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ALDEHYDES BY REDUCTION OF CARBOXYLIC ACIDS AND THEIR DERIVATIVES 

RECENT DEVELOPMENTS I N  THE SYNTHESIS OF ALDEHYDES BY REDUCTION 

OF CARBOXYLIC ACIDS AND THEIR DERIVATIVES WITH METAL HYDRIDES. A REVIEW 

J i n  Soon Cha 

Department o f  Chemistry 
Yeungnam U n i v e r s i t y  

Gyongsan 713-749, KOREA 

INTRODUCTION 

The development o f  s imple s y n t h e t i c  rou tes  t o  aldehydes from r e a d i l y  

a v a i l a b l e  c a r b o x y l i c  ac ids and t h e i r  d e r i v a t i v e s  i s  an impor tant  goal  i n  o r -  

ganic chemistry. 

t o  f i n d  s imple and general s y n t h e t i c  rou tes  t o  aldehydes.' Accordingly,  

many use fu l  reducing agents have been developed and considerable success has 

been achieved i n  o b t a i n i n g  h i g h  t ransformat ions i n  t h i s  reduc t i on  process. 

This  rev iew at tempts t o  cover a l l  e f f o r t s  pa id  t o  f i n d  reduc t i on  procedures 

from ca rboxy l i c  ac ids and t h e i r  d e r i v a t i v e s  t o  aldehydes. 

t o  organize a l l  t he  l i t e r a t u r e  references i n  chronologica l  order.  Useful 

methods which have found widespread a p p l i c a t i o n  i n  recen t  organic  synthes is  

are emphasized. 

Dur ing the  pas t  70 years, numerous e f f o r t s  have been made 

We have attempted 

I .  REDUCTION OF CARBOXYLIC A C I D  DERIVATIVES TO ALDEHYDES 

1. B r i e f  Survey o f  t he  Older Methods 

The o l d e s t  reduc t i on  method f o r  p repara t i on  o f  aldehydes from carboxy- 

l i c  a c i d  d e r i v a t i v e s  o r i g i n a t e d  from Sonn and M u l l e r  i n  1919.* This  reac- 

t i o n  invo lved the  reduc t i on  o f  imido ch lo r i des ,  de r i ved  themselves from a c i d  

an i  1 ides, w i t h  stannous c h l o r i d e  and t h e  subsequent h y d r o l y s i s  o f  t h e  re -  

s u l t a n t  imines t o  prov ide aldehydes. The Stephen reduc t i on  f o r  t h e  conver- 
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s ion  o f  n i t r i l e s  t o  aldehydes w i t h  stannous ch lo r i de2D3 can be considered 

i n  the  same c lass o f  reduct ion.  Reductive d e s u l f u r a t i o n  o f  t h i o l  es te rs ,  

prepared e a s i l y  from a c i d  ch lor ides,  w i t h  Raney 

the  ingenious ly  devised o l d e r  methods. 

commended procedures u n t i l  Friedman observed t h a t  t he  c o n t r o l l e d  reduc t i on  

o f  n i t r i l e s  and amides by l i t h i u m  aluminum hydr ide (LAH) prov ides a con- 

venient  s y n t h e t i c  

cedure o f  t he  LAH reduct ion,  a number o f  authors have subsequently app l i ed  

i t  w i t h  success t o  the  p a r t i a l  reduct ion o f  var ious ca rboxy l i c  a c i d  de r i va -  

t i v e s  us ing a l i m i t i n g  amount o f  LAH. However, i n  s p i t e  o f  i t s  convenience 

LAH s u f f e r s  from i t s  own l i m i t a t i o n  due t o  i t s  exceedingly powerful  reducing 

c h a r a c t e r i s t i c s .  Consequently, i t  i s  q u i t e  d i f f i c u l t  t o  apply t h i s  reagent 

f o r  such t ransformat ion o f  a m u l t i f u n c t i o n a l  molecule. Thereaf ter ,  exten- 

s i ve  study on complex metal hydr ides,  i n v o l v i n g  the m o d i f i c a t i o n  o f  parent  

complex hydr ides and the e x p l o r a t i o n  o f  new reducing systems, has proceeded 

f o r  such t ransformat ions,  

i s  a l so  one o f  

These reac t i ons  had been the  re -  

Although he has n o t  repor ted any d e t a i l e d  pro- 

2. Acid Chlor ides t o  Aldehydes 

U n t i l  the 1950's, t he  Rosenmund reduct ion,  which invo lves the hydro- 

genat ion o f  an ac id  c h l o r i d e  i n  the presence o f  a s u i t a b l e  c a t a l y s t ,  usu- 

a l l y  supported pal ladium, had been considered as the most use fu l  method f o r  

t ransformat ion o f  a c i d  ch lo r i des  i n t o   aldehyde^.^'^ The o r i g i n a l  Rosenmund 

reduct ion s u f f e r s  from two se r ies  disadvantages: t he  d i f f i c u l t y  o f  repro- 

ducing the  p rec i se  poisoning o f  t he  c a t a l y s t  t o  ob ta in  good y i e l d s ,  and the  

s e n s i t i v i t y  o f  some subs t i t uen ts  t o  the  hydrogenation condi t ions.  However, 

several  modi f ied methods seem t o  overcome these d i f f i c u l t i e s  t o  some ex- 

t e n t .  7- 20 

I n  the  course o f  modi fy ing the  reducing c h a r a c t e r i s t i c s  o f  LAH, Brown 

and coworkers found l i t h i u m  tri-t-butoxyaluminohydride (LTBA) provides a 
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ALDEHYDES BY REDUCTION OF CARBOXYLIC ACIDS AND THEIR DERIVATIVES 

convenient syn the t i c  rou te  t o  aldehydes from a c i d  ch lo r i des  i n  good 

y i e l d s ,  21-24 Because o f  i t s  s i m p l i c i t y  and mildness, LTBA has been used 

RCHO H2° , 0 
II 

R-C-C1 + L ~ ( ~ - B U O ) ~ A ~ H  4 

widely f o r  such purposes. 

tages i n c l u d i n g  ease o f  handl ing and low cost,  has a l s o  been inves t i ga ted  

extens ive ly .  SBH i t s e l f  can n o t  s top a t  t he  aldehyde stage i n  the  reduc- 

t i o n  o f  a c i d  ch lo r i des  under t h e  usual  condition^.^^ Several modi f ied re -  

a c t i o n  cond i t i ons  i n c l u d i n g  t h e  use o f  p o l a r  so lvents  such as N,N-dimethyl- 

formamide (DMF)26 o r  t he  prevent ion o f  overreduct ion by p y r i d i n e  as a borane 

scavenger ,27 have been introduced. 

