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ORGANIC PREPARATIONS AND PROCEDURES INT. 14(1-2), 31-38 (1982) 

PREPARATION OF 2,3,4,6-TETRAMETHYLPYRYLIUM PERCHLORATE 

AND OF 2 3,4 6-TETRAMETHYLPYRIDINE 

a l e x a n d r u  T .  Ba laban  * and Anisia Bota  

Organic  Ghemistry Department , P o l y t e c h n i c  , Buchares t  , i3OUIf~AI\IlA 

A l k y l  s u b s t i t u t e d  pyry l ium sal ts  s r e  r e a d i l y  a v a i l a b l e  by 

d i a c y l a t i o n  o f  a l k e n e s , 1 - 4  and  c o n s t i t u t e  a v a l u a b l e  c l a s s  o f  

r e a c t i v e  compounds which a r e  conve r t ed  by n u c l e o p h i l e s  i n t o  a 

h o s t  of c o n j u g a t e d  a c y c l i c  compounds and a r o m a t i c  benzenoid o r  

h e t e r o c y c l i c  compounds such  as f u r a n s 1 5  p y r i d i n e s 1 6  e t c .  718 

The d i a c s t y l a t i o n  o f  2-methyl-2-butene (2) and o f  2-me- 

thy l -1-butene  (A), which may be o b t a i n e d  i n  situ oy dehydra-  

t i o n  o f  t -amyl  a l c o h o l  (1) o r  by d e h y d r o c h l o r i n a t i o n  of t-arliyl 

c h l o r i d e ,  was shown t o  y i e l d ,  a c c o r d i n g  t o  r e a c t i o n  c o n d i t i o r i s ,  

2,6-dime thyl-4-e t h y l p y r y l i i m  sa l t  3 ( w i t r ;  a c e t y l  c h l o r i d e  and 

aluminium c h l o r i d e  t h i s  is  e s s e n t i s l l y  t h e  e x c l u s i v e  r e a c t i o n  

p r o d u c t )  o r  2,j,4,6-tetraniethylpyrylium sal t  6 as  w i l l  oe 

d i s c u s s e d  below. 2 , 3  
f 
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BALABAI? AND BOTA 

While 4 is  e a s i l y  preGared and p u r i f i e d  by r e c r y s t a l l i z a -  

tion from wa te r ,  s o  fa r  t h e  p r e p a r a t i o n  of  5 and of the cor -  

r e spond ing  2,3,4,6-tetramethylpyridice 1 was r a t h e r  cumbersome 

because under  t h e  u s u a l  c o n d i t i o n s ,  e .g . ,  e x c e s s  a c e t i c  anhyd- 

r i d e  and equimolar  amounts of 2-amyl a l c o h o l  and p e r c h l o r i c  

a c i d ,  a r e a c t i o n  mix tu re  c o n t a i n i n g  80% of  4 and 20$ of 4 i s  

o b t a i n e d  ; 2 J 3  r e c r y s t a l l i z a t i o n  of  t h i s  pyry l ium salt  mix tu re  

from any s o l v e n t  only e n r i c h e s  i t  i n  t h e  l e s s  s o l u b l e ,  sym- 

m e t r i c a l  p e r c h l o r a t e  4 because t h e  l e s s  symmet r i ca l  salt  6 i s  

t o o  s o l u b l e  ( i t  cannot  be c o n v e n i e n t l y  r e c r y s t a l l i z e d  from 

water).  The p rocedure  d e s c r i b e d  e a r l i e r  f o r  o b t a i n i n g  t h e  

p e r c h l o r a t e  5 c o n s i s t e d  of co r ive r t ing  t h e  above mix tu re  o f  

pyry l ium p e r c h l o r a t e s  i n t o  c h l o r o f e r r a t e s ,  p u r i f i c a t i o n  of t h e  

c h l o r o f e r r a t e  6 by f r a c t i o n a l  c r y s t a l l i z a t i o n ,  and  r e c o n v e r s i o n  

i n t o  t h e  2,3,4,6-tetramethylpyrjlim p e r c h l o r a t e  5. ?/hen f a i r l y  

pure , p e r c h l o r a t e  6 call be r e c r y s t a l l i z e d  frorr, i s o p r o p g l  2 . 1 ~ 0 -  

h o l  o r  f r o m  a m i x t u r e  of e t h y l  e t h e r  a id  e t h a n o l .  

