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higher intensity bands. Finally, there is no observable
splitting of the d = d band for either isomer.

The mechanism of the cis — trans isomerization is
not known. In order to learn something more about
this interesting reaction, we are currently studying the
thermodynamics and kinetics of the isomerization.

Acknowledgment.—The authors wish to acknowledge
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Foundation vie Grant GP-9056.
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The reaction of dialkyltin sulfides with correspond-
ing dialkyltin dichlorides is known to involve halo-
gen transfer yielding 1,1,3,3-tetraalkyl-1,3-dichlorodi-
stanthianes!-?

Cl Cl

|
RzSHS + RgSI’lCl\g —_— R?HSSIHR

R R

When SnCl, is used in place of R,SnCly, a more complex
reaction is observed,?i.e.

3(C4H9)2SHS + QSHCL; —_— 3(C4H9)QSHC12 + Sn2C1253

The resulting Sn,ClLS; is a white, reactive solid which is
amorphous to X-rays. It reacts with water forming
H,S and uncharacterized oxides and oxychlorides. It
is unstable in air or in inert atmosphere and decomposes
rapidly into stannic sulfide and SnCl,

A
251’1C1253 — 3SnSz + SnCL;

The character of the new compound was not affected by
varying the ratio of dibutyltin sulfide and SnCl,. An
excess of (C4H,)2SnS leads to the formation of 1,1,3,3-
tetrabutyl-1,3-dichlorodistanthiane along with di-
butyltin dichloride and SnyClyS;.

Experimental Section

In a modular drybox containing a nitrogen atmosphere, 7.95 g
of pure di-n-butyltin sulfide, prepared from recrystallized di-n-
butyltin dichloride and sodium sulfide following the reported
procedure,® was dissolved into 50 ml of anhydrous #-hexane.
Slowly and under magnetic agitation, 5.21 g of reagent grade
stannic chloride was added to this solution. After 15 minutes of
vigorous agitation at room temperature, the white precipitate
was filtered, washed several times with hexane, and vacuum
dried; yield, 3.92 g. A#nal. Caled for SnyClS;: Sn, 58.6;
Cl, 17.5; S, 23.7. Found: $8n, 56.9; Cl, 17.0; S, 24.0. A

(1) K. Moedritzer and J. R. Van Wazer, Inorg, Chem., 8, 943 (1964).

(2) S. Midgal, D. Gertner, and A. Zilkha, Can. J. Chem., 48, 2987 (1967).

(3) When metal halides other than SnCls were used in this study, insoluble
metal sulfides frequently resulted.

(4) B. K. Ingham, S. D. Rosenberg, and H. Gilman, Chem. Rev., 60, 459
(1960).
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2.8-g amount of di-z-butyltin dichloride was recovered by evapc-
ration of the filtrate. When Sn;ClyS; was heated in a crucible at
120° until the evolution had subsided, a quantitative amount of
SnS, was recovered.
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The subject of this paper is the investigation of the
reaction of aqueous hydrogen peroxide with #-butyl-
substituted stannyl sulfides which led to the prepara-
tion of several organotin sulfate derivatives. The prep-
aration of bis(trialkyltin) sulfates either by ester-ex-
change reactions of trialkyltin mercaptides! or by reac-
tion of sodium hydrosulfate with bis(trialkyltin) oxides
or hydroxides? has been previously described. It isalso
known that acyl peroxides and esters of some peracids
react with various organometallic compounds, in par-
ticular triethyltin halides®* and bis(triethyltin) sul-
fide.® In the latter case, benzoyl peroxide was shown
to cleave both tin—sulfur bonds of the organotin sulfide
to form triethyltin benzoate and elemental sulfur. No
other work has been reported on the oxidation of the
tin—sulfur bonds of organotin sulfides.

