%, H = 3.50%, N 1008, Br < 1%
ClaHlastzTe requires

C = 41.8%, B = 3,51}, N=16.9/%, Br = 0.0%
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6.2.11 Synthesis of 2—Phenquuinoline(l??)

A mixture of o-nitrobenzaldehyde (15.1g, 0.1 mole) and
acetophenone (12g, 0.1 mole) was saturated with dry
hydrogen chloride gas and left overnight. The brown
crystalline product was kept molten and flushed with
nitrogen until it became free of HCl. It was allowed to
solidify then ground and recrystallised from an ethanol/
water mixture to get a cream 1like coloured platelets of
o-nitrostyrylphenylketone, yield 21.1g (78%) m.p. 121°C
(1it. 122-123°€C).

A solution of o-nitrostyrylphenylketone (20g, 0.08 mole)
in ethanol (600cm>) and conc. HCl (20cm>) was treated
with iron powder (l6g) during 30 min. The mixture was
then refluxed for two hours, filtered and saturated with
HCl gas. When the bulk of ethanol was evaporated and the
solution was cooled, 2-phenylquinoline hydrochloride
(20g) deposited. The crude hydrochloride was stirred
with aqueous ammonia, then ethanol was added to dissolve
the residue. A further quantity of ammonia solution
(5cm3) was added and the mixture was boiled, filtered,
partly evaporated then cooled. The 2-phenylquinoline
deposited, was separated and recrystallised from aqueous

ethanol in white needles (65% yield) m.p. 84-85°C (1lit.

85- 86°C).
Found €C = 87.2%; H = 5.,20%, N = 6.80%; C15H11N
requires C = 8/.8%, H = 5.40%, N = 6.82%



6.2.12 Synthesis of 2-(2-Quinolinyl)phenylmercury(II)-

chloride

2-Phenylquinoline (10.25g, 0.05 mole) and mercuric ace-
tate (15.93g, 0.05 mole) were mixed and refluxed in

absolute ethanol (IOOCm3

) After seven hours, lithium
chloride (4.4g) in methanol (30cm>) was added. The
mixture was treated in a similar manner to that mentioned

in section (6.2.1). The resultant white crystalline com-

pound (yield 6g, 34%) melts at 180-182°C.

Found {

40.9%, H 2.10%, N 2.90%; € C1NHg

15H10
3.18%

2.30%, N

requires C = 40.9%, H

6.2.13 Synthesis of 2-(2-Quinolinvl)phenyltellurium(IV)-

tribromide

2-(2-Quinolinyl)phenylmercury(II)chloride ( 4.4g, 0.01

mole) and TeBr, (4.47g, 0.01 mole) were refluxed in
dioxane (20cm3) for two hours. The rest is similar to
section (6.2.2). The bright yellow crystalline compound

(3.6g, 63%) melts at about 340°C.

Found C=31.3%; H= 1.70%; N = 2,604, Br = 41.97%
ClsHlONTeBr3 requires
C=31.2%, H=1.76%, N = 2.45%, Br = 41.97%
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6.2.14 Synthesis of 2-(2-Quinolinyl)phenyltellurium(II)-

bromide

2-(2-Quinolinyl)phenyltellurium(IV)tribromide ( 1l.l4g,

0.002 mole) was suspended in ethanol (30cm?) and treated
with hydrazine hydrate (0.002 mole) 1in ethanol (10cm?).
The mixture was refluxed for 15 min., and the yellow
compound, so formed, was filtered off and recrystallised
from benzene to give yellow needle-like crystals which

decompose at about 150°C.

Found Cr= 43 0%, H = 2.30%, N'= 3.20%, Br = 19.3%
C,sH;oNTeBr requires
C=43.87, H=2.45%2, N = 3.40%, Br = 19.47%

6.2.15 Synthesis of Bis(2-(2-quinolinyl)phenyl)ditelluride

2-(2-Quinolinyl)phenyltellurium(IV)tribromide ( 1.1l4g,

0.002 mole) was suspended in ethanol (30cm3) and treated
with hydrazine hydrate (0.6g, 0.012 mole) in EtOH (15cm3).
The mixture was refluxed for 15 min., and the orange
precipitate, so formed, was filtered off and recrysta-
llised from benzene, yield ~ 90%, m.p. 220-222°C. Reduc-
tion by an ethanol solution of sodium borohydride also
gave an orange compound m.p. 220-222°C. The products
from the different reduction methods gave identical

elemental analyses.
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Found €C =54, 10,"H="2.90%, N = 3.90%,.T¢ = 38.1%
CyoH,oN,Te, requires
C=54.3%, H=3.04%, N=4.20%, Te = 38.5%

6.2.16 Synthesis of Bis(2-(2-quinolinyl)phenyl)telluride

Bis(2-(2-quinolinyl)phenyl)ditelluride (1.33g, 0.002 mole)
and copper powder (0.38g, 0.006 mole) were stirred and
refluxed in dioxane (15cm>) for 24 hours. The mixture
was then filtered and the solvent was evaporated in
vacuo. The residue was crystallised from ethanol giving

a yellow crystalline compound (yield ~707%) m.p. 187-189°C.

Found C =67.5%, H=3.50%, N=4.90%, Te = 23.6%
C3OH20N2Te requires
C=67.2%, H=23.76, N= 5.22%, Te = 23.8%

6.2.17 Synthesis of Bis(2-(2-quinolinyl)phenyl)tri-

telluride

2-(2-Quinolinyl)phenyltellurium(IV)tribromide ( 2.2885

0.004 mole) was suspended in ethanol (25cm®). Tellurium
powder (0.26g, 0.002 mole) was added, and the mixture was
stirred under argon gas. Sodium borohydride (1l.1g) in
ethanol (20cm®) was then introduced slowly, until all
tellurium powder disappeared. The resulting red solution
was refluxed for 30 min., then allowed to cool to room

temperature, whereupon an orange compound formed which
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was filtered off and recrystallised from benzene to give

an orange-brown compound, m.p. 211-212°C, yield ~ 80%.

Found € = L5.8%, H= 2,300, N = 3.500%,.Te = 47.5%
C30H20N2Te3 requires:
C=45.5%, H =2.55%, N = 3.54%, Te = 48.4%

6.2.18 Synthesis of Dimethyldithiocarbamato-2-(2-quino-

linyl)phenyltellurium(II)

2-(2-Quinolinyl)phenyltellurium(IV)tribromide ( 1.14g,

0.002 mole) was suspended in acetonitrile (30cm3) and
treated with an acetonitrile solution (20cm3) of sodium
dimethyldithiocarbamate (1.08g, 0.006 mole). The mixture
was stirred and refluxed under dinitrogen for one hour,
then filtered. The filtrate was left standing at room
temperature. After two hours, the golden yellow crysta-
lline compound, so formed, was filtered off, washed with

acetonitrile and air dried, m.p. 206°C.

Found @

Il
Il
Il

48.0%, H = 3.30%, N = 6.40%; C,gH (N,S,Te

S3.087%, N 6.20%

]

47.8%, H

Il
Il

requires C

6.2.19 Preparation of a Pd(II) Complex of Bis(2-(2-pyri-

dvl)phenvl)telluride

Bis-(benzonitrile)chloro-palladium(II) (0.383g, 0.001

mole), in acetonitrile (150m3) was added to an aceto-
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nitrile solution (15cm>) of bis(2-(2-pyridyl)phenyl)-
telluride (0.13g, 0.001 mole) and stirred for one hour
at room temperature. The yellowish-brown compound, so
formed, was filtered off, washed with acetonitrile and

dried in air; it decomposed at 230°C into black.