From a l l  e l e c t r o p h i l i c  a c e t g l a t i n g  a,-er,ts x h i c h  were 

t e s t e d ,  s o  fa r  on ly  e x c e s s  a c e t y l  c h l o r i d e  w i t h  e q u i a o l s r  

amounts o f  a l k e n e  2 and be ry l l i un ;  c h l o r i d e  gave & and p r a c t i -  

c a l l y  no 4.’ The r e a c t i o n  mechanism W R S  checked u s i n g  14~-la- 

b e l l i n g  ; 1 4 ”  r e c e n t l y ,  iirnaufi, 3 o u s s e l  and Xe tzge r  l 2  obser -  

vcd t h a t  t h e  r a t i o  c a t a l y s t / a c e t y l a t i n g  agerit  (riamely, 

~ l C l ~ / ~ c C l  i n  t h e  d i a c e t y l a t i o n  o f  a l k e n e s  ;1 and/’or 2) had a 

pronounced i n f l u e n c e  on t h e  s e l e c i i v i t y  o f  t h e  r e a c t i o n  : a lo* 

r a t i o  ~ 1 C 1  / A c G l  f a v o u r s  t h e  more s u b s t i t u t e d  p y r y l i u m  s 2 A t  4. 3 
Having as o b j e c t i v e  t o  p r e p s r e  the monoace ty l a t ion  pro-  

d u c t  , 3,4-dinethyl--i-penten-2-orie (2) , we unexpected ly  o b t a i n e d  

pu re  4 as p e r c h l o r a t e ,  lwiieri L-ai11y1 a l c o h o l  1 was t r e a t e d  w i t h  
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2,3,4,6-TETRAMETHYLPYRYLIUM PERCHLORATE AND 2,3,4,6-TETRAMETHYLPYRIDINE 

excess acetic anhydride and with less than 0.5 equivalent of 

70$perchloric acid per equivalent of 1. Thus, also in this 
case the low IiC104/Ac20 ratio favours the more substituted 

pyrylium salt 6 .  The mechanistic implications of this finding 
will be discussed in a separate paper. 

Since pyrylium salts are of increasing interest as nucleo- 

philic conjugated C5-synthons,7 and since the Collective Vol.  5 
of Organic Syntheses contains no less than four procedures for 

preparing pyrylium salts,' we developed the above observation 

into a simple and preparatively useful method for obtaining 

2,3,4,6-tetramethylpyryliwn perchlorate (g )  and 2,3,4,6-tetra- 
methylpyridine (I). It should be noted that all pyrylium salts 
described in Organic Syntheses j 3  and the 2,4,6-trimethylpyry- 

lium sulfoacetate '4 are symmetrical ; for regiospecificity 

studies of nucleophilic attack, non-symmetrical pyrylium Salts 

such as the present one or 2,4-diphenyl-6-methylpyrylium sul- 

foacetate (readily obtained from acetophenone, acetic anhyd- 

ride, and sulfoacetic acid),15 have to be used. Thus Royer and 

Drew. l 6  observed regiospecificity in the attack of Grignard 

reagents on non-symmetrical pyrylium salts ; also, it was re- 

ported earlier 

xyl anions, yielding 2,3,5-trimethylphenol as the major pro- 

duct, with 3,4,5-trimethylphenol as a minor side-product. More 

detailed studies of the latter reaction, as well as of the 

reaction of 5 with other nucleophiles such as dialkylamines or 
cyanide anion, will be published separately. 

that & is attacked regioselectively by hydro- 

EXPERIMENTAL 

CAUTION ! The perchlorate 6 can be allowed to dry in the atmo- 
sphere, but should be stored and handled with care when dry. 
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BALABAN AND BOTA 

All pyryl ium p e r c h l o r a t e s  a r e  e x p l o s i v e ,  t h e r e f  o r e  they  should  
be p repa red  on ly  when needed ,  i n  t h e  n e c e s s a r y  amount,  and 
used  immediately wi thout  d r y i n g  and s t o r i n g .  ' 3 '7 h e a t i n g  , 
grinding, rubb ing  o r  knocking  d ry  p y r y l i m  p e r c h l o r a t e s  shou ld  
be c a r e f u l l y  avoided .Another  NAHNING i s  a t  the end of t h e  paper. 

