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The requirement of a wide variety of amines, ethers, sulphides and selenides of
the Group IVB elements for base strength measurements?! and fission reactions® has
caused us to explore a range of metathetical reactions for the preparation of these
compounds. A number of these have proved to be very satisfactorv methods, and
also to involve many reaction types not previously reported.

The reaction of organosilicon sulphur derivatives with 2 varietyv of covalent
halides has been reported to cause fission of the silicon sulphur bond3?-3. We now find
a similar reaction occurs between ({(alkvithio)trimethylsilanes and, respectively,
trimethvlgermanium and trimethyltin halides.

M2, SiSR 4 MeyMX —» Me,MSR <- Me SiX {M = Ge. Sn: X = Ci, Br} {x)

These reactions proceed smoothly under conditions of reflux, and the halogeno-
silane produced may be removed by continuous distillation to leave only the liquid
product. The method thus avoids the formation of sometimes troublesome solid by-
products.

Although it is not possible to prepare organosulphur derivatives of silicon from
corresponding organo-oxygen derivatives, the direct reaction of thiols with organotin
oxvgen compounds is widely used as a preparative method for alkyl- and arylthio-
derivatives of tin®. Among other reasons, such a change in the reactivity may be due
to the possible reversed order of metal-oxvgen and metal-sulphur bond strengths in
going from silicon to tin®. The corresponding reactions for germanium are therefore of
particular interest. It has been reported that hexaethyvldigermoxane reacted with
thiophenol to produce water and {phenyvithio}triethvigermane, and further, that a
similar reaction involving ethanethiol gave very little of the thiogermane®. We have
now carried out the reaction between hexamethyldigermoxane and ferf-butanethiol,
and obtained (éeri-butyvlthio)jtrimethylgermane {egn. 2).

3eyGeOGedley < = e-BuSH — H,O + 2 MeyGeS-ieri-Bu {2)

MeyGeOEt < PhSH — EtOH -- Me;GeSPh 3
A similar type of reaction between ethoxytrimethylgermane and thiophenol was
exothermic at room temperature and gave ethyl alcohol and the (phenylthio)tri-
methylgermane (eqn. 3). These experiments would appear to indicate the favoured

formation of the germanium-sulphur over germanium-oxygen bonds, under these
conditions.
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The interconversion of silicon-nitrogen and silicon-sulphur bonds appears to be
reversible$, and depends upon the ease of removal (normally by distillation) of one of
the products. In the case of the action of thiols upon (diethylamino)trimethylgermane
and (diethylamino)trimethyltin, the considerable exothermicity of the reactions
{egn. 4) makes it unlikely that the reactions would be reversible.

Me,MINEt, -+~ RSH — MeyMSR + Et,XH (M = Ge, Sn) (4}
The displacement of dialkylamino groups from tin by a wide range of hvdrogen con-
taining compounds has been recently reported®.

The interaction of thiols with organotin halides vields the (alkwvithio)tin com-
pounds in aqueous conditions'. This method has now been extended to selenium
compounds, and we find that benzeneselenol and trimethvltin chloride react in water
in the presence of base to give a good vield of (phenylseleno)trimethyltin (eqn. 3).

PhSeH - Me,SnCl —2 2%, \fe SnSePh (5)

A number of other replacement reactions best summarised in equations (6)—(8)
have also been used as preparative methods.

C FSH <+ Me,SnS-n2-Bu — C,F,SSnlle, 4+ n-BuSH {6)
Me;GeSEt < PhSH —— Me,GeSPh + EtSH ()
Me,Sn(S-12-Pr), = 2 PhSH —— Me,Sn(SPh). - 2 #-PrSH (8)

Lead methyvlmercaptide has been found to have somewhat lower solubility
than the other lead mercaptides, and this may account for the surprising report!! that
lead methyImercaptide does not react with trimethylchlorosilane to produce (methyl-
thio)trimethylsilane, in sharp contrast to the extensive preparation of other (alkyl-
thio}trimethyvlisilanes by this method!2. We find, however, that trimethylchlorosilane
does in fact react with lead methyvlmercaptide to produce a very good vield of (methyl-
thio)trimethylsilane (eqn. g), the only requirement being that diethyl ether be present
to improve solubility.