Found C = 43.1%, H = 2.50%, N = 4.60%; C,,H, ,Cl,N,PdTe

requires C 43.1%, H 2.61%, N 4.56%

6.3 Results and Discussion

The elemental analyses, melting points and yields, and
13¢c N.M.R data of 2-phenylpyridine and 2-phenylquinoline
derivatives are shown in Tables 6.1 - 6.5. Infra-
red spectra of some of these derivatives are shown in

Figures 6.2 - 6.13.

6.3.1 Mercuration of 2-phenylpyridine and 2-phenyl-

quinoline

Many organic compounds, bearing an atom or a group which
can form an intramolecular co-ordination bond, have been

G178
reported to form ortho-metalated compounds :

metal

\

M L = co-ordinating atom

1

=
3
W

(iii)
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(a)

Compound Colour m.p.(°C) Yield% A
C, HgNHgCl White 138-140 35.5
CMHSNTeBr3 Yellow 283-285 ~77
CIIHBNTEBr Yellow 178-180 65
CZZHLGNZTEZ Yellow-orange | 150-152 60
Cy,H; gN, Teq Brown-red 165-166 ~90
CyoH; Ny Te Yellow 102-103 65
C22H16N2T'e.2H0104 Dull yellow 270(dec.) - 251 (CH5CN)
C,,H, gN,TeHgClBr, | White 235-238 - | 73.7 (cH;N0,)
C, gH, ;NOTeHgCl, White E 33.6 (DMSO)
C, gl ;,NOTe Pale yellow 124-126 67
C4Hy 4 N,S,Tet®) | Yellow 165-166 70
PdCl, .Cy,H, (N, Te | Yellow-brown 230(dec.) - 2.0(DMSO)
C sty N White 84-85 65
ClSHloNHgC1 White 180-182 ~34
ClSHwNTeBr3 Bright yellow | ~340 63
C, H, NTeBr Yellow 150(dec.) -
CyoHy N, Te, Orange 220-222 ~90
CagH, N, Te Yellow 187-189 ~70
C30H20N2Te3 Orange-brown 211-212 ~ 80
0, gl oM, S,Tet Golden 206 65

(a) Molar conductance (ohnflcmzmole'L)

of 10_3M solution

(b) Prepared from the corresponding tribromide compound.

Table 6.3. Some physical properties of the pyridine and quinoline

derivatives
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2-Phenylpyridine and 2-phenylquinoline were shown to be
ortho-palladated when reacted with sodium tetrachloro-
palladate in alcohol. The resulting yellow compounds
were believed to have the dimeric structure (iv) and (v),
in which the co-ordination group comprises the o¢-Pd-C

bond and Pd«—N.

<:::>N G <:::>N Cl

SRy B e f

Pd Pd

(iv) (v)

It has been pointed out that for ortho-metallation reac-
tions to take place, the metal centre should be co-
ordinatively unsaturated and highly electrophilicujg)
These two properties of tellurium have been wused to
stabilise the rather unstable organotellurenyl compounds.
As an example, azobenzene was orthometallated by using
TeCl, in forcing conditions, to get the (2-phenylazo-
phenyl-C,N')tellurium(IV)trichloride which could be redu-
ced by hydrazine hydrate into the phenylazophenyl(C,N')-

t81lurium(II)chloride(ll?,lSO)
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However, using tellurium tetrachloride for direct metalla-
tion is not always easy and successful. A previous
worker in the laboratory attempted the direct metallation
of some typical Schiff bases by tellurium tetrachloride
and tetrabromide, and found that the reaction of
tetrahalides gave only ionic compounds containing the

protonated bases(ISI)

Direct telluration and trans-
metallation of some Schiff bases and mercurated Schiff
bases, using TeCl, were reported to give ionic products,
despite taking precautions to dry solvents“ﬂs) . However
trans-tellurations of some mercurated Schiff bases using
TeBr, or (4-ethoxyphenyl)tellurium(IV)trichloride were

successful(lza).

Pyridine and quinoline compounds are, in fact, as suscep-
tible as Schiff bases towards protonation. Therefore,
the use of tellurium tetrachloride was avoided in the

present work, and mercuration was done as a first step.

The weaker electrophile mercuric acetate (Hg2++ 2e—Hg?,
(182)

E°= 0.85V) was used in mercuration since, in its
reactions, the metal often remains in the Hg(II) state
and affords stable mercurated products,whereas covalent
mercuric chloride was reported to be a poor electro-

3
phile(18 ‘

A method similar to that reported for the mercuration of

azobenzene(lgq) was adopted. When 2-phenylpyridine or
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2-phenylquinoline was treated with mercury(Il) acetate
followed by addition of 1lithium chloride in methanol,
compounds (vi), and (vii) were obtained resulting from

attack at the phenyl ring

<::> Hg(OAc),

- > = —
LN EtOH/refl. ,C"\ <::>

(! N G ! N

Hg(OAc)2

N

O~ —
\

2
K P N\ ’ (f\ / N )
SN A ‘ * ¥ H«™ ~"DAc
G / e
Hg(OAc), Hg(0Ac)
m-complex U- complex
Licl
S\
N
HgCl (vi)
0282
HgCl

(vii)

Scheme 6.1 A possible mechanism for the mercuration of

2-phenylpyridine and 2-phenylquinoline



6.3.2 Transmetallation

Arylmercury compounds have proved valuable for their
trans-metallation properties, and this characteristic has
been used in the present study for synthesis of the
desired organotellurium compounds. In the trans-metalla-
tion of the mercurated derivatives (vi) and (vii)
tellurium tetrachloride was not used, and instead TeBg‘
and 4—CZH50-C6H4TeCI3 were chosen to avoid protonation of

the heterocylic ring as mentioned earlier.

The reaction of TeBr, with compound (vi) or (vii) in 1:1
molar ratios in refluxing dioxane afforded yellow compo-
unds (viii) and (ix), which were separated from the warm
solution by filtration. In this case the resulting

mercury(II) chloride was washed out with the filtrate.

TeBr4
N ( )
>
dioxane/2h
N
TeBr3
(viid) m.p. 283°€C
N
TeBr3
(ix) m.p. 340°C
Scheme 6.2
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The reaction of the mercurated compound (vi) with the
tribromide (viii) or 4—CZH50-CGHaTeC13 should give the
diorganyltellurium(IV) dihalides, but the elemental
analysis suggests that mercury(II) halide was not
released into the solution. Therefore, HgX2 (X = €1, Bx)

adducts of unknown structures were obtained, which were

<::> (viii)/dioxane <<::)>

N e

\\l Te
N N
HgC1Br,
4—Et0-C6H4Te013 NZHA'HZO
Té - e
HgCl1l
& =avilew @) @
Gl
N (x)
2H4'H20
OC2H5
Te
O
(xi)
Scheme 6.3
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shown by conductivity measurements to be 1:1 electrolytes
(Table 6.3). However, reduction of these adducts with
hydrazine caused the precipitation of elemental mercury
and the formation of tridentate and bidentate ligands (x)
and (xi). The above finding may indicate that these
adducts could be in a form of telluronium cation and HgXE
anion, which upon reduction can give a Te(II) compound
and Hg® (Scheme 6.3). This implies that the affinity of
tellurium to nitrogen is more than mercury. Crystals of
(xi) were obtained from ethanol solution, while compound
(x) did not afford crystals, and it was converted to the
crystalline perchlorate salt by reacting it with perchlo-

ric acid in methanol.

