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A b s t r a c t :  In the aqueous phase of a two-phase (H20-CH2CI 2) system mimicking the 
hydrophilic and the hydrophobic portions of vanadium dependent bromoperoxidases, (V- 
BrPO), a mono peroxovanadium complex, formed in situ by addition of H202 to NH4VO3, 
oxidizes Br- to a species whose nature is still largely unknown. Such species displays a 
bromine-like reactivity toward organic substrates dissolved in CH2Cl 2. The observation 
that styrene, 1-methyl- and 2-methyl styrenes afford, together with dibromo-compounds, 
appreciable amounts of bromohydrins, suggests that a hypobromite-like species is also 
formed. Evidence is presented that such a species is a vanadium complex. 

Vanad ium dependen t  bromoperoxidases (V-BrPO) are enzymes tha t  catalyze the oxidation of 

bromide ion by hydrogen peroxide. 1-3 The catalytic effect is due to the formation of a 

peroxovanadium complex which is a stronger oxidant t han  hydrogen peroxide. 4-7 The na tu re  

of the species resu l t ing  from the oxidation is still largely unknown.  8-10 The term of "bromine- 

equivalent" in t e rmed ia te  has been coined to account for its abil i ty to brominate  organic 

compounds. 8-10 Bromina t ion  competes with the decomposition of hydrogen peroxide.l l ,  12 In a 

recent pape r13 we proposed tha t  the formation of the "bromine-equivalent" species occurs in a 

hydrophilic port ion of the enzyme whereas substrate  brominat ion  takes place in  a hydrophobic 

one. As a result ,  hydrogen peroxide decomposition is minimized. This may  be mimicked in  the 

two-phase system shown in  Figure 1. 
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High yields of dibromoderivatives have been obtained with a n u m b e r  of olefins.10 In the 

a t tempt  to enlarge  the scope of the procedure other olefins were examined. 

The da ta  obtained unde r  the experimental  conditions provided in  note 14 are collected in  

Table 1. 
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T a b l e  1: Bromination of olefins with H202 and KBr, catalyzed by NH4VO 3 in a two phase 
system (20 ml H20/20 ml CH2C12) , 700 rpm, at  25°C. a 

# substrate  yield % b bromohydrin % c dibromo derivative %c 

1 ~ 79 63 37 

2 83 58 42 
anti:syn= n.d. c anti:syn=87 :13 

3 85 66 34 

4 C l ~ - - ~  52 - 100 

100 
anti:syn=80:20 

38 62 
anti:syn= n.d. d anti:syn=77:23 

a See note 14. b determined at complete consumption of the peroxide, c determined by GC (internal standard 
benzophenone), d not determined. 

The selectivity observed is low. In fact, together with dibromoderivatives, bromohydrins are 

also formed. The la t te r  are, in some cases, the major products. As an example, in the reaction 

with styrene, the ratio bromohydrin-dibromo styrene is =2. The same products distribution is 

observed by changing the Br- initial  concentration from 1 to 20 retool/20 ml water. The 

presence of subst i tuents  in the aromatic ring (entries # 4 and 6) great ly affects the selectivity of 

the reaction. In the light of the facts listed below these results provide useful hints on the 

nature of the species occurring in the system. It appears ra ther  unlikely that,  under  the acidic 

conditions employed, 14 bromohydrins can be formed by reaction of bromonium ion and HO-. 

Furthermore,  direct experiments rule out that  bromohydrins are formed by hydrolysis of the 

dibromo derivatives. Finally, bromohydrins cannot derive from cleavage of epoxides which 

under our experimental  conditions are not formed. Prel iminary data  15 indicate that  

bromohydrins and dibromo derivatives are formed via two parallel processes. In the reaction of 

styrene the concentration of the two products regularly and continuously increases as a 

function of time. 15 

The behavior of classical brominating systems 16-20 toward styrene under  experimental 

conditions identical with those employed in the two-phase vanadium catalyzed procedure is 

i l lustrated by the da ta  of Table 2. 

It appears  tha t  when the species, either present or formed in aqueous solutions, is bromine 

the reaction with styrene predominantly affords dibromostyrene. Entry 3 (Table 2) shows that  

a slow addition of bromine to the reaction mixture does not affect the products distribution. On 

this basis, we believe tha t  our data  provide the first direct evidence8-1°, 21 tha t  the species 
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resu l t ing  from the  vanad ium-ca t a lyzed  oxidat ion of KBr by H202 behaves  d i f ferent ly  from 

bromine.  

