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Published data on the synthesis and physical and chemical properties of organosilathianes have been summarised and
systematised, and the possibilities for their practical application examined and evaluated.

The bibliography contains 215 references.
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. INTRODUCTION

The methods of synthesis and the physical and chemical proper-
ties of organosilathianes, and the possibility of their practical
application, have been the subject of a large number of papers,
which have not yet been reviewed. The increasing use of organo-
silathianes in polymer chemistry and in preparative synthesis, and
the accumulation of experimental data on their methods of synthesis
and properties, make it necessary to systematise the available
material. The present review examines published work on the syn-
thesis, properties, and applications of organosilathianes, published
up to 1986.

II. METHODS OF PREPARATION

1. The Reaction of Organosilicon Compounds with Sulphur

A simple and convenient method for obtaining organosilathianes
is by the insertion of sulphur at an Si—H bond.'”® The resulting
organosilane thiols, when left to stand,6 heated,5 or treated with

organochlorosilanes™® or organoaminosilanes,’ are converted into
organosilathianes:
2Ar,R,_Si—H+S Eﬁf%? 2A1,R_SISH s (Ar,R, ,51)sS )
Ar = Ph; R = Me, Et, Pr, Ph
3PheSiH; + 68— (th:-\S).
. bR N\
4PhSiHy + 125 —g PbS||\S /Sllph
S S
| |
PhSi<S \siPh
S
RSiSH + CISiR; + RN —— s R,SISSIR, )
—R'N-HCI
(R"O)SINH, < (OR*
—ROsisni— (RO)SISSI(OR)
(RO), SiSH —|
MeSINR,
ROnSIHAR, (RO),SiSSi Me,

NR; =NEtg, NHSiMe; .

In reaction (2), instead of organosilane thiols, it is possible to use
alkali and alkaline earth metal triorganosilanethiolates:>'°

(RSiS),M -+ nCISIR] - nRSISSIR, 4 MCl,
M =Li,Na, K (2=1) (2]; Ca, Sr,Ba(r=2) [10] -

At a high temperature, sulphur is also inserted into the Si—C
bond. For example, tetrabutylsilane at 240° gives hexabutyldisila-
thiane:!!

Bu,Si - S —» [BusSiSBu] - (BugSi)e S + Bu,S -

A similar reaction is observed with disilylhydronaphthalenes.!2

The introduction of sulphur into strained silicon-containing rings
takes place under much milder conditions (20°, 1—3 h), for
example:'3

Me  _ Me tHE_ Mey  Me  chclycCluet (MeSiS)
VARV 20°, 1h s AN _Me  __ Me 2 2
Me ] Me4-25 Me !S |S Me —ms—{
Meg N
Si
Me,

With increase in temperature, the insertion product decomposes to
a cyclic silathiane and an unsaturated hydrocarbon.

Cyclosilathianes are also obtained by the reaction of sulphur with
dialkylsilacyclobutane'® and with compounds containing Si— Si
bonds:*®

'/S\ Ty oLl
N stl\s/SIRR

s .
——> RySi <Sj

™\
RS> +85—

i ; ; ; S g
R,HSiSiHR, + S — (RaSiS)s + ReSiHj + ReSiH + R25i<s DS &
R3SiSiR; + S — (R,SiS),
(MesSi)s + S 28", (Me,Si); S

R = Me, i-Pr, t-Bu, cyclohexyl

Sulphur is very easily inserted at an Si—Hg bond; the resulting
unstable insertion product decomposes under the influence of ultra-
violet radiation’®™'® or when heated:°

(Et,Si), Hg + S ™ Et,SiSHgSiEt, — (Et,5i),S + Hg
(Et,SiS),Hg -3 (Et,Si),S + HgS .

Finally, sulphur can be inserted directly at an Si—S bond, forming
organosilylsulphanes:?

RySiSSiR, -+ 15—+ R SiS,,SiR,
R=Me¢,Et; n=1—8 .
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2. Reactions with Hydrogen Sulphide

The most widely used method for synthesising organosilathianes is
by the thiolysis of organochlorosilanes in a solvent in the presence of
tertiary amines. This method was used to obtain the first linear?!~2*
and cyclic**? silathianes:

9R,SiCl + H,S + 2R; N——m—» (RgSi),S
With triorganohalogenosilanes, this reaction gives hexaorgano-
disilathianes:??>27-32 when the silicon atom has a substituent with
a high electronegativity or a large volume, triorganosilane thiols are
obtained in addition to disilathianes. The conversion of silane thiols
or their salts to disilathianes is readily carried out by reactions
H-3.

The reaction of diorganodihalogenosilanes with hydrogen sulphide

gives cyclic silathianes: -3¢
AR;SICly + nH,S > (RSIS)n - @
n=23

With methyldichlorosilane, the reaction products, in addition to
trimethylcyclotrisilathiane, also contain crystalline [(MeSx)283]2,
which is assigned the structure (I)*! or (I1):3*3

RyN
MeHSiCl, + H,S (Me HSIS), + [(M-sn,s,]
-RyN HCl 2

hlie

MeSj——8 —— SiMe Si

/N /N )
\/ \/

MeSi — S—— SiMe Me §SIN
m {an
Products of this type are obtained by the reaction of H,S with

methyl(methoxy)dichlorosilane or organotrichlorosilanes in the pre-
sence of a hydrogen chloride acceptor:2431:37:3

RSiCly + HeS [ (RSi)ySs]s ‘W Me (MeO) SiClp 4 HsS

—R.N HCl

With a deficit of the tertiary amine, 1,3-dichloro-1-3-dialkylcyclo-
disilathianes (III) can be isolated from the reaction mixture;?* com-
pounds (III) react further with hydrogen sulphide and the amine to
give [(RSi),S3)z, confirming structure (I):

Pry Pr
. / / 2H3S, 4CsHsN
2PrSICly + 2H,S + 4CsHN =g /s‘ \s>51 ™ S0 -
(i

Various organochlorosilanes and organosiloxanes also undergo
thiolysis and cothiolysis. This makes it possible to obtain a wide
range of cyclic products, 40-43 for example:

Me,Si A “SiMe,

| |
ONy S/SiMe. .
Me,
oMo
{ClMe,SiO)y SiMe, — | !
Me,Si SiMe,
N\s”
Me,Si—O—SiMe,
|
(CiMe,SI)0—» S S
I
MegSi—0—SiMe,

C1Me,SiSiMe,Cl —
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The reaction of triethyl- and tripropylsilylamines and triethyl-N-
(2-phenylethyl)silylamine with hydrogen sulphide gives the disila-
thiane and a small quantity of the silane thiol:2"*

Et;SiNH; 4 H,S — (Et,51)5S 4 ELSISH .

Tris-silylamine and N-vnethyldisilylamine absorb H,S at room
temperature and undel;bpressure to give disilathianes and ammonium
salts of silane thiols:*

(HoSi)gN - 2H;S — HySiS™NH/ -+ (HySi),S
(HoSi)sNMe + 3H,;S — (HgSi),S + 2H SIS~ MeNITf -
Treatment of these salts with trimethylchlorosilane gives unsym-
metrical trimethyldisilathiane,*’ and the reaction with BCl; gives
disilyl sulphide:*
H,SiSH-NHy+ MegSiCl
H,SISH- MeNH, + BCl,

i HiSiSSiMes

[(H;SiS)sB] (HsSi)eS «

“MeNH;-HCI —BsSy

Hexamethyldisilazane and N-trimethylsilylaniline reacts with
hydrogen sulphide with difficulty to give trimethylsilanethiol in
~14% yield.*

At the boiling point, organocyclosilazanes undergo slow thiolysis
with the subsequent transformation of the silazane groups into
silathiane groups:*"#

2nH,S 2nH,S

[ReSINH], g |-(ReSINH) g ReSIS) ) — s |-(RaSINH),,; RySIS)g —+ -
2(n—2)HyS [ReSiS}
—(E-RNHSH m ©)

R=AIk, m=2,3; n=3,4

Imidazole is an effective catalyst for the thiolysis of hexamethyl-
disilazane.**->! Its catalytic action involves the ready formation of
N-trimethylsilylimidazole, which subsequently silylates hydrogen
sulphide:*!

