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Abstract—We synthesized a potent and crystallized human cytosolic phospholipase A,a inhibitor, pyrrophenone (6) which inhibits
the isolated enzyme with an ICs, value of 4.2 nM. Pyrrophenone shows potent inhibition of arachidonic acid release, prostaglandin
E,, thromboxane B,, and leukotriene B, formation in human whole blood. The magnitudes of prostaglandin E, and thromboxane
B, inhibition are the same as those of indomethacin. © 2001 Elsevier Science Ltd. All rights reserved.

Introduction

Phospholipase A, (PLA,) is known as a group of
enzymes that hydrolyze the ester bond at the sn-2 posi-
tion of phospholipids and generate lipid mediators of
inflammations such as prostaglandins (PGs), leuko-
trienes (LTs), thromboxanes (TXs), etc. Among the
various PLA,s, we focused on cytosolic PLA, (cPLA»),
because of its selectivity for arachidonic acid esters at
the sn-2 position of phospholipids.! Although cPLA,
has recently been divided into three subtypes, i.e., o, B,
and 7,2 the a-subtype (cPLA,a) is the most common
one. We searched for an inhibitor of this subtype and
tried to develop effective and strong anti-inflammatory
drugs. There has been evidence for the contribution of
cPLA,o to inflammation from experiments using
cPLAa-deficient mice.> We reported in our recent
paper that pyrrolidine derivatives, having the thiazoli-
dinedione group at the end of the substituent in the 2-
position of the pyrrolidine ring and the 2-benzoylben-
zoyl group at the I-position, are potent inhibitors of
human cPLA,o.*

Unfortunately, most of the pyrrolidine inhibitors of
cPLA,a are not available in crystalline form, which
would offer the advantages of stability, production, and

*Corresponding author. Tel.: +81-6-6458-5861; fax: + 81-6-6458-
0987; e-mail: kaoru.seno@shionogi.co.jp

handling. This would make it more suitable for medic-
inal use. Hence we have been searching for a crystal-
lizable inhibitor of cPLA,a from the beginning of this
study. In this paper we describe the synthesis of a potent
and crystallized pyrrolidine cPLA,a inhibitor, termed
pyrrophenone (6), and its biological properties.

Chemistry

The expensive cis-N-Boc-4-hydroxy-L-proline methyl
ester (2) was synthesized from natural 4-hydroxy-L-
proline (1) by known methods.> Alcohol 2 was con-
verted, in good yield, to thioether 3° with inversion of
the stereochemistry at the 4-position, which was
achieved by the reaction of the sodium salt of triphe-
nylmethanethiol and the mesylate of the alcohol 2.
Reduction of methyl ester with LiBH, gave the desired
alcohol, which was converted to the azide 47 via mesyl-
ation followed by treatment with NaNj. Introduction of
the 2-benzoylbenzoyl function to the 1-position of pyr-
rolidine was achieved by deprotection of 4 with HCI in
EtOAc and followed by coupling with 2-(2,4-difluoro-
benzoyl)benzoic acid (8) using WSC and HOBT. Acid 8
was synthesized by Friedel-Crafts acylation reaction
using phthalic anhydride and 1,3-difluorobenzene. The
resulting coupling product 58 was converted to the amine
by treatment with SnCl, and excess aqueous NaOH in
EtOH at 0°C, followed by coupling with 4-(2,4-dioxo-
1,3-thiazolidine-5-ylidene)methyl-benzoic acid (10) to
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Scheme 1. (a) Ref 5; (b) (i) MsCl, Et3N, toluene, 0°C, 20 min; (ii) Ph;CSH, NaH, THF, rt, 2h, 54%:; (c) (i) LiBH4, THF, rt, 5h; (ii) MsCl, Et;N,
THF, 0°C, 1 h; (iii)) NaN;, HMPA, 50°C, 2h, 77%; (d) (i) HCL, EtOAc, 0°C-rt, 15h; (ii)) 8, WSC, HOBT, DMF, rt, 3 h, 64%:; (e) (i) SnCl,-2H,0,
NaOH, H,O, EtOH, 0°C, 2h; (ii) 10, WSC, HOBT, rt, 5h, 70%; (f) AlCls, 1,3-difluorobenzene, rt, 3 days, 96%:; (g) 2,4-thiazolidinedione, piper-

idine, 2-methoxyethanol, reflux, 8 h, 73%.

give the desired product pyrrophenone (6),° which was
crystallized from EtOH-EtOAc as yellow prisms
(mp=158-160°C) in good yield. The acid 10 was syn-
thesized by Knoevenagel reaction of 4-formyl-benzoic
acid (9) with 2,4-thiazolidinedione (Scheme 1).

