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SUMMARY 

A k i n e t i c  s tudy  i s  r e p o r t e d  f o r  t h e  d e u t e r a t i o n  ( i n  sodium formate-con- 

t a i n i n g  HCOOD at 50 - 73') of  2-benzyl-4,6-dimethylpyrylium p e r c h l o r a t e  

and o f  i t s  d e r i v a t i v e s  possess ing  para-subs t i tuents  a t  t h e  phenyl r i n g  

( N O 2 ,  C 1 ,  Me, O M e ) .  In t ramolecular  comparison o f  d e u t e r a t i o n  r a t e s  ind i -  

c a t e s  t h a t  t h e  4-methyl i s  always d e u t e r a t e d  6-10 t imes f a s t e r  than t h e  

6-methyl  : however, t h e  2 -methylene group i s  deutera ted  with a r a t e  

d i c t a t e d  by t h e  n a t u r e  o f  t h e  a r y l  group : f a s t e r  than t h e  4-methyl w i t h  

p N 0 2  a n d  p C 1  s u b s t i t u e n t s ,  more slowly than t h e  y-methyl  group with 

E-Ke and pOMe s u b s t i t u e n t s .  Hammett p l o t s  show good c o r r e l a t i o n s  f o r  

r e l a t i v e  d e u t e r a t i o n  r a t e s  o f  t h e  methylene group, and  f o r  H-NMR 

chemical s h i f t s  f o r  methyl and methylene protons.  

1 

INTRODUCTION 

Previous papers  have shown (2 .3 )  t h a t  t h e  high e l e c t r o n e g a t i v i t y  of t h e  

posi t ively-charged oxygen heteroatom i n  pyrylium salts 1 enables  "benzyl ic"  

pro tons  o f  a (2- , 6-) or y (4-pos i t ion)  s ide-cha ins  t o  undergo r a p i d  i so tope  

exchange i n  D 0 o r  CH -COOD. Since t h e  exchange r a t e  i s  enhanced on i n c r e a s i n g  

t h e  pH i n  t h e  range 0 - 4, t h e  r e a c t i o n  mechanism (3) involves  depro tona t ion  t o  

anhydrobases (methylenepyrans) : 
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Molecular o r b i t a l  c a l c u l a t i o n s  (4) r e v e a l  t h a t  y -methylenepyrans 2 have 

lower e n e r g i e s  than a-methylenepyrans 2, e x p l a i n i n g  t h u s  t h e  h igher  d e u t e r a t i o n  

r a t e  o f  y -methyl (ene)  groups r e l a t i v e  t o  a - m e t h y l ( e n e )  groups. Thus 2 ,4 ,6- t r i -  

methylpyrylium salts  a r e  deutera ted  i n  D 0 a t  80 - 100' about t e n  t imes f a s t e r  2 

a t  the  y-methyl  group ( y i e l d i n g  4) than  a t  t h e  a -methyl  groups (when t h e  

r e s u l t  would have been 2, which cannot be obta ined  d i r e c t l y ,  but  can be prepared 

by complete d e u t e r a t i o n ,  followed by de-deutera t ion  o f  t h e  4-methyl group). 

This  mechanism i s  supported by s t u d i e s  of  t h e  i s o t o p e  e f f e c t  ( 5 ) .  by the  

e f f e c t  o f  vary ing  t h e  a r y l  group i n  d e u t e r a t i o n s  of 2,6-diaryl-4-methylpyryliwm 

( 6 ) .  and by newel MNDO c a l c u l a t i o n s  ( 7 ) .  

When an a-methylene group, as i n  2-ethy1-4,6-dimethylpyrylium (8), o r  an 

a -methine group, as in 2-isopropyl-4,6-dFmethylpyrylium ( 9 )  is compared i n t r a -  

molecular ly  t o  t h e  a-methyl  group, one f i n d s  t h a t  a l k y l  s u b s t i t u t i o n  at  t h e  

exocycl ic  carbon a tom o f  methylenepyrans e x e r t s  a s l i g h t  s t a b i l i z i n g  i n f l u e n c e ,  

l e a d i n g  t o  r e l a t i v e  d e u t e r a t i o n  r a t e s  about twice h i g h e r  f o r  t h e  a-methylene o r  

a-methine group than f o r  t h e  a-methyl  group. 

