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Design and Synthesis of 1-Indol-1-yl-propan-2-ones as Inhibitors of Human Cytosolic

Phospholipase Aa
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The synthesis and structuractivity relationship study of a series of 1-indol-1-yl-3-phenoxypropan-2-one
inhibitors of cytosolic phospholipase,& (CPLA0) are described. The compounds were evaluated in a
vesicle assay with isolated cPké and in cellular assays with intact human platelets. Systematic variation
led to 3-methylhydrogen 1-[3-(4-decyloxyphenoxy)-2-oxopropyllindole-3,5-dicarbox@@tevihich revealed

the highest activity against the isolated enzyme. With ap V@lue of 4.3 nM in this assay, it is one of the

most potent in vitro cPLAa inhibitors known today.

Introduction

Phospholipase A(PLA;) enzymes are a class of esterases

that catalyze the hydrolysis of membrane phospholipids at the

sn2 position, leading to the production of lysophospholipids
and free fatty acids including arachidonic acid. Arachidonic acid

is further converted by cyclooxygenase and lipoxygenase
enzymes to bioactive eicosanoids, such as prostaglandins and
leukotrienes. In addition, a subset of lysophospholipids re-

leased by PLAcan be acetylated to the platelet-activating factor

(PAF). Prostaglandins, leukotrienes, lysophospholipids, and

PAFs are potent mediators of inflammatibi. Thus, the
inhibition of PLA; is considered to be an interesting target for
the design of new anti-inflammatory dru$j®. The special

attraction of this approach is based on the evidence that un-

like cyclooxygenase inhibitors the inhibitors of PLAot only
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Figure 1.

zyme is tightly regulated by different factors, including intra-

reduce the formation of prOStaglandinS but also Suppl‘eSS thece"u|ar Cé"’ levels and phosphoryla“on CPIQA is unique

generation of proinflammatory leukotrienes, lysophospholipids,

and PAFs. Therefore, it can be expected that inhibitors of PLA

among the PLA enzymes in having a preference for phos-
pholipids with arachidonic acid at tren2 position. The cata-

will possess improved therapeutic activities in comparison to |ytic mechanism of cPLAx is thought to be similar to that of
those of the cyclooxygenase inhibitors therapeutically applied serine proteases, proceeding through a serine-arachidonoyl

today.

One problem associated with the in vitro search for anti-
inflammatory PLA inhibitors is the selection of the appropriate
enzyme because many different PL&nzymes are present in
the mammalian organisii:'1 They can be divided into PLA
enzymes utilizing a catalytic histidine and PLA&nzymes with
a serine in the active site. The small molecular weight
(approximately 14 kDa) secretory PhA&nzymes (sPLA) are

intermediate.

Although there have been intense efforts made in finding
inhibitors of cPLA«a, no such compound has emerged as an
anti-inflammatory drug to date. The identification of cPioA
inhibitors is complicated by the fact that they have to partition
into the phospholipid membrane to interfere with the enzyme
in its active status. For enrichment in the phospholipid layer,
the inhibitors must possess a substantial lipophilicity. Such

members of the first group. The second group consists of compounds, however, often do not have suitable pharmaceutical

cytosolic PLA enzymes (cPLA), calcium-independent PLA
enzymes (iPLA), and lipoprotein-associated PkAnzymes,
which have higher molecular weights than those of the sPLA
enzymes. From all of these PhAenzymes, thex-subtype of
cPLA; (cPLAza) seems to play the central role in the arachi-

properties for in vivo measurements of anti-inflammatory
activity. The only cPLAa inhibitor reported to undergo clinical
development as an anti-inflammatory drug is the indole deriva-
tive efipladib @) from Wyeth20 Extreme potent in vitro
cPLAza inhibitors discovered are pyrrolidin of Shionog#!

donic acid cascade and during the inflammatory response asand propan-2-on8 (AR—C70484XX) of AstraZeneda (Fig-

supported by experiments with cells overexpressing clatA
and cPLAo knockout animalds—18

cPLAx, also classified as group IVA PLAIs an 85 kDa
protein, which is present in the cytosol of resting cells and
translocates to intracellular membranes following stimu-
lation with a variety of agonists. The activation of the en-

* Corresponding author. Tel:+49-251-83-33331. Fax+49-251-83-
32144. E-mail: lehrm@uni-muenster.de.
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ure 1). In vivo data fo2 and 3 have not been published until
now.

We have found that several indole-2-carboxylic acid deriva-
tives such ast and 5 (Figure 2) are inhibitors of cPLA-
mediated arachidonic acid release in intact human platelets in
the low micromolar and submicromolar rangés* However,
these compounds did not inhibit the isolated enzyme, indicating
that they do not directly interact with the catalytic site of the
enzyme?®
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An important pharmacophoric element of the propan-2-one Cet " Cfds oy 12 *
cPLAza inhibitor 3 from AstraZeneca is the 4-decyloxyphe-
noxy-2-oxopropyl group. In an effort to gain true inhibitors of o
the enzyme, we synthesized and evaluated indole derivatives, $ o M _N
which contain an analogous residue. In this approach, we first O COOH
prepared compounds with the related equilipophilic 4-octylphe- Cobhrr 13
noxy-2-oxopropyl moiety such as inddl®. The reason for the () Epichlorohydrin, KOH, BiN*Br~, room temp.; (b) LiBr, silica gel,

selection of this residue was the fact that the precursor bCHz<I3'_2’ (;olomztemg.; (Cl) acetyl é?h(lgliideb '&gginiig@g (Z)CC (Sg(;'e\lrt-

. . . . utyl indole-2-carboxylatetert-BuOK, , °C; (e a,
4-ogtylphenol required for its synthesis was commercially CH4OH: room temp.: (f) acetic anhydride, DMSO, room temp.: (g) TFA,
available, in contrast to the 4-decyloxyphenol needed for the cH,cl,, room temp.
preparation of the 4-decyloxyphenoxy-2-oxopropyl moiety. In
the course of this approach, compounds were obtained, whichgcheme 2

proved to be highly active against the isolated enzyme as well 5006(CHY
H P H P [o] 3)3
as the cellular production of arachidonic acid. oA o @,
o N/

a

—_—

Chemistry CBHW/(j . /©/ N
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Indole-2- and -3-carboxylic acid derivativé8 and14 were
synthesized by the route outlined for compour&in Scheme
1. 4-Octylphenol §) was reacted with epichlorohydrin in the COOC(CHy); COOH
presence of powdered KOH and tetrabutylammonium bromide o @/ c o @/
to give the intermediat@® in excellent yield. The epoxide ring o M _Ny o N _Ny
of 7 was opened regioselectively with LiBr, applying silica gel o /©/ /©/
as a catalyst to affor@. Acetylation of this compound with e 16 Cekhr 17
acetyl chloride led tdd, which was coupled witttert-butyl (a) tert-Butyl indole-4-carboxylate, NaH, DMF, 60C; (b) acetic
indole-2-carboxylat€ in DMSO in the presence of potassium anhydride, DMSO, room temp.; (c) TFA, GEl, room temp.
tert-butylate. Treatment of obtained compout@with sodium
methoxide in methanol yielded the hydroxy intermediaie Scheme 3
The alcohol moiety ofll was oxidized by the Albright o

