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6.1 OXYGEN

The generation of singliet 0. from triethyisilane and ozone at
195K in useful yields, as shown in equation {1} has been
demonstrated.[1]

Eta3iH + 05 ——* Et,Si000H —» Et SiOH + 'A_0; NS

The reaction of ozcne with MeSiHz after irradiation in an argon
matrix has been shown to give Me(H)S5i0 and irradiation of =imilar
Me.SiH, and ozone samples produces MepS5i0. Both compounds are
considered to have a silicon- oxygen double bond.[2]

The dinuclear manganese complexes, [LMn{K~0)MnL.1®" where
L=2,2"-bi- pyridyl or 1,10-phenanthreline. have been shown to
oxidise water with the formaticon of visible oxygen bubbles when
suspended in water in the presence of an oxidant such as Cel{IV) jon.
The bipyridyl compler was found to be the meore efficient catalyst
and both were only catalytic in the solid form.[3] The same group
have alsc shown that a series of di- and tri-nuclear ruthenium
complexes generate oxygen from water as both homogeneous and
heterogenecus catalysts. Whilst the trinuclear complexes were
clearly the more efficient catalysts they did underge some
decomposition during the catalytic process.{4] 1t has been reported
that the addition of a catalytic amount of CellV) salt accelerates
the autoxidation of thioethers by at least a facter of 1000, even at
low pressures (100 psig oxygen) and temperatures (373K), affording a
synthetically useful reaction. The reaction is thought to proceed by
a true catalytic pathway in which the onygenated radical cation
oxidises Cel(Ill} to Cel{IV) with preduction of the zwitterion
R=300".[5]

+ +
RoS00. + Cel(lIll} —F+ RoS500" + Cel(IV) ... 12)

The passage of fluorine over ice at temperatures of about 223K
produces & mizture of oxygen, HOF and OF: along with small amounts
of hydrogen peroxide. The involvement of HOF in the formation of OF2
was demonstrated by using HOF labelled both with '®0 and with
radjcactive '®F. The reaction which produces the OF: was shown to be



164

F. + HOF —* OF. + HF . 43

The OF: produced contained one fluorine atom frem F, and one from
HOF.[6] The substitution of oxygen-18 for oxygen-16 results in
detectable upfield shifts on the n.m.r. signals of many nuclei when
they are directly bonded to oxygen. These shifts can be used to
follow enzymatic and ncnenzymatic oxygen exchange reactions ocurring
at carbon, phosphorus and nitrogen. A method for the preparation of
nitrogen-15, oxygen-18 dual labelled hydroxylamine hydrochloride has
been undertaken since hydroxylamine can serve as a Xey intermediate
in the synthesis of a variety of compounds including many important
heterocycles that contain N-Q groupings.[7]

The vaperization of silver in a stream of oxygen at 884-994K has
been measured. By varying the oxygen pressure and the activity of
silver it was shown that the gas phase product wes Ag.0. After long
periods of time the silver became coated with oxygen or silver oxide
which decreased the concentration of Ag.0 in the gas phase.[B]

A review of oxidative damage in biological systems has shown that.
despite heing variable in terms of the different kinds of compounds
afflicted. oxidative damage is ultimately exerted only by a small
number of different reactive oxygen species.{9) Ab initio
calculations heve been performed on the Cu®” - superoxzide system by
considering the effects of an ammonia ligand on copper and of an
ammonium ion interacting with the superoxide. The calculations show
that an intermediate Cu®* -0 is stable as long as the superoxide is
hydrogen bonded to the ammonium ion. A second superoxide ion may
reduce Cul(ll). Once Cu™ - superoxide is formed a pathway for the
formation of a covalent bond between the superoxide ion and the
ammonium proton exists. The copper-oxygen distance increases and a
second proton binds the proximinal oxygen which causes electron flow
from Cuf{l) to the supercxide ion thus providing a Culll)-H.0.
system.[10] Tt has been reported that the dimer of {He.N}O, is
actually a peroxide adduct of acetonitrile [MeCiQO")=NH}, which
hydrolyzes to the base adduct of acetamide [MeC{O }{OHINH.] and that
the previcusly reported synthesis of (Me,N}O. can yield substantial
amounts of (Me.N)OH and (Me,N}OOH. However & new synthetic¢ route
provides a purer and more consistent product in higher yields when
(MesN)OH.Ho0 or (MesN}COs is combined with KO» to produce
{Me,N}0>.[11] The radiolysis of trimethylamine in Na0/C. saturated
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basic solutions eventually gives dimethylamine, formaldehyde and
hydrogen peroxide. The {(dimethylaminoclmethyl radical, formed by the
attack of a hydroryl radical on trimethylamine, reacts rapidly with
oxygen to give the superoxide ion radical and dimethylimenium,
possibly via a short lived peroxyl radical. This is then hydrolyzed
to dimethylamine and formaldehyde hydrate.{12] The photochemical
decompeosition of the tricxo- dinitrate ion has been shown to yield
the reactive intermediate NO- which can appear in solution in
seinglet and triplet states. In the presence of oxygen saturated
solutions triplet NO~ is converted quantitatively to
peroxonitrite.[13]

The reaction between permanganate ion and hydrogesn peroxide occurs
in three stages: a fast initial phase, an inducticon period, and an
autocatalytic step. The reaction ims autocatalytic because manganous
ion, a product ¢of the reaction, catalyzes the reaction by combiniag
with permanganate ion to form a complex whose breakdown products
react faster with peroxide than does the complex. Retardation of the
first phase to give the induction period is also due to manganous
ion, which preferentially binds te permanganate, forming a
relatively non-reactive intermediate, thus shutting down the first
phase.[12] The oxidations of Ha0= and of HO=- by
[{bpy)o{pyIRul{IVI(0}]2* and [{bpyl-{py}Ru(III}(OK)}®*" have been
studied in aqueous solution. It waz propoged that
[{bpyl=(py)Ru(III}{CH)]™ is the initial product of the oxidation of
H>0> by Ru{IV}=0®" rather than [{bpylz{py}RullIl){0Hz2)]®*, and that
the oxidation of H.O. by both RuliV)=0=" and Ru(lIl)-OH®" accurs by
H atom (le-1 H*} trangfer.[15]1 The reaction of Hz0a, S5=03®". and
cyanide at pH 7-9 has been shown to produce thiccyanate and
sulphate. In the abgence of cyanide a mixture of sulphate and S.0s%"
was produced with low pH a&nd excess thiosulphate favouriag formation
of S,0s% . The literature erroneously reports 530 as the product
in neutral solution.[16] The reaction between H 0, and KSCN
catalyzed by CuS0, erxhibits three different types of bistabiliiy as
a function of flow rate in that two steady states and one
oscillatory state are involved. This system is one of the few in
which oscillations can appear in batch configuration as well.[17]
The dinuclear complex ion [cis-Pt{II){NHLCH,CHa}-{u-OH});®" has besn
ghowa to underge oxidation in aqueous Hz0» to produce dinuclear
Pt{IV}) ions of the type [cig-Pt{IV){(NH=CH,CHa)=2(0H}2{(¥-0H)12=".

Following the reaction by using '®7Pt n.m.r. spectroscopy and
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isolation of the major product revealed that oxidation primarily
yields a D;,,-symmetry dinuclear compound having a

#]
four membered Pt Pt ring. However, the fact that the reaction

N7

O
alse yields lewer symmetry dinuclear Pt(IV} compounds possessing
this ring indicates that the oxidation, at least in part, preoceeds
through an "open ring” intermediate that allows isomerization te
cccur.[1B] Near stoichiometiric concentrations of H.0. partially
bleached the 350nm absorption band of the iron-containing superoxide
dismutase from Escherichia ceoli. Concomitantly the high-spin Fe{IIl}
EPR signals decreased in intensity. Thus percxide reduces the
Fe{Ill} ions in superoxide dismutase. which then slowly reoxidise.
The pH dependence of this reaction implies HO, as the actual
reductant. [19}

A study of the redox chemistry of hydrogen peroxide in anhydrous
acetonitrile has shown that under anhydrous conditions H.O., is
orlidised by a single-electron-transfer-step to HO.. which a) is
further oridised to O, by a second electron traansfer or b)
disproportionates to Hz0n and 0s.[20) The net reduction of
peroxotitanium{iIV) by sulphur{lV) in acidic sclution has been shown
te proceed by a rate-determining dissociation of peroxide from
Ti0z®" followed by the rapid reaction of H.0. and HS30s . The
absence of a detectable direct reaction between Ti0o.*®* and either
30z or H30," is consistent with the previously proposed
electrophilic nature of the peroride moiety when coordinated to a d°
transition-metal ion.[21]

Proton n.m.T. spectra have shown the existence of the oxonium ion
in the scolid basic aluminium sulphate, 3A1.05.480,.9H.0. From the
results of other investigations it follows that the ion is fast
bonded in the structure and that only a small amount of mobile
charge carriers are present [22]. The salt
[H-0s]1"As{catecholate),] "p-dioxane has been shown to contain a
distinet H,05" unit. The proton positions were not well determined
but the structure was presumed to be the same as that found by
neutron diffraction. The 0-0 bond lengths were between 238.2 and
260.9pm and the 0-0-0 bond angles between 113.6 and 110.7= [23]1. The
inelastic neutron scattering spectrum of dodecatungstophosphoric
acid hydrate shows the presence of at least one type of Hs0>" ion,

and most of the normal co-ordinates of a near planar Hs0a" ien can
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be fitted to the observed spectrum, excepi that in the spectral
region of the termiral HOH deformations. there is disagreement
between the cobserved and calculated prefiles. This was taken as
evidence of disorder of the caygen atoms about
the planar positions [24].

Several papers have reported the binding of dicxygen to metal
complexes. X-Ray structural studies on [Ala(Me)a(02)1- showed & new
bridging co-ordination mode of the dioxygen ligand, with 0-0
distance and stretching frequency close to the values cobserved in
solid Nao%.. However on the basis of results obtained from ab initio
molecular orbital-linear combination of atomic orbital calculations,
a different description of the electronic structure was proposed.
Despite the fact that the co-ordinated 0= ligand carries a smali
negative charge, the computed bond length and harmonic frequency are
ciose to the theoretical values expected for the gaseous 0z~
species. As a consequence the authors propose the classification
of the dioxygen complex as a peroxo or superoxc complex to be of
little help in elucidating the real structure of the dioxygen
ligand.[25) The oxidation of some cobalt{Ii} pentammine complexes
with molecular oxygen takes place through the formation of
H-peroxo-bridged cobalt{IIl) dioxygen complexes and ultimately
results in either ozxidative dehydrogenation of the coordinated
ligand or simple "metal-centered” oxidation to form cobalt{lIII)
complexes of the unchanged ligand ard hydrogen peroxide. The cobalt
{il} complexes that have undergone oxidative dehydrogenation react
with dioxygen to give new dioxygen complexes that undergo
further oxidative dehydrogenation.{26] Cobalt{II} iorn exchanged
zeolite Y has been treated with a {lezible Schiff base ligand,
SALEN, 2o ag to synthesise the Col(lil) complex inside the pore
structure of the zeoclite itself. Such a complex is rigid and of such
a gize that it is physically entrapped inside the pore. The complex,
as its pyridine adduct, shows affinity for oxygen and forms 1:1
adducts. The adduct forms at a rate limited by the diffusion of
orygen into the zeolite and with a bkinding constant similar to the
same sgpecies in solution.[27) The results of a thermodynamic study
of base and dioxygen binding to the cobaltlil} 3Schiff base complex,
Cold4, 6-CHa0sal-4-CF.0ph! have been compared with those reported for
porphyrin complexes in order to evaluate the effect that variation
in the cis ligands of the dioxygen adduct has on the cobalt-oxygen
bond strength. Even though oxygen is more electronegative, the NzO=
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ligand set of the Schiff base leads to a less acidic metal centre
than the N. ligand set of the porphyrin and thus the Schiff base
complex binds oxygen more strongly.{28] Copper(l) complexes of a
series of acyeclic Schiff base ligands have been shown to bind CO and
oxygen at comparable rates. All the complexes bind CO reversibly in
MeCN sclution but the oxygen binding is partially reversible in some
cases. [29] The enrichment of oxygen in an air sample that was passed
through polystyrene which contained a supperted Coi{ll}! Schiff base
complex as an additive has been reported. The polymer bound
complexes can be cycled several times and oxygen enrichment of the
permeate gases ohbserved but ESR experimeats indicated irreversible
oxnidation over several days.{30) Rate constants associated with the
binding of oxygen to hemerythrin and hemocyanin have been
determined. The changes in rate constants on replacing H»0 with Dz0
indicate hydrogen bonding effects in the case of the oxy feorms of
hemerythrin and myoglobin but not in the case eof hemoccyanin. The
results obtained support the recently proposed structure for binding
of orxygen at the hemerythrin active site.[31] The reaction of
hexa-aquamolybdenum(iII} with oxygen in p-toluenesulphonic acid
solutions gives the di-H-oxo- molybdenum{Viion [Moz0.{Hz01.]%" as
product. lUse of isotopically labelled oxygen has demonstrated that
at least some '®0 is taken up in the H-oxo positions., With Mo®" in
large excess an intense yellow intermediate, MoO,Mo®=™ was cbserved,
but there was no evidence for its formation when oxygen was in

excess of Mo®+.132)

6.2 SULPHUR

6.2.1 The Element

An alternative synthetic method for the preparation of the
reactive dienophile 35 by an intramclecular carbon-carben bond
forming reaction has been described. The monothlicone derivatives
{1} were found to be blue and quite stable, however their
corresponding bis{thiccarbonyl}! analogues {(2) which were an
intense blue were found to spontaneously eject S, giving., vie the
intermediates {(3). a quantitative yield of {4). The authors
hope to design a stable dithione which. on gentle heating, will
generate S, at will.[33]
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(3 (4)

The homocyclic molecules, S;, and 5,5, have been synthesized from
(CsHs)2TiSs and SsClz or SaCl:, equation (4).

