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o~,fi-Unsaturated ketones with a secondary  ~ -ca rbon  a tom (ethylideneacetone and n-butyl idene-  
acetophenone) undergo acylat ion to give 2 ,6-d i -  and 2 ,5 ,6- t r i subst i tu ted  py ry l ium sal ts .  A 
m e c h a n i s m  is proposed f o r  the react ion.  

The f i r s t  step in the synthes is  of pyry l ium sa l t s  by acylat ion of ~ ,~-unsa tura ted  ketones  (dypnone and 
mes i ty l  oxide) with anhydr ides  or  acid chlor ides  in the p r e s e n c e  of Lewis ac ids  [1] is convers ion  of the v~, 
~ -unsa tu ra ted  ketone (I) to the f l , y -unsa tu ra t ed  i s o m e r  (II), which undergoes  acylation,  during which i s o m -  
e r iza t ion  p roceeds  through a s tep involving the fo rmat ion  of a carbonium ion and is the decis ive  fac tor  
that i n su res  the development  of the py ry l ium salt .  Balaban and Neni tzescu a s s e r t  [2] that only I with a t e r -  
t i a ry  f i -carbon a tom can be acylated,  s ince they give a s table  carbonium ion that is protonated at the a - c a r -  
bon a tom and is capable  of being conver ted to II. ~, /3-Unsaturated ketones  with a s econda ry /%ca rbon  a tom 
(e thy l ideneace toneandcro tona ldehyde  0II) do not f o r m  stable  cat ions and, according to this concept, should 
not undergo the react ion.  

However ,  there  a re  data [3] that the protonation of ketones  p roceeds  at the oxygen a tom of the c a r -  
bonyl group. In this connection, it s eemed  m o r e  l ikely to us that the f i r s t  s tep in the p r o c e s s  is the f o r m a -  
tion of cation IV, which is conver ted to enol f o r m  V; V is s tabi l ized by the conjugation sy s t em and the in t ra -  
m o l e c u l a r  hydrogen bond, and it is p r e c i s e l y  V that is then acylated.  
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The development of an i n t r a m o l e c u t a r  hydrogen bond in V insures  fixing of the active = CHl~ group 
in the S-e i s  position, which is f avorab le  fo r  r ing closing, and the p r e sence  of conjugation leads to the ap-  
pea r ance  of the +M effeet  of the hydroxyl  group, which c r ea t e s  on the =CHI~ grouping a nucleophilic cen ter  
that p r o m o t e s  the addition of the acy l ium cation. 

In o r d e r  to ve r i fy  this assumpt ion ,  we c a r r i e d  out exper imen t s  involving the acylat ion of HI (ethyl- 
ideneacetone,  ethylideneacetophenone,  and n-butyl ideneacetophenone).  As expected, ethyl ideneacetone {III, 
R 1 = CH3, R 2 =R 3 =I-I) r e ac t s  with acety l  chloride and ant imony pentachlor ide  (in a m o l a r  ra t io  of 1 : 1 : 2) in 
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TAB LE 1. 

NO. R, 

Via CH3 
Vlb CsHs 
Vlc CsH5 
Vld CsH5 

Ra R4 

H 
C2Hs 
C2Hs 
C2H~ 

y -Unsubs t i t u t ed  Py ry l ium Salts  

x@ rnp,  Empixical 

I ~ formula 
Found,~o 

C I H Cl 

CHa 
CHa 
C=Hs 
CaH7 

SbCl6 163 s 
C104] 160 
C104 129 
CI04 140 

c,,.,T&, 5T.5 
ClsH17ClOs 57,7 5,5 
CI~H19ClO5 58,7 5,8 

. Calc., ~o . Yield, 

C I H I CI' ~176 

1-I-I 5,o/1,,8 356, 
11.3 57,6] 5,4111,3 60 
10,9 58,7 / 5,8110,8 60 

acet ic  anhyd~cle to give, in ~ 35% yield, 2 ,6 -d imethy lpyry l ium hexachloroant imonate  (Via) [4, 5], the s t r u c -  
tu re  of which was proved by convers ion  to 2,6-1utidine. This  method for  the p repa ra t ion  of Via can be r e c -  
ommended as  a p r e p a r a t i v e  method,  since it is  based  on the use  of a c c e s s i b l e  reagen ts ,  in con t ras t  to the 
ha rd - to -ob t a in  2,6-heptanedione [5]. The introduction of ethylideneacetophenone ~III, R 1 =C6H5, R 2 = R a =H) 
into a s i m i l a r  reac t ion  g ives  a r e s inous  po lymer i c  product .  

The poss ib i l i ty  of the acylat ion of III with acetyl  hexachloroant imonate  (CH3CO+SbC16 -)  in excess  an-  
t imony pentachlor ide  might  have been  explained by the effect  of the la t ter ,  which ac t s  as  a s t rongly  po la r  
solvent that  s tab i l izes  cat ion IV. However ,  III is  a lso  acylated by acyl  pe rch lo ra t e s .  The reac t ion  of n-  
butyl ideneacetophenone 0II, R 1 = C6Ht s, R~= It, 1~ = C2HIs)with acid anhydrides  (acetic, propionic,  and butyric)  
in the p r e s e n c e  of equimolecular  amounts  of 70% HC10 t gave  the p rev ious ly  unknown 2-phenyl -5-e thy l -6 -  
alkyl(methyl ,  ethyl,  p ropyl )pyry l ium:  pe rch lo ra t e s  (VIb, c,d) in yields  up to 62%. This  s ame  compound ([1I) 
g ives  2 -pheny l -5 -e thy lpyry l ium pe rch lo ra t e  [6] on formyla t ion  with ethyl o r thoformate  in the p r e s e n c e  of 
pe r ch lo r i e  acid. 

