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RECENT DEVELOPMENTS IN THE SYNTHESIS OF ALDEHYDES BY REDUCTION
OF CARBOXYLIC ACIDS AND THEIR DERIVATIVES WITH METAL HYDRIDES. A REVIEW

Jin Soon Cha
Department of Chemistry
Yeungnam University

Gyongsan 713-749, KOREA

INTRODUCTION
The development of simple synthetic routes to aldehydes from readily

available carboxylic acids and their derivatives is an important goal in or-
ganic chemistry. During the past 70 years, numerous efforts have been made

1 Accordingly,

to find simple and general synthetic routes to aldehydes.
many useful reducing agents have been developed and considerable success has
been achieved in obtaining high transformations in this reduction process,
This review attempts to cover all efforts paid to find reduction procedures
from carboxylic acids and their derivatives to aldehydes. We have attempted
to organize all the literature references in chronological order, Useful

methods which have found widespread application in recent organic synthesis

are emphasized,

I. REDUCTION OF CARBOXYLIC ACID DERIVATIVES TO ALDEHYDES
1. Brief Survey of the Older Methods

The oldest reduction method for preparation of aldehydes from carboxy-
lic acid derivatives originated from Sonn and Miller in 1919.2 This reac-
tion involved the reduction of imido chlorides, derived themselves from acid
anilides, with stannous chloride and the subsequent hydrolysis of the re-

sultant imines to provide aldehydes. The Stephen reduction for the conver-
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CHA
sion of nitriles to aldehydes with stannous ch]oride2’3 can be considered

in the same class of reduction, Reductive desulfuration of thiol esters,
prepared easily from acid chlorides, with Raney nicke]z’4 is also one of
the ingeniously devised older methods. These reactions had been the re-
commended procedures until Friedman observed that the controlled reduction
of nitriles and amides by 1ithium aluminum hydride (LAH) provides a con-

venient synthetic route.z'5

Although he has not reported any detailed pro-
cedure of the LAH reduction, a number of authors have subsequently applied
it with success to the partial reduction of various carboxylic acid deriva-
tives using a limiting amount of LAH. However, in spite of its convenience
LAH suffers from its own limitation due to its exceedingly powerful reducing
characteristics. Consequently, it is gquite difficult to apply this reagent
for such transformation of a multifunctional molecule. Thereafter, exten-
sive study on complex metal hydrides, involving the modification of parent

complex hydrides and the exploration of new reducing systems, has proceeded

for such transformations.

2. Acid Chlorides to Aldehydes

Until the 1950's, the Rosenmund reduction, which involves the hydro-
genation of an acid chloride in the presence of a suitable catalyst, usu-
ally supported palladium, had been considered as the most useful method for
transformation of acid chlorides into a]dehydes.s’7 The original Rosenmund
reduction suffers from two series disadvantages: the difficulty of repro-
ducing the precise poisoning of the catalyst to obtain good yields, and the
sensitivity of some substituents to the hydrogenation conditions. However,
several modified methods seem to overcome these difficulties to some ex-
tent, /20

In the course of modifying the reducing characteristics of LAH, Brown

and coworkers found lithium tri-t-butoxyaluminohydride (LTBA) provides a
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convenient synthetic route to aldehydes from acid chlorides in good

21-24

yields, Because of its simpiicity and mildness, LTBA has been used

) H,0
R-C-C1 +  Li(t-Bu0),ATH > > RCHO

widely for such purposes., Sodium borohydride (SBH), which possesses advan-
tages including ease of handling and low cost, has also been investigated
extensively, SBH itself can not stop at the aldehyde stage in the reduc-
tion of acid chlorides under the usual conditions.25 Several modified re-

action conditions including the use of polar solvents such as N,N-dimethyl-

formamide (DMF)26 or the prevention of overreduction by pyridine as a borane
scavenger,27 have been introduced. A polymer-supported borohydride also
0
_ H,0
R-C-C1 +  Nap, -Ryridine, 2 > RCHO

