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SUMMARY

A new class of cyclic telluronium salt was p_re_gared-
Conductivity measurements of a range of these campounds in and

DMF show that considerable ion pairing occurs in solution. The
campounds show stability toward the reductive elimination of alkyl
halides in solutions such as CHCl3, DMSO and DMF. The idea of associa-
tion of the telluronium salts is now firmly established, and is supported
by mass spectral and molecular we_iiht data. 1H, 125Te and 13c R
spectral data are presented. The 125Te chemical shifts for the
telluronium salts are measured in solvents with different polarity and
are shown to correlate with the nature of the alkyl group and with the
electronegativity of the anion substituent.

The crystal structure of l-allyl-l-bromo-3,4-benzo-l-telluracyclo—-
pentane showed that the tellurium atom achieves an octahedral environ-
ment by the coordination of two additional bromine atoms fram two
different molecules. The allyl group and the braomine atom are in
axial positions, normal to the benzo-l-telluracyclopentane ring and
the two bramine atoms from the two neighbouring molecules occupy the
other equatorial positions.

125Te MR is used to study the chemical exchange between
diarylditellurides. The examination of a mixture of two diarylditellu-
rides by 125Te NMR confirms the existence of unsymmetrical
diarylditellurides. It is shown that the exchange is slow, and that
it is a thermal process. When dioxygen is present, radicals are
formed which lead to CIDNP effects on 125Te NMR and to new oxygenated
products. NVR parameters (8§, Jre-Te, J130c-125p¢) of 125Te and 13C of
diarylditellurides are given.

Since there is considerable interest in preparation of
unsymmetrical diarylditellurides in this study, attempts have been made
to utilize a Lewis acid (CuX or HgX2) to camplex preferentially the
unsymmetrical diarylditelluride. The spectroscopic data suggest that
the unsymmetrical diarylditelluride camplexes, RR'Te2.2MXp, have
possibly been synthesised, but absolutely positive evidence cannot be
provided since their X-ray structures are unavailable.

A range of charge transfer camplexes of organotellurium campounds
with TCNQ were prepared in order to clarify the ability of organo-
tellurium campounds to act as an electron donors. Electronic absorption,
infrared and ESR data are presented.

A convenient method of preparing tetraorganotellurium campounds
appears to provide a general expedient method for the synthesis of
these materials. The reaction of CgHgTeI, C4HgTeIp or CgHjjTel with
excess NaBPh4 gave the corresponding tetraorganotellurium campound by
a simple and rapid procedure for the phenylation of tellurium (IV)
campounds . 1HMIR, infrared and mass spectral data are presented.

Key words Telluronium Salts -4 1257« MR
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INTRODUCTION

Tellurium is a member of the Group VIB of the periodic
system between selenium and polonium, which bears a
definite resemblance to selenium and sulphur in many of its
properties. The electronic structure of tellurium is
[KrJ 4310 552 55, with an electronegativity on the Pauling
scale of 2.1. Within this group the metallic nature increases
as the atomic weight increases in proceeding from oxygen
to polonium, which could be observed by looking at the
insulator property of oxygen and sulphur, semiconductivity
of selenium and tellurium and the more positively metallic
nature of polonium. Tellurium exhibits common oxidation
states of +I, +II, +IV, +VI and -II of these +IV is the most

stable and a coordination number of 6 is common.

Tellurium has eight stable isotopes (lone, 122Te,

123Te, 125Te, 126Te, 128Te anid 130

Te) and about twenty one
man-made unstable isotopes. These stable isotopes give
rise to a series of mass spectral peaks for each ion
containing one or more atoms of this element. Such isotope

clusters are of great help in identifying tellurium contain-

ing ions.

In addition to its metallurigical and thermoelectric
applications, tellurium and its derivatives have numerous
applications in industry e.g. in rubber technology as a
vulcanizing agent, in glass and ceramics for colouring,
as an additive element to steel and copper for improving

machinability, in fuses for explosives, in chemical reactions

-1-



as a catalyst and as antioxidant in lubricating oils.

(1)

Copper (I) halide ditelluride complexes have possible

potential as catalysts for the hydrocynamtion of butadiene.

(2) (3)

More recently, hydrogen telluride was used as a
reducing agent for organic nitro, nitroso, azo and azoxy
compounds and also for reducing benzaldehyde to benzyl

alcohol.

Organotellurium compounds have a history dating back

£o 1840 when Wahier )

prepared some dialkyltellurides.
These were the first organic compounds of tellurium. The
major theme of the present work is to synthesise new
classes of organotellurium compounds and moreover, to
investigate their physicochemical properties. A brief

review of the chemistry of diorganylditellurides and

triorganotelluronium salts is appropriate in this context.

I. (i) DIORGANYLDITELLURIDES (R, Tez)

Diorganylditellurides , R - Te - Te - R, are useful
intermediates for the synthesis of some classes of
organotellurium compounds like diorganyltellurides, diorganyl
tellurium dihalides, organyltellurium trihalides and transition
metal complexes. They are orange to red in colour. The
aromatic derivatives are more stable and much easier to
handle than aliphatic members which in addition to their
relative instability possess an obnoxious, persistent

odour.

Dialkylditellurides can be obtained from sodium

=5 it



ditelluride and alkylhalides. The principal methods for
synthesis of aromatic ditellurides are, the reducing of
aryltellurium trihalides by means of several reducing

agents (e.g. NafS, Na25205, hydrazine, ....), reducing

of elemental tellurium with Grignard reagents in tetrahydro-
furan (THF) in presence of oxygen, or with alkyl lithium

compounds.

Recently, bis(o-nitrophenyl)ditelluride was obtained

by reducing an aryltellurium tribromide by sodium hydrogen sulphlté'

NO (0]
CGHS—CHZTeCN-i'@ ¢ =100 C_; NO, Br, @I
Li TeBr,
NO
@4\ N_HSO,
Te — Te

The reduction of 2-phenylazophenyltellurium chloride by

sodium borohydride in boiling methanol afforded red,

crystalline Dbigo-aminophenyl)ditelluride (6).

QO 2 (U
< Te-TeD
Te

|
ci

Diorganylditellurides are sensitive to atmospheric
oxygen, diphenylditelluride was reported to react with
oxygen at room temperature, and its alcoholic solution

was at once decolourised by hydrogen peroxide; a white amorphous

product was obtained on concentrating the liquld(T)

Bis(phenoxyphenyl)Xitelluride produces a white, poorly
(8)

characterised oxide , while the p-methoxyphenyl derivative

under similar conditions gave rise to a yellowish green

(9)

substance .



Determination of molecular weights of bis (p-methoxy-
phenyl) and bis (p-ethoxyphenyl)ditelluride in 8 per cent

solution in camphor suggested a 30 per cent dissociation

into radicals at IGODC(?} The ditellurides give, in benzene

solution at room temperature, a molecular weight approximately

5 per cent less than that theoretically expected {2 10,00

(7)

Farrar observed that the molecular weight of
diphenylditelluride indicated up to 30 per cent dissociation
at lGOOC, and he claimed that diphenylditelluride

dissociated completely to radicals in solution:

thTe2 o >~ 2PhTe

(12)

Petragnani and Moura Campus assumed Farrar's
idea to explain the mechanism of reaction between tellurium
metal and phenylmagnesium bromide to describe the formation

of diphenylditelluride and diphenyltelluride.

2PhMgBr > 2Ph + 2MgBr

2Ph + 2Te - 2PhTe

2PhTe — ~~ Pph — Te — Te — Ph
2MgBr + Te » Te (MgBr),

Ph — Te — Te — Ph —— 2PhTe

2PhTe +2PhMgBr—— 3 2Ph — Te — Ph + 2MgBr

2Mng + Te > Te(MgBr)2

It is known that solutions of diphenyldisulphide

contain Ph—S8 radicals(lB). Windle and Wiersema(14)

observed no radicals from diselenides but did identify

— -



radicals from disulphides by the Electron Spin Resonance

(ESR) technique.

Thavornyutikarn(ls) has concluded that the ditelluride
is undissociated in organic solvents. The ESR spectrum
of a solution of diphenylditelluride in benzene under
conditions similar to those employed by Farrar did not
indicate any radical species to be present and no signal
cérresponding to the RTe species was seen. The diffuse
reflectance spectrum of diphenylditelluride and visible
spectrum of a solution in chloroform were similar, indicating

that the species in the solid and solution are similar.

The failure to synthesise the unsymmetrical diaryl

(15)

ditellurides cast doubt about the validity of Farrar's

claim‘?)

. Thavornyutikarn(ls) had attempted to prepare
unsymmetrical ditellurides by reducing a mixture of two
different aryltellurium trichloridesusing Na28.9H20 and
K23205 as reducing agents, and by irradiating a benzene

solution containing diphenylditelluride and Dbis(4-

ethoxyphenyl) ditelluride.

Dance (16)

gave the first evidence for the existence
of unsymmetrical diarylditellurides, R-—-Te-——Te-—-R1 by
using mass and NMR spectroscopies. The mass spectrum of a
mixture of PhZ'I‘e2 and (p—PhOC6H4)2Te2 contained both
parent ions (Ph2T821+ and ((p—PhOC6H4)2Te2)+, in addition,

Ph-—-Te———Te-—{t6H4OPh)+ was seen. Similar observations

were made when intimate mixtures of other ditellurides were



examined. 1y NMR investigation of mixtures of solutions of
two ditellurides showed the existence of unsymmetrical

(16) of the

ditellurides. The possible mechanism
redistribution of R groups might go via radical mechanism,

for which no positive proof was detected in these reactions.

RZTe2 —_— 2RTe
R’2'I‘e2 P e 2 2RTe
RTe + EfT'e -_————— R—-Te—-Te-—R’

B Tes + R Te, ——= l ,—-——“ZRTe—TeR
Te--=-=- Te
R/ \R‘
Dance (16). showed no evidence that ditellurides spontaneously

produced RTe radical and the dimer intermediate

remained a distinct possibility.

(17)

Passmore prepared perfluorobutyl pentafluoroethyl

ditelluride, C4F§Te -Te-CZFS. ¢+ - in trace amount in a
reaction between tetratellurium bis(hexafluoroarsenate)

or hextatellurium bis(hexafluoroarsenate) and fctmﬂuowethyfe*‘e'ﬂe

compound was identified L’)’ MAZ5-5PeCHORERN S

A very few studies have been made on photochemical
reactions of diorganylditellurides. The first report on
photochemistry of ditellurides was published by Spencer and

(18)

Cava in 1977. Irradiation of chloroform solution of'

dibenzylditelluride under oxygen yielded benzaldehyde (42%),

~G-



toluene (21%), benzyl alcohol (21%), 1,2 - diphenylethane
(7%) and tellurium.

h\)
HICHQ:-TE —Te—CHZPh 0

PhCHO + PhCH.ZOH <5 PhCHzCHZPh +Te +CHqPh
2

In the absence of oxygen, dibenzylditelluride gives
dibenzyl telluride and elemental tellurium powder under

(19)

irradiation

PhCHzTe-Te-CHZPh N

PhCHzTeCHzPh-PTe
2

When diorgano ditellurides were photolysed in the presence
of triorganyl phosphines, monotellurides and tellurium

metal were produced. Tellurium was deposited only in

some cases(lgl, in others it was reported to form a

triorganyl phosphine telluride(zo)

;e
own(19 0)

, which compounds are
kn to be less stable and which rapidly

equilibrate to triorganophosphine and elemental tellurium.

