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THE CLEAVAGE OF TIN-ALLYL BONDS IN Rz(CH2=CH-CH2)2Sn 
SUBSTRATES AS A ROUTE TO ORGANOSTANNOXANEiS 
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Institute of Analytical Chemistry, University of Padua, I, 35100 - Padua (Italy) 

(Received July Znd, 1973) 

TetrabutyL1,3_diacyloxydistannoxanes, (RCOO)Bua SnOSnBuz (OOCR) 
(A) and/or tetrabutyl-1-acyloxy-3-hydroxydistannoxanes, (RCOO)Bu, - 
SnOSnBuz (OH) (B), can be prepared from equimolecular amounts of dibutyl- 
diallyltin and carboxylic acid;RCOOH (R g H, CHa,CHsFl, CHClz, CC13 , CFa ) 
in moist methanol or acetone/water (50/50, v/v). Isolation of compounds (A) 
or (B) depends upon the hydrolyzing power of the medium and the nature of 
R. 

Introduction 

We previously succeeded in preparing allylstannoxanes [l] , (Ra; 
SnOOCR’)s 0 (R = allyl, R’ = CHsCl, CHCla and CCls ) by treating equimolecu- 
lar amounts of tetraallyltin and carboxylic acid in moist methanol at room 
temperature. Since this reaction seemed promising as route to organostan- 
noxanes, we have now examined the reactions involving mixed substrates of the 
type Rz (CH~=CH--CH~ )sSn. 

We describe below the preparation of tetrabutyl-1,3diacyloxydistan- 
noxanes (A) and/or tetrabutyl-l-acyloxydistannoxanes (B) by use of the. reac- 
tion between dibutyldiallyltin and RCOOH acids in moist methanol or in 
aqueous acetone.. 

Experimental 

Commercially available dibutgrldiallyltin was used without .further puri- 
fication. Carboxylic acids and all solvents were of reagent grade: IR ‘spectra 
were recorded on -a Fe&in-Elmer Model 457 spectrophotometer with- KBr 
optics, using Nujol mulls or chloroform solutions. Molecular weights--were 
determined in chloroform with a Mechrolab Model 302B vapour phge .OS- 
mometer. Melting_ points (uncorre&ed) were taken with a Biichi-appti@tus 
(Switzerland). 
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Reaction of dibutyldiallyltin and RCOOH in methanol 

Equimolecular amounts of dibuiyldiallyltin (2 g, 6.35 mmole) and 
RCOOH acid were stirred together in moist methanol (60 - 70 ml) for about 
24 h at room temperature. Evaporation of the solvent left an oil or solid, 
depending upon the acid used. Solid residues were crystallized from chloro- 
form/n-hexane mixture. The compounds obtained are listed in Table 1, which 
also gives analytical data and physical constants. 

Preparation of (RCOO)Bu2SnOSnBu2(OH), (R = H, CH,) by hydrolysis of 
Buz(CH2=CH-CH2)SnOOCR in methanol/water 

A solution (50 ml) of dibutylallyltin formate [cf; Table 1, compound (I)] 
(0.5 g) in methanol/water (98/2, v/v) was stirred for one week at room tem- 
perature_ Solvent was removed under reduced pressure to leave a solid residue: 
which was crystallized from chloroform/n-hexane to give tetrabutyl-l-formoxy- 
3-hydroxydktannoxane (80% yield), m-p. llO”. (Found: C, 37.10; H, 7.19. 
C1,H3s04Snz caled.: C, 37.52; H, 7.04%) 

The same procedure was used for the dibutylallyltin acetate [cf. Table 1, 
compound (II)]. Tetrabutyl-1-acetoxy-3-hydroxydistannoxae was recovered 
(50% yield) m-p. 128” (Lit. [2,3], 129”). (Found: C, 38.05; H, 7.23. 
Cl s Ha0 04Snz calcd.: C, 38.73; H, 7.23%) 

Preparation of Bu2Sn(OOCR)2 compounds by treating compounds (A) or(B) 
with RCOOH in benzene 

Compounds of the type (A), (BuzSnOOCR)z 0 (R = CHzCl, CHCla , Ccl3 ) 
and the compound (CF3COO)Buz SnOSnBuz (OH) reacted with the appropriate 
carboxylic acid in benzene to give the corresponding dibutyltin dicarboxylates. 
Benzene (50 ml) containing 0.5 g of (A) or (B) and the appropriate acid 
RCOOH were refluxed for 1 h. Distillation of the solvent left a solid residue 
which was crystallized from chloroform. Table 2 shows the experimental con- 
ditions, the products obtained, and their analytical and physical data. 

