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the resulting solution was cooled in ice. White crystals of di-
pheny! disulfide separated almost immediately. These were
washed with dilute alkali, filtered, and dried in a desiccator.
The yield was 1.35 g. (73%,), m.p. 60.4-60.9°, lit.?? m.p. 61.5°.
A mixture melting point was undepressed. In another experi-
ment, the titration mixture was made alkaline and extracted with
ether. Examination of the ether extract via v.p.c. indicated the
presence of t-butylalcohol in about 209, of the theoretical amount.

Reaction of Diphenyl Disulfide with Bromide-Bromate Rea-
gent.—Diphenyl disulfide (0.3 g., 1.37 mmoles) was dissolved in a
mixture of glacial acetic acid (50 ml.) and concentrated hydro-
chloric acid (2 ml.), and the solution was heated to 80°. With
stirring, 13.8 ml. of 1.0 N bromide-bromate (13.8 mequiv.) was
added to the hot solution. The reaction mixture was then
quickly cooled to room temperature, diluted with 100 ml. of
distilled water, and extracted twice with 20-ml. portions of
benzene. Concentrated ammonia solution was then added to the
benzene extract and the mixture was momentarily brought to
reflux. After cooling, the aqueous phase was separated and al-
lowed to evaporate at room temperature. Crystals of benzene-
sulfonamide (0.262 g. 61.6%) which separated overnight were
filtered and dried in a desiccator, m.p. 151-152°, lit.2* m.p. 150~
151°. The infrared spectra of the product was identical with that
of authentic benzenesulfonamide.

Reaction of Di(t-butyl) Sulfide with Bromide-Bromate Rea-
gent.—A solution of di(¢-butyl) sulfide (0.2390 g., 1.632 mmoles)
in a mixture of glacial acetic acid (50 ml.) and concentrated
hydrochloric acid (4 ml.) was treated with 116.5 ml. of 0.0995 N

(22) W. Steinkopf, I. Schubart, and 8. Schmidt, Ber., 61, 680 (1928).
(23) H.F. Whalen and L. W. Jones, J. Am. Chem. Soc., 47, 1356 (1925).
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bromide-bromate reagent for 5 min. at room temperature. The
pH of the reaction mixture was then adjusted to 6.5 with 257
sodium hydroxide solution.

An aqueous solution containing barium chloride (0.5 g.) was
added to the reaction mixture and a white precipitate immedi-
ately appeared. The reaction mixture was digested for 0.5 hr. at
about 60°. The precipitate was washed by decantation using
distilled water. The precipitate was separated from the last
traces of water by drying at 110°, after which it was heated to
1000° for 1 hr. in an open crucible suspended above a Fisher
burner. The weight of the sample remained essentiallly constant
during this latter treatment. The product, 0.2621 g. (1.12
mmoles), was identified as barium sulfate by its X-ray diffraction
pattern.

Oxidation of 1,2-Bis(¢-butylthio)ethane with Hydrogen Per-
oxide.—A solution of 1,2-bis(t-butylthio)ethane (1.006 g., 4.39
mmoles) in glacial acetic acid (50 ml.) was allowed to stand for
24 hr. The solution was then heated to 60° and a 109 excess of
309, hydrogen peroxide (2.5 ml.) was added dropwise. After
the addition was complete, the mixture was heated an additional
0.5 hr. at 60°. The solution was then carefully evaporated to
dryness at 40-60° and the residue was recrystallized from 939,
ethanol to yield white crystals of 1,2-bis(t-butylsulfonyl)ethane,
0.8485 g. (64.6%,), m.p. 228-230°, lit.?* m.p. 230-231°.

Anal. Caled. for C;pHz048,: C, 44.42; H, 8.21; 8, 23.70.
Found: C, 44.72; H, 7.82; S, 22.96.

When this experiment was repeated in the presence of concen-
trated hydrochloric acid (6 ml.), the yield of recrystallized sulfone
was 54.79,.

(24) H.J. Backer, J. Strating, and J. F. A. Hazenberg, Rec. trav. chim., 72,
838 (1953).

The Reduction of Sulfur-Containing Functional Groups with Triphenyltin Hydride

MicuagL Pang!—2® anp ErnEsT 1. BECKER*

Department of Chemastry, Polytechnic Institute of Brooklyn, Brooklyn 1, New York
Received January 8, 1964

The reducing action of triphenyltin hydride on a variety of sulfur-containing functional groups has been

studied. Aryl disulfides are cleaved at the 8—8 bond to give triphenyltin aryl sulfide, (C¢H;);SnSAr.
C-S bond in (CsH;CHo:),8, dibenzyl sulfide, and (CsH;CH.S),, benzy! disulfide, is cleaved to give toluene.
phenols and methyl mercaptan evolve hydrogen and give the mixed sulfides.
in the cold and on heating produces diphenylmethane.

benzenesulfonate.

The allyl
Thio-
Thiobenzophenone is decolorized

Benzenesulfonic acid gives hydrogen and triphenyltin
Benzenesulfinic acid and benzenesulfonyl chloride both give triphenyltin benzenesulfinate,

hydrogen, and triphenyltin chloride, respectively. The aryl C—S bond is not reduced (Ph.8, thianthrene) and
diphenyl sulfone and dipheny! sulfoxide are not reduced. Catalytic effects of 2,2’-azobis(2-methylpropionitrile)

and of triphenylborine were studied.

