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A NOVEL M3NTIM)RILLONITE - K M m 4  SYSTEM 

FOR THE OXIDATION OF ALKENES 

UNDER TRIPHASE CONDITIONS+ 

B.M. CHOUDARY*, V.L.K. VALLI a n d  A. DURGA PRASAD 

Homogeneous Catalysis  Discipline 

Indian Ins t i tu te  of C h e m i c a l  Technology,  Hyderabad 500 007. India 

Abstract 

A very s imple  oxidat ion of alkenes t o  dicarboxyl ic  acids  using 

H-montmorillonite-K Mn04 s y s t e m  h a s  been descr ibed for t h e  f i r s t  

t ime.  

Miniiking of enzyrries a t  t h e  industrial level IS p o w b l e  only 

through na tura l  clays, which a r e  micro-reactors .  These micro- reac tors  

h a s  t h e  abi l i ty  to s t o r e  organic  m a t t e r  be tween the i r  in te r layers  

and compell ing t h e  r e a c t i o n  to t a k e  p lace  in fascinat ing way on 

a single  plane . Clayey micro- reac tors  a t t r a c t  ions to t h e  proxi- 

mity of the i r  i n t e r f a c e ,  t h e r e  by a c c e l e r a t i n g  t h e  course  of t h e  

1-4 

* IICT Communica t ion  : 2313 
r 

To whom correspondence  should b e  addressed.  
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Copyright 0 1991 by Marcel Dekker, lnc. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
Sy

dn
ey

] 
at

 0
7:

09
 2

9 
D

ec
em

be
r 

20
14

 



2008 CHOUDARY, VALLI, AND DURGA PRASAD 

react ion.  In t ra lamel la r  > i l i c a t e  s h e e t s  of rnontrnoril lonite d r e  t h e  

versa t i le  hos ts  for t h e  Brbnsted and Lewis  ac id  c a t a l y z e d  organic  

reactions namely ,  p ro tona t ion  of alkenes,  es te r i f ica t ion ,  Diels-Alder,  

Fr idea l -c raf t  r e a c t i o n  e t c .  a n d  redox r e a c t i o n s  such as n i t ra t ion  

of phenols,  po lymer iza t ion  of b e n z e n e  a n d  p h o t o  c l e a v a g e  of w a t e r  596. 

Thir s t r iking reac t iv i tv  of rnontrnoril lonite I S  due  t o  t h e  electrical 

double  layer  forrned b e t w e e n  t h e  de iocdl iwd negat ive  c h a r g e  on 

t h e  basal sur f  ace oxygens a d  counter - ions  used t o  counter  balance 

t h e  s u r f a c e  charge .  T h e  uni t  c e l l  of montrnori l loni te  c a r r i e s  most  

of t h e  t i m e s  t h e  n e g a t i v e  c h a r g e m  f r a c t i o n  ( less  t h a n  uni t )  on its 

basal  oxygens.  During c o u n t e r  balancing w i t h  ca t ions ,  surplus  posi- 

t i v e  charge ,  developed is aga in  counterba lanced  by assoc ia ted  anions. 

This r o n s t i t u t e s  d polye lec t ro ly te  systern which is in t h e  highly 

polar isable  s t a t e  and  s tabi l iscs  pairs  of ions due  t o  colurnbian a t t r a c -  

t ion.  

This  in t r ins ic  proper ty  of montrnori l loni te  prompted  US to 

explore  i t  as phase  t r a n s f e r  c a t a l y s t .  We d e s c r i b e  i n  th i s  communi-  

c a t i o n  a new s y s t e m ,  compris ing of H-montmori l loni te  and  K Mn0@ 

tor t h e  oxidatiori ot a lkenes  t o  dicarboxyl ic  acids .  A s  explained 

in t h e  preceeding  lines. H-montmori l loni te  g e n e r a t e s  a highly reac t ive ,  

f r e e  UFO, ion f r o m  KMnOl+ in t h e  in te r layers  of rnontrnoril lonite,  

which c a n  e f f e c t i v e l y  oxidise o le f ins  t o  dicarboxyl ic  ac ids  in benzene  

and  w a t e r  s y s t e m  by a very s imple  a n d  easi ly  adoptable  method 

under t r iphase  ca ta lys i s .  Thus  oxidat ion of a l k e n e s  (Table- 1) proceeds  

very rapidlk t o  g ive  ac ids  in high yields  a t  m o d e r a t e  t e m p e r a t u r e s  
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MONTMORILLONITE-K Mn04 SYSTEM 2009 