2,3,4,6-Tetramethylpyrylium P e r c h l o r a t e  (&).- I n  a four-necked 

1 - l i t e r  f l a s k  equipped  w i t h  mechan ica l  s t irrer,  a thermometer  

r e a c h i n g  i n t o  t h e  l i q u i d ,  a r e f l u x  condenser  and a d ropp ing  

funnel,  were added 108 ml (88 g., 1 mole) of t -amyl  a l c o h o l  1 
and 330 ml (357 g . ,  3.5 moles )  o f  a c e t i c  anhydr ide  a t  room 

tempera tu re .  A good q u a l i t y  of t h e  anhydr ide  i s  e s s e n t i a l  f o r  

t h e  s u c c e s s  of t h e  r e a c t i o n ,  s i n c e  t h e  p re sence  of a c e t i c  a c i d  

i n  t h e  anhydr ide  l o w e r s  t h e  y i e l d  c o n s i d e r a b l y .  From t h e  drop- 

p i n g  f u n n e l ,  4 3  ml (72 g.,  0.5 mole H C 1 0 4 , a l s o  c o n t a i n i n g  by 

v i r t u e  of i t s  c o n c e n t r a t i o n  1.2 mole of w a t e r )  of 7 0 G p e r -  

c h l o r i c  a c i d  was t n e n  added with v igo rous  s t i r r i n g  very  

c a u t i o u s l y ,  o b s e r v i n g  t h e  t e m p e r a t u r e  r i s e  of  t h e  l i q u i d  ( t h e  

e x c e s s  a c e t i c  anhydr ide  i s  hydro lyzed  exo the rma l ly  by t h e  

water i n  t h e  p r e s e n c e  of t h e  s t r o n g  a c i d  which a c t s  as cata- 

l y s t ) .  The f i rs t  two m i l l i l i t e r s  of p e r c h l o r i c  a c i d  shou ld  be 

added d u r i n g  2-3 minu tes  until t h e  t e m p e r a t u r e  i n  t h e  f l a s k  

r e a c h e s  70°, t h e n  t h e  a d d i t i o n  r a t e  of t h e  a c i d  c a n  be in -  

c r e a s e d  somewhet s o  that towards  t h e  end of t h e  a d d i t i o n  t h e  

t empera tu re  should become s t a b i l i z e d  a t  90-95' w i thou t  any 

e x t e r n a l  h e a t i n g  o r  c o o l i n g .  T o  p r e v e n t  o v e r h e a t i n g  and s p i l -  

l i n g  of  t h e  h o t  lachrymatory  l i q u i d  th rough  t h e  condense r ,  a 

c o l d  w a t e r  b a t h  should  be r eady  a t  hand, but  on ly  f o r  b r i e f  

c o r r e c t i o n  of  any dange rous  t e m s e r a t u r e  r i s e  due t o  a t o o  h i g h  

a d d i t i o n  r a t e .  The whole a d d i t i o n  should  l as t  15-20 m i n u t e s ,  

d u r i n g  which t i m e  the r e a c t i o n  m i x t u r e  becomes g r a d u a l l y  
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2,3,b,6-TETFL"THYLPYRYLIUM PERCHLORATE AND 2,3,4,6-TFTRAMETHYLPYRIDINE 

ye l low,  t h e n  brown, and f i n a l l y  black-brown. 

S t i r r i n g  was c o n t i n u e d  f o r  30 minu tes ,  t h e n  the  m i x t u r e  was 

coo led  t o  25-26', t r a n s f e r r e d  t o  a l a r g e  s e p a r a t o r y  f u n n e l ,  and 

