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The high se lec t iv i ty  for  the format ion  of v ic inal  d ib romides  in the brominat ion  of b romoa lkanes  

with mo lecu l a r  b romine  had or ig ing l ly  been ra t ional ized by a mechan i sm involving anch imer ic  a s s i s t ance  
3 

by the neighbouring b romine  atom dur ing the abs t rac t ion  of the ~ -hydrogen  . 

An a l te rna t ive  explanation to ra t iona l ize  the high se lec t iv i ty  found dur ing brominat ion suggested 

that the reac t ion  was governed by r e v e r s a l  of the rad ica l s  formed with the hydrogen b romide  produced in 

the react ion .  The ~ - b r o m o a l k y l  rad ica l  was unique in that i t  was capable  of e l iminat ion to f o r m  olefin,  

which would add b romine  to give 1, 2 -d ibromide ,  and if apprec iab le  r e v e r s a l  of the o ther  r ad ica l s  occur red  

a predominance  of vicinal  product  would be produced 4. A tes t  of this proposa l  was subsequent ly  repor ted  

by Bruylants  and Co-worke r s  by c a r r y i n g  out the brominat ion  of 1 -bromobutane-82Br  with m o l e c u l a r  

bromine  5. Thei r  r esu l t s ,  as r epor ted ,  a re  l i s ted in Table 1. 

Table 1 

=RADIOACTIVITY REGISTERED A F T E R  PHOTOBROMINATION OF L A B E L L E D  n-BUTYL BROMIDE 

T e m p e r a t u r e s  : 20°C - React ion mix ture  : 20 ~1 C4HgBr* + 5 ~ 1  Br  2 + 20,ul  CC14 

Inorg. spec ies  C4HgBr 1, 1 -d ibromo 1, 2-  1 ,3 -  T r ib romo ( x ) 

Act ivi ty  ( $ ) 13563 269064 4295 108164 21736 20169 4491 
(~) 3 60 1 25 5 5 1 

( x ) Act ivi ty  of products  re ta ined  between peaks.  ($) In counts pe r  minute.  

The base  catalyzed e l iminat ion of hydrogen bromide  f rom the 1, 2 -d ibromobutane  formed yie lded label led 

1- and 2-bromobutene.  The d is t r ibut ion  of a c t i v i t y ~ a s  fouled to be 10% in the 2 -b romo,  and 90% in the 

1-bromobutene.  The authors  concluded,  f rom the low amount of ac t iv i ty  found in the hydrogen b romide  

produced, that no apprec iab le  e l imina t ion  had taken place,  and that a sma l l  amount of r e a r r a n g e m e n t  (10%) 

was respons ib le  for the ac t iv i ty  found in the 2-posi t ion of the 1 ,2 -d ibromobutane .  

Since the repor t  that some of the or iginal  data that the a l t e rna t ive  mechan i sm was based upon is not 
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. 6,7,8 
reproaucible , we have actively been engaged in a detailed investigation of this bromination reaction and 

we would like to report in this communication some of the results obtained relating to the extent of elimina- 

tion observed in the bromination of 1-bromobutane. 

A more quantitative evaluation of the extent of elimination taking place during the bromination of 

1-bromobutane--82Br can be obtained from the data listed in Table 1 if one assumes that the rearrangement 

of the label observed was not due to a rearrangement reaction but was due to the elimination-readdition 

mechanism that was purportedly being tested for. 

A scheme can be constructed which treats the data statistically, and takes into account the fact 

that if radioactivity is released as hydrogen bromide to the bromine pool, by the formation of l-butene, and 

if the hydrogen bromide and molecular bromine are in rapid equilibrium, a portion of the radioactive halogen 

will readd to the olefin to reform radioactively bromlnated substrate (see Scheme 1) 

H B r + / ~ ' , , B r < - -  yBr--I- / ~ / ~ ' ~ B r  f -~  HBr + . / ~ / ~ B r  

fe yfll-e) 
Scheme 1 yfe / ~ / ~ r  r 

The reaction was simulated stepwise. In each step, y moles of Br" attack the molec~e, and of these a 

fraction, f, abstracts a ~-hydrogen. A fraction of the ~-bromobutyl radicals, e, eliminates bromine 

atoms to give 1-butene, which then adds bromine to form, 1,2-dibromobutane. The value of f was calculated 

at 0.8 from the data reported in Tab.le 1. The value for • was varied from 0 to i until a best fit for the dis- 

tribution of radioactivity in the 1,2 and 1,3-dibromobutanes was found. The reaction was simulated to 87% 

conversion, assuming that the data in Table i constituted a material balance. The reaction was simulated 

in 10,000 steps, i.e. y was set at 8.7 x 10 -5. After each step the radioactivity in each reactant and product 

was determined and these new concentrations were used for the next step in the reaction. 

