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ONE-METHYLENE INCORPORATED DIMERIZATION REACTION OF KETONE ENOLATESo I .  

A NEW ROUTE TO 1,5-DIKETONES FROM KETONES HAVING m-ACTIVE HYDROGEN ON ONE SIDE 

Syun-ichi Kiyooka,* Tsuneo Yamashita, Jun-ichi Tashiro, 

Kazuyuki Takano, and Yasuto Uchio l )  

Department of Chemistry, Kochi University 

Akebono-cho 2-5-I ,  Kochi 780, Japan 

Abstract: A novel reaction of ketone enolate with dimethylformamide (DMF) to give 1,5- 
diketone has been found. I t  is a dimerization of ketone enolates accompanying 
the incorporation of one-methylene from DMF. 

Dime thy l f o rmamide  (DMF) is  w e l l  known to be an e f f e c t i v e  a p r o t i c  d i p o l a r  

s o l v e n t  f o r  the a l k y l a t i o n  r e a c t i o n  o f  e n o l a t e  an ions  and a s u p e r i o r  r eagen t  

as r e p o r t e d  by V i l s m e i e r  and Haack.2)  We r e p o r t  here a new d i m e r i z a t i o n  

r e a c t i o n  o f  e n o l a t e  an ions  induced  by DMF. As shown in  eq. I ,  the p r o d u c t  

i s  1 , 5 - d i k e t o n e  wh ich  has a d i m e r i z e d  ketone s t r u c t u r e  i n t e r p o s i n g  one meth- 

y l ene  at ~-position of each carbonyl group. Though oxidative couplings of 

ketone enolates to 1,4-diketones are known,3) this type of DMF part ic ipat ing 

dimerization reaction of ketone enolates has not been reported up t i l l  now° 

o / o /o 
K or KH R II I I  

R: t e r t - A l k y l  or  Phenyl  group 
R ' :  Alkyl  group or  Hydrogen 

( I )  

Typical procedure is as follows: Onto potassium metal (508 mg, 13 mmo]) 

were added THF (30 mL) and DMF (3.04 mL, 39 mmol) under argon atmosphere. 

After s t i r r i ng  at room temperature unt i l  the metal was completely dissolved, 

ketone (13 mmol) in THF (5 mL) was added to the mixture. The result ing solu- 

tion was immediately heated and refluxed for 5 - 20 h, and then was quenched 

with 5% HCI at room temperature. After normal work up procedure, the product 

was pur i f ied by flash chromatography. 

Potassium metal and potassium hydride are ef fect ive to rapidly convert a 

hindered ketone to i t s  enolate; 4)" sodium metal and sodium hydride in this 

reaction resul t  in low y ie ld .  The reaction of camphor with DMF-d 7 (d > 99.5%) 

reveals the or igin of the methylene group in 4 - I ;  as deuterium is found in the 

product, i t  originated from the formyl group of DMF via some reductive 
5) processes. 
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Table I .  1 , 5 - D i k e t o n e  Products from the New D i m e r i z a t i o n  of  Ketone 

Eno la tes  

Ent ry  Ketone Products ( I s o l a t e d  y i e l d s )  a) 

O O O 
I I  II 

B u t - ~ ' ~ - ~ - l ~ B u t  

1- I  (45%) 

O O 
II tt 

Bu t ~ ' ~ B u  l 

Bu I ~ B u  ! 
I i  O O 

I - I I  b 

(20% 

0 0 0 0 
I I  II I I  It 

Bu t Bu I Bu t 

2- I  ( I  : 1 .44)  2-11 (76%) 

O O H H O O O 

3 - I  3 - I I  (83%) c 

(+) -camphor  

0 

0 

0 
I t  

p h ~ P h  
5 - I  e) (20%) 

0 0 
II  II 

P h ~ P h  

6 - I  

~ 3 4 _ i  d ) 

'~5 '  (85%) 

0 0 

Ph ' ~ ~ ~  Ph 

(l : ]°54) 6-II (68%) 

Products were i s o l a t e d  by s i l i c a - g e l  column chromatography and 
t h e i r  s p e c t r a l  data are shown in  r e f e r e n c e  6. 
I - I  was e a s i l y  conver ted  to I - I I  under s i m i l a r  c o n d i t i o n s .  
Major isomer (46%) and minor isomer (37%). 
Camphor was recovered  (10%). 
5 - I  was ob ta ined  w i t h  n i t r o g e n  c o n t a i n i n g  b y - p r o d u c t s .  
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As shown in Table I ,  1 ,5 -d i ke tones  are formed only from the ketones which 

bear t e r t - a l k y l  or phenyl group on one side of  carbonyl group. The reac t i ons  

w i th  ketones having ~' hydrogen, e . g . ,  2-butanone and 2-methy lcyc lohexanone,  

proceed to a ldo l  and the r e l a t ed  reac t i ons  and give a complex mix ture  of  prod- 

uc ts .  A by -p roduc t  ( I - I I )  can be obta ined as major product  (80% y i e l d )  when 

two equ i va l en t s  of  potassium were used. The ketone eno la tes  having a l ky l  sub- 

s t i t u e n t s  at the s-carbon show h igher  y i e l d s  ( e n t r i e s  2 , 3 , 4 , 6 ) .  

As fo r  the s te reochemis t r y  of the p roduc ts ,  syn isomers are formed in 

p re fe rence  to ant i  isomers (I : 1.5) ( e n t r i e s  2 ,6 ) ;  the s t r u c t u r a l  assignment 

is based on symmetry arguments. Though the isomers produced from 2 , 2 - d i m e t h y l -  

cyclohexanone (en t r y  3) were e a s i l y  separated by chromatography, the s te reo -  

chemis t ry  of  them has not been ass igned.  (+)-Camphor gave the endo - endo 

isomer ( 4 - I )  as a s i ng le  product  presumably because of i t s  s t e r i c  reason. 

The 1 , 5 - d i k e t o n e  ( 5 - I )  was obta ined from the r e a c t i o n  wi th  acetophenone 

in lower y i e l d  (20%) which was accompanied w i th  a la rge  amount of n i t r ogen  

con ta in i ng  by -p roduc ts .  Though p inaco lone does not g ive products at low tem- 

p e r a t u r e ,  propiophenone gives products in 17% y i e l d  in the reac t i on  at -IO°C 

fo r  3 ho 

Studies on the reac t i on  mechanism are c u r r e n t l y  in progress.  
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