The purpose of this investigation is to report on the
use of triphenyltin hydride as a reducing agent for
sulfur functions. Only three previous reports in this
area have been made: J. G. Noltes and G. J. M. van
der Kerk have reported that allyl mercaptan is con-
verted to propylene while triphenyltin hydride is con-
verted to bis(triphenyltin) sulfide® and also that vinyl
sulfone and sulfoxide® are reduced; Lorenz and Becker
have reported that 1-naphthyl and phenyl isothio-
cyanates are converted to the corresponding aryl iso-
cyanide and N-methylarylamine.” The reductions
attempted here include aromatic and aliphatic mer-

(1) Presented at the Third Annual Metropolitan Regional Meeting,
Jan. 27, 1964, New York, N. Y.

(2) Taken from a portion of the dissertation submitted to the Faculty of
the Polytechnic Institute of Brooklyn in partial fulfillment of the require-
ments for the degree of Doctor of Philosophy, 1964.

(8) Supported by the Army Research Office (Durham) under Contract
No. DA-31-124-AR0OD-29. This support is gratefully acknowledged.

(4) To whom inquiries should be directed. :

(5) Reports of Tin Research Institute, "*Functionally Substituted Organo-
tin Compounds,’’ 1958, pp. 73, 115.

(8) J. G. Noltes and G. J. M. van der Kerk, Chem. Ind. (London), 294
(1959). In this report the products of the reduction were not established.

(7) D. H. Lorenz and E. I. Becker, +. Org. Chem., 38, 1707 (1963).

captans and related compounds, a sulfone and a sul-
foxide, a sulfinic acid and a sulfonic acid and certain of
their derivatives, and carbon disulfide and hydrogen
sulfide.

The Aromatic C-S Bond.—No aromatic C-S bond
was cleaved by triphenyltin hydride. Thus, neither
diphenyl sulfide nor thianthrene reacted. Phenyl
disulfide did react, but only to give triphenyltin phenyl
sulfide, reduction having taken place only at the S-S
bond (eq. 1). Thiophenol and 2-thionaphthol reacted,

CeHaSSCeHs -+ Q(CsHs)xan —_— 2(CGH5)aSnSCeH5 + H, (1)

but only at the 8-H bond, producing the correspond-

ing triphenyltin aryl sulfide and hydrogen (eq. 2).
ArSH =+ (CGHS)ESHH —_—> AI‘SSH(CGHs)a + H2 (2)

Ar = CgHs;, 2-naphthyl

Benzenesulfenyl chloride reacted spontaneously to

give triphenyltin phenyl sulfide in yields as high as

959, (eq. 3).

CsHaSCl + 2(CBH5)SSDH —
(CeH;):8nCl + (CeH;):SnSCeH; + H, (3)
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In comparison with these results, lithium aluminum
hydride (LiAlH,) cleaves disulfides, but also does not
hydrogenolyze the aromatic C-S bond.3® In con-
trast to the reactions cited for thiophenol and 2-thio-
naphthol, lithium aluminum hydride does not react.
p-Toluenesulfenyl chloride reacts with lithium alu-
minum hydride to give the disulfide in 899, yield.!®

The Aliphatic C-S Bond.—Benzy!l disulfide reacted
with triphenyltin hydride to give bis(triphenyltin)
sulfide, toluene, hydrogen sulfide, and benzyl mercaptan,
thus demonstrating that the benzyl C-8 bond was
cleaved (eq. 4).

(CGHSCHZS)Z + (CaHs)aSHH —_—
(CsHs)sSDSSH(CsHs); + Cst,CHs +
CeH;CH.SH + H,S (4)
(trace)

Benzyl mercaptan reacted to give toluene, hydrogen
sulfide, and bis(triphenyltin) sulfide (eq. 3). The
ZCGHscHgsH + 2( CGHs)aSnH e

(CeH;s):8nSSn(CeHs)s + 2CH,CH; +  (5)
H.,S

C-S bond of benzyl sulfide also was cleaved to give
toluene and bis(triphenyltin) sulfide (eq. 6). Thio-

Cst,CHgSCHQCeHs + (CsHs)sSnH —_—
(CeH;):8nS8n(CeHs)s + C:Hs;CHs  (6)

benzophenone was decolorized at room temperature
and then, after heating at 145° for 4 hr., was con-
verted to diphenylmethane (eq. 7).

S
|
‘CsHséCeHa + 2(C6H5)3SDH —_—
‘ (CsH;).CH; + (CeH;):SnSSn(CeHs)s  (7)

Carbon disulfide reacted to give bis(triphenyltin)
sulfide, but in poor yield (13%). Other products
were not identified. The S-H bond of methyl mer-
captan was not cleaved even at 160°.