Pb{SMe}, + 2 MeySiCl — 2 Me,SiSMe -+ PbCl, {9)

Further use of lead methylmercaptide has been made for the synthesis of
{methylthio)trimethyltin and bis{(methyvlthio)dimethyvltin (eqns. 10 and 11).

2 Me,SnCl + Pb(SMe}, —— 2 Me,SnSMe <+ PbCl, (10}

Me,SnCl, + Pb(SMe), —> Me.Sn(SMe), + PbCl, (x1)

The new compound tris(methylthio)methyltin has been grepared by the reaction
of methyltin tribromide with methanethiol in apueous solution.
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EXPERIMENTAL

Preparations and technigues

A number of the reactants required for this work, are themselves new com-
pounds, and their preparation 15 reported below. Further, some improved methods
for the preparation of other reagents are also reported.

Trisneihylbromogermane. Tetramethvigermane was prepared in go 9, vield bv
the method of Brown and Fowles!?, and to 84.5 g of this was added aluminium chloride
(0.5 g). Bromine (102 g, 1 mol.) was slowly added, and was accompanied by a vigorous
reaction. After stirring for 2 h distiliation gave trimethyibromogermane (104 g, S3 %;).
This was shaken with a little mercury to remove dissolved iodine, and subsequent
distillation gave pure trimethylbromogermane, b.p. 113°, =§ 1.4658, d;° 1.55 (lit.}*
b.p. 115°, n¥ 1.4660, d;° 1.5486). (Found: C, 18.2; H, 4.6. C;H BrGe calcd.: C, 18.2;
H, 46°.)

(Dicthviamino)trimecthvigersane. Bromobenzene (13.7 g, 1 mol.} was added to
lithium (1.8 g, .25 mol.) in diethyl ether (3oo mi); after the initial reaction had
subsided, the mixture was heated under reflux for one hour. After cooling, diethyl-
arnine (7.3 g, I mol.) was added and the mixture heated for a further one hour. Tri-
methyvlbromogermane was then added, and the whole heated under reflux for 24 h.
Fiitration and subsequent distillation of the filtrate gave (diethvlamino)trimethyl-
germane (9.75 g, 3I°%), b.p. 138-9°, #y 1.4304, d;° 1.0or. (Found: C, 43.1; H, g.5.
CH,,GeN caled.: C, 44.4; H, 10.09.}

Hexamethvidigermoxare. Trimethyvlbromogermane (20 g} was added to an excess
of aqueous alkali with constant shaking. Diethy] ether (25 ml) was then used to
extract the product. After drving with anhvdrous sodium sulphate the ether extract
was distilled to vield hexamethyvldigermoxane®® (7.2 g, 57 %5}, b.p. 1377, #5 14290,
d? 1.22. (Found: C, 28.7; H, ;7.3. CHsOGe, caled.: C, 28.7; H, 7.2 %.)

Elioxvtrimethvigermane. Trimethylbromogermane (16.0 g} in diethyl ether (25
mi} was slowly added to an excess of sodium ethoxide, and the resulting mixture
was heated under reflux for 1z h. All volatile material was then removed at reduced
pressure (0.0 mm) and allowed to stand over sodium (5 h}. Volatile materials were
then removed at reduced pressure (0.0x mm) and fractionally distilled to give ethoxy-
trimethylgermane {S.0 g, 61 °;), b.p. 100-101°, 1y 14067, d3° 1.06. (Found: C, 36.5;
H, 8.9. C;H,,GeO calcd.: C, 36.9; H, 8.7 9.}

{(Ethviikioyerimethvigermane. Trimethylbromogermane (19.8 g} was added to an
excess of sodium ethylmercaptide in diethyl ether, and the mixture heated under
reflux for 12 h. Subsequently, all volatile materials were removed at reduced pressure
{o.ox mm} and fractionally distilled to give (ethvithiojtrimethylgermane (16.7 g, 94 %5},
b.p. 1487, n§ 1.4788, 4° 1.10. (Found: C, 3.4.2; H, S.0. C;H,;GeS caled.: C, 33.6;
H, 7.9%.)