Sodium borohydr ide (SBH) , which possesses advan- 

A polymer-supported borohydr ide a l s o  

0 
R-C-C1 

II + NaBH4 p y r i  d i ne H2° ~ RCHO 

28 e f f e c t e d  such transformat ions, 

The a p p l i c a t i o n  o f  several  t r a n s i t i o n  metal borohydrides f o r  t he  par- 

t i a l  reduc t i on  of a c i d  ch lo r i des  has been studied. Espec ia l l y  complex cop- 

per  borohydrides ,29 *30 complex copper cyanoborohydrides ,31 and polymer-sup- 

ported complex copper b ~ r o h y d r i d e s ~ ~  have been demonstrated t o  prov ide good 

y i e l d s  o f  aldehydes. 

duc t i on  o f  a c i d  ch lo r i des  i n  s u i t a b l e  solvents,  such as DMF, a c e t o n i t r i l e ,  

o r  hexamethylphosphoramide (HMPA) , have appeared t o  be e f fec t i ve  f o r  syn- 

thes i s  o f  t he  corresponding aldehydes, 

The Cu: CUT+ Cd?+ o r  Zn2+-moderated borohydr ide re -  

33-35 

Anionic  t r a n s i t i o n  metal reductants,  such as Fe(C0)4 2- , 36-38 HFe(CO);,39 

CpV(CO)3H-,40 HCr(CO);,41 and HW(CO),,41 have a l s o  been shown t o  be use fu l  

f o r  such transformations. These methods employ r e l a t i v e l y  m i l d  cond i t i ons  

and o f f e r  h igh  y i e l d s  ( u s u a l l y  more than 80% both f o r  aromatic and a l i p h a t i c  

d e r i v a t i v e s ) .  The a t t r a c t i v e  advantage o f  these methods i s  t h a t  the re-  

agents can be regenerated from inexpensive s t a r t i n g  ma te r ia l s .  The polymer- 
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CHA 

supported HFe(C0)i  an ion  can a l s o  reduce a c i d  c h l o r i d e s  under m i l d  cond i -  

t i o n s  and t h e  system p rov ides  a s imp le  work-up procedure o f  t h e  r e d u c t i o n  

produc t .  42 

The t r a n s f o r m a t i o n  o f  a c y l  c h l o r i d e s  t o  aldehydes has a l s o  been achieved 

w i t h  t r i b u t y l t i n  h y d r i d e  ca ta l yzed  by zero- o r  d i v a l e n t  p a l l a d i u m  complexes 

and t h e  y i e l d s  o f  aldehydes a re  s a t i s f a c t o r y .  43-48 Organos i l  i c o n  hyd r ides  

have been repo r ted  t o  r e a c t  w i t h  a c i d  c h l o r i d e s  i n  t h e  presence o f  c a t a l y s t  

a t  e leva ted  temperature t o  g i v e  aldehydes. 

l yzed  r e a c t i o n  by rhodium complexes t h e  p roduc t  has been found t o  be u s u a l l y  

a m i x t u r e  o f  comparable amounts o f  aldehyde and ketone, t h e  r a t i o  be ing  l a rge -  

l y  dependent upon t h e  l i g a n d  o f  complexes and t h e  n a t u r e  o f  compounds. 

However, i n  t h e  case o f  t h e  cata- 

49-51 

0 
I 1  Pd o r  Rh c a t a l y s t  > RCHO R-C-C1 + S i H R 3  

3 .  Amides t o  Aldehydes 

S ince  Friedman observed t h a t  LAH may be u t i l i z e d  f o r  t h e  p a r t i a l  reduc- 

t i o n  o f  amides t o  aldehydes i n  1949,5 a number o f  au thors  have subsequent ly 

a p p l i e d  i t  t o  t h e  p r e p a r a t i o n  o f  a v a r i e t y  o f  aldehydes. 

development has i n v o l v e d  t h e  s e l e c t i v e  reduc t i ons  o f  N,N-d isubs t i tu ted  carbox- 

amides such as 1 - a c y l a z i r i d i n e s  - 1!2 

The most success fu l  

1 -acy lcarbazo les  - 2!3 N-methylani 1 i d e s  

2 - 1 - 3 - 

0 
It 

0 
II 7 - N  

R-C-NJ R-C-N-OCH3 
I - 

CH3 CH3 

6 - 5 - 4 - 
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ALDEHYDES BY REDUCTION OF CARBOXYLIC ACIDS AND THEIR DERIVATIVES 

3,  54-58 l-acyl-3,5-dimethylpyrazoles 5 59s60 1-acyl imidazoles 3’ and N- 

methoxy-N-methylamides - 6!2 Such success seems due t o  the  e l e c t r o n i c  e f f e c t  

o f  the subs t i t uen t  i n  reducing resonance i n t e r a c t i o n s  between the  amide n i -  

t rogen and the carbonyl group. 

acy l  saccharins - 7 w i t h  sodium bis(2-methoxyethoxy)aluminohydride (SDA) , 
and o f  3-acylthiazolidine-2-thione 8 w i t h  di isobutylaluminum hydr ide 

