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Secreted phospholipases BPLAsS) have been reported to play an important role in various inflammatory
conditions and thus represent an attractive therapeutic target. Previous SAR studies from our laboratory
have revealed certain important features of our recently discovered specific hGlIA sftibitors, and

we report here the synthesis and biological activities of glycerol-containing derivatives of our lead compound
Il (Figure 1). Efficient and selective synthesis methods have been developed to make glycerol trisubstituted
by different groups on desired positions. In terms of biological activities, the best comp&Bds6, and

A15) are more active thahl (Figure 1), as potent as Me-Indoxam, an sR& Ahibitor of reference, against
hGIIA, hGV, and hGX sPLAs and at least 10 times less active toward the GIB enzymes inntwitro

assay systems. By synthesis of enantiop&eA@, we demonstrated that no important improvement of the
inhibitory potency could be achieved by this approach. Furthermore, the results show that the global
lipophilicity is likely responsible for the anti-PLAactivity and two oxadiazolone moieties seem too big to

be accommodated by the active site of the hGIIA enzyme.

Introduction shown recently that exogenously added group V or group X
SPLAys to mammalian cells leads to arachidonic acid (AA)

release€® 22 which is also observed in mammalian cells trans-
fected with groups IIA and X sPL& 23 Data from GV PLA-

Phospholipases APLA;, phosphatidyl 2-acylhydrolase, EC
3.1.1.4) are involved in various physiopathological processes
by promoting the release of free fatty acids and lyso-phospho- . . -
lipids from membrane glycero-phospholipids. The implication _nuII m'Ce_ha"? prowd_ed clear e_wdt_ance of a role for GV BI.‘A
of certain PLAs in inflammation has been demonstrated by regulating eicosanoid generation in response to an acute innate

. -y . . . 1 I I i 24 i i
their ability to regulate in the inflammatory reaction the amount Stimulus of the immune system vivo,** suggesting a potential
of arachidonic acid (AA), precursor for the formation of function of this enzyme in innate immunity. Moreover, GV
prostaglandins, leukotrienes, and thromboxanes, three of thePLA2 is detected in human atherosclerotic aortic lesions and
most powerful lipid inflammatory mediators. Meanwhile, the 20rtic root sections from apolipoprotein E-deficient mige.

lyso-phospholipids released in the enzymatic reaction result in Similarly, GX PLA; is detected in foam cell lesions in the
certain settings in the formation of platelet-activating factor arterial intima of high fat-fed apolipoprotein E-deficient mice.
(PAF), another potent mediator of inflammation. Therefore, modification of plasma lipoproteins by GV and GX

To date, 12 groups of PL# (group | or Gl to group XII or PLAs may 'be more relevant _than that by GI_IA PL o t_he_
GXIl) are known and classified mainly into two categories: pathogenesis of atherosclerosis. Recent studies have indicated

intracellular PLAs, including cytosolic PLAs (cPLAs) and the presence Qf vgrious types of crqss-tglk b(_atween skpd
Ca&*-independent PL4s (iPLAs), and secreted PLA (SPLAS) cPLAa _resultlng in effectl_v(_e arachldonlc acid (AA) relea_ls_e.
of which a great number have been cloned and expressed inBY WOrking on cPLAa-deficient mice and by using specific

the past decade and the characterization remains to be an activél’ L4 and cPLAa. inhibitors, GX PLA has been found to
areal2 Until recently, the increased serum PLActivity has induce AA release and eicosanoid production without activation

been attributed to hGIIA enzyme in different human inflam- ©Of CPLAxL?

matory diseasessuch as septic shodkhumatoid arthriti; ~ The various distribution of each group of mammalian spd.A
Crohn’s diseaséacute pancreatitor partly to hGIIA enzyme  in healthy or inflamed tissué *?*suggests that these enzymes
in psoriasi€and adult respiratory distress syndrotelowever, play different roles in physiological and pathophysiological

a large body of evidence indicates that the group V and group conditions. It is thus important to develop selective inhibitors
X sPLAgs also contribute to the production of various inflam- of each sPLA isozyme and inhibitors with broad spectrum
matory mediators in mammalian cells, as well as in tissues activities to aII_ mflamm_atory-related sPlA to stU_dy the
pretreated with pro-inflammatory agents or isolated from patients physppatholog_lc_:al functions of each _sPi__A_élnder different
suffering from various inflammatory diseasés? It has been  biological conditions. Many GIIA sPLAinhibitors have been
reported, and to date the most potent ones are those described

* To whom correspondence should be addressed. Telephone: 33-(0)1-PY Lilly and Shionogi research laboratori#s32 Previous work
44;27-5(’3-26, Fax: 33-(0)1-44-27-56-41, E-mail: heymans@ccr.jussieu.fr. from our laboratory (Figure 1) has shown that molecules as
(EAéJ3nét1e).de Pharmacochimie Modellaire et Systmes Membranaires simple as thg amifjin§3 and the piperazine deriva{ti\nf‘.‘ are

*Institut de Pharmacologie Matelaire et Cellulaire. fairly potent inhibitors of GIIA sPLA. They also inhibit the

8 Laboratoire de Toxicologie. enzymatic activity of GIB PLA which is known to play a
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Figure 1. Previous sPLAs inhibitors discovered in our laboratory.

critical role in digestion, indicating that the inhibition is not As shown in Scheme 2, the nitrile group of the intermediates

enzyme-specific. An extensive structur@ctivity relationship 2a, 3a, 5a-12a 2d, and3d was converted into the amidoxime

study has led to the identification of the lead compouid function with NHOH, formedin situ from its HCI salt and k-

(Figure 1), which is more specific for hGIIA than GIB sPLA CQO;. Treatment of these amidoximek3—24 with phenyl

One of the key elements of this specificity appears to be the chloroformate yielded the corresponding carbonates which, after

presence of the oxadiazolone cyéle. heating to reflux in toluene, provided the final oxadiazolone
We have also reported that when the chain lengthllin derivativesA1—A12. The trityl group inA6 was removed by

(Figure 1) was shortened, some new interactions should beacid hydrolysis to affordA13.

created by introducing new structural elements to maintain the  Following Wheeler and Wilson’s method and starting from

activity and the specificity. The design has been assisted bythe commercially available 2,3-dibromo-1-propanol and 1,3-

molecular modeling® On the other hand, when the C14 chain dibromo-2-propanol (Scheme 3), compourds, 25b and the

in Il (Figure 1) was split up to two equal fragments and precursors o28a 28—30b were obtained in good yields and

assembled in the same molecule by disubstitution, the activity next substituted under the conditions as described above to

decreased significantly unless a long chain such as C14 wasafford 26a 26b, 283, 28—30b. The ester26b, 28—30b were

present as one of both the substituéAtBhese results prompted  subsequently converted into the nitrile homolog@és, 28—

us to examine the importance of the hydrophobic partilof 30e The diamidoximes27a 27e 31a 31le 32e and the

(Figure 1) in a different series. Given that the glycerol backbone monoamidoxime83—34 resulted from hydroxylamination of

is a natural structural element in the native substrates ob®LA the corresponding dinitrile compounds in the same manner as

we designed and synthesized a series of glycerol derivatives offor 13—24. Their transformation into the carbonate intermediates

Il (Figure 1) through efficient and selective alkylations of the and then the ring closure were performed using the same

glycerol backbone. In these pseudosubstrate analogues, th@rocedure as above to yield the target moleciBds; B2, C1—

hydrophilic head of the substrates was replaced by an oxadia-C3, andA14—A15

zolone ring and different alkyl chains were attached to the two

other positions of glycerol. Their biological activities were Results and Discussion

evaluated in two differenin vitro assay systems using group  \We have recently reported a series of hGIIA sRlspecific

IB, 1A, V, and X sPLAgs. The best inhibitor was found to be  jnhibitors, and the specificity appears to be related to the
highly active at sub-micromolar concentrations against hGIIA, presence of an oxadiazolone ring as the hydrophilic head, which
hGV, and hGX sPLAs, and about 10 times less potent toward i, jts anionic form should play a role of €aligand at the active

the GIB enzymes. Me-Indoxam, a sPLihibitor of reference, site of the enzym@337 On the other hand, the potency of an
displays comparable activities in the same assay conditions. inhibitor is largely dependent on the nature and the disposition

