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Summary: The trans-cletodane diterpenoids (-)-kolavenol (2) and (-)-agelasine B (1) 
have been prepared from the enantiomerically pure decalone 3. The key steps of the 
syntheses involve the srereoselective alkylation of the nitrile 4 (to give ,5), the efficient coupling 
of the iodides 10 and 7 7 10 produce the clerodane skeleton 72, and the electrochemical 
reduction of 16 to provide (-)-1. 

The natural product (-)-agelasine B (1) is a structurally unusual compound of mixed biogenesis. 

Isolated from the Okinawan marine sponge Age/as nakamurai Hoshino.1 this substance contains a 

9-methyl-7-adeninium moiety attached to C-15 of a rrans-clerodane diterpenoid skeleton and, 

interestingly, has been shown to possess a variety of biological activities, including antimicrobial 

Me activity and inhibitory effects on Na,K-ATPase,l -We 

report herein a total synthesis of (-)-1 and of (-)-kolavenol 

(2), a trans-clerodane diterpenoid isolated from the 

oleoresin of Hardwickia pinnara Roxb.2 

Reaction of the enantiomerically pure cis-fused 

decalone 33 (see Scheme 1) with @-tolylsuMonyl)methyI 

isocyanide (TosMIC) in 1,3-dimethyl-3,4,5,6_tetrahydro- 

2(1 H)-pyrimidinone (DMPU) in the presence of base 

provided the nitrile 4 (mixture of epimers).4 Under these 

reaction conditions, the process ihat introduced the 
1 2 necessary nitrile function was preceded by a 

thermodynamically favored, base-promoted equilibration 

(epimerization) of the two carbon centers adjacent to the carbonyl group in 3. Thus, compound 4, 

which possesses three of the four stereogenic centers with the correct absolute configuration for 

the eventual syntheses of 1 and 2, was readily obtained. 

Alkylation of the anion ‘17 derived from 4 with ICH2CH20CH20Me is expected io occur, for 

steric reasons, from the side of the molecule opposite tcr the angular methyl group. Indeed, this 
process gave a single product 5 ([ a ]o25 +56.9O) in high yield. Reduction of 5 with CBuzAIH in 1,2- 

N- 
c? 

+ 17 

dimethoxyethane (DME), followed by acid hydrolysis of the resulting imine, 

gave the somewhat unstable aldehyde 6, which upon subjection to a 
modified Huang-Minlon reduction procedure, gave 7 ([ cc 1~25 +75.7O). Thus, 

the final stereogenic (quaternary) center was installed stereoselectively and 

efficiently. 
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3 4 5 R&N 8 (exdcyclic double bond) 
OH 
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- dvle CMe 
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I 
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Scheme 1 a: TosMIC, t-BuOK, t-BuOH, DMPU, 4SC, 95 h; b: hPrsNLi, HMPA, THF, -78OC to 
O’C; ICHsCH9OCH20Me; c: i_BunAIH, DME, 60X, 6 h; AcOH, THF, HsO, r.t., 12 h; d: HsNNH9 
(anhydrous), (HOCHsCH9)90, 120-150°C, 4.5 h; remova HsO, excess HsNNHs (vacuum pump); 
add KOH (10 equiv), heat 230°C 10 h; 8: MezBBr, CH3Cl9, -78°C 3 h; NaHC03, NasCO3, HsO, 
DME, r.t.;6 h; f: pTsOH, CHCl3, r.t., 24 h; g: 19, Ph3P, imidazole, CHpClp, r.t., 24 h; h: t-BuLi (2.3 
equiv), Et90, -78X to r.t.; retool to -78’C; add ZnBrs (1.5 equiv) in THF, -7WC to r-t.; add 
Pd(dba)a (0.03 equiv), Ph3As (0.12 equiv), and 11 (1.5 equiv), stir r.t., 21 h; i: Bu4NF, THF; j: 
Ph3PBr9, CHsCI9; k: 14 (2 equiv), Bu4NI, DMA, 60°C; I: 
NaOAc buffer, pH 4.5, H90; N&I, HsO. 

-1 .O V, Hg(vs. Ag/AgCI), divided cell, 

Sequential treatment of 7 with MesBBr in CHsCl95 and NaHCQ-NasC03 in aqueous DMEs 

provided a mixture of the alkenes 8 and 9 and, therefore, it was clear that during the MesBBr- 

mediated removal of the MOM group, partial isomerization of the exocyclic double bond had 

occurred.7 Treatment of 8 with gTsOH in CHC13 completed the rearrangement process and 

provided an excellent yield of the alcohol 9 ([ a ]D 25 -46.7’), which was readily transformed6 into 

the corresponding iodide 10. 
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Completion of the synthesis of the trans-clerodane carbon skeleton was accomplished via an 

efficient, convergent route involving an overall coupling of 10 with the vinyl iodiie 11. The latter 

substance was prepared from ethyl P-butynoate 18 (Scheme 2). Reaction of 18 with lithium 

(trimethylstannyl)(cyano)cuprate in the presence of EtOHs provided, stereoselectively, the (E)- 

enoate 19. Transformation of this material into the required iodo alkene 11 was carried out, via 

the intermediates 20 and 21, in a straightforward fashion. 

1 COsEt a ) 

18 

OSi(i-Pr), 

Scheme 2 a: (MesSnCuCN)Li, THF, EtOH, -78°C; b: CBU~AIH, EtsO, -78OC to OX; 
c: (i-Pr)sSiCI, imidazole, CHsCl2; d: Is, CHsCl2. 

Treatment of 10 with t-BuLi at low temperature10 was followed by conversion of the resultant 

primary alkyl-lithium into the corresponding organozinc reagent. Linking of the latter species with 

11 was achieved by use of palladium(O)bis(dibenzylidene)acetone [Pd(dba)s] in the presence of 

triphenylarsine.11 This synthetically useful, Pd(O)-catalyzed coupling process provided the silyl 

ether 12, which was readily transformed into the natural product (-)-kolavenol (2).ls 

Reaction of the silyl ether 12 with PhsPBr2 in CHsClsfs provided directly the allylic bromide 13 

(unstable on silica gel), which, upon treatment with f@-methoxy-9-methyladenine (14)t‘tlt5 in N,K 

dimethylacetamide (DMA) gave a mixture of the neutral compound 15 and the desired salt 18. 

Analysis of the crude product by ‘H NMR spectroscopy showed that 15 and 16 were formed in a 

ratio of -4:5.‘s Separation of these substances by chromatography on silica gel provided 

homogenous 16 (mp 198-199OC, [ a]$5 -24.4O; lit.‘5 mp 192-196OC, [ a]# -28.2O). 

Conversion of 16 into (-)-agelasine B (1) required reductive cleavage of the N-O bond 

associated with the methoxyamino group. This transformation was conveniently achieved by use 

of an electrochemical process.17 Thus, reduction (0.1 M NaOAc, HsO, pH 4.5) of 16 at -1 .O V (vs. 

Ag/AgCI) using a mercury electrode, followed by anion exchange with NaCl and careful purification 

of the product by chromatography on silica gel (4:l CHsCls-MeOH) gave (-)-agelasine B (1) in 
53% yield. This material exhibited [ alo 2s -27.2” (lit. -21.5”) -34.6015) and displayed spectra (tH 

NMR, 1sC NMR, IR, UV) identical with those of natural (-)-agelasine B.ts 
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