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RECENT ADVANCES IN THE USE OF ACYLIUM SALTS IN ORGANIC SYNTHESIS 

RECENT A.D':!:'.TIrJES I N  THE USE OF ACYLIUM SALTS I N  ORGANIC SYNTHESIS. 

A BRIEF REVIEW 

Mahmoud Al-Talib* and Hasan Tashtoush 

Department of Chemistry 
Yarmouk University 

I rb id ,  JORDAN 

INTRODUCTION 

Acylium sal ts  have been the  subject  of in tens ive  research throughout t h e  

past  two decades. They deserve s t i l l  more a t t en t ion  i n  view of t h e i r  chemical 

po ten t i a l  as usefu l  synthet ic  intermediates.  The primary focus of t h e  present  

review, which covers t h e  l i t e r a t u r e  t o  t h e  end of 1988, i s  t o  survey t h e  more 

recent  progress i n  t h e  increasing u t i l i z a t i o n  of acylium salts i n  organic syn- 

t h e s i s .  Addit ional ly ,  t he  chemical transformations of t he  i n i t i a l l y  formed 

products have been described. 

I. SYNTHESIS AND SPECTROSCOPIC PROPERTIES OF ACYLIUM SALTS 

The f i r s t  reported s t a b l e  i so l a t ed  acylium sal t  w a s  prepared as ea r ly  as 

I 1943 by See l ,  

temperature. Since then,  many o ther  acylium sal ts  have been prepared, especia- 

l l y  by Olah and h i s  coworkers.2c7 Several  methods have been applied t o  t h e  

who reacted ace ty l  f luor ide  with boron t r i f l u o r i d e  a t  low 

+ 
CH3COF + BF3 - CH3C0 BFq 

preparat ion of acylium salts which include t h e  reac t ion  of acyl ch lor ides  with 

Lewis  ac ids  or s i l v e r  salts and the  deamination method. These methods have 2-8 

been successful ly  used t o  prepare primary, secondary and t e r t i a r y  alkanoylium 

and aroylium s a l t ~ , ~ - ' a s  well as alkenoylfum and diacylium salts. 7 3 

Acylium salts have been s tudied by UV, I R  and NMR spectroscopy. W spec t ra  
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AL-TALIB AND TASHTOUSH 

+ CH2C12 o r  

Freon 113, -20 
RCO MX,+l 

0 
RCOX + MXn 

X = C 1 ,  F; M = Sb, A l ,  Fe, Zn, Sn, B ,  P,  As 

s02 RCOF + AgSbF6 - RCO' SbF6 + AgF 
-25' 

+ + 
RCONXO + NO SbFi - RCO SbF6 + X02 + N2 

x = c , s  

of alkanoylium salts i n  100% s u l f u r i c  ac id  show no absorpt ions above 215 nm, 

whereas aroylium c a t i o n s  show f a i r l y  in tense  absorpt ions i n  t h e  region 250- 

350 nm. I R  spectroscopy has been used t o  d i f f e r e n t i a t e  between acylium 

sal ts  5 and complexes 2 formed by acyl  ha l ides  and Lewis ac ids  i n  t h e  s o l i d  

9-12 

or l i q u i d  s t a t e s .  l3'l5 Two conclusions have been made regarding t h e  I R  r e s u l t s  

o f  t h e  r e a c t i o n  between acyl  ch lor ide  and Lewis acids;  t h e  f i rs t  i s  t h a t  t h e  

+ 
R C O C l  + MCln-RCO MC1,+l 

- 

R C O C l  + MCln-RC(C1)O . . . . M C l n  

s h i f t  o f  t h e  carbonyl frequency of t h e  s t a r t i n g  acyl  h a l i d e  t o  a lower f req-  

uency (1550-1650 cm 

On t h e  o ther  h m d , a  s h i f t  of t h e  carbonyl frequency of t h e  s t a r t i n g  acyl  

ha l ides  t o  a higher  frequency (2200-2300 cm-l) has been a t t r i b u t e d  t o  t h e  

C E O  

a complex 2 i s  formed depends on R ,  X ,  t h e  Lewis ac id  and t h e  solvent  (Table 1). 

-1 13,16 ) i n d i c a t e s  t h e  formation of donor-acceptor complex 2. 

+ 
s t r e t c h i n g  v i b r a t i o n  of an acylium s a d 7  Whether an acylium sa l t  I; or  

Dynamic equi l ibr ium between acylium sa l t  L and complex 2 has been suggested 

by Oulevey, Susz 22 7 2 3  and o thers  .24 According t o  t h e  v i b r a t i o n a l  s t r e t c h i n g  

frequencies ,  acylium sal ts  can be regarded as resonance hybrids of t h e  

canonical  forms 1, 1' and 1" (when appl icable) .  
25-28 

+ 4 + 
R-CZO-R-C=O-H=C=O 

1" - 1' - 1 - 
4 
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RECENT ADVANCES I N  THE! USE OF ACYLIUM SALTS I N  ORGANIC SYNTHESIS 

TABLE 1. Infrared Absorptions of Carboxylic Halides/Lewis Acid Products. 

Lewis  
Carb oxyl i c Halide Acid I R  (crn-l) R e f .  

CH3COF 

CH3COF 

CH3COC1 

CH3COC1 

CH3COC3 

( C H ~ )  2~~~~~ 

( C6H5)2CHCoF 

4-CH C H C O C l  

4-CH O C  H C O C l  

3 6 4  

3 6 4  

SbF5 

SbC15 

A m 3  

TiC14 

SbF5 

SbF5 

SbC15 

SbCl5 

18 

18 

18 

17  ,I9 

20 

4 

4 

21 

21 

2-4,28-31 NMR spectroscopy has a l so  been used t o  study acylium ca t ions .  

