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Abstract—1,2,4-Oxadiazolidin-3,5-dione and 1,3,5-triazin-2,4,6-trione scaffolds were employed as templates to incorporate the phar-
macophore requirements of cytosolic phospholipase A,o substrate mimetics. Inhibitors that are active in both enzyme, and cell-
based assays were identified from both classes. From the SAR work carried out and modeling efforts around these templates,
the triazinetrione scaffold with an additional substitution point was found to be more favorable.

© 2006 Elsevier Ltd. All rights reserved.

Leukotrienes and prostaglandins are important media-
tors of inflammation, generated via the 5-lipoxygenase
and cyclooxygenase pathways, respectively. Prostaglan-
dins and leukotrienes are unstable and are not stored
in cells, but are instead synthesized' from arachidonic
acid in response to stimuli. Arachidonic acid, which is
fed into these two distinct inflammatory pathways, is
released from the sn-2 position of membrane phospho-
lipids by cytosolic phospholipase A,u?> (cPLA,o, a
group IVA phospholipase). When the phospholipid sub-
strate of PLA, is phosphatidylcholine with an ether link-
age in the sn-1 position, the lysophospholipid produced
is the immediate precursor of platelet-activating factor
(PAF), another potent mediator of inflammation.?

Most anti-inflammatory therapies have focused on pre-
venting production of either prostaglandins or leukotri-
enes, but not both of them. It is highly desirable to
identify compounds that inhibit the actions of cPLA,a
for use in treating or preventing inflammatory condi-
tions, particularly where these classes of lipid mediators
might have an additive or synergistic pro-inflammatory
effect. Consequently, the direct inhibition of the activity
of cPLA»a has been suggested as a useful mechanism for
a therapeutic agent with application in number of dis-
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ease states including osteoarthritis, rheumatoid arthritis,
and asthma.*

Recent reports® from our laboratory disclosed our efforts
in this area that identified indoles 2 as cPLA o inhibitors.
A substrate-based approach was taken using zafirlukast
1% as a starting point since it was designed to be an arachi-
donic acid mimetic with a template that supports an acid-
ic and a lipophilic group. In continuation of this project,
we were evaluating alternate templates that can be
utilized to package the required pharmacophore. In this
report, we describe the identification of two alternate
scaffolds—1,2,4-oxadiazolidin-3,5-dione 3 and 1,3,5-tria-
zin-2,4,6-trione 4 (Figs. 1 and 2).

The compounds of interest could be readily prepared’ as
described in Schemes 1 and 2 . Benzophenone oxime 6
was reduced to the hydroxyl amine intermediate 7,
which was cyclized with chlorocarbonylisocyanate to
give the scaffold oxadiazolidinedione 8 with the benzhy-
dryl lipophilic group. Mitsunobu reaction with the
required alcohol bearing the appropriate acid region
precursor afforded the aldehyde 10, which was oxidized
to give the final target 11. Triazin-2,4,6-trione analogs
were synthesized starting from benzhydrylamine 12
and the isocyanate of interest to give the urea 14. Cycli-
zation of 14 to triazinetrione 15 followed by alkylation
afforded the aldehyde, which was oxidized to give the
final target acid 17.
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Figure 1. LTD4 receptor antagonist Zafirlukast (1) and cPLA,o
substrate mimetic inhibitor (2).
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Figure 2. Template modification for cPLAo substrate mimetic 2.

To explore the feasibility of scaffold exchange in 2,
oxadiazolidin-3,5-dione analog 11 was synthesized
retaining the benzhydryl moiety for the lipophilic region
and the benzoic acid portion of the molecule. While this
direct analog was not potent, a small change in the lipo-
philic group by introducing a methylene spacer between
the ring and the benzhydryl group afforded 18 with a
significant boost in enzyme activity. However, analog
19 with a more flexible lipophilic moiety was inactive.
At this stage we decided to maintain the lipophilic
region as diphenylethyl group and systematically vary
the acid region. Moving the acid to a 3-benzoic acid
derivative as in analog 20 was unfavorable. Adding an
additional 3-hydroxyl substitution to the 4-benzoic
acid (analog 21) led to a 4-fold loss in activity. Chain
extension between the scaffold and benzoic acid by one
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Scheme 1. Reagents and conditions: (a) NH,OH, pyridine, ethanol,
60 °C, 3 h, 89%; (b) BH3-Py, MeOH, 10% HCI (pH 2), rt, 18 h, 68%;
(c) CICONCO, THF, 0 °C to rt, 3 h, 80%; (d) 9, Ph;P, DEAD, THF,
rt, 8 h, 68%; (e) sulfamic acid, NaClO,, THF-H,O, rt, 3 h, 86%.
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Scheme 2. Reagents and conditions: (a) CH,Cl,, rt, 12 h, 90%; (b)
CICONCO, THF, 0°C to rt, 3 h, 78%; (¢c) NaH, THF, 16, rt, 18 h,
67%; (d) sulfamic acid, NaClO,, THF-H,O, rt, 3 h, 81%.
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methylene unit as in compound 22 led to a slight loss
in activity, but further extension (compounds 23) was
not desirable. Introduction of unsaturation (compounds
24-25) diminished the activity as well (see Table 1).