The p r e s e n t  paper  -epor t s  a s i m i l a r  k i n e t i c  s tudy  o f  newly prepared 2-ben- 

zyl-4,6-dimethylpyrylium p e r c h l o r a t e  and g a r a - s u b s t i t u t e d  d e r i v a t i v e s  thereof .  

One expec ts  a r y l  groups bonded t o  t h e  exocycl ic  carbon o f  methylenepyrans t o  

e x e r t  a more pronounced conjugat ive  s t a b i l i z a t i o n  than  a l k y l  groups,  which a c t  

only y&i t h e  weaker i n d u c t i v e  and hyperconjugat ive e f f e c t s  : in addi t ion ,  the 

n a t u r e  of t h e  p a r a - s u b s t i t u e n t  i s  expected t o  p lay  a s i g n i f i c a n t  p a r t  in t h e  

d e u t e r a t i o n  r a t e  o f  t h e  corresponding methylene group. As i t  w i l l  be shown here ,  

t h e  experimental  r e s u l t s  f u l l y  bear  ou t  t h e s e  e x p e c t a t i o n s ,  p rovid ing  thereby 

f u r t h e r  support  f o r  t h e  r e a c t i o n  mechanism. 

K I N E T I C S  OF DEUTERATION 

The d e u t e r a t i o n  of 2-benzyl-4,6-dimethylpyrylium p e r c h l o r a t e  (&, R =I H )  

by  i s o t o p e  exchange i n  hydroxyl ic  s o l v e n t s  can be fol lowed by 'H-NMFl spectrosco-  

py. However, t h e  s o l u b i l i t y  in D 0 is too low even at  r e f l u x  temperature  ; 

CH -COOD cannot be employed because t h e  methyl r e g i o n  i s  obscured by t h e  s o l v e n t  

and we did not  possess  s u f f i c i e n t l y  pure ( i s o t o p i c a l l y )  C D  COOD ; t h e r e f o r e  we 

prepared HCOOD, but  we found t h a t  t h e  r a t e  of  hydrogen exchange i n  pure HCOOD is 

too  low f o r  convenient  k i n e t i c  de te rmina t ions .  Never the less  we f i n a l l y  obtained 
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s a t i s f a c t o r y  r e s u l t s  w i t h  HCOOD c o n t a i n i n g  sodium formate.  

The newly prepared pyrylium salts 8 were obtained by a c y l a t i o n  o f  m e s i t y l  

oxide 6 which i s  known t o  c o n t a i n  a t  equi l ibr ium about 20 46 i s o m e s l t y l  oxide 1 

t h e  l a t t e r  tautomer undergoes e l e c t r o p h i l i c  s u b s t i t u t i o n  by ArCH2CO+ i n  t h e  

presence of  anhydrous aluminium c h l o r i d e ,  and t h e  product  is dehydrated y i e l d i n g  

t h e  pyrylium salt  
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Deutera t ions  were c a r r i e d  o u t  i n  t h e  NMFl v i a l  which was thermostated at a 

convenient tern-perature i n  t h e  range 50 - 77' f o r  a s p e c i f i e d  t ime ; a f t e r  c h i l -  

l i n g  t h e  v l a l ,  i t s  'H-NMR spectrum was recorded,  and f o u r  i n t e g r a l  curves  were 

r e g i s t e r e d ,  then t h e  thermosta t ing  was resumed for another  reading ,  monitor ing 

t h e  decrease  o f  NMR peeks v e r s u s  time. For t h o s e  compounds which d i d  not  have 

non-exchangeable metriyl groups, i. e. 82, and &, added 2,2-dimethyl-2-sila- 

pentane-5-sulfonate (DSS, sodium sa l t )  was used as i n t e r n a l  s tandard  both for 

t h e  zero p o i n t  on t h e  d e l t a  s c a l e ,  and f o r  t h e  number o f  p ro tons  i n  o r d e r  t o  

provide a c o r r e c t i o n  f a c t o r  f o r  any v a r i a t i o n  of t h e  i n t e g r a t o r  s e n s i t i v i t y .  
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Comp. R 2-CH2 6-CH3 

