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Abstract The first m a senes of 2 papers on the synthesis of the Insect toxin pedenn (1) begms with a dtscusslon of syntheses of 
the nng A fragments (*)-ethyl pederate (2) and (?)-benzoylselenopedenc acid (4) A sibcon-mtiated intramolecular cychsauon of a 
chloroformate onto an ally1 sdane (11) was used to introduce the rmg A methylene group at C-4 m ethyl pederate ConJugate addmon 
of phenylselenomethyl-hthmm to the a$-unsaturated lactone (19) was a key step m the construction of (4) 

The presence of a nasty veslcant m the Staphyhmd beetle Paederus fusclpes has long been appreciated by Its victims However, 

potential benefits to human mlments were also noted over 1000 years ago In a Chinese pharmacopoeia of 739 A D , Ch’en states 

that a Paederur preparation ‘will take the skm off one’s face and remove tattoo marks completely It 1s used as a caustic for toxic bolls, 

nasal polyps and rmgworm’ The toxic effects of Puederusfuscpes first became known to Western science m 1901 through a report by 

Vorderman of the severe dermatitis mfhcted on personnel at the AnJet-Kldocl lighthouse in Java, Indonesia by small winged msects 

called locally semoet-kalong’ However, it was not untd 1952 that the pure toxic component was isolated by Pavan and Bo4 and m 

1968 the correct structure of that component, named pederm (1). was finally announced In the mtenm 16 years Itahan and Japanese 

groups had established the bulk of the structure by means of extenstve chemical mvesngation aided by low field ‘H NMR 

spectroscopy 56 However, the fimshmg touches, mcludmg absolute stercochemlstry, were finally supplied by x-ray crystallographic 

analysis of a denvatlve” 

Pederln Ring A Fragments Ring B Fragments 

OMe 0 Me0 OMe 0 

For many years, pcderm was considered to be structurally unique m the realm of natural products However, the recent isolation of 

Mycalamlde A (6)9 and Onnamide A (7)” from marme sources mdlcatcs that structures bearmg two tetrahydropyran rings bridged by 

an N-acyl ammal are rather more common than hitherto supposed The presence of (6) and (7) m marme organisms also casts further 

doubt on the defensive role previously assigned to pederm It 1s significant that all three structures have potent blologlcal activny 

pcderm is reputed to promote skm growth, inhibit mitosis, induce cell fusion m human skm fibroblasts, and block protein and DNA 

blosynthesls3, (6) and (7) have antiviral activity in Y~YO 
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OMe 0 O-O 

(6) 
Mycalamlde A 

(7) &ii 

Onnamlde A 

The novel arclutecture of pederm and its dense array of sensmve funcuonahty poses a considerable syntbehc challenge All three 

total syntheses of pederm reported to date were designed to avoid problems associated with the iugh acid-lablhty of the homoallyhc 

acetal array m nng A and the N-acyl ammal The elegant ploneenng work by Matsumoto and co-workers” has provided the only 

viable protocols for achieving the very difficult task of construchng the highly hindered N-acyl ammal bridge The two subsequent 

syntheses by Nakata, O&u, and co-workers” and the Southampton groupI depend to a large extent on these Matsumoto protocols In 

addition to the total syntheses, sundry approaches to various fragments have also been reported” We now give details of the 

Southampton synthens of pederm In this paper (Part 1) we record our early efforts on the synthesis of (*)-ethyl pederate (2)‘* and 

focus on the stereoselechve construcuon of the key nng A tetrahydropyran fragment (+benzoylselenopederic acid (4) In Part 2 (see 

accompanying paper) we give detads of syntheses of the rmg B fragments pederol dbenzoate (3) and (I)-benzoylpedanude (5) and the 

umon of the latter with (4) to give (*)-pedenn 

Synthesm of (*)-Ethyl Pederate (2) 

In the early stages of our approach to pedenn, we had intended to mute a rmg A fragment bearmg an intact C-4 methylene group to 

a smtable rmg B fragment To that end we devised the short synthesis of (*)-ethyl pederate (2) shown m Scheme 1 Nucleophdlc 

sCisSton of (k)-rrunr-2,3-epoxybutane (8) by the Gngnard reagent (9) m the presence of CuI gave the homoallyhc alcohol (10) m 47% 

yield The correspondmg chloroformate (11) cychsed on treatment with SnCI, to give the unstable P,y-unsaturated lactone (12) 