Goldman procedure with acetic anhydride-DMSO to provide 9 cl
keto-ested 2. Deprotection of théert-butyl ester under standard (Hsc)aCO)J\C[§ a (HsC)sco)J\le\/\g
N

30

conditions afforded target compoui@.
The synthesis of indole-4-, -5-, and -6-carboxylic acids 29
b\

IZ

17—-19was conducted in a manner similar to that described for
the synthesis of cPLA inhibitor 3.22 Scheme 2 outlines the

synthesis of compoundl7. Thus,tert-butyl indole-4-carboxy- o O n o 0. _ocH

late?” was reacted with sodium hydride ai@dn DMF to give ¢ C ®

the hydroxy intermediatel5. Subsequent oxidation of the  (HsC)CO 7y —2 . (H0)C0 N

alcohol group of this compound with the acetic anhydride- N N

DMSO system afforded keto-est&6, which was treated with 31 34

trifluoroacetic acid to yield desired acld. During the synthesis c ‘

of 18, an indole-5-carboxylic acid derivative withtart-butyl

group in position 3 of the indol@9 was obtained as a side OH

product. o) N~‘C—H (o) ¢
Thg gnalogues df8 with varyir_lg su.bstituents at Fhe indole-  n,0),c0 B d (HsC)sCO B

5-position 0—26) were synthesized in a fashion similar to the N N

synthesis ofl6. For the preparation of indole-5-carboxamide a2 H a3 H

28, the nitrile moiety of the hydroxy intermediate 84 was - )
(a) N-Chlorosuccinimide, CEOH, room temp.; (b) oxalyl chloride, DMF,

hydrolyzed to carboxamid27 by KOH in tert-butyl alcohol. CH.CL. © °C . ¢ ; o
L . . . . LCly, —room temp; (c) hydroxylammonium chloride, pyridine,
Oxidation of27 by acetic anhydride-DMSO yielded keto-amide reflux; (d) 2-chloro-1-methylpyridinium iodide, THF, triethylamine, room

product28. temp.; (e) NaCN, activated MnQCHsOH, room temp.
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Scheme 4
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(a) 1. ZnC4, BuLi, CH.Cl,, room temp., 2. acetyl chloride, AlgI0
°C—room temp.; (b) KOH, THF, ethylen glycol, reflux; (&),N-dimeth-
ylformamide ditert-butyl acetal, benzene, reflux.

The 3-functionalized indole-5-carboxylic acid derivatives
40—44 were prepared in the same way1ag starting from the
appropriate 3-substitute@rt-butyl indole-5-carboxylates. The
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carried out in a fashion similar to that described for the synthesis
of 16. Hydrogenation of intermediaté9 with palladium on
charcoal afforded0.

Decyloxy substituted target compoun8d and 57 were
prepared as shown in Scheme 6, starting from 2-(4-decyloxy-
phenoxymethyl)oxirarf@ and the appropriate indotert-butyl-
ester.

{1-[3-(4-Octylphenoxy)-2-oxopropyl]indol-3-yacetic acid
(59) (Figure 3) was synthesized frotert-butyl indol-3-yl-
acetate applying the synthetic route described for the synthesis
of 17.

Evaluation of Inhibitors. All newly synthesized indole
derivatives were evaluated in an assay applying clelisolated
from human platelet® Like other lipases, cPLAx has evolved
to work optimally at a lipid-water interface. For this reason,
sonicated covesicles consisting of 1-stearoyl-2-arachidonoyl-
snglycero-3-phosphocholine and 1,2-diolesylglycerof® were
used as enzyme substrates. A possible problem of assays using

syntheses of the latter compounds are described in Schemes $uch an aggregated form of phospholipids is that a test

and 4. Chlorination ofert-butyl indole-5-carboxylate29)?” with
N-chlorosuccinimidé® provided 3-chloro substituted indoBe.
The formylation of29 in position 3 was achieved with oxalyl
chloride/DMF in CHCl,. 3-Formyl intermediat1 was con-
verted to 3-cyano indol@3 via oxime 32 by reaction with
hydroxylammonium chloride in pyridine followed by dehydra-
tion with 2-chloro-1-methylpyridinium iodide. Treatment of
formylindole derivative31 with sodium cyanide and activated
MnO; provided diester intermediaB4. The synthesis ofert-
butyl 3-acetylindole-5-carboxylate3@) started from methyl
indole-5-carboxylate35) (Scheme 4). This was acetylated in
position 3 to provide36. Hydrolysis of the methyl ester &6
by KOH followed by esterfication of obtained carboxylic acid
37 with N,N-dimethylformamide diert-butyl acetal led to
intermediate38.

The indole-3,5-dicarboxylic acidOwas synthesized as shown
in Scheme 5. Thus, methyl 3-formylindole-5-carboxylaté)(
was converted to dimethylestd6 by reaction with NaCN/

compound could inhibit the enzyme not by binding to its active
site but by merely altering the substrate assembly and, hence,
causing the enzyme to desorb from the lipidlater interface.

To exclude this path of action, the mole fraction of the inhibitor
in the interface has to be kept Io.Thus, the highest
concentration of test compounds evaluated wagNpwhereas

the concentration of the vesicle-forming lipids was 304.

The enzyme activity was determined by measuring the enzyme
product arachidonic acid formed after an incubation time of 60
min with HPLC and UV detection at 200 nm. Several of the
active compounds were also tested in cellular situations. In this
assay, cPLAa of intact human platelets was stimulated with
calcium ionophore A2318% The cPLA«-catalyzed liberation

of arachidonic acid from membrane phospholipids was measured
with HPLC and UV detection at 200 nm. To avoid the
metabolism of arachidonic acid via the cyclooxygenase-1 and
12-lipoxygenase pathways, the dual cyclooxygenase/12-lipoxy-
genase inhibitor 5,8,11,14-eicosatetraynoic acid (ETYA) was

MnO,. Transesterfication with benzyl alcohol/potassium ben- added to the platelets in these experiments.

zylate gave dibenzyl estdi7. The introduction of the 3-aryloxy-

Besides, phorbolester 1Q-tetradecanoylphorbol-13-acetate

2-oxopropyl residue in position 1 of this indole compound was (TPA) was used as an alternative stimulant. Although A23187

Scheme 5
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(a) NaCN, activated Mng) CH3zOH, room temp.; (b) KH (30% dispersion in mineral oil), benzyl alcohol, 109(c) 2-(4-octylphenoxy)methyloxirane,
NaH, DMF, 100°C; (d) acetic anhydride, DMSO, room temp.; (&), #d/C, THF, room temp.



