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The alkoxide derivatives of a number of elements have been shown to possess
a marked tendency to react with other alcohols!. It has been reported by Bradley?
that titanium and zirconium alkoxides do not undergo analogous reactions with
thiols; this has been ascribed to the weak coordination of sulphur atom with these
transition metals.

During the present investigations, it has been confirmed that the alkoxides of
aluminium, titanium and zirconium do not react with thiols in the medium of re-
fluxing benzene. However, when dibutyltin diethoxide was treated with thiols in the
molar ratio 1 :2 in benzene, it was found to interchange its ethoxy groups very readily;
ethanol in the azeotrope collected by fractionation could be estimated quantitatively.
The products were isolated after the excess of benzene was stripped off under reduced
pressure :

BU2SH(OEt)2+2 RSH — BHZSD(SR)2+2 EtOH
== n~C3H—,, n—C4Hg, tert’C4H9, ]SO"C4H9, CGHS: n‘clezs and CSHSCHz

All the products are highly soluble in benzene and can be distilled under reduced
pressure except the derivative of dodecanethiol which exhibits a tendency of decom-
position. Molecular weight determinations in boiling benzene showed them to be
monomeric. _

Most of the thiol derivatives of tin have been 1solated by the treatment of
either dialkyltin oxide with thiols in toluene followed by the removal of water azeo-
tropically® or by the reaction of dibutyltin halides with thiols in the presence of
bases®#. It has been confirmed during the course of the present investigations that
water does not hydrolyse the Sn—S bond and hence dialkylthiodibutylstannanes can
_be synthesized by refluxing of dibutyltin oxide with thiol in the presence of benzene,
and removal of water azeotropically is not essennal for the success of this synthes1s

R Csz, n‘C3H7, n'C4H9, ISO'C4H9, tett-C4H9, n"Clezs, C6H5 al'ld CGHSCHZ

An attempt was made to lsolate products contammg both Sn-O and Sa-S
hnkages The treatment of diethoxide with butanethiols in the molar ratio 1:1
in benzene caused the formation of a material (coloutless viscous liquid), the analysis
of which corresponded . to Bu,Sn(OEt)(SR). But. these products appeared to: dis-
proporuonate upon. dlstlllatlon in vacuo. yielding dicthoxide and the cosrespond-
ing dithiolate. In view of the preferential hydrolytic stability of Sn—S-C bond,. the-
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above mixed derivative was treated with cold water in the hope of obtaining the
derivative Bu,Sn(SR}-O-Sn(SR)Bu,, but it gave an insoluble white precipitate of
of the crude Bu,SnO, and the filtrate contained the volatile dithiolate. It seems that
these mixed derivatives are equimolecular mixtures of Bu,Sn{CEt), and Bu,Sn(SR),;
the former suffers hydrolysis to give the crude Bu,SnO.

Alcoholysis reactions have been extensively employed during the last fifteen
years for the synthesis of alkoxides of elements like Ge®, Sn¢, Ti’, Zr®, ctc. In view of
this it was considered worthwhile to study thiolysis reactions of dialkyithiodibutyl-
stannanes. The reactions of dipropanethiodibutylstannane with dodecane- and a-
toluenethiol in the molar ratio 1 : 2 in cyclohexane could be successfully carried out:

Bu,Sn{SC;H,),+2 RSH — Bu,Sn(SR,),+2 C;H,SH
where R = dodecane- and a-toluenethiol

and the liberated propanethiol could be fractionated out azeotropically with cyclo-
hexane. The removal of ethanethiol formed from the reaction of Bu,Sn(SC,H;), with
butanethiol in hexane yiekied the higher dialkylthio derivative in quantitative yield.
These thiolysis reactions are found to be slower than the corresponding alcoholysis
reactions and have to be catalysed by p-toluenesulfonic acid.

Alcohols are reported to attack Si-S bond® !? readily yielding Si~OR deriv-
atives. In view of this and the hydrolytically stable nature of the Sn—S bond in these
alkylthio derivatives, a study was made of the reaction of excess anhydrous ethanol
over Bu,Sn(SC3;H-),, this compound being chosen because the product propanethiol,
forms a convenient azeotrope with ethanol:

Buzsn(SC3H7)2+2 EtOH — BU2SD(OEt)2 +2 C3H7SH
large excess

The reaction was very slow, but could be catalysed to some extent by p-toluene-
sulfonic acid, and then required about 200 bours of refluxing for completion. The
progress of the reaction could be followed by the estimation of propanethiol in the
fractionated azeotrope, and the product Bu,Sn(OEt), could then be distilled in vacuo.
it is apparent that the filled d orbitals of tin alter its properties from silicon which
obviously cannot form dative n-bonding in analogous Si-S compounds.

EXPERIMENTAL

Apparatus and chemicals

Special precautions were taken to exclude moisture. Apparatus and analytical
methods have already been described!’. Gibutyltin diethoxide was synthesized as
earlier’*. Dibutyltin oxide (Pure Chemicals) was used as such. Thiols (B.D.H.) were
kept over anhydrous CaCl, and fractionated twice. Benzene and ethanol were dried
as reportedl. Cyclohexane arxd hexane were made anhydrous by storage over sodium
wire and distillation.

