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Abstract—The synthesis of a series of maslinic acid derivatives is described and their effect on rabbit muscle glycogen phosphorylase
a evaluated. Within this series of compounds, 15 (IC50 = 7 lM) is the most potent GPa inhibitor. SAR of the maslinic acid deriv-
atives are discussed.
� 2005 Elsevier Ltd. All rights reserved.
Energy metabolism, which mainly involves fat metab-
olism, glucose metabolism, and protein metabolism, is
one of the basic characteristics of biological processes.
Multiple abnormalities in energy metabolism, especial-
ly abnormalities in glucose metabolism, result in a
variety of severe diseases. As part of our project
aimed at pharmacological interference with glucose
metabolism, we have interest in developing glycogen
phosphorylase inhibitors as therapeutic agents. Glyco-
gen phosphorylase (GP) is the enzyme responsible for
glycogen breakdown to produce glucose and related
metabolites for energy supply.1 Due to its key role
of GP in modulation of glycogen metabolism, phar-
macological inhibition of GP has been regarded as
an effective therapeutic approach for treating diseases
caused by abnormalities in glycogen metabolism, such
as type 2 diabetes,2 myocardial ischemia,3 and tu-
mors.4 Several structural classes of GP inhibitors have
been reported, whose binding sites identified in GP
include the catalytic site, the purine inhibitor site (also
known as I-site), the allosteric site, the glycogen stor-
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age site, a novel allosteric inhibitor site, and the newly
discovered benzimidazole-binding site.5

Maslinic acid (1), which is an abundant constituent of
olive fruit, has recently drawn much interest due to its
anti-tumor,6 anti-HIV,7 antioxidation,8 and antiobesity
activities.9 More recently, we have first reported that 1
and related triterpenes represent a new class of GP
inhibitors.10 This discovery afforded pentacyclic triter-
penes as novel lead compounds in searching for potent
and low-toxic GP inhibitors as therapeutic agents for
type 2 diabetes and other diseases. In our previous
studies, 1 exhibited moderate inhibition against both
rabbit muscle GP and rat liver GP.10 Moreover, 1
effectively inhibited the increase of fasted plasma glu-
cose of diabetic mice induced by adrenaline.10 In an ef-
fort to clarify SAR of the triterpene class of GP
inhibitors, the present study has mainly focused on
structural modifications at C-28, C-2, and C-3 posi-
tions of 1. Herein, we describe the synthesis, biological
evaluation, and SAR of maslinic acid derivatives as a
new class of GP inhibitors.
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The syntheses of maslinic acid derivatives are summa-
rized in Schemes 1–4. Maslinic acid (1) was synthesized
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Scheme 2. Reagents: (i) R1X, K2CO3, DMF; (ii) THF-4 N NaOH.

(R1X = CH3I, N-chloromethylpyrazole or ethyl bromoacetate,

respectively).
based on a hydroboration-oxidation reaction as de-
scribed previously.10 On the other hand, Takayama
and co-workers reported the preparation of corosolic
acid via ketone-hydroxylation strategy,11 and based on
this methodology, we employed modified procedures
to carry out the preparation of 1 and related compounds
(Scheme 1). It was found that protection of the carboxyl
groups as benzyl esters was very convenient and neces-
sary, since process manipulation on the triterpene acids
was very tedious and low-yielding. Thus, esterification
of 2 with benzyl chloride followed by an oxidation reac-
tion with PCC afforded ketone 4 in high yields.10 Stereo-
selective hydroxylation of 4 with mCPBA catalyzed by
H2SO4 in MeOH-CH2Cl2 at 0 �C gave 2a-hydroxyl ke-
tone 5 in 80% yield. Reduction of 5 with NaBH4 in
THF at 0 �C gave 2a,3b-diol 6 (77%) as the major prod-
uct, together with 2a,3a-diol 7 (18%) as a minor prod-
uct. The relative stereochemistry at C-2 and C-3 of 6
and 7 was determined by 1H NMR coupling data
(J = 9.5 Hz in response to trans-coupling between
H-3a and H-2b in 6; J = 2.6 Hz in response to cis-cou-
pling between H-3b and H-2b in 7). Hydrogenolysis of
6 or 7 over palladium/carbon in THF furnished maslinic
acid (1) or 3-epi-maslinic acid (8) in quantitative yield,
respectively. It should be mentioned that 5 was unstable
at basic conditions, for example, treatment of 5 with
KOH in MeOH-DMF at room temperature gave
a,b-unsaturated ketone 9 in almost quantitative yield.

Treatment of 1 with iodomethane in the presence of
potassium carbonate in DMF at room temperature
afforded methyl ester 10 in 95% (Scheme 2). In a similar
fashion, maslinic acid esters 11 and 12 were obtained in
good yields upon treating 1 with N-chloromethylpyraz-
ole12 and ethyl bromoacetate, respectively. Ester 12
was further converted to 13 in quantitative yield by
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Scheme 1. Reagents and conditions: (i) K2CO3, BnCl, DMF, 50 �C; (ii) PC
(iv) NaBH4, THF, 0 �C; (v) H2, Pd/C, THF, rt; (vi) KOH, MeOH-DMF.
hydrolysis of 12 with 4 N NaOH aqueous solution in
THF without effecting the ester bond of C-28.

