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Dialkyltin diacetates were described by Cahours’ in 1860 and their derivatives 
have been studied by Harada 2-4 Recently, many researchers have been interested _ 

in the strucfural chemistry of organotin compounds and several brief descriptions 
on dialkyltin acetate derivatives3-I2 have been reported. 

In this paper we will report the preparation and novel properties of a series 
of dialkyltin diacetates, R,Sn(OAc),, and their hydrolyzed derivatives, such as 
[(AcO)R,Sn],O, (AcO)R,SnOSnR,(OH) (R=CH3, C2H5, n-C,H,, n-C4H9). Since 
some of these compounds were found to be exceptionally good catalysts for the iso- 
cyanate-hydroxyl reaction13, it is worthwhile to seek structural information concern- 
ing these compounds. The structures were deduced by means of molecular weight 
determination, electric conductivity, IR and PMR measurements. 

EXFERlMENTAL, 

Materials 

Dialkyltin oxides were synthesized by the standard method14. Acetic anhy- 
dride was of commercial grade. All solvents were purified by methods described in 
the literatureI for the instrumental measurements. 

Dialkyltin diacetates, R$n(OAc), (R=CH,, C,H,, n-C,H,, n-C,H,) 

Dimethyltin oxide (8.2 g, 50 mmole) was dissolved in a slight excess of acetic 
anhydride (6.2 g, 60 mmole) with heating, and the unreacted anhydride was distilled 
off under nitrogen. The residual liquid, on vacuum distillation, gave solid dimethyltin 
diacetate. The other dialkyltin diacetates were prepared in a similar manner. All 
these compounds are hygroscopic and do not show sharp melting points. 

Tetraalkyl-l,3-diacetoxydistannoxanes, [(AcO) R2Sn120 (R = CH,, C, Ifs, n-C3H,, n- 
C4KJ 

The methyl compound was obtained quantitatively by mixing dimethyltin 
diacetate and a large amount of water. The white, amorphous product was purified 
by recrystallizations from methanol or chloroform. The other compounds were 
obtained similarly. They were recrystallized from benzene, toluene or ligroin contain- 
ing a drop of acetic acid. These compounds were also obtained from the reaction of 
stoichiometric mixtures of the dialkyltin oxide and acetic acid in a similar solvent. 
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Tetraafkyl-1-acetoxy-3-hydroxydistannoxanes, (AcO) R2SnOSnR,(OH) (R = CH,, 
C,Hs, n-C,H,, n-C,H,‘) 

To a solution of [(AcO)(C,H,),S~I],O (6.0 g, 10 mmole) in acetone (50 ml) 

was added ti equimolar amount of aqueous pyridine (0.1 N), and the mixture was 
refluxed for a short time. The white precipitate, (AcO)(C,H,),SnOSn(C,H,),(OH), 
was recrystallized from benzene (4.9 g, yield 80%). In similar fashion, the n-propyl 
and ethyl compounds were obtained (yield SO%), but the methyl compound couid 
not be prepared in this manner. Refluxing a mixture of (CH,),SnO (1.65 g, 10 mmole) 
and [(AcO)(CH,),Sn]20 (2.15 g, 5 mmole) in ethanol containing a small amount of 
water, gave a compound which showed characteristic COz and OH vibrational 
bands. However, this compound seemed to change into a mixture of [(AcO)(CH&- 
SnJaO and (CH&SnO in a dry atmosphere. Melting points and anaIytica1 data are 
given in Table 1 together with those for the other compounds described above. 

Molecular weight and electric conductivity 
Molecular weights of hygroscopic dialkyltin diacetates were determined 

TABLE I 

ANALYSES OF DIALKYII~N DLkCETATES AND THEIR DERNAlNES 

Compound M.P. CC) % Sn 
found found 
(reported) (calcd.) 

%C 
found 
(c&d.) 

%H 
found 
(c&d.) 

