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Abstract: The concept of carbocycle-heterocycle equivalency has beer 

utilised to assemble the framework of fawcettimine-serratinine grol:p of 

alkaloids from 1,5_cyclooctadiene through a common tricarbocyclic inter- 

mediate 3. 

Lycopodium alkaloids exhibit a fascinating spectrum of structural 

variation and biological activity and have, therefore, emerged as 

challenging and popular targets of synthesis in recent years.I Rmong 

them, fawcettimine 1 from &oUodium fawcettiZa and serratinine 2 from 

Lycopodium serratum THUNB., 2b having close structural and biogel!etic 

kinship, are prototypes of a growing family.2crd The synthetic appe-il of 

these alkaloids emanates from their unusual framework, embellished with 

stereochemical intricacies and considerable functionalisation,3 Herein we 

describe the attainment of the complete framework present in 1 and 2, with 

desired stereochemical disposition and adequate level ot functionalisa- 

tion, following an approach based on carbocycle-heterocycle equivalen-,y. 

From a retrosynthetic perspective, the key element was the recogni- 

tion that the indoliaidine moiety in 2 was equivalent to the aaacyclo- 
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l~urla~ic moiety (r-ing C) in 1, which in turn was ~.i)riside)red equivalent to 

cyclooctene (ring C) in 3. Thus, the tricarbocyclic framework 3 was 

identified as the advanced cQmmnn intermediate fnr 1, 2 and other alxa- 

loids of this group. Further bond discor!r!ections in 3 led to hicyclic 

dienone I (BC rings) and then to l,S-cyclooctadiene 5(f), Scheme 1. 

Dienone 4 is readily available from 5 through a cyclopentennne annulation 

methodology that we developed some years ago4 and nllr first objective '+Jas 

to elaborate it to the 'common core' 3; 

Conjugate l,l-addition of the Grignard reagent prepared fr-om 4-brcno- 

I-butene to 4 in the presence of Cu(1) complex and HF3-etherate furnis'led 

a 5: 1 mixture of c>s--6 and &ra~>s- 6 in qvod yield. T11e &. 6 could be 

readily and completely converted to the desired tra_nA-6 on exposure to 

base. The trans.-6 was transformed to enone 7 y& phenylselenylati,on- 

sclcncoxidc elimination sc~~ucnce and the butehyl side chain was then s;lb- 

jetted to regioselective Wacker-type oxidation5 with Pd+2 to furnish 

dienc-dione 8, scheme 2. On exposure to base,8 under-went the contemplated 

intramolecular Michael addition to furnish the key tricarbocyclic di,ne 

3.6 The cyclooctene --=+ nzacyclononane equivalency in 3 w;1s est.ahlisled 

through conversion to &-acetal 9, reductive ozonolysis to diQ1 .Ind 

eaqents and Yield: (i) MMgBr, CuBr-Me2S, BF30Et2, Me2S, THF, - 
8°C - 0"C, 75%; (ii) 2% KOH/MeOH, RT, 91%; (iii) T,i-hexamcthylr:i- 

ilazidc, PhSecl, THF, -78°C -s HT; 30% HzQ~~ pyridine-DCM, O°C --+ l?T, 

0%; (iv) PdC12-02, CuCl,aqDMF, RT, 86%; (v) NaH, THF, 50"@, 78%; (y,i) 
OCH2CH2OH, camphorsulphonic acid, benzene, ?O‘C# 88%; (vii) Odr MeOH - 
8"C, NaBH4, -78°C _ RT; (viii) MeSO2C1, Et3N, DCM, -23°C --+ RT, 05 
rom 9: (ix) TBNH2, n-Bu4NI, NaOH, benzene., hI,rJ, ?O”C, 48%; lx) pyritci- 
ium-p-toluenesulphonate, acetone, 65"C, 892, 

Scheme 2 
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derived dimesylate 10 to furnish 11.6 Stereostructure of 11 was secured 

throuqh a single crystal X-ray structure determinationa Deprotection in 

II led to. the diketone 12, which has the f'awcettimine fr<lmework. 