Experimental Section

Bis(tri-n-butyltin) Sulfate.—To a solution of 30.6 g (0.05 mol)
of pure bis(tri-z-butyltin)} sulfide in 50 ml of #n-hexane was
added dropwise under vigorous agitation 9.7 g (0.1 mol) of a
359, aqueous solution of hydrogen peroxide. After maintaining
the agitation at room temperature until all peroxide had been
consumed (potassium iodide test), the water was eliminated by
azeotropic distillation. The remaining white precipitate was
filtered, washed with hexane, and dried under vacuum over
calcium chloride. Twenty-seven grams of pure bis(tri-n-butyl-
tin) sulfate melting at 140-144° was obtained in 809 yield.
Anal. Caled for CouHpnOSSne: C, 42.63; H, 8.05; O, 9.47;
S, 4.74; Sn, 35.11. Found: C, 41.72; H, 8.13; O, 10.00; S,
4.69; Sn, 35.39. Infrared spectrum [potassium bromide wafer
on Perkin-Elmer Infracord 337 grating spectrometer (in cm~1)]:
2900 (vs), 1450 (s), 1270 (s), 1100 (vs), 870 (w), 665 (v), 620
(s), 520 (vw), 470 (vw).

Di-n-butyltin Sulfate.—Fifty-seven grams (0.1 mol) of pure,
recrystallized bis(chlorodi-n-butyltin) sulfide, prepared by heat-
ing at 100° for 1 hr equimolar amounts of di-z-butyltin sulfide
and di-n-butyltin dichloride and recrystallized from #n-hexane,
was dissolved in 100 ml of #-hexane. To this solution, 19.5 g
(0.2 mol) of 359, aqueous hydrogen peroxide was added dropwise
under agitation. The agitation was maintained until completion
of the reaction and the water was eliminated by azeotropic distil-

(1) G. 8. Sasin and R. Sasin, J. Org. Chem., 20, 387 (1955).

{2) M & T Chemicals, Dutch Patent Appl. 6,602,002 (1966).

(3) G. A. Razuvaev and O. A. Shchepetkova, Dokl. Akad. Nauk SSSR,
187, 618 (1961).

(4) G. A. Razuvaev, N. 8. Vyazankin, and O. A. Shchepetkova, Teira-
hedron Letters, 18, 667 (1962).

(5) N. 8. Vyazankin and M. N. Bochkarev, Zkh. Obshch. Khim., 817,
1545 (1967).
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lation. An additional 30 inl of hexane was added to the reaction
mixture, and, upon filtration and drying, 21.5 g of infusible
white di-n-butyltin sulfate was obtained in 659 yield. The
solvent was eliminated from the filtrate by evaporation and the
remaining mixture yielded 17 g of di-n-butyltin dichloride and
residual unreacted starting material by fractional recrystalliza-
tion from n-hexane. .nal. Caled for CiH130s88n: C, 29.21;
H, 5.51; 0, 19.45; S, 9.75; Sn, 36.08. Found: C, 28.53; Ii,
5.42; 0, 19.67; S, 9.99; Sn, 37.01. Infrared spectrum [KBr
wafer (in em™1)]: 2950 (vs), 2920 (s), 1455 (s), 1420 (w), 1370
(m), 1290 (s), 1100 (vs), 880 (s), 685 (s), 650 (m), 620 (s), 590
(vs), 335 (vw), 510 (vw), 415 (vw).

Poly[oxybis(di-n-butyltin) sulfate].—A solution of 53 g (0.02
mol) of di-n-butyltin sulfide in 50 ml of n-hexane was oxidized
by slowly adding to it 38.9 g (0.4 mol) of 359, aqueous hydrogen
peroxide, under vigorous agitation. The exothermic reaction
was maintained at 30-40° during the addition of the peroxide and
the agitation was maintained for 2 hr after completion of the
addition. Thirty-two milliliters of water was eliminated by
azeotropic distillation and the off-white precipitate formed was
filtered and extracted several timmes with carbon disulfide.
T'rom the carbon disulfide, 1.2 g of elemental sulfur was recovered.
The residual 42 g of infusible white powder represented a 329
yield of pure poly[oxybis(di-n-butyltin) sulfate]. Anal. Caled
for (CieHs0:98n2),: C, 33.25; H, 6.28; O, 13.84; S, 5.55;
Sn, 41.08. Found: C, 32.31; H, 6.22; O, 13.5; S, 5.91; Sn,
40.50. Infrared spectrum [KBr wafer (in em™1)j: 2950 (vs),
2900 (s), 1455 (s), 1420 (w), 1300 (s), 1100 (vs), 1000 (s), 880
(s), 685 (s), 620 (s), 590 (s), 510 (w).