500 m l  of e thy l  e the r  was added. A f t e r  b r i e f  s h a k i n g ,  t h e  l o w e r  

b l a c k  l a y e r  was immediately s e p a r a t e d  ; s i n c e  t h e  l c ix tu re  i s  

dark-coloured ,  t h e  v i s c o s i t y  r a t h e r  than t r a n s p a r e n c y  d i f f e r e n -  

c e s  of t h e  two l a y e r s  show when t o  t u r n  the  s t o p c o c k  of the se- 

p a r a t o r y  funnel  ( a n o t h e r  method i s  t o  add a s m a l l  m o u n t  of  

d ia tomaceous  s i l i c a ,  i . e .  Supe r  Cel ,  which g o e s  t o  t h e  i n t e r -  

f a c e  of  t he  two l a y e r s  and is  v i s u a l l y  d e t e c t e d  ''). The lower  

l a y e r  ( c o l l e c t e d  i n  a beake r )  w a s  s c r a t c h e d  wi th  a glass r o d  

( o r  c r y s t a l s  f rom a p r e v i o u s  run are used f o r  s e e d i n g ,  bu t  most 

t i m e s  t h e  lower  l a y e r  c r y s t a l l i z e s  spon taneous ly ,  t h e r e f o r e  i t s  

s e p a r a t i o n  s h o u l d  b e  c a r r i e d  ou t  r a p i d l y  a t  25-26') and s e t  f o r  

1 hr.  i n  t h e  f r e e z e r .  The c r y s t a l s  of 6 ( a s  p e r c h l o r a t e )  were 

c o l l e c t e d  on a s i n t e r e d  g l a s s  f i l t e r  w i t h  s u c t i o n ,  washed tho-  

roughly  t w i c e  w i t h  a mix tu re  o f  a c e t i c  acid and e t h y l  e t h e r  

(1:2 by volume) i n t e r r u p t i n g  e a c h  t ime  t h e  s u c t i o n  and mixing  

t h e  c r y s t a l s  w i t h  t h e  washing l i q u i d  u s i n g  a s p a t u l a ,  t h e n  

t w i c e  w i t h  e t h e r .  If t h e  washing i s  done p r o p e r l y ,  95-100 g . J  

( 8 1 - 8 5 $ y i e l d  r e l a t i v e l y  t o  H C 1 0 4 )  o f  c o l o r l e s s  c r y s t a l s  

should  r e s u l t  ( o t h e r w i s e  t h e  p roduc t  i s  brownish and t e n d s  t o  

darken on s t a n d i n g ) ,  m.p. 98-100°, which c a n  be used d i r e c t l y  

f o r  most pu rposes .  I f  d e s i r e d ,  t h e  p roduc t  may be r e c r y s t a l l i -  

zed from i s o p r o p y l  a l c o h o l  ( o r  by adding e t h y l  e t h e r  i n t o  i ts 

e t h a n o l i c  s o l u t i o n )  y i e l d i n g  p e r f e c t l y  white c r y s t a l s  with 

m.p. 100'. 

I R  ( K B r )  : s t r o n g  bands  at 954, 1459,  1511, 1548 and 1642 Cm" 

due t o  the  c a t i o n  5 ,  and a t  625 and 1100 cm-' due t o  t h e  a n i o n  
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B A L A X N  AND BOTA 

C 1 0 4 , a s  i n d i c a t e d  i n  r e f .  19. 

'H-NMR (F3CC02H) : 

2.87 ( s ,  3H, 6-Me) ; 2.92 ( s ,  3H, 2-hie) ; 7.63 (9, l H ,  5-H). 

The assignment  of most signals i s  s t r a i g h t f o r w a r d , 2 0  but  t h e  

d i s c r i m i n a t i o n  between the two a-methyl peaks  co r re spond ing  t o  

p o s i t i o n s  2 and 6 i s  n o t  ; t h e  p r e s e n t  ass ignment  i s  based on 

t h e  cor respondence  wi th  t h e  'H-NMR spec t rum of t h e  2,3,4,6- te-  

t r a rne thy lpyr id ine  w i t h  non-deutera ted  and p a r t l y  d e u t e r a t e d  

me thy l s ,  on the d i f f e r e n c e  i n  t h e  r a t e  of  d e u t e r a t i o n  by i so -  

t o p i c  exchange i n  D 2 0  between the  two a-methyl grouos ,  and on 

a n  unambiguous s y n t h e s i s  of 2 ,3 ,4- t r imethyl-6-(d methyl)-py- 

ry l ium and t h e  co r re spond ing  p y r i d i n e ,  as w i l l  be r e p o r t e d  i n  

a s e p a r a t e  paper .  

