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Microwave-assisted cleavage of Weinreb amide for carboxylate
protection in the synthesis of a (R)-3-hydroxyalkanoic acid
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Abstract—A versatile route for the modular synthesis of (R)-3-hydroxyalkanoic acids, constituents of the naturally biodegradable
poly(3-hydroxyalkanoate) polymers, and its application to the synthesis of (R)-3-hydroxydecanoic acid is described. Key steps
include a microwave-assisted catalytic transfer hydrogenation and a facile microwave-assisted hydrolysis of an N-methoxy-N-methyl
(Weinreb) amide, which enhances the practicality of this protecting group for carboxylic acids.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

(R)-3-Hydroxyalkanoic acids are common components
of lipopeptides, an important class of biologically active
compounds that exhibit antimicrobial, insecticidal, and
antiviral activities.1 These acids contain a chiral center
and two modifiable functional groups and therefore
serve as chiral building blocks for the synthesis of fine
chemicals such as antibiotics, vitamins, aromatics, and
pheromones.2 Moreover, (R)-3-hydroxyalkanoic acids
are constituents of a family of microbial polyesters
called poly(hydroxyalkanoates) (PHAs).3 Although
studies of PHAs have been hampered by a limited sup-
ply of authentic samples, researchers have nonetheless
identified more than 150 different hydroxyalkanoic acids
as constituents of these bacterial polyesters.3c Herein we
report a modular microwave-assisted strategy amenable
to the synthesis of (R)-3-hydroxyalkanoic acid libraries
and its application to the synthesis of (R)-3-hydroxy-
decanoic acid.

Several methods have been reported for the synthesis of
optically pure b-hydroxycarboxylic acids including the
ruthenium-catalyzed asymmetric hydrogenation of
b-ketocarboxylic esters using BINAP ligands,4 a Grig-
nard reaction for chain elongation of a chiral template,5

and the use of Evans’ chiral auxiliaries when substitu-
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ents alpha to the carboxylic acid are desired.6 These
procedures suffer the drawbacks of specific substrate
requirements for asymmetric induction, limited func-
tional group compatibility, and requirement for chiral
auxiliaries, respectively, and hence cannot be used effi-
ciently for the synthesis of libraries of enantiomerically
pure (R)-3-hydroxyalkanoic acids. To circumvent these
liabilities, a commercially available chiral material was
chosen as the starting point. The principal disconnection
in this strategy is a C–C bond that can be formed by a
Wittig reaction; a panel of Wittig salts could be used to
obtain a library of (R)-3-hydroxyalkanoic acids (Scheme
1). Amide 2 could be made by opening of the (S)-3-
benzyloxy-c-butyrolactone with a carboxylate protect-
ing group followed by oxidation of the resulting primary
alcohol.
2. Results and discussion

Key to our strategy was the installation of a carboxylic
acid protecting group via a simple nucleophilic ring
opening of (S)-3-hydroxy-c-butyrolactone. Subsequent
deprotection of the acid would require relatively mild
conditions since b-elimination of the hydroxyl moiety
was a concern. Various nucleophiles such as ethanol,
methanol, and benzyl amine have been used for opening
Scheme 1. Retrosynthetic analysis.
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of lactone 3 or its alcohol-protected analog; however,
these reactions were low yielding as the alkoxide pro-
duced after the opening of the lactone cyclized to return
the starting lactone. Amine-based nucleophiles avoid
these difficulties. To this end, the benzyl-protected lac-
tone was opened using benzyl amine as the nucleophile
with an 80% yield as previously reported.7 To obtain the
aldehyde 5 needed for the Wittig reaction, Parikh and
Doering,8 and Omura and Swern9 oxidations were
explored. As has been observed with previous oxidations
of this type, cyclized N-acyl hemiaminal 6 (Scheme 2)
was isolated as the major product of the reaction; none
of the open chain aldehyde form could be trapped in a
subsequent Wittig reaction.8b Employing a secondary
amine would eliminate the potential for cyclization.
However, following the protocol described by Weinreb
and co-workers10 with refluxing in dichloroethane at
90 �C for 24 h, 2-oxazolidinone failed to produce the
product of lactone opening as evidenced by TLC analy-
sis.

