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The oxidation of aldehydes to carboxylic acids is in principleside products formed by chlorination or oxidation of the aro-
easy to achieve. A number of reagents are known for thisnatic ring. The substitution of J&, by DMSO as trapping
transformation [1], nevertheless, only few selective methodseagent has been demonstrated to be a viable alternative to
that reliably work with all types of aldehydes and also toler-circumvent such problems. Oxidation of an electron donor
ate a broad range of other functional groups are availabléhas also to be considered as a possible obstacle. Unprotected
Sodium chlorite had been discovered [2] to be effective foraromatic amines and pyrrols are not tolerated as substrates
the conversion of aldehydes to carboxylic acids under mildresulting in no defined products, while thioethers are oxidized
conditions (equation 1), but side reactions could not alwayso sulfoxides and sulfones [6].

be avoided.
RCHO + HCIO, - RCOOH + HOCI 1) Ar_/<° NaClO3 / Ho02 / NaH2PO4 Ar_/<0
CH3CN / H,0 OH
Problems arise due to the formation of hypochlorite, which
is a more powerful oxidation reagent than chlorite and more-
over, is able to oxidize the latter to chlorine dioxide. Conse- B
. - ’ Ar= R - $- §-
quently, to circumvent the complications described scaven-
gers for hypochlorite were tested such as 2-methyl-2-butene R = H (93%) Me MeO  OH
[3], resorcinol [4] or sulfamic acids [5]. All these additives, R = OMe (86%) 01%) (chlorinated
although effective, display certain disadvantages. Eventual- Efgn (7t%) (91% compounds
ly, hydrogen peroxide was introduced as trapping reagent by R= NHE:E)?\;ISe) (98%) only)

Dalcanale and Montanari [6], which subsequently had been
adopted for many oxidations of aldehydes with sodium chlo-

: Me, e
rite. MeS—@%— — 0//34©—§— + Me—§—®§—
HOCI + H,0, - HClI + O, + H,0 (2) 75% 25%

A distinct advantage of the combination of hydrogen per->chemelOxidation of aromatic aldehydes
oxide-sodium chlorite is the exclusive formation of inorgan-

ic by-products in the course of the oxidation. From an opera-

i i i rmation of oxygen i in

tional point (_)f view thg fq ation of oxygen, as depicted O NaCIO, / HyOy / NaH,PO, o
equation 2, is a good indication for the progress of the reac- HetAr_/< HetAr_/<
tion. Best reaction conditions have been achieved in aqueous H CH3CN /H20 OH

acetonitrile buffered with NajfO, at pH 4.3, while with very @
sensitive substrates up to 5 equivalents of hydrogen peroxid _ /\:>_ J\ r
at pH 2 are employed in order to accelerate the reduction o%ew N Ofﬁ R/Q"{ N #
Ig?étl Reactions are carried out at room temp. or even at (100%)  (04%) R=H (82%) (tars)
. R = NO, (84%)

Following these procedures, aliphatig3-unsaturated and
aromatic aldehydes can be converted to carboxylic acids witischeme 20xidation of hetero aromatic aldehydes
very few limitations. Moreover, this protocol has been proved
so versatile that it had become also the method of choice as
the final transformation for the two step conversion of alco- a,3-Unsaturated aldehydes can also be employed, as long
hols to carboxylic acids which is initiated by the selectiveas the double bond is not substituted with additional strong
formation of aldehydes by periodinane [7], Mp{8] or electron donating groups. Even triple bonds can be presentin
Swern-oxidation [9]. direct proximity of the aldehyde group [6] or in conjugation

Carboxylic acids are readily obtained from the correspondwith other double bonds [10] (Scheme 3).
ing aromatic and hetero aromatic aldehydes (Scheme 1 and There is a delicate balance of success and failure for the
2). Electron rich substrates can be troublesome, giving rise toxidation of aldehydes containing C—C-double bonds as il-
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o] o] The strength of the oxidation method presented here be-
Rl/\)\H NaClO / #20, / NaH2PO4 Rl/\)\m comes further apparent when highly functionalized substrates
2 CH3CN/H20 R2 are employed. In a total synthesis of (+)—cyclophellitol the
intermediate5 could be cleanly converted to the a&d
Ri =Ph; Ri= H, Me, CI, Br (> 90%) (Scheme 6) [12]. Especially noteworthy in this transforma-
R'=H; R"=Me (53 %), nPr (88%) tion are the stability of the epoxide towards ring opening and
R™ = OEt; R" = Me (chlorinated compounds only) the tolerance of benzyl ethers. Since the double bofdsin
H OH substituted by electron withdrawing groups, there is no dan-
Ph—— /o Ph— /o (74%) ger of its chlorination as pointed out before.