(DIBAH)65, SBHtSa o r  LTBAt5‘ have a l so  been repor ted t o  be use fu l  methods 

The reduc t i on  o f  N-methylani l ides and N- 
63,64 

R-C-N, 
S *o 

7 - 

R-C-N S 
I 

8 - 

f o r  preparat ion o f  aldehydes. Brown and Tsukamoto found t h a t  l i t h i u m  tri- 

ethoxyaluminohydride reduces N,N-dimethylamides t o  the  corresponding alde- 

hydes i n  e the r  s o l u t i o n  a t  O°C i n  y i e l d s  o f  seventy t o  The proce- 

dure appears t o  be equa l l y  s a t i s f a c t o r y  f o r  a l i p h a t i c ,  a l i c y c l i c  and aro- 

mat ic  de r i va t i ves ,  w i t h  the except ion o f  conjugated ones. 

aluminohydride i n  a l i m i t i n g  amount has a l so  been found t o  prov ide s i m i l a r  

The d ie thoxy-  

66,67 r e s u l t s .  

H2° 
0 

1 II 
R-C-NMe2 + Li(Et0)3A1H ( o r  T L ~ ( E ~ O ) ~ A ~ H ~  ) 4 RCHO 

While DIBAH and sodium di isobutylaluminum hydr ide have proved t o  be 

use fu l  reagents f o r  t ransformat ion o f  n i  t r i l e s l ”  and es te rs  68bs71 into 

aldehydes, both have been appeared l e s s  than e f f e c t i v e  f o r  conversion o f  

amides t o  aldehydes.68 However, t h e  s e l e c t i v e  reduc t i on  o f  N,N-disubsti- 

t u ted  amides by sodium aluminum hydr ide (SAH) and sodium alkoxyalumino- 

hydr ides has proved a use fu l  r o u t e  t o  the  corresponding  aldehyde^.^' 
p e c i a l l y  SAH has reduced dimethylamides o f  a l i p h a t i c ,  aromat ic and hetero- 

c y c l i c  acids o f  wide ly  va ry ing  s t r u c t u r a l  types t o  aldehydes i n  y i e l d s  from 

Es- 
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CHA 

70-90%. Diami noaluminum hydrides, especia l  l y  b i  s(  4-methyl-l-piperatinyl ) 

RCHO H2° , 0 
1 R-C-NMe2 + 7NaA lH4  - 

aluminum hydr ide (BMPA), have a l s o  proved t o  be use fu l  reagents i n  a new 

p repara t i ve  method f o r  aldehydes from t h e  corresponding carboxamides. 70 

RCHO 
n 

+ H-A1(N-N-Me)2 
fl /R' 

R-C-N, 
R" 

4. Es te rs  t o  Aldehydes 

The conversion o f  c a r b o x y l i c  e s t e r s  t o  aldehydes o r i g i n a t e d  from 

Zakharkin and coworkers. 

reduc t i on  o f  var ious a l i p h a t i c  and aromat ic e s t e r s  a t  low temperature (about 

- ~ O ' C ) . ~ ~  The y i e l d s  o f  aldehydes are very h igh.  

widespread a p p l i c a t i o n  t o  t h e  s e l e c t i v e  reduc t i on  o f  t he  e s t e r  f unc t i on .  

They u t i l i z e d  commercially a v a i l a b l e  DIBAH on the  

Th is  procedure has found 

68b Sodium diisobutylaluminohydride as w e l l  has been successfu l ly  appl ied.  

V a r i a t i o n  of ca t i ons  i n  metal aluminum hydr ide us ing  l i t h i u m ,  sodiuma o r  

potassium has a l s o  been examined.72 Among these, t he  sodium d e r i v a t i v e  

has achieved t h e  most s a t i s f a c t o r y  r e s u l t  f o r  such t ransformat ion a t  low 

temperature . 
LTBA r e a d i l y  reac ts  w i t h  phenyl e s t e r s  o f  a l i p h a t i c  ca rboxy l i c  ac ids 

73 a t  O°Ca forming t h e  corresponding aldehydes i n  y i e l d s  of approximately 70%. 

Brown and Weissman noted t h a t  t h e  mi ldness o f  t h e  reagent i s  p a r t i c u l a r l y  

0 
N 

R-C-Oph + Li(t-Bu0)3A1H ___+ - RCHO 
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ALDEHYDES BY REDUCTION OF CARBOXYLIC ACIDS AND THEIR DERIVATIVES 

advantageous i n  cases where the  molecule conta ins o the r  r e a d i l y  reduc ib le  

f u n c t i o n a l  groups. Muraki and Mukaiyama have success fu l l y  app l i ed  var ious 

diaminoaluminum hydr ides t o  the  p a r t i a l  reduc t i on  o f  ca rboxy l i c  esters .  

BMPA was found t o  be t h e  most e f f e c t i v e  i n  the  se r ies  o f  aluminum reagents, 

Kanazawa and Tokoroyama modif ied the  SDA s o l u t i o n  by the  a d d i t i o n  o f  one 

equiva lent  o f  N-methylpiperazine o r  morpholine, which a f f o r d s  an e x c e l l e n t  

reagent f o r  t he  p a r t i a l  reduc t i on  o f  es te rs  t o  aldehydes i n  even b e t t e r  

y i e l d s  than diaminoaluminum h y d r i d e ~ . ~ ~  Very recen t l y ,  Cha and coworkers 

74 

n n 
0 II H-N-N-Me( o r  H-N-0) H20 

R-C-OR' + Na( CH30CH2CH20)2A1H2 > + RCHO 

developed a new c lass of reducing agents, l i t h i u m  tris(dialky1amino)aluminum 

hydr ides, prepared from the r e a c t i o n  o f  LAH w i t h  three equiva lents  o f  t he  

corresponding d i a l  kylamines. 

a c t e r i s t i c s  o f  l i t h i u m  tris(diethy1amino)aluminum hydr ide (LTDEA), one o f  

the c lass o f  reducing agents, revealed t h a t  the reagent e f f e c t s  the  des i red 

transformat ion,  showing s i x t y  to 90% y i e l d s  a t  -78°C.76 The extensive i n -  

v e s t i g a t i o n  o f  t h i s  k i n d  o f  reagent f o r  such purposes i s  progressing. 

