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Abstract—Thirteen oleanolic acid derivatives were prepared and evaluated for anti-HIV activity in H9 lymphocytes. Saturating the
C,—C,3 double bond and converting the C;;-carboxyl group to an aminomethyl group led to compounds 13-15 and 19-20,
respectively, which showed improved anti-HIV activity. Compound 15 was the most potent derivative with ECsq=0.0039 ng/mL

and TI=3570. © 2001 Elsevier Science Ltd. All rights reserved.

In order to combat the debilitating disease acquired
immune deficiency syndrome (AIDS), the USA FDA
has approved new drugs for the treatment of human
immunodeficiency virus (HIV) infection. These drugs
include nucleoside analogue HIV reverse transcriptase
(RT) inhibitors,"> non-nucleoside RT inhibitors,? and
protease inhibitors.* However, the efficacy of these HIV
enzyme inhibitors is limited by the development of drug
resistance and their toxic side effects.>® Thus, current
anti-HIV drug discovery is largely focused on new
agents with novel mechanisms of action.

In our continuing search for new anti-HIV drug candi-
dates, we previously reported that modification of
betulinic acid yielded extremely potent anti-HIV
compounds.” Recently, we also discovered that olea-
nolic acid exhibited anti-HIV activity with an ECsq of
1.7 ug/mL and therapeutic index (TI) of 12.8.1° Based
on this finding, oleanolic acid was also considered to be
a potential anti-HIV lead triterpenoid. To explore the
roles of the acyl substituent and other functional
groups, we developed a method to saturate the C;»—C;3
double bond and, in addition, converted the C;;-carboxyl
to an aminomethyl group (Fig. 1).

Compounds 2-5, 1015, 18-20 and AZT were examined
for anti-HIV activity in H9 lymphocytes as shown in

*Corresponding author. Tel.: + 1-919-962-0066; fax: + 1-919-966-3893;
e-mail: khlee@email.unc.edu

Table 1. Esterification of 1 at Cs-hydroxy gave 2-5,
which were as active or less active than the lead com-
pound. Saturation of the C;,—C;3 double bond in 1 gave
10 and led to a 3-fold increase in activity and in TI
value. Esterification of 10 with appropriate anhydrides
yielded compounds 11-15. While 11 was less active than
the parent acid (10), 12-14 were 5-fold more active than
10, and 15 showed remarkable activity. Converting the
C,7-carboxyl of 1 to aminomethyl gave 18, which could
not be tested due to its insolubility in DMSO. Intro-
ducing 3',3’-dimethylglutaryl or 3’,3'-tetramethylglutaryl
groups at both the C; and Csg positions of 18 produced
19-20, which displayed more than a tenfold increase in
activity compared with 1.

In conclusion, oleanolic acid derivatives 12-15, 19, and
20 showed high anti-HIV activity. Compound 15 was
the most active with ECsy and TI values of 0.0039 ng/
mL and 3570, respectively. Saturation of the C;»—Ci3
double bond could be a major cause of anti-HIV activ-
ity enhancement, whereas a C; acryl side chain was
essential for optimal activity. In addition, changing
the Cj;-carboxyl to aminomethyl could significantly
enhance anti-HIV activity. Additional structure—activity
relationship studies are in process.

A general synthesis for compounds 2-5 and 11-15 was
performed according to the following procedure. Oleanolic
acid or C;,, Cy3-dihydrooleanolic acid was heated to reflux
overnight with 2 equiv of the appropriate anhydride in
anhydrous pyridine in the presence of 4-(dimethylamino)
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Figure 1.

Table 1. Anti-HIV activity of oleanolic acid and derivatives

Compd  Anti-HIV activity® Cytotoxicity* Therapeutic index
ECsy (ng/mL)  ICs(ug/ml)  TI=ICs/ECs

1 1.7 21.8 12.8

2 7.1 14.6 2.1

3 8.3 27.5 33

4 1.5 14.2 9.3

5 1.2 4.7 3.9

10 0.5 17.4 34.8

11 2.6 12.9 49

12 0.1 12.3 123

13 0.1 8.3 83

14 0.1 10.1 101

15 0.0039 13.7 3570

18 NT NT NT

19 0.1 21.2 212

20 0.1 19.5 195
AZT 0.01 500 50,000

4NT, not tested due to solubility. All data are an average of at least two
experiments.

pyridine (catalytic). When TLC indicated complete
consumption of starting material, the reaction solution
was diluted with CHCl; and washed with 3N HCI
solution. The organic layer was then dried over MgSOy4
and subjected to column chromatography. Compound
15 was obtained from preparative HPLC.!!

