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Absbuct: The halogen&n of aryl aud alkyl ep0xide.s using elemental bromine or iodine has been studied. 

Epoxides are among the most important building blocks in synthesis owing to their chemical 
reactivityl and availabiity in optically active fc&. The chemistry of epoxides has centered largely on 

nucleophilic ring opening processes, wk’.e reactions with efectrophilic reagents such as the halogens 
have received considerably less attention. Halogenations of epoxides in the presence of alkenes are 
known to produce 2.2’~dibromoethers.3 Similarly, macrocyclic epoxy cycloalkenes have been shown 
to give diiodo bicyclic furans upon iodination.4 In conjunction with ongoing work in our laboratory on 
electrophilic mactlons. we real&d the need to study some halogenation reactions of simple epoxides. 

. . m A selection of alkyl. aryl, and disubstituted epoxides were allowed to 
react with elemental bromine in various aprotic solvents. The results of these experiments ate 
summarized in Table 1. In each case, cleavage of the epoxide ring occurs and, upon aqueous 

thiosulfate workup, bromohydrins are produced. The alcohols can be converted to their acetate 
derivatives for further characterization.5 Interestingly, for most of the epoxides studiid. only 05 
molar equivalents of Br2 is required to complete the reaction. The lone exception is for entry 1, in 
which bromination of the aromatic ring occurs competitively with epoxide opening. We note that in 
this case halogenation of the ring takes place exclusively at the para position, and that cleavage of the 
epoxide occurs more rapidly than for the other substrates. The regioselectivity of these additions 
appears to be somewhat solvent dependent, as evidenced by the series of brominations listed for entry 
1. The reactions generally proceed most cleanly in pentane, CH2Cl2, or benzene solution, while those 
done in THF, nitromethane. or acetonitrile lead to more complex product mixtums and lower yields of 

bromohydrins. A dramatic rate acceleration is observed for reactions in acetone, but the formation of 
acetone/bmmine by-products makes product purification more tedious. 

. . B The iodination reactions of epoxides proceed much more slowly than the 
brominations in most of the solvents studied. In fact, after stirring with rhsef molar equivalents of 
iodine for several days at room temperature, each of the epoxides is recovered unchanged when 
benzene, acetonitrile, mcthylene chloride, or CDC13 is used as the solvent. For THF. reactions proceed 
to only about 30% completion after several days under the same conditions. On the other hand, 
iodinations occur almost instantaneously when performed in acetone, and require only OS molar 
equivalents of iodine. 
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Table I. Bromination Reactions of Epoxides 

-w Epdeo Ftveucm 

(1) 
% 

1; - P r 1; -Q + 4Ln 
I 

% ‘Elf 
64%, rlO:l ratio (benzene) 

76% *lo:1 ratio (acetone) 

67% +lO:l ratio (THF) 

82%, 6~1 ntb &t&Q) 

78%, 43 ratb (pentane) 

66%. 1:2 ratb (W&N) 

67?4,1z2 ratlo (C&NOz) 

(C&k'+ + w J-t ‘%k% 

54% 0.7-3:1 ratio 

(4) 

PhCl+ CH,Ph 

38% 



Table 2. Zodination Reactions of Epoxides 

@I 
phw@ AC W’h - PhCH @J-L HzPh 

(41%) 
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The results of these iodination reactions are given in Table 2. Interestingly, reactions 
involving terminal epoxides (entries 1-3) give acetonide products in addition to the expected 
iodoadduct, which is isolated as a single regioisomer in each case. Iodination of spe oxide (entry 4) 
gives exclusively the acetal. The acetonides presumably arise from addition of an initial ring-opened 
alkoxide (or an equivalent species) to acetone, followed by cycliition via displacement of the iodide. 

Thus. the ratio of iodohydrimacetonide products reflects the regioselectivity of the addition, in that the 
iodohydrin arises from iodin&on at the primary center, while the acetonide results from iodination at 
the secondary carbon. As shown for entries 5 and 6, iodinations of internal epoxides do not give the 
acetonides, probably because the initial secondary alkoxide can not add efficiently to acetone. We also 

note that for entry 1, the aryl group is not halogenated as had been observed for the brominations. 
c Bromine (0.6 mmol) is added dmpwise 

to a stirred solution of I-phenoxy-2-epoxypropane (180 mg, 1.2 mmol) in 5 m.L of CH2Cl2 at room 
temperatllre.6 The progress of the reaction is monitored by TLC using silica gel plates. Upon complete 
disappearance of the starting material, the reaction mixture is poured into 5% aqueous Na&03,and 
the layers are separated. The aqueous layer is further extracted with CH2C12 (2 x 10 mL), the 

combined organic layers are dried over MgSO4, and evaporated to give 358 mg of the crude alcohol. 
purification by flash chromatography gives 327 mg (88%) of the bromohydxin as a colorless oil. 
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5. The 
B AQ 

urified (or crude) halohydrins are acetylated by dissolving in p@dine (2 mL) and adding 
(5 eq) to the mixture. After 12 hours, the reaction mixture is dduted with CH2Cl2 (10 

m.L) and the organic layer is washed sequentially with 5% CuS04 (3 x 10 mL) and 5% 
NaHCQ (3 x 10 mL). Each of the aqueous layers is back-extracted with CH2Cl2 (10 mL), and 
the combined extracts are dried over MgS04 and evaporated. Flash chromatography of the 
crude mixture gives the haloacetates. 

6. The same procedure can be followed for the iodination reactions, except that the acetone 
solution is evaporated prior to thiosulfate workup. 
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