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Abstract: Cycloalkylation of dimethyl malonate and tosylmethylisocyanide with cis cis-1,9- 
dibromonona-2,7-diene has demonstrated the feasibility of direct cyclization as a routeto func- 
tionalized cis cis-1,6-cyclodecadienes. _*- 

Eupacunin(&), an antileukemic sesquiterpene lactone isolated from Eupatorium cuneifolium, 

is one of a small number of germacranolides reported to contain the cis,cis-1,6-cyclodecadiene 

ring system. 
1 

This feature, together with the existence of the o-bromobenzoate lb in the less - 

favored boat conformation 2 in the crystalla 

= 

led us to consider approaches to the total synthesis 

of this natural product. Construction of the medium ring diene by a method compatible with 

controlled incorporation of a number of substituents, especially allylic oxygen functionality, is 

essential to development of a rational strategy, and we have consequently turned our initial 

efforts toward this aspect of the problem. Known approaches to cis,cis-1,6-cyclodecadienes3 did 

not appear sufficiently flexible for this purpose. However, the efficient formation of 4,9- 

dihetero analogues via double cycloalkylation with 1,4-dihalo-cis-2-butenes, 
2a,4 

together with the 

unique conformational properties of the ring system, 
2 

suggested that cycloalkylation with a 

bis(allylic) substrate such as 6, in which SN2' processes are not likely to intervene, 
3b 

should 

be feasible and serve as a useful model for testing a direct cyclization approach to the diene 

system. Experiment has now confirmed this prediction, and we report here the preparation of 

dibromide 6 and its successful conversion to cis,cis-cyclodeca-3,8-dien-l-one (10). 
= 

Reaction of 2.1 equiv. of THPOCH2CfCLi (THPOCH~CXH, n-BuLi, THF), with 1,3-dibromopropane 

(TEF, 72h reflux) followed by MPLC separation on silica (20% EtOAc-hexanes)5 afforded 2 (Rf=0.36)6 

and 2 (~~'0.27)~ 
= 

in 31% and 41% yields, respectively.8 Additional 3 was obtained by further = 

reaction of 2 with 1.5 equiv. 
= of THPOCH CXLi (THF, 48h reflux, 63%). 

(p-TsOH, CH30H, 3-5h reflux) gave 2, m.:. 

Methanolysis of 2 

40-41°, in 75-80% yield after flash column 

chromatography (Et20, R,=O.34)' and recrystallization from ether/pet. ether. Two successive 

refluxings 
10 

and separations were necessary for an acceptable yield since complete conversion 

&, R = H; R' = angeloyl 

&, R = o-bromobenzoyl; R' = angeloyl 
- 
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a) E-BuLi/THF; b) Br(CH2)3Br/THF/reflux/3d; c) p-TsOH/MeOH/reflux; _ d) Lindlar cat./H2(2atm.)EtOAc; 

e) CBr4/Ph3P/CH2C12/00; f) CH2(C02Me)2/KH/THF; g) TosMIC/KH/THF; h) 40% HC1/Et20/CH2C12. 

would not occur in one step, even under extended refluxing and a variety of cleavage conditions. 

The bis(acetylenic) diol was reduced to bis(allylic) diol 1 [Lindlar catalyst, H2(2atm.), EtOAc], 

which was converted without further purification to the dibromide 2 l1 (Ph3P, CBr4, CH2C12, O", 

65-73% from 5). 
12 

This thermally unstable compound was reacted further immediately after 

distillation (b.p. 65-70°/0.05mm). 

Dropwise addition of a small excess of 2 to a solution of dimethyl malonate in THF contain- 

ing 3 equiv. of KH and subsequent stirring for 13h at ambient temperature produced cyclodeca- 

diene s13'14 in 38% yield. The yield of &was significantly improved by use of high dilution 
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conditions. Addition of a solution of dimethyl malonate and dibromide 2 in THF to a THF 

suspension of 3 equiv. of KH over a period of 7.5h at ambient temperature and further 

stirring for 6h afforded 61% of 7a. = With malonate 6 in hand, = attempts were made to convert 

it to dienone S. 
= 

Saponification of 7a (KOH, EtOH, H20, reflux 10h) afforded diacid 2 (white needles, m.p. = 

209.5-210.5') after purification by TLC (C6H6-CH30H-HOAC, 45:8:4, Rf=0.4U) and recrystallizatio 

from ethanol. However, all attempts to convert 7b to 9 using lead tetraacetate 
15 

= = or a double 

Curtius rearrangement 
16 

were unsuccessful, and the use of a more suitable formaldehyde dianion 

equivalent for reaction with 6 was consequently investigated. = Methyl methylthiosulfoxide was 

examined initially due to its previously reported use in producing cyclic ketones from 

o.,w-dihalides, 
17 

but repeated attempts at cyclization gave onlydifficultlyseparable mixtures 

which failed to produce dienone 2 upon hydrolysis. 

Subsequent evaluation of a number of other formaldehyde dianion equivalents prompted us to 

investigate the use oftosvlmett;~lisocyanide (TosMIC). 
18 

Reaction of 6 with TosMIC under the = 

high dilution conditions described above afforded 8 (m.p. 94-95' dec.) in 59% yield after 

purification by MPLC (15% acetone-hexanes, Rf=0.28) and recrystallization from aqueous 

ethanol. Acid catalyzed hydrolysis 
18a 

of 2 (40% aqueous HCl, 3:l Et20-CH2C12) followed by 

extractive workup and sublimation of the crude product afforded 2 (m.p. 90.5-91.5') in 54% 

yield. 
19 

These results demonstrate that functionalized cis,cis-1,6_cyclodecadienes may be syn- 

thesized in preparatively useful yields by double displacement ring closure with the proper 

choice of nucleophile. Extension of this chemistry to more structurally complex systems is 

currently under investigation as a route to germacranolides. 
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