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ABSTRACT: Conjugate addition [tetrahydrofuran (THF)-Et20, CuBr,Me2S, BF3'Et20, -78OC] of 

the Grignard reagent 8 to the enones 9, 12-17, followed by base-promoted intramolecular 

alkylation of the resultant products, gives the (Z)-ethylidenecyclopentane annulation 

products 11, 18-23, respectively. This new annulation method is applied to the total 

synthesis of the oplopanane-type sesquiterpenoids 27, 28, and 38. 

In a recent communication,1 we described an efficient, stereoselective synthesis of 

alkyl (E)- and (i!)-3-trimethylstannyl-3-alkenoates (1 and 2, respectively) and noted that 

the geometric isomers 1 and 2 (R=Me, RI-Et) can be converted smoothly into the corresponding 

chlorides 3 and 4. We report herein the effective use of compound 4 in carrying out (z)- 

ethylidenecyclopentane annulation reactions (generalized in 5 -> 6) and describe the appli- 

cation of this new synthetic method to the total synthesis of the oplopanane-type sesqui- 

terpenoids (A)-oplopanone (27), (+)-8-a-oplopanone (38), and (*)-anhydro-oplopanone (28). 

Transmetallation (MeLi, THF, -78OC, 20 min) of the vinylstannane 4 produced the lithio 

derivative 7, which, upon treatment with 1.2 equivalents of anhydrous MgBr2, "as converted 

into the Grignard reagent 8. Dilution of the solution (-78'C) with Et20, followed by 

successive addition of CuBr.Me2S (0.3 equiv.), 2-cyclohexen-l-one (9) (1 equiv.), and 

BF3'Et20 (1.2 equiv.)2 gave, after a reaction time of 2 h and suitable workup, the conjugate 

addition product lo3 (70%). Intramolecular alkylation (KH, THF, r.t.) of the latter 

material provided the bicyclic olefinic ketone 11 (78%). 

The generality of this interesting (Z)-ethylidenecyclopentane annulation sequence "as 

demonstrated by the conversion of the enones 12-17 into the annulation products 18-23, 

respectively. In each case, a procedure identical with that outlined above "as employed. 

The overall yields were typically about 50%. Interestingly, even the conjugate additions of 

the relatively hindered Grignard reagent 8 to the fi,p-disubstituted enones 12, 15, and 17 

were quite efficient. 

The constitution and relative stereochemistry of compound 18, which is structurally 

related to some recently prepared steroid CD-ring synthons, was shown conclusively as 

follo"s. Hydrolysis (K2C03,MeOH) of the acetate 244 (one enantiomer), followed by oxidation 

(C5H5N.Cr03'HCl, NaOAc, CH2C12) of the resultant alcohol 25, provided the ketone 26 which 

"as spectrally different from 18. However, treatment of 26 with KOH in EtOH-H20 caused 

complete epimerization at the bridgehead position adjacent to the carbonyl group and 
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? M=Li 
8 M=MgBr 

R’P 
12 R=H, R’=Me 18 R= Ii, R’=Me 
13 R=Me,R’=H 19 R=Me,R’=H 

14 R=R’=H 20 R=R’=H 17 

15 R=H,R’=Me 21 R=H,R’=Me 

16 R=Me,R’=H 22 R=Me,R’=H 

23 24 R=Ac 26 
25 R=H 

produced a ketone which exhibited ir and 1H nmr spectra identical with those of our 

annulation product 18. 

The structurally interesting sesquiterpenoid (-)-oplopanone, initially isolated from 

Oalopanax iaponicus, was shown5 to possess the constitution and absolute configuration shown 

in formula 27. Two total syntheses 

:@; &? ?I!? 

of (+)-oplopanone have been 

reported.6*7 The olefinic ketones 

. . 0 ZFO zio 
(-)-anhydro-oplopanone (28)8 and (-)- 

a-oplopenone (29)' are also natural 

27 28 29 products, having been isolated from 

Eurvops uedunculatus and Santolina 

obloneifolia, respectively. The substances 27-29 are three members of a small group of 