This method has t h e  advantage t h a t  acylium cat ions can be generated and 

studied a t  low temperature i n  solut ion.  In  the  proton NMR spec t ra ,  transforma- 

t i o n  of an a l ipha t i c  acyl  ha l ide  i n t o  an acylium cat ion r e su l t s  i n  a low 

f i e l d  s h i f t  of a l l  proton s ignals .  S h i f t s  of about 2 ppm f o r  t h e  a-protons 

a re  observed fo r  acylium cat ions L. Smaller deshielding e f f ec t s  of about 1 ppm 

f o r  t h e  

proton and carbon-13 NMR data  of some alkanoylium and benzoylium cat ions.  

a-protons a re  a t t r i bu ted  t o  complex 2. Tables 2 and 3 include 

11. SYNTHESIS OF HETEROCYCLIC R I N G  SYSTEMS 

Acylium salts have been reported t o  reac t  with d i f f e ren t  nucleophilic 

subs t ra tes  such a s  n i t r i l e s ,  cyanamides, carbodiimides , alkenes and alkynes 

following a stepwise cycloaddition process t o  y ie ld  various types of hetero- 

cycl ic  r ing  systems. 

1. Synthesis of Subst i tuted 1,3,5-0xadiazinium Compounds 

It i s  w e l l  es tabl ished t h a t  acylium s a l t s  reac t  with a r y l  n i t r i l e s  t o  give 

1,3,5-oxadiazinium salts.As ea r ly  as 1892, E i t n e r  and Kraft320bserved t h a t  
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AL-TALIB AND TASHTOUSH 

TABLE 2. Proton Chemical S h i f t s  (6) of Alkanoylium and Benzoylium Cations 

Acylium 
Cation CH, CH 0- m- P- Ref. 

+ 
- cH3co 4.14 

+ 
( C H ~  1 2~~~~ 2.01 4.34 

2.37 

29 

29 

29 

TAELE 3. 1 3 C  Chemical S h i f t s  (6) of Alkanoylium and Benzoylium Cations 

Acylium R l3co+ ipso- 0- m- P- Ref. 
Cation 

CH3C0 149.5  31 

CH CH CO+ 149.7 31 

CgHsCO 154 .9  87.8 142.4 133.0 149 .5  28 

p-ClCgH4CO 156.2 87.2 146.0 138.1 161.0 28 

+ 

3 2  
+ 

+ 

benzoyl c h l o r i d e  reac ted  with two equiva len ts  of  b e n z o n i t r i l e  i n  t h e  presence 

of aluminum chlor ide  t o  give 3, t h e  c o r r e c t  s t r u c t u r e  of  which w a s  recognized 

seventy years  l a t e r  by Schmidt.33 S imi la r ly  Meerwein and h i s  coworkers 34 

AICI; & R 

RCOCl + 2 ArCN + AICl3 

Ar 
3 - 

s tudied  t h e  reac t ion  of  a c y l  ch lor ides  with n i t r i l e s  i n  t h e  presence of Lewis 

a c i d s  (Table 4 ) .  The s t r u c t u r e s  of t h e  products have l a t e r 3 3  been confirmed 

t o  be s u b s t i t u t e d  1,3,5-oxadiazinium salts 2. These sal ts  have been found t o  

32,33,35 be u s e f u l  intermediates  for  t h e  synthes is  of o t h e r  he te rocycl ic  r ings  

scheme 1. Triphenyl-1,3,5-oxadiazinium sa l t  2 ( R  = A r  = Ph) reac ted  with 

d i f f e r e n t  nucleophi l ic  reagents  such as carbanions, ammonia, hydrazines,  

hydroxylamines, urea and th ioureas  t o  g ive  s u b s t i t u t e d  pyrimidines,  g.-tri- 

a z o l e s ,  oxadiazoles ,  hydroxy-triazines and m e r c a p t o - p t r i a z i n e s ,  respec t ive ly .  
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RECENT ADVANCES I N  THE USE OF ACYLIUM SALTS I N  ORGANIC SYl”\THEsIS 

TABLE 4. Reaction of Acylium S a l t s  with A r y l  N i t r i l e s  

Ar R M C 1 _  Yield( 5 )  Ref. 

Ph A l C l  - 32,34 
3 

Ph 

4-BrC €I A m 3  83 34 

. . .  .. a -nap h t  hyl  SnCl4 91 33 

6 4  Ph 

- 

- - ? l C  H 4- C1 C 6H 4 SnC14 

5 3 
Ph CH 

6 4  
SbCl 

SO 33 

67 38 

Ph CH2C1 SbCl 20 38 

I n  addi t ion ,  t h e  hydrolysis  of 333 and i t s  r e a c t i o n  with primary and secondary 

5 

gave open-chain d e r i v a t i v e s .  Smit e t  a l .37  found t h a t  these  sal ts  

could introduce a t r i a z o i e  r i n g  i n t o  a carbohydrate moiety. Recently,  we 

found39 t h a t  diacylium s a l t s ,  generated from t h e  reac t ion  of  Lewis a c i d  with 

d i a c y l  ch lor ides  i n  dichloromethane a t  -20 , reac ted  smoothly with a r o n a t i c  

n i t r i l e s  t o  give bis-oxadiazinium s a l t s  , 

0 

(Table 5 ) .  

The r e a c t i o n  of dialQlcyanamides with acylium salts has been widely 
40 

s tudied.  Bredereck and Richter  found t h a t  benzoyl ch lor ide  and dimethyl- 

cyanamide, when heated toge ther  at 150 0 gave a crys ta l l in ’e  compo-ad 5, i n  15% 

y i e l d ,  while with o ther  cyanamides only o i l y  products were obtained. 

NMe, 
I 

150’ Me,NCN + PhCOCl 
NMe, 

Simi lar ly ,  Stevens and coworkers 41’42 reported t h a t  carbamoyl ch lor ides  

0 and d i a l k y l c y a n d d e s  r e a c t  upon heat ing  t o  170 t o  give amino s u b s t i t u t e d  
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AL-TALIB AND TASHTOUSH 

PhCONHCOPh 
+ 

PhCONHz 

Scheme 1 

Ph 

t 
NH,OH 

Ph Ph 
I 

'C=NC=NCOP h 

acylium salt intermediates. Thus, benzoylium hexachloroantimonate reacts with 

~R,NCN + R~NCOCI ~170'_ NI; c1- 

RZN 
6 - 

0 two equivalents of dimethyl cyanamide at -20 

uted 1,3,5-oxadiazinium salts 1. Other substrates reacted similarly 
(Table 6). 

to afford 85% of amino substit- 
44-47 
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RECENT ADVANCES I N  THE USE OF ACYLNM SALTS I N  ORGANIC SYNTHESIS 
39 TABLE 5. Reaction of Diacylium S a l t s  with A r y l  N i t r i l e s  

n Ar Mcln+l Yield( $ 1  

52 

34 

88 

84 

85 

91 

50 

97 

‘gH5 SbCl 
6 

75 

4-CH C H SnCl 90 
3 6 4  5 

4-CH OC H SnCl 85 
3 6 4  5 

TABLE 6.  Reaction of  Acylium Salts with Dialkyl  Cyanamides 

R R’  R ‘  :4C’n+l Yield($! Ref. 

