
Notes

ed out with NaCl. The ether layer which was dried over anh­
ydrous magnesium sulfate, showed a 94% yield of 1-benzyl- 
piperdine by GC analysis.
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Reduction of tertiary carboxamides to the corresponding 
aldehydes is one of the most important and highly desirable 
means in organic synthesis and numerous methods have 
been reported, among which reduction with lithium alumi­
num hydride1 has been sucessful for 1-acylcarbazole2, 1-acyl- 
3,5-dimethylpyrazoles3, 1-acylimidazoles4, 1-acylaziridines5 
and 2V-ethylanilides6. Partial reduction of MZV-dimethylcarbo- 
xamid.es with sodium aluminum hydride7, lithium di- or 
triethoxylaluminum hydride8 and aminoaluminum hydride9 
was aiso reported to be a useful method for preparation of 
aldehydes.

Recently we have studied the reducing characteristics of 
sodium diethyldihydroaluminate (SDDA) systematically, and 
found that SDDA is a promising selective reducing agent10. 
Thus even with excess SDDA (5 equiv. of hydride), N,N-d\- 
methylhexanamide and A^TV-dimethylbenzamide gave 63% 
and 71% yields of the corresponding aldehydes respectively
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Table 1. Reaction of J^2V-Dimethylhexanamide and MN-Dime- 
thylbenzamide with Sodium Diethyldihydroaluminate (SDDA)0

tertiary 
amide

temp hydride
°C /comp J

j time yield, %c

'h aldehyde alcohol amine amide

NMdimethyl 0 1.5 1.0 77 8 0 15
hexanamide 3.0 79 9 0 11

0 2 0.5 82 12 0 6
1.0 85 13 0 2

0 5 1.0 63 30 7 0
3.0 58 29 13 0

25 2 0.5 90 10 0 0
reflux 5 1.0 10 16 70 0

3.0 0 12 85 0
•MMdim 의:hyl 0 1.5 1.0 88 2 0 8
benzamide 3.0 92 3 0 4

0 2 0.5 92 6 0 0
1.0 95 4 0 0

0 5 1.0 71 20 4 0
3.0 68 28 4 0

25 2 0.5 92 5 0 0
reflux 5 1.0 13 27 60 0

3.0 0 22 78 0

a Reactions were carried out by adding one mmol of SDDA in 
0.5 ml toluene to one mm시 of amide in 1.5 mZ THF (0.5 M 
in compound). b Mole of hydride per mole of compound. c Yields 
were estimated by GLPC.

in 1 h at 0t. However with excess hydride at 65t, the 
major reduction products were corresponding amines. As 
shown in Table 1, these dimethylamides were conveniently 
reduced to the corresponding aldehydes in excellent yields 
in 0.5-1.0 h at room temperature using equimolar SDDA (2 
equiv. of hydride). Therefore, in order to test the generality 
of this aldehyde synthesis, twenty three representative ter­
tiary amides and two secondary amides were reduced at 
25t for 아lorter period of time (usually 0.5-1.0 h) with lim­
ited amount of SDDA. The results are summarized in Table
2.

As shwon in Table 2, NNdimethylamides of less hindered 
aliphatic acids such as hexanoic acid and isovaleric acid or 
equally less hindered amides such as 1-hexanoyl pyrrolidine 
and 1-hexanoyl piperidine were readily reduced to the cor­
responding aldehydes in 83-90% yields, however, N,N-dime- 
thylamides of hindered acids such as cyclohexanecarboxylic

M
9 户 사H <?' 7' Ht&o „ 2 

R-C-N^ ----------------- R-C-N^ ----------------- R-C-H
R' H R,

A

acid and pivalic acid gave only fairly good yields (74% and 
63%), and RMdiethylhexanamide and A^TV-diisopropylhexa- 
namide gave poor yields of aldehyde (46% and 35%). Appa­
rently the tetrahedral intermediate [A] is destabilized as 
R and R' groups become b니kier. The reaction of these bulky 
amides was slower at our standard conditions (25t, H/co-

xamid.es
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Table 2. Synthesis of Aldehydes by the Partial Reduction of 
Tertiary Amides with Sodium Diethyldihydroaluminate (SDDA) 
at 25tfl

tertiary amide hydride time aldehyde
/comp? h %c

MMdimethylhexanamide 2 0.5 90
2V；7V-dimethyliso valeramide 2 1.0 83
2V；7V-diinethylphenylacetamide 2 1.0 89, 8/
2V；A^-dimethylcyclohexanecar- 2 1.0 74

boxamide
】VN・dimethylpivalamide 2 1.0 63，

1-hexanoylpyrrolidine 2 3.0 95, (80)
1-hexanoylpiperidine 2 3.0 93
A^TV-diethylhexanamide 3 1.0 46
A^TV-diisopropylhexanamide 4 3.0 35
A^TV-dimethylcinnamamide 2 1.0 3卒