P re l im ina ry  experiments on the  reducing char- 

RCHO H2° , 0 
I 

R-C-OR' + Li(Et2N)3A1H 

Hydrogenation o f  ca rboxy l i c  es te rs  us ing y t t r i u m  oxide o r  z i rconium ox- 

i d e  c a t a l y s t  seems t o  prov ide a h i g h l y  e f f e c t i v e  t ransformat ion i n t o  alde- 

hydes, a1 though f u l l  experimental d e t a i l s  are lack ing.  77 

5. Lactones t o  Lac to l s  

Sodium amalgam78 was the so le  reagent f o r  t he  p a r t i a l  reduc t i on  o f  l ac -  

tones u n t i l  Wolfrom and Wood used SBH t o  rep lace i t  i n  t h e  c l a s s i c a l  p a r t i a l  

reduc t i on  of sugar lac tone^.^' A r t h  f i r s t  u t i l i z e d  LAH success fu l l y  t o  r e -  

duce lactones t o  aldehydes.80 SAH a l  so reduces 6-valerolactone t o  w-hyd- 
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roxyvarera ldehyde a t  -45OC i n  a y i e l d  o f  75%.72 A l though t h e  sys temat i c  

s tudy  o f  such p a r t i a l  reduc t i ons  w i t h  D I B A H  has n o t  y e t  been c a r r i e d  ou t ,  

some success fu l  a p p l i c a t i o n s  o f  t h e  reagent  f o r  t h e  s e l e c t i v e  r e d u c t i o n  o f  

l a c t o n e  f u n c t i o n  i n  t h e  course o f  t o t a l  syntheses o f  n a t u r a l  p roduc ts  have 

been found. 81-85 Bis-3-methy l -2 -bu ty l  borane ( d i s i a m y l  borane, Sia2BH) a l s o  

have proved t o  be a u s e f u l  reagent .  86’87 The r e l a t i v e l y  r a p i d  r e a c t i o n  o f  

Sia2BH w i t h  l ac tones  p rov ides  a conven ien t  e n t r y  t o  t h e  cor respond ing  hyd- 

roxyaldehydes. 

reagent  f o r  t h i s  purpose have been described.88 SDA i n  t h e  presence of  one 

e q u i v a l e n t  o f  abso lu te  e thano l  has e f f e c t e d  such purpose; i t  smoothly r e -  

duces l ac tones  s e l e c t i v e l y  a t  O°C t o  a f f o r d  t h e  cor respond ing  l a c t o l s  i n  

good y i e l d s .  

A cons ide rab le  number o f  i n t e r e s t i n g  a p p l i c a t i o n s  o f  t h e  

75 

6. T h i o e s t e r s  t o  Aldehydes 

Th ioes te rs  d e r i v e d  f rom c a r b o x y l i c  ac ids  have proved t o  be f a c i l e  de- 

r i  v a t i  ves be 

procedures. 

method u s i n g  

f i f t y  t o  80% 

t h i  ocarbarni c 

ng s a t i s f a c t o r i l y  conver ted  t o  aldehydes by s imp le  r e d u c t i o n  

Wolfrom and Karabinos i n i t i a t e d  t h i s  r e d u c t i v e  d e s u l f u r i z a t i o n  

Raney n i c k e l .  1s3’89 The y i e l d s  a r e  g e n e r a l l y  i n  t h e  range o f  

2 - T h i a z o l i n e - 2 - t h i o l  e s t e r s A g O  o r  carboxy l  i c  d i m e t h y l d i -  

anhydr ides Ug1 have a l s o  been conver ted  t o  aldehydes by t r e a t -  

ment w i t h  DIBAH i n  y i e l d s  o f  s i x t y  t o  90%. The t h i o a c i d  s a l t  f u n c t i o n  i n  

an N-acy la ted  6 - a m i n o t h i o p e n i c i l l a n i c  a c i d  s a l t  has been sub jec ted  t o  r e -  

0 
R - t - S f  1 

N 
9 - 

0 
I1 

R-C-S-C-NMe2 
S 
II 

10 - 

d u c t i v e  d e s u l f u r i z a t i o n  w i t h  Raney n i c k e l  i n  a homogeneous combina t ion  o f  

THF, a c e t i c  ac id ,  and N,N’-diphenylethylenediamine, which served t o  t r a p  t h e  

nascent aldehyde th rough fo rma t ion  o f  t h e  i m i d a z o l i d i n e  d e r i ~ a t i v e . ’ ~  The 

y i e l d s  o f  t h e  cor respond ing  p e n i c i  1 l i n  aldehydes, produced upon t h e  con- 
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ALDEHYDES BY REDUCTION OF CARBOXYLIC ACIDS AND THEIR DERIVATIVES 

trolled hydrolysis, are approximately 50%. 

7. Anhydrides to Aldehydes 

One of two acyl groups in anhydrides has been converted selectively to 

the aldehyde stage. 

sion; however, the reaction has appeared synthetically of no practical use 

because of low yields and drastic  condition^.^^ The first successful example 

achieved using disodium tetracarbonyl ferrate.94 The reagent has converted 

acid anhydrides to aldehydes and carboxylic acids, or aldehydic acids in the 

case of cyclic anhydrides, in good yields. Thexylchloroborane-dimethyl sul- 

fide (ThxBHC1.SMe2) has also revealed the possibility of producing aldehydes 

or aldehydic alcohols from acid  anhydride^.'^ Preliminary experiments con- 

firmed the formation of acetaldehyde from the reaction of acetic anhydride 

with the reagent in a yield of more than 80%. 

has not been carried out yet. 