2614 Journal of Medicinal Chemistry, 2006, Vol. 49, No. 8

Scheme 6
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(a) NaH, DMF tert-butyl indole-5-carboxylate, 68C, or 5tert-butyl-3-methyl indole-3,5-dicarboxylat@4), 100°C; (b) acetic anhydride, DMSO, room

temp.; (c) TFA, CHCI,, room temp.

activates cPLAa by increasing the cytosolic €aconcentration,

TPA stimulates the enzyme via phosphorylation as a conse-

quence of the activation of protein kinases, probably, in
combination with the elevation of local €alevels3? The
kinetics of arachidonic acid formation after stimulation with

the isolated enzyme at 10M. Nitrile 24 and carboxylic acid
methylester25 possessed g values greater than 10M in

this assay, whereas thed{ralue of carbaldehyd26 was 4.3
uM. The most active compound of this series was 5-carboxa-
mide 28. With an IG value of 0.12uM, it was about three

A23187 and TPA differ remarkably. Whereas A23187 causes times less active against the isolated enzyme than 5-carboxylic

a fast and short rise of the arachidonic acid liberation, TPA

acid 18 Similar structure-activity relationships could be

leads to a slower and long-lasting arachidonic acid release byobserved when the substances were tested in cellular situations
the cells. For this reason, different incubation times were used with A23187 as the stimulant.

for both stimuli: 1 min for A23187 and 60 min for TPA.

Next, we investigated the influence of substituents at position

Because the lysis of the platelets by a test compound may 3 of indole 18 on its enzyme inhibitory properties. Although

falsely indicate enzyme inhibition, we also determined the cell
lytic potency of each compound by turbidime#/in these

the introduction of the lipophili¢ert-butyl and chloro residues
(39, 40) caused a marked loss of activity against isolated

experiments, it was found that none of the compounds showedcPLAxa, the more polar electron-withdrawing groups CN, CHO,
cell lytic properties against human platelets at a concentration COCHz, and COOCH (41—44) significantly increased inhibi-

of 10 uM.

Results and Discussion

Our investigations started from the 1-substituted indole-2-
carboxylic acidl3. This compound possessed inhibitory proper-
ties against isolated and cellular cPicAsimilar to those of
structurally related 3-acylindole-2-carboxylic adigFigure 2).
Although13inhibited the cellular arachidonic acid release after
A23187 stimulation with an 163 value somewhat below 1M,
it was inactive against the isolated enzyme aul(Table 1).
Shifting the carboxylic acid group from position 2 of the indole
ring to the 3- or 4-positions (compoundd and 17), slightly

tory potency (Table 3). The most active compound of this series
was the indole-5-carboxylic acid with a methylester moiety at
position 3 @4). With an 1G value of 0.0049:M, this compound
was about 7-fold more active in the assay with the isolated
enzyme than the pared8. Interestingly, the cleavage of the
ester group of44 was accompanied by a large decrease of
inhibitory potency. The Ig value of dicarboxylic acidb0was
only 0.89uM.

All derivatives of 18 with substituents at position 3 of the
indole also inhibited the A23187-induced arachidonic acid
release in human platelets. However, thggl@alues obtained
with this assay were much higher than those in the test system

reduced the activity in the cellular assay. However, in contrast with the isolated enzyme. Furthermore, the inhibition data did

to 13, both substances showed some inhibition of isolated
cPLAa. at 10uM. A dramatic increase of inhibitory potency

not correlate between the assays. Although 3-acetyl and 3-meth-
oxycarbonyl derivative#43 and 44 were significantly more

was registered when the carboxy moiety was moved to the active than the 3-unsubstituted inddl® in the assay with

5-position of the indole. With an g value of 0.035:M against
the isolated enzyme and ansfCvalue of 0.41uM against
A23187-induced cellular arachidonic acid liberation, indole-5-
carboxylic acid 18 was nearly as potent as AstraZeneca
compound3, which had been tested as a reference (Table 1).
Switching the carboxy group from the 5- to the 6-position led
to a significant decrease in activity. Theshalue of obtained
compoundl9 in the two assays was 1.1 and 4¥, respec-
tively.

The importance of the 5-carboxy moiety for the eminent
activity of 18 was seen when this group was omitted or replaced

isolated cPLAq, they showed poorer activity thalB in the
cellular assay.

This decrease of activity in the cellular assay may be because
of an impaired penetration of the compounds into the cells or
the transformation of the compounds into inactive or less active
metabolites in the cells. Besides, in our opinion, a third reason
for the observed results must be considered. The indole-5-
carboxylic acids synthesized are structurally related to the
recently published 1,3-diaryloxypropan-2-ones sucB.#sThis
compound was reported to form covalent bonds with the serine
of the active site of cPLA via its activated electrophilic ketone

by several other substituents (Table 2). Unsubstituted indole moiety. With the 3-aryloxy-2-oxopropyl-group in position 1 of

derivative 20 and the compounds with a chloro, methyl, or
methoxy groups in position 22{—23) were inactive against

the indole, our cPLAa inhibitors also possess such a serine
trap. This can be concluded by the fact that the keto group of
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Table 1. Inhibition of cPLAxa Activity
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Table 3. Inhibition of cPLAxActivity
COOH

(0]

o M N R

7 CgHy7

cellular assay cellular assay with

position of Ve\?vli(t::]etﬁzsay W[;tlgtglljen:;n vesicle assay human platelets
the carboxylic isolated stimulant' with the isolated  stimulant stimulant
acid moiety at enzyme A23187 enzyme A23187 TPA
compd the indole ring ICs0 (uM)?2 ICs0 (M) compd R ICs0 (uM)? ICs0 (uM)?  ICs0 (uM)?
13 2 n.ab 8.0 18 H 0.035 0.41 0.018
14 3 >10° >10¢ 39 C(CHg)3 0.34 3.3 0.23
17 4 >10° >10F 40 Cl 0.11 1.5 0.12
18 5 0.035 0.41 41 CN 0.015 0.37 0.011
19 6 1.1 4.7 42 CHO 0.016 0.38 0.0097
3 0.011 0.25 43 COCHs 0.016 1.0 0.0064
44 COOCH 0.0049 1.4 0.0011
aValues are the means of at least two independent determinations; errors 50 COOH 0.89 6.5 0.56
are within20%. ® Not active at 1:M. ¢ About 40% inhibition of enzyme 2 0.031 0.019 0.0045
activity at 10uM. 3 0.011 0.25 0.0047

aValues are the means of at least two independent determinations; errors

Table 2. Inhibition of cPLAxa Activity
are within£20%.

