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SYNTHETIC COMMUNICATIONS, 28(3), 499-505 (1998) 

SELECTIVE BROMINATION OF AROMATIC ETHERS WITH 
PYRIDINIUM HYDROBROMIDE PERBROMIDE 

W. Preston Reeves,* Cuong V. Lu, Brian Schulmeier, 
Lynette Jonas, and m i n d  Hatlevik 

Depanment of Chemimy, Texas Lutheran University, 
Seguin, TX 78155, USA 

ABSTRACT: In aqueous polar solvents, various 
aromatic ethers were selectively brominated using 
pyridinium hydrobromide perbromide. 

In the presence of molecular bromine, aromatic systems are capable of 

undergoing electrophilic substitution.’ In response to a very diverse range of 

reactivity, a number of techniques have appeared for selectively brominating 

aromatics.2 

Pyridinium hydrobromide perbromide (PHP)3 has been used for 

bromination of ketones4 for the addition of bromine to alkenes,.’ and has 

received limited attention as a reagent for aromatic br~mination.~.’  

*To whom correspondence should be addressed. 
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500 REEVES ET AL. 

As previously reported, we have found PHP to be a good reagent for selective 

monobromination of aromatic amines.' 

We now wish to report the extension of this method to include 

aromatic ethers. By judicious choice of reaction conditions (see experimental 

part), we have selectively mono- and dibrominated anisole, p-methylanisole 

and p-dimethoxybenzene. Monobromination products also have been 

obtained from o-methoxybenzaldehyde and from 1-methoxynaphthalene. 

Attempted bromination of propiophenone was not successful. Starting 

material was recovered. 

These findings suggested that electronic effects are very important in 

this process. Consideration of the electronic effects leads one to predict an 

increase in the relative rate of reaction for mono and dibromination as the 

number of electron releasing groups increases. However, comparative studies 

indicated that anisole reacted more rapidly than either of the para substituted 

analogues. This indicates that steric factors are also important. 

Additional comparative rate studies were conducted allowing two 

reactants to compete for a limited amount of brominating agent (PHP). Both 

o-methylanisole and 1,3-dimethoxybenzene proved to be more reactive than 

anisole. 1,3-dimethoxybenzene is in turn more reactive than the m- 

methylanisole. The "empty" para site is both electronically activated and 

sterically open and thus seems to be the preferred position for substitution 

when available. 

The decrease in the rate of monobromination with para substitution 

suggests that the bromination species is probably a large complex involving the 
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PYRIDINIUM HY DROBROMIDE PERBROMIDE 50 1 

pyridinium moiety. This could account for the decrease in reaction rate even 

though substitution is on a system with more electron releasing groups. The 

ensuing conversion to the dibromo compounds occurs only with difficulty. 

Solvent effects are also important in these reactions. Increased solvent 

polarity, as a general trend, gives a more facile bromination. This trend was 

also noted in our previous work with the amine 

With varying reaction conditions, we have been able to selectively 

mono and dibrominate anisole, p-methylanisole, and p-dimethoxybenzene with 

the use of PHP. Comparative reactivity suggests that steric as well as 

electronic and solvent effects are important in the facility of this reaction. 

With the selectivity offered by PHP as well as the ease of handling and safety 

of this reagent, it would be worthy of serious consideration for bromination 

of activated aromatic systems. 

EXPERIMENTAL 

GC-MS analyses were conducted on a Hewlett-Packard 5890 instrument using 

the HPG 1034B software for MS ChemStation (DOS series). NMR spectra 

were obtained on a Varian Unity Plus 300 MHz instrument. 

Monobromination of Anisole: Anisole (O.ilO1 mol) was added to PHP (0.002 

mol) dissolved in SO ml of a solvent mixture of 10% water, 40% acetic acid, 

and SO96 ethyl ether. The solution was stirred magnetically for 4 hours. The 

reaction was then quenched by treatment with sodium hydrogen sulfite, 

filtered, dried (MgSO,) and analyzed by GC-MS. 
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502 REEVES ET AL. 