Table 1. 1,2,4-Oxadiazolidin-3,5-diones

R!
N-Q
)\N%o
Compd R! R? Glu-Mic
ICsp (HM)S
2 Reference compound 3
- ~.0
1 Ph/LF’h N OCOOH >30
18 Jd \ \NOO 6.7
Ph”Ph COOH '
T o
19 A L >50
Ph Ph COOH
\ O~ COOH
20 N >50
thph @
\ o OH
21 o XNTTUx 27
Ph”“Ph COOH
2 C \ \NSQ 12.4
Ph"“Ph COOH
23 Jé N L >50
P Ph COOH
\ M\,O
24 \ >50
Phj\/Ph OCOOH
\ N o
25 Jd \@\ 23
P “Ph

COOH
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A similar approach was undertaken to evaluate the sec-
ond scaffold of interest—triazine-2,4,6-trione. However,
this scaffold has the potential to carry three different sub-
stituents. For direct comparison to 2, analogs were pre-
pared retaining the benzhydryl group for the lipophilic
region and the ethoxy-4-benzoic acid for the acid mimetic.
The third substituent was varied from a small ethyl group
to a bulky benzyl group (compounds 26-29). It was inter-
esting to notice that the compounds were active and the
activity range was within a 2-fold variation, indicating
that while the third substituent gives a boost in activity,
it does not show any significant preference for another
bulky group. However, a rigid phenyl group directly at-
tached to the scaffold, 30 was inactive.

Unlike the oxadiazolidin-3,5-dione scaffold in the case
of triazin-2,4,6-trione, installing diphenylethyl group
(compound 31) for the lipophilic region did not improve
the enzyme potency rather rendered the molecule 10-
fold less active. Probably the rigid benzhydryl group is
well accommodated in the binding pocket since this scaf-
fold has a larger six-membered ring. Also, with triazin-

Table 2. 1,3,5-Triazin-2,4,6-triones

1 0 2
o N’go
R3
Compd R! R? R? Glu-Mic
ICsp (HM)S
2 Reference compound 3
- ~0
26 orken X @\COOH Ethyl 75
- ~_0
27 orken @\COOH Allyl 5
- ~0
s L X @\COOH n-Buyl 5.6
- ~0
» L X OCOOH Benzyl 3.5
- ~0
30 PhJ\Ph \ \©\COOH Phenyl >50
31 C \ \/Vo@\ Benzyl 30
enzy!
Ph” "Ph COOH
— O
\/\/\/
32 orpn OOOOH Ethyl 16
— 0
\/\/\/ ]
<X I @COOH Allyl 1.3
- A0
34 orhpn @COOH n-Butyl 2.4
- A0
35 Ph/LPh \ \©\COOH Benzyl 1.3

2,4,6-triones, chain extension was well tolerated and
the butenyloxy benzoic acid chain (compound 32) was
found to be slightly more potent than the ethoxy benzoic
acid group. As we observed before, with this acid chain,
the size of the third substituent did not play a major role
since compounds 32-35 showed similar potency (see
Table 2).

One of the most potent analogs 35 from this effort was
further characterized in secondary cell-based assays.’
The compound was found to be cell permeable and
was able to inhibit both LTB4; (ICsq= 0.5 uM) and
PGF,., (ICsy=0.8 uM) synthesis in a mast cell line
(MC-9 assay). In addition, the compound no longer
inhibited PGF,_, synthesis when exogenous arachidonic
acid was added to bypass cPLA,a indicating that the
compound is also selective for the target in this cell-
based assay. The compound was also active (ICs
TXB,: 5.2 uM) in the ionophore stimulated rat whole
blood assay (COX-1-dependent assay).

Modeling efforts were undertaken to validate the scaf-
fold tolerance. Towards this end, compound 35 and a
series of triazine analogs were docked into the X-ray
structure of cPLA,a!® via Monte Carlo simulation!!.
Figure 3 shows a model of compound 35 bound to
cPLA,a with a partial molecular surface (colored by
element) of the active site region. The acid interacts with
the backbone amide nitrogens of Gly 197 and Gly 198,
which are in an approximate cis conformation thought
to stabilize the developing oxyanion during ester hydro-
lysis, and also makes a weak interaction with Ser 228
(4.0 A to the hydroxyl oxygen), the nucleophile that
attacks the sn-2 ester'?. The linker oxygen makes a
hydrogen bond with the backbone amide nitrogen of
Ala 578 closer to the opening of the pocket.

Gly 197

Gly 198
@

Ser 228

Figure 3. Interaction of 1,3,5-triazin-2,4,6-trione inhibitor 35 with
cPLA,a protein structure. The figure was generated using PyMOL
(DeLano Scientific, 2002, San Carlos, CA, USA).
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In conclusion, we have explored the feasibility of
pharmacophore repackaging with two different novel
scaffolds—1,2,4-oxadiazolidin-3,5-dione and 1,3,5-tria-
zin-2,4,6-trione. While 1,2,4-oxadiazolidin-3,5-dione
provided modest inhibitors, 1,3,5-triazin-2,4,6-trione
with an additional substituent to pick up further interac-
tion was more favorable. Good SAR trend for the
enzyme activity was observed for this novel scaffold
along with activity in the cell-based systems.
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While Arg 200 is proposed to stabilize the binding of the
negatively charged phosphate group of the phospholipid
substrate, Ser 228 acts as the nucleophile and attacks the
sn-2 ester to form the acyl enzyme intermediate. The
oxyanion hole, putatively formed by Gly 197 and Gly 198,
polarizes the sn-2 ester and stabilizes the tetrahedral
intermediate (see Ref. 10). In the model of 35, the acid
group most closely mimics the ester. Models of less potent
analogs, with shorter linkers, showed the acid group
interacting with Arg 200. However, compounds predicted
to bind deeper in the active site cleft showed enhanced
affinity.
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