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ORGANIC PREPARATIONS AND PROCEDURES INT. 10 (61, 255-260 (1978) 

SYNTHESIS OF HINDERED AROMATIC DIKETONES - BY FRIEDEL-CRAFTS ACYLATION 

A. G. Pinkus* and N. Kalyanam' 

Department o f  Chemistry, B a y l o r  U n i v e r s i t y ,  Waco, Texas 76703 

1 Three procedures have been recognized f o r  t he  F r i e d e l - C r a f t s  a c y l a t i o n :  

1)  The Elb,  c a t a l y s t  added as l a s t  r e a c t a n t ;  

2)  The Bouveault,  a c y l  component added as f i n a l  reac tan t ;  

3) The P e r r i e r ,  a) aluminum c h l o r i d e  and a c y l  component mixed 
p r i o r  t o  f i n a l  a d d i t i o n  o f  s u b s t r a t e  b )  t h e  reve rse  o f  (a ) ,  
a d d i t i o n  o f  preformed complex t o  subs t ra te .  

A l though the E lbs  procedure i s  most w i d e l y  used, l i k e  the  Bouveau l t  i t  en- 

t a i l s  a cont inuous v a r i a t i o n  i n  t h e  c a t a l y s t l a c y 1  r a t i o  f Q )  and conse- 

quen t l y ,  t h e  r a t e s  of  a c y l a t i o n  and y i e l d s  a r e  dependent on t h e  r a t e  of 

a d d i t i o n  o f  the f i n a l  component and a r e  non-reproducib le .  I n  c o n t r a s t ,  

r e s u l t s  o f  t he  P e r r i e r  procedure a r e  r e p r o d u c i b l e  because t h e  c a t a l y s t /  

a c y l  r a t i o  i s  cons tan t ,  

A1 though a romat i c  r i n g s  n o r m a l l y  undergo o n l y  monoacylat ion under  t h e  

usual  F r i e d e l - C r a f t s  a c y l a t i o n  methods, d i a c y l a t i o n  can t a k e  p l a c e  w i t h  

c e r t a i n  h inde red  a romat i c  compounds when a 

r i d e  i s  employed. 293 

1 A1C13 

2 H,O 
1 H 2 A r  + R I C1 

l a r g e  excess o f  aluminum c h l o -  

Thus, acetophenone was the  o n l y  p r d u c t  o b t a i n e d  from a c e t y l a t i o n  o.f ben- 

zene u s i n g  aluminum c h l o r i d e  o r  o t h e r  c a t a l y s t s  and s o l v e n t s  under v a r i o u s  

condi ti on^.^ Presumably the r i n g  i s  d e a c t i v a t e d  toward f u r t h e r  s u b s t i t u -  

t i o n  by  the  coo rd ina ted  a c e t y l  group. Baum and Meyer were a p p a r e n t l y  t h e  

f i r s t  t o  o b t a i n  a d i k e t o n e  (d iacetodurene)  by  F r i e d e l - C r a f t s  a c e t y l a t i o n  

5 
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PINKUS AND KALYANAii 

o f  durene, a l t hough  t h e  y i e l d  and procedure were n o t  repo r ted .  The f o l -  

l o w i n g  yea r  Meyer4 r e p o r t e d  an 80% y i e l d  o f  d iacetodurene (procedure was 

n o t  g i ven ) ;  Wei l  prepared severa l  d iacy lmes i t y lenes ;  aga in  n e i t h e r  proce- 

dures n o r  y i e l d s  were repo r ted .  

