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Abstract: 

3-Arachidonyl-l~,3,4-tetra~~o-4-[(O-phospharidylethanMu’no~~~o~~t~l]~~ydroxymethyllfuran.2-one has 
been synthesised as an inhibitor of extracehlar PL+ This work has been facilitated by 
computer modelling of the active site of the enzyme. 

Phospholipases Aa (PLAd function in vivo to hydmlyse acyl esters of phosphoglycerides, thereby releasing 

arachidonic acid and initiating the biosynthesis of prostaglandins, thromboxanes, leukotrienes, and related 

molecules through the so called amchidonic acid cascade’. Recently we have developed a model of bovine 

PL&* which defines the stexmchemistry and charge distribution of the active site and which accomodates 

known inhibitors such as 1,8-anilinonaphalenesulphonic acid (1)’ with only minor perturbations of active site 

residues. Although the active site domain of PLAz has been identified by experiment‘t, there is no X-my 

structum depicting a ligand complexed with the enzyme.5 Our work is based upon a model derived from 

crystallographic data from an apoenxyme,6 further refined by minimizing with a model phospholipid substrate 

(2) and taking into account surxounding water molecules (see fig. 1). 

0 

(1) (2) 

The natural enzyme substrates are O-phosphoethanolaminoglycetides (3) which bear an atachidonyl unit at 

C2 and a long chain saturated acid residue at C3. We considered that a close mimic of this substrate might be 

a lactone of the type (4), where an amchidonyl unit is bonded to a potential phoshoglyceride, through a ketone 

function rather via an ester group. 

Inspection of a model of the furanone (4) superhnposed upon the receptor site conformation of the 
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phosphoglyceride (2) shows that the first three methylene groups adjoining the carbonyl function of the 

arachidonyl unit of the first compound correlate closely with those of compound (2) (see fig. 2). Thus we 

speculated that the complete arachiionyl fragment might be unnecessary for inhibition of the enzyme, and in 

one phase of our work we considered the synthesis of analogues (5), where the furanone bears an alkanoyl 

substituent. 

Figure 1. Model of the substrate (2) (filled bonds) docked with the active site of energy minimised FT.& 

(open bonds, calcium atom hatched) 

Structures of this type are available by the acylation of the known lactone (6, R=H)? protected as the 

TBDMS ether, and when the ether (6, R=BDMs) was reacted firstly with one molar equivalent of IDA, and 

the derived anion quenched with either acetyl chloride, or with butanoyl chloride the acetyl- and the 

butanoyl-compounds (7, R=Me) and (7, R=Pr) were formed respectively. 

If excess butyl lithium was present in the IDA used for the first of these reactions the acetylated lactone (7, 

R=Me) was accompanied by a small amount of the diol (9, R=Me). The other possible regioisomer (10. 

R=Me) was not detected. 

Both the acetyl- and butanoyl-lactones exist as mixtures of keto and enol isomers (8) as oils, but in 

chlorofotm solution the keto forms are preferred. Deuterium exchange of H-3 in these compounds is slow, but 

is quantitative if the corresponding anions are preformed and quenched with deuterium oxide. The remaining 

steps of the synthesis of the butanoyl model were achieved as follows: the la&one (7, R=Pr) was deprotected 

with hydrochloric acid and the prcduct alcohol was treated with 2chloro-2-oxa-1,2,3,4dioxaphospholane 

(1 l), and then with ammonia to afford the phosphatidyl derivative (5, n=2). 
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When arachidonyl chloride (12), was used to acylate the lactone (6, R=TRDMS) the ketolactone (13 

R=TE%DMS) was obtained, together with some of the enol ester (14). ‘Ibe ketolactone was then converted into 

the target molecule (4) by a similar series of reactions to those used for the butanoyl analogue. 

0-TBDMS 

(13) 
‘0 - TBDMS 

This compound exhibits an 1% value of 64 @I against PLAa in a cell free preparation and IC!, 44 pM in the 

macrophage test. These activities are of the same order as those shown by typical sitespecific PLAa 

inhibitory drugs. 