Interasiions

Trimetnylbromogermane and (cthyithio)irimsthvisilane. The two reactants were
heated together under refiux, and over 135 h trimethylbromosilane (5.19 g}. b.p. §0°,
np 14233 was removed. Distillation of the residue vielded {(ethylthio}trimethyl-
germane (4.9 g, 56 %), b.-p. 1487, #§ 1.4779.

Trimzkyltin chloride and (isepropyvithio)frimseihvisilane. The chloride {139 g.
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1 mol.) was heated with the thiosilane (xo.4 g, x mol.), and over a period of three days
chlorotrimethylsilane (5.3 g, 71 %), b.p. 57-3-59°, 15 1.3881, was evolved. The residual
liquid was then stilled to produce (isoprop\ 1thio)trimethyltin (4.0 g, 84. %5), b.p.

24-25°f0.01 mm, nyy 1.5108 (lit.’° b.p. 182°, nfy 1.5123). (Found: C, 30.2; H, 6.6.
CeH ,SSn caled.: C, 30.2; H, 6.89%,.)

tert-Butanethiol w zth hexamethvldigermoxane. The thiol (3.4 g, T mol.) and hexa-
methyidigermoxane (4.7 g, T mol.) were mned at 0°, and then heated for ten minutes.
The emulsion produced was dried over anhv drou> magnesium sulphate and then
filtered. Distillation of t'ne filtrate gave ({erf-butyithio)trimethvigermane (1.8 g, 23 %),
b.p. 25-26%/o.x mm, #5 147209, d"’ 1.63. (Found: C, 40.35; H, 8.7. CGH ;GeS caled.:
C, 40.6; H, 8.5%.)

Ethoxytrimethylgermane and thiophenol. The thiophenol (2.3 g, T mol.) was added
to ethoxyt nmeth\ lgermane (3.4 g, 1 mol.) with the evolution of heat. Subsequent
distillation of the product mixture gave ethanol (0.70 g, 73 %}, b.p- ,S° ny 1.3623,
and (phenylthio)trimethyvlgermane (34 g, 729), b.p. 37°/0.001 mm, n§ I. 5560, d3°
1.20. (Found: C, 47.4; H, 6.1. CgH,,GeS calcd.: C,47.7; H,6.29%.)

n-Butanethiol with (diethvlamino)irimethyvlgermane. Addition of the thiol (2.66 g,
I mol.) to the aminogermane (5.6 g, I mol.) resulted in an exothermic reaction, and
subsequent distillation of the resulting mixture gave diethyvlamine (1.3 g, 60 %-
ng 1.3844, and (z-butylthio)trimethyvlgermane (5.2 g, 85%), b.p- 628 mm, ny
1.4736, d° 1.08. (Found: C, j0.0, H, 8.4. C.H,,GeS caled.: C, 40.6; H, 8.8 9%.)

n-Butanethiol and {dicthvlamino)trisnsthyltin. The thiol (7.05 g, 1 mol.} and amino-
tin (18.4 g, 1 mol.) reacted exothermically upon mixing and subsequent distillation of
the product mixture gave diethvlamine (4.4 g, 77 %). b.p. 56°, nyy 1.3861, and (-
butvithio‘trimethyvitin (18.1 g, 92 %)), b.p. 40-12%/0.01 mm, #y; 1.5090 (lit.}® b.p.
41°f0.05 mm, =¥ 1.5098). {Found: C, 33.1; H, 7.x. C;H;SSn caled.: C, 33.2; H,
7295}