( a )  ( a )  

a  NO^ 4.70 2.97 

c H 4.50 2.95 

d Me 4.47 2.95 

e OMe 4.40 2.90 

b C 1  4.52 2.96 
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4-CH Other CH3 3 
( y )  

2.80 - 
2.78 - 
2.73 - 
2.73 2.77 

2.68 7.97 

I n  order  t o  minimize t h e  e r r o r s ,  we decided t o  make only i n t r m o l e c u l a r  

r a t e  comparisons, t h e r e f o r e  it was not  necessary  t o  have e x a c t l y  t h e  same tempe- 

r a t u r e  and s o l v e n t  composition for a l l  f i v e  compounds. Thus it was p o s s i b l e  t o  

s e l e c t  t h e  temperature  of  t h e  thermosta t  so  as t o  lead  t o  convenient time i n t e r -  

v a l s  between r e c o r d i n g s  of  NMR s p e c t r a .  S ince  t h e  temperature  of  t h e  NMR i n s t r u -  

ment (around 25') w a s  apprec iab ly  lower than  t h a t  o f  t h e  thermosta t ,  d e u t e r a t l o n s  

d u r i n g  t h e  r e c o r d i n g  o f  NMR s p e c t r a  o r  d u r i n g  t h e  cool ing/ rehea t ing  t r a n s i t o r y  

per iods  were considered t o  be n e g l i g i b l e .  

The s u b t r a c t i o n  of t h e  "background" due t o  DSS pro tons ,  and the  c a l c u l a t i o n  

o f  r a t e  va lues  t a k i n g  i n t o  account t h a t  t h e  i s o t o p i c  p u r i t y  of t h e  HCOOD + HCOONa 

so lvent  i s  75 - 80 $ i s  descr ibed  i n  more d e t a i l  i n  t h e  subsequent paper i n  t h i s  

s e r i e s  (10 ) .  The es t imated  e r r o r  f o r  r e l a t i v e  r a t e s  i s  10 % i n  Table 2. 

Table 1 p r e s e n t s  t h e  'H-NMR data of  t h e  new pyrylium salts. For tuna te ly ,  

a l l  methyl(ene)  peaks appear as wel l -separated s i n g l e t s  s o  t h a t  i n t e r p r e t a t i o n s  

of i n t e g r a l  curves  a r e  s t ra ight forward .  

Table 1 .  'H-NMR chemical s h i f t s  ( 5 , ppm) of pyrylium sa l t s  8_ 

i n  t r i f l u o r o a c e t i c  acid 

3-CH 

( P  

* 
7.82 

7.77 

7.77 

7.77 

5-CH 

( P I  
* 

7.60 

7.58 

7.60 

7.60 

A r o m a t i c  

7.70 , 0.40 ** 
7.47 

7.42 

7.25 ** 
7.33 , 7.08 

** Coupling cons tan t  for pseudo-AB m u l t i p l e t  J = 8 Hz. 

According t o  e x p e c t a t i o n s ,  t h e  NivIR data presented  i n  Table I i n d i c a t e  that  

t h e  a -CH chemical s h i f t  5 i s  s t r o n g l y  dependent on t h e  n a t u r e  of  t h e  para-sub- 

s t i t u e n t  R. A Hammett p l o t  ( s u b s t i t u e n t  U c o n s t a n t s  w i l l  be found i n  Table 2 )  

shows a l i n e a r  c o r r e l a t i o n  between 6 and U . By c o n t r a s t ,  t h e  chemical s h i f t s  of 

t h e  4-CH and 6-CH groups a r e  much l e s s  a f f e c t e d ,  as shown i n  F igure  1 .  

