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ORGANIC PREPARATIONS AND PROCEDURES INT., 24 (3,327-330 (1992) 

ONE-POT CONVERSION OF CARBOXYLIC ACIDS TO ALDEHYDES BY 

TREATMENT OF ACYLOXY-9-BORABICYCLO[33.1]NONANES WITH 

LITHIUM his(DIETHYLAMIN0)ALUMINUM HYDRIDE' 

Jin Soon Cha', Jae Cheol Lee, Heung So0 Lee and Sung Eun Lee 

Department of Chemistry, Yeungnam University 
Kyongsan 712-749, REPUBUC OF KOREA 

The development of simple routes to aldehydes from carboxylic acids is an important goal in 
organic synthesis. Several reagents' including thexylhaloboranes2 appear to be promising for such 
direct conversion. In addition, new methodology utilizing the commercially available 9-borabicy - 
clo[3.3.l]nonane (9-BBN) provides another convenient route to aldehydes? The acyloxy moiety of 
acyloxy-9-BBNs (l), readily foxmed from carboxylic acids and 9-BBN with evolution of 1 equiv of 
hydrogen (4. l), is readily c o n v e d  to the aldehyde through treatment with lithium 9-borabicy- 

1 

( H - E a  0-BEN) 

clo[3.3.l]nonane (Li 9-BBNH) or tert-butyllithium and 9-BBN. The acyloxy group of 1 is also readily 
reduced by lithium aluminum hydride (LAH) in the presence of pyridine and the reduction stops at the 
aldehyde stage! This intemthg reaction suggests that 1 possesses structural and electronic features 
which facilitate the selective reduction. We found that lithium tris(diethylamino)aluminum hydride 
(LTDEA, 2) in the presence of excess pyridjne effects this msformation in excellent yields. 

LTDEA can be prepared readily from the reaction of LAH and 3 equiv of diethylamine in 
THF (Eq. 2).5 The reagent shows unique reducing characteristics? The acyloxy group of 1 is reduced 

* Li(Et2N)aAIH + 3 H2 f (2) 

by 2 to the aldehyde in fair yields (Table 1). However, in the presence of 2 equiv of pyridine the 
reduction stops at the aldehyde stage and hydrolysis affords very high yields of the aldehydes (Eq. 3). 

0" LiAIH4 + 3 Et2NH 
2 
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(2 equiv.) pyridine LTDEA H30' 1 / ACHO (3) 

This system reduces aliphatic carboxylic acids to aldehydes in approximately 0.5 hr at 0" in yields of 
more than 90%. Alicyclic derivatives, such as cyclopropane- and cyclohexanecarboxylic acids, give 
yields of 90%. a-Substituted acids and bromoacetic acid also readily undergoes the reaction to the 
aldehyde in 87% yield. Diacids, such as succinic, adipic, 1.10-decanedicarboxylic, and maleic, are 
converted to the corresponding dialdehydes in yields of 91-95%. 

The reduction of aromatic carboxylic acids, except for nitrobenzoic, afTords the corresponding 
aldehydes in W98% yields. Unsubstituted acids, such as benzoic and naphthoic, are readily reduced to 
aldehydes in essentially quantitative yields. Alkyl, alkoxy and halo groups on the benzene ring are 
readily accommodated to yield more than 90%. However, the yields for nitmbenzoic acids are some- 
what lower (about 80%) possibly due to reduction of the nitro group itself. Dicarboxylic aromatic acids, 
such as phthalic and terephthalic, are also readily reduced to the dialdehydes in greater than 90% yields. 

TABLE 1. Yields of Aldehydes by LTDEA Reduction of Carboxylic Acid9 

Acid Yield (%)b Acid Yield (%)b 

acetic 
butyric 
caproic 
decanoic 
pentadecanoic 
palmitic 
stearic 
isobutyric 
isopentanoic 
c y clopropanecarbox y lic 
c yclohexanecarbox ylic 
phen ylacetic 
diphen y lacetic 
mphenylacetic 
bromoacetic 
6-bromohexanoic 
succinic 
adipic 
1,l O-dec~dicarboxylic 

92 
93 
91 (70)" (80)d 
90 
93 
92 
93 (72)" 
90 (49)' 
90 
90 
91 (78)d 
93 
94 (81)c 
96 
90 
87 
92 
94 
95 

maleic 
benzoic 
0-toluic 
m-toluic 
p-toluic 
0-anisic 
m-anisic 
p-anisic 
o-chlorobenzoic 
m-chlorobenzoic 
p-chlorobenzoic 
o-nitrobenzoic 
m-nitrobenzoic 
p-nitrobenzoic 
a-naphthoic 
P-naphthoic 
phthalic 
terephthalic 

91 
96 (81)" (85)d 
92 
90 
94 (98)" 
92 
91 
98 (80)" 
92 
94 
96 (81)" (88)d 
81 
80 
85 (58)' 
97 
98 
90 
93 

a) Two equivalents of pyridine were added to 1 which was then treated with one equiv of LmEA f& 
0.5 hr. b) Yields based on 2,4-dinitrophenylhydones. c) No pyridine added. d) Yields based on 
the analytically pure aldehydes isolated by the sodium bisulfite proced~re.2~ 
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The presence of pyridine in the reduction with LTDEA provides significant yield enhance- 
ment. At present, the role of pyridine in this reduction is not clear, but we believe that it coordinates to 
the boron atom of 1 resulting in a borane-pyridine complex which inhibits hydride transfer from 
LTDEA to the boron atom. 