Selective hydrogenation has been applied to this conver- 

However, any systematic study 

8. Nitriles to Aldehydes 

Transformation from organic nitriles to aldehydes generally takes the 

form of partial reduction of the nitrile to an aldimine - 11 followed by hy- 

drolysis to give the aldehyde. lSg6 One of the oldest variations of this at- 

R-CtN RCHsNR' + RCHO 
11 - 

tractive synthetic route i s  the Stephen reaction reported in 1925.2'3 While 

it is usually satisfactory for aromatic nitriles, it has proved less than 

satisfactory and undependable for aliphatic derivatives. 2,97 

LAH has generally not been applicable to the partial reduction of ni- 

triles even under controlled conditions with a limiting amount of hydride 

at low temperat~re.~' However, several modified aluminum hydrides have been 

used success f u 1 1 y . Sod i urn t r i e thoxy a 1 urni nohydr i de converts var i ou s aroma t i c 
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n i t r i l e s  t o  aldehydes, b u t  t h i s  procedure i s  n o t  app l i cab le  t o  the  selec- 

t i v e  reduc t i on  o f  a l i p h a t i c  n i t r i l e s . "  L i t h i u m  t r i e t h o x y a  uminohydride, 

however, has appeared t o  be an e x c e l l e n t  reagent both fo r  a i p h a t i c  and aro- 

ma t i c  n i t r i l e s .  loo OIBAH a l so  can be used successfu l ly  f o r  such conver- 

s ion.  lo' A1 though sodium d ia lky la luminohydr ides such as sodium d i i s o b u t y l -  

aluminohydride68b and sodium diethy1aluminohydridelo2 have n o t  been app l i ed  

s a t i s f a c t o r i l y  f o r  the p a r t i a l  reduct ion,  t he  a d d i t i o n  o f  a bu l ky  Lewis a c i d  

seems t o  c o n t r o l  t he  overreduct ion by means o f  adduct format ion w i t h  the n i -  

t r i l e .  For  example, sodium d iethy la luminohydr ide i n  the presence o f  2,6-di- 

t-butylphenoxydiethylaluminum reduces var ious a l i p h a t i c  and aromat ic de r i va -  

t i v e s  t o  aldehydes i n  h igh  y i e l d s ,  102 

Hydrogenation procedures w i t h  Raney n i c k e l  i n  an a c i d i c  medium are com- 

p l i c a t e d  with f u r t h e r  reduct ion.  lo3 Improved y i e l d s  have been repor ted by 

105 conducting the  reduc t i on  i n  the  presence o f  hydrazine,lo4 phenylhydrazine, 

o r  semi carbazide , 106'107 which removes the aldehyde from f u r t h e r  reac t i on ,  

b u t  

c u l  t i e s .  t he  recent developments f o r  regenerat ion o f  aldehyde pro- 

ducts from oximes and hydrazones us ing t h a l l  ium( 111) n i  t r a t e l o 8  o r  c e t y l  tri- 

methy lanonium permanganate"' may overcome t h i s  drawback. A procedure i n -  

v o l v i n g  the  l i b e r a t i o n  o f  hydrogen w i t h  Raney n i c k e l  i n  the  presence o f  so- 

dium hypophosphite i n  aqueous acetec a c i d  has conducted t h e  conversion o f  

aromatic n i t r i l e s  t o  aldehydes i n  good y i e l d s ;  however, the y i e l d s  f o r  h in -  

dered n i t r i l e s  such as 0- and p - t o l u o n i t r i l e s  and a - n a p h t h o n i t r i l e  are l ess  

than 4O%.l1O F i n a l l y ,  a modi f ied method i n v o l v i n g  Raney a l l o y  i n  75% aque- 

ous formic a c i d  i n  r e f l u x  has succeeded i n  conver t ing n i t r i l e s ,  i n c l u d i n g  

hindered ones, t o  the  corresponding aldehydes i n  good y i e l d s .  '11 

subsequent 1 b e r a t i o n  o f  t he  aldehyde from the  product presents d i f f i -  

However 

However, 

t he  y i e l d s  o f  aldehydes are l a r g e l y  dependent upon the r e a c t  

A two-step procedure f o r  t he  p a r t i a l  reduc t i on  of n i t r i  

on condi t ions.  

es, i n  which 
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ALDEHYDES BY REDUCTION OF CARBOXYLIC ACIDS AND THEIR DERIVATIVES 

the n i t r i l e  f unc t i on  i s  a c t i v a t e d  w i t h  a Lewis ac id  o r  through N - a l k y l a t i o n  

o f  t he  n i t r i l e  t o  N - a l k y l n i t r i u m  i o n  - 12 fo l lowed by reduc t i on  w i t h  organo- 

s i l i c o n  hydr ide,  has been repor ted by Fry. '12 This  approach has proved t o  

be e f f e c t i v e ,  e s p e c i a l l y  f o r  the s e l e c t i v e  reduc t i on  o f  t he  n i t r i l e  f u n c t i o n  

i n  po l y func t i ona l  substrates,  

E t 3 S i H  
R - C ~ N  R C H ~ N R ~  x- > RCH=NR' - RCHO 

12 - 
Very recen t l y ,  a systemat ic study on the  p a r t i a l  reduc t i on  o f  n i t r i l e s  

t o  aldehydes w i t h  thexylbromoborane-dimethyl s u l f i d e  (2,3-dimethyl-2-butyl- 

bromoborane-dimethyl s u l f i d e ,  ThxBHBr-SMe2) under p r a c t i c a l  condi t ions has 

been c a r r i e d  out.  '13 The y i e l d s  o f  aldehydes are good i n  the  a l i p h a t i c  se- 

r i e s ,  w h i l e  the  y i e l d s  o f  aromat ic se r ies  vary w i t h  the  subst i tuents .  G r i -  

gnard r e a c t i o n  o f  n i t r i l e s  i n  t h e  presence o f  t i tanocene d i c h l o r i d e  a l so  

provides aldehydes i n  f i f t y - t w o  t o  68% y i e l d s .  114 

9. Acid S a l t s  t o  Aldehydes 

The f i r s t  development f o r  

t o  aldehydes has been achieved 

h igh  y i e l d s .  '15 The f a c i l e  reduc t i on  i s  due t o  the  s imple s u b s t i t u t i o n  fo r  

conversion o f  sodium and 

by us ing ThxBHBr*SMe2 a t  

l i t h i u m  carboxylates 

room temperature i n  

bromine by carboxyl  a te  t o  form thexy l  (acy l  oxy) borane - 13, the acy l  oxy group 

