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Abstract: An enaruioselective total synthesis qf nagiktone F is described. Fwwional~ m’cydic intermediate 3 
was prepared u&g a high-yielding acetaMitiedlviny~-em’ud potyew cplization of 5. Inmzmdecular 
akay radiciz-mediuted remtejbctio~ esmblishcd the D-r& tfrhe nqibctom? system 

Isolated from the see& and root bark of Podocarpus nugi. the nagilactones constitute a strncturally and 

biologically important class of nearly fifty nor- and bisnorditerpenoid dilactones.1 Members of this family 

exhibit a broad spectrum of biological activity as antitumor agents against human mrcoma, 2 aIlelochemicals for 

plant growth regulation with toxicity for insect larvae and termites,3 and mammaIisn herbivore antifeedants4 

Nagilactone F (1) is one of the simplest congeners, with others exhibiting higher oxidation patterns in the A- 

ring.5 We have previously reported a stereoselcctive vinylsilane-mediated polyene cyclization entry6 to 

pmcursors of the nagilsctone family7and haein desuibc an enantioselective total synthesis ofnagilactone F. 

As deIineatcd antithetically in eq 1, the D-ring in tetracyclic furan 2 was anticipated to arise kom a remote 

oxidative fnnctionalization tactic employed late in tlte synthetic route using alcohol 3 or a struoturally analogous 

substrate. Cationic polyene cycliition about the appropriate pentanolide template (4 or 5) would establish tbe 

filnctionalized a-icy&e intemnzdiate 3 in enantiomelically pum form. 

Incorporarion of either an E or Z-vinylsilane moiety into rhe cyclization precnrsor (4 or 5, respectively) was 

accomplished (Scheme I)8 via conjugate addition of the mixed bigber order cuprate derived from achiral A-ring 

syntbon 6h or 79 to optically active pentenolide 8. 6s Lactone 8 is available in mnI@ram quantities by a 

sequence related to that described by Nakata and Oishi, lo wherein control of absolute and relative 

stereochemistry eminates from the asymmetric aldol methodology of Evans.11 Transmetallation of either 

vinylmercurial derivative (6 or 7) with n-BuLi in Et20 at -78 “C was followed by reaction with lithium 
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Scheme I 

Y 
i. n-BuLi, Et20, -78 Oc 
ii. (%hiemyl)cu(cN)Li -ml& Tw=Tl,. 

iii. BF&& -78 DC 
iv. lactcae 8, -85 *C 

cJagp -78% 

6 X=SiMe,, Y=H 
(for 6 + 8.899b; 

7 x=H, Y=SiM* 8 
for 7 + 8. 86%) 

4 X=SiMCj, Y=H (E-isomer) 
5 X=lc, YSiMc, (Z-isomer) 

taco,, i-PmH, 105 T 
(76%+ I2%1ecovcred3) 

2-thienyIcyanocuprate.t2 Addition of BF+Et2 and then 8 at -85 ‘C led to the the coupled product Glactones 4 

and 5 (6 + S-4, 89%; 7 + 8+5, 86%). 

Initiation of the serial cationic hicyclization of either isomeric vinylsilane 4 or 5 by treatment with a mixture 

(51) of TiCL+ and Ti(Oi-Pr)4 in CH2Cl2 at -78 Oc for 10 minutes afforded the rranr-an&r~ns tricyclic product 9 

whose structure was confirmed by x-ray crystallographic analysis. Transfer of stereogenicity to the three 

nascent @-stereocenters during these conversions is consistent with the respective chair-chair bicyclic 

intermediates (A), which also provide a rationale for the geometric constraints of the reaction and the striking 

superiority of Z-vinyl&me cyclization substrate 5. Only inductive stabilization of the developing &silyl cation 

is possible with E-isomer 4 (X=SiMeg, Y=H), whereas the Z-vinylsilane geometry present in 5 (X=H, 

Y=SiMej) fulfills the stereoelectronic requirement for a full manifestation of the p-silicon effect due to 

hyperconjugative and inductive stabikation. l3 Cleavage of the acetal remnant in 9 followed the Johnson 

precedent,14 with Swem oxidation of the hyckoxypropyl ether side chain and subsequent P-elimination 

(piperidinium acetate) providing the crystalline secondary aIcohol3. 