Acylation of ethyl ideneacetone with ace ty l  pe rch lo ra t e  gave a r e s inous  product ,  f r o m  which 2,4,6-  
t r ime thy lpy ry l i um pe rch lo ra t e  was  isolated in 11% yield (with r e s p e c t  to the s ta r t ing  ethy!ideneacetone).  
I t  can be a s sumed  that in this ca se  the re  is side autocondensation of the ethylideneacetone to a 1,5-diketone 
(VII), which is cycl ized to the pyry l ium salt  (VIII). Then, under  the influence of the l ibera ted  wa te r  in an 
acidic medium,  the double bond in the c~-propenyl subst i tuent  undergoes  ac idolys is  to give IX. 
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It  is poss ib le  that, as in the case  of chalcones  [7], the C : C  bond is  init ially subjected to ac idolys is .  How- 
ever ,  this  assumpt ion  r equ i r e s  additional ver i f icat ion.  

The data on the p rope r t i e s  and s t r u c t u r e  of the py ry l i um sa l t s  obtained a r e  p resen ted  in Table  1. 

F r o m  the data p resen ted  in Table  i it can be concluded that the reac t iv i ty  of V depends on the e l ec -  
t ronic  nature  of subst i tuents  Ri-R4. Owing to the conjugation sys tem,  e l ec t ron-donor  groups (alkyd p ro -  
mote  e lec t rophi l ic  a t tack  of the acy l ium cation at the y - c a r b o n  atom. It should be noted that, according to 
[2], the effect  of subst i tuent  R 1 should not be mani fes ted  in view of the p r e s e n c e  of a methy lene  group be-  
tween the carbonyl  group and the /~ -C atom. However ,  when the ethyl ideneacetophenone is used, weakening 
of the ~r bond in the f r e e  vinyl group of V apparent ly  c r ea t e s  m o r e  f avorab le  conditions for  the compet i t ive  
cationic po lymer iza t ion  because  of the - M  effect  of the phenyl r ing (R 0.  

It  is comple te ly  l ikely that the m e c h a n i s m  under  considera t ion  a lso  extends to I with a t e r t i a r y  ~- 
carbon a tom.  Thus m es i t y l  oxide can readi ly  f o r m  the s table  S-cis fo rm of V (R 1 = CH 3, R 2 = CHt 3, and R 3 = 
H) owing to the +I effect of the two methyl  groups;  however,  dypnone, by v i r tue  of s t e r i c  fac to rs ,  a l so  exis ts  
in the cis  fo rm (the methyl  group at tached to the y - c a r b o n  a tom is turned toward the carbonyl  group). 

E X P E R I M E N T A L  

2 ,6-Dimethylpyry l ium Hexachloroant imonate  0]Ia)~. A 15.6-ml (0.1 mole)  sample  of SbC15 was slowly 
added dropwise  with s t i r r ing  and cooling to a cooled (to 0 ~ mix tu re  of 4.2 g (0.05 mole) of ethylideneacetone,  

674 



3.9 g (0.05 mole) of acetyl  chloride,  and 40 ml  of acet ic  anhydride.  The mixture  was then held a.t 0 ~ for  30 
rain and then at room t empera tu re  fo r  24 h. The precipi ta ted  yellow crys ta l s  were  removed by f i l t rat ion 
and washed with d ry  e ther  and a smal l  amount of  acetone to give 7.7 g (34.8%) of yellowish c rys t a l s  with 
mp 163-164 ~ (rap 163 ~ [5]). Dilution of the f i l t ra te  with d ry  e ther  gave another  ~ 8 g of dark c rys ta l s  that 
del iquesced in a i r .  They were  also identified as Via, as proved by the production of 2,6-1utidine f rom them. 

2,6-Lutidine.  This compound was obtained in a lmost  quantitative yield by t rea tment  of Via with 25% 
ammonium hydroxide in the usual  manner;  mp 142 ~ (rap 140-1420 [8]). The p icra te  was obtained as yellow 
needles  with mp 167 ~ (rap 161, 168 ~ [8]). 

2 -Pheny l -5 -e thy l -6 -a lky lpyry l ium Pe rch lo ra t e s  {VIb-d). A 1-ml (0.01 mole) sample of 70% HC104 
was added dropwise to a mixture  of 1.8 g (0.01 mole) of n-butylideneacetophenone and 0.06 mole  of anhydride 
at 0 ~ After 30 rain, the mixture  was diluted with 100 ml of ether,  and the acylation product  was removed  
by f i l t rat ion and c rys ta l l i zed  f rom hot water  containing activated charcoal .  IR spec t ra  of the salts: 1618, 
1560, 1380, and 1110 cm -1. 
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