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SYNTHETIC COMMUNICATIONS, 22(15), 2187-2191 (1992) 

A NEW SIMPLE AND INDUSTRIAL PROCESS 
FOR BROMINATION OF ALCOHOLS 

Jean-Manuel MAS, Pascal METIVIER 

Rh6ne-Poulenc, Centre de Recherches des C a d r e s ,  
85, avenue des Frkres Perret, BP. 62,69192 Saint-Fons Cedex - FRANCE 

Abstract : Alcohols treated with thionylchloride, followed by chlorine/bromine exchange using 
gaseous hydrobromic acid and thermal decomposition in the presence of a tertiary mine  give the 
corresponding brominated compounds. The process is  regio / stereo selective. 

Transformation ofan alcohol function toa bromide function is well known and widely used on the 
laboratory scale. The most widely used reagents are phosphorus tribromide thionyl bromide z, 

or br~rninatedVillsmeiersalt~, which is generalypreparedinsitustartingfromdimethylformamide, 
triphenylphosphine and bromine. On the industrial scale, the only economical and safe method is 
the use of hydrobromic acid. 

In the course of our investigations, we needed to cany out to the bromination of three different 
alcohols, namely 2-hydroxymethyltetrahydropyranJ, 2-pentanol &and D-methyl lactate 3, - - 

1 2 

k C 0 2 M e  
- 
OH 
3 

2187 

Copyright 0 1992 by Marcel Dekker, Inc. 
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2188 MAS AND METIVIER 

v 

I 4 0 %  30 % 
1 

Br 'r" OH HBr* '(" +. JL 
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90 '3% 10 % 

COzMe 
racemic - 

k C O 2 M e  HBr 
A 

80%no reaction ; 130°C : 

O H  Br 

3 
Scheme 1 : Bromination using HBr gas 

Each case represents a different challenge, for which the standard HBr method is ineffective 
(Scheme 1). In the first case, the reaction should ideally be carried out without opening of the 
sensitive tetrahydropyranring ; in the second case, a mixture of 2-bromopentaneand 3-bromopentane 
is obtained, when only the 2-brompentane isomer is desired ; and in the third case. the methyl 2 
bromopropionate must be obtained in reasonable yield with conservation of optical activity. 

Wewish toreporthereageneralmethod whichhasbeenused with success for thesynthesisof those 
three brominatedc~mpounds~. The process involves theuse of thionylchloride(Scheme2) to form 
in situ the chlorosulfite followed by chlorine/bromine exchange with HBr gas. The resulting 
bromosulfiteisthen heatedin presenceof catalytic pyridineor triethylamine to give thebrominated 
compound via an SN, type process. The results we obtained for the bromination of the three 
representative alcohols are given in Scheme 3. 

SOCl, 3 
ROH +ROSOCl + HC1-ROSOBr + HC1 

iz3 
IU3r + SO, 

Scheme 2 : general principle of reaction. 
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BROMINATION OF ALCOHOLS 2189 

82 % 

+L 

- Y O z M e  Br 

Yield: 75 % 
Selectivity: 97 

Yield: 84% 
Optical yield : 98 % 

2 %  

+ & 
1.6 % 
3 

+ Y O z M e  c1 

3 %  

Scheme 3 : results obtained with the SOCIJHBrRYR, system. 

In all cases yields are around 80% and no more than 2 to 3% of the corresponding chlorinated 
product is observed ; this side product is easily removed by distillation. This "one-pot'' method is 
verypowerfulbecauseofitsregioandstereoselectivity. Thereactioncan be carriedoutin bulkand 
isvery economic. Furthermore, thereaction conditionsaremildandthusapplicable to a widerange 
of substrates. 

EXPERIMENTAL 

2-Bromomethyltetrahydropyran 

ThereactionmixtureisanalysedusingaVARIAN3400gaschromatographequippedwrthaflame 
ionisation detector and using a 15 m x 0.53 mm L.D. fused quartz semicapillary column bonded 
with a DB-17 stationary phase. Titrations are performed using hexadecane (C16w as internal 
standard. 