Chemistry. In this work, we neede@®-dihomo orO-dihet-  of the hydrophobic group(§§:3”While the optimal linear chain
eroalkyl-(4-cyanophenyl)glycerols ar@-dihomo orO-dihet-

eroalkyl-(4-cyanomethylphenyl)glycerols as key intermediates. gcheme 2
Wheeler and Willsof? have reported that phenol can be
condensed with 3-chloro-1,2-propanediol to provideO-1- E Y

a 8: b EOR2
phenylglycerol in a 64% yield. The same procedure was thus SIH_’ o@—v_’ o@—v b gngt
applied to our syntheses (Scheme 1), and the compdLared ¢ CH,0 °

OH OR'

were obtained with comparable or better yields: 60% %ar 1ad ¢ (d)(2a-¢, 3ac d CH,CN
65% for 1b,3° quantitative forlc, and 60% forld. Dihomoal- l g . (29: 3e e CH,OH
kylation of 1a—c using different alkyl bromides led to com- ' »2d,3d
pounds2a—c and 3a—c (Scheme 1). OCPh; " OCZPhs . °R2

Direct dialkylation of1d under the same conditions as for EOH _>E°R L, OR
la—c failed, since a simultaneous alkylation of the alpha,CH O‘QY OQY © v
of the nitrile function occurred in high proportion (90%). 4a 5a 6-12a
Consequently, a new synthetic pathway was designed. The 1 2 I 2
aIcohoIqSZQ 3ewere prepared eithgr by reduction of the esters Compd R R Compd R R
2b, 3b or acid cleavage of the acetal function2d, 3cin the 2a-e n-CqHys n-CHis  7a n-CsHyq n-C14Hag
presence of pyridiniump-toluenesulfonate (PPTS). Bromination 3, CeHs(CHz)s CeHs(CHy),  8a n-C1oHa1 1-C1aHas
of 2¢ 3g followed by a substitution reaction using sodium
cyanide gave the corresponding nitril@sl, 3d in 60% yield. 3b-e m-CoHie nCeHiy 92 Cos(CHzla  1-CaaMao
Dissymmetrical substitution strategy leadingge-12ais also 4a (CeHs)sC H 10a CeHsCHz  n-CigHao
outlined in Scheme 1. The primary hydroxyl grouplas was 5a (CgHs)sC n-CisHpg  Ma (CeHs)oCH  n-CygHag
selectively blocked with a trityl groupd@), and the remaining 6a CoHs n-CiHps 128 m-MeOCGH,CHy 1-Crablas
secondary hydroxyl group was alkylated after removal of the
proton by NaH, using the corresponding bromide to yid aReagents and conditions: @HOPhY, EtONa, EtOH, rt; (b) (i) NaH,

- - - - DMF, rt, (i) R'Br (=R2Br); (c) 2b or 3b, LiAlH 4, dry EO, rt; (d) 2c or
Acid-catalyzed hydrolysis of the trityl group was then carried 3¢, PPTS, EtOH, 50C; (e) 15% HBr in acetic acid, TC: (f) NaCN, DMF,

out, leading to the free alcohol function from which the ethers . (g) Phccl, Py, cat. DMAP, CHCI,, rt: (h) (i) NaH, DMF, rt, (ii) FeBr;
6a—12awere formed with the suitable alkyl bromides as above. (i) 1 N HCI, THF, rt; (j) NaH, DMF, rt, (i) RIBr.
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Scheme 2

OR' OR1 OR'
2 2

n = 0: 2a-3a, 5a-12a =0:13-22 A1-A12

n=1:2d, 3d =1:23,24 a6 —9 - A13
Compd n R! R’ Compd n R R
13,A1 0 CoHs n-C14Hag 20,A8 0 m-MeOCgH,CH, n-C14Hag
14,A2 0 n-CsHyq n-CigHag 21,A9 O CeH5(CHz)4 CeHs(CHa)4
15,A3 0 n-C1oHa1 n-CiHae  22,A10 0 n-C7Hqs n-C7Hys
16,A4 0 CgHsCH, n-Cq4Ha9 23,A11 1 n-C7Hss n-C7H1s
17,A5 0  CgHs(CHp)qs  n-CiqHpe  24,A12 1 n-CgHqg n-CoHig
18,A6 0 (CeHs)sC n-CiHae  A13 0 H n-C1aHag
19,A7 0

(CeHs)2CH n-C14Hz9

aReagents and conditions: (a) MPH HCI, K,CO;s, absol EtOH, reflux; (b) PhOCOCI, &4, CH.Cl, 0 °C; (c) toluene, reflux; (12 N HCI, THF, rt.

HoN 0-n-Cy4Hz9
EBr — O { — }—(CHM@O{ NH,
O 0%}(%)&

Scheme 3

NOH
25a:Y = CN,R=H 27a(n=0),27d (n = 1)
26a: Y = CN, R = 1-C14Hag .

b (25b:Y=COMe, R=H 9

o d Czeb Y =CO,Me, R = n-CyqHae O 0-n-Cy4Hzs
"X 26d: Y = CH,CN, R = n-Cy4Hag %(CHz)nO {
@ CHz)n%\

B1(n=0),B2(n=1)
NOH
E E Eo@i(CHz)"J(NH ESQ@CHQCN
— > 0OR 2 +/or NH,
Do UND St W

NOH

28a: Y =CN 31a(n=0),31d,32d (n=1) 33,34
Cza -30b: Y = CO,Me

28-30d: Y = CH,CN f.a ‘

(CHy)n /<\ \(O E OCHZCN

28, 31, 33, A14, C1-2: R = n-Cy4Hag EOR y
29,32, C3: R = n-CsHyq @ (CHy) _</ CH2_< /&

30, 34, A15: R = n-CygHs7 o

|-'|
A14, A15

C1(n=0),C2-3(n= 1)

a Reagents and conditions: (pHOPhY, EtONa, EtOH, rt; (b) (i) NaH, DMF, rt, (ii) RBr; (c) LiAlld THF, rt; (d) (i) 15% HBr in acetic acid, 0C;
(i) NaCN, DMF, rt; (e) NHOH HCI, K;CO;s, absol EtOH, reflux; (f) PhOCOCI, Bf, CHxCI,, 0 °C; (g) toluene, reflux.

length is composed of 14 carbons (C#43 much shorter chain  various groups. In regard to the other members of&tseries,

(C5) is needed when it is terminated by an aromatic group, sucheither the two same alkyl group®9—A12) or C18 at the

as an indole ring® According to our docking study, the indole  2-position A15) were used.

ring can generate new— or cation—a interactions with certain All the glycerol derivativeA1—A15 were first submitted to

residues of hGIIA sPLA which is likely to compensate for  anin witro fluorimetric assay (see Experimental Section) to

the loss of Van der Waals forces between the inhibitor and the determine their inhibitory potency and selectivity against human

enzyme induced by the cutoff of a part of the C14 cl#ifio group lIA PLA; (hPLA) versus porcine group IB (pPLA The

better understand the mechanism of action and more deeplyreference compound used in this assay condition is one of the

evaluate the importance of the hydrophobic part for the activity specific and active site targeted hGIIA Pk #&hibitors of Lilly

and selectivity, we describe here the synthesis and strueture Laboratories, LY311727, as previously reporééd.

activity relationship (SAR) study of a series of glycerol The results in Table 1 show that the presence of a free alcohol

derivatives oflll (Figure 1). function at the 1-position of glycerol is not favorable to the
On the basis of our earlier resuffs,a C14 chain was biological activity.A13 displays a weak activity, even though

maintained at the 2-position of glycerol in 10 compounds of it presents a lipophilicity close to that & (Figure 1)3° our

the A series A1—A8, A13—A14) and oxadiazolone attached home reference compound (I89= 7). This implies that, as in

to the 3-position through a phenyl or benzyl as linkers. The the natural substrates, a certain length of alkyl chain is necessary

OH function at the 1-position was either free or substituted with at this position to establish supplemental Van der Waals
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Table 1. Inhibition of the Enzymatic Activity of Porcine Pancreatic PL§GIB) and Human Group I[IA PLA(hGIIA) by Glycerol Derivatives ofll
(Figure 1), Determined by Using the Fluorimetric Assay