erences b u t  a l s o  do n o t  g i v e  procedures, As i s  demonstrated i n  t h e  p r e s e n t  

paper, a good y i e l d  o f  d iacetodurene i s  markedly  dependent on t h e  procedure 

used (85% vs. l o % ) ,  i n  p a r t i c u l a r  t he  method and o r d e r  o f  a d d i t i o n  o f  reac- 

t a n t s .  However, i n  t h e  cases o f  t h e  mes i t y lene  and i sodurene  d iketones,  

t he  y i e l d s  a r e  n o t  as c r i t i c a l l y  dependent on the  procedure ( f o r  example 

f o r  d iace tomes i t y lene  80 vs. 68% and 79 vs. 71% r e s p e c t i v e l y  f o r  d i p r o p i o -  

mesi t y l e n e  u s i n g  t h e  same two methods used f o r  d iacetodurene and d i p r o p i o -  

6 

L a t e r  papers r e f e r  t o  these e a r l y  r e f -  

durene, r e s p e c t i v e l y ) .  

i n v e s t i g a t i o n  o f  d i a c y l a t i o n ,  t h e i r  s tudy  d e a l t  o n l y  w i t h  m e s i t y l e n e  and 

p roduc t  analyses were by a n a l y t i c a l  techniques. 

paper i s  t o  r e p o r t  and summarize s y n t h e t i c  aspects and i s o l a t i o n  o f  p ro -  

ducts  f rom d i a c y l a t i o n  o f  durene, mesi ty lene,  and i sodurene  which a r e  

e i t h e r  unrepor ted o r  i nadequa te l y  desc r ibed  i n  p u b l i s h e d  l i t e r a t u r e .  

A1 though Gore and Hoskins’ conducted a d e t a i l e d  

The purpose o f  t h e  p r e s e n t  

The r e s u l t s  a re  summarized i n  t h e  Tables. I t  shou ld  be no ted  t h a t  ap- 

p r o x i m a t e l y  3 : l  mol r a t i o s  o f  a c e t y l  c h l o r i d e  t o  durene, mes i t y lene  o r  i s o -  

durene and 2 : l  o f  aluminum c h l o r i d e  t o  a c e t y l  c h l o r i d e  were used i n  most 

cases. t h a t  use o f  t he  c a l c u l a t e d  amount o f  c a t a l y s t  

(based on  the  acy l  component) g i ves  t h e  b e s t  y i e l d s  and t h a t  t o o  l a r g e  an 

excess r e s u l t s  i n  t a r  f o rma t ion .  

and d iace tomes i t y lene  (80%) a r e  h i g h e r  when method 2 ( P e r r i e r  procedure)  i s  

used, i .e .  a d d i t i o n  o f  a carbon d i s u l f i d e  s o l u t i o n  o f  durene o r  mes i t y lene  

t o  an a c e t y l  ch lor ide/a luminum c h l o r i d e  m ix tu re .  #hen a carbon d i s u l f i d e  

s o l u t i o n  o f  t h e  a c i d  c h l o r i d e  and durene i s  added t o  aluminum c h l o r i d e  

(blethod l ) ,  a lower  y i e l d  i s  ob ta ined  i n  these cases- markedly  l ower  w i th  

durene. 

1 I t  has been noted 

The y i e l d s  o f  b o t h  d iacetodurene (85%) 
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SYNTHESIS OF HINDERED AROIWTIC DIKETONES - BY FRIEDEL-CRAFTS ACYLATION 

Table 1.  Fr iede l -Craf t s  Uiacylat ion by D i f f e r e n t  Procedures. 

Acid - RCOCl AlCl Vol. 
Aromatic S u b s t r a t e a  Chloridea ArH 41Cl,a m ? l  Solv.' 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

d Durene (15g.,0.110) 

Durenee (259. ,0.187) 

Acetodurene (209. ,0.114) 

Plesitylene (25.79. ,0.214) 

Mesi t y l e n e  ( l o g .  ,0.0830) 

Durene (26.89. ,0.200) 

Uurene ( 159. ,O. 11 ) 

Mesitylene (39.  ,0.025) 

Mesitylene (209. ,0.17) 

Isodurene (39. ,0.022) 

Isodurene (39. ,0.022) 

26.4g.(0.34) 

43.9g. (0.559) 