The synthesis of compound 10 is outlined in Scheme 1.
Oleanolic acid was acetylated with 10 equiv of acetic
anhydride in anhydrous pyridine to give 3-acetoxy-
oleanolic acid (6) and then treated with ethereal diazo-
methane to yield methyl 3-acetyloleanolic acid (7). On
oxidation with 1.2 equiv of 3-chloroperbenzoic acid in
dry CHCI; at 0°C overnight, compound 7 afforded
methyl 3-acetoxy-12,13-epoxyoleanolate (8).!> Com-
pound 8 was refluxed with ethereal boron trifluoride in
fresh benzene for 30 minutes to give methyl 3-acetoxy-
12-ox0-13-oleanolate (9).'>!4 Dihydrooleanolic acid

)OK)\/COOH 20

(10) was produced by Wolff—Kishner reduction of 9 in
tripolyethylene glycol solution.

The preparation of compound 18 is illustrated in
Scheme 2. 3-Acetoxyoleanolicacid (6) was treated with
oxalyl chloride to yield 3-acetoxyoleanolic chloride (16).
A solution of 16 in freshly distilled THF was added
dropwise to concentrated ammonia solution cooled with
an ice-salt bath to afford 3-acetoxyoleanolic amide (17).
Compound 17 was refluxed with 2.0 equiv of lithium
aluminum hydride in anhydrous ether to give 18. Com-
pounds 19 and 20 were prepared by heating 18 with 3
equiv of 3,3-dimthylglutaryl and 3,3-tetramethylglutaryl
anhydride, respectively, in anhydrous pyridine in the
presence of 4-(dimethylamino) pyridine (catalytic) over-
night at 100 °C. The reaction mixture was worked up as
for compounds 2-5 and 11-15.

The biological evaluation of HIV-1 inhibition was car-
ried out according to established protocols. The T cell
line, H9, was maintained in continuous culture with
complete medium (RPMI 1640 with 10% fetal calf
serum supplemented with L-glutamine at 5% CO; and
37°C). Aliquots of this cell line were used in experi-
ments only when in log-phase growth. Test samples
were first dissolved in dimethylsulfoxide. The following
final drug concentrations were routinely used for
screening: 100, 20, 4, and 0.8 pg/mL. For active agents,
additional dilutions were prepared for subsequent test-
ing so that an accurate ECs, value (defined below) could
be achieved. As the test sample was being prepared, an
aliquot of the H9 cell line was infected with HIV-1 (I1IB
isolate) while another aliquot was mock-infected with
complete medium. The stock virus used for these studies
typically had a TCID 50 value of 104 Infectious Units/
mL. The appropriate amount of virus for a multiplicity
of infection (moi) between 0.1 and 0.01 Infectious
Units/mL was added to the first aliquot of H9 cells. The
other aliquot received only culture medium, and these
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mock-infected cells were used for toxicity determina-
tions (ICsy defined below). After a 4 h incubation at
37°C and 5% CO,, both cell populations were washed
three times with fresh medium and then added to the
appropriate wells of a 24-plate containing the various
concentrations of the test drug or culture medium
(positive infected control negative drug control). In
addition AZT was also assayed during each experiment
as a positive drug control. The plates were incubated at
37°C and 5% CO, for 4 days. Cell-free supernatants
were collected on day 4 for use in our in-house p24
antigen ELISA assay. P24 antigen is a core protein of
HIV and therefore is an indirect measure of virus pre-
sent in the supernatants. Toxicity was determined by
performing cell counts by a Coulter Counter on the
mock-infected H9 cells, which had either received cul-

(COCI),/CH,Cl,

LIAIH,/Et,0
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CH,Ny/Et,0
Ac,0/Pyridine MeOH
86 % 98 %
AcO
BF3/Et,0
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KOH/TPG
NHzNH2°H20
2%

78 %

ture medium (no toxicity), test sample, or AZT. If a test
sample had suppressive capability and was not toxic, its
effects were reported in the following terms: 1Cs,, the
concentration of the test sample which was toxic to 50%
of the mock-infected H9; ECs, the concentration of test
sample which was able to suppress HIV replication by
50%; and Therapeutic Index (TI), the ratio of ICsq to
EC50~
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