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INTRACRYSTALLINE PINACOL REARRANGEMENT I N  LAYER 
S ILICATE S 

ELVIRA GUTIERFEZ AND EDUARDO RUIZ-HITZKY 
I n s t i t u t o  de Ciencia de Mater ia les ,  CSIC, c/ S e r r a n o , l l 5  
b i s ,  28006 Madrid, SPAIN 

Abstract  
t u t e d  1,2 
l a y e r  s i l  

The s e l e c t i v i t y  of some r e a c t i o n s  of s u b s t i -  
-glycols  adsorbed i n  the i n t e r l a y e r  space of 
i c a t e s  (homoionic montmoril lonites) has  been 

s tud ied .  By thermal t reatment ,  p inaco l  r ea r r anges  quan- 
t i t a t i v e l y  t o  pinacolone i n  the i n t r a c r y s t a l l i n e  environ- 
ment of t hese  s o l i d s ,  t he  r e a c t i o n  being c l e a r l y  pre-  
f e r r e d  t o  the  intramolecular  dehydration. In  t h e  same 
way 2,3-diphenyl-2,3-butanediol g ives  two ketones,  the 
r eac t ion  being a l s o  d i f f e r e n t  from t h a t  t ak ing  p l ace  i n  
homogeneous condi t ions.  The e x t e n t  and t h e  s e l e c t i v i t y  
of both r e a c t i o n s  have been c o r r e l a t e d  with t h e  a c i d i t y  
of the i n t e r l a y e r  ca t ions .  

INTRODUCTION 

The use of s o l i d  inorganic  supports  f o r  o rgan ic  s y n t h e s i s  

has r e c e n t l y  received a g r e a t  dea l  of i n t e r e s t  because the  

s e l e c t i v i t y  of the r e a c t i o n s  i s  o f t e n  enhanced with r e s p e c t  

t o  the  same ones c a r r i e d  o u t  i n  homogeneous condi t ions . The 

topology a s  w e l l  a s  the na tu re  of t he  su r face  of t he  s o l i d s  

a r e  determi-ning f a c t o r s  f o r  the development and y i e l d  of the 

r e a c t i o n s  . In  p a r t i c u l a r ,  l aye red  ma te r i a l s ,  a s  the 2:  1 phyllo- 

s i l i c a t e s ,  can induce s e l e c t i v e  r e a c t i o n s ,  although only i n  a 

f e w  cases has it been c l e a r l y  demonstrated t h a t  they occur 

i n  the  i n t r a c r y s t a l l i n e  environment . 
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454 E. GUTIERREZ AND E .  RUIZ-HITZKY 

RESULTS AND DISCUSSION 

W e  have found, and r e p o r t  i n  t h i s  communication,that the pi-  

nacol rearrangement* of s u b s t i t u t e d  1,2-glycols  can be devel- 

oped i n  the i n t e r l a y e r  space of c e r t a i n  p h y l l o s i l i c a t e s  (homo- 

i o n i c  montmoril lonites ) .  Thus, t he  i n t e r c a l a t i o n  of p inaco l  

(2,3-dimethylbutane-2,3-diol, I) and t h e  subsequent thermal 

treatment induces a s e l e c t i v e  and q u a n t i t a t i v e  rearrangement 

t o  pinacolone (3 , 3-dimethylbutane-2-one, 11) , t h i s  process  

beinq p r e f e r r e d  t o  the  intramolecular  dehydration t o  2,3-di- 

methyl-I ,3-butadiene (111) . W e  also r e p o r t  here  r e s u l t s  con- 

cerning t o  2,3-diphenyl-2 , 3-butanediol ( I V )  which i n  the pres-  

ence of M -montmoril lonite rearranges s e l e c t i v e l y  t o  3,3-di- 

phenylbutan-2-one (V)  and 1,2-diphenyl-2-methyl-l-propanone 

( V I ) ,  showing a marked d i f f e rence  with r e s p e c t  t o  the same 

reac t ions  c a r r i e d  o u t  i n  homogeneous condi t ions.  

5 

n+ 

I t  i s  w e l l  known t h a t  p o l a r  o rgan ic  molecules ( a l coho l s ,  

amines, ke tones , . . . )  can be adsorbed i n  the i n t e r l a y e r  space 
6 of p h y l l o s i l i c a t e s  . In  t h i s  way, we  have observed t h a t  com- 

pound I i s  e h a i l y  i n t e r c a l a t e d 7  i n  M 

(Mn+= Na , Ca , Cu , C r  , A 1 3 + ,  La ) ,  the  i n t e r l a y e r  d i s -  

tances  of the s i l i c a t e  being near  t o  5 .5  A . This value agrees  

with the thickness  of the p inaco l  molecule and, t ak ing  i n t o  

account the adsorbed amounts (-1.10 mo1e.g ), it can be 

determined t h a t  a monolayer of I i s  reached. 

n+ -montmoril lonites 
+ 2+ 2+ 3+ 3+ 

" 8  

-3 -1 

n+ By thermal t reatment  of the  M -montmorillonite/pinacol 

system, the rearrangement r eac t ion  of I t o  I1 i s  observed, 

and w e  can assume t h a t  an acid-catalysed process  t akes  place 

according t o  E q .  ( 1 )  , the  source of p ro tons  being the water 

molecules coordinated t o  the  i n t e r l a y e r  ca t ions .  I n  f a c t ,  it 

is w e l l  known t h a t  t he  degree of d i s s o c i a t i o n  of adsorbed D
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INTRACRY STALLINE P INACOL REARRANGEMENT 455 

