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- Bath sodium and lithium salts of carboxylic acids in t h e  presence 

of 2 equiv of 9-borabicycl0[3.3.Unonane(9-BBN) x.2 readily converted t o  the 

aldehydes i n  a p p m x h t e l y  1-3 h a t  m o m  t empera tm in high yields. Thus, 

simple a l ipha t ic  carboxyllc acld s a l t s ,  such a s  butyric,  hexanoic, decanoic, 

s t ea r ic ,  isobutyric,  isopentanoic, pival ic ,  cyclopmpanecarboxylic, and cy- 

clohexanecarboxylic acid salts, readily undergo the reaction t o  aldehydes in 

ylelds  of 84-995. Derivative, such a s  diphenylacetic acid salts, undergoes 

the reaction in a h s t  quant i ta t ive yields. Even dicarboxylic acid s a l t s ,  

such a s  a-canphoric and 1,lO-decanedicarboxyllc acid salts, work equally 

well. The yields  of arorratic camoxylic acid salts are variable r a n a d  from 

54 t o  83% except f o r  the oaue of terephthalic acid s a l t s  be* 99%. 

Very recently, we have reported tha t  carboxylic acid s a l t s  can he converted t o  the corresponding 

aldehydes in high yields  using excess thexylbmmoborane-methyl sulf ide thm@ subst i tut ion of the 
1 b m  @up of reagent with carboxylate followed by reduction . Thls apparently f i r s t  development 

encouraged us t o  explore a new methodology fo r  such d i rec t  conversim using a c o m r c i a l l y  avail- 
able 9-borabicycloI3,3.Un0-(9-BBN). Herein, we now describe such an equally faclle conversion 

of carboxylic acld s a l t s  t o  the correspondjng aldehydes by using 9-BBN. 

llle acyloxy moiety of acyloxy-9-BBN (L), f o m d  fmm the reaction of carboxylic acid and 9-B&V with 

k d i a t e  evolution of hydrogen, is readi ly  converted t a  the aldehyde stage thm* stepwise t r ea t -  
2 m n t  of 1 with tert-butyllithium and 9-BBN (eqs 1, 2, and 4). I f  a carboxylate and 9-BBN form an 

a t e  complex (eq 3), h l c h  i s  the sam compound (2) f o m d  by t reatnent  of acyloxy-9-BET with t e r t -  

biltyllithlum (eq 2), we can expect t h a t  in t h e  presence of another equiv of 9-BBN the system fol- 

lows the exactly sam reduction pathway a s  the case of reduction of carboxylic acid thraugh s t e p  

Wise t reatnent  of acyloxy-9-BBN with tert-butyllithium and ~-BBN'. 

Actually, t h i s  system is in eqailibrlwn, in which the acyloxy graup of a t e  c w l e x  thus f o m d  is 
readi ly  t r a n s f o m d  i n t o  the corresponding aldehyde stage in the presence of excess YBBN. I n  
fac t ,  we found t h a t  t h i s  system achieves a nice conversion of carboxylic acid s a l t s  t o  the aldehyde 

stage. The reduction pmceeds readily a s  the mixture of a carboxylate and 2 equiv of 9-BBN, pmvi- 

ding a s inple  pmcedw with high yields  of aldehydes. This procedure is rea l ly  pmmising. Conse- 

quently, we exmined both s d w n  and lithium s a l t s  of various carboxyllc acids  and t h e  r e s u l t s  are 

smmarized in Table 1. 



Both sodium and l i t h i m  salts o f  mst a l ipha t i c  carboa'ilic acid, such as s a l t s  o f  butyric,  hexanoic, 

decanoic, s t ea r i c ,  isobutyric,  isopentanoic, and p iva l i c  acids ,  arz readi ly  converted t o  the  c o r n s -  

ponding aldehydes by t h i s  system in approximately 1 h at room temperature. The y ie lds  of aldehydes 

f m m  the  li thium s a l t s  are essen t i a l ly  quant i ta t ive ,  whereas the  y ie lds  f m m t h e  cornspanding so- 

dium s a l t s  are In the  range of 87-99%. a l i t t l e  lower than those from the li thium s a l t s  probably 

due t o  the  re la t ive ly  lower so lub i l i ty  x" sodium s a l t s  in lFE solvent.  Derivatives, such a s  both 

scdium and lithium s a l t s  of  diphenylacetic acid, a l s o  undergo the  react ion well in yields  of  98%. 

Tne yields  of aldehydes h m  a l i c y c l i c  ca~%oxylic acid  s a l t s ,  such a s  cyclopmpanecarboxylic and cy- 

clohexanecarboxyllc acid  s a l t s ,  are i n  the  range of 84-928. The halogeno der ivat ives ,  such a s  s a l t s  

of chlom- and b m m c e t i c  acids ,  and 6-bmmhexanoic acid ,  provide the  corresponding haloaUtanals 
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i n  yie lds  of  65-84s. Dicarboxylic acid salts such as d,-camphoric and 1,lQ-decanedicarboxylic acid  

s a l t s  are a l s o  converted readi ly  t o  dialdehydes in yields  of  88-951. 