effected such transformations.28

The application of several transition metal borohydrides for the par-

tial reduction of acid chlorides has been studied. Especially complex cop-

29,30 31

per borohydrides, complex copper cyanoborohydrides,

32

and polymer-sup-

ported complex copper borohydrides

yields of aldehydes. The Cut Cu%+ Cd%+ or Zn2+-moderated borohydride re-

have been demonstrated to provide good

duction of acid chlorides in suitable solvents, such as DMF, acetonitrile,
or hexamethylphosphoramide (HMPA), have appeared to be effective for syn-

thesis of the corresponding aldeh,ydes.33'35

Anionic transition metal reductants, such as Fe(CO)i',%'38 HFe(CO)2.39

cov(c0) 3,0 Her(c0)3,*! and HI(C0);,*! have also been shown to be useful
for such transformations., These methods employ relatively mild conditions
and offer high yields (usually more than 80% both for aromatic and aliphatic
derivatives). The attractive advantage of these methods is that the re-

agents can be regenerated from inexpensive starting materials. The polymer-
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supported HFe(CO); anion can also reduce acid chlorides under mild condi-

tions and the system provides a simple work-up procedure of the reduction

product.42

The transformation of acyl chlorides to aldehydes has also been achieved
with tributyltin hydride catalyzed by zero- or divalent palladium complexes

and the yields of aldehydes are sat1'sfactory.43'48

Organosilicon hydrides
have been reported to react with acid chlorides in the presence of catalyst

at elevated temperature to give aldehydes. However, in the case of the cata-
lyzed reaction by rhodium complexes the product has been found to be usually

a mixture of comparable amounts of aldehyde and ketone, the ratio being large-

ly dependent upon the ligand of complexes and the nature of compounds.49-51

0

1}
R-C-C1 + SiHR Pd or Rh catalyst

3 RCHO

3. Amides to Aldehydes

Since Friedman observed that LAH may be utilized for the partial reduc-

5

tion of amides to aldehydes in 1949, a number of authors have subsequently

applied it to the preparation of a variety of aldehydes. The most successful
development has involved the selective reductions of N,N-disubstituted carbox-

52 53

amides such as l-acylaziridines 1,~ 1l-acylcarbazoles 2,° N-methylanilides

.. :
R-C-N R-C-N< ) R-c-rf@
CH,

1 2 3
0 CHy 0 0
I} — I ~N It
R-C-N I R-C-N R-C-N-OCH3
SN= —_ |
CH, CHq
4 5 6
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?4'58 l-acyl-3,5-dimethylpyrazoles 539’60 l-acylimidazoles §f1 and N-

methoxy-N-methy]amides_§f2

3
Such success seems due to the electronic effect
of the substituent in reducing resonance interactions between the amide ni-
trogen and the carbonyl group. The reduction of N-methylanilides and N-

acyl saccharins 7 with sodium bis(2-methoxyethoxy)aluminohydride (SDA)§3'64

and of 3-acylthiazolidine-2-thione 8 with diisobutylaluminum hydride

(DIBAH)65, SBH?sa or LTBA?5c have also been reported to be useful methods
Q S
: r‘Q 2 A
R-C-N'_ R-C-N S
5 —
0" 0
7 8

for preparation of aldehydes. Brown and Tsukamoto found that lithium tri-
ethoxyaluminohydride reduces N,N-dimethylamides to the corresponding alde-
hydes in ether solution at 0°C in yields of seventy to 90%.66 The proce-
dure appears to be equally satisfactory for aliphatic, alicyclic and aro-
matic derivatives, with the exception of conjugated ones. The diethoxy-

aluminohydride in a limiting amount has also been found to provide similar

resu]ts.66’67
0 H,0
[} . 1 . 2
R-C-NMe2 + L1(Et0)3A]H ( or E-L1(Et0)2A1H2 ) —> —=> RCHO

