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A practical synthesis of betulinic acid
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Abstract—A new synthetic route for the synthesis of betulinic acid from betulin has been developed. The main step of this procedure
is the selective oxidation of the primary alcohol function of betulin without affecting the secondary hydroxyl group. Applying
shorter reaction times and lower temperatures results in the exclusive formation of the corresponding aldehyde, betulinal.

© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

Betulinic acid (1), a pentacyclic triterpene, possesses sev-
eral biological properties' > such as antiviral, anticancer,
anti-inflammatory, antiseptic, antimicrobial, antimalar-
ial, antileishmanial, antihelmintic, antifeedent as well
as spermicidal activities. In addition, it was shown that
1 possesses a high toxicity towards cancer cells and a
weak toxicity to healthy cells thus allowing a selective
destruction of melanoma cells® by apoptosis. Betulinic
acid has been found in certain plants’ but only in small
amounts; it can be obtained by fractional extraction®
and subsequent recrystallization at low®® temperatures.
In addition, this process requires the use of very large
volumes of solvents making it less suitable for large scale
industrial applications.

Betulin (2), a naturally occurring triterpene seems to be
an ideal starting material for the synthesis of 1. It can be
isolated,'? for example, from the outer layer of the bark

TEMPO, NaCl,0, NaCIO

of the white birch tree, Betula alba, containing 2 up to
25% of its weight. Thus, 2 has been converted into 1
using two different synthetic routes: The first approach
utilized an oxidation of 2 to betulonic acid followed
by a reduction to afford 1. Although these two reactions
gave good to moderate yields, the reduction step re-
sulted in the formation of a mixture of epimers!'~!3 that
were difficult to separate. Thus, in a second synthetic
route, the use of protecting groups has been suggested;
this led to pure material albeit the whole sequence
now involving five chemical reactions!*!¢ thus lowering
the overall yields significantly. Quite recently, a two-step
route'” utilizing solid-supported chromium oxide and
potassium permanganate has been suggested and even
more recently, a TEMPO-mediated electrochemical ap-
proach'® has been devised. Both of these approaches,
however, are small-scale preparations and the obtained
yields only moderate. To circumvent all of these prob-
lems, we have developed a short one-step route to 1
from easily available, cheap compound 2.

Scheme 1. The synthesis of betulinic acid and betulinal.
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Whereas the oxidation of 2 with TEMPO' (2,2,6,6-
tetramethyl-piperidin-1-oxyl)/NaClO,/NaOCIl at 35 °C
furnished 92% of the aldehyde betulinal (3),?° the reac-
tion of 2 with 4-acetamido-TEMPO/NaClO,/NaOCl at
50 °C gave betulinic acid (1) in an 86% isolated yield.?!

Preliminary work done in our laboratories indicates that
this procedure for the synthesis of 1 can be scaled up to
obtain larger amounts of 1 in a very convenient way.
The main advantages of this approach include the use
of inexpensive starting material and reagents as well as
the simplicity of the route (Scheme 1).
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