Bis(acetoxydi-z-butyltin) Sulfate.—A mixture of 100 g of
polyloxybis(di-n-butyltin) sulfate] and 200 g of acetic anhydride
was refluxed for 30 min until the reaction mixture became clear.
After cooling, crystallization occurred and the resulting solid was
filtered, washed with 60 ml of cold acetic anhydride, and dried
under vacuum over sodium hydroxide. Seventy-six grams of
pure bis(acetoxydi-n-butyltin) sulfate melting at 288-283° was
obtained (659 yield). . dnal. Caled for CooHOsS9ns: C, 35.32;
H, 6.22; 0, 18.82; S, 4.71; Sn, 34.91. Tound: C, 34.52; H,
5.97; 0O, 19.01; S, 4.92; Sn, 35.18. Infrared spectrum [KBr
wafer (in ecm~1)]: 2050 (vs), 2900 (s), 1725 (vs), 1645 (m),
1550 (w), 1455 (s), 1420 (w), 1370 (m), 1280 (s), 1200 (vs), 1050
(vs), 900 (w), 870 {w), 825 (w), 785 (2), 630 (m), 395 (m), 555
(w), 830 (s).

Poly(n-butylstannoxy) Acid Sulfate.—Twenty nine grams (0.3
mol) of a 357, aqueous solution of hydrogen peroxide was added
dropwise to a refluxing suspension of 24.2 g (0.1 mol) of freshly
prepared butylthiostannoic acid in 100 ml of #-hexane. After
2 lir of agitation at reflux and coniplete elimination of the water
by azeotropic distillation, the resulting off-white polymeric solid
was filtered, washed with petroleum ether and acetone, and then
dried in a vacuum desiccator over pliosphorus pentoxide. The
30 g of white powder obtained represented a quantitative yield
of poly(n-butylstannoxy) acid sulfate melting with decomposition
at 255-260°. Anal. Caled for (CiH;0s88n),: C, 16.60;
H, 3.46; O, 27.68; S, 11.07; Sn, 41.07. Tound: C, 16.59;
H, 3.92; O, 28.11; S, 11.30; Sn, 40.99. Infrared spectrum
[KBr wafer (in em—1)]: 33500 (s), 2990 (vs), 1400 (s), 1100 (vs),
1020 (vs), 880 (m), 750 (w), 595 (s). When treated with aqueous
potassium hydroxide, poly(n-butylstannoxy) acid sulfate yielded
quantitative amounts of #-butylstannoic acid which, in turm,
reverted to the acid sulfate above by treatment with sulfuric acid.

Results and Discussion
Bis(tri-n-butyltin) sulfide reacts readily with hy-
drogen peroxide to yield bis(tri-z-butyltin) sulfate
H20:
(C4Hu):sSHSSn(C4Hn>3 —> (C4H;):SnS0:Sn(CiHy )z (1)

The reaction is slightly exothermic and the resulting
sulfate corresponds to the compound prepared by
treating tri-m-butyltin isopropyl mercaptide with sul-
furic acid following a reported general procedure.!

