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VWhen diallyl- and di-f-methallyisilanes were treated with hydrogen polysulfide, low
molecular weight polymers were obtained which contained both silicon and sulfur®.
On this basis, it was hoped that the addition of hydrogen polyvsulfide to diallyl- and
di-f-methallvitin compounds would produce tin containing polymers.

Initially, hyvdrogen polyvsulfide with the average composition H,S; . was added
to a series of mono-olefinic tin compounds of the general formula R3SnR’, where R’
is allvl or g-methallyl and R is ethyl, #-butyl, phenyl or p-tolyl. The reaction between
allvltriphenyvitin and hydrogen polysulfide at elevated temperatures resulted in the
cleavage of the allyl group as well as one of the phenyl groups. Similarly, trimeric
di-p-tolvltin sulfide was obtained from allvltri-p-tolyltin and hyvdrogen polvsulfide
under the same conditions.

(p-CH,CH,),SnCTH.CH=CH, —Hx“%—» [{9-CH;CgH,).SnS],
When the monoallvliin compeunds were treated with hydrogen polvsulfide at
room temperature, addition to the double bond rather than cleavage of groups was
found to take place.

R,SnCH,CH=CH, + H.S;.. — ;”R,SnCH,(I:H_-"E S
| CH, |

The polysulfides formed in this manner were assigned the structures listed in Table x
on the basis of elemental analyvsis, average molecular weight and infrared data.

These compounds were unstable above room temperature and decomposed
rapidiy on heating to form bis{trialkyl) or bis(triaryltin) polysulfides and propylene.
The sulfides resulting from the beta elimination of the hydrogen polvsultfide adducts,
while having a variable sulfur content, all contain less sulfur than the parent com-
pounds.

\When comparing the infrared spectra of the polyvsulfides with those of the allvlic
starting materials, a noticeable increase in terminal methyl absorption at 1375 em™!
was observed in the case of the ethyl and 7z-butvl compounds. The allyltriarvitin
compounds have no band at 1375 cm™! while their hvdrogen polysulfide adducts
exhibit a moderately strong absorption in this region. Decomposition results in a dis-
appearance of this band in the aryl compounds and its diminution in the alkyl
compounds.
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TABLE 1
THE HYDROGEN POLYSULFIDE ADDITION TO OLEFINIC TIN COMPOUXNDS

: Decomposition
Monomer Polvsulfide tsolated pr £uc ;
(CsH,),SnCH,CH=CH, [[(CaHisSaCH.CH TS0 [(C.Ho) Snl,S, 5
} i
i CH, i,
(n-CyH,),SnCH,CH=CH, I ("’CAHﬁ:S“CH:?H——j Se-6 {(n-C H,)350]:5, 4
L CH, _ ]
(CgH5)ySnCH,CH=CH, —(CsHs)aanH:(?H‘—l Ss-s [(CeH3)aSn1aS,
CH, :,
[, e
{#-CH,C H ),SnCH,CH=CH, [ (p-C H,C,H,),SnCH,(I:H_‘] Se-9 [(p-CH,C H,),Sn}1.S
(C;H,),Sa{CH,CH=CH,), e [(C;H;)2S0S, 21
(r-CyHL,),Sn{CH,CH=CH), e £(-C,H,).SnS .l
{CoH},SnCH,C(CH,) =CH, R LT T(CoH;)3Snl.S; .
(r-C;H,),SnCH,C(CH,)=CH, R R R LT {(n-C;Hyg)35n]}4S,.4
{C(H;),5nCH,C(CH;)=CH, R L [(CgH;)ySni,S,
{#-CH,CeH 1, SnCH,C(CH ) =CH., - - - ooiiiiiiiiiii e [(p-CH,C4H,),Sn1.S
(2-C,H,).Sa(CHLC(CH,) =CH.), R LR R LT [{r-C4H,)2SnS, 415

The reaction of hvdregen polvsulfide with the series of g-methallvitrialkyl- and
-triarvltin compounds was found to proceed in much the same manner as above. The
resulting products containing a gem-dimethvl group as well as a beta sulfur atom
were found to be unstable at room temperature. Decomposition occurred on standing
with the evolution of isobutylene and the formation of tin sulfides similar to those

obtained from the 2llvl compounds.

§ CH, !
P
RySnCH.C=CH, B, RySnCH,C— | Sz —> (RySn)Sy + CH:=C(CH,), +S
CH, . CH, .