The ‘H NMR spectrum of the intermediate (13) recorded in deuteriochloroform shows it to exist as the keto 

isomer, although, the infrared spectrum of the n&t compound exhibits a hydroxyl band at 3400-3325 cm-‘. A 

coupling constant of J=SHz between the signals due to H-3 and H-4 in the *H NMR spectrum indicates the 

keto form to have the rrarrs relationship as shown , 

It should be noted that the best fit to our substrate model is obtained with the furanone (4) in the (3S,4R) 

configuration as depicted in figure 2, The two next best fits (E#) and (3&&Z). both have the plane of the 

lactone ring perpendicular to that defined by the lipid side chains. Isomers having (4S)-stereochemistry 

present the poorest fits. Work is now in progress to synthesise inhibitors related to the fumnone (4) bearing 

the optimal absolute configuration. 
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-AL 
Infked spectra we~c reunded as cNoroform solutions, unless stated othenvlse, on a Petkin Elmer 1310 
infmK!dv 
*H and 1 C NMR spectm were measmed at 27OMHz in deuteriocNorof~ solution with TMS or cNon&mn 
asintanalstrudards,usingaJEOLGMNGXFTinsmunent.Ma93specPanctrywap~~~withaVG 
707OEspectromearwithaVGdatahasc.Q. mewreMnts refer to the uat of isobutane as the ionized 
medium,andFABe xperknts utilised glycct&hydrocNoric acid All columo chromatography was 
conducted with simple pressure columns containing 60H Merck No. 7736 silica 
All solvents used were purified by distillation prior to use and, whae necessary, dried by standard 
procedmes.petrolnfastopeaoleumethaboilingrange~8ooc. 
4-‘Butvldimthvlsl~.3.~~v~-2~ne (6, R=TBDMS) 
A solution of fbutyldimethylsilyl chloride (3.8g) in dry DMF (l&) was added to a solution of 
4-hy~x~~yl-1~3,4-tetrahymofuran-2~ne (1.4g) and imidazole (3.25g) in the same solvent (30cm3), 
protected by a nitFogen atmosphcxe. After 24h, the solution was diluted with diethyl ether @km?, washed 
with water (lOctx?) and then with 2M hydrochloric acid (10cm3). The organic phase was dried and evaporated 

3-Acetvl4’butvldkthvls~vloxvmethvl-1.2.3.4-tetmhvdro~-2-one (7, R=Me) 
Pound: C, 57.7; H, 10.7 Cl H&Si requksz C, 57.7~ H, 9.6461 

LDA [from the reaction of “butyllithium ( 7.6 cm’ of a 1.6M solution in hexane) and diisopropylamine 1 cm31 
at -78’C was tmated with 4-~utyldimethylsilyloxymethyl-12,3,4-tetrahydmfuran-2-one (lg) in 
tetrahydrofumn (lOct&, and the mixtute was left stirring at -78T for 1H. It was then added to a solution of 
acetyl chloride (OJict~?) in THF (10cm3) at -78T.. and after 1.5h, the reaction mixture was allowed to warm 
to room temperature. Excess reagent was destroyed by the addition of sahmucd aounonium cNoride solution 
(12cms), and the reaction mixture was extracted with ethyl acetate (3x25cd). The combined extracts were 
dried (MgSO,,) and evaporated to give a pale brown oil which was chromatographed, eluting with 4% ethyl 
acetate in petrol. to afford 4-butyl-3-( l-t-butyldimethylsiloxy-3-hydroxy- 
prop-2-yl)4hydroxyoaan-2-one (9) as an ahnost colourless oil (15Omg, 9%): u,_ 3600-3300.1720 cm-‘; 8, - _. _~_-. _ -. -- _ -.__ 
3.97 @-I, m-CH OH ) 3.69 (1H dd J -10&J -5% tJ&OSi) 3 49 
3.06 (lH, & O&, 2.ob (H-I, m, 5-H;. 253 (3H, &i;CG) 147-i&3 (6H, 
(#I, m, 2x CH&H ), 0.88 [15H, m, 2xCH3, (CH ) CSi I, 6.65 [6H s 
(s), 66.0 (t), 65.0 (t?, 38.9 (t), 38.8 (t ). 35.9 (d). 2i.a (q) 25.8(t), 25.?(i), 25. 

170.9 (s, c!=Q), 74.1 

14.0 (q. C!H3 ), -5.6 [q, (C.!H&Si I; m/z (FAB) 389 (M+l);. 
(t). 20.8 [q, (CH3hSi], 

(S, C=O), 67.8 (t. 5-C )t 629 (t, 6-C ), 54.8 (d, 3-C ). 41.2 (d, 4-C). 36.0 (t, CH$O ), 31.3 (t, C!H$H3 ), 
25.7 [q (CH 
f-Bukovl-&&ro vmethvl,l.2.3,4-tetrahvdrofuran-2-one 

Si 1.13.8 (q, CH3), -5.5 [q, (C!H3)$i 1; m/z (CI) 301 (M+l)+. 