CSz + (CeHs)sSnH —_— (CeHs)aSnSSn(CsHs)a (8)

Acids and Their Derivatives.—The reaction of tri-
phenyltin hydride and benzenesulfonic acid takes place
rapidly to give triphenyltin benzenesulfonate (89%)
and hydrogen (eq. 9). The product was characterized

C@H{,SOaH + (CeHs)aSnH —_— CeH5SOsSn(CsH5)3 + Hz (9)

by saponification which produced hexaphenylstannox-
ane and sodium benzenesulfonate (eq. 10 and 11).

CsHsSOaSn(CeHs)a + NaOH —>
. CeH,SO:Na + (CeH;):SnOH (10)

heat
2(CeH5)3SnOH : (CaHs)aSnOSn(CsHs)s + H2O (11)

With benzenesulfinic acid, triphenyltin hydride
produced triphenyltin benzenesulfinate in a vigorous
exothermic reaction when no solvent was employed;
in benzene as solvent the cessation of effervescence
(hydrogen) was used visually to mark the end of the
reaction (eq. 12). The yield varied from 75-85%,.

CsHsSO:H + (CeH;)sSnH —> CeH;S0.8n(CsHs); + Ha (12)

The same product was obtained in 83%, yield from the
reaction of triphenyltin hydride with benzenesulfonyl

(8) J. Strating and H. J. Backer, Rec. trav. chim., 69, 638 (1950).

(9) T. L. Cairns, G. L. Evans, A. W. Larcher, and B. C. McKusick, J.
Am, Chem. Soc., T4, 3982 (1952).

(10) L. Field and F. A. Grunwald, J. Org. Chem., 16, 948 (1951).
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CeH:S0,Cl + 2(CeH5)3SnH e o CeHsSOzSn(CsH5)3 +
(CsH5)SnCl + H, (13)

chloride (eq. 13). In the latter reaction hydrogen and
triphenyltin chloride were obtained.

The question whether the tin is attached to oxygen
or to sulfur in triphenyltin benzenesulfinate arose.
Spectral evidence was not satisfactory because of the
absence of suitable models. The argument that it is
formed from either benzenesulfinic acid or benzene-
sulfonyl chloride loses effectiveness since benzene-
sulfinic acid may be an intermediate in the reaction.
However, sodium hydroxide saponifies the product
producing hexaphenylstannoxane and sodium benzene-
sulfinate, which facts point to a Sn—O rather than a
Sn—S bond (eq. 14).

205H5802SH(C§H5)3 + 2NaQH —>
2C3H5802Na + [(CsHs)aSn]zo + HgO (14)

For comparison, it is of interest that lithium alu-
minum hydride reduces sulfonyl halides to the cor-
responding sulfinic acids, or disulfides, or mercaptans
depending upon the conditions of the reaction.®

Miscellaneous Compounds.—Diphenyl sulfone, di-
pheny! sulfoxide, and methyl p-toluenesulfonate were
not reduced. In contrast, lithium aluminum hydride is
known to convert sulfones and sulfoxides to the cor-
responding sulfides!®!?; sulfonate esters are displaced on
the alcohol C-O bond to give the hydrocarbon derived
from the alcohol and the sulfonic acid.®

Recently Kuivila, Menapace, and Warner have re-
ported that 2,2’-azobis(2-methylpropionitrile) cata-
lyzes the hydrogenation of halides.!* Lorenz, et al.,'*
have shown that dibenzoyl peroxide and triphenyl-
borine can also catalyze the hydrogenolysis. A
study of the effect of triphenylborine and of 2,2’-azobis-
(2-methylpropionitrile) was made here as well.

The results are summarized in Table I. With thio-
phenol, benzyl mercaptan, carbon disulfide, phenyl
disulfide, and benzyl disulfide, the yields were appreci-
ably improved using either 2,2’-azobis(2-methylpro-
pionitrile) or triphenylborine. With benzyl disulfide,
triphenylborine was more effective than with 2,2'-azo-
bis(2-methylpropionitrile). With methyl mercaptan,
reaction took place to give triphenyltin methyl sulfide
and hydrogen. Neither catalyst caused the unreactive
diphenyl sulfone, diphenyl sulfoxide, methyl p-toluene-
sulfonate, thianthrene, or diphenyl sulfide to react.
In considering the positive results, it may again be
inferred that, as for the halides,!* 4 the hydrogenolysis
reaction with sulfur functions may be catalyzed by
cationic or radical catalysts (see below).

Mechanism.—The mechanism of the hydrogenolysis
reaction has been examined.'®*1* Kuivila, Menapace,
and Warner have claimed a free-radical reaction for
catalysis with 2,2’-azobis(2-methylpropionitrile) and
have presented a mechanism. Recently,* benzoyl
peroxide also was shown to catalyze the hydrogenolysis
reaction. As an example of a Lewis acid catalyst,
triphenylborine was shown to catalyze the reaction for

(11) R. F. Nystrom, unpublished work, through W. G. Brown, Org. Re-
actions, 6, 508 (1951).

(12) F. G. Bordwell and W. H. McKellin, J. Am. Chem. Soc., T8, 2251
(1951),

(13) H. G. Kuivila, L. W. Menapace, and C. R. Warner, ibid., 84, 3584
(1962).

