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Synthesis of Bromoalkanes via Heterolytic or Homolytic Mechanisms  

Haloalkanes are versatile compounds commonly synthesized and 

studied in organic chemistry.1,2 Alkanes and alkenes are two 

functional groups that can be converted to haloalkanes, which can 

in turn be converted to other functional groups. The reaction 

between molecular bromine and an alkane can be initiated by 

either high heat or sunlight at room temperature.3 In this 

experiment we use a homemade apparatus (Fig. 1) to enable two 

different bromoalkane syntheses to occur simultaneously: a free 

radical alkane substitution and an alkene addition. The HBr by-

product from the alkane reaction is bubbled through an alkene to 

produce a bromoalkane. The alkene hydrobromination can result 

in the formation of two possible products depending on 

conditions.4,5 Students use their proton NMR data to determine if 

the addition reaction occurs via a heterolytic or homolytic 

mechanism. This experiment, designed for undergraduate organic 

chemistry students, is one of the few organic experiments where 

all three phases can be seen: solid, liquid, and gas. 

• The bromine was added to TT1 by the instructor (in a hood)  

• TT1 was wrapped in aluminum foil and the apparatus was placed in sunlight 

• The foil was removed after 5 minutes. Bubbling began soon after in TT1 and TT2  

• After the bubbling subsided, the apparatus was moved to a hood and degassed 

• The reactions were quenched and the products were analyzed by proton NMR 

Test Tube 1: 

(TT1) 

Test Tube 2: 

(TT2) 

The average duration of the reaction was about one hour, 

depending on amount of sunlight. At this point the color 

of contents of TT1 faded from dark red to a light red and 

a white solid was formed at the bottom (Fig. 2).  

TT1 product 1H NMR spectrum: 

The major product formed in TT2 was 1-bromooctane. The anti-

Markovnikov, homolytic addition predominates due to the presence of 

bromine radicals, which bond to the end of the 1-octene carbon chain, 

yielding a the more stable 2° radical.6 The bromine radicals behave like 

peroxides.7 Our group has previously used isooctane in TT1 successfully, 

which yielded a faster reaction but a more difficult to interpret NMR 

spectrum.5 A halogen lamp or incandescent light can be used to speed up the 

reaction when sunlight is insufficient. Any glycerol used to facilitate 

assembly of the apparatus must be thoroughly removed or the reaction will 

fail from the preferential oxidation of the glycerol by bromine. No 

specialized equipment is needed for this experiment and the materials to 

construct the tubing apparatus are inexpensive and common. The 

experiment can be completed within one 4-hour laboratory period.  
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Literature proton NMR spectra for comparison:8 

TT2 product 1H NMR spectrum: 

X : parts per Million : 1H
8.0 7.0 6.0 5.0 4.0 3.0 2.0

X : parts per Million : 1H
5.0 4.0 3.0 2.0 1.0
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