{CsHs}2TiSs + S.Clz —* {C.Hs)aTiCle + S,..2 oL i)

In 5,, (5} the 3-5 distances were between 203.2 and 211.0pm with
bond angles from 103.3 to 108.6" and torsional angles from 9.3 to
140.5°; Whilst in 5,3 (&) the corresponding lengths and angles
were in the ranges 197.8 te 211.3pm. 102.8 to 111.1° and 29.5 to
116.3° respectively. [34]

SeS-5 s s
s” Vs / Ng” \
| >s s N
S S / S
\ /
S=5-8 s\ !}
s s/

\s/s\s/

(6}
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The photochemical decomposition of pure carbon disulphide as well
as of solutions of pure S.. 5,, Ss. 5,5 and 5, respectively in CS5.
have been studied and products identified. In all cases mirtures of
sulphur homocycles {3, {(n=5.6. ...) were formed with S5, 5,, and 35,
being the predominant species, but traces of 55, 55, and 3., were
frequently cobserved. 55 was observed for the first time; being
formed in the photelysis of 3; in CS5.. {35] The exchange of sulphur
isotopes between liquid (5. and dissclved elemental sulphur-34 (5,,
5;,. 8s. 8o, 3,6. 5,2} has been studied by Baman spectiroscopy. HNe
exchange was observed within 4h at temperatures below 473K and
prelonged heating above this temperature only resulted in slow
exchange.[361 The first detailed study of sulphur~33 NMR in the
solid state has been carried out for a variety of metal sulphides
and sulphates. The inherent difficulties associated with sulphur-33
NMR at natural isotopic abundance were overcome by the use of a very
high magnetic field strength.[37] The chemical species in solutions
of sulphur in liquid ammonia have been studied by Raman spectroscopy
over a wide concentration and temperature range. The results give
evidence that sulphur soclubilization in liguid ammonia is in fact a
redox dismutation, giving mainly the oxidised species SiN™ and the
reduced species 5.°, which is in equilibrium with the radical anion
S5.7.[38] The preparation of [Klcrypt-2.2.2}]125-.{HN-{CHz}2-NH: and
[Kerypt-2,2.21.5. by reaction of K=5=5, 5 and crypt-2.2.2 in
ethylenediamine has been carried out. The anionic¢ parts of the
lattices were shown to consist of unbranched chains of 5.2 and Ss*°
respectively.[39]

The mechanism of the reaction of sulphur with sodium nitrite in
DMF, DM30O. and HMPA has been elucidated. The course of the complex
reaction and the large number of products can be explained by
assuming that at first, perthionitrates, NaS,.NO. are formed which,
are decompesed to give either Nu0O and thiosulphate, or, react with
nitrite to yield nitrate and perthionitrite NaS.NO which dissociates
reversibly intc sodium trisulphide and NO. The characteristic colour
change during reaction from blue-green to orange-red is due to the
formation of two coloured species, 55° {(bluel and ONSS~ {red).[40]
The reactions of some silylphosphines with sulphur have been
described and their relative reactivities in the abseace of solvent
discussed. MesP-SiMes. MeP{SiMesl- and (MexS5il)aP were found to give

products with the maximum suiphur content. Reactions in pentane were
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found to be much slower, leading to the identification of some
reaction intermediates [41] The reaction of a mixture of sulphur and
selenium powders with SbFs in 30, solution has been shown to yield
(S5 388, ol={5b,F,-}{5bFs) which contains a discordered mixture of
5.3e,_.%" cations. A single crystal structure determination led to
the elucidation of the occupaticnal discrder, anion-cation

interactions and the geometry of the Sb.F,,” anion.[42]

6.2.2 Boads to Halogens

The role of d-orbitals in SF. has been the subject of a
theoretical study using natural population and natural hybrid
orbital analysis of ab-initic SCF wavefunctions. The study concludes
that the sigma S5-F bonds have only one-quarter contribution from
sulphur orbkitals and that models of SFs requiring sp3d®
hybridization should be discarded.[43]

The reacticons of a series of bis{trifluoromethyl}imidosulphites
with chlorine fluoride have been studied. regardless of what
stoichiometry was used and although CFLNCl. was always generated, it
wag not possible to isolate a sulphur(IV) derivative as expected
from equation {(5).

CF3N=S5{0R})y *+ 2CIF —» (F NCl. + [F2S5(0R)z! ... (5}

Instead, chlorine oxidatively fluorinated sulphur{IV} to a new
family of cis/trans-sulphur hexafluoride derivatives in essentially

the same ratio of cis:trans isomers {equation 6).[44]

CF5N=3{0R}> + 4CIF —* CFaNCl: + cis-/trans-(R0O)53F, + Cla ...(6)

R = CF3CHz,CFaCFaCHz, CFaCF-CF2CH=

An electron diffraction study of the gas phase structure of Fa3CUCH
has revealed nothing unusual in that the average 3-F bond length is
gimilar to that of szeveral of the substituted sulphur hezxafluorides,
and in common with most of these the F,.-53-F. angle is slightly
emaller than 90°.[{45]) HC=C-S5F. can be traasformed in & simple
manner into the halogen acetylenes X-C=C-5F, (¥=C1,Br,I}) The
compound F-C=(C-SF. has, however , not been obtained so far. HC
C-5F5 also reacts with Coo(C0)as to form complexes with the formulae
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Con{COI{HC=C-3F5}, Con{CO}u{HC=C-5Fs)a and Con{CO)a{HC=C-5Fs),:
the latter being a dicobalt complex containing a helical
six-membered carbon chain as a ligand.[46] The structures of
{SFu1o0F (7} and (SFLCFz)z (8) have been siudied by gas

electron diffraction. Very long 5-C bends (130.8pm! and a large SC3
bond angle (124.3°) were found for {5Fs}2CF:. These results vere
compared to the skeletal parameters of (SF5)0 and (SF5).NF and a
simple bonding model based on polar effects was propesed. For the
cyclic (SF.CF.})o. the 3C3C four-membered ring is planar with S-C =
188 . 6pm, SCS = 96.2° and CSC = 83.8°.147)

\

/ /

F F

The series of known isomers, FS3-N=C=0, Fs5e¢-0-C N. and F Te-N=C=0
has been augmented by the synthesis of Fs5-0-C=N (see Scheme 1).
Compound {2! eliminates chlorine spontanecusly in the presence
of mercury to give the isomers (10} and (11} which could be
separated by gas chromatography. The structural assignment of the
isomers was made on the basis of NMR data by analcgy with the
isomers of F.3-0-CF=NCl. Only isomer (10} underwent further
elimination of chlorine in the presence of mercury at room
temperature to give the desired F55-0-C N (12) as a celourless
liguid in 10% yield.[48]

The addition of SFsCl on carbon-carbon deouble bonds has been shown
to take place by a radical mechanism in which the SF5. free radical
attacks the double bonds first. The direction of the addition was
not found to be changed by sterical influences in that strained
derivatives were frequently obtained. in a single case the addition

of TeFsCl on CH.=CF. was possible, but the analogous reacticn with
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SeF-Cl was unsuccessful.[49]

Fa3-0-C1 + Cl.-C=NCl1

:

FsS5-0-CC1,-RCL,

(9)
Fs3-0 Fs3-0 ci
\ /
\C=N + C=N
C{/ ‘\\Cl C;//
(10 (i1)
\ \
Fs5-N=C=0 +(F.50 + Cl-C N} Fa30 + C1-C N
(12)

Scheme 1

FS0NF. (13} has been prepared in high yield by fluorination of
FS0.KNH. at room temperature and its structure determined by electron
diffraction. The reaction of F30:NF: with Et-NH yields FS0 NEt, and
HNF.. [50]

lengths (pm) angles (=)
c 3=0 = 141 0=3=0 = 123
\§§ 5-F = 155 0=5-F = 107
0 === 3 N 3-N = 175 0=5-N = 105
/ \\F N-F = 138 N-5-F = 106
F F S-N-F = 103
(13)

The intense Raman effect of 35Cl, can be used to detect small
amounts of chlorine in SClz. Mintures of SCl. and Cl: yield the
Raman spectrum of SCl. at 133K, while at 298K no trace of the
compound can be detected. The Raman spectra of SCl. and GSeCl, are
quite different despite the fact that both contain the ECla” {E=3 or
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Se) ion.[51] The vibrational {reguencies of the
triphenylmethanehalogenosulphanes PhaC3X {(X=Cl,Br,I) have been
assigned and the crystal structure of Fh,C3Br determined.[52] The
photoionization mass spectrum of 5Br., has been measured and the bond
enargy of the 5-Br bond found to be 50.9 kcal/mol..[52] The reaction
of CIlSCF,CF.5C1l with Me C-C{0)Me. hexene, diacetyl. cyclobutanone
and H,C=CHC{QO}CH., has been shown to yield cyclic and acyclic
products. {54]

The very unstable compound CF,3{0}1 has been identified by
correlating its UV/VIS absorptions with those of the homologous
fluoride, chleride and bromide and by its decomposition
products.[54) Due to its bifunctional character, SzI. decomposes by
inter- as well as intramolecular iodine formation. The main
decomposition phase was shown to follow a first order rate law and
to be strongly temperature dependent.[56] Some preparative methods
for the iodosulphonium{lV) salts, Me.SI"AsF.  and Mes31+5bFs". have
been reported. The salts are stable up to 253K and were
characterized by Raman and n.m.r. spectrescopy.{57] The high
pressure polymorphism of some Rare Earth sulphideicdides has been
reported. [58]

6.2.3 Bonds to Nitrogen

The preparation and structures of complexes containing simple
sulphur- nitrogen ligands have been reviewed. The ligands considered
were: N3, NSF,.., NSCl. diimines and related complexes, S NzH™,
SN2, B3N, SiNL.® and several others.[59]

& convenieni. simple synthesis of solid, pure [SNI"{AsF&] in
approzimately 75% yield by the reaction of 53N=Cls and an excess of

AghAsFe in sulphur dicxide solvent has been described.

3AghsFs + SaNaCla —* 34gCl + 3[SN]*[AsFai- (7}

The usefulness of [SN])-[{AsF.i~ was illustrated by its reactien
with elemental sulphur to give crystalline [SoNI"[AsFo]- in 50%
yield and its reaction with CsF in a solid/seolid reaction leading te
the formation of the versatile reagent NSF in reasonable purity and
yield. [60]

Fragmentation of bis{tert-butyl} sulphur diimide, S{NBut)z in the

presence of Rus{C0},z leads tec the formation of the yellow,
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tetrahedrane type complexr. Ru,(CO}o{Bu*N3} containing tert-butyl
sulphur imide as a six electron ligand. Accordiag to the X-ray
structure determination the N-5 bond {171.6pm] is arranged
perpendicular te the Ru-Ru axis.[61) The properties of the N.S2-
dianion have been calculated by using Hartree-Fock-Slater and MNDOD
methods and related to those of No5 and experimental results. A
locally stable N3N2~ species with an NSN angle of 135° was
characterised. This is the opposite of the neutral Nz35 species where
the asymmetric form is the more stable configuration.[62)

Evidence from studies on reactivity., linear free energy
relationships, trapping with an amine, and activation data indicates
that the unprecedented anionic sulphonylamine, “N=30. is involved in
the alkaline hydrolysis of aryl sulphamates.([63] The reaction of
F>3=NCN and NC-SCF.CF.5-CN with AgAsF. has been shown to lead to the
coordination compounds {FxS=NCN).AgAsF&6 and (NC-3CF.CF-5-CN)zAgAsFs.
The compound NC-SCF.CF.5-CN was formed by the reaction of
CISCFoCFo3C1 with HCN as well as with Mea3iCN: the six-membered

heterocycle (14} was formed as a by-product of the reaction.