(14) D. H. Lorenz, P. Shapiro, A. Stern, and E. I. Becker, J. Org. Chem.,
28, 2332 (1963).
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TaBrE I
HyprogENOLYSIS WITH TRIPHENYLTIN HYDRIDE
~~—Conditions—— — % yield
Temp., Time, M.p. or B.p., No AIBN® (Ph)sB®
Resactants °C. hr. Products °C. catalyst catalyst catalyst
C:H.SH 85 2 (CsH;);SnSCeH;, 99.4-100.5 67.5 78.9 85.0
H,
CeH:SSCeH; 90 1 (CeH;)sSnSCeHj;, 88.0 83.5 91.0
H,
2C\ H;SH 120 3 2C1,H ,88n(CeH;)s, 74.5-76.0 68.0 72.2 78.7
H,
CgH;’,CHQSSCHzCoHs 130 2 (CGH5>3SDSSH( CeHa)a, 144 .0-144 .6 11.6 16.8 78.8
H.S, CsH;CH;,
CH;SH 160 3 (CsH;):SnSCH;, 94.6-95 .4 0 46.6 32.8
H,
CsH;CH.SH 85 5 (CeH;):SnS8n(CeHy ), 144.0-144 .6 0 54.7 60.0
H:8, C:H;CH;
CsHsCHzSCHQCaHs 130 3 <CGH5)3SHSSD(06H5)3, 27.3 38.2 41.6
C¢H;CH,
CS; 155 6 (C¢H;5)3:8n88n(CeHs); 13.0 45.6 54.0
(CeH;)80, 130 5 0 0 0
(CeH;5),S0 130 5 0 0 0
coclENE S
CsH;SC¢H; 150 9 0 0 0
CsH,CSCe¢H;, 145 4 C¢H,;CH.C¢H; 264.5 68.0
(CsHs)ssnSSn(CsHs)g 114.0-144.6 58.5
H.S 130 5 S 25.7
150 0.5
CeH,SO:H Spontaneous (CeH;)sSn0S0.CeH;, 253.0-255.0 88.7
H,
C¢H;SO.H (CsH;):SnOSOCH;, 228.5-230.5 99.6
H,
CeHsSOzCI (CGH5)3SHCL Hz 103—104 100
CsHaSCl (CGHE)BSHCL Hz - 78
(CsH5>3SnSCeH5 99.4-100.5 60

s 2,2’-Azobis(2-methylpropionitrile). ¢ Triphenylborine.
halides!¢ and, in the present work, for sulfur functions.
However, certain new considerations make the assump-
tion of Lewis acid catalysis suspect.

When triphenylborine was first prepared by Krause
and Nitsche,'® it was reported to react rapidly with
oxygen. Recently, Kolesnikov,®—1®  Ashikari,1°—2
Welch,?? Furukawa,?*?* and Fordham and Sturm?
have reported that triethylborine or tributylborine will
polymerize vinyl monomers and that the reaction is
most likely free radical. If the same considerations
hold by analogy with triphenylborine, then the cata-
lytic effect we have observed may indeed be simply
another free-radical reaction to add to those reported
by Kuivila!® and also by Lorenz and Becker.'* This
point is under further investigation.

ampoule which was sealed in vacuo was heated at 150° for 9 hr.
Distillation of the reaction mixture afforded only phenyl sulfide,
b.p. 296°.

Thianthrene.—Triphenyltin hydride (3.51 g., 0.0100 mole)
and thianthrene (1.08 g., 5.00 mmoles) were allowed to react at
130° for 3 hr. with stirring and under nitrogen atmosphere.
Thianthrene was isolated quantitatively.

Phenyl Disulfide.—A mixture of triphenyltin hydride (7.0 g.,
0.0199 mole) and pheny! disulfide (2.0 g., 9.16 mmoles) was al-
lowed to react in nitrogen atmosphere with stirring at 90° and 1
hr. The mixture solidified when cooled. After recrystallization
from n-hexane, triphenyltin phenyl sulfide was isolated, m.p.
98.0-99.5°, 7.4 g. (0.0162 mole, 889,).

Thiophenol. 1.—Triphenyltin hydride (7.5 g., 0.0214 mole)
and thiophenol (4.0 g., 0.0366 mole) were allowed to react under
nitrogen at 85° for 6 hr. Hydrogen was given off during the
reaction, and the reaction mixture solidified on cooling. Two
recrystallizations from petroleum ether and one from a 1:1 mix-
ture of dioxane-petroleum ether (b.p. 60-70°) gave colorless tri-
phenyltin phenyl sulfide, melting at 92.2-93.0°. After drying in

Experimental vacuo at 80°, it melted at 99.4-100.5° (8.0 g., 0.0174 mole,
81.3%).
Phenyl Sulfide.—A mixture of phenyl sulfide (1.8 g., 9.67 Anal. Caled. for CpHySSn: C, 62.78; H, 4.39; S, 6.98;

mmoles) and triphenyltin hydride (7.5 g., 0.0214 mole) in an

(15) E. Krause and R. Nitsche, Ber., 58, 1262 (1922).

(16) G. 8. Kolesnikov and L. 8. Fedorova, Izv. Akad. Nauk SSSR,
Otd. Khim. Nauk, 236 (1957); Chem. Abastr., 81, 11,291 (1957).