CH3 ( C H ~ ) ~ C H  ( C H ~ ) ~ C H  SbC16 82 43 

‘gH5 -( CH2) 5- SnC15 97 44  

4-CH3C6H4 - ( CH2 10 ( CH2 ) C104 88 44  

4-No2C6H4 -( C H ~ )  2 ~ (  C H ~ )  2- SbC16 58 46 

4-CH OC H 4 C H ~  1 2 ~ (  C H ~ )  2- sbc16 87 46 3 6 4  
2 - F w l  CH3 CH3 sbc16 65 47 

2-Thienyl -(CH2)4- sbc16 62 47 

2 - F ~ y l  -( CH2 I 20( CH212- FeCl,, 80 47 

2-Thienyl -(CH2I 20( CH2 12- FeC14 86 47 
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AL-TALIB AND TASHTOUSH 

MCG + 1 

2 
R L J N R ;  1 rRLNCN * 

7 

RCOCI + MCI, - R-CEi) MCI;,, [ 
- 

T h e s e l Y 3 , F o x a d i a z i n j ~ .  s a l t s h a v e  been used as p o t e n t i a l  p recu r so r s  f o r  t h e  

syn thes i s  of o t h e r  he t e rocyc le s ,  40y44y45 scheme 2. Diacylium sal ts  were 

r epor t ed  t o  r e a c t  with fou r  equivalents  of d i a l k y l  cyanamides t o  a f f o r d  t h e  

Scheme 2 

/ R"= H CH, NHz NR; 
I 

R NR; 
7 - NR; 

I 

46,48 corresponding amino s u b s t i t u t e d  b ~ - l , 3 , 5 - o x a d i a z i n i u m  s a l t s  g, (Table  7). 

The r e a c t i o n  i s  be l i eved  t o  proceed a stepwise cycloaddi t ion mechanism 

which involves  cyanamidium s a l t s ,  scheme 3. Evidence t o  support  t h e  interme- 

diacy of acylium s a l t s  i n  t h e  above r e a c t i o n  stems f o r  t h e  f a c t  t h a t  t h e  

add i t ion  o f  t h e  L e w i s  a c i d  t o  a dichloromethane s o l u t i o n  of d i a c y l  c h l o r i d e  

a t  -20' l eads  t o  a p r e c i p i t a t i o n  of t h e  diacylium s a l t .  The I R  spectrum of  

this s o l i d  e x h i b i t s  a s t r o n g  absorpt ion band between 2200-2300 cm-' character-  

i s t i c  of  t h e  -CSO u n i t .  I n  a d d i t i o n ,  s u b s t i t u e n t s  on t h e  aromatic r i n g  of  

t h e  monoacyl ch lo r ide  e x e r t  a g rea t  i n f luence  on t h e  r a t e  of t h e  r e a c t i o n ,  

e l ec t ron - re l eas ing  s u b s t i t u e n t s  s t rong ly  enhance t h e  r e a c t i o n ,  whereas 

electron-withdrawing s u b s t i t u e n t s  slow it down. 

+ 

10 
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RECENT ADVANCES IN THE USE OF ACYLIUM SLATS IN ORGANIC SYNTHESIS 

S i m i l a r l y ,  a r y l  cyanates r e a c t  with benzoylium salts  t o  give oxadiazinium 

sal ts ,  2. Ammonia converts  t h e s e  sal ts  i n t o  s - t r i a z i n e s  l0, " 9 ' 5 0  scheme 4. 
?A r 

- I;! Ph ArO 

NH, /C,H,OH 

10 - 
Alkyl t h iocyana te s  r e a c t  with acylium sal ts  t o  give t h e  uns t ab le  a c y l n i t r i l i u m  

salts 11 which cam be t rapped as imides 12 with water. However, acylium sal ts  

react with two moles of a l k y l  t h iocyana te s  t o  give t h e  corresponding 1,3,5- 

oxadiazinium salts 13, 51y52 scheme 5 .  

NAN SbClb 
Rl 

2 RSCEN + R'C& SbCIi  - 
RS 

13 - 
R =  CH,,C2H,; R'= CSHS, 3-CH3C,H4,4-CH,C6H, ,4-N02C6H4 

2. Synthesis  of  S u b s t i t u t e d  1,3,5-Triazinium S a l t s  

I n  c o n t r a s t  t o  t h e  ex tens ive ly  s tud ied  r e a c t i o n  of acylium s a l t s  with 

a r y l  n i t r i l e s  and cyanamides, t h e i r  i n t e r a c t i o n  with carbodiimides has 

r a r e l y  been explored. I n  the e a r l y  1 9 6 0 s ,  t h e  f i r s t  r eac t ion  of acy l  ch lo r ides  

11 
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AL-TALIB AND TASHTOUSH 

and a l i p h a t i c  carbodiimides w a s  r epor t ed  by S t a ~ h e l ~ ~ a n d  Hartke. 54-56 The 

r e a c t i o n  was c a r r i e d  out  without L e w i s  a c ids  and gave a c y l  chloroformamidines 

- 1 4  a s  t h e  s o l e  product .  Recently,  Jochims and Al-Talib have shown t h a t  L e w i s  

$1 B 
R ' C O C 1  + RN=C=NR -RN=C - h C O R '  

1 4  - 
a c i d s  completely change t h e  course of t h e  above r eac t ion .43  Thus, acylium 

sa l t s ,  der ived from a c y l  ch lo r ides  and L e w i s  a c i d s ,  r e a d i l y  r e a c t  w i th  t h r e e  

equ iva len t s  of  a l i p h a t i c  carbodiimides t o  give good t o  exce l l en t  y i e l d s  of 

