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Summury : A total synthesis of the all-cis cyclopentanetctrol moiety (19) present in 

funiculosin (l), featuriag the Qaisen-Ireland rearrangement (8) -+ (9). iodo- 

lactonisation (9) + (lOa), and the intramolecular oxygen nuclcophile displacement 

(14) -_) (16). as key steps, is described. 

The antibiotic funiculosin (1) is a very novel and unusual secondary metabolite produced by 

Penicilliwnfunicuos~~ Structurally the molecule is tricyclic, and is made up of a 3- dihydropyran - 

substituted 4-hydtoxy-2-pyridone which is further substituted at C-5 in the pyridone ring by a unique 

all-& cyclopcntanetctrol nxricty. In addition, the antibiotic accommodates nine chiral centres, five of 

which arc contiguous and associated with the cyclopentanetctrol. the remainder being associated with 

the cis-substituted dihydropyran residue. Although both pyridone and dihydropyran structural units 

am found quite commonly within natural products, funiculosin is the only natural compound to contain 

the interesting and unusual all-& substituted cyclopcntanetettol moiety. 

HO 

(1) 

Funi~ul~~in exhibits antiviral properties and shows antifungal activity against a wide variety of 

pathogenic fungi; it also exhibits an&moral activity.2 The novel and unusual structure of funiculosin, 

together with its interesting biological profile amacted us towards synthetic studies with this new 

antibiotic substance. In this Ltrrrer we describe our prelkninary studies. and outline a concise and 

stcrcoconttolled synthesis of the unique all-& cyc@ananctctrol moiety (19) found in funiculosin. 

Our general strategy for a total synthesis of funiculosin t&d on access to a pmtected form of the C- 

5 cyclopcntanctctrol substituted 2-pyridone (2). Model studies had established that this system could be 

produced from condensation between an appropriate cyclopcntaneacctonitrile and a C, unit such as 

malonyl dichloridc.~ Hence the cyclope+etea~l acetonitrile (3) became a key intumediatc in our 

projected synthesis. Analysis of a number of cmnplementary synthetic routes led us to design a route to 

(3) which incorporated an Imland-Claisen marranganent of the ester en01 ether (4). derived in two steps 

from the readily available cyckrpenteneuiol(5), as a key stage (Scheme 1). 
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Thos,optimisatidaoflitennvtrmhodsfiRtrllowGd~oprcpare~ecyclopmrmetriol (5) illfive 

stepsstaIlingfium ~lopentadk.~ Pmte&mof(5) astheccrmspondingmethyknedioxydelivative 

(6) [ (CH2O)a. HCl. 6O”C, 6h; 89%] followed by treatmtnt of(6) with A@-cgH5N then pmvided the 

acetate (7; 92%).5 Deprotonation of (7) using lithium his- (trimethylsilyl) amide at -78°C. and 

quenching the resulting enolate with z-butyldimethylsilyl chloride in 1.3.~dimethyl - 3,4,5,6,- 

tetrahydro-2(1H) pyrimidone (-78Y!, then -2OT) next led to the es&z enol ether (8; 98%). which was 

immediately heated in xylene in a sealed tube at 175T for i8h. Work-up of the Claisen-Ireland 

EalTangeaXnt pro&~ in the presence oftetra-n-butylammoni um fluoride (18T for lh) then gave the 

key internMAe cyclopenteneacetic acid (9) which was produced as colourless rectangular prisms mp. 

56-8T in 90% yield fmm (8).6 

Iodolactonisation of (9) in the pnsencc of RI-Iz-NaHCO3 next lead to the iodolactone (lOa, m.p. 

134-5°C, 92%). which was then converted into the acetonitrile (13) following reduction (i-Bu2AlH in 

CH$12,-78°C, 62%) to (1 l), oxime (12) formation, and dehydration of (12) using l,l’-carbonyl- 
. . . 

dmmdaxole in retluxing dichlommethane. With the iodohyti acetonihile (13) in hand we wart now 

in a position to introduce the final oxygen centre into the substituted cyclopentane. To achieve this aim 

and at the same time incorporate the required all-cis stcraochemistry of the substituents in the target 

cyclopentanetetml(19), we elected to use the intramolecular oxygen nucleophile displacement strategy 

highlighted by Corey and his colleagues.7~ Thus, the iodohydrin (13) was first reacted with methyl 

malonyl chloride in THF in the presence of DMAP at -78’C to produce the mixed ester (14), which was 

then treated with sodium hydride leading the ketene acetal(15; 92%). Hydrolysis of (15) in the 

presence of 1M HCl next led to a mixture of positional isomers of the substituted malonate (16) which 

on saponification gave the all-& cyclopentane substituted acctonitrile (17; 84%) as a colourless solii. 