D
ow

nl
oa

de
d 

by
 [

U
Z

H
 H

au
pt

bi
bl

io
th

ek
 / 

Z
en

tr
al

bi
bl

io
th

ek
 Z

ür
ic

h]
 a

t 0
1:

28
 0

1 
Ju

ly
 2

01
4 



2190 MAS AND METIVIER 

17,4 g(0,15 mole) of 2-hydroxymethyltetrahydropyranareaddedto202 g (0,165 mole) of thionyl 
chloride over a period of 1.5 hour while keeping the reaction mixture at 20-25°C. The reaction 
mixture is maintained at 25°C while stirring for half an hour ; the emission of HCl stops after 20 
minutes. 13.35 g (0.165 mole) of HBr gas were then added to the mixture overa period of 1.5 hour, 
while maintaining temperature between 25 and 30°C. 1.5 g (0.015 mole) of triethylamine is then 
quickly added to the reaction mixture which is then heated to 70°C for 5 hours. CPG titration 
indicates a conversion of 100% of the alcohol, 86% yield of the brominated compound and 3% 
of thecorrespondingchlorocornpound. Thereactionmixtureis thendiluted withdichloromethane, 
and washed until neutrality with a concentrated hydrogen carbonate solution, dried over N%SO, 
and evaporated to dryness. 25.9 g of a brown oil is then obtained which is distilled (75-79OC under 
17 mrnHg). 21.5 g of a colorless liquid is obtained. Titration of the product indicates 94% purity 
(75.3% yield). 

2-Bromopentane 

The reaction mixture is analysed on a VARIAN 3400 gaz chromatograph equiped with a flame 
ionization detector. an autosampler and using a 30 rn x 0.53 mm L.D. fused quartz semicapillary 
columm with a DBl stationary phase. Titmtions were performed using external standards. 
15g (0.16 mo1es)ofthionylchlorideisintroducedintoa 100 mlreaction vessel. 9.27g (0,105 mole) 
of 2-pentanol and 10.2g (0,126 mole) gaseous bromhydric acid are introduced simultaneously 
into thereactor at 25°C in one hour. SOCJis added using an automatic syringeand HBr is bubbled 
into the reaction mixture while stirring. The reaction mixture is then stirred for one hour at 25°C. 
0.1 g triethylamine is added to the mixture; which is then heated to 80°C. for three hours. Titration 
of the crude reaction mixture gives the following results : conversion loo%, 2-bromopentane 
75%. 3-brornopentane 1,6%. The reaction mixture is diluted with 100 ml of dichloromethane, 
neutralised with aqueous NaHCO,, and then washed three times with 100 ml water, dried on 
Na$O, and then distilled to obtain the mixture of the 2- and 3- bromopentane. 

S (-) Methyl 2-bromopropionate 

Thereactionmixturewasanalysedusingtwochromatographic methods,oneforchemical titration 
and one for enantiomeric determination. 

Chemical determination wasperformedusingaVAlUAN 3700gaschromatographequipped with 
an autosampler and a flame ionisation detector using a 15 m x 0.53 mm L.D. fused quartz 
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BROMINATION OF ALCOHOLS 2191 

semicapillarycolumn, withabondedDB.1 stationary phase. Titrations wereperformedusing 1,2- 
dichlorobenzene as internal standard. 

Enantiomericpurity : theproductisanalysedusingaVARIAN6000gaschromatographequipped 
with a flame ionisation detector using a capillary Ni-R-CAM column5. 

10,8 g R (-) Methyl lactate (0.1oQ mole, ee = 92.8%) is added to 18.75 g thionyl chloride (0,157 
mole) over one hour at 25OC while stirring. The reaction mixture is then kept at 25OC for one more 
halfhourwhilestirringand82,2mgofpyridineisthenadded. 12.74gofgaseousHBristhenadded 
over a period of 55 minutes. The temperature rises to 35OC. The reaction mixture is then stirred at 
3OoC for half an hour and then heated at 80°C for two hours and cooled back to mom temperature. 
Titration showsaconversionof99% tomethyllactate,ayieldof84%ofbromopropionateand3% 
of chloropropionate.Thereactionmixtureisdiluted with20mldichloromethane.and washeduntil 
neutrality with water.Theorganiclayer is then dried withN%SO anddichloromethaneisevapomed. 
11.42 g of a yellow oil is obtained with t~ 97% GC purity in bromopropionate. Chiral gas 
chromatography indicates ee is 91,4% (optical yield 98.5%). 
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