I 

water i s  c o r r e l a t e d  with 

i o n s  (Eq.  ( 2 ) ) .  
9 

n+ I M ( H ~ O ) ~ I  *- 

I1 

n t  the p o l a r i z i n g  e f f e c t  of t h e  M 

Thus, we  can suppose t h a t  i n  a f i r s t  s t e p ,  a proton 

t r a n s f e r  r e a c t i o n  t o  I occurs  followed by the  formation of 

a carbonium ion which becomes s t a b i l i z e d  by the  migrat ion of 

- groups g iv ing  product 11, i n  a similar mechanism t o  
4 3 

t h a t  accepted f o r  homogeneous condi t ions . 
The second example r e f e r s  t o  compound I V .  I n  homogeneous 

condi t ions (conc. H SO r e f l u x )  t h i s  compound i s  t r ans -  

formed t o  an unique carbonyl ic  product  (V) wi th  a y i e l d  of 

%500a1O. However, when the r e a c t i o n  t akes  p l ace  i n  t h e  p re s -  

ence of Mn+-montmorillonite, t he  r a t e  of  conversion i s  s ig -  

n i f i c a n t l y  enhanced and, besides ,  two r e a c t i o n  p roduc t s  ( V  and 

V I )  i n s t e a d  of one (V) a r e  i s o l a t e d ,  a s  i s  i l l u s t r a t e d  i n  

E q .  ( 3 ) .  The formation of byproducts ( f o r  example t h e  conju- 

2 4 '  

I (CH3) PhC(0H) I 2- (cH,) Ph2CCOCH3 + (CH3) 2PhCCOPh ( 3 )  

I V  V VI 

ga ted  o l e f i n )  i s  negl igeable  i n  these condi t ions.  
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456 E .  GUTIERREZ AND E .  RUIZ-HITZKY 

The y i e l d  of the two r eac t ions  s tud ied  i n  t h i s  work (de- 

termined by GC/MS and I R  techniques) depends s t r o n g l y  on t h e  

experimental  condi t ions ( t i m e ,  temperature) a s  w e l l  a s  on 

the nature  of  the M c a t i o n s .  In  p a r t i c u l a r ,  a good corre-  

l a t i o n  between the  r e a c t i o n  y i e l d  and the a c i d i t y  ( e l e c t r o -  

n e g a t i v i t y  o r  i o n i c  p o t e n t i a l )  ” of the  i n t e r l a y e r  c a t i o n s  

has been found (Table I ) .  

n+ 

TABLE I Rates of conversion of I and I V  compounds ad- 
n+ sorbed on M -montmoril lonites.  

b Transformation of 1 Transformation of Ivdre($)  

Mn+ z/r“ IC I1 111 V VI 

t 

2 t  

2+ 

3+ 

3+ 

Na 1 . 0 5  8 3  10 6 31 5 

Ca 2 . 0 2  84  13 3 60  9 

cu 2 . 9 0  18 7 8  3 81 17 

La 2 . 6 1  26 72 0 54 46  

cr 4 . 3 5  0 99 0 30 70 

*13+ 6 . 0 0  0 98 0 29 70 

a 

values  taken from L. Paul ing,  The na tu re  of the Chemical 

- Bond (Cornel l  Universi ty  Press, I t h a c a ,  N e w  York, 1960).  

bAfter a t reatment  of Ih a t  100°C. ‘Unreacted p inaco l .  dAfter  

a treatment of  15h a t  160OC. eFobr M 

o l e f i n  i s  a l s o  i s o l a t e d  ( 2 8 % ) .  

Z/r=ionic p o t e n t i a l ”  : Z=cation charge; r = i o n i c  r ad ius .  r 

n+ 
= Ca2+, t h e  conjugated 

CONCLUDING REMARKS 

The most s i g n i f i c a n t  r e s u l t s  of t h i s  work concern the selec-  

t i v i t y  of the r eac t ions :  i n  the t ransformation of I ,  the 

II/III r a t i o  inc reases  c l e a r l y  a s  a func t ion  of the a c i d i t y  

of the Mnf c a t i o n s ,  and i n  the  t ransformation of I V ,  t he  
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INTRACRY STALLINE PINACOL R E A R . R A N G ~ E ~ T  457 
n+ 

V/VI r a t i o  changes a l s o  s t rong ly  with the  na tu re  of the M 

ions.  In  the l a s t  case,  one can suppose t h a t  the geometr ical  

l i m i t a t i o n s  e x i s t i n g  i n  the i n t e r l a y e r  space w i l l  cond i t ion  

the migratory a p t i t u d e  of methyl and phenyl groups,  favouring 

c e r t a i n  molecular conf igu ra t ions  of the r e a c t i o n  products  

t h a t  can be d i f f e r e n t  from those adopted i n  so lu t ion .  Further  

i n v e s t i g a t i o n s  r e l a t e d  t o  i n t r a c r y s t a l l i n e  r e a c t i o n s  of 1 , 2 -  

g lyco l s  a r e  i n  p rogres s ,  aiming mainly t o  e l u c i d a t e  the mech- 

anism and the s e l e c t i v i t y  of the processes .  
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