m.p. 11O’C. The structure and stereochemistry of (17) were conikmed by a single crystal X-ray 

analysis.9 When a solution of the methylenedioxy derivative (17) in methanol was treated with 

ozoneto at -78’C for 1.5h. workup pmduccd a mixture of positional isonnzs of the anticipated formate 

(18) which on saponification (MeOH-KHC03, 25’C, 0.5h) gave rise to the target all-cis 

cyclopentanetetrol acetonitrile (19) which was pmduced as a viscous oil.5 Work is now in progress to 

incorpaate this strategy for the synthesii of (19) into a total vthesk of funiculosin. 
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5. All new compounds showed satisfactory spectroscopic data together with microanalytical cr mass 

specmmxtry data. Acetate (77) had lap. 47-9“C!, b.p. 170-2’C at 1OmmHg and showed urnax 1740 

cm.-t , tiH 2.1 (OAc), 4.6 (CHHO2). 4.8 (appt. J-5.6Hz. -0). 5.0 (CHHO8). 5.1 (dd. J 5.4 

and 1.8Hz, CHO), 5.9 (app.dt, .I 5.9 and 1.8J-k. :CH), 6.1 (dd, J 5.9 and 1.9Hz,:cII) p.p.m.; 

the cyclopemeneacetic acid (9) showed &.t 2.5 (dd, J 17.3 and 7.OH2, CHHC02H). 2.6 (dd, J 

17.3 and 8.8Hz. CHHC02H). 3.15 (m, CEICH:). 4.6 (CHH02), 4.7 (appt. /-5.8Hr, CHO), 5.0 

(CHH02), 5.2 (d, J 5.4Hz, CHO), 5.7 (app.dt, / 5.8 and 2.1J-kCH). 6.0 (d, J 5.8Hz. :CH) 

p.p.m., 8, 33.8 (t), 44.0 (d), 77.8 (d), 84.9 (d), 93.4 (t), 127.4 (d), 138.6 (d), 177.4 p.p.m; the 

iodohydrin acetonitrile (13) had m.p. 106-8’C and showed umau 2252 cm-t, S, 17.9 (t), 29.8 (d), 

41.7 (d), 89.8 (d), 81.8 (d). 89.9 (d), 95.9 (t). 118.8 p.p.a; the all& acetonitrile (17) showed 

6J.J 2.1-2.2 (m. C&CH$N), 2.25 (OK), 2.75 (app.d, J 8.5Hz. C&CN), 3.0 (OH). 3.9 (dd, J 

6.6 and 4.6Hz. CHOH). 4.0 (dd, J 4.5 and 4.3Hz. CHOH). 4.55 (app.t, /-5.8J-k. CHO), 4.6 

(dd, J 5.8 and 5.6H2, CHO), 4.9 (CHHO2). 5.2 (CHHO2) p.p.m.; the tetrol(19) showed 8~ 2.3 

(m, CHCH2CN), 2.6 (d, J 8.OH.q C&CN),3.9 @rd. / 6.4Hz. 2 x CHOH). 4.0 (br, 2 x CHOH 

and 2 x CHOH), 4.1 (br, 2 x CHOH) p.p.m. 

6. Use of the acetcmide derivative cormsponding to (8) in the Claisen-Jreland rearrangement led to much 

poorer yields (~5%) of the acetonide cyclopenteneacetic acid corresponding to (9) (J.P. Madeley, 

Ph.D thesis, University of Nottingham, 1988). 

7. See EJ. Corey and J. Das, Tetrukdrdn Lcrt.. 1982.4Z. 4217. 

8. Direct nucleophilic displacement of (l&r) using potassium superoxide (18~crown-6, DMSO, 0°C 

3h), led to the corresponding alcohol (l(D) (i.e. with the “wrong” stereochemistry), whose 

snuctum and stemochemistry wem detumined by X-ray analysi~.~ 
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