OR’ H
2 . O
EOR N
OO—(CHZ»—Q o
N~
1Cs0 (uM)

compd n R R2 pGIB hGIIA log P2
Al 0 CHs N-CiaHazg >40 29.8+£ 0.3 7.34
A2 0 n-CsH11 N-Ci4H29 >100 8.3+ 0.2 8.72
A3 0 n-CioH21 N-Ci4H29 >100 0.28+ 0.02 115
A4 0 CsHsCH» n-C14H29 >25 14.840.2 8.48
A5 0 CsHs(CHy)4 N-Ci4H29 22+0.2 0.29+ 0.03 10.0
A6 0 (GsHs)sC Nn-Ci4H29 >50 0.9+0.1 11.8
(S)-A6 0 (C6H5)3C n-Ci4H29 >50 0.33+0.12 11.8
A7 0 (GeHs).CH Nn-CaaHzg 56+0.1 0.28+ 0.02 10.1
A8 0 m-MeOGsH4CH » N-Cy4Ho9 39+1 22+0.1 8.56
A9 0 CeHs(CHo)4 CeHs(CHy) 4 >100 76.7£ 0.3 6.51
A10 0 n-C/His n-C/His >100 50.9+ 0.1 6.30
All 1 n-C7Hsis n-C7H1s >100 11.6+ 0.3 7.12
Al2 1 n-CoH1g n-CoH1g >100 2.7+0.1 9.18
Al3 0 H n-Ci4H29 >100 56.0+ 0.4 6.59
Al4d 1 p-NCCHxCsH4 Nn-CaaHa2g 9.6+ 0.1 1.1+ 0.1 8.94
Al5 1 p-NCCHxCgH4 n-CigHs7 36.6+ 0.4 0.15+ 0.03 11.0
Il (Figure 1§37 >100 4.0+ 0.9 7.08
LY3117277 8.0 0.47

a Calculated using the Rekker’s hydrophobic fragmental constants.

interactions with the hydrophobic side chains of certain sBLA  Interestingly, when a trityl group was used, the selectivity was
residues. Indeed, alkylating this OH leads to an increasing restored almost completelA6). The steric hindrance induced
activity and selectivity as a function of the chain length. by the third phenyl compared #&7 seems responsible for this
Attaching an ethyl group to this position provides compound recovery of selectivity, and the potency depends on both the
Al, twice as active as the nonsubstituet3 (Table 1). Further steric hindrance and the global lipophilicity.
increase was observed when a pentyl group was us2dand To complete this approach, we undertook to incorporate
the activity is particularly enhanced with dec@l3), 100 times substituted phenyl groups onto the glycerol backbone. Introduc-
more active tharAl. The difference can be explained by the ing m-methoxybenzyl to the 3-position of glycerolAg)
increase of the global molecular lipophilicity of 4.1 units of increased the anti-PLAactivity by 7 fold, as compared to the
log P and by the creation of new hydrophobic interactions isolipophilic benzyl derivativeA4), indicating that the presence
between this alkyl chain and the corresponding residues of of a methoxy group at this position is favorable to the binding
hGIIA PLA,. It is important to note that the selectivity of these of the inhibitor to the hGIIA enzyme. In compourdl4, two
compounds toward hGIIA versus GIB enzyme also increases structural modifications were performed: (i) insertion of a
as a function of the chain length. This increase in selectivity methylene between the oxadiazolone and the phenyl and (ii)
suggests that the presence of decyABiseems unable to create  direct connection of the phenyl group to the 3-position of
sufficient interactions with the porcine GIB Ph&nzyme (see  glycerol with ap-cyanomethyl substitution. These modifications
A5 andA7 below), as it does in the case of hGIIA PLAince had little influence on activity but decreased selectivity com-
it still remains inactive at 10@M, the highest concentration pared toA8. Interestingly, an elongation by four methylenes of
tested against this enzyme. the alkyl chain at the 2-position of glyceroh{5) improved
The substitution at the 1-position by arylalkyl groups in the the activity by a factor of 7, in agreement with our earlier
compoundsA4—A7 was performed in order to study possible observations! as well as the selectivity. The latter is a specific
steric, electronic, and/or hydrophobic effects induced by these feature for the glycerol derivativA15.
groups. As shown in Table 1, a benzyl group at the 1-position It has been frequently reported that one enantiomer could be
(A4) leads to an activity equivalent to that of the isolipophilic much more potent than the corresponding racemates. In order
A2. However, separating the phenyl from the oxygen by three to check out if it can happen to this series of compounds, the
more methylenes gives the compouA8 which is about 50 (9-isomer of A6 was synthesized and tested under the same
times more active tharmd4. Unfortunately, the selectivity  conditions. Unfortunately, no important improvement of the
decreases significantly in parallel. Replacing the benzyl moiety inhibitory potency was achieved, as it was found only a little
in A4 by a diphenylmethyl A7) leads to a scenario similar to  more active toward hGIIA PLAthan the racemate with andg
that of A5. Taken together, these results and those describedof 0.33+ 0.12uM against 0.9+ 0.1 uM for the latter in our
above for the linear chains suggest that the hydrophobic pocketfluorimetric assay (Table 1). Given this fact and the structure
of the hGIIA enzyme, well-known to naturally accommodate similarity of all final compounds in thé series, no synthesis
the lipophilic part of substrates, is big enough in depth and in of other enantiopure compounds was performed.
volume and well distanced from the active site to tolerate both  Another type of modification in thé series was to use two
kinds of molecules. However, it should not be the case for the identical chains for both the substituentd Bnd R. The
GIB enzyme, since the decrease in selectivity is only observed compoundA10 in which two heptyls are connected to the 1-
when arylalkyl groups are used, implying that some new and 2-positions of glycerol showed much less activity, compared
interactions are likely created in this case and consequentlywith 1l (Figure 1), as already observed in our previous work
increase the affinity of the inhibitors to the GIB enzyme. in which two C7 chains are connected to the different positions
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Table 2. Inhibition of the Enzymatic Activity of Human Group 1B
(hGIB), Group IIA (hGIIA), Group V (hGV) and Group X (hGX)
PLAs by Selected Glycerol Derivatives tf (Figure 1), Determined
by Using the Radiometric Assay

ICs0 (uM)

compd hGIB hGIIA hGV hGX logP?
A3 10 1 0.55 1 11.5
A4 >100 >100 >100 14 8.48
A5 15 26 22 12 10.0
A6 5.75 2 0.66 1.25 11.8
A7 18 5 2 5.3 10.1
Al4 7.6 7.6 1.73 5 8.94
Al5 8.7 1.15 1 0.9 11.0
Me-IDX 3.3 0.18 0.27 4.57 ND

Touaibia et al.

Table 3. Influence of Two Oxadiazolone-Containing Moieties at 2- and
3-Positions of the Glycerol Backbone on the Activity and Specificity,
Determined by Using the Fluorimetric Assay

° %(%»O {

_<,N\o
CH,),
( 2) N/g

/ o
H
ICso (M)
compd n R pGIB hGIIA logP?
B1 0 n-ClsH29 63.6+0.4 21.0+ 0.5 7.05
B2 1 N-CyaHzg 57.8+0.2 3.1+ 0.1 7.64

a Calculated using the Rekker’s hydrophobic fragmental constants

of the phenyl groug? When both the heptyl groups were
replaced by 4-phenylbutylAQ), the potency is even worse,
implying that the presence of the phenyl groups is likely not to
induce supplemental interactions with hGIIA enzyme. The
difference betweerAll and A10 can be explained by the

insertion of a methylene between the phenyl and oxadiazolone

moieties. The 5-fold gain in potency probably results from a
more optimal length spacer between the?’Chgand and the
hydrophobic pockets of the enzyme, a higher lipophilicity, and
flexibility due to the disruption of the conjugation between both
the two rings. No longer linker was introduced, since we found
earlier in a different series dfl (Figure 1) derivatives that
two methylenes did not make the inhibitor more active than
one methylené’ The fact thatA12 is a stronger inhibitor than
Allis probably due to the increase of two units of Bgaused
by the presence of longer chains.