By
hy |
R-Te—Te—R+Rl-?-Rl——)Rl-Te—Rl+Rl—P=Te
Ry R,y

Irradiation of the tellurium - 4-methylphenyl 2-methylthio
tellurobenzoate 1 in dry benzene with mercury radiation
produced, among other compounds bis(4-methylphenyl)

ditelluride and the ditelluride 2 via a radical mechanism£22'23)



CH

o
qﬁ
Ll s T 1
SCH3 benzene e CH3
I

3_ i e (P—CHB.CGHS.Te—)Z
CH3

6 T

0 CH3
2
Irradiation

S <_
e

Irradiation of the solid ditelluride'g with the light
(22)

from a mercury lamp or exposure of a chloroform

solution of the ditelluride to daylight produced thioxanthone
3 {22, 23)-

~

Diazomethane reacted with diselenides(24) under
sunlight to furnish diselenoacetal, while the ditelluride
reacted similarly with CHZN2r but did not require sunlight(24).

sunlight

— N — — —_— e e—50 — — D —
R Se Se R + CH2N2 R Se CH2 Se R

R —%e —~TITe—+R + CH2N2 — >R ——Te—-—-CI—Iz—Te-—R

Diorganylditellurides formed complexes with a variety
of metal ions. When diorganylditellrides react with
transition metals they often undergo tellurium-tellurium
bond cleavage to afford materials in which the RTe group
bridges metal centres (e.g. Pd(TeR)z(PPhS)(ZSJJ, but a
few elements have been reported to give simple complexes
(26)’

with R2Te2, namely mercury (thTez.HgCl)

-8-



(9)

. (27}
)2Te2.HgIZ], Uranium (phzTez.UCl § 5

[ (P-MeoC)H,

(28,29)

McWhinnie et.al. , reported the syntheses of
simple ditelluride complexes with copper (I) halides,
RZTez.CuX, where R = ethyl, butyl, pentyl, phenyl and
phenetyl; X = Cl, Br. They are non-electrolytes in

acetonitrile. Acording to 125

Te MoOssbauer data the complexes
contain intact ditellurides with both tellurium atoms weakly
coordinated to copper atoms. The tellurium atoms used their
5p orbitals for complexation with little change in their

hybridization(zg). It has been determined from MoOssbauer

(30) that

studies of various tellurium containing compounds
the p electrons imbalance in the tellurium—-carbon is about
1.1 and the ditellurides have large quadrupole splitting,
reflecting a considerable imbalance in the tellurium 5p

orbital population.

The polymeric structure was proposed for ditelluride

copper (I) halide complexes(zg)

g R '\T/R
i
A \ ki /Te\R

R/Te\ / \R

Possible structure for RzTezcuCl

e



The copper chloride complexes, (o - NH2C6H6)2Te2.CuCln

(n = 1,2), formed when either Cu2C12 or CuC12 dissolved

in acetonitrile was mixed with diethyl ether solutions of

the ditelluride. The complexes are 1l:1 electrolytes in
(6)

acetonitrile .

Diorganyl ditéllurides have been reported to form a

simple complex with mercury (II) halides of the stoichiometric

(31)
2 .

composition RzTez.HgX2 and R,Te,.2HgX

2 2

The structural studies of diorganylditellurides
have been determined from X-ray crystallographic studies(32'33'3{)
In all ditellurides examined the C —Te — e bond angles
have been found to be between 90°-100°, indicating that the
Te — C bonds have a higher degree of p-character and the

C —Te - Te/Te — Te —C angles are dihedral.

(35) (15)

2

assumed a similar structure of these ditellurides. Bis

The vibrational analysis of MezTe2 and thTe

(4-chlorophenyl)ditelluride 1is the first ditelluride whose

structure has been determined by single crystal X-ray

analysis(az). The two organic groups bonded to the tellurium

atom form a dihedral angle of 70°. The hydrogen peroxide

(32)

configuration is the most probable configuration The

structure of diphenylditelluride in solid state is the
same with a dihedral angle of 88.5°. The Te=— Te— C

bond angles are 97.4° and 100.30(33).

= o



Fig(a).thTe2

(36)

Piette reported crystal data of some diorganylitellurides

(4-R—C6H4)2Te2, R = H,CHB, Cl, Br, which agreed with the

above structures.

Recently, the structure of bis (4-methylphenyl)
ditelluride was determined by three- dimensional X- ray
analysis(34). The molecule was characterized by the value
of dihedral angle C —Te —Te/Te—Te —C of 85.7° and
Te — C and Te—Te bond lengths of 2.13 and 2.69A°,

respectively. The molecular structure is shown in the

following figure.

Fig (b). bis(P-tolyl)ditellurides

T~



All these structures of diorganylditellurides . have
shown that the C— Te — Te bond angles have been found
to be between ?OO-IOBO,indicating;a high degree of' p-
character in the Te — C bonds. Evidence of the type of

125Te Mossbauer

bonding involved also obtained from
studies which suggested that there may be a slightly lower
degree of S character in the Te — Te bond than the Te—C

bond(30).

Es(11) TELLURONIUM SALTS

Triorganotelluronium salts, R3Tex, have been known for
nearly one hundred years. The examples of trialkyl, triaryl
and mixed alkyl-aryl derivatives containing many different

anions are plentiful.

The synthesis of these compounds is mainly by the
combination of diaryltellurides with alkyl halides, the
reaction of tellurium tetrachloride with a Grignard reagent,
or the reaction of diorganotellurium dichlorides with

Grignard reagents.

R2Te + R'X > RZR'TeX (R' = alkyl, R = aryl)

TeCl, + 33M;x ——— R3TeCl + 3MgClX

R,TeCl , + R'"MgXx ———————> R,R'TeCl + MgClX

2

The cyclic tellurides undergo the same reactions given

by diorganyltelluride -, e.g. formation of cyclic telluronium

(39) .

salts(3?'38'39) from telluroisochroman
(38)

telluracyclohexane and dibenzotellurophene

) Yo



- +
Te — CH3

0 Y
0
E’rj+CH31__,.[j -
=]
| NTe
|

CH3 o
Te Te
|
CHB

Few physicochemical investigations have been carried

out with these compounds in the solid state, and also their

solution chemistry remains largely uncharacterised.

The thermal decomposition of triorganotelluronium

(41)

halides(4o) and pseudohalides gives the organic halide

(or pseudohalide) and the diaryl telluride.

R3TeX ——é——+ R2Te + RX (X = halide or pseudohalide)

The recent studies on solid triorganotelluronium
salts(42’46) have shown that these salts have relatively
complex structures in the solid state thus suggesting

limitation for the simple R3Te+X- ion-pairing model.

X-ray structural results showed that the solid

organotellurium salt Ph3TeNCS(42’43)

dimer and tetramer formed from bridging NCS groups with

exists as discrete

intra Te....N and Te....S distances significantly shorter
than the respective Van der Waals distances. In three
independently determined structures the triphenyltelluronium

=13



cations have a pyramidal shape with C — Te —C angles
ranging from 92° to 103°. Tellurium is both five and six

(42,43)

coordinate in Ph3TeNCS while by contrast selenium

in Ph3SeNCS is only four coordinate(47). So the latter

salt is monomeric while the former salt is oligomeric.

The tellurium atoms in the dimer, PhBTeNCS, are in
5-coordination(~square pyramidal) whereas both 5-coordination
(~ square pyramidal) and 6-coordination (~ octahedral)
occur in the tetramer. Thiocyanate bridging is in the
three atom end-to-end mode with one of the groups bridging

in the terminal single-atom made as well.

The following diagrammatic structures of (c) Ph3TNCS

dimer and (d) Ph3TeNCS tetramer gives more details:
c N
\/\c S //C
//’//Te'#*(#i:::::ljsf’fﬂf”’Te
& s c \
\ c
N

(c) Ph,TeNCS dimer

C

3
Te N
i T
S\ S
C
\N Té//

(d) PhBTeNCS tetramer
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Triphenyltelluronium chloride is predominantly ionic

(48) and is composed of noncentrosymmetric

in the solid state
dimers separated by Van derWaals distances. Two chloride
ions bridge the Ph3'I'e+ ions with Te....Cl distances ranging

from 3.142 to 3.234 X .

The two tellurium atoms are each five coordinate and
have a distorted square-pyramidal geometry. The (CGHShTECl
dimer is formed by sharing of a common basal edge by two
square pyramids through bridging chloride ions. The
Cl —Te —Cl angles are 90.84 and 92.28° while the Te —Cl—Te

angles are 77.31 and 18827,

The following figure (e) gives more details about

(Ph3TeCl)2.

Fig (e) PhBTeCl dimer

S



The structures of a number of organotelluronium salts

(48) (42,43)' wiich

(49)

have shown that (C6H5)3TeCl ; (CGHS)BTeNCS
coexists with tetramers, and by contrast (CGHS)SeCl.ZHZO
are dimers. It has been noted that the unit cell of
(C6H5)3TeNCOc0mtains only tetramers and solvent of

crystallization(44'45).

The telluronium salts have relatively complex
structures due to the weak interaction between the
tellurium atom and the anion. These interactions determine
the structural features of the compounds and that the
interactions are sensitive to the nature of both the
cation and anion. The tellurium shows higher coordination
number than does selenium or sulphur because of its
expanded valence shell, and has the greater tendency for

secondary interactions.

The secondary interactions which have been found in

all structural determinations of telluronium salts(42'43'45’48h

were absent in the trimethyltelluronium tetraphenylborate(SI).
Tellurium in this compound shows a three fold configuration
and is therefore the first example of three coordinate
tellurium IV. The lone pair electrons of tellurium in the
absence of the secondary bonding interactions may have a

greater stereochemical influence(5l),

-16=-



Figure (f) Trigonal-bipyramid cavity and cation disorder

in (CH TeB(C6H5)4. The structure of this compound is

313
dominated by the tetraphenylborate ion which has C2U
symmetry with normal interatomic distances and angles. The

+

structure consists of layers of B(C and (CH3)3Te

6t5) 4

ions parallel to xy plane such that three B(CGHs)_ ions

surrounds each (CH3)3Te% ion. As a consequence a belt

of phenyl rings from one anion and one each from two other
anions surround each cation site. Boron is out of the

planes of phenyl rings which are distorted from hexagonal

geometry. The structure is layered such that a trigonal

bipyramid of tetraphenylborate ions surrounds each cation

site.

