
vents used did not form peroxides, as determined iodo- 
metrically, under experimental conditions. 
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(one real, one partial) on adjacent carbon atoms. 
Since V leads to the formation of 11, the adjacent, 
charge rule3*,* may be used to explain the pre- 
dominant formation of that isomer. Such an inter- 
pretation is successful in accounting for the ex- 
clusive formation of 3-phenoxy-1-chloro-2-pro- 
pano15 during the reaction of epichlorohydrin with 
phenol in the presence of boron trifluoride. 
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The reaction be tween l-bromo-2,3-epoxybutane, 
I, and phenol in basic solution has been reported' 
to yield 3-phenoxy-l,2-epoxybutane. 

In  the present work phenol was allowed to react 
with I in the presence of boron trifluoride to find 
whether the direction of epoxide ring opening was 
the same as that reported for the reaction conducted 
in basic medium. The product of the acid-catalyzed 
reaction was found to  consist chiefly of l-bromo-3- 
phenoxy-2-butanol, 11. 

BFa 
CH3-CH--CH-CH2Br + CGHsOH + 

CH3-CH-CH-CHZBr 
'0' 

dC& dH 

Dehydrobromination2 of I1 a t  room tempera- 
ture produced 3-phenoxy-l,2-epoxybutane, 111. 
Upon treatment with silver oxide, 111 was oxidized 
to 2-phenox ypropionic acid. 

The acid-catalyzed opening3 of the epoxide 
ring of I may proceed in either direction, giving two 
possible carbonium ions : 

Br + CH2-CH-CH-CH, IV, and 
6 f  + I 

6- 
Br + CHz-CH-CH-CH3, V. 

0- 
6 +  I + 

Species IV would be predicted to  be the less stable 
ion because of the presence of two positive charges 
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EXPERIMENTAL 

Boiling points and meltiiig points are uncorrected. 1- 
Bromo-2,3-epoxybutane, b.p. 143-145', was prepared by 
the method of Petrov.6 

Reaction of 1-bromo-2,S-epoxybutaneJ I, with phenol. In a 
1-l., three-necked flask was placed a solution of 94 g. (1 
mole) phenol and 1 g. boron trifluoride dissolved in 500 ml. 
benzene. While the temperature was maintained in the 
range -2' to +2', 37.7 g. (0.25 mole) of I were added 
dropwise and with vigorous agitation. The addition required 
about 30 min. After the addition of I was complete, the solu- 
tion was stirred for an additional 30 min. Water was then 
added to destroy the catalyst. The water was removed and 
the benzene was distilled a t  reduced pressure. At 15 mm. 
pressure phenol was removed by distillation in the range 
78-90'. The product was 36.7 g. (60% yield) of clear, 
colorless oil, b.p. 100-105' at 0.3 mm., n*:" 1.5500, which 
was found to be l-brom0-3-phenoxy-2-butano1, 11. An 
attempt to oxidize this compound with sodium hypoiodite 
was not successful. 

Anal. Calcd. for Cl0Hl3O2Br: C, 49.10; H, 5.35; Br, 32.60. 
Found: C, 49.78; H, 5.56; Br, 32.52. 

Dehydrobrominatiim of 1-bromo-S-phenoxy-2-butano1, 11. A 
mixture of 35.2 g. of 11, 200 ml. ethariol, and 50 ml. of 6N 
sodium hydroxide was shaken vigorously a t  room tem- 
perature for 1 hr. One liter of water was then added, and 
the product was removed by three extractions with diethyl 
ether. Analysis of the aqueous phase by the Mohr method 
indicated 96y0 removal of the bromine. The ether solution 
of epoxide was washed with water until neutral and dried 
over anhydrous calcium sulfate. The residue after removal 
of the ether was fractionated through a short Vigreux 
column to give 18.8 g. (SOYo yield) of 3-phenoxy-1,2- 
epoxybutane, 111, b.p. 74-77" a t  0.3 mm., ny" 1.5188. The 
residue was 3 g. of yellowish oil which gave a positive 
qualitative test for bromine. 

Oxidation of 3-phenoxy-1 ,Z?-epoxybutane, 111. Oxidation of 
I11 was carried out by stirring 3 g. of I11 with 17 g. silver 
oxide and 50 ml. of 10% sodium hydroxide solution for 18 
hr. on the steam bath. The metallic silver was removed by 
filtration, and the solution was acidified with dilute hydro- 
chloric acid. Several ether extractions yielded 3 g. of crude 
crystals upon evaporation of the ether. Recrystallization 
from hot water produced 2.4 g. (79% yield) of 2-phenoxy- 
propionic acid, m.p. 115-116". The amide and anilide were 
prepared and found to melt at 131" and 117-118', respec- 
tively. These values are in good agreement a i t h  the litera- 
ture values for 2-phenosypropionic acid and derivatives. 
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