While DIBAH and sodium diisobutylaluminum hydride have proved to be

101 68b,71

useful reagents for transformation of nitriles and esters into

aldehydes, both have been appeared less than effective for conversion of

68

amides to aldehydes, However, the selective reduction of N,N-disubsti-

tuted amides by sodium aluminum hydride (SAH) and sodium alkoxyalumino-

9 Es-

hydrides has proved a useful route to the corresponding a]dehydes.6
pecially SAH has reduced dimethylamides of aliphatic, aromatic and hetero-

cyclic acids of widely varying structural types to aldehydes in yields from
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70-90%. Diaminoaluminum hydrides, especially bis(4-methyl-1-piperazinyl)

0
) H,0
R-C-NMe,  + & NaAlH, ———> —&—> RCHO

aluminum hydride (BMPA), have also proved to be useful reagents in a new

preparative method for aldehydes from the corresponding carboxamides.70

RCHO

7
v

R I\
R-C-N + H-AT(N N-Me)z
R" N

4, Esters to Aldehydes

The conversion of carboxylic esters to aldehydes originated from
Zakharkin and coworkers., They utilized commercially available DIBAH on the
reduction of various aliphatic and aromatic esters at low temperature (about
-70°C).71 The yields of aldehydes are very high. This procedure has found

widespread application to the selective reduction of the ester function.

0
R-C-OR'  + (1-Bu) ATH > > RCHO

Sodium diisobutylaluminohydride as well has been successfully apph‘ed.68b

Variation of cations in metal aluminum hydride using lithium, sodium, or
potassium has also been examined.72 Among these, the sodium derivative
has achieved the most satisfactory result for such transformation at low
temperature.

LTBA readily reacts with phenyl esters of aliphatic carboxylic acids
at 0°C. forming the corresponding aldehydes in yields of approximately 70%.73

Brown and Weissman noted that the mildness of the reagent is particularly

0
R-C-Oph  +  Li(t-Bu0),AIH > > RCHO
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advantageous in cases where the molecule contains other readily reducible
functional groups. Muraki and Mukaiyama have successfully applied various
diaminoaluminum hydrides to the partial reduction of carboxylic esters.74
BMPA was found to be the most effective in the series of aluminum reagents.
Kanazawa and Tokoroyama modified the SDA solution by the addition of one

equivalent of N-methylpiperazine or morpholine, which affords an excellent

reagent for the partial reduction of esters to aldehydes in even better

yields than diaminoaluminum hydrides.75 Very recently, Cha and coworkers
0 N { >
i H-N  N-Me(or H-N Q) H,0
R-C-OR' + Na(CH30CH2CH20)2AlH2 — —> > RCHO

developed a new class of reducing agents, lithium tris(dialkylamino)aluminum
hydrides, prepared from the reaction of LAH with three equivalents of the
corresponding dialkylamines, Preliminary experiments on the reducing char-
acteristics of l1ithium tris(diethylamino)aluminum hydride (LTDEA), one of
the class of reducing agents, revealed that the reagent effects the desired

76

transformation, showing sixty to 90% yields at -78°%. The extensive in-

vestigation of this kind of reagent for such purposes is progressing.

RCHO

v
N

"
R-C-OR + L1(Et2N)3A]H

Hydrogenation of carboxylic esters using yttrium oxide or zirconium ox-

ide catalyst seems to provide a highly effective transformation into alde-

hydes, although full experimental details are 1acking.77

5. Lactones to Lactols
78

Sodium amalgam’~ was the sole reagent for the partial reduction of lac-

tones until Wolfrom and Wood used SBH to replace it in the classical partial

reduction of sugar lactones.79

80

Arth first utilized LAH successfully to re-

duce Tactones to aldehydes, SAH also reduces &-valerolactone to w-hyd-
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72

roxyvareraldehyde at -45°C in a yield of 75%. Although the systematic

study of such partial reductions with DIBAH has not yet been carried out,
some successful applications of the reagent for the selective reduction of

lactone function in the course of total syntheses of natural products have

81-85

been found. Bis-3-methyl-2-butylborane (disiamylborane, SiaZBH) also

86,87

have proved to be a useful reagent. The relatively rapid reaction of

SiazBH with lactones provides a convenient entry to the corresponding hyd-
roxyaldehydes. A considerable number of interesting applications of the