The solution chemistry of organotelluronium salts

remains largely uncharacterized. Lederer(szl

observed
in 1916 that diarylmethyltelluronium salts decomposed in

chloroform solution.
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Kopf, et.alﬁ53)

have shown that organotelluronium
nitrosylates R3Te+(R-— C:E;g ), exist in an ionic form
in methanol solutions, but are apparently covalent in

benzene solutions.

(54,55) indicate that all

The conductivity measurements
the telluronium salts, RzMeTeX, are less than 1l:1
electrolytes in dimethylsulphoxide (DMSO) and dimethylformamide
(DMF') solutions. This indicated some degree of ion-pairing

which may be represented as below:
Rl
R\\\“
R

observed that methyldiphenyltelluronium

+ -
Te——---x

Dance (541

salts undergo dissociation in deuterochloroform solution
to diphenyltelluride and methylhalide with a rate which

is halogen dependent:

Cl ¢« Br < T

The telluronium salts are covalent in chloroform and
more ionic in DMSO and, to a lesser extent, DMF. Thus
the following equilibria were shown to be shifted to right
or left by selecting solvents of different polarity:

Ph.MeTe X~ —— Ph,MeTeX —— Ph,Te + MeX
——" —

2
"jonic" "covalent"

2

1g.NMR spectra for Ph,MeTeX (X = C1,Br,I) in deutgrochloro-
form changed with the time, a new methyl resonance appearing

on standing and also the chemical shift of methyl group

=18~



bonded to the tellurium atom was found to depend

significantly on the anion(54).

(54)

Dance studied kinetically the reaction of
methyliodide with an excess of diphenyltelluride as a
solvent at 35°C within the NMR spectrometer and the
spectrum of the aliphatic fesonance was recorded and
integrated in time intervals until the reaction was complete.
Immediately after mixing methyliodide and diphenyltelluride,
the only aliphatic resonance was that due to CH3I. However,
within one minute a resonance at 6§ = 3.05 ppm (covalent form)
developed, followed by one at § = 2.70 ppm (ionic form).
From these resonant positions, he assumed the species
present to be those previously identified in chloroform
(covalent) and DMSO (ionic). The plot of concentration of
methylated products against time for the ionic form, is
sigmoidal indicating that it arose from an intermediate.

The 'tovalent” form is initially produced at a rate greater
than the "ionic" form, but latterly the relative rates

are reversed, which indicates that the "covalent" form

is the intermediate involved. Methyliodide was eliminated
from PhZMeTe+I_ rather  than phenyliodide. There was no
obvious thermodynamic explanation for these observations
since methyl-and phenyl-halogen bonds are of similar

h(SGl (30)

strengt and MoOsshauer measurements have not shown

great difference between tellurium-alkyl or -aryl bonds.

(55)

Musa synthesised methyldiphenyltelluronium

isothiocyanate, thMeTeNCS, and studied its behaviour in

i



in solvents of different polarity. This compound gave
conducting solutions in DMSO and DMF indicating 1:1

electrolytes.

The IR spectrum of thMeTeNCS in CDCl3 was different
than in solid state. The initial solution gave a broad band
due to V(CN) centred on 2059 cm_l, this decayed with time to
be replaced by an extremely sharp band at 2161 cm~ ! which
pfoved that the telluronium salts decomposed to

methylthiocyande and diphenyltelluride (subsequently

confirmed by 1HNMR) as follows:

thMeTe(NCS)——————athTe + MeSCN

(393 obtained more kinetic data using lg'NMR spectroscopy

Musa
on these systems and suggested a mechanism for the reductive
elimination reaction. The kinetic data indicated that two
pseudo-first order processes were involved, the second
(faster) which required the presence of diphenyltelluride
and this did not become dominant until a reasonable
concentration of diphenyltelluride built up. He postulated
that the most probable mechanism for the initial stage of

the reaction is one involving loss of methyl radical in a

rate determining step:

MePh,,TeNCS D U thT'eNcs

followed by a sequence of fast steps.

propagation IMé + (SCN)TePh,Me ——»MeSCN + TePh Me

'fethbie > Ph,Te + Me

=30



termination Me + (SNC)féPh ~———3 MeSCN + thTe

2

155?) studied in more

More recently, McWhinnie et a
detail the solution chemistry of triorganotelluronium
salts PhZ(CH3)TeX (where X = Cl1, Br, I, PhCOO, NCS).
UsinngNMR spectroscopy of chloroform solution showed

that the rate of dissociation was in the order:
T > Br = NECS. > €1 > PhCOO

In the case of Cl and PhCOO an equilibrium was
established, in other cases the dissociation was complete,
thus the stability of the salt to dissociation in chloroform
is inversely related to the electronegativity of the ligand
atom of the anion. The IR data for solid Ph2MeTe(PhCOO)
suggested a considerable interaction of the carboxylate

with tellurium.

McWhinnie et.al.(s71

have given positive evidence

for a radical pathway in both oxidative addition of alkyl
halides to thTe and reductive elimination of methylthio-
cyanate from thMeTe(NCS} using electron spin resonance
spectroscopy (ESR) and spin trapping experiments with phenyl
(t-butyl)nitrone (PBN). The addition of PBN gave

immediate evidence for free radicals after mixing of
diphenyltelluride (2 moles) and organic halides (1 mole)
with PBN which diésolved in pure de-oxygenated benzene.

The experiments were carried out under very strictly anaerobic
conditions, but if dioxygen were deliberately introduced the

concentration of the trapped radicals increased. They

proposed a mechanism for oxidative addition
-21-



which involved the preformation of a charge transfer

complex of the alkyl halide and diphenyltelluride as

follows:
RX + thTe e {RX. .. .'I'ephz}
{RX....TePh,} -%gg)ﬁ R'+ [XTePhy)
? R i
Kpe
th(R)Tex
thTeX2

They concluded that oxidative addition of methylhalides
to thTe proceeds along a radical pathway via the initial
formation of a charge transfer complex, and the initial
product of the oxidative addition is a covalent molecule

from which, depending on the solvent, ionisation may occur.

The mass spectra of telluronium salts(54'58'59),

thMeTeX (where X = C1, Br, I, NCS, BF4, PFG' PhCO0O0)

showed the thermolysis pathway is:

thMeTeX-———~_+ thTe + MeX

A series of studies were carried out by Dance(54),

(55) and McWhinnie(57)

Musa on methyldiphenyltelluronium
salts showed that reductive elimination might occur from

an associated species in solution.

It is interesting to continue these investigations to

explore the solution structure of telluronium salts which

o, o



are stable to reductive elimination. Attempts will be used
to synthesise stable telluronium salts and to obtain further

evidence for, or against, the previous work.
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GENERAL EXPERIMENTAL METHODS

Chemicals:

All chemicals were obtained from commercial sources
and in purest available grades used when necessary.
Tellurium tetrachloride and tellurium powder, the starting
materials for many reactions, were supplied by British

Drug Houses (BDH).

Solvents:

The solvents were obtained from commercial sources.
They were purified according to literature methods, i.e.
benzene, chloroform, ethanol, dioxane, dimethylsulphoxide,

dimethylformamide and tetrahydrofuran (THF)(GO).

Elemental Analysis:

Micro analysis for carbon, hydrogen, nitrogen and
halogen were carried out by the Micro Analytical
Laboratories of the Chemistry Department of Aston University.
Tellurium analysis was carried out by the method of

Suttle(sl).

Physical Measurements:

(a) Infra-red Spectra

APerkin-Elmer 457 spectrophotometer of range
4000-250 cm ' and a Perkin-Elmer 599B spectrophotometer

of range 4000-200 cm™t

were used. The solid specimens
were prepared as Nujol Mulls supported between KBr plates,

or examined as KBr discs or as CsI discs.
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(b) Proton Nuclear Magnetic Resonance e%iNMR) Spectra

Proton magnetic resonance spectra of solution of
organotellurium compounds containing tetramethylsilane
(TMS) as an internal standard were recorded on a Perkin-

Elmer R14 spectrometer at 60 MHz.

(c) Te and 13C Nuclear Magnetic Resonance Spectra

The tellurium-125 nuclear magnetic resonance spectra
were measured on a Bruker WH 90C spectrometer of the
Universiteé de Rouen in France at 28.40 MHz, and
tellurium-123 at 23.57 MHz, in the Fourier mode. 90o
pulses were used. Carbon-13 spectra were measured on

the same instrument at 22.63 MHz, the sample temperature

was 26°C.

13C chemical shifts are referred to TMS as internal

reference. For tellurium, chemical shifts are referred

to pure (CH3)2Te.

(d) Visible Solution Spectra

The visible solution spectra were recorded on a
Unicam SP8-100 spectrophotometer using 1 mm pathway glass

cells and 10 mm pathway silica cells.

(e) Conductivity Measurements

Solution conductivities were measured with a
Mullard Conductivity bridge, using a standard conductivity
cell with a cell constant of 1.46 with bright platinum

plates.
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(f) Osmometric Molecular Weight Measurements

Molecular weights were measured with a Knauer
Vapour Pressure Osmometer using benzil as a reference

compound.

(g) Mass Spectra

The Mass Spectra of all compounds were recorded

on the AEI MS9 spectrometer at 70 eV.

(h) Electron Spin Resonance (ESR) Spectra

The Jeol, JES-PE, esr spectrometer was used to

record the spectra of the samples.

(i) Melting Points

The melting points of all solid compounds were
determined by a Gallenkamp melting point apparatus which

is heated electrically.

(j) Raman Spectra

The Raman spectra in range of 300-26 cm-'l were
recorded on the Coderg RS 100 Raman spectrometer at the
Chemistry Department of the University of Leicester,
using 64712° (15453 cm-l) Kr laser excitation. All the
samples were recorded in the crystalline solid state and

in deoxygenated benzene.
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3.(i) INTRODUCTION

The recent literature contains several papers indicat-
ing a growing interest in organotelluronium salts; the
solution behaviour of these compounds and their solid
state structures have been studied. The crystal and
molecular structures of telluronium salts are relatively
sparce; in most cases studied there is evidence of
positive anion-cation interaction. 1In [(CH3)3Te]+
[(CH3)TeI4]—fdr example, both cationic and anionic
tellurium atoms are in distorted six coordinate

(50)

environments, and in the case of triphenyltelluronium
pseudohalides the cation-anion interaction is sufficient
to impose dimeric or oligomeric structures of some

(43-48)

complexity . In the case of [(CH Te]BPh4, the

3)3 )

structural determination has shown an ionic compound(ﬁl).
The values of the molar conductivity of thMeTe+X-

(X = C1, Br, I,NCS and PhCOO) indicated that they are

something less than 1l:1 electrolytes in dimethylsulphoxide

55,57
and dimethylformamide( : )-

The results of measurements of telluronium salts,
PhMeTe X~, in chloroform and dimethylsulphoxide solution
by lH NMR spectroscopy suggested that these compounds,

in chloroform, formed a covalent form whereas in

dimethylsulphoxide solution they exist as ionic forms:

S b
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The 'HNMR spectra of methyldiphenyltelluronium salts

were recorded in chloroform and it was shown that the
methyl singlets corresponding to methyl group which is
attached to tellurium decayed with time to be replaced by
new signals shown to arise from MeXx (X = Cl, Br, I,

55:57
NCS and PhCO0), also the Me— Te resonance was X dependentf .

