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The Preparation and Reactions of Aryltin
Pentachlorophenoxides
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The preparation of aryltin pentachlorophenoxides (CsHs):SnOCsCls;
(p-CH3Ce¢H4)sSnOCsCls and (CsHs):Sn(OCsOsCls), are given along with
their reactions with unsaturated substrates (C¢HsN=C=O0, S=C=S,
O=S8=0) which add across the Sn-O bond of the alkoxides. The pro-
ducts have been identified and the details of reactions discussed.

INTRODUCTION

The synthetic methods for obtaining trialkyltin perhalophenoxides
R3SnOC¢Xs (where R = CHj, C¢Hs and X = Br and F) are reported!-2,
Though the details of the preparations or characteristic properties were
not mentioned, the corresponding perchloro derivatives have been used
for its biocidal activity. Similarly diphenylbis-(pentachlorophenoxy) tin
has also been obtained as byproduct from the reaction of diphenylstann-
azosulfoxylarenes with pentachlorophenol* without any study of the
properties. We now wish to report the syntheses of aryltin pentachloro-
phenoxides and the reactions of the Sn-O bond of these phenoxides.

The Sn-O bond of organotin phenoxides add to multiply bonded
groups of acceptor moleculess-7.

AN
/

(where A=B, PhNCO, PhNCS, CS,, CO,, SO, etc.)

Sn-O + A=B — >SA-A-B-C 1)

EXPERIMENTAL
Preparation

A typical preparation is described below. Further details of prepara-
tion are given in Table 1.

TABLE 1
ORGANOTIN PENTACHLOROPHENOXIDE

Analysis (%)

Compounds M.pt.°C Yield (%) Found Caled
C H C H
(CsHs):SnOCCls 61-63 85.7 37.10 2.45 38.05 2.50
(p-CHiCsH4)sSnOCeCls  87-90 75.3 49.12 3.07 50.53 3.27

(CsH5),Sn(0OCsCls)2 143-145 80.8 36.41 1.39 37.32 1.29
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Preparation of (pentachlorophenoxy) triphenyltin

To a well stirred solution of triphenyltin chloride (7.70 g, 0.02 mol) in
50 ml of dry acetone was added sodium pentachlorophenoxide (5.77 g,
0.02 mol) dissolved in 50 ml of dry acetone. The sodium chloride was
precipitated immediately. After 1 hr. it was centrifuged off and (penta-
chlorophenoxy) triphenyltin was purified by sublimation yield (10.55 g,
85.7%) m.pt. 61-63 (Found: C, 37.10; H, 2.45%;.Calcd: for C24H;sCl5O Sn,
" C, 38.05; H, 2.50%).

Addition Reactions
Preparative procedure of a representative sample is described below.
Further details of similar reactions are given in Table 2.
TABLE 2

PRODUCTS OF THE REACTION OF VARIOUS ACCEPTOR MOLECULES
WITH TRIALKYLTIN AND DIPHENYLTIN PENTACHLOROPHENOXIDE

Acceptor Compound Product Yield (&) M.pt. (C°)
phNCO phsSnOCCls phsSn.N(Ph).CO.0CsCl; 80 98-100

CS: . phsSnOCCls phsSn.S.CS.0OCCls 80 86-88

SO:  phsSnOC.CI, phsSn.0.80.0CCls 95  90-92

CS. (p-CH3CsH4);SnOCCls (p-CH3CsNa)sSn.S.CS.OCsCls 80 >300

SO: (p-CH3CsH4)sSnOCsCls (p-CH3CsHs)3Sn.0.S0.0CsCls 75 245 decomp
phNCO ph:Sn(OCsCls): ph:Sn [N(ph)CO.0CsCls]. 90 170-2

CS: ph2Sn(OCCls): ph2Sn(S.CS.0CeCls)2 85 124-18

SO, phaSn(OCsCls): ph2Sn(0CsCl5)0.S0.0CCls 65 169-171

The addition of (pentachlorophenoxy) triphenyltin to acceptor mole-
cules.

