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ORIGINS OF 1,2- AND 1,3-STEREOSELECTIVITY IN DICOBALTOCTACARBONYL ALKENE- 

ALKYNE CYCLIZATIONS FOR THE SYNTHESIS OF SUBSTITUTED BICYCLO[3.3.O]OCTENONES. 

Philip Magnus* and Lawrence M. Principe.' 

Department of Chemistry, Indiana University, Bloomington, Indiana 47405. 

Summary: A working mechanistic hypothesis is proposed, which rationalizes 
the stereochemical outcome of the synthesis ofsubstituted bi- 
cycloi3.3.0loctenones, using dicobaltoetaearbonyl mediated alkene- 
alkyne cyclizations. 

Both linear and angularly fused triquinanes have become increasingly 

popuZar synthetic targets in recent years, largely because they offer inter- 

esting opportunities to develop new methods and strategies for the synthesis 

of five-membered rings.' Recently, we have used the Pauson-Kkand reaction3 

to synthesize the bieyelo[3.3.0Joetenone 2 iR=Me), which was subsequently - 

converted into an advanced precursor to the antitumor sesquiterpene eoriolin. 

SCHEME 1. 

Clearly, the size of the group on the terminus of the acetylene has a con- 

trolling influence on the 1,3-stereoselectivity. 

To investigate the potentia2 for 1,2_stereoseZectivity the substrates 

4 _f 6, S, and 10 were prepared by standard techniques, and subjected to the - 

Co21COlg enyne eyelization conditions (see representative example).' While 

the -SiMe2But secondary alcohol protecting group was stable in the propargyl 

system l, for the allylie system S (R=SiMe2Butl we could isolate only de- 

silylated material z in modest yield with poor stereoselectivity. Whereas, 

the corresponding MOM-ether derivative 4 gave the bieyctol3.3.0loctenone 5 - _ 
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co2(co)g/co 
90°C/36h. 

MOM6 

RO 

+THP 

2 (68::) J5 6= 10.3Hz 

co2(co)8/co 

80°C/48h. 

7 (25') 2.6:1 Cis/tl'CII-_ 

J5,G' 
10,~~ (c-I_); J5 6= 3.7112 (trcr,~) 

QTHP ’ 

9 (~0.201) J5.6' ,O.Si,z 

in good yield 168%, isolated, purified) as a single cis-stereoisomer. 

Similarly, the substrates S and 2 gave 2 and Jl_ respectively, with no evi- 

dence (3EOMHz NMR) for the trans-isomers. In a separate experiment it was 

established that 6 (R=HI also gave I, and that the substrate 6 iR=SiMe2But) _ _ 
was converted into 6 (R=H) prior to cycZization into 7. - _ 

The SCHEME 2 summarizes a working mechanistic hypothesis to explain 

the 1,3- and 1,2-stereoselectivity. The isolable complex 12 can form two - 
cobalt metalZoeyeZes 13 and/or 14, upon aZkene insertion into the internal - 

C-Co bond. The newly formed five-membered ring Co-metalZocyeZe is presumabZy 

cis-fused. The metallocyeZe 13 minimizes the steric interactions between RIO- 

and R-; whereas, 14 has a severe 1,3-pseudo diaxial interaction on the endo- - 
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-2 _ 

lti 

17 lb 19 
- 

(RI= Oh,Ohl or CH2CH20YOhl) 

face. Consequently, a large R-group i-SiMe3) would be expected to favor 13. 

The metallocycle 13 can undergo CO-insertion to the acyl-Co complex Is, which - 

is set up to migrate the C-Co bond to the adjacent eleetropkilie carbonyl 

group to give 16. Reductive elimination of the cobalt carbonyl residue in 16 - - 
establishes the eyelopentenone double bond.6 For the allylic substitutent 

case 2, the sterieally favored metaZloeyeZe is 18 rather than s, since this - 
establishes R1 eis- to the adjacent hydrogen atom rather than the five-mem- 

bered ring Co-metaZlocyele. Also, R1 is trar.s- to R, thus removing the 1,4- 

pseudo diaxial arrangement present in 19. This model also predicts that sub- 

stituents at C-7 would not be expected to have much stereochemical bias, and 

this is the case.3 
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In summary, it appears that the more-stable metallocycZe 13/18 pre- -- 

diets the observed stereochemistry, which in these eases corresponds to the 

thermodynamically more stabZe product (substituent at C-6 or C-8 on the exo- 

face). It should be noted that the substrates 5, 2, and 11 have the correct - 
relative stereochemistry for elaboration into more highly fused naturalZy 

occurring sesquiterpenes such as pentalenic acids and quadrone. The di- 

eobaltoetaearbonyl alkene-aZkyne eyclization provides a tantalizingly direct 

route to these bieyelo~3.3.0loetenones from simple acyclic precursors, them- 

selves avaiZabZe from isobutyrate-alkylation chemistry.?" 
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