In order to check the influence of relative positions of the

a Calculated using the Rekker’s hydrophobic fragmental constants.
Table 4. Influence of Two Oxadiazolone-Containing Moieties at 1- and

3-Positions of the Glycerol Backbone on the Activity and Specificity,
Determined by Using the Fluorimetric Assay

H
\

N__©O
o@(cm)n—« )
\-

P \>—<CH2)n@o
o N
H

ICs0 (uM)
compd n R pGIB hGIIA logP?
C1 0 n-Ci1aH29 >100 47.7+£ 0.2 7.05
c2 1 n-Ci4H29 39.9+0.1 2.1+ 0.1 7.64
C3 1 n-CsH11 >100 30.5£ 0.5 2,97

a Calculated using the Rekker’s hydrophobic fragmental constants.

three moieties on the glycerol backbone to the activity and the inhibitors and the membrane substrate used in the radiometric

selectivity, the position isomer @11, 1,3-O-di-n-heptyl-2-0-
[4-(4,5-dihydro-5-0x0-1,2,44#4-oxadiazol-3-yl)methylphenyl]-
glycerol,
difference in terms of activity and selectivity was observed
betweenAll and this position isomer, suggesting that this factor
is not important.

assay, leading to an underestimation of the inhibitory potency,
as often observed in similar works. It is worthwhile to emphasize

was prepared and tested (data not shown). No that the best compounda3d, A6, andA10) were found to be

the same in both the cases. In addition, they possess a good
inhibitory activity, not only against hGIIA PLAbut also against
hGV and hGX enzymes. Although they are a little less active

A radiometric assay (see Experimental Section) was then usedthan Me-Indoxam to inhibit hGIIA and hGV PLA, our

in this work, not only to confirm the results obtained with the

inhibitors appear quite potent against hGX enzyme and possess

fluorimetric assay, but also to analyze the effects of our the same profile as Me-Indoxam for the different groups of

inhibitors on other groups of sPLA, such as hGV and hGX

sPLAss. Taking into account all of these results, certain

enzymes, since they have been reported to be both emergingcompounds of this series are interesting enough to be further

inflammatory-type enzymés 20 and seem to be more relevant
than hGIIA PLA to certain pathogenesé&s2’ Moreover, to
make the data more relevant, hGIB PLikstead of porcine
GIB PLA; was employed in this assay system. A preliminary

investigated and may represent useful tools to study physiologi-
cal and pathological roles of various secreted A

Among the synthetic hGIIA PLAinhibitors reported, Lilly
laboratories have shown that the inhibitory activity of a molecule

screening (data not shown) using a single concentration of 10can be greatly enhanced when a second calcium ligand is

uM led to the selection of the glycerol derivatives listed in Table
2 for their 1Go determination in this new assay. Me-Indoxam
(Me-IDX), a well-known reference compouriti,was tested

introduced and well positioned in their indole derivatiggsi!
On the basis of our previous resutfs3” we argued that the
oxadiazolone (K, = 5.5) should be present in anionic form at

under the same conditions for comparison. Some differences,neutral pH, which, by chelating the calcium ion at the catalytic

especially in term of the 1§ values of the inhibitors toward
hGIIA PLA; and the hGIIA versus GIB selectivity, have been

center of the enzyme, could play a critical role for the activity
and the selectivity of thél (Figure 1) derivatives. To improve

observed between the results obtained from the two assaythe potency of our inhibitors, two oxadiazolone heterocycles
systems. It is likely due to the difference of the GIB enzymes were connected to either the 2,B1(andB2) or 1,3-positions
used on one hand and the assay conditions on the other hand(C1-C3) of glycerol. The length of the unique alkyl chain, as
In fact, the GIB PLA used in the fluorimetric assay is of porcine  well as the linker between the phenyl and the oxadiazolone,
pancreatic source, while that used in the second assay is humamvas also varied to study their influences. The results are listed
recombinant enzyme. It is not really surprising to observe a in Table 3 and Table 4 due to the difference of the general
difference of IGp values, bearing in mind this detail, neither in  structures.

consequence of the hGIIA versus GIB selectivity. Meanwhile,
taking into account the high lipophilicity of the tested com-

Compared with the compourfil of equivalent lipophilicity
in the previous serieB1 (Table 3) shows the same activity

pounds, some nonspecific interactions could happen betweerbut a worse selectivity, suggesting that doubling the oxadi-
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azolone heterocycle leads to no improvement in the activity. Molecular Probes (Leiden, Netherlands). Me-Indoxam is a kind gift
However, introducing a methylene group as in gheeries has ~ from Dr. M. H. Gelb (University of Washington, Seattle, WA).

a beneficial effect since compourR is seven times more (£)-1-O-(4-Cyanophenyl)glycerol (1a).To absolute ethanol
active and selective thaiil. (100 mL) was added sodium (1.15 g, 50.0 mmol) piece by piece,

. . and the mixture was heated to reflux till complete disappearance
The same scenario was observed for the compounds with two ¢y " 4-Cyanophenol (5.0 g, 42 mmol) was then added

oxadiazolone rings connected to 1,3-p03|t|(_)r_15 of the glycerol gradually through the condenser, followed by freshly distilled
backbone (Table 4). It means that the position of the second 3.choro-1,2-propanediol (5.10 g, 46.2 mmol) dropwise. The
oxadiazolone ring has little influence on the activity and the mixture was heated to reflux for furthel h and the solvent
selectivity. By contrast, a sufficient chain length is required to evaporated. The residue was dissolved in water and extracted with
maintain the biological properties, since compo@®@ more ether. The organic layer was dried (Mggiltered, and concen-
hydrophilic thanC2, is obviously less active. tratedin vacuoto afford an oil which was purified on silica gel
Taken together, the inhibition data of the compouBdsnd column chromatography (Me_()_H/QB'Z' 5:95, viv) to givel?(t‘:g
C seem to indicate that the active site of hGIIA enzyme could 9+ 80% Vield) as a white solid: mp 909 °C (litt. 95-98 °C);

. - . . ™H NMR (CDC1) 0 7.52 (d, 2H,J = 8.6, Hy), 6.93 (d, 2HJ =
ggglizgzmmodate two calcium ligands as big as two oxadi 8.6, Hy), 3.99 (br s, 2H, OH), 3.723.40 (M, 5H, CHO, CH).

(9-1lawas obtained according to the same procedure figm (
) 3-chloro-1,2-propanediol: o 2% = —4.13 ¢ 5.11 (CHCOCH).
Conclusion (#)-1-O-[4-(Tetrahydropyran-2-yloxymethyl)phenyl]glycer-

In this work, we have developed an efficient and selective 8' (1c). Steverall ?mps f°3f 4C‘C’if‘r?ed”téf‘é9d HC(|1£3S%)O"195§ adlngd
method to anchor different alkyl and/or arylalkyl groups on the GrOPWISE to a mixiure of 5,4-dihydramepyran (12.9 g, 0.155 mo
glycerol backbone. In consequence, a certain number of glyceroland 4-hydroxybenzyl alcohol (20.0 g, 0.160 mol) in anhydrous THF

derivati il (Fi 1 . ¢ di (150 mL) at 0°C. The reaction mixture was stirred at room
erivatives o (Figure 1) encompassing one or two oxadi- temperature overnight and then reduced to dryness. The residue

azolone rings were synthesized, and theiritro inhibitory was taken up in ether, washed with®ito neutral pH, and dried
potencies toward different secreted PisAincluding GIB,  over MgSQ. After filtration, the solvent was evaporated and the
hGIIA, hGV, and hGX were evaluated in two distiriot vitro crude product chromatographed fBfpetroleum ether, 1:4, v/v)

assay conditions. Several of theAB{ A6, andA15) are active to provide 4-(tetrahydropyran-2-yloxymethyl)pheti@ls a colorless
with sub-micromolar G, values and selective against all oil (18.5 g, 58% yield). It was then used to prepare the compound
inflammatory-type sPL#s tested (GIIA, GV, GX) versus GIB  1c (quantitative yield) as a colorless oil, following the same
enzyme. By synthesis of enantiopu®-A6, we demonstrated procedure as forla, after purification with silica gel coltlmn
that no important improvement of the inhibitory potency could chromatography using MeOH/GHI, (2:98, v/v) as eluent:H

be achieved by this approach. Apparently, the global lipophilicity HM)R 4(%2((:('13) (13; "]18=(dl’12: ’gHigng;%') ' 466%8 (g[d’ﬁ_'HS] : gg