HS
(MesSi)gNH + 2HN( | N~ 2Me;SING_ |—‘, = = (MeSi)sS -
N ¢

—2HN

Another method of improving reaction (5) is by the combined
thiolysis of SiN- and SiCl-containing compounds:*%*

2 (Me,Si)gNH - 3H,S + 2MesSiCl - 3 (MeSi)gS + 2NH,Cl (6)

(RSINH), + RoSiCla + HaS — s RaSIS) o)
=3,4;,m=2,3

Me;SiNR; -+ HS + Me;SICl — (MeySi)sS + R;NH-HCI (8)

Carboxylic acid silylamides> and trimethylcyanosilane®® react
readily with hydrogen sulphide to give hexamethyldisilathiane in
high yield (86%):

MeC (OSiMey) =NSiMes — oS o
— (MegSi)sS |
i H:S
MeySiCN — N

To conclude this section, mention must be made of a method for
obtaining disilathiane by the action of an electric discharge on an
equimolar mixture of SiH, and H,S.

3. Reactions of Hexamethyldisilathiane

Reactions (6) and (8) have proved extremely promising for the
synthesis of linear organosilathianes, in particular hexamethyl-
disilathiane, which has been obtained chromatographically pure in
almost quantitative yield. The synthesis of cyclic silathianes by
reaction (7), however, in spite of the high activity of the starting
materials, has a significant disadvantage, namely the formation in a
number of cases of a mixture of cyclosilathianes and cyclosilathia-
zanes, difficult to separate.
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An effective method for the synthesis of linear and cyclic
organosilathianes, organosilathiaoxanes, and organosilathiazanes is
based on the trans-silylation of hexamethyldisilathiane by organo-
chlorosilanes:®’

/2 (MesSi)eS + R,,_SICl, 22 nMesSiCl + R,_,SiS, ©)
R=Alk,Ar; n=1—-3 .

This equilibrium reaction takes place with difficulty even on
prolonged heating (200—250 °C). In the presence of catalytic
quantities of amines or DMF, however, its rate increases markedly,
and the reaction is quantitative when the trimethylchlorosilane is
continuously removed.

The extensive synthetic possibilities of reaction (9) can be
illustrated by the following examples:>’~52

(R,Si 8)
R, 2 n
S (
CIR,Si0),Si R,SiX,  MePhSiCl
ll) o _SRS0LSR, e 2 (MeySiS),SiMoPh
RS SR,
s RSiCly
— [(nsn,ss]
2
—— (Me,Si), 5= e
1!
———— (BRR'R''Si),S
Me, (Me,Si},NH
S RSiCl RSi—0—SiR,
o No  (CMesi,0 ] (aRysi,0 é l
. L | R,SiCl,
i iM
1 \s/s' ©2 R,Si—0—SiR,
Rﬂ RQ
AN AN
§ 1im HT llm
RZSi\S/SiR, n,ss\s SR,

These examples show that this method can be used to obtain
organosilicon compounds containing Si—S —Si bonds with practic-
ally any specified structure.

The splitting of cyclosilathianes by bifunctional organosilanes has
been proposed as a method of obtaining polymeric organosila-
thianes.®> An NMR study of the equilibrium of the reaction
between (Me,SiS); and Me,SiX,, where X = Cl, Br, OMe, SMe, at
150 °C and 200 °C showed that the reaction is displaced towards the
formation of the cyclic dimers and trimers, and also short chain
molecules. 5453

4. Reaction with Inorganic Sulphides

A general method for synthesising organosilathianes is by the
reaction of organo-iodosilanes with the sulphides of silver?>2+66-68
and mercury:%-7"

2nRSIL + M,S -».(ReS1)g S 4+ MI,,
R=Alk,Ar§ M=Hg,Ag; n=1,2 .’

The same reaction can be used to obtain Si— H-containing
organosilathianes: %"’

Me,H,_Sil + HgS —};.:'r' (Me,H,_,S):S .

The reaction of mercury sulphide with di-iodosilane gives a
mixture of oligomers (H,SiS),, containing as the principal compo-
nent (H,SiS)s, which cannot be isolated from the mixture, because of
its low thermal stability. When kept in the light (20°, 8 d), the
oligomers are converted into a resinous polymer, which when heated
in a vacuum is depolymerised to give trisilathiane. Unlike its alkyl
homologues, trisilathiane is unstable, and polymerises at room

449

temperature. In contact with pumice or aluminium sulphide, 1;3
stability is increased, and decomposition begins only at 250 °C:

HoSiS 210°
(H2S1S), 10-3 mmHg

250° . .
AL H,SiSH + (H,Si)2S + HaS

HgS— H,Sil, 5%

~ benzene

(HaSiS)y —

The passage of trimethylchlorosilane vapour (400°) through a
molten eutectic LiCl/KCl mixture containing 25% potassium sulph-
ide gave hexamethyldisilathiane in 81% yield.”®"®

Hexamethyldisilathiane is also formed when trimethylchlorosilane
is heated with anhydrous sodium sulphide in a sealed tube.®

Sodium sulphide can also be used to obtain cyclic silathianes, for
example:®! Mes

; SN
[(CICH,) Me;Si], S + NagS — s\Si_ S +2NaCl .
Me,

Organochlorosilanes react vigorously with ammonium hydrogen
sulphide even in the cold, to give organosilathianes in high yield (up
to 90%):%2

9R,SiCl + 2NH,SH RsS)sS .

N
In addition to the desired compounds, the reaction products also
include Si— N-containing compounds, formed by an ammonolysis
side reaction.
The reaction of disilanes with sulphur tetrafluoride can in prin-
ciple be used to synthesise various organosilatl'xianes:83

. ) 120° Br\ . § Br .
SiaBr; — SF, §iF5,-S;Brz— Big Br/Sl <Z>Sl <Br + (BrsSi)a S
Hexamethyldisilathiane has been isolated as one of the products
of the reaction of trimethyl(dimethylamino)silane with phosphorus
pentasulphide:**

8Me,SiNMe; - P,S,y — 2 (MeySi)e S 4- 4 (Me,N),y P (S) SSiMe,

5. Thermal Rearrangements of Sulphur-Containing Organo-
silicon Compounds

When distilled at atmospheric pressure, hexamethylcyclotrisila-

thiane undergoes rearrangement to give the cyclic dimer:3%64%5

2(Me,SiS),;=3(Me,SiS), - (10)

A TH NMR study of this equilibrium in solution showed that
high temperatures and high dilution facilitate the formation of small
rings. The ring strain energy in the cyclic dimer is ~3 kcal per
monomer unit.%

2,4,6-Trimethyl-2,4,6-triphenylcyclotrisilathiane® and hexaphenyl-
cyclotrisilathiane®” behave similarly.