2 C1SCF,CFSC1 + BHCN —» NC-SCF.CF.S-CN + l || + 3HCI  {8)

F F AW
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NC-SCFLCF.CF.3-CN was investigated by X-ray structural methods and
found to have the all-trans structure (15} in the solid
state.[64]

i4- and 15-N nmr data have been reported for compounds of the type
CFLSNXY, (CFaS)oNX as well as {CF43)aN and [{CF51:N1;Hg. The
chemical shift values of the CFiS-amines lie at a higher field than
those of the non-flucrinated RSNR . compounds. This was attributed
to the large s-contribution of the S-N bond {sp® hybridization of
the N atom!}. as a result of the electron withdrawing effect of the
CFs group. The -1 effect of the CFs3 group on the shift values is
therefore not discernible. The notion of a pR-dT interaction
between the S and N atoms with nitrogen acting as a donor was net
supported by this study.[65]

Black., moisture sensitive crystals of ReCli{(NSCl)z:MelN have been
chtained from [ReCls(NSCl).]. and acetonitrile in dichioromethane.
The monomeric molecule {16} has a distorted octahedral
coerdination with meridional arrangement of the chleorine atoms and
nearly linear configuration of the ReNS bonds which have lengths
corresponding to double bonds.[66] The reaction of pyridine with
either ReCla{NSC1).PCOCl, or [ReCl,{NSCl}.lxs. (H-N352) and
dichloromethane gives rise to the formation of
ReCl.{NS){NSCl){pyridine)s {17) in which each Re atom has a
distorted octahedral coordination of two cis-chlorine atoms, two
cis—nitrogen atoms eof the pyridine and two cis-nitregen atoms of the

thionitrosyl and chloro thionitrene ligands.[67]

1 Cl— S
c1 \ cl ~y cl
\ / AN
ol —N—Re — N —S S— N — Re — Py
/\
cl
N Py Cl
/
Cl— S
(17
(16)

In the reaction of S{NAs t-Busiz with the cluster 0s51C0},, (NCCHs)

either one or two [055(C0};,] units can be added to the sulphur
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diimide to give (18) and {19} respectively. Compound

(19}, which can alsoc be cobtained from the thermolysis of
{18} in refluxing hexane, is the first sulphur diimide with a

trans,trans configuration in the sclid state.[68]

{(CO 4 {COIa “Bugz

3 Gs Gs As /S
/ —_— \/ AN
N/ \N Cs N/ \N
I ! : (co). |
*BusAs As*Bu. *BuzAs
{18}
{COa
Os
{CO}, {CO)a Buz /// \\\
Os Os = As S As— Us Os
\ /\\/Buz (COYs  (COVa
Os N N
(CCl s

CH-IN{SC.F)2]> has been obtained as an unexpected product during an
attempt to prepare N{30zF)s from the reaction of AgN(SO0:F), with
SO0LCLF in CHaCl, solution. The compound, which is actually formed by
the reaction of the silver compound with CHaClo,

2AgN(S0,F), + CHzCl= —* CHzIN(SO0xF)z]= + 2AgCl e 49}

is a white crystalline solid which can be sublimed in vacuc and has
a structure consisting of discrete molecules. [69])

A simple method for the preparation of stannylated
diaminosulphanes has been reported. The stepwise reaction of the
sulphur diimides (20} with t-BulLi and MexS5eCl gives
*BuS{NR' ' INR'{SnMe,) which on heating undergo & reductive
elimination of isobutene to yield the stannylated
diaminosulphanes. {70]
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Li Me-3n MeoSn
éN—R' N-R' /N—R' /N—R'
s - -+ t'BuS/, """" ¥ “BuS ¥ 3 {10)
LY N ~
N-R" " N-R™~ N-R'~ NHR™*
{2a)

The compounds N{SO.R')-{3S0-R' "} have been prepared by the cleavage
of aminostannanes Me,SnN(S0..R'). with sulphonyl chlorides R'"30.C1.
A simple synthesis of the compound where R'=R’'=Me from AgN{S0.CHi}.
and CHL50-.C1 has been described.[71] H_NSQ.NWCl, has been
synthesised from WClg and 50,(NH:)- and forms adducts with donor
solvents such as pyridine and acetonitrile.{72] The isolation of
pure bis{fluoro sulphonyl)imide has been reported.[73] Some
[4+2)-cycloaddition products of perflucroorganc-N-sulphanylamines
and their coridation preducts have been described. The
sulphinylamines R-NSC, (R= CF5.CsFs5,CFSC0) react with
dimethylbutadiene to form 3.6-dihydro-4.5~ dimethyl-2H-1.2-thiazine
l-onides which can be oxidised to epoxides. epoxysultames and
pyrroles. [74]

The reaction of 3.N. with PhSO_NCl. bas been shown to give
{PhSC-NSN)-5 (21} which contains a 5-N chain with a planar
central N.S,; unit. The substituents at the N3N groups are in

cis-trans positions.{75]

Ph\\ 4¢P 0Q§ //Ph
AN A

N N

An improved synthesis and purification, and some properties of
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powdered (5N}, have beea reported. Gram guantities may be prepared
by reacting {N3Cl)s and HesSiNs in acetonitrile, followed by the
liquid SO, entraction of impurities. Freshly prepared samples were
found to readily convert to S.N. at 393K.[(76]

The 3sNs radical, never previocusly characterised, has been shown
te be the major semistable component of the vaporization products of
the (3N}, polymer. The species can be recondensed to yield the
polymer and other coloured materials. Revaporisation produces S3Na
in additien to S,N., SaN. and SzN..[77} A mechanism for the
polymerigsation of {SN}, has been proposed on the basis of a mass
spectrometiric study of the thermal decompositioa of S.N.. The
proposed fragmentation scheme shows reactions in the main pathway
from S;N, to SN which are reversible and side reactions leading teo
loss of nitrogen aasd sulphur which are not. In the presence of
silver wool the transformation of SzN= to (SN); occurs, the latter

being the starting material for the polymer.[78]

{SNiz
4 Ag catalyst
~3N -3N -5N
Main Sal, ———— SalNy ————s SNy ——» 5N
reaction
-3 -5
~-N -N -N
v - v
Side [SalNal Sabia 52N
reaction
-5 -3
-N -N -N
* + L
SaN= Sah Sz
Scheme 2

A new synthesis of [SNBro.sl.. by the reaction of irithiazyl
chlioride and BrSiMes in CH.Cl. sclution at 213K has been
described. [72]

The reactions of the bifunctional bis{chlercarsino} compounds
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MeCH[As{t-Bu)Cl]l. and RCH[AsCl]. {R=H,Me! with the salt Kz5N- have
been shown to lead to rings (22) and cages {23) containing

arsino-substituted sulphur diimides.[80]

KoSN. + MeCH[As{t-BuiCll, — BuAs AsBu

(22)

2K-SN- + RCHI{AsCl:l; -—F As As

(23)

The reduction of Ph.PaNL5C1 by triphenylantimony in methylene
chloride yields a persistent radical which, on the basis of
molecular orbital calculations and e.s.r. spectroscopic evidence,
was thought to be the 1.2,4,6,3,5-thiatriazadiphosphinyl radical
[PhaP2NaS]. . [B1]

The application of metal atom vapour synthesis to the preparation
of metalla-sulphur-nitregen compounds has been investigated. The
reaction of nickel ztoms with S:N. gave, after extraction with
methancl, Ni{S-NaH}- in about 15% yield. The product after

cocondensation was a dark solid which did not sublime and was
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therefore thought to be a polymeric S:N. adduct.[B2]1 The crystal
structure of Ni(S NzH}): has been shown to coatain two planar

[Mi{HN252)(Na252)]" icns linked together by hydrogen bridges to form
a dimer{24).(83)

TN /TN
\m/ """ \m/
N S\,
N7 N/

The complex {ReCl.{N:25.)]" has been prepared as the PPh, or AsPh,*
salt by the action of S{N3SiMeaxal}z or diphenylacetylene on the
chloronitrene complex [ReCl,{NSCl)2]- or from the reaction of
[ReClo{NSCI)2(POC1a}]) with SbPh,. Structural studies of
[ReX,{N=-5-}]1" {25}showed the Re atom to he part of a five
membered ring with, for X=Cl, Re-N = 177, N-5 = 152 and 5-5 = 259pm
for X=Br the equivalent bond distances were 184, 153, and Z64pm
respectively. [B84] The Nucleophilic ring cleavage of the Re{N.3:}
rings of the complexes ReX,{N=S.)]1" with PPhsX in CH.X. gives rise
te the thionitrosyl- halothionitrenes,
{PPh.)2[ReX,{NS}(NSX].2CH.X. (26) where X=Cl or Br.{BS]

X X S-X
X\\\~ //,N-—'S X N‘ﬁ
/ Re + X~ —» Re
X N b3 X N
X X \S
{25) (26}

Ruthenium trichloride reacts with trithiazyl chloride to give cis-
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RuCl.{NS}, which with triphenylmethylphosphonium chloride forms the
complex [RuCl,{NS).Cl]l- in which a chleride ion is bonded between
the sulphur atoms in chelate manner. RuCl,{NS}, undergoes a redox
reaction with PPh,.Br to give (PPh.){{RuCI,{NS}) (8-Nz3.}] which

can be transformed to the bromide by treatment with Me, SiBr. The
latter compound has the ruthenium atoms linked by the nitrogen atoms
of a planar NzS- ring trans to which is a thionitrosyl ligand with a
nearly linear Ru=N=3 arrangement having an N-S bond length of

151pm. {B6]

The reaction of {MepSnS.N. with cis-(MC1-{PRa).] in
dichloromethane has been shown to provide a useful and rational
route to complexes of the typs [M{S NLH}{PRL},1{X]1{H=Pt Pd or Co:
X=Me..SnCl,, PFs or BF.).[87] The crystal structures of the platinum
complexes showed them to have stacked planar cations with
significant close interactions.[8B] The use of Na{353Ni) enabled the
preparation of complexes of the type [M{S5,N,){(PR;)] to be carried
out in high yield.[89]

[MC1..{PRa}z)] + 2Nai{SgNa) * [MIS-NL){PRa)) + B8.N, + 2NIC {11}

An improved synthesis for MoCls{Ns5.) from HoCl. and (N3Cl); has
been given; reaction of the complex with pyridine or THF yields the
respective donor-acceptor complexr.[90] Preparative and structural
data have been published for the following compleres containing a
cyclic S,No bidentate ligand: AsPha.[W{OICla{HN,S.} [S1], Br.WSsN,
i92], WC1a{N.S2){Py} {93]. Br.VS.N5; (941, [IN{PPh3)z}VCl5{NaS2)j1.CrHa
[95), VC1.{N.5.) [96], VBro{N,S .} {Py), 1971, S.Nz[MoCl,{N3Sz}] [98]
and AsPh.lWaCl.{NaS52).,]1.CC1, [99]).

The reaction of {NSCl}s with Sblis in thiconyl chloride or
methylene chloride followed by the addition of elemental sulphur has
been shown to give [S N][SbClgl., [S5NzC1)IiSbC1lc] and
INS.C1,][SbClsl. The adduct S,HN,.3bCl, was alsc produced in
methylene chloride.1100] The reaction of IN3Cl)s with Cull in
acetonitrile solution gives {CuClo{CHaCN)} .. {S5:Ns) which on
thermolysis at 393K yield (Cull,i={SaN,). [101]

3,NH has been shown to react with PdCl; and [PhePzNIOH to form the
complex salt [PhsPoN][Pd{53N){(35}] which was isclated in two
modifications both of which contained one SaN- and one 557
cocrdinated to the Pd atom. Reaction of 5,NH, Pd{CN)> and XOH
{X=Me,N or Ph.P} gave salts of the type XIPd{S N}{CN}o] in which one
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S53N- chelate ligand and two CN~ ions are bound to the Pd atom. In
all these complexes the coordination of the metal atom is almost
square planar.[102]

The preparation of trithiadiazyl-hexafluorcarsenates by three
different methods has been reported: (a) reaction of SsN=Cl. with
AghsF., to give SaNoCl“AsFs~, (b} halogen or radical addition to
SaNzAsF, to give SoN.Br*AsFo~ or SN ON{CFLl}-"AsF.~ and {c)
cycloaddition of NSF to the NS.* cation to give SaNoF*AsF.~.[103]
Compleres of S,NaN{SO,Fl}> with the chlorides of Fe{IIl}, SbiV),
VIIIIY, Cofli), Ni(il), and Cuill} have been prepared.[104]

The thermal decomposition of S.N, on heating in nitrogen at 873K
has been shown to ke accompanied by a marked endothermic event at
temperatures beiween 453 and 473K. the deccompeogition takes place
with ring opening with an enthalpy change of 307.8 kJ/mocle. A study
of the fragmentation of 3,N, on electireon impact has confirmed the

following mechanism {scheme 3} for the thermal decomposition.[105]

SaNs* ——e——p S_HNy" ————s SN* » 57 * S5g

| |

SaNa™ SalNz SN*
’//////ﬁ ‘\\\\\\\ |
SaNa™ SaN”
L J
SZN"
Scheme 3

The reaction of SiN, with ecyano and trifluorcmethyl sustituted
alkynes gives trithiadiazepines in good yield (equation 12). With
less reactive alkynes the yields are greatly improved by TiCla
catalyst. making a range of functional derivatives of thie ring
system readily available.[106]

Amongst the reaction products of SaNs with 3SnCl, in chloroform

containing acetic acid and small amounts of water are the two salts
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SaN.H*I[5nCla{H-0)1- and {S HaNH,"1=[SnCls1®" both of which contain
protonated S, N, units.[107]

/S\N CN  CN
e
S.N. + 2NC-CEC-CN —» s o+ N N (12)
NC // \ /
\ . S

S5.N.H[FeCl.] and its deuterated derivative have been prepared by
the reaction of S,N, with FeCl,; and CH,CQCH and CH,CCOD
respectively. Bromination with MesSiBr yields S.N.H[FeBr,] and in
this reaction S.N.Br™ is presumed to be formed, which undergoes
decompogition by elimination of Br and formaticon of the S,N.™
radical cation. The latter reacts with the sclvent. CHzCl; to yield
the S,N4H™ cation .[108]

An X-ray structure determination of the product from ithe reaction
of [IrCl{CO}{PPhs}a) with SsN. has shown that the [IrCl{CQ}PPhs}
fragment is inserted into the S-N bond eof the S.N. ring (27). Of
the two sulphur atoms cordinated to the Ir atom. one is two
coordinate whilst the other is three coordinate with the former
having the expected shorter Ir-5S distance of 233.5 pwm compared to
239.1 pm for the three coordinate atom.[109])

{27)
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Exposure of dilute solutions of Sg and SaN. in
trichloreflucromethane to gamma rays at 77K gave the corresponding
radical cations. On annealing. the species thought to be 35a.7.
changes irreversibly into a species thought to be also 35.% but in a
relaxed form in which the two opposite sulphur atoms have formed a
weak three-electron bond., The esr parameters of the latter species
are very similar to those previously assigned to Sa* formed from
Se®* in oleum.[110}

Aluminium chloride may be removed from [SsNs)[ALCla] by
tetrahydrofuran to give pure [S55N=2)]C]1 and this reacts with
tetrafluoroberic acid to give [S5Ns)IBF.]. Cyclic voltammograms of
the fluoroborate complex were used to derive the following mechanism
{scheme 4) for the electroreduction process

(3N},

SsNs™ + e iS55hs. 1 SalNa

[S.N. + S.N.I]