3,4,5,6-tetrahydro-1,3,5-triazinium sa l t s ,  15. S i m i l a r l y ,  2-fury1 and 2-thien- 

y l  acy l iun  sal ts  a r e  r epor t ed  t o  r e a c t  with carbodiimides t o  give s u b s t i t u t e d  

1,3,5- t r iazinium sal ts .  47 Table 8 compiles some r e p r e s e n t a t i v e  r e s u l t s  of t h e  

above r e a c t i o n  , which i s  l i m i t e d  t o  a l i p h a t i c  carbodiimides;  aromatic carbo- 

diimides r e a c t  w i th  benzoylium hexachloroantimonate t o  a f f o r d a n  o i l  of unknown 

c o n s t i t u t i o n .  43 

R\P(NR 
R'C& MCI;+~+ 2 RN=C=NR CHFI,, R'CO N <N4~ - R M c I; + , 

R' NR 
15  - 

R ' =  a l k y l ,  a r y l ,  f u r y l ,  t h i e n y l ;  R 

MC1n+l = SbC16, ZnCl 

= (CH ) CH, c-C6H11 3 2  

FeC14, SnC16 
3' 

Recent work5*' i n  our l abo ra to ry  has shown t h a t  a v a r i e t y  of  diacylium 

salts  r e a d i l y  r e a c t  with s i x  equ iva len t s  of a l i p h a t i c  carbodiimides t o  give 

amino s u b s t i t u t e d  &-lY3,5- t r iazinium sa l t s ,  16. The r e a c t i o n  i s  q u i t e  c l e a n ,  

proceeding i n  nea r ly  q u a n t i t a t i v e y i e l d s .  It i s  worth not ing t h a t  t h e  r e a c t i o n s  

6 C(C H z)nC & 
+ 

6 RN=C=NR 

12 
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RECENT ADVANCES IN THE USE OF ACYLIUM SALTS IN ORGANIC SYNTHESIS 

TABLE 8. Reaction of Acylium Salts RC6 MC1n+l with Carbodiimides R'NCNR' 

R R' MC1n+l Yield( % )  Ref. 

(CH ) CH- SbC16 73 43 3 2  CH - 3 

3- 3 2  

3 2  CH - 3 

(CH ) CH- ZnCl a4 43 

(CH ) CH- Fe C1 86 43 
3 CH 

CH 3- C-C 6 H 11- SbC16 76 43 

(CH CH- SbC16 85 43 

CC13- C- C 6Hll- SbC16 aa 43 

(CH ) CH- SbC16 71 43 

4-CH C H - ( CH 1 2 ~ ~ -  ZnC13 71 43 

4-CH3CgH4- ( C H ~  1 2 ~ ~ -  FeC14 a4 43 

(CH ) CH- SbC16 79 47 

2-t hi enyl- (cH~)~cH- SbCl6 aa 47 

2-f uryl- ( C H ~ )  2 ~ ~ -  SnC16 a4 47 

2- f uryl- C-C6H11- SbC16 78 47 

2-thienyl- c-C6H11- SbC16 72 47 

3- 3 2  cc1 

3 2  4-CH C H 3 6 4- 

3 6 4  

3 2  2-f uryl- 

of oxalyl and phthaloyl acylium salts proceeded much more slowly than the 

reactions of other acylium salts.57 The slowness is probably due to steric 

hindrance in the products. Several amino substituted &-1,3,5-triazinium 

salts have been recently prepared and are compiled in Table 9.5R The reaction 

is believed to proceed via a stepwise cycloaddition mechanism similar to that 

shown for the cyanamide reaction. It is of interest to contrast the behavior 

of acylium and diacylium salts with two and four equivalents of cyanamides, 

to give mono- and b&-1,3,5-oxadiazinium salts 7 and 8 respectively. It is 
possible that the driving force behind the cyclization to 1. and 8 is the for- 
mation of the stable aromatic oxadiazinium moieties. In the reaction with 

carbodiimides, the cyclization after the successive addition of two equiva- 

lents of carbodiimide to each acylium unit is not favored due to the fact 

13 
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AL-TALIB AND TASHTOUSH 
+ 

TABLE 9. Reaction of OtC(CH2)nCd MCl,+l with RN=C=NR 

0 
n MC1n+l R Yield(%) m.p.( C )  

2 SbC16 ( C H ~ )  84 136-139 

?eC14 ( C H ~  1 2 ~ ~ -  66 131-133 CI 

- ( C H  ) CH- 94 116-119 
3 3 2  

3 2  

ZnCl 

2 SnC16 ( C H  ) CH- 69 132-1 3 5 

2 SbC16 c -C 6H11- 71 143-145 

3 SbC16 ( C H  ) CH- 85 162-165 3 2  

3 SnC16 ( C H ~  1 2 ~ ~ -  88 135-140 

8 FeC14 

3 
8 ZnCl 
m <\ /?- SbC16 
I a FeCIL 

6 S n C l  

t h a t  t h e  product w i l l  be t h e  

c-C6H11- 83 102-106 

C-C H 90 6 11- 
( C H ~  1 2 ~ ~ -  60 

(CH3)2Cf i -  85 142-145 

c-c F 73 136-139 6 ‘11- 

C -c 6H1 - 78 132-135 

non-aromatic tetrahydrooxadiazinium sa l t ,  17. 
I n s t e a d  a t h i r d  equivalent  i s  added t o  each acylium u n i t ,  followed by cyc l i -  

za t ion  t o  a f f o r d  3, scheme 6.  

Tetrahydro-1,3,5-triazinium and bis- te t rahydro-1,3,5- t r iazini .x1 s e l t s  

- 1 5  and 16 are found t o  be thermally uns t ab le .  

of 16 i n  2-propanol under r e f l w  results i n  loss of fou r  isopropyl  groups and 

t h e  formation of  t h e  new G - t r i a z i n i u m  sal t  18. 