The existence of equilibrium (10) explains the lack of agreement in
the physical constants given by many authors for various cyclosila-
thianes. For example, for hexaphenylcyclotrisilathiane, melting
points 188 —198° 3 and 191 —193° * have been given; two melting
points have also been given for trimethyltriphenylcyclotrisilathiane:
109° 3 and 112.5—114°% It has been suggested that reaction (10)
may take ?lace with the intermediate formtion of silathiane oligo-

mers®$%%’ or the unstable species [R,Si=S8]:3
(Me,SiS) ,==— (—Me,SiS—) ,—= (Me,SiS), an
(Me,SiS) y==[Me,Si=S]+ (Me,SiS),
2[Me,Si=S]== (Me,SiS), 12)

Equilibrium (11) was proved in Refs.63, 65, and 77, and reaction
(12) was confirmed by carrying out the reactions of cyclosilathianes
with hexamethylcyclotrisiloxane or 1,1,3,3-tetramethyl-2-oxa-1,3-dis-
ilacyclopentane, which act as "traps" for [Me,Si=S]. Thus when
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these reagents are heated, the products are the cyclosilathiaoxanes
and the cyclodisilathiane:%-%°

Me,Si—0—SiMe;

2007 7% + (MeySiS)s

L6 4
Megbi—5—SiMe,
Me,Si—0—SiMe; O—SiMe;
o, s o) -oPh,S{ 0 -+ (MesSiS)g
Mezlsio—O—SIiMez \O—SlMeg
(MesSiS)s + Me25<;>SiMeg 200%,70, MegSIi/ _\SiiMe; 1 (MesSiS)s

(o}

(MesSiS); + (MesSiO)s

(PhySiS) + (MezSiO)s

S
Mey

Cyclic organosilathiazanes have been obtained by heating hexa-

methyleyclotrisilathiane and hexaorganocyclotrisilazanes:”’ 2

S—SiR, S—SiMe,
2N N
(MegSiS)s - (RySINR')g > Me;Si N~R’ + Me,Si s
N, 7 /
N—SiR, N—SiR,
| |
R’ R
R’ =H, Me, Et, Pr

Depending on the group, this exchange reaction gives a mixture of
the cyclotrisiladithiazane and the cyclotrisilathiadiazane or only the
cyclotrisiladithiazane.

The exchange reaction between hexamethylcyclotrisilathiane and
hexamethylcyclotrigermanium sulphide gives mixed heterocyclic com-
pounds containing silicon, germanium, and sulphur atoms:*

/S—GeMeg S—SiMe,
(MesSS)y + (MesGeS)y— Mes§ 5 + MegSi s
S—GeMeg 5—GeMe, .

6. Other Methods

This section deals with studies whose aim was not the directed
synthesis of organosilathianes.

An exception is the reaction of thiophene with the reagents
usually employed for C-silylation:**

+ Me;SIC1 + Li —HE—5 (Me,Si)S + (MeySi){CH—CH=CH—CH (SiMey); .
80% 8%

Silazanes and their N-metal derivatives react with CS,, COS, and
RNCS to give mixtures of products including hexamethyldisila-
thiane:"2-%

(Me,Sl)gNMe + CS; 159779, MeNCS -+ (Me,Si)sS
(Me,Si)gNNa + CS; —=NuS—NaSCN.-Na.CSs _, Me SINCNSiMes + (MesSi)sS + (MeySI)aN
(RsS1)gNNa + RsSINCS — (RySI)sS+ (RsSi)sN + ReSINCNSiRy .

A similar result was obtained in the reaction of carbon disulphide
with trimethylsilyl esters of isothiocyanatocarboxylic acids.”®

The splitting of unsaturated sulphides by triethylsilane, in addi-
tion to other products, gives hexaethyldisilathiane: 100

’ PdCl,(PhCN)s . iEt Si 'SSIEt
RSR’ + Et,SiH FhaP 150-160°, 4 0-160" i (EtsS1)S + RSSIEt; + EtSi + R s

R = CHy=CH, CH;=CHCHjy; R’ = Et, CH;=CHCHj, «

Under the influence of the radical reaction initiators benzoyl
peroxide or azo-bis-isobutyronitrile, trisilanethiols undergo rearran-
gement to give silathianes:'%!
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SiMey SiMe,y ll-l
L H,S/NH, ', boiling, 15 min N
Me— Ol iohexane ~ Me—JiSH initiator - Me—SiSSiMe;

SiMey SiMe, SiMe,

Me Me

| . i boiling, 5 mi

Me—Si—SiMe;Cl cyc: N s Me—Si—SiMeySH ——— 2 —» HSiMe,SSiMe,SiMe; -
|
SiMey SiMe,

Trialkylsilanethiols do not undergo this rearrangement, even on
prolonged boiling in xylene.

The insertion of dimethylsilylene, obtained by the thermal decom-
position of (Me,Si)s, at an Si—S bond provides an interesting
method for obtaining unsymmetrical silathianes:'%2

(MesS1)gS + [MeSi:] — MeySiSSiMe,SiMeg +

Hexaphenyldisilyl disulphide is obtained by the action of iodine
on sodium triphenylsilanethiolate.!®® Treatment of this compound
with triphenylphosphine or triphenylsilane gives hexaphenyldisila-
thiane:

— PWP . (PhySi)gS + PhyPS

~10° boiling, 14 h
Ph,SiSNa -+ I, ~*°%: 719", pp SissSiPh, —

___PhSIH__ (Ph,Si),S + Ph,SiSH
boiling, 3h

. PHYSICAL PROPERTIES

In spite of recent progress in the synthesis of organosilathianes,
their physical properties have been comparatively little studied.

Data on the structure of various linear and cyclic organosila-
thianes have been obtained by electron diffraction and microwave
spectroscopy:“’"’1

Compound Bond length Angles, degrees Refs.
Si—sS, A Si—S—Si S—Si—S

(Me;SiS)y 2.184-0.03 75 105 [104, 105]

(Me,§15)3 2.154-0.03 110 115 {104, 105}

(H,Si)2S 2.13640.002 97.44-0.7 - (6]

Comparison with the C—S—C angle in dimethyl sulphide
(98°51)!% shows that there is no m-bonding in disilyl sulphide.

The Si—S—Si stretching bands in the infrared (IR) spectra of
linear and cyclic silathianes lie in the following ranges (cm™):'%
396 —416 [(Cl3Si),S]; 437—493 [(Me;Si),); 480—524 [(H1Si),S);
493 —530 {[(PhCH)sSi].S}; 519—556 {[(p-MeCsH,)3Si]>S}; 518 —-572
[(Phs3Si),S]. The displacement of vg;_g to higher wavenumbers is
attributed to the decrease in the polarity of this bond in the last
three compounds. It has been suggested'®’ that in view of the
strong inductive effect of the phenyl group, structures Ph;Si~ = S*
with a (p = d), double bond plays a significant part in the
resonance system.

The Raman and IR spectra of hexamethyldisilathiane have been
used to determine the force constant (2.20 x 10° dyne cm™), The
Si—S~—Si angle (104°), and the bond dissociation energy (63 kcal
mole™h).!

An overall similarity is observed in the Raman spectra of hexa-
methyl- and hexachlorodisilathianes, whose molecules have C,,
symmetry. The comparatively small splitting of vsi_s_g [47 cm™ in
(MesSi), and 21 cm™ in (Cl551),S] shows that the Si—S—Si angle is
close to 90°. The spectra of (Me;SiS), and (Cl,SiS), indicated that
the Si,S, ring is planar. On going from the linear to the cyclic
disilathiane, the spectra show an increase in vys;_s—si) and an
increase in v,, to approximately the same extent as on going from
propane to cyclobutane.'®

In the Raman spectrum of molten tetramethylcyclodisilathiane,
the strongest lines of hexamethylcyclotrisilathiane were detected,
indica{ilnog the existence of the equilibrium 3(Me,SiS), & 2(Me,.
.SiS)s.
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The vibrational spectra indicate that (Me,SiS), has a planar
structure with D,, symmetry, in agreement with electron diffraction
data and dipole moment measurements. The choice between
models with symmetry Cj, (chair form) and C, (boat form) for
(Me,SiS); is not so obvious, although the combined spectroscopic
data provide evidence for the latter. Comparison of data on the
structure of cyclosilathianes with the magnitude of the Si—S—Si
angle in (H3Si),S shows that the tetramethylcyclodisilathiane ring is
strained as a result of a deviation from the normal valence angles.''