Hydrolysis of Bu$3n(OOCR)P in water 

Compounds (A) or (B) were prepared by treating BuzSn(OOCR)z (0.5 
mmole) with a large amount of water (100 ml) under nonhomogeneous condi- 
tions. : 

Hydrolysis of Buz Sn(OOCCHz Cl), gave cetrabutyl-l-monochloroacetoxy- 
3-hydroxydistannoxane, m-p_ 139O. From Bus Sn(OO.CCHClz )z , compound 
(Iv) (cf. Table 1) was obtained, m.p. 209’. Compounds of the type (B) (CCla- 
COO)Buz SnOSnBuz (OH) and (CFs COO)Bua SnOSnBua (OH) were isolated 
from the carboxylates having R = CCla and CFa, m-p. 164” and 180” respec- 
tively. 
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Reaction of dibutyldiallyltin and RCOOH in acetone/water (50/50,. v/v) 

Dibutyldiallyhin (2 g, 6.35 mmole) and RCOOH acids (R = CH2C1, 
CHCIP ,. CCls and CFs ) in the ratio l/l, were allowed to react in acetone/water 
medium-(50/50, v/v) at room temperature. Compounds of type (A) or (B) were 
obtained: some comments on this reaction are given below. 

Tetrabutyl-l-monochloroacetoxy-3-hydroxydistannoxane 

After about 24 h an heavy oil was formed, and this was converted after a 
week into a white solid. The solid residue (85% yield) was filtered off and 
recrystallized from chloroform; it had m.p_ 138 - 140”. (Found: C, 36.18; H, 
6.09; Cl, 5.67.. C1sH3s04C!lSnz calcd.: C, 36.47; H, 6.64; Cl, 5.98%) 

Tetrabutyl-1,3-dichloroacetoxydistannoxane 

The -oil formed after one hour gave a solid residue after 5 - 6 h (84% 
yield). M.p. 210” [cf. Table 1, compound (IV)]. 

Tetrabutyl-l-trichloroacetoxy-3-hydroxydistannoxane 

After 2 - 3 h a solid was precipitated (88% yield). The pure product melts 
at 164 - 165”. (Found: C, 32.39; H, 5.65; Cl, 16.18. CI gHQ 7 04ClaSn &cd.: 
C, 32.67; H, 5.64; Cl, 16.09%) 

Tetrabuty1-1-trifluoroacetoxy-3-hydroxydistannoxane 

Sim&rly after 2 - 3 h, a solid precipitate was formed (87% yield), and 
after purification the product had m.p. 180”. [cf. Table 1, compound (VI)]. 

TABLE3 

No. Compound. Concn. MoI.wt. P 
<Mol.wt.caIcd) (m6lml) found 

<III) CBu~SnOOCCH~Cll~O 15.12 1052 1.57 
(668.60) 7.56 1090 1.63 

3.78 950 1.42 
1.89 983. 1.36 

89ob 1.33 

<IV) CBu~SnOOCCHCl~I20 14.16 1111 1.50 
(737.48) 7.08 1146 1.55 

3.59 1070 1.45 
1.79 1032 1.40 

11385 1.54 

yi CBu2SuCOCCCl3I20 12.71 1148 1.42 
(806.37) 6.35 1105 1.37 

3.18 1052 1.30 
1.59 1005 1.24 

98sb 1.12 

ai=MoI.~.found/mol.~.calcd.bExtrapolatedvalue. concn.+~_ 
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TABLE4 : 

MOLECULARWEIGHTSOFTETRABUTYtl-ACYLOXY-3-HYDROXYDISTANNOXANES IN CHC13 
<37O) 

No. Compound Concn. Mol.wt. 
(Mol.wt.calcd.) (mglml) found 

<XI) 

(XII) 

<XIII) 

(XIV) 

(VI) 

(HCOO)Bu+nOSnBua(OH) 
(543.68) 

(CH3COO)Bu2SnOSnBu2<OH) 
(557.70) 

(CH2ClCOO)Bu2SnOSnBu2(OH) 
(592.14) 

(CC13COO)Bu2SnOSnBu2(OH) 
(661.02) 

(CF3COO)Bu~SnOSnBuq<OH) 
(611.67) 

13.72 
6.66 
3.43 
1.71 

7.42 
3.71 
1.85 
0.93 

15.91 
7.95 
3.98 
1.99 

14.85 
7.43 
3.71 
1.85 

15.44 
7.72 
3.86 
1.93 

1085 
1133 
1089 
1062 
1060b 

l-99 
2.08 
2.00 
1.95 
1.95 

2074 1.92 
1059 1.90 
996 1.78 
982 1.74 
982b 1.74 

1182 1.99 
1134 1.91 
731 1.23 
670 1.13 
5956 1.00 

1392 
1275 
919 
826 
7o5b 

1108 
1073 
650 
618 
6o7b 

2.10 
1.93 
1.39 
1.25 
1.06 

1.81 
1.75 
1.06 
1.01 
0.99 

Oi= Mol.wt. found/mol.wt.calcd. ~ExtrapolatedvaIue.concn_~. 

Molecular weights 

Molecular weights were determined in chloroform for all tetrabutylstan- 
r,oxanes. The results, shown in Table 3 and 4, indicate that the compounds 
exist in chloroform as dimers and monomers. From examination of the i-values, 
the following points emerge: (i) compotinds of type (A) are more associated 
than compounds of type (B), (ii) depolymerization is greater for compounds 
having earboxylate groups with a pronounced electron-withdrawing power 
which are involved in holding together monomeric entities to form dimeric 
species: carboxylate ligands which are less coordinating, owing to the presence 
of R electron-withdrawing groups, are less effective in bringing about tlie 
dimerization, as usually observed for*organotin carboxylates [5 - 8]_. The re- 
sults also confirm that a Dimer * Monomer equilibrium exists in solutiork the 
degree of association depends on the concentration, as shown by the IR pattern 
of two of the compounds (cf. Fig. 1 and 2). 