S.N.™ or 3hN.~
{n +m = 5)
Scheme 4

Electrodeposition of (SN), on platinum foil and on (3N}, -film
cathodes was achieved by potentiostatic electrolysis and the crystal
structure of [SsNsICl was determined.[111] SoNx{5nCls{MeCN)] has
been prepared by the reaction of SnClz with (NSClla in acetonitrile
suspension. The compound consists of planar SsNs™ cations with the
azulene structure.[112Z] The compound (SuNs)al[asaClasl.25.Na.
prepared by the reaction of (NSCl)s with Asz0., has planar SgNs™
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cationg. octameric anions [AsgClael”® and S.N., molecules with both
the sulphur-nitrogen species showing pesitional disorder. Reaction
of {N3Cl); with Sba05 and Bio0., gave S.N-ISbCls]) and & mixture of
S.N.[BiCl,] and S.N.Cl[BiCl,} respectively. No reaction was observed
between P,0,o and (NSCl},. [113]

Two thermally induced W-5 bond cleavage processes have been
observed for EN.S, heterocycles where E= CR,PR. or 30.-: (i} an
irreverzibie loss of NSN to ferm ENLS. (for E= PR: and S0, ') and
(1i} a pseudo-degenerate |.3-nitrogen shift which exchanges all
nitrogen atoms {for E=CPh).[114] The ammonclysis of the heterocycle
t28) has been shown to lead to {29) which reacts with
W(CO).thf to give the complex (30). (115]

3 5 He\\ /SinHe
/ \ / \ BN
Me,Si-N N-SiHes Me,Si-N N-5iMes / \
I I | I H-N S-¥(CO)
Me-B B-Me Me-B B-He \ /
\ / \ / /B—N\
3 N He SiMes
|
H
{28) {29) {30}
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The difunctional 2,6-bis{chlorcdimethylsilyl)-3,5~-dimethyl
derivative of {28} reacts with bis{methylaminc)phenylborane to
give the unexpected tricyclic product {31}, the structure of
which was established by X-Ray crystallography.[116]

A remarkably stable derivative of {(29) has been prepared in
which the methyl groups attached to the boron atoms were replaced by
MeaUN=5=N groups and the hydrogen on the nitrogen by a phenyl group.
The heterocycle (32) was prepared by the reaction of
1,2,4,3,5-triselenadiborolane with the sulphur diimides
R-N=3=N=SiMe5.[117] Ammonolysis and hydrolosis reactions of further
derivatives of (2B) have alsc been studied.[118]

A crystal structure determination has shown that the NiCo ring
segment of (3Z2a) is planar with the sulphur atom displaced by
25.6pm from the plane. The sulphur-iodine bond distance of 266.5pm
is fractionally longer than the normal single bond distance.[119]

Ph

1 /

\\\.S"/,N c ~_ .

N7
AN

Ph
{32a)

The oxidation of 3,5-diphenyl-1.2.4 6-thiatriazinyl dimer with the
nitrosonium salts [NOJ*X- (X~=BF. ,PFs" ) yields the corresponding
galts of the [PhCzN5S]* cation. Reduction of the same compound by
sodium in ligquid ammonia gives, following acidification, the reduced
system PhoC.NaSH. The structures of [PhaCaNaS]*{PF.]~ and
PhoC,NsSH.0.5CHCl, were determined.[120] The reaction between
1,2,4-thiadiazol-3,5-dicarbonitrile. S{CN}s and the
sulphur~chlorides SClz and SCl. has been shown to proceed with the
formation of Sz{CHN}.Clz {33) and Sa(CN)sCi. {(34). Compound
{33) crystallizes with one 30> meclecule when reacted with AsFa
in liquid S0p and coptains twe five-membered rings joined by a

nitrogen atom. AsF. is coordinated to one ring aand the other
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containg an 5-35 bond of length 207.7pm. Compound (34) is formed
by the addition of SCl, to two molecules of S{CN},.[121}

cl Cl
l i N
N g /
N/ \c/ \c/ \N—ASF-; N-C—C/ I \ -N
\SS/ \N____S/ \/\/\/\/\
(331 (34)

A variety of C-N-3 heterocyclic radicals which are promising
precursors for unsaturated C-N-35 containing pelymers which might be
electrical conducters have been characterised. The radicals prepared
include S-methyl-~1.3.2 4-dithiadiazolyl which isomerises at room
temperature to 2.3.1,4-~dithiadiazolyl,[122]1123]: the very thermally
stable. but photochemically sensitive 4 .5-bis{trifluoromethyl}-
1,3,2- dithiazolyl which was found to be paramagnetic in the liquid
state [124} and the new thermally stable paramagnetic liquid
5-t-butyl-1,3.2,4~ dithiadiazolyl.[125] Solid crystalline
big{4-aryl-1,2,3,5-dithiadiazole! has been shown to combine with two
radical nitrogen atoms and/or excited nitrogen melecules in a low

pressure nitrogen plasma te give (35).1126)

-C / ClPh—C/ \N
\

N-—S —k NS
N—tS N—}s
—c/ ‘I ciph-c” \N
\ \ 1/
N—23 N—35

(35}
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The reaction of {NSCl), with Coll, in acetonitrile has been shown
to give {(MeClNzS1siCoCl,]Cls which gives (MeCHNLS2)Cl and
{49Phat=CoCl, on reaction with AsPh,.C1.0127)

Several studies on a number of oxidised derivatives of
3.7-bis{dimethyi- amino}-1,5.2.4,6.8-dithiatetrazocine,
{MeNJC.Ns5., have been reported. Oxidation with chlorine gives
[{Me=N)oCusNs52C11"[Cl;]". possessing an asymetric S5--C1--5S bridge,
which .can be converted teo the corresponding PFs~ salt which has a
crystallographically symmetrical 35--C1--5 bridge. Oridatioa by
big{trifluoromethyl) nitroxide gives (MezN}LCN,Sz(C)[N{CF3iz]z2
which has a boat shaped conformation for the CaN.S; ring with the
two N{CFs)> groups occupying equatorial positions on the same side
of the ring.[128] The reaction of dialkylcyanamides with NSCl units
has been shown to produce either six- or eight membered rings
(e NCNY{N3C1}, or {He NCN)-(NSCl}.. The oxidative addijtion of Cl:
to 1.5-{Me-NCN}_{SN}. waz first thought to give 1,5-{MeaNCN){N3Cl),
but this is now considered to be the monochloride equivalent of the
trichloride described above.[129] The reaction of {RNCN}{NSCl}:
with Me,SiNSNSiMesz or Me,3iN3SC produces the bicyclic compounds
R,NCS,Ns (R=Me . Et.i-Pr}., the latter reageant yields an additional
minor product, |,5-Me_NCN{NSN).S5Cl which has a folded eight-membered
ring with a transannular 3-S5 bond.[130) the crystal structure of
RaNCSsNs {R=i-Pr} shows it tec have an -N=85=N- bridge weakly bonded
to the sulphur atoms of a siz-membered i-Pr.NCS5.Ns ring.[131] The
reactions of PhsP and PhaAs with the bicyclic heterocycle PhChNsS5
produce the corresponding PhCN,SSNEPhs {E=P or As}!. Beth exo- and
endo-isomers were characterised for the arsenic derivative.[132}

Preparative routes to 1.3.2,4-benzodithiadiazine, CcHaSzNa,
1,3,5.2,4- benzotrithiadiazepine, CcHaiS,N- and their respective
norbornadiene adducts have been described.[133] The compound
{{n-CaH;)aN1*[P.85N]~ has been synthesised from PsS,c and
[(n-CsHs}aN]"[SaP{N3)=]l". The P,.SsN~ anion has an adamantare-like
structure with bridging rather than terminal aitrogen atoms.[134]
The same ion has been used to prepare a mgalt with the cation
3,5-diphenyl-1,2,4-dithiazolium. [135]

The reaction of KoSN. with arsenic halides AsXs (X¥=Cl, Br, I} does
not lead to the expected cage product As{NSN)aAs but to (36}

which contains two bicyclic [A525:Ns] units.[136]
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{36}

6.2.4. Bonds to Oxygen

Direct and alternating current polarograms of aqueous sulphur
dioxide - water solutions show four reduction waves, more than
previously reported. The first two waves probably result from the
electroreduction of 50..H-0 and HSC, . the reduction of the former
invelving two electrons and two H+ ions and the initial product is
probably H.50. which can dispropertionate to sulphur and 30:.H.C in
very acidic media thus doubling the reduction current of 50..H.Q.
reduction of HS50,  appears to occur via two paths. one 2 two
electron/3H" path and the other a one electron/1H" path.[137]
Studies of solutions of 50, in non-aqueous solvents have shown that
Raman spectra can be used to identify the adducts 30..Z2dmso.

30, .dmso and 250,.dmsc.[138] The complete phase diagrams for the
30o-dmso and 30,-dmf phase systems have been determined. Three
stable solid species were found in the S0.-dmf system with SO.:dmf
ratios of 2:1, 1:1 and 1:2. In the S50.-dmso system sclids were found
for ratios of 2:1 and 1:1 but the species 30..2dmso was not found as
2 solid.[139] The influence of 50, on the chemisorption of chlorine
and the kinetics of the chlorination of the higher oxides of
antimony have been studied.[140] The reaction of S0. with BFs has
been investigated.[141)]

The reactions of some tetrahalosilanes and silane with S0, depend
on the relative bond strengths of the Si-X bonds. SiF. remains
unreactive even at 873K whilst SiCl, reacts at 773K to give
{(3iCla)z0] as the major product. In contrast SiBr, and SiH. react

at room temperature and below room temperature respectively to give
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S8i0=. In all cases sulphur trioxide is reduced to the dioxide.[142]
The reactions of sulphur trioxide with IFs have been studied.{143]

The chemistry of sulphur oxides as ligands in coordination

complestes has been reviewed. The unstable oxides, 30, 5.0 and 5.0
are discussed as well as the more familiar 50, complexes.[144] &
good method for the complex stabilisation of sulphur monoxide is the
fragmentation of thiirane S-oxide in the presence of coordinatively
unsaturated or substitutionally labile tranzition metel complexes.
That the reaction proceeds by the initial coordination of CLH.S0
followed by elimination of ethylene has been supported by the
isclation of the first thiirane S-oxide complex ({37} as an
intermediate in the synthesis of the disulphur dioxide complex
(38) from [{PhaP}zPt{C:Ha}]. [145] The complexes
[M(P'Pra)={S0}C1] (M=Rh,Ir} have been shown to react with CO uander
mild conditions to give free 50 which may be trapped by
cycloaddition to an orthoguinone.[146] A general synthetic route for
platinum sulphur dioxide cluster compounds has been described. Some
or all of the carbonyl ligands in platinum carbonyl phosphine
clusters may be replaced under mild conditions to give high yields
of clusters containing the bridging sulphur dioxide ligand. In some
cases changes in cluster structure takes place,[147]

¢

7
.
X

y)

PhaP

PhaP

{37) (38}

A simple method for the preparation of catienic crganometallic
sulphur dioxide complexes by metal-metal bond cleavage has been
announced. [148] crystal structure determinations have been carried
ocut on the following complexes: cis-Nao[Pd{S0s).enld4H,0,[149) and
[(CaMes) oMo25..505]1. 11501

The suiphite radical anion S0, .. which was generated from either
a Ce*"-NaHS05; system at pH 2.5 or from a Ti®*{edta}, Hz0.. Naz3SC,
system at pH 9, has been shown to add to the C=0 bond of some
colefinic compeunds in both acid and alkaline solutions although the

radical iz more active in acidic conditions.[151] The rate of
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reaction between sulphite and hexacyancoferrate(iIlI) itons has been
measured in several concentrated salt solutions and in several
isodielectric water-solvent mixtures.[152] The kinetics of the
reaction of dissclved nitric oxide with sulphite and bisulphite ions
has been studied over a pH range of 4-10.[153] Separate peaks in the
oxygen-17 NMR spectra of sodium bisulphite selutions provide direct
evidence for the existence in soluticn of two isomers of bisulphite
ion: one with the proton bonded to the sulpbur atom {(HSOn } the
other with the proton bornded to an oxygen atom (30 H }. The more
abundant isomer eXchanges oxygen atoms with water more readily than
the other and. on this evidence, was postulated as S0,H .[154] The
structure., stability and dehydration products of solid sclutions of
Caz{S50,)2505. 12H.0 in Ca.{S0,5).50..12H,0 have been reported.[155]
Two different intercalate structures have been observed in the
intercalation compounds of graphite with perfluorcbutanesulphonic
acid.[156) The crystal structures of three polymorphs of cadmium
sulphite {157] and of the isotypic compounds NaMoOH(S0.)}. where M is
Mg . Mn .Fe.Co. or Zn have been determined.[158]

An interesting short note considers those metals for which
anhydrous sulphates are not known. Whilst no general reason is
propesed. the author suggests that for Nb, Mo, Tc. Ta., W, and Re it
may be the ease with which these elements form metal-metal bonds and
the use of inapropriate starting reagents in the syntheses that has
resulted in the formation of anhydrous suiphates not being
observed. [ 159] Sulphur dioxide has been found to reduce a number of
first-row transition-metal compounds in molten alkali metal ternary
sulphate eutectic., the ease of reducticen being Cri{VI}>Mn{IV}
*>Fe{IIl}»Culll}. A number of other. probably polymeric. cations
{Ti ,Nb,Mo, Ta, and ¥ in their maximum ocxidation states) were not
reduced. [160)

The steoichiometry and temperature dependent complexation constants
for reactions of protonated hexacyclen ( a macrocyclic polyamine)
species with sulphate anions have been determined. Three complexes
were detected, l:1 complexes of sulphate with both tri- and
tetraprotonated hexacyclen species and an electrically neutral
complex containing two sulphate anions per tetraprotonated
macrocycle.[161] The synthesis. structure and reactivity of the
alkaline earth hydrogen suilphates M{HS0,)z of Mg.Ca.3r and Ba have
been studied.{162] Particles of CaS0..0.5H.0 have been shown to
disseoive immediately on mixing with water and subseguently form
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hydrated layers on their surfaces by intrusion of water molecules.
These layers destruct when the dihydrate nucei are formed.[163] The
reaction of thiocyanate ion with HF HzC: and iron{IlI} hydroxide has
been shown to yield fluorec{sulpatc)ferrates(Ii}) of the type
(NH.) -[Fe{30,)F3].[164]

& new method has been found for the preparation of electropositive
N-bromo derivatives of sulphonimides by reaction of the Hg(lIl)
derivatives with bromine{l}) fluorosulphate. The new compounds
prepared by this method, (CF330:):NBr and (FS02)zNBr should be
useful reagents for bromination reactions.[165] Several
polyfluoroalkyl flucrosulphates. RCO30-F. have been synthesized by
the reaction of polyfluoro alcchols with sulphuryl flueoride or
sulphuryl chloride fluoride.[166] The crystal structure of
alpha-{phenylsulphonyljallyllithium {39} has been
determined. (1671

A method for the chromatcgraphic separation of higher
polythionates Sn0s®” where n=3 to 22. has been described. The
technique was applied to the detection of polythicnates in bacterial
sulphur secretions which were found to consist mainly of 3¢ on to
which are deposited long chain polythicnate ions making a
hydrophilic globule.[168]

Several publications have been concerned with structural studies,
physical measurements and phase relations on metal sulphates: fer
convenience these are collected together below. Structural studies:
RbLiSO0, [168), (NH.)=aD(S0a)= {170), Na=50.(1) [171], LiNaK(S0.}=
(1721, GaoT1a02S8,a [173], KVI(SO.)a [174]. 3Za{0H)=2ZaS0,xH0 [175],
Hga{NbFs}.50,, Hg={TaFs)250, and Hga(TazF,,}= [176]. Na=5:05 and
MgS=20.6H0 {177].