’ 58 Thus, b o i l i n g  a s o l u t i o n  

The loss o f  t h e  i so ropy l  groups as propene was ind ica t ed  by t h e  decolor iza-  
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RECENT ADVANCES I N  THE U S E  OF ACYLIUM S A L T S  I N  ORGANIC S Y N T H E S I S  

Scheme 6 

R ' - C d  I MCI;,, 

t i o n  of bromine i n  carbon t e t r a c h l o r i d e  so lu t ion .  'u m e  thermal degradation i s  

bel ieved t o  involve a 1,5-sigmatropic hydrogen s h i f t .  Also,  it was repor ted  

N q H R  
1,Shydroaen shift ~ QCI+N2NR - +2CH3cH=CH, 

NHR 

R=(CH&CH- 

t h a t  heat ing tetrahydro-1,3,5-triazinium salts 2 i n  isopropanol/methylene 

ch lor ide ,  and/or a c e t o n i t r i l e  under reflw gave t r iaz in ium sal t  2 and t h e  N- 

isopropylarenamides. 

0 
II 

RLC-NHR 

R = ( C H  CH-, C-C6H11- ; R = 
3 2  

I n  a recent  report59 Jochims and coworkers have shown t h a t  1-oxa-3-aza- 

bu%atrienium sal ts  behave i n  t h e i r  reac t ions  with carbodiimides as acylium 

salts , t o  a f f o r d  i n  almost q u a n t i t a t i v e  y i e l d  of s u b s t i t u t e d  2-oxo-1,3,5-tria- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



AL-TALIB AND TASHTOUSH 

3. Synthesis  of Pyrylium and Furylium S a l t s  

Pyrylium s a l t s  can be prepared by t h e  reac t ion  o f  acylium sa l t s  with 

olefins.60-62 Thus, from isobutene and two equivalents  of acylium salts  t h e  

pyrylium salts  3 were These compounds can a l s o  be prepared by 

acyla t ion  of a , @ - u n s a t u r a t e d  ketones with carboxylic anhydrides and s u l f u r i c  

acid.63 Cycl izat ion of 3-acetonylbenzothiophene (X = S )  with acylium per- 

c H3 
I 

x- 
OD 

(CH~,C=CH, + ~ R c &  x - 
R R 

2 1  - 
chlora te  afforded benzothienopyrylium sa l t  3 i n  good y ie ld .64  The l a t t e r  salt 

can be r e a d i l y  transformed i n t o  benzothienopyridine & (X = S) by treatment 

with ammonia. I n  a similar fash ion ,  t h e  isomeric 2-acet onylbenzothiophene 25 

R 
2 3  

24 - 
( X  = S )  furnished t h e  pyrylium sal ts  & (X = S) upon a ~ y l a t i o n ; ~ ~  similar 

r e s u l t s  have been r e c e n t l y  repor ted  for t h e  c y c l i z a t i o n  of  s u b s t i t u t e d  benzo- 

R 

25 - 
66 

furans 22 ( X  = 0 )  with acylium s a l t s .  

2 6  - 

Phenylacetylene w a s  reported t o  r e a c t  with benzoylium hexachlorostannate 

o r  alkanoylium t e t r a f l u o r o b o r a t e  t o  y i e l d  t h e  corresponding s u b s t i t u t e d  pyry- 

16 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



RECENT ADVANCES I N  THE USE OF ACYLIUM SALTS I N  ORGANIC SYNTHESIS  

lium salts. 67y68 The 3,4,5,6-tetrahydropyrylium s a l t  28, obtained from vinyl  

cyclopropane 27 and acetylium te t ra f luorobora te ,  was isomerized t o  3 by metha- 

nol-t r i e t  hylamine , 69 scheme 7. 

Scheme 7 q51 
CH3 C2Fb/JCH3 OCH, -CH30Hb CH3 

0 
~ C H = C H ~  + CH,C& BF; - [ F 6 H C H z C C H 3  II BF; 

CH3 27 - 

- 
2 9  

Pyrylium salts have become t h e  most widely used precursors f o r  t h e  

- 2 0  - 

70-72 synthesis of subs t i tu ted  pyridinium s a l t s .  70-76 Katritzky and h i s  coworkers 

reported t h a t  2,4,6-triphenylpyrylium salt reac ts  readi ly  with amines t o  y i e ld  

t h e  correspoding pyridinium salts,  which t r ans fe r  t he  N-substituent t o  a wide 

range of hal ide,  0-, S-, N-, C- and H-nucleophiles and undergo elimination and 

rearrangement react ions.  Other nitrogen containing nucleophiles,  such as hydro- 

Ph A B F i  Ph + RNHz- Ph bph Nu: bph& Ph + RNu 

R 
I 

xylamines , ani l ines  , hydrazines , 73 amino acids  ,74 2-thiazolyl , 2-benzimida- 

~ o l y l ~ ~  reacted with pyrylium s a l t s  t o  give t h e  respect ive pyridinium s a l t s .  

Recently, Fischer and Mobius76 have reported t h a t  pyrylium salts undergo f a s t  

isotopic  exchange react ions on heating with c a t a l y t i c  amounts of bases i n  

deuterated methanol o r  ethanol t o  give deuterated pyrylium s a l t s  30. The use 

of pyrylium salts 30 as s t a r t i n g  mater ia ls  fo r  synthesis  of spec i f i ca l ly  deu- 

t e r a t e d  carbo- and heterocycles w a s  demonstrated by r ing  transformations of 

2,4,6-triphenyl-{ 3,5-D Ipyrylium perchlorate 30 t o  2,4,6-triphenyl-{ 3,5-D2] 2 

17 
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AL-TALIB AND TASHTOUSH 
nitrobenzene 2, 2,4 6-triphenyl- { 3,5-D,jpyridine 32, 1,2,4 6-tetraphenyl- ( 3  , 5- 

D }pyridinium perchlorate 33, 2 ,b,6-triphenyl(3,5-D2} thiopyrylium perchlorate 

34, 2-benzoy1-3,5-diphenyl{b-D}furan 35 and 3,5,7-triphenyl{4,4,6-D }-4H-1,2- 

diazepine 36, scheme 8. 