.,., 
Infrared spectra 

.- The -infrar& pakern (cf. Table 5 akd 6) of the tetrabutylstanno&es 
shows two COO asymmetric and symmetric vibration bands which are hormally 
observed with this-kind of compounds [5,9,10]. In the COO as~etric-vibra_ 
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TABLE 5 

INFRARED VIBRATIONAL FREQUENCIES (Cml> OF lBu2SnOOCR320 COMPOUNDS IN THE 
CARBOXYLIC AND Sn-0 STRETCHING REGIONS 

NO. 

<III) 

compound Medium v,<c00, V,~COO) v<Sn-o-al) 

[Bu2Sn00CCHzC1J~0 Nujol 1655m@r) 1415m 620m 
1605s 134om 

CHC13= 1715m 1410m 615m 
1660(sh) 1375m 
163O(sh) 
1600s 

[Bu2SnOOCCHCl2]20 NUjOl 1625s(br) 

cHc13b 1715m 
166Ohh) 
1630s 

W) CBU2SnOOCCCl3120 Nujol 1690s 
1655s 

CHCl33C 1715m 
1685(sh) 
1660&b) 
1655s 

1410m 600m 
135O(sh) 
1390m 61.0~ 
1335m 

1410m 615s 
1300s 
1360m 610~ 
1310m 

“20 mglml. @15 mglml c16 mglml: <optics KBr. 0.2 mm). 

tion region, the lower band is attributed to bridging carboxylate groups, and 
the higher to non-bridging groups. It can be seen (cf. Table 5) that the lower 
y,(COO) bands, which lie at 1605, 1625, 1655 cm-l for the three considered 
compounds, do not significantly change their positions on passing from the 
solid to solution, for which the values are found at 1600,163O and 1655 cm-l 
respectively. 

With most of the compounds of type (A) and (B), there appears in solu- 
tion (mainly in the more dilute solutions) a band at 1715 cm"1 , which arises 
from a stretching vibration of an ester-like carboxylic group, which is probably 
present in the monomeric form of the stannoxanes. It is noteworthy that the 
intensity of this band relative to that at lower wavenumber (bridging carboxy- 
late group) is concentration dependent as can be seen from Fig. 1 and 2, which 
represent the IR spectra in chloroform solution for the asymmetric stretching 
vibration region of tetrabutyl-l-formoxy-3-hydroxydistannoxane and tetra- 
butyl-1,3-dichloroacetoxydistannoxane, respectively. 

Conclusion 

Organostannoxanes of type (A), (XRsSn)eO or (B), (XR2SnOSnR20H), 
having X = acyloxy group, have previously been synthesized by hydrolysis of 
diaIkyltin d&et&es, reactions of diorganotin oxides with earboxylic acids or 
anhydrides, and reactions of organotin dihalides with organic acid salts [2,3,5]. 
More recently, tetramethyl-l,$-diacyloxy- .and tetramethyl-l-acyloxy-3-hy- 
droxydistannoxanes have been prepared by controlled hydrolysis of dimethyl- 
chlorotin carboxylates [lo]. _ 

Our method, which has been previo.Fsly used to prepare some tetraally&in- 
1,3diacyloxydistannoxantis by treatment of tetraallyltin with carboxylic acids 
in methanol [ 11, seems to be simple and of. wide application in view of the 
results reported above for tetrabutylstannoxanes, .and for some work:now .in 
progress in our laboratory involving vinyltin derivatives. 
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SCHEME 1 
(R=CF;).NcOH 

CR=CH;U.cC~.CF,I.M.,o/~o 

I-- 

Bu$Cl-lgCH-CH&Sn UkH,CHJl 

MeOH 

fRCOO)Bu,SnOSnEu,(OH) 
,~~: ~I .. 

Bu2tCH2=CH-CH2)SnOOCR BuzSn(OOCR), 

(RCOOlBuzSnOSnEu2(00CRI 1 
(R=CHCIZl, H,O 

ZR(aOH. Wk 

The results are summarized in Scheme 1. The following features emerge: 
(i) formation of stannoxanes goes through the hydrolysis of the monocarboxy- 
late, Bu2(CHz=CH-CH2)SnOOCR, which has been isolated in the case of 
R = H and CHs ; (ii) the rate of hydrolysis depends upon the nature of the 
carboxylate group, and increases in the sequence (R=) H < CH, < cHscl< 
CHCla < CCls < CFa (a carboxylate centre involving an R group with en- 
hanced electron-withdrawing power makes the tin centre more susceptible to 
the nucleophilic attack by water); (iii) recovery of compounds of type (A) or 
(B) depends upon the hydrolyzing power of the medium and the nature of the 
carboxylate group. 
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