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Abstract—The structure—activity relationship and molecular modelings of a novel pimarane COX-2 inhibitor are reported. Parti-
cularly, a series of linker extended analogues designed on the basis of these studies exhibited significantly enhanced COX-2 inhibi-
tory activities and selectivities. © 2001 Elsevier Science Ltd. All rights reserved.

The cyclooxygenase enzymes catalyze the oxidative
conversion of arachidonic acid into prostaglandin H,
which mediates both beneficial and pathodological
effects.! The COX-1, which is constitutively expressed in
most tissues? and in blood platelets,® is responsible for
the physiological production of prostaglandins whereas
the expression of COX-2 isoform is induced in response
to inflammatory stimuli such as cytokines.* Thus, the
identification of a novel COX-2 selective inhibitor
should offer an excellent anti-inflammatory activity with
minimal side effects including gastrointestinal toxicity.’
Recently, we have reported the isolation of a novel
pimarane diterpene, acanthoic acid,® from the Korean
medicinal plant which has been traditionally used for
treating rheumatism. In particular, acanthoic acid
turned out to be biologically attractive because it has
been shown to exhibit an excellent suppression of inter-
leukin-1 (IL-1) and tumor necrosis factor-o. (TNF-a)” at
0.1-10 pg/mL level which are major proinflammatory
cytokines. More recently, the COX-2 inhibitory activ-
ities of acanthoic acid have also been investigated by us
as an extension of the studies on its anti-inflammatory
effects as well as therapeutic utilities. We herein report
acanthoic acid as a novel COX-2 inhibitor and its SAR.

*Corresponding author. Tel.: +82-02-880-7875; fax: + 82-02-888-
0649; e-mail: ygsuh@plaza.snu.ac.kr

In addition, the interaction mode of acanthoic acid with
the COX-2 active site and the highly bioactivity-
enhanced acanthoic acid analogues are reported (Fig.

1.

The initial in vitro purified enzyme assay® of acanthoic
acid showed the anticipated COX-2 inhibitory activities,
although the inhibitory potency was not satisfactory.
Our docking study® revealed that the COX-2 inhibitory
activity of acanthoic acid is attributed to the interaction
between the carboxyl group of acanthoic acid and
Argl120 and Tyr355 of COX-2 active site'® as shown in
Figure 2. The hydrophobic part of acanthoic acid also
seems to fit well the hydrophobic channel of COX-2
active site.

On the basis of the docking study, we expected that the
introduction of an appropriate functionality at C16,
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Figure 1. Structure of acanthoic acid.
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optimization of the linker length between C4 and the
carboxyl group or modification of the carboxyl group
would provide an enforced interaction of acanthoic acid
with the active site. The syntheses of the requisite
analogues are outlined in Schemes 1 and 2.

The derivatives 2, 3, 22 and 26 were prepared by con-
ventional epoxidation, hydrogenation, esterification or
reduction. Hydroboration of ester 5 of acanthoic acid
and then O-alkylation or acylation followed by depro-
tection of the trimethylsilylethyl ester afforded the C16-
analogues 7, 8 and 9. Direct fluorination!' of the alco-
hol 6 followed by ester deprotection provided the
fluorinated analogue 10 or 11 while oxidation of the
alcohol 6 followed by fluorination gave the Cl16-
difluorinated analogue 12. The acid derivatives 23-25
were prepared by reaction of acid chloride 4 with the
corresponding amines.

The synthetic variation of the linker between C4 and the
carboxyl group is outlined in Scheme 2. The one carbon
extended analogue 15 was prepared by the sequential
olefination of the aldehyde 13, hydrolysis of the result-
ing enol ether and then oxidation of the aldehyde 14.

The two and three carbon extended analogues 17 and 19
were prepared from the aldehydes 13 and 14 by olefina-
tion, chemoselective olefin reduction!? of the resulting
o,B-unsaturated ester and ester hydrolysis. The four and
five carbon extended analogues 20'3 and 21'* were pre-
pared from the esters 16 and 18 by the same procedure.
The COX-2 and COX-1 inhibitory activities'> of the
synthesized analogues are summarized in Table 1.

Generally, Cl6-analogues 10, 11 and 12 showed the
potent inhibitory activities only against COX-1 isoform
while other Cl6-analogues showed poor inhibitory
activities against both COX-2 and COX-1. However,
variation of the linker between C4 and the carboxyl
group (analogues 15, 17, 19, 20 and 21) provided sig-
nificant enhancement in inhibition of both COX-2 and
COX-1. In particular, the four and five carbon extended
analogues 20 and 21 showed 20 and 60 fold potencies in
COX-2 inhibitory activities compared to that of acan-
thoic acid. Amidation of the carboxyl group of acanthoic
acid (analogues 23 and 25) reduced COX-2 inhibitory
activities although the hydrazide 24 showed the enhanced
inhibitory activities against both COX-2 and COX-1.