88 SDA in the presence of one

reagent for this purpose have been described.
equivalent of absolute ethanol has effected such purpose; it smoothly re-
duces lactones selectively at 0%C to afford the corresponding lactols in

good yie]ds.75

6. Thiocesters to Aldehydes

Thioesters derived from carboxylic acids have proved to be facile de-
rivatives being satisfactorily converted to aldehydes by simple reduction

procedures., Wolfrom and Karabinos initiated this reductive desulfurization

1,3,89

method using Raney nickel. The yields are generally in the range of

90

fifty to 80%. 2-Thiazoline-2-thiol esters 97 or carboxylic dimethyldi-

thiocarbamic anhydrides lg?l have also been converted to aldehydes by treat-
ment with DIBAH in yields of sixty to 90%, The thioacid salt function in
an N-acylated 6-aminothiopenicillanic acid salt has been subjected to re-

9 S I
R-c-s_ ] R=C-S-C-Nie,
N
S
9 10

ductive desulfurization with Raney nickel in a homogeneous combination of
THF, acetic acid, and N,N'-diphenylethylenediamine, which served to trap the

92

nascent aldehyde through formation of the imidazolidine derivative. The

yields of the corresponding penicillin aldehydes, produced upon the con-
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trolled hydrolysis, are approximately 50%.

7. Anhydrides to Aldehydes

One of two acyl groups in anhydrides has been converted selectively to
the aldehyde stage. Selective hydrogenation has been applied to this conver-

sion; however, the reaction has appeared synthetically of no practical use
93

94

because of lTow yields and drastic conditions. The first successful example

achieved using disodium tetracarbonylferrate. 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 (TthHC]-SMez) has also revealed the possibility of producing aldehydes

or aldehydic alcohols from acid anhydrides.95

Preliminary experiments con-
firmed the formation of acetaldehyde from the reaction of acetic anhydride
with the reagent in a yield of more than 80%. However, any systematic study

has not been carried out yet.

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-

1,96

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

R-CsN —> RCH=NR' ————> RCHO
11

2,3

tractive synthetic route is the Stephen reaction reported in 1925, 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

98

at Tow temperature, However, several modified aluminum hydrides have been

used successfully. Sodium triethoxyaluminohydride converts various aromatic
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nitriles to aldehydes, but this procedure is not applicable to the selec-

99

tive reduction of aliphatic nitriles. Lithijum triethoxyaluminohydride,

however, has appeared to be an excellent reagent both for aliphatic and aro-

100

matic nitriles. DIBAH also can be used successfully for such conver-

101 Although sodium dialkylaluminohydrides such as sodium diisobutyl-

68b and sodium diethyla]uminohydride102 have not been applied

sion,
aluminohydride
satisfactorily for the partial reduction, the addition of a bulky Lewis acid
seems to control the overreduction by means of adduct formation with the ni-
trile. For example, sodium diethylaluminohydride in the presence of 2,6-di-

t-butylphenoxydiethylaluminum reduces various aliphatic and aromatic deriva-

tives to aldehydes in high yields,19?

Hydrogenation procedures with Raney nickel in an acidic medium are com-

103

plicated with further reduction. Improved yields have been reported by

conducting the reduction in the presence of hydrazine,104 pheny]hydrazine,105

106,107

or semicarbazide, which removes the aldehyde from further reaction,

but subsequent liberation of the aldehyde from the product presents diffi-

culties. However, the recent developments for regeneration of aldehyde pro-

ducts from oximes and hydrazones using thallium(III) nitrate108

109

or cetyltri-
methylammonium permanganate may overcome this drawback. A procedure in-
volving the liberation of hydrogen with Raney nickel in the presence of so-
dium hypophosphite in aqueous acetec acid has conducted the conversion of

aromatic nitriles to aldehydes in good yields; however, the yields for hin-
dered nitriles such as o- and p-toluonitriles and a-naphthonitrile are less

110

than 40%. Finally, a modified method involving Raney alloy in 75% aque-

ous formic acid in reflux has succeeded in converting nitriles, including

hindered ones, to the corresponding aldehydes in good yie]ds.111

However,
the yields of aldehydes are largely dependent upon the reaction conditions.