FOT elaboration into serratininr framework, the common intermediatf: 3 

was chemoselectively monoprotected, reduced with sodium horohydride .ind 

converted into the t-butyldimethylsilylether 13. Cyclnoctene ring in 13 

was now elaborated to the N-tosylazacyclononans moiety in a three step 

sequence (vide supra) to furnish II, Scheme 3, Brief exposure of 14 to 

RFg--ether-ate resulted in carbonyl deprotection as well as the unexpected 

but desirable hydroxyl elimination to furnish the tuicyclic enone 14.6 

The indolizidine moiety was now qenerated to complete the serratinlne 

framework. The carbonyl group in 15 was protected and the resultLng 

acet.al W?iS epoxidised to furnish a mixtllre of epoxidos 16. The crude 

cpoxide mixture was treated with sodium-naphthalenide to remove N-tosyl 

group and s - 

3 ._ 

multaneously effect transannular cyclisation to the contemp-la- 

o,l, 1 

i-iii 

X 

iv-vi 

teaqents and Yield: (i) HOCH~CHZOH, PPTS, benzene, 90°C: (ii) NaRH4, Me(_lH, 

IT; [iii) TBDMSCl, DEW, DMAP, BCM, RT, 64% from 3; (iv) 03, MeOH, -7&C, 

IaBH4, -78°C --_, RT; (v) MeSo2C1, Et3N, DCM, -23°C --+ RT, 73% from 13; 

'vi) TsNH3, n-Bu4N1, NaOH, benzene, H20, 50%: (vii) BF3OEt2, CHC13, IT, 
12%; (viii) HOCHZC(CH3)2CH20H, PPTS, benzene, 90°C; (ix) MCPBA, DcM, 

1°C -+ RT; (x) Na-naphthalene, DME, -7R"C, (18% from 15), 

Scheme 3 

ted tetracyclic framework 17, Scheme 3. The stereochemical assignment at 

the newly gcncrated quaternary centre follows largely from the previous 
precedence for such cyclisatinn.3b 

Having accomplished the construction of the tri- and totraoyci ic 

systems 12 and 17, representing the frameworks of 1 and 2, respectively, 

we hope to exploit the carbonyl handle present in ring A to generate the 

requisite functionalisation of the natural products of this lycopodjum 
family. 

References and Notes: (1) D.B. McLean i il "The Alkaloids, Chemistry and 
Physiology', R.H.F. Manske (Ed.), Academic Press, New York, 1973 _ IOr 



6222 

leading reference on the synthesis of various lycopodium alkaloids, see, 
Schumann, D.; Muller, H-J.; Naumann, A. Liebiss Ann. Chem A, 1982, 1700; 

Mehta, G.; Reddy, M.S.; Tetrahedron Lett -I 1990, 2039. (2) (a) Inubushi, 

Y' Ishii, H.; Harayama, T.; Burnell, R.H.; Ayer, W.A.; Altenkirk, B. 

&_rah_edron &ett. , 1967, 1069. (b) Nishio, K.: Fujiwara, T.; Tomita, K.; 
Ishii, H.: Inubushi, Y.; Harayama, T. Tetrahedron Lett., 1969, 861. (c) 

Hu, T.; Chandler, R-F.; Hanson, A.W. Tetrahedron Lett ------L, 1987 ( 5993. Cd) 
hyer, W.A.; Kasitu, G.C. Can, J, Chem -__I 1989, 67, 1077. (3) For the pre- 

vious syntheses of fawcettimine and serratinine, see, Heathcock, C.H.: 

Blumenkopf T.A.; Smith, K.M. 3. Oru. Chem A‘ 1989, 54, 1548. (b) Harayama, 
T .; Takatani, M.; Inubishi, Y. Chem A Pharm. Bull -2, 1980, 28, 2394; 
Harayama, T.; Ohtani, M.; Oki, M,; Inubushi, Y. Chem. Pharm. Bull A, 1975, 

