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trans-1,2-dibromocyclohexane was produced in an almost
quantitative yield. TMSCl+ NaClO; pair were found very
efficient for a-chlorination of ketones.

A New Aldehyde Synthesis From Carboxilic
Acid Esters With Sodium Diethylpiperidino-
hydroaluminate!

Nung Min Yoon* Kyung Hoon Jeong, and Duk Keun An

Department of Chemistry, Sogang Universily
' Seoul 121-742

Received September 29, 1990

Partial reduction of carboxylic acid esters to the correspon-
ding aldehydes have been accomplished successfully with
various substituted metal hydrides, such as diisobutylalumi-
num hydride (DIBAH)Y, lithium tri-f-butoxyaluminum hyd-
ride (LTBA)® and diamincaluminum hydride*. Of these rea-
gents, LTBA can be applied only for phenyl esters of alipha-
tic acids and diaminoaluminum hydride requires longer reac-
tion time (6-10 h), usually at elevated temperature (65C).
On the other hand, DIBAH has been generally utilized for
the aldehyde synthesis from esters. However, the yields of
aromatic aldehydes (48-70%) are considerably lower than
those of aliphatic aldehydes (80-88%). Recently we have imp-
roved considerably (10-28%) the yields of aromatic aldehydes
by adding o-anisidine to the reaction mixture®. But the very
low temperature (—70C) required for the DIBAH reduction
is still a considerable handicap, especially for larger samples.

Recently we have found that sodium diethylpiperidinohyd-
roaluminate (SDPA) could be prepared conveniently by reac-
ting equimolar amount of piperidine with sodium diethyldi-
hydroaluminate (OMH-1) in THF-toluene (1:1) cosolvent at
0T. Reaction of excess SDPA (4 eq) with esters at 0C sho-
wed a distinct rate break after one hydride uptake, sugges-
ting a possibility of aldehyde synthesis (Fig. 1). Indeed we
could apply this substituted aluminohydride successfully for
the synthesis of aldehydes from the corresponding carboxylic
acid esters. The results for representative carboxylic acid
esters are summerized in Table 1.

T N H
NaCHeAMy + § _loweno | MGHIAR L,

o @

As shown in Table 1, aromatic esters were reduced almost
quantitatively to the corresponding aldehydes, using 1.1 eq
of SDPA. This is contrasted to the very low yield by
OMH-1, as shown in the reduction of ethyl benzoate. {-Butyl
benzoate was reduced very slowly, in rather lower yield (85
%) presumably due to the bulky ¢-butyl group. The yields
of aldehydes from aliphatic esters were somewhat low com-
pared with the aromatic aldehydes, yet the yields are compa-
rable to the other known methods. The yields of aldehydes
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Figure 1. Reaction of OMH-1 and SDPA with Ethyl Benzoate
in THF-Toluene at 0C. ({(Hydride]=0.8 M, and [Ester]=0.2 M).

Table 1. Partial Reduction of Esters to the Corresponding Alde-
hydes with SDPA in THF-Toluene at 0C

Ratio of Reaction  Yield" of
Esters hydride/compd. time(h)  aldehyde(%)
methyl benzoate 11¢ 0.5 98
ethyl benzoate 11 0.5 99
(LD 0.5) 22y
isopropyl benzoate 11 1.0 97
t-butyl benzoate 4.0 3.0 85"
phenyl benzoate 1.1 0.5 97
ethyl o-toluate 11 1.0 60
15 10 92
(L1 (1.0) 27y
ethyl m-toluate 11 1.0 94
ethyl p-toluate 1.1 1.0 94
ethyl ¢-methoxybenzoate 1.5 1.0 96
ethyl p-methoxybenzoate 1.1 1.0 94
methyl o-chlorobenzoate 1.1 3.0 93
methyl m-chlorobenzoate 1.1 0.5 99
ethyl p-chlorobenzoate 11 0.5 96, 79
ethyl p-nitrobenzoate 11 0.5 98, 77¢
ethyl caproate 1.1 1.0 85
ethyl decanoate 1.1 1.0 90
isopropyl caproate 11 1.0 63
11 3.0 52
1.5 2.0 77
ethyl cyclohexanecarboxylate 1.1 3.0 47
1.5 3.0 61
ethyl cinnamate 11 1.0 65

211 Equiv. of SDPA was added to esters in THF-Toluene at
0%. *Yields were estimated by GLC. Yields obtained by OMH-
1 alone are shown in parenthesis. “Isolated yield.

from linear unhindered esters such as ethyl caproate or ethyl
decanoate were good, however hindered esters such as isop-
ropyl caproate and ethyl cyclohexanecarboxylate, and a, B-
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unsaturated ester, ethyl cinnamate gave only moderate yie-
Ids. Overall the yields of aldehydes are better than those
with the other methods®™*. Another big advantage of this
reagent is that this aldehyde synthesis can be carried out
at 0C instead of the very low temperature {—70C). There-
fore, SDPA is believed to be a reagent of choice for the
synthesis of aldehydes from esters.