plays a determinant role in their anti-PLActivity, while the OCHO), 4.35 (d, 1H,) = 11.6, CCH,CeH,), 3.99-3.41 (m, OH
presence of aromatic group(s) induces a negative influence oNcH,OH CHOH, CHOCH., CHZCHZO), 1.75-1.47 (fn, 6H, CH-
selectivity. On the other hand, our results with compouBds  CH,CH;).
and C suggest that the active site of the GIIA enzyme would (4)-3-O-(4-Cyanophenyl)-1,20-di-n-heptylglycerol (2a). A
not be large enough to accommodate two oxadiazolone moietiessolution of1a(2.00 g, 10.4 mmol) in dry DMF (25 mL) was added
These SAR data, associated with our earlier results, prompteddropwise to a suspension of NaH (60% dispersion in mineral oil,
us to design novel compounds for which the synthesis and 1.24 g, 31.0 mmol) in dry DMF (150 mL). The mixture was stirred
inhibitory profiles are now under investigation. at room temperature for 1 h, and 1-bromoheptane (5.56 g, 26.0
mmol) was then added dropwise. After being stirred at room
temperature for 12h, the reaction mixture was diluted with water
(100 mL) and extracted with ether. The combined organic layers
Chemistry. All materials were obtained from commercial were dried (MgSG) and filtered, and the solvent was evaporated
suppliers and used without further purification or purified as under reduced pressure to give an oil which was purified by silica
described. Thin layer chromatography was performed on TLC gel column chromatography (Ed/petroleum ether, 1:4, v/v) to
plastic sheets of silica gel 60F254 (layer thickness 0.2 mm) from afford 2a (2.2 g, 55% vyield) as a colorless oitH NMR (CDCls)
Merck. Column chromatography purification was carried out on ¢ 7.50 (d, 2HJ = 8.7, H,), 6.69 (d, 2HJ = 8.7, H,), 4.13-3.95
silica gel 60 (76-230 mesh ASTM, Merck). All melting points (m, 2H,CH,OC¢Hy), 3.73-3.69 (m, 1H, CH), 3.57#3.49 (m, 4H,
were determined on a digital melting point apparatus (Electrother- CH,OC;, CHOCH,Cg), 3.39 (t, 2H,J = 6.5, OCHCg), 1.50-1.47
mal) and are uncorrected. The structures of all compounds were(m, 4H, OCHCH,Cs), 1.20-1.09 (m, 16H, CH), 0.80-0.77 (m,
confirmed by IR and NMR spectra. IR spectra were obtained in 6H, CH).
paraffin oil with an ATl Mattson Genesis Series FTIR spectrometer.  (4)-3-O-(4-Cyanophenyl)-1O-triphenylmethylglycerol (4a).
IH and *°C NMR spectra were recorded on a Bruker AC 200 To a solution ofla (10.0 g, 52.0 mmol) in CkCl, (300 mL) were
spectrometer using hexamethyldisiloxane (HMDS) as an internal added triethylamine (20.0 mL, 142 mmol), trityl chloride (16.5 g,
standard. Chemical shifts are given in ppm, coupling constant in 59.0 mmol), and 4§,N-dimethylamino)pyridine (DMAP, 0.2 g).
Hertz, and peak multiplicities are assigned as follows: s for singlet, The mixture was stirred at room temperature for 48 h and then
d for doublet, t for triplet, br s for broad singlet, and m for multiplet. washed with water to neutral pH. The organic phase was dried over
Rotary powers were determined with a Jasco P-1010 polarimeter.MgSQ, and the solvent removed under reduced pressure. The crude

Experimental Section

Elemental analyses were obtained from the “Serviggoreal de product was purified by silica gel chromatography (pure,Ch)
microanalyse” (Universit@ierre et Marie Curie, Paris, France) and to afford4a (13.5 g, 60% yield) as a viscous oitH NMR (CDCl)
were within4+0.4% of theoretical values. 0 7.48 (d, 2H,J = 8.6, Hy), 7.42-7.28 (m, 6H, H), 7.24-7.10

Biological Materials. Porcine pancreatic sPLAand fatty acid- (m, 9H, H,), 6.80 (d, 2H,J = 8.6, H,), 4.04-3.96 (m, 3H, CH-
free bovine serum albumin (BSA) (fraction V) were purchased from OPh, CH), 3.27 (d, 2H) = 4.9, CHO0), 2.48 (s, 1H, OH).

Sigma (Paris, France), and hGIIA sPiAvas synthesized as (9-4awas obtained according to the same procedure figm (
previously reported* HGIB, hGV, and hGX sPLAs were ex- la [0]?% = —5.82 ¢ 4.35 (CHG).
pressed and purified as described eafie?t. The fluorescent (£)-3-O-(4-Cyanophenyl)-2O-tetradecyl-1-O-triphenylmeth-

substrate for PLAassay, 1-hexadecanoyl-2-(10-pyrenyldecanoyl)- ylglycerol (5a). Compoundbawas prepared according to the same
snglycero-3-phosphoglyceroB{pyC-10-PG), was obtained from  procedure as foRa from 4ain 70% vyield as a viscous oil after
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purification by rapid silica gel column chromatography &t
petroleum ether, 5:95, v/v)*H NMR (CDCl) 6 7.47 (d, 2HJ =
8.9, Hy), 7.43-7.34 (m, 6H, H), 7.24-7.16 (m, 9H, H)), 6.80
(d, 2H,J = 8.9, Hy), 4.10-3.97 (m, 2H, CHOPh), 3.68-3.63
(m, 1H, CH), 3.49-3.46 (m, 2H, OCHC;3), 3.20 (d, 2H,J = 5.2,
CH,OCPh), 1.50-1.42 (m, 2H, OCHCH,), 1.18-1.04 (m, 22H,
CH,), 0.77 (t, 3H,J = 5.5, CH)).

(9-5awas obtained according to the same procedure fi§m (
4a [0]2% = —5.29 ¢ 4.61 (CHG).

General Procedure to Prepare 6a-12a. Compound5a (10

Touaibia et al.

colorless oil: tH NMR (CDCl;) 6 7.15 (d, 2H,J = 8.7, Hy), 6.80
(d, 2H,J = 8.7, H,), 4.00 (m, 2H,CH,OCsHy), 3.70 (m, 1H, CH),
3.60 (s, 2H, CHCN), 3.50 (m, 4H, CH@H,Cs, CH,0C;), 3.40
(t, 2H, J = 6.6, OCHCg), 1.50 (m, 4H, OCHCH,Cs), 1.20 (m,
16H, CH,), 0.80 (t, 6H,J = 5.5, CH).

General Procedure to Synthesize the Amidoximes 1324.
Each of the nitrile2a, 33, 5a—12a, 2d and 3d, hydroxylamine
hydrochloride (5 equiv), and COs; (5.5 equiv) were heated to
reflux in absolute ethanol for 18 h. The salts were filtered, and the
filtrate was evaporated under reduced pressure and then purified

mmol) was heated to reflux in THF (100 mL) in the presence of by column chromatography to give the corresponding amidoximes.
concentrated HCI (2 mL) for 1 h. The solvent was removed and  (+)-1-O-Ethyl-3-O-[4-(N-hydroxylamidino)phenyl]-2-O-tet-

the residue taken up into ether, washed witfOHo neutral pH, radecylglycerol (13).Compoundl3 was obtained as a viscous oil
and dried over MgS® The crude product was purified by silica  from 6ain 90% yield after chromatography using MeOH/&H,

gel column chromatography to provideCk{4-cyanophenyl)-29-
tetradecylglycerol as a white solid in 90% yield: mp-6P °C;
IH NMR (CDCly) ¢ 7.50 (d, 2H,J = 8.9, Hy), 6.85 (d, 2H,J =
8.9, Hy), 4.05 (d, 2HJ = 4.6, CHOPh), 3.96-3.40 (m, 5H, G-
OH, CHOG4, OCH,C;y3), 2.10 (s, 1H, OH), 1.661.40 (m, 2H,
OCH,CH,Cyy), 1.18 (m, 22H, CH), 0.80 (t, 3H,J = 6.1, CH).
The above alcohol was used to prepéee-12a according to
the same procedure as described Zarusing the corresponding

(2:99, v/v) as eluentH NMR (CDCl) 6 7.50 (d, 2H,J = 8.5,
Ha), 6.80 (d, 2H,J = 8.5, Hy), 4.79 (br s, 2H, NK), 4.09-3.92
(m, 2H, CH,OCsHy), 3.71-3.66 (m, 1H, CH), 3.583.39 (m, 6H,
OCH,Cy3, CH,OEt, OCHMe), 1.52 (m, 2H, CHCH,C;2), 1.19 (m,
22H, CH), 1.13 (t, 3H,J = 7.0, OCHCHy), 0.81 (t, 3H,J = 6.2,
CH,CH,CHj).