22, 1511‘ (4) Mehta, G.; Rao, K.S. Tetrahedron Lett A, 1984, 1839. (5) (a) 
Tsuji, J.; Schimizu, I.; Yamamoto, K. Tetrahedron -LetA, 1976, 2965. (b) 
Mehta, G.; Rao, K.S. J. Am. Chem A sot A# 1986, J~38, 8015. (6) All new 
compounds reported here gave satisfactory spectral and analytical or HRMS 

data. Stereochemistry of all compounds except 17 has been further rein- 
forced by X-ray crystal structure of 11. 3: 13C NMR (25.0 MHz, 
CDC13): 6 218.5, 210.7, 131.9, 128.1, 56.3, 43.5, 43.1, 41.2, 40.2, 36.2, 
33.9, 26.8, 25.5, 23.4, 23.3. 11: 13C NMR (25.0 MHZ, CDC13): 6 143.2, 
135.2, 129.7(2C), 127+6(2C), 117.2, 109.2, 65.3, 64.5, 63.4(2(Z), 51.5, 
48.9, 42.6, 40.6, 38.5, 32.0, 30.2, 29.6, 27.3, 25.2, 21.5(2C), 19.3. 15: 
13C NMR (25.0 MHz, CDC13): 6 214.7, 145.1, 143.5, 134.2, 129.7(2(3), 
127.6(2C), 126.9, 54.2, 50.1, 43.8, 43.1, 39.3, 38.0, 36.2, 32.3, 30.6, 
28.4, 21.5, 20.6, 20.4. (7) C26H3706N S , Mr=491.7, Triclinic, PI-, 
a=9.582(2), b=10.686(2), c=12.798(3) A, a.=97.04 (2), 8=95.55(2), 
Y =106.97(2), V=1231.8 A, D cal=1.326 Mgms3, u=O.7 mm-I, X(CuKti)=1.5418 A, 
F(O00)=528, 2=2, T=293K. Intensity data were collected on an Enraf-Nonius 

CAD-4 diffractometer using a crystal of dimensions 0.24 x 0.20 x 0.12 mm, 
up to 28=112", using -29 scan. Lorentz and Polarisation corrections 
were applied. Absorption correction8 was also applied, transmission fac- 
tors varied from 81.9to 99.9%. A total of 3546 reflections were recorded 
for 0 5 h 5 10, -11 5 k 5 11, -13 5 1 5 13 of which 1990 were considered 
observed [l 2 3 r (1)). The statistics for normalised structure factors 
favoured the space group Pl-. The structure was solved by direct methods 
by 'RANTANt option of MULTAN.10 The E-map computed with the best set of 
phases revealed the positions of all 34 nonhydrogen atoms. 30 out of 37 
hydrogens were located from different Fourier maps computed at various 

stages of refinement. The remaining 7 H-atoms were fixed geometrically. 
Full matrix least squares refinement of F's with anisotropic temperatures 
Cor non-H atoms and fixed isotropic temperaturas for hydrogens 

[Biso==B.O AZ] R value converged to 0.069. Maximum shift/e d =0.47, 
Rw=0.074, individual weights, w=l. Maximum and minimum electron densities 
in the final difference Fourier map were +0.48 and -0.41 e/A.-3 Atomic 

csordinates, bond lengths and angles, and thermal parameters have been 
deposited at the Cambridge Crystallographic Data Centre. (8) North, 
A.C.T.; Phillips, D.C.; Mathews, F.D. Acta Crvst., 1968, A24 351. (9) 
Sia-Xing, Y. Acta Crvst., 1981, &Q, 642. (10) Germlin, Gy' Main, P.: 

Woolfson, M.M. Acta Crvst., 1971 m, 368. 

(Received in UK 8 Augustl991) 