R,Sn(OAc), 
R=CH,” ca. 67 44.35 27.48 4.54 

(44.48) (27.01) (4.53) 
C&hb ca_ 44 40.19 

(40_05) 
II-CJH,’ cu. 36 36.78 

(36.75) 
n-C4HPd cn 8 33.81 

(33.82) 

[(Ac~)R,s~]~~ 
R=CH, 236 54.89 22.36 4.16 

(240J9 (55.00) (22.26) (4.20) . 
C&s 105-106 48.56 29.82 5.38 

(48.67) (29.55) 
=GH, 

(5.37) 
111-113 43.71 35.02 6.17 

(43.65) (35.32) (6.30) 

n-C&, 58-60 39.62 40.49 7.12 
(s-60)6 (39.57) (40.04) (7.06) 

(AcO)R,SnOSnR,(OH) 
R=C,H, ca. 2w 53.40 

(53.28) 

n-C3H, 2O6-2O8 47.45 32.55 6.36 
(47.31) . 

n-C.&, 
(33.02) 

129 
W’3) 

42.50 38.71 
(129)‘* 

7.15 
(42.55) (38.73) (7.23) 

a B-p. 93-9@/5 allele b B.p. 970/5 mm_ c B.p. llP/5 IIUII (Lit.” 81-83”/1 mm). d B-p. 13@‘/5 mm (Lit’4 
142-145°/10 mm). l Partially decomposes. 
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cryoscopically in benzene under dry nitrogen-A Mechrolab vapor pressure osmometer 
was used for the other compounds dissolved in chloroform or benzene at 29. The 

04 
0 a01 0.02 

Concentration (g/G 1 

I 

0.03 

Fig. 1. Degree of association ofdlalkyltin diacetates and their derivatives. Q (CH,)2Sn(OAc)2, a (C3H,)2- 

Sn(OAc),, Cl (GH&Sn(OAc), e C(AcO)(CHMnl,O. I 
SnOStG,H,),(OH), -in benzene,‘- - - - in chloroform. 

[(AcO)(C,H+Sn],O. q (AcO)(C,H,),- 

results are shown in Fig. 1. Au appreciable electric conductivity was not observed 
for [(AcO)(CH,),Sn],O or [(AcO)(C,H,),Sn],O in chloroform (0.05 M). 

Infrared spectra 
The infrared absorption spectra were recorded using a Hitachi EPI-2G and 

a Hitachi EPI-L spectrophotometer, both equipped with gratings covering the 
range 4ooo cm-’ to 250 cm- ‘. They were recorded as mulls in nujol and hexa- 
chlorobutadiene, or in liquid films. Solution spectra in benzene, cyclohexane, carbon 
tetrachloride or chloroform at various concentrations were also obtained. Results 
are given in Fig. 2 and 3, and Table 3, 4 and 5 with tentative assignments. 

TABLE 2 

TIN PROTON COUPLING CONSTANTS AND PROTON CHEMICAL SHE-l-S AT 20O FOR (CH&Sn(OAc), AND 

L-&O) (CH,),Snl,O 

Compounds J(“‘Sn-CH,) J(“gSn-CH,) 

(CPS) (CPS) 

(CHMn(OA&b 78.9 825 

C(AcWCWSnl# 83.2 86.8 
86.3 89.0 

a TetramethylsiIane r 10.0 ppm. * 20 % CClo. c 9 % CHC13. 

7 (S=CHs) 
@Pm) 

9.09 

9.20 
9.18 

r(CH,COO) 

(PPmY 

7.99 

8.05 

J. Organometal- Chem., 10 (1967) 247-256 
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Fig. 2. The typical infrared spectra of dialkyltin diacetates and their derivatives_ - solid or neat 

l&i& - &ltiOZL 

Frequency. cm3 

6 7 8 

Llavelerqth, p 

Fig. 3. The change OC the relative intensities of CO2 vibrational bands for (AcO)(C,H,),SnOSn(C,H,),- 
(OH) in benzene- 

PMR specfru 
Ph4.R spectra were recorded for dimethyltin derivatives in chloroform at 

vario& temperatures (--5OO. to +50°) using a JNM-3H-60 spectrometer, and the 
results-are Iisted in TabIe 2. 

J. Orgcnwmetpl. CkM., 10 (1967) X7-256 
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TABLE 5 

RELEVANT IN&UED VIBRATIONAL FFCEQUJZNCIES OF (AcO)RtSnOSnR,(OH) 
Positions of bands in cm-’ 

R=CzH5 R = n-C,H, 

Solid CHCI, Gid CHCI, 
state 5 % soin -state 5 “/;; scrrn. 