3-Butanoyl-@butyl&cthylsilyloxymethyl-1,2,3,&ea.ahydrofuran-2-one (7, R=R) (0.95g) in methanol 
(25ct1?) was treated with 5M hyd.mchloric acid (O.~C&) and after 36h, the solvent was removed to affoni a 
pale yellow oil. This was chmmatographed. eluting with 50% ethyl acetate in pet@o give the title 
compound as a colourless oil (0.1%. 24%): u,, 3500-3200, 1760, 1720 cm-‘; s, 4.3 @-I, m, 5-H& 3.75 
(2H. m, 6-W 3.50 (lH, bfi, OH), 3.15 (1H, m, 3-H). 2.45 (3H, m, 4-H + CH2W2C0 ), 1.55 (2H, m, 
W2CH2CO), 0.95 (3H, t, J=S&, CH3); m/z (CI) 187 (M+l)+. 
3-Butanovl-1.2.3,4-tetrahvdm4KG-uhosohatidvlethananolamino~hvdroxv methvllfum-2-one (5, n12) 
2-Chloro-2-oxa-1,3,2dioxaphospholane (25Omg) in dry benzene (2 d ) was added to a solution of 
3-butanoyl-Qhydroxymemethyl-1,2,3,4-tetiy~fum+2-one (1OOmg) and triethylamine (0.25cxn3) in benzene 
(15 cm3) maintained at OT. After 3h, the faction mixture was filtered and the filtrate evaporated to give 
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3-butanoyl4(l,3,2-dioxapho~hol~ylox~e~yl)-1,2,3,4-tetrahydrof-2- one as a viscous oil (2lOmg). 
This material was used directly. It was dissolved ln dry acetonitrile (15&P and the solution then mtumted 
with ammonia during 2h., after 2h, and a waxy solid which had formed was filtered off (45mg. 27% yield). 
This was shown to be the title compound: S, 4.5-4.1 (2H. 2xdd. Jl- 9I-Q. Jz= SK, 5-H& 3.90 (3I-L m, 
KK!H CI$N+ZQ. 
4-H) 3.55 @I, t, J 

3.6 (4H, m, KMXaC&N+Hs), and 3.55 (2H, m, 6-H , 3.4 (19 m. 3-H). 3.15 (1H m 

=Y 
CH#H co), 1.50 (W, q. Jl= 7&z, J2= Q&s 

CH&; m/z (FAB HClG ycerol) 3&M-l)+. 
t&l 2CH2CG ), 0.90 ( 3I-I. t. J=7&, 

3-Arachidonvl4Butvldimethvlsilvloxvmetvl- 1.2.3.4tetrahvdmf man-2-one (13) 
LDA [from the reaction oPbutyllithium ( 2.5 cm5 of a 1.6M solu&iii&-&tane) and diisopmpylamine 0.54 
cm31 at -78°C was treated with 4-fbutyldimethylsilyloxymethyl-1,2,3,4-tetrahydxofuran-2-one (0.76g) and the 
mixture was left stirring at -78’C for lh. It was then added to a solution containing 1.1 molar excess of 
arachiionyl chloride in THE ( 10cm3) at -78T, and after 15min, the reaction mixture was allowed to warm to 
room temperature. Excess magent was destroyed by the addition of saturated ammonium chloride solution 
(10cm3), and the reaction mixture was extracted with ethyl acetate (3x15cm3). The combined extmcts were 
dried (MgSO,) and evaporated to give a pale brown oil which was chromatographed, eluting with 4% ethyl 
acetate in pet&, to afford the title compound as an almost colourless oil (0.7g. 41%): u,, 1750,1710,1640 
cm-l; s, 5.42-5.35 (8H, m, 4x CH=CH ), 4.35 (HI, dd, J = 8 

z?& I-z& 
3.63 (3H, m, 6-H,+ 3-H), 3.13 (lH, m, hH)$ ;$=my2;9?&;$ ;:z $!$d:F$ 

‘) 2.9-2.7 (6H m 3x =C-CI-Iz-C= ), 2.06 (4H, m, ix &CH 
1.41-l.& &I, m, 3xCH2 j. d.87 [ 12H, m, CH3, (CHs)sCSi ],0.05 and d 

1.67 (W, q, J=6I-&, CH&!H CO): 
.t& (2x3H, 2xs, 2xCH3Si ); kiO2.4 

(s, C!=G lactone), 177.4 (s, C=G), 130.5 , 128.9, 128.8, 128.5, 128.2, 128.1. 127.8, 127.5 (Sxd, 8x -U-I=), 
69.2 (t, 5-C ). 61.9 (t, 6-C ). 54.8 (d, 3-C ), 41.9 (t. CH Co ). 39.3 (d, 4-C ), 31.5,29.3,27.2,26.3 (4xt. dXc& 
), 27.7 [q, (CH&Si 1.25.6.23.1.22.6 (3xt. 5xCI-I~). 11.1 (q, CH3 ). -5.6 [q, (CH ) 
Later fractions from the column gave a second oil which was rechromatograp hz 