I. Addition of phenyl isocyanate

To a solution of pentachlorophenoxy) triphenyltin (5.99 g, 0.01 mol)
in dry benzene (200 ml) phenyl isocyanate (1.19 g, 0.01 mol) was added
during 10 min. at refluxing. After complete addition it was further re-
fluxed for 3 hrs. The reaction was freed from solvent under reduced pres-
sure to yield (pentachlorophenyl) triphenyltin-N-1-phenyl carbamate
(C6H;)3Sn.N(C¢Hs).CO.0OC4Cls as a white solid which was. recrystallized
from pet. ether yield (5.60 g, 80%) m.pt. 98-100° [Found C, 51.15; H,
2.60; N, 1.85%. Calcd. for C3;H29CIsNO,Sn, C, 50.67; H, 2.72; N, 1.99%).
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II. Addition of carbon disulphide

Carbon disulphide (0.76 g, 0.01 mol) was added to a solution of
(pentachlorophenoxy) triphenyltin (5.99 g, 0.01 mol) in acetone during
10 min. After the complete addition the solution was further stirred for
% hr. to ensure the completion of the reaction. It was freed from sol-
vent at reduced pressure to yield S-triphenyltin-O-pentachlorophenyl-
dithiocarbonate (C¢Hs)3Sn.S.CS.OC¢Cls as a white solid: m.pt. 86-88°
(5.74 g, 85%)[Found C, 43.33; H, 2.10; S, 9.31%,; calcd. for C;5H;5C1sCS,Sn,
C. 44.40; H, 2.14; S. 9.26%].

III. Addition of sulphur dioxide

Heat was evolved when sulphur dioxide was passed through a solu-
tion of pentachlorophenoxytriphenyltin (5.99 g, 0.01 mol) in light petro-
leum. After ca. 1 hr. the solvent was removed by filtration to yield
(pentachlorophenyl) triphenyltin sulphite [(CsHg)3Sn.0.80.0C,Cls) as a
white solid which recrystallized from carbon tetrachloride (5.21 g, 78.6%)
m.pt. 90-92° (Found C, 42.27; H, 2.40; S, 4.71%, Calcd. for C24H,5Cl50;S,
Sn, C, 42.40; H, 2.21; S, 4.71%).

RESULTS AND DISCUSSION

Tryalkyltin alkoxide add, often reversibly to a variety of multiple
bond acceptors to give 1: 1 adducts8. Trialkyltin methoxides gave adducts
which were usually oils and readily hydrolysed, but trialkyltin phenoxides
gave adducts which were usually solid and less readily hydrolysed®. The
trialkyl-lead alkoxides gave‘adducts which were usually oils and which
decomposed with blackening during a few days at room temperature®,
The adducts formed by triphenyl-lead methoxide on the other hand, were
thermally stable solids which were purified by recrystallization!®. The only
alkoxide so far found to be inert to addition to isocyanates is tributyltin
pentafluorophenoxide which did not react with phenylisocaynate even after
5 hrs. at 100°C. This inactivity can be described due to the weak nucleo-
philicity of oxygen of the pentafluorophenoxy group!®. Davies!! concluded
that the relative power of tin-oxygen bonded compounds to act as
addenda by equation (1) decreases in the sequence R3SnOMe > R;SnOPh
> R;SnOCFs which suggests that the nucleophilicity of oxygen bonded
to tin is important. Accordingly it was observed that changing the alkyl
groups on tin have little effect upon the reaction while a change of the
alkoxy group has a more significant effect; thus oxygen of methoxide is
more reactive than phenoxide and even more than pentafluorophenoxide.

The phenylisocyanate reacted exothermally with tributyltin metho-
xide to give methyl tributylstannyl-N-phenylcarbamate which could be
distilled under reduced pressure, and was very sensitive to hydrolysis, the
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adduct formed from tributyltin phenoxide and phenyl isocyanate disso-
ciated when heated!2. In our case phenylisocyanate reacted with triphenyl-
tin pentachlorophenoxide after 3 hrs. at 80°C, viz., nucleophilicity of the
pentachlorophenoxy is not as week as that of the pentafluorophenoxy
group.