0 3 R = CH=CH»

\ // L = diglyme
CHR «— 3 Li

// \\\\‘ /// \L
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Physical measurements: Stepwise stability constants of some Se(IV)
sulphato complexes. [178}; kinetics of decomposition of Ag230.,,
[179]): calorimetric investigations of V.05 with K:5.0., and
K»S5:05,-K230,.01801: and the acid hydrolysis of the
nitridotrisulphate ion.{181] Phase diagrams involving sulphates are
collected in Table 1.

Table 1| Phase diagrams involving sulphates.

System Ref System Ref
2r0--HoS0.-K.30,-H.0 & FeS0,-HnS0,~-Ha0 191
Zr0:-H,30.-KC1-H..0 182 Zr0.,-H.S850,-Rb2S0,-Ho0 & 192
Ag=S0.-Hz0 183 Zr0.-Hx304-RbC1-H,0
AL{IOS)5-A1{30,)5-H0 154 K, H1130, NOa-Hz0 193
Nd=05-505-Hz0 185 L1,50,-Na=50,-H,0 194
VO3S0,-K.S0,-H-50,-H.0 186 H.50,.-Na.304-Alz(50412-H20 195
Li.Na.KNO.. S50, 187 LisS0,-Naz50,-CuS0,-Hz0 186
Zn0-~-C1l.-S0. igs Na,30.-K250,-HgS0,.-H:0 197
NaAl{SO.}.-KAl(30,})--H=0 & 189 CO{NHz}>-NazS0,-Hz0 198
NaAl(S50,1.-RbA}{S04)o-H:0 CO{NH: 1 5-NasS0,-Ha50,-Ha0 ieg
NiSO.-H-50.-Hz0 190 Lio30,:-Feo{30.}5 200

6.2.5 Sulphides

The reaction of ethylenediamine, sulphur and hydrogen sulphide in
ethanel solution has been shown to give [HoN-{(CHz)--NHz:)-S5.. The
compound censists of unbranched S5.%- <chains with helical, all trans
conformation, and mono- protonated ethylenediamine cations showing
uncommon synclinical conformation. A remarkable series of N-H...3
bridges link the 55* chains to form en infinite array.[201) The
reaction between hydrogen sulhide and oxygen on aluminium(IlI}) oxide
has been studied.[202] The formation of the suiphur radical anions
53~ and 357 in the blue and viclet solutions of potassium sulphide
and sulphur in acetone con adding 18C6 crown ether has been
demonstrated by spectrophotometric titration under anaerobic
conditions.[203] Aquecus sodium polysulphide of composition in the
range Na.5. o to Na=5, - undergoes autozidaticn by either air or
pure O, at temperatures between 300 and 317K according to the

equation
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NBZSZ-,( + 1 .502 — N323203 * K{BSB {14}

Neither sulphate, sulphite or polythionates are formed and the
sulphur precipitate consists entirely of Se.[204]

The new compound, KNaS, has been prepared by the annealing a
mizture of Na=3 and Kz3. The hygroscopic, colourless compound is
isostructural with Pbll, having a close packed array of 52~ ions
with Na* ions in tetrahedral sites and K* ions out of centre in
octahedral sites.[205) The kinetics and mechanism of the thermal
decomposition of sodium sulphide pentahydrate to an essentially
anhydrous form has been studied. 4 two-step dehydration reaction

pathway involving an intermediate dihydrate phase was cbserved.

Na_5.5H0 —*Nap5.2H.0 + 3HL0(g) —*Na,S + 2H0{g) {15}

The dehydration of the dihydrate was found to be relatively more
inhibited than the first step.[208] UV irradiation of sodium
sulphide in aquecus sclution leads to hydrogen and disuiphide. Light
absorption occurs by H3™ which affords the solvated electron and the
HS radical. In the presence of formate, hydrogen evolution becomes
catalytic with respect to HS™ with the formate being finally
okidised to carbonate.[2071 Carbonate and hydrogen are also
catalytically formed in the UY irradiation of an agqueous suspension
of n-zinc sulphide in the presence of carbon monoxide.[208] A method
of numerical analysis to describe the i1 species in aqueous
polysulphide solution upon simple input of the temperature, initial
concentration of sulphur, alkali metal hydroxide ard hydrosulphide
in sclution has been evaluated.(209] The preparation of
bis{tetramethylammoniumlhexasulphide from tetramethylammonium
chioride and Na,Ss in aqueocus solution has been described.[210]

The i.r. spectrum of diboreon trisulphide isclated in argen and
nitrogen matrices has been reported. The use of partial isotopic
substitution enabled the cbserved bands to be assigned to in-phase
and out-of-phase vibrations of two -B=3 residues in a mon-linear
arrangement. This, coupled with mass spectrometric evidence and the
assumption of linear S=B-5 linkages, show the shape of moncmeric
B.S« to be based on a planar Co, melecule with a B-5-B bond angle of
about 120°.[211]) The crystal structures of (40) where X= 0.5 or

Se have been compared. All pomsess a crystallographically imposed
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centre of inversion and are therefore planar. The Group Six atom has
no marked influence on the BN bond lengith or the internal ring
angles indicating that the boron atoms are electronically saturated

via the BN bonds.i2i2]

Voo,V
N-B// \\B—N
\./

A N\

(40)

The silylsulphanes. {MeFPh,-5i).S,. where n=2 tc 5, have been
prepared by the reaction of MePh:3iSNa with iodine or
chlorosulphanes 3.(l. where m=! to 3 in teluene sclution. These
compounds proved to be a convenient source for the generation of
sulphanes and deuterosulphanes of definate chain length. Mixtures of
the silylated sulphanes {MePh:Si}.3, with a from ! to 10 could be
prepared by heating MePh,5iSNa with an exces of
cyclooctasulphur.[213]) Hexal{tri-t-butoxyldisilthiane has been
prepared by reaction of RsSiSNa with RySiCl (R=tri-t-butoxy}.[214]
Lead({II}-bis-tri-t-butoxysilanethiolate is formed from
{(t-butexy’?=Si5H and Pb0 by an excthermic reaction. In benzene
solution the compound is mencmeric but in glyme sclutions a dimer is
formed in which the central PboS. ring is puckered.{215]) The
reactions of 2-alkocxyethancis and Z-mercaptecethancl with (ROJS5iSH,
(RO)=Si(SH)o, cyclol{t-BuC2)5i5), and 5iS. have beern investigated.
Besides mixed esters of orthosgilicic acid, a new group of mixed
trialkoysilanethiols were cobtained.[216] In the presence of Al:Cle.,
RGCeCls reacts with (HSi)2E to yield (RGe).Es {R=Et.(Fs. E=5: R=CF,.
E=Se). X-ray structure determinations on the CF5; compounds showed
them to have the adamantane structure.[217] Three mixed
germanium(IV) chalcogenides have been synthesized from a mixture of
the component elements.[218) The band structures of SnS in the GeS
and TlI modifications bave been constructed., and in a Z2-dimensional
picture the distortion., found in the GeS modification, can be traced

to a mixing of the conduction band into the valence band, similar to
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a second-order Jahn Teller disteorsion. This picture can be used to
analyse the electronic structure of related compounds such as
(Tez)zI-. InS, or HgCl.[219] The structures of two polymorphs of
CuzZnGeS, have been determined.[220] Crystal structures have also
been determined for In,eSn.555 [221]. Hg-Pbl.S. [222], Pb.InsBi.5,e
[223), PbalnzBiLS,5 {224], P.As:55 [225]), and SrEu, ;Bi.S. [226].

Sulphur-phosphorus heterocycles of the composition RP{S)S5n (R=Me,
t-Bu: n=7-5) have been synthesized in ring-¢losing reactions between
the ®ilyl or stannyl esters of trithiophosphonic acids RP{S){SEHeasl=
(E=5i.Sn}) and chlorosulphanes S,Cl. (x=5-3). The heterocycles are
fairly stable in the solid state, in solution disproportionation to
ring compounds with larger and smaller numbers of S-atoms,
respectively, as well as oligerization is ohserved.[227] The
organotrithiophosphonic esters used above were prepared in high
vield from the phosphanes RP(Si¥es). by addition of 3 sulphur atoms
{from Sg} in toluene solution.[228] From a study of the reaction of
P3C1,; with hexamethyl disilazane, a method for the preparation of
MeaSiNHP(S)}Cl, and [MexSiNHF({S)=NSiMe,)l. has been developed.[229]
The reaction of the pyridine adduct of dithiophosphoric acid
chloride with bifunctional compounds has been used to prepare some 5
or 6-membered cyclic dithiophosphates.[230,231] The rule of
topological charge stabilization has been applied to some cage type
structures related to adamantane. Examples include P.3s, PsSs4. Pi3a,
and P,5. as well as many other sulphides and selenides of main group
elements.{232] The reaction between PCls and H.S in the presence of
a baze has been shown to yield P,.3- and [P3:Cl:]- according to the
mechanism shown in Scheme 5,[233]

Phesphorus-31 n.m.r. spectra have been measured and assigned for
some compounds with the alpha- tetraphosphorus trisulphide
skeleton.[234] The diazidodithiophosphate anion,PSo{Ns)=", {41}
can be isclated with a large cation such as PhsAs™. The anion is
formed by the reaction of PaS,o with NaNs in acetonitrile. Reaction
of NaCN with P,45,o in the same solvent gives the (NCP3:):5"" ion
(42).{235]

s s s. S. .S
\P/ N 7 \P/
Noaleob” SNe-N--N o’ \ / Ten
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The heats of formation of the arsenic sulphides, As.Sa., AsaS.,
AS,3a., and As.5= in the gaseous state have been determined.[236] The
sulphide As.3. has been used as a means of preparing complexes with
As-3 cage molecules as ligands. Reaction of As5.5. with a series of
Co and Fe carbonyl completes resulted in the formation of complexes
containing the As;33 or As.S. molecules as ligande.[237]
€halcogenostibanes of the type R.SbER' where E=5, Se or Te and
R=R'=Me. Et. have been prepared by complete exchange reaction of the
corresponding distibanes and chalcogenides. The derivatives,
Me-SbTeMe and Et.SbTeMe were found to be thermochromic.[238] The
sulphur rich compound [AsPh,]l.[Bi-S5.] has been found to containa the
[BizS34]1°%" ion with a remarkable structure. The twe Bi atoms are
joined by a Sg®° chain with an ail trans conformation, and are each
coordinated to two bidentate S, ligands such that the BiS; eight
membered ring has approximately the boat-chair conformation. [239]
The compound (p-CHsCeHalaBiz has been shown to react with sulphur or
selenium to form the corresponding derivatives {R.Bi)zE, E=S or
Se.[24C] Since reviged structural data on many of the phases MPSa
{M = Mn, Fe, Co, Ni, Cd) have been published receatly, their
electronic structure has been re-wxamined by means of extended
Huckel tight binding calculations.[241] NiPS, and ZnPS> have been
prepared in new amorphous forms which show high reactivity in
chemical or electrochemical insertion.[242]

The structure of Tio 52V¥sS3.sa has been shown fo consist of
distorted vanadium-chalcogen octahedra connected by face and edge
sharing. with thallium inserted into the large guasi-rectangular
channels in the three dimensional framework. No magnetic ordering
was observed between 74 and 290K but a slight discontinuity at 170K
suggests a phase transition.[243] The three known monomeric species
[VS.1®", [V0551®-, and [V¥0=52]1" have been observed by high-field
vanadium-51 n.m.r. spectroscopy, together with the previously
unobserved icns [V0s31®~, [VaS,1*~, [05V¥5VCsl2~, [502VS5V0:5]%", and
the monoprotonated monomers.[244] A new class of catalysts for the
reduction of molecular orxygen to water in acid environments has been
discovered which show electrocatalytical activity comparable to that
of piatinum. They are Chevrel type chalcogenides with the

stoichiometry Mos_,.M.Xs where ¥ is a transition metal and X is a
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chalcogenide. [245] Structural data for the high pressure
modifications of SnMocoSa. PbMosSs. HgMooS5s and Hoo35 have been
published.[246] EXAFS analysis has been used to study the structural
changes that cccur during the lithiation of the amorphous materials
MoS,. W3, and WSes and the crystalline material NbSen. For the
amorphous materials. an increase in the number of metal-metal bonds
was obzerved, as well as a significant decrease in the metal-metal
distance. A reduction in the number of metal-chalcogenide
interactions was also apparent and an increase in the
metal-chalcogenide distance.{247] The central tungsten atom in the
ion WsSs® ion {43} has been shown to be at the centre of a

square plane of sulphur atems: the terminal tungsten atoms having
tetrahedral coordination. {248}