R a3 Reduction Reactions

6.3.3.1 Reduction of 2-(2-pyridyl)- and 2-(2-quinolinyl)-

phenyltellurium(IV)tribromide

Reduction of organotellurium(IV)trihalides, which have

. s : 180b,181b
a donor group in the ortho-position, with NzHa( !

or with sodium bisulphite(lss)

afforded organotellurenyl-
halides, which are stabilised by the intramolecular
interaction. It has been reported also that reduction of
such compounds with excess hydrazine could afford the

(180a) This phenomenon was

corresponding ditelluride
applied, and the present tribromide compounds (viii) and

(ix) were reduced with ethanolic hydrazine hydrate. By
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using 1l:1 reactant ratios, yellow crystalline compounds
were obtained, whose elemental analysis data (Tables 6.1
and 6.2) agree with the formation of the tellurenylbromi-
des (xii) and (xiii). When an excess of hydrazine
hydrate was reacted with the tribromides (viii) and (ix)
a yellow-orange and an orange compounds were obtained
respectively, whose elemental analyses showed that they

are the ditellurides (xiv) and (xv).

Excess N H&

2 N
Te
9 \  (xiii)
Br
& ;
N ==
Te Ti\
b N £ 2
(xiv) (xv)
Scheme 6.4

]
un
(@)




Whilst attempting to reduce the tribromides (viii) and
(ix), by use of NaBH4, to the sodium organyltelluride(-1),
a brown-red and an orange compounds were obtained respec-
tively. Elemental analysis data showed that the
quinolinyl derivative was the ditelluride (xv), while the

pyridyl derivative was a novel tritelluride compound (xvi).

&

N

/
(::) N———*TQ\\\ ///Te

Te

(xvi)

6.3.3.2 The Formation of Bis(2-(2-pyridyl)phenyl)tri-

telluride

The deposition of tellurium metal during the reduction of
2-(2-pyridyl)phenyltellurium(IV)tribromide by NaBH4 may
provide a clue for the mechanism in which the bis(2-(2-
pyridyl)phenyl)tritelluride has formed. During the first
step of the reduction, 2-(2-pyridyl)phenyltellurium(II)-
bromide may have formed. This could react with sodium
telluride which is known to to be generated in solution
by the reaction of NaBH4 and tellurium. An alternative
mechanism is that tellurium could insert into the tellu-

renyl salt to give the product according to scheme 6.5.
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NaBH4 NazTe
O SRR~ O ___)ArTeTeTeAr
N + 2NaBr

TeBr3 TeBr

Te® NaBH;|
ArTeTeNa &——— ArTeNa

ArTeTeTeAr

Scheme 6.5

However, no tellurium was noticed during the reduction of
2-(2-quinolinyl)phenyltellurium(IV)tribromide with NaBH, ,
and therefore, the reduction process went through to the
ditelluride. In a separate experiment tellurium metal
was deliberately added to the mixture, and consequently,
the corresponding tritelluride compound was obtained
according to the elemental analysis data. This may
confirm the above suggestion of the role of Te’” in
scheme 6.5. More mechanistic studies of this reaction
are needed, however, before a satisfactory explanation

may be given.

Organic triselenide have been reported to easily form, in
contrast to the corresponding tritellurides. 1,2,3-tri-

selena-[3]ferrocenophane and 1,3-diselena-2-tellura-[3]-



ferrocenophane (xvii), for examples, were reported with

(186)

the absence of the tritellura-derivative Compound

(xvii) was prepared by the reaction of ferrocene 1,1'-

diselenol with tellurium dichloride.

@%\

Fe
(xvii)

Zingaro et g1 {152 have reported the molecular structures
of bis(4-methoxybenzenetellurenyl)selenide (xviii) and
bis(2-ethylcarboxybenzenetellurenyl)selenide (xix), which

involves a Te---0 interaction (Te---0 distance 2.658 ;).

Se

e

Te Te

CH

(xviii)
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Se—_Te

i T

(xix)

Later on Zingaro et al(188) reported the preparation and
N.M.R. data of (ArTe), Se compounds (xx), formed by reac-

ting the ditellurides with SeO2 in hot pyridine.

R = CHO, COOH

(xx)

Apart from the ionic tritelluride [crypt—K+]2[Te§_]

(crypt = 4,7,13,16,21,24-hexa-1,10-diazabicyclo-[8.8.8]-

(189)
hexacosane, 018H36N206)

remained unknown until recently, when in 1985, Sladky
al(190)

», the organic tritellurides
et reported the molecular structure of [(MeBSi)B-
C]2Te3 (xxi) which involves a Te-C bond. The structure of

the above tritelluride (xxi) was,in fact, reported while



the structure of the present bis(2-(2-pyridyl)phenyl)tri-

telluride was being solved.

(1) cq

(xxi)

The tritelluride (xxi) was prepared by a rather diffe-
rent method to that wused in the preparation of the
present tritelluride. A 1lithiated compound was reacted
with two equivalents of Te, then oxidised to give

compound (xxi) as illustrated in scheme 6.6.

2Te H,0/0,
Tsili ——> TsiTeTeLi = > TsiTeTeTeTsi

red-black crystals
(xxi)

Tsi=tris(trimethylsilyl)methyl-

Scheme 6.6



6.3.3.3 The Molecular Structure of Bis(2-(2-pridyl)phenyl-

tritelluride*

Crystals of bis(2-(2-pyridyl)phenyltritelluride suitable
for single crystal X-ray diffraction study were obtained
from benzene/toluene mixture. The density was deter-
mined in EtOH/CHB;3. The cell dimensions and reflection
intensities were measured with an Enraf-Nonius CAD-4

diffractometer using monochromated Mo-K Ak radiation. 1634

(6%
reflections in the range 2 < 6 < 25;1)250(l)were used in
the analysis. The structure was solved by Patterson and
Fourier methods and refined by least-squares with SHELX-
?6(?4), using anisotropic temperature factors for all
non-hydrogen atoms. Hydrogen atoms were located from a
difference map and included 1in fixed positions. The
calculations were terminated when all shifts/error ratios
were < 0.1, and R and R,, were 0.064 and 0.088, respecti-
vely. The weighing scheme used was w= 1/( 02 (F)+0.005F%).

o (113)

The structure was drawn with PLUT and is shown in

Figure 6.1.

Crystal data:

CoH, NoTe,, M, ='691.2

Monoclinic, space group I2/c

*T. A. Hamor, N. Al-Salim, A. A. West and W. R, McWhinnie,

J. Organomet. Chem., 1986, 310, C5.
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a = 14.721(3), b= 9.290(4), C = 15.996(10)
B = 106.39(3)°

U = 2098.7 A3

Z=4, D =2.188gem °, Doy,. = 2-09gcm
F(000) = 1272

g = 3.92111:11_'1

The atomic co-ordinates, anisotropic temperature factors,
and bond lengths and bond angles are given in Tables 6.6,

6.7 and 6.8 respectively.

The compound exhibits two-fold symmetry with the central

tellurium atom laying on a crystallograpic two-fold axis.

The Te(1)-C(1) bond length,2.130 A, found in this comp-
ound, is close to that 1in some aromatic ditellurides,
e.g. Qig(&-methylphenyl)ditelluride(191), and 1is longer
by 0.007 A than the corresponding length in bis(2-ethyl-

carboxybenzenetellurenyl)selenide (xix).