Considerable care had to be exercised m the pticahon and storage of (12) because It rearranged under the shghtest provocatIon to the 

more stable a&unsaturated Bomer The coqugated lactone could be converted back to the P,y-unsaturated lactone by conversIon to 

the enolate with l&mm dl-IsopropylamIde followed by kmetlc protonahon with HOAc but the recovery was poor and nuxtures of 

(12) and its conjugated isomer mevitably resulted 

I 
S1Me3 

(10) 

L 
SlMes 

(11) 

d 
/\ 

(13) 

(16) (15) (14) 

SCHEME 1 YIELDS AND REAGENTS 

(a) 47% THF. -30 to O”C, 3h (d) 37% (13) + LDA /THF, -76°C then add (12) at -76”C, 2h 

@) 66% phosgene I toluene-pyndlne 0°C lh (e) ----- cone HCI / THF rt, 30 ml”, 

(C) 56% 1 q SnCl, ICH2CI, 0°C 3h (1) 45% TsOH I MeOH rl 4h 
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The lactone (12) reacted with the htbmm enolate prepared from the the known ethyl glycolate denvatwe (13)15 to give a mixture 

of hemlacetals (14) from which the hydroxyl protechng group was removed with acid The resultant mixture of mastereomenc d101s 

(1.5) was then treated with acl&c methanol to @ve a 1 2 mixture of ethyl epl-pede.rate (16) and ethyl pederate (2) m 20% overall yield 

from (12) The Isomers were easily separated by column chromatography and tbelr stereochemistry ascertamed by ‘H NMR 

spectroscopy Thus the C-5 methylene protons m ethyl epi-pederate (16) gave charactenstic doublets at 6198 and 2 84 (J = 14 Hz) 

whereas the same protons m ethyl pederate appeared as a 2H smglet at 62 4 This dlstmcuon may result from an amsotrop~ effect of 

the ester carbonyl on the C-5 protons m the epr-senes assummg that the the hydroxyl group IS hydrogen bonded to the tetrahydropymn 

nng oxygen A simdar conformation in ethyl pederate holds the carbonyl remote from the C-5 methylene group 

All attempts to effect base-catalysed hydrolysis of ethyl pederate resulted m decomposlbon Ethyl pederate was also very 

susceptible to acid-catalysed decomposltlon The methyl ester proved no less tractable Our expenence with this synthesis suggested 

that any attempt to utdise a nng A fragment with an Intact C-4 methylene was hkely to prove troublesome Smce the homoallyhL 

relation between the C-4 methylene and the methoxy group at C-6 was Judged to be the root of the problem, we amended our strategy 

by construchng a nng A fragment m which provision was made for the late mtroduction of the C-4 methylene under very mild 

conditions-a strategy also adopted by Matsumoto and co-workers” In addrtion, a mdder method for unmaskmg the carboxyl group 

was devlscd which overcame the problems of ester hydrolysis 

Synthesm of (+)-Benzoylselenopederrc Acid (4) 

Our synthesis of (&)-benzoylselenopedenc acid (4) required two prmclpal fragments the selenolactone (20)(Scheme 2) and the 

glycohc acid denvahve (LS)(Scheme 3) Selenolactone (20) was prepared as a smgle dmstereonomer m one step by conJugate addmon 

of phenylselenomethyl-hthmm’6 to the known a$-unsaturated lactone (19)” for which a substantmlly more efficient synthesis was 

developed (see Expenmental) Though the successful conJugate addmon was grabfymg m this particular case, the reactlon was not 

general since attempts to achieve slmdar addmons to other a&unsaturated lactones lackmg the branchmg substituent at C-3@ederm 

numbermg) faded to give useful yields of the desned selenolactones 

(8) 
COOH \ 

(18) 
SePh 

(19) (20) 

SCHEME 2 YIELDS AND REAGENTS 

(a) 82% llthum acetylide (3 6 eq) I HMPT, 20-C 6 days, (c) 85% H2 P&BaSO, qutnolme followed by dlstillatlon, 

