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THE REACTIONS OF ARSENIC HALIDES WITH SOME ORGANOSILICO:
COMPOUNDS OF NITROGEXN AND SULPHUR

E. W. ABEL axp D. A. ARMITAGE
Dezarimernt of Incrganic Chemistry, Tre Unicersity, Bristol 8 (Great Britain)
(Received August 19th, 1965)

The reactions of silicon—-nitrogen and silicon—sulphur compounds with a variety
of covalent halides, notably phosphorus!-2, have shown the method to be most
useful for the preparation of nitrogen and sulphur derivatives of many elements.
Reactions of arsenic chloride with aminosilanes, already reported?, have shown that
the third chlorine does not appear to be replaceable by this method.

Direct interaction of both methvl- and phenyvi-hexamethyldisilazanes with
arsenic trichloride according to eqn. (1) causes the elimination of chlorotrimethyl-
silane and formation of the corresponding arsazanes.

RN{SiMe), -+ AsCiy — (RNASCLj- = 2 Me,SiCI (R == Me and Ph) {r)

Although the arsazanes produced in this way analvse well for their empirical
formulae, they appear to be completely insoluble in any solvents. In the light of this
we suspect that they are either linear or large ring polymers, in contrast to the six-
membered ring arsazanes previously reported.

Arsenic trichloride reacts with (n-propyvithio)trimethyisilane according to
eqn. (2} to produce tri-n-propyltrithioarsenite.

3 Pr3Sidey < AsCly — {PrS);As <~ 3 Me,SICl (2)

Efforts were made to prepare di-z-propyl dithiochloroarsonite and n-propvl
thiodichloroarsinite by varving, the proportions of the reagents in eqn. (2). In each
case, however, although the requisite quantity of chlorotrimethylsilane was produced,
the only other products isolated were tri-s#-propyl trithioarsenite and arsenic tri-
chloride. It would appear, therefore, that if the chloroesters were produced in these
reactions they underwent disproportionation completely to the trithioarsenite and
arsenic trichloride.

Both arsenic and antirnony trichlorides removed sulphur completely from
hexamethvldisilthiane (eqn. 3), in common with the corresponding reactions of
bis(trimethyltin} sulphided.

2 MCL - 3 (3[e,Si}.S —> 6 Me,SiCl < M,S, (M = As and Sb;} (3)
\We bave observed no cleavage of aminosilanes or disilazanes by phenylarsenic

dichloride. This is in contrast to the behaviour of phenviphosphorus dichloride, but is
in line with the lower reactivity of arsenic trichloride towards aminosilanes compared

J- Organometal. Chem., 5 (1966) 326-329



REACTIONS OF As HALIDES WITH ORGANOSILICONX COMPOUNDS 327

with phosphorus trichloride. Phenylarsenic dichloride does, however, cause fission
of alkyvithiosilanes to give the di-m-alkyl dithiophenylarconite as illustrated for
example in eqn. 4.

PhasCl, + 2 EtS{Cl)SiMe, —> 2 Me,SiCl, + PhAs(SEt), €3]

Phenylarsenic dichloride further reacts with hexamethylcyclotrisilthiane to
give phenvlarsenic sulphide {(eqn. 3).

3 PhaAsCl, + (3Me,SiS); —> (PhAsS), + 3 Me.SiCly (5)

\Vhen the corresponding phosphorus compound was made in an analogous
manner, it was found to be trimeric, and a six-membered phosphorus-sulphur ring
syvstem was proposed for a structure®*. We find that the phenylarsenic sulphide pre-
pared as above, is tetrameric, and the melting point of 173-176° agrees with a previous
reportia. It is, however, different from a trimeric phenylarsenic sulphide reportediv.

It has already been noted that the size of the organosilicon ring svstem used as
starting material, in no way controls the ring size of the end product3.

Ve think it likely that (PhAsS), has an eight membered ring structure of
alternate arsenic and sulphur atoms.

EXPERIMEXNTAL

The chlorosilanes isolated from each experiment wete characterised by boiling
point and refractive index. The silicon-nitrogen and silicon~sulphur compounds used
were all prepared by reported methods, viz. (MeSi),NMe8, (Me;Si),NPh?, Me,CISIEtS,
Me,SiSPr?, (Me,SiS),!0, (Me,Si),S™, as was phenylarsenic dichloride!=.

Reaction of arsenic trichloride with N-methvlhiexametlyldisilazane

The disilazane (T0.7 g, T mel.} was carefullv added to arsenic trichloride (x1.x g,
1 mol) in toluene. A precipitate was formed which disappeared on warming. Sub-
sequent distillation vielded chlorotrimethylsilane (g4 9;), and removal of the solvent
vielded N-methylchloroarsazane (8o 95), m.p. go—110° (Found C, g.0; H, 2.4; X, g.5.
CH;AsCIN caled.: C, 8.6; H, 2.2; X\, 10.1 %,.) as an insoluble cream powder. It was too
insoluble at room temperature for a molecular weight determination.