3340s 3670 w 3260 s 3670 w 

161d s I618 s 1600s 1620 s 
1565 w 1566 w 

1421 w 1418 w 1414 w 
1386 s 1380 s 1388 s 1380 s 
1331 s 1325 s 1333 m 1325 m 

673 s 669 s 

618 s 615 s 618 s 61.5 s 

589 s 595 s 580 s 595 s 

534 s 535 s 535 w, br 
495 m 492 m, br 488 w 482 m, br 

425 m 385 w 426 m 386 w 
378 m 360w 377 m 360w 

300m 302 m 310 m 314m 

R =n-C4H9 

Solid CHCls 
state 5 % soln. 

Assignments 

3310 s 3660m OH str. 

1605 s 1620 s 
1570 w 3 

co, asyIn_ str. 

1418 m 1416 sh 
1385 s 1380 s CO2 s_ym. str. 
1330 s 1327 s and CHs deform. 

670 s 

620 s 

585 s 

519 w 
488 w 

545 m, br 
483 m, br 

CO2 scissor. 

SnO and CO+ 
out-of-plane bend: 

SnC, str. and SnO 
CO2 rock. 

423 m 385 w 
373 m 360 w 

SnO and C-C-C 
bend. 

287 m 2Y3 m sno 

RESIX.TS AND DISCUSSION 

Dialkyltin diacetates 
The typical infrared spectra for these compounds are shown in Fig. 2(a) and 

(b). The positions of relevant ‘absorption bands and their assignments made by 
referring to the spectra of sodium acetate16 and the corresponding trialkyltin 
acetates”*l*, are listed in Table 3. The methyl and ethyl compounds in solution 
clearly showed two bands due to the SnC, antisymmetric and symmetric stretching 
vibrations, indicating that the C-Sri--- skeleton ofthese compounds may not be linear. 
The values of tin-proton coupling constants for the methyl compound listed in 
Table 2 suggests this conclusion, as discussed iti the preceding comxnunication”. 
Since dialkyltin diacetates are monomeric in benzene (Fig. l), CO2 vibrational bands 
appeared at the regions 1600-1610 cm-’ and 1370-1380 cm-l could be attributed 
to -a non-symmetri&ly chelated configuration of dialkyltin diacetates (I)“. 

In neat liquid or crystalline film, however, an additional band at 
CH3 

I 

,o\ii,o, 

~-\o..=-~./=- 

+fyY 

i p-p 

Y--sn 

R2 

about 

J. UrganometaL Chem.. IO (1967) 247-256 



254 Y. MAEDA, R. OKAWARA 

1565 cm-l, and an increase in intensity of the bands at 1400-1440 cm-‘, were 
observed_ The positions of these bands are almost the same as those of COz vibrational 
bands of trialkyltin acetates in the solid state (1565-1572 cm- 1 and 1408-1412 cm-’ 
respectively)‘0*18, where acetoxy groups were found to form the bridge between 
two tin atoms by IR spectral8 onX-ray analyses”. Hence, appearance of the addition- 
al CO1 bands may ‘Lndicate that there are bridging acetoxy groups (II) to some extent 
in the liquid or crystalline film. 

A strong absorption band found at about 300 cm- ’ for these compounds will 
be associated to Sn-O(Ac) stretching vibrations, considering that the SnO vibration 
band of trialkyltin carboxylates has been found20*21 at 280-350 cm-‘. 

General configuration of distannoxane 
The structure oftetraalkyl-1,3-disubstituted distannoxanesz2 XR2SnOSnR2Y 

(X, Y = electro-negative groups) have been suggested by the results of some physico- 
chemical mearurements to have a dimeric configuration (III)23S24V11. If the sub- 
stituents X (or Y) are coordinating groups p = OH, Y = halogen24, NCS25, NOsz6 ; 
X, Y =NCS2’ ;X, Y = 0Si(CH,)s2’], there are additional weak intramolecular coor- 
dinations. 

TetrauikyZ-1,3-diacetoxydistannoxanes, [(AcO)R,Sn],O 
The butyl compound of this series was reported to be monomeric by Zemlyan- 

skii et aL6, but Alleston et al.’ ’ described it essentially as a dimer. As shown in Fig. 1, 
the butyl compound is almost dimeric at moderate concentrations in benzene, and 
its molecular weight decreases with dilution. This tendency was much clearer in 
chloroform_ The methyl compound is hardly soluble in benzene but showed similar 
behavior in chloroform. This results from dissociation of a dimeric molecule to 
monomers and not from ionic dissociation of acetoxy groups, because an appreciable 
electric conductivity could not be observed in chloroform. 