Infrared spectra of the adducts, obtained before decomposition showed a distinct
doublet in the 1360-1385 cin~! region, thas indicating the exisience of a gem-dimethyl
group. These bands disappeared after decomposition.
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Diallyldiethyltin, diallyldi-»-butyltin and di-»-butyldi-g-methallyltin were found
to undergo the same reactions with hydrogen polysulfide as did the corresponding
monoallyl and -8-methallyl compounds. The infrared spectra of these reaction pro-
ducts showed the same characteristics as those above. Similarly, on purification, these
polvsulfides decomposed to give diethyltin sulfides and di-n-butyltin sulfides, re-
spectively. Molecular weight determinations indicated these sulfides to be trimeric.

The instability of the hydrogen polysulfide adducts and the nature of the de-
composition products together with significant changes in the infrared spectra during
the course of reaction and decomposition indicate that the reaction proceeded to
give Markownikoff addition in an ionic reaction.

INFRARED DATA

VWhen an allvltin compound has reacted with hydrogen polysulfide, the absorption
bands due to unsaturation at 3060, 1620, g85 and 880 cmm? all disappear along with a
weak band at 930 cm™). Apparently, this band is attributable to unsaturation, but
it is not listed by Bellamy=. However, it is listed among the absorptions for allyltri-
methyltin by Egorov3.

In addition to increases in the methyl and methylene absorptions, new bands
occur at 1230, 1120 and 1092 cm~! throughout the series of allyl adducts. In all cases
after heating and subsequent elimination of propyvlene, the three bands disappeared
indicating that theyv are probably due to the propylene group.

The reaction of g-methallyltin compounds with hydrogen polysulfide resulted in
the loss of five bands: the 3060, 1625 and 860 cm~ absorptions as well as one of
medium intensity at 1275 cm~* and a weak band at g73 cm™'. The latter two are
presumably- due to unsaturation although they are not listed as such by Bellamy?.

As previously mentioned, the products obtained from the reaction of hydrogen
polysuifide and the g-methallvltin compounds were unstable to the extent that they
could not be isolated without decomposition. However, spectra in carbon tetra-
chloride solution were obtained during the course of reaction and in all cases new
bands were found at 1218, 1165, 10go, and 1060 cm~* in addition to the doublet at
1375 cm~t. After decomposition these bands had disappeared.

The new bands are probably attributable to the isobutylene group formed during
the reaction.
EXPERIMENTAL PART

Hvydrogen polvsulfide and allyltricthvltin

Allvitriethyltin (10 g, 0.04035 mole) in 30 cc of carbon tetrachloride was treated in a
flask equipped with condenser, addition funnel and magnetic stirrer, with 40 g
(0.024 mole) of hydrogen polvsulfide in 30 cc of carbon tetrachloride, with continucus
stirring. The reaction was slightlv exothermic. After 17 h some sulfur precipitated and
was filtered. Most of the carbon tetiac.aloride was then removed by heating under
water suction. The yvellow oil remaining was precipitated from carbon tetrachloride by
the addition of methyl alcohol, repeatedly, until infrared analysis showed no trace of
unsaturation. The product waskept at—z5° for two months to precipitate sulfur, vield-
ing {(C.H,);SnCH,CH(CH,)S; . (Found: C, 31.34; H, 5.74; S, 28.00; Sn, 34.25; mol.
wt., 672. C;gH ,55n,5; caled.: C, 31.41; H, 6.15; S, 27.95; Sn, 34.49 % ; mol. wt. 688.)

J. Organomeial. Chem., 2z (1964) 425~431



. T. SCHWARTZ, JR., H. W. POST

(M) ool
(8) 064
(s) 101

(M) §€01
(8) 0lot

(Wyorn
(s) Sg1t

(M) otz

(M) ooz

(1) got
(k) o0t
{s) oSt
(v) £OF
{s) €651

(M) EEQ 1

(M) §641
(%) ob1

(w) ogr.