Rcaction of arsenic trichloride with N-phenyvihexamethyvidisilazane

The disilazane (15.3 g, I mol.) was slowly added to arsenic trichloride (11.9 g,
1 mol.) in toluene. A reaction occurred on warming with subsequent elimination of
chlorotrimethylsilane (88 ¢5). Recrvstallisation from boiling toluene vielded N-phenyl-
chloroarsazane (11.5g, 87 %), m.p. 157—-170° (Found:C, 36.2; H,2.8; N, 7.2. CGGgH ;AsCIN
caled.: C, 35.8; H, 2.5; N, 7.0°%.), as a yellow powder, too insoluble in common
solvents at room temperature for a molecular weight determination.

Reaction of (n-propvithiio)trimethvisilane with arsenic trichloride

I mole ratto 3: . Arsenic trichloride (2.7 g, T mol ) was slowly added to z-propyi-
thiotrimethylsilane (6.6 g, 3 mol)). A vigorous reaction occurred and subsequent
fractionation gave chlorotrimethylsilane (81 9;) and tri-n-propyltrithioarsenite (3.2 g,
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74 %), b.p. 106°/0o.001 mm n{y 1.5836 (Found: C, 36.4; M, 7.3. CGH,,S,As requires
C, 35-8; H, 7.09%,.) as an air sensitive liquid.

I mole ratio 2:1. (2-Propvlthio)trimethylsilane (3.9 g, 2 mol.) was carefully
added to arsenic trichloride (8.5 g, 1 mol.) with cooling. An exothermic reaction
occurted and afier leaving standing for x h, volatile material was puvmped off and
trapped to give chlorotrimethylsilane (97 %). The residue (12.3 g, n5 1.55g8) was
vacuum-distilled to give arsenic trichloride, which was trapped and redistilled (z.x g,
74 %) b.p. 1307, together with tri-z-propyl trithioarsenite (93 g, 95 %), b.p. 116°/0.05
mm, iy 1.5827.

It mole ratio r:1. (a-Propyvlthio)trimethyvlsilane (S.7 g, I mol.) was carefully
added to arsenic trichloride (10.7 g, 1 mol.} with cooling. After leaving 1 h, the volatile
material was pumped off and distilled to give chlorotrimethylsilane (95 93). The residual
Hquid (11.3 g, n§ 1.5965) was vacnum-distilled to give arsenic trichloride, which was
trapped and redistilled (4.8 g, 78 9;), b.p. 130°, together with tri-us-propyl trithio-
arsenite (4.5 g, 8§ 9,), b.p. 116°*/0.05 mm, n{} 1.582z=.

Reaction of arsenic trichloride with hexamethvidisiltiiane

Hexamethvldisilthiane (9.6 g. 3 mol.j was carefully added to arsenic trichloride
(6.52 g, 2 mol.} with cooling. A vigorous reaction occurred, with precipitation of a
vellow solid. Subsequent fractionation gave chlorotrimethylsilane (91 °;), while
washing the precipitate with ether and pumping drv vielded arsenic trisuiphide (4.5 g,
99 %), as a vellow, alkali-soluble powder.

Reaction of antimony trickloride with hexamethyldisilthiane

Hexamethvldisilthiane (1.1 g, 3 mol.} was carefullv added to antimony tri-
chioride (3.5 g. 2 mol.} at room temperature. A reaction occurred and on warming,
chlorotrimethvlsilane (68 2)} was evolved. The re:,lduc was washed with ether and

pumped dryv to give antimony- trisulphide {2.0 g, 77 %) 2s a red, alkali-soluble powder.

Reaction of phenviarseric dichloride with (ethyvithio)dirmcthvichlorosilane

Phenylarsenic dichloride (4.3 g, I mol.) was added to the thiosilane (5.95 g,
2 mol.j at room temperature. On warming, dichlorodimethylsilane (S1 9;) was evolved
and vacunm distillation of the residue yvielded di-n-propyvl dithiophenvlarsonite
(3.9 . 749}, b.p- 88%/0.01 mm, = 1.6200 (Found: C, 43.7; H, 5.5. C;gH 3AsS,
caled.: C, 13.7;: H, 5.5 2;.) as a colourless liquid.

Reaction of hexamethylevclotrisilibiane with phenylarsenic dichloride
The dichloride (16.3 g, 3 mol.) was added to the cyvclosilthiane (6.79 g, 1 mol.)
in toluene (zo mi) and dichlorodimethyvisilane {7.49;) was eliminated on heating. On
cooling the remaining liquid, crystals separated which were filtered and recryvstallised
twice from toluene to give tetraphenvicvclotetraarsthiane, (PhAsS),, m.p. 175-6°.
(Found: C, 39.4; H, 3.0; mol. wt. osmometric in benzene, 734. C,H;AsS caled.: C,
39.1; H, 2.79; mol. wt_, 736.}
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Arsenic trichloride reacts with silicon—nitrogen and silicon—sulphur compounds
give the chlorosilane and corresponding arsenic-nitrogen or arsenic—sulphur
apound. Phenyvlarsenic dichloride reacts in a similar way with silicon-sulphur
apounds but not with silicon-nitrogen derivatives.
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