NVAVAY:
AVAVAS

| o

(43)

The Raman and rescnance-Raman spectra of the ions [M'(MS,)1.1%-
where M° = Ni, Pd, or Pt and M = Mo or W. which correspond to (43}
with the central atom as M', have been measured.(249) The crystal
structure of a new ternary phase in the Cu-Ta-3 system, Ta:xCug 55s.
has been shown to be related to the structures of the known
chalcogenides CuTaS,; and TaS,.[250] The structures of CuTa3s and
Nb.Ses have been redetermined.{25!] The new intercalation compound
[Fe.Sg{PEtslslc. o=TadS. has been synthesized by flocculation of TaSz~
iayers dispersed in water-N-methylformamide; the orientation of the
intercalated cluster has been determined. [252] Stable 2D
zeolitic-type materials containing iron sulphide piliars have been
prepared by ion exchanging a smectite ciay with polyhydroxide
cations of iron, followed by a sulphiding treatment at elevated
temperature. [253] Ruby red crystals of NasFeS., the first

thioferratef{lll} with discrete tetrahedral anions, FeS3,, have been



201
prepared by heating together a stoichiemetric mixrture of sodium
sulphide, iron and sulphur.[254]

A single crystal X-ray structural aralysis has shown that the
anicn of (PPh.lo{NHzMeo) (NH,)[Pd2(S7)a), [PdaSzal"" forms a
30-membered cage containing an entrapped cation, NH.*. The four
equivalent 5.®- ligands are so arranged that the sulphur atoms have
alternatingly small {(373.3-408.0pm} and large {453.3-492.1pm}
distances from the centre of the cage.[2551 The pesition of the
equilibrium., eguation (16) has been shown to be solvent dependent
with aromatic bases and PPhs favouring the formation of copper(i}
adducts. [256]

2CulS5zP{0OR}z1> — 2CulSaP(OR}z] + [(ROIzP{3)3-1. {16}

Qrange [(PPH3)xN1l1[Ag(Ss)}.55 has been prepared by reaction of a
definite 5.%® sclution with AgNOa. X-ray structural studies showed
the anion [Ag{Sg)]~ to have a symmetric conformation with a
ten-membered ring system.[257] To determine which of the two known
gold sulphides {containing Aul(l) or Auv(IIIl)} are formed in the
reaction of Au(lIlIIl) with different allotropes of sulphur the
following reactions were carvied out. When Au{lIil) in the form of
Auo{50,)5 in concentrated acid was reacted with electrolytically
formed shert-chain sulphur, monovalent gold sulphide was formed. IT
H.S is allowed to react with the same sclutien AuoS, was formed.
Alternatively, if ordinary alpha-sulphur, 35, was used the an
equimelar mixture of Au.S and Au-S55 were formed.[258] The addition
of approximately equimolar ammounis of aqueous ammenium polysulphide
solution to the gold(Illylide dimer, [Au{CH:}2P(CaH=}Brl]: in thf
results in the formation of the red product {44) whilst the use
of Na.S gave (45).[259]

The dissolution of synthetic ZInS in aguecus sulphuric acid with
and without added cxygen has been studied in an autoclave at
temperatures up to 473K. In the absence of oxygen, hydrogen sulphide
is produced and the equilibrium {17) is established.

ZnS + Ha30, = In®** + 30, + HzS(aq) €17

In the presence of oxygen the H:3 is oxidised to elemental sulphur and
H=50..[260]
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A process for the complete transformation of cyanide to 3SCN-
photochemically has been described. The methed, which uses
Rh-loaded CdS suspension, visible irradiation and an alkaline
sulphide medium is efficient even in the presence ¢f air and at
high ¢cyanide concentrations.[261) The rate of reduction of
plutonium{¥I} and neptuniumi{VI! by bisulphide ion in neutral and
mildly alkaline solutions bas been studied.{262} Structural stud
have kbeen published for the following sulphides:
{UDZ)ErS5.[263,264]1. InS polytypes. [265], Eu,Cu3,.[266].
[{HeCHLYSU1L5,0267], [{n-PrisN]liGa{SR).] R=Et.Ph,[268}.

Phase relations of sulphides are given in Table 2.

Table 2. Sulphide Phase Systems

System Hef. System
As-35 -3nSe 269 SmS - Ga=3s
NazS - Tl.3 270 Tl - Cd -~ 3
In - Bi - 3 271 ¥b - As - 8
Bi.Ss - DyFs 272 LazS5s - Lax0x - Gaz3a
ColraS85. - CeolClsa 273 Cd - Ge - §
Sn - Bi -~ 3 274 NiCroS.-NiGaxz5.
Cu - TL - 3 275 PaSa-PaSes-A8,8,:-Asa.Se,
As.S55 - SmS  and MeX-LnoXs
AS25s - SmaS, 276 GazSa - Euz023

bs - 5 277 Ga253 - Przog

very

ies

Ref .
278
279
280
281
282
283
284
285
286
287
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6.2.6 Bonds to Carbon

Vhereas oxygen donor pelyether crown tigands and related
ionophores are known to bind., sometimes highly selectively, Group I
and I] metal ions. the corresponding polythia ligands appear to bind
Transition metal ions more effectively. Complexes of the ligand
(46} with Pd or Pt have been prepared in which the conformation
of the macrocycle in the isomorphous [Pd{46}]2* and
{Pt{46)1** cations is an S-shaped double boat. The M2* ion at
the molecular inversion centre is coordinated te four sulphur atoms
in a square planar arrangement with the remaining two sulphur atoms

making only weak interactions with the metal ion.[288}

™)

3
3

s s
(46)

The structures of compleres of 1.4,7 trithiacyclenane, a
macrocyclic ligand, with Ag{l) and Cull} have been shown to depend
on the hardness/ softness of the anion used. When the anion is soft,
such as 1-, a distorted tetrahedral structure is formed in which the
ligand functions as a tridentate ligand end the fourth position is
occupied by the anion. With hard anions such as €10, or NOa™,
oligomers are formed in which the ligand is bridging and a distorted
tetrahedral configuration results.[289] Hexathia-24-crown-6 has been
shown to wrap around Ni{II) to form an octahedral cation with
meridional stereochemistry.[290] Crown ethers have been shown to
activate DMSO in reaction with aromatic amines to produce coleored
quinone dyes. It is thought that the crown ether complexes with DM30
through the sulphur atom which in the presence of amine as base
produces nucleophilic species such as {47).0(291]

The synthesis of the new thia-aza cage {48) and of its Culll)
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complex have been described. The elecironic spectra of the Cul(lIl)
compleres show the gsame features both in the sclid state and in
solution and are diagnostic of a distorted square pyramidal
structure. [292]

2 x
% /CHZ /7
S VNV

N
Ph AN

(47) (48}

Alkylidenesulphur tetrafluorides. RoC=3F, exhibit a strong
sulphur-carbon bond that can be described as a double bonrd. The
existence of an equilibrium between a C5 and a CC double bond in the
cage of -CF4-CH=SF,/CF.=CH-8F, allows the estimation of the =5 bond
energy at about 377k} as compared with 255kJ for the average C-§
bond energy.[293) Contrary to other sulphines, {CF31,C=S0 reacts
with amines, alcohols and HCl to yleld derivatives of the
corresponding sulphinic acid. Reaction with HBr gives a C-brominated
sulphenyl bromide and sulphinyl bremide via a2 redox reaction.
{CF5)zC=50 also reacts with 2.3-dimethylbutadiene to give the
corresponding cyclic adducts, which could be cxidised te cyclic
sulphones with m-chloroperbenzoic acid.[294] Starting from carbon
diselenide or carbon selenide sulphide the electrochemical
preparation of heterccyclic dichalcogenclates CaX=®" has been
described. [295] The crystal and molecular struciure of
tetra-n-butylammonium N-methyl-N-thioformyldi-thiocarbamate shows

the anion to have the conformation shown in (49).[295]
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CalS,CC(CN)-].5H.0 has heen synthesized and its struciure
determined. Caicium has a distorted bicapped irigonal-prismatic
coordination of six O and two N atoms. Two O atoms are coerdinated
to two different Ca®" ions to form dimeric units with each S.CC(CN)=z
ligand bridging different dimeric units via its N atoms. The S atoms
of the ligand are not included in the coordination sphere of the Ca
ions but are inveolved in several O0-H..S hydrogen bonds.[297] The ion
{SzC,N=}>" has been shown to exhibit two anodic maxima in the cv
diagram. The reaction product of the first step iz the dimer
[{NC}.C=C(8}S-S(51C=C{CN}-12" which was shown to congsist of two
planar {S.C.N,! units which are orieantated perpendicular withia the
anion. (298] The crystal structure of KoI[5.C-CcH.-CS5z].2H-0 has been
determined. [299] The anion [GSC-N_H:-CS0]®~ and the molecules
CHaS-CO-N_H.-CO-SCHsy and CHxa0-C3-WN.H.-C3-0CHa have been shown to
exhibit non-planar structures in the solid state with the dihedral
angles between either of the two strictly planar R-CX-NH groups of
each molecule being 78.8°, 77.5° and 104,5 respectively.{30C] The
reaction of K.[S{0)}C=C(CN)=] with CHsl yields the mono-S-methyl
product in which the potassium has a monocapped trigonal prismatic
coordination and the methyl group is directed towards the oxygen
atom {50). Oxidation of the oxothiclate gives
[{NC)C=C(0}-5-S-{0JC=C(CN)=1%" in the first oridation step which
has two planar [S{O)C=C{CN}=] units perpendicularly orientated.[301]

Hydrogen bonded complexes of dialkyl sulphides and alkanethiols
with HF have been prepared by condensing the argon diluted reagents
at 12K. Infrared spectra of the (CH;)>S..HF complex suggest that the
latter has a weaker hydrogen bond than the (CHa}z0..HF complex.[302]
Structural studies have shown that the S-S bond length in Me SSMe™
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{50)

is relatively long whilst in {Me3),” and (MeSe),™ the
chalcogen-chalcogen bond lengths are almost normal for single bonds.
Each cation involves a three coordinated chalcogen atom, the former
having an all-cis conformation and the latter two being fairly
similar with the chain-end methyl groups in trans positions to each
other.[303]

The reactions of €S, with hydrazine.[304] N,N-diphenyl-
formamide, [305]-1308] and acetamide[309]-{313]) have been repcorted.
The reaction of COS with hydrazine in the presence of NalMe has been
shown to produce Na,[SOC-NH-NH-CO03).[314]) 4 series of copper
thioxanthates have been prepared and characterized.I315] In reaction
mixtures of acetylenes, RCHCR, and CiS3C1/A1C15/H,CCl, or
S5a/53bCls/H-CCl, at 250K the formation of 1,2-dithiete radical
cations. RxCa5.." has been observed. On warming te 300K 1,4-dithiine
radical cations, R.C.3..~ were produced. Their generation can also
be achieved by the reaction of 1,2-dichloroethene or
1.1.2.2-tetrabromoethane derivatives with NaxS5/AlClL/H CClL. &
method well suited for 77S isctope marking.[316] The synthesis of
perhalogenated 1.3 ,5-trithiane 1.1,3,3.5,5-hexaoxides and their
reaction with bases has been reported.{317] Dithiocyanogen. NCS-SCN
has been attached as a ligand to a Transition metal for the first
time by reacting it with AgAsF. in liquid sulphur dicoxide.,[318} The
reaction of dithiecyanogen and trithiccyanogen with
hexafluorcacetone {(HFA) leads to the cycleaddition products
(SCN!=.4HFA and S{SCN)..4HFA. These are the first reactions of
{S5CH}), and S{3CN)> without cleavage of the 5-5 bonds.[319]
Spectroscopic studies of dimethyli{methylthiel- and
dimethyl{phenylithiolsulphonium salts, Me-S53R"A~ (A=AsF.~ or Sblls",
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have been reported.[320] Soclvolysis of thiocarboayl flucrides in
HF/SbFs or F3S0,H/SbF-s has been shown to yvield dithietan-2-vlium ions
reaction of which with base F- in the sclvent system HF gives
dithietanes.  [321] A series of allyl methyl sulphoxides
R*RZR3C-5{0}-CHCH-CH, with R* ,R® R®=F.C1.CF5; as well as the
corresponding sulphones have been synthesised.[322]

Tetrathiosquarate has been shown to act as a bridging bil{chelate}
iigand in complexes with Cu,Ag,Rh Au.Pt and Pd and as a monc chelate
in complexes with Ni and Zn.[323]

6.3 SELENIUM

6.3.1 The Element and Cationic Species.

The structure of decaselenium bis fluorosulphete, Se,o1505F]. has
been shown toc contain the Se,.,®" cation of the bicycleol[4.2.2]decane
type and fluorosulhate anions. The Se-5e bond lengths in the cation
vary from 224.6 to 245.0 pm.[324] Selenium-77 NMR studies have been
performed on natural- abundance and eariched samples of Sex{AsFs):
and Se,{AsF.tz in S0, and 100";530,. The Ses®" species was found to
be rigid in solution at all temperatures from 203K to room
tempaerature although there was some evidence for slow exchange at
higher temperatures. The Se,.”  species appears toc undergo
structural isomerism in S0, solution at ambient temperatures to give
two forms. one of which disproporticnates below 273K to give Se™"
and the other was tentatively identified as Se,+®* or. less likely,
Se;a-".1325] Selenium-77 nmr studies have also been used in the
characterization of selenium and selenium sulphide ring

molecules.{326] The sulphide, Ses53, has beer shown to crystallize

Saw—s Se-—Se
|s/ |Se/
/,Se /ﬁe'

