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A mild and efficient method for the synthesis of optically active
a-hydroxy acids through chemoselective oxidation of monosubsti-
tuted ethylene glycols using the TEMPO-NaOCI reagent system is
described. It is evident from our studies that the solvent, pH and
reaction temperature are very crucial for the success of this
oxidation. The versatility of this method has been demonstrated
with a variety of aliphatic, aromatic and carbohydrate substrates
bearing various functional groups.

Introduction

An optically active o-hydroxy acid functional group is one of
the most important structural sub-units present in various bio-
logically active natural products and pharmaceutically impor-
tant molecules." Especially, enantiomerically pure a-hydroxy
acids serve as the key building blocks in synthesizing various
biologically important complex molecules such as prostaglan-
dins,” angiotensin converting enzyme (ACE) inhibitors,® semi-
synthetic penicillins,* cephalosporins,” antitumor® and anti-
obesity agents” as well as fine chemicals." Moreover, a-hydroxy
acids have found widespread applications in organic synthesis
as chiral intermediates,® chiral ligands,® resolving agents in
chiral resolution processes'® and also as anti-aging factors in
the cosmetics industry.™

As a result of the wide-ranging applications of a-hydroxy
acids in biology as well as in synthetic organic chemistry, con-
siderable efforts towards its synthesis have already been made
and, consequently, numerous enzymatic and chemical
methods have been reported in the literature."*™*> The most
frequently used synthetic methods include kinetic and enzy-
matic resolution of racemic a-hydroxy esters,"” hydrolysis of
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Scheme 1 Synthesis of chiral a-benzoyloxy carboxylic acids from
benzylidene acetals.

cyanohydrin,”® reduction of prochiral o-ketoesters'* and
stereoselective a-hydroxylation of enolates with oxaziridines."
However, many of these methods suffer from low yield and
poor stereo- and enantioselectivity.

Very recently, we reported a novel method for the one-pot
synthesis of «- and p-benzoyloxy carboxylic acids through
regioselective oxidative cleavage of benzylidene acetals using
the RuCl;-NalO, reagent system (Scheme 1). Further, this
methodology was readily extended to the synthesis of optically
active o-benzoyloxy carboxylic acids starting from terminal
olefins."®

Although several reagent systems, such as Co(u)-O,,
PCC,"7? ruthenium pyrochlore oxides-0,,'”° MoO,(acac),~
‘BuOOH,'” W0,>"-P0,*"-H,0,,'”¥ and TPAP-NMO,'”” have
been introduced in the literature for the oxidative cleavage of
vicinal diols to carboxylic acids, the direct oxidation of vicinal
diol to the corresponding a-hydroxy acid has not been fully
explored.

Among the various oxidation methods reported till date,
TEMPO (2,2,6,6-tetramethyl-1-piperidinyloxy, free radical)
mediated oxidation is generally found to be a mild and highly
efficient method for the direct oxidation of primary alcohol to
the corresponding carboxylic acid.’® Massanet et al. reported
the chemoselective oxidation of 1,1-disubstituted ethylene
glycols to the corresponding a-hydroxy acids using the
TEMPO-NaOCIl-NaClO, reagent system in acetonitrile
(Scheme 2).'°* However, under these conditions, the mono-
substituted ethylene glycols are found to undergo oxidative
cleavage leading to carboxylic acids. Very recently, Shibuya
et al. carried out a mechanistic investigation on the oxidative
cleavage of monosubstituted ethylene glycol to the corres-
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Scheme 2 TEMPO mediated oxidation of substituted ethylene glycols.

ponding carboxylic acid using the same reagent system
(TEMPO-NaOCI-NaClO,) in acetonitrile at room temperature.
Interestingly, this study suggested that the reactive oxoammo-
nium species (TEMPO'CI™) promotes overoxidation of mono-
substituted ethylene glycol to the corresponding o-ketoacid
and subsequent oxidative cleavage of this ketoacid by
NaClO,.'*”

The above mechanistic studies coupled with the biological
significance of a-hydroxy acids have motivated us to investigate
and develop an efficient and reliable method for the conver-
sion of monosubstituted ethylene glycol to the corresponding
a-hydroxy acid under mild reaction conditions.

