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Abobwt-cis- and truns-But-2-ene epoxides react with acetone in the presence of BF,-etherate lo give 
trans- and cis-2,2,4.5-tetramethyl-1,3-dioxolanes respectively. Use of 018-labelled acetone allowed the 
reaction mechanism to be de6ned. 

RECENTLY Yandovoskii and Temnikova’ have suggested a mechanism for the 
formation of 1,3dioxolanes from epoxides and carbonyl compounds under Lewis 
acid catalysed conditions. We now present evidence in support of this mechanism 
(Fig. 1) for the reaction of the but-2ene epoxides with acetone in the presence of 
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BF,-etherate. In addition we now exclude two further mechanisms 2 and 3 (Figs 2 and 
3). One of these (Fig. 2) allowed for the possibility of the presence of a sufiicient 
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concentration of water impurity in the system to produce a diol (eg. 2) as an inter- 
mediate which could subsequently react with the carbonyl compound. 

Reaction of either cis-but-tene epoxide or d.l-butane-2,fdiol with acetone in the 
presence of BF,-etherate gave the ttansdioxolane (1). Similar treatment of either 
trans-but-Zene epoxide or meso-butane-2,3diol gave the cisdioxolane (3). The 
stereochemistry of the dioxolane produced from each butane-2,3diol was the ex- 
pccted2 one, but the correct interpretation of the stereochemical inversion accom- 
panying dioxolane formation from the but-2ene epoxides was not clear. However, 
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mechanism 3 may be excluded since that reaction path would lead either to retention 
of configuration (by some form of ion-pair interaction) or more probably to mixtures 
of cis- and trans-dioxolanes from each epoxide. 

In an attempt to decide which of the mechanisms (1 and 2) was operating the diol 
and epoxide reactions were repeated using 0 18-labellcd acetone (8.9% enriched). 
Mass spectra for the products and the O’*-enriched acetone were recorded at 17eV on 
an MS902 instrument at a resolving power of 1000 without changing either source or 
detector settings. No O’s-incorporation in the dioxolanes was detected for the diol 
reactions (as expected), but nearly quantitative incorporation was found for the 
epoxide reactions (Table 1). While this result at first sight appears to exclude mechan- 
ism 2, the free water postulated in the system would be recycled and itself become O’s- 
labelled; the 0i8 content of the dioxolane product would be reduced for low water 

TAB= 1. PERCENTAGE OF POSSIBLE THEOREIICM O’*- INCORPORATION ( f 3 %) IN 2,2.4,5-TETFWMLTHYL-1,3- 
DIOXOLANES ON REM3lON OF 0’%3!TONE (85% mOkS) WITH SUBSTRATE (1 IlIOk) IN THE PmENcI! OF 

BF3 -ETHBRA’CE. 

cis-But-2+ne epoxide 
tmns-But-2cne epoxide 
d,l-Butane-2.3diol 
meso-Butane-2,3diol 

No H,O added O-2 moles Hz0 added 

994 96.8 
97.8 102 

0 - 

0 - 

concentrations (up to w 03 mole) by at least the ratio moles H,O/moles epoxide. In 
order to completely exclude this possibility the epoxide-O’*-labelled acetone re- 
actions were repeated in the presence of deliberately added water (0.2 moles). Were 
mechanism 2 operating the maximum 0 “-content which could be found for the di- 
oxolane product would be 80”/, of that found earlier. Since the 0i8-incorporation was 
unchanged by the addition of water (0.2 moles) mechanism 2 may be excluded. 
Mechanism 1 remains for the BF,-catalysed formation of dioxolanes from the but- 
2-ene epoxides and acetone. 
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EXPERIMENTAL 

IR spectra were for liquid films on a P&in-Elmer 337 spectrometer; NMR spectra were determined on 
a Varian A60 for 10% w/v CD& solns with CHCIs and TMS as intcrnai standards; Analytical GLC 
using Varian Aerograph 12tlO using columns of 20 y0 Carbowax 2OM on Chromosorb P and 3 y0 Carbowax 
2OM on Chromosorb G ; BF,-etherate was BDH freshly redistilled. 

cis-~,4.5-Terronrethyl-l,3d~~~ (3) 
To a soln of meso-butane-2,3diol(68 g) in acetone (2.9 g) was added HISOI (50%; 02 ml) and the soln 

heated under refhtx for 3 hr on a steam bath. Tbc cooled reaction mixture was poured into K&O, aq and 
the product isolated by means of ether. Distillation gave the cis-dioxolane (3; 2.2 g) b.p 11 I-I 143 4’ 
19004&ul ~2~1220,1104,1085.850 cm- ‘, NMR 6 398 ppm (R&x = I5 cs; C?-H, C’-H); 1*351*22 ppm 
(Cx(CH&); 195. 143 ppm (J = 6 cs; C*-CH, C’-CH3 (Found: C, 64-8; H, 107. C,H1401 requires: 
C, 64-6; H. 108%). 

trans-~~4,5-Te~~r~yromcthyC1,3-dioxoknc) (1) 
The dioxolane (1) prepared from d, bbutane2,3diol had b.p. 109-l lT, d’1.3953, V_ 1243,1214,1080, 

841 cm- I, NMR 6 343 ppm (&,, = 11.5 cs: C*-H, Cs-H); 127 ppm (C’(CH,),); 1.15.1.13 ppm (J = 6 cs; 
C’-CH3, C”-CH3). 

BF,-Catalysed reaction @ but-2-ene epoxides with 018-lobellal acetone 

(a) cis-Epoxide (dry) To a soln of cis-cpoxidc (005 ml) in acetone (89% O’s; 025 ml) was added BF3- 
etherate (001 ml) and the mixture kept at 0” for 10 min. The mixture was diluted with ether (25 ml) and 
washed with water (10 x 5 ml). Ether was removed from the dried soln by distillation to give the traus- 
dioxolane (l), idcntitkd by GLC and NMR. 

(b) +Epoxide (wet). Conditions were as for (a) except that water (2.5 ml) was added prior to the BF3- 
etherate+ and yielded tbc tmasdioxolane (1). 

(c) trans-gpoxide(dry). Reaction conditions, as for (a), converted the rruns-epoxide into the cisdioxolanc 
(3), identified by GLC and NMR. 

(d) trams-Epoxide (wet). Conditions were as for (b); rruns-cpoxidc was converted into the cisdioxolane 

(3) 
The pcrccntage of possible theoretical Or*-incorporation for the dioxolane products for reactions (a)-(d) 

is given in Table 1. 

BF,-Catalysad reaction dbutane-2,3-dials with O’%bekd acetone 

(a) meso-Dial To a soln of nrso_butaae_23diol (0115 ml) in acetone (SqA 0’s; 025 ml) was added 
BF,-cthcrate (001 ml) and the reaction kept at Q for 10 min. Isolation of the product, as for the epoxide 
reactions, gave the cisdioxolanc (3) identified by GLC and NMR. 

(b) dl-Dlol. Reaction as for (a) using 41-butan&,3diol gave the trausdioxolanc (1) idcntilied by GLC 
and NMR. 
No O’s-incorporation from the acetone into the dioxolancs could be detected (Tabk 1). 
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