The Te(1)-Te(2) bond length,2.776 A, found in the present
tritelluride is longer than Te-Te bond lengths found in

(19192 )

aromatic ditelluride compounds It. is  .also

longer than Te(1)-Te(2) bond length found in bis(tris-
190 o

(trimethylsilyl)methyl)tritelluride( ) by 0.066 A, a

difference which may be a manifestation of somewhat

stronger Te-C binding involving an aromatic carbon atom

(Te-C shorter by 0.083) in our compound. It could be
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Atom X y Zz U(iso)
Tel 706( 1) 5097¢ 1) 1505€ 1) *
Te2 0 3184( 1) 2500 *
N(1) 1619( 5) 6771( 8) 765¢ 35) 2
ci1) 2154( 6) 5107(¢ 8) 2254( 6) *
C(2) 2453( 6) 4235( 9) 302110 .3) %
C(3) 3403( 7) 4236(10) 3511¢ 6) *
C(4) 4033( 8) 5141(11) 3253¢ 9) %*
C(S5) 3747( 6) 5970(10) 2331 6) &
C(6) 2826( 5) 5967( 8) 2019¢ 3) #
C(7) 2536( 7) 6856( 8) 1230( &) o
C(8) 3146( 8) 7702012) 937( 8) *
C(9) 2791¢11) 8492(12) 155¢ 9) L
C(10) 1856(11) 8344(12) -297( 8) i
cein) 1302( 8) 7486(10) 41( 6) ®
H(2) 1921 3556 3190 80(11)
H(3) 3592 3598 4088 80(11)
H(4) 4754 5147 3660 80(11)
H(5) 4244 6656 2335 80(11)
H(8) 3909 7794 1313 80(11)
H(9) 3308 9154 -63 80(11)
H(10) 1620 8974 -902 80(11)
H(11) 932 7433 -366 80(11)
Table 6.6. Fractional atomic co-ordinates (R X IOQ)

with e.s.d.'s in parentheses, and

isotropic temperature factors(A’x 103)

Atoms are anisotropically refined (Table 6.7)

(]
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Ull U22 U33 U23 Ul3 Ul2
Te(1) 9t 1) 46( 0) 45( 1) 1€ 0) | 20C 0) -2( 0)
Te(2) 65( 1) 43( 1) 57( 1) 0C 0) | 33C 0) 0C 0)
C(2) 64( 4) 52( 5) 50( 4) 7C 4) | 13(C 3) 11C 4)
C(3) 68( 5) 62( 5) 58( 5) 0C 4) | 14( &) 70 4)
C(4) 65( 5) 71¢ 1) 85( 8) | =8( 5) 5( 6) L 9)
C(3) 50C 4) S7( 5% 79( 6) | -16( 5) | 29( &) -6( 4)
C(6) 62( 4) 37( 4) 33081 -19¢ 3) 1 28( 3) =3¢ 3)
C(1) 61( 4) 38( 4) 49(C 5) | =9 3) | 22( 4) 0C 3)
C(8) 90( 7) 64( 5) 92( 8) | -14( 6) | 52( 6) | -27( 5)
C(9) 127(10) 61( 6) 90C 9) | -1( 6) | 66( 8) | -25( 6)
C(10) 137(11) 62( 6) 66( 7) | -7(C 5) | 46( 7) | -21C 7)
C(11) 106( 7) 52( 5) 53( 5) 1€ 4) | 31C 5) | -13( 5)
N(1) 68( 4) 53( 4) 48(C 4)| =-2( 3) | 24( 3) | -13( 3)
C(7) 79C 5) 40C &) 52( 4)| -17C 3) | 42( 4) | -14( 3)

Table 6.7. Anisotropic temperature factors (A“x 103)

with e.s.d.'s in parentheses.
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Te(1)---Te(2) 2.7760 1) C(7)---C(8) 15 370012}
Tell)-==0(1) 2.130( 9) C(8)---C(9) 1.416(18)
Te(1)---N(1) 2.554( 7) C(9)---C(10) 1.369(21)
C(1)---C(2) 1.431(12) C(10)---C(11) 1.357(15)
C(2)---C(3) 1.397(13) C(11)---N(1) 1.302(12)
C(3)---C(4) 1.396(15) N(1)---C(7) 1.348(13)
C(4)---C(5) 1.352(16)

C(5)---C(6) 1.373(11)

C(6)---C(1) 1.403(11)

C(6)---C(7) 1.467(13)

C(1)-Te(1)-Te(2) 99.1¢2) C(11)-N(1)-Te(1) 128.3(7)
N(1)-Te(1)-Te(2) 170.7(2) C(7)-N(1)-Te(1) 110.9(5)
N(1)-Te(1)-C(1) 71.6(3) C(8)-C(7)-C(6) 123.9(9)
Te(1)-Te(2)-Te(1)' 100.4(1) N(1)-C(7)-C(6) 116.4(7)
N(1) C(7) C(6) C(5)| 179.39 C(8) C(7) c(6) C(5) 1.79
N(1) C(7) C(6) C(1) -0.76 C(8) C(7) C(6) C(1)| -178.36

o
Table 6.8. Bond lengths(A), bond angles(®) and torsion angles(®)
for bis(2-(2-pyridyl)phenyl)tritelluride. Other ring inner

angles range between 118.4 - 123.3°.
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P, Plane defined by CL1), C(2), C(3), €(4), C(5), C(6)
0.3730X - 0.7463Y - 0.5512Z + 4.6427 =0

P, Plane defined by C(7), C(8), C(9), C(10), C(11), N(1)
0.3750X - 0.7737Y - 0.5105Z + 4.6989 = 0

P, Plane defined by Te(1l), C(1), C(6), C(7), N(1)
0.3620X - 0.7632Y - 0.5352Z + 4.7070 = 0

Angles between planes 1 and 2 is 2.81°

Atoms Pl P2 P3

Te(2) 0.1007 -0.0280 0.0126
Te(1l) 0.0294 0.0082 0.0119
Cc(1) 0.0016 -0.0698 -0.0144
C(2) 0.0102 -0.1314 -0.0372
C(3) -0.0143 -0.1889 -0.0609
C(4) 0.0064 ~-0.1313 -0.0082
C(5) 0.0058 -0.0655 0.0208
C(6) -0.0097 -0.0469 0.0054
C(7) -0.0347 0.0001 0.0130
C(8) -0.0798 -0.0072 -0.0003
Cc(9) -0.1301 0.0116 -0.0209
C(10) -0.1778 -0.0091 -0.0727
c(11) -0.1259 0.0018 -0.0532
N(1) -0.0614 0.0027 -0.0160

Table 6.9. Equations of least-squares planes and
deviations( A) of atoms from planes for

bis(2-(2-pyridyl)phenyl)tritelluride.

268



also due to the trans-influence of the co-ordinated
pyridyl nitrogen, where non -bonded Te---N distance is
2.554 A and N---Te(1)-Te(2) bond angle of 170.7(2)° is
fairly close to 180°. This is absent in simple ditellu-

rides and in the tritelluride compound (xxi).

The Te---N interaction appears to hold the ligand in an
essentially planar geometry; the pyridyl and phenyl rings
are, nevertheless, bent very slightly relative to one
another to form shallow V shape, with internal angle
177.2(4)°. The co-ordination of Te(1l) by Te(2), N and

C(1) is accurately planar to within +0.0127 A (Table 6.9).