2 

3 - 

35 - 36 - 34 - 
Acylation of olefins, which lack a suitably activated allylic hydrogen, 

gave the trihydrofurylium salts 37 in high yields. 77-79 Compounds 3 can be 
easily reduced to substituted tetrahydrofuran derivatives upon reaction with 

hydrogen donors,79 scheme 9. It has been demonstrated that the acylation 

Scheme p 

R3CCH=CH, + &6 BF; - 
NaBHr 

R=CH,; R'= t-BU 
R $ o A R '  R 

products of methylene cyclobutane were dependent on the type of acylium salts 

involved. 80-85 While acetylium and propionylium salts give 4 -fluoroketones 

18 
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RECENT ADVANCES I N  THE USE OF ACYLIUM SALTS I N  ORGANIC SYNTHESIS 

- 38, pivaloylium s a l t  affords  t h e  rearranged products 40, most l i k e l y  via t h e  

tr ihydrofurylium salt 2. However, butyrylium and isobutyrylium s a l t s  gave 

mixtures of 38 and 

t i o n  of subs t i tu ted  cyclopropenes . a6 Acylation of vinylcyclopropane was 

scheme 10 .  Analogous r e s u l t s  were observed f o r  t h e  acyla- 

- 40(R'= OW,) - 39 B F4- s(R'= H) 

accompanied by Wagner-Meerwein rearrangement t o  give t h e  furylium s a l t  in te r -  

mediate &which leads t o  dihydrofuran 42 upon treatment with methanol. 

Trihydro-furylium salts a re  also reported t o  be involved i n  the  acylat ion of 

87-88 

subs t i tu ted  c y c l o p r ~ p a n e s ~ ~  and t&-butylacetylene. 90 

41 - 
111. SYNTHESIS OF KETONES 

42 - 

The react ion of acylium salts with subs t i tu ted  benzenes t o  give t h e  

corresponding ketones i s  w e l l  documented. This general  method known as  Friedel-  

Crafts acylat ion,  is  the  most important method for  t he  preparation of ketones 

i n  which the  carbonyl group i s  at tached t o  an aromatic r ing.  Once formed, 

these  ketones may be converted i n t o  many other  important c lasses  of organic 

compounds. 91,92 

Although the  Friedel-Crafts acylat ion of alkenes has been s tudied for 

more than eighty years ,  t he  react ion has not yet  met with the  success of t h e  

19 
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AL-TALIB AND TASHTOUSH 

Friedel-Craf t  s acyla t ion  

R -0 
t h e  formation of var ious 

of aromatic compounds. The l a c k  of success i s  due t o  

mcoR’ + R’CEb MCI,,, - 
R 

s i d e  products ,  a r i s i n g  from e l e c t r o p h i l i c  a d d i t i o n ,  

e l imina t ion ,  isomerizat ion and polymerization. In  t h e  following s e c t i o n s ,  we 

w i l l  survey t h e  synthes is  of d i f f e r e n t  c l a s s e s  of ketones u t i l i z i n g  t h e  acyl-  

a t i o n  of alkenes and alkynes.  

1. Synthesis  of a ,fl -Unsaturated Ketones 

Acylation of simple cycloalkenes,  such as cycloheptene o r  cyclohexene, 

has been known t o  g ive  

years .  93y94 Recent work i s  mainly concerned with t h e  acyla t ion  of alkynes.  

a ,  @-unsaturated ketones 43 f o r  more than  t h i r t y  

95-99 

Terminal alkynes r e a c t  with acylium sal ts  i n  t h e  presence of aromatic compounds 

t o  y i e l d  @-ary l -  a ,  @-unsaturated ketones 44. 95-99 Ring expansion w a s  observed 

R COR 
4. Ar-H \ / RCICH + R’CO B F ~  e c =c 

‘H 
-50’ / 

A r  
R = a l k y l ,  a r y l ;  R’ = a l k y l  

44 - 
0 

i n  t h e  reac t ion  of cyclopropylacetylene with acylium sa l t s  a t  -30 , which 

leads  t o  t h e  s u b s t i t u t e d  methylenecydobutane 45. However under t h e  same cond- 

i t i o n s  2,2-dichloro-l-methylcyclopropylacetylene r e a c t s  t o  give moderate 

y i e l d s  of a l l e n i c  ketones stoo 2-Cyclopentenones 47 were obtained as t h e  major 

products when t h e  acyla t ion  of alkynes w a s  c a r r i e d  out i n  non polar  solvents 

at low temperatures.  ‘01-’04 This i s  a synthe t ic  valuable  modif icat ion of t h e  

wel l  known Nazarov c y c l i z a t i o n  .lo5 The formation of cyclopentenones appears t o  

20 
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RECENT ADVANCES I N  THE! USE OF ACYLIUM SALTS I N  ORGANIC SYNTHESIS 

FC12C, ,COR 
c=c=c 

C H j  ‘H 

be a somewhat unusual process,  s ince  the  nature  of t h e  product requires  reac- 

t i o n  of t h e  sa tura ted  chain of t h e  acyl  res idue.  Mechanistic s tud ies  have shown 

t h a t  a f a c i l e  intramolecular (1,5)-hydride s h i f t  from t h e  B -carbon of t h e  

acylat ing agent t o  t h e  i n i t i a l l y  formed vinyl  cat ion occurs. Analogous {1¶5}- 

hydride s h i f t s  w e r e  observed i n  t h e  reac t ions  of cyclohexyl 102,105 and 

‘R 
C 
I E I +-c- - +J -& -& 

C 
I H-A- 

47 - I 

adamantyl’“ acylium salts with alkynes,  which lead  t o  ketones 48 and Q. The 

formation of cyclopentenones i n  t h i s  reac t ion  has successful ly  been used i n  

O c = q H  

- 48 4 9  

104 t h e  t o t a l  synthesis  of na tu ra l ly  occurring prostanoids.  

