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Abstract 

In a study of tin-mediated allylation some tin(H) species including tin(I1) halides, 
amides, acetonates, and alkoxides, have been shown to undergo oxidative addition 
of ally1 halide in the presence of benzaldehyde to give the corresponding homoallyl 
alcohol. The first preparation of a chiral tin(H) alkoxide, tin(I1) diethyltartrate is 
described; its ‘19 Sn NMR spectrum exhibits two signals at high field, consistent 
with a runs dimer structure. This new reagent undergoes oxidative addition of 
1,3-chloroiodopropene in the presence of benzaldehyde to give an optically active 
phenylvinyloxirane; this represents the first enantioselective preparation of cis- and 
trans-vinyloxiranes from aldehydes. 

Introduction 

In recent years tin(II)-mediated allylation has been used to make homoallyl 
alcohols [l], vinyl epoxides [2], dienes [3], butyrolactones [4] or cycloadducts [5]. It is 
generally assumed that the initial step, which is identical for all the reactions, is the 
oxidative addition of tin(I1) to generate an allylstannane, but such an intermediate 
has never been observed. We describe here the reactions of allylstannane species 
such as those which may be involved in the reaction. We also describe the first 
preparation of a chiral tin(I1) alkoxide, which can bring about asymmetric induction 
during allylstannation. 

Results and discussion 

The first step in the tin(H)-mediated allylation of aldehydes may be represented 
as shown in eq. 1. 

* Reference number with asterisk indicates a note in the list of references. 
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Fig. 1. trans-Dimer structure of tin(H) diethyltartrate (R= COOEt). 
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alkoxides which demonstrate the high aggregation tendency of this type of com- 
pounds [13]. Curiously no chiral tin(H) alkoxide has been yet isolated, but the use of 
SnCl, and diethyltartrate in an enantioselective synthesis of homoallyl alcohols was 
reported recently [14]. We 
(85% yield) by a procedure 

have now prepared &id isolated tin(I1) diethyltartrate 
[15] previously described for other tin(H) alkoxides. 

COOEt COOEt 

Sn(OMe), + HO OH 

COOEt 

- Sri:’ 

1 

+ 2 MeOH 
0 

COOEt 

(4) 

The tartrate was obtained as an infusible white powder which was slightly soluble 
in chloroform. The li9Sn NMR spectrum exhibited two signals at S - 439 and 6 
- 552 ppm. The structure of 4 in the solid was not determined, but its ‘19Sn NMR 
spectrum was compatible with the rruns dimer structure which was recently demon- 
strated [16] for tin(I1) t-butoxide. In such a structure (Fig. l), the chirality of the 
tartrate ligand provides two different environments around tin, giving rise to two 
signals in ‘19Sn NMR spectrum. 

In an attempt to prepare optically active vinyloxiranes, we tried our methodology 
[2] with tin(I1) tartrate instead of tin(I1) chloride. 

COOEt 

Sn/ 
0 

7 

1. CICH=CHCHZI, PhCHO HOH 

‘0 
> 

2. CH30Na/CH,0H 
w * * 

COOEt Ph CH=CH, 

Two methods were investigated. In the first tin(I1) diethyltartrate was prepared 
from Sn[N(SiMe,),], and used in situ; in the second one, tin(I1) diethyltartrate, 
prepared from SnCl 2, was isolated before use. The first method yielded the best 
enantioselectivity we obtained for vinyloxiranes. The major isomer (cis) was pro- 
duced with 28% enantiomeric excess, whereas the minor one (trans) was produced 
with 40% enantiomeric excess, The enantiomeric purities were determined with the 
aid of a chiral chemical shift reagent. The purities could not be compared with those 
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derived from optical data because optically pure vinyloxiranes are unknown. They 
would be excellent chiral synthons if they could be obtained optically pure. Owing 
to their fundamental interest in organic synthesis. we are now studying the possibil- 
ity of improving the optical purity. 

Experimental 

““Sn NMR spectra were recorded on a Bruker AM 250 spectrometer operating at 
93.27 MHz in pulse mode with Fourier transform. Deuterated chloroform was used 
as internal lock. The chemical shifts were measured relative to internal Me,%. 
Negative values of the shifts are to upfield. Concentrations of compounds 2, 3 and 4 
in CDCl, are respectively 0.4. 0.16 and 0.18 M. 