Table 4. Inhibition of cPLAx Activity

O\)]\/N %
r o
CgH1 : ,O\)]\/N 2~ R
CioH210

COOH

cellular assay

vesicle assay with human
with the platelets; stimulant -
isolated enzyme A23187 . cﬁt%aa{’na;faetlgl\évtl;h
compd R ICs0 (uM)2 ICs0 (uM)2 vesicle assay i :
with the isolated  stimulant stimulant

18 COOH 0.035 0.41 enzyme A23187 TPA
20 H n.a: >10 compd R ICs0 (uM)? ICso(uM)2  ICsp (uM)2
21 CHs n.ab n.ab
22 cl n.ab n.ab 54 H 0.020 0.21 0.0078
23 OCHs n.ab >10¢ 57 COOCH; 0.0043 0.57 0.0009
24 CN >10° >10 aValues are the means of at least two independent determinations; errors
25 COOCH; >108 >10° are within + 20%.
26 CHO 4.3 4.9
28 CONH, 0.12 0.77 our compounds and of reference compowiie in the same

avalues are the means of at least two independent determinations; errorsorder of magnitude as that of the data obtained in the enzymatic
are within 20%.° Not active at 10uM. ¢ Indicates 43% inhibition of assay with isolated cPLA& (Table 3). Furthermore, the cor-
igzy“Tee?Céi_Vit); at %g;fl dt:%dti_cate? 37% inhibittm Ofa?"ﬁn?fn%?ff;feysat relation of the 1Gy values between the cellular and isolated

. “Indicates 0 INhIDItIoN Of enzyme ac . H H : .
4650 inhibition of enzyme activity at 1,0!\%. 9 Indicatgs 3(‘;% inhibition of €nzyme assays IS much better in this case. Interestingly, potent
enzyme activity at 1:M. " Indicates 40% inhibition of enzyme activity ~ PYrrolidine cPLAa inhibitor 2, which we have also tested as a
at10uM. reference, does not show such great discrepancies in te IC
values in the cellular assays than our indoles&rd summary,

our active inhibitors easily forms hydrates as indicated by the high activity of our most active compounds in the platelet
reversed-phase HPLC/MS investigations performed with aque- assay applying TPA as the stimulant makes it unlikely that the
ous eluent$* In the cellular assay applying A23187 as the substances cannot penetrate into the platelets or that they are
stimulant, an incubation time of only 1 min was applied because metabolized to inactive compounds in the platelets. The reason
of the fast and short rise of arachidonic acid liberation after the for the lower activity of the inhibitors in the cellular assay using
addition of A23187. This time is probably not sufficient for A23187 for activation of cPLAo seems to lie in the slow-
the quantitative formation of covalent bonds between serine trap binding kinetics of the propane-2-ones.
inhibitors and the enzyme. In the assay with the isolated enzyme, Because AstraZeneca has found that a 4-decyloxyphenyl-
the incubation time is much longer (60 min), and the inhibitors moiety was the most preferable lipophilic residue in their
can exert their full effect against the enzyme. This assumption cPLAxo inhibitors, we replaced the 4-octylphenyl moiety in
is supported by the results obtained with a cellular inhibitor compoundl8and44 by such a residue. Obtained derivatb
assay using the phorbol ester TPA as the stimulant. Here, cellularwas about 2-fold more active in the cellular assays as well as
liberation of arachidonic acid occurs during a longer period than in the assay with the isolated enzyme than pat&Table 4).
that after stimulation with A23187, allowing the enzyme reaction For 3-substituted derivativ&?7, a significant increase of activity
to be performed for 60 min as in the assay with the isolated could only be observed in the assay with A23187 compared
enzyme. Under these conditions, the cellular inhibition data of with that of44. However, with an 1G, value of 0.0043:M in
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the isolated enzyme assay and 0.0208in the cellular assay
with TPA as the stimulant, compourk¥ was found to be one

of the most potent in vitro cPLA inhibitors known today.

While this work was in progress, AstraZeneca reported that

1-indol-1-yl-propanone58 (Figure 3) is an inhibitor of
cPLA0.% Closely related compourts, which we synthesized
independently, inhibited cPLA activity in our isolated enzyme
assay with an 16 value of 1.3uM.

(0]

/©/Ovlk/ N _~ COOH
R

58: R= OC10H21
59: R= CgH17

Figure 3.

In summary, we have described the synthesis of novel, highly
potent cPLAc. inhibitors with indole-scaffolds. In future articles,
we will report studies on the synthesis of less lipophilic cR&A
inhibitors of this series.

Experimental Section

Column chromatography was performed on Merck silica gel 60,
230-400 mesh £ flash chromatography) or #230 mesh.
Preparative HPLC was performed on a RP18 column (Kromasil
100, 5um, 10 mm (i.d.)x 250 mm, protected with an analogously
filled guard column of 10 mm (i.d.x 50 mm; CS-chromatographie
service, Langerwehe, Germany). Melting points were determined
on a Bichi B-540 apparatus and are uncorrect&tiNMR spectra

Ludwig et al.

organic phase was washed with water and dried¥dg), and the
solvent was evaporated to giBeas an oil (1.52 g, 99%).

[1-Bromo-3-(4-octylphenoxy)propan-2-yljacetate (9)A cooled
(0 °C) mixture of dry pyridine (0.41 g, 5.18 mmol) and dry
CH.Cl, (10 mL) was treated under a nitrogen atmosphere with
acetyl chloride (0.41 g, 5.22 mmol) and stirred for 30 min. Then,
a solution of8 (0.50 g, 1.46 mmol) in dry CkCl, (10 mL) was
added dropwise, and the reaction mixture was stirred an additional
3 h at 0°C. After the addition of CKCI,, the organic phase was
washed twice with 5% aqueous NaHg6blution. The aqueous
phases were re-extracted with @b, and the combined Ci€l,
phases were washed with water. The organic layer was separated,
dried (NaSQy), and concentrated. The residue was treated with
toluene, and the solvent was evaporated. This procedure was
repeated twice. Purification by silica gel chromatography (petroleum
ether/ethyl acetate, 19:1) ga9eas an oil (0.56 g, 99%).

tert-Butyl 1-[2-acetoxy-3-(4-octylphenoxy)propyl]indole-2-car-
boxylate (10).A solution oftert-butyl indole-2-carboxylaté (0.33
g, 1.52 mmol) in dry DMSO (15 mL) was treated under a nitrogen
atmosphere with potassiutart-butylate (0.18 g, 1.60 mmol) and
stirred at 110°C for 15 min. A solution o (0.58 g, 1.51 mmol)
in dry DMSO (15 mL) was added dropwise, and the reaction
mixture was stirred at 11TC for an additional 30 min. The mixture
was cooled, diluted with brine, and extracted four times with diethyl
ether. The combined organic phases were washed with brine, dried
(NaeSOy), and concentrated. The residue was purified by flash
chromatography on silica gel (petroleum ether/ethyl acetate, 99:1)
to give 10 as an oil (0.25 g, 32%).

tert-Butyl 1-[2-hydroxy-3-(4-octylphenoxy)propyl]indole-2-
carboxylate (11). A solution of 10 (0.21 g, 0.40 mmol) in dry
methanol (10 mL) was treated under a nitrogen atmosphere with
0.5 M sodium methoxide in methanol (1.60 mL). The mixture was
stirred for 15 min at room temperature, concentrated approximately

were recorded on a Varian Mercury Plus 400 spectrometer (400 to one-half of its original volume, and diluted with diethyl ether.

