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Reaction of 1,3 -Dioxolans with Halogens : Formation of 
1,3-Dioxolan-2-ylium Polyhalides 

By ANDRE GOOSEN and CEDRIC W. MCCLELAND* 
(Organic Chemistry Research Laboratories, University of Port Elizabeth, P.O. Box 1600, 

Port Elizabeth 6000, South A frica) 

Summary Halogens and interhalogens oxidise 2-phenyl- 
4,4,5,5-tetramethyl- 1,3-dioxolan (1) to the appropriate 
2-phenyl-4,4,6, B-tetramethyl- 1,3-dioxolan-2-ylium poly- 
halides (2)-(6). 

SEVERAL reports of the conversion of 1,3-dioxolans into 
bromohydrin esters upon treatment with N-bromosuccini- 
mide (NBS) ,1-6 NN-dibromobenzenesulphonamide,7 and 
even bromine1 have appeared in recent years. While 1,3- 
dioxolan-2-yl radicals,2 1,3-dioxolan-2-ylium and 
2-bromo- 1, 3-dioxolans5 have been suggested as possible 
intermediates, available evidence% v8 has indicated that 
carbocations rather than radicals are preferred as inter- 
mediates in the ring-opening step of NBS reactions. A 
recent reports that  the appropriate 1,3-dioxolan-2-ylium 
tribromide could be isolated from the reaction of the 
p-nitrobenzylidene acetal of norbornane-2-exo-3-exo-diol 
with bromine has prompted us to report some preliminary 

results of the reactions of 1,3-dioxolans with halogens and 
interhalogens. The results are outlined in the Scheme and 
in the Table. 
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TABLE. Reaction of 2-phenyl-4,4,5,5-tetramethyl-l,3-dioxolan (1) with some halogens and interha1ogens.a 

Reaction 

1 
1 

1 2  6 
IC1 1 
IBr 1 
ICN 2 

Reagent time/h 

c12 
Br2 

IC1, 1 

Isolated 
Product yield/ % 

0 
95 
58 
90 
65 
0 

- 
(2) 
(3) 
(4) 
(5) 

(6)  77 
- 

M.p./"C 
Colour (uncorrected) 
- - 

Orange 83-84 

Yellow 118-120 
Orange 114-1 15 

Yellow 135-138 

Brown 138.5 

- - 

8 The dioxolan (1) (8 mmol) and the reagent (40 mmol) were stirred together in chloroform (20 ml) with initial cooling of the solution 
The resulting precipitate was filtered off and washed and then a t  room temperature for 1-6 h before diethyl ether (80 ml) was added. 

thoroughly with ether. 
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The dioxolan (1) reacted vigorously with bromine, evolv- 
ing HBr. Addition of ether precipitated an orange crystal- 
line material which upon mild acid or base hydrolysis gave 
pure pinacol monobenzoate. The n.m.r. and i.r. spectra 
and elemental analysis of the precipitated material were 
indicative of 2-phenyl-4,4,5,5-tetramethyl-l,3-dioxolan-2- 
ylium tribromide (2). This result confirms the finding of 
P l h a t  and his coworkers8 that 1,3-dioxolan-2-ylium cations 
are intermediate in the reaction of 1,3-dioxolans with 
bromine. When Z-phenyl- 1,3-dioxolan was treated simi- 
larly with bromine, the intermediate 2-phenyl- 1,3-dioxolan- 
2-ylium tribromide could not be isolated and the product 
was 2-bromoethyl benzoate (96%). The stability of the 
1,3-dioxolan-2-ylium cation (2) may be attributed to steric 
hindrance by the methyl groups towards bromide attack 
at the C(4) or C(5) positions which occurs readily in the 
corresponding 4,5-unsubstituted intermediate. 

Iodine reacted more slowly with the dioxolan (1) to give a 
brown precipitate of the 1,3-dioxolan-2-yliurn tri-iodide (3). 

Iodine monochloride and iodine monobromide both reacted 
vigorously affording HCl and the yellow dichloroiodate(1) (Q), 
and HBr and the orange dibromoiodate(1) (5) ,  respectively. 
Cyanogen iodide failed to react with the dioxolan (1) and 
after 2 h only the starting material was recovered. Iodine 
trichloride reacted smoothly liberating HC1 and the yellow 
tetrachloroiodate(II1) (6) .  

These novel reactions show that 1,3-dioxolans are 
generally reactive towards halogens and interhalogens and, 
a t  least in the case of 2-phenyl-4,4,5,5-tetramethyl-lI 3- 
dioxolan (l), the intermediate 1,3-dioxolan-2-ylium cation 
may be isolated in association with the appropriate poly- 
halide anion. 

We thank the South African Council for Scientific and 
Industrial Research for financial support. 

(Received, 24th April 1979; Corn. 423.) 

1 S. Hanessian and N. R. Plessas, J .  Org. Chem., 1969,34,1035; L. A. Cort and R. G. Pearson, J .  Chem. Soc., 1960, 1682. 
2 J. Gelas and S. Michaud, Bull. SOC. chim. France, 1972, 2445; J. D. Prugh and W. C. McCarthy, Tetrahedron Letters, 1966, 1351. 
s H. H. Lee and S. F. Chen, J.C.S. Perkin I ,  1978, 270; D. A. Seeley and J. McElwee, J .  Org. Chem., 1973, 38, 1691. 
4M. M. Ponpipom and S. Hanessian, Canad. J .  Chem., 1972, 50, 253; T. L. Hullar and S. B. Siskin, J .  Ovg. Chem., 1970, 35, 225; 

SM. M. Movsumzade, A. L. Shabanov, N. V. Petrova, S. S. Muradova, and F. K. Agaev, Zhur. ovg. Khim., 1974, 10, 2463. 

7 Y. Kamiya and S. Takemura, Chem. and Pharm. Bull. (Japan) ,  1974, 22, 201. 
8 A. Bazbouz, J. Coste, H. Christol, and F. PEnat, Tetrahedron Letters, 1979, 11. 

A. Rieche, E. Schmitz, W. Schade, and E. Beyer, Chew. Ber., 1961, 94, 2926. 

L. C. Anderson and H. W. Pinnick, J .  Org. Chem., 1978, 43, 3417. 