A two-step procedure for the partial reduction of nitriles, in which
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the nitrile function is activated with a Lewis acid or through N-alkylation
of the nitrile to N-alkylnitrium ion 12 followed by reduction with organo-

silicon hydride, has been reported by Fry.112

This approach has proved to
be effective, especially for the selective reduction of the nitrile function

in polyfunctional substrates,

e EtgSiH
R-C=N —> RCHENR' X~ ——2—> RCH=NR' —————> RCHO

12

Very recently, a systematic study on the partial reduction of nitriles
to aldehydes with thexylbromoborane-dimethyl sulfide (2,3-dimethyl-2-butyl-
bromoborane-dimethyl sulfide, TthHBr-SMeZ) under practical conditions has

been carried out.113

The yields of aldehydes are good in the aliphatic se-
ries, while the yields of aromatic series vary with the substituents. Gri-
gnard reaction of nitriles in the presence of titanocene dichloride also

provides aldehydes in fifty-two to 68% yie]ds.n4

9. Acid Salts to Aldehydes

The first development for conversion of sodium and lithium carboxylates
to aldehydes has been achieved by using TthHBr-SMe2 at room temperature in

15

high yie]ds.1 The facile reduction is due to the simple substitution for

bromine by carboxylate to form thexyl(acyloxy)borane 13, the acyloxy group

of which is then readily reduced to an aldehyde by another equivalent of the
reagent, The carboxylates have also been readily converted to aldehydes by
treatment with two equivalents of 9-borabicyclol3.3.11nonane (9-B8BN, 1_).116

The reaction is believed to form an addition compound 15, the acyloxy moiety
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of which is subsequently reduced to the aldehyde stage in the presence of

another equivalent of 14.

|
@B-H v RC-P M

14 15

o
=

10. Miscellaneous

A number of miscellaneous useful methods for preparation of aldehydes
from carboxylic acid derivatives, through formation of suitable intermediates
followed by reduction, have been published. Daleschall has converted vari-
ous acid chlorides to aldehydes via s-triazolium salts 16, which are reduced
with SBH or LAH to the corresponding s-triazolines 17 followed by hydroly-

117

sis Carboxylic acids have been converted to aldehydes through formation

A "
N SMe RN €
R g I _lf
< %]
Ph Ph
16 17

of 2-substituted 1,3-benzoxathiolium perchlorates 18. The intermediates are
reduced with LAH to the corresponding 2-substituted 1,3-benzoxathiole deriv-
atives 19, which then produce aldehydes upon hydrolysis. Although this meth-
od is effective both for a variety of aliphatic and aromatic carboxylic acids

in over-all yields of sixty to 90%, it suffers from the multi-step proce-

.S S H
(@R C10°
@‘%}R 4 @OXR

18 19
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118

dure. Similarly, Craig and coworker have achieved such transformation

through formation of the quaternary 1,3-dimethylbenzimidazolium salts 20

and subsequent reduction to 21 with SBH or LAH, followed by hydro]ysis.119
Me M
o © ‘R
? @
o> X
Me Me
20 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 derivatives 22. The intermediates are

then reduced to the corresponding alcohols 23 by SBH, followed by base cat-

alyzed degradation to a]dehydes.120 Acyldiethylphosphonates, prepared from
CH/,SCH3
Q 2~50, 7ol D _sCH, NaBH M _scH,
R-C-0R' ——p—b—>  R-C-CH ———2% 5> R-CH-CH
‘SOZTol \SOZTol
22 23

the corresponding acid chlorides and triethylphosphate, have proved to be
converted readily to aldehydes by SBH.121 The yields of aldehydes are high,
The reduction of ester-mesylate intermediates 24 with SBH simply leads to