Inorganve Chemastry

An attempt to prepare bis(chlorodi-n-butyltin) sul-
fate by the same process, using recrystallized bis(chloro-
di-n-butyltin) sulfide® as a starting material, failed when
the exothermic reaction with hydrogen peroxide led, by
a redistribution reaction, to di-m-butyltin dichloride
and di-z-butyltin sulfate (eq 2). The latter was com-

C4H9 C4H9 C4H9

H,0,
ClSnSSnCl  —  (C,Hy),SnCl, + SnSO, (2)
CH, C.H, CHy |,

parable to the compound obtained from the reaction of
di-n-butyltin oxide or di-n-butyltin sulfide with concen-
trated sulfuric acid.” It is reasonable to believe that
the redistribution reaction took place after the oxidation
of the halogenated organotin sulfide proceeded rather
than before. If a redistribution into di-z-butyltin di-
chloride and di-m-butyltin sulfate had preceded the
formation of the sulfate ion, one would expect di-
butyltin sulfate to be the major product of the oxida-
tion of dibutyltin sulfide with hydrogen peroxide. This
is not the case and di-#-butyltin sulfide, which is known
to assume a trimeric form,® seems to undergo a ring
cleavage to form poly[oxybis(di-z-butyltin) sulfate]
(I) and elemental sulfur. The formation of an inter-
mediate free thiobis(di-n-butylstannyl) radical readily
undergoing oxidation into the stannoxy derivative is a
probable cause for the elimination of unreacted ele-
mental sulfur. Residual di-z-butyltin sulfide resulting
from the cleavage obviously may trimerize and undergo
the same cleavage-oxidation sequence

HC,  CH,
/

H,0,

C\4H9 C.H, C.H,

-SnSSn- + Sn=S + S

CH, CH, C.H,

foo
CH,  C.H, CH,  CH,
—0SnS08n- =22, CH,C00SnS0,$n0COCH,
¢H, CH CH, CH,

I I

Poly [oxybis(di-n-butyltin) sulfate] reacts with acetic
anhydride to form bis(acetoxydi-n-butyltin) sulfate
(II) but does not react with mercaptans. #-Butyl-
thiostannoic acid oxidizes quantitatively into n-butyl-
stannoxy acid sulfate when treated with hydrogen per-
oxide (eq 3).

(8) K. Moedritzer and J. R. Van Wazer, Inorg. Chen., 8, 943 (1964).

(7) C. H. Stapfer and A. C. Shah, unpublished results.
(8) W. T. Reichle, J. Org. Chem., 26, 4634 (1961).
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C.H, C.H,
| wo, |

—SlnS— —=>  -Sn0O- + H,S} (3)
SH 0SO.H

Potassium hydroxide easily hydrolyzes the sulfate into
n-butylstannoic acid which, in turn, can be treated with
sulfuric acid to revert to the n-butylstannoxy acid sul-
fate.

In summary, we can see that the reaction of hydrogen
peroxide with alkyltin sulfides leads to the oxidation of
tributyltin sulfide into the corresponding sulfate and to
partial cleavage of dibutyltin sulfide and butylthio-
stannoic acid to form stannoxy sulfates with elimination
of sulfur and hydrogen sulfide, respectively. Similar
oxidation reactions were attempted with phenyl-sub-
stituted stannyl sulfides but extensive decomposition
was observed in all cases.

The infrared spectra of most n-butyl-substituted
stannyl sulfates show common vibrations at about 1100,
880, and 685 cm~! which have been assigned to the
stretching and deformation bands of the sulfate ion.®
However, we feel that these spectra are insufficient to
determine the exact structure of organotin sulfates.
This question is the object of a separate investigation!!
showing that the tin atom in bis(tri-n-butyltin) sulfate
is most likely to be pentacoordinate.

(9) R. A. Cummins and P. Dunn, Australian J. Chem., 17, 185 (1964).

(10) D. H. Lohmann, J. Organometal. Chem. (Amsterdam), 4, 382 (1965).
(11) C. H. Stapfer, K. L. Leung, and R. H. Herber, Inorg. Chem., in press.
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A variety of tertiary phosphine and arsine derivatives
of mercury(II) halides have been known for some time.*
Recently the infrared spectra of the series of compounds
[(CeHs)aP ]2HgX2 and [<C6H5)3P HgX2]2 (X = Cl,
Br, or I) have been studied by Deacon and Green.5$
The replacement of halides by such potentially multi-
dentate ligands as thiocyanate, nitrate, and perchlorate
offer a number of interesting bonding possibilities.

