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Rbstract - Organoboranes r e a d i l y  ava i l ab le  from alkenes v i a  hydroboration 

react  w i t h  catechol dichloromethylene ether  i n  the presence o f  methy l l i th ium 

followed by the usual a l k a l i n e  hydrogen peroxide ox idat ion t o  g ive correspon- 

ding s y m e t r i c  ketones i n  good y ie lds .  

Organoboranes have been recen t l y  recognized t o  have a h igh v e r s a t i l i t y  f o r  the synthesis of organic 

compounds w i t h  various funct ional groups. However, u n t i l  most recent ly,  there have been no suc- 

cessful repor ts  on the d i r e c t  synthesis of carboxy l ic  acids from organoboranes.' Since 1967, we 

have made continuous efforts t o  f i n d  such a conversion. I n  the  course o f  the study, we examined 

2 the react ion w i t h  catechol dichloromethylene ether  under basic condit ions, i n  the expectat ion tha t  

organoboranes may react  w i t h  the  carbene (1) [or  carbenoid ( I ' ) ]  formed from catechol d ich loro-  

methylene ether  t o  y i e ? d  the intermediates I 1  o r  11'. which are then converted t o  the boron der iv -  

a t i ves  (111) .  F i n a l l y  the  organoboranes (111)  are changed t o  the corresponding carboxyl ic acids by 

the a l k a l i n e  hydrogen peroxide ox idat ion and a c i d i f i c a t i o n  (Scheme 1).  The ac tua l l y  obtained 

products, however, were no t  the expected carboxy l ic  acids, and we found t h a t  s y m e t r i c  ketones were 
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formed i n  good y ie lds ,  the resu l t s  o f  which are reported here.' 

The fol lowing procedure fo r  the preparat ion of 4-heptanone from tr ipropylborane i s  representative. 

A d r y  50 ml round-bottomed f lask equipped w i t h  a condenser, a septum i n l e t  and a magnetic s t i r r i n g  

bar was flushed w i t h  ni t rogen. I n  the  f l ask  was placed tr ipropylborane (5 mnol, 2.5 ml of a 2M 

so lu t i on  i n  THF) and 1.15 g (6  m l )  of catechol d i c h l o m e t h y l e n e  ether  (prepared from catechol. 

carbonate by the m t h o d  o f  ~rass ' )  i n  ni t rogen gas atmosphere. Then methy l l i th tum (7.5mno1, 

3.8 ml o f  a 1.95M so lu t i on  i n  ether) was added dropwise a t  ODC under s t i r r i n g .  The mixture was 

s t i r r e d  f o r  1 h a t  room temperature. A f t e r  the react ion was complete, t he  mixture was ox id ized 

w i t h  3M aqueous hydroxide (4 ml) and 30% hydrogen peroxide ( 4  ml)  a t  room temperature. Theproduct 

thus obtained was extracted three times w i t h  e ther  and the combined organic layer  was d r ied  over 

magnesium su l fa te .  VPC analysis (10% SE-30, 1 m) ind icated t h a t  4.75 mnol (95%. based on tri- 

propylborane) of 4-heptanone had been obtained. An a n a l y t i c a l l y  pure mater ia l  was obtained by 

preparat ive VPC by using Varian Autoprep Model-2800: The representat ive resu l t s  are s u m r i z e d  i n  

Table 1. 

Table 1. Synthesis o f  Symnetric Ketones 

Organoborane 
producta 

R3B. R= 

Ethy l  3-Pentanone 100 1.3910 

Propyl 4-Heptanone 95 1.4090 

Butyl  5-Nonanone 94 1.4221 

lsobuty l  2.6-Dimethyl-4-heptanone 80 1.4132 

Cyclopentyl Dicyclopentyl  ketone 76' 1.4787 

- 

%he products were adequately character ized by IR. NMR and mass spectroscopy, 

and by elemental analysis. b ~ a s e d  on the  organoborane used, and determined 

by VPC. ' ~ e a c t i o n  time, 2 h. 

The react ion mechanism, although i t  was not  explored i n  d e t a i l ,  could be considered t o  invo lve the 

fo l lowing pathway (Scheme 2). I n  order t o  e l iminate the  internmlecular mechanism of the present 

react ioh, we attempted a crossover experiment by using a mixture of t r ipropylborane and t r i i s o b u t y l -  
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Scheme 2 

borane, and found t h a t  on ly  two ketones, 4-heptanone and 2.6-dimethyl-4-heptanone. are iso la ted,  

both o f  them symnetr ica l ly  subst i tu ted.  The nonformation o f  the unsymnetric ketone (2-methyl-4- 

heptanone) provides strong evidence t h a t  the react ion i s  intramolecular.  

There have been many i n t e r e s t i n g  repor ts  on organic syntheses v ia  the react ions of organoboranes 

w i t h  carbenes, carbenoids and re la ted  chemical s ~ e c i e s . ~  Among them, the react ions w i t h  d ich loro-  

methyl methyl e ther  under basic condit ions were reported. Organoboranes react w i t h  dichloromethyl 

methyl e ther  i n  the presence o f  methy l l i th ium t o  g ive dialkylmethanols ( IV)  and ( v ) , ~  whereas the 

react ion o f  organoboranes w i t h  the same substrate i n  the presence o f  l i t h i u m  1 , l - d i e t h y l - l -  

propanolate y ie lds ,  a f t e r  oxidat ion, the corresponding t r i a ~ k y l m e t h a n o l s . ~  On the o ther  hand, the 



present reac t i on  provides a convenient syn the t i c  procedure o f  symnetric ketones. I n  a d d i t i o n  t o  

t ha t ,  i t  was noted t h a t  under basic condi t ions,  0-C bonds. espec ia l l y  phenoxyl ic 0-C bonds, the  

carbons of which combine w i t h  boron atoms, were r e a d i l y  cleaved. Based on such resu l t s ,  we found 

t h a t  t h e  d ian ion der ived from phenoxyacetic ac id  and l i t h i u m  diisopropylamide, reacts smoothly 

w i t h  organoboranes, fo l lowed by a c i d i f i c a t i o n  t o  g i ve  corresponding carboxy l ic  acids i n  exce l l en t  

y i e l d s .  1 
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