(17) G. 8. Kolesnikov and L. 8. Fedorova, Izv. Akad. Nauk SSSR, Otd.
Khim. Nauk, 906 (1958); Chem. Abstr., 82, 21,216 (1958).

(18) G. 8. Kolesnikov and N. V. Klimentova, Izv. Akad. Nauk SSSR,
Otd. Khim. Nauk, 652 (1857); Chem. Abstr., 51, 15,458 (1957).

(19) J. N. Ashikari and A. Nishimura, J. Polymer Sci., 81, 247 (1958).

(20) J. N. Ashikari, 1bid., 31, 250 (1958).

(21) J. N. Ashikari, tbid., 81, 641 (1958).

(22) E.J. Welch, 1bid., 61, 243 (1962).

(23) J. Furukawa and T. Tsuruta, tbid., 28, 227 (1958).

Sn, 25.85; mol. wt., 459.2. Found: C, 62.80; H, 4.41; S,
6.98; Sn, 25.8; mol. wt., 462 (cryoscopic in benzene).

Thiophenol. 2.—When the above reaction was run at 140°
for 3 hr., beginning with triphenyltin hydride (14.0 g., 0.040
mole) and thiophenol (4.0 g., 0.0366 mole), triphenyltin phenyl
sulfide was isolated, m.p. 99.4-100.5° (14.0 g., 0.0320 mole,
87%). When the reaction was run at 85° for 2 hr., the yield was
67.5% (12.40 g:, 0.0270 mole).

(24) J. Furukawa, T. Tsuruta, R. Sokata, and K. Ito, Makromol. Chem.,
80, 109 (1959).
(25) J. W. L. Fordham and C. L. Sturm, J. Polymer Sci., 88, 503 (1958).
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2-Naphthalenethiol.—Triphenyltin hydride (7.0 g., 0.0199
mole) and 2-naphthalenethiol (3.2 g., 0.020 mole) in 10 ml. of
benzene were heated at 120° for 3 hr. Hydrogen was given off
during the reaction. After 15 ml. of n-hexane was added to the
cooled reaction mixture, triphenyltin 2-naphthyl sulfide precipi-
tated. After recrystallization from n-hexane, it melted at 74.5-
76.0° (6.92 g., 0.0136 mole, 689;).

Anal. Caled. for CysHSSn: C, 66.04; H, 4.36; S, 6.30;
Sn, 23.3; mol. wt., 509.3. Found: C, 66.00; H, 4.47; 8,
6.39; Sn, 23.2; mol. wt., 515 (ebullioscopic with benzene).

Benzenesulfenyl Chloride.—Benzenesulfenyl chloride® was
prepared as reported. Triphenyltin hydride (3.2 g., 9.12 mmoles)
was added dropwise to a stirred, ice-cooled solution of benzene-
sulfenyl chloride (1.25 g., 8.64 mmoles) in 10 ml. of n-hexane.
Hydrogen was given off violently and the red color discharged.
At this point there was no observable change when another drop
of triphenyltin hydride was added. A small sample indicated
thiophenol by vapor phase chromatography (v.p.c.). An in-
frared band at 2550 ¢m.™! also indicated the presence of thio-
phenol. Evaporation of another sample to dryness afforded
triphenyltin chloride. Another portion of triphenyltin hydride
(5.3 g., 0.0151 mole) was added to the above reaction mixture
which was heated in an oil bath at 130° for 1 hr. Hydrogen was
given off during the reaction. When the mixture cooled, & pre-
cipitate was formed. The filtered solid was extracted with
ethanol and the residue recrystallized from n-hexane to give tri-
phenyltin phenyl sulfide, m.p. 99.4-100.6° (3.1 g., 6.74 mmoles,
78%,). Evaporation of the ethanolic extract ¢n vacuo yielded
triphenyltin chloride, m.p. 103-104° (2.0 g., 5.2 mmoles, 60%).
Other runs gave up to 959 of the sulfide.

a-Tolyl Disulfide.—Triphenyltin hydride (15.0 g., 0.0427
mole) and a-tolyl disulfide (2.46 g., 0.0100 mole) were sealed into
an evacuated ampoule and heated at 160° for 3 hr. The cooled
product mixture was extracted with 5 ml. of n-hexane. Toluene
and benzyl mercaptan were found in the hexane extract by in-
frared spectrum and v.p.c. analysis. Hydrogen sulfide odor was
detected and confirmed by acidified lead acetate test. The
residual solid, which remained after the hexane extraction, was
dissolved in ethyl ether, then filtered by suction, and evaporated
to dryness. A white crystalline material was obtained. After
two recrystallizations from a 1:3 mixture of benzene-n-hexane,
bis(triphenyltin) sulfide was obtained (6.0 g., 8.20 mmoles, 82%),
m.p. 144.0-144.6°. When a similar reaction was run at 130° for
2 hr., the yield was 11.6%.