This method of treating the data predicted the distribution of radioactivity in the i, 3- and 1, 2- 

dibromobutanes listed in Table 1, when e, the amount of elimination from the 1-bromo-2-butyl radicals, 

was equal to 37%. The radioactivity in the hydrogen bromide was predicted to be 8%. The discrepancy 

between the calculated and observed values of activity in the hydrogen bromide (3%) could be accommodated 

by the fact that activity was also found in the product i, 1-dibromobutane and the unidentified tribromide, 

and by the fact that the method of analysis of the activity in the hydrogen bromide was, presumably, less 

accurate than that of the other products 5. 
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The scheme  inco rpo ra t e s  the approximat ion that the va lues  of f and e a r e  constant  with percen tage  

react ion .  Although these  assumpt ions  a re  only approximate  the ave rage  values  used a re  r emarkab ly  c lose  

to the value of f (0.85) obtained in a study of the vapor  phase bromina t ion  of 1-bromobutane 1 and the va lue  

for • obtained f rom the study of the brominat ion  of 1-bromobutane  with b romine-81  (see below).  

The Bromina t ion  of 1 -Bromobutane  with Bromine -81  - Mixtures  (5:1 mole  ratio) of 1-bromobutane  

and m o l e c u l a r  b romine  highly enr iched  in b romine-81  w e r e  p laced in degassed  pyrex ampoules  thermos ta ted  

at 40 ° and w e r e  photolyzed ( incandescent  lamp) until the b r o m i n e  co lour  was complete ly  d i scharged .  The 

products ,  1 ,2 -d ibromobutane  and 1 ,3 -d ibromobutane  w e r e  i sola ted  by p repa ra t ive  glpc (2 m x 5 ram, 10% 

DEGS on Diatoport ,  g lass  column) and their  high reso lu t ion  m a s s  spec t rum w e r e  obtained (AEI MS9, 70 ev), 

see  Table  2. 

Tab le  2 

Mass  Spectral  Analys is  of the P roduc t s  of the Bromina t ion  of 1 -Bromobutane  with Bromine -81  (40 °) a 

Mass  Spectral  Peaks  b Isotopic  Content 
Isotopic  Rat io  

I r e l a t ive  in tens i t ies  I Itotal molecule~ 7 9 B r  : 81Br 

' P 1 / P 1  P 2 / P 1  P 3 / P 1  ' ' 79Br 81Br ' ' B romine  Bromine  
Run Produc t s  atom 1 atom 2 

1) 1, 2-Dibromobutane  1.0 10.8 12.7 0 .26 0.74 0 .43:0.57 0 .10:0 .90  

1, 3-Dibromobutane  1.0 5. 8 5.1 0.33 0.67 0.48:0.  52 0 .18:0 .82  

2) 1, 2-Dibromobutane  1.00 10. 95 13.05 0.261 0.739 0.424:0.  576 0. 094:0. 907 

1, 3-Dibromobutane  1.00 5. 76 5.07 0.328 0.672 0.481:0.  519 0. 176:0. 824 

1, 2-Dibromobutane  1.00 10.57 12.39 0.264 0.736 0.427:0.  573 0. 098:0. 902 3) 

79 
a) A mole  ra t io  of 5:1 of 1-bromobutane  (79Br: 81Br, 50.46:49.64) :Br2(  Br:  81Br, 3 .96:96.04)  was 

photolyzed (2 x 100 W incadescent  lamps) to comple te  reac t ion .  
b) The ra t io  of the paren t  ions P l ( m / e  214), P 2 ( m / e  216) and P3 ( m / e  218). 