~Carbon and hydrogen were analysed by Chemical Laboratories, Aligarh
Muslim University, and thiol content was estimated by standard iodine solution!2.
Molecular weights' were determined by a semi-micro ebuiliometer (Gallenkamp)
with thermistor sensing.
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(1) Reaction of dibutyltin diethoxide with thiols in the molar ratio 1 : 2 in benzene

To a benzene.solution of ethoxide was added the calculated amount of thiol.
The reaction mixture was refluxed at 120-130° and ethanol produced was immediately
fractionated as binary azeotrope and estimated. Excess of solvent was removsd under
reduced pressure at room temperature (30-35°/1.0 mm). The products were distilled
under reduced pressure. The results of these experiments are given in Table 1 and 2.

TABLE 1
PROPERTIES OF DIBUTYLTIN DITHIOLATES®
Thiol Distillation® Molecular weight*
temp. (°C/mm
emp. (°C/mm) Weight? Found Calcd.
Ethanethiol 97-100/04 (o) 0.284 364, 347, 355, 347 355
Propanethiocl 121-123/0.15 (o) 0.292 372, 376, 383, 378 383
140-142/0.5 (e)
Butanethiol 157-160/0.7 (o) 0.363 380, 427, 405, 403, 419 411
170/1.5 (e)
[sobutanethiof 148/0.6 (o) 0.335 410, 393, 412, 384, 397 411
147-148/0.6 {e)
tert-Butanethiol 118/0.1 (o) 0750 410, 422, 401, 411, 399 411
*13-119(0.1) (e
Dodecanethiol Decomposes 0.388 572, 545, 607, 572 635
Thiophenol 179/0.1 (o) G404 454, 440, 460, 443, 444 451
200/0.6 ©)
a-Toluenethiol 210/0.5 (o) 0313 463, 490, 458, 455, 479
220/1.0 (e)

¢ Colourless viscous liquids; Bu,Sn(SC,,H,s), is turbid ; Bu,Sn(SCeHj), is pale yellow. ® From dibutyl-
tin oxide (o) or ethoxide (e). < Mol. wt. ebulliometrically in benzene. ¢ Total weight (g) of substance added
to 15 ml of benzene.

(2) Reaction of dibutyltin oxide with thiols in the molar ratio 1:2 in benzene

To a benzene suspension of dibutyltin oxide was added calculated amount of
the thiol and the mixture refluxed at about 110° for 3 to 4 h. Benzene was removed
under reduced pressure at room temperature and the product distilled under reduced
pressure. The results are given in Table 1 and 2.

(3) Reaction of dibutyltin ethoxide with butanethiol in the molar ratio 1 :1 in benzene

To a benzene {60 g) solution of dibutyltin ethoxide (3.459 g) was added butane-
thiol (0.975 g). The reaction mixture was refluxed and ethanol liberated was frac-
tionated immediately. The excess of solvent was distilled off and the product dried
under reduced pressure. It gave a colourless viscous hqmd (3.76 g, yield, 96%;).
Feund: ethanol in.the azeotrope 0.45 g (one mole requires 049 g). (Found: Sn,
32.8. C,,H,,0S8n calcd.: Sn, 32.35%;.) Distillation gave two fractions: (i) at 1259/
0.5 mm (Found: Sn, 36.70. C,,H,;0,Sn caicd.: Sn, 36.76%{.); (ii)»at 160°/0.6 mm
(Found: Sn, 28.6. C,4H3¢S,Sn caled.: Sn, 28.96%,.)

A benzene solution of the product (2.7 g) obtained above was treated thh
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water (about 0.4 g), shaken for 10 min, kept for half an hour and filtered. (i) Insoluble
solid (0.86 g, vield 94%) (Found: Sn, 47.06. CgH,5OSn calcd.: Sn, 47.73%.). (i)
Liquid {1.50 g, yield, 97%4) (Found: Sn, 29.17. C,sH36S,5n calcd.: 28.9677.).

TABLE 2

PREPARATION AND ANALYSKE

Bu,Sn{OEt), (e} Mercaptan Yield EtOH (g) C (%) H (%) Sn (%) SR (%)

OF DIALKYLTHIODIBUTYLSTANNANES

l.n

or Bu,SnO (o) (q) (% (calcd.) (caled.])  (caled.) (caled.)  (calcd.)
lg) found found found found found
EtSH (3349)  (34.06)
1.681 (o) 20 98 34.02 34.62
) PrSH (0.655) @38  (83) (3097)  (39.24)
2.371 {0) 1.50 99 4381 3.94 315 37.98
230 (e) 1.261 99 0.62 319 37.77
BuSH (0.89) (46.79)  (8.76)  (2896)  (43.36)
2.183 (o) 1.58 98 46.44 8.63 2902 41.97
3.148 (e) 1.761 g9 0.804 23.93 42.55
iso-BuSH (1.03) (4679  (876)  (2896)  (43.36)
1.168 (o) 090 98 2918 4271
3.616 (e) . 2018 99 091 47.0 8.76 2875 43.62
tert-BuSH (1.10) (28.96) (43.36)
2.543 (0) 190 90 2899 4347
3.883 (c) 2.189 92 100 28.94 43.29
C,,H,sSH (0.918) (18.69).
1.137 (o) 1.85 99 i85
3.223(e) 4.062 99 0.804 17.72
| CeH.SH 0978) (2631)  {48.32)
224 (o) 200 96 2625  47.83
3428 (e) 2396 o8 0.904 2674 4761
C HCH,SH (0.852) (5s1) (67 (2478)  (51.36)
1,743 (o) 1.80 98 53.01 6.4 24.03 493
2.993 (e} 231 97 0.756 24.68 52.20

