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The comyersion of acid chlorides to aldehydes playvs a very
important role in organic synthesis. The most uscful syn-
thetic method for such conversion is reduction. Therefore.
many usclul reduction methods have been reported for such
conversion.”~ Among these. sodium tri-fer7-butoxyalumino-
hydride (STBA)- has appeared 1o be the most outstanding
reducing agent. which can achieve a very general reduction
of both aliphatic and aromatic acid chlorides o aldchyvdes in
high viclds at -78 °C. Very recently. we reporled that the oxi-
dation of alkoxyaluminum intcrmediates. which arc formed
by reaction of primary alcohols.® carboxylic acids.? csters
and acid chlorides® with aluminum hyvdride. by pyridinium
chlorochromate (PCC) or pyridinium dichromate (PDC) allords
aldchvdes 0 lugh viclds at room temperature. Furthcrmore,
the procedure has been extended (o involve the reduction of
carboxy lic acids” and csters® with lithium aluminum hydride
(LAH). lollowed by oxidation of the resultant alkoxyvalumi-
nat¢ intermediates with PCC or PDC. In this paper. we wish
1o add acid chlorides o the list. which can be applicd suc-
cessfully to such reductive oxidation procedure, Herein, we
introducc a new method. which eflects the transformation of
acid chlerides (o aldehvdes in high viclds at room (cmpcra-
ture,

Results and Discussion

1t is well known that LAH reduces acid chlorides o the
alcohol stage to form an intcrmediale in the reaction mixture
containing alkoxy moicty as in 1. which then produccs the
corrcsponding alcohols upon hydrolysis” (Eq. 1). Actually.
acid chlorides were readily reduced 1o the corrcsponding
alcohol stage by LAH (0.5 cquiv) at 0 °C.
RCOCIZILAML gy o-AK |9 RCH.OH()
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The present method involves the rapid reduction of acid
chlorides with a half equivalent of LAH at 0 °C. followed by
oxidation of the resultant alkoxyaluminum intermediate (1)
(without isolation) with PCC or PDC at room temperature
(Eq. 2).

PCC or PDC

rt. 36 h RCHO (2)

1949,

Table | shows that this procedure provides a clean and
convenicnt conversion of acid chlondes to aldchyvdes. There
is no difference in the viclds of aldehydes with PCC or PDC.

Alicyclic derivative. such as cvelohexanccarbonyl chloride.
works cqually well. Derivatives are readily accommaodated.
Thus. trichloroacety1 chloride viclds the corresponding alde-
hyde in viclds of 96-97%. Similarly. o.funsaturated acid
chlorides. such as crotonyl and cinnamoyl chlorides. alford
the olefinic aldchydes in 93-93% yiclds. The conversion of
aromatic acid chlorides by this procedure provides the corre-
sponding aldchydes in viclds of 94-98%. The unsubstituted
aromatic acid chlorides such as benzoyvl and naphthoyl chlo-
rides arc converted into the corresponding aldehydes in 96-
98% viclds. Mcthyl- substituted benzov] chlorides such as o-
toluoyl and p-toluoyl chlorides afTord the corresponding
aldchydes in 95-96% viclds. Finally. chloro. methoxy and
nitro groups on the benzene ring are readily accommodated
and gave aldchyvdes in better than 94% yicld.

This proccdure is broadly applicable. tolcrating many sub-
stitutents. such as chloro. methoxy. nitro and olefinic groups.
[t appears Lo be cqually applicable to both aliphatic and aro-
matic acid chlorides. This procedure using LAH as a reduc-
ing agent allords actually the same results as the procedure
using aluminum hydride docs. However. the most remark-
able [caturc of this procedure is that we can usc LAH. a sim-
plc reducing agent. without modification for such conversion,
For cxample. it is not nccessary 10 suffer preparing a solution
ol aluminum hydride from LAH. that procedure was adopled
in the previous paper® for the same conversion. Furthennore.
the present procedure requires only a ten % excess of oxidiz-
ing agents used for oxidation of the alkoxy-intermediates to
the corresponding aldchydes. whereas the previous proce-
dure nceded a fifty % cxcess of oxidizing agents. In addition.
the oxidizing agents arc rcagents ol choice: the problem
causcd by the acidic nature of PCC can be largely climinated
by using the more ncutral rcagent PDC." Tt is noteworthy
that the usc of sodium aluminum hydride (SAH) as a reduc-
ing agent provided actually the same results as LAH did ¢
SAH is a rcagent of choice in this procedure because of ils
casc of handling and lowcer cost.”