MHz). Mass spectra were obtained on Finnigan GCQ and LCQ The organic solution was washed with half-saturated brine and dried
apparatuses applying electron beam ionization (El) and electrospray(N&,SQy), and the solvent was evaporated. The residue was
ionization (ESI), respectively. The purity of the target compounds separated by silica gel chromatography (petroleum ether/ethyl

was determined using two diverse HPLC systems with UV detection
at 254 nm. The first one applied an amino phase (Spherisor) NH
5um, 4.0 mm (i.d.)x 250 mm; Latek, Heidelberg, Germany),
eluting the compounds with an isohexane/THF gradient at a flow
rate of 0.75 mL/min. In the second system, separation was
performed using a cyano phase (LiChrospher 100 CNm5 3.0

mm (i.d.) x 250 mm; Merck, Darmstadt, Germany) with a
isohexane/THF gradient containing 0.1% trifluoroacetic acid at a
flow rate of 0.5 mL/min. With the exception d@fl, all target com-

pounds showed purities greater than 97% in both HPLC systems.

The purity evaluated fot1 was 95% (cyano phase) and 99% (amino
phase). Reference inhibit@r(N-{ (254R)-4-[biphenyl-2-ylmethyl-
(isobutyl)amino]-1-[2-(2,4-difluorobenzoyl)benzoyl]pyrrolidin-2-
ylmethyl} -3-[4-(2,4-dioxothiazolidin-5-ylidenemethyl)phenyl]-
acrylamidej! was a gift from Merckle (Blaubeuren, Germany).
Reference inhibitoB (4-[3-(4-decyloxyphenoxy)-2-oxopropoxy]-
benzoic acid) was synthesized according to published proce#fures.

2-(4-Octylphenoxy)methyloxirane® (7). To a mixture of pow-
dered KOH (88%, 3.10 g, 48.4 mmol), 4-octylphenol (5.00 g, 24.2
mmol) (6), and tetrabutylammonium bromide (0.81 g, 2.44 mmol)
was added epichlorohydrin (13.5 g, 146 mmol). The reaction
mixture was stirred at room temperature for 5 h, treated with water,
and extracted three times with diethyl ether. The combined organic
layers were washed with water and dried £8&;), and the solvent
was evaporated. The residue was purified by silica gel chromatog-
raphy (petroleum ether/ethyl acetate, 95:5) to gies a solid (6.34
g, 99%); mp 25°C.

1-Bromo-3-(4-octylphenoxy)propan-2-ol (8)To a solution of
7(1.17 g, 4.46 mmol) in dry CKCl, (10 mL) was added silica gel
(1.34 g) and lithium bromide (1.16 g, 13.4 mmol). The mixture

acetate, 19:1) to givél as an oil (0.15 g, 78%).

tert-Butyl 1-[3-(4-octylphenoxy)-2-oxopropyl]indole-2-car-
boxylate (12).Acetic anhydride (1.02 g, 9.99 mmol) was added to
dry DMSO (10 mL), and the mixture was stirred under a nitrogen
atmosphere at room temperature for 10 min. Then, this solution
was added dropwise to a solution bf (120 mg, 0.25 mmol) in
dry DMSO (10 mL). The mixture was stirred under a nitrogen
atmosphere o8 h and poured into a mixture of 5% aqueous
NaHCG; and brine (1:1). After 10 min, the mixture was extracted
four times with diethyl ether. The combined organic phases were
washed with brine, dried (N&80;), and concentrated. The residue
was purified by silica gel chromatography (petroleum ether/ethyl
acetate, 49:1) to givé2 as an oil (113 mg, 96%).

1-[3-(4-Octylphenoxy)-2-oxopropyl]indole-2-carboxylic Acid
(13). To the solution ofl2 (46 mg, 0.096 mmol) in dry CkCl,
(10 mL) was added trifluoroacetic acid (1.49 g, 13 mmol), and the
mixture was stirred at room temperature for 1.5 h. Then, the reaction
mixture was concentrated to dryness. The residue was treated twice
with toluene, and the solvent was evaporated each time. The residue
was recrystallized from petroleum ether/ethyl acetate (2:1) to give
13 as a white solid (31 mg, 77%); mp 178.

1-[3-(4-Octylphenoxy)-2-oxopropyl]indole-3-carboxylic Acid
(14). Compound14 was prepared frontert-butyl indole-3-car-
boxylate utilizing the reaction sequence described for the synthesis
of 13, mp 182-183°C.

tert-Butyl 1-[2-hydroxy-3-(4-octylphenoxy)propyl]indole-4-
carboxylate (15).Under a nitrogen atmosphere, a suspension of
NaH (60% in mineral oil; 48 mg, 1.20 mmol) in dry DMF (10
mL) was stirred at room temperature for 10 min. After the addition
of a solution ottert-butyl indole-4-carboxylaté (0.25 g, 1.15 mmol)

was evaporated to near dryness and allowed to stand at roomin dry DMF (10 mL), the mixture was stirred for 1 h. A solution

temperature for 3 h. After the addition of GEl,, the reaction
mixture was filtered through a cotton pad. The filtrate was

of 2-(4-octylphenoxymethyl)oxiran&) (0.30 g, 1.14 mmol) in dry
DMF (10 mL) was added dropwise at room temperature, and the

evaporated, and the residue was treated with diethyl ether. Thereaction mixture was heated at 80 for 3 h. After it was cooled
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to room temperature, the mixture was treated with half-saturated 1-[3-(4-Octylphenoxy)-2-oxopropyl]indole-5-carbaldehyde (26).
brine and extracted with diethyl ether four times. The combined Purification by flash chromatography on silica gel (petroleum ether/
organic phases were washed three times with half-saturated brineethyl acetate, 9:1) gav@6 as a solid; mp 96C.
and dried (NaSQy), and the solvent was evaporated. The residue  1-[2-Hydroxy-3-(4-octylphenoxy)propyljindole-5-carboxam-
was purified by flash chromatography on silica gel (petroleum ether/ jde (27).0.18 g (0.44 mmol) of 1-[2-hydroxy-3-(4-octylphenoxy)-
ethyl acetate, 9:1) followed by chromatography on an octadecyl propyljindole-5-carbonitrile, previously synthesized from indole-
reversed-phase material (acetonitrilgfH 4:1) to givel5as an oil 5-carbonitrile and 2-(4-octylphenoxy)methyloxiran® @sing a
(0.36 g, 66%). method similar to that foll5, was dissolved irtert-butyl alcohol
tert-Butyl 1-[3-(4-octylphenoxy)-2-oxopropyl]indole-4-car- (15 mL) and treated with 0.23 g (3.6 mmol) powdered KOH (88%).
boxylate (16).Acetic anhydride (1.55 g, 15.2 mmol) was added to The mixture was heated under reflux for 11 h. The reaction mixture
dry DMSO (10 mL), and the mixture was stirred under a nitrogen was cooled, diluted with water, acidified Wwitl M HCI, and
atmosphere at room temperature for 10 min. Then, this solution extracted three times with diethyl ether. The combined organic
was added dropwise to a solution 1% (182 mg, 0.38 mmol) in phases were washed with brine and water, dried,$9g, and
dry DMSO (10 mL). The mixture was stirred for 15 h under a concentrated. The residue was purified by silica gel chromatography
nitrogen atmosphere and poured into a mixture of 5% aqueous (petroleum ether/ethyl acetate, 1:1) to g&éas a solid (0.13 g,
NaHCG; and half-saturated brine (1:1). After 10 min, the mixture 70%); mp 118-119°C.
was extracted four times with d|ethy| ether. The combined organic 1_[3_(4_Octy|phenoxy)_2_oxopropy”ind0|e_5_carboxamide (28)
phases were washed three times with brine, drie$9g, and Compound27 was oxidized to28 using the procedure described
concentrated. The residue was purified by flash chromatography for the preparation ofl6. The product was recrystallized from
on silica gel (petroleum ether/ethyl acetate, 93:7) to di6@s a  petroleum ether/ethyl acetate (1:1) and further purified by RP-HPLC