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

dr*o]ysis.lz2 The reductive desulfuration of thiobenzanilides with Raney
nickel is one of the classical methods.123
% R H
R-C, PN
0 0S0,CH 0 0
/273 \
CH—CH CH-CH
e, o o
3 3 CHy O3
24 25
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IT. DIRECT REDUCTION OF CARBOXYLIC ACIDS TO ALDEHYDES

Although a number of methods have appeared to be widely applicable meth-
od to get aldehydes from carboxylic acid derivatives, the most desirable
method seems to be a direct conversion of free carboxylic acids to aldehydes
because of their abundance in nature.

Apparently the first achievement in the direct transformation of car-
boxylic acid into aldehydes was reported by Burgstahler and Worden in 1961,
in which dehydroabietic acid was reduced by lithium metal in ethylamine fol-

124

lowed by hydrolysis to provide A8-abietana] in a yield of 80%. They

promptly applied this interesting result to a number of other aliphatic car-

boxylic acids.125

However, the yields of aldehydes were much lower. A dec-
ade later, Bedenbaugh, Bergin and Adkins developed this reaction as a gener-
al synthetic route to aliphatic aldehydes; they utilized methylamine instead
of ethylamine and isolated imines to afford aldehydes upon hydro]ysis.126
The yields of aldehydes from saturated acids are approximately 60%. In 1964,
Zakharkin and Khorlina utilized DIBAH, which had been successfully applied

for the reduction of esters71 and nitr11e5101

to aldehydes, in the conver-
sion of free acids to aldehydes at -70 to -75%C. The yields of aldehydes
obtained were forty to 70% at that temperature; however, on raising the re-
action temperature to -60°C the yields droped to less than 30%, showing the
strong dependence on reaction temperature.127
Brown, Heim and Yoon initiated the use of substituted boranes on the

partial reduction of free carboxylic acids.128

Excess thexylborane (TthHz),
a monoalkylborane, reduced caproic acid and benzoic acid in refluxing THF

to the corresponding aldehydes in yields of 98% and 82%, respectively. How-
ever, in view of the fact that TthH2 requires such refluxing of the THF so-
lution and a considerable excess of the reagent (three equivalents excess),

the reagent seems not to be recommended for practical purposes. Similarly,
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Muraki and Mukaiyama have utilized BMPA for the straightforward conversion
with excess reagent in refluxing THF.IZ9 Seventy to 86% yields of aldehydes
were observed. Recently, an easy and inexpensive way to prepare this re-

agent from LAH has been reported and the excellence of this reagent has been

0
H
il
R-C-OH  +  H-AT(N_ JiMe), THE___, 2
N\

reflux > RCHO

demonstrated.130 Brown and coworkers devised a valuable new methodology
which involves the rapid reduction of carboxylic acid with borane-dimethyl
sulfide (BMS), followed by oxidation of the resultant trialkoxyboroxine with

BBl 7pys

pyridinium chlorochromate (PCC) in refluxing methylene chloride.
reaction is broadly applicable, tolerating many reducible substituents with
high yields of aldehydes. Attempts to convert carboxylic acids to aldehydes
using Grignard reagent in the presence of dichlorobis{w-cyclopetadienyll-

132 The yields are fifty to

titanium have been reported by Sato and Jinbo.
73%. Fujisawa and coworkers proposed a simple and chemoselective method to
convert carboxylic acids to aldehydes using N,N-dimethylchloromethyleniminium
chloride, which activates the carboxylic group, and LTBA, which is a mild,