(w) o7

(w) vgoe

(u1) voot

(w) okot

. oy e

-

apypsstod

(npgop-d=tag)saer (aggewaydra))sp (Hagmg-- 105144

(s) €6y
(w) S2¢
(™) goo6
(8) 566
(s) 0201
(s} oot
(s o811
{w) Sgrt
{m) Gurt
(wr) $67
{w) o8t
{m) Sot
(s) ottt
(w1) ogt1
(M) otot
(&) Sogt
(M) §ig
(M) 0961
{w) obot

apynsdpod

(w) §09
{w) obo
(&) G184
(w) oLl
(M) ofg
(qs) tog
(w) $ig
(m) 040
(M) voot
(w) orot
(W) Sko1
(w) olon
(w) Strt
(M) optt
(m) oSzt
() 0671
() obf)
() 6SEt
{tun) SLE
(W) S
{s) unt
(v) obgr
(%) oo
(x) olor

apy sk

(v) vl
(y¥) ok
(w) %0

(v) £rot
(w) Y1t
(W) ot
(w) G4t
(W) ort
(w1} Eott
(wt) 4597

(k) ogR¥

(%) oobhz

(¥) ok07

apifpnsiod

T::.—.St.cv.ﬂ:\

VAV NOLLIMORSITY (AIUYHINT

{s) S0l
(W) orl
(%) 062
(w) Ghg
() 486
{s) oror
(w) wton
(8) olot
() So60t
(W) ot
(s} obit
(W) orzt
{tu) of'et
(ur) Engt
(u) ortt
() 481
(%) 0O
(%) o8¥i
(8) S6ix
(#) 5651
{w) $tar
(w) oogt
{M) 0001
() ogge
(ut) o162
{(ut) o860z
(ut) opot
{ur) okot

sptipnsaiod [y :&:.3,.\2_\ (18 apdmsiiod \sype  apiinssod T16qm
=N AED-(ANUD)S A AR (S gyt (plinengs - gAYy ganu-x- (N RInys
pord-an- s pswadpp-lisur -p$pspeaa)disig Sy dissr

oIV

() S0
{8) Gl
(W) 08y
(W) iy
{a) goo
3T
560
(8) oron
(8) olon
() 700t
(W) Sr 1
(W) 8911
(r1) Sg
(W) otet
(W) gt
() ooty
(w) okt
(QUEYAS
() gt
(1) o5t
(%) oght
(YETAY
(W) $E9t
(&) Yom
(EYRYA
(M) oo
(W) vooe
(1w) oabe
(1) ook
(w) olor

(w) Sog
() v
() $14
{m) 4id
(m) old
{proag "wy)
Sl-aoy
(M) 096
(prndy 'a)
Q- 000t
() oFo
(1) olon
(») oot
(M) ot
(1) agtt
(n) ofr1
(M) abet
[EYRHA
(&) gttt
(m) G4¢€1
(w) SLE1
(M) ozt
(8} ool
(v) oSyr
(%) ouoz.
(k) oS06r

(s} 99

(tu) ¥1d
() Sgt
(W) Szg
{8 oth
(W) 090
() vzot
(1) SGo1t
(™) o711
{t) ogrs
(1) otr 1
() $4E 1
(a) ozt
(prosg 'ur)
090§kt
(s} oole
(vt} ooge
(8) voggz
() vobr
(%) o¥or

Py

J- Organometal. Chem., = {1964) 325-431



HYDROGEN POLYSULFIDE AND OLEFINIC TIN COMPOUNDS 420

Thermal decomposition of bis{B-(triethyvistannyl)-a-methylethyl: polysulfide

This mixture of compounds (¥ = 6.0) was heated in a flask provided with condenser
and stirrer and connected to a Drv Ice trap. The flask was immersed in a decalin
bath at 165°. Heating was continued until foaming had ceased. The gas in the trap
was identified as propylene by its infrared curve (Sadtler* spectrum No. 6403).
Bromination yvielded 1,2-dibromopropane (Sadler* spectrum No. 3649), b.p. 138°
(lit.? 140%). The vellow oil in the flask was boiled with g5 %, ethyl alcohol to remove
sulfur, thenfiltered. The clear yvellow oil did not lose sulfur at the temperature of Dry
Ice, nor did it solidify. The infrared curve of this product was identical with that of
triethyltin chloride, but the analvsis indicated that it was [(C,H)3Sn[,S; ;5. (Found:
C, 31.79; H, 6.49; S, 9.02; Sn, 51.81; mol. wt. 442 C,.H;Sn,S, ; caled.: C, 31.72
H, 6.61; S, q.25; Sn, 52.42 % ; mol. wt., 454.)

Hydrogen polysulfide and allyltri-n-butyvitin

Similarly, 10 g (0.03 mole) of allyvltri-z-butyltin reacted with 1.0 g (0.024 mole) of
hyv drocen polysulfide tc form [(#-C,H,);SnCH.CH(CH,)S, 3!, (Found: C, 40.77; H,
7.38; S 24.35; Sn, 27.18; mol. wt., §73. C,uHgSn.Ss ¢ caled.: C, 41.24; H, 7 6 3 S,
24.08; Sn, 27.17 %5 ; mol. wt., 889.)