A〃V-dimethylbenzamide 2 1.0 92
l-benzoylpyrrolidine 2 1.0 92
1-benzoylpiperidine 2 1.0 93
N-benzoylmorpholine 2 0.5 94
^2V-dimethyl-4-methylbenzamide 2 0.5 94
^-(^methylbenzoyDpyrroridine 2 1.0 96
7V-(4-methylbenzoyl)piperidine 2 1.0 95
2V；7V-dimethyl-4-methoxybenzamide 2 0.5 88
A^-(4-methoxybenzoyl)pyrrolidine 2 1.0 92, (85)
^-(4-methoxybenzoyl)piperidine 2 1.0 97
2V；A^-diinethyl-4-chlorobenzamide 2 1.0 87d
•N・Mdimethyl・4-nitrobenzamide 2 1.0 (92)
A^2V-dimethyl-2-naphthylamide 2 1.0 (87)
Af-methylhexanamide 4 24 no reaction
2V-methylbenzamide 4 24 no reaction

“The reaction was carried out by adding one mmol of SDDA 
in 0.5 ml toluene to one mmol of tertiary amide solution in 1.5 
ml THF (0.5 M in compound). 6 Mole of hydride per mole of 
compound. f Yields were estimated by GLPC; figures in paren­
thesis are is이ated yields (10 mm이 scale). d Determined as the 
2,4-dinitrophenyihydrazone. Reactions at 此.

mpd.=2). Thus the reduction of A/；7V-diisopropylhexanamide 
was incomplete even ater 3 h at 25t? using 4 equiv of hyd­
ride. XAT-Dimethylcinnamidet an a,p-unsaturated caboxamide 
was also tested, but gave only poor yield of aldehyde (34%). 
This is very similar to lithium di- and triethyoxyaluminohyd- 
ride which could reduce tetiary amides to the corresponding 
aldehydes in 70-90% yields, but gave only 7-9% of cinnama- 
Idehyde from TV^V-dimethylcinnamamide8.

On the other hand, aromatic tetiary amides were readily 
reduced to give excellent yields of aldehyde. Even bulky 
diisopropylbenzamide gave 82% yield of benzaldehyde al­
though the reduction was carried out for 3 h at 25t using 
4 equiv of hydride. Electron donating methyl and methoxy 
substituents and electron attracting chloro and nitro substi­
tuents did not interfere this aldehyde synthesis. Since nitro­
benzene is reduced rapidly with SDDA even at 0t10, it is 
surprising that 4-nitrobenzaldehyde is obtained in 92% yield 
from 7V；A^-dimethyl-4-nitrobenzainide. Finally we examined 
two representative secondary amides, A^methylhexanamide 

and 7V-methylbenzamide. Both amides evolved hydrogen ra­
pidly but no reduction was observed. This suggests that the 
selective reduction of tertiary amides could be carried out 
in the presence of secondary amides.

In conclusion, SDDA is an excellent reagent for the 
aldehyde synthesis from less hindered aliphatic tertiary ami­
des and aromatic tertiary amides, such as M/V-dimethylcar- 
boxamides and A^-acylpiperdines, since the yield is very good, 
and the reduction can be carried out at room temperature, 
for shorter period of time.

Experimental

Materials. SDDA (OMH-1)11 was purchased from Aid- 
rich Chemical Co. as a 25% solution in toluene and standar­
dized by hydrolyzing a known aliquot of the solution with 
Z-BuOH-THF (1:1) mixture and measuring the hydrogen 
evolved. Tetrahydrofuran (THF) was distilled from sodium­
benzophenone ketyl and stored under dry nitrogen atmos­
phere. Most of the organic compounds utilized in this study 
were the commercial products of the highest purity. They 
were further purified by distillation or recrystallization when 
necessary. Tertiary amides were prepared by the method 
of Brown and Tsukamoto8. All glassware was dried thorou­
ghly in a dry nitrogen atmosphere. Hypodermic syringes 
were used to transfer solution.

Partial Reduction of Tertiary Amides to Aldehydes 
with SDDA. The reduction of A^TV-dimethylbenzamide is 
representative. An oven dried flask fitted with a septum inlet 
and magnetic stirring bar, and connected to a mercury bub­
bler was charged with 1.5 ml of MN-dimethylbenzamide (1 
mmol) solution in THF (n-dodecane was added as an internal 
standard). To this was added 0.5 m/ of SDDA (1.0 mmol) 
solution in toluene at 25°C. After 1.0 h reaction, the reaction 
mixture was hydrolyzed by the addition of water. The orga­
nic layer was separated and dried with anhydrous potassium 
carbonate. The GLPC analysis using 5% Carbowax 20 M co­
lumn, showed 92% benzaldehyde and 5% benzyl alcohol.

