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N-bromosuccinimide oxidation of cyelopentanone in acidic 
media in presence of mercuric acetate has been made. A zero 
order dependance to N-bromosuceinimide and a first order 
dependence to eyelopentanone and hydrogen ion concentration 
has been observed. Ionic strength, mercuric acetate and sue- 
einimide has negligible effect while methanol addition has a 
positive effect. Various rate parameters have been computed 
and 1,2-eyclopentanedione identified as the end product. A 
suitable mechanism in confirmity with the above observations 
has been proposed. 

The use of N-bromosuccinimide (NBS) as a potent  oxidising agent  
has chiefly been restricted to the oxidimetric de te rmina t ion  of several 
compounds 1 and  the l i terature  lacks with a detailed step by  step mecha- 
n ism of oxidat ion by  IVBS. This prompted  us to report  our kinet ic  
results and  to suggest a sui table mechanism in  accord with the kinetic 
data,  on the oxidat ion of cyclopentanone by  NBS. 

Experimental 

NBS (G. R. S. Merck) was prepared always fresh and stored in black 
Japan  coated bottles and its strength checked by iodometric method"-. A 
Fluka AG sample of cyclopentanone was used. Mercuric acetate and suc- 
cinimide used were of E. Merck (Germany) and I-I & W (England) grade 
resp. All other reagents viz. NaC104, methanol, perchlorie acid were of 
anMa~ grade. Triple distilled water was used throughout the course of 
investigations and reaction stills blackened from outside. 

Rate studies were carried out at constant temperature (~: 0.1~ All 
reactants except cyclopentanonc were allowed to mix and the reaction 
initiated by adding appropriate amounts of eyelopentanone. The kinetics 
was followed by estimating unconsumed NBS iodometrically. 

A blank set was also made simultaneously. 
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T h e  p r o d u c t  1 , 2 - c y c l o p e n t a n e d i o n e  was  d e t e c t e d  b y  p h e n y l h y d r a z i n e -  

h y d r o c h l o r i c  ac id  t e s t  s. 

R e s u l t s  

E x p e r i m e n t s  s h o w e d  t h a t  one  mole  of c y e l o p e n t a n o n e  c o n s u m e s  

t w o  moles  of N B S .  

Table 1. EMect o] Reactants Concentration on the React ion Rate  
[KC104] ~ 5.0 • 10-2M, [Hg(OAc)2] = 2.0 • 10-aM 

103 [NBS] ,  M 102 [Cyclopentanone] ,  M k0 - 107 mol 1-1 �9 see -1 
35 ~ 40 ~ 

0.8 1.0 5.10 8.56 
1.0 1.0 5.43 9.10 
1.2 1.0 5.48 8.93 
1.4 1.0 5.33 8.80 
1.6 1.0 5.50 8.60 
1.0 0.5 2.74 4.50 
1.0 1.5 8.04 13.6 
1.0 2.0 10.8 18.7 
1.0 2.5 13.9 23.0 

Table 2. E/Ject o] Hydrogen I o n  Concentration on the Reaction Rate. 
[NBS]  = 1,0.  10-aM, [Cyclopentanone]  = 1.0.  10-2M, 

[tIg(OA~)2] = 2 .0 .  10-aM 

102 [HCIO4], M /co �9 107 mol �9 1-1 �9 see -1 
35 ~ 40 ~ 

2.5 2.67 4.72 
5.0 5.43 9.10 
7.5 8.22 13.9 

10.0 10.4 18.5 
12.5 14.1 23.7 

I t  m a y  be po in t ed  out  t h a t  ne i ther  mercur ic  ace ta te  in terferes  w i th  the  
l ibera ted  iodine nor  the  oxida t ion  of eyc lopen tanone  by  mercuric  ace ta te  
or iodine takes  place unde r  the  exper imenta l  condit ions.  Fu r the r ,  there  is no 
change  in pFI value of t he  reac t ion  mix tu r e  for any  par t icu lar  kinet ic  run.  

T h e  o x i d a t i o n  of c y e l o p e n t a n o n e  b y  N B S  was  s t u d i e d  ove r  a w ide  

r a n g e  of c o n c e n t r a t i o n s  of t h e  r e a c t a n t s  (Table  1 a n d  T a b l e  2). A zero  

o r d e r  r a t e  c o n s t a n t  in  N B S  was  o b s e r v e d  a t  all in i t ia l  c o n c e n t r a t i o n s  
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of the reactants .  A l inear increase in the zero order rate cons tant  was 

observed with increase in ini t ial  concentrat ions of eyclopentanone 
(Fig. 1) and  hydrogen ion. (Exact ly  the same figure.) 

