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Abstract: A highly stereoselective formal total synthesis of homogynolide-B via the 
ketoketals g and the ketospirolactone a starting from Hagemann's ester 2 is deszibed. 

Bakkanes, are an interesting class of tricyclic sesquiterpenes 

embodying an unusual a-Spiro-P-methylene-y-butyrolactone fused to a 

hydrindane framework,' and have been shown to posses cytotoxic and 

antifeedant properties.2 Homogynolide-B (&), a bakkane, was isolated from 

the neutral extracts of the plant Homogyne alpina (L.) CASS. along with 

bakkenolide-A and homogynolide-A.3 Despite their established biological 

properties, bakkanes have received only limited attention from synthetic 

chemists,' and only one synthesis' of homogynolide-B has been reported so 

far. Herein we report a total synthesis of (+)-homogynolide-B starting 

from Hagemann's ester 1. 

Bakkenolide-A Homogynolide-A Homogynolide-B (1) 

Retrosynthetic analysis of the homogynolide-B (1) readily identified 

the ketospirolactone 3a and the ketoketal la as the key intermediates. We 

therefore adopted the 1 -( a + 4a + 3a -, & approach to homogynolide-B. As 

a model study first the sequence was carried out without the sec. methyl 

group, and Ragemann's ester 8 was successfully converted to the ketospi- 

rolactone a. The same methodology has been extended for the synthesis of 

the ketospirolactone 3a (Scheme 1). Thus, monomethylation of Hagemann's 

ester using sodium hydride and methyl iodide at -50°C cleanly furnished 

the y-methylated product $ in over 95% yield with only trace amounts of 

the a-alkylated product.6 Ketalisation of 5 using the standard procedure 
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as reported6 earlier gave the requisite olefin isomerised ketalester 1 in 

50% yield along with the unisomerised ketalester (37%). Lithium aluminium 

hydride reduction of the ketalester 2 resulted in the ally1 alcohol B in 

97% yield in a regiospecific manner. The one pot Claisen rearrangement' of 

@ with 2-methoxypropene in toluene in the presence of a catalytic amount 

of propionic acid furnished an inseparable epimeric mixture of the enone 

5 2 X=MQ, Y=H 
- _b.X=H,Y=Me 

12 - 
x&X=W, Y=H 

b~X=H,Y=Me 

ahX=Me Y=H &I mc P.X=HY&Me - 
&X=Y& 

SCHEbIE 1: Reagents anti ccmditions; (a) NaH, THF, MeI, -50°C, 5 h, 97%; (b) 

(CH,OH),, p-TSA, C,H,, reflux, 40 h, 50%; (c) LiAlH,, Et,O, -70°C, 3 h, 97%; 

(d) CH2=C(Me)-OMe, PhMe, sealed tube, 100°C, 10 h; 190°C, 48 h, 75%; (e) 

i. 0,/O,, MeOH-CHzC12, -7OOC; ii. Me+, -7OOC - RT, 3 h, 80% fSa:Sb, 3:2); 

(f) Chromatography on SiO,; (g) KOH, MeOH, reflux, 4 h, 99%; (h) 10% Pd/C, 

H,, EtOAc, 100%; (i) PhsP+CH20Me Cl-, K'-O'Am, THF, RT, 8 h, 75%; (j) NBS, 

HC3C-CH20H, CH,Cl,, -5O"C, 89%; (k) "Bu,SnCl (0.15 equi.), NaCNBH,, AIBN 

(catalytic), 'BuOH, reflux, 1.5 h, 76%; (1) i. 10% aq. HCl, THF, RT, 3 h, 

80%; ii. PCC-silica gel, CH,Cl,, RT, 6 h, 93%; (m) DBU, CH,Cl,, RT, 3 h, 

100%; (n, icference 5. 
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2. Ozonolysis of the epimeric mixture of 9 gave a 3:2 mixture of the epi- 

merit diones a,' mp. 90-92°C and 5b in 75% yield, which was separated by 

silica gel chromatography. The generation of two epimers in the Claisen 

rearrangement is of no consequence since the wrong isomer can be isome- 

rised to right one at a later stage (vide infra). However, the further 

sequence was carried out on individual isomers. The intramolecular aldol 

condensation of dione a followed by the catalytic hydrogenation of the 

resultant cyclopentenone &Q furnished the ketoketal &,I key intermediate 

in the sequence, in almost quantitative yield. A radical cyclisation 

methodology* was employed for the construction of the spirolactone moiety. 