There are no unambiguous published data on the conformational
transformations of cyclosilathianes. Thus according to X-ray
diffraction data, trans-2,4,6-trimethyl-2,4,6-triphenylcyclotrisilathiane
is present in the crystals in a boat form,!!! whereas in solution
(according to '"H NMR data) is is present as boat forms undergoing
rapid interconversion, although the chair form cannot be completely
excluded .’

Gas-phase electron diffraction showed that hexamethylcyclotri-
silathiane is non-planar.!®® From a comparison of the experiment-
ally determined value of the dipole moment with the values cal-
culated for the chair and boat models, it was suggested'!? that
(Me,SiS); exists chiefly in the chair form, although a small con-
centration of the boat form is possible. From the Raman and IR
spectra, it was concluded!!® that hexamethylcyclotrisilathiane in the
liquid state is present in the boat form.

The conformational transformations of methylphenyl-,''* methyl-
ethyl-,'!! and methylvinylcyclosilathianes'!! have also been studied.

The dispole moment of hexamethyldisilathiane, measured in ben-
zene at 25 °C, is 1.44 D. The dipole moments of (Me;Si),S and
(Me;Si),0 have been used to estimate the angles Si—S—S8i (~97—
98°) and Si—O—Si (~150°). The large difference in the angles is
regarded as proof of (p - d), interaction in the Si—O bonds, and
its absence in the Si—S bonds.”’

The dipole moments of (Me,SiS), and (MeSiS); have been cal-
culated, assuming that the atomic polarisation of the cyclosilathianes
is the same as that for the corresponding cyclosiloxanes: povesis), =
0.00; poMessis), = 1.03 D.'2

A study of compounds containing Si—S and S—Si—N bonds
showed that the replacement of a C—S bond by an Si—S bond has
no effect on the magnitude of the diamagnetic susceptibility;!!*
similar data were obtained in Ref.115. This indicates that there is
no (p — d), interaction in the Si—S bond.

Table 1. Effect of (p — d), conjugation in Si—E bonds.*

E=N E=0 E=§
Physical
properties
found calculated found calculated found calculated
Bond length, A 1.744-0.02; 1.81 ]1.63+40.04; 1.76 | 2.1440.02 2.15
1.724-0.03 1.69+0.03
Force constant, 4.1 3.3 4.7 3.7 2.2 2.2
mdyne A~
Angle 119.641; | 109°28' | 130+10; | 109°28' | 97.4+4-0.7; | 109°28'
Si-E-Si,° 13t 145 104; 110

The absence of this interaction is also indicated by ultraviolet
(UV),116 1H, 13C, 117118 apq 5j NMR,”” and Raman'"® spectros-
copy.

Thus almost all studies of the physical properties of organo-
silathianes in one way or another deal with the problem of (p - d),
conjugation. This problem is of primary importance for the
chemistry of compounds containing Si—O and Si—N bonds, but it
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is not so important for the chemistry of organosilathianes, since the
question of the existence of (p - d), conjugation in the Si—S—Si
system has not yet been resolved unambiguously.

Thus from a comparison of the bond lengths, force constants, and
Si—E —Si angles, it has been concluded that there is no (p = d)x
interaction in silathianes®® (Table 1). This is confirmed by the
physical properties of disilathianes.®!2%!2!

Nevertheless, many attempts have been made to estimate the
extent of (p = d), conjugation in organosilathianes by UV, IR, and
'H NMR spectroscopic studies.'?*~'3! It was assumed that (p = d)r
conjugation involves partial displacement of the p, electrons of the S
atom to the d, orbitals of Si. As a result, the negative charge on
the sulphur atom and the basic strength of the compound
decrease.'®

From an analysis of the IR spectra of substituted silicon hydrides
containing Si—O and Si—S fragments, it was concluded'*° that the
extent of (p — d), conjugation changes in the approximate ratio
SiO:SiS =2:1.

Thus (p = d), interaction (whether it exists or not) does not have
the significant influence on the chemical properties of organo-
silathianes observed for organosiloxanes or organosilazanes. This is
confirmed by a calculation of the overlap integrals of the Si—S
bond,'*! where it was shown that the small magnitude of the overlap
integral of the unoccupied atomic orbitals at this bond is one of the
principal reasons for its high chemical activity.

IV. CHEMICAL PROPERTIES

An analysis of published data has shown that reactions involving
the heterolytic splitting of Si—S—Si bonds in organosilathianes can
be divided into two groups: exchange reations and insertion reac-
tions.

The first group includes the great majority of known reactions of
organisilathianes, taking place according to the general scheme:

=S5i—S—Si=+X—Y—>=Si—X+Y-—S .
1) Y = H—"protic silylation" reactions (exchange between a silyl
group and a mobile hydrogen atom), for example:
=Si-S-Si=+ 2REH ~ 2 = SiER + H,S. (13)
E = O, NH, S; R represents an organic or hetero-organic group.
2) Y = M—"aprotic silylation" reactions (exchange between a
silyl group and a metal atom), for example:
=8i—S—Si==+HgR,»2=SiR+HgS .

3) Y = Si—trans-silylation reactions (exchange between one silyl

group and another), for example:
=Si—5—Si= + 2=Si'—E 7 =Si—S—Si"= + =Si—E + =Si'~E=>
ZESi.——S—SI‘E + 2._-=.‘SI—E .

4) Y = E—reactions involving the redistribution of functional
groups (exchange between a silyl group and functional groups),
for example:

X =Cl, =Si—S—Si= +2 >P—CI - 2=5i—Cl + >p—s—p<
X =0, =85i—8—Si= 4 =S—0— - 2=5{—0— 4 =Sn—S— .

The second group includes reactions taking place according to the
e=Sj—S—Si= + X—Y—> =8§i—S—X—Y—Si= - (14)
1) 1,1-insertion, for example:

=Si—S—Si= -+ [:SiR,] > =5i—S—SiR,—Si= -
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2) 1,2-insertion, for example:
=Si—S—Si=m + (CFy)3CO —» mSiOC (CFy)gS (CFy)g COSim ©

3) 1,3-insertion, for example:

=5j—S—Si m 4 CHp—CHj — =SiOCH;CHySCHyCHyOSime
No”
4) 1,4-insertion, for example:

/0
-Si—S—Si=m + | ||~ mSiOC (0) CHyCHySSim -
$5) 1,n-insertion, or example:

=5{—5—Sim -}- S¢ ~» mSi—5,—Si=m .

1. Exchange Reactions
a) "Protic silylation"

The reaction of organosilathianes with proton-donor reagents
involves exchange between a mobile proton of an inorganic, organic,
or hetero-organic compound and a silyl group.®? Organosilathianes
silylate monohydric and polyhydric alcohols and phenols,3%-80:132-144
aminoalcohols and phosphorylated alcohols,!**'4> mineral and car-
boxylic acids,”®71%0:146.14% jnoroanic and organic acids of phos-
phorus, 51146150151 boron, arsenic, and sulphur,5™!5! enols,'*? aldox-
imes and ketoximes,'*? aromatic thiols, thioglycols,*""!** amines and
their derivatives,®®'** and silanols and siloxanediols;'** the silyl
derivatives are formed in high yields.

