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SUMMARY 

The trialkyltin derivatives of difunctional organic reagents such as thioglycol, 
glycolic acid, thioglycolic acid and_ so on and the trimethyhnetal (M= Si, Ge, Sn) 
derivatives of thioglycol were prepared, and their thermal properties were investigated. 
A novel clisproportionation reaction was found for some trimethyltin derivatives, 
which gave tetramethyltin and dirnethyltin derivatives. Bis(trimethyltin) thioglycolate 
was the least stable, and decomposed even at room temperature. 

INTkODUCTION 

It has been reported in a few cases that some triorganotin derivatives decom- 
pose into tetraorganotin and/or diorganotin derivatives at relatively low tempera- 
tures. One case was reported by van der Kerk et al.’ during the studies on decarboxyl- 
ation reactions of organotin carboxylates. Bis(triphenyltin) malonate and trialkyltin 
ethyl malonates decompose on heating giving tetraorganotin as the main product. 
In our laboratory trimethyltin oxinate was found to partly decompose during the 
distillation process giving dimethyltin dioxinate’. Quite recently it was also found 
that bis(trialkyltin) glycoxides or thioglycoxides decompose on heating into tetrad 
alkyltin and dialkyltin glycoxide or thioglycoxide3. 

The series of trialkylmetal derivatives described in this paper were. prepared 
in order to investigate the possibility of such disproportionation reactions with tri- 
alkyl substituted metal derivatives. 

MPEZRIMENTAL 

R,SnSCH,CH,OH [R = CH, (I), n-C4H, (I’)] 
To a solution of equimolar amounts of trimethyltin chloride and thioglycol 

in benzene was added an equimolar amount of triethylamine. The precipitate of tri- 
ethylamine hydrochloride was filtered o& and the solvent was- removed under 
reduced pressure. By a vacuum distillation of the residual liquid, (I) was.obtained 
in a yield of 53% and a small amount of (CH3),Sn(SCH,CH20) remained. lR for ._ 
(I) (neat): v(O-H) 3410 s(br), v(Sn-S) 342 m cm-l. 
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(I’) was obtained in a similar manner. lR (neat): v(O-H) 3400 s(br), v(Sn-S) 
337 s cm-‘. 

R,SnOOCCH20H [R = CH, (II), n-C4H9 (ZZ’)] 
To a solution of trimethyltin methoxide, prepared by the reaction of trimethyl- 

tin chloride (5.42 g, 0.027 mole) and sodium (0.62 g, 0.027 mole) in methanol (50 ml), 
was added a solution of glycolic acid (2.30 g, 0.030 mole) in methanol (10 ml). The 
mixture was concentrated to a half amount under reduced pressure, and n-hexane 
(20 ml) was added, from which the crystals of (II) (2.50 g) were obtained in pure form 
by fractional crystallization. IR (Nujol): v(O-H) 3430,3365 s, va(COJ 1573 vs cm- l_ 

A solution of hexa-n-butyldistannoxane (16.4 g, 0.0273 mole) and glycolic 
acid (4.60 g, excess) in toluene (200 ml) was refluxed for 2 h and concentrated to a 
half amount. Addition of n-hexane to tlie solution gave crystals of (II’) (11.7 g), which 
were recrystallized from n-hexane. IR (Nujol): v(O-H): 3175 m(br), v,(CO,) 1626 vs 
cm-‘. 

(CH,),SnS(CH,),COOSn(CH,)3 [n = 1 (III), 2 (IV)] 
To an ice-cold solution of trimethyltin chloride (4.0 g, 0.020 mole) in water 

(100 ml), which was previously deaerated by bubbling nitrogen through it, was added 
thioglycolic acid (0.92 g, 0.010 mole) under nitrogen atmosphere and then triethyl- 
amine (2.5 g, excess). The resulting white precipitate was filtered, washed with water, 
dried in air (yield, 2.7 g). and recrystallized quickly from n-hexane. IR (Nujol): 
v,(CO,) 1588, 1570 vs, vJCOJ 1435 s cm- I_ JR (CHCI,): v,(CO,) 1644 s, vs(COz) 
1330 s cm- I. 