12 .Og. (0.1 50) 

50.8g.(0.650) 

19.8g. (0.252) 

40.09. (0 .440)e 

30.5g.(0.33)e 

7.09. (0.076)e 

479. (0.51 ) e  

5.479. (0.069) 

5.409. (0.068) 

3.1 

3.0 

1.3 

3.0 

3.0 

2.2 

3.0 

3.0 

3.0 

3.1 

3.1 

gO(0.67) 

150(1.12) 

40( 0.300) 

173( 1.30) 

66.8(0.500) 

131 (0.98)  

90( 0.68) 

20( 0.15) 

134(1.00) 

18(  0.135) 

1 7.9 (0.1 34) 

2.0 225 

2.0 300 

2.0 400e 

2.0 275 

2.0 140 

2 .2  5GOfSg 

2.1 300 

2.0 50 

2.0 300 

2.0 40 

2.0 40 
~~ ~ ~~ 

a )  Amount i n  g. (moles) ;  b )  Mole r a t i o  Q7; c )  Total Vol. s o l v e n t  (ml . ) ;  d )  
Method 1 ; e )  Method 2; f )  1,1.2,2-Tetrachloroethane; g )  Propionyl c h l o r i d e ;  
a c e t y l  c h l o r i d e  f o r  o t h e r s .  

EX P E R I F1 EN TAL 

The sources ,  grades and p u r i f i c a t i o n  of m a t e r i a l s  used were: Mesi- 
t y l c n e ,  reagent  grade,  f r a c t i o n a t e d ;  ace ty l  c h l o r i d e ,  A l l i e d  Chemical ; pro- 
pionyl c h l o r i d e ,  Baker & Adamson o r  Aldrich reagent  grade,  r e d i s t i l l e d ;  
anhydrous aluminum c h l o r i d e ,  Mall inckrodt  a n a l y t i c a l  reagent ;  durene,  98% 
pure; carbon d i s u l f i d e ,  Mall inckrodt  a n a l y t i c a l  reagent ;  methylene c h l o r i d e ,  
reagent  grade ,  r e d i s t i l l e d ;  1 ,l,Z,Z-tetrachloroethane, d i s t i l l e d ;  isodurene,  
Aldrich reagcnt  grade. 
hea ted ,  n iechanica l ly-s t i r red  T h i e l e  tube and a r e  cor rec ted .  
a r e  uncorrected.  

General Procedures. The two procedures  used i n  the present work w i l l  be 

i d e n t i f i e d  a s  fo l lows:  

Bouveault procedure,  r e f e r s  t o  the a d d i t i o n  o f  s o l u t i o n  of  the a c i d  chlo-  

r i d e  and aromatic  component t o  the aluminum c h l o r i d e .  

P e r r i e r  procedure - refers t o  the a d d i t i o n  o f  a s o l u t i o n  o f  the aromat ic  

component t o  a mixture of  the a c i d  c h l o r i d e  and aluminum c h l o r i d e .  

Melting p o i n t s  were obta ined  with an e l e c t r i c a l l y -  
Boi l ing p o i n t s  

Method 1 ,  one o f  the  p o s s i b l e  v a r i a t i o n s  o f  the 

Method 2 - the usual 

Deta i led  
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PINKUS AND KALYANAM 

Table 2. Y i e l d s  and P h y s i c a l  P r o p e r t i e s  o f  Diketones f rom F r i e d e l - C r a f t s  
D i  acy 1 a t  i on . 