0 

0 13 - 
o f  which i s  then r e a d i l y  reduced t o  an aldehyde by another equ iva len t  o f  the 

reagent, 

116 treatment w i t h  two equiva lents  o f  9-borabicyclo[3.3.1lnonane (9-BBN, 14). 
The r e a c t i o n  i s  be l ieved t o  form an a d d i t i o n  compound 15, t he  acyloxy moiety 

The carboxylates have a l s o  been r e a d i l y  converted t o  aldehydes by 
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of which i s  subsequent ly reduced t o  t h e  aldehyde s tage i n  t h e  presence o f  

another  e q u i v a l e n t  o f  - 14. 

15 - 14 - 

10. Misce l laneous 

A number o f  misce l laneous u s e f u l  methods f o r  p r e p a r a t i o n  of aldehydes 

from c a r b o x y l i c  a c i d  d e r i v a t i v e s ]  th rough fo rma t ion  o f  s u i t a b l e  i n te rmed ia tes  

f o l l o w e d  by reduc t i on ,  have been pub l ished.  Da lescha l l  has conver ted  v a r i -  

ous a c i d  c h l o r i d e s  t o  aldehydes v i a  s - t r i a z o l i u m  s a l t s  - 16, which a re  reduced 

w i t h  SBH o r  LAH t o  t h e  cor respond ing  s - t r i a z o l i n e s  - 17 fo l l owed  by  h y d r o l y -  

s i s .  '17 Carboxy l i c  ac ids  have been converted t o  aldehydes th rough fo rmat ion  

P h  . .. 
1 R(gTSMe Ie 
N- 
1 
Ph 

16 - 

rh 
H RXN N-N YMe 

bh 

17 - 

o f  2 - s u b s t i t u t e d  1,3-benzoxathiol ium p e r c h l o r a t e s  - 18. The in te rmed ia tes  a r e  

reduced w i t h  LAH t o  t h e  cor respond ing  2 - s u b s t i t u t e d  1,3-benzoxathiole d e r i v -  

a t i v e s  - 19, which then produce aldehydes upon h y d r o l y s i s .  Al though t h i s  meth- 

od i s  e f f e c t i v e  bo th  f o r  a v a r i e t y  o f  a l i p h a t i c  and aromat ic  c a r b o x y l i c  ac ids  

i n  o v e r - a l l  y i e l d s  o f  s i x t y  t o  90%, i t  s u f f e r s  f rom t h e  m u l t i - s t e p  proce- 

18 - 19 - 
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ALDEHYDES BY 

dure. 11* Similarly, Cra 

through formation of the 

and subsequent reduction 

Me 

REDUCTION OF CARBOXYLIC ACIDS AND THEIR DERIVATIVES 

g and coworker have achieved such transformation 

quaternary 1,3-dimethyl benzimidazol ium salts - 20 

to - 21 with SBH or LAH, followed by hydrolysis. 119 

I 
Me 

20 - 

Me 

I 
Me 

21 - 

Ogura and coworkers have devised a method utilizing formation and dissocia- 

tion of a C-C bond at the acyl carbon by employment of methylthiomethyl p- 

tolyl sulfone to form the acylated derivat 

then reduced to the corresponding alcohols 

alyzed degradation to aldehydes. 120 Acyld 

ves 22. The intermediates are 

23 by SBH, followed by base cat- 

ethylphosphonates, prepared from 

- 
- 

/ SCH3 

3 0 II CH2*S02Tol e S H 3  NaBH4 ,SCH 
\ 

R-C-CH > R-CH-CH 
NaH ‘S02Tol S02Tol 

R-C-OR’ 

23 - 22 - 
the corresponding acid chlorides and triethylphosphate, have proved to be 

converted readily to aldehydes by SBH. 12’ 

The reduction of ester-mesylate intermediates X w i t h  SBH simply leads to 

formation of the acetal - 25, which then readily provides aldehydes upon hy- 

drolysis. 122 The reductive desulfuration of thiobenzanilides with Raney 

nickel is one of the classical methods. 

The yields o f  aldehydes are high. 

123 

1 
R-C, 

0 OS02CH3 
/ I  

CH-CH 
/ \ 

CH3 CH3 
24 - 

R H  
A 

CH3 CH3 

0 0  
\ I  
CH-CH 
/ \  

25 
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11. DIRECT REDUCTION OF CARBOXYLIC A C I D S  TO ALDEHYDES 

Although a number of methods have appeared t o  be w i d e l y  a p p l i c a b l e  meth- 

od t o  g e t  aldehydes from c a r b o x y l i c  a c i d  d e r i v a t i v e s ,  t h e  most d e s i r a b l e  

method seems t o  be a d i r e c t  convers ion  of f r e e  c a r b o x y l i c  ac ids  t o  aldehydes 

because o f  t h e i r  abundance i n  na tu re .  