This tritelluride has a Te(l)-Te(2)-Te(l)' bond angle of
100.4(1)° and a torsion angle about the Te(1)-Te(2) bond
of 97.3(3)° compared to 103.8(1)° and 105.2(2)°, respec-
tively in [(Me;51),C],Te,'°®) . The bulky (Me si),C-
groups are believed to contribute to the stability of the
later compound. The present diorganyltritelluride, by
contrast, appears to owe its stability to the significant
Te---N interaction, suggesting that if the organic
ligands have a suitably positioned donor atom, many more

successful syntheses of tritellurides should be possible.
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6.3.3.4 Reduction of Bis(2-(2-pyridyl)phenyl)tritelluride

and Bis(2-(2-quinolinyl)phenyl)ditelluride

The reduction of these compounds was performed by heating
a dioxane solution with copper powder. This is similar
to the method used by Sadekov et a1‘'®3) yhen some diaryl-
ditellurides were converted to symmetrical diaryl-
tellurides with the formation of CuTe. The title tri-
telluride and ditelluride were converted to the corres-
ponding ditelluride and telluride compounds respectively.
The tritelluride [(Me38i)3C]2Te3 have been similarly
converted to the corresponding ditelluride by shaking its

pentane solution with mercury(lgo).

Te Cu/dioxane A Te
3 > 2
_‘ 24K
SRR o)
| f
(xvi) (xiv)
N
@ Cu/dioxane @ O
S Te
( ) >
Te N
: :
(xv) Scheme 6.7
(xxii)
270
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Figure 6.2 : I.R. spectrum of 2-(2-pyridyl)phenylmercury(II)
chloride
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Figure 6.3 I.R. spectrum of 2-(2-pyridyl)phenyltellurium(IV)
tribromide
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Figure 6.4 : I.R. spectrum of 2-(2-pyridyl)phenyltellurium(II)-
bromide
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Figure 6.5 : I.R. spectrum of dimethyldithiocarbamato-2-(2-
pyridyl)phenyltellurium(II)
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Figure 6.6 : I.R. spectrum of bis[2-(2-pyridyl)phenyl]-
telluride
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Figure 6.7 : I.R. spectrum of 4-ethoxyphenyl-2-(2-pyridyl)-
phenyltelluride
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Figure 6.8 : I.R. spectrum of bis[2-(2-pyridyl)phenyl]-
ditelluride
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Figure 6.9 : I.R. spectrum of bis[2-(2-pyridyl)phenyl]-

tritelluride
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Figure 6.10 : I.R. spectrum of 2-(2-quinolinyl)phenyl-
mercury(II)chloride
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Figure 6.11 : I.R. spectrum of 2-(2-quinolinyl)phenyl-
tellurium(IV)tribromide
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Figure 6.12 : I.R. spectrum of bis(2-(2-quinolinyl)phenyl)-
telluride
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Figure 6.13 : I.R. spectrum of bis[2-(2-quinolinyl)phenyl]-
ditelluride



6.3.4 Vibrational Spectroscopy

Some important infra-red absorptions of the pyridyl and

quinolinyl derivatives are given in Table 6.10.

Mercuration of 2-phenylpyridine and 2-phenylquinoline
should, in principle, produce compounds in which the
mercury atom is three co-ordinated by carbon, halogen and
nitrogen. Two v (Hg-Cl) absorptions were found in the
range 315-335cm ™! which are characteristic of a terminal
Hg-Cl stretching, and the splitting may be due ¢to a
factor group splitting. For solid mercury(II) chloride,
lé(Hg"Cl) has been assigned at 310, 330cm_1(l94), and
therefore, it 1is reasonable to suggest that the two
mercurated compounds (vi) and (vii) could be monomeric
where C-Hg-X is linear and the hetrocyclic nitrogen is
co-ordinating to mercury atom. The neutral chloro-
complexes HgCl,.L, where L is either 2-phenylpyridine or
2-phenylquinoline, do not show bands above 300cm ! which
could be assigned as v (Hg-Cl). This is indicative of a
structure with bridging chlorides in contrast to the

mercurated compounds mentioned above.

The i.x. spectra of the ' tribromides (viii) and (ix)
showed two bands in the lower frequency region between
240-270cm™!, which may be a combination of v (Te-C) and

(195)

r(Te-Br). Dance and McWhinnie investigated the low

frequency 1i.r. spectra of isotopically pure ]26Te— and
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Compound ¢ 1) § Phenyl 8 Pyrid. ,Quin. Te-C + M-x‘2)
2-phenylpyridine 690(s) ,744(vs) 610,620,638(s) .
Py-HgCl 733,742,751(s) 625(m) 322,330(s)
Py-TeBr, 762(s) 645(s) 270,240(s)
py-TeBr 710(s),730(vs) 610(m) ,620(s) 255(s)
Py,Te, 738,746(vs) 636(m),620(s) -

Py,Te, 710(s),730(vs) 610(s) =
ArPyTeHgCl , 740(s) ,770(vs) 630(m) ,645(s) 322(m) ,287(vs)
ArPyTe 747(vs) 620(m) .
Psze.HC1OZ 720,740(s) 600(s) ,630(m) 255(m)
Py,Te 740(s) 618 (m) -
Py-Tedmdtc 720(s) ,740(vs) 625(m) 250(m)

CS = 975(s) CN = 1470(s)
2-phenylquinoline | 742,773(s) 684(s) =
Q-HgCl 712(m),765(s) 630,671 (m) 315m,335(s)
Q-TeBr, 735,750,767 (s) 636(s) 266,256(s)
Q-TeBr 725(s),760(s) 615(s) 260(w)
QzTe2 710(m) ,760(s) 620(m) -
Q,Te, 742(s) 605,660(s) &
Q,Te 715(s) ,760(vs) 620(m) -
Q-Tedmdtc CS = 945(s) CN = 1470(s) 260(w)

(1) Py = 2-(2-pyridyl)phenyl- ;Q = 2-(2-quinolinyl)phenyl-

(2) = Te, Hg; X = Cl, Br, S where applicable.

m = medium,

Table 6.10.

s = strong,

derivatives.
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Some important i.r. absorptions of pyridyl and quinolinyl



130['e—(C6H5)2TeX2 (X = Cl, Br) and found that bands at
270 and 245(:111_1 underwent shifts and therefore due to
p(Te-C). The v (Te-Cl) modes at 286 and 245cm ! were also

shifted.

The i.r. spectra of the monobromides (xii) and (xiii)
showed a single band at 255 and 260cm™! respectively,

which could be similarly due to p(Te-g)$t797

The reaction of 2-(2-pyridyl)phenyltellurium(II)bromide
or the corresponding tribromide with sodium dimethyl-
dithiocarbamate afforded the mono-dithiocarbamato-2-(2-
pyridyl)phenyltellurium(II), (xxiii), but not the tris-
(dithiocarbamato) compound. Similarly the reaction of
2-(2-quinolinyl)phenyltellurium(IV)tribromide with sodium
dimethyldithiocarbamate gave the mono-dithiocarbamato-

derivative.



The formation of some tris(dithiocarbamato)-compounds by
the reaction of 2-phenylazophenyl(C,N')tellurium(IV)tri-
chloride and sodium dialkyldithiocarbamate has been

(L90) However, these compounds which

reported recently
have been formulated as 1loose charge transfer complexes

of the mono-dithiocarbamates [e.g., Te(C_H N.C_ H )(CH3)2-

6 4 2765
NC(S)S] and the disulphide (CH3)ZNC(S)S-SC(S)N(CH3)2,
readily dissociate in solution to give the mono-dithio-
carbamate(lgﬁ).