General Procedure to Synthesize Oxadiazolones AJA13.
Phenyl chloroformate (1.1 equiv) was added to a solution of

alkyl bromides. The crude products were purified by silica gel amidoxime (1.0 equiv) in CHGIlin the presence of triethylamine
column chromatography using ether/petroleum ether (2:8, v/v) as (1.5 equiv) at C. Upon completion, the solution was stirred for

eluent to give puréa—12aas a colorless oil.
(£)-3-0-(4-Cyanophenyl)-10-ethyl-2-O-tetradecylglycerol (6a).
70% yield: 'H NMR (CDCl) 6 7.51 (d, 2H,J = 8.8, H,), 6.80
(d, 2H,J = 8.8, Hy), 4,14-3.96 (m, 2H,CH,OCsH,), 3.74-3.60
(m, 1H, CH), 3.58-3.41 (m, 6H, OCH), 1.44-1.53 (m, 2H,
OCH,CH,Cyp), 1.19 (m, 22H, CH), 1.13 (t, 3H,J = 7.0,
OCH,CHj), 0.81 (t, 3H,J = 6.5, CHy).
(£)-3-O-(4-Hydroxymethylphenyl)-1,2-O-di-n-heptylglycer-
ol (2e). Method A= A solution of2b (2.00 g, 4.58 mmol) in dry
ether (20 mL) was added dropwise to a suspension of LiATIB5

g, 9.2 mmol) in dry ether (50 mL), and the reaction was stirred at

room temperature for further 1 h. The excess of LiAlitas

neutralized by slow addition of NaOH (20%, 20 mL) to the mixture,

1 h, washed with water to neutral pH, and dried over MgSkhe
solvent was removed under reduced pressure, and the carbonate,
dissolved in toluene, was heated to reflux for 18 h. After evaporation
of the solvent, the residue was chromatographed to yield pure
oxadiazolone derivative.
(£)-3-O-[4-(4,5-Dihydro-5-ox0-1,2,4-4H-oxadiazol-3-yl)phen-
yl]-2-O-tetradecyl-1-O-triphenylmethylglycerol (A6). In 55%
yield as a white solid using MeOH/GBI, (2:98, v/v) for the
chromatography: mp 169111 °C; *H NMR (CDC1) 6 7.60 (d,
2H,J=8.8, Hy), 7.40-7.36 (m, 6H, H)), 7.36-7.22 (m, 9H, H),
6.90 (d, 2H,J = 8.9, H,), 4.15-4.00 (m, 2H,CH,0CsHy), 3.72—
3.67 (m, 1H, CH), 3.48 (t, 2H] = 6.5, OCHC;3), 3.20 (d, 2H,J
=5.1, CHOCPh), 1.49-1.46 (m, 2H, OCHCH,C;,), 1.28-1,18

and the precipitate was then filtered. The aqueous layer was(m, 22H, CH), 0.80 (t, 3H,J = 6.4, CH;). Anal. (CysH54N20s):
extracted three times with ether, and the combined organic layersC, H, N.

were washed with water. After being dried over MgsSthe solution
was concentrated to dryness to provide p2e@s a white solid in
quantitative yield.

Method B: Pyridinium p-toluenesulfonate (PPTS, 0.52 g, 2.1

mmol) was added to a solution &€ (2.00 g, 4.18 mmol) in ethanol
(50 mL), and the mixture was stirred at 8C for 12 h. After

dilution with water, it was then extracted three times with ether.

The organic layers were washed with water, dried (MgS@nd
concentrated to provide puiZe as a white solid in quantitative
yield: mp 66-68 °C; IH NMR (CDCl3) ¢ 7.20 (d, 2H,J = 8.7,
Hap), 6.80 (d, 2H,J = 8.7, Hy), 4.50 (s, 2H,CH,OH), 4.10-3.90
(m, 2H, CH,OCgH,), 3.70 (m, 1H, CH), 3.663.45 (m, 4H,
CHOCH,Cgs, CH,0C), 3.40 (t, 2H,J = 6.6, OCHCg), 1.70 (br s,
1 H, OH), 1.66-1.40 (m, 4H, OCHCH,Cs), 1.40-1.10 (m, 16H,
CHy), 0.80 (t, 6H,J = 5.7, CH).
(£)-3-0-(4-Cyanomethylphenyl)-1,20-di-n-heptylglycerol (2d).

(9-A6 was obtained according to the same procedure figm (
5a [a]?%5 = —6.20 ¢ 3.00 (CHG).

Fluorimetric Assay. PLA; activity is evaluated by the method
of Radvanyi et af® using the fluorescent phospholipid analogue
[-pyC-10-PG as the substrate. This assay is specific for secretory
PLA,, cytosolic PLA being inactive on substrate with a pyrene
group at thesn2 position?® In a total volume of 1 mL, the standard
medium contains 50 mM Tris-HCI (pH 7.5), 100 mM NaCl, 1 mM
EGTA, 2uM substrate, 0.1% fatty acid free BSA solution in water,
and 1 ng of hGIIA PLA or 60 ng of pPLA. The fluorescencel{x
= 342 nm andlem = 388 nm) of the enzymatic reaction medium
(blank) is recorded for 1 min with a spectrofluorimeter LS50
(Perkin-Elmer). The reaction is then initiated by addition of GaCl
(10 mM, final concentration). The increase in fluorescence is
continuously recorded for 2 min, and PhLActivity is calculated
as described by Radvanyi et“alThe inhibitor in ethanol (or

The compounde (4.00 g, 10.0 mmol) in glacial acetic acid (60 DMSO) was added to the reaction medium after introduction of

mL) was added to 33% HBr in GJ€O,H (50 mL) at 0°C, and BSA. The activity is expressed in micromoles of fluoresg¢ept/C-

the solution was stirred at room temperature for 30 min. It was 10-PG hydrolyzed per min and per mg of PLAThis allows the

then poured onto icewater (500 g), and the precipitate was determination of the 16 values (concentration of inhibitors

recovered by filtration. The solid was dissolved in@&t{200 mL) producing 50% inhibition) of each compound.

and washed with kO to neutral pH. The organic layer was dried Radiometric Assay#2 Preparation of autoclaved anitHjoleate-

over MgSQ and concentrated to dryness to provide the corre- labeled E. coli membranes and sPlLAassays were performed

sponding bromide in quantitative yield. It was used without further essentially as described previoushBriefly, SPLA, assays were

purification. performed at 25C in a total volume of 10@L consisting of 140
The bromide derivative (2.00 g, 4.37 mmol) and NaCN (0.25 g, mM NaCl, 50 mM Tris-HCI, pH 7.4, 10 mM Cag0.1% bovine

5.6 mmol) in dry DMF (25 mL) were stirred at room temperature serum albumin, and 100 000 dpm JH[oleate-labeledE. coli

for 12 h. The mixture was diluted with water (100 mL) and extracted membranes. Incubation times and sample volumes were adjusted

several times with ether. The organic layers were dried (MSO to ensure hydrolysis rates within the linear range of enzymatic

and the solvent was evaporated under reduced pressure to give aassays. Typically, 310 L of solution containing different sPLA

oil which was purified by silica gel column chromatography (ether/ were incubated for 3660 min at 20°C to measure sPLAactivity.

petroleum ether, 1:9, v/v) to afford 1.2 g (70% vyield) 2d as a Reaction mixtures were stopped by adding 20®f 0.1 M EDTA,
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pH 8.0, and 1% fatty acid-free bovine serum albumin. After
centrifugation at 100G for 3 min, 300 uL of supernatant
containing hydrolyzed phospholipids was counted. Control incuba-
tions in the absence of added sPLvere carried out in parallel
and used to calculate specific hydrolysis.

