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Abstract: The title structures can be prepared by Diels-Alder cycloqddition of activated 
acetylenic or olefinic dienophiles tethered to a proximally-methylated butadiene unit. 

The trans-fused decalin system bearing a single angular methyl group is a ubiquitous 

structural subunit in terpenoid and steroid natural products. 1 Classical synthetic approaches 

to these subunits have often relied upon the Robinson annulation, followed by reduction of the 

resultant enone to secure the trans ring junction (eq 1). 
2 

Obviously, these sequences can 

readily accommodate certain functionality patterns, while tolerating others less well. A 

popular complimentary strategy for the construction of six-membered rings is based upon the 

Diels-Alder reaction, especially in the intramolecular sense. 3 However, questions relating to 

reactivity and stereoselectivity remain unanswered for certain types of diene-dienophile pair- 

ings. Reported herein is a demonstration that the strategy generalized in eq 2 can serve as_ an 

entry to functionalized, trans-fused decalins which are angularly methylated. 

The basic question to be addressed was whether the Diels-Alder process would be thwarted 

by the incipient angular methyl group. For example, the intervention of 1,5-prototropic shifts 

along the q ethylated diene would compromise its regio- and stereochemical integrity. 4 Second- 

ly, an unfavorable s-cis/s-trans equilibrium could increase the likelihood of competing pro- ---- 

cesses, at the expense of the desired cycloaddition. Thirdly, an intolerance of functionality 

at the nascent C(4), C(6), and C(9) centers would diminish the ultimate usefulness of this 

approach. Finally, the direct accessibility of a trans-fused ring junction from such a cycle- 

addition process was far from assured. 5 

The first three of these four concerns were dismissed by the results shown in Scheme I.6 

Addition of (Z)-4-lithio-1,3-pentadiene7 to aldehyde 1 8 gave the expected allylic alcohol, 

which was directly converted' to the corresponding t-butyldimethylsilyl (TBS) ether 2 (77% from - 

A). Thioacetal hydrolysis 10a followed by 1,2-addition of the lithium acetylide derived from 

methyl propiolate to the unmasked aldehyde and Jones oxidation (OoC, 8 min) gave the acetylenic 

keto ester 2 in moderate overall yield. This substrate proved to be a willing participant in 

the desired cycloaddition. Thermolysis of 2 in toluene at 200°C for llh provided in 77% yield 

a mixture (*l:l) of the bicyclic keto esters 2. Reduction of this mixture with ethanolic NaBH, 
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SCHEME I 6 
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'(Z)-4-lithio-1,3-pentadiene, 'I'HF, -78OC. bTBSC1, imidazole, DW, 250~. 'CRsI, CaCOs, CH,CN/ 

HgO, reflux. 
d 
IiCsCCOgBe, TBF, -78'C. eJones oxidation, O°C. fPhCH,, methylene blue, 2ODoC , 

llh. gNaBH4, EtOH, OOC. hLDA, THF/HMPA, 

jK2C0 

-78OC; CHsI, -78"+25V. iHp (1 atm), PtOr, EtOH. 
s, EtOH, 25V. kn-BueRF, THF, 25°C. 'PCC, CH,Cl,, 2S°C. m40% aq RF, CKsCN, 25OC. 

at O°C gave the tricyclic lactones 2 (mp 113-114V) and $ (mp 122-123.5"C) in 38% and 42% 

yield, respectively. " The butenolide 2 was methylated at C(4) via the derived dienolate (IDA, 

TBF/BMPA, -78'; C&I) to give the lactone 7_ (mp 54-56°C) in 66% yield.12 Catalytic hydro- 

genation [He (1 atm), PtO,, EtOH] followed by ethanolysis (K2C0 3, EtOH) gave the bicyclic keto 

ester g (mp 112-113'C) in 96% yield. For the purpose of chemical correlation (vide infra), the 

TBS ether in g was cleaved (g-Bu&F, THF, 25°C) and the resulting secondary alcohol (rap 86- 

88OC) was oxidized with pyridinium chlorochromate (PCC)13 to give the diketone 2 (mp 60-61°C) 

in 51% yield. The tricyclic butenolide 6 was also correlated with the diketone 2 via enol 

lactone gby the straightforward sequence shown. 
\ 

In order to confirm the relative stereochemical assignments at C(4), C(5), C(9), and C(10) 

in k, a single crystal was subjected to X-ray diffraction analysis. 14 The ORTEP" drawing 

shown in Figure I reveals the trans ring fusion, the equatorial deployment of the TBS ether 

substitutent, and the C(4) relative stereochemistry corresponding to that in numerous abietane, 

pimarane, and labdane diterpenes. 1 

It remained to determine whether the Diels-Alder step could directly provide a trans- 

fused, angularly methylated bicyclic system. For this purpose, an olefinic dienophile, rather 

than an acetylenic one as above, had to be tested. This was accomplished as shown in Scheme 

II.6 Formylation of the anion derived from dithiane z 16 with dimethylformamide 
17 followed by 

Horner-Esusons olefination in refluxing benzene l8 gave the @)-trisubstituted olefin 2 in 66% 

yield. Hydrolysis of the 1,3-dioxolane with aqueous HOAc and 1,2-addition of (Z)-4-lithio- 
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Figure I 

1,3-pentadiene7 to the aldehyde carbonyl gave the triene 13 (89%). Protection of the hydroxyl 

group as the TBS ether' and hydrolysis of the dithiane 
107 

gave l4, which was thermolyzed in 

toluene in a sealed tube. After 72h at 280°C there was isolated in 67% yield a mixture of four 

compounds with the gross structure 2. Catalytic hydrogenation allowed the isolation of two 

pairs of compounds, represented by 16 (52%) and ,l7_ (25%). Upon desilylation @-Bu.$?F, THF, 

25°C) and oxidation (PCC,13 CHgC12, 25V), the major pair (g) converged to a single product 

(mp 60-61V) in 76% yield. This proved to be identical to the trans-fused diketone 2 from the 

earlier sequence (Scheme I). The minor pair of diastereomers (17) converged in similar fashion 

to a single substance (mp 57-58'%), which we assign as the cis ring fusion product%. - 

SCHEME II ' 

a 
n-BuLi, THF, -78V; DMF, -78°-+200C. - b(EtO)#O&eC02Et, PbB, reflux. '60% aqueous HOAc, 

7OY. d(Z)-A-lithio-1,3-pentadiene, WgBr2, TBF, -78Y. eTBSC1, imidazole, DMF. f 
HgO, 

BF3-Et20, TBF/H20, 25V. gPhCHa, BHT, 28G"C, 72h. %g (1 atm), PtO2, EtOH, 25W. in-Bu4RF, 

TBF, 25°C. jPCC, CH2c12, 25V. 
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