Si 1; m/z (CI) 517 (M+l)+. 
to give the enol-ether (14) 

as a yellow gum (0.21, 8%): b236 nm; u,, 1760,1715,1610 cm-‘; S, 5.41-5.34 (16I-L m, 8x CH=CH ), 
4.38.4.12 (2xlH. 2xdd, Jr=9 
2.99 and 2.58 (2xlH, m, CH2 30 

, J2=81-&, 5-H& 3.63 (2H, dd, J1 = 
% 

, J2=2H, 6-H ), 3.16 (lH, m, 4-H) 
), 2.66 (12H, m, 6x =C-CH2-C=), 2. (8H, m, 4x &CI-12), 1.68 (2H, m, 

CGCHQf2 ), 1.38 [2H, m. C!I-I#f&(O)= )], 1.29 (12H. tn. 6xCH2 ), 1.15 [W, m, C&X$(O)= 1.0.87 
(15H, m, 2xCH3, (CH#!Si ). 0.04,0.03 (2x3H, 2~s. 2xCH$i). 
3-Arachidonvl-4-hvdroxvmethvl-1.2,3.4-teuahvdrofuran-2-one 
The silyloxy compound (7, R=arachidonyl)(48mg) in methanol (7.5cm3) was treated with 5M hytihloric 
acid (0.2cm3) and left to stir overnight. ‘Ihe solvents were then removed under reduced pressure and the ._-_ 
m&ii chromatographed, eluting with 20% ethyl acetate in petrol, to afford a pale yellow oil (3Omg, 80%); 
u,, 35OB3200, 1765, 1715, 1635 cm-t; 4.46 (lH, dd, Jp 8 

3 3.43 (HI, brs, OH), 3. 
, Jp 6I& 
0 (lH, m, 

(6H, m, 3x =C-CI-12-~= ), 2.18-2.02 

202.4 (s, C=G htone), 173.4 (s, 
. m, 3xCI& ), 0.89 ( 3H, t, J=71-Ix, CH ); S, 

128.1, 127.9, 127.5 (6xd, 8x -C!H= ), 6a.7 (t, 
5-C ), 61.7&6-C ). 54.9 (d, 3-C ), 41.8 (t. (H&G ). 39.0 (d, 4-C ). 36.2,31.5,29.3,27.2,26.3.25.6 (6xt, 8x 
CH, ), 14.1 (q, CH3 ); m/z (CI) 403 (M+l)+, 385. 
3-Arachidonvl-l.2.3.4-~etrahv~4-I(~~hosuhatidvlethana hyllfurm-2_one (4) 
2-Chloro-2-oxa-1,3,2dioxaphospholane (114mg) in dry benzene (1 cm’) was added to a solution of 
3-~hidony1-4hydroxymethy1-1,2,3,4-tetmhydrofuran-2-one (320mg) and triethylamine (0.1) in benzene 
(15 cm3) maintained at 0°C. After 2.5h, the reaction mixture was filtered and the fitrate evaporated to give 
3-~~d~yl-4-(l,3,2-dio~ph~phol~yloxnyloxymethyl)-1,2,3~4-tetTahy~f~ -2-one as a brown oil (45hg). 
‘IhiS material was diluted with dry acetonitrile ( 15cm3) and saturated with ammonia in the course of 2h. ‘I’he 
reaction mixture was left for a further 2h, and then the waxy solid which had formed was fIltered off (Tgmg, 
19% yield). This cotresponds to the title compound: u,,,, 3250, 1760, 1700, 1615,1200-1000 cm-*; S, 5.45 
-5.39(8H, m, 8x CH= ), 4.50 (1H. dd, J = 9%. J = 8H ,5-I-I& 4.18 (lH, m, 3-H), 4.13 (lH, dd, Jp9Hz, J2= 
%& 

x). 2.71(6I-I m, 3x=C-U&-C= ) 2.10 (4H m 2x =C-CH 
), 4OO-3.06 (7H, m 4-H + 6!H2 + &2&aN+H3), 3.04 and 2.61 (2xlH. 2xdt, J=19 and 9 

1.4 (6& m, 3Xm2 ), bO( 3H, t, J=7I-&, dH3); m/z &AjB HCl-Gly&oi) 525 (M-i) : 125. 
) 175 (2H 1 J=6I&, CX2CH2CXI s : 
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