Hindered a , B -unsaturated ketones were obtained i n  good y i e lds  from t h e  

reac t ion  of t r i s u b s t i t u t e d  alkenes with a lky l  acylium salts .lo’ Butadiene i s  

s te reose lec t ive ly  acylated t o  give moderate y i e lds  of t h e  t r a n s  ketones 50 at 

low temperatures. 108-110 The presence of ace t i c  anhydride i n  t h e  react ion 

RCOCH2CHCH=CH, RCOCH2CH=CHC H,OAc 
RCO, /H 

H0 ‘=‘\CH=CH2 I 
OAc 

52 - 5 1  - 50  - 
mixture changes t h e  type  of products obtained, and keto e s t e r s  51 and 52 

ins tead  of 2 were formed. 111 
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AL-TALIB AND TASHTOUSH 

Viny l t r ime thy l s i l anes  53 have been r e c e n t l y  used t o  syn thes i ze  a ,  B - 

unsaturated ketones,  &.112’i13 Acylation occurs r e g i o s e l e c t i v e l y  a t  t h e  carbon 

5 4  - 53 - 
bea r ing  t h e  t r i m e t h y l s i l y l  group. This i s  expected because s i l i c o n  s t a b i l i z e s  

a p o s i t i v e  charge i n  B -posi t ion.  V iny l s i l anes  r e a c t  with c y c l i c  a,B-unsatur- 

a t e d  acylium sal ts  t o  produce b i c y c l i c  cyclopentenones 55. 114,115 Some natura-  

COCl l.CH2CI2 -30’ (J + SnCI, + y s i M e 3  
2.H20 Na,CO, 

l l y  occurr ing fu rans  such as Naginata ketone 56 and Isoegoma ketone 57, were 

synthesized using v i n y l s i l a n e s  as p recu r so r s  .’16 1-Phenylthio-1-trimethyl- 

s i l y l e t h e n e s  w a s  transformed i n t o  enone upon i t s  r e a c t i o n  with acylium 

sal ts .  117  

Me3!% ,COR 

‘H 
‘C=CH, >=C 

PhS’ PhS 
0 

- 5 6  - 5 7  - 58 ss 
2. Synthesis  of B ,  Y -Unsaturated Ketones 

B,Y -Unsaturated ketones were obtained i n  moderate t o  good y i e l d s  from 

t h e  r e a c t i o n  of 1-alkylcyclohexenes with a c e t i c  anhydride i n  t h e  presence of 

z inc ch lo r ide .  118’119 Cycloalkenes & were acy la t ed  wi th  acetylium s a l t s  t o  

y i e l d  0 ,? -unsaturated ketones e .g .  61, which a r e  p a r t i a l l y  isomerized t o  t h e  

corresponding a,B -unsaturated ketones when n=2 o r  5. I2O 

S m i t  e t  a l .  78’122 a c y l a t i o n  o f  a lkenes with a c t i v a t e d  a l l y l i c  hydrogen atoms 

According to 
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RECENT ADVANCES I N  THE USE OF ACYLIUM SALTS I N  ORGANIC SYNTHESIS 

61 - 60 n= 2,3,5,7 - 
represents a v e r s a t i l e  method for  t h e  preparation of 8 ,  y -unsaturated ketones. 

\ I  / \ I I  
I 

CHC=C, + RC~)  BF;----)/c=c-ccoR 
/ 

Similar r e s u l t s  w e r e  reported for  t h e  react ion of t h e  p-butyl acylium salt with 

- cis-  and trans-2-butene i n  dry SO2 at -60°.133 Two mechanisms have been propo- 

sed t o  r a t iona l i ze  the  formation of 8 ,  y -unsaturated ketones , one involved t h e  

intermediacy of 8-keto carbenium ions,78 while t h e  other  suggested a concerted 

- ene mechanism,121y124 scheme 11. Different c lasses  of unsaturated ketones , 

Scheme 11: 

+ 

“rijrR1’ 
including B ,y -unsaturated ones, were obtained from the  acylat ion of cyclo- 

heptatr iene ,125 y126 1 , 3-cyclooctadiene y127 1 , 5 - c y ~ l o o c t a d i e n e l ~ ~  and cyclo- 

octatr iene.  128 

Subst i tuted s i l y l  acetylenes 62 reac t  with a, a -disubsti tuted- B , V  - 
unsaturated acylium salts t o  give 5-substi tuted 2-cyclopentenones 64 through 

intramolecular cycl izat ion of v inyl  cat ions 63 and r ing  contraction.129 In the  

case of acylium s a l t s  having at l e a s t  onea-hydrogen, phenols were formed as  

f i n a l  products. 129 

3. Synthesis of @-Diketones 

Mono and dialkyl acetylenes reac t  smoothly with acylium s a l t s  i n  polar  

23 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



AL-TALIB AND TASHTOUSH 

0 

Me,SiCGC- + "3 
6 2  - 

- Me3s& - Me3Si+ - Me3S* 

c+ / 
I 

64 - 63 - 
130 so lven t s  such as nitromethane t o  a f f o r d  /3-diketones 65 as t h e  s o l e  product.  

Nitromethane i s  assumed t o  be t h e  source of t h e  second oxygen of  5. Therefore ,  

nitromethane should be considered as nucleophi le  and not  only as solvent .  Evidence 

RCOCHCOR" 

R' 
- 65 

I 
RCOC( R' )COR" 

ON=CRI;I I 
66 - 

t o  support  t h i s  assumption arises from t h e  observat ion t h a t  ni t rogen-containing 

adducts &were i s o l a t e d  on some occasions e s p e c i a l l y  when a secondary n i t r o -  

a lkanes were used.131 Tr ime thy l s i ly l eno l  e t h e r s  of ketones undergo a c y l a t i o n  

with a v a r i e t y  of a c i d  ch lo r ides  i n  t h e  presence o f  L e w i s  a c ids  t o  give as 

major products l , j - d i k e t o n e s ,  r e s u l t i n g  from C-acylation of  t h e  e t h e r .  132,133 

4. Acylation of B icyc l i c  Systems 

Norcarane 67 ( n  = 4) and i t s  d e r i v a t i v e s  r e a c t  r a p i d l y  with pivaloylium 

s a l t  a t  -50' 

cyclopropanes 6J r e a c t  s i m i l a r l y  with pivaloylium sal t  t o  give unsaturated 

ketones @ and @ a f t e r  h y d r 0 1 y s i s . l ~ ~  The r e a c t i o n  of o the r  bicyclo{n, l ,O} 

systems with acylium sal ts  have been Thus, even a t  -60 b icyc lo  

t o  a f f o r d  a mixture of ketones a f t e r  hydro lys i s .  134 y135 B i cyc l i c  