2 

3 3 
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Fig. 1. Hammett p l o t  o f  chemical s h i f t s  f o r  pyrylium salts a 

RESULTS AND DISCUSSION 

It Can be expected t h a t ,  while  with a l i p h a t i c  s u b s t i t u e n t s  t h e  y -methy- 

lenepyren 2 is  much more s t a b l e  t h a n  a-methylenepyrans 2, t h e  i n t r o d u c t i o n  o f  

conjugated a r y l  groups ought t o  make t h e  isomeric  anhydrobases 2 and lo of  

comparable s t a b i l i t y ,  depending on t h e  para-subs t i tuent  R. Indeed, as shown i n  

Table 2, t h e  r e l a t i v e  d e u t e r a t i o n  ra tes  o f  y -CH 

u n s u b s t i t u t e d  compound 82 and t h e  para-methyl d e r i v a t i v e  8s a r e  f a i r l y  s i m i l a r .  

S ince t h e  a - C H  group i s  deutera ted  with t h e  lowest  r a t e ,  for int ramole-  

and a - C H 2  groups i n  t h e  3 

7 
c u l a r  comparisons w e  c a l c u l a t e  d e u t e r a t i o n  r a t e s  r e l a t i v e l y  t o  t h i s  group in  

Table 2, a s s i g n i n g  a r b i t r a r i l y  r e l a t i v e  r a t e  1 t o  t h i s  6-methyl group. 

It can a l s o  be expected t h a t  t h e  n a t u r e  o f  t h e  a r y l  group w i l l  have a 

marked inf luence  on t h e  d e u t e r a t i o n  r a t e  of  t h e  a-methylene group, and t h a t  t h e  

r a t e s  o f  t h e  a- and y-methyl  groups w i l l  n o t  be apprec iab ly  a f fec ted .  Table 2 

shows, indeed, that  i f  t h e  a - C H  group has  by convention t h e  r e l a t i v e  r a t e  1 ,  

t h e  experimental ly  found r e l a t i v e  r a t e  of t h e  y -CH 

( w i t h i n  experimental  e r r o r s ,  r e l a t i v e  r a t e s  8 - 10, as i n  t r imethylpyryl ium 1). 

3 
group i s  almost cons tan t  7 

The d a t a  concerning t h e  r e l a t i v e  d e u t e r a t i o n  r a t e  o f  t h e  a-methylene 

group i n  a r e  t h e  most i n t e r e s t i n g .  This  r a t e  i n c r e a s e s  by almost one o r d e r  o f  

magnitude when t h e  m - s u b s t i t u e n t  v a r i e s  from methoxy t o  n i t r o ,  r e v e r t i n g  t h e  

d y  r e g i o s e l e c t i v i t y .  Table 2 shows t h a t  e lec t ron-acceptor  s u b s t i t u e n t s  R 

( C l ,  NOg) markedly i n c r e a s e  t h e  d e u t e r a t i o n  r a t e  by a c i d i f y i n g  t h e  methylene 

pro tons  and by s t a b i l i z i n g  t h e  methylenepyran as i n d i c a t e d  i n  formula u. Elec- 

t ron-donat ing groups, on t h e  o t h e r  hand, e x e r t  t h e  oppos i te  e f f e c t .  
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0 Temp. C 6-CH7 (a ) 

50 t 

57 1 

70 1 

70 1 

79 1 

Me 

e OMe 

4-CH ( ) 2-CH2 (a ) Rat io  A- 2- 7 y  

10 60 0.17 

8 14 0.57 

9 10 0.90 

8 7 1.14 

10 7 1.43 
-- 
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Table 2. R e l a t i v e  d e u t e r a t i o n  ra tes  o f  8 i n  HCOOD + H C O O l a  

lammett (f 

+ 0.78 

+ 0.23  

0 

- 0.17 

- 0.27 

Me 

Me hCH 
No 2 

Me 

Me CH-  
I 

NO2 

1 Oa - 

Me 

/ Me 

Iio-o- 

Figure 2 p r e s e n t s  t h e  H a m m e t t  p l o t  o f  t h e  r a t i o  between t h e  r e l a t i v e  ra tes  

o f  d e u t e r a t i o n  i n  t h e  p o s i t i o n s  4 and 2. Since t h i s  r a t i o  c r o s s e s  t h e  va lue  1 ,  

t h e s e  d a t a  i l l u s t r a t e  again t h e  i n t e r e s t i n g  reg ioreversed  Cr/y 

d e u t e r a t i o n s  o f  a p p r o p r i a t e l y - s u b s t i t u t e d  pyrylium salts S_. 