Kinetic data(57) showed that the reaction of CH3X
with excess Ph,Te (solvent) affords an equilibrium mixture
of ionic and covalent forms of thMeTeX, the ionic species
being formed via the covalent one. Spin trapping
experiments with phenyl-t-butyl nitrone (PBN) indicated
that oxidative addition of alkylhalide to thTe and
reductive elimination of alkylhalides from PhZMeTe+X_
involved a radical pathway. A mechanism was proposed for
oxidative addition which involved the initial formation

of a charge transfer complex.
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which was similar to some precedents in selenium

chemistryﬁz).

The present work attempts to study the physicochemical
properties of triorganotelluronium salts which are stable
to the reductive elimination in order to explore the

solution structure of these compounds.

The synthesis of a new class of cyclictelluronium

salts is carried out in this work.

3.ii Experimental

Preparation of 1,l1'-diiodo -3,4-benzo-1-telluracyclopentane

This compound was prepared according to the

63) with some modification. A mixture of

literature
«, «'-dibromo-o-xylene (10.6 g; 0.04 mol), tellurium
powder (5.1 g; 0.04 g=-atom) and sodium or potassium

iodide (0.16 mol) in 2-methoxyethanol (=250 ml) was
stirred and heated gently in an open beaker. Gentle
boiling was continued for 30 minutes. Deionized water
(300 ml) was added. Theprecipitate was collected by
filtration, washed with water, rinsed with acetone and air
dried. Recrystallization from hot 2-methoxyethanol gave
orange-red and yellow-orange crystalline forms («- and B-
form respectively). Recrystallization from DMF gave
yellow-orange crystals (B-form).m.p266 - 228°C (=) and

223 2240 . (§3) o) O
- c (8Y. " |ute =. 1 225°C («) and 222°C (@)

Found s G 195707 By 1,70

CaHgTeI2 requires: . C, 19.79; H, 1.66

L



Synthesis of 3,4-benzo-l-telluracyclopentane

Sodium borohydride was added to a boiling methanolic
solution of 1,1'diiodo - 3,4-benzo-l-telluracyclopentane
until the orange colour had disappeared. The solution
was filtered, then poured into 1L of water and
extracted with ether. The combined ether extracts were
washed with water, dried over CaClZ, and concentrated to

dryness on a rotary evaporator.

The yellow plates of 3,4-benzo-l-telluracyclopentane
which melted at 43-44% (nit.®%) 44-46°C) were recrystallized

from petroleum ether (60/80°¢C) .

Found t o841 .4; By 3,50

CBHBTe requires: C, 41.4; H, 3.48

During the course of this work Gysling(GS)

prepared this
compound by reduction of 1,l1'-diiodo -3,4-benzo-l-tellura-

cyclopentane by hydrazine.

Synthesis of l-methyl-l-iodio-3,4-benzo-l-telluracyclopentane

Excess of fresh distilled methyliodide (6 ml) and
3,4-benzo-l-telluracyclopentane (2.32 g; 0.0l mole) were
placed in flask flushed with dry nitrogen. An exothermic
reaction took place, giving a pale yellow crystal which,
recrystallized from a mixture solution of ethanol and
water (3:1), gave bright white crystals which

decomposed at 190-192°C.
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Found £ Cy 2B29: H,"2.90

CgﬁllTeI requires: C, 28.9; H, 2.79

The following telluronium salts were prepared by
similar oxidation addition reaction of appropriate

alkylhalide with 3,4-benzo-l -telluracyclopentane

1-Ethyl-1l-iodo -3,4-benzo-l ~telluracyclopentane

The white precipitate formed after 2 hours m.p.

185-186°C (d) .

Found Pk G o8Bl o 22 H L SR H0

C10H13Te1 requires: C, 31.0, H, 3.40

1-Allyl-1l-bromo-3,4-benzo-1l-telluracyclopentane

An exothermic reaction took place. The white

crystals melted with decomposition at 166-168°cC.

Found NN 3 A H SO0

CllHlBTeBr reculres: £, 37.5) B, 3.70

1-Benzyl- l-bromo-3,4-benzo-l-telluracyclopentane

A pale yellow precipitate formed immediately after
mixing which recrystalized from a mixture solution of
ethanol and water (3:1) to afford ' white crystals which

decomposed at 170-172%.

Found 3 €, 44,65 H, 3.90; Br, 20.%

ClSHlSTeBr requires: C, 44.7; H, 3.80; Br, 19.8

l-Phenacyl-1-bromo-3,4-benzo-l-telluracyclopentane

3,4-benzo- l-telluracyclopentane (2.32 g; 0.0l mol) and
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phenacylbromide (2.0 g; 0.0l mol) were mixed, and
sufficient dry diethylether added. The reaction flask
was then stoppered and left overnight. The resulting
white solid was washed with diethylether and dried under
vacuum over P,0.. White crystals of the compound were
obtained after recrystallization from a mixture solution

of ethanol and water (3:1). M.p. (dec.) 166-168°C.

Found 2 G, 44,7+ B, 3.79; Br, 20,9

ClSHiSOTeBr requires: C, 44.6; H, 3.50; Br, 18.6

Synthesis of l-methyl-3,4-benzo-l-telluracyclopentane-
perchlorate

To l-methyl-l-iodo =-3,4-benzo-l-telluracyclopentane
(0.37 g; 0.001 mol) which was dissclved in hot ethanol
(20 ml) was added an aqueous solution of silver
perchlorate (0.21 g; 0.001 mol). The resulting solution
was stirred for 2 hours, and then the solution heated for
15 minutes with stirring,after which the hot solution
was filtered and the yellow precipitate of silver
iodide was collected. The solution was evaporated at
room temperature. The white needles of
l-methy-3,4-benzo-1l-telluracyclopentane perchlorate were
recrystalized from a mixture solution of ethanol and

water (4:1) and decomposed at 179-182°¢.

Found s C, 29.9: H, 2.90

Co H,,QTeCl

o119 requires: C, 31.1, H, 3.20

4
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‘_Synthesis of l-methyl-3,4-benzo-l-telluracyclopentane tetraphenylborate

Two methods of preparation were developed:
(@) The appropriate CnglTeI (©.37 g; 0.001 mol) dissolved in hot
ethanol was mixed with an ethanolic solution of sodium tetraphenylborate
(0.34 g; 0.001 mol) forming a voluminous precipitate. Stirring was
continued for 2 hours, after which the suspension was boiled with
stirring for 15 min. On cooling the solution to roam temperature, a
solid settled and was collected, washed with ethanol and water and

dried in a vacuum over P,O The white precipitate of C33H3lBTe was

5°
recrystallized from DMF/H.O to give white crystals. m.p. 208°C (@).
(b) By mixing equimolar portions of hot solutions C9H11TeC1

(0.28 g; 0,001 mol] (ethanol/water] and sodium tetraphenylborate
©.34 g; 0,001 mole) (ethanol) and stirring for cne hour at roam
temperature, the campound was formed. After separation and washing
with ethanol and water, the white crystals were recrystallized from
a mixture of DMF and water. m.p. 208-210°C @).

Found : C, 69.6; H, 5.20
C33H3131'e requires: C, 70.0; H, 5.50

Synthesis of l-phenyl-3,4-benzo-l-telluracyclopentane tetraphenylborate

A mixture of 1,1'-diicdo-3,4-benzo-l1-telluracyclopentane (2.42 g;
0,002 mol) with NaBPh, (3.42; 0.0l mol) and dry ethanol (100 m1) were
placed into 250 ml round bottamed flask equipped with magnetic
stirring bar, and condenser. The reaction mixture was heated to reflux
with stirring for 3-4 hours, after which the hot solution was filtered
and the white crystals of C38H33BI'e collected in quantative yield,
washed with water and methanol and recrystallized from water and
DMF to m.p. 184°C @).

roupd ¢ C, 72.0; H, 5.20
CBBE[3BBI'e requires: C, 72.6; H, 5.20
Synthesis of 1-(1'-bramo—-2'-butene] -1-bramo-3 ,4-benzo-1-telluracyclopentane

1.4-dibramo~2-butene (0.46 g; 0.002 mol) and CgHgTe (0.43 g;
0.002 mol) were dissolved in absolute ethanol.

-



A white precipitate was formed within one hour. The
resulting solid was collected, washed with ethanol and
dried over P,Og under vacuum. Attempts for recrystalliza-
tion from a mixture of ethanol and water produced
decomposition, and so the compound was used without

further purification. m.p. 135-137°C (4).

Found ¢ e, 27.7: 8B, 2.10; Br, 36.06

C12H14TeBr2 requires: C, 35.8; H, 2.98; Br, 34.1

Unsatisfactory elemental analysis for this compound
does. not agree with the emprical formula. In l3C NMR, there

is no- signal due to - CH = CH -.

Synthesis of 1,1'-dibromo-3,4-benzo-l-telluracyclopentane

CBHSTe (0.5g) in carbon tetrachloride (50 ml) was
treated with bromine (0.3 g) in carbon tetrachloride and
stirred at room temperature for 30 minutes. The solution
was filtered to afford very pale yellow crystals which

were recrystallized from 2-methoxyethanol to m.p. 244-246°C.

Found : C; 24,77y H, 2.10; Br, 36,6

CBHBTeBr2 requires: €, 24.5; B, 2.05; Br, 40.8

(65)

During the course of this work, Gysling , prepared

this compound with m.p. of 230°c.

Attempts to prepare the telluroxide from the above

compound were not successful.

An aqueous suspension of silver oxide mixed with
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solution of C9H11TeI in order to precipitate silver iodide

and form the telluronium hydroxide, which could be

combined with hydrofluoric acid to form CnglTeF, was not

successful

The attempted preparation of other telluronium salts from
1l,4-dibromo-2-butene

Di (p-ethoxyphenyl)telluride (1.85 g; 0.005 mol)

(66)

which was prepared according to the literature refluxed

with 1,4-dibromo-2-butene (1.1 g; 0.005 mole) in ethanol
for one hour. The solution was allowed to cool at room
temperature. On cooling pale yellow crystals were

obtained which melted at 126-1280C. It was found that the

product was bis (p-ethoxyphenyl)tellurium dibromide.[LithG)

Found ¢ By 36:5; 8, 3.50; Br, 30.0

m.p.127'

ClsHlsTeBr2 requires: C, 36.3; H, 3.40; Br, 30.2

The reaction of 1,4-dibromo-2-butene with diphenyltelluride
carried out as above led to the formation of PhZTeBrZ.