0 

OH 
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{4,1,0)hept-2-ene 70 gives tr icyclicoxonium intermediates,  which reac t  fu r the r  

with alcohols t o  give moderate y ie lds  of 

137 tricyclononane 73. 
and e k e t o n e s  2, 72 and oxa- 

73  - 72 - 71 - 70 - 
I V .  MISCELLANEOUS SYNTHESES V I A  ACYLIUM SALTS 

Besides t h e  previously mentioned heterocycl ic  r ing  systems, acylium salt 

react ions were reported t o  a f ford  other  heterocycles.  139-145 Thus, treatment 

of 1 , 3-dicarbonyl compounds with benzoylium hexachloroantimonate gave acyl  

subs t i tu ted  1,3-dioxolanium sal ts  &.139 Likewise, t h e  synthesis  of subst i tu-  

t e d  1,3-dioxonium salts 75 has been described.140 Shastin and Balenkova repor- 

t e d  t h a t  t h e  reac t ion  of ace ty l  te t ra f luorobora te  with o l e f in s  i n  the  presence 

of a c e t o n i t r i l e  afforded moderate y ie lds  of subs t i tu ted  oxazine '&. 
Recently, Roussel e t  a l .  reported a shor t ,  general  and reg iose lec t ive  synthe- 

sis of 1,3,6,8-tetraalkyl-2,7-naphthyridines 78 by one pot t e t r aacy la t ion  of  

141,142 

2 
R U F  

Ph A A0 SbCI; 

R CH, . M C O R  U 
76 15 - 74 - 

2-methyl-1-propene o r  2-methyl-1-propene precursors followed by treatment with 

l i q u i d  ammonia.143y145 The reac t ion  involves several  pyrylium s a l t s  interme- 

d i a t e s  including 77. 

L 

77 - 

NH3 *RwR R R  

7 0  - 
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AL-TALIB AND TASHTOUSH 

Tropone 79 undergoes 0-acylat ion by acetylium t e t r a f l u o r o b o r a t e  t o  give 

146 
t h e  corresponding acetoxytropylium salts  8-0. This intermediate  w a s  conver- 

t e d  t o  heptafulvene 81 and sesqu i fu lva lene  82, r e s p e c t i v e l y ,  upon i t s  r e a c t i o n  

with methyl l i thium and sodium cyclopentadienide followed by py ro lys i s .  

6 
79  - 

Recent 

+ 
+ CH,CEO 

work shows 

1. MeLi 

BF; - 
80 - 

2.NR3, lO-ltorr 
360' 

t h a t  t r a n s i t i o n  metal complexes of alkenynes 

8 1  - 

82 - 
- 83 r e a c t  

with acylium sa l t s  

moiety remained i n t a c t  and a c e t y l e n i c  ketones 84 w e r e  obtained.  S i m i l a r l y ,  

a two-stage s tepwise Ad mechanism.147 The a c e t y l e n i c  E 

I 
NU 

CH 
1 3  

co2( CO) 6 

HC C-C=CH + RC& - HC HCEC-C-CH2CR 

co2( co) 6 
f 2  

84 - 83 - 

conjugated c y c l i c  enynes E w e r e  s e l e c t i v e l y  acy la t ed  a t  t h e  double bond t o  

give 86.148 Bicyc l i c  a , B  -unsaturated ketones were obtained from t h e  r e a c t i o n  

OR' 

8 6  E (" = 1,2) - 

149 of such coba l t  complexes with acylium salts  i n  t h e  presence of a l l y 1  a l coho l s .  

S u b s t i t u t e d  -thiophene i s  acy la t ed  by ester s u b s t i t u t e d  acylium s a l t s  87, 
which l e a d s  t o  good y i e l d s  of long chain a c i d  e s t e r s  88 and ca rb ino l s  @ a f t e r  

d i t h i o k e t a l i z a t i o n  and r educ t ive  d e s u l f u r i ~ a t i o n . ~ ~ ~  Acrolein undergoes O-acyl- 

C H ~ O C O ( C H  CO+ SnC1- 
2 Y  5 

- 87, Y = 2,4,7 

C H ~ ( C H ~ ) ~ C O O C H ~  CH~( C H ~ ) ~ C H ~ O H  

-9 88 x = 18,19,21-30 - 89 
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151 a t i o n  with acetylium sal ts  t o  g i v e  good y i e l d s  of  v i n y l i c  esters 90. 

CH,=CHCHO + C H F d  B C  -CH$H=CHOCOCH, 
so 

WurthweinlS2 r epor t ed  t h a t  acetylium salts  react wi th  iminals  91 t o  y i e l d  

2-azaallenium salts 92 and N-acylimines 93 i n  good y i e l d s .  Add i t iona l ly ,  acyl- 

corresponding acyldialkyloxonium sal ts  which were f u r t h e r  used as e f f e c t i v e  

a c y l a t  i n g  agents  . 153-154 S i m i l a r l y ,  acy la t ion  of a c e t i c  anhydride gave t r i a c y l -  
0 
I I  

R2O + R ' C d  SbCI, - R'C-OR2 SbC1; 

94 - 
oxonium salts which were used a s  important c a t a l y s t s  f o r  c a t i o n i c  te lomeriza-  

t i o n  of s ty rene  or t e t r ahydro fu ran  i n  t h e  presence of a c e t i c  acid.  155,156 

V. CONCLUSION 

The chemistry descr ibed i n  t h i s  b r i e f  survey suggests  t h a t  acylium s a l t s  

might s e rve  as convenient and e f f i c i e n t  t o o l s  f o r  t h e  s y n t h e t i c  orgacic  chemist. 

D i f f e ren t  he t e rocyc l i c  r i n g  systems have been d i r e c t l y  prepared t h e s e  

v e r s a t i l e  and r e a c t i v e  intermdiates .  I n  a d d i t i o n ,  d i f f e r e n t  c l a s s e s  of ketones 

can be obtained by t h i s  metnodology. Once formed, t h e  i n i t i a l l y  r e s u l t i n g  

products r e a c t  with a v a r i e t y  of nuc leoph i l i c  r eagen t s ,  which c o n s t i t u t e  an 

e f f i c i e n t  and u s e f u l  procedure of obtaining o the r  c l a s s e s  of organic compounds 

and r ep resen t  an adequate way f o r  t h e  cons t ruc t ion  of orgm-ic molecules. 
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