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Abstract: Novel uiterpene alcohols with achillane and polypodane skeletons isolated 

from Polypodiaceae fern have been synthesized on the basis of inter and intramolecular 

trapping of cationic intermediates of the biomimetic olefur cyclization. 

Novel triterpene alcohols 6a-hydroxyachilla-9,13,17,21-tetraene (1) and 8a-hydroxypolypoda-13, 17, 

21-triene (2) were recently isolated from a fern, P ofypudiodesfirmusana.’ The occumnce of these compounds 

from nature is important for the mechanistic argument of the biosynthesis of lanosterol from 2,3-oxidosqualene 

via cationic intermediates such as 3 and 4.‘. ‘. 4 We h ave reported an effective olefin cyclization agent, 

mercury (II) triflate,‘. 6 and offered the first experimental evidence that the biomimetic olefin cyclization takes 

place by a stepwise mechanism involving comformationally flexible cationic intermediates?’ We have also 

reported that mercury (II) triflate is.stable but still reactive enough in the presence of water.6V8 Thus we 

expected that a hydroxyachillane skeleton would be c-mated by the mercury (11) triflate induced olefin cyclization 

in aqueous media causing intermolecular trapping of a monocyclic cationic intermediate by water. On the 

other hand a hydroxypolypodane skeleton would be prepared by an intramolecular trapping of a bicyclic 

cation via neighboring group participation of a carbonyl group located at an appropreate position.5U6 
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When the reaction qf E, E-farnesylsulfone (6) with Hg(OTf)&H,NMe, was carried out in the presence 

of 70 equiv of water in nitromethane at -20°C for 11 h, monocyclic 6a-hydroxylated product 6 was obtained 

in 29% yield along with bicyclic 8a-hydroxylated product 7 (15% yield) after treatment with brine and then 

column chromatography.‘* ’ Monocyclic 6 was demercurated by the reduction with NaBH,, and then the 

tertiary alcohol group was protected as its TMS ether to give 8 in 83% yield. Anion generated from 8 with 

n-BuLi was treated with E.E-famesyl bromide in the presence of HMPA in THF at -78°C affording 9 as a 

diastereomeric mixture in 71% yield. Desulfurization by Li/NH, at -7g°C for 10 min and following desilylation 

by n-Bu,NF provided (f)l in 51% yield. Every spectral feature was indistinguishable with that of natural 

product. When the Li/NH, reduction was carried out after desilylation. a mixture of 1,3-diallyl type products 

was obtained in 69% yield along with 15% of (f)-1. Thus the hydroxyl group at C-6 significantly accelerates 

the olefin migration from A9, lo to A”* 1 ’ . 
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a Hg(OTf)z=PtrNMez/H~0 (70 eq), MeN@ b aq NaCl c NaB&/NaOH, EtOH d TMSOTf/ 
EtsN e n-BuLi/HMPA, THF then farncsyl bromide f Li/NHs g n-ButNF 

In order to trap a bicyclic cationic intermediate in intramolecular manner via a neighboring group 

participation of carbonyl group,‘* * ferf-butyl ester 10 was prepared from tert-butyl acetate and EB-famesyl 

bromide in 84% yield.9 The Hg(OTf), induced cyclization was carried out in nitroethane at -4O’C for 10 min 

affording lactone 11 in 60% yield along with stereoisomer 12 in 12 % yield after separation by HPLC 

[YMC-D-Sil-5 column (20 x 250 mm), hexane-ethyl acetate 3:2 as eluent].” The organomercuric lactone 11 

was subjected to LiAlH, reduction leading to diol 13 in 93% yield. Silylation of the diol 13 and partial 

hydrolysis with K+ZO, in MeOH and following PDC oxidation afforded aldehyde 14 in 74% yield. Wittig 

reaction of 14 with a stable ylide in benzene proceeded stereoselectively to give an E-olefin 15 in 99% yield. 

DIBAL reduction of the ester 15 afforded alcohol 16 in 98% yield. The alcohol 16 was reacted with tosyl 

chloride in the presence of DMAP affording chloride 17 quantitatively.” An anion derived from geranyl 

sulfone with n-BuLi was treated with the chloride 17 in the presence of HMPA in THF at -78°C providing an 

alkylation product. The crude product was subjected to desilylation with n-Bu,NF to give sulfone 18 in 44% 

yield as a diasteteomeric mixture. Desulfurization by Li/NH, reduction at -78-C for 5 min afforded (*)-2 in 

65% yield after purification with HPLC. Every spectral feature of synthetic substance was identical with that 

of natural product. 
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The selective lactone formation by the mercury triflate induced cyclization of tert-butyl ester ‘¶o is 

noteworthy since the c ng ethyl ester afforded the lac’to 11 and 12) along with 8~~~~~~lic 

product and olefinic p A8, and exocyclic) in czs_ 22%, , and 14% yield, respectively. This 

rt-butyl ester than ethyl ester and also tert -butyl 

easily el~~i~~~ via an ~~te~~di~ 23 ng to lacsone f I II When the B-ring was ~~~S~C 

22 ~~~~ ~~~~~~~ a 

form, the a&y1 aeon h axial ~~~~t~ti~n as seen in 2% ~~~~~~ti~~~ljrn~~ti~~ fluent via 24 
leads to lactone $2. The structure of the fatter was cun~~~d by careful 600 MHz NMR ex 

particularly the observation of NOES between 9p-I p, Sp- 14 methyl, 9j&- 15 methyl, and 1 a- 1 la, ~s~~~ive~~.” 

Similar cyclization through a boat form cationic intermediate WBS observed on the cyclizatian of E&E- 

geranylgeranyl acetate,6* a 
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),I.23 (1 ‘HE, dd, J = 2,7,12.6 Hz, 5-H), 1.30 (1 If, dt, J = 3,2, 12.7 Hz, 1 P-H), 1.40 ( lH, m, 6&H), 

1.45 (II-I, ddd, J=2.1,3.1, 13.4 Hz, 9-H), 1.62 (lW, m. la-H), 1.63 (3H, s, 14-Me), 1.72 flH, ddd, J== 

2.7,X& 11.2 Hz, dlcx-H), 1.76 (fW, m, 1 lp-H), 1.79 (IH, m, 7a-H), 1.95 (lH, m, 7P_H), 1.97 (lH, m, 

2a-H),2.02(1H.ddd,I=3,2,6.1, 13.7Hz, Ilrx-H),2.26(2H,m, 12ix-H,a-H),2.6Z(lH,ddd,J=2.4, 

4.4, 17.9 Hz, 12j3-H), 2. H, dd, J = 3.8, 13.9 Hz, 3-H): *‘C-NMR (15OMHz in CDCL,) 6 19.5 (t, 

C- 11>,22.4 (t, C-6), 24.3 C- 15), 26.2 (q, C- 17), 26.5 (t, C-Z), 30.6 (t, C- 12), 3 1.2 (q, C- 14), 36.3 (q+ 

C-16),36.6 (t, C-7), 37.6 (s, C-10), 39.1 (s, C-4), 40-2 (t, C-l), 49.5 (d, C-5), 53.7 (d, C-C-9). 72.7 Cd, 

C-3), 87.4 (s, C-8), 170.X (s, C-13): FT IR (film) v,,, 294~, 2868, 1723, 1294, 1134,752 cm-‘. 
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