The structure—activity studies reveal that incorporation
of an adequate functionality at C16 for additional
hydrogen bondings in the active site generally increases
COX-1 inhibitory activity while it decreases COX-2
inhibitory activity. Regarding modification of the car-
boxyl group, the functional group possessing both
hydrogen bonding donor and acceptor such as carboxyl
or hydrazido group seems to be crucial for the COX
inhibitory activities. The poor or no inhibitory activities
of the ester 22 and the alcohol 26 partly support this
trend. The significant improvement in both inhibitory
potency and selectivity by the linker extension is likely
due to the enforced ligand—active site interaction by an
additional hydrogen bonding. The docking study of the
analogue 21 in COX-2 active site (Fig. 3) exhibits three
hydrogen bondings of the carboxyl group of the analogue

, 1. NaH, CHgl,
"" ether/DMSO (9:1) . -
” BH; SMe, or Ac,0, pyridine : L
THF OH % TBAF, DMsO OR
“COR “CO,CHCH,TMS “CO,H
4R:Cl 5 R: O(CH,),TMS 6 7 R=H
8 R=CH,
1. TPAP, NMO DAST 9 R = COCHs
CH,Cl, CH,Cl
2. DAST, CH,Cl,
3. TBAF, DMSO
1 LiOH
CHF, !
THF /H,0 (2: 1)
“COH
12 10 11

Scheme 1. Syntheses of Cl6-analogues.
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21 with Argl20, Ser119 and Tyrl15. By contrast, the
docking study of acanthoic acid shows only two hydro-
gen bondings as shown in Figure 2. The improved
COX-2 selectivity can also be rationalized by the rela-
tively weaker interaction of the analogue 21 in COX-1
isoform (two hydrogen bondings) compared to that in
COX-2 isoform.!¢

1. LAH, ether

2. TPAP, NMO
CH,Cl,

AgNO3, KOH

EtOH

15

1. (EtO),P(=0)CH,CO,Et

In conclusion, a natural pimarane diterpene and a series
of its analogues have been discovered as novel COX-2
inhibitors. Additionally, the structure—activity studies of
acanthoic acid have revealed that modification of the
carboxyl group or extension of the linker between C4
and the carboxyl group significantly enhances COX-2
inhibitory activity as well as selectivity. In particular,

)

1. Ph3PCHOMe, THF
2. PTSA, acetone

"—CHO
14

1. (Et0),P(=0)CH,CO,Et, NaH, THF
2. Mg, MeOH

LiOH
H,0 / THF (1 : 1)

NaH, THF LiOH
14
2. Mg, MeOH H,O/THF (1 : 1)
T N\—co,Me
18 19
Scheme 2. Syntheses of the linker-extended analogues.
Table 1. In vitro COX inhibitory activities of acanthoic acid and its analogues
Compound R R’ COX-2 ICs (UM) COX-1 ICso (uM)
1 Acanthoic acid 790.4 116.4
2 >1000 1000
3 CO,H CH,CHj; 425.0 229.0
7 CO,H CH,CH,OH >1000 >1000
8 CO-H CH,CH,OCHj; >1000 84.6
9 CO,H CH,CH,OCOCHj3; >1000 265.7
10 COF CH,CH,F 193.7 18.1
11 CO-H CH,CH,f >1000 324
12 CO,H CH,CHo,f 796.0 56.0
15 CH,CO,H CHCH, 82.3 28.1
17 CH,CH,CO,H CHCH, 105.0 21.1
19 CH,(CH,),CO,H CHCH, 49.4 34.3
20 CH,(CH,);CO,H CHCH, 38.7 52.6
218 CH,(CH,),CHCHCO,H CHCH, 13.2 32.7
22 CO,CHj3; CHCH, >1000 >1000
23 CONH, CHCH, >1000 147.5
24 CONHNH, CHCH, 41.9 18.4
25 CONHOH CHCH, 818.9 45.6
26 CH,OH CHCH, >1000 791.1

2The side chain (R) of the compound 21 consists of only E-olefin.
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Figure 3. Binding of analogue 21 in the COX-2 acitve site.

our SAR studies and molecular modelings on these
novel COX-2 inhibitors would provide quite useful
information for the development of a new class of anti-
inflammatory agents. More detailed SAR results and in
vivo activities of the advanced analogues will be reported
in the near future.
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