Scheme 30Oxidation ofa,f-unsaturated aldehydes
OBn O
Meosz)LH
lustrated in the next two examples. If isolated double bonds
are present in a substraggy. in 1, chlorination of the double
bond cannot be prevented with the reagent combination 5
NaClO,~H,0, (Scheme 4). This side reaction might be cir- NaCIOy / Hy0,

cumvented if DMSO is used as a scavenger instead, howev- "\aopo; | 76%

er, oxidations still occur only in moderate yields [6]. CH3CN / HyO
C:)Bn o O
o NaClO; / NaH,POy4 9 MeOZCMJ\OH
)\V\HMH CH3CN / Hz0 }”\HJ\/U\OH OBn OBn
1 2 6
1 0% inati . . . .
Ha92 0 % (ehiorination only) Scheme 60xidation step in the total synthesis of (+)-Cy-
o L clophellitol
Scheme 40xidation of substrates containing isolated dou-
ble bonds

Protection of hydroxyl groups has proved to be not neces-
In contrast, double bonds being in conjugation with elecS&y as demonstrated in the oxidation of hydroxyaldeffyde
tron demanding substituents or another double bond seem (3] (Scheme 7¢f. also Scheme 5). As can be seen from this
be oxidized well with NaCI@-H,0,, as demonstrated im- and other examples [14], there seems to be in general no ero-
pressively by the conversion of the highly unsaturated aldeSion of stereocenters in substrates.
hyde3 to the carboxylic acid (Scheme 5) [11].

M NaClO, / HpO, / NaH PO, M
H - nC7H1s CH3CN / H,O HO - nCsH1s
3 88% (2 steps starting 2
~ ~
OH from alcohol) OH
7 8

Scheme 70xidation step in the total synthesis of the Hypo-
cholesterolemic Agent 1233A

NaCIO5 / HpO2 / NaH2PO4 | 73% (2 steps starting ~ However, there are also a few cases reported in which dif-
CH3CN / H,0 from alcohol) ficulties to maintain the stereochemical integrity were encoun-

tered: the oxidation of aldehy@®awvas affected with sodium
chlorite in good yield, but epimerization of the neighboring
center to the acid had surprisingly occurred (Scheme 8) [15].
For this particular substrate, stoichiometric amounts of
NaClO, combined with catalytic amounts of TEMPO and
bleach were found to suppress the loss of stereochemical in-
formation.

Halides, most notably iodides suchldg16] (Scheme 9),
and stannanes suchl17] (Scheme 10) are tolerated well.
These examples also illustrate that double bonds, in particu-
Scheme 50xidation of substrates containing conjugated lar trisubstituted double bonds, do not undeggGisomeri-
double bonds zation in the course of the reaction.
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3 fecting the hydrolytically labile and potentially oxidizable
o] formyl group, the acid sensitiid-Boc group, or the allyl
. ester functionality. Moreover, no ring opening of the vicinal
: o donor-acceptor substituted cyclopropane moiety and no
/©:>_CO2H NaClO, }&“gJ\OH epimerization of the especially sensitive stereocenter bearing
Bu ! [} good yield Ve the amino group had occurred (Scheme 12).
j)LH
Me N(CHO)Boc NaClOz / HyO5 / KHyPO4 -~
OMe ) CH3CN / Ho0 o )
; 1 oS T bl i
H o] OH
Scheme 80xidation step in the total synthesis of an Endothe- 17 18

lin Receptor Antagonist
Scheme 120xidation of3-aminocyclopropanecarbaldehydes

M NaCI02/ HyO0o / NaH,POy4 Me
|/\I ¢ CH3CN / H,0 17N In conclusion, oxidation of aldehydes with NaGi€1,0,
57% (2 steps starting is a reliable and high yielding method for the synthesis of

Hoo from alcohol) HO™ 0 carboxylic acids. As side products, only water and NaCl are
11 12 formed, which makes this procedure also from an environ-
Scheme 9lodides in the oxidation with NaCloH,0, mental point acceptable. Clearly, direct oxidation of aldehydes
by H,0, would be an even more desirable process, and in-
deed recent results [22] demonstrate that this transformation
is possible. Nevertheless, the reaction temperatures required
Me  NaCl I NaHoP " (90 °C) for the latter process cannot compare with the mlild
e NaClOz/ H02/ NaH2PO, © conditions (0 °C to room temp.) used in the sodium chlorite
BuzSn._~ CH3CN / H0 Buﬁnf procedure.
71%
12 © Hl(z © This work was supported by the Fonds der Chemischen In-

dustrie. A. R. thanks the Studienstiftung des Deutschen Volkes

Scheme 10Stannanes in the oxidation with NaGi®1,0, for a graduate fellowship.
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