Table - 1 

Oxidation of alkenes by H-Montmorillonite I KMn04a 

Entry No. Substrate 

9 

PhCH=CH2 P h COOH 91 

‘HC=CH PhCOOH 94 
Ph  

\ Ph 

CH3 (CH2 14 CHZCH. C H S H  CH3 (CH214 CO2H 92 

0 

0 
No reaction 

90  

92 

88 

a. Temperature 25’-30*C. Time lh 

b. Characterized by IR, ‘H NMR a n d  M a r s  

c .  Iso la ted yields.  
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2010 CHOUDARY, VALLI, AND DURGA PRASAD 

(25-30°C) within a n  hour. Cont ro l led  e x p e r i m e n t s  conducted  with 

neut ra l /ac id ic  KMnOQ and without  H-montrnori l loni te  a f forded  poor 

yields ( 5 -  10%) under  ident ica l  conditions. T h e s e  resu l t s  d e m o n s t r a t e d  

ttle e l l i c a c y  of H-rnontmorillonite in th i s  oxidation. 

H - Montmorillonite I KMn04 

Benzene,water. 25 -3O'C  , lh 
- R C H =  CH2 R CO2H 

R =alkyl,aryl 

H-MontmorilloniteI KMn04 

Benzene. water. 25-  30'C, lh 
n z 1, 2 , 4  ..... 

Thus oxidat ion of te rmina l  olef ins  with t h e  present  sys tem 

gave t h e  a l ipha t ic  carboxyl ic  acids ,  while t h e  rrionocyclic olefins 

under t h e  s imilar  c ondit ions a f forded  dicarboxyl ic  ac ids  in a lmost  

quant i ta t ive  yield. When bicycl ic  olef in ,  Norborene subjec ted  t o  

t h e  oxidat ion reac t ion  with H-rnontrnorillonite - K rMnOq sys tem,  

t h e  s t a r t i n g  m a t e r i a l  w a s  recovered  as such  even  a f t e r  prolonged 

reac t ion  times. r h i s  c d n  be a t t r i b u t e d  t o  t h e  r e s t r i c t e d  in te r layer  

s p a c e  of H-montmori l loni te ,  which is unable  t o  dcconimoddte  t h e  

bicycl ic  ring requir ing m o r e  in te r layer  \pace than t h e  avai lable  

space.  

The  s t r ik ing  f e a t u r e  of t h e  present  work envisages t h e  use 

of H-rnontrnorillonite prepared  easily f r o m  t h e  comrnercial ly  and 

cheaply avai lable  K ,O-montrnori l loni te  and t h e  yields a r e  cornparable  

to t h e  convent ional  c rowns  and t e t r a  a lkyl  arnrnonlum s a l t s  . Fur ther  

c rown e t h e r s  and t e t r a d k y l  ammonium s a l t s  a r e  expensive and 
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MONTMORILLONITE-K Mn04 SYSTEM 2011 

require  tedious workup procedures .  Fur ther ,  the p r r s c n t  rriethod 

IS  superior  over  t h e  K hlW4 impregnated  solid supports ,  especially 

K - montrnorillonite8 which requi res  longer reac t ion  t i m c s  (76 h )  

and higher t e m p e r a t u r e 5  (70°C) with a lmost  s a m e  yields. In addi t ion,  

t h e  inherent  advdntage  of t h e  ins tan taneous  separa t ion  of t h e  reac t ion ,  

product  f r o m  t h e  r e a c t a n t  during reac t ion  t o  avoid secondary reac t ions  

and  easy separa t ion  of t h e  product  a f t e r  reac t ion ,  present  in t h e  

phase- t ransfer  c a t a l y s t s  s t i l l  ex is t s  in our t r iphasc  catalysis .  