D i  ketone, L i t .  Mp( "C) 
Product  Y i e l d ( % )  Y i e l d ( % )  '(obs.) l i t .  

d 2.49. (10) b s c  177-178 182.5-1 83.0 
3:d, 80e 

1 Diacetodurenen 

2 D i  acetodurenen 35g.(85) 1 78b * j  

3 D i  acetodurene" 4.29, ( 17) 177-1 78.5 

4 Diacetomesi t y l e n e  29.4g.(68) k 

5 Diacetomesi t y l e n e  13.6g.(80) quan t  43-44 4 4 l  , 46h 

6 Dipropiodurenen 9.35g.(19) 1 80-1 80.6 

7 D i  p r o p i  odurene 19g. (70)  quanti ' j  175-1 76 176J 

8 Uipropiomesi ty leneO 4.1g.(71) 

9 Dipropiomesi ty leneO 30g.(79) 
100-101 101-102m 

10 D i  acetoisodureneO 3.95g.(81) 14b 

11 D i a c e t o i  sodurene' 3.559.(73) quanthSi 
119.5 1 2 4  

a) Y i e l d s  i n  g; % y i e l d s  i n  parentheses based on  a romat i c  component; b )  Ref 

8; c)  Using a c e t i c  anhydr ide;  d) Ref. 9; e) Ref. 4; f )  Ref. 2; g) Ref. 7; 

h )  Ref. 3; i )  Q u a n t i t a t i v e  c rude  y i e l d s  were o b t a i n e d  i n  t h e  p r e s e n t  work 
1 a l so ;  j )  Ref. 5; k )  Bp 164-170"/6-7 t o r r ;  l i t  154"/6 t o r r ;  1 )  P. H. Gore, 

J .  A. t loskins,  R. J .  kl.  LeFevre, L. Radom, and G. L. D. R i t c h i e ,  J.  Chem. 

- SOC. ( B ) ,  485 (1969); m) Ref. 6; n) R e c r y s t a l l i z e d  f rom benzene; 0) Re- 

c r y s t a l  1 i zed f rom ethanol .  

procedures a r e  g i v e n  f o r  one example o f  each method and f o r  t h e  two d i f -  

f e r e n t  s o l v e n t s  used; t h e  same procedures were used f o r  t he  o t h e r  examples 

f o r  which the  da ta  i s  t a b u l a t e d  w i t h  any changes f rom t h e  procedures no ted  

i n  the  t a b l e .  

D i  acetodurene. 

Method 1. From Durene. - Aluminum c h l o r i d e  (90 g, 0.67 mol)  was t r a n s -  

f e r r e d  t o  a 3-necked f l a s k  and covered w i t h  150 m l  o f  carbon d i s u l f i d e .  

The m i x t u r e  was s t i r r e d  mechan ica l l y  and hea ted  t o  g e n t l e  r e f l u x .  

t i o n  o f  durene (15 g, 0.11 rnol) and a c e t y l  c h l o r i d e  (26.4 g, 0.34 ml )  i n  

A s o l u -  
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SYNTHESIS OF HINDERED AROMATIC DIKETONES - BY FRIEDEL-CRAFTS ACYLATION 

carbon d i su l f ide  (z. 75 ml) was added slowly. 

reac t ions ,  a yellow co lo r  which formed i n i t i a l l y  slowly turned to red. 

The mixture was s t i r r e d  and refluxed overnight,  and then poured i n t o  

crushed ice .  Concentrated hydrochloric acid was added u n t i l  the mixture 

was a c i d i c  t o  pH ind ica to r  (Accutint)  paper (pH 1-3). 

(g. 100 ml) was added to  the mixture and aqueous and organic portions 

were separated. The aqueous layer  was washed w i t h  two 60 ml portions of 

methylene chloride a n d  the washings added to  the organic layer .  

organic layer  was washed with 5-10% aqueous sodium carbonate,  d i s t i l l e d  

water,  and sa tura ted  sodium chloride so lu t ion  and f i n a l l y  dried over anhy- 

drous sodium s u l f a t e .  The so lvent  was removed by d i s t i l l a t i o n  and the  red 

s o l i d  was r ec rys t a l l i zed  from benzene t o  give 2.4 g (10% 

runs), mp. 177-178", l i t .  mp. 178"4'5'8, 182.5-183.0 . 
Method 1 .  From Acetodurene. - '+Acetodurene was prepared by addition o f  a 

methylene chloride so lu t ion  o f  durene ( 2 7  g ,  0.20 mol) and acetyl ch lor ide  