s e l e c t i v i t y  i n  

1.5 I 

Fig.  2. Yammett p l o t  o f  t h e  r a t i o  of  r e l a t i v e  r a t e s  (4-/2-) 

I n  conclusion,  we have evidenced t h a t  t h e  a - C H 2 / y - C H  r e g i o s e l e c t i v i t y  3 
of d e u t e r a t i o n  k i n e t i c s  for pyrylium salts 8 is c o n t r o l l e d  by t h e  n a t u r e  o f  t h e  

a r y l  group, which may cause even a r e v e r s a l  o f  t h e  normal r e g i o s e l e c t i v i t y  when 

electron-acceptor  a r e  p r e s e n t  as s u b s t i t u e n t s  o f  t h e  a r y l  group ; in t h i s  case,  

t h e  a-methylene group undergoes f a s t e r  d e u t e r a t i o n  than  t h e  y-methyl  group. 
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EXP W IMENT AL 

'H-NMR S p e c t r a  were recorded wi th  a 60 MHz V a r i a n  EM-760L instrument .  

P r e p a r a t i o n  of HCOOD. Commercial 98-100 $ formic a c i d  (25 m l ,  70.5 g, 665 

mmol) w a s  e q u i l i b r a t e d  w i t h  5 m l  of  99.8 % deuterium oxide (250 mmol). Fresh ly  

sublimed p h t h a l i c  anhydride (100 g )  was added, and t h e  mixture was r e f l u x e d  for 
one hour, then formic a c i d  (b.p. 101-105°) was d i s t i l l e d  off a t  normal pressure  

( y i e l d  21 g, d e u t e r a t i o n  a t  carboxyl  about 40 $). The o p e r a t i o n  was repea ted  

t h r e e  t imes  with 5 m l  p o r t i o n s  o f  f r e s h  D 0 f o r  each e q u i l i b r a t i o n ,  a f f o r d i n g  15  
m l  HCOOD c o n t a i n i n g  75-80 % d e u t e r a t e d  carboxyl. This  procedure i s  an adapta t ion  

of t h e  method f o r  o b t a i n i n g  anhydrous formic a c i d  from 80 -$ formic a c i d  ( 1 1 ) .  

t i o n )  and a s l i g h t  excess  o f  formic a c i d ,  was anhydrized a t  200' i n  an oven f o r  

4 firs. Then a small amount o f  deuterium oxide was added f o r  o b t a i n i n g  a satura- 

t e d  s o l u t i o n  a t  t h e  b o i l i n g  temperature ,  and t h e  product  was ca lc ined  again a t  

200' f o r  3 h r s .  

2 

Sodium formate,  prepared from sodium hydroxide (concent ra ted  aqueous solu- 

For k i n e t i c  measurements, t h e  NMR v i a l  c o n t a i n s  about equal  molar mounts 

o f  pyrylium sa l t  and sodium formate. When t h e  r e a c t i o n s  a r e  f a s t e r ,  e.g. f o r  82, 

l e s s  sodium formate can be added. 

P r e p a r a t i o n  o f  pyrylium salts  S_. Powdered anhydrous aluminium c h l o r i d e  

( 1  mol )  was introduced i n t o  a s t i r r e d  ice-cooled s o l u t i o n  o f  a r y l a c e t y l  c h l o r i d e  

(1.5 mol)  i n  carbon d i s u l f i d e .  After  completion of t h e  a d d i t i o n ,  m e s i t y l  oxide 

( 1  mol) w a s  added dropwise with cool ing,  a n d  t h e  s t i r r i n g  w a s  cont inued at  room 

temperature  f o r  3 hours ,  then the  mixture  was l e f t  overn ight .  The mixture  w a s  

decomposed by pouring it on i c e  and hydrochlor ic  a c i d  : t h e  aqueous l a y e r  was 
e x t r a c t e d  with e t h y l  e t h e r  f o r  removing water- insoluble  products ,  and was then  

separa ted  and t r e a t e d  with p e r c h l o r i c  a c i d  till p r e c i p i t a t i o n  was complete. 