(IV) was prepared in a similar manner from trimethyltin chloride and 3- 
mercaptopropionic acid in water. IR (Nujol): v,(CO,) 1566 cm-‘. 

(CH3)3SnOOCCOOSn(CH3)3~2 Hz0 (V) and its anhydrous homologue (v’) 
To a solution of trimethyltin chloride (5.77 g, 0.0288 mole) and oxalic acid 

dihydrate (1.81 g, 0.0144 mole) in water (50 ml) was added, with stirring, triethylamine 
(3.28 g, excess). The resulting white precipitate was filtered, washed with water, dried 
in air (yield 4.16 g). Its elemental analysis agreed well with (V). IR (Nujol) : v(O-H) 
3230 s(br), S(OH,) or v,(CO,) 1600 vs cm-l. 

The dihydrate was heated at 125O for 5 h during which water was separated. 
The elemental analysis of the residual solid agreed well with (V’). IR (Nujol) : v,(CO), 
1602 vs cm- l. This compound has been recently prepared by the reaction of tetra- 
methyltin and mercury(I) oxalate’_ 

(CH,),GeSCH,CH,OH (VZ) and (CH,),GeSCH,CH,OGe(CH& (T/II) 
To a solution of trimethylchlorogermane (1.535 g, 0.0100 mole) and thioglycol 

(0.786 g, 0.0100 mole) in dry benzene (20 ml) was added triethylamine (1.06 g, 0.0105 
mole) with stirring. The precipitate of triethylamine hydrochloride was filtered off, 
and the solvent was removed under reduced pressure. The elemental analysis of the 
residual liquid (1.6 g) agreed well with (VI). IR (neat): v(O-H) 3390 s(br), v(Ge-S) 
379 m cm- l. Distillation under reduced pressure of this product gave 70 % yield of 
colorless liquid (b.p. 78-111°/18 mmHg). Examination of the IR and PMR spectra 
of the fractional distillates showed that some disproportionation had occurred : thio- 
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glycol mixed in the early stage and (VII) in the later. 
The pure compound (VII) was prepared in the same manner as (VI) using 

trimethylchlorogermane (4.602 g, 0.0300 mole), thioglycol(1.182 g, 0.0150 mole) and 
triethylamine (3.344 g, 0.0330 mole) in dry benzene (50 ml). Distillation of the result- 
ing liquid under reduced pressure gave 2.64 g of colorless liquid (b-p. 80-84”, mainly 
83-84“ at 3 mmHg). The elemental analysis agreed well with (VII). 

(CH,),SiOCH,CH,SM (M=W (VIII), Ge(CH,), (IX), Sn(CH& (X)) 
A mixture of hexamethyldisilazane (10.0 g, 0.062 mole) and thioglycol (8.6 g, 

0.110 mole) was heated at 100” under a slow nitrogen stream. After 6 h, 95 % of am- 
monia was trapped in 0.1 N HCl solution at the gas outlet. From the reaction mixture, 
(VIII) was isolated by a fractional distillation in a yield of 60 %. IR (neat) : v,(Si-O-C) 
1080 cm- ‘. 

In another experiment, it was found that an excess of hexamethyldisilazane 
did not react with the terminal S-H group of (VIII), even after a prolonged heating. 

The other two compounds, (IX) and (X), were easily prepared in the same 

TABLE 1 

ANALYTICAL DATA OF THE TRIALKYLMETAL DERIVATIVES 

Compound h4.p. or b.p. ng’ Analysis found (c&d.) MoLwt. 

c”Cl, eC/mmfJs) (%I found 
(cazcd.) 

c H Sn 

(CH,),SnSCH,CH20H (I) (79-8 l/3.5) 

(n-C,H9),SnSCH,CH20H (I’) (I53/4) 

(CHJ&IOOCCH~OH (II) Cl21 dec.] 

(n-C,H9),SnOOCCH,0H (II’) [79-801 

(CH,)$nSCH,COOSn(CH& (III) [Dec.] 