EXPERIMENTAL SECTION 

AU glassware used was dried thoroughly in a drying oven, assembled hot, and cooled under a stream 
of dry nitrogen prior to use. All reactions and manipulations of air- and moistme-sensitive materials 
were carried out under a dry nitrogen atmosphere. 
All chemicals were commercial products of the highest purity, which were carefully punlied by stan- 
dard methods before use. The carboxylic acids were commercial products and were purified either by 
distillation or by recrystallization. Tetrahydrofuran (THF) was distilled from benzophenone-sodium 
ketyl and all other solvents (n-pentane and diethyl ether) were thoroughly dried over molecular sieves 
and distilled. 9-Borabicyclo[3.3.1]nonane (9-BBN) and lithium aluminum hydride (LAH) were used 
directly as received from Aldrich. 
AU of the compounds p r e p d  have been fully characterized by 'H and "Al NMR spectra. Yields 
reported in all cases are of analytically pure compounds unless otherwise specified. Melting points 
and b o i g  points reported are uncorrected. 'H NMR spectra were recorded on a Varian EM-360A 
instrument. 27Al NMR spectra were recorded on a Bruker W 80SY spectrometer. "Al NMR chemi- 
cal shifts are with reference to A1(H20),6'. GC analyses were carried out using a Hewlett-Parkard 
Model 5790A FID chromatograph equipped with a Hewlett-Parkard 3390A integrator/plotter. 

Preparation of Lithium tris(Diethylamino)aluminum Hydride (LTDEA) in THF.- To an oven- 
dried, 500 mL flask fitted with a side-arm and a stopcock leading to mercury bubbler was added 100 
mL of a 2 M solution of LAH in THF and the solution was cooled to 0". To this solution was added 
46 g of diethylamine (630 mmol, 5% excess) dropwise with vigorous stirring. The reaction mixture 
was stirred for 3 hrs at 0" until the evolution of hydrogen was complete. The resulting LTDEA solu- 
tion in THF was diluted with THF to be 1.0 M. The 27Al NMR spectrum of the solution showed a 
broad singlet at 6 120. 
Reduction of Carboxylic Acids.- The following reduction is typical of the procedure utilized in the 
quantitative analysis with 2.4-dinitrophenylhydrazine. Benzoic acid (6.47 g, 53 mmol) and 9-BBN 
(12.93 g, 53 mmol) were placed in an oven-dried, 200-mL flask fitted with a side arm and a bent 
adapter, which was connected to a mercury bubbler. To this mixture was added 50 mL of THF and the 
sluny was stirred at room temperature until hydrogen was no longer evolved. The reaction mixture 

was then cooled to 0" and 8.56 g (106 mmol) of pyridine and 53 mL of LTDEA (1 .O M, 53 mmol) in 
THF were injected in sequence at 0". The reaction mixture was withdrawn and subjected to analysis 
with 2,4-dinitrophenylhydrazine, showing a yield of 96% : mp of the hydrazone 235-236" (lit. mp 
237"). The rest of the reaction mixture (50 mmol) was further tested for isolating the aldehyde. In a 
small-scale (3 mmol) blank experiment without addition of pyridine, the analysis with 2,4-dinitro- 
phenylhydrazine showed a yield of 81%. 
Sodium Bisulfite Adduct Formation and Regeneration of Aldehydes- The procedure for the 
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adduct formation and regeneration of benzaldehyde in the reaction mixture is representative. After 
reaction of benzoyloxy-9-BBN (53 mmol) with the reagent for 0.5 hr at 0" (vide supra), an alquot of 
the reaction mixture was withdrawn for analysis with 2,4-dinitrophenylhydraziie. Then the remaining 
reaction mixture was hydrolyzed with 70 mL of 3 N HCl at room temperature. The mixture was satu- 
rated with NaCl, and tk organic layer was separated, and poured into 75 mL of a saturated aqueous 
NaHSO, solution. The mixture was stirred for 1 hr and cooled in an ice-water bath to ensure complete 
crystallization of the bisulfite adduct, which was then collected by filtration and washed with 3x25 
mL of pentane and dried. The solid adduct was placed in 50 mL of a 37% formaldehyde solution were 
added. The mixture was stirred for 1 hr. The pentane layer was separated and dried with anhydrous 
MgSO,. Evaporation gave an 85% yield (4.5 g) of analytically pure benzaldehyde. GC analysis 
showed >99% purity and the 'H NMR spectrum agreed with that of an authentic sample. 

Acknowledgment.- This research was supported by Organic Chemistry Research Center - KOSEF. 
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The 27Al NMR spectrum showed a broad singlet at 6 120 ppm relative to Al(&0)6k. 

The selective reducing characteristics of LTDEA will be described further in this series. 
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