133 This method has af-

selective reducing agent, in a one-pot operation.
forded a means for chemoselective reduction without attack on various reduc-

ible substituents, such as bromo, cyano and ester groups, in yields of sixty

to 90%.
c®
Cl\ @/Me
0 C=N .
0 =N Li(t-BuO) ,ATH H.0
R-C-OH HMe 3 > —2 5 RCHO

Cat. Cul, -78%C

Recently, Brown, Cha, Nazer and Yoon have developed an effective pro-
cedure using thexylchloroborane-dimethyl sulfide (TthHC]-SMeZ, 26) to con-

vert acyclic and alicyclic carboxylic acids to aldehydes in almost quanti-
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tative yields, with no observable dependence on the structure of the acid,

in a matter of minutes at 25°C.134

H H
>>——*—-B: - SMe, :>——+——B< + SMe,
1 Br

26 27

The reaction is quite general, Further-

more, many other readily reducible functional groups so long as alkene func-
tion are not present, tolerated these reaction conditions. However, the
reduction of aromatic acids with this reagent was much more sluggish and

the yields varied with the substituent. The remarkable difference in rates
in the reduction of aliphatic and aromatic carboxylic acids has provided a
means for the selective conversion of a carboxylic acid group attached to

an aliphatic or alicyclic moiety in the presence of a carboxylic acid group
attached to an aromatic moiety. Furthermore, the systematic study of the
reducing characteristics of 26 toward the representative organic functional

groups has been carried out.135

A practical method has been developed to
isolate the aldehyde products in a pure form by forming the sodium bisul-
fite adduct, followed by regeneration with formaldehyde, or by using steam
distillation to remove the byproduct. An analogous reagent, TthHBr-SMe2
(EQQ, has also proved to work equally we]].lls The reagent tolerates more
organic functionalities., However, the most useful feature of this reagent
is its reluctance to hydroborate carbon-carbon double bonds, an advantage
of this reagent over 26 which readily adds to alkenes. The reducing power
of this reagent has also been fully characterized.115c

Very recently, Cha and coworkers have centered their efforts to uti-

1 H,0
R-C-0H + 2 ThxBHC1e SMez(or ThxBHBr e SMez) > 2 > RCHO

25°¢C
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lize the commercially avialble 9-BBN in the direct reduction of free acids
to aldehydes, The acyloxy-9-BBN 28 seems to possess adequate structural
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-

ium 9-boratabicyclo(3.3.11nonane (Li 9-BBNH, 30) and the reduction stops

136

at the aldehyde stage. The yields of aldehydes are 80-100%. The acyl-

oxy group of 28 was also readily converted to the aldehyde stage through

stepwise treatment with t-butyllithium and 9-BBN.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-BBN (i.e., formation of 30)
and then again the hydride from 30 species attacks the carbonyl carbon of

138

the acyloxy moiety. Furthermore, the acyloxy group of 28 can also be

reduced to the aldehyde stage even by one equivalent of LAH or LTDEA in the

0

R-E-O-IB <D
H
L
"B

S

presence of excess pyridine in high yie]ds.1

31

39 The role of pyridine in

this reaction is under investigation in detail,
A report has appeared that the hydrogenation of carboxylic acids in
the presence of an inorganic catalyst provides the corresponding aldehydes

efficient]y.140 but details are lacking.
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CONCLUDING REMARKS

A number of useful methods for transformation of carboxylic acids them-
selves or their derivatives to the corresponding aldehydes using various re-
ducing systems have been developed. However, none of these methods really
offers a simple, general, direct procedure both for the reduction and the
isolation of aldehyde products processes. Every system has its own limita-
tion.

There are two approaches of devising new methodology for such a trans-
formation: development of the new reducing agents or of reactive intermedi-
ates of carboxylic acids. At the present time, the systematic modification
of reducing characteristics of the parent aluminum and boron hydrides is un-
der extensive investigation. In addition, the reactive intermediates, with
adequate structural and electronic features for the acyloxy group being con-
verted to the aldehyde stage, is being examined systematically with various

metal hydride systems.
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