{51} (52)

az a mixture of the two isomers {51} and {52). the ratio of
which is temperature depeadent. Ses5; can be prepared from
titanocene pentaselenide and 5zCl= and reaction of the former with



208
3Cl. yields Ses35 and with SesCls, Se.,. It seems likely that a chair
configuration will be adopted by Se,.[327]

The reaction of Se,”" with W{C0)a and Fex{CQ),; in S0. has been
shown to give the mined cationic cluster [FeW(CO)gSen]2* which has a

tetrahedral core structure.[328]

6.3.2 Bonds te Halogens.
The new compound (SeoCl}~(3bCi.} has been prepared by the
reaction of Se with NOSbCls in 30.,. The compound contains the first

example of a seven membered Se ring {(53).1329]

Se—C(C1

Se=m—-e \\
\\ Se
Se /(

S¢————3e {53}

/

Se Se

The SezC1l,,"" and Se.Cl. anions have been prepared and iselated
as AsPha." salfts from the reaction of {SeCl.}, with stoichiometric
guantities of chloride ions in POCl,; solutions. X-Ray diffraction
studies show in each case two distorted octahedral SeCl, groups
connected through a common edge in {(54) and a common face in
{55). The terminal Se-Cl bonds { average 231.7pm in (354},

222 . 3pm in {35}) are much shorter than the bridging bonds (
average 266.1pm in {24)and 265.2pm in {55)}. The
stereochemical activity of the SelIV) lone pair causes severe
distortion of the central Se.Cl. ring in the centrosymmetric
SeosCiy6" " 1on.[330]

ci c1 ¢ cl c1
c1>,e<<:1>fe<c1 \56401§3e/
cl 1 ci
(!l cll c1/| \c1/‘\c1
¢

{55)
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The crystal structure of [SeCl;l{AuCl,} has been shown to consist
of centrosymmetric [SeCl,.AuCl,]. dimers with a distorted octahedral
coordination geometry at the selenium atom. The compound is not
isostructural with the tellurium analogue.[33!] The addition of
R.NX. R= Et, "Pr or "Bu, to a solution of SeX., X= Ll or Br, in
acetonitrile sclution results in the fermation of tri- and
tetrahaloselenate{11l}) complexes. The R.NSeCl, complexes were showan

to be relatively unstable, being readily destroyed by laser light:
2R NSeCl, —* (R N!.SeCl., + 3Se (17}
and especially to hydrolysis:
25eCl,~ + Hz0 —* Se0CCl,~ + 2HC1 + Cl- + BSe {18}
The Ramanr spectra of solutions of Seis~ and SeX,” were consistent
with T-shaped and square planar structures respectively.[332] The
bis-silylated phosphorane Me,SiNP(Ph.)CH.{Ph.)PNSiMes reacts with

3e0Cl. and Tell, to form the new heterocyclic compounds (56} and
{57) respectively.[333]

CH. CHe
AN
PHLP PPh- PHP PPhx
ll |1
N N N N
N ./
Se Te
C{ \Cl Cl \Cl
(56) (37)

Equilibrium measurements in the Se-0-Cl system have shown that
solid SeCl. and liquid Se.Cl. exist as conrdensed compounds whereas
only SeCl, exists in the gas phase. Thermodynamic data were derived
from the decomposition sublimation of SeCl,, the decomposition of

Se.Cl. and the evaporation and decomposition of SedCl..[334]
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The structure of {NH.).SeBr, has been shown Lo contain cctahedral
SeBr." units in an antifluorite array of cations with the Se-Br
distance 257.7pm. In contrast the SeBr.”" ion in [HoNICH_.)sNH;]SeBr,
is stﬁtistically distorted with Se-Br distances from 254.7 to
259.5pm.[335] The Se,1."" cation has been prepared by the reaction

of Se,*"

and iodine in S0, solutien. The 77-selenium NMR spectrum
is consistent with an !.5¢*SeSeSe*l.. structure for the cation and
the equilibrium of Se.l,*" with lesser amounts of Sels” and

Se.15*".[336]

6.3.3 Bonds to Oxygen

The reaction of Sel., with Cel, at 543K leads to the formation of
CeSes0, which has a structure consisting of zig-zag strings of Celjg
distorted. edge-sharing. Archimedean antiprisms linked by Se atoms
in three-fold coordination.[337] The oxidation by SeC. of imines
containing an alpha methylene group has been shown to give alpha
iminocarbony] compounds.[338] The solubilities of some phases in the
system Mu0.-5e0--Ho0 where M=41. Ga. or In have been
determined. [339] H.Se0, has been studied by neutren diffraction and
has been shown to have tetrahedral SeQ, groups connected by hydrogen
bonds with 0..0 distances of 261.5 and 262.1pm at 243K. [340] CsHSeO,
has been shown not to be isomorphous with any other HHSeO,. or MHSO,
compound.[341] The structure of KHSeQ. is however isomorphous with
KHS0., and displays a similar hydrogen bonding scheme but with
shorter bond lengths.[342] The poelarographic and amperometric
behavicur of simple solutions of selenites and selenates as well as
binary mixtures of the two in HCl solution have been
investigated. [343] Structural studies have been carried ocut on
SrSes05.03441 and ZnSe0s and CuSeD,. [345]

6.3.4 Selenides.

The decomposition and synthesis of hydrogen selenide under light
pulses of 300-600 microsecond duration has been studied.(346] The
crystal structure of Liln3e; has been determined from single crystal
data. The compound is isostructural with beta-NaFe0..[347] Studies
have been carried out on the systems
ZnInaSa-ZnlnaSea-InzSea-In=55[3481 and TllnSe,-TlGaTe,. [342) The
compound Na,SnzSes.13Hz0 has been prepared by reaction of SnSe; with

alkali metal selenide. The ion contains isolated Sn-Se.?” anions
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consisting of two edge shared tetrahedra which are in contact with
the hydrated Na" ions via an extensive hydrogen bridge system. [3501]
A new series of lead chalcogenide anions PbzSea™  and PboTes;® has
been cbtained by extraction of the appropriate ternary or gquaternary
Z2intl phases of the type KPb.Se.5_.,,3Te,.,s With ethylenediamine in
the presence of 2,2,2-crypt. The crystal structure of
(2.2 .2-crypt-K+),PboSes™" contains four trigonal-bipyramidal
Pb-Se="" anions in the unit cell.[35!] A Raman and resonance Raman
study of P.Ses has been carried out.[352] P,Se,I may be prepared by
the reaction of molten P.Ses and I.. The structure of the meoclecule
is derived from the structure of P,5e5I1. by substitution of a P-I
group by a selenium atom(58). The mean P-Se bond length is
225.0pm and the Se-Se length is 236.9pm. The molecule is stabilized
by two weak intramolecular P-Se and P-I bonds.[353}

P i
Se/ \\P -~

N

{58)

The compound BasAsSe,(CH),H.0 has been prepared by the reaction of
Ba({OH)> with As-Ses in aqueous solution., Its structure contains
isolated AsSe,®  tetrahedra with C. symmetry.[354) The alkali
selencarsenates{111), KAsSe;.H.C, RbAsSe,.1/2H.0 and CsAsSex.l/2HZ0
have been prepared by hydrothermal reaction of the respective alkali
carbonate with As.Sex at a temperature of 408K; all contain
polyselenocarsenate anions (AsSes ), in which the basic uaits are
tetrahedra linked together through Se-5e bonds into infinite
chains,[355] The photcelastic trends for some 60 different
infrared-transmitting chalcogenide glasses {mixed sulphide-selenides
of As. Ge and Sb) have been studied.{356] The selenide, CsShaSe.,
prepared by hydrothermal reaction of Cs,{0s and Sb.Se, at 388K,
containg polyselencantimonate anions which display both {Sbl}3e-Sb
and (Sb)Se-Se(Sb} bridges.[357]

The first example of a planar CraSe multiple bond system (80)
generated by the selective reduction of (59) with cobaltocene



212
has been described. (3581}

Cp
cp co  co Cp J _co
\ \ / N\ /Créco
CrE= Se = ¢r Cr st Se I co
s | \ e | ™o
co Cp co ~ep

(59) (60}

The reaction of the ionic complex K[{N®-C MesICr{CO),] with
Se,{l:; has been shown to give the diselenium compound
{N5~-CoMes ) zCro{C0},8e. which is converted to
(R-Se) [{N"-CsMesICriCOI]z with triphenylphosphine. [359] The
coentrol of magnetic phase transitions via reversible electren/ion
transfer reactions at 300K using copper selenospinels., Cu,.,Cr.Se,.
as the model system has been reported.[360] The crystal structure
of MoSe. has been refined from single crystal data.i361] The
reactions of Ses{AsF.)z. Sen(AsF,.lz and Se,,{3bFsls with Mo{CD)le and
Wi{COl. in liquid 30, give diamagnetic products of the type,.
[Ma{CO},55ea][EF.]- in high yields. The structure of
[Wo{CO),5e.]{AsFs]) consists of two centrosymmetrically related
pentagonal-bipyramidal W{CO)({Hi"-Se;) " groups linked by weak Se-Se
bonds. The interactions between the diselenide groups are analogous
to those observed in the Se,S5:N,Z* cation.[362] Complexes containing
a tetraselenide ligand, [{CsMes}-M.S5e- ] have been prepared by the
stepwise addition of selenium to the M-M deouble bond of
[{CsMes ) Ma{H-C0}] where M is either Co or Rh.[363] The new
layered chalcogenides TazNiSe, and TazPtSe, have been prepared and
characterized. The layers are comprised of Ta atoms in octahedral
and bicapped-trigonal-prismatic chalcegen enviroaments and Ni or Pt
in octahedral sites.[364]1 The use of hydrogen selenide for the
synthesis of binuclear palladium complexes and their conversion inte
novel dimetallic selenorides has been described.[365] Anomalous
temperature-dependent decompesition of dimethyl zinc and its
reaction with hydrogen selenide under metal-organic vapour phase
epitaxy growth conditions have been studied and the results
correlated with the optimum growth of zinc selenide epitaxial layers
on single crystalline GaAs substrates.[366] Sharp line

cathodoluminescence spectra at 8K from Tm and Er ions implanted into
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hexagonal Za3 and ZnSe crystal platelets have been obtained.[367]

The mononuclear complexes [M{CO)}o{MeSeCH,.SHMe}!] (M=Cr Mo or W) have
been prepared and are present in sclution as isomers with both S-M
and Se-M bonding. In addition to the facile pyramidal atomic
inversion of the metal-co-ordinated sulphur and selenium atoms, a
nevel 1,3-metal shift between the two different ligand atoms
cccurs. {368] Selenium exclusion from a Pt-Se~Pt bond sequence and
selenium insertion into a Pt-P bond has been described.[362] the
reaction of [Pt(PPhalal with closo-SeB,,H,, affords
[PtH{PPhs}5]1I5eB,H,.] and [2.2-{PPha}o-1.2-56PtB.oH,01.CHC1,. The
same paper reports an attempt to provide more information on Se-B
bending from a crystal structure determination of SeB,,H,,: however
gscrambling of the Se atom and eleven B-H groups over the twelve
dodecahedral peositions precluded aay precise determiration of Se-B8
bond distances.[370}

Phase diagram studies invelving selenides are given in Table 3.

Table 3 Selenide Phase Systems

System Ref . System Ref .
AszSes - PbS 371 Sn3e - CexSey 380
Aso.5e5 - NiSe 372 Tl - Ge - 3Se 381
Ago>Sez - CdS 373 Tl - In - Se 382
As - Se 374 Yo - Ag - Se 383
Sn - Bi - Se 375 AsSe - SmSe 384
CdSe - GeSe: 376 5nSe - TiSe 385
SnTe-In3e & SnTe-TlzSe 377 Sm3e - GazSes 386
TlSe-FeSe & TlSe-Co3e 378 CuSbBe. - CraoSes 387
Cu.Se - 3nSer - CrzSes 379 SbsSes-FeSbs & SbaSeax-FesSb: 288

6.3.5 Bonde to Nitrogen

The reaction of trimethylsilyl azide with mesitylene smelenenyl
chloride has been shown to give mesitylene selenenyl azide, and
reaction of tris{trimethylsilyl} amine with benzene selenyl chloride

gives tribenzene selenene amide,[389]

ArSeCl + MHe,SiN, —* ArSeNs + MHesSiCl {19}
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3PhSeCi + {MeaSilt,N * (PhSe)sN + 3Me,3iCl {20}

The first seleninylamine. t-BuNSe0. has been prepared f{rom t-BulH:
and 5e0Cl; in a 3:1 molar ratic. The selenium diimide (&1} was
isolated from the corresponding reaction of BulNH. and 3eCl, in a 6:1
molar ratio. The compound decomposges to give cyclic Ses(NBu).
t62). [330]

Se Bu Bu Se Bu
N/ \N/ '\N/ \N/
Bu 58w~ Se

{61} (62}

1.1 dichloro-3,5 diphenyl 4H-1.2.4.6 selenatriazene has an
Se-N-C-N-C-N rirng in a boat conformation with the selenium atom
displaced 34.8pm, and the opposite nitrogen atom which is bonded teo
a hydrogen stom displaced 13pm from the plane of the boat
bottom. £391]

&.3.6 Bonds to Carbon.

