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THE INTRAMOLECULAR [4+2]r CYCLOADDITIONS 

OF (3-ALKENYL)CYCLOPENTADIENES 

Roger L. Snowden 

Finenich SA, Research Laboratories, 1211 Geneva 8, Switzerland 

Abstract: The intramolecular cycloadditions of four specifically functionalised (3-alkenyl)cyclo- 
pentadienes are studied; the observed regiochemistries are in agreement with the predictions of 
frontier orbital theory. 

The thermal intramolecular [4+2]a cycloadditions' of (n-alkenyl)cyclopentadienes give, 

depending on the carbon chain length, two types of tricyclic cycJoadducts, A or B (Scheme 1). A 

chain length of 5 (n=4)2 or 6 (n=5)3 leads specifically to structures of type A (via the l-(n- 

alkenyl)isomer)whereasa chain length of 4 (n=3)2 gives exclusively (via the 5-(n-alkenyl) iso- 

mer) tricyclo[4.3.0.03'7 lnon-4-ene (type B). Although the former cycloaddition has been used as 
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a key step in a synthesis of (+)-cedrene' no synthetic application has been found for the latter 

cycloaddition despite the fact that several naturally occurring sesquiterpenes such as sativene6, 

longifolene7 and sinularene' are structurally related to cycloadduct B (n = 3). In an attempt to 

synthesise regio- and stereospecifically functionalised tricyclic molecules of type B the intra- 

molecular cycloadditions of l-(3-butenyl)-3-trimethylsilyloxycyclopentadiene (1)'. l-(3-butenyl)- 

2-methylcyclopentadiene (z), l-(3-butenyl)-2-methyl-4-trimethylsilyloxycyclopentadiene (2) and 

methyl 5-(2-methyl-4-trimethylsilyloxycyclopentadienyl)-2(E)-pentenoate (4) were studied, see Table. 

The intramolecular cycloadditions of l_, 2 and 3. were effected by thermolysis at 250°. In 

experiments (i) and (iii) the product mixtures were then treated with methanol to convert the 

labile intermediate tricyclic trimethylsilylenol ethers to the mixtures of 5, 5 and 2, 10 - 
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respectively. In experiment (iv), treatment 

methylchlorosilane (Zeq) and zinc chloride 

of cyclopentenone 14 with triethylamine - 

(0.03eq) in toluene at reflux during 3 

(2 eq),tri- 

days gave 

directly, in 94% yield, methyl 3-methyl-5-oxo-tricycloC4.3.0.0 3'71nonane-2-carboxylate (11) as a - 

mobile oil, bp 130-1400 (bath)/O.l Torr. Because 11 is not formed in the absence of trimethyl- - 
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a) For simplicity only the cyclopentadiene which can undergo intramolecular cycloaddition, 

from the five possible double bond isomers, is drawn. b) For experiments (i), (ii) and 

(iii) thermolysis was effected in 5% benzene solution in sealed silylated Pyrex tubes, for 

experiment (iv) in 5% toluene solution. c) Isomeric mixtures not separated: proportions 

calculated from "C-NMR and GC (capillary column). Regiochemical assignments follow from 

chemical correlation l1 coupled with comparison of NNR spectra and GC (capillary column) co- 

injection. Confirmation of these assignments is provided by the conversion of 11, to (?)-sa- 

tivene". d) Refers to pure (preparative GC or distillation) products. e) Thermolysis 

followed by treatment with methanol (20°/16h). f) Contains cd. 20% of 1,3-positional iso- 

mer. g) Not isolated, see text. h) Directly isolated after thermolysis. 

chlorosilane, the trimethylsilylenol ether f?. appears to be the key reaction intermediate. This 

may then lead to 11 by either a stepwise double Michael reaction13'14 or a concerted intra- - 

molecular cycloaddition. Despite the non-observance of either 2 or the trimethylsilylenol ether 

of 11 decisive support for the latter mechanism comes from the stereospecificity15 of the trans- - 

formation (14 * 11). -- 

The syntheses of the four cycloaddition substrates (T_ _ + 4 inclusive) are described in Sche- 

me 2. The dialkylcyclopentadiene 2 is obtained by the mono-alkylation of the sodium salt of 

methylcyclopentadiene. The trimethylsilyloxycyclopentadienes 1, 2 and 4 are prepared from their 

analogous cyclopentenones g, e and 14 l6 which are themselves derived from 3-methoxy-2-cyclo- 

pentenone17. 
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(i) NaH/wBrk3Oo/THF. (ii) LDA/THF/-70° then HMPA/wI/-70°/ld. (iii) DIBAH/ 

toluene. (iv) H30+. (v) ZnClz (0.03 eq)/(CHa) ,SiCl (2eq)/EtsN (2 eq)/45O/16h. 
(vi) CHsLi/THF'. (vii) LDA/THF/-70° thenBMPA/C0,yZ/1/-700/ld. (viii) (CH30)2P(0)- 

CH2COnCH3/NaH/THl?/20°/2min. (ix) ZnClp(O.03 eq) /(CH3) pSiC1 (2eq)/EtgN (2eq)/llOo/3d. 

*Not isolated, under the conditions of its formation 4 is transformed directly into 11 -* 

From a theoretical viewpoint the cycloaddition regiochemistries exhibited by 1, 2_, 2 and 4, 

progressively increasing to culminate in the regio- and stereospecific formation of 11, are in -- 

full agreement with the predictions of frontier orbital theorylg. The cycloadditions of l_, 2 and 

2 are particularly significant as they provide rare examples where "meta" adducts are predicted, 

diradical theory making an opposite prediction". 

For preparative purposes these intramolecular cycloaddition experiments demonstrate that 

functionalised tricyclo14.3.0.03'7 lnonanes may be constructed regio- and stereospecifically from 

suitably substituted (3-alkenyl)cyclopentadienes. As a synthetic application a stereoselective 

synthesis of (+)-sstivene is described in the following letter. 

1. 

2. 

3. 

For two recent reviews 

Ed., 16, 10 (1977); G. - 
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