Our primary effort to identify a TEMPO based reagent
system for the efficient oxidation of monosubstituted ethylene
glycol to a-hydroxy acid has resulted in the systematic investi-
gation of vicinal diol 3 with the TEMPO-NaOCI reagent system
under a variety of reaction conditions.'®™ After screening the
reaction in different solvents and at various temperatures, it
was realized that the solvent, pH and reaction temperature
play a very critical role in the TEMPO mediated oxidation of
vicinal diol and the results obtained are summarized in
Table 1. From these studies, it is evident that the oxidation
reaction is generally faster in the acetonitrile solvent. At room
temperature, the TEMPO-NaOCl reagent system favours

Table 1 Effect of the solvent, buffer and temperature on the TEMPO
mediated oxidation of monosubstituted ethylene glycol 3

1 eq. TEMPO
O/Y\OH 2 eq. NaOCI WCO:H mcozH O/\COZH
OH
Solvent, Buffer 4a ab o 4c
Temperature

Product ratio

Entry  Solvent Buffer T(°C) Time(h) 4a:4b:4c
1 Acetonitrile A RT 0.45 0:1:9

2 Acetonitrile A 0 1.0 5:10:3

3 Acetonitrile B RT 1.25 7:3:0

4 Acetonitrile B 0 1.5 4:1:0

5 Acetone” A RT 1.5 5:1:5

6 Acetone” A 0 1.75 5:1:1

7 Acetone” B RT 1.5 9:0:1

8 Acetone’ B 0 2.0 1:0:0

9 DCM® B 0 1.25 11:1:2

“A refers to phosphate buffer (pH 6.8) whereas B refers to 5% aq.
NaHCO, buffer (pH 8.3). ” 0.1 eq. of KBr was used. 0.1 eq. of Bu,NBr
was used.

4306 | Org. Biomol Chem., 2014, 12, 4305-4309

View Article Online

Organic & Biomolecular Chemistry

oxidative cleavage more readily in the presence of phosphate
buffer (pH 6.8) (Table 1, entries 1 and 5). Intriguingly, using
aqueous 5% NaHCOj; solution as a buffer (pH 8.3), a very
clean and selective oxidation of vicinal diol 3 to the corres-
ponding a-hydroxy acid 4a was observed in acetone at 0 °C
(Table 1, entry 8). Significantly, under these reaction con-
ditions, the overoxidized products 4b and 4c were not
observed. From these studies, it is obvious that the TEMPO-
NaOCI-NaHCOj; reagent combination in acetone discriminates
primary and secondary alcohols and thus chemoselectively oxi-
dizes the primary alcohol to the corresponding carboxylic acid
(Table 1, entries 7 and 8).

Moreover, the stability of a-hydroxy acid was further tested
under these oxidation conditions and the results are summar-
ized in Table 2. Unlike phosphate buffer in acetonitrile
medium (Table 2, entries 1 and 2), in the presence of NaHCO;
buffer, a-hydroxy acid 4a was found to be stable in acetone at
0 °C (Table 2, entry 3).

Since the synthetic potential of the TEMPO-NaOCIl-
NaHCOj; reagent combination has not been fully explored, oxi-
dation of a wide variety of monosubstituted ethylene glycols to
a-hydroxy acids has been investigated.”® Consequently, the oxi-
dation of (R)-(—)-phenylethylene glycol 1 with TEMPO-NaOCI-
NaHCO; was carried out in acetone at 0 °C (Scheme 3). Intrigu-
ingly, the reaction proceeded readily to afford the corres-
ponding a-hydroxy acid 2a in excellent yield with a high degree
of chemoselectivity. It is evident from the literature that the
vicinal diols derived from styrene and allyl benzene are suscep-
tible to undergo oxidative cleavage with the TEMPO-NaOCIl-
NaClO, reagent system.'®® Moreover, under the reaction con-
ditions, the a-hydroxy acid 2a did not suffer any racemization
(Table 3, entry 1).

Table 2 Effect of the solvent and temperature on the TEMPO mediated

oxidative cleavage of a-hydroxy acid 4a
mCOZH 1eq. TEMPO, CO:H OACOQH
2 eq. NaOCl © 4
Solvent, Buffer, ©
Temperature

Entry  Solvent Temperature (°C) Time (h) Ratio 4a:4b:4c
1 Acetonitrile® 0 0.75 0:1:10
2 Acetonitrile® RT 0.5 0:0:1
3 Acetone” 0 2.0 1:0:0
4 Acetone” RT 2.0 4:0:1

“ phosphate buffer (6.8 pH) was used. ? 5% aq. NaHCO; and 0.1 eq. of

KBr were used.

OH OH NMU OH
©/‘\ TEMPO, NaOCI, KBr ©/'\COZH 50% agq KOH ©/kCOZMe
OH 5% aq NaHCO;4 Ether, 0 °C, 15min 2
1 Acetone, 0 °C, 2h 2a 100% .
(98% ee) 96% (98% ee)

Scheme 3 TEMPO mediated oxidation of monosubstituted ethylene
glycol to a-hydroxy acid.
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Table 3 Chemoselective oxidation of monosubstituted ethylene
glycols to a-hydroxy acids
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Table 4 Chemoselective oxidation of glycols derived from carbo-
hydrate molecules