solid (131 mg, 71%); mp 100C. applying acetonitrile/bD (4:1) as the mobile phase. The eluates
1-[3-(4-Octylphenoxy)-2-oxopropyl]indole-4-carboxylic Acid were concentrated under reduced pressure until most of the
(17). To the solution 0f16 (63 mg, 0.132 mmol) in dry CkCl, acetonitrile was distilled off. The remaining solvent was removed

(15 mL) was added trifluoroacetic acid (1.1 g, 9.8 mmol), and the by freeze-drying, yieldin@8 as white solid; mp 158159 °C.
mixture was stirred at room temperature for 2 h. Then, the reaction  tert-Butyl 3-chloroindole-5-carboxylate (30).A solution of 389
mixture was concentrated to dryness. The residue was treated thregng (1.79 mmol) ottert-butyl indole-5-carboxylaé (29) in meth-
times with petroleum ether/ethyl acetate (1:2), and the solvents weregno| (12 mL) was treated with 335 mg (2.50 mmbichlorosuc-
evaporated each time. The residue was recrystallized from petroleumcinimide and stirred overnight at room temperature. The solvent
ether/ethyl acetate (2:1) to givi as a solid (48 mg, 86%); mp  \as distilled off and the residue dissolved in 15 mL of ethyl acetate.

160-161°C. The organic solution was washed twicetwit M aqueous NaHCS)
Compoundsl8 and 19 were prepared in a manner similar to  dried (Na&SQy), and evaporated. The residue was purified by silica

that described for the synthesis®f, utilizing the appropriatéert- gel chromatography (hexane/ethyl acetate, 9:1) to 8zas a solid

butyl indolecarboxylates and purifying by the method indicated. (190 mg, 42%); mp 120C.
1-[3-(4-Octylphenoxy)-2-oxopropyllindole-5-carboxylic Acid tert-Butyl 3-formylindole-5-carboxylate (31). A solution of

(18). Compoundl8 was purified by RP-HPLC, applying acetoni-  oxalyl chloride (0.4 mL, 4.87 mmol) in dry Ci€l, (15 mL) was
trile/H,O (4:1) as the mobile phase. The eluates were concentratedtreated at 0°C with a solution of dry DMF (0.4 mL) in dry
under reduced pressure until most of the acetonitrile was removed.CH,Cl, (15 mL). The mixture was stirred at°C for 20 min. After
Freeze-drying the remaining solution gaM@as a solid; mp 122 the addition oftert-butyl indole-5-carboxylaté (29) (1.0 g, 4.6
124°C. mmol), the mixture was allowed to warm to room temperature and
1-[3-(4-Octylphenoxy)-2-oxopropyllindole-6-carboxylic Acid then stirred for a further 20 min. The solvent was evaporated and
(19). The purification of 19 was performed by RP-HPLC as the residue treated with THF (40 mL) and 20% aqueous ammonium
described forl8, except that acetonitrile® (9:1) was used as  acetate (50 mL). The mixture was heated under reflux for 30 min,
the eluent; mp 180C. cooled, treated with 5% aqueous NaH{ énd extracted three times
Compounds20—26 were prepared in a manner similar to that with ethyl acetate. The combined organic phases were washed with
described for the synthesis @B utilizing the appropriate indole  brine and dried (N£0Q;), and the solvent was evaporated. The
and purified by the method indicated. In case of the synthesis of 'eSidue was recrystallized from hexane/ethyl acetate to $iels
23, the coupling of 5-methoxyindole withwas performed atroom & Solid (0.81 g, 71%); mp 198C.
temperature with protection from light. tert-Butyl 3-(hydroxyiminomethyl)indole-5-carboxylate (32).
1-Indol-1-yl-3-(4-octylphenoxy)propan-2-one (20)Purification Hydroxylammonium chloride (0.28 g, 4.08 mmol) was added to a
by silica gel chromatography (petroleum ether/ethyl acetate, 19:1) solution of31in pyridine (10 mL) in several portions. The mixture

and recrystallization from petroleum ether g&@as a solid; mp was heated under reflux for 5 h. Then, the solvent was distilled
65 °C. off. The residue was dissolved in ethyl acetate and washed with 1

M HCI. The organic phase was separated, and the aqueous layer
was extracted twice with ethyl acetate. The combined organic layers
were washed with water, dried (b&0,), and concentrated. The

1-(5-Methylindol-1-yl)-3-(4-octylphenoxy)propan-2-one (21).
Purification by silica gel chromatography (petroleum ether/ethyl

acetate, 97:3), gavel as a solid; mp 75C. residue was treated several times with hexane/ethyl acetate (1:1),
1-(5-Chloroindol-1-yl)-3-(4-octylphenoxy)propan-2-one (22).  anq the solvents were evaporated each time to give a mixture of

Purification by silica gel chrpmgtography (petroleum ether/ethyl (E)- and @)-tert-butyl 3-(hydroxyiminomethyl)indole-5-carboxylate
acetate, 19:1) and recrystallization from petroleum ether @&ve 5o 4 solid (0.50 g, 94%); mp 18889 °C (decomp.).

as a solid; mp .7?C' tert-Butyl 3-cyanoindole-5-carboxylate (33)2-Chloro-1-meth-

1-(5-Methoxyindol-1-yl)-3-(4-octylphenoxy)propan-2-one (23). v jovridinium iodide (0.29 g, 1.14 mmol) was added under nitrogen
Purification by flash chromatography on silica gel (petroleum ether/ ;"2 <o|ution of32 (0.27 g, 1.04 mmol) in dry THF (30 mL). The
ethyl acetate, 19:1) gav23 as a solid; mp 85C. mixture was stirred at room temperature for 10 min, then treated