The reduction of aromatic cahoxy l ic  acid  salts by t h i s  system requires  3 h a t  mom temperature and 

the  yie lds  vary with tne  subst i tuents  on benzene r ing.  mus, in the  case of  a r o m t i c  acid salts 
bearing an electron-releasing substituent such as p-mthyl- and p-rmthoxybenzaic ac id  salts, the 

yie lds  are around 40% fbr the  sodium salts and around 60% f o r  the  lithlum s a l t s .  However, a r m t i c  

acid s a l t s  bearing an electmn-withdrawing subst i tuent  such as pchloro-  and p-nitrobenzoic acid 

salts provide the  much higher yie lds  of  the  corresponding aldehydes (7C-83%). Finally,  both diso- 

dim and di l i th ium s a l t s  of aromatic dicarboxylic acid, such as terephthal ic  acid  s a l t s ,  are readi iy  

converted t o  the  corresponding dialdehyde in essen t i a l ly  Quantitative yie lds .  

The aldehyde pmducts of  r e l a t i v e l y  low boi l ing paint ( l e s s  than 200'~) are readi ly  i so lab le  on dis- 

t i l l a t i o n  a f t e r  hydrolysis3 ( i . e . ,  83% f o r  hexanal), wherxas the  praducts of higher boi l ing point 
4 

can be i so la ted  readi ly  by the  sadium b i s u l f i t e  p r o c e d m  in a pure f o m  ( i . e . ,  91% f o r  stearalde- 

Wde, 90% for diphenylacetaldehyde, and 90% f o r  l,l@.decanal). 

Table 1. Yields of Aldehydes in the  Reduction of Representative Sodium and Lithium S a l t s  Carboxjlic 

Acids by 9-BorabicycloC3.3.~nonane in T e t r a t y d r o k a n  a t  Room ~ e m p e r a t u r e ~  

Yield of  aldehyde by analysis  

Acid s a l t  with 2,4-dinitmphenyIbydrazine ( 5 )  
Na S a l t  Li S a l t  

butyric 89b 97 

h e m o i c  99(83)' 

decanoic 88 98 

s t e a r i c  99 99(9Ud 

isobutyric 91  99 

isopentanoic 88 92 

p iva l i c  93e - 
diphenylacetic 9 8 ( 9 0 ) ~  98 

cyclopropanecarboxylic 88 84 

cyclohexanecarboxyli~ 90 92 
chlomacet ic  74 72 
b m a c e t i c  69 65 
6-bmrnohexanolc 78 84 

d-caphoric 88 89 

1 , l ~ e c a n e c a r b o x y l i c  94 9 5 ( 9 0 ) ~  
benzoic 82 80 

p-mthylbenzoic 44 60 

pmthoxybenzoic 38 66 

p-chlorobenzoic 70 75 
p-nitrobenzoic 83 80 

terephthal ic  99 99 

a )  Reacted with 2 equiv of 9-BBN ( 2  equiv fo r  mnocarboxylic and 4 equiv fo r  dicarboxylic acid 

s a l t s )  fo r  1 h with a l ipha t i c  and f o r  3 h with a m m t i c  carboxylic acid  s a l t s ,  both at  rwm ten+ 

Frat-. b)  Reacted f o r  0.5 h. c) An i so la ted  y ie ld  on d i s t i l l a t i o n  after hydrolysis3. 

d )  Yields are based on the  analyt ical ly  pure pmducts i s o l a t e  af ter  evaporation of  solvent,  fol- 
4 lowing t r e a t m n t  of  the  b i s u l f i t e  adduct with fomldehyde  . e )  Reacted f o r  3 h. 



 he following procedure f o r  the reduction of scdium diphenylacetate was used for  quantitative analy- 
sis of yields. An ovendried 50-ml flask, f i t t e d  a sidearm and a bent adaptor connected t o  a mercu- 

ry bubbler, was charged with 0.70 g ( 3  m l )  of sodium diphenylacetate. A 0.5 M solution 9-BBN 

12 ml in THF (6 m l )  was injected, and the s lurry was s t i r r e d  f o r  1 h at Mom temperature. Analy- 

s i s  with 2,44initrophenylh3rdrazine indicated a yield of 98%. 

The following procedure was used f o r  a larger  scale reaction. I n  the  assembly previously described, 

11.7 g of sodium diphenylacetate (50 m l )  was added, A 0.5 M 9-BBN solution 200 ml  i n  THF (100 

-1) was injected and the s lurry was s t i r r e d  f o r  1 h a t  mom temperature. The reaction mixture was 

hydmlyzed with 30 ml of 2 N HC1 solution for  1 h a t  mom temperature and then saturated with sodium 

chloride. The separated organic layer was poured in to  75 m l  of a saturated aqueous sodlum bisu i f i t e  
4 solution . The mixture was s t i r r e d  f o r  1 h, by which t ine  the crystal l ine b i s u l f i t e  adduct of di- 

phenylacetaldehyde has precipitated. m e  solution was cwled  i n  an ice-water bath t o  ensure com 

plete crystal l izat ion of the b i su l f i t e  adduct, which was then collected by f i l t r a t i o n  and washed 

with 3 x 25 ml of pentane and dried. The sol id adduct was placed in 40 m l  of water and then 50 ml 

of THF and 8 ml of a 37% fonraldehyde solution were added. The mixture was heated t o  90-95'~ f o r  

1 h with s t i r i n g  and cooled t o  rwm temperature followed by saturation with rrag~lesium sulfate  h e p  

tahydrate. me organic l2yer was separated and &led. Evaporation of vo la t i l e  gave 8.82 g of 

analytically pure diphenylacetaldehyde (901) : 1.5892. 
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