The 1i.r. spectrum of compound (xxiii) (Fig. 6.5) shows
the characteristic bands of a co-ordinated dithiocarba-
mato-ligand. The v (C-N) absorption is a strong band at
1470cm™!, and the v (C-S) band occured with a strong
intensity at 975cm™!. These correspond to the bands at
1485 and 980cm™! which were reported for Te(ceHaNZCGHS)-
(dmdtc)(1%6) | The observation of unsplit bands of r (C-N)
and v (C-S) suggests the bidentate nature of dithiocarba-

mato—ligandsclg?z and the bidentate nature of the similar

azo-derivative has been confirmed by X-ray study(lgﬁ).
The medium intensity band at 250cm™ ! could be attributed
to v (Te-S). This occured at a lower frequency than that
of the above mentioned azo compound which has been
reported to be at 295cm '. The i.r. spectrum of dimethyl-
dithiocarbamato-2-(2-quinolinyl)phenyltellurium(II) reve-

aled strong bands at 1470 and 975cm ! which could be

assigned as v (C-N) and v (C-S) respectively.
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6.3.5 N.M.R. Spectroscopy

13C[1H] N.M.R. spectra were recorded using a JEOL FX-90Q
Fourier transform multi-nuclear magnetic resonance spec-
trometer. 130 resonances were observed at 22.5 MHz
within a spectral width of 10 KHz. A tube and a probe of
>mm width were wused at a normal operating temperature
c.a. 300K. The pulse width was 6ps (60°) and a repetition
rate of 1.5 seconds was wused. Solvents were used as
13

internal standards, but the C chemical shifts were

referenced to TMS.

The chemical shifts are presented in Tables 6.4 and 6.5
and some of the spectra are produced in Figures 6.14-6.22.
13¢ Chemical shift assignments were based on comparison
with suitable model compounds, as well as estimates of
the effect of substituents on the aryl moiety of the
starting materials using the simple additivity

relationships, and on consideration of peak intensity.

1H N.M.R. spectra were also recorded on the same instru-
ment using 10 mm wide tube and probe. The chemical shifts

were also referenced to TMS.

Mercuration of 2-phenylpyridine and 2-phenylquinoline was
evident from the change in the 13C N.M.R. spectra. These
spectra were found wuseful in the assignment of the

metallation site. The carbons bearing mercury experience



a substantial downfield shift (c.a. 22 ppm). The un-
substituted ortho-carbons also resonate at a lower field
by ~9 ppm compared with the starting materials, while

the chemical shifts of meta-carbons are very similar to

those of the parent bases. Similar observations were
reported for some mercurated compounds(128’132'lsoa) 3
where (199Hg—l3C) couplings were obtained unlike our

compounds, which are insufficiently soluble in DMSO to

observe the coupling satellites.

The substituted carbon atoms 1including the mercurated
ones showed signals of low intensities because of their
long relaxation times. This helped in the assignments of

the spectra.

The trans-telluration of the mercurated compounds is also
confirmed by the change in the position of some signals,
although the spectra of the tribromides (viii) and (ix)
are poorer than the corresponding mercurated derivatives
due to solubility problems. In general, the resonances
of tellurated carbons and of those in ortho- and para-
positions to them have shifted a few ppm to a higherfield.
The resonances of the carbons in ortho- and para- posi-
tions to the nitrogen atoms are clearly more sensitive to
the presence of tellurium than of mercury, and they are
higherfield shifted by about 4 ppm (Tables 6.4, 6.5).
This may imply a stronger co-ordinate interaction of the

nitrogen atoms with tellurium(IV) than with mercury(II).
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The '3C N.M.R. spectrum of bis(2-(2-pyridyl)phenyl)tri-
telluride (Fig. 6.20) also showes some points of
interest. The most interesting features of the spectrum
is the resonance of the tellurated carbon at 120.4 ppm,
which has shifted to a higherfield by about 24 ppm
compared to the corresponding tribromide and mercurated
compounds. There is no comparable 13¢  chemical shift
value for a tritelluride compound in the literature, but
Zingaro et a1(188) pave reported values 123-125 ppm for
the ipso-carbons of some tellurenyl selenide compounds
(xx) [-Te-Se-Te-]. A 3 ppm higherfield shift in the
resonance of C 1(adjacent to N) compared to the present
base and its mercurated derivative indicates a Te---N
interaction, which has been crystallographically confir-
med (see earlier discussion).

The e N.M.R. spectra of 2-(2-pyridyl)phenyl-4-ethoxy-
phenyltelluride (xi) (Figure 6.21) was assigned following

the literature(lqo'lgs)

, and by comparison with the other
pyridyl derivatives mentioned in this chapter. The ali-
phatic region contains 3¢ resonances assignable to -OCH,
(63.2 ppm) and —CH3 (14.7 ppm) which are in good agree-

(198) The

ment with wvalues found in the literature
carbon atoms attached to tellurium (C7 and Cl2) have the
lowest chemical shifts among the aryl carbons. This may
result from shielding effects of the electropositive

tellurium atom ‘'%%’, A 4 ppm highfield shift of &C 1

(adjacent to N), relative to the mercurated derivative,
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may 1indicate a stronger Te---N interaction in this
tellurium compound. The 'H N.M.R. spectra of this
compound (Fig. 6.23) revealed the proton signals of the
ethoxy group. The triplet signal centered at 1.44 ppm is
due to the resonance of -CH; protons (J = 7.03 Hz), and
the quartet, centered at 4.07 ppm is due to OCH,- protons
(J = 7.03 Hz). The aromatic protons gave a multiplet
between 6.8 and 8.7 ppm, with the integral ratio indica-

ting the participation of twelve protons.

The 'H N.M.R. spectrum of dimethyldithiocarbamato-(2-(2-
pyridyl )phenyltellurium(II) showed a singlet at 3.63 ppm
due to the resonance of -N(CH,), protons, which could be
fluxional 1in solution. The integral ratio showed the
presence of only one dimethyldithiocarbamato-ligand in
the compound. The aromatic protons gave a multiplet
between 7.19 and 8.75 ppm. The 3¢ N.M.R. spectra of
this dithiocarbamato-derivative (Big.l 6.22) shows a
signal at 44.7 ppm assignable to -N-CH;. The resonance
of S-C(S)-N carbon could not be extracted from the spec-
trum, probably due to a very low intensity because of a
long relaxation time. The resonances of all the aromatic
carbon atoms have been observed. The interesting
chemical shift value 130.1 ppm of C7 (the carbon attached
to Te) shows that Te(II) in this compound is behaving as
intermediate between Te(IV) of the corresponding tri-
bromide (144.3 ppm) and Te(II) of the teluride (xi)

(115.3 ppm) in terms of Te-C polarity and tellurium
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electropositivity. The highfield chemical shift (+6.6

ppm) of C 1l(adjacent to N) compared to that of the corres-
ponding mercurated derivative may indicate that Te(II)--N

interaction in the dithiocarbamato-compound is stronger

than Hg(II)---N interaction. This has been noted earlier

in the discussion of the trans-metallation where it was

found that tellurium prefered nitrogen over halogen while

mercury prefered halogen over nitrogen.

We have been told(ng)

that crystallographic data of the
present pyridyl compound (xxiii) revealed a Te---C(7)
distance 2.355 R, which may account for the peculiar 6C7
mentioned above, and a Te---N distance of 2.112 E which
is significantly shorter than that found in the corres-
ponding azo compound with Te---N distance of 2.340 A
e 3y However, the crystallographer told us that SHELX
program could not differentiate between pyridyl and
phenyl groups, but thermal parameters for the dime;hyl—
dithiocarbamato-2-(2-pyridyl)phenyltellurium(II) compound

were quite acceptable.
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In this context, we believe that a crystal structure
investigation of dimethyldithiocarbamato-2-(2-quinolinyl)-
phenyltellurium(II) compound would clarify the ambiguity

in position of the nitrogen atom.