Apparent ly  t h e  f i r s t  achievement i n  t h e  d i r e c t  t rans fo rma t ion  o f  car -  

b o x y l i c  a c i d  i n t o  aldehydes was r e p o r t e d  by Burgs tah le r  and Worden i n  1961, 

i n  which dehydroab ie t i c  a c i d  was reduced by l i t h i u m  meta l  i n  e thy lamine f o l -  

124 They lowed by h y d r o l y s i s  t o  p r o v i d e  A -ab ie tana l  i n  a y i e l d  o f  80%. 

prompt ly  a p p l i e d  t h i s  i n t e r e s t i n g  r e s u l t  t o  a number o f  o t h e r  a l i p h a t i c  ca r -  

boxy l  i c ac ids .  125 However, t h e  y i e l d s  of aldehydes were much lower .  A dec- 

ade l a t e r ,  Bedenbaugh, B e r g i n  and Adkins developed t h i s  r e a c t i o n  as a gener- 

a l  s y n t h e t i c  r o u t e  t o  a l i p h a t i c  aldehydes; they  u t i l i z e d  methylamine i n s t e a d  

of e thy lamine and i s o l a t e d  imines t o  a f fo rd  aldehydes upon h y d r o l y s i s .  

The y i e l d s  o f  aldehydes from sa tu ra ted  ac ids  a r e  approx imate ly  60%. 

Zakhark in  and K h o r l i n a  u t i l i z e d  DIBAH, which had been s u c c e s s f u l l y  a p p l i e d  

f o r  t h e  r e d u c t i o n  o f  es te rs7 '  and n i t r i l e s l o l  t o  aldehydes, i n  t h e  conver-  

s i o n  o f  f r e e  ac ids  t o  aldehydes a t  -70 t o  - 7 5 O C .  The y i e l d s  of aldehydes 

ob ta ined were f o r t y  t o  70% a t  t h a t  temperature;  however, on r a i s i n g  t h e  r e -  

a c t i o n  temperature t o  -6OOC t h e  y i e l d s  droped t o  l e s s  than 30%, showing t h e  

s t r o n g  dependence on r e a c t i o n  temperature.  

8 

126 

I n  1964, 

127 

Brown, Heim and Yoon i n i t i a t e d  t h e  use o f  s u b s t i t u t e d  boranes on t h e  

p a r t i a l  r e d u c t i o n  o f  f r e e  c a r b o x y l i c  ac ids .  12' Excess thexy lborane (ThxBH2), 

a monoalkylborane, reduced cap ro i c  a c i d  and benzo ic  a c i d  i n  r e f l u x i n g  THF 

t o  t h e  cor respond ing  aldehydes i n  y i e l d s  o f  98% and 82%, r e s p e c t i v e l y .  How- 

ever,  i n  view of  t h e  f a c t  t h a t  ThxBH2 r e q u i r e s  such r e f l u x i n g  o f  t h e  THF so- 

l u t i o n  and a cons ide rab le  excess o f  t h e  reagent  ( t h r e e  e q u i v a l e n t s  excess),  

t h e  reagent  seems n o t  t o  be recommended f o r  p r a c t i c a l  purposes. S i m i l a r l y ,  

466 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
3
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



ALDEHYDES BY REDUCTION OF CARBOXYLIC ACIDS AND THEIR DERIVATIVES 

Muraki and Mukaiyama have u t i  1 i z e d  BMPA f o r  t h e  s t ra igh t fo rward  conversion 

w i t h  excess reagent i n  r e f l u x i n g  THF,12' Seventy t o  86% y i e l d s  o f  aldehydes 

were observed. 

agent from LAH has been repor ted and the  excel lence o f  t h i s  reagent has been 

Recently, an easy and inexpensive way t o  prepare t h i s  r e -  

RCHO H2° ~ 

0 
R-C-OH II t H - A l ( N q M e ) 2  reflux THF 

W 

demonstrated. 130 Brown and coworkers devised a va luable new methodology 

which invo lves the r a p i d  reduc t i on  o f  ca rboxy l i c  a c i d  w i t h  borane-dimethyl 

s u l f i d e  (BMS), fo l lowed by o x i d a t i o n  o f  t he  r e s u l t a n t  t r i a l koxyborox ine  w i t h  

py r id in ium chlorochromate (PCC) i n  r e f l u x i n g  methylene c h 1 0 r i d e . l ~ ~  This 

r e a c t i o n  i s  broadly  appl icable,  t o l e r a t i n g  many reduc ib le  subs t i t uen ts  w i t h  

h igh  y i e l d s  o f  aldehydes. 

us ing Grignard reagent i n  the presence o f  dichlorobisIn-cyclopetadienyl1- 

t i t a n i u m  have been repor ted by Sato and Jinbo. 132 The y i e l d s  are f i f t y  t o  

73%. 

convert  ca rboxy l i c  acids t o  aldehydes us ing N,N-dimethylchloromethylenirninium 

ch lo r i de ,  which a c t i v a t e s  t h e  ca rboxy l i c  group, and LTBA, which i s  a m i l d ,  

s e l e c t i v e  reducing agent, i n  a one-pot operat ion.  133 This method has a f -  

forded a means f o r  chemoselective reduc t i on  w i thou t  a t tack  on var ious reduc- 

i b l e  subst i tuents ,  such as bromo, cyano and e s t e r  groups, i n  y i e l d s  of s i x t y  

Attempts t o  convert  ca rboxy l i c  acids t o  aldehydes 

Fujisawa and coworkers proposed a s imple and chemoselective method t o  

t o  90%. CP 
C1, @,Me 

0 ,C = N, 
II H Me RCHO L i  ( t-Bu0)3A1H . H2° , R-C-OH 

Cat. CuI, -78OC 

Recently, Brown, Cha, Nazer and Yoon have developed an e f f e c t i v e  pro- 

cedure us ing thexylchloroborane-dimethyl s u l f i d e  (ThxBHC1*SMe2, 26) t o  con- 

v e r t  a c y c l i c  and a l i c y c l i c  ca rboxy l i c  ac ids t o  aldehydes i n  almost quant i -  
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t a t i v e  y i e l d s ,  w i t h  no observable dependence on t h e  s t r u c t u r e  o f  t h e  ac id ,  

i n  a m a t t e r  o f  minutes a t  ~ s ~ c . ~ ~ ~  The r e a c t i o n  i s  q u i t e  genera l ,  Fu r the r -  