2.42 (9, 3 H ,  3-Ne) ; 2.70 (9, 3H, 4-Me) ; 

3- 

The b l ack  f i l t r a t e  remained from t h e  lower  l a y e r  can  be 

d i s c a r d e d  ; i t  c o n t a i n s  about  10 g. o f  6 and 2 g. of 4 as  

g e r c n l o r a t e s ,  i n  a d d i t i o n  t o  p e r c h l o r i c  and a c e t i c  a c i d s ,  as 

proved by c o n v e r s i o n  i n t o  p y r i d i n e s  and g.1.c. a n a l y s i s t h e r e o f .  

Jhe upper  o r i g i n a l  l a y e r  was washed i n  t h e  s e p a r a t o r y  fun- 

n e l  wi th  one 1 1. and two 0.5 1. p o r t i o n s  of  w a t e r ,  t h e n  w i t h  

aqueous sodium hydrogen c a r b o n a t e  f o r  removing t h e  a c i d s , d r i e d  

ove r  anhydrous sodium s u l f a t e  o r  magnesium s u l f a t e ,  and f r a c -  

t i o n a t e d  under  reduced p r e s s u r e ,  a f f o r d i n g  20-25 g. of k e t o n i c  

f r a c t i o n ,  b.p. 48-55'/15 T o r r ,  which c o n s i s t s  mainly of 3,4- 

-dimethyl-&penten-2-one (2). 
2,3,4,6-Tetramethylpyridine ( I )  .-The crude  p e r c h l o r a t e  5 ( 2 5  

9 . )  was added t o  a f i v e - f o l d  e x c e s s  of aqueous  ammonia ( 3 5  ml 

of cone. ammonium hydroxide  and 50 ml wate r ) .  In an exo the rma l  

r e a c t i o n ,  t h e  t e t r a m e t h y l p y r i d i n e  1 r e s u l t e d  as an upper  y e l -  

low l a y e r .  S t h y l  e t h e r  (50 ml) was added t o  assist i n  the  se- 
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p a r a t i o n .  In  order  t o  remove k e t o n i c  s ide-products ,  the  com- 

bined organic  l a y e r s  were e x t r a c t e d  wi th  10% hydrochlor ic  

ac id .  Only t h e  p y r i d i n e  1 was e x t r a c t e d  i n t o  t h e  aqueous phase 

which w a s  separa ted  and re -ex t rac ted  with e t h e r  ( t h e  e t h e r e a l  

e x t r a c t s  a r e  d i s c a r d e d ) .  Then 20% sodium hydroxide s o l u t i o n  

was added t o  t h e  aqueous phase u n t i l  a l l  t h e  pyr id ine  1 sepa- 

r a t e d .  A f t e r  e x t r a c t i o n  wi th  e t h e r  and dry ing  over  powdered 

sodium hydroxide,  t h e  e t h e r  w a s  evaporated and t h e  pyr id ine  2 
d i s t i l l e d  under reduced pressure .  Fhys ica l  c o n s t a n t s  and melt- 

i n g  p o i n t s  o f  d e r i v a t i v e s  ( p i c r a t e ,  p i c r o l o n a t e ,  methiodide 

and ch loropla t  i n a t e )  have a l r e a d y  been publ ished ; t h e r e  

e x i s t  t w o  c r y s t a l l i n e  modi f ica t ions  of t h e  p i c r a t e  wi th  d is -  

t i n c t  mel t ing  p o i n t s .  The y i e l d  of  1 from k w a s  8 5 9 5 % .  

'H-NNR (cCi4)  : 2.07 ( s ,  3 H ,  3-me) ; 2.13 ( s ,  3H, 4 4 e )  ; 

2.30 ( s ,  3 3 ,  6-Me) ; 2.37 ( s ,  3H, 2-Me) ; 6.60 ( s ,  lH, 5-H) ; 

t h e  assignment of t h e  two cx-methyl peaks i s  based, i n  a d d i t i o n  

t o  t h e  d a t a  quoted above (unambiguous s y n t h e s i s  f r o m  CD C O C l  

and z), on lanthanide-induced s h i f t s .  
3 
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