The high affinity of tellurium to the pyridyl nitrogen
has been also noted in the X-ray structure of the previ-
ously mentioned tritelluride compound (section 6.3.3.3)
with Te---N of 2.554 ;. This is shorter than Te---N
(el 3 i) found in the structure of the diene ligand, an
interaction which is strong enough that it was maintained

in the mercury complex of that ligand (chapter four).

6.3.6 Dichloro-[bis(2-(2-pyridyl)phenyl)telluride]palla-

dium(II)

This palladium(II) complex of bis(2-(2-pyridyl)phenyl)-
telluride is non electrolyte in solution (A 10.7 and 2.0

ohm >cmmole -

in 107°M CH,CN and DMSO respectively).
Therefore, one would expect that both chlorides are
bonded to palladium. The infra-red spectrum of the solid
revealed all the bands of the ligand, and the appearance
of one medium intensity band at 340cm—1, which is charac-
teristic to v (Pd-Cl), is indicative of a trans structure

in organotellurium complexéél’lAB).
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Although it is known that diorganotelluride ligands can
replace benzonitrile in PdClz(PhCN)z(23’27) v e s Bot
clear from the i.r. spectrum whether tellurium, nitrogen
or both are co-ordinating to palladium. This will need
further investigations, which are lacked here due to time

running out.

6.3.7 Summary

2-Phenylpyridine and 2-phenylquinoline were successfully
mercurated using Hg(OAc)2 in refluxed ethanol. The mercu-
rated derivatives were trans tellurated using TeBr, .
Reduction of the resulting tribromides by hydrazine
hydrate proceeded in two steps. In the first, mono-
bromides were obtained, and further reduction gave the
ditellurides. However, using the rather strong reducing
agent NaBH, gave a novel tritelluride in the case of
pyridyl derivative, and the ditelluride 1in the case of
quinolinyl derivative. This was mainly attributed to the
precipitated tellurium in the former case, which might be
reduced to Te?~ ion by the borohydride, and react with
the monobromide to form the tritelluride. Alternatively
Te® may insert into the sodium tellurenyl compound giving
a sodium ditellurenyl intermediate which when air oxidi-
sed can afford the tritelluride. The corresponding
quinolinyl tritelluride derivative was prepared by
deliberate addition of Te metal to the tribromide in the

presence of NaBH,. The X-ray molecular structure of bis-

294



(2-(2-pyridyl)phenyl)tritelluride was described in which
the significant Te---N interaction 1is thought to be
responsible for the stability of this compound, which
could be reduced to the corresponding ditelluride by Cu®
in dioxane. Other pyridyl and quinolinyl derivatives,
which are potentially tridentate and bidentate ligands,
were also prepared. Reaction of 2-(2-pyridyl)phenyl-
tellurium(IV)tribromide with sodium dimethyldithiocarba-
mate resulted in the reduction of Te(IV) to Te(II) and
formation of a mono-dithiocarbamato- compound. Elemental
analyses, I.R., 'H N.M.R.,'3C N.M.R. and X-ray crystallo-
graphy were very helpful 1in confirming the progress of
the reactions. The Te---N interaction 1is <clearly
reflected on the carbon atoms of the hetrocyclic ring as

shown by their 13¢ chemical shifts.
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Lewis Acid and Lewis Base Behaviour of a Tellurium(n) Compound: A Mercury(i)
Complex of a Bis-telluride Ligand with a 13-Member Macrocyclic Chelate Ring
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The structure of 1,6-bis-2-butyltellurophenyl-2,5-diazahexa-1,5-diene (1) reveal
interaction giving the tellurium atom an effective co-ordination number of 3: with HgCl,, (1) forms the complex

[HgCl2:(1)] which is monomeric with four-co-ordinate mercury(i) bonded to two chiorine and two tellurium atoms,
(1) thus forming a 13-membered chelate ring.

s 3 weak tellurium-nitrogen
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Lewis Acid and Lewis Base Behaviour of a Tellurium(i) Compound: A Mercury(u)
Complex of a Bis-telluride Ligand with a 13-Member Macrocyclic Chelate Ring
Najih AL-Salim,* Thomas A. Hamor,®> and William R. McWhinnie®
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The structure of 1,6-bis-2-butyltellurophenyl-2,5-diazahexa-1,5-diene (1) reveals a weak tellurium-nitrogen
interaction giving the tellurium atom an effective co-ordination number of 3; with HgCl,, (1) forms the complex
[HgCl;:(1)] which is monomeric with four-co-ordinate mercury(i) bonded to two chlorine and two tellurium atoms,

(1) thus forming a 13-membered chelate ring.

Despite the recently developing interest in the ligand
chemistry of tellurium,'? few bidentate or polvdentate ligands
containing the element are known, although the compound
[PU{PhTe(0-PhsP-Col1) |5 ][PUSCNY, |- 2DME  (DME =
dimethylformamide) was recently the subject of a structure
determination.? We were interested to synthesise potentially
multidentate ligands containing both tellurium and donor
atoms such as N or O: thus compound (1) has been prepared
following the reactions in Scheme 1.

Compound (1) was recrystallised from ethanol to give
crystals suitable for X-ray structure determination. The
structure is shown in Figure 1.7 Both Te-C bond lengths are

t Crystal data: Ligand (1): Cs,H.N.Tes, M, = 603.7. monoclinic,
space group P2,/n, a = 13.239(5), b = 5.985(2),c = 16.198(6) A, p =
107.23(5)°. U= 1226 A*, Z = 2. D, = 1.64 gem~*. Mercury complex:
CyHaN,Te HeCly,, M, = §75.2. triclinic, space group PI, a =
9.134(3), b= 9.430(3), ¢ = 17.335(7) A, o« = B0 T3(5). [} = B4.54(5).
= T3B2{5)°, U = 1413 ALZ =2 D, = 2.0 g cm Y For both
structures, intensities were measured with an Enraf-Nomus CAD-4
diffractometer using monochromated Mo-K, radiation in the range 2
< B < 25° Reflections having / > 2.5 o([) were used in the analyses.
The structures were solved by Patterson and Fourier methods and
refined by least-squares with SHELX.'? The weighting scheme was of
the form w = l/[o(F) + gF?| where g = 0.0015 (ligand) and 0.005 (Hg
complex). The ligand structure was refined with anisotropic thermal
parameters for all non-hydrogen atoms. In the case of the mercury
complex, only Hg, Te and Cl atoms were assigned anisotropic thermal
parameters. Hydrogen atoms were included in caleulated positions in
both structures. Final R values are (0,048 for 1382 reflections (ligand)
and 0.054 for 3912 reflections (Hg complex). The atomic co-ordinates
for both structures are availuble on request from the Director of the
Cambridge Crystallographic Data Centre. University  Chemical
Laboratory. Lensfield Rd.. Cambridge CB2 IEW. Any reguest should
be accompanied by the full literature citation for this communication.

within previously observed limits. The Te - - - N distance of
2.773 A is well within the Van der Waals distance (3.61 A
following Bondi* or 3.7 A following Pauling®), and the planar
nature of the Te -C-C-C-N maiety is noticeahle. Thus
tellurium(n) exhibits Lewis aad character in this molecule.
This is generally more pronounced for organyitellurenyl
compounds, RTeX, eg  (2-phenvlazophenvl-C.N')-
tellurium(n) chloride.® but it is not without precedent for
R;Te, e.g. compound (2) has Te - - - O of 2.574 A7 (¢f. Van
der Waals distance of 3.58% or 3.6 A%); we do. however believe
this to be the first example of three-co-ordinate
R,Te - - - X involving nitrogen.