Depending on the original reagent ratio, products of complete or
partial silylation may be formed. In the case of cyclic silathianes,
monomeric linear and cyclic compounds, and also polymers, have
been obtained:

(RS1)2 S + 2HZX s JRSIXH,, > -+ - _(;%_, (RsSi),,.X
X

VR
(R,SiS); + H X > RS X

-

b [R,Si(!\')]zs

-H,8
R,Si(X) SH

L (-RSi—X—) -

The following general regular features of this reaction (13) have
been established: the presence of bulky or electron-donor substi-
tuents on the silicon atom leads to a decrease in the activity of
organosilathianes. The introduction of alkoxy groups into the
silathiane molecule leads to the same result, and this has been
attributed'**'*” to an increase in the (p — d), interaction in the
Si—S bond. Cyclic silathianes are more active than the linear
compounds, and cyclodisilathianes have the highest activity.!*13

A study of the model reaction of hexamethyldisilathiane with
various proton donors (REH) made it possible to arrange them in
the following order of decreasing activity: ROH > RR'NH > RSH.
This order corresponds to the decrease in the energy of the =Si—E
bond formed in reaction (13).5' The rate of the reaction of organo-
silathianes with proton donors increases when the molecule of the
proton donor contains electron-acceptor substituents, which increase
its acidity, and also when the reaction is carried out in polar solvents
and in the presence of nucleophilic catalysts (tertiary amines, DMF,
acetonitrile).!
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The synthetic possibilities provided by organosilathianes as
silylating reagents have been demonstrated by the reactions of hexa-
methyldisilathiane and hexamethylcyclotrisilathiane with a wide
range of proton donors (Tables 2 and 3).

b) Aprotic silylation

There are only a few published examples of silathiane reactions of
this type: the splitting of Si—S—Si bonds by organic compounds of
mercury'*$-'%2 and phenyl-lithium.?

Depending on the organic group, organomercury compounds
react with organosilathianes to give products containing an Si—C or

an Si—O bond:

Hg(CONELs )s — Me, 3SiCONEtg

___1e(COOMel  _, Me SiOMe -+ Me,SiCOOMe

MesSi)eS s
(eSS tempcooen Me;SICN;COOE a3

—JK(CILCOOR: _, MeSiCH,COOR  »
HECHCOR™__ p Si0C (R')-=CHj - Me,;SiCH,COR’

R,SISSiMey s i (16)
HgR,
—————————=>RySiR" -+ R"SiMe, >
(RsSi)gS + Hg (CH;COR”)3 — 2R;SiOC (R™)=CH, -+ HgS an

Ry=MePhC,,H,«; R'<H, Me, OMe, Ph; R"=MeCOO,
MeO; R”=0OMe, OCH==CH,,
OCOPh, OCOMe

Reactions (15)—(17) provide an effective method for synthesising
a number of silicon compounds which are difficult to obtain; in
particular, a new class of compound, carbamoylsilanes, has been
synthesised in this way.'%®

In the reaction of phenyl-lithium with hexaphenyldisiladithiane,
the S—S bond, and not the Si—S bond, is split first:2

Ph,SiS—SSiPh, 4 PhLi — Ph,SiSLi 4 PhSSiPh, —get—> Ph,Si «

¢) Trans-silylation reactions

The principal regular features and synthetic possibilities of the
trans-silylation of organosilathianes by organohalogeno- and organo-
pseudohalogenosilanes and -siloxanes were discussed in section II.

d) Reactions involving the redistribution of functional groups

Organosilathianes are split by inorganic halides to give the corre-
sponding sulphides and organohalogenosilanes
=Si—S—8i= 4+ M—X — 2=Si—X +M—S as)
MX==BCl,[153], PCl,, PBr,, POCl,[163]; PCls[164];
AsCl,, SbCl, (165]; TiCl, [166, 167); SnCl,, VCl, CrCl, [167];
PdCl, [166); HgCl, [70]: PbCl,, CdCl,, AgCl, AgBr{23];
NH,CI, KBr[168]; Hgl,[169]

The splitting of the Si—S bond by the ammonium, sodium, and
potassium salts of inorganic and organic acids'®® and by silver salts
(AgCN, AgNCS, AgNCO, AgOCOMe) 2 takes place similarly.
Hexa-alkyldisilathianes do not react with silver iodide.??

Disilathiane’™ and 1,3-dimethyldisilathiane’! do not react with
methyl iodide, and hexamethyldisilathiane does not react with lower
alkyl halides.* On prolonged boiling, higher alkyl halides react
with organosilathianes according to the scheme:

wSi—S—Sim—ente > =SISR —RE - ps |
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Table 2. Reactions of hexamethyldisilathiane with proton donors REH.

REH ﬁ%ﬁf!&?;gi’)zs Reaction conditions Products (yield, %) Refs.
ROH 1:2 A Me3S8iOR, R = Et (75), Bu (94), isoPr (78), {80
t-Bu (58)
CiaHyy (87.5) {139]
HO(CH,),OH 1:4; 100-110°,2 h MegSiO(CHy),OSiMe; (97.5) 1139)
2:1 ditto Me,SiO(CHy)OH (55) [189)
EtC(CH;OH), 3:2 » EtC(CH,0SiMe;)s  (76.5} [139)
HOCH,CH(OH)CH,OH 3:2 » MesSiOCHCH(OSiMe;)CH; 0SiMe; (96) [439]
HO(CH,)sNH, 1:2; 20°,0.5h MeySiO(CH,)sNH; (98.5) [139]
1:1 100°, cat. CsHsN MegSiO(CH,),NHSiMe; (82.8) [139]
{HO(CHy),],NHy 1:4; 20°,0.5h [Me;SiO(CHg)o:NH  (78.5) [139)
2:1 ditto MegSiO(CHy)gNH(CH3)sOH  (44) {139]
[HO(CHy)qJsN 3:2; » [MegSiO(CHp)2lsN  (73.2) {139]
11 » [MegSiO(CHy)2]oN(CH)OH  (91) [139]
PhCH(OH)COOR 1:2 70-90°,1-2h PhCH(OSiMey) COOR, R=Et (43), Pr (91) 1142]
(RO):P(O)CR'R"(OH) 1:2 50-70°,0.5-1h (RO)gP(O)CR R"(OSiMeg), R=Me, {145}
; R"=Me (92), Ph (90); R’=Me,
R”=Et (80); R=Et, R'=H, R"=Me (89),
Ph (97)
RCOCH,COMe 1:2 50—70°, * RCOCH=C(OSiMes)Me, R=Me (78), Ph (92) 1152}
CH(R)C(O)CH,C(O)CH(R) 1:2 ditto CH(R)C(O)CH==C(OSiMes)CH(R), 152}
b cH, ! CHy
R=H (86), Me (80)
RR'C=NOH 1:2 50—170° RR'C=NOSiMey; R=R’'=Ph (95); R=H, {152)
R'= Me (85), Ph (89); R=Me, R'=Me (96),
Ph (94)
XC4H 1:2 80°,1.5h XC,H,0SiMe;, X=3-Me (74. 1
CeH(OH 2-%4’e,§i0 (16.3); P ((75?9)); é8)
3-MeSiO (72.4); 4-MeySIO (74.3);
2,3-(MeySi0)g (65.9); 3- NH. (96);
2- C,,Hs (77.9); 4-MeCONH (73.8);
3-OH (76.1); 4-OH (43.1); 2.3- (OH), (48.8)
1,2,3-(HO)sCeHs 11 80°,2.5 h, toluene 3-OH-1,2-(Me,SiO)sCoHs  (78.5) [148)
BusNH 1:2 boiling., 3 d BugNSiMey (49) (80]
RNH,q 1:2 boiling 25 h RNHSiMe;, R=Bu (13); R=Ph (85) [80)
PhNH, 1:2 100°,2.5 h, cat. CsH5N PhNHSiMe, (94.3) {154])
HOCH,NH, 1:1 ditto MeSiOCeH,NHSIMes (79.2) [154]
HsNCH,CH;sNH, 1:1 » Me;SiINHCHgCH,;NHSiMe, (85.2) {154]
HySO, 1:1 18-20°, 1 h (Me,Si0)eS0, (92.5) [147)
HsPO, 3:2 20° 1 h (MesSiO)sPO (95.6) [146)
HsPOs 3:2 120°,4 h (MesSiQ)sP  (81.8) (146]
HsS:0; 1:1 - (MesSi0S0,):0  (74) {149)
XCyH,P(OH)g 1:2 40-80° XCoHP(0) (OSiMeg)H, X=H (93), 4-Me (91) {450]
PhP(OH)y 1:1 ditto PhP(OSiMeg)g  (75) 11501
PhB(OH)s 1:1 100° ditto PhB(OSiMey)g (72) [151]
PhAs(0)(OH)z 1:1 » PhAs{O)(OSiMez); (54) {151)
PhSO.0H 1:2 » PhSO40SiMe;  (96) (1511
(RO):POH 1:2 100-120°,2-5h (ng)f;(!&s)mm,, R=Me {81); Et (72), iso-Pr (84), [t51]
R,POOH 1:2 40-60°,0.5-2h R,POOSiMey, R=Me (92), Et (89), Ph (73) [151)
R,PSOH 1:2 ditto R.PSOSiMe;, R=Et (95), MeO (96), EtO (97) [151]
(RO)sPOOH 1:2 » (RO)sPOOSIMey, R=Me (93), Et (92) [151)
(RO),PSSH 1:2 » (RO)oPSSSiMes, R=Me (94.5), Et (92), {151)
iso-Pr (89)
Ph,PH 1:2 cat. no reaction 161}
RSH 1:2 boiling, 50 h no reaction for R = Et, Bu,CsH;1,Cy) = (61]
~=CHCH, [61]
PhSH 1:2 100°,0.5 h PhSSiMe, (88) [61}
MeCOOH 1:2 80°,0.5h McCOOSiMe; (88.3) [146]
CH,=C(CH3)COOH 1:2 70—80° CHy =C(CHy)COOSiMe; (87.4) (146]
(CHoCOOH)g 1:1 110-140°,4 h (CHzCOOSiMeg)e  (98.7) 1146}
(CH2CHZCOOH), 1:1 50-60°,2h (CHoCH2COO0SiMeg)s  (55.2 [146]
HOC,H,COOH 11 80-90°, L h MegSIOC1,CO0SIMey  (80) 1146}
i i1 120-125°,0.5 h, cat. Si i
PhySi(OH), 1 (Me,SiO)(: Ps OhH at Ph,Si(OSiMey)s (83) 1155)
i i 1:1 90-95°,0.5 h, cat. MegSiOSiMey0SiMes0SiMeg (95, 155
HOSiMe;0SiMe,OH Mesionpon 35 ey 2 s (95) [155]