Entry  Substrate (% ee) Product (% ee) Yield (%)*  Entry Substrate Product Yield® (%)
1 OH o OH 96 1 HOH,C MeO,C 84
o o) R e
@/g coue 07 3 ') 3
Bnd © gnd O
1(98.0) 2 (98.0) . 18
5 OMOH _CO,Me 97 ) HOHG MeOG 83
OH A S fiile) oS Q
o Ho\m e Ho\H\\S_z S
3 (62.0) 4(62.0) mso O MsO O
OH OH
3 oH 97 3 HO HO g1
COzMe O ..0Bn O~ ..0Bn
Ve Ve HOH,C” ¢ MeOC”
5 (>990) 6 (>990) O><O O><O
21 22
4 OH o OH o4
©/k/ ©/LCOZME A -
NO, NO,
7(97.0) 8(97.0)
5 " OH ~COMe 95
OH oH 5 87
9 (40.0
(40.0) 10 (40.0)
6 i i 88
“Isolated yield.
11 (40.0) 12 (40.0) oxidation to furnish the corresponding a-hydroxy acids in
com excellent yields (Table 3, entries 2, 7 and 8). The versatility of
e . .
7 WOH m z 95 the methodology was further tested with various glycols
OH OH .
13 (69.0 derived from carbohydrate molecules and the results are sum-
B b . . . '
©.0) 14 (69.0) marized in Table 4. Under the reaction conditions, the glycols,
COMe having both internal and terminal isopropylidene acetals,
8 H OH e 92 underwent smooth oxidation to give the corresponding
15 (31.0) 16 (SI.O)bOH a-hydroxy carboxylic acids in very good yields (Table 4, entries

“Isolated yield. “ee was determined by HPLC analysis of the

corresponding O-Bz derivative.

Encouraged by this result, the generality of the method-
ology was further tested with several aromatic as well as ali-
phatic monosubstituted ethylene glycols having various
functional groups and the results are summarized in Table 3.
Under the reaction conditions, the aromatic monosubstituted
ethylene glycols possessing functional groups such as -F,
m-NO,, and p-Me underwent smooth oxidation to give the
corresponding o-hydroxy carboxylic acids in very good yields
(Table 3, entries 1 and 3-6). Similarly, both cyclic and acyclic
aliphatic monosubstituted ethylene glycols underwent clean

This journal is © The Royal Society of Chemistry 2014

1-5). Sensitive functional groups such as -OBn, -OMs, -Nj
and isopropylidene acetal were found to be stable under the
reaction conditions.

Interestingly, the oxidation of phenylethylene glycol 1 using
catalytic amounts of TEMPO is found to be equally effective
under our reaction conditions and furnished the corres-
ponding a-hydroxy acid 2a in a slightly lower yield. The results
are summarized in Table 5.>*

Table 5 Oxidation of phenylethylene glycol 1 using a catalytic amount
of TEMPO

Entry TEMPO (eq.) Time (h) Yield of 2a (%)
1 0.1 8 88
2 0.2 4.5 91
3 1.1 1.5 96
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Conclusions

In summary, a mild and highly efficient method has been
developed for the direct synthesis of a-hydroxy acids from
monosubstituted ethylene glycols. Intriguingly, our studies
have shown that the solvent, pH and reaction temperature are
very vital for the success of this TEMPO mediated oxidation of
vicinal diol to a-hydroxy acid. Under the reaction conditions,
optically active glycol furnishes the corresponding o-hydroxy
acid in excellent yield with a high degree of optical purity.
Several functional groups such as -NO,, -F, -OBn, -OMs, -Nj;
and isopropylidene acetal are found to be stable under the
reaction conditions. Moreover, the catalytic version of this oxi-
dation is found to be equally efficient. Since this reagent com-
bination is more reliable and compatible with many functional
groups, this method will find wide application in organic
synthesis.>*
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22 General experimental procedure: To a stirred solution of

compound 1 (138 mg, 1 mmol) and TEMPO (172 mg,
1.1 mmol) in acetone (6 mL) at 0 °C was added KBr (12 mg,
0.1 mmol) followed by 5% aqueous NaHCO; solution
(2.6 mL). To this mixture at 0 °C, 4% NaOCl (3.7 mL,
2.0 mmol) was added dropwise and the resulting mixture
was stirred at 0 °C. After completion of the reaction
(~1.5 h), aqueous 5% NaHCO; solution (3.7 mL) was
added, the solvent was removed under reduced pressure
and the aqueous layer was washed with ether (2 x 10 mL)
to remove TEMPO impurities. The aqueous layer was
cooled to 0 °C, acidified to pH 6 with 1 N hydrochloric acid
and then extracted with ethyl acetate (3 x 10 mL). The com-
bined organic extracts were washed with water, brine and
dried over anhydrous Na,SO,. The organic layer was then
concentrated under reduced pressure and the crude com-
pound was treated with diazomethane in ether to furnish
the corresponding methyl ester 2. The crude product 2 on
column chromatographic purification over silica gel using
8-10% EtOAc in hexane as a solvent gradient afforded the
pure methyl ester 2 (159 mg, 96%) as a white solid.
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