The average values of the first order rate constants  calculated 
as kl '  = k0/[Cyelopentanone] and k l '  = k o / [ H C l O 4 ]  were 5.45, 
9 .14•  10 -5 sec -1 and  1.08, 1.86 • 10 -5 sec -1 at  35 ~ 40 ~ resp. 
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Fig. 1. Zero order rate plots at 35 ~ [NBS] = 1.0. 10-~M, [HCIO4] = 5.0. 
�9 10-2M, [I-Ig(OAc)2] = 2.0. 10-aM, [Cyclopentanone] = 0.5, 1.0, 1.5, 2.0 
and 2.5 �9 10-2M in 1, 2, 3, 4 and 5 respectively. Exaet]y the same zero order 
rate plots at 35 ~ were obtained with [ N B S ]  = 1.0-10-aM, [Cyelopen- 
tanone] = 1.0. 10-2M, [l-Ig(OAc)2] = 2 . 0 .  I 0 - 3 M ,  [HCIO4] = 2.5, 5.0, 7.5, 

10.0 and 12.5 �9 10-2M in 1, 2, 3, 4 and 5 resp. 

Ionic s trength,  mercuric acetate and  suecinimide variat ions had an 
insignificant, effect while methanol  additioil  (Table 3) had a positive 
effect point ing to a negat ive dielectric effect. 

Average values of the rate parameters  (Table 4) viz. energy of 
ac t iva t ion  (A E*) ,  f requency factor (A), en t ropy  of ac t iva t ion  (A S*),  
heat  of ac t iva t ion  (A H*)  and  free energy of ac t iva t ion  (A 2'*) were 
computed as 22.0 kca l .  rno1-1, 3.37 �9 10121 �9 tool -1 �9 sec -1, - -  2.18 e.u., 
21.4 kca l .  tool-1 and  2 2 . 1 k c a l - m o l  1 from the  rate s t udy  measure- 
ments  carried out  a t  five tempera tures  (Fig. 2). 
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EIJect o1 Methanol on the Reaction Rate. [NBS]  = 1 .0 .  10 -3M,  
[ C y e l o p e n t a n o n e ]  ~ 1 .0 .  10 -2M,  [HC104] ~ 5 .0"  10-~M,  

[Hg(OAc)2]  = 2.0 �9 10 -aM,  T e m p .  = 35 ~ 

[Me thano l ] ,  % k0 �9 10 7 tool  �9 1-1 �9 sec -1 

0 5.43 
10 5.94 
20 6.67 
30 7.25 
40 8.25 

El]eet o1 Temperature on the Reaction Rate. [NBS] ~ 1.O �9 10 -aM,  
[ C y c l o p e n t a n o n e ]  ~ 1 .0 .  10 -2M,  [HC104] ~ 5 . 0 .  10 -2M,  

[Hg(OAc)2]  = 2 . 0 .  1 0 - 3 M  

ko �9 10 7 k �9 10 4 A �9 10 -12 A E +  A H +  A F +  
T e m p . ,  m o l . l _ l .  1 . m o l _ l .  1 . m o l _ l .  k c a l .  A S +  k c a l .  k c a l .  

~ . s e e -  1 . s e c -  1 . s e e -  1 . m o l _  1 e.u.  . r ee l_  1 . m o l _  1 

30 3.06 6.12 3.60 22.0 - -  2.04 21.4 22.0 
35 5.43 10.9 3.52 22.0 - -  2.09 21.4 22.0 
40 9.10 18.2 3.16 22.0 - -  2.30 21.4 22.1 
45 16.2 32.4 3.32 22.0 - -  2.21 21.4 22.1 
50 26.2 52.4 3.23 22.0 - -  2.26 21.4 22.1 

D i s c u s s i o n  

N B S  is k n o w n  t o  e x i s t  i n  a c i d i c  m e d i a  i n  t h e  f o l l o w i n g  e q u i l i b r i a .  

2o 
N B S  + I-I+ ~ - - - - ~ , N H  -~- B r  + (1) 

- - - = ~ O  

~o  _ ~o  

[ - - - - - ) N B r - t -  I-I+ ~ - - ) N H B r  (2) 

---%o ----%o 
T h u s  N B S  i t s e l f  4 o r  Br+5 ,  ~ or  p r o t o n a t e d  N B N  ~ a r e  t h e  p o s s i b l e  o x i -  

d i s i n g  s p e c i e s .  