*Boiling until liberation of H,S stopped.

Increase in the electron-acceptor power of the substituents on the
carbon atom of the alkyl halide, the polarity of the medium, and the
basic strength of the sulphur atom increases the reactivity of organo-

silathianes towards alkyl halides.®!

organosilathianes:
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Acyl halides are much more reactive than alkyl halides towards

.61,170-172

RCOIX

=mSi—§—Si= —gw— wSIOC ($)R —gx— [RC(O)):S

R=Me, Ph; X=Cl, Br

RGO)X

19
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Table 3. Reactions of hexamethylcyclotristilathiane with proton donors REH.

REH gzges‘i‘;)’:':i;}:“ Reaction conditions Product (yield, %) Refs.
H,0 2:9 alkaline hydrolysis, A HOSiMe;0SiMe;OH {26)
BuOH 1:6 70-80°,2 h Me,Si(OBu), (78) [139]
PhCH,OH 1:6 ditto PhCH,0SiMe,SH (49.3); Me,Si{OCH,Ph), (15.2) {139]
HO(CHa)osNH, 1:6 20°,05h MesS1(OCH,CHaNHy), () 1139]
[HO(CHy)o].NH 1:3 ditto MegSIiO(CHz)gNH(CHz)g—l‘ (82.5) (139]
JURIN ¢ SEE—
HO(CH,),OH 1:3 100-110°,2h MeleiO(CHg)4|C) (92.5) {139]
HOCH,CH(R)OH 1:3 ditto MezsliOCH2CH(R)OSiMeg0CH(R)(|:Hg. [139]
R=H (98), Me (819)
PhOH 1:0 130—140° Me,Si(OPh), (89.2) {148]
0-PhC,H,0H 1:6 ditto Me3Si(OCsH,Ph-0)s (93.2) [148]
ditto 1:3 70°, 3 h, toluene Me,Si(OCgH,Ph-0)SH (71.2) [148]
p-PhNHCgH40H 1:6 70—80° MeSi(OCgH4NHPhp)) [140]
RR’1=NOH 1:6 50—70° C Me,Si(OC=CRR');, R=Ph, R’=H (94); [152]
R=R'=Me (Y1)
MeCOOH 1:6 50—60° MegSi(OCOMe);  (86.8) [146]
» 1:3 50°,3 h,CCly [MegSi(OCOMe) oS  (71.2) [146]
RCOOH 1:6 50—60° Me,Si(OCOR)g, R=Ph (76.1), CHy;=C (Me) (88.4) {146}
0-HOG,H,COOH 1:3 175° Me;Si—O—CHy—C(0) (73) [146)
—o0—
HOCORZCOOH 1:3 130—140° —(~—Mey8i0COZOCO~),,—, Z=(CHy)s, [146]
m=7(39.7); Z=(CgH,)s, m=17(90.2);
Z=C¢Hy, m=S (41.2)
H,BO, 1:1 A HO(Me;SiS)y(MeySi 0—-1'3—0—),l—H [146]
o
ditto 1:2 A HO(MesSIS) (MesSI0—B-0—)y—],—H (146]
o]
s 1:3 A HO(Me;Si0—B—0—),,—H [146]
|
(o]
PhNH, 1:6 125° Me,Si(NHPh); (86.2) [154]
-CyoH:NH, 1:6 » Me,Si(NHCyoH,-@)p  (81.2) [154]
p-HaNPhCgH4NH, 2:3 60—75° MeSiNHCyH,CyH N HSiMe; (80.6) [154]
| NHC{H,C4H,NH_

A study of the reaction of hexamethyldisilathiane with dicarbox-

The halides of phosphorus(III) acids are more active than dialkyl

ylic acid halides showed that with fumaryl chloride, the cyclic sul-
phide is formed, whereas with the chlorides of adipic and sebacic
acids, polyacyl sulphides are formed:'"

CICO)CH:-CHC)CL ﬂ__:\s
;
(Me,Si)y S— No (20)
CICONCH),C(O)C]
— T [—0C(S) (CH), C(8) O—]p— -

m=4,6

The reaction rate is increased in the presence of tertiary amines.
Their catalytic action can be attributed to the formation of the
N-acylammonium cation, which is more active in the exchange
reaction than the original acyl halide.

The chlorides of phosphorus(V) acids react similarly with
organosilathianes:5"13

11/[CHN]

(MegSi)2 S + RyP (0) CI —siesiar — ReP (S) OSiMey

[ty b @1
ReP (0) P (0) Ry ————3-5%» R,P(S) OP(O)Rs

R=MeO, EtO, PrO, BuO, Et

phosphorochloridates towards hexamethyldisilathiane.