[(AcO)RzSnOSnR2(OAc)], T--+ 2 (AcO)R,SnOSnR,(OAc) 

It has been pointed out by Zemlyanskii et aL6, that the butyl compound 
showed the two kinds of CO2 vibrational bands and they assumed these to originate 
from crystal effects. The infrared spectrum of this compound in cyclohexane or 
benzene, however, also showed these two kinds of CO2 bands (Table 4). The same 
results were obtained for all the compounds of this series except the methyl compound 
which showed only one CO2 band in the solid state [Table 4, Fig. 2(c)]. Therefore, 
it is clear that the splitting ofthe CO, bands is essentially due to the dimeric configura- 
tion, and not to the crystal effect. The exceptional behavior of the methyl compound 
in the solid state may be explained by the relatively small methyl groups which 
easily ahow intermolecular acetoxy bridges as in the case of dialkyltin diacetates. 

In the chloroform solution an additional CO2 asymmetric stretching band 
appeared at 160&1605 cm-r for each compound. A spectral change was aiso reflected 
in the region of the skeletal SnO vibrations : In addition to the strong broad bands 
at 610-653 cm-’ (ref. 25) and 470-510 cm-’ (ref. 30), which are characteristic of the 
dimers, a broad band appeared at about 560 cm-’ in chloroform solution. Taking 
account of the molecular weight, these additional bands may be attributable to 
monomers_ 

J. Organomrtal. Chem., 10 (1967) 247-256 
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PMR spectra of the methyl compound at 20° in 9 y0 chloroform, where almost 
all species of the solute are dimeric, showed one sharp signal at T 8.05 ppm &signed 
to methyl protons of acetoxy groups, and two almost overlapped signals at z 9.18 
and 9.20 ppm which are assigned to the methyl protons attached to tin (Table 2). 
Essentially the same spectra were observed from -50” to + 50”. It is remarkable 
that the chemical shifts of the two kinds of Sn-CH3 are not so different as those of 
tetramethyl-1,3-bis(trimethylsiloxy)distannoxane (A?=O.l ppm)28. The fact that we 
could not fmd two kinds of CH,COO in the PMR spectra agrees with the result of 
Davies et al. for trialkyltin carboxylateszg. 

TetraalkJ&1-acetoxy-3-hydroxydistannoxanes, (AcO)R2SnOSnR2(OH) 
The positions and the shapes of the OH stretching band and the SnO bands2’ 

at about 600 cm- ’ of these compounds shown in Table 5 and Fig. 2 (e) are indicative 
of the dimeric configuration (III) as was indicated in XR,SnOSnR,(OH) @= 
halogen)24. 

The only CO2 asymmetric stretching band in the solid state splits into two 
bands in solution. In the case of the butyl compound, the molecuiar weight in benzene 
(Fig. 1) and the relative intensity of the infrared bands (Fig. 3) at 1566 and 1418 cm- ‘, 
which might be associated with the bridging acetoxy groups, increase with increasing 
concentrations. Since the position of the OH band at 3660 cm- ’ did not show an 
appreciable change in these conditions, it is considered that the association of the 
dimers may occur through acetoxy bridges. 
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SUMMARY 

A series of dialkyltin diacetates and their derivatives, R,Sn(OAc),, [(AcO)- 
R,Sn],O and (AcO)R,SnOSnR,(OH) (R = CH3, C,H,, n-&H,, n-C,H,), have been 
prepared. Dialkyltin diacetates are monomeric in benzene, having a nonsymmetrical- 
ly chelated octahedral configuration ; bridging of acetoxy groups seems to occur in 
the neat liquid or in the crystalline state. The compounds [(AcO)R,Sn],O are 
dimeric at moderate concentrations and dissociate to monomers in dilute benzene 
and chloroform solutions. This change is reflected in changes of the CO, and SnO 
infrared bands. The dimeric methyl compound showed two tin-methyl proton 
chemical shifts with a small difference. Molecular weight of (AcO)(C,H,),SnOSn- 
(C,H&(OH) - Increases with concentration from that of dimer. This seems to be 
caused by the bridging of the acetoxy groups among dimers. 
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