T h e  p r e s e n c e  of  m e r c u r i c  a c e t a t e  ( m o r e  t h a n  t h a t  o f  N B S  c o n c e n t r a -  

t i o n )  s i m p l y  mearLs t h a t  Br2  o x i d a t i o n  h a s  b e e n  c o m p l e t e l y  s u p p r e s s e d ,  

w h i c h  o t h e r w i s e  w o u l d  h a v e  f o r m e d  b y  t h e  i n t e r a c t i o n  of  I - IBr  a n d  N B S  

as  f o l l o w s  [ M  = s u e e i n i m i d e ]  : 

N B S  "t" H B r  -> M + Br2 (3) 



Mercuric ace ta te  acts  as scavenger  a, s for a n y  B r -  formed in the  
reac t ion  as HgBr4 ~- or unionised I tgBr2 and  thus  ensuring t h a t  oxida-  
t ion  t akes  place pu re ly  t h rough  N B S .  

I n  an  acidic media ,  ke tones  are known  to enolise. 
I t  is seen t h a t  the  order  in N B S  is zero and  according to  Li t t l e r  9 in 

such a case wi th  two elect ron oxidants ,  the  ra tes  of ox ida t ion  are re la ted  
to the  ra tes  of enolisat ion.  Therefore,  assuming the  enol isat ion s tep  to 
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Fig. 2. Arrhen ius  plot  
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be the  slow and  ra te  de te rmin ing  the  following schemes m a y  be proposed.  
S represents  eye lopentanone ,  S i t +  i ts  enolie cation.  

A .  N B S  as the Oxidis ing Species 

S + t~I+ ~ SH+ slow & r.d. (4) 

k2 
S H  + + N B S ~ X  + + M fast (5) 

k8 
X +  -~ N B S  ) Products  fast (6) 

Applicat ion of s teady state t rea tment  with approximation ]c-1 ~ k2, 
yields the rate  law as 

__ d [NBS] = 2 kl IS] [H+] (7) 
d t  
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B. Br+ as the Oxidising Species 

]61 
S + I-I + ~' SH + slow & r.d. (8) 

]6--1 

/r 
N B S  + H + - ~ M  + Br+ fast (9) 

SI-~+ + Br + > X +2 fast (10) 

]64 
X +2 + Br + > Products  fast (11) 

Application of s teady state t rea tment  with approximation k_j. ~ /~3', 
yields the rate law as 

__ d [NBS] = 2/cl [S] [H +] (12) 
d t  

§ 
C. N B S H  as the Oxidising Species 

A mechanism similar to B could be proposed with the exclusion of M 
+ 

term only in step (9) and replacing N B S H  for Br + [refer eqn. (2)] and the 
rate law thus obtained is similar to equation (12) above with the same 
approximation k-1 ~ /c8'. 

All the three schemes with the assumption tha t  the enolisation step is 
the slow & rate  determining lead to a rate  law in accord with the experimen- 
tM rate law and are in harmony with the negligible influence of ionic s trength 
and succinimide effect and a positive methanol  effect. 

Despi te  the  fact  t h a t  all the  three  schemes are in perfect  accord wi th  
the  exper imen ta l  observat ions ,  scheme A is more  l ike ly  to  occur for 
hav ing  an  edge over  schemes B and  C in the  sense t h a t  s teps  (10) and  ( i l )  
involving in te rac t ion  be tween two pos i t ive ly  charged ions have  been 
assumed to be fast  s teps  compared  to  s tep  (5) involv ing  in te rac t ion  
be tween an ion and  dipole  which does not  appea r  to  be ve ry  reasonable .  
Thus schemes B and  C can easi ly  be ru led  out  and  i t  is concluded t h a t  
the  reac t ion  follows exclus ively  a p a t h  as shown in scheme A. 

Thus  i t  m a y  be concluded t h a t  N B S  oxida t ion  of eyc lopentanone  
in acidic med ia  in presence of mercur ic  ace ta te  involves the  enol isat ion 
of cyc lopentanone  as the  slow and  ra te  de te rmin ing  step followed b y  
r a p i d  a t t a c k  of N B S  molecule on the  enolic ca t ion of cye lopentanone  
forming an  in t e rmed ia t e  which is subsequen t ly  des t royed  b y  ano ther  
molecule of N B S  in a fas t  step,  y ie ld ing products .  

The au thors  are t hankfu l  to  UGC New Delhi  and  CSIR New Delhi  
for f inancial  assis tance to J . N . T .  and A . K . B .  
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