oplopanane-type sesquiterpenoids which are, formally, rearranged cadinanes. 

~~~~~~~~~~~o 

H 
30 31 32 & 

H 34 35 fl-acetyl 

33 trans 28 a-acetyl 

Scheme 1. (a) 8, CuBr.MezS, BF3'Et20, THF-Et20, -78OC, 2 h (b) KH, THF, r.t. (c) 

HOCH2CH20H, C5H5N.D-TsOH, C6H6 (d) BH3.Me2S, THF, r.t.; NaOH, H202, 40-50°C (e) 

C5H5N.p-TsOH, acetone-H20 (f) NaOMe, MeOH, r.t. (g) Ph3P=CH2 (3 equiv.), DMSO, r.t. 

(h) C5H5N.Cr03'HCl, CH2C12 (i) NaOMe, MeOH, 60°C, 24 h. 
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Examination of the structures of 27-29 indicates that the annulation method described 

above could play a key role in a short synthesis of these natural products. A total 

synthesis of (+)-anhydro-oplopanone (28) is outlined in Scheme 1. (Z)-Ethylidenecyclo- 

pentane annulation of 4-isopropyl-2-cyclohexen-l-one (30) provided, in 64% yield, the 

bicyclic ketone 31.l' Conversion of 31 into the keto alcohol 32 proceeded in a 

straightforward manner. Equilibration (NaOMe, MeOH) of 32 produced a 1:3 mixture of 32 and 

the epimer 33, respectively. Importantly, the latter substance reacted with Ph3P=CH2 more 

rapidly than did 32 and, since the Wittig reaction was carried out under equilibrating 

conditions, the 1:3 mixture of 32 and 33 was converted primarily into the desired 

m-fused olefinic alcohol 34 (76% yield after flash chromatography on silica gel). 

Oxidation of 34 and (slow!) equilibration of the resultant ketone 35 yielded a 7:93 mixture 

of 35 and (+)-"anhydro-oplopanone (28). Fractional crystallization of this mixture from 

petroleum ether provided (77% from 34) pure 28, m.p. 68'C, which exhibited spectra identical 

with those of authentic (-)-anhydro-oplopanone (28).8*11 

Treatment of the 1:3 mixture of 32 and 33 with dimethylsulfonium methylide12 in 

DMSO-THF (see Scheme 2) gave the epoxide 36 (m.p. 92.5-93'C, 69% yield after flash 

chromatography), accompanied by two minor products. Reduction of 36 and oxidation of the 

resultant diol afforded the ketol 37 which, upon equilibration, provided a 7~93 mixture of 

H 
32,33 36 

H 
37 P-acetyl 

36 a-acetyl 

Scheme 2. (a) Me3S1, MeSOCH2Na, DMSO-THF, -5'C -> r.t. 

(b) LiAlH4, Et20 (c) C5H5N.Cr03.HC1, CH2C12, NaOAc (d) 

NaOMe, MeOH, 60°C, 24 h. 

37 and (f)-8-&-oplopanone 

(38) (m.p. 62OC, purified by 

flash chromatography and 

recrystallization from 

hexane-ether). The 400 MHz 

lH nmr spectrum of 38 was 

very similar to, but clearly 

different from, that of 

authentic (-)-oplopanone 

(27).13 

It is pertinent to point out that, recently, Raster and WolflO reported an efficient 

preparation of the ketone 39 (mixture of epimers). Treatment of this material with 

dimethylsulfonium methylide12 (equilibrating conditions) was reported to give mainly the 

epoxide 40 which, upon subjection to an appropriate sequence of reactions (LiAlH4 reduction, 

ozonolysis, and base-promoted equilibration), was claimed to provide (+)-oplopanone (27). 

However, the m.p. of this synthetic substance (63-640C)14 was quite different from those 

reported (101.5-102°C,6 97-98'C7) 

evident from our work, summarized 

& ---"--& -----+ppO ,,:.:~~~~~~~~~~a~~~~o~d 

39 40 27 (+)-27, but (+)-8-&-oplopanone 

(38). 

A successful synthesis of (+)-oplopanone (27), starting from our synthetic intermediate 

34, is summarized in Scheme 3. Thus, epoxidation of 34 via the corresponding bromohydrins 15 
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gave, after chromatographic separation of the two resultant products, the desired epoxide 

(63%, m.p. 91'C) along with a small amount (12%) of the epimeric substance. Reduction of 

provided the corresponding diol (m.p. 117-118°C) which, upon oxidation, afforded the keto 

.-0 _ _OH alcohol 42 (m.p. 68OC). 
*. 

41 

41 

f;;;;;~~~;;=-nd 
fractional crystallization of 

H H 
34 41 42 p - acetyl 27, 6:94, respectively), gave 

27 a - acetyl (*)-oplopanone (27, m.p. 

Scheme 3. (a) NBS, HoO-DMSO, r.t.; K?CO?, MeOH, r.t. 
99-1CC'C) in 76% yield from 

L - ” 

(b) LiAlH4, Et20 (c) C5H5N*Cr03'HCl, CH2C12 (d) 
41. Compound 27 exhibited 

NaOMe, MeOH. 40-45'C, 36 h. 
spectra identical with those 

of natural (-)-oplopanone.13 
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