1-[3-(4-Octylphenoxy)-2-oxopropyllindole-5-carbonitrile (24). dropwise with triethylamine (0.55 mL, 3.94 mmol), and stirred for
Purification by flash Chromatography on silica gel (petroleum ether/ a further 20 h at room temperature. Dilute HCI (5%7 20 m|_) was
ethyl acetate, 9:1) and recrystallization from petroleum ether/ethyl added, and the mixture was extracted three times with ethyl ace-
acetate (19:1) gave4 as a solid; mp 96C. tate. The combined organic phases were washed with brine, dried

Methyl 1-[3-(4-octylphenoxy)-2-oxopropyl]indole-5-carboxy- (Na;SQy), and concentrated. The residue was purified by flash
late (25).Recrystallization from petroleum ether/ethyl acetate (47: chromatography on silica gel (hexane/ethyl acetate, 3:2) to give
3) gave25 as a solid; mp 118C. 33 as a solid (0.21 g, 87%); mp 18389 °C.
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5-tert-Butyl-3-methyl indole-3,5-dicarboxylate (34)A solution
of 31 (0.70 g, 2.83 mmol) in methanol (30 mL) was treated with
NaCN (0.70 g, 14.3 mmol). Then, activated Mn@.92 g, 57.2

Ludwig et al.

Dimethyl indole-3,5-dicarboxylate (46). The treatment of
methyl 3-formylindole-5-carboxylate4b) (2.30 g, 11.3 mmol)
according to the procedure described above for the preparation of

mmol) was added in several portions, and the reaction mixture was 34 provided46 as a solid (0.75 g, 29%); mp 22225°C (decomp.).

stirred at room temperature for 48 h. After the addition of,CH

(80 mL) and Celite (5 g), the suspension was filtered off by suction
and the residue washed with @El,. The combined filtrates were
subsequently washed with saturated aqueous Fs8lotion and
brine, dried (NaSOy), and concentrated to gi\a? as a solid (0.74

g, 94%); mp 196°C.

Methyl 3-acetylindole-5-carboxylate (36).To a mixture of
ZnCl, solution in dry diethyl ether (2.2 M, 4.2 mL) and dry
CH.CI, (20 mL) was slowly added under nitrogen &t®a solution
of butyllithium in dry hexane (1.6 M, 5.6 mL). The mixture was
allowed to warm to room temperature, stirred fb h atroom

Dibenzyl indole-3,5-dicarboxylate (47)A mixture of KH (30%
dispersion in mineral oil, 0.10 g, 0.75 mmol) and dry benzyl alcohol
(10 mL) was stirred at room temperature for 15 min. After the
addition of46 (0.70 g, 3.0 mmol), the mixture was heated at 100
°C for 5 h. Then, the reaction mixture was cooled, diluted with
brine, and extracted three times with diethyl ether. The com-
bined organic layers were dried (M¥0;) and concentrated. The
residue was treated twice with methanol, and the solvent was
evaporated each time to giv&/ as a solid (0.58 g, 50%); mp
173-174°C.

Dibenzyl 1-[2-hydroxy-3-(4-octylphenoxy)propyl]indol-3,5-

temperature, treated with a solution of methyl indole-5-carboxylate dicarboxylate (48). Starting from7 (0.30 g,1.17 mmol) and7

(35 (1.5 g, 8.6 mmol) in dry CbCl, (20 mL), and stirred again
for 1 h. The reaction mixture was cooled td0, acetyl chloride
(1.28 mL, 18 mmol) was added, and stirring was continued for 1
h at room temperature. Then, the mixture was treated withAICI
(0.93 g, 7.0 mmol) and further stirred for 1 h. After the addition of
half-saturated brine and THF (20 mL), the mixture was extracted

(0.45 g, 1.17 mmol)48 was prepared in a manner similar to that
described for the synthesis ©6. The reaction mixture was heated
at 100 °C for 40 h. Purification by silica gel chromatography
(hexanel/ethyl acetate, 4:1) ga¥8 as a solid (0.20 g 27%); mp
102-103°C.

Dibenzyl 1-[3-(4-octylphenoxy)-2-oxopropyl]indole-3,5-dicar-

four times with ethyl acetate. The combined organic layers were boxylate (49).Compound49was prepared from8 (160 mg, 0.25

washed with brine, dried (N8Q,), and concentrated. The residue

was purified by chromatography on silica gel (hexane/ethyl acetate,

3:2) to give36 as a solid (0.70 g, 38%); mp 23236 °C.
3-Acetylindole-5-carboxylic Acid (37).Methyl 3-acetylindole-
5-carboxylate 36) (0.69 g, 3.16 mmol) was dissolved in THF (10
mL) and ethylene glycol (10 mL) by heating. After the addition of
KOH (88%, 7.08 g, 0.13 mol), the mixture was heated under reflux
for 30 min. The THF was distilled off under reduced pressure, and
the remaining solution was acidified at’@ with dilute HCI. The
precipitate formed was filtered off by suction, washed with water,
and dried to provid&7 as a solid (0.64 g, 99%); mp 36L€.
tert-Butyl 3-acetylindole-5-carboxylate (38) A solution ofN,N-
dimethylformamide diert-butyl acetal (90% purity, 6.3 mL, 26.3

mmol) in a manner similar to that described for the synthesis of
16. Purification by flash chromatography on silica gel (hexane/
ethyl acetate, 4:1) gaw9 (63 mg, 39%) as an oil.
1-[3-(4-Octylphenoxy)-2-oxopropylJindole-3,5-dicarboxylic Acid
(50). A solution of49 (54.0 mg, 0.08 mmol) in THF (10 mL) was
stirred at room temperature with Pd/C (10%; 15 mg) under H
supplied by a balloon for 5 h. The mixture was filtered through a
cotton pad and concentrated to giv@ as a solid (21 mg, 56%);
mp 225-225.5°C (decomp.).
1-[3-(4-Decyloxyphenoxy)-2-oxopropylindole-5-carboxylic Acid
(54). Compound54 was prepared in a manner similar to that
described for the synthesis &, starting fromtert-butyl indole-
5-carboxylaté’ and 2-(4-decyloxyphenoxymethyl)oxirari&l).22 It

mmol) in dry benzene (50 mL) was added dropwise under nitrogen was purified by RP-HPLC as described for the purificatiorl 8f

to the refluxing suspension &7 (1.34 g, 6.60 mmol) in dry ben-

zene (100 mL) within 30 min. The solution was refluxed for a
further 30 min, cooled, diluted with diethyl ether, and washed with
NaHCG; solution (5%) and brine. The organic layer was dried

using acetonitrile/LD (9:1) as the eluent; mp 13T.
5-tert-Butyl-3-methyl 1-[3-(4-decyloxyphenoxy)-2-hydroxy-

propyllindole-3,5-dicarboxylate (55).A solution of 5tert-butyl-

3-methyl indole-3,5-dicarboxylat&4) (0.50 g, 1.82 mmol) in dry

(NaSQy) and the solvent evaporated. The residue was purified by DMF (20 mL) was reacted with NaH (60% in mineral oil; 73 mg,

silica gel chromatography (hexane/ethyl acetate, 3:2) to §&e
(0.39 g, 23%) as a solid; mp 2F€.