67

m.p. 201-203°%C. (Lit ! 203-204%).

3. (ii), RESULTS

3.(ii)a. Solubility

The cyclic telluronium salts are soluble in DMSO
and DMF.With the exception of l-methyl-iodo =-3,4-benzo-
l-telluracyclopentane, l-ethyl-l-iodo -3,4-benzo-1-

telluracyclopentane and l-allyl-l-bromo-3,4-benzo-1-
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not
telluracyclopentane, they arey/soluble in chloroform. All

cyclic telluronium salts were found to be insoluble
in ethanol, acetonitrile, nitromethane, benzene, toluene,

ether, carbon tetrachloride and petroleum ether.

3. (ii)b. Conductivity Measurements

The molar conductivity of each cyclic tellu&onium
salt in dimethylsulphoxide (DMSO) and N,N'-dimethyl-
formamide (DMF) is shown in table I. Conductivity at
various concentrations in DMSO and DMF were also measured

Fig. 1 and 2.

3.(ii)c. Infrared Spectra

The infra-red spectra of all cyclic telluronium
salts in a range of 4000-200 em™ Y in KBr discs are
presented in table 2.

The infra-red spectra of l-methyl-l-iodio-3,4-benzo-
l-telluracyclopentane and l-(trideuteromethyl)-l-iodo =-3,4-
benzo-l-telluracyclopentane in KBr discs are represented
in figures 3 and 4. The IR spectra of l-methyl-3,4,-benzo-
l-telluracyclopentane perchlorate both as a Nujol mull and

as KBr disc in range of 4000-200 cm.—l are shown in

figures 5 and 6.

The infra-red spectrum of l-phenacyl-l-bromo-3,4-benzo-
l1-telluracyclopentane in KBr disc is represented in figure

T

3. (i1)d. 1y NMR Spectra

The ;Hbmﬁ{spectra were obtained for cyclic telluronium
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salts in CDC13, DMSO—d6 and DMF—d7 are presented in

table 3.

There are two types of aliphatic resonances in these
compounds, one is due to the alkyl group and the other
due to the presence of two methylene groups. The
position of the alkyl reéonances in chloroform,

dimethylsulphoxide and dimethylformamide remained unchanged.

The initial spectrum of l-methyl-l-iodo =-3,4-
benzo-l-telluracyclopentane in CDCl3 showed in the
aliphatic region a singlet methyl resonance at § = 2.42 ppm
(relative to TMS) with satellites corresponding to
¥H—-125Te coupling (J = 24.5 Hz) and four resonances at
8§ = 4.12, 4.36, 4.88 and 5.12 ppm due to the methylene
groups. The position of methyl resonances remained
unchanged after 30 hours, as presented in figures 9 and

10.

3.(i1)e 13C NMR Spectra

The 13C NMR spectra for some of the cyclic

telluronium salts were measured in CDCl 5, DMSO—dG, and

DMF—d7. The results are given in table 4.

3« (FL]E 12510 nMR Spectra

125Te chemical shifts for some of cyclic telluronium
salts were obtained in CDC13, DMSO—d6 and DMF-—d7 using
pure dimethyltelluride as external reference, the

results are tabulated in table 5,

-0



3.(1i)g Molecular Weight Measurements

The molecular weight measurement of l-methyl-iodo-
3,4-benzo-l-telluracyclopentane was carried out in

chloroform at 25°C and the results are shown in table 6.

3.(ii)h Mass Spectra

The mass spectra for all cyclic telluronium salts
are tabulated in tables 7-15. These tables contain only
the important ions and the ions of high relative

abundance.

=38



TABLE (1)

Conductivity measurements on solution of cyclic~-

telluronium salt:

Q0
Sy

w3t

Solvent/Molar conductivity
= & (ohm™* em? mo171)
DMSO DMF

CH3 i 32.6 64 .0
CH2CH3 i & 30.8 Gl -6
CH2 - CH = CH2 Br 3326 61l.2
CH,— Ph Br 31.0 45.3

0
CH, - L = Ph Br - 32.%
CH, BPh4 219 43.8
Ph BPh, - 46.1
CH2 - CH = CH - CHZBr Br 35.96 -

Solutions were 10 - M




TABLE (2a)

IR Data for Tellurium-Carbon Vibrations of Tellurium

Salts: R
/
Te
\X
R X v (em™ 1)
CH, i 3 538 (w)
CH, CH3 I 538 (w)
- CH2 - CH = CH2 Br 535 (w)
- CHzPh Br 538 (w)
Q
CHZCPh Br 472 & 482 (w)
CH3 Br 535 (w)
CH, ci—o4 540 (w)
Ph BPh, 460 (m)
CD, T 520; 500 (m)
- CH, - CH = CH - CH,Br Br 475 (w)
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TABLE (2b)

IR data of cyclic telluronium salts.

Solution

spectra were obtained in chloroform solution.

Compounds vieD) ~1 “vOCo) (e =C )
- solid alszk
0
& =—pp
/CHE 1660
Te el 482, 472
P 1660
o
s 1600 1365
Te _ 530%
S0~ fl-‘l--Ph 1600 1365
0]

* Data fram ref 59

==




TABLE (3)

1§ NMRdata of Cyclic Telluronium Salts.

Chemcial Shifts, ppm Coupling
constant
Campound Solvent| TMS = O pmm Hz
5 - c:acl3 H(2,7): 4.65(s); H(3,4,5,6): | 24.0
4 7.15-7.3 (m)
Te
5 DMSO H(2,7): 4.45(s); H(3,4,5,6): | 24.0
13 7
7.05=7.2 (m)
DMSO H(2,7): 4.75(s); H(3,4,5,6): | 24.0
7.2=7.5 (m)
oI
Te\I DMF H(2,7): 2.42(s); H(3,4,5,6): | 25.5
7.00-7.45 (m)
CDC1, CH,: 4.42(s); H(2,7): 4.1, 24.6
4.38, 4.88, 5.1; H(3,4,5,6):
6.9-7.3 (m)
SHy
/ DMSO &13: 1.98(s); H(2,7): 3.77, | 24.0
Te
Ny 4,02, 4.17, 4.42; H(3,4,5,6):
6.8-7.3 (Il'l)
DMF CH, 2.25(s); H(2,7]: 4.03, 23.8

4.2, 4.5, 4.78; H(3,4,5,6):
7.2-7.45 (m)
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TABLE (3) cont'd

Chemical Shifts, ppm Coupling
constant
Campound Solvent| TS = O pmm Hz
DMSO CH,: 2.05(s); H(2,8):3.48, |18.6
Poee 4.11, 4.20, 4.45; H(3,4,5,6):
T
7.5 (m)
DMSO CHy: 1.98(s); H(2,7): 3.82, |22.4
CH
EI:%/ 3 4.06, 4.21, 4.47; H(3,4,5,6):
N\cl1o
4 7-7.5 (m)
DMSO H(2,7): 3.89, 4.12, 4.30, -
Te/CDs :
~1 4.52; H(3,4,5,6): 7.1-7.5 (m)
DMSO CHy: 2.30(t); CHy: 2.6~ 18.0
2.8(g); H(2,7): 3.9, 4.15,
S
Te 4,28, 4.53; H(3,4,5,6):
T &
7.20-7.45 (m)
DMSO : 2.83(s); H(2,7): 3.95 -
CH2—Ph CH2 (s) (2, '
(]C/ 4.1, 4.2, 4,45; H(Ar): 7.0-
Te
~
Br 7.20 (m)

e




Table (3) cont'd

Chemical Shifts ppm Couplings
constants
Campound Solvent | ™S = O ppm Hz
(0]
Il DMSO CH2: 1.32(8) s H(2,7): 3.95, 1282
CHz—C-Ph'
Té 4.21, 4.36, 4.61; H(Ar):
~B
T 7.2-7.5 (m)
DMSO Cﬂz&ﬂ: 3.0€LZ(d);CH2&ﬂ:
('2142+CH=CHZ‘ 4,44-3.66(d): CH; 4.86-5.42(q) -
@CTe H(2,7): 3.44, 3.62, 3.62,
~B
5 3.84; H(3,4,5,6): 6.72-7.28 m)|
DMSO H(2,7): 3.95, 4.21, 4.35, -

4.61; H(3,4,5,6): 6.8-7.10 (m)
H(Ar): 7.12-7.60 (m)

e
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TABLE (5)

Molecular weight data for same cyclic telluronium salts.

Campounds Moncmer | Dimer | Observed
e
e 2 373 746 742
CH
@CTE/ 3 367 738 | 731%
Mo -C -ph
1l
0]

* Data fram reference 59.

-46-




TABLE (6)

225

Te NMR data for some telluronium salts.

Reference (CH3)2Te.

125

Compounds Solvents § Te ppm
/CHB cpCi, 652.0
e DMSO 651.4
DMF 652.2
1,-CH
T&/Clz 3 cpCl, 706.4
g DMSO 708.9
DMF -
/CH2—CH=<:H2
e DMSO 688.3
--_-‘B
CH.,~Ph
2
*h 5 DMSO 722.3
""-...HB
S r
0
1l
P DMSO 693.5
s
=SSR, DMF 680.1
CH
/3 cpeil, 687.0
Te
‘o - ¢ - Ph
0

o




TABLE (7)

Mass spectra for CgﬂllTeI relative to

130

Te.

Species m/e R.I
5 /’CH3
.
s . 376 4
+
Te—CH, 249 6
+
@::Te 234 100
+
PhTe 207 100
~ il
104 100
™=
Mel 142 100
I+ 127 100
==

+
46 .2 metastable for [::j[:::?e———————é

il B

[

~
N




TABLE (8)

Mass spectra for l-benzyl-l-bromo-3,4-benzo-1l-
130 81

telluracyclopentane relative to Te, Br (24 ev).
Species m/e RLI
+
O
_@ 309 3
+
SR
(a)
ot 260 9
2w
-
= 234 100
Ph~CH,~Br 342 it
Phy 154 25
+
Cglg 104 100
+
@' e 91 95
BY 81 100
Ph' 77 100
+
C.H, 65 100

+
46.2 metastable for [::I::?P+ i [::[]

] G




TABLE (9)

Mass spectra for ClOHl3TeI relative to lBOTe and
137,
Species m/e R.TI
CH..—CH
T;f’ 7 390 3.5
Ll
+
263 15

Ei::l:::?e—-CHz__CH3

+
@CTE 234 100

+
PhTe 207 11
CH. ~CH~TT 156 100
e
e’ 130 70
“n ; 104 1
%) 0 00
o 154 64
2

Tt 127 100
pht 77 100

+
+
46 .2 metastable for @:\/Te —
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TABLE (10)

Mass spectra for CllHl3TeBr relative to lBOTe,

Blps.,

Species m/e R.T

I243F{H2

o
B
[;::]::::ie-\jz:]:::] 460 3
+
* _ cu,~cr=cH
[:::[::: 58, 2 356 25
Te
b

B

r
+ 275 8
Te-CH2%IFCH2
N+ 234 100
Te

PhTe’ 207 49
CH,=CH-CH,Br 121 100
& | 3 104 100
S

Brt 81 100
pht 77 100

+ +
46.2 metastable for E:j[::?e-——___,[::lz:]

-51~-




TABLE (11)

Mass spectra for CgH904TeCl, relative to l3oTe,
3501,
Species m/e R.I
= CH
il poe
Te 284 3
NI
+
Te—CH, 249 4
+
@CTE 234 100
+
PhTe 207 11
Ph-; 154 12
+
@ 104 100
NS
CH:,’ClO4 115 8
pht 77 100

i +
46 .2 metastable for @TE—) @:

=50




TABLE (12)

Mass spectra for C16H150TeBr’ relative to lBOTe,

8lpr.