The following reduction is representative. [Reagent] Into
a 500 m/ flask, which was thoroughly dried in an oven and
cooled down under nitrogen, 150 m/ (300 mmol) of 2 M
OMH-1 solution in toluene and 150 m/ of THF were introdu-
ced. The solution was cooled to 0C, and then 32.6 m/ (330
mmol) of distilled piperidine was added with vigorous stir-
ring. Stirring was continued for additional 3 h for complete
hydrogen evolution. The SDPA solution thus prepared was
0.88 M in hydride as standardized by hydrolyzing SDPA with
t+-BuOH-THF (1:1) mixture, [Reduction] Into a 50 m/ flask,
was introduced 2.8 m/ of THF, followed by 1.0 m/ (1.0 mmol)
of ethyl 4-nitrobenzoate solution in THF containing mesity-
lene as an internal standard. The solution was maintained
at 0T, and 1.25 m/ (1.1 mmol) of 0.88 M solution of SDPA
in THF-toluene (1:1) was added. After 0.5 h, the reaction
mixture was hydrolyzed with 10 m/ of 1 N sulfuric acid and
the product was extracted with 10 m/ of ethyl ether. The
ether layer was dried over anhydrous potassium carbonate,
and analyzed by GLC on a FFAP 50 m capillary column;
which showed a 98% yield of 4-nitrobenzaldehyde. For the
isolation of aldehyde (50 mmol scale), the ether layer was
poured into 150 m/ of saturated aqueous sodium bisulfite
solution. To this solution was added 100 m/ of THF and
the mixture was stirred for 2 h. At this time the crystalline
bisulfite adduct of 4-nitrobenzaldehyde was apparent. The
solution was cooled in an ice bath to ensure complete crysta-
llization of the adduct. The adduct was collected by filtration,
washed with pentane (3X50 m/), and dried. The adduct was
placed in 100 m/ of saturated aqueous magnesium sulfate
solution, and 100 m/ of pentane and 20 m/ of a 37% formal-
dehyde solution were added. The mixture was stirred for
1 h. The pentane layer was separated and dried over anhyd-
rous magnesium sulfate. Evaporation of all volatile materials
gave a 77% yield of pure 4-nitrobenzaldehyde, mp 107 (lit.
106-1077C).

Acknowledgement. The financial support of this work
by the Korea Science and Engineering Foundation is grate-
fully acknowledged.

References

—

. Presented at the 65th Annual Meeting of the Korean Che-
mical Society, Seoul, Korea, April, 1990.

2. L. I. Zakharkin and 1. M. Khorlina, Tetrahedron Lett, 619
(1962).

3. P. M. Weissman and H. C. Brown, J Org. Chem., 31, 283
(1966).

. M. Muraki and T. Mukaiyama, Chemistry Lett, 215 (1975).

. S. H. Kim, J. H. Kim and N. M. Yoon, Bull. Korean Chem.
Soc, 10, 117 (1989).

(Sl

Communications to the Editor

Regeneration of Cyclohexanone From Its
Oxime With Various Dicarbonyl Compounds

Jae Nyoung Kim, Kun Hoe Chung, and Eung K. Ryu*

Korea Research Institute of Chemical Technology,
Daejeon 305-606

Received October 8, 1990

Deblocking methods of oximes and hydrazones have recei-
ved much attention to organic chemists'. Recently, we have
reported an efficient regeneration method of carbonyl com-
pounds from their oximes and hydrazones including N,N-di-
methylhydrazones and tosylhydrazones by the exchange rea-
ction with 1,1,1-trifluoro-2,4-pentanedione (TPD) under mild
conditions as outlined in Scheme 12

In connection with our studies on the exchange reaction,
our endeavor was focused on finding new alternatives to
TPD. We have explored the exchange reactions with various
dicarbonyl compounds 2 with cyclohexanone oxime (1) as
the common substrate to regenerate cyclohexanone (3). To
trap effectively the hydroxylamine liberated® from the exchan-
ge reaction, we examined dicarbonyl compounds which were
activated with electron withdrawing substituent such as trif-
luoromethylated B-diketones, B-acylpyruvates*, and a-diketo-
nes as shown in Scheme 2.

In a typical run, to a stirred solution or a suspension of
cyclohexanone oxime (1, 226 mg, 2 mmol) and dicarbonyl
compound 2 (4 mmol) in 50% aq. EtOH (10 mi), a catalytic
amount of c-HCI (100 w) was added, and the mixture war-
med for 1 h. Conversion yield of cyclohexanone (3) was deter-
mined by GC® and the results were summarized in Table
1. And for comparison, we utilized acetone®, levulinic acid’,
acetylacetone®, and pyruvic acid® (entry 14-17).

In addition to the B-diketones containing trifluoromethyl
group as described previously?, conversion of 1 into 3 was
also found to be cleanly effected by using 1,1,1,5,5,5-hexaf-
luoro-2,4-pentanedione (entry 3), B-acylpyruvates (entry 5-8),
a-dicarbonyl compounds (entry 9,10,13), which have appre-
ciable solubility in the reaction medium, as well as acetylace-
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