3-tert-Butyl-1-[3-(4-octylphenoxy)-2-oxopropyl]indole-5-car-
boxylic Acid (39). Compound39was a side product of the synthesis
of 18 It was separated during the course of the RP-HPLC
purification of 18, mp 146-147 °C.

CompoundsA0—44 were prepared in a manner similar to that
described for the synthesis 4f7, starting from the appropriate
3-substituedert-butyl indole-5-carboxylates3Q, 33, 31, 38, and
34). The coupling of these compounds withvas performed at 60
°C (30, 33) and 120°C (31, 34, 38), applying a reaction time of
8—26 h. The target compounds were purified by the method
indicated.

3-Chloro-1-[3-(4-octylphenoxy)-2-oxopropyllindole-5-carbox-
ylic Acid (40). Recrystallization from hexane/THF gav® as a
solid; mp 157°C.

3-Cyano-1-[3-(4-octylphenoxy)-2-oxopropyl]indole-5-carbox-
ylic Acid (41). Recrystallization from hexane/ethyl acetate gave
41 as a solid; mp 197198 °C (decomp.).

3-Formyl-1-[3-(4-octylphenoxy)-2-oxopropyllindole-5-carbox-
ylic Acid (42). The purification of42 was performed by RP-HPLC
as described fot 8 except that acetonitrile4® (9:1) was used as
the eluent; mp 193C.

3-Acetyl-1-[3-(4-octylphenoxy)-2-oxopropyl]indole-5-carbox-
ylic Acid (43). Recrystallization from hexane/THF gav& as a
solid; mp 197°C.

3-Methylhydrogen 1-[3-(4-octylphenoxy)-2-oxopropyl]indole-
3,5-dicarboxylate (44).Recrystallization from hexane/THF gave
44 as a solid; mp 208C.

3.03 mmol) in dry DMF (20 mL) and a solution of 2-(4-
decyloxyphenoxymethyl)oxiran&1)?? (0.56 g, 1.82 mmol) in dry
DMF (20 mL) in a manner similar to that described for the synthesis
of 15, except that the reaction mixture was heated at°IDér 26

h. Purification was performed by flash chromatography on silica
gel (petroleum ether/ethyl acetate, 7:3) followed by chromatography
on an octadecyl reversed-phase material (acetonite@/H:1) to
give 55 as an oil (0.26 g, 25%).

5-tert-Butyl-3-methyl 1-[3-(4-decyloxyphenoxy)-2-oxopropyl]-
indole-3,5-dicarboxylate (56).A solution of 55 (240 mg, 0.41
mmol) in dry DMSO (10 mL) was treated with a mixture of acetic
anhydride (1.69 g, 16.5 mmol) and dry DMSO (10 mL) in a manner
similar to that described for the synthesis I, except that the
reaction time was 17 h. Purification was achieved by flash
chromatography on silica gel (hexane/ethyl acetate, 4:1) to give
56 as an oil (135 mg, 56%).

3-Methylhydrogen 1-[3-(4-decyloxyphenoxy)-2-oxopropyl]in-
dole-3,5-dicarboxylate (57)A solution of56 (107 mg, 0.18 mmol)
in dry CH,Cl, (20 mL) was treated with trifluoroacetic acid (1.68
g, 14.7 mmol) in a manner similar to that described for the synthesis
of 17, except that the reaction time was 3 h. The reaction mixture
was concentrated to dryness. The residue was treated twice with
hexane, and the solvent was evaporated each time. The residue was
recrystallized from hexane/ethyl acetate to gb#eas a solid (79
mg, 82%).

{1-[3-(4-Octylphenoxy)-2-oxopropyl]indol-3-y} acetic Acid
(59). Indol-3-ylacetic acid was converted to tert-butylester with
N,N-dimethylformamide diert-butyl acetal applying the method
described for the synthesis 88. tert-Butyl indol-3-yl acetate was
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reacted with 2-(4-octylphenoxymethyl)oxiran@) @t room tem- (7) Mayer, R. J.; Marshall, L. A. The therapeutic potential for phospho-
perature for 14 h using a procedure analogous to the procedure lipase A inhibitors. Emerging Drugs199§ 3, 333-344. _
described for the synthesis @6. The intermediate obtained was (8) Lehr, M. PhospholipaseAnhibitors in inflammationExpert Opin.

; : Ther. Pat.2001, 11, 1123-1136.
converted 1059 using the procedures for the synthesisléfand (9) Clark, D. C.; Tam, S. Potential therapeutic uses of phospholipase

17. Compoundb9was purified by RP-HPLC applying acetonitrile/ A, inhibitors. Expert Opin. Ther. Pat2004 14, 937-950.

HZO/fOI'mIC aCld (8515005) as the mObI|e phase The e|uateS were (10) S|X, L. A’ Dennisy E.A. The expanding superfam"y of phospho“pase

concentrated under reduced pressure until most of the acetonitrile A, enzymes: classification and characterizati®imchim. Biophys.

was removed. Freeze-drying the remaining solution di/as a Acta200Q 1488 1—-19.

solid; mp 121122 °C. (11) Kuhdo, l; l\(/jlurakgmi, M. Phospholipase &nzymesProstaglandins
o . Other Lipid Mediators2002 68—69, 3—58.

_ Assay of CPLAa Inhibition Using the Isolated Enzyme. The (12) Lin. L L: Lin, A Y- Kno%f, J. L. Cytosolic phospholipaseAs

inhibition of cPLAxx isolated from human platelets was performed coupled to hormonally regulated release of arachidonic didc.

as previously described Briefly, sonicated co-vesicles consisting Natl. Acad. Sci. U.S.AL992 89, 6147-6151.

of 1-stearoyl-2-arachidonogrglycero-3-phosphocholine (0.2 mM) (13) Uozumi, N.; Kume, K.; Nagase, T.; Nakatani, N.; Ishii, S.; Tashiro,

and 1,2-dioleoyknglycerol (0.1 mM) were used as enzyme F.; Komagata, Y.; Maki, K.; lkuta, K.; Ouchi, Y.; Miyazaki, J.;

substrates. The cPL& activity was determined by measuring the Shimizu, T. Role of cytosolic phospholipase i allergic response

and parturitionNature 1997 390, 618-622.
(14) Bonventre, J. V.; Huang, Z.; Taheri, M. R.; O’Leary, E.; Li, E.;
Moskowitz, M. A.; Sapirstein, A. Reduced fertility and postischemic

arachidonic acid released by the enzyme with reversed-phase HPLC
and UV detection at 200 nm after cleaning up the samples using

solid-phase extraction. brain injury in mice deficient in cytosolic phospholipase Nature
lonophore- and Phorbolester-Induced Arachidonic Acid 1997, 390, 622-625.
Release from Human PlateletsThe ability of the compounds to (15) Gijon, M. A; Spencer, D. M.; Siddigi, A. R.; Bonventre, J. V.; Leslie,
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