(4 ) Reaction of dibutyltin ethoxide with tert-butanethlol in the molar ratio 1:1 in
benzene

To a benzene (65 g} solution of ethoxide (4.029 g) was added tert-buianethiol
(1.130 g). The contents were refluxed, ethanol fractionated and dried as before.
It gave a colourless viscous liquid (4.54 g, yield, 99%(). Found: ethanol in the azeo-
trope G.50 g (onc mole requires 0.57 g). (Found: Sn, 32.85. C,,H;,0S8Sn calcd.:
Sn, 32.35%/.) Attempted distillation of the products gave two fractions: (i) at 120°/0.5

(Found Sn, 36.,00. CIZHZBOZSn calcd.: 36 76% ) (i) at 135°/0.6 mm (Found:

Hydroly51s of the product (3 5 g) obtamed byl: 1 reaction gave. (l) an insoluble
sohd (2 0 g; yield, 89%). (Found: Sn, 48.05. CgH ,3O08n calcd.: 47.73%.) (n) A liquid
(12 g, yield, 99%;) (Found : Sn, 29.3. C16H35$25n calcd.: Sm, 28.96%;.)
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(5) Reaction of dipropanethiodibutyltin with o-toluenethiol in cyclchexane (1:2)

To a cyclohexané (60 g) solution of dibutyltin bis(propanethiolate) (2.33 g)
was added a-toluenethiol (1.33 g). The reaction mixture was refluxed (130° bath) and
propanethiol liberated was fractionated off slowly as the binary azeotrope (67.7°)
with cyclohexane. The excess solvent was removed under reduced pressure and distil-
led at 208-212°/0.3 mm which gave a colourless viscous liquid {2.1 g, yield 93%).
Found: propanethiol in the azeotrope 0.82 g (two moles require 0.92 g). (Found:
Sn, 25.4; SR, 51.14. C,,H3,S,Sn calcd.: Sn, 24.78; SR, 51.39%(.)

(6) Reaction of dipropanethiodibutyltin with dodecanethiol in cyclohexane (1:2)

To a cyclohexane (55 g) solution of dithiolate (2.073 g) was added dodecane-
thiol (2.191 g). The reaction mixture was refluxed, fractionated and dried as in the
preceding reaction which gave a colourless viscous liquid (3.56 g, yield 98%;). Found:
propanethiol in the azeotrope 0.75 g (two moles require 0.82 g). (Found: Sn, 18.64.
C;,H45S,Sn caled.: Sn, 18.69%;.)

(7) Reaction of Bu,Sn(SC,H), with butanethiol in the molar ratio 1:2 in hexane

To a hexane (54 g) solution of Bu,Sn(SC,H;), (1.957 g) was added butanethiol
(1.0 g). The reaction mixture was refluxed and the ethanethiol produced was frac-
tionated slowly. Solvent was removed under reduced pressure to yield a colourless
viscous liquid (1.9 g, yield 85%() at 159°/04 mm. (Found: Sn, 28.68; SR, 43.48;
C,6H36S,Sn caled.: Sn, 28.96; SR, 43.36%;.)

(8) Reaction of Fu,Sn(SC3H,), with excess ethanol

To 2.638 g of dipropanethiodibutylstannane was added ethanol (60 g) and a
crystal of p-toluenesulfonic acid (0.002 g). The mixture was refluxed at 120-125° and
the propanethiol was fractionated off slowly as the binary azeotrope with ethanol.
As the reaction proceeds very slowly so it was refluxed for about 200 h with the addi-
tion of fresh ethanol and catalyst till no more propanethiol could be found in the
azeotrope. The product was distilled at 117°/1.0 mm to yield a colourless liquid
(vield 90%). Found: propanethiol in the azeotrope 0.75 g (two moles require 0.78 g).
(Found: Sn, 35.94. C;,H,30,S8n caled.: Sn, 36.76%.)
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SUMMARY

Dibutyltin diethoxide was found to interchange its ethoxy groups readily with
thiols forming Bu,Sn(SR),. These thiolates can also be synthesized by refluxing the
crude Bu,SnO with thiols in the presence of benzene. Molecuiar weight deter-
minations showed them monomeric. Some of these higher homologues can be pre-
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pared by displacement reactions with higher thiols. The reaction of dipropanethiodi-
butylstarnane with ethanol is very slow even in the presence of catalyst.
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