Benzyl Mercaptan.—At 85° triphenyltin hydride did not re-
duce benzyl mercaptan. When triphenyltin hydride (14.0 g.,
0.0399 mole) and benzyl mercaptan (4.9 g., 0.394 mole) were held
at 160° for 3 hr. with stirring, hydrogen sulfide was evolved.
Toluene was identified by its vapor phase chromatogram from a
sample of the reaction mixture injected into the v.p.c. unit and
by its infrared spectrum. Upon cooling, the reaction mixture
solidified and the solid was recrystallized three times from petro-
leumm ether. Bis(triphenyltin) sulfide was isolated (3.0 g., 4.1
mmoles, 20.8%), m.p. 144.0~144.5° (1it.¥ m.p. 141.5-143°).

Benzyl Sulfide.—A mixture of benzyl sulfide (2.14 g., 0.0100
mole) and triphenyltin hydride (3.51 g., 0.0100 mole) was heated
at 130° for 3 hr. n-Hexane was added and crystallization took
place when cooled. Bis(triphenyltin) sulfide was isolated (1.00
g., 1.365 mmoles, 27.39,), m.p. 144.0-144.5°,

Thiobenzophenone.—A mixture of triphenyltin hydride (8.0
g., 0.0228 mole) and thiobenzophenone® (1.4 g., 7.0 mmoles)
was heated at 145° for 4 hr. It was extracted with n-pentane
which yielded diphenylmethane (0.80 g., 4.76 mmoles, 689,) on
evaporation of the pentane in vacuo. Recrystallization of the
residue afforded bis(triphenyltin) sulfide (3.0 g., 4.1 mmoles,
5%.5%), m.p. 144.0-144.5°. ‘

Carbon Disulfide.—A mixture of triphenyltin hydride (14.0 g.,
0.0300 mole) and carbon disulfide (25.0 g., 0.3283 mole) was re-
fAluxed at 155° for 6 hr. The mixture turned brown. When
cooled, it solidified after 15 ml. of n-hexane was added. Bis-
(triphenyltin) sulfide was isolated, and, after recrystallization
with n-hexane, had m.p. 144.0-145.0° (2.85 g., 3.89 mmoles,
13%).

(26) H. Lecher and F. Holschneider [Ber., 87, 757 (1924)] report b.p.
58-60° (3 mm.), n®p1.6132, red liguid.

(27) J. G. Noltes and G. J. M. van der Kerk, Chem. Ind. (London), 294
(1959). .

(28) F. H. Westheimer, R. H. Abeles, and R. F. Hutton, J. Am. Chem.
Soc., 79, 712 (1957).
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Methanethiol.—A mixture of triphenyltin hydride (3.5 g.,
0.0100 mole) and methanethiol (1.28 g., 0.0400 mole) in an evac-
uated ampoule was heated at 160° for 3 hr. Methyl mercaptan
was left unchanged.

Benzenesulfonic Acid.—Triphenyltin hydride (3.51 g., 0.0100
mole) in 10 ml. of benzene was added with stirring to benzene-
sulfonic acid (1.76 g., 0.0100 mole) in an ice bath. No apparent
change was observed for 25 min. When the mixture was allowed
to warm to room temperature, hydrogen bubbled out and a white
curdy precipitate formed. A total of 30 ml. of benzene was added
during the reaction in order to ease stirring. The product on
filtration by suction afforded a solid, which, after recrystalliza-
tion with dioxane, melted at 253.0-255.0° (4.52 g., 8.87 mmoles,
88.7%).

Anal. Caled. for CoyHy0:88n: C, 56.77; H, 3.97, S, 6.43;
Sn, 23.38. Found: C, 56.68; H, 4.04; S, 6.54; Sn, 22.85.

Chemical Analysis.—Two grams (3.94 mmoles) of the above
product was heated with stirring with 35 ml. of 25% sodium
hydroxide at 100° for 2 hr. After the solution cooled, it was
filtered by suction, and the hexaphenylstannoxane collected was
recrystallized from ether, m.p. 120-122° dec. (1.3 g., 1.82 mmoles
92.49,). The alkaline filtrate was acidified with 1:1 aqueous sul-
furic acid, then titrated with 259 sodium hydroxide until the
solution was just basic, and evaporated to dryness in vacuo.
The white solid, which remained, was extracted with ethanol.
Evaporation of the ethanol gave a solid whose infrared spectrum
was superimposable on that of sodium benzenesulfonate.

Benzenesulfinic Acid. 1.—Triphenyltin hydride (3.51 g.,
0.0100 mole) and benzenesulfinic acid (1.42 g., 0.0100 mole)
were mixed in a 25-ml. flask. A vigorous and exothermic reac-
tion accompanied by hydrogen evolution was observed. The
reaction mixture solidified and was recrystallized twice from 1:1
mixture of chloroform—ethanol to afford 3.9 g. (7.94 mmoles,
79.49,) of colorless product, m.p. 228.5-230.5°.

Benzenesulfinic Acid. 2.—Triphenyltin hydride (1.540 g.,
4.490 mmoles) was injected through a syringe to a solution of
benzenesulfinic acid (0.3280 g., 2.310 mmoles) in 20 ml. of ben-
zene with stirring. Hydrogen, 53.4 ml. (cor.) (caled.?® 52.65
ml.) was collected. Triphenyltin benzenesulfinate (1.1296 g.,
2.300 mmoles, 99.6%,) was isolated.