Species mn/e R.I

0
CH,.-C=Ph

I 2

B

+
Q
CH,-C-Ph
7 2 434 40

Te

. Y

1t
t_C - ph 420 7

0
o 339 20
Te-—C = Ph

s 311 5
Te - Ph
+
[::I::}E 234 100

PhTe™ 207 69

200 100

c=0
[:::[; 185 100
B

e




TABLE (12) cont'd

Species m/e R.I
C6H5CO+ 106 100
e | x 104 100
-~

c?H?‘" 91 100
Br' 77 100
CoE. 65 100
=% A 51 100
co” 39 100

+
46 .2 metastable for (jC‘E —_—

~-54-
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TABLE (13)
130

Mass spectra for C33H315Te, relative to Te,
llB -
Species m/e R.I Species M/e R.I
+| 165 30
CH, S s 1)
t//
Te +
“sBPh4 568 4 BC8H6 133 25
. off
104 scale
Cgllg
t/'CHB
Te 414 2
“*Bth
BPh' 88 | 25
= _
Ph4B 319 2 I §
& off
Ph v scale
//CH3
Te\CH 264 8
@C 260 | 12
\B
Ph B CH 257 10
+
Te——CH3 249 40
BPh3+ 242 40
+ off
Te 234 |scale
+
PhTe 207 15

+
46 .2 metastable for (I:Te KE:I
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TABLE (14)

Mass spectra for C38H33BTe relative to lBOTe, llB.
Species m/e R.1 Species |m/e R.I
4 i of f
Te*\4§h4 630 0.8 BClOH8 139 scale
i £ e
¥ #1137 1°
thTe2 414 14 B(ClOHG) scale
+ off
BCgCq 113 | gcale
Ph
+” +
Te H (% % 2
S 388 4 Cgllg 104 nale
+ Off
Ph4B 319 6 Ph+ 77 SRl
+
@CTe—Ph 311 9
+ off
thTe 284 deale
-+ off
Ph3B 242 anila
phre’ 207 | off
scale
+ off
BCy2H50 165 | scale
+ off
BClZHB 163 scale
+ off
th 154 scale

+ +
46.2 metastable for CgHgTe ———>Cglig
85.5 metastable for thTe+ —_———y th

151 metastable for Ph Te.+

=56 =
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TABLE (15)

130

81!

Mass spectra for c12H14TeBr2 relative to Te, Br.
Species n/e R.I
CH.,~CH.,-B
2 B
@C:Te/ 427 21.8
~N
— Br
+ _B
e T 396 20
g
s g
+
@ Te 234 100
¥ 185 41.8
CBHBBr
+
PhTe 207 95
+
CgHig 104 100
Br+ 81 74
Pht 77 100

5
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Figure 1 Conductivity of some telluronium salts

in DMSO
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5001

400+

206G

100

Figure 2 Conductivity of cyclic telluronium

salts in DMF
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3, (iii) DISCUSSION

A series of new stable cyclic telluronium salts have
been prepared by reaction of 3,4-benzo-l-telluracyclopentane

with appropriate alkylhalides,

i :
N

reaction of l;l~diiodo~3,4-benzo—l—telluracyclopentane or
l-methyl-1-iodo-3,4-benzo-1-telluracyclopentane with
sodium tetraphenylborate.
T el
Te

Te/ 3 2NaBPh4 —_—

N1 \BPh4

CH

CH 3
_T/B /
e
\\ +N_a.BPh4 e Te\\
T BPh4

and reaction of a cyclic telluronium salt with silver

perchlorate,

3 S
A ~/
\c1o

4

The molar conductivity of each telluronium salt was
determined in dimethylsulphoxide (DMSO) and N,N*—dimethyl-
formamide (DMF). The results are presented in table (1).

The values of the molar conductivity indicate that the

=6 R



compounds are less than l:1 electrolytes in both
solvents. Conductivites are also measured as a function
of concentration, in DMSO and DMF solutions. Plots of
molar conductance against (cc:h.Ct::rLtratJ'.on)!5 are typical of
weak electrolytes, figures 1 and 2. All the telluronium
compounds produced very similar results, hence only two
examples are described on figures 1 and 2. It would appear
that there is ion pairing in these compounds, indicating
there is some attractive interaction between the tellurium
and anion atoms.

The infra-red spectra of cyclic telluronium salts

alkyll occuring between 472-540 cm_l, the

show v(Te-C
results are shown in table 2.

Comparison of the infra-red spectra of l-methyl-1-
iodo-3,4-benzo-l-telluracyclopentane and l-(trideuteromethyl)-
l-iodo-3,4-benzo-1l-telluracyclopentane indicate many bands
are shifted on deuteration. The assignment of bands in
the infra-red spectrum of these compounds is much simplified
by application of isotopic substitution techniques. The
and -CD, will

3 3
produce shifts of the relevant bands. The isotopic

large difference in mass between -CH

substitution technique can therefore indicate whether
previous vibrational assignments have been correct.
It is therefore possible to state that the band at

538 cm © split and shifted to520 and 500 cm™t on deuteration,

is the Te-CH, stretching mode and also the band at 556 cm-'l

shifted to 540 cm_l. Bands at 1220 cm_l to 940 cm-l and

Bands at 893 and 860°cm ~ are shifted to 666 and 640 em

=60~



respectively and are attributed to the CH, yvibrational rock modes

fig 3 and 4, Mcihinnie et. al.®7) examined same IR data for Ph, (CH,).
Tel and Ph, (CD,).Tel and they have included literature data for
G:HjlzTEIz and GJQBIjTeIz on their assignment.

The existence of extra bands is due to a lowering of the symmetry
by intermolecular interaction; if there is more than one molecule
within the unit cell then factor group splitting becames possible,
and would explain the observation of apparent splitting of the \)(Te-CH3 )
andthepresenqeofanextraCH?'ﬂode, figures 3 and 4.

The IR spectrum of ( iﬁC’I‘e—C}IE})CZLO_4 as a Nujol mull shows

bands typical of the ionic perchlorate group centred on 1075 cm_l

together with a sharp band at 628 cm & . However, when this campound
pressed into a KBr disc the broad band split into 3 camponents at

1145, 1120 and 1085 an }; also the sharp band at 628 cm - splits into 640 and
630 an * as shown in figures 5 and 6. The splitting is well

resolved and may be attributed to a lowering of the symmetry for

the perchlorate group in a new polymorphic form of the crystal. A
reasonable explanation of the above observation is that the anion

and cation interact via tellurium-oxygen bonding, in the high

pressure modification of material possibly to give a dimer of the

type,

e e

/0.€1.0,.0

, \ I
e
4
0.C1,0,.0"

The literature describes similar behaviour for perchlorate

groups in an organic compound (63) , co-ordination and

g



organcmetallic compounds(Jol.

The infra-red spectra of l-phenacyl-l-bromo-3,4-benzo-
l-telluracyclopentane in solid and solution state were
recorded and are given in table 2. The band at 1660
-am-t corresponding to J (GO) and frequency
at 482 cm © due to Te-C,jy,1 Vibration were observed in
solid state which were similar to those obtained in
solution state spectrum recorded in chloroform, figure 7.
The IR spectrum of this compound remained unchanged with
time. This indicates that this compound did not undergo
decompesition to telluride and alkylhalide.

There are slight lowerings of the frequency of

v(C = 0) in the infra-red spectrum compared with v(C = 0)
for acetophenone (1668 cm 1) G4 This may be due to the
coordinates of carbonyl oxygen to the tellurium atom, in
which the phenacyl group is acting as unsymmetrical

bidentata' 2 i

Br

The molecular weight measurements were not possible due to
the low solubility of this compound in common organic

solvents.

Mallaki(sg} observed that the IR spectra of

w7l



C16H1602Te in the solid state and in chloroform
solution showed bands at 1600 and 1365 cm_l corresponding
to W (C = 0) were similar in both states.

The lH NMR spectrum of each cyclic telluronium salt
was recorded in a suitable solvent. There are two
types of aliphatic resonances of these compounds, one is
due to the alkyl group and the other due to the presence
of two methylene groups. The two methylene groups in all
cyclic telluronium compounds give a quartet, generally
1:3:3:1, table 3, while in 1,l1-diiodo-3,4,-benzo-1-1-
telluracyclopentane and 3,4-benzo-l-telluracyclopentane,

a methylene singlet at 6 = 4.75 ppm (Jlﬁ__12;ﬁ3= 34.67 Hz)
and § = 4.65 ppm (J]'H E. 125Te = 22.85 Hz) respectively in
DMSO-d6 was observed.

The lH ﬁMR spectrum of 3,4-benzo-l-telluracyclopentane
in CDC].3 has been investigated over the temperature range
-59°¢c- +_33,70C. The compound shows only one singlet
resonance for the protons of methylene groups at 4.42 ppm

lZSTe and lH coupling

which has satellite peaks for
(J = 22.5 Hz) over the entire range of temperature. Thus,
either the molecule is planar or inversion about the
methylene carbon atom is still fast on the NMR time scale
at —5900, figure 8. The X-ray crystallography of
CBHBTeIZ(?l) showed that the configuration is distorted
octahedral, with I2 in the axial positions normal to the
benzo-l-telluracyclopentane ring. The nine-member hetero
ring is planar in CBHSTeIz.

All cyclic telluronium salts produced very similar
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results, hence only the spectrum of C9HllTeI is illustrated
in figures 9 and 10.

The aliphatic region contains several peaks; the
singlet resonance appearing at § = 2.4 ppm is due to the
methyl group which has satellite peaks caused by coupling
between 125Te and lH (J = 24.6 Hz) and which is therefore
due to the methyl group attached to the tellurium atom.
There is quartet in ratio of 1:3:3:1 appearing at 4.14,
4,38, 4.88 and 5.13 ppm corresponding to the splitting
of two inequivalent protons in methylene groups.