T a b l e  2: Bromina t ion  of s ty rene  with  known b romina t ing  reagents ,  in  a two phase  sys tem 20 
ml H20/20 ml CH2C12, 700 rpm,  a t  25°C 

# Sys t em a yield % b bromohydr in  %c dibromo der iva t ive  %c 

1 
2 

3 
4 
5 
6 

BrO 3- / Br- H + 

Br 2 
Br2 d 

N-Br-succ in imide  
HOBr  (BrO- / H +) 
HOBr  (Br- / HOCI) 

99 25 75 
99 8 92 
95 7 93 
72 10 90 
72 20 80 

99 20 80 

a in all the systems the reagents are equivalent 0.2 mmoles of Br2 as in the vanadium catalyzed reactions, b 
determined at the disappearance of the red colour of bromine, c determined by GC (internal standard 
benzophenone), d Br2, as aqueous Br 3- solution, was added dropwise over a period of 4 hrs. 

The resu l t s  of Table  3 provide more informat ion by showing t ha t  in the  reac t ion  wi th  s tyrene 

the  products  d i s t r i bu t ion  is a function of the  ra te  of s t i rr ing.  

T a b l e  3: Bromina t ion  of s ty rene  with  H202 and  KBr, ca ta lyzed  by NH4VO 3 in a two phase  
sys tem (20 ml H20/20 ml CH2CI2) , a t  var ious  s t i r r ing  ra tes ,  a t  25°C. a 

# r p m  yield %b bromohydr in  %c dibromo der iva t ive  %c 
1 30 33 18 82 
2 300 52 46 54 
3 700 79 63 37 
4 900 72 68 32 
5 1300 66 79 21 

a See note 14. bdetermined at complete consumption of the peroxide, c determined by GC (internal standard 
benzophenone). 

In  pa r t i cu la r ,  the  d ibromoder iva t ive ,  which is p r e sumab ly  formed by  reac t ion  with 

bromine,  is the  ma jo r  product  a t  low s t i r r ing  ra te  whereas ,  a t  h igh s t i r r ing  ra te  b romohydr in  is 

p r e dominan t l y  formed. Tak ing  into account tha t  bromine is r ead i ly  t r ans fe r r ed  into the 

organic phase  even in  the  absence of s t i rr ing,  the  resul t s  of Table  3 sugges t  tha t ,  in the 

aqueous  phase ,  toge the r  wi th  bromine,  ano ther  species is formed which reac ts  wi th  olefins 

y ie ld ing  the  bromohydr ins .  The tendency of such species to migra te  into the  organic  phase  is 

lower t h a n  t h a t  of bromine.  A p laus ib le  scheme which provides a r a t iona le  to the  observat ions  

p resen ted  here  is  shown in F igure  2. 

I t  is env i saged  t h a t  the  f irst  in te rac t ion  of the  pe roxovanad ium complex wi th  the  bromide  ion 

produces  i n t e r m e d i a t e  1 whose resemblance  with  a hypobromite  der iva t ive  is evident .  This  is 

the species respons ib le  of b romohydr in  formation.  F u r t h e r  react ion of 1 wi th  Br- l eads  to 

bromine  which b romina t e s  the  subs t ra te .  The competi t ion be tween  b romohydr in  format ion  and 

d ib romina t ion  impl ies  t ha t  the  product  d i s t r ibu t ion  should depend  not  only  on the  ra te  of 

s t i r r ing  b u t  also on the  r a t e s  of the  var ious  react ions  and  hence on the  n a t u r e  of the  subs t ra tes .  

This is  i ndeed  the  case as  revea led  by  an  inspect ion of the  da te  of Table  1. I t  m a y  be seen tha t  

the presence in  the  a romat ic  r ing  of s tyrene  of the  e lec t ronwi thdrawing  Cl group,  which 
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decreases  the  nucleophi l ic i ty  of the  subs t ra te ,  dr ives  the  react ion toward  the  quan t i t a t ive  

format ion  of the  d ibromoder iva t ive  (entr ies  # 1 and 4). Thus  i t  a ppe a r s  t h a t  b romohydr in  

format ion  is more  sens i t ive  to electronic effect t han  the format ion of the  d ibromoder iva t ive .  In 

turn ,  two e lec t rondona t ing  groups,  OCH3, in the aromat ic  r ings  of s t i lbene,  a l low the  onset  of 

b romohydr in  fo rmat ion  (entr ies  # 5 and 6). In the  l ight  of our resul ts ,  the  occurrence of species 

such as  1 in  the  chemis t ry  of bromoperoxidases  is, a t  least ,  wor thy  of fu r the r  inves t iga t ion .  

0 7+ 

~0~....__.-0 Br" 
, / "  ~ . L '  q • 

H~O I u 
oft  

Figure 2 
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