Anal. Caled. for CoHs0:88n: C, 58.69; H, 4.10; S, 6.53;
Sn, 24.16. YFound: C, 58.67; H, 4.04; S, 6.40; Sn, 24.50.

Degradation of Triphenyltin Benzenesulfinate.—Triphenyltin
benzenesulfinate (3.0 g., 6.12 mmoles) of 30 ml. of 25% sodium
hydroxide solution were allowed to stand with stirring at 100° in
an open flask for 2 hr. Bis(triphenyltin) oxide was obtained on
suction filtration of the reaction mixture. After recrystalliza-
tion twice from ether, it melted at 120-122° dec. (lit.® m.p. 124°
for hexaphenylstannoxane) (1.8 g., 2.51 mmoles, 82.39%). The
filtrate from above was acidified with dilute (1:1) hydrochloric
acid, and then extracted twice with ether. The ethereal extract,
after being washed with water, was evaporated to dryness
in vacuo giving benzenesulfinic acid, m.p. 79.5-81.7° (lit. m.p.
82.5° for benzenesulfinic acid) (0.210 g., 15 mmoles, 15%).

Benzenesulfonyl Chloride. 1.—Triphenyltin hydride (7.0 g.,
0.0200 mole) was added dropwise to benzenesulfonyl chloride
(1.76 g., 0.0100 mole). Within 2 min. after the addition, violent
effervescence occurred and the temperature of the reaction mix-
ture rose to 120°. The effluent gas did not redden wet litmus
paper but gave a “pop’’ test. When it had cooled to room tem-
perature, 1.02 g. (2.91 mmoles) of triphenyltin hydride was
added, and no further reaction was noted. About 10 ml. of n-
pentane was added and the mixture was filtered by suction to
give, after washing the solid with 5 ml. of n-pentane, 8.1 g. of
crystalline solid starting to melt at 95°. There was no observable
solubility of the solid in hot water. The crystalline product was
extracted with ether and evaporation of the extract to dryness
yielded triphenyltin chloride (3.50 g., 9.10 mmoles, 915,), m.p.
103-104° (recrystallized with n-hexane). The residue after
washing with ethanol afforded triphenyltin benzenesulfinate
(4.20 g., 8.56 mmuoles, 859, ), m.p. 228.5-230.5° (recrystallized).

Benzenesulfonyl Chloride. 2.—Triphenyltin hydride (3.0800
g., 8.600 mmoles) was injected through a syringe to a solution of
benzenesulfonyl chloride (0.5142 g., 2.900 mmoles) in 10 ml. of
benzene with stirring. Hydrogen,* 66.8 ml. (cor.) (caled.?®

(29) This value is obtained by reaction 12.

(30) H. Gilman and L. A. Gist, Jr., J. Org. Chem., 22, 250 (1957).

(31) The absence of hydrogen chloride was tested by wet litmus paper.
(32) Valueis based on reaction 13.
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~———Pheny! sulfone————— ~—-Triphenyltin hydride—

2. mmoles 2. mmoles Temp., °C. Time, hr. Other conditions

2.0 9.16 5.0 14.2 135 3 Under nitrogen
6.5 18.5 160 2

130 1
1.5 6.87 4.8 13.7 130 5 in vacuo
1.48 6.78 11.9 34.0 130 1 in vacuo

180 0.5

65.2 ml.) was collected. Triphenyltin chloride (1.120 g., 2.910
mmoles; theoretical, 1.118 g., 2.900 mmoles) and triphenyltin
benzenesulfinate (1.412 g., 2.88 mmoles; theoretical, 1.424 g.,
2.900 mmoles) were isolated separately.

Pheny! Sulfone.—A mixture of phenyl sulfone and triphenyltin
hydride was heated in an evacuated ampoule as shown in Table
II. To the cooled product, 25 ml. of ether was added and then
filtered by suction. The filtrate on evaporation to dryness af-
forded a white solid which, after recrystallization with n-hexane,
melted at 124.5-125.5° (lit. m.p. 125° for phenyl sulfone). The
amount of phenyl sulfone reisolated was nearly 100% in all cases.

Phenyl Sulfoxide.—A mixture of triphenyltin hydride (7.0 g.,
0.020 mole) and phenyl sulfoxide (2.0 g., 9.9 mmoles) was sealed
in an evacuated ampoule and was heated at 130° for 5hr. To the
cooled product, 20 ml. of n-hexane was added and the mixture
was filtered by suction immediately. The filtrate on standing
yielded pheny! sulfoxide (2.0 g., 9.9 mmoles), m.p. 69.0-70.4°.

Methyl p-Toluenesulfonate.—The title compound was not re-
duced at 80° for 1 hr. using a ratio of 4:1 triphenyltin hydride—
ester. When 11.6 g. (0.0330 mole) of triphenyltin hydride and
0.87 g. (4.72 mmoles) of methyl p-toluenesulfonate (7:1) were
heated at 150° for 7 hr. and then at 180° for 0.5 hr. in a sealed
evacuated ampoule, again there was no hydrogenation.