Next, N,O-dimethylhydroxylamine was considered as
the reaction had been previously reported and cleavage
of Weinreb amides using anhydrous potassium
hydroxide is known.11 The benzyl-protected lactone ring
was opened using N,O-dimethylhydroxylamine to pro-
vide compound 7 in 87% yield (Scheme 3).12 Subsequent
oxidation of the primary alcohol 7 using Parikh–Doer-
ing oxidation conditions provided the desired aldehyde
2. Treatment of this aldehyde with hexyltriphenylphos-
Scheme 2. Reagents and conditions: (a) benzyltrichloroacetimidate, TfOH,

50 �C, 2 h, 80%. (c) PyrÆSO3, Et3N, DMSO, rt, 2 h.

Scheme 3. Reagents and conditions: (a) benzyltrichloroacetimidate, TfOH, C

CH2Cl2, rt, 6 h, 87%. (c) PyrÆSO3, Et3N, DMSO, rt, 2 h, 86%. (d) hexyltriph

Scheme 4. Catalytic transfer hydrogenation.
phonium bromide and KHMDS produced in 86% yield
the corresponding Wittig product 8, which was imme-
diately treated with 10% Pd–C in hydrogen gas atmo-
sphere to obtain compound 9 in 95% yield (Scheme 4).

Because the hydrogenation of 8 required 12 h for com-
pletion, a microwave-assisted variant was explored.
Catalytic transfer hydrogenation (CTH) has gained
attention as a safe and simple hydrogenation technique
in which hydrogen gas is replaced with a hydrogen
donor such as cyclohexene, hydrazine, or ammonium
formate.13 Recently, microwave-assisted CTH was re-
ported where hydrogenation of the double bond and
deprotection of the benzyl group was carried out with
10% Pd–C as a catalyst and ammonium formate as a
hydrogen donor in a domestic microwave oven.13b

Optimal hydrogenation of the Wittig product 8 in a
continuous wave microwave reaction vessel was carried
out with microwave irradiation at 120 �C using ammo-
nium formate as the hydrogen donor and 10% Pd–C as a
catalyst. Critical to the success of the reaction was the
addition of ammonium formate after the reaction mix-
ture was brought to 120 �C (Scheme 4). After 5min of
microwave irradiation all of the starting material was
consumed and compound 9 was isolated in 90% yield
(Scheme 5).

The final challenge was deprotection of the Weinreb
amide without elimination of the b-hydroxyl moiety.
Weinreb amides are typically hydrolyzed with potassium
CH2Cl2–cyclohexane (2:1), 0 �C, 6 h, 71%. (b) benzylamine, benzene,

H2Cl2–cyclohexane (2:1), 0 �C, 6 h, 71%. (b) (MeO)MeNHÆHCl, Me3Al,

enylphosphonium bromide, KHMDS, toluene, �78 �C, 1 h, 86%.



Scheme 5. Microwave-assisted basic hydrolysis of the Weinreb amide.
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tert-butoxide (6 equiv) and water (2 equiv) in THF,11 but
these reactions can be difficult. Since aqueous KOH in
methanol/water at room temperature has been used to
remove the Evans et al. chiral auxiliary,6 we decided to
investigate these conditions to remove the Weinreb
amide. The reaction was successful, but took 4 days to go
to completion. Recent advances in microwave synthesis14

inspired us to attempt this hydrolysis under microwave
irradiation. Amide 9 was dissolved in MeOH–H2O (1:1)
and subjected to microwave irradiation (130 �C, 90 psi)
in the presence of KOH (2N) (Scheme 3). After 20min
the desired final product 1 was obtained in 87% yield. No
product was observed upon conventional heating of the
reaction mixture for 1 h. This method delineates a new
mild and efficient method to hydrolyze Weinreb amides,
thereby rendering this group more practical for the
protection of carboxylic acids. This hydrolysis step
completed the synthesis (R)-3-hydroxydecanoic acid
from (S)-3-hydroxy-c-butyrolactone 3.15–21
3. Conclusion

Previous syntheses of chiral b-hydroxy acids have relied
on either Grignard reagents for chain elongation and
were thereby limited in the functional groups that were
tolerated in the side chain or on Evan’s chiral auxiliary,
which provided mixtures in the absence of an alpha
substituent. The use of the versatile Wittig reaction for
chain elongation allows the introduction of alkyl groups
with varying carbon chain length and different func-
tionalities such as halogen, carboxylic acid, and ester
group. These functionalized chiral b-hydroxy acids can
be used for the synthesis of a wide variety of complex
compounds as well as for the study of the enzyme sys-
tems involved in the biosynthesis of poly(hydroxyalk-
anoates). The dramatic decrease in the observed reaction
times for our hydrogenation and Weinreb amide
hydrolysis steps further demonstrates the utility of
microwave irradiation in synthetic applications.
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