Af te r  s t a n d i n g  i n  t h e  r e f r i g e r a t o r  f o r  s e v e r a l  hours ,  t h e  pyrylium p e r c h l o r a t e s  

c r y s t a l l i z e d  i n  m o s t  c a s e s  and were f i l t e r e d  o f f .  Yields  3 - 7 $ a f t e r  r e c r y s t -  

a l l i z a t i o n  from water, o r  aqueous a c e t i c  acid.  The pyrylium sa l t s  a f forded  

sat  i s  f ac  t o r y  element a1 ana lyses  . 
2-Benzyl-4,6-dimethylpyrylium p e r c h l o r a t e  (82, R = H ) ,  m.p. 110' (water ) .  

2-~-Methylbenzyl-4,6-dimethylpyrylium p e r c h l o r a t e  (a, R = Me), m.p. 80 - 
85'. c r y s t a l l i z e d  slowly ; r e c r y s t a l l i z a t i o n  from water  o r  from a c e t i c  a c i d  and 

e t h y l  e t h e r  y ie lded  o i l y  products  which c r y s t a l l i z e d  slowly on seeding. 

147' (from water) .  

2-g-Methoxybenzy1-4,6-dimethylpyrylium p e r c h l o r a t e  (&, R = OMe ), m. p. 

2 -pNi t robenzy l -4 ,6 -d ime thy lpyry l ium p e r c h l o r a t e  (&, R = N O 2 ) ,  m. p. 159' 

2-pChlorobenzyl-4,6-dimethylpyryl ium p e r c h l o r a t e  (BL, R = C1) d i d  not  

(from aqueous a c e t i c  a c i d ) .  

c r y s t a l l i z e ,  but  t h e  o i l y  product  a f forded  a c l e a r  'H-NMR spectrum, f r e e  of any 

d e t e c t a b l e  impurity. 

Fo r  f u r t h e r  c h a r a c t e r i z a t i o n ,  t rea tment  of  t h e  u n s u b s t i t u t e d  p e r c h l o r a t e  

82 with e t h a n o l i c  methylamine, followed a f t e r  15 min. by p r e c i p i t a t i o n  with 
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e t h y l  e t h e r ,  afforded t h e  c r y s t a l l i n e  2-benzyl-1,4,6-trimethylpyridinium per- 
1 

c h l o r a t e ,  m.p. 122' (from water). Its H-NMR spectnun i n  F C-COOH has  peaks at 3 
6 = 4.48 (2H, S, 2-CH ), 4.11 ( 7 H ,  9, N-CH ) ,  2.83 (3H, 9, 6-CH ) and 2.61 ( 7 H ,  

2 3 3 
s, 4-03 ) i n  a d d i t i o n  t o  seven aromatic  and pyridinium pro tons  as m u l t i p l e t  a t  3 
7.0 - 7.8 ppm. 
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Note f o r  t h e  e x p e r a e n t a l  p a r t  : t h e  low y i e l d  i n  t h e  p r e p a r a t i o n  o f  pyrylium 

Sal ts  8 may be due t o  s e l f - a c y l a t i o n  o f  t h e  a r y l a c e t y l  c h l o r i d e  when 

t h e  r e a c t i o n  i s  c a r r i e d  o u t  with t h e  pre-formed ArCH2COC1.AlC1 

Improved y i e l d s  (7-10 46)  a r e  obta ined  i f  t h e  s o l u t i o n  o f  t h e  a r y l n c e t y l  

c h l o r i d e  and m e s i t y l  oxide i n  carbon d i s u l f i d e  i s  added dropwise i n t o  a 

suspension o f  ahnydrous aluminium c h l o r i d e  i n  carbon d i s u l f i d e .  

complex. 3 