(CH,),SnSCH,CH2COOSn(CH& (IV) [Ills-1131 

(CH,),SnOOCCOOSn(CH,),.2 H,O (v)* [ca 110 dec.] 

(CH,),SnOOCCOOSn(CH,), (V’) [ca 200 dec.] 

(CH,),Ge.SCH2CH20H (VI) (Dec.) 

(CH,),GcSCHtCH20Gc(CH3)a (VII) (8?-84/2.5) 

(CHJSSiOCH2CH2SH (VIII) (153-W/760) 

(CH,)&eSCH&H,OSi(CH& (Ix) (62-6512) 

(CH,)$nSCH,CH,OSi(CH,), (X) (8&82/3) 

1.5502 

1.5175 

1.5097 

1.4885 

1.4387 

1.4668 

1.4958 

24.86 
(24.93) 
45-19 

(45.80) 
25.02 

(25.14) 
46.01 

(46.06) 
23.07 

(23.00) 
24.97 

(25.04) 
21.21 

(21.28) 
22.89 

(23.12) 
30.76 

(30.83) 
30.50 

(30.85) 
39.71 

(39.95) 
35.97 

5.85 
(5.86) 
9.37 

(8.79) 
5.31 

(gg) 

($2$) 

(4:83) 
5.01 

(2;;) 

(4.91) 
4.40 

(4.37) 
7.16 

(7.24) 

(Z2) 
9.70 

(9.39) 

(::Z) 
7.28. 

(7.08) 

49.52 
(49.69) 
3238 

(32.51) 
56.88 

(56.83) 
54.73 

(54.98) 
52.76 

(52.56) 
57.41 

(57.12) 

242” 

(241) 
376“ 

(367) 

413* 

(418) 

202O 

(195) 

15v 

(150) 
282” 

(267) 
319” 

(313) 

o Cryoscopic method in benzene. b VP0 method in CHCI,. c Mass spectroscopy. 
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manner as above using (VI) or (I) instead of thioglycol ; the yields were 88 and 68 %, 
respectively. 

The results of elemental analysis of these trialkyhnetal derivatives are sum- 
marized in Table 1, and the data for the PMR spectra of the soluble compounds are 
shown in Table 2. 

Thermal reactions of trialkylmetal derivatives 
In general, the “thermal reaction of trialkyhnetal derivatives was carried out 

in a Claisen flask kept at a constant temperature on a well stirred oil bath. The 
distillate, when obtained, was identified by refractive index and IR spectrum. The 
residual material was treated with acetone or methanol, and analyzed. The analytical 
results are summarized in Table 3. 

TABLE 3 

ANALYTICAL DATA OF THE DIALKYLTIN DERIVATIVES 

Compowui M-P. (‘c) Anafysk, found (c&f.) ( “/ Mol. wt. %(C%)” 
(reported) found (on-‘) 

C H Sn (calclf.) 

(CHJtSn(SCH2CH20) 21.18 4.48 5265 516b 
(21.36) (4.48) (5278) (225) 

(n-C,H&Sn(SCH2CH,0) 92-94 38.63 7.39 38.73 63(Y 
(89-90)3s6 (38.87) (7.18) (38.41) (309) 

(CH,),Sn(OCH,COO) 53.24 1590, 1600 
(53.27) 

(CH,),Sn(OH)(OOCCH,OH) 20.02 4.59 49.21 1593 
(19.96) (4.19) (49.30) 

(CH3),Sn(SCH,COO) 257-259 20.39 3.37 49.65 1553, 1578 
(257-259)’ (20.11) (3.38) (49.69) 

(CH3)&(SCH,CH,COO) 215-216 23.72 4.02 46.63 1540 
(211_2)8 (23.75) (3.99) (46.93) 

(n-C&H&Sn(SCH,COO)d 182-184 37.25 6.53 36.73 2500- 1546,1573 
8000 

(184.5)’ (37.18) (6.24) (36.79) (323) 

a Nujol mull. b VP0 method in pyridine. c Cryoscopic method in benzene. d Prepared by the reaction 
of di-n-butykin oxide and thioglycolic acid in benzene; mol.wt_ measured by VP0 method in benzene at 
concentrations, w/w=0.001-0.03 g/g; v,(CO,) of 1 ‘A benzene soln. observed at 1546 cm-‘. 