Ph3;SnOCCls + PhANCO — Ph3;Sn.N(Ph).CO.0C.Cls )
The structure of adducts formed between isocyanates and trialkyltin
pentachlorophenoxide was open to argument!2, for quite a while but the
physical and chemical properties could now be reconciled with the penta-
chlorophenyltriphenylstannyl N-phenyl carbamate structure (I).

C6H 5
(C¢Hs);Sn-N-C-OC,Cls
I

1¢9)

The reaction of bis(pentachlorophenoxy) diphenyltin with phenyl-
isocyanate in 1 : 2 ratio molar took place according to equation (3) and
the product isolated was N-diphenyl stannylene bis(pentachlorophenyl
N-phenylcarbamate). Both the compounds showed characteristic C=0
stretching in the IR absorption at 1695 4 10 cm™!,

3h
Ph,Sn(0OCCls); + 2PhNCO —— Ph,Sn[.N(Ph).CO.OCCls],  (3)

Carbon disulphide is one of the less reactive acceptor molecules, and have
been reported not to react with triphenyltin phenoxide even after 6 days.
Simple addition apparently occurred with tributyltin methoxide to give
O-methyl S-tributyltin dithiocarbonate but the pure adduct could not be
isolated!2,

Carbon disulphide, however, reacted with triphenyltin pentachloro-
phenoxide at room temperature to give S-triphenyltin-O-pentachloro-
phenyldithiocarbonate

Ph3SnOCCls + CS; — Ph;Sn.S.CS.0CCls (4)
It also reacts with diphenyltin bis(pentachlorophenoxide) in 2:1 molar
ratio to give S-diphenyltin-O-bis(pentachlorophenyldithiocarbonate). The
IR spectra showed characteristic maxima at 1060, 1140 and 1200 cm-!
which agree well with those reported for thiocarbonates!2,
Ph,Sn(0OC4Cls) + 2CS; — Ph,Sn.(S.CS.0CCls), %)
The reactions of sulphur dioxide were parallel to those of carbon dioxide.
Tributyltin methoxide gave methyltributyltin sulphite as a viscous oil,
which was rapidly converted in air into bistributyltin sulphite. Tributyl-
tin phenoxide reacted only slowly with sulphur dioxide giving phenyl-
tributyltin sulphite!2,
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Triphenyltin pentachlorophenoxide reacted readily with sulphur
dioxide to give pentachlorophenyl triphenyltin sulphite.

Ph3SﬂOC6C15 + SOZ - Ph;Sn.O.SO.OC6C15 (6))

Sulphur dioxide reacted with diphenyltin bis(pentachlorophenoxide) to
give pentachlorophenyldiphenyl (pentachlorophenoxy)tin sulphate.

Ph,Sn(OCCls), + SO, — Ph,Sn(0C4Cl;5).0.S0.0CCl;s )

Only the mono insertion of SO, was observed; even on prolonged
passage of SO, no change in the product was observed.

The characteristic IR absorptions expected for sulphite complexes
viz., at 9854 5 cm~! and 843 4+ 5 cm-! 1213 were observed in the

sulphites.

TABLE 3
ANALYTICAL DATA OF ARYLTIN PRODUCTS
Found (%) Calcd. (%)
Product -
C H N S C H N S
(CsH;):Sn.N(C¢Hs)CO.O0CCls 51.15 2.60 185 — 5067 272 199 ~—
(CsHs):Sn.S.CS.OCsCls 4333 210 — 9.19 4440 214 — 9.26
(CsHj5)sSn.0.S0.0CsCls 4227 210 — 461 4240 221 — 471
(p-CH3CsH4)sSn.S.CS.0CCls 45.80 275 — 865 4592 28 — 8.73
(p-CH3CsH):S0.0.S0.0CsCls  44.81 2.80 — - 4.34 4592 291 — 442
(CsHs)2Sn[N(C¢H;)CO.0CsCls): 43.55 1.80 2.59 — 4369 192 2.68 —
(CsHs):Sn(OCsCls)(0.SO.0C:Cls) 3290 1.65  — 155 33.11° 115 — 161
(CsHs),2Sn(S.CS.0CsCls)a 3240 1.05 — 13.25 32,58 1.05 — 1336
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