OEL
/
CHO c? CHO
0 ==L
Br Br TeBy"
||rj
CHO 8l Te
Te
N
~ @rew
TeBu"
(2) s flCY

Scheme 1. Compound (1) and all intermediate compounds gave
satisfactory elemental analyses. i.r. and n.m.r. spectra. Reagenss: i.
EtOH, HC(OEt)y; ii, a BurLi, E1.O, b Te. ¢ conc. HCI: iii.
ethylenediamine, E1OH, reflux. (1). m.p. 83—85 *C. 687, vield.
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Figure 1. The structure of the ligand (1). The molecule is sited at a crystallogra

phic inversion centre. Selected hand lengths (A): Te-((4)
2.181(10), Te-C(5) 2.111(8), N(I)-C(11) 1.273(11); <C(4)-Te-C(5) 95.2(4)".

The ligand chemistry of (1) has been investigated and
crystals of a mercury(i1) chloride complex, HgCl,(1), proved
suitable for X-ray crystallography. The structure is shown in
Figure 2.+ The co-ordination geometry at mercury is essen-
tially tetrahedral with angles at the metal atom ranging from
105.3(1) to 116.4(1)°. Angles at tellurium are all in the range
93.6(3)—99.7(3)>. The major points of interest are the large
(13-membered) chelate ring, and the fact that the Heg---N
distances (3.668, 3,324 A) are non-bonding. Tellurium ligands
show a strong preference for ‘soft’ acids and this is illustrated
quite dramatically by the present structure since the option of
Te,N co-ordination to give a six-membered chelate ring
clearly exists.

Macrocyclic chelates, usually based on phosphorus or
arsenic, are well known and a number of crystallographically
characterised examples exist, e.g. [IrCHCO){ButP(CH.),-
PButa )8  [PtCly{ButP(CH,),PBus)]* [RRCHCO).
{Bu';P(CH,),,PBu',}] 5~ and [Mo(CO).{Ph,PCH-N(Me)-
(CH;};N[M&)CH;PPh:}]:" this is the first example involvinga
main group element and the first involving a tellurium ligand.

Only two organotellurium complexes of mercury(1) are of
unambiguously known structure: the tetrameric (Ph,Te)-
Figure 2. The structure of the mercury complex of (1). Hydrogen Hglzm Which has Hg-Te 2.753 and 2818 A. comparable to the
atoms have been omitted. Selected bond ifngths (i\}: Hg-Teg(I) distances 2.769 and 2.819 A seen here; and [PPhy]-
2:819(1), Hg-Te(2) 2.769(1), Hg-Cl(1) 2.457(3). Hg-Cl(2) 2.494(3),  [Hg(TePh)y]'! with Hg-Te 2.682. 2.692. and 2717 A,
Te(1)-C(4) 2.16(1), Te(1)-C(5) 2.15(1), Te(2)-C(20) 2.10(1), Te(2)- Although in the present structure the Hg - - - N distances are
C(21) 2.15(1), N(1)-C(11) 1.28(2), N(2)-C(14) 1.27(2). inconsistent with Hg «— N co-ordination. the planarity of the
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Te-C-C-C-N moiety is maintained in the complex and the Te
* + + N interactions remain well within the Van der Waals
distance (2.786, 2.752 A); the tellutium(n) is then acting
simultaneously as Lewis acid and Lewis base.

N. AL-S. thanks the University of Basra, Iraq, for a
scholarship.
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BIS(2-(2-PYRIDYL)PHENYL)TRITELLURIDE - SYNTHESIS AND CRYSTAL
STRUCTURE
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Summary

The synthesis and molecular structure of bis( 2-(2-pyridyl)phenyl)tritelluride are
described. There is a short Te - - - N non-bonded interaction of 2.554(7) A. which
may be responsible for the stability of the molecule. The tritelluride can be
converted into the related ditelluride by treatment with copper in refluxing dioxane.
The ditelluride may also be prepared by a route not involving the tritelluride.

Whilst attempting to prepare the functionalised tellurium-containing ligand (I).
we tried, by use of NaBH,. to reduce an organyltellurium tribromide (I11) directly
to the sodium organyltelluride( — 1). Instead a novel tritelluride was isolated in good
yield (see Scheme 1). The tritelluride was converted into the ditelluride (V) by
treatment with copper powder in refluxing dioxane.,

Te
() 07
(1)

Crystals of IV suitable for single crystal X-ray diffraction studies were obtained
from benzene /toluene:
Crystal data. CquﬁN:Te}. M, = 691.2. monoclinic. space group /2/c. a 14.721(3).
b 9.290(4), ¢ 15.996(10) A, B 106.39(3)°, U 2098.7 A’, Z=4, D_ 2.188 g em™?,
F(000) = 1272.

0022-328X /86 /503.50 © 1986 Elsevier Sequoia S.A.
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Cell dimensions and intensities were measured with an Enraf-Nonius CAD-4
diffractometer using monochromated Mo-K radiation. 1634 reflections in the

range 2 < § < 25° having I > 2.50(7) were used in the analysis. The structure was

solved by Patterson and Fourier methods and refined by least-squares with SHELX
(1], using anisotropic temperature factors for all non-hvdrogen atoms. Hvdrogen
atoms were located from a difference map and included in fixed positions. The
calculations were terminated when all shifts were < 0.1 and R and R, were 0.064
and 0.088, respectively; w=1/(a*(F) + 0.005F?).

A stereoscopic view of the structure of 1V drawn with PLUTO [2] is shown in
Fig. 1. The compound exhibits two-fold symmetry with the ¢

entral tellurium atom
lying on a crystallographic two fold axis *.

* The atomic coordinates for this structure are available on request from the Director of the Cambndge

Crystallographic Data Centre, University Chemical laboratory, Lensfield Road, Cambridge CB2 1EW

(Great Britain). Any request should be accompanied by the full literature citation for this communica-
tion.
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Te(2)
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Fig. 1. Stereoscopic view of the molecule. Selected bond lengths (A) and angles () Te(1)-Te(2).
2.776(1); Te(1)-C. 2.130(9); Te(1) - - - N, 2.554(7): Te(1)-Te(2)-Te(1)". 100.4(1); C=Te(1)-Te(2). 99.1(2):
N« Te(1)-Te(2), 170.7(2); N - - - Te(1)-C, 71.6(3).

Of particular note is the short Te - -- N non-bonded interaction of 2.554(7) A.
which appears to hold the ligand in an essentially planar geometry: the pyridyl and
phenyl rings are, nevertheless, bent very slightly relative to one another to form a
shallow V shape, with internal angle 177.2(4)°. The coordination of Te(1). by Te(2).
N, and its bonded carbon atom is accurately planar. The torsion angle about the
Te(1)-Te(2) bond is 97.3(3)°.

During the course of this work the structure of bis(tris(trimethylsilvl)methvl)tri-
telluride was reported [3]. The Te-Te bond length found in that compound (2.710(1)
A) is shorter by 0.066 A than the corresponding length in our structure. This
difference may be a manifestation of somewhat stronger Te-C binding involving an
aromatic carbon atom (Te-C shorter by 0. {}83 A) in our compound.

Apart from the tritelluride ion, [Tey)?  [4], (Me,Si),C,Te, and the present
compound are the only tritellurides reported to date. The bulky (Me,Si).C groups
are believed to contribute to the stability of the former compound [3]. The
diorganyltritelluride reported here, by contrast. appears to owe its stability to the
significant. Te--- N interaction. suggesting that if the organic ligands have a
suitably positioned donor atom, many more successful syntheses of tritellurides
should be possible.

Acknowledgement. One of us (N. Al-S.) thanks the Government of Iraq for a
scholarship.
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