A structure has been suggested for the amorphous, polymeric carbon
selenide (C-Sez)., obtained by heating {CS3ey), in vacuum.{332]
Trifluoromethyl selenyl thiocarbonyls have been shown to react with
CFs_ .Cl.3Cl or CFiSeC] the corresponding disulphanes or
selanesulphanes. Oxidation of CF.5eC(S})1X, K=CFaSe,CF3S8C1 with
3-Cl-CHLC{0)OOR yields the compounds CF.5e(X)}C=5=0. Only
decompesition products were obtained from the reaction of
{CFaSe)2C5e and Clz, CFaS5eC). CFaSCl1 or 3-C1-CgH.C{O}OQ0H, The
preparation of compounds of the type RN=Se=NR where R=He,S5i, CFLC{0)
or CF350z were alse described.[393] The o-benzenediselenclate ligand
may be conveniently prepared by sodium berohydride reduction of
pely- {o-phenylene diselenide!. which is readily synthesized from
o-dibromo- benzene and sodium diselenide.{394]
3~Alkyl-1.2.3-diselenaboroles have been shown to react with n- and

i-~alkyl isccyanates and hegamethyl diisocyanate to form
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2,3-dihydro-4H-1.,3,2-selenazaborin-4-ones. [395]

6.4 TELLURIUM & POLONIUM
6.4.1 The Element.

An extension of the REX relativistically parametrized extended
Huckel LCAO molecular orbital method %o periodic molids has been
outlined. The method which gives a simple and systematic approach to
the description of the spin-~orbit splitting of energy bands, has
been applied to tellurium and polonium, with trigonal-helical and
simple cubic structures respectively. the helical structure of
tellurium is described as a distortion of a simple cubic structure
with the distortion quenched in the case of polonium by its very
large spin-orbit coupling.{396]

6.4.2 Bonds to Halogens

Some rules for the stereochemistry of the lone pair electrons in
the TeX.®~ ion where X= C1,Br and I. have been proposed. The
structure of 1,2-ethane- diammonium hexachloro tellurate{IV) has
been shown to be isostructural with the corresponding stannate,[337]
{(Me,N}.TeCls has been shown to have an antifluerite-like arrangement
of Me.N" cations and TeCl-.®" anions. The remaining holes in this
array can be filled with HeCN meclecules forming the inclusien
compound (MHe,N) {MeCN}iTeCl.. In the parent compound the TeCl.
cctahedra are almost regular but in the inclusion compound the ion
is statistically distorted with the approximate point symmetry 4mm.
The solvent molecules ¢an be removed at temperatures above
320K.[398] The preparations, Raman spectra and crystal structures of
the compounds, {SClz)(S5BClg), SBr, =Cl, g)i(SbClg). {TeCla)lAlCl,),
(TeClsi{AsFe}, (TeCls){SbFs! and {TeFa)230. have been reported. All
the His™ catiens in these compounds are invelved in significant
anion-cation secondary bonding interactions of varying strengths and
geometries. The tetrachloroaluminate salt of TeCla™ was found to
have a different modification from that previously reported.[399]
The compound Tex*AuCl.” also has a structure involving secondary
interactions which link the ions to form centrosymmetric
[TeCls.AuCl,)z dimers (63). The cation polyhedra, including
secondary Te...Cl interactions, is & square pyramid with mean Te-Cl
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bond lengths of 229.4pm and Te..Cl distances of 302.8pm.[400]

Cl=— Te Te —C1
/ c1 / \
cl | cl
Cle—fu=—=C]

!

cl
{63}

The five coordinate Te{IV) complexes. [R.TeCl..L}, where R= Fh or
p-HMeOC H, and L= a series of tertiary phosphine selenides, have been
obtained by the reaction of RaTeCls and L under anhydrous
conditicons. The complexes possess distorted octahedral symmetry
around a central Te atom which is surrounded by five groups and a
lone pair occupies the vacant site. Diphosphine selenide is thought
to act as a bridging ligand between two tellurium atems as f{ound in
the diphosphine complezes of other metals.[401] The reaction of
MoTe., with 5:C1z haz been shown to yield MoS5.(1;.2TeCl, at 373K and
2MoS.Cls.TeCl, at 412K. Raman spectra indicate that both compounds
contain the S, ligand.[402]

6&.4.323 Bonds to Oxygen

The polarographic behaviour of tellurite lons in universal buffer
solutions of pH from 7.1 to 11.2 has been investigated. Reductien
took place in two steps at pH 7.1 and in one step at pH 8.5 to 11.2,
with ne observed reduction below pH of 7.1.[403) The Caesium
tellurium oxides Cs.Tels, C5:TenDs, Cs5,Te,0s and Cs;Te, 0,2 have been
prepared by heating mixtures of TeQ, and the alkali metal carbonate
in an argon atmosphere. The first two oxides have structures related
to perovskite whilst the remainder have structures of the inverse
pyrochlore type. Unusually the structure of Cs,Tenl,, containg
almest regular Te(, octahedra with Te-0Q bond lengths of
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210.4pm.[404] The ternary coxides PbTeQs [40%]) and HgTeD. [406] both
contain slightly distorted Te0s®" trigonal-pyramids. Structural
studies have also been made on the compound Nas[TeWs0.,122H.0 [407]
and a zinc tellurite glass.[408]

The compound [N{n-Bu}l,*][H(CTeFsi, | has been prepared by the
reaction of HOTeFs and [N{n-Bu},."][CTeFs~|. The anion is unusual in
that it contains a very strong O-H-0 hydrogen bond with an 9..0
distance of 259.5pm. Therefore, despite the fluorine-~like behaviour
of the OTeFs moiety., the O-H-O hydrogen bond in the H[0TeFs),™ anien
does not rival the bifluoride ien as the strongest, shortest
hydrogen bond.[409] The compound [TiCTeFs{mes!.]l. has been shown to
provide an example with which to gauge the variability or constancy
of two recently discovered features, Tl{I)-arene coordination and
bridging OTeFs groups. T10TeFs was also prepared and found to be
soluble in aromatic hydrocarbons.[410]

The new pyrochlores Pb=[¥., -Teo <10. - where M= Ti, Zr, Sa or Hf,
have been prepared and crystal data determined.[411] The following
phase systems involving tellurium oxides have been determined:
Lio0-Te0,-Ti0, [412]), CaQ-Mo0.-TeQ. [413], and Ce-Mo-Te-0 {414].

6.4.4 Tellurides

Solutions of sodium peolytelluride in liquid ammonia have been
studied by UV-visible spectroscopy. Na.Te. and Na.Tes were
identified as distinctive, spectroscopically identifiable species
but Na>Te., was found to be a mixture of Na,Tes and insciuble Te. No
evidence for & higher pelytelluride was found but a species
postulated to be NaTe was found as a precursor to NaxTe.[415] &
separate group of authors has however prepared NaTes by the reaction
of sodium and tellurium in liquid ammonia. The compound coentainsg
chains of Te,® linked together by their terminal atoms toc produce
infinite strings which may be built up of cubane-like clusters
Te,-%~.[416] The compounds, [Bal{en)s]Tes and [Bal{en}s «!)])Tes, have
been prepared by reaction of the elements in sthylenediamine and
their crystal structures determined.[417}

The first chalcogenide of divalent aluminium, Al,;Te,;o, has been
shown to have a central, double barrelane unit, [Te,Al.-Al,Te,l
which contains an Al-Al bond of 260pm which is slightly longer than
an expected single bond.[418] The reaction of the alloy, K, sAs: oTe
with a <2.2.2>cryptand ligand in ethylenediamine has been shown to
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reult in the formation of a compound formulated as
[K{crypt<2.2.2>)]3As. Te.en. The anion. As..Te” has an As,,”
framework with an exocyclic tellurium atom (64). Nine arsenic
atoms are three coordinate { one to the tellurium atom ! the other

two being two-coordinate.[419]

The Te, - pressure over MosTe, and MoTez as well as over mixtures
of Mo +Mo,Te.., MoaTe.+MoTer., and MoTeo+Te have been measured.[420]
the electronic structure of the ditelluromercurate(II) Zintle anion,
HgTe>®" .has been calculated.{421] A thermodynamic analysis of the
complex Hg, _ ,Cd,.Te-iodine chemical vapour transport system has been
the subject of a series of publications.{422,423] The crystal
structures of: LiinTe. [424]), NaCu,Te. [425), and Tl hgTe- {426]
have been determined. IrPTe [427] and Li; -MosTes [42B] have been
prepared. studies on phase systems involving tellurides are given
in Table 4.

Table 4 Telluride Phase Systems

System ref . System Ref .
Zn-Ph-Te 429 SnTe-CosTe, & SnTe-CoaSn- 435
Hgl. - CdTe 430 Sm - Ge - Te 436
P - Sn - Te 431 Yo - Bi - Te 437
Ln - U - Te 432 Nd -~ Bi ~ Te 438
PbTe - FeTe: 433 GaTe-Co & GaTe-Ni 439
¥ -0 - Te 434 T - Pb - Te 440

HoTe - InTe 441
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6.4.5 Bonds to Carbon

PhzTeFs has been prepared by the reaction of PhaTeF and XeF. and
the crystal structure of the mer~ isomer determined. Reaction of
this isomer with PF5; gave PhiTeF,'PF. .[442] The synthesis of the
(2-phenylazophenyl- C N’ jtellurium{]I)dithiocarbamates,
Tel{CsHa N-Ph)(dtc} where dtc= dimethyl- diethyi-., or
dibenzyl-dithiocarbaemate, and the corresponding series of tris
compounds, Te{C.H,N.Ph}{dtc}; have been reported. N.m.r. and
Hossbauer data suggest that the tris compounds dissociate to Te(lIl}
compeunds in solution and are better formulated as loose,
charge-transfer compounds, Te{II}{C HsNzPh}{dtc} . R'-NC(5}5-5{5)CNR'>
(R'=Me, Et, or CH_.Ph).[443] The reaction between NaTeR (R=CsH,OEt-p)
and Br(CHz).Br (n=1.5.6,7.9, or 10} gives the bis{tellurides}
{RTe}{CH-},.. For the single case of n=5, a tellurium salt
[RTe{CH,»}51Br may be isclated. Attemptis to brominate some of the
higher members of the series lead to rupture of the Te-aryl bond and
the isolation of (BraTe!:{LH,), where n=6 or 10.[444] The
photochemical reaction of (CF3}:Te with, for example,furan gives
{CFa}=Te> as a main product. The compound reacts with mercury and
cadmium to give {(F3TelzHg and (CF3TelzCd respectively.[445]

Yhen an aqueous dioxane molution of Naz505 or Wa 5.0, is added to
a solution of p-ethoxyphenyltellurium trichioride (RTeCliz} ths
related ditelluride, RoTe, is formed. The first step in the reaction
has been shown to be the hydrolysis of the trichloride to give the
aryltellurate, RTe0. . If the water content of the sclvent is low
thig acid-catalysed step becomes rate determining, but more usually
the step is rapid and the slow step is the reductien of RTed.~ by
HSOs~ to give RTe0~ which is believed to dimerize to R{HO)TeTe{QH!R
before being reduced by another mele of bisulphite to the
ditelluride. [446] The syanthesis and spectroscopic characterisation
of titanocene-benzene-1,2-ditellurolate, the first example of a
tellurium analogue of the dithiolene chelates has been
reported. [447] The preparation and crystal structure of
Pt{1,2-Te.CsH,) (PPhs}: was reported later by different authors.i448]

6.4.6 Other Compounds of Tellurium.

The preparation of the compounds {(TezSeg){MFglz (M=As {&5},o0r
Sb), {Tea sSes =}(AsFg}z (66}, and {Te_Se }({Te.Sea) {AsFo1.{802)2
{67) and the determination of their crystal structures has besn

reported. Compound {67} contains the cations TezSe.=" and
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Te.Se,”" . hexafluoroarsenate anions and 30, sclvent molecules. The
novel Te,Se,“" cation {68} is not isostructural with the
previously known cations Seg*" or 55" but adopts a
bicyciolZ2.2.2]octane structure with tellurium in the
three-coordinate positions. In both (65} and {67) the

Te.Sen,=" cations {6£9) have slightly different dimensions from
those observed in the previously reported compound

(Te,Se,l (AsF,)-1{802). In (66} the Te, -Se, 7" cation is a
disordered mixture of Te,.Se,o .= cations.[449]

/Se' ) Se Se
Te\\ \\ - /// \\\
Se Se Se Se
Co |
. . Se Se Se
TN %
\\\ge *"_""’Tb Se e

(68) (69)

The P~Te bond length in (tert-CLHg)sPTe of 236.8pm corresponds te
a bond order near to 1.5 The distance may be influenced by the
tert-C,H, groups but the '"Te n.m.r. shift has been shown to fall
well within the common R PTe range, and the Te-P coupling constant
is about 140 Hz smaller than in other tellurophospheranes.[450] the
reaction of R5PTe with the compound [Fel{Cp}(CO}z{(Lh{) has been shown
to yvield cyclopentadienyliron telluro- phosphorane cations
[FelCpl){COY2(TePR5}1*, which., from n.m.r. data, appear to have
pi-bonding between the iron and tellurium atoms. {4511 The reaction
of a ditelluride solution with MI{Cl0,}-.6H-0 (M=Co ,Ni} in the
presence ¢f Hel(CH.PPh.)a has been shown to yield the compounds
[(ttriphosiM).iTe,)].2C.Ha0 which contain the Te, unit bridging
side-on between two Mitriphos) moieties.[452)] The reaction of
Tes{SbFslz with W{C0ls in S0.AsF5 produces [W{(C0){(Tes)1I8bF,la which
contains & three-membered tellurium ring coordinated in pi-fashion
to the W{CO}, fragment. [453)

The structure of [{Te{CsHs05.)2] shows the immediate environment
about each tellurium atom of the asymmetric unit to be planar and

comprised of four sulphur atoms derived from two asymmetrically
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two such molecules are related so as to
form loose associated dimers via weak intermolecular Te.

chelating xanthate ligands;

.5
interactions. [454] New examples of {TeliV)(S.C.NR,}, compounds have
been synthesized where R= i-Bu, Ph or CH,Ph. [455]
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