>+.BCH SMe2 
B r  

27 - 26 - 

more, many o t h e r  r e a d i l y  r e d u c i b l e  f u n c t i o n a l  groups so l ong  as a lkene func-  

t i o n  a r e  n o t  p resent ,  t o l e r a t e d  these r e a c t i o n  c o n d i t i o n s ,  However, t h e  

r e d u c t i o n  o f  a romat ic  ac ids  w i t h  t h i s  reagent  was much more s l u g g i s h  and 

t h e  y i e l d s  v a r i e d  w i t h  t h e  s u b s t i t u e n t .  

i n  t h e  r e d u c t i o n  o f  a l i p h a t i c  and aromat ic  c a r b o x y l i c  a c i d s  has p rov ided  a 

means f o r  t h e  s e l e c t i v e  convers ion  o f  a c a r b o x y l i c  a c i d  group a t tached  t o  

an a l i p h a t i c  o r  a l i c y c l i c  mo ie ty  i n  t h e  presence o f  a c a r b o x y l i c  a c i d  group 

a t tached  t o  an aromat ic  mo ie ty ,  

reduc ing  c h a r a c t e r i s t i c s  o f  - 26 toward t h e  r e p r e s e n t a t i v e  o rgan ic  f u n c t i o n a l  

groups has been c a r r i e d  ou t .  135 A p r a c t i c a l  method has been developed t o  

i s o l a t e  t h e  aldehyde produc ts  i n  a pure  fo rm by fo rming  t h e  sodium b i s u l -  

f i t e  adduct, f o l l o w e d  by  regenera t i on  w i t h  formaldehyde, or by  u s i n g  steam 

d i s t i l l a t i o n  t o  remove t h e  byproduct.  

(27 ) ,  - has a l s o  proved t o  work e q u a l l y  well.115 The reagent  t o l e r a t e s  more 

o rgan ic  f u n c t i o n a l i t i e s .  However, t h e  most u s e f u l  f e a t u r e  o f  t h i s  reagent  

i s  i t s  r e l u c t a n c e  t o  hydrobora te  carbon-carbon double bonds, an advantage 

of t h i s  reagent  o v e r z w h i c h  r e a d i l y  adds t o  alkenes. 
115c of  t h i s  reagent  has a l s o  been f u l l y  cha rac te r i zed .  

The remarkable d i f f e r e n c e  i n  r a t e s  

Furthermore, t h e  sys temat i c  s tudy  o f  t h e  

An analogous reagent,  ThxBHBr*SMe2 

The reduc ing  power 

Very r e c e n t l y ,  Cha and coworkers have centered  t h e i r  e f f o r t s  t o  u t i -  

H2° 
0 
II 

R-C-OH + 2 ThxBHCl SMe2(or ThxBHBr SMe2) - + RCHO 
25OC 
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lize the comnercially avialble 9-BEN in the direct reduction of free acids 

to aldehydes, 

and electronic features for the acyloxy group being converted to the alde- 

hyde stage readily. The acyloxy moiety of 28 was readily reduced by lith- 

The acyloxy-9-BEN 28 seems to possess adequate structural 

R-C-0-6 la 
30 - 29 

ium 9-boratabicyclo[3.3. llnonane (Li 9-BBNHB 30) and the reduction stops 
at the aldehyde stage. 13' The yields of aldehydes are 80-100%. 

oxy group of g w a s  also readily converted to the aldehyde stage through 

- 28 - 

The acyl- 

stepwise treatment with t-butyllithium and 9-BEN. 137 This interesting re- 

action seems to be rationalized by the consecutive hydride-transfer path- 

way in which the hydride from - 29 migrates to 9-BEN ( i  .e., formation of 30) 
and then again the hydride f r o m a  species attacks the carbonyl carbon of 

the acyloxy moiety.13' Furthermore, the acyloxy group of 28 can also be 
reduced to the aldehyde stage even by one equivalent of LAH or LTDEA in the 

presence of excess pyridine in high yields. 

this reaction is under investigation in detail. 

The role of pyridine in 

A report has appeared that the hydrogenation of carboxylic acids in 

the presence of an inorganic catalyst provides the corresponding aldehydes 

efficientlyB14' but details are lacking. 
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CONCLUDING REMARKS 

A number o f  use fu l  methods f o r  t ransformat ion o f  ca rboxy l i c  ac ids them- 

selves o r  t h e i r  d e r i v a t i v e s  t o  the corresponding aldehydes us ing var ious re -  

ducing systems have been developed. 

o f f e r s  a simple, general, d i r e c t  procedure both f o r  t he  reduc t i on  and the  

i s o l a t i o n  o f  aldehyde products processes, 

t i o n .  

However, none o f  these methods r e a l l y  

Every system has i t s  own l i m i t a -  

There are two approaches o f  dev i s ing  new methodology f o r  such a t rans -  

format ion:  development o f  t he  new reducing agents o r  o f  r e a c t i v e  in termedi -  

ates o f  ca rboxy l i c  acids. A t  the present t ime, the  systemat ic m o d i f i c a t i o n  

o f  reducing c h a r a c t e r i s t i c s  o f  t he  parent  aluminum and boron hydr ides i s  un- 

der extens ive i n v e s t i g a t i o n .  I n  add i t i on ,  the r e a c t i v e  intermediates,  w i t h  

adequate s t r u c t u r a l  and e l e c t r o n i c  features f o r  the acyloxy group being con- 

ver ted t o  the  aldehyde stage, i s  being examined sys temat i ca l l y  w i t h  var ious 

metal hyd r i  de sys tems. 
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