Results and Discussion

We have reported that pyrrolidine derivatives having
the structure 11 (Fig. 1) show potent human cPLAu
inhibitory activity.* It has become clear that the sub-
stituent at the 4-position of pyrrolidine (R*) must be
lipophilic and exist in a crowded environment from our
SAR study using 11a as the lead compound. We have
not yet synthesized the derivatives having a triphenyl-
methyl group at R* because this function is understood
as an easily removable protecting group of hydroxy,
thiol, and amino groups. However the
triphenylmethyl group seemed to be the most suitable
group for the R* substituent of 11, because it is quite a
bulky and lipophilic substituent. This led us to try to
synthesize those derivatives, and we found that

X,Y=HorF;Z=0,S,N(-Bu);n=0o0r1
11a: R* = o-biphenylmethyl, X=Y =H, Z=0,n=0

Figure 1. Structure of pyrrolidine cPLA, inhibitors.

triphenylmethylthioether alone is stable enough to syn-
thesize and could be obtained in crystalline form. The
inhibition profiles of pyrrophenone (6) are summarized
in Table 1. The inhibitory activity of pyrrophenone is
39-fold stronger than that of the lead compound 11a in
the enzyme assay,'® and 28-, 16-, and 26-fold stronger
with respect to arachidonic acid release, PGE, produc-
tion, and LTC,; production in calcium ionophore
(A23187)-stimulated THP-1 cells, respectively.!! The
magnitudes of inhibition of pyrrophenone on the pro-
duction of PGE, and LTC, in THP-1 cells are comparable
to those of the standard cyclooxygenase (COX) inhibitor,
indomethacin (PGE,), and the well-known 5-lipoxygenase
(5-LO) inhibitor, AA-861(LTC,),'? respectively. No
inhibitory activities for COX and 5-LO were observed
for pyrrophenone as the pyrrolidine derivatives described
in our previous paper* (data not shown).

We evaluated the inhibitory potency of pyrrophenone
by cellular assay using THP-1 cells in a low protein
environment (0.1% bovine serum albumin). However,
to find a compound which can be used for in vivo stu-
dies, it is important to evaluate its inhibitory potency in
a state closely reflecting in vivo conditions. Therefore
we measured the inhibitory activity of pyrrophenone for
arachidonic acid release and eicosanoid production in
human whole blood (Table 2).!3 Pyrrophenone showed
potent inhibition against arachidonic acid release with a
decrease of eicosanoid production from A23187-stimu-
lated whole blood without lactate dehydrogenase
(LDH) release, an indicator of cytotoxicity. The inhibi-
tory activities of pyrrophenone for the production of
PGE,, TXB,, and LTB,4 are almost equal to those of
indomethacin (PGE, and TXB,) and AA-861 (LTBy).
These results reveal that pyrrophenone can penetrate
intact cell membranes in whole blood.
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Table 1. Inhibitory activity against human cPLA, and effect on production of arachidonic acid (AA), PGE,, and LTC,4 from THP-1 cells stimu-

lated with A23187

Cellular assay

AA IC50 (IIM)"l

PGEZ ICS() (nM)"‘ LTC4 IC50 (I'IM)"l

Compound Enzyme assay 1Cs, (nM)?*
Pyrrophenone (6) 4.242.6

11a 165420
Indomethacin >100,000
AA-861 >100,000
AACOCF; 4204280

24+1.7 25+19 14+6.7
670+70 410+70 370+£70
>10,000 3.6+4.3 >10,000
40,000£7700 180+47 4.7£1.0
86,000+15,000 nd® 41,000+30,000

“Values are expressed as meanststandard deviations of three independent determinations.

bnd, Not done.

Table 2. Effect on production of AA, PGE,, TXB,,and LTB, from human whole blood stimulated with A23187

Compound 1Cso, pM?

AA PGE, TXB, LTB, LDH release
Pyrrophenone (6) 0.1940.068 0.2040.047 0.16+0.093 0.324+0.24 >10
Indomethacin >10 0.2640.062 0.36+0.16 >10 >10
AA-861 >10 >10 >10 0.9440.69 >10
AACOCF; >10 >10 >10 >10 >10
4Values are expressed as meanststandard deviations of three independent determinations.
We also found that pyrrophenone showed about 3-fold Acknowledgements

more potent inhibition against arachidonic acid release
in this whole blood assay than the most potent
pyrrolidine inhibitor N-{(2S.4R)-4-(biphenyl-2-ylmethyl-
isobutyl-amino)-1-[2-(2,4-difluorobenzoyl)-benzoyl]-pyr-
rolidin-2-ylmethyl}-3-[4-(2,4-dioxothiazolidin-5-ylidene-
methyl)- phenyl]-acrylamide (compound 4d) previously
reported* (data not shown). Consequently the results
for inhibition of PGE,, TXB,, and LTB4 production
were almost the same as that for the arachidonic acid
release.

The well-known cPLA»a inhibitor arachidonyl tri-
fluoromethyl ketone (AACOCF5)!* did not display any
inhibition in the whole blood assay (Table 2), in spite of
showing apparent inhibition of cPLA,a in the enzyme
assay, as shown in Table 1. Thus, AACOCF; is not
suitable for in vivo studies, probably because it may be
metabolized by plasma components and/or intact cells
in whole blood. Accordingly, these observations suggest
that, unlike AACOCF;, pyrrophenone may be useful
for in vivo studies.

Conclusion

We have synthesized a potent and crystallized inhibitor
of human cPLA»x, pyrrophenone, which strongly inhi-
bits arachidonic acid release from THP-1 cells and
human whole blood. Pyrrophenone also shows potent
inhibitory activities for COX products (PGs and TXs)
and 5-LO products (LTs) syntheses in human whole
blood with almost the same inhibitory potency as indo-
methacin and AA-861, respectively.
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us with purified human recombinant cPLA,a. We also
thank Drs. Kenji Kawada, Mitsuaki Ohtani, Hitoshi
Arita, and Yozo Hori for their encouragement and
helpful discussion throughout this study.
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