It is worthwhile 10 point out that this reductive oxidation
procedure 1s quite compatible to the reduction procedure using
STBA- for such conversion: both arc procedures of choice.
In the casce where a simple acid chloride function 1s applicd.
the reductive oxidation procedure using SAH or LAH and
PCC or PDC 1s recommendable: in the casc where an acid
chlonde function in a complex molecule is applicd. the reduc-
tion procdurce using STBA is amenable. Consequently. both
procedures should find a wide application in organic synthe-
$1$.
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Table 1. Conversion of Acid Chlorndes to Aldehvdes by Oxidation of’ Alkoxvaluminate Intermediate (1) with Pyridinium Chlorochromate

(PCC) ot Prridinium Dichromate (PDCY™

, , o PCC PDC
Acid chlonde Product Reuction tune (h) - - -
Yield (%) Yield (%)

Butynyl Butyraldehyde 6 94 93
Isobutvnv1 Isobutvraldchy de 6 90 94
Heximoyvl Hexanal 6 96(81) 97
Trnethy lacety] Trunethylacetaldehyde 6 98 96
‘Imichloroucetyl ITnchloroacetaldehvde O 90 97
Cyclohexumecarbonyl Cvelohexanecarboxaldehvde O 97 98
Crotony 1 Crotonaldchyde 6 93 94
Comamoyl Cinnamaldehy de 6 93 95

Benzovl Benzaldehyde 3 98(82) 98(79)
1-Nuphthoy] 1-Naphthaldchvde 3 97 96
o-loluoyl o-lolualdehyde 3 96 95
p-loluoyl p-lolualdehyde 3 93 95
4-Chlorobenzoyl 4-Chlorobenzaldehyde 3 97 97
o-Anisoyl o-Anisaldehvde 3 96 94
p-Anisoyl p-Anisaldehvde 3 96 95
4-Nitrobenzeyl 4-Nitrobenzaldehy de 3 94 94

“Acid chloride : oxidant = 1 @ 1.1, *In a THT-methylene chloride mixture solvent. ‘GC vields. The values in parenthescs arc isolated vields.

Experimental Section

All rcactions were performed under a dry N» atmosphere.
All chemicals used were commercial products of the highest
purity available: THF was dried over 4 A molccular sicve
and distilled from sodium-benzophenone ketyl prior to usc.
Methylenc chloride was also dried over P4Oy; and distilled.
'H NMR spectra were recorded on a Bruker AMX 300 spec-
trometcr. Gas chromatographic analyscs were carried oul
with a Varian 3300 Chromatograph.

Reductive Oxidation of Acid Chlorides to Aldchydes.
The follewing reaction is tvpical of the procedure wtilized in
such conversion with PCC. A solution of lithium aluminum
hydride (1.0 M. 31 mL. 31 mmol) in THF was placed in an
oven-dricd. 300-mL (lask fitted with a sidc-arm and a reflux
condenser Icading (o a mercury bubbler. To this solution
8.37 g (61 mmol) of benzov] chloride was added dropwise
with vigorous stirring at ) °C and the mixture was stirred fur-
ther for 3 h at room emperature. To a well-stirred suspen-
sion of PCC (14.5 g. 67 mmol) m mcthvlene chloride (120
mL) taken in a 300-mL flask cquipped as described above.
was added dropwisc the above reaction mixture in THF
using a cannula. The mixture was stirred for 3 h at room
temperature. GC analvsis of an aliquot using tridecane as an
internal standard indicaled a vicld of 98%.

Isolation of Aldchyde Products. The rest of rcaction
mixture (60 mmol) was dilutcd with ¢thy] cther (120 mL)
and the supcmatant liquid is then filtered through Florisil®

(120 ) contained in a 300-mL sintered glass funncl, The
solid residuc was triturated with ¢thy] ether (3 x 30 mL) and
passcd through the same Florisil column. The filtrate is con-
centrated and distilled under reduced pressure to give 3.2 g
(82%) of purc benzaldchyde. bp. 62-63° (14 mm. np™ 1.5450),

References

1. Forreviews, (a) Mosettig, E.: Mozingo, R. Org. React. 1948,

o

Cha, ). S Brown, L1 C.J. Org. Chem. 1993, 38. 4732 and
relerences cited therem.

Cha, I S Kim. M. G Kim. T M Kwon. O, O Chun, T
H.: Cho. S. D). Buil. Korean Chem. Soc. 1998, 19, 724,

4. Cha. I 8. Kim, J. M. Chun. I H.- Kwon, O. Q. Tee, L
C. Buil. Korean Chem. Soc. 1998, 19, 730

Cha. J.S:Kim,J. M.: Chun. I H.: Kwon. O. O Kwon, 8.

Y.. Choe, 8. D. Bull. Korean Chem. Soc. 1998, 19, 1301,

6. Cha, ). S Kim, J. M.: Chun, J. IL: Kwon, Q. O.: Kywon. S.
Y. llan, 8. W. Org. Prep. Proced. fni. 1999, 31, 204

7. Cha, J.S.: Chun, J IL: Kim. 1. M.. Kwon, Q. O.: Kwon. S.
Y..Lee, I C. Bull. Korean Chem. Soc. 1999, 20, 400,

8 Cha J S Chun, I IL: Kim, J. M.: Lee, D. Y. Cho. 8. D.
Bull. Korean Chem. Soc. 1999, 20, 1373,

9. (a) Nystrom. R. F.. Brown, W. G..J dm. Chem. Soc. 1947,
69. 1197 (b)) Brown, H. C.. Wessman, P M Yoon, N. M.
Thid 1966, 55, 1438.

10. Smith, M. B. Organic Svnthesis: Theosy, Reactions, and
Method McGraw-Hill Book Co.: New York, 1994,
I1. Cha,l S.:Brown. 11 C.J Org. Chem. 1993. 58, 4727,

‘)

n