Examination of the lactonic D-ring of nagitactone F (1) reveals the need to raise the B-oriented (axial) Q 

methyl group in 3 to the carboxylic acid oxidation level. We had intended to achieve this via a regioselective 

intramolecular remote functionalization involving a Q alkoxy radical as in the Barton reactionI or a related 

process.16 In 3, the Cl0 methyl group, by virtue d its 1,3-diaxia1 relationship with the cb hydroxyl, is also in a 

suitable position for intramolecular hydrogen atom-transfer. Molecular mechanics evaluations17 provided a 



predictive correlation between proximity in the mund state and rcgi~selectivity in the remote C-H activation 

reaction. For example, 3 and the correspor&ng dihydro derivative gave cleanly the undesired angular 

tetr&ydrofWan derivatives (Clo angular methyl functionalization), &le&ng the Ad values of -0.36 and -0-16 

A, xwpctivdy.f8 RIMxE~-c~~~ olefin Mme&aGon (~hc3Cr*3EI+)l9 affizrdui the thcrmodyuamic A2d- 

alkene isumer 10 (M = +O.ll A, in 76% yield along with 12% of B 3. Execution of the hypoiodite 

reaction’6 using the pbotochemical conditions iutro&ced by SU&W (F’hI(OAc~, I~)20 gave the desired AB-ring 

bridging tetrahydr&rran 11 and its Cto angular methyl-deriv~tized counterpart in a ratio of 1:1.4 in 71% y&U 

As cm&cd in SC- II,s cm@tic hydxqcnation of the A23 4nsatmatim in 11(!3!2%) ami Rut34 oxidation 

of the resulting tetracyclic derivative 2 according to the Sharpless procedure2l provided the tricyclic kcto 

Scheme II 

- Napilactone F (1) 

ester 12 in 84% yMd following ethereal diazomethane workup. Adaptation of a bromination (PhNMesBn; 

~~~/dehy~~~~on (‘I&C@, mr, DMF, b, 90%) sequence &nil~ to that dev&ped by Ando and co- 

work* permitted da-on to enone l3 without compromising the stexwchemicat integ@y of the labile Ct4 

center bearing a pseudoaxial isopropyl group. After several failed attempts to reduce only the Q ketone 

carbonyl in 13, it was rcealized that this difficult selectivity was not necessary. Treatment of 13 with excess 

DIBAL-H in toluene at -78 OC accomplished reduction of C-ring Xactone carbonyl, stereoselective 1,2-enone 

reduction at Cs, and reduction of the metbyl ester to the corresponding aldehyde with condtant clostt~ to the 

bis(hemiaeetal) 14a. Subjcctim of this intemmkiia~ to tetrapmpyhmrmnium pm-u&mate (TPAP) and NM@ 

then reestablished both C- and D-ring lactone ma&sties giving 14b in 71% yield along with 21% recovered 13. 

The imxmxiiatc 5- and 6membered hemiacetal struchn~s derived from 13 thus prevented overnzduction of the 

ester and lactone carbonyls, and prevented reoxidation at C+ The requisite Cg-Cl1 unsaturation was next 

installed via a seleny~atio~oxi~tion protocol. 24 Accordingly, in s&u generation of the silyl ketene acetal and 

exposure to PhSeCl at -78 *C delivered the Ct 1: oc-aelenide as the scale diastereomer in 91% yield. Oxidaticm of 

the selenide with the Davis oxaziridine25 triggered selenoxide elimination ?a provide nagilactone F (l), 



mp 224.5-225.5 “C, [a]$3 -121’ (c 0.21, MeOH) Pit.s*fl, mp 225-226 “C, [a]$3 -131’ (MeOH)] in its natural 

absolute configuration which was spectmscopically identical to the natural pmduct.5 

In summary, a convergent enantioselective synthesis of nagilactone F (1) has been realized. A high-yielding 

acetal-initiate&vinylsilane-terminated cationic polyene cyclization and an intramolecular remote oxidative 

fnnctionalization ate salient features in this mute which produces the tide compound in 14 steps and 5.3% 

overall yield from 7 and 8. 
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