The reaction

involves the intermediate formation of silyl esters of phosphorus

thio-acids;!"*'75

(Me;Si)2 S + RoPCI

[RsX)

—Mesicl

RuPSSiMe, RPCUIRN)

R=Ph [163], CFs{175), Me;N [173)

Dialkyl chlorophosphites [reaction (22)] give a mixture of

Mesici > (ReP)2S

22

products difficult to separate, formed by the thermal isomerisation
of intermediate compounds and the final tetra-alkyl monothiopyr-
ophosphites.!”!”” Carboxylic acid anhydrides and pyrophosphates

undergo exchange reactions analogous to reactions (19)—(21

MeC(0)OC(O)Me,

40

é\O/

(MeSi); §

| _(ROKPIO)OP(ONOR):_,

— Me;SIOCOMe + Me;SiOC (S) Me

Me,SiOC (O) CHaCH,C (S) OSiMes

(RO); P(O)OSiMey -+ (RO)3P(S)

).61,[71
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The reaction of the dichlorides of acids of phosphorus, boron,
and arsenic with organosilathianes gives cyclic or polymeric
products; 153163165

77N
PhP PPhr
PhPCI,
—MeSicl

N P /
Ph
Me Me
N/
CIPRINMONMPRIC! /7
— osesicl . R—P P—R

(Me3Si), S—
S

Me Me
N/

N\
B—-Cl ,

| CL:BC(Me)=C(Me)BCls
— MesICl - Cl-8B
R=CI, Me
S
4

PhB
PhBCI: |
—Me,sicl 4

N
BPh
I
S
N4

(Me,SiS)—| Ph

PhAsCl,
—Me,ySiCl

— (PhAsS), .

Organosilathianes react equally readily with the halides of sul-
phonic acids,’! phosphorylated sulphenyl chlorides, and their deriva-
tives:”

0, Ci
._.ALS_*_‘__, (ArS0,)s S

(MeSi) S——]|

\P(O)SX
[SUARSAEEN >P(S)OSiMe,,+ MeSiX' + S

X'=X, if X=Cl, OR

x=0p ., if x=sp©O .

The exchange reaction of halogenogermanes with disilathiane and
hexamethyldisilathiane gives mixed silyl germyl sulphides, which dis-
proportionate when heated to give the symmetrical sulphides:'™

(MegSi)g S + HyGeF HiGeSSiMey

—Me,SIF

(H:Si)2 S + HyGeCl —» HyGeSSil,

~11,SiCl

. A -
RoSiSGeR; = (RiGe)a S + (R;S1)2S

Reactions of type (18) can be used to synthesise many sulphur
compounds which are difficult to obtain;!:103.164.180

Alk,Ne(s)ct
- AIK;NCCI PCl
ANGs ——2N=CC s F o pscy
ArSO,NC RyPCl,
(ArSO,N=),§ =—————] " =~ R,PS
——(Me, Si), S ——
35i) (MegSi),NCI [(M s) N] s
e 9, i
s>_N“ Cl,P—NR LaER
“l |us  my—pay, Ph,CCl, |F,P(0)OH=C(R)N=CCl,
1 —— F,P(0)CH=C(R)NCS
Ph,C=8

(Ph,81),8 + 2PhC(Cl)=NPh Ph(PhN=)C8C(=NPh)Ph .

D s
~2Pb, 8101
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Thus exchange between organosilathianes and halogen-containing
reagents with an E—X bond, where E is an element from groups
I—-VIII, and X = F, Cl, Br, I, makes reaction (18) a new general
method for introducing sulphur into the molecules of inorganic,
organic, and hetero-organic compounds.

Hexamethyldisilathiane reactions vigorously and exothermally
with metal oxides'®! according to the scheme:

n (MegSi)y S + MO, — n (Me;Si)sO + MS, (23)
M=Ba, Pb, Mn, Zn, Ca .

Cyclic silathianes are even more reactive in reactions of type (23).
Thus hexamethylcyclotrisilathiane inflames spontaneously in its
reaction with manganese dioxide even in a stream of nitrogen.'®!

In contrast to this, the passage of a mixture of oxides of nitrogen
through a solution of hexa-alkyldisilathianes in ether does not lead
to rupture of the Si—S—Si bonds, and the reaction products are bis-
(trialkylsilyl) sulphones.”

Hexamethyldisilathiane undergoes an exchange reaction with
phosphorus(V) oxide to give phosphorus(V) sulphide, tris(trimethyi-
silyl) phosphate, and tris(trimethylsilyl) thiophosphate:®!

12(Me;Si) .S + 3P, 0,6 (Me,SiO) ;PO +2(Me;Si0) ;PS+P.Sq -

Phosphorus(V) sulphide in turn can also react with hexamethyldisi-
lathiane to give the tris(trimethylsilyl) ester of trithiophosphoric
acid #*

6(Me;Si),S +P.S,—4 (Me,SiS),PS .

Organosilathianes react when heated with aldehydes and various
perhalogenoketones;'®* the final products in the case of aldehydes
are the products of the exchange reaction, siloxanes and thioalde-
hydes, and in the case of ketones the products of an insertion reac-
tion. These data led to the proposal'®? of a general scheme for the
reactions of organosilathianes with carbonyl compounds, including
as an intermediate stage the formation of an unstable compound of
type (IV), which subsequently decomposes to stable products by a
four-centre mechanism. The introduction of halogen atoms, which
have a strong electron-acceptor effect, into the molecule of the
carbonyl compound stabilises the insertion product to such an extent

that it can be isolated and characterised:'®>

(Me;Si), S + RCHO —=2_,. [Me,SiOCHRSSiMe,]
(V)
— [RCHS] — !/, (RCHS),
R=Me, Et, Pr, Ph, p-O,NC¢H,, p-MeOCjl, (24)
(Me;Si),S + RR'CO 274, (Me,SiOCRR", S
R=CF,, CF,Cl; R'=CF,.

eSO

In contrast to hexamethyldisilathiane, cyclic silathianes react with
aldehydes at a higher temperature (140 — 150 °C) and in the presence
of a catalyst (ZnCl,) according to the scheme:'®?

\ / \ / \/
Si si—cl si—a
4
/ \ _ZaCli_ ! RCHO | /
! ? ! -
\ SZoCl \ 2nCly
\s- Nsi \§i— OCHSZnCl
/\ /\ \ |
\/

+  1/3(RcHs), .
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The difference in the reactivities of the linear and cyclic organo-
silathianes towards aldehydes can be attributed to the difficulty of
formation of an insertion product involving cyclosilathianes, a
structure with many-membered rings is not characteristic for the
insertion product.

Organosilathianes have been proposed as mild reducing agents for
sulphoxides®"'* and selenoxides.’! The reaction apparently also
takes place by the mechanism of reaction (24):

(MesSi); S+RR'E* -0 —Eno— RR'E+S
E =S, Se; R =Me, Et, Ph; R'=Me, Ph
In the reactions of hexamethyldisilathiane with various com-
pounds of germanium, tin, and lead, exchange between the sulphur
atom of the organosilathiane and an oxygen atom of the hetero-
organic reagent is observed:'®®

RMOMe
“Mesions — (RaM)2 S

(RyMY.0
{MeySi)g S—— _(Mc:sil:u — (RyM); S

RaMO
“hoano ~ RaMS

M -Ge, Sn, Pb; R -Et. Bu

Exchange between the sulphur atom of an organosilathiane and
a hydrogen atom takes place as a result of reduction by metal
hydrides.?**® Thus lithium hydride reacts with hexamethyldisila-
thiane in dioxan to give trimethylsilane.®

A study®® of the stereochemistry of the reduction of 1,3-diphenyl-
1,3-dimethyl-1,3-di-a-naphthyldisilathiane by lithium tetrahydroalu-
minate showed that at 20° the reduction takes place with inversion
of the configuration, and at 85° racemisation takes place:

LAY 1)RySI*H - [RySI*S™ (LiAIH)*) 1,
v)

o [(4)RSI*SH] BN (1).RySi*S~ HLN'Ety

(v1)

(-+)-RySI*SSi*R,

The structures of the complex (V) and the salt (VI) were proved
by independent syntheses:

(-1 )-RgSi*SH + LiAlH, —H: . ...

BT L

(+)-RsSi*SSi*Rg

— (—)-RsSi*H

20°C 85°
2 V) —Eo o
MeOH/ELNH_ vy

2. Insertion Reactions

In hetero-organic chemistry, insertion reactions are usually
classified according to the group being introduced, and are sub-
divided into 1,1-, 1,2-, ..., 1,n-additions to the substrate X—Y of the
hetero-organic compound Z.M—~Z, where Z,, is the sum of the
substituents, M a metal or non-metal, and Z the migrating group.