Al~vlution with al!vl(hromo)(dichloro)tin 
To a solution of allyl(bromo)(dichloro)tin [7] (279 mg, 0.9 mmoi) in toluene (2 

ml) at -20°C was added benzaldehyde (150 mg, 1.4 mmol). After 1 h at - 20°C. 
the mixture was diluted with hexane and filtered. The precipitate was washed with 
hexane, and the filtrate evaporated. The residue was purified by chromatography on 
silica gel (hexane. ethyl acetate 93/7) to afford 72 mg (54%) of phenylvinyl carbinol. 

Al!kjlution with al&kin bis(aceQlacetonate) bromide 
To a solution of allyltin bis(acetylacetonate)bromide [8] (510 mg, 1.16 mmol) in 

dichloromethane (2 ml) was added benzaldehyde (251 mg, 2.36 mmol). After 1 h at 
room temperature. and evaporation of the solvent, the residue was purified by 
chromatography on silica gel (hexane, ethylacetate 90/10) to afford 142 mg (82%) of 
phenylvinyl carbinol. 

Tin(Il} his(trimethylsilyI)amide in hexane solution 
Tin( II) bis(trimethylsilyl)amide was prepared by Lappert’s method [ 111. except 

that it was not isolated. The hexane solution of tin(I1) amide was titrated by 
iodometry with potassium iodate. and the crude solution used without purification. 

Tin(II) umide-mediated ullq’lution 
To the yellow-orange hexane solution of tin(I1) amide (5 ml, 1 mmol) was added 

crotyl bromide (135 mg, 1 mmol). The colour had disappeared within 5 min. 
Benzaldehyde (74 mg, 0.7 mmol) was then added. After 15 min, the mixture was 
evaporated and the residue chromatographed on silica gel, to give cu-methylal- 
lylphenyl carbinol (74 mg, 66%‘) as a mixture of s.vn and clnri isomers. The ratio 
.syn/anti (40/60) was determined by ‘H NMR spectroscopy [2]. 

Tin(II) diethq’ltartrute 
Tin(I1) chloride (7.58 g, 40 mmol) was dissolved in methanol (150 ml), triethyl- 

amine (11.2 ml, 80 mmol) was added, and the mixture stirred for 30 min. r,-Diethyl- 
tartrate (8.25 g, 40 mmol) was then added and the mixture stirred for 1.5 h. The 
precipitate was filtered off and washed with methanol (20 ml), followed by diethyl 
ether (60 ml). The yield of tin(I1) diethyltartrate (nc) was 85%‘. Anal. Found: Sn, 
35.95. C‘,H,ZOG,Sn calcd.: Sn. 36.76%. IR 1740(s) cm ‘. “‘Sn NMR: S -439 and 
~- 552 ppm. 
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Tin(II) diethyltartrate-mediated enantioselective synthesis of vinyloxiranes 
First method. To (+)-diethyltartrate (1.92 g, 9.32 mmol) was added tin(H) 

bis(trimethylsilyl)amide (6.24 mmol) in hexane. After removal of hexane and 
hexamethyldisilazane, the residue was taken up in THF. After successive addition of 
1,3-chloroiodopropene (1.4 g, 6.94 mmol) and benzaldehyde (0.38 g, 3.58 mmol), the 
mixture was stirred overnight at room temperature. The precipitate was filtered off 
and washed with diethyl ether. After evaporation of the bulk of the solvent, 
methanolic sodium methoxide was added. After extraction with diethyl ether and 
washings, the residue was purified by HPLC to give two isomers (cis and tram, 114 
and 58 mg, respectively). The enantiomeric excesses of the cis and tram isomers 
determined by ‘H NMR (90 MHz) spectroscopy in the presence of Eu(hfc), (37 mg 
of the shift reagent was added to 114 mg of this cis isomer, 49 mg of the shift 
reagent were added to 33 mg of the trans isomer). The relative intensities of protons 
attached to the chiral center at 4.16 ppm (cis isomer) and 3.71 ppm (trans isomer) 
were used for ee determination (28 and 40% for cis and trans isomers, respectively). 
The specific rotations were + 47 o (c 2, CH,Cl,) and + 52” (c 1, CH,Cl,), 
respectively. 

Second method. To a suspension of tin(H) diethyltartrate (5.78 g, 17.9 mmol) in 
DMF (14 ml) were added successively 1,3-chloroiodopropene (3.38 g, 16.69 mmol) 
and benzaldehyde (1.53 g, 14.43 mmol). The mixture was stirred overnight and 
treated with methanolic sodium methoxide. Work-up as above afforded the cis (880 
mg) and tram (133 mg) isomers. Their specific rotations were + 21” (c 2, CH,Cl,) 
and + 16 * (c 1, CH,Cl,), respectively. All the products gave satisfactory ‘H NMR 
spectra. 
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