Acknowledgment. We thank Dr. M. H. Gelb for advices
and fruitful discussions. This work was supported by grants from
the CNRS and the INSERM on French 2000-2002 national
program “Moleules et Cibles Thapeutiques” (to F.H.) and
by CNRS, the University of Nice-Sophia Antipolis, and the
“Association pour la recherche sur le Cancer” (to G.L.).

Supporting Information Available:
procedures and spectroscopic data, as well as elemental analysis
data,

Routine experimental

of the test compounds. This material is available free of charge

via the Internet at http://pubs.acs.org.

References

@

&)
(©)

4

=

G

=

G

~

(7

~

(8

=

©)

(10)

11)

(12)

(13)
(14)

(15)

(16)

Six, D. A.; Dennis, E. A. The expanding superfamily of phospholipase
A(2) enzymes: classification and characterizat®iochim. Biophys.
Acta200Q 1488 1—19.

Kudo, I.; Murakami, M. Phospholipase A2 enzymisostaglandins
Other Lipid Mediat.2002 68—69, 3—58.

Nevalainen, T. J.; Haapamaki, M. M.; Gronroos, J. M. Roles of
secretory phospholipases A(2) in inflammatory diseases and trauma.
Biochim. Biophys. Act2000 1488 83—90.

Green, J. A.; Smith, G. M.; Buchta, R.; Lee, R.; Ho, K. Y.; Rajkovic,

I. A.; Scott, K. F. Circulating phospholipase A2 activity associated
with sepsis and septic shock is indistinguishable from that associated
with rheumatoid arthritisinflammation1991, 15, 355-367.

Seilhamer, J. J.; Pruzanski, W.; Vadas, P.; Plant, S.; Miller, J. A,;
Kloss, J.; Johnson, L. K. Cloning and recombinant expression of
phospholipase A2 present in rheumatoid arthritic synovial fldid.
Biol. Chem.1989 264, 5335-5338.

Kramer, R. M.; Hession, C.; Johansen, B.; Hayes, G.; McGray, P.;
Chow, E. P.; Tizard, R.; Pepinsky, R. B. Structure and properties of
a human non-pancreatic phospholipase ABiol. Chem1989 264,
5768-5775.

Minami, T.; Tojo, H.; Shinomura, Y.; Matsuzawa, Y.; Okamoto, M.
Increased group Il phospholipase A2 in colonic mucosa of patients
with Crohn’s disease and ulcerative colitSut 1994 35, 1593
1598.

Nevalainen, T. J.; Gronroos, J. M.; Kortesuo, P. T. Pancreatic and
synovial type phospholipases A2 in serum samples from patients with
severe acute pancreatitiSut 1993 34, 1133-1136.

Andersen, S.; Sjursen, W.; Laegreid, A.; Volden, G.; Johansen, B.
Elevated expression of human nonpancreatic phospholipase A2 in
psoriatic tissuelnflammation1994 18, 1-12.

Kim, D. K.; Fukuda, T.; Thompson, B. T.; Cockrill, B.; Hales, C.;
Bonventre, J. V. Bronchoalveolar lavage fluid phospholipase A2
activities are increased in human adult respiratory distress syndrome.
Am. J. Physiol1995 269, 109-118.

Balboa, M. A.; Balsinde, J.; Winstead, M. V.; Tischfield, J. A.;
Dennis, E. A. Novel group V phospholipase A2 involved in
arachidonic acid mobilization in murine P388D1 macrophades.
Biol. Chem.1996 271, 32381-32384.

Reddy, S. T.; Winstead, M. V.; Tischfield, J. A.; Herschman, H. R.
Analysis of the secretory phospholipase A2 that mediates prostag-
landin production in mast celld. Biol. Chem 1997 272 13591~
13596.

Cho, W. Structure, function, and regulation of group V phospholipase
A(2). Biochim. Biophys. Act200Q 1488 48-58.

Haas, U.; Podda, M.; Behne, M.; Gurrieri, S.; Alonso, A.; Fursten-
berger, G.; Pfeilschifter, J.; Lambeau, G.; Gelb, M. H.; Kaszkin, M.
Characterization and differentiation-dependent regulation of secreted
phospholipases A in human keratinocytes and in healthy and psoriatic
human skinJ. Invest. Dermatol2005 124, 204-211.

Murakami, M.; Yoshihara, K.; Shimbara, S.; Sawada, M.; Inagaki,
N.; Nagai, H.; Naito, M.; Tsuruo, T.; Moon, T. C.; Chang, H. W.;
Kudo, I. Group IID heparin-binding secretory phospholipase A(2) is
expressed in human colon carcinoma cells and human mast cells and
up-regulated in mouse inflammatory tissugsr. J. Biochem2002

269 2698-2707.

Seeds, M. C.; Jones, K. A.; Duncan Hite, R.; Wilingham, M. C.;
Borgerink, H. M.; Woodruff, R. D.; Bowton, D. L.; Bass, D. A. Cell-
specific expression of group X and group V secretory phospholipases
A(2) in human lung airway epithelial cell&m. J. Respir. Cell Mol.
Biol. 200Q 23, 37—44.

A7)

(18)

(19)

(20)

1)

(22)

(23)

24

(25)

(26)

@7

(28)

(29

~

(30)

[y
~

Journal of Medicinal Chemistry, 2007, Vol. 50, No. 1625

Masuda, S.; Murakami, M.; Matsumoto, S.; Eguchi, N.; Urade, Y.;
Lambeau, G.; Gelb, M. H.; Ishikawa, Y.; Ishii, T.; Kudo, I.
Localization of various secretory phospholipase A2 enzymes in male
reproductive organsBiochim. Biophys. Act2004 1686 61—76.
Leistad, L.; Feuerherm, A. J.; Ostensen, M.; Faxvaag, A.; Johansen,
B. Presence of secretory group lla and V phospholipase A2 and
cytosolic group IValpha phospholipase A2 in chondrocytes from
patients with rheumatoid arthriti€lin. Chem. Lab. Med2004 602

610.

Ishimoto, Y.; Yamada, K.; Yamamoto, S.; Ono, T.; Notoya, M,;
Hanasaki, K. Group V and X secretory phospholipase A(2)s-induced
modification of high-density lipoprotein linked to the reduction of
its antiatherogenic function®iochim. Biophys. Act2003 1642
129-138.

Munoz, N. M.; Kim, Y. J.; Meliton, A. Y.; Kim, K. P.; Han, S. K;;
Boetticher, E.; O’'Leary, E.; Myou, S.; Zhu, X.; Bonventre, J. V.;
Leff, A. R.; Cho, W. Human group V phospholipase A2 induces
group IVA phospholipase A2-independent cysteinyl leukotriene
synthesis in human eosinophils. Biol. Chem2003 278 38813~
38820.

Han, S. K.; Kim, K. P.; Koduri, R.; Bittova, L.; Munoz, N. M.; Leff,

A. R.; Wilton, D. C.; Gelb, M. H.; Cho, W. Roles of Trp31 in high
membrane binding and proinflammatory activity of human group V
phospholipase A2J. Biol. Chem.1999 274, 11881-11888.

Bezzine, S.; Koduri, R. S.; Valentin, E.; Murakami, M.; Kudo, I.;
Ghomashchi, F.; Sadilek, M.; Lambeau, G.; Gelb, M. H. Exogenously
added human group X secreted phospholipase A(2) but not the group
IB, IlIA, and V enzymes efficiently release arachidonic acid from
adherent mammalian cell§. Biol. Chem.200Q 275 3179-3191.
Mounier, C. M.; Ghomashchi, F.; Lindsay, M. R.; James, S.; Singer,
A. G.; Parton, R. G.; Gelb, M. H. Arachidonic acid release from
mammalian cells transfected with human groups IIA and X secreted
phospholipase A(2) occurs predominantly during the secretory process
and with the involvement of cytosolic phospholipase A(2)-algha.
Biol. Chem.2004 279, 25024-25038.

Satake, Y.; Diaz, B. L.; Balestrieri, B.; Lam, B. K.; Kanaoka, Y.;
Grusby, M. J.; Arm, J. P. Role of group V phospholipase A2 in
zymosan-induced eicosanoid generation and vascular permeability
revealed by targeted gene disruptigh. Biol. Chem.2004 279,
16488-16494.

Wooton-Kee, C. R.; Boyanovsky, B. B.; Nasser, M. S.; de Villiers,
W. J.; Webb, N. R. Group V sPLAhydrolysis of low-density
lipoprotein results in spontaneous particle aggregation and promotes
macrophage foam cell formatioArterioscler. Thromb. Vasc. Biol.
2004 24, 762-767.