This paper reports a study of the complexes formed

(1) This work was supported in part by grants from the National Science
Foundation and the Office of Saline Water Research.

(2) Presented at the 158th National Meeting of the American Chemical
Society, New York, N. Y., Sept 1969,

(3) Visiting Professor on leave from Ithaca College, 19671968, Now at
East Stroudsburg State College, East Stroudsburg, Pa. 18301,

(4) R. C. Evans, F. G. Mann, H. S. Peiser, and D. Purdie, J. Chem. Soc.,
1209 (1940).

(5) G. B. Deacon and J. H. S. Green, Specirockim. Acta., 24A, 845 (1968).

(6) G. B. Deacon, J. H. 8. Green, and D. J. Harrison, ibid., 244, 1921
(1968).
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between triphenylphosphine (TPP) or triphenylarsine
(TPA) and mercury(II) thiocyanate, nitrate, or per-
chlorate. The structures of the solid complexes have
been deduced from their stoichiometry, infrared spec-
tra, and a comparison with previous investigations
of the similar mercury (1) halide complexes.**

Experimental Section

Materials.—All inorganic compounds were of reagent grade
and were used as received. Triphenylphosphine was obtained
from Matheson Coleman and Bell and was used without further
purification. Triphenylarsine was purchased from Alfa Inor-
ganics and was recrystallized from ethanol before use. All sol-
vents were reagent grade,

Analytical Procedures.—Elemental analyses were performed
by Galbraith Laboratories, Knoxville, Tenn., and Schwarzkopf
Microanalytical Laboratory, Woodside, N. Y.

Infrared Spectra.—The infrared spectra were obtained with a
Perkin-Elmer 521 spectrophotometer. The samples were pre-
pared as Nujol mulls pressed between either KBr or AgCl plates.

Preparation of Compounds.—All the compounds reported in
this paper were prepared by the same general method. TPP or
TPA and the appropriate mercury(I1) salt were allowed to react
in either a 2:1 or a 1:1 molar ratio in the boiling solvent indi-
catedin TableI. The only exception is the preparation of (TPA)-
Hg(SCN), which required a 109, excess of TPA to give the re-
quired product. After boiling for several minutes, the reaction
mixtures were cooled. The colorless crystals which appeared
were filtered off and washed thoroughly with absolute ether to
remove any unreacted ligand. The thiocyanate and nitrate
complexes were air dried and used without further treatment.
The (TPP)Hg(ClO4); and (TPA);Hg(ClOy); complexes were re-
crystallized from nitromethane. The [(TPP)Hg(ClOs)]. and
[(TPA)Hg(ClO4)2], complexes were thoroughly washed with
nitromethane to remove any contaminating 2:1 complex present.
The melting points and analytical data for the various com-
pounds prepared are summarized in Table I. Preparation of
[(TPP)Hg(SCN).]; was repeated three times and the surprisingly
low melting point was obtained each time. All of the compounds
are stable in air.

Caution! On several occasions the TPP complexes of mer-
cury(II) perchlorate exploded when heated above their melting
points. The analogous TPA complexes merely decomposed
slowly under the same conditions. All should be treated with
caution, however.

Results and Discussion

Class 1 compounds, prepared by the reaction of either
triphenylphosphine or triphenylarsine with mercury (II)
thiocyanate, nitrate, or perchlorate, in a 2:1 molar
ratio, gave analyses consistent with the formulation

[(CsHs):E]sHegX,
1

where E = P or As and X~ = SCN—, NO;—, or ClO,—.
Class 2 compounds were prepared by using a 1:1 molar
ratio of (CeH;)sE to mercury(II) salt. Analyses of the
products are consistent with the formulation

¢ C6H5)3E27 ‘HgXo],

The major infrared peaks of the compounds are re-
corded in Table II. Absorptions characteristic of tri-
phenylphosphine or -arsine are not tabulated. Evans,
et al.,* and Deacon and Green®*® have prepared analo-
gous series of halide complexes. X-Ray crystallogra-
phic studies* and infrared studies’:$ of these halide com-
plexes have been interpreted in terms of class 1 com-



