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Summary: An approach is outlined for the obtention of the complete tetracyclic
skeleton present in the novel lycopodium alkaloids of paniculatine-type.
Lycopodium alkaloids are notable for their rich structural diversity and
close biogenetic relationships.1 Among the various structural arrays present
in them, a group of closely related tetracyclic alkaloids, bearing a diquinane-
core, represented by paniculatine 1 (from L. Eaniculatum),2 magellanine 2 and
magellaninone 3 (from L. magellanicum)3 hold considerable synthetic appeal.
Recently, some model studies directed towards the construction of part
structures present in 1-3 have been reported.4 However, no successfull synthe-
sis of this class of alkaloids or even the construction of their complex tetra-
cyclic framework has been accomplished so far. 1In this letter, we disclose
complete acquisition of the ABCD skeleton present in 1-3 with correct stereo-
chemical disposition at five stereogenic centres and appropriate functionalisa-

tion for further elaboration to the natural products.
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Our synthetic strategy towards the framework of 1-3 was revealed through

the retrosynthetic theme depicted in Scheme 1 and led to the identification of
triquinane-dienone 6 as an advanced building-block. Evolution of 6 towards the
target framework required 4C annulation with quaternarisation (6-5, 'a' leading
to ring A) and establishment of equivalency of cyclopentene with N-methylpi-
peridine (5-4, 'b' leading ring D). To begin with, the tricyclic dienone §
was synthesised from the readily available pentacyclic dione 7 as shown in
Scheme 2, in which the thermally induced (2+2)-cycloreversion (8-9), under

flash vacuum pyrolysis conditions, was the pivotal step.5 Enone transposition

in 26 to the desired dienone §6 was readily accomplished under static thermal
activation.
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Reagents and Conditions: (i) HOCH2CH20H, PTSA, Benzene, 90°C, Sh, 83%; (ii)
NaBHy, aq.EtOH, R.T., 3h, 90%; (iii) 48% HBr, 80°C, 3h, 90%; (iv) HOCHCHOH,
PTSA, Benzene, 90°C, 2h, 90%; (v) Li/NH3, EtOH, -50°C, 45 min.; (vi) 20% HCl,
THF, R.T., lh, 60%; (vii) 600-650°C, guartz tube, 18%; (viii) Benzyl bezoate,
305°C, 5 min. 60%.
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Reagents and Conditions: (i) #A\"\MgBr, MeS.CuBr, THF, MejS -78°C, 1h, 68%;
(ii) LHMDS, PhSeCl, THF, -78°C —> 25°C and then H03, Py-CHyCl,, 0°C —> 20°C,
48%; (iii) PdCl,y, CuCl, DMF, H20, O, R.T., 2h, 78%; (iv) NaH, THF, 50°C, 1h,
75%; (v) HOCHCHp0H, PTSA, Benzene, 90°C, 2h, 88%; (vi) O3, MeOH, -78°C then
NaBH4, =-78°C —> R.T., 82%; (vii) MeSO3Cl, Et3N, CHyCl,, -23°C —> 0°C, 2h,

80%; (viii) CH3NH,, DMSO, 85°C, seal tube 18h, 40%; (ix) 15% HCl, THF, lh, 50%.

Conjugate 1,4-addition of the Grignard reagent prepared from 4-bromo-1-
butene to 6 in the presence of Cu(I) furnished a 1:2 mixture of gig,gxg,gig-lgs
and gig,gg;i,g;g-;lﬁ respectively, Scheme 3.7 The major required isomer 11 was
cleanly transformed to the trienone 12 via phenylselenylation-selenoxide elimi-
nation sequence. Regioselective Wacker-type oxidation of the butenyl side
chain, according to the Tsuji methodology,a gave the ene-dione 13. Deprotona-~

tion of 13 with base resulted in the contemplated intramolecular Michael addi-



2042

tion and the tetracyclic dione 116 having desired stereochenistry at all the
five ring junction stereogenic centres was obtained. The stereochemistry at
the newly generated stereocentre is based on the well precedented expectation

that bicyclo(3.3.0]loctanes predominantly react on the convex surface.

The stage was now set for the transformation of the cyclopentene ring in
14 to the N-methyl piperidine moiety. For this purpose, the carbonyl groups - in

14 were duly protected to give the bis-ketal 15. Ozonolysis of 15 followed by

reductive work-up led to the bis-ketal diol 16 which was converted into the
dimesylate 17. Exposure of 17 to methylamine in DMSO resulted in facile double
displacement and formation of the N-methyl piperidine ring. The reaction pro-
duct was hydrolysed to unmask the carbonyl groups and the tetracyclic diketone
56 was realised as envisaged in Scheme 1. We have thus achieved the construc-
tion of the complete framework present in 1-3 with correct stereochemistry and
proper functionalisation in rings A and B. Further elaboration of this
approach to natural products 1-3 is being actively pursued.g
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