In accordance with this generally accepted classification,!® it is
possible to systematise insertion reactions involving organosila-
thianes according to the type of addition (see start of section IV). In
view of the limited number of known reactions of organosilathianes
taking place by the insertion scheme (14), however, the reactions will
be examined together, without breakdown into different types.

Oxygen-containing heterocyclic compounds,'#”1®® organic'®® and
organophosphorus'® isocyanates, and arenesulphonyl isocyanates
and arenesulphonyl isothiocyanates'®!®! split the Si—S bond in
organosilathianes according to the schemes:
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CHy .
. 30°,1d
(MesSi);S+CHy  CH,

o)
HoCH,

— [MesSiO (CHp);): S

Ny 70°,4d .
D0~ [MesSIO (CHa)4he S

C
(MegSi)e S+ |
CH,CHy

(MeySiS)s -+ CHy—CHj —
No”

0°,13d /0
- Me,Si\s ] + — (—SiMesOCH,CH,S—) ,—
o

SiMe;
80°,24h ]\l‘ S

Ph/ NC \siMe,

PN

SiMe. N S.
L 4

(MesSi)s S + PhNCO

\
NN
N Ph C SiMe;

NS
ph N e”

1
o—

|
OSiMe;

M
McP(S)(NCO)s NV

(MesSi)e S —Gr a,3d P

SSiMe,
(MesSi)gS + p-XCeHSON=C=Y 22 ) XCeH,SON—Cy -

|
SiMeg

= p-XC6H,SO,N (SiMey); + CSY
X=H, Me, Cl; Y=0, § .

Thus exchange and insertion reactions involving organosilathianes
are undoubtedly related, since, as can be clearly seen from the
reactions of hexamethyldisilathianes with aldehydes, ketones, and
arenesulphonyl isocyanates, the exchange reactions take place with
the intermediate formation of the insertion product. Depending on
the stability of this product, the reaction may either stop at the
insertion stage or proceed further to give the exchange products.

An analogous mechanism can be proposed, for example, for the
reactions of organosilathianes with oxides:

=5i—S—Si= + M—0 - [=Si—0—M—S5—Si=] —
— =5i—0—Si= 4+ M-S .

In conclusion, mention may be made of the only reaction invol
ing organosilathianes that does not lead to splitting of the Si—S -
bonds: the reaction of hydride-containing alkylcyclosilathianes with
unsaturated compounds in the presence of H,PtCls.6H,0:132192

— [RSi (CH3CR'R") S|,
[R (H) SiS); + CHe=CR'R” —|
— RSUCRR)S]
Me

V. POSSIBILITIES FOR THE PRACTICAL APPLICATION OF
ORGANOSILATHIANES

The first mention in the patent literature of the possible use of
organosilathianes appeared in 1952, when they were patented as
heat-stabilisers and anti-foaming agents for mineral oils'*® and
lubricating materials.'®* In 1953, a patent was published on the us
of organosilathianes as fungicides, insecticides, and additives to
siloxanes.2® It has been reported'?*!*¢ that compounds containing
an Si—S bond promote the droplet condensation of steam. Becaus
of the difficulty of obtaining organosilathianes, however, the ques-
tion of their practical utilisation remained open for a long time.
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The main fields of application of organosilathianes were established
only after convenient and effective methods had been developed for
synthesising compounds with varied structures containing the
Si—S—Si fragment®>*>5762197 anq their principal properties had
been studied,?2-40-61.197.198

Organosilathianes are the closest structural analogues of organo-
siloxanes, but unlike the latter, they are extremely active in reactions
involving the heterolytic splitting of the Si—S—Si bonds. Thus the
possible application of polymers containing only silathiane bonds is
limited. Moreover, unlike siloxanes, organosilathianes do not form
homopolymers with a high molecular weight.>%° Thus the main
efforts of research workers have been directed towards the synthesis
of new heteropolymers containing Si—S —Si bonds. A method for
obtaining these heteropolymers is based on the reactions of cyclic
silathianes and silathiaoxanes with boric, phosphoric, and phosphor-
ous acids and their salts.!?7-2%

The synthesised bora- and phosphasilathiaoxanes are liquid
products, which have the advantage over their analogues the bora-
and phosphasiloxanes that they can be uniformly distributed in
rubber in sufficient quantities.!*"-2%

The use of borasilathiaoxanes in heat-resistant self-cross-linking
resins improves the technology of the resin mixtures and their auto-
hesion properties, and leads to milder vulcanisation conditions (a
decrease in the irradiation dose).!%-2%

Siloxane sealants modified by phosphasilathiaoxanes have
improved thermal stability and improved adhesion and physicome-
chanical properties.’®®2%  Moreover, organosilathianes can be used
to modify the properties of not only organosilicon polymers, but
also organic polymers. Thus a study [201] of the possible use of
hexa-methylcyclotrisilathiane as a stabiliser in the thermal and
radiation ageing of polymethyl methacrylate showed that the
stabilising effect of this cyclotrisilathiane is particularly marked at
high radiation doses and at the temperature of the start of the
decomposition.

The high reactivity of organosilathianes towards proton donors is
responsible for their application primarily as reagents for silylating
izggx;%:smic, organic, and hetero-organic compounds,3%6171:79,80,132-165,

A study of the silylating power of organosilathianes indicated that
their efficiency is greater than that of traditional silylating agents
based on compounds with a =Si—X bond, where X = H, Cl,
NR,.*

One of the main advantages of organosilathianes as silylating
agents is the simplicity of the silylation process, which is carried out
by mixing and heating the starting materials (30— 120 °C) for a short
time (0.5—3 h) to give a high yield (70 —98%) of the silyl deriva-
tives. The course of the reaction is conveniently followed gas-volu-
metrically from the quantity of hydrogen sulphide formed. The
reaction does not require a large excess of the proton donor or the
use of catalysts and solvents. Moreover, organosilathianes can be
used for the effective selective silylation of proton donors containing
two or more active groups in the molecule.

Organosilathianes may prove to be equally useful for introducing
a sulphur atom into the molecules of organic and hetero-organic
reagcnts,”“z'103’153'170'”5'“30'204 and also as mild reducing agents for
a number of oxygen-containing compounds.®-1%

Thus the progress made in the application of organosilathianes in
polymer chemistry and in preparative organic synthesis show the
undoubted promising possibilities provided by further studies of the
practical application of organosilathianes.

---000---
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While the present manuscript was being prepared for printing, the
following papers were published, and reference to these provides a
valuable supplement to the material examined above: the reduction
of oxides of sulphur, selenium, and tellurium by hexamethyldisila-
thiane, obtained in situ;2®® the use of the boron trichloride —hexa-
methyldisilathiane system for the conversion of carbonyl compounds
into thiocarbonyl compounds;?® the synthesis of cyclosilaselenosi-
lathianes by the insertion of sulphur and selenium into octamethylte-
tracyclosilane;?%° the synthesis of diacetoxydisilathiane by the
photochemical thiolysis of methyl(vinyl)diacetoxysilanes—the first
example of the conversion of a silicon —oxygen bond into a
silicon — sulphur bond;2% the reactions of hexamethyldisilathiane
with compounds containing an element —chlorine bond;*’ the syn-
thesis of functionally substituted organosilathianes;**® organosila-
thianes in organic synthesis;?®® the reaction of hexamethyldisila-
thiane with phosphorus(V) oxide;?>'® organosilathianes as silylating
agents;?!! the mass spectrometry of organocyclosilathianes;?'? the
synthesis of low-coordination compounds of silicon by the thermal
decomposition of cyclosilathianes;?'>-?'* and the molecular and
crystal structure of tetramf:thylcyc:lodisilathianv:.215
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