(b) 96% WBULI followed by Cq, -70 C 20 nun, (d) 89% PhSeCH,b/THF-HMPA (1 1) -66OC, lh 

Comparison of the 400 MHz ‘H NMR spectral data for the protons at C-5 of the 4-phenylselenomethyl lactone (20) with the 

availdble data for the known compounds (33)-(35)‘2’s (Table 1) indicated that C-4 had the (S*) configuration Note that compound 

(3S), which has the (R*)-configuration at C-4 shows an addmona long range W-couplmg between H-l and H-4 of 1 2 HZ which 1s 

absent m the other compounds with the C-4 @*)-configuration Fmal proof of the relative stereochemIstry m (20) was obtamed later 

by a single crystal x-ray analysis of a subsequent denvahve (vzde V&Z) 

Table 1 Stereochemlstry of 4-substituted 2.3-dlmethyltetrahydropyran-5-ones 
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H’IS 237 242 257 293 
J/Hz 96 164 100 160 108, 1.59 1 2 5 18 1 

I+/6 

6, 

267 271 273 226 
J/Hz 63, 164 64 160 64 159 120 161 
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The next stage of the synthesis reqnred the appendage of the glycolate side cham onto the nng (ZO)(Scheme 3) The htluum 

enolate (26) of ester (25) condensed with the lactone (20) though varying amounts of (20) were recovered owmg to proton 

abstraction by the glycolate enolate competmg with the destred nucleopluhc addtuon After two further steps, the alcohols (29) and 

(30) were Isolated as a 1 I rmxture of Isomers which were separable with difficulty by chromatography However, tt was more 

convenient to oxdse the nuxture to the correspondmg a-keto ester (32) followed by reductton zn ntu to give the dtastereolsomers 

(29) and (30) m the more favourable ratto of 1 7 The rat.10 of titerwlsomers was stongly dependent on the reducmg agent, In our 

hands, reduction of the a-keto ester with BH,-NH,” complex 111 THF at low temperature gave the best results After removal of the 

undesired mmor lastereolsomer by column chromatography, the relattve sterecchemlstry of (30) was fnmly estabhshed by a smgle 

crystal x-ray analysis (see Expertmental) The alcohol functton m (30) was then converted to the crystalhne benzoate denvative (31) 

0 0 
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SCHEME 3 YIELDS AND REAGENTS 

w 
63 
(4 
WI 
(e) 
(0 
(9) 
(h) 

i1 
09 

69% 

1 co% 

86% 

96% 

61% 

90% 

100% 

hk,SICH,CH20H / pyndne- CH,CI, 0 C 

HCOONa DMF 50°C 15h, 

NEt, , / MeOH, 5°C 30 ml” 

2.methoxypropene, HCI (trace) I CH,CI, O”C, 2h 

LDA / THF -70°C 1 h. then add (20) -75’C 2 5h. 

H@+ I THF 20°C 20 m!” 

p TsOH / MeOH, 2O”C, 3 5h 

(CO’&, Me&J EbN / CH,CI, 70°C 1 5 h 

NH, BH, /THF, -95 to +‘ZWC o”er 1 5 h 

PhCOCl DMAP (cat) I pyndlne-CH,CI, 2O’C 100 nxn 

n-Bu,NF3H@/ THF, 20°C 20 ml” 

To complete the synthesis of benzoylselenopedenc acid the carboxyhc acid was unmasked by fluoride-mduced fragmentauon of the 

2-(trimethyls~lyl)ethyl ester (31)‘* using tetra-n-butylammomum fluonde Initial attempts to recover the desired acid (4) by 

acldificatlon of the resultant tetra-n-butylammomum salt were comphcated by problems with decomposluon However, the free acid 

was fortuitously generated by partmomng the tetra-n-butylammomum salt between ether and water Evaporation of the ether layer then 

gave the desued acid cleanly and efficiently with muumal contammation by decomposmon products Tlus deprotecuon and isolauon 

procedure was crucml to the successful lsolatlon and punfication of the labde acid (4) Although the decomposluon products derived 

from (4) were not charactensed, the analogous acetate (36) underwent easy actd-catalysed loss of CO, and MeOH to give the 
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