F r o m  the in tens i t ies  of the m a s s  spec t ra  of i ts  paren t  ions the isotopic content of each d ib romide  

could be calculated 9 (see Table  2). F u r t h e r m o r e ,  s ince  the in tens i t i es  of the paren t  ions a r e  equal to the 

coeff ic ients  in a binomial  expansion 9 the dis t r ibut ion of isotopic  b romine  for  each posi t ion in the molecu le  
2 

could be de termined  by the solut ion of an express ion ,  x - P 2 / P 1  x + P 3 / P 1  = 0, which p red ic t s  the ra t io  
1 

of m a s s  spec t ra l  f ragments  containing two b romine  a toms each having two isotopes  (see Table  2) . 

A mechan ism for  the fo rmat ion  of 1, 2- and 1, 3-d ibromobutane  p roceed ing  by d i r ec t  substi tut ion 

predic ts  that in each of the d ib romides  one of the b romine  a toms would have the isotopic content  of its 

or iginal  b romine  (79Br: 81Br, 0. ,~05: 0.495), anti, the o ther  b r o m i n e  atom resu l t ing  f rom substi tut ion,  

would have the isotopic content  of the b romine-81  pool (79Br: 81Br, 0.0396 : 0. 9604). The or ig ina l  

b romine  atom (atom 1) in both the 1 ,2 -  and 1, 3-d ibromobutane  w e r e  found to be enr iched with b romine-81  

f rom the b romine  pool. The second b romine  atom in both compounds was found to be highly enr iched in 

b romine-79  o~er  that p red ic ted  f rom a d i rec t  subst i tut ion reac t ion .  Since the only source  of b romine -79  

in the reac t ion  mix ture  is f rom the or ig inal  1-bromobutane  (79Br: 81Br, 0. 505: 0. 495) the enr i chment  

observed  must  be due to e l imina t ion  f rom the 1 -b romo-2 -bu ty l  rad ica l .  
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With two pathways for the formation of 1, 2-dibromobutane, direct  substitution and el iminat ion-re-  

addition, only a fraction, 0 ,  of the 1, 2-dibromobutane molecules will be formed by addition of bromine to 

l-butene.  The molecules in this fraction have two identical bromine atoms which both have the average 

isotopic content of the second bromine atom in 1, 3-dibromobutane (7~Br:-- 81Br, 0.18: 0. 82) . The fraction 

of the 1,2-dibromobutane arising from direct  substitution, l - e ,  contains molecules having the same overall  

total distribution of bromine as does the 1,3-dibromobutane, a product formed by an analogous mechansim. 

(A small  amount of incorporation is seen in the f i rs t  atom of bromine in the 1,3-dibromobutane, and pre-  

sumably is from the addition of hydrogen bromide to 1-butene to reform 1-bromobutane. This process 

would effect equally the distribution found in both I, 2- and 1,3-dibromides formed by direct  substitution). 

Considering the bromine-79 content of the molecules,  and knowing this value for the total 1,2-dibromobutane 

(79Br, 0.26), the value for e can be calculated since the isotopic content of each fraction, e and f - e  is 

known. 0.330- e)-I'O.18e=0.26 ; e=0.47 

The calculated value for the percentage of the 1-bromo-2-butyl radicals that undergo elimination 

from the experiments carr ied  out with bromine-81, 47°~ is in remarkably good agreement with the value ob- 

tained by the statist ical  treatment of the data reported for the bromination of 1-bromobutane-82Br, 37%. 

The lower temperature used in the la ter  experiments as well as the approximations made in the statist ical  

treatment (i. e. neglect of the tr ibromide and monotomic formation of products) can easily account for the 

difference. Since the products formed from ~-abs t rac t ion  from 1-bromobutane account for 85%of the 

radicals that proceed to bromination products 3 and 47% of these result  in elimination, the complication 

which ar ises  from the elimination-readdition pathway does not appear to be negligible. The occurrance of 

e x t e n s i v e  elimination during the bromination of 1-bromobutane is not sufficient to rationalize the high yield 

of 1,2-dibromobutane formed, since this process must be coupled with extensive reversa l  of the radicals 

formed, with the hydrogen bromide produced in the reaction. Pre l iminary  results 10 seem to indicate that 

reversa l  of the deactivated radicals formed by abstraction from 1-bromobutane is not extensive enough to 

exlJlain the product distribution found. 
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