Benzenesclenol and trimethyltin chloride. The selenol (5.0 g, 1 mol.) was added to
the trimethyltin chloride (6.4 g, I mol.} in water {30 ml}. —\fter slow addition of
sodium hyvdroxide (1.3 g) in water the mixture was stirred for z h. The resulting oil
was separated from the aqueous laver and washed with water (2 X 50 ml) and then
dried over magnesium sulphate. Distillation gave (phenylseleno)trimethyltin (5.0 g,
50 °3), b.p. 67-69°/0.001 mm, 1§y 1.6119, di° 1.65. (Found: C, 33.7; H, 4.5. C;H,,5eS5n
caled.: C, 33.8; H, 4.4°;.) The product is veryv pale vellow immediately after distil-
lation, but darkens slightly upon storage.

Peniafluorothiophenol and (n-butyithio)trimetiivliin. Careful heating of a mixture
of pentafluorothiophenol {g.0 g, 1 mol.) and (n-butylthiojtrimethyltin caused evolu-
tion of n-butanethiol (2.8 g, 69 %), b.p. §8-99°, #}’ 1.4430. Distillation of the residue
gave (pentafluoropheny Ithxo)tnmeth3 itin (12.3 g, 75%), b.p. 62°/0.001 mm, ny
1.5244, d2° 1.71. (Found: C, 29.9; H, 2.6. C;HyF;SSn caled.: C, 29.8; H, 2.5 %.)

(Ltln Ithio)trisnethyvigermaiie and thiophenol. Slow fractional dlstlllatmn of a
mixture of thiophenol (.20 g, 1 mol.} and (ethylthio)trimethylgermane (6.8 g, 1 mol.)
gave ethanethiol (1.6 g, 68 ‘?.-;;‘,l, b.p. 35-36°, ny 1.4287, and (phenylthio)trimethyl—
germane {6.g g, So %), b.p. 37°/0.001 mm, 1y 1.55604.

Thicphenol and bis(n-propyithio)disnethyitin. After heating the thiophenol (12.6 g,
2 mol} with the bis{(nz-propylthio)dimethyltin (17.0 g, 1 mol.) for 2 h slow distiliation
gave n-propanethiol (6.5 g, 76 %5), b.p. 67°, nf’ 1.4378, and subsequently at reduced
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pressure bis(phenylthio)dimethyltin (13.6 g, 65 25), b.p. 130—5°/0.001 mm, m.p. 38-39°.
(Found: C, 45.6; H, 42. C,,H,S.Sn calcd.: C, 45.8; H, 4.2 9%.)

Trimathyichlorosilane and lead methylbnercaptide. The mercaptide (100 g) was
heated under refiux with trimethyvlchlorosilane (roo ml} and diethyl ether (100 ml) for
four days. Subsequent filtration and distillation gave (methylthio)trimethylsilane
i39.1 g, 74 % based on Pb(SMe).:, b.p. 110-111° 275 14484, d7° 0.831 {lit.! b.p.
110-111°). (Found: C, 39.7; H, 10.1. C;H,,SSi calcd.: C, 39.9; H, 10.1 %.)

Trimethyltiz chloride and lead methvimercaptide. Trimethyltin chloride (33.5 g,
2 mol.) in benzene (75 ml} was added tc lead methyvimercaptide (23.1 g, T mol.} in
benzene (123 ml), and the mixture heated under reflux for six davs. Subsequent
filtration and distillation gave (methylthie)trimethyvitin (10.2 g, 26 9,), b.p. 161-163°,
n3y 1.5285. (Found: C, 22.6; H, 5.7. C;H,,SSn calcd.: C, 22.8; H, 5.7 %.