Spectra 
The IR spectra in the 4000400 cm- ’ region were recorded on Hitachi EPWG 

and 225 spectrophotometers equipped with gratings, and those in the region of 700- 
.200 cm-‘, on a Hitachi EPI-L spectrophotometer with gratings. A Japan Electron 
Optics JNM-3H-60 spectrometer was used to record PMR spectra Chemical shifts 
are expressed in z values using TMS (r 10) or cyclohexane (r 8.56) as standard. Mass 
spectra were measured on a Hitachi Mass Spectrometer Model RMUdE at 70 eV. 

RESULTS AND DISCUSSION 

The IR and PMR spectra of mono-substituted trialkyltin thioglycoxides (I) 

J. Orgunometul. Chon, 39 (1972) 



104 M. .WADA, S--I_ SATO, AK AEUTOMI, M. HAIUIKAWA R OKAWARA 

and (I’) show that the tin atoms are hound to the sulfur atom In the IR spectrum 
of trimethyltin glycolate (II), the asymmetric stretching vibration band due to the 
car-boxy1 group can be observed at 1573 cm-l, which is characteristic of a symmetrical 
(possibly bridging) carboxylate group5. With thioglycolic acid, we tried several meth- 
ods in order to obtain the mono-substituted trimethyltin thioglycolate, but only bis- 
(trimethyltin) thioglycolate (III) could be isolated. This compound is monomeric in 
solutions of CH2Cl, or CHCI,, and the IR spectra show the band.due to the asym- 
metric stretching vibration of the carboxyl group at 1644 cm-r in solution and at 
ca. 1580 cm- l in the solid state, again indicating a possible bridging structure in the 
solid state. An analogous bridging structure may be expected for 3-mercaptopropio- 
nate (lV). 

These trimethyltin derivatives [(I)-(IV)] all decompose giving tetramethyltin 
when heated at ca. 110-1300. In our experiments, compound (I) was the least reactive, 
and the corresponding tri-n-butyltin derivative (I’) also decomposed in the same 
manner as (I). The crystals of (II) remained transparent below 120”, but decomposed 
almost instantaneously when heated at 1250, giving tetramethyltin and sticky solids, 
from which dimetbyltin glycolate was isolated_ This substance was easily hydrolyzed 
to dimethyltin hydroxide glycolate when treated with hot methanol. Tri-n-butyltin 
glycolate (II’) was less reactive; after ten hours of heating at 129, a still considerable 
amount of the compound was recovered and only a trace of tetra-n-butyltin was 

1 I 1 

9 l(iapm) 10 

Fig. 1. PMR spectra of (CH,),SIISCH,COOSII(CH,), at 420 in 8 % CHCl, sohitiom (a) After 9 mk 
(b) after 55min; (c) after 115min 

J. Orgammerd Chem, 39 (1972) 
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isolated. Compound (III) was the most reactive, and decomposed slowly even at 
room temperature. In the solid state, the reaction at room temperature was almost 
complete in’about four months, as detected by means of IR spectra. In solution, the 
reaction was much faster as can be observed in the time-dependent PMR spectral 
change (see Fig. 1). At room temperature, the proton peaks of the trimethyltin group 
completely disappeared in one day. When a donor solvent like pyridine was used, 
the rate of spectral change Was much slower. The compound (IV) was stable for weeks 
in solution at room temperature, but decomposed at 1300 giving tetramethyltin and 
dimethyltin 3-mercaptopropionate. 