Wittig reaction of a with methoxymethylenetriphenylphosphorane resulted 

in the enol ether 11 in 75% yield, which on treatment with N-bromosuccini- 

mide (NBS) in the presence of propargyl alcohol generated the bromoacetal 

12 in 90% yield. The 5-exo-dig radical cyclisation of the bromoacetal 12 

using an in situ generated' catalytic tri-n-butyltin hydride in refluxing 

tert . butanol (*Bu$nCl/NaCNBH,) in the presence of a catalytic amount of 

azoisobutyronitrile (AIBN) furnished the hemiacetal 13a in 76% yield in a 

highly stereoselective manner. The preferential formation of 13a can be 

rationalised via the cyclisation of the less crowded endo radical 14 

resulting in the hemiacetal moiety to occupy exo orientation. Simultaneous 

hydrolysis of the ketal and hemiacetal moieties in 13a with 10% aqueous 

HCl and THF followed by oxidation of the resultant ketolactol with PCC- 

silica gel furnished the ketospirolactone Ja, mp. loo-101oC (lit.5 99- 

102OC), which exhibited IR and 'H NMR spectra identical with those of the 

authentic samnle. 

c 0 

0 HL H 0Me 

. 
0 

14 - d 
Same sequence of reactions as described above transformed the epime- 

ric dikctone a into the hemiacetalm via the ketoketal B, mp. 78-81OC. 

Hydrolysis and PCC oxidation of the hemiacetal 13b generated a 3:2 mixture 

of the ketospirolactones 3a and s, via the partial epimerisation of the 

methyl group during hydrolysis. Finally, equilibration of the epimeric 

mixture of 3a:3b with 1,8-diazabicyclo[5.4.O]undec-7-ene (DBU) generated 

cleanly and quantitatively the ketospirolactone a. Since Greene et al.,’ 

have already converted the ketospirolactone B into homogynolide-B via 

reduction followed by esterification, our synthesis of 3a constitutes a 

formal total synthesis of (+)-homogynolide-B. 
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In conclusion, we have described here a highly stereoselective syn- 

thesis of homogynolide-B starting from Hagemanns' ester. Currently we are 

investigating the extension of this methodology for the synthesis of 

chiral homogynolide-B, which will be described in a full paper. 
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'All the compounds exhibited satisfactory spectral data (IR, 'H and 13C NMR 
and mass). 
1070 cm-'. 

Selected spectral data for the dione a: IR (neat): Y,,, 1705, 
'H NMR (270 MHz, CDCl,): 6 3.9-4.15 (4 H, m, 0-CH2CH2-0), 3.43 

and 2.70 (2 H, AB q, J=l7.4 Hz, C&AC), 2.74 (1 H, d of t, J=13.2 and 5.5 
Hz, H-6,), 2.40 (1 H, t of d, J=13.2 and 5.2 Hz, H-6,,), 2.12 (1 H, t of 
d, J= 13.4 and 5.2 Hz, H-5,,), 2.12 (3 H, s, COCH,), 2.02 (1 H, q, J=7 
Hs,CH-CH,) t 1.79 (1 H, d of t, J=13.3 and 5 Hz, H-5,), 1.17 (3 H, s, tert. 
CH,I , 0.95 (3 H, d, J=7 Hz, sec. CH,). 13C NMR (22.5 MHz, CDCl,): 6 213.0 

;zCH;$o) 
207.3 (s, C=O), 108.9 (s, O-C-O), 64.4 (t) and 65.5 (t) 

49.7 (2 C, s and d), 47.6 (t, CH,Ac), 35.6 (t, C-6), 35.4 (t, 
C-5), 31.3 '(4, CoCH,) , 21.2 (q, tert. Cif,), 9.0 (q, sec. CHJ). For the 
ketoketal a: IR (neat): v,,,),~ 1730, 1185, 1135 cm-'. 'H NMR (270 MHz, 
CDCl,) : d 3.8-4.05 (4 H, m, 0-CH,CH,-0), 2.83 and 1.91 (2 H, AB q, J=18.6 
Hz, H-3), 2.61 (1 H, dd, J=18.8 and 7.4 Hz, H-l,,,,), 1.3-2.0 (7 H, m), 1.1 
(3 H, s, tert. CH,), 0.905 (3 H, d, J=6.7 Hz, sec. CH:,). 13C NMR (22.5 MHz, 
CDCl,) : 6 219.5 (s, C=O), 109.9 (s, D-C-O), 64.0 (t) and 66.0 (t) 
(O-CH,CH+), 45.4 (d), 44.2 (2 C, t), 43.6 (s, C-3a), 42.0 (d), 33.8 (t), 
28.0 (2 C, t and q, C-7 and tert. CH,), 8.6 (q, sec. CH,). 
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