Thermal decomposition: of bisIB-(tri-n-butvistannyl)-a-methyviethyii polysulfide

In a manner similar to that used in the former pyrolysis, this mixture (v = 6.6) was
heated producing propyvlene and [{r#-C Hy),Sni.S, .. (Found: C, 46.60; H, 8.54: S
6.90; Sn, 38.11; mol. wt., 697. C,,H;,Sn.S, ; caled.: C, 46.30; H, 8.6S; S, 6.75; Sn.
33.26 °5; mol. wt._, 622.)

Hydrogen polysulfide and allyliriphenyltin

A solution of allyltriphenvltin (5.0 g, 0.013 mole} in 25 cc of benzene was treated
with 3.0 g (0.018 mole) of hydrogen polvsulfide with stirring, heated on the steam
bath until all of the benzene had evaporated, then heated in a wax bath at 150°
for 2 h. All of the hvdrogen sulfide had been driven off by this time, as indicated by
the lead acetate test. After cooling, the solid reaction mixture was dissolved in
chloroform and chilled in Dry Ice to remove dissolved sulfur. The solution was then
filtered and the solute separated by the addition of methyl alcohol. The viscous oil
was purified from traces of solvent by heating on a steam bath for 3 h. An infrared
spectrum of this residue indicated complete absence of any aliphatic character. After
standing for several weeks, the product slowly crystallized. It was taken up in a
minimum amount of trichloroethylene and reprecipitated by the addition of a mini-
mum amount of pentane, as a vellow crystalline solid. This process was repeated four
times until the crystals were white. Inirared data confirmed its identity as trimeric
diphenvltin sulfide, m.p. 182~3° (lit 3 183-4°).

\When repeated, this reaction at room temperature yielded {{C,H;),SnCH,CH-
{CH4)S;.05.0. {(Found: C, 50.55; H, 4.22; S, 21.75; Sn, 23.90; mol. wt., goi.
C;.H ;2505 5 caled.: C, 50.55; H, 4.21; S, 21.36; Sn, 23.87 %5; mol. wt., 997.)

Sadtler Research Laboratories, 1517 Vine St., Philadelphia, Pa., U.S.A.
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Thermal decomposstion of bisif-(triphenylstannyly-a-methylethyl:, polysulfide

Similarly, this mixture (x = 6.5) produced, on the application of heat, propylene and
[(CelH5)35nS.1,, m.p. 138-25°. (Found: C, 51.82; H, 3.78; S, 15.61; Sn, 28.55; mol. wi,,
780. C,H,5n.S, caled.: C, 352.17; H, 3.62; S, 15.46; Sn, 28.549%,; mol. wt., 828))

Hydrogen polvsulfide and cliyliri-p-tolyltin

In a similar manner, 9.2 g (0.021 mole) of allyltri-p-tolyltin and 4.0 g (0.024 mole) of
hyvdrogen polvsulfide reacted at 150° to form trimeric di-p-tolyltin sulfide, m.p.
188-0°. (Found: C, 50.50; H, 4.35; S, 10.05; 5Sn, 35.87; mol. wt., 976. C;5H;,5n,;5,
caled.: C, 50.45; H, 4.2¢; S, 9.61; Sn, 35.79 %; mol. wt., 999.)

This experiment was repeated without the use of heat. Stirring was continued
for z7 h after which the svstem was filtered from sulfur and the solvent removed
under vacuum. The product was (p-CH,CsH,);SnCH,CH(CH,)S; ;1.. (Found: C,
52.43; H, 4.76; S, 19.92; Sn, 21.31; mol. wt_, ¢8g. C sH;Sn.S, ¢ calcd.: C, 52.9x; H,
5.06; S, 20.31; Sn, 2179 9 ; mol. wt., 10589.)

Thermal decomposttion of bis’(B-tri-p-tolylstannyl)-x-methviethvl, polysulfide

This mixture (v = 6.9) vielded propvlene and (p-CH,C,H,),;S5n",S, m.p. 141-2°.
(Found: C, 62.05; H, 5 36 S, 3.98. C;.H, ,Sn,S caled.: C, 61.76; H, 5.15: S, 3.929%,.)