The other compounds [(V)-(X)], on the other hand, decomposed differently 
or were stable even at 170”. Bis(trimethyltin) oxalate dihydrate (V) was found to de- 
hydrate at 125O, but the anhydrous oxalate (V’) was stable even at 170”. The ger- 
manium analogue (VI) of (I) partly decomposed in a different way on distilIation; 
thioglycol was distilled off first, then thioglycoxy-O,S-bis(trimethylgermy1) (VII) was 
gbtained. The four thioglycoxides (VII)-(X) were stable at 1700 and could be distilled 
without any reaction. 

The reactions observed in the present study are summarized in the following 
equations : 

125' 

2 (CH3),SnSCH2CH20H __ 
10h 

(9 

HSCH,CH,OH + (CH,),Sn + (CH,),Sn(SCH,CH,O) 

(42 %) (43 %) 

125" 

2 (CH,),SnOOCCH20H Y 
OSh 

01) 

HOCH&OOH + (CH,),Sn+ (CH3)2Sn(OCH2COO) 

(69 %) ’ I 
(CH,);s:;:H)(OOCCH,OH) 

110' 

(CH3)3SnSCH2COOSn(CH,), _I (CH,),Sn + (CH,),Sn(SdH,COO) 
.lh 

(III) (64%) (99%) 

1300 

(CH3)$nSCH2CH2COOSn(CH& Y 
‘4h 

(19 

(CH,),Sn+ (CH&Sn(SCH,CH,COO) 

(64%) (74 %) 

J. Orgmmnxetd C&m., 39 (1972) 
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125" 

(CH,)3SnOOCCOOSn(CH,), - 2 H20 .., 

09 
(CH,),SnOOCCOOSn(CH,), +2 Ha0 (5) 

(v’) (81 %J 

2 (CH,),GeSCH,CH,OH - 

PI) 
(CHs)sGeSCH2CH20Ge(CHs)s + HSCH2CH20H (6) 

(VII) 

In the novel disproportionation reaction observed for (I)-(IV), the fifth or 
sixth atom from the tin atom of the starting trialkyltin derivatives is an oxygen. This 
seems to suggest that a five- or six-membered cheIate may be a possible intermediate 
in such a disproportionation reaction3, as is also suggested for the hydrolysis inter- 
mediate of esters of the type R3M(CH2),COOC2Hsg. 

The dialkyltin derivatives of thioglycol were found to be dimeric, but the 
molecular weights of the other compounds could not be determined because of their 
poor solubilities in common organic solvents. However, such poor solubilities and 
observations of the assymmetric stretching band due to the carboxyl group in the 
C2D symmetry region may be accounted for by assuming polymeric structures bridged 
by the carboxyl group. This hypothesis seems to be supported by the study of di-n- 
butyltin thioglycolate (n-C,HJ2Sn(SCH3COO) which was obtained by a common 
reaction (Table 3). 

REFERENCES 

1 G. J. M. van der Kerk and J. G. A. Luijten, J. Appl. Chem, 6 (1956) 93. 
2 K. Kawakami and R. Okawara, J. Organometal. C&m., 6 (1966) 249. 
3 S. Sakai, Y. Fujimura and Y. I&ii, J_ Org. Gem.. 35 (1970) 2344. 
4 V. Petvzo. G. Plazzogna and G. Tagliavini, Gaze. Chim Ital., 100 (1970) 990; Chem. Abstr, 74 (1971) 

1420026 
5 R Okawara and M. Wada, Adtxm. Organometal. Chem, 5 (1967) 137. 
6 D. Sukhani, V. D. Gupta and R. C. Mehrotra, Aust. J. Gem., 21 (1968) 1175. 
7 M. O’hara, R. Okawara and Y. Nakamura, Bull. Chem. Sot. Jap., 38 (1965) 1379. 
8 Y. Yamaji, Y. Nakagawa, H. Matsuda and S. Matsuda, J. Chem. Sot. Jap., 2nd. Chem. Sect. (Kogyo 

Kagaku Zasshi), 73 (1970) 2222. 
9 F. Rijkens, M. J. Janssen, W. Drenth and G. J. M. van der Kerk, J. Organometal. Chem., 2 (1964) 347. 

J. Organometal. Chem., 39 (1972) 