Reaction of 1 with 1,2-dibromoethane or 1,4-dibromo-
butane in the presence of potassium carbonate in
DMF at room temperature gave compounds 14 and
15 in high yields, respectively (Scheme 3). Treatment
of 14 in refluxing aqueous ethanol in the presence of
Et3N afforded16 in 78% yield. Nitrogen-containing
derivatives 17–22 were synthesized through reactions
of 14 or 15 with corresponding amines. For example, a
mixture of 14, diethylamine, and potassium carbonate
in DMF was stirred overnight at room temperature to
give 17 in 82% yield. In the same way, compounds
18–22 were prepared in moderate to good yields.13

We examined how steric hindrance at C-2 affected
stereoselectivity of the reduction of the C-3 carbony
group by adding bulky substituents on 2a-hydroxyl
group of 5. In this regard, acetate 23 and silyl ether 24
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were prepared in high yields using the regular methods,
respectively (Scheme 4). Our preliminary results showed
that reduction of acetate 23 with NaBH4 resulted in a
similar stereoselectivity compared with reduction of 5,
furnishing 2a,3b-isomer 25 (75%) as the major product,
together with 2a,3a-isomer 27 (14%) as a minor product.
Even with the very bulky silyl ether 24, the stereoselec-
tivity of reduction was not significantly distinguished
compared with that of reduction of 5, and as a result,
2a,3b-isomer26 (74%) was obtained as the major prod-
uct, together with 2a,3a-isomer28 (19%).

The synthesized maslinic acid derivatives were evaluated
in the enzyme inhibition assay against rabbit muscle
glycogen phosphorylase a which shared considerable
sequence similarity with human liver GPa and was com-
mercially available. As described previously,14 the activ-
ity of rabbit muscle GPa was measured through
detecting the release of phosphate from glucose-1-phos-
phate in the direction of glycogen synthesis. The assay
results showed that most of the newly synthesized com-
pounds exhibited inhibitory activity against rabbit mus-
cle GPa with IC50 values in the range of 7–1707 lM
(Table 1).
Our initial effort for lead optimization was focused on
improving water solubility of the triterpenoids since it
is well known that pentacyclic triterpenoids including
1 have very poor water solubility. Unfortunately, the
incorporation of hydrophilic groups at C-28 side chain
resulted in a significant decrease of potency (e.g., 16,
17, and 21). SAR analysis for C-28 side chains indicated
a strong preference for the hydrophobic groups (12, 14,
and 15) over hydrophilic groups (13, 16, and 20). One
hypothesis for this phenomenon is that the triterpenoids
might bind to the inhibitor site (I-site) of GP, which is a
hydrophobic binding pocket.5 As an effort to identify
the possible binding sites in GP for these triterpenoids,
we performed molecular modeling studies, and the
docking results showed a high probability of interaction
between these triterpenoids and the inhibitor site of
GP.15 Furthermore, our previous studies showed that
GP inhibition by 1 was synergistic with glucose,10b

which was supportive of the above hypothesis since
the I-site inhibitors were reported to be more potent in
the presence of high glucose concentrations.16 Certainly,
in order to unanimously determine the GP-binding site
for these triterpene inhibitors, an X-ray crystallographic
study is needed.



Table 1. Rabbit muscle GPa inhibition assay results for maslinic acid

derivatives

Compound RMGPa IC50
a (lM)

1 28

5 29

6 ndb

7 66

8 144

9 30

10 393

11 66

12 19

13 1651

14 50

15 7

16 153

17 51

18 31

19 43

20 62

21 580

22 121

23 29

24 ndb

25 80

26 1707

27 63

28 580

Caffeine 114

a Values are means of three experiments.
b nd, not determined.
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The effect of C-28 side-chain size could be clarified by a
comparison of 14 and 15. Compound 15 (IC50 = 7 lM)
is much more potent than 14 (IC50 = 50 lM). The only
structural difference between 14 and 15 is the length of
carbon side chain linked to the C-28 carboxyl, indicating
that the size of C-28 hydrophobic side chains affects the
enzyme inhibitory activity.

Data analysis indicated no clear SAR for compounds
based on structural modifications at C-2 and C-3 posi-
tions of 1. In addition, no specific stereochemistry pre-
ferred by the enzyme could be inferred.

In summary, a series of maslinic acid derivatives have
been synthesized and evaluated as novel GP inhibi-
tors. Within this series of compounds, 15 was the
most potent GPa inhibitor (IC50 = 7 lM). A clear
preference for hydrophobic groups at C-28 is evident
for enzyme inhibition, which raises a challenge for
lead optimization based on 1 and related triterpenoids
since good water solubility is usually preferred for
drug design. A broader SAR study on triterpene class
of GP inhibitors is ongoing in our laboratory and will
be reported in due time.
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