Hanasaki, K.; Yamada, K.; Yamamoto, S.; Ishimoto, Y.; Saiga, A,;
Ono, T.; lkeda, M.; Notoya, M.; Kamitani, S.; Arita, H. Potent
modification of low density lipoprotein by group X secretory
phospholipase A2 is linked to macrophage foam cell formation.
Biol. Chem.2002 227, 29116-29124.

Saiga, A.; Uozumi, N.; Ono, T.; Seno, K.; Ishimoto, Y.; Arita, H.;
Shimizu, T.; Hanasaki, K. Group X secretory phospholipase A2 can
induce arachidonic acid release and eicosanoid production without
activation of cytosolic phospholipase A2 alpRaostaglandins Other
Lipid Mediat. 2005 75, 79—89.

Valentin, E.; Ghomashchi, F.; Gelb, M. H.; Lazdunski, M.; Lambeau,
G. On the diversity of secreted phospholipases A(2). Cloning, tissue
distribution, and functional expression of two novel mouse group I
enzymesJ. Biol. Chem1999 274, 31195-31202.

Dillard, R. D.; Bach, N. J.; Draheim, S. E.; Berry, D. R.; Carlson,
D. G.; Chirgadze, N. Y.; Clawson, D. K.; Hartley, L. W.; Johnson,
L. M.; Jones, N. D.; McKinney, E. M.; Mihelich, E. D.; Olkowski,

J. L.; Schevitz, R. W.; Smith, A. C.; Snyder, D. W.; Sommers, C.
D.; Wery, J. P. Indole inhibitors of human nonpancreatic secretory
phospholipase A2. 1. Indole-3-acetamid&sMed. Chem1996 39,
5119-5136.

Dillard, R. D.; Bach, N. J.; Draheim, S. E.; Berry, D. R.; Carlson,
D. G.; Chirgadze, N. Y.; Clawson, D. K.; Hartley, L. W.; Johnson,
L. M.; Jones, N. D.; McKinney, E. M.; Mihelich, E. D.; Olkowski,

J. L.; Schevitz, R. W.; Smith, A. C.; Snyder, D. W.; Sommers, C.
D.; Wery, J. P. Indole inhibitors of human nonpancreatic secretory
phospholipase A2. 2. Indole-3-acetamides with additional functional-
ity. J. Med. Chem1996 39, 5137-5158.

Draheim, S. E.; Bach, N. J.; Dillard, R. D.; Berry, D. R.; Carlson,
D. G.; Chirgadze, N. Y.; Clawson, D. K.; Hartley, L. W.; Johnson,
L. M.; Jones, N. D.; McKinney, E. M.; Mihelich, E. D.; Olkowski,

J. L.; Schevitz, R. W.; Smith, A. C.; Snyder, D. W.; Sommers, C.
D.; Wery, J. P. Indole inhibitors of human nonpancreatic secretory
phospholipase A2. 3. Indole-3-glyoxamidds.Med. Chem1996

39, 5159-5175.



1626 Journal of Medicinal Chemistry, 2007, Vol. 50, No. 7

(32) Hagishita, S.; Yamada, M.; Shirahase, K.; Okada, T.; Murakami, Y.;
Ito, Y.; Matsuura, T.; Wada, M.; Kato, T.; Ueno, M.; Chikazawa,
Y.; Yamada, K.; Ono, T.; Teshirogi, |.; Ohtani. M. Potent inhibitors
of secretory phospholipase A2: synthesis and inhibitory activities
of indolizine and indene derivative$. Med. Chem1996 39, 3636
3658.

(33) Aitdafoun, M.; Mounier, C.; Heymans, F.; Binisti, C.; Bon, C.;
Godfroid, J.-J. 4-Alkoxybenzamidines as new potent phospholipase
A2 inhibitors. Biochem. Pharmacoll996 51, 737-742.

(34) Binisti, C.; Touboul, E.; Mounier, C. M.; Heymans, F.; Bon, C.;
Godfroid, J.-J. Structure-activity relationships in platelet activating
factor. 9. From PAF-antagonism to PLA2 inhibitiah.Lipid Mediat.

Cell Signal.1997, 15, 125-144.

(35) Assogba, L.; Ahamada-Himidi, A.; Meddad-Bel Habich, N.; Aoun,

D.; Boukli, L.; Massicot, F.; Mounier, C. M.; Huet, J.; Lamouri, A,;

Ombetta, J.-E.; Godfroid, J.-J.; Dong, C. Z.; Heymans, F. Inhibition

of secretory phospholipase A2. 1-Design, synthesis and structure-

activity relationship studies starting from 4-tetradecyloxybenzamidine
to obtain specific inhibitors of group Il SPLA2Eur. J. Med. Chem.

2005 40, 850-861.

Plocki, S.; Aoun, D.; Ahamada-Himidi, A.; Tavar€amarinha, F.;

Dong, C. Z.; Massicot, F.; Huet, J.; Adolphe-Pierre, S.; Chau, F.;

Godfroid, J.-J.; Gresh, N.; Ombetta, J.-E.; Heymans, F. Molecular

modeling, design and synthesis of less lipophilic derivatives of 3-(4-

tetradecyloxybenzyl)H-1,2,4-oxadiazol-5-one (PMS1062) specific

for group Il enzymeEur. J. Org. Chem2005 2747-2757.

Dong, C. Z.; Ahamada-Himidi, A.; Plocki, S.; Aoun, D.; Touaibia,

M.; Meddad-Bel Habich, N.; Huet, J.; Redeuilh, C.; Ombetta, J.-E.;

Godfroid, J.-J.; Massicot, F.; Heymans, F. Inhibition of secretory

phospholipase A2. 2-Synthesis and structure-activity relationship

studies of 4,5-dihydro-3-(4-tetradecyloxybenzyl)-1,2Haxadiazol-
5-one (PMS1062) derivatives specific for group Il enzymmorg.

Med. Chem2005 13, 1989-2007.

(36)

@7

Touaibia et al.

(38) Wheeler, T. S.; Willson, F. G. I@rganic synthesisJohn Wiley:
New York, 1941; Collective Vol. 1, p 296.

(39) Serafin, B.; Milkowska, G. Arylboronic compounds. XIl. Some new
boradioxacyclopentane derivativéncz. Cheml964 38, 897—898.

(40) Singer, A. G.; Ghomashchi, F.; Le Calvez, C.; Bollinger, J.; Bezzine,
S.; Rouault, M.; Sadilek, M.; Nguyen, E.; Lazdunski, M.; Lambeau,
G.; Gelb, M. H. Interfacial kinetic and binding properties of the
complete set of human and mouse groups I, 11, V, X, and Xl secreted
phospholipases A J. Biol. Chem2002 277, 48535-48549.

(41) Dong, C. Z.; Romieu, A.; Mounier, C.; Heymans, F.; Roques, B. P.;
Godfroid, J.-J. Total direct chemical synthesis and biological activities
of human group IIA secretory phospholipasge Biochem. J2002
365 505-511.

(42) Cupillard, L.; Koumanov, K.; MatteM.-G.; Lazdunski, M.; Lam-
beau, G. Cloning, chromosomal mapping, and expression of a novel
human secretory phospholipase AZ. Biol. Chem.1997, 272
15745-15752.

(43) Wagner, G.; Horn, H. Synthesis of aromatic amidino compounds with
ether structurePharmaziel975 30, 353-357.

(44) Boruwa, J.; Bhuyan, R.; Gogoi, N.; Barua, N. C. Chemoselective
tetrahydropyranylation of primary alcohols under freezing water
pressurelndian J. Chem. B005 44, 331-334.

(45) Radvanyi, F.; Jordan, L.; Russo-Marie, F.; Bon, C. A sensitive and
continuous fluorometric assay for phospholipase A2 using pyrene-
labeled phospholipids in the presence of serum alburAimal.
Biochem.1989 117, 103-109.

(46) Mounier, C.; Faili, H.; Vargaftig, B. B.; Bon, C.; Hatmi, M. Secretory
phospholipase A2 is not required for arachidonic acid liberation
during platelet activationEur. J. Biochem1993 216 169-175.

JMO060082N