(16.5 g ,  0.210 rnol) t o  a mixture of anhydrous aluminum chloride (60 g ,  

0.45 mol) and methylene chloride (50b ml t o t a l  volume) previously cooled t o  

0" by means of an i c e - s a l t  mixture. 

the temperature did not r i s e  above 10". The reaction mixture was decom- 

posed with ice-hydrochloric acid and worked up i n  the  usual manner. 

removal o f  solvent,  acetodurene was obtained in 84% y ie ld .  A 61% y ie ld  was 

obtained a f t e r  r ec rys t a l l i za t ion  from methanol as white p l a t e s ,  mp. 73-74", 

l i t . 8  80% using a c e t i c  anhydride, mp. 72.5-73.5". 

In a l l  of the  d iacyla t ion  

Methylene ch lor ide  

The 

average o f  two 
9 

The addition was ca r r i ed  out so t h a t  

On 

A so lu t ion  of acetodurene (20.0 g ,  0.114 mol) and acetyl ch lor ide  (12.0 

g,  0.150 mol) i n  1 ,1 ,Z,Z-tetrachloroethane was added to anhydrous aluminum 

chloride (40.0 g ,  0.300 mol) a t  a room temperature of 22" over a period of 

1 hr. The temperature rose t o  32". The mixture was then heated with 

s t i r r i n g  f o r  1 2  hrs a t  50". A t  the end of t h i s  time, the reaction mixture 

was a deep-red color which was n o t  observed during the  ronoacetylation of 
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PINKUS AND KALYANAM 

durene. 

o r g a n i c  l a y e r  d r i e d  w i t h  anhydrous sodium s u l f a t e .  

by d i s t i l l a t i o n  and t h e  r e s i d u e  r e c r y s t a l l i z e d  f rom benzene. 

was ob ta ined  i n  17% y i e l d ,  mp. 177.0-178.5' l it.8 10% u s i n g  a c e t i c  anhy- 

d r i d e ,  mp. 178". 

the benzene. 

Method 2. 

c h l o r i d e  (150 g ,  1.12 mol)  were added t o  200 m l  o f  carbon d i s u l f i d e  and t h e  

m i x t u r e  was g e n t l y  r e f l u x e d  ove rn igh t .  

m l  o f  carbon d i s u l f i d e  was then  added s l o w l y  w i t h  s t i r r i n g  t o  t h e  r e f l u x i n g  

s o l u t i o n .  The mp o f  

r e c r y s t a l l i z e d  m a t e r i a l  was 177-178". 

( 8 5 % ) , ( L i t .  mp 178°495s8, 182.5-183.09, 5%8s10, 37%'; 80%4). 

Acknowledgements. - The au tho rs  express a p p r e c i a t i o n  t o  t h e  The Rober t  A. 
Welch Foundation o f  Houston, Texas f o r  f i n a n c i a l  suppor t  o f  t h i s  research  
and t o  B a y l o r  U n i v e r s i t y  f o r  a s a b b a t i c a l  l e a v e  t o  A.G.P. d u r i n g  p a r t  o f  
which t h i s  paper was w r i t t e n .  

The m i x t u r e  was decomposed w i t h  i c e  and h y d r o c h l o r i c  a c i d  and t h e  

The s o l v e n t  was removed 

Diacetodurene 

Unreacted acetodurene (9.5 g, 47.5%) was recovered f rom 

From Durene. - A c e t y l  c h l o r i d e  (43.9 9, 0.560 mol)  and aluminum 

Durene (25.0 g, 0.187 mol)  i n  100 

T h e r e a f t e r  t h e  procedure was t h e  same as i n  Method 1. 

The r e c r y s t a l l i z e d  y i e l d  was 35 g 
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