Dimethvitin dichloride and ledad methyvhmzrcaptide. Dimethyltin dichloride (22.0 g,
1 mol.} and lead methvlmercaptide {30.0 g, 1 mol.) were heated under reflux in benzene
(x25 ml} for 24 h. Subsequent filtration and distillation gave bis{methvlthio)dimethyl-
tin {r7.1 g, 70%), b.p. j0°/0.03 mm, which was found to be contaminated with
halogen, possibly as starting material or half thiolated product. A second careful
fractioral distillation gave a purer product, b.p. 40%/0.03 mm, 2}y 1.5953. {Found: C,
19.6; H, 1.9. C;H.5.5n calcd.; C, 19.8; H, 5.09%.)

Methanethrol and methyltin tribrosnide. Methanethiol was passed under pressure
into an aqueous solution of methvltin tribromide (26.1 g, x mol.). A solution of sodium
hvdroxide (8.4 g, 3 mol.) in distilled water (xoo ml), was added slowly with vigorous
magnetic stirring. A pale vellow oil, and some solid polvmer separated. The oil was
extracted, washed with water {3 > 50 ml) and dried with magnesium sulphate. Sub-
sequent distillation produced tris{methyvithioimethvitin (9.8 g, 51°), b.p. 75°
0.01 mm, zy 1.6352, d;° 1.63. (Found: C, 17.9; H, 4.6. C;H,.5,5n calcd.: C, 17.5;

H, 1.49%.2}
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SUMMARY

A number of new metathetical reactions involving group IVB organometallic
compounds containing nitrogen, oxygen, sulphur and selenium are recorded. The work
has included the preparation of the following new compounds: (diethylamino)tri-
methvlgermane, ethoxytrimethvigermane, (ethylthio)trimethvigermane, (feré-butyl-
thio)trimethylgermane, (phenvithiojtrimethylgermane, (5n-butylthio)trimethyvlger-
mane, (phenylseleno)trimethyltin, (pentafluorophenylthio)trimethyltin, bis(phenyl-
thiojdimethyltin and tris{methylthio)methyltin.

REFERENCES

r E. W_ Aeer, D. A. ARMITAGE AND G. R. WirrEeYy, Trars. Faraday Soc., 60 (1964) 1257.
2z E. W. ABEr, D. B. BRapy axp B. C. Crossg, unpublished work-

J- Orgazometal. Ckem., 5 (1966} 130~135



GROUP IVB coapPOoUNDS CONTAINING N, O, S AXD Se 135

\ . ABEL, D. A. ARMITAGE AND R. P. Bush, J. Chem. Soc., {(1963) 3045
- ABEL, D. .—\. ARMITAGE aNxD R. P. Busa, J. Chem. Soc., (1964) 5584.

. Inguay, S. D. RosEXBERG axD H. GiLyaxN, Chem. Rev., 60 {1960} 459
T L Corrm-:z.r. The Strength of Chemical Bonds, Butterworth, London, 1958.
H. H. AxpERsox, J. Org. Ckem., 19 (1953) 1766.

E. W. ABeL, J. Chen:. Soc., (1961) 4933.

K. Joxes axp M. F. LapprerT, J. Organometal. Chem., 3 (1965) 295.

E. \W. ABEL axD D. B. Braby, J. Chem. Soc., (1965) 1192,

11 K. L. Hootox axp A. L. Avrirep, Inorg. Chem., 4 (1965) 671.

12 E. W. ABEL, J. Chem. Soc., {1962) 3406.

13 M. P. Browx axp G. \W. A. Foweres, J. Ckem. Soc., {1958) 281z,

14 V. A. PONOMARENKO AND G. Ya. VzExKovVa, {zv. dkad. Nauk SSSR Otd. Khim. Nauk, (1957)

994-

15 J. E. GRIFFITHS AND M. OxvszcuUKk, Can. J. Chamn., 39 (1961) 339.

NMM

QW0 ¥~ QL e

i

J- Organometal. Chem., 5 {1966) 130-135