Another  in te res t ing  f e a t u r e  of thc  present  work is t h e  use 

of sub-stoichiornetr ic  amounts  of K Mn04 (subs t ra te /K M a 4  = 2/3) 

than t h e  required s to ich iometr ic  one  for t h e  oxidation of alkene 

( s u b s t r a t e / K M n 0 4  . 3/8) was used . However ,  t h e  reac t ion ,  when 

conducted  with total exclusion of oxygen/air  frorn t h e  sys tem by 

flushing wi th  ni t rogen,  proceeded  to coniplet ion with s to ich iometry  

quant i t ies  of KMnO,, only. This may lead to  t h e  conclusion t h a t  

t h e  H-montmori l loni te  used may be  reoxidising t h e  manganese spec ies  

by utilising oxygen present  in t h e  reac t ion  medium during t h e  course  

of t h e  react ion.  F u r t h e r  work to understand t h e  mechanism and 

to makc the s y s t e m  to ta l ly  c a t a l y t i c  a r e  under progress. 

9 

Therefore ,  t h e  s imple  and convenient  reac t ions  descr ibed above,  

provided a prac t ica l  a l t e r n a t i v e  to o ther  methods and expand t h e  

scope  of ut i l isat ion of montrnorillonite in useful organic  trarisforma- 

tion. 
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20 12 CHOUDARY, VALLI, AND DURGA PRASAD 

Experimental 

Materials and ,Methods : C o m m e r c i a l  montrnori l loni te  (Fluka, K ) 10 

w a s  allowed t o  sed iment  for  24 h a s  a 1 wt.% aqueous slurry t o  

r e m o v e  dense  impurities. Montrnorlllonite was then t r e a t e d  with 

e x c e s s  s a t u r a t e d  aqueous NaCl solut ion t o  g e t  Na-montrnorillonlte. 

Thus, t h e  FodiiJm 5a tura ted  montrnori l loni te  bas t r e a t e d  with 0.1 N 

HCI t o  r e p l a c e  t h e  sodium ions and  H-montmori l loni te  w a s  washed 

with deionised water .  4 supercent r i fuge  w a s  used to s e p a r a t e  t h e  

clay. The  H-rnontmorillonite was  dispersed i n  95% ethanol  in a 

waring blendor and washed t h r e e  t i m e s  with absolu te  e thanol  and 

threw ( i iws  with absolu te  e t h e r  t o  r e m o v e  t h e  adsorbed water .  

Model oxidat ion reac t ion  : Freshly prepared  H-montmori l loni te  (0.5g), 

and KMn0& (0.03 mol) w e r e  taken  in benzene  (5  rnl) and water  

(10 ml) in a round b o t t o m  flask and subjec ted  to vigorous s t i r r ing 

for  I h. T h e  suspension w a s  then  t r e a t e d  wi th  s t y r e n e  (0.02 mol) 

over a period of 0.5 h under vigorous s t i r r ing.  The  high exothermic  

reac t ion  was  control led by cooling t h e  flask with cold water  t o  

maintain t h e  t e m p e r a t u r e  a t  a b o u t  25-30°C. T h e  overal l  conten ts  

w e r e  fur ther  s t i r r e d  f o r  half a n  hour more.  A f t e r  addi t ion of sodium 

sulphi te  to des t roy  t h e  e x c e s s  K W , ,  present ,  t h e  reac t ion  mixture  

was  f i l t e red  and acidif ied with d i lu te  HCI. The  solid res idue was 

thoroughly washed with benzene  which c a n  also be used t o  wash 

with aqueous layer. The  combined benzene  layers  w e r e  shaken 

wi th  10% NaOH solution. T h e  aqueous layer  was  then washed with 

e t h e r  and acidif ied with d i lu te  HCI. T h e  carboxyl ic  ac id  w a s  e x t r a c t e d  

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
Sy

dn
ey

] 
at

 0
7:

09
 2

9 
D

ec
em

be
r 

20
14

 



MONTMORILLONITE-K MnO4 SYSTEM 2013 

in to  e t h e r ,  d r ied  (anhydrous Na2S04)  and on evapora t ion  yielded 

benzoic ac id  ( 9 1 % ) .  

Acknowledgement  : W e  thank  Dr. A.V. R a m a  R a o  f o r  his keen in te res t  

in th i s  work. V.L.K. Valli and A. Durga Prasad thank CSIR for  

f inancial  support .  
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