For isolations, the quenched reaction was saturated with sodium 

chloride and extracted with ethyl ether. The ether solution was washed with 

5% aqueous hydrochloric acid (3 x 50 ml), then with 5%) sodium bicarbonate, 

then water and finally dried (anhydrous MgSO,). Distillation yielded p- 

bromoanisole in 94.9% yield, bp 223" (lit" bp 223"). 'H NMR 6:s(3H) 3.79, 

d(2H) 6.79, d(2H) 7.38. 

Dibromination of Anisole: The reaction was conducted as above except a 

PHP:anisole ratio of 4:l was used in a solvent of 40% water and 60% acetic 

acid was used and the solution stirred for 25 hours. Isolated yield 74%, mp 

60"-62", (lit" mp = 61.3"). 'H NMR S:s(3H) 3.41, d(2H) 6.30, dd(2H) 6.91, 

d( lH)  7.20. "C NMR 656.6, 112.7, 113.0, 113.3, 131.4, 135.6, 155.6. 

Monobromination of 4-Methylanisole: A PHP:4-methylanisole ratio of 3:l 

was stirred for 5 hours in a solvent of 10% water, 40% acetic acid and 50% 

ether. GCMS and GC indicated monobromination of starting material in 

about 60%) yield. This product was not isolated. 

Dibromination of 4-Methylanisole: A PHP4-methylanisole ratio of 5:1 was 

stirred for 7 hours in a solvent of 70% water and 30% acetic acid. GC and 

GCMS indicated a mixture of dibromomethylanisoles in 90% yield. No 

attempt was made to separate these products. 
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PYRIDINIUM HYDROBROMIDE PERBROMIDE 503 

Monobromination of p-dimethoxybenzene: A PHP:p-dimethoxybenzene ratio 

of 2:l was stirred for 70 hours in a solvent mixture of 10% water, 40%) acetic 

acid and 50% ethyl ether. Periodic monitoring of this reaction revealed a 

60% conversion to monobromo product after 9 hours. GC-MS analysis 

indicated formation of 2-bromo-1, 4-dimethoxybenzene. After 70 hours, the 

product distribution was 93% monobromodimethoybenzene and 7% 

dibromodimethoxybenzene. These products were not isolated. 

Dibromination of p-dimethoxybenzene: A PHP:p-dimethoxybenzene ratio of 

4:l in a solvent of 40% water and 609% acetic acid was stirred for 19 hours. 

A quantitative conversion to 2,S-dibromo-1,4-dimethoxybenzene was obtained. 

Isolated yield 80.6% of a solid mp 142", (lit'' mp = 142"). 'H NMR 8:s(3H) 

3.85, s(1H) 7.11. "C NMR 857.0, 110.5, 117.2, 150.6. 

Monobromination of 1-methoxynaphthalene: PHP:l-methoxynaphthalene in 

a ratio of 2:l was stirred for one hour in a solvent of 10% water, 40% acetic 

acid and 50% ether. A similar flask was sonicated in a laboratory ultrasonic 

cleaner for one hour. In both cases GC-MS indicated a quantitative 

conversion to a monobromomethoxynaphthalene. Attempts to dibrominate 

were not successful. 

Monobromination of o-methoxybenzaldehyde formed a brominated 

product in low yield (8%). 
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504 REEVES ET AL. 

Comparative Reaction Studied3 Two reactive substrates (0.002 mol of each) 

were dissolved in 50 ml of a solvent mixture of 10% water, 40% acetic acid 

and 50%) diethyl ether. This was then treated with 0.0005 mol of PHP. The 

reaction, monitered by GCMS, was complete after 1 minute. Both 2- 

methylanisole and 3-methoxyanisole were more reactive than anisole, however, 

anisole was more reactive than 1,4-dimethoxybenzene. 1,3-dimethoxybenzene 

was more reactive than the 3-methylanisole. 
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