Hydrogen polvsulfide and tricthvi-3-methalivitin

The action of 2.42 g [0.015 mole) of hvdrogen polysulfide on 1 g (0.015 mole) of

triethvl-3-methallvltin formed isobutvlene (Sadtler spectrum No. 7858), which was

brominated to 1,2-dibromo-z-methvlpropane® (Sadtler spectrum No. 9777). The main

product was (C.Hg),SnS; ;7. b.p. 78.6-79.5°/0.03 mm. (Found: C, 32.02; H, 6.69;
. 9.70; Sn, 51.47; mol. wt., 453. C,;.H,;Sn.S, ; caled.: C, 31.5%; H, 636 S, 9.80;

bn 51.86°%,; mol. wt., 457.}

Hydrogen polysulfide and tri-n-bubyl-g-metlallvliin

This reaction using 10 g (0.029 mole} of tin compound and 3.5 g (0.021 mole} of
hvdrogen polvsulfide gave isobuivlene and 7(#-C;H;):SnS, s .. (Found: C, .41.60;
H, 8.24; S, 10.g0; Sn, 36.10; mol. wt. 6g6. C,,H;.Sn,S, , caled.: C, y1.04; H, 8.26;
S, 11.31; Sn, 36.39 % ; mol. wt., 654.)

Hydrogen polysulfide and triphenyi-g-methallviiin

Hydrogen polysulfide (3.0 g, 0.018 mole) and 10 g {0.025 mole) of triphem]ﬂ-
methallvitin interacted to form isobutyvlene and [(CsH;),SnS,. 7., m.p. 127-33°.
(Found: C, 54.70; H, £.18; S, 12.23; Sn, 20.12; mol. wt_, 839. C;H,Sn.S; calcd.:
C. 54.27; H, 3.77; S. 12.06; Sn, 29.12°%;; mol. wt., 7g6).

Hyvdrogen polvsulfide and trs-p-tolvl-B-methallyliin

Hyvdrogen polysulfide (3.0 g, 0.018 mole) reacted with tri—p-tolyl—ﬂ-methall_vltin to
form isobutvlene and [(p-CH,C¢H,);Sn .S, m.p. 141-2°. (Found: C, 60.94; H, 5.10
S, 4-31I; Sn, 29.43. C;.H . ,5n.S caled.: C, 61.76; H, 5.15; S, 3.92; Sn, 29.17 Q)
Hydroger polvsulfide and tripkenylitn chloride

Byv a method similar tc the above, without heating, 10 g (0.026 mole) of triphenyltin

J. Organomeial. Cken:., 2 (1964) 425-431
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chloride reacted with .4.3 g (0.026 mole) of hydrogen polysulfide to form bis(tri-
phenyltin) suifide, m.p. 144-6° (1it. m.p. 145-6°). The infrared spectrum was identical
with those listed in the literature®.

Hxydrogen polysulfide and diallyldi-n-butyliin

Similarly, 15.5 g (0.049 mole) of diallyldi-n-butyltin reacted with 9.0 g (0.055 mole)
of hydrogen polysulfide. A non-distillable product was obtained [(n-C,H,).SnS, ¢1,.
{Found: C, 34.03; H, 6.07; S, 17.99; Sn, 41.32; mol. wt_, 808. C, ,H,,Sn,S, ¢ calcd.:
C, 33.80; H, 6.33; S, 17.96; Sn, 41.91 % ; mol. wt., 8§52.)

Hydrogen polysulfide and di-n-buividi-g-methallyliin
These compounds reacted to form {(n-C;H,).SnS, ;i;. (Found: C, 33.40; H, 6.27;
-

S, 15.97; Sn, 42.27; mol. wt., 795. C,,H;,Sn.S, , calcd.: C, 34.53; H, 6.41; S, 16.19;
Sn, 42.81 % ; mol. wt_, 834.)

Hydrogen polysulfide
Hydrogen polysulfide was prepared in accordance with the method of Mellor8, using
sodium tetrasulfide. Molecular weight determination indicated the average com-
position to be H.S; .

SUMMARY

A series of mono- and diallyl- and fg-methallyltin compounds was treated with
hvdrogen polysulfide to form tin containing polysulfides. In each case, the course
of the reaction was followed by infrared spectroscopv and the mode of addition

determined.
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Short Communications

The preparation of organolithium compounds
by the transmetalation reaction

IX*. Benzyllithtium
Gilman and McNinch have described the preparation of benzyvllithium by lithium
metal cleavage of benzyl ethers® and have reviewed previous literature concerning the

preparation of this reagent®.3. \We felt that none of the available procedures for benzvl-
lithium was wholly satisfactory and that a practical laboratory procedure for benzyvl-

" Part VIII: ref. 1.
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