Reactions Catalyzed by 2,2’-Azobis(2-methylpropionitrile) or
Triphenylborine Thiophenol.—Triphenyltin hydride (3.51 g.,
0.0100 mole), thiophenol (1.10 g., 0.0100 mole), and 2,2’-azobis-
(2-methylpropionitrile) (1.6 mg., 0.10 mmole) were mixed, then
heated at 85° for 2 hr. under nitrogen. Triphenyltin phenyl sul-
fide (3.62 g., 7.89 mmoles, 78.99,) was isolated. When using
triphenylborine as catalyst the above reaction under similar condi-
tions yielded phenyl triphenyltin sulfide (3.90 g., 8.50 mmoles,
85.0%).

Benzyl Mercaptan.—A mixture of triphenyltin hydride (3.51
g., 0.0100 mole), benzyl mercaptan (1.24 g., 0.0100 mole), and
2,2’-azobis(2-methylpropionitrile) (1.6 mg., 0.100 mmole) was
heated at 85° for 5 hr. under nitrogen. Bis(triphenyltin) sulfide
(2.00 g., 2.733 mmoles, 54.79,) was isolated. When using tri-
phenylborine as catalyst the above reaction under similar condi-
tions yielded bis(triphenyltin) sulfide (2.20 g., 3.00 mmoles,
60%).

Benzyl Sulfide.—Triphenyltin hydride (3.51 g., 0.0100 mole),
benzyl sulfide (2.14 g., 0.0100 mole), and 2,2’-azobis(2-methyl-
propionitrile) (1.6 mg., 0.100 mmole) were allowed to react at

130° for 3 hr. under nitrogen. Bis(triphenyltin) sulfide (1.40
g., 1.912 mmoles, 38.2%,) was isolated. When using triphenyl-
borine as catalyst the above reaction under similar conditions
yielded bis(triphenyltin) sulfide (1.52 g., 2.078 mmoles, 41.6%,).

Phenyl Disulfide.—A mixture of triphenyltin hydride (7.50
g.,0.0213 mole), phenyl disulfide (2.18 g., 0.0100 mole), and 2,2’-
azobis(2-methylpropionitrile) (3.2 mg., 0.200 mmole) was heated
at 90° for 1 hr. under nitrogen. Triphenyltin phenyl sulfide
(7.66 g., 0.0167 mole, 83.59;) was isolated. When the above
reaction was run under similar conditions using triphenylborine
as catalyst, phenyl triphenyltin sulfide (8.38 g., 0.0182 mole,
91.09,) was isolated.

Carbon Disulfide.—A mixture of triphenyltin hydride (3.51 g.,
0.0100 mole), carbon disulfide (7.60 g., 0.1000 mole), and 2,2’-
azobis(2-methylpropionitrile) (1.6 mg., 0.100 mmole) was heated
at 155° for 6 hr. Bis(triphenyltin) sulfide (1.67 g., 2.280 mmoles,
45.6%) was isolated. When the above reaction using triphenyl-
borine as catalyst was run under similar conditions, bis(triphenyl-
tin) sulfide (2.00 g., 2.730 mmoles, 54.69,) was obtained.

Benzyl Disulfide.—Triphenyltin hydride (7.01 g., 0.0200
mole), benzyl disulfide (1.23 g., 5.000 mmoles), and 2,2’-azobis-
(2-methylpropionitrile) (2.3 mg., 0.2000 mmole) were heated at
130° for 2 hr. under nitrogen. Bis(triphenyltin) sulfide (1.20 g.,
1.64 mmoles, 16.89;) was isolated. When the above reaction
using triphenylborine as catalyst was run under similar conditions,
bis(triphenyl) sulfide (5.62 g., 7.88 mmoles, 78.89,) was isolated.

Methyl Mercaptan.—A mixture of triphenyltin hydride (3.51
g., 0.0100 mole), methyl mercaptan (1.28 g., 0.0400 mole), and
2,2’-azobis(2-methylpropionitrile) (1.6 mg., 0.100 mmole) ‘in a
sealed evacuated Carius tube was heated at 160° for 3 hr. Tri-
phenyltin methyl sulfide (1.85 g., 4.660 mmoles, 46.6%), m.p.
94.6-95.4° was isolated. When the above reaction was run using
triphenylborine as catalyst under similar conditions triphenyltin
methyl sulfide (1.30 g., 3.280 mmoles, 32.8%,) was obtained.

Anal. Caled. for Ci,HisSSn: C, 57.45; H, 4.58; S, 8.07;
Sn, 29.90; mol. wt., 397.1. Found: C, 57.23; H, 4.77; S,
7.88; Sn, 30.03; mol. wt., 423 (ebullioscopic in CCl,).

Diphenyl Sulfone, Dipheny! Sulfoxide, Methyl p-Toluenesulfo-
nate, Thianthrene, and Dipheny! Sulfide.—Their reactions with
triphenyltin hydride were repeated as described in the preceding
reactions with the exception of using 2,2’-azobis(2-methylpropio-
nitrile) or triphenylborine as catalyst. Neither catalyst had any
effect on the reaction as described previously.