Preparative Reduction of Tertiary Amides to Alde­
hydes. The following preparative procedure for the reduc­
tion of 2V；2V-dimethyl-4-nitrobenzamide to the 4-nitrobenz­
aldehyde is representative. To the flask, typically equipped 
as above, 1.94 g of A^A^-dimethyl-4-nitrobenzamide (10 mmol) 
in 15 m/ of THF was introduced, and 5 m/ of SDDA (10 
mmol) solution was added over 3 min at 25M. After 1.0 h 
reaction, the mixture was decomposed with water and 30 
ml of ether was added. The ethereal layer was separated, 
and the aqueous portion extracted with ether (3X10 ml), 
and the combined ethereal extract was dried over MgSQ. 
The solvents were evaporated in vacuo yielding 1.48 g of 
4-nitrobenzaldehyde mp. 103-1057二 The aldehyde was recry­
stallized from hexane-ether to give 1.38 g (92%) of />-nitro- 
benzaldehyde mp. 104-106t (lit12, mp. 106t?).
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A novel antitumor antibiotic, (aS, 5S)-a'aminO'3-chloro-4,5- 
dihydro-5-isoxazoleacetic acid (1, AT-125, Acivicin), isolated 
from fermentation broths of Streptomyces sviceus1, displayed 
significant activity against a number of tumors in experimen­
tal animals2. The biological activity of this unusal amino acid 
and its novel structure have elicited our interest in the syn­
thesis of the related amino acid derivatives possessing 2-iso- 
xazoline rings. We report here the preliminary results of 
our synthetic efforts.

1: AT-125(Acivicin)

To synthesize our desired products by cycloadditive ap­
proach, we needed to prepare the p.Y-unsaturated-a-amino 
acid derivatives as chial dipolarophiles. The p.y-unsaturated- 
a-amino acids are a class of compounds that possess antibio­
tic and enzyme inhibitory activity3. (2S, 5S)-Imidazolidinone 
24 was prepared from L-methionine in 5 steps (42% overall 

yield) by a modification of the Seebach's method5. Oxidation 
of 2 by NaIO4 (96%), followed by thermal elimlination of 
the resulting sulfoxide (88%) provided the desired P，y-unsa- 
turated-a-amino acid derivative 3. Dipolar cycloadditions of 
various nitrile oxides (R=Ph, /-Bu, Et) with 3 afforded the 
corresponding cycloadducts 4a-c (Eq. 1).

1) Na!6
2) xylene, 210*0

4a R=Ph
4b R=f・Bu
4c R=Et

(1)

In the case of benzonitrile oxide cycloaddition, a mixture 
of two diastereomers was obtained. The major diastereomer 
(4am) and minor one of the above cycloaddition were isola­
ted in 56% and 2% yield, respectively. The major cycload­
ducts of 2,2-dimethylpropionitrile oxide and propionitrile 
oxide were isolated in 63% and 50% yield, respectively.

These amino acid derivatives possessing 2-isoxazoline 
rings underwent the pyramidal nitrogen inversion6. This dy­
namic equilibrium was detected by recording TH-NMR spec­
tra of 4am at room temperature and 70t：. The 】H-NMR spe­
ctrum taken at 7(fC showed the coalescence phenomenon 
due to the rapid equilibrium between two invertomers7. The 
absolute stereochemistry of the newly generated stereogenic 
center in the major products of 4a-c was tentatively assigned 
as R by examining molecular models of 3 and 4a-c.

t-Vinylalanine derivative 6 was prepared from 2 in 3 
steps. Stereoselective methylation8 of 2 provided 5 in 70% 
yield. Sequential NaIO4 oxidation (95%) and sulfoxide elimi­
nation (93%) afforded 하｝e chiral dipolarophile 6. 2,2-Dime- 
thylpropionitrile oxide and propionitrile oxide cycloadditions 
with 6 gave the diastereomeric mixtures (60 : 40 in both ca­
ses) of cycloadducts 7a-b in 72% and 52% yield, respectively 
(Eq. 2).

2) xylene, 210®C

(2)

R=£・Bu
R 그 Et

The heterocyclic amino acid derivatives 4a-c and 7a-b have 
been easily prepared by nitrile oxide cycloadditions and 
these compounds have some antiviral activity9. Thus, the 
asymmetric cycloadditive approach10 to P，y-unsaturated a- 
amino acids may provide a general entry for biofunctional 
heterocyclic amino acid derivatives.
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