In the case of the telluronium salt, the presence

of an organic group on the tellurium atom clearly

removes the equivalence of the two protons within each methylene
group. By contrast the fact that two extra, but identical bonds, are

formed when the dihalides are prepared will retain the equivalence
of‘thednethylene protons. It is therefore to be exvected, and indeed
is analytically useful, that the telluronium compound gives the

more complex methylene NMR spectrum.

X R
o I
C----Te AR A C---Te
H_ I
h/ﬂm Q :E/ a'h/H“
= B
] B 1
X 2‘( HB
x = B « = B « Z B

It is obvious to conclude that the alkyl or aryl group
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affectsthe relative configurations of protons in methylene
groups of the telluronium salt. Furthermore, the proton
methylene resonances in deuterated telluronium salt
09H8D3Te1 shift to higher fields compared with the methylene
resonances of CnglTeI, table 3, which indicates the effect
of a deuterated methfl group on the chemical shifts of

methylene groups, table 3.

The spectra of CnglTeI were recorded immediately
after the compound had been dissolved in deuterochloroform,
and the position of the methyl group remained unchanged
even after more than 60 days.

Spectra of C9H11TeI in DMSO were similarly recorded.
The position of methyl resonances were observed to be
constant with time. The methyl singlet resonance appearing
at § = 2.25 ppm has satellite peaks caused by coupling

between lZSTe and B

H (0 = 24 Hz), and there is a quartet
appearing at ¢ = 4,03, 4,30, 4.52 and 5.78 ppm. The
same observation was made for all cyclic telluronium
salts which indicates the stability of these compounds to
the reductive elimination which had been observed for
another series of telluronium salts PhZMeTeX (X = Cl1, Br,
I, NCS and Phc001(54'55’57).
l-methyl-3,4-benzo-l-telluracyclopentane tetraphenyl-
borate showed a sharp singlet signal in DMSO—d6 at
§ = 2.05 ppm a quartet at 3.86, 4.10, 4.20 and 4.46 ppm,
multiplet at 6.82-7.05 ppm, while l-phenyl-3,4-benzo-1-
telluracyclopentane tetraphenylborate showed a quartet at

3.95, 4.20, 4.35 and 4.62 ppm, multiplet at 6.70-7.02 ppm-

and multiplet at 7.02-7.70 ppm. In both compounds the cation
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phenyl-proton multiplet is downfield from the anion phenyl-
proton multiplet, consistent with the large deshielding
effect expected for cations.

Carbon-13 NMR data for a number of cyclic
telluronium salts were obtained in deuterated chloroform,
DMSO and DMF, table 4. The 13C NMR showed that the two
carbon atoms in the methylene groups are equivalent.

The molecular weights of l-methyl-l-iodo-3 ,4-benzo-1-
telluracyclopentane and l-methyl-3,4-benzo-l-telluracyclo-
pentane benzoate were-determined in chloroform at 25°C and the values
are. presented in table 5, and indicate that these compounds exist as dimers.

The 125Te chemical shifts for some cyclic telluronium
salts have been measured, in which single signals are
observed. As was mentioned before, the molecular weight
data, table 5, showed that some cyclic telluronium salts
are dimers in chloroform solution. The l25Te NMR shows
no tellurium-tellurium coupling even after 15 days in
CDCl3; this must mean that the two tellurium atoms within
the dimer are equivalent. It may also be concluded that
these compounds are symmetric dimers in solutions. The
tellurium-125 chemical shifts of these compounds increase
strongly with the increasing lengthwof alykl group which means
that the tellurium chemical shifts of benzo-l-telluracyclo-
pentane are sensitive to substituent effect. The l25Te
chemical shift of l-ethyl-l-iodo-3,4-benzo-l-telluracyclo-
pentane is 708,9 ppm which is greater than the 125Te

chemical shift of l-methyl-l-iodo-3,4-benzo-l-telluracyclo-

pentane (652.2 ppm) as shown in table 6. The tellurium-125
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chemical shifts are less sensitive to the nature of the
anion and a correlation between anion electronegativities
and tellurium chemical shifts is observed; table 6 shows
that the benzoate in l-methyl-3,4-benzo-l-telluracyclo-
pentane benzoate induces the largest downfield shift,
iodine in l-methyl-3,4-benzo-l-telluracyclopentane the
smallest shift (687.0 and 652.0 ppm respectively). The
solvent effect has been studied by changing the solvent.
Comparisons with information on ion-pair formation from
conductivity studies in DMSO and DMF showed that these
telluronium salts are l:1 electrolytes and that there is
ion pairing in these compounds. This led to the
conclusion that solvent separated ion-pairs are formed
in these compounds, while contact ion-pair formation seems
to be relati#ely insignificant. A change of solvent
does not affect the chemical shifts; for example, the
tellurium-125 chemical shift for CQHlITeI in CDC13, DMSO—d6
and DMF—-dF are 652.0, 651.2 ppm and 652.2 ppm respectively and does not
change with different solvents.

The thermal decomposition of triorganotellurium

halides de wall Enown= "

and triphenyltelluronium pseudohalides
have been shown to decompose in a similar fashion on heat-
ing 41,

refx” gens > R,Te + RX

Ry

Mass spectroscopy has previously been used for the

characterisation of a series of thMeTe+X— (X = Cl, Br,

}(54,55,57)

I, NO NCS and PhCOO . The highest observed

3!

mass for this series was diphenyltelluride. In all cases
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the decomposition involving thermolysis of the telluronium
salts to give diphenyltelluride and MeX was observed.

The fragmentation patterns are represented as follows:

Ph,MeTeX & s Ph,Te . MeX
e e

Ph,, Te Mex'
phTe’ Me®

\/

In principle, the fragmentations in the spectra of
cyclic telluronium salts should follow the expected
thermolysis of triorganotelluronium salts. The mass
spectra of these cyclic telluronium salts in general
closely resemble those of diphenylmethyltelluronium
salts tables 7-15.

The fragmentation patterns of these cyclic telluronium

salts may be represented by following scheme:
R R
OO QO OO
N X

a |
- 1

e +

m

+ +
<7 =



All these ions are indicated in the mass spectra of
telluronium salts, tables 7-15.

Unfortunately there was no evidence to support all
steps in the scheme from the meta-stable ions. However,
there is evidence for the step of eliminating tellurium
from C8H8Te+ to form CSH'B+ from the metastable ion at
m/e = 46.2 for all the cyclic telluronium salts.

Cuthbertson(sél

has reported that the pyrolysis

of 3,4-benzo-l-telluracyclopentane was carried out at
500°C in a low pressure stream of He gas (0.4-0.5 mmHg)

to give benzocyclobutene. It is obvious that the observa-
tion of a benzocyclobutene cation in the mass spectra of
cyclic telluronium salts and in the pyrolysis of

CSHaTe suggests the ready elimination of a tellurium

atom from the cyclic telluride.

The most important features of the mass spectra, (as
can be seen in tables 7-15) of cyclic telluronium salts
are that there were also unexpected organo and organotellurium
ions which means that there are several possible routes
for the fragmentation of cyclic telluronium salts.

H.RTe X~ (where R = allyl,

878
and phenacyl; X = Br) showed ions appearing at higher

The mass spectra of C

mass charge ratios than that corresponding to the monomer
telluronium salt ion. Thus the spectra of these two
cyclic telluronium salts (table 10 and 12) clearly
indicate that the telluronium salts are associated and
the original molecule must be at least a dimer. The

molecular weight data, table. 6, showed that some cyclic

w B



telluronium salts exist as dimers in chloroform solution.
The lost fragment from a supposed dimer (in allyl and
phenacyl derivatives] is consistent with the molecular
weight of allyltellurium bromide and phenacyltellurium
bromide. The peaks which are obserwed at 460 and 538
correspond to C19H13TeBr and C24H23OTeBr respectively,
table 10 and 12). This may be illustrated by the following

scheme:

@CI ,l

‘i‘
,
S

Another very interesting feature of the mass spectra of
cyclic telluronium salts is the formation of the unexpected EhTe,
th and «-benzo—=-bramo-o—-xylene cations, tables 7—i5. The PhTe+ and
Ph' ions are cammon to all mass spectra of cyclic telluronium salts
while the identification of the u—benﬁb~¢—brcmo~o-xylene cation was
confiiﬂeﬁ by_thé determination of the accurate molecular mass with an
error of less théh O.SIppn{

A possible scheme for the fragmentation of the

telluronium salts is shown below. It is necessary to

postulate some species which are not actually detected

e.g. PhTe’ CH X.
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XX CH,X TeCH,X
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The mass spectrum of C,.H,,;BTe indicated the formation
of diphenylditelluride which was very interesting, table
13. Diphenylditelluride showed the expected fragmentation

of the ditellurides.

[Ph-Te-Te-ph] ¥ -— T |Ph-Te-Ph|*
m* = 85.5 ~-Te
¥ X
PhTe [Ph-Ph] "
m* = 151
W
Ph -

Some stages are supported by the observation of
metastable ions as indicated.

The most important characteristic ions in mass
spectra of C38H33BTe and C33H313Te (table 13 and 14) are
ClOHllTe+ and C20H18Te+'respectively which indicate
the formation of tetraorganotellurium compounds. These
ions are presumably formed via further phenylation reactions

in the source of the spectrometer which afford a
tetraorganotellurium compound.

The question arises what would happen if more forcing
conditions are used in the reaction between C8H8Te§2and
NaBPh4 and is it possible to form a tetraorganotellurium
compound under these conditions? Details will be discussed
in chapter six.

The following points can be drawn from the analysis

of the mass spectral data in tables 7-15:
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1. Molecular ions are almost always observed.

2, The original molecules of cyclic telluronium
salts must be polymers or at least dimers.
because there were ions appearing at higher
m/e than the corresponding monomer molecules.

3. The formation of phenyl, phenyltelluride and
diphenylditelluride by mass spectroscopy is
very interesting.

4, In general the decomposition of cyclic
telluronium salts involved thermolysis in a
similar fashion as the thermal decomposition
of R3Tefx_.

5. The association of telluronium salts is now
firmly established and supported by mass
spectral and molecular weight data.

Given that aryltellurides are very easily transformed
to telluronium salts which are decomposed in chloroform
solution to aryltelluride and alkylhalide, now leads
us to study the reaction of diaryltelluride with
1,4~dibromo-2-butene in order to form a telluronium salt.
The cyanation of this telluronium salt may take place by
ion exchange to obtain after repetition 1,4-dicyano-2-
butene which may be used as an intermediate for the
preparation of nylon after hydrogenation of the double
bond in this compound.

The general hypothesis can be summarised by the

following equations:
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R,Te + BrCH,-CH = CH-CH,Br—[R,Te-CH

A » 5 ~CH = CH-CH,Br] BY

2

ion

exchange

CN

y
~CH = CH-CH,BreSOIUEION fp recy —cr=CH-CHBr] N

R 2

Te + CN-CH

2 2

L__ﬁthTe, CN™, etc.—> NC—CHZ—CH = CH—CHz-CN

H
then CN-CHz-CH = CH—CH2CN———2——CN—CH2—CHZ—CHz—Cﬂz—CN

During the course of this study Marinelli(Tz)
utilized the same idea for cynation of arylhalide with
NaCN in the presence of Ni[P(C6H5)3]3.

When refluxing a solution of diphenyltelluride
or di (p-ethoxyphenyl)telluride with 1,4-dibromo-2-
butene in ethanol for one hour the corresponding diphenyl-
tellurium dibromide or bis(p-ethoxyphenyl)tellurium
dibromide was obtained in very good yield.

McWhinnie et.alFSTI gave positive evidence for
radical pathways in oxidative addition of alkylhalides
to R2Te and they showed that the products depended on
the stability of alkyl radicals; thus 1,4-dibromo-2-
butene which generates an allylic radical gave entirely
thTeBrz.
Petragnani(?3) has studied the reaction of

diphenyltelluride with ethylbromide to obtain ethenes:
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Br
|

Ar-Te-Ar’ + RCHBr-CHBrR' —— Ar-Te-Ar' + RCH = CHR'
|
Br
and he found that a solution of diphenyltelluride in
allylbromide was heated at 180°C in a sealed tube for

3 hours gave rise to a diphenyltellurium dibromide and

probably diallyl:

thTe + 2CH2=CH—CH2Br —> Ph.TeBr

> 2 ¢ {CHs = CH—CH2)2

2

In this connection it is interesting to point out that

the reaction of allylbromide and 1,4-dibromo-2-butene and
CBHBTe, when performed at room temperature, gives rise

to the corresponding cyclic telluronium salt, as confirmed
by X-ray crystallography (see below).

It seems likely, therefore, in reaction of diaryl-
telluride and 1l,4-dibromo-2-butene, that a telluronium
species was initially formed and upon refluxing,
diaryltellurium dibromide and possibly butadiene or

(—CH2~CH = CH.--CHzBrl2 were formed.

+
R,Te + BrCH,-CH = CH-CH,Br—>[R,Te-CH,~CH = CH,-CH,Br]Br

2 2 2

reflux

RzTeBrZ + (CH2—CH=CH-CH Br)2<

2

The reaction of benzo-l-telluracyclopentane with
allyl bromide afforded a telluronium salt at room
temperature which was confirmed by X-ray crystallography.

X-ray crystallography was provided by Dr A.T. Hamor
(University of Birmingham) and is now discussed.
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The Crystal Structure of 1-Allyl-1-Bromo-3,4-Benzo-1-
Telluracyclopentane

Structural studies on a variety of organotellurium
compounds have revealed inter-molecular bonding effects
of various types and strength. In organotellurium

(74-81)

diiodides , interactions of the type Te....I,

I....I have been shown to be very pronounced whereas

in corresponding bromides either a very weak effect(sz) or
complete absenc§3gf such effect has been reported. 1In
dimethyl tellurium dichloride (84!, nowever, a fairly
strong interaction between a tellurium atom of one
molecule and one chlorine on each of two neighbouring
molecules has been described.

It is well established that tellurium (IV) in its
many and varied compounds possesses a four-, five-, or six-
fold configuration. The triorganotelluronium salts,
R3Tex, are no exception, and the recent structural
studies on these compounds show tellurium to have a five-
or sixfold configuration.

A relatively small number of telluronium salt
structures have been reported. The telluronium salts have
relatively complex structures due to the weak interaction
between the tellurium atom and the anion. These
interactions determine the structural features of the
compounds and the interactions are sensitive to the
nature of both the cation and anion. In triphenyltelluronium
pseudohalides the cation-anion interaction is sufficient

to impose oligomeric structures of some complexity and
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fascination, but in trimethyltelluronium tetraphenyl-
borate(Sll, the structural determinations show an ionic
compound and the absence of the secondary interactions,
which had previously been found in the structural
determination of other telluronium salts(42'43’45'48).

A preliminary report of the structural study of a
stable triorganotelluronium salt relevant to this study
is given in this work.

The structural data were provided by Dr T.A.Hamor and
R.Jones (University of Birmingham), with whom we are
collaborating.

The structure of l-allyl-l-bromo-3,4-benzo-1-
telluracyclopentane, C11H13TEBr' has been determined by
single-crystal X-ray diffraction methods. The salt
crystallizes in the space group Pbac of the Orthorhombic
system.

Final cell dimensionsand intensities were measured with
a Eraf Nonius CAD4 computer-controlled 4 circle diffracto-
meter.

Some1262 unique reflections with I > 2.5 ¢ (I) were
considered to be observed and were used in the analysis.

The structure was solved from a three-dimensional
Patterson syntheses from which the position of the
tellurium atom was found. All other atoms were found from

several difference syntheses. Upon the refinement,
it was found that the geometry of atom of C9, ClO and

Cll became unacceptable. Computation of difference

synthesis showed that there was disorder in the side
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chain, Positions of the disordered atoms were found
from this difference synthesis. In the final stage of
refinement the disordered allyl group was subject to
constrained refinement with slack constraints, also

the hydrogen atoms in the benzo-l-telluracyclopentane
moity atoms Te, Cl-C9 were placed. The final R value
was5.17 %.

The benzo-l-telluracyclopentane cations were
geometrically placed and atoms Te Cl-C9 were refined with
anisotranic term factors whilst Cl10, Clo', Cl1, C11l'
were given isotronic term factors. The final R value was
5.37 %.

Bond lengths and angles are given in tables 16, 17

and 18 respectively.
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TABLE (l6a)

o)
Distances about tellurium in CllHlBTeBr' A .

esd x 103 in parentheses

Te-Cl 2+385 +(15)
Te-C8 2.145 (15)
Te-C9 2.180 (16)
Cl=C2 1.466 (18)
Ca~C3 1.390 (20)
C3-C4 1.350 (20)
C4-C5 1.366 (24)
C5~C6 1.352 (11)
C6-C7 1.390 (23)
ci-c2 1.356 (22)
C7-C8 1.495 (21)
C9-Cl0 1.485 (26)
Clo-Cl1l 1.366 (35)
c9-Clo* 1.520 (29)
clot=Ccll* 1.311" (33)

TABLE (16b)

Q
Te-Br distances, A.

Te-Br (A) 3326
Te=-Br (B) 3.365
Te=Br (C) 3.368

Crystal data:

CllHlBTEBr Mw = 352,73 Orthorhcombic Pbca.
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9.6l (12) b

h .3 L -3
u = 2387.99 A z =8 D, =1.962 g cm

a 25,58 (7) c = 9.680 (3)

a -~
F(000] = 1327.97; MoK=A = 0.71069 & ; 1i(Mo-K<) = 55.90 cm *

TABLE (17)

Bond Angles in C11H13TeBr’ deg.

Cl-Te-C8 83.1 (6)
Cl-Te-C9 95.7 (6]
C8-Te-C9 85.3 (8}
Te-C1l-C2 1074 (1]
Te-C8-C7 106.7 (1]
Cl-C2-C3 120.0 (1.4)
Cl-C2-C7 319.4. (L.4)
C3-C2-C7 120:.6 (1.4)
C2-C3-C4 120.6 (1.6}
C3-C4-C5 120.1 (1.8)
C4-C5-Ch 120.5 (1.8]
C5-C6-C7 119.2 €. 7}
C6-C7-C2 119.6 (1.5)
Ca-C7-C8 120.4 (1.5]1
c2-C7-C8 120.0 (1.4)
Te-C9-C10 11941, (Ly@]
Te-C9-C10 115.3 (1.6]
C9-C10-C1l1 125.5 (3.0)
c9-Cl0o'~C1l1t 123460 (3.3])
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TABLE (18)

Angles about tellurium atom in degrees.

Br (A)-Te-Br (B) 118.56
Br (A)-Te-Br (C} 99.67
Br (A)-Te-C7 98.64
Br (A)-Te-Cl 78.34
Br (A)-Te-C8 162.65
Br (A}-Te-Br (C] 103.65
Br (B)-Te-C2 78.19
Br (B)-Te-Cl 160.85
Br (B)-Te-C8 78.45
Br (C)-Te-Cl 80.63
Br (C)-Te-C7 179.10
Br (C)-Te-C8 80.63
Cl-Te~C7 95.70
Cl-Te-C8 83.10
C8-Te-C7 95.30



Figure 11 The molecule of le

BTeBr

Br (C)
Br (A)

Te )118.560

Br (B)

C9=C1lO0=-C1 1

Figure 12 Atom labelling scheme

-9]-



The crystal structure of l-allyl-l-bramo-3,4-benzo-1-
telluracyclopentane showed that the tellurium atom in this campound
achieves an octahedral envirorment by the coordination of two
additional bramine atams fram two different molecules. The molecule
is shown in figure 11. Bond distances and angles within the
molecule are listed in tables 16-18.

The allyl group, -CHZ-CH = C:Hz, and Br(C) atam are in axial
positions normal to the benzo-l-telluracyclopentane ring. Carbon
atams 1 and 8 of the ring system and two bramine atams, Br (A) and
-Br (B), from two neighbouring molecules occupy the equatorial
positions(ss} )

The Te-C distances of 2.145 (5] & and 2.165 (15) A are identical tothose i
the 1-thia-4-telluracyclohexane~4,4-dibromide 2! and in 1,1-diiodo-

3,4-benzo-1-telluracyclopentane (1) ;

The angle between these bonds
is 83.1 (6)°, which is greater than the corresponding angles
in dibenzotellurophene 81.7 (20°) ©°! and dibenzotellurophene
diicdide (81.8 (21°) (781, and smaller than the corresponding angles
in 1,1-diod0~3,4-benzowl-tel luracyclopentana (6.0 (51°1 7% and
1-thia-4~telluracyclohexane-4 , 4-dibramide (9.4 (6)°) ®2! which
is presumably due to the differences in C-C bond lengths.

The Te-C-C angles, 106.7 (1.0) and 107.4 ()°, are similar
to those in CgHTel, (106.7 an 106.9° respectively) and are slightly
smaller than the corresponding éngles in CBHBOTEIZ 6} ’ C12H8TEI2 (781
and ¢ 2H8Te(861_.

The intermolecular Te......Br distances of 3.326, 3.365 and
3,368 R are appreciahly shorter than the sum of the van Der Waal's

radii (Pauling] for these atams which is equal to 4.15 %.

The Te....,..Br distances have a mean value of 3.350 R
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which is significantly longer than the value of 2.50 &

obtained from single bond radii(87}. A survey of the

(82,83) (88,89)
2 2

shows these compounds to be essentially monomeric with

non ionic dibromide, R.,TeBr , and tribromide
weak but significant Te....Br interactions down to
3.591 & (82). By comparison, the Te-Br distances in
qjﬂlsTeBr are_significantly less than the Van der Waal's